
B iodiversity, it seems, has found its
place in the public lexicon. It is now
widely understood as a thing worth

fighting for, even if some enthusiasts still
can’t actually define it clearly.

So, a definition: biodiversity is a manifesta-
tion of genetic diversity, an expression of
habitats and their associated assemblages 
of plants and animals. It is thus the primary
raw material constantly being filtered by
natural selection, and is therefore central to
how biota evolve and adapt through time
to changing environmental conditions. But
in far too many areas of the United States
and the world, we can witness the same
scenario: severe and widespread stress on
biodiversity resulting from human activities.

If we assume that biodiversity is wor th
conserving, it is far less clear how we go
about actually conserving it. How do you
take the whole world into account?

“You prioritize,” says Ross Kiester. “You have
l imited resources to manage a scarce
resource, so you prioritize. And to do this
wel l , you need a comprehensive and
complete method of deciding how to
prioritize.”

Ten years ago, Kiester and others recog-
nized that monitoring the threats to biodi-
versity is obviously a problem too large for
any one agency to get its arms around.Thus

they formed the Biodiversity Research
Consor tium (BRC). It was composed of
members from 10 to 12 universities, the
USDA Forest Service, the Environmental
Protection Agency (EPA), and The Nature
Conservancy. Kiester is Global Biodiversity

“Science affects the way we think together.”
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I N  S U M M A R Y

Biodiversity has at last become a

familiar term outside of scientific

circles. Ways of measuring it and

mapping it are advancing and

becoming more complex, but ways 

of deciding how to conserve it

remain mixed at best, and the

resources available to manage

diminishing biodiversity are them-

selves scarce. One significant 

problem is that policy decisions are

frequently at the local scale, where-

as biodiversity mapping is more

often at the regional or national

scale. Building on gap analysis

techniques, one hierarchical, 

objective approach to conserving

biodiversity is based on prioritizing

sets of species rather than focussing

on individual species or whole eco-

systems. This method has already

been somewhat successful.
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The American marten is an example 
of the terrestrial vertebrates indicated
in the hexagonal grid technique used in
mapping biodiversity.

“Biodiversity, in the simplest

terms, is the variety of life 

and its processes.”
Keystone Center 1991



T he hierarchy of biodiversity under-
standing, and of political decision-
making, are exactly opposite, Kiester

points out. Most often, biodiversity status is
captured by scientists at large regional
levels, thus at a fair ly coarse scale. It is
understood, for example, that a cer tain
large watershed has plentiful wildlife and
habitat, that another is relatively impover-
ished, either naturally or by disturbance of
some kind, and that a third might be the
last stronghold of a certain species of fish.

Most often, however, the decisions about
how to conserve existing biodiversity are
made at the county level, with small com-
munities of people as the main contribu-
tors to decisions, and the chief beneficiaries
of sound conservation decisions—or losers
if those decisions are lacking.

“It seemed clear that we needed to shift
the scale of our studies, for biodiversity
funding decisions are frequently based on
political considerations, not science,” Kiester

says. “What was needed was a method that
allowed scientists and policymakers to
work together in a policy-oriented way.”
To make the connection, in other words,
between the value-based local decisions of
policymakers and the fact-based regional
information produced by scientists.

Amongst existing methods of approaching
conservation biology, the two overriding
research emphases have been the species
based and the ecosystem based. Kiester
believes the whole-ecosystem approach
tends to leave out too much biodiversity
detail, and the species-based approach by
definition deals with only a fraction of the
whole in its focus on individual species.

The method developed by the BRC
pursues a third approach to conservation
biology, based on sets of species. As Kiester
puts it, they were more interested in the
proper ties of the set than the par ticular
members of the set.

SCIENCE = FACTS, POLICY = VALUES

Forest ServiceUnited States
Department of

Agriculture

Team Leader with the PNW Research
Station in Corvallis, Oregon.

The other challenge was that much of the
biodiversity research at the time was not
policy oriented. “People would agree that
the threat to biodiversity was a people
problem, then they’d go off and study
birds,” he observes wryly. “Stewardship of
habitat was then and remains today divided
among many landowner s, each with a
different perspective on risks and values
associated with natural ecosystems. In addi-
tion, most of the habitat in the United
States is privately owned and not subject to
similar management goals and policies.”

Science and policy were disconnected, and
Kiester and his colleagues wanted to devise
a system of prioritization that would bridge
those worlds.

K E Y  F I N D I N G S

• Maps of spatial patterns of biodiversity at all scales are informative and can
sometimes substitute for more detailed and expensive analyses of processes.
Hexagonal grids possess the best mapping properties with regard to distortion
and efficiency of data use.

• Species are usually the best category of biodiversity response variables.
Measuring genetic diversity would be ideal but too expensive. Other entities
such as habitat or vegetation classes have an element of arbitrariness that may
confuse analyses.

• Species frequently show complementary distributions (different species occur
in different regions) meaning that optimizing prioritization of areas can be
quite effective.

• The hierarchical approach can integrate biodiversity conservation planning
from local to regional and national levels.
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M ost biodiversity projects today
rely on mapping their concepts.
Colored patches on maps have

become the accepted language. But how do
the patches get there, and what do they
really represent on the ground?

A research project in Idaho, starting in the
early 1990s and using data from the Gap
Analysis Program, provides an example of
how data are compiled on a biodiversity
map. In this case, the goal was to establish
where areas existed that were unprotected,
and thus at risk of habitat stress.The guiding
theory was that it is a better investment to
protect a species when it’s common than
when it  becomes threatened or rare ,
Kiester explains.

Typically, the process begins with vegetation
maps, both from fie ld data , and more
recently from satellite imager y. Multiple
geographic layers are superimposed, and as
each new layer is added, the look of the
map changes—geographic information
systems in action. When vegetation data are
combined with physical data such as topog-
raphy, scientists are able to deduce the kind
of habitat present, and thus the animals
most likely to be found there.

Such data can come from many sources,
K iester expla ins . Natura l i sts , museum
repor ts , and sc ient i f ic  l i terature help
capture the birds , mammals , rept i les ,
amphibians, and fish of an area, as well as
the habitats with which they associate, and
where they actually live. State fish and game
managers, and people associated with The
Nature Conservancy’s Heritage Program
can be particularly helpful in compiling data,
he says.

“Once the information is entered into a
gap-analysis database, researchers can look
at the distribution of vertebrates, species by
species, or vegetation, group by group,”
Kiester explains. “Knowing where cer tain

animals live, the scientists can predict other
places where a par ticular species may
thrive.” In statewide gap analysis for Idaho,
these predictions guided wildlife biologists

to previously unknown populations of the
Columbian sharp-tailed grouse, a bird under
consideration for listing as endangered or
threatened in some areas.

L A N D  M A N A G E M E N T  I M P L I C AT I O N S

• Biodiversity analysis and planning ought to consider including all possible
species and not focusing solely on the rare.

• For the National Forest System, biodiversity cannot be managed on a Ranger
District by Ranger District basis.There must be a national plan, a regional plan,
a Forest plan, and a project plan all working together, or each district will be
put in the position of having to do everything, with no overriding context.

• Planning should best include mechanisms for the three-dimensional visualiza-
tion of alternative futures, which is an effective tool for informing the public
about the biodiversity and landscape consequences of their choices.

• Selecting priorities is the business of managers.Testing effects of those priori-
ties on biodiversity is the business of scientists.
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A MAP OF THE WORLD
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T he programs a lso incorporate
species richness by overlaying data
about indiv idual species to see

where most of them live.This process helps
highlight the most biologically diverse areas.

By adding in land use information—land
protected from development, private or
public ownership, populated, unpopulated,

or scheduled for development—researchers
can pinpoint areas of vegetat ion not
protected, species that do not occur fre-
quently, and places rich in biodiversity but
vulnerable to development, Kiester says.

Then comes the number crunching, sophis-
ticated number crunching.The mathematical
processes, or algorithms, needed to help

researcher s decide how unprotected
species might best be taken care of ,
required answers to key questions. How
widespread does a species or habitat need
to be to ensure its viability? How many
species do you want to protect? What size
parcel of land would form the best unit for
analysis?

BROADENING THE DATA REACH

➢ This figure shows the species richness of the terrestrial vertebrates of Oregon. Each 
hexagon is about 245 square miles. There are 424 total species.



F or Idaho, Kiester wanted to see
mapping coverage for about 95
percent of the state’s 357 ver te-

brates. He requested that the computer
find the hexagon with the most species,
then the most species-rich pair, threesome,
and foursome of hexagons, without requir-
ing that the single most diverse hexagon
stay in the group. The combinations of
comparisons took 12 hours of supercom-
puting time but found 32 combinations of
four hexagons that protected at least 332
species.

“If this is your definition of biodiversity, then
these 32 ways are all equally good, which
means you can add other considerations in
protecting it, such as land ownership and
cost,” he says.

A s imi lar analys is  was then done for
“needy” species, those that live outside of
protected areas. Working on 83 species, the
researchers discovered that 79 of these

species could be covered in any of 16
combinations of four hexagons. This latter
analysis also showed up an area under
consideration for set aside: the Snake River
Bird of Prey Wilderness Area. The area was
contained in four centrally critical hexagons.

“That area was pr ior it ized by the old
species-specific way of doing business, and
now it turns out to be one of the most
important areas for all biodiversity, not just
raptors.”

What the hexagon-combinations method
offers, Kiester notes, is a higher level of
object iv ity and repeatabi l i ty that land
managers can rely on. Although all three
approaches to conservation biology have
their strengths and weaknesses , their
proponents and detractors, this method
cannot be faulted for coverage. “The fact
is,” he says, “we have literally looked every-
where on the land with this method.”

He emphasizes, however, that the three
methods are actually complementary: the
weaknesses of one are usually covered by
the strengths of the others, and use of all
three in concert provides a highly compre-
hensive picture of biodiversity status.

Gap analysis by this method is a star ting
point, and Kiester and his colleagues readily
acknowledge the coarseness of their data. It’s
a screening process that tells personnel what
hotel to check into when they head out into
the field to take a closer look, he says.

Such investigators could include biologists,
wildlife managers, planners, and lawyers
seeking to determine exactly where within
the hexagons the needy species live and
what boundar ies would be optimal for
protection.

With this information in hand, the facts of
the science can more usefully feed into the
values of policy.
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For a midsize carnivore such as a coyote,
for example , i t  was apparent that i t  
needed about 24,700 acres to thrive. The
researcher s decided that any species
needed to be present in at least three areas
of that size to be safe; they also recognized
that this “averaging” could not proper ly
capture species that needed considerably
more or considerably less space.

Mapping of actual species presence on the
ground was accurate to within about 247
acres on land, and about 98 acres on water-
ways, Kiester says. But with a view to a
national survey, a coarser grid of about 245
square-mile hexagons was overlaid on their
map; this size was chosen as a compromise
between being small enough to be useful in
management decisions and large enough to
represent the var iations in patterns of
diversity at state and national scales.

“This grid makes the gap maps compatible
with standard environmental monitoring and
assessment maps generated by the EPA.You
then cookie cutter states with this grid to
give you a regular structure,” Kiester says.

This divided Idaho into 389 hexagons, and
computer analyses could identify the hexa-
gons in which new preserves should be
established to ensure protection for the
greatest number of species. The l ist of

species in each hexagon is a subset of the
list for the entire state.

E X A C T  S E T  C O V E R A G E  F O R  V E R T E B R AT E  S P E C I E S

32 Combinations of  4  Hexagons 
332 of  357 Total  Species  (93%)

Subset 1
Subset 2
Subset 3
Subset 4

Hexagons with maximum combinations

Protected Areas

COUNTING HEXAGONS

The hexagon-combinations method allows a greater degree of coverage of the land to
determine where species are, species diversity, and the optimal amount of land needed 
to ensure species viability.

➢



W ith the emphasis on areas rather
than species, a key assumption of
the method preferred by Kiester

and his colleagues becomes clear : diversity
in its own right, not just a selection of indi-
vidual species, is the target of concern. All
native species are assumed to be of equal
value.

“These results also showed that endan-
gered species are thinly and relat ively
evenly distributed, thereby making them
poor candidates for the prioritization of all
vertebrates,” Kiester says. “If the policy goal
is to protect threatened and endangered
species, then that protection will be vir tually
case by case, requiring 30 locations in this
case. Proactive protection before species
become endangered is clearly more effec-
tive, with only seven locations required.”

An additional dimension of this work lies in
the projection of alternative future scenar-
ios, which can be executed in collaboration
with landscape planners, local stakeholders,
policymakers, and biologists. These alterna-

tive futures projects, according to Kiester,
provide a reasonable cost method for con-
sidering future impacts of human activities
on biodiversity. For the futures projections,
the researchers assume that projected
population growth is correct; from there,
given a future, the method can show the
impact on biodiver sity. “In Oregon, for
example, we also can attach a land value
model, with which we can ask, what’s the
cost of land in various areas that would
save the greatest amount of biodiversity,
thus adding financial considerations to the
management decisions.”

This approach was incorporated into recent
assessments of roadless area planning 
and impacts on biodiversity (USDA Forest
Ser vice 2000) revealing that preser ving
roadless areas will contribute to preventing
ver tebrate species from becoming rare
enough to be l i s ted as threatened or
endangered.

“For this work, we recognize that there is
no current quantitative relation between

the size of the range of a species and its
population viability, except that more is
better,” Kiester says . “However, pol icy
targets could be set that allow a quantita-
tive comparison of the relative effect of
different land use decisions.”

What the method most usefully provides,
Kiester believes, is a conceptual and spatial
framework for decentral izing resource
management decisionmaking to more local
levels, while maintaining the larger spatial
per spectives necessar y for sustainable
resource use.The researchers involved envi-
sion gap data to be an integral part of plan-
ning efforts by local, state, and Federal offi-
c ia ls , as wel l  as providing a sc ient i f ic
resource. For the global and the local view-
points and scales are both essential in
assessing how best to spend environmental
protection or rescue money.

“Funding the conditions that allow species
to continue to survive, or otherwise work-
ing to that end, allows us to participate in
the condition of possibility,” he observes.

“Most of us feel that we could

never become extinct. 

The Dodo felt that way too.” 
William Cuppy

T he hierarchical structure of biodi-
versity from global to local patterns
and from biomes to individuals indi-

cates that mult ip le-sca le hierarchica l
approaches are needed for conser ving
biodiversity,” Kiester says. Specifically, biodi-
ver sity pr ior it ies may be best set at a
regional level, but the decisions still will be
made county by county.

With the National Forest System (NFS) as
an example , he notes the s ingle most
impor tant implication is that biodiversity
cannot be managed on a Ranger District by
Ranger Distr ict basis. “There must be a

national plan, a regional plan, a Forest plan,
and a project plan all working together.
Otherwise, each district is put in the posi-
tion of having to do everything and so the
NFS tries to do everything everywhere,
with perhaps predictable results.”

The combination of best-biodiversity and
most-unprotected hexagon combinations
selected by computer analyses provides
fruitful options for pr ior itization, which
Kiester sees as the sine qua non of biodi-
versity management and conservation. The
direction provided by gap analysis allows
other conservation biology research activi-

ties to help determine reserve boundaries
and the management techniques necessary
to maintain viable populations and ecosys-
tem processes.

“Fur thermore, whereas gap analysis pro-
vides initial prioritization for the use of
scarce resources, it does not preclude other
kinds of conservation planning,” he says.
“Rather, it provides a way of calculating the
positive cumulative impact of choosing 
various areas for protection.”
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PRIORITIES AND DECISIONMAKING

“

INTEGRATING ACROSS SCALES



F I N D I N G S

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, gender, religion, age, disability, political beliefs, sexual
orientation, or marital or family status. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program information (Braille, large
print, audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W,
Whitten Building, 14th and Independence Avenue, SW,Washington, DC 20250-9410 or call (202) 720-5964 (voice and TDD). USDA is an equal opportunity provider and employer.

U.S. Department of Agriculture
Pacific Northwest Research Station
333 S.W. First Avenue
P.O. Box 3890
Portland, OR 97208-3890

Official Business
Penalty for Private Use, $300

BULK RATE
POSTAGE +
FEES PAID
USDA - FS

PERMIT No. G-40

S C I E N T I S T P R O F I L E

ROSS KIESTER grew up in southern
California. With a Ph.D. in biology from
Harvard, where he was also a Junior Fellow,
he has published on herpetology, biogeogra-
phy, ecology, evolution, and the philosophy
of science. Kiester has worked on planning
issues, particularly ecosystem management,
with the Forest Service. He is team leader 
of the Global Biodiversity Team at the 

PNW Research Station in Corvallis, Oregon.
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