


indices, again based uponthe model. Finally,
an index of vulnerability is ¢reated, and each
gap location is given a relative index score.
The results are displayed in map form; the
maps may be useful to managers, landown-
ers, resource agencies, advocacy groups and
interested citizens (for a description, see
McKendry and Machlis 1993).
The Idaho Pilot Project

The potential of adding a socioeconomic
dimension to gap analysis was tested through
arecently completed pilot project in Idaho.
The research was funded by the NPS and the
State of Idaho; the Ul CPSU Sociology
Project, the Fdaho Cooperative Fishand Wild-
life Research Unit, and the Clark Untversity
Graduate School of Geography were cooper-
ators on the project.

Native vertebrate species richness (ex-
cluding tish} was used as the basis for the
biologncal analysis. Data for the state were
aggregated by 635 km” hexagons developed
for the EPA’s Environmental Monitoring
and Assessment Program. Gap locations
were determined using a specific algorithm,
or mathematical procedure. The hexagon
with the highest nurnber of species was iden-
tified. followed by the hexapgon that added
the highest number of species not already in
the first hexagon. This procedure continued
until all native vertebrate species were in-
cluded in the set of hexagons. The result was
the minimum number of hexagons contain-
ing all native vertebrate species in the state.
Five hexagons were selected for further
analysis. Together, the selected hexagons
contained approximately 95% of all native
vertebrates in Idaho.

Each of the five hexagons was identified
as a ‘‘gap location.”” i.e., potentially impor-
tant to biodtversity in Idaho. A map of these
gap locations was overlaid with a map of
protected area status in Idaho; areas were
defined as having “*complete’ or ‘*partial”
protection based on The Nature Conservan-
ey classification systein (see Map 1, page 8).
None of the hexagons are totally protected,
though small portions of protected areas are
present in several of the gap locations. (In
the on-going gap analysis program, other
biological criteria and more sophusticated
algorithms are being developed to identify
areas of important biodiversity. The tech-
niques are evolving rapidly, as scientists gain
more experience in gap analysis.)

Soctoeconomic indicators sirnilar to those
listed in Table 1 were collected for the coun-
ties surrounding ¢ach gap location. Data
were entered into the GIS database; dBase
IV, pcArc/Info, and IDRISI were used as
software for the analysis. Four indices were
constructed and mapped: socioeconomic
change, govermunent policies, land develop-
ment and ownership complexity. Map 2,
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page 9 (both maps are black and whitc con-
versions of their color originals) shows the
results for socioeconomic change; the jower
the index score, the lower the predicted level
of future population andincome growth. The
four indices were then combined into an
overall index of vulnerability. Based on the
analysis, the gap locations were ranked as to
their relative vulnerability to future
hiodiversity loss.

The results are presented in map forin,
with explanatory text. GIS and graphic de-
sign software used to produce the final maps
included pcArc/Info, IDRISI, CorelDraw!
and Micrografx Picture Publisher. A proto-
type atlas, [daho: An Atlas of Biodiversiny
(Machlis et al. 1993) was prepared.

Next Effort: Puget Sound Gap Analysis

The Ul CPSU Sociology Project has be-
gun an effort to apply what was learned in the
Idaho pilot project to the Puget Sound region
of Washington. The research is supported by
both the NPS (Pacific Northwest Region)
and the EPA (Division of Strategic Planning
and Management). The USFWS Washing-
ton Cooperative Fish and Wildlife Research
Unit 1s a cooperator.

The Puget Sound study offers the opportu-
nity to improve the integration of socioeco-
nomic factors into the gap analysis tech-
nique. [t allows for working at a different
scale {ecoregion rather than state }, and Puget
Sound 15 a large, rapidly growing metropoh-
tan area adjacent to several national parks.
Additional socioeconomic indicators will be
employed. Different presentation possibili-
ties, including an interactive atlas on CD-
ROM, are being explored. An advisory
committee is being established, and will help
assure the results are useful to managers and
decision-makers.

Applications to National Park
Management

While the technique needs further devel-
opment, extending gap analysis to include
socioeconomic factors could prove benefi-
cial to national park managers and others
interested in biodiversity conservation. Sev-
eral potential uses are illustrated below:

« Gap analysis can help identify locations
vulnerable to biodiversity loss. Forexamnple,

locations where human population growth is
leading to rapid land-use conversion and
habitat fragmentation can be identified.
lmportlantly, the results could identify areas
( Lyhigh in biodiversity values, (2) vulnerable
to biodiversity loss, and (3) not in national
parks, yet whichinay impact the parks. South
Florida and Pugct Sound are examples of
regions where such aneffort may have ment.

= Once gaplocations and their vulnerabil-
ities have been identified, long-terrn mom-
toring can answer such questions as: Are
critical socioeconomic trends continuing?
Have actions been taken to reverse those
trends contributingtobiodiversity foss? What
indircct 1mpacts might be resulting from
human activity in or near the jap locations?
Monttoringcritical socioeconomic trends and
landscape changes can () provide an **early
warning system.” (2) help clarify manage-
mment challenges, and (3) suggest potential
actions. Such monitoring for the Greater
Yellowstone Ecosystem, or along the US-
Mexico border may be useful.

* Threats adjacent to parks could be treat-
ed as significant factors influencing
biodiversity within parks. Increased
biodiversity loss outside of national parks
may sigmal increased concern for protection
within parks. Parkboundanes are perme-
able. and effective biodiversity conservation
demands examining and understanding
processe in the wider landscape of which
protected areas are part. For example, the
technique could prove critical to buffer zone
and corridor plannimg; the North Cascades
sNational Park Complex and certain historic
battlefields (which may also preserve signif-
icant biodiversity values) might be appropri-
ate siles.

+ Gapanalysis thatincludes socioeconomic
factors can help to determine which unpro-
tected areas of high biodiversity are at great-
estrisk of biodiversity loss. This can assist in
deternnining which areas to consider for ad-
ditional protection status or revised manage-
ment regimes. For examnple, given one gap
location with low nsk ofbiodiversity lossand
another with high nsk. decision-makers may
opt to provide protection 1o the area most
Likely to suffer biodiversity loss. In addition,
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gap analysis can help identify areas where
careful development may mimimally harm
biodiversity values. Such information may
be useful to non-govermmental orpanizations
with land acquisition programs, federal and
state agencies, and private developers.
Conclusion

Gap analysis is evolving rapidly, and nu-
merous state databases arc betng construct-
ed. The technique likely will become an
important conservation planning tool. Gap
analysis can provide a systematic source of
information for scientific analysis, profes-
sional management. and public dialogue. All
are necessary for successful ecosystein man-
agementand the conservation ofbiodiversity.
Extending gap analysis to include socioeco-
nomic factors witl further mcrease its useful-
ness and application. While much work
remains before the technique 1s fully opera-
tional. park managers may soon benefit from
its use.
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