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G/A\AA LYSIS
DIRECTOR’S CORNER

National Gap Analysis Program, Moscow, Idaho

The first thing | would like to say is thanks to everyone who heseir long-term viability. This has allowed us, as scientific profes-
been so generous with their time and attention in my first few mongitnals, to channel our energy into a process of classifying our natural
of filling in as leader for the National Gap Analysis Program (GAREsources and then checking at various scales how well they are
| can't say enough about the professionalism that I've experiencepresented in some form of protected status.

as I've talked to people working on state projects, and | apprecigine first 10 years of the Gap Analysis Program, we have taken
how you've helped me get up to speed on the status of your Wegks jgea from concept initiation through multiple series of refine-
Also, the National GAP staff in Moscow, Idaho, is simply tremefsents \while we are still learning from the process, we are within
dous, and they keep this program moving ahead. just a few years of having a national database of land cover, verte-
While we are more than 10 years into the process of creatingrate species distributions, and stewardship classifications that will
national database of biodiversity, a lot of questions remain todlew for a level of strategic questioning about the management of
resolved about the short- and long-term priorities for action. Théiediversity in this country that was simply not thought of before.

are several reasons. One, we have already begun the second gl we seek more scientific integrity in the reserve identification
eration of GAP, taking a regional approach in the Southwest, thﬁBcess, it may be that our common-sense approach will be our

brings with it new challenges. Two, many of our partners are gz atest asset in the next 10 years. The GAP business model (as
ing a hard look at the GAP products we are developing. They Ifif€ssed in the article by Brackney and Crist in this issue), which
what they see but are asking for more—more definition and acfz\es developing partnerships with academia, research organi-
racy in the datg layers, more species included in the modeling, M¥fons, public land management agencies, and interest groups, has
area covered in seamless data coverages. And last, SUpportg[%iReq exceedingly well. In some cases, other federal agencies
Washington, DC, are looking for us to make a big splash, to shole struggled to define an administrative model that will move

our data in use, in order to generate support to expand the progyap agency towards “an ecosystem approach.” The GAP program,

in various directions. by its nature, has focused on ecosystems, and the administrative
With all this going on in the background, it would be easy to gmtd organizational structure followed logically. It just seemed to
pulled in several directions. We are trying to take deliberate actinake sense.

and are working on a five-year plan to make sure we stay On COHf§& approach should be important in two ways. First, we hope
for mapping the Lower 48 and find ways to move into the nefher federal agencies use and build upon our partnership model.
generation of GAP that has the additional components our SUPPRFE- are seeing this in the Southwest regional GAP effort, in which
ers and partners are looking for. It couldn’t be more appropriatgfi g reau of Land Management and the Environmental Protection
this time to pause and think about where we've been with this PAgjancy hopefully will take large roles. Second, perhaps these teams
gram and where we should try to make it go. will be the focus for generating support for our program from our
In large part, the first 10 years of GAP were about integrating stiashington, DC, overseers and will be the hub of the network that
ence into a common-sense practice of setting up nature resekyes.information out to those who use it. After all, it is really imple-
The history of reserve identification and design has been widalgntation and use of GAP data that we are ultimately concerned
discussed in the conservation literature. The basic approach redigout.

upon philosophical or spiritual ideas of what lands should be pfgrhael Jennings and others discuss where GAP should be going

tectgd. As a society, we value certain places either for t_heir 3fShe next 10 years in their article “GAP: The Next Ten Years."
thetic value or because of some greater, more reverent notion. \{itfoving our scientific and technical capabilities is a big part of

these ideas, we developed systems of parks, refuges, and pyblic\ision. They also mention that the vision for the future in-

lands that can be held up as a model for the rest of the world. ¢|,qes “an aggressive suite of outreach and extension activities to
When you step back and think about it, you realize what a tremensure that GAP cooperators and clients are able to make full use
dous challenge it was for conservation-minded scientists to tryofcthe program’s products.” Much of the discussion today in the
improve upon this reserve system. Yet scientific scrutiny requiteational GAP program is about the best ways to do this. | hope our
us to look past our “common-sense” ideas, and to look for a scipreject partners will be our greatest asset in this endeavor, and that
tifically credible approach to reserve identification, selection, atite next 10 years of GAP will be as new and as exciting as the last.
design. In building the GAP program, we have at the same ti#eh both science and common sense on our side, how can it not
adopted a working theory that some level of representation oftzgP?

the components of biodiversity in our reserve systems will foster
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G/A\AALYSls
GAP: The First Ten Years

ELisABETH BRACKNEY AND PaTrick CRIST
National Gap Analysis Program, Moscow, Idaho

Getting off the Ground Rising Projects, Falling Budgets

The term “gap analysis” was first used by Burley in 1988 and mudgets rose rapidly, nearly doubling every year from 1990-1995
into practical application in Mike Scott’'s now famous Hawaii proje€Figure 1). In 1994, GAP underwent a formal peer review (Zube
that identified the “gap” between bird distributions and conservi994) and an independent review funded by the forest products in-
tion areas. Species distribution maps and land stewardship ndystry (Flather et al. 1994). Both of these critical reviews recog-
were originally produced as Mylar overlays from extensive fiellized GAP as a valuable tool but noted it was substantially
work, and The Nature Conservancy used these maps to estahifsterfunded. Increasing with the budget was the number of state
several preserves (Scott et al. 1987a). They were the basis formrgjects, from the Idaho pilot in 1990 to more than 40 in 1995. The
ation of new National Wildlife Refuges in Hawaii. It was Jacltear 1996, however, saw a decline and then flattening of the GAP
Estes, a geographer, who suggested a Geographic Information Bydget, presenting a major challenge to maintaining the multiyear
tem (GIS) approach to put the huge data set into a form that wesjects initiated during the previous years (Figure 1). Average
easily usable by managers. funding per state was reduced along with budgets for research, ap-

When Mike Scott moved to California in 1986 to head up the CdRlications, and extension activities.
fornia Condor recovery program, it became clear to him that to

avoid such costly protective measures, species had to be protected

while they were still common. At a meeting in Denver, Scott dis- /
cussed these problems with Blair Csuti, then a regional zoologist l"'-.b__
with the Natural Heritage Program. They drew up an outline for

gap analysis, to be expanded into the seminal BioScience article {
(Scott et al. 1987b) that presented the concept of gap analysis.: / :

Scaott tried to sell the idea to Defenders of Wildlife and the Fish and

Wildlife Service. He was able to obtain $36,000 from Idaho Fish

and Game and the National Fish and Wildlife Foundation to start'a

gap analysis of Idaho. A breakthrough occurred when a presenta-

tion to a Congressional Working Group sparked enough interest to

put $300,000 as a line item in the budget of the Idaho Cooperative .

Fish and Wildlife Research Unit to conduct GAP in Idaho under, 7 i<

Scott’s leadership. Csuti was hired to conduct a gap analysis in

Oregon. California was the next state to start a GAP project, led by

Frank Davis. Davis spent a sabbatical at the Idaho Coop UnifigHre 1. Number of GAP projects versus annual budget 1989-1999. Between

1992 and co-wrote a detailed description of the Gap Analysis P89 and _1995 GAP maintained the nL_meer of proje_-cts that could be funded

gram (Scott et al. 1993). Ted LaRoe, then Chief of Cooperaﬂgéapproxmat(_ely $100,000 t_aach. Project numbers increased at the expected

Research Units, worked tirelessly on behalf of GAP and helpecﬁtﬁ of budget increase, but in 1996 the budget dropped to approximately $3.4
. . . million and leveled out, requiring a reduction in the average amount available

substantially increase funding. for ongoing projects.

Thus, a national program was born and grew, through the incre-

mental grassroots effort of scientists who believed in a proactive

approach to conserving biodiversity in the U.S. . GAP has maintained its dedication to the state projects and, with
As GAP developed beyond the prototype stage, its status as a hagics|etion of the majority of projects during 2000, it looks for-
research project changed, and information collection activities By ¢ reinstating balanced funding for regionalization, analysis,
gan in more and more states. When the Department of the Intgfigforting, research, and extension (Figure 2). See also the accom-

science programs were consolidated into the newly establisl'[s%qymg article “GAP: The next ten years” on this topic.
National Biological Service (NBS) in November 1993, GAP was

placed in the Division of Inventory and Monitoring. Ultimately,
the GAP program, along with the rest of the NBS programs, settled
in the U.S. Geological Survey in 1997.
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Figure 2. Example budget allocation from 1998. Figure 3. Funding for GAP projects received from EPA and DoD
between 1994 and 1999.

Partners Make it Possible Successful Innovations

The strong partner collaboration of GAP at the state project leveDise goal of the state-based business model for GAP was to engage
well known and certainly has been crucial in many states in prouigimerous investigators at a variety of institutions to create novel
ing contributions of funding and in-kind assistance. National padata sets on a scale never before attempted. To a large degree, this
ners have also played a critical role. Over the years, GAP hatees succeeded. GAP investigators pioneered the development of
ceived funding from both the Department of Defense (DoD) aaitborne video for land cover mapping and accuracy assessment.
the Environmental Protection Agency (EPA, Figure 3). These cdrire application of airborne video for GAP land cover mapping was
tributions not only helped launch many state projects and aquatgun by Graham (1993). Since then, Slaymaker (1996) has fur-
pilots, but also aided GAP in the development of the Multi-Resother improved the application of airborne video to object interpre-
tion Land Characteristics (MRLC) Consortium. The MRLC formadtion. A review of GAP land cover mapping protocols (Eve et al.

to make joint purchases of Landsat Thematic Mapper (TM) satE998) found that the mapping effort has resulted in several positive
lite imagery covering all of the conterminous 48 states. A joidévelopments, such as laying the groundwork for further advances
purchase in fiscal year (FY) 1994 saved the government millionsrofand cover mapping, stimulating cooperation and collaboration
dollars in direct costs as well as an estimated 30 million dollargnmrmapping, increasing the acceptance and adoption of remote sens-
combined program costs (Jennings et al. 1995). The MRLC esiabg-and GIS as mapping tools, and assisting in the development of
lished a common set of digital land cover data across multiple lawmerous new techniques for land cover mapping. In this bulletin,
els of spatial and thematic resolution and developed a strategyHfomer and Crist trace the developments in land cover mapping
integrating the land cover data from member programs into a singler the past 10 years in more detail.

national land cover database. GAP also partnered with the Fedggalng methods were also developed for modeling predicted ani-
Geographic Data Committee’s (FGDC) Vegetation Subcommitieg gistributions, and further work by Haithcoat (Drobney et al.
Fo develop fe_deral standards for natural land cover typ_es and ¥§§9) and Edwards (1996) continues to push such modeling to-
instrumental in development of FGDC metadata guidelines.  \yarq greater thematic detail and precision. (See “Experience and
Currently GAP is working to develop core partner funding for ré&rends in Animal Distribution Modeling in the Gap Analysis Pro-
gional mapping updates such as Southwest Regional GAP (S¢M&m” below). Stewardship mapping and gap analysis methods
ReGAP). For example, EPA staff will act as principal investigataere standardized and refined but to date have seen less research
on the project and may contribute significantly to the total cost.and development, as discussed in the article “ldentifying the Gaps,
Locating the Reserves: Some Thoughts on Getting Gap Analysis
into Conservation Practice” below. More recently, however, GAP
project leaders and their cooperators have increased their interest
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and work in analyses and application to conservation (see Capen

and Stoms et al. below). S N T b e -2 e
Guidelines for conducting aquatic Gap Analysis projects were or { E"- oo X L HI‘T -
veloped by pilot projects in New York (Meixler and Bain 1998) a P ] e e L e : S
Missouri (Sowa 1998). Though GAP has not yet been able to k L Wt | co [T . 7 '.,_hl-l—r R
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Putting GAP to Use

Despite the fact that GAP is only this year publishing the bulk of | o=
data, participants, cooperators, and others representing a wide .;5'# - .'CI
trum of interests have made significant use of the informatiorll;?f” I'f

h‘,‘”o,'reds of applications at a variety of S_Cales' These usgs mc,if%?re 4. Current status of GAP land cover mapping across the U.S.
wildlife management, ecosystem restoration, county planning, lan

use planning by private corporations, basic research, generation®bne agency can claim to be GAP—it is truly collaboration on a
options for large-area designations, and environmental assessmggfinal scale, its success the work of many.  Individual GAP re-
A typical application of GAP data is developing a prototype CO8garchers can be proud of both their contributions to the national
servation planning process for the Columbia Plateau ecoregion. di@hase and their intellectual contributions that have paved a once
goal of this effort is to find the most efficient method for designingcky road for current and future researchers. Still, this reflection
and assembling a portfolio of sites to maintain all viable native spgr gap's past ten years would be incomplete without an
cies and community types within the target ecoregion. Such&nowledgement of the early leaders and researchers who made it
method would maximize the biodiversity protected relative to thgssihle. Mike Scott, Blair Csuti, Frank Davis, and Jack Estes de-
number of conservation sites or extent of land area. GAP data h@{Sped the early concepts and founded the pilot projects; Steve
also been used for more unusual applications, such as develogiggco, Tom Edwards, and Jimmy Kagan took on the daunting task
natural systems agricultural practices that provide habitat for bifq%apping the first few states with no models to guide them; Mike
that prey on insect pests and integrating the needs of these Riithings started and shepherded dozens of projects, guided the pro-
species with those of agricultural production. Another examplegtim through several administrative changes, and obtained the co-
an ancillary application is assessing possible methods to reduce fation of the major national partners in the important MRLC
vehicle accidents on lowa highways. By evaluating land cover gfiq National Vegetation Classification initiatives. Credit is also
fects, areas that have a higher probability of deer/motorist encoygserved for the agency administrators, including Amos Eno, Doyle
ters can be identified. These examples and many other GAP agpligerick, Ted LaRoe, and John Mosesso, who worked within the
cations can be found on the GAP home page at http;{freaucracy to support GAP and keep it growing. Finally, we must

www.gap.uidaho.edu/RA. acknowledge some tireless friends who guided and lobbied for GAP
throughout the early years, including Sara Vickerman of Defenders
Where Are We Now? of Wildlife and several folks from The Nature Conservancy includ-

GAP is now active or completed in all 48 conterminous states amgl Denny Grossman, Craig Groves, Deborah Jensen, and Larry
Hawaii, and interest is high to initiate Alaska and several U.S. teiiaster. There are many other guiding lights, particularly at the
tories as funding becomes available. Updates have been condusttetd level, that cannot all be listed here. However, recognition of
in Idaho and Oregon and initiated in five southwestern states. (ffer hundreds of dedicated graduate students is certainly well de-
current status and anticipated completion dates of GAP projectsarved.

the US See _th_e map on page 58). By the end of calendar ¥gargiscussion continues on the following pages with the thoughts
2000, it is anticipated that 35 states will have been completed gagixe Jennings and others on “GAP: The next ten years” and

pu.blished on CD-ROM _and .the World Wide Web. _These inCIUd(fées into more depth with articles on the history and future outlook
Arizona, Arkansas, California, Colorado, Connecticut, Delawag, 1and cover mapping, animal distribution modeling, and stew-

Florida, Idaho, Indiana, lowa, Louisiana, Maine, Maryland, Maﬁfdship and analysis.

sachusetts, Mississippi, Missouri, Montana, Nevada, New Hamp-

shire, New Jersey, New Mexico, New York, North Carolina, Okl iterature Cited

homa, Oregon,Pennsylyania, Rhode I;Iahq,Tennessee,Texas, ﬁbarﬁéy F.W. 1988. Monitoring biological diversity for setting
Vermont, Virginia, Washington, West Virginia, and Wyoming. priorities in conservation. Pages 227-230 in E.O. Wilson, edi-
We can also view GAP progress outside the state context and in@y. Bjodiversity. National Academy Press, Washington, D.C.
national perspective. For example, 75% of land cover mapping of

the conterminous 48 states is complete (Figure 4).
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GAP: The Next Ten Years

MicHAEL JENNINGS', JoHN MosEssd, AND J. MicHAEL ScoTT® ] ] ,
1USGS Gap Analysis Program, Moscow, Idaho and other expenses to all parties. The cost of dealing with endan-

2USGS Office of Biological Information and Outreach, Reston, Virginia ggrgd s.pecies by federal and state agenFieS was eStimated at $314
%ldaho Cooperative Fish and Wildlife Research Unit, Moscow, Idaho ~ million in 1998 alone. Costs born by private, nonprofit and for-
profit organizations are not known, but even if they are within an

As human population continues to increase, and the current $$8€r of magnitude of this amount they make up a significant single-
cies extinction event involves more species and greater areas, Y/ Cost. One can expect these amounts to increase substantially
geographic information that is both spatially comprehensive and@¥e" the next decade. For example, to reach a recovery rate of 50%
appropriate resolution is becoming more important for managi endgngered or threatened species would require an additional
our biological resources effectively. General recognition of ths00 million per year (Scott and others, unpublished).

tenet is recent, responding in part to conservation crises and th¢ithout spatially explicit data, it is unlikely that the forces causing
related large costs, and in part to emerging ecological principtesbitat losses (e.g., invasive species, accelerating rates of resource
and knowledge integrated across multiple levels of biotic organizees, infrastructure development, recreation, etc.) can be managed
tion. Conservation crises have become more frequent, and the asif¢gtively to reduce biodiversity loss, or that an adequate network
associated with them have continued to rise. For example, resoficonservation areas can be successfully designed. Thanks to the
tion of the old-growth redwood forest issue in northern Californfast decade of GAP, the capability exists today to produce spatially
has taken years of litigation and physical confrontation. It cost eplicit information on the distribution and status of each species
State of California and the federal government about $450 milliand vegetation alliance, compiling and organizing the sum of knowl-
for direct acquisition of 10,000 acres—the most expensive acquégige we have about these elements at the same time. With this
tion of conservation lands in history—as well as millions in legaiformation, decisions about the myriad of activities affecting the
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nation’s biological diversity can now benefit from a common, widely sults from such applications can then provide critical feedback
available knowledge base. For example, the information has beefor revising GAP techniques.

used at the national level for identifying and siting new National on aggressive suite of outreach and extension activities to en-

Wildlife Refuges, at the regional level for prioritizing private ac- g re that GAP cooperators and clients are able to make full use
quisition of conservation lands, at the state level for mitigating newys gap products. For example, development of a same-look-
infrastructure impacts and containing environmental costs, and al,q-feel interactive digital atlas usable by educators and the

the local level for county planning and land trust conservation easesyplic for each state, linked to rangewide element distributions
ment acquisitions. In sum, a significantly greater level of certaintysq, context expression.

is being provided to resource users, managers, planners, and re- . . -
searchers * Aninternational component to meet the existing and unmet de-

. ] ~ mand for transferring GAP science and technology to other na-
Given a decade of experience, what should the GAP program achieygy,s.

over the next ten years? The extent and complexity of our biologi-

cal resources are so vast and the amount of our information -StiEontmued research and development of promising new science

relatively small that without a cohesive approach to genetic, popuf’md technologies. There are important opportunities for devel-

lation, species, community, and landscape information, it seems urPInNg more robust and accurate_speclles distribution models; new
likely that the Gap Analysis Program will reach its full potential. conce.pts are emerging for dealing W.'th accuracy asse;smenF by
Without broad-based support for developing such information, th(gr_a_phlcglly representing the uncertainty in the data using an in-
GAP goal of helping our clients understand a reasonable set of ffuitive display.

ture scenarios affecting our biological resources would be in jeepStrengthening program efficacies within the U.S. Geological
ardy. Survey (USGS) by taking full advantage of capabilities in the

The Gap Analysis Program is now past the proof-of-concept sstageWater Resources Division, National Mapping Division, and

The scientific basis, multi-organizational capability, and technicaIGeologIC Division.
methodologies needed to fully realize the original vision have nfa course, continuity of GAP’s successful partner-based organiza-
tured and are well established. We need to continue working witipa, as well as its fundamental approach to mapping components
framework that can expand and change with improved knowledg®iodiversity, must remain central to the output of useful informa-
and information on an indefinite basis, as forcing variables sucHi@gs. Assuring scientific credibility by using the peer-review pro-
economic trends, climate change, and population growth contilg@ss must continue as a critical part of how GAP does business.
to shape the patterns of life on Earth. However, in order to contideéer the past decade GAP has produced many hundreds of peer-
making progress in solving the serious and complex problemg@fiewed articles giving the concept and the program legitimacy
biodiversity loss, we must focus on key elements of the prograéand recognition within the scientific community. We must con-
including: tinue getting the results of state projects into peer-reviewed jour-
« A long-term plan for updating, maintaining, archiving, and e)Q_alsandlnto _the hands of users by recgstlng results m_folrmats t_hat
tending GAP information in each state. are more quickly absorbed by the public and nonspecialists. With-

. out these steps a project is not complete.
» Applying GAP to the 21 phyla other than chordates. Each veF
[

tebrate species other than fish has been covered by GAP: ﬁ{ g extent to which each of these key elements is dealt with effec-
" tively will depend largely on the amount of funds provided, includ-

. . ing the core USGS funding as well as cooperator funding and other
* Applying the established methods for data development &8s of support. Central to this are ongoing efforts by those imple-
analyses in aquatic environments. menting GAP at the state level to develop support. It is especially
» Improving the land stewardship data layer by mapping land ugaportant that their cooperating institutions actively express the
that have effects on biodiversity; adopting or developing a finealue of the program to their work and the need for new initiatives

work has been done on species of other phyla.

grained land stewardship and land use classification. that would strengthen basic and matched funding. The conceptual,
« Continued improvement of consistency in methods among st&fi€nce; technology, and cooperative basis to meet the need for ad-
projects. vanced biodiversity management are in place, and we believe “smart

. . . . conservation” can be accomplished with relatively modest fund-
’ Reglonahzmg state-level data to cover large multistate reglqﬂa' GAP has been a large and successful experiment so far. The
and conducting analyses of those data sets. best possible chance to avert the growing biodiversity crises is by
* Synchronizing second-generation state projects to achieveb@iding on the initial success of GAP. As Wilson (2000) recently
gional consistencies in data and analyses. stated: “Within the broader framework of ecosystem studies, com-
« Using the results of GAP projects to test hypotheses. For B}unity ecology in particular is about to emerge as one of the most
ample, the species distribution data sets can be applied toSigpificant intellectual frontiers of the twenty-first century. Although
plore basic issues in biogeography; important new methods ifoptill has only a mouse’s share of the science funding, it stands
reserve identification, selection, and design can be tested. REellectually in the front ranks with astrophysics, genomics, and
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neuroscience. . .. To single-species searches and mapping cgitfeyature Cited
added the already well-developed technique of gap analysis . -Wilson, E.O. 2000. On the future of conservation biola@gn-

We invite the GAP community to provide us with their sugges- servation Biologyl4(1):1-3.
tions, comments, and insights on GAP for the next decade.

Land Cover Characterization in Gap Analysis:
Past, Present, and Future

CoLLIN HoMER! AND PaTrick CRrisT?
EROS Data Center, Sioux Falls, South Dakota
2National GAP Office, Moscow, Idaho

al., in preparation). The effort was limited to cross-walking the
classification schemes and joining the maps into a common data
structure and projection. Despite the high variability in mapping
Intfroduction methods and spatial and thematic detail (Eve and Merchant 1998),

The evolution of land cover characterization in GAP over the |43gre were few serious boundary problems between the states. Still
13 years has been truly remarkable. Although relatively coarsé'?ﬁlva”at_'on’ particularly in thematlc_level of detall, required much
today’s standards, early GAP land cover mapping was innovaﬁ\ggregatmn of types across the region an_d suggested the_ need for
and for its time represented the first detailed, statewide mappiRgroved methods and regional cooperative approaches in future
effort. It was driven by biologists’ requirements to map vegetatiBi#PP!Ng-

diversity and animal habitat covering large areas and to use exjst-

ing or emerging technology to characterize the landscape. Ti@sent

mind-set has evolved into an ongoing theme in GAP—a const@antinuing evolution of technique and technology has led to cur-
push to characterize the landscape at improved spatial and therr@iticGAP land cover characterization efforts, which are: digitally
scales, resulting in rapid development of methodologies and prér@sed on multi-date Landsat TM 30 m data, involve image stratifi-

cols. cation, special clustering, some form of pre- or post-classification
modeling, and accuracy assessment. Each project still retains a
Past unique mix of technical expertise, capabilities, cooperators, land

The first land cover mapping effort conducted for GAP was a piRVe". and goals (Eve and Merchant 1998).

project in Idaho, which began in 1987. This effort created a syntBenrent tool and data set availability reflect a rapid evolution. Early
sized vegetation map based on information from existing local, pesjects constantly suffered hardware and software limitations. For
gional, and state vegetation maps. The map was compared toexachple, the first digital mosaic of Utah had to be created, stored,
refined based on Landsat Multispectral Scanner (MSS) sateliitel classified in pieces because of inadequate disk storage space
image prints (Scott et al. 1993, Scott and Jennings 1997). In 128@] software. Agreements such as the Multi-Resolution Land Char-
mapping for the Oregon GAP project utilized visual photo-inteaeteristics Consortium (MRLC) have helped greatly in developing
pretation of satellite image prints to locate boundaries of vegdiase TM imagery and ancillary data sets outside of the project. Pre-
tion classes (Scott et al. 1993). Subsequent third-generation propd&®&C projects had to spend large portions of their budgets and
such as California, Nevada, and Utah mapped vegetation using simmes in acquiring and rectifying their own imagery and building
combination of digital image classification, photo-interpretation afcillary data layers from scratch before mapping could even com-
satellite imagery, and reference to existing maps and ancillary daence.

(Davis et al. 1995, Homer et al. 1997, Scott and Jennings 19§{gst importantly, expertise in land characterization, remote sens-
By this time GAP was on its way to becoming a national progr (RS), and GIS through GAP has developed into a remarkable
and the state-based business model was instituted for political @jicht pool. GAP land cover mapping efforts have created an im-
practical reasons. Consciously, however, it was believed that gRssive training ground for hundreds of people (Eve and Merchant
ploying the best people in each state to develop this large-areamggg). The program has served as the catalyst to introduce a wide
ping process would result in significant innovation and achie\gyiety of private and government collaborators to RS/GIS tech-
ment. This indeed has appeared to be the case (Eve and Mergfiants data sets, and capabilities. This legacy of GAP will con-
1998). tinue to have profound positive effects in pushing the science of
Regional and national products were always envisioned and, in 1997 cover characterization forward. Not all innovations have been
the 11 western states’ land cover products were joined (Wrighinatemote sensing, however. For some time, GAP researchers have

8 GAP Analysis Program Bulletin No. 8, December 1999



( ; /A\AA LYSIS
recognized the difficulty in translating between ecologically-basggiture

classification systems like UNESCO, followed by the National Ve%e increasing momentum of new data sources, refined tools and

etation Classification System (NVCS) (FGDC 1997), and the regjjycesses, and developing expertise should converge for a bright
ties of remote-sensing limitations. Partnerships between GAP gfifle in land cover characterization. Future efforts will be driven
The Nature Conservancy plant ecologists are increasingly addr%?-"‘i'mprovements in several key areas:

ing this issue through the addition of new map objects that are eco-

logically consistent with the NVCS, such as Ecological Comple@% -t Ids an exctl)tmg time as we W‘TﬂCh }hef contln;ed exFanS|on
and Compositional Groups (Pearlstine et al. 1998). of air- and space-borne remote sensing platforms. Several success-

. o ) ful recent satellite launches (e.g., Landsat 7, Terra, Ikonos) will
The newest innovation in GAP addresses consistency by condygltay expand remote sensing data availability. They provide ad-

ing mapping updates by multistate regions. The first such projggional spectral and spatial information at lower cost, creating new
is Southwest Regional GAP (SW-ReGAP) that includes Arizongyssipilities in cover-type characterization. More importantly, this
Colorado, Nevada, New Mexico, and Utah and covers an area 4g¢fease in data will improve the ability to choose both the timing
of the size of Alaska. This project will take advantage of methagsy type of data acquisition, thus enabling a deeper understanding

developed by other projects such as the use of multi-date TM img@sjimate patterns, vegetation seasonality, and closer real-time com-
ery that helps distinguish similar vegetation by phenological d'ﬁ‘?farison of imagery and field data.

ences. It may also explore the use of airborne imagery such as land Al il icall
videography, digital imaging, and low-elevation, multispectral Carlﬁ[owever, spectral and spatial improvements will not automatically

eras. The most dramatic change, however, is that mapping W"%%gte more r_ng:anmgful cover-type classes. . There will alvyays re-
a coordinated effort where preprocessing and clustering of ima n amblgwnes betyveen spectrallly meaplngful categorles. and
is done regionally by EROS Data Center and Utah State Univer an.-deflne.d meaningful categones.. This means that anC|I.Iary
Then state labs will label and model the land cover types based will c_ontlnue_ to play a I_grge role.m sgccessf_ul character!za—
“mapping zones” defined primarily by Bailey’s section-leve on..The increasing availability of nat|onW|de_, regionally consis-

ecorgions rather than state boundaries (Figi: Figure 2 - see tent information on wetlands, topography, soils, cultural features,

Web version of Bulletin atttp://wwv.gap.uidaho.edu/Bulletins/ and other data will still prove critical to successful efforts in model-

8). The objective is a seamless, thematically consistent land cdgrvegetation community distributions and their attributes.

map of the entire region. Tools- The continued rapid development of software and hardware
tools will allow expanded capabilities hardly imagined now. Soft-

Niapping one defniion ware developments will increase functionality in visualization and

’ manipulation of data sets, automated interpretation processes, data

integration, standardized file formats, and real-time application.

JRTR— Hardware developments will allow increasing miniaturization, port-
U (DER ol gloe DLG) ability, capability, and affordability. Future development of other

A;v‘v"ufﬂm Masking tools in spatial navigation, digital imaging, and data capture prom-

ise to revolutionize ground data analysis with remote sensing.
Process - Bringing data and tools together to create more mean-

S/R

_ Gevlopment per, ek ingful information is probably the most critical future challenge.
If;p[ngmfw); — | T GAP Iano_l cover efforts, to date, have had only the resources to map
s A simple, discrete categories of land cover. These serve as only coarse
. TNCPI; M surrogates for representing wildlife habitat and vegetative diver-
Ecologis Ho e sity. Mapping efforts typically only focus on creation of the final
P Labeling and modeling (e % labeled land cover layer, with intermediate, ancillary image and
(gromnd, hoi, % g clustered data layers often viewed as “throw-away” steps. A key
° l shift of the future will bring more focus on building a “data sand-
p——— wich” with layers of information seen as components of a database
R * rather than simple intermediate steps (Estes et al. 1999). These
NG Plant b components will be applied in different combinations to supply the

Ecologist

needed land cover derivatives of the flexible database. Derivatives

_ _ _ . _ can be discrete (a labeled land cover category) or continuous (a

Figure 1. A diagram illustrating the land cover mapping process for y;q,hysical measurement). Combinations of data set derivatives

the Southwest Regional Gap Analysis Project. An R following a task . - .

o . - could ultimately be tailored to represent each animal and plant spe-

indicates Regional Lab (RS/GIS or EROS) responsibility. An S L . .

indicates State Lab responsibility. cies’ unique habitat needs. For example, a generalist mammal spe-
cies (i.e., coyote) might be adequately represented with broad, dis-

crete cover-type categories, while a neotropical bird (i.e., Kirtland’s
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warbler) with specialized seasonal requirements might need hipiterature Cited

resolution habitat definitions, based on habitat structure and c¢iyis F.\W.. P.A Stine. D.M. Stoms. M.I. Borchert. and A.D. Hol-
position continuums. Likewise, individual plant species distribu- |3nger. 1995. Gap analysis of the actual vegetation of Califor-
tions and status may be modeled (see Fertig et al. 1998) based Q¢ 1. The southwestern regiohladrofio42:40-78.

NVC community distribution combined with other ancillary data

of land characteristics. The component-built flexible database \}vziﬁ_tl_es’ ‘]ﬁ Ad.S. Bgl’\&va;d, Jh? ‘]ufggg' TTT] Lovel?nd,é]m?cepan, J.
offer greater utility, expanded flexibility, ease of update (replace ownshend, and A. Strahler. : e way forwaltbto-

the component, not the entire set), data layer independence (Conq_rammetric Engineering and Remote Sengifig 0891093.
ponents stand alone), and manageability. Eve, M.D., and J.W. Merchant. 1998. A national survey of land

Regionalization of completed, state-based land cover maps WiIE}O\gT_r rr]na(\jpplnghprc&tocols fusTdm thedGI:alp Q'ﬁlys's Progralm.
continue, and updates in regionally coordinated projects will be- ublished on the Center for Advanced Land Management In-

come the norm. Mapping zones may become institutionalized, an&ormatlon Technologies (CALMIT) Internet page at http://

updates for them may become distinct from state or multistate GAlvaw.calmit.unl.edu/gapmap.
projects. Partnerships will also increase. SW-ReGAP is alreddytig, W., W.A. Reiners, and R.L. Hartman. 1998. Gap analysis
planned to have an equal or greater share of the cost paid by oth&r plant speciesGap Analysis Bulletir7:24-25.

partners. Future mapping efforts will be planned as highly robpgipC. 1997. National Vegetation Classification Standard. Fed-
projects incorporating a wider variety of data sets, tools, and objeceral Geographic Data Committee, Vegetation Subcommittee,
tives that will involve multiple partners. U.S. Geological Survey, Reston, Virginia.

. Homer, C.G., R.D. Ramsey, T.C. Edwards, Jr., and A. Falconer,
Conclusion 1997. Landscape cover-type modeling using a multi-scene The-

The convergence of better data, tools, and processes will result igy5tic Mapper mosaicPhotogrammetric Engineering and Re-
capabilities that will continue to spur innovation in GAP land cover y,5ie Sensing3:59-67.

characterization. This ability to increasingly combine the tools and . -
data in processes that characterize the landscape in more div%? Istine, L., A. MgKerrow, M. Pyne, S. Wllllam_s, and S. McNulty.
and meaningful ways will provide further insight into the interplay 1998. Comppsmonal groups anq ecolog|pal complexgs: A
of biodiversity and landscape ecology. Future characterization efmemqd for alliance-based vegetation mappi@®p Analysis
forts will focus more on creation of a database “sandwich” capablég’u”enn 7:16-17.

of flexible derivatives to meet the wide array of wildlife habitgcott, J.M., F. Davis, B. Csuti, R. Noss, B. Butterfield, C. Groves,
characterization needs. Components in this database can potell- Anderson, S. Caicco, F. D’Erchia, T. Edwards, J. Ulliman,
tially be assembled and used independently. More and more of thand G. Wright. 1993. Gap Analysis: A geographic approach to
time-consuming components of current types of GAP land characprotection of biological diversityJournal of Wildlife Manage-
terization can be “out-sourced,” leaving GAP investigators morement57(1) supplement, Wildlife Monographs No. 123.

time and resources to focus on biology-related issues and rese&ghtt, J.M., and M.D. Jennings. 1997. A description of the Na-
Because general land characterizations will be more commonl¥jonal Gap Analysis Program. Published on the National Gap
available, the real challenge of the future will not be the limitationsanalysis Program Internet home page at http://
of the tools but development of science and methods to more acCypww.gap.uidaho.edu/About/Overview/GapDescription. Bio-
rately characterize the distribution and condition of those featuresogical Resources Division, U.S. Geological Survey, March
that represent biodiversity on the ground. 1997.

Wright, G., J.M. Scott, S. Mann, and M. Murray. In preparation.
Identifying unprotected and at-risk plant communities in the
West. To be submitted ®iological Conservation
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Experience and Trends in Animal

Distribution

Patrick CrisT! AND J. MicHAEL ScoTT?
!National Gap Analysis Program, Moscow, Idaho
2ldaho Cooperative Fish and Wildlife Research Unit, Moscow, Idaho

Introduction

Modeling the predicted distribution of thousands of animal speci
over large regions, but at detailed spatial resolution, represent:
significant a challenge as land cover mapping, if not more so.
recall during my first few months with New Mexico GAP, that ai
academic scientist challenged our ability to accomplish such a te
His argument was that “you’d never be able to get the GIS data
land characteristics] needed for the habitat associations.” Our
sponse was that we already had all the layers; what was lacki
and continues to be, is the information on species associations \
those land characteristics. As | will discuss, technological progre
will continue to greatly improve our ability to model animal pres
ence/absence and even allow us to begin dealing with concepts ¢
as abundance, viability, movement, and metapopulations. Hc
ever, technology is not a replacement for knowledge, and this
mains the greatest challenge for all modelers.
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As described in the land cover article above, ldaho was the fi .
pilot project for animal distribution mapping in 1987. Atthattime 'rismae “;:_f:;:::"'"-'- m | ;‘.;."_‘:f,"fl:' ¥ —

it was recognized that the two biggest challenges were gather
information on each species’ habitat associations (Karl et al.,

| S
Chrlricuig-a

= |

Frd M
Sz of
Lo i s

press [a]) that were mappable, and testing the accuracy of the .c-
sulting distributions. A decision was made early in the program’s
history to begin mapping terrestrial vertebrates and possibly butfggure 1. The animal modeling process diagram from the GAP

flies (though little was done for the latter in most states). Thefendbook (Csuti and Crist 1996).

were several reasons for this decision: they are the better studied

taxa, making the modeling more tractable; they are popular tar e‘?sent

for conservation action; and there was some suggestion that thefsievidenced from Figure 1, GAP has traditionally used a qualita-
combination with vegetation, would be a suitable surrogate fie rather than quantitative process to model animal distributions.
biodiversity in general. The latter assumption is still a largely uhhe fundamental difference between these approaches is that GAP
tested hypothesis. The early state projects tended to restrict mddkgs known species habitat associations from the literature, exist-
ing to a species association with land cover, but by the early '90g databases, and expert knowledge to place species where the
projects were beginning to add other variables such as topograpbgditions are mapped to exist, whereas the quantitative process
hydrology, soils, climate, etc. (see, for example, Thompson etusies mapped land characteristics at known occurrence points to place
1996, Edwards et al. 1995). In 1996, | had the pleasure of workémgcies wherever such conditions exist. GAP researchers have gen-
with one of GAP’s originators, Blair Csuti, to compile GAP’s knowlerally believed that sampling for species occurrence has been bi-
edge and experience to date in the form of the GAP Handbook cleged and grossly incomplete; therefore, the points used in the quan-
ter on animal distribution modeling (Csuti and Crist 1996). Tliéative approach may give incomplete or biased distributions. Some
qualitative process we presented is summed up by Figure 1. limited study has suggested this to be true. For relatively rare spe-
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cies with good sampling, the quantitative process provides a margjects are currently including some limited aquatic aspect and
precise result than the GAP process, but for more widely distrgarnering partner funding to do so. This bodes well for the pro-
uted species (with which GAP is more concerned), the qualitatgram, but only if base funding can be provided to ensure national
method provides a better model (K. Smith, pers. comm.). It is sed@sistency in the methods, systems, and products.

to say that tests of the various modeling methodologies are insuffline GAP projects have begun incorporating other terrestrial taxa
cient to draw any operational rules, but it appears likely that egch as ants. In Florida, Craig Allen has mapped geographic distri-
ploying a suite of methods that can be tailored to each taxonoRigon of ant species at the county level as determined primarily
group or guild will generate the most robust results. from published sources (Allen et al. 1998). In South Carolina, a
The process described by Figure 1 has remained largely unchanggtple-based approach to mapping ant diversity was taken. From
which in some ways is disappointing. Virtually all completed asie results of these sampling efforts both the county-level distribu-
sessments of GAP projects’ distributions show an 80% or betten and habitat affinity of each ant species will be determined (Allen
accuracy when compared to checklists for managed areas (Scett ak 1998).

al. 1993, Edwards et al. 1996); this may suggest the process isfltsy of these issues were addressed at a recent symposium in Snow-
ing an acceptable job. Unfortunately, so few independent fielfizq " ytah, sponsored by the USGS Idaho Cooperative Fish and
based data sets exist that assessments of accuracy at finer levgif@ifre Research Unit in partnership with the U.S. Forest Service,
spatial resolution have been difficult; however, see Thompson etdyeay of Land Management, U.S. Fish and Wildlife Service, and
(1996), Llewellyn and Peterson (in preparation), and Beard et@lise Cascade and Potlatch corporations. The symposium, titled
(1999). Work done in Idaho used field observations at 1,628 si{ggicting Species Occurrence: Issues of Accuracy and Scale” at-
testing the independent influence of rarity on accuracy of moggl.teq 325 participants from 14 countries. While most papers fo-
predictions. A second effort tested the change in model accurag¥ed on vertebrates, other taxa such as plants, fungi, and inverte-
with increasing model complexity (Karl et al,, in press [b]). Simjsates were well represented. Areas identified as needing more

lar work is being conducted by GAP researchers in Maine (Bogigik were predicting abundance and viability. The majority of the

and Krohn 1999). presentations dealt with species presence/absence despite aggres-
Anecdotal evidence suggests that GAP is indeed doing well in 8iige solicitation of papers on predicting abundance and viability.
revolutionary first effort to map so many species over vast ardasts of accuracy of model predictions using independent field data
and at a cost of $100-200/species/state. Those using the traditimeaé uncommon. Finally, there is a bias worldwide towards pre-
GAP qualitative approach are probably doing as well as quantdating bird and large mammal occurrences. However, there is some
tive modelers with species associated with well-defined envirgrnieneering work on predicting occurrences of plants going on in
mental constraints such as minimum or maximum elevation. Allistralia. Papers from this symposium will be published by Island
modelers have problems finding realistic limits of distributions féiress in the spring of 2001 (J.M. Scott and P.J. Heglund, eds.).
generalists and usually do poorly with species associated with mi-

crohabitat features we cannot map, such as rock outcrops or fdrgure

shags. Species with particular movement and patch-size reqyiflenow use the experience from the past and present to organize

ments or high sensitivity to habitat quality are also increasing @éime thoughts on where GAP is, or should be, heading in the next
errors of commission; however, GAP has a conscious desire ta&fryears to develop better distributions for more taxa.

on the side of commission rather than omission.

Taxa: Clearly, an effective biodiversity program must address a
Some GAP researchers are beginning to tackle these problems pyi#fader representation of taxa (Ricketts et al. 1999) including habi-
new quantitative methods and data sets (Edwards et al. 1996hpfepresentation (aquatic) and size/life history representation (in-
with the use of landscape ecological principles as part of the maggtebrates). The research of Ricketts et al. (1999) suggests, how-
(Drobney 1999). Itis also important to address the diversity of gy, that the mix of taxa used by GAP may likely be a suitable

taxa presently being mapped by GAP. The original decision to ligifrrogate of species richness for a much broader group.

taxa to terrestrial vertebrates has generally been continued by_ﬁg]e . .
) A The modeling work to date has set the stage for new techniques and
states, but only because of financial limitations and not lack of in-

. . . enqergized both our researchers and data users to desire such im-
terest. GAP intends to be a complete biodiversity program an L ) .
rovements. Funding is the greatest constraint, and while current

ultimately include all taxa. The inclusion of aquatic taxa has bé)ep?rest is high for increasing GAP's budget, any foreseeable in-
| _ b

X . T
a long-standing dream V.V'th some false starts and, to date, an m%q?eases will still fall far short of including the breadth of taxa that
ity to garner base funding. We have gradually been overcomif .
L . . ~~_sfrould be addressed. This suggests that GAP must become even
this, first through the New York watershed pilot project (Bain and o : . .
more aggressive in partnering and leveraging funds to achieve greater

Meixler 1998, Meixler and Bain 1999) followed by the Missourl : . )

. : representation of taxa in our assessments. Alternatively, at the 1999
statewide aquatic program (Sowa 1998, 1999). (Also see updates . .
. o . - Qational GAP meeting, Malcolm Hunter noted that many countries

on these projects in this issue.) These projects have been building . L o .
. re“choosing to rely on the nonbiotic surrogate of “enduring fea-
the methods and protocols to guide future efforts, and many G , s LT o .
ures,” believing that mapping individual taxa is impractical, too
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slow, and/or a waste of resources (Hunter 1999). When asked poimted in the direction of banks of filing cabinets. This must change.
one determines what size or configuration to make a reserve based
on these surrogates, he responded, “for that you need the animbifeérature Cited

While it may be important for gap analysis to include enduringien, C.R., L. Pearlstine, and D.P. Wojcik. 1998. Gap analysis
features, we need to expand our biotic surrogates and continue agbr ant speciesGap Analysis Bulleti7:10-14.

dressing the needs of individual biotic elements to ensure theirﬂjari—n M.B., and M.S. Meixler. 1998. Making Gap Analysis work

vival and thus save their ecosystems. for New York waters: A state perspective on aquatic GB&p
Methods: Above I introduced the qualitative versus quantitative di-analysis Bulletin7:22-23.
chptomy, but it is certamly.a f.alse one. GAP _has never had aﬁggérd, K.H., N. Hengartner, and D.K. Skelly. 1999. Effectiveness
quired method for animal distribution modeling; rather we strongly o . S ; o

) : f predicting breeding bird distributions using probabilistic mod-
advocate the use of the best available methods for producing usabl ) ) )

: . .~~~ els. Conservation Biology3:1108-1116.

products, and we certainly encourage a research dimension in ev- .
ery project. In the near future we will fund comparative studi€&oone, R.B., and W.B. Krohn. 1999. Modeling the occurrence of
hopefully engaging other researchers and our critics to identifyPird species: Are the errors predictablg®ological Applica-
which models work, for which taxa, and under what conditions. ions 9:835-848.
We also need to pursue more robust models to incorporate viabititguti, B., and P.J. Crist. 1996. Methods for developing terrestrial
abundance, and metapopulation dynamics (see Vilella and Minnisyertebrate distribution maps for Gap Analysis. A handbook for
this issue). In this we will again find ourselves limited by the lack conducting Gap Analysis. USGS Gap Analysis Program, Mos-
of actual knowledge of species’ life histories, but just as we oncecow, Idaho. http://www.gap.uidaho.edu/handbook/

believed GIS data was our limiting factor, it is important to have VertebrateDistributionModeling. Version 2, March 12, 1998.

the tools ready when the information becomes available. Drobney, R.D., T. Haithcoat, and D. Diamond. 1999. Missouri
Biotic knavledge: Despite inroads in quantitative methods, quali- Gap Analysis - Final Report. University of Missouri-Colum-
tative information on species’ life histories is critical to effective bia. 198 pp.

modeling, and we may find this even more so when we learn m @Nards, T.C., Jr., C.H. Homer, S.D. Bassett, A. Falconer, R.D.

about incorporating concepts like viability and metapopulation y'Ramsey and D.W. Wight. 1995. Utah Gap Analysis: An envi-

namics. GAP projects consistently find a dearth of published knov‘{"ronmental information system. Final Project Report 95-1, Utah

edge on species’ basic habitat associations, let alone life hiStor'e(s,ooperative Fish and Wildlife Research Unit. Utah State Uni-
required for more robust modeling. Work in Idaho indicated thatVersity Logan, Utah '

the habitat association information in the literature is biased to-

wards large vertebrate species, especially game species (Karl &dyards, T.C., Jr., E.T. Deshler, D. Foster, and G.G. Moisen. 1996.
1999). Some projects have begun to do basic field study to estatdeguacy of wildlife habitat relation models for estimating spa-
lish range extents within their states (see Wall et al., this issue), bl distributions of terrestrial vertebrate€onservation Biol-

the U.S. desperately needs a systematic program for not only ca@9y 10:263-270.

turing information from ongoing field studies but new programs kunter, M.L. 1999. Banquet presentation at the 9th Annual Na-
study species in their habitats, particularly the poorly studied taxational Gap Analysis Program Meeting. August 3, 1999. Duluth,
GAP is already playing an important role by compiling nearly the Minnesota.

sum of knowledge of many species into modeling databases Radl, 3. w., N.M. Wright, P.J. Heglund, and J.M. Scott. 1999.

the maps themselves. Obtaining environmental measures to facilitate vertebrate habi-
tat modeling.Wildlife Society Bulletir27:357-365.

Conclusion Karl, J.W., L.K. Bomar, P.J. Heglund, and J.M. Scott. In press (a).

GAP researchers and cooperators have muph to be_proud of. V@pecies commonness and the accuracy of habitat relationship
have undertaken the largest, broadest effort in U.S. history to COMs10dels. In J.M. Scott. P.J Heglund, M. Morrison et al. Pre-

pile our sum knowledge of thousands of species and convert thiaicting species occurrences: Issues of accuracy and scale. Is-
knowledge into spatial renditions of their distributions. Assess—\and Press, Washington, D.C

ments, though limited, are demonstrating a consistently high leve )
of confidence for most species. In this respect the initial GAP i, J-W., P.J. Heglund, E.O. Garton, J.M. Scott, N.M. Wright,
jectives are being fulfilled, and we have the enviable position ofand R.L. Hutto. Inpress (b). Sensitivity of species habitat rela-
focusing now on expanding the breadth and depth of our endeavolionship model performance to model complexity, data resolu-
Substantial success will not come as easily, however. Significantion and scales of applicatiofcological Applications

funding and partnership increases are required as well as a wHdkwellyn, R.L., and C.R. Peterson. In preparation. Testing gap
sale rethinking of the way data are collected, archived, and distribanalysis models at multiple spatial scales: The distribution of
uted by the entities charged with doing so. Any GAP researcheamphibians and reptiles on Craig Mountain, Idaho.

can recount visiting agency offices in search of data and being
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Meixler, M.S., and M.B. Bain. 1999. Application of Gap AnalySowa, S.P. 1998. Gap Analysis in riverine environmefap
sis to New York State waters. Final project report by the NewAnalysis Bulletin7:18-20.

York Cooperative Fish and Wildlife Research Unit, Cornedqa s.p, 1999. Implementing the aquatic component of Gap
University, Ithaca, New York, to the U.S. Geological Survey, analysis in riverine environments. Training workbook. Mis-

Gap Analysis Program. souri Resource Assessment Partnership, Columbia, Missouri.

Ricketts, T.H., E. Dinerstein, D.M. Olson, and C. Louks. 1999, mnson, B.C., P.J. Crist, J.S. Prior-Magee, R.A. Deitner, D.L.
Who's where in North America@8ioScience49)5:369-381. Garber, and M.A. Hughes. 1996. Gap analysis of biological
Scott, J.M., F. Davis, B. Csuti, R. Noss, B. Butterfield, C. Groves,diversity conservation in New Mexico using geographic infor-
H. Anderson, S. Caicco, F. D’Erchia, T.C. Edwards, Jr., J.mation systems. New Mexico Cooperative Fish and Wildlife
Ulliman, and G. Wright. 1993. Gap analysis: A geographic Research Unit, Las Cruces, New Mexico.
approach to protection of biological diversitwildlife Mono-
graphs123.

Identifying the Gaps, Locating the Reserves:
Some Thoughts on Getting Gap Analysis into
Conservation Practice

Patrick CrisT* AND J. MICHAEL ScoTT? Without trivializing the monumental mapping and modeling effort
'National Gap Analysis Program, Moscow, Idaho to create the standard GAP information, when compared to GAP’s
?ldaho Cooperative Fish and Wildlife Research Unit, Moscow, Idaho mission, providing this information is only the initial phase of con-

. servation planning. In the pioneering GAP monograph (Scott et al.
Introduction 1993), 15 steps of the process were listed, including “13. Identify
GAP seeks two objectives in mapping and categorizing the st@iinimum areas required for . . . species and vegetation types, 14.
ardship of the U.S.: 1) to map the conservation network as we fdentify landscape corridors connecting vegetation types and cen-
fine it, and 2) to report the representation of elements of biodiverséys of species richness,” and “15. Design [the] reserve network.”
(species and plant communities) or lack thereof in the conservatmgarly some of these tasks are now outside the responsibilities of
network. The purpose is to characterize who the conservation st@winformation program, but the U.S. lacks a government program
ards are, where their lands are, and the character of those langls ifhdertake such tasks, and the land management agencies typi-
terms of size and intent to maintain biodiversity. The latter involvesily do not feel mandated to do so. Thus it appears the need still
categorizing tracts of land according to the well-known four caxists to identify the geography of conservation need, not just tabu-
egories of biodiversity maintenance (Crist 2000) to assess the rglaresults (see, for example, Grue et al. and Stoms et al. below).
tive protection of, or risk to, the biotic elements found in or prerom here | describe the context of GAP’s origins to understand

dicted to inhabit them. The result is a report, for each of the elgw we reached the current situation and where we may be or should
ments mapped, on the amount and percentage of their distribugemeaded.

found in each ownership type and protection category.

This information has proven very useful in assessing general ;Emst

terns of protection afforded this country’s biodiversity. For exampt@AP began in the U.S. Fish and Wildlife Service (FWS) to gener-
when the occurrence of nature reserves is mapped against elevatigrserve its land management and planning information needs.
and soil productivity, the underrepresentation of low elevations agecifically GAP sought to help avoid endangered species crises
productive soils is very apparent (Scott et al. in press). Similally,aiding the FWS in the identification of elements requiring height-
early results from GAP projects primarily in the West indicate thated scrutiny and ultimately to identify potential reserve locations
50-85% of the mapped land cover types have less than 10% of tieiunderrepresented elements of biodiversity. Work in the early
area in nature reserves. While 10% is a widely accepted standaid mid ‘90s by a variety of researchers suggested that this goal
of representation, it is an arbitrary standard. Protection of the fmils no easy feat (for review see Csuti and Kiester 1996, Kiester et
range of biodiversity may require 50-75% of the land base to &- 1996, Merrill et al. 1995, Wright et al. 1994, also Stoms et al.
clude evolutionary potential of species at one end of the hierarglgyow). GAP’s early recommendation for using species-rich
to ecosystem processes at the other. hotspots was found to be a limited surrogate for biodiversity in gen-
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eral, and the computational requirements for identifying represeasses that have accrued over decades, using either very crude bio-
tative locations were enormous. Improvements in technology dogical information or none at all. Simply publishing the informa-
technique combined with new concepts of “complementarity” faon has not demonstrated that it will be used, and certainly not for
representing all elements (biotic and nonbiotic) emerged as mihiepurposes for which it was created. In 1996 Crist began collabo-
satisfying and robust answers (Pressey et al. 1997), but GAPrhatien with the University of Wyoming GAP team on the develop-
yet to incorporate these concepts into its standard analyses. mbat of decision support systems (DSS), including Refuge-GAP
reasons for delay in pursuing more robust analyses range fromdigcribed above. The intent of these systems is to provide integra-
perennial lack of funding to support the work at either the statetion of GAP data in a format friendly to users’ decision-making
national program level to the lack of demand for such informatiprocesses and not requiring either biological or GIS expertise. DSS
from management agencies that continue reactive managerhastcome of age, at least conceptually and in recognition of need,
under legal duress (D. Osborne, pers. comm.). in the arena of natural resources technology but is not yet recog-
nized as a normal funding item in most agencies.

Present

By the end of 2000, GAP will have 37 completed state projefiditure

with data sets describing and quantifying the predicted “gap” staltughe immediate future, GAP intends to publish a great deal of
of nearly all terrestrial vertebrates and plant communities for a lang®rmation and publicize it well. An important part of that process
portion of the nation (74% of the area of the 48 conterminous statisspublication of results by GAP researchers in the peer-reviewed
This is a tremendous technical, logistical, and scientific accompliterature. These are only first steps of putting the information to
ment, but to assess our success in increasing conservation it is illes; but they are important to show progress for the investment made.
trative to look at the FWS's application of GAP. Despite legisl@he next practical step will be development of other data products
tion in 1997 that charges the FWS with guiding the future of &sch as regional and element rangewide analyses (for examples see
refuges towards the “conservation of ecosystems” (U.S. 1997) $tems et al. [1998] and current work in Idaho to analyze gaps in the
FWS, GAP’s original home and client, has not made full use of thed cover of the 11 western states). Later work will identify
GAP data. However, a few successful examples exist. The reszdtaplementarity-based reserve areas as well as development of more
from the early GAP effort in Hawaii (see Brackney and Crist, ttssphisticated DSSs for more user groups.

issue) were used to create two new national wildlife refuges, al)flof these activities will simply attempt to put current informa-
Indiana-GAP used the data to help design the Grand Kankajgg (o petter use. However, it is also time to “negotiate with” as
Marsh National Wildlife Refuge (NWR; Clark and Slusher 2000)g|| a5 educate our partners. Educating them involves aiding the
GAP information could significantly aid the nationwide FWS prqnegration of GAP results into decision making by explaining the
cesses for identifying potential acquisition projects or the procegsrently little-recognized need to consider common species and
for prioritizing them for funding. We also developed a pilot degizngewide gap status. Negotiation will recognize that political re-
sion support system for refuge planning, “Refuge-GARjjities call for us to identify those more urgent conservation issues
(Herdendorf and Crist 1998), that spurred interest but has been gjoy il continue to take precedence. Clearly our “one-size-fits-

to receive any FWS support for further research and developmgnbt.gap analysis requires change. Our process assumes an equal

Perhaps the most significant block to using the results of gap anedaction of all elements to a stewardship condition, while we are
ses is that few agencies feel compelled to react to “gaps” thatveedl aware that some species thrive in agriculture and urbanization,
not legally recognized by the Endangered Species Act (ESA)aasl some species perish in anything less than total protection.
threatened or endangered. GAP’s analyses may be viewed Bithemes for addressing individual element sensitivity have been
limited interest because we do not currently incorporate perceigeggested (Crist et al. 2000; Redford and Richter 1999; see also
short-term “real” risk in the sense of reduced abundance and cféan et al., this issue) but such an approach may push the limits of
and imminent threats such as logging of Red-cockaded Woodpeckerknowledge of species requirements and would require an en-
habitat (see Vilella and Minnis, this issue). All of this reflects thigely new level of partnership with primary land stewards to popu-
fact that GAP did not emerge from national legislation as, for date the necessary databases. We do believe the process is tractable
ample, the Superfund Project did to address a widely perceibewvever, and probably necessary to provide truly useful informa-
national crisis, but has instead been built from the bottom uptitm for the continuing “crisis planning” conducted in the U.S.
address the need as seen by biologists and researchers.

National GAP is rapidly developing GIS capability to both regiofeOnclusion

alize the state data sets and undertake basic gap analysis at tireeently GAP has funded socioeconomic seed grants to aid us in
gional level and hopefully to engage other researchers in moreljpidentifying types of products and analyses needed by society,
bust analyses. At present, though, we need to be cognizant of B¢ 2) incorporating socioeconomic factors in gap analyses to ad-
well data are being received and used by other agencies. Evenligss the “short-term” risk issues. GAP information has already
phisticated GIS users have had substantial difficulty conceptualieen used for innumerable applications across the nation, and those
ing how to integrate GAP’s novel data into decision-making prapplications will increase exponentially as we publish the gigabytes
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of information pouring into the national program. Of this we shoulderrill, T., R.G. Wright, and J.M. Scott. 1995. Ecological criteria
all be proud but also contemplative about why our information hago evaluate wilderness planning options in IdaBavironmen-
yet to be used (much) for its primary purpose. Clearly institutionaltal Managemen19:815-825.

and societal education and changes are required as they are fgralisey R.L., H.P. Possingham, and J.R. Day. 1997. Effectiveness
aspects of biodiversity conservation, but the greater (and more manys 5jternative heuristic algorithms for identifying indicative mini-

ageable) burden lies with GAP to conduct the type of analyses ang,;m requirements for conservation resen@logical Con-
create the products and tools that will better serve societal needsggyationg80:207-219.

Redford, K.H., and B.D. Richter. 1999. Conservation of

Literature Cited . . . biodiversity in a world of useConservation BiologyL.3:1246-
Clark, F.S., and R.B. Slusher. 2000. Using spatial analysis 19556

drive reserve design: A case study of a national wildlife refuge

in Indiana and Illinois (USA) Landscape Ecology5:75-84. cott, J.M., F. Davis, B..Csuti, R. Noss,.B. Butterfield, C. Groves,
H. Anderson, S. Caicco, F. D’Erchia, T.C. Edwards, Jr., J.

Crist, P.J. 2000. Mapping and categorizing land stewardship. '%Jlliman and R.G. Wri . ;
: . . , .G. ght. 1993. Gap Analysis: A geographic
handbook for conducting Gap Analysis. USQS Gap AnaIySISapproach to protection of biological diversitwildlife Mono-
Program, Moscow, ldaho. http://www.gap.u|daho.edu/hand—gr(,iphslzs.1_41

book/Stewardship. Version 2.0.0. February 16, 2000. s
Crist, P.J., T.W. Kohley, and J. Oakleaf. 2000. Assessing land u

Impacts on biodiversity using an expert systems tdaind- range of America’s biological diversityEcological Applica-
scape Ecologyt5:47-62. tions.

Csuti, B., and A.R. Kiester. 1996. Hierarchical Gap Analysis f@{) < b M. M.J. Bueno. E.W. Davis. K.M Cassidy, K.L. Driese
identifying priority areas for biodiversity. Pages 25-37 in J.M. and 'J.S. K’agan. 199é. Map—guided classificatic,)n of regionr;ll

Scott, T.H. Tear, anq F..Dav!s, editor_s. Gap Ar_1alysis: A land-|ang cover with multi-temporal AVHRR dat&hotogrammet-
scape approach to biodiversity planning. American Society forriC Engineering and Remote SensBw831-838

Photogrammetry and Remote Sensing, Bethesda, Maryland. ) o .
dendorf dP Cri 998 f GAP: A GAP d U.S. 1997. National Wildlife Improvement Act of 1997. Public
Herdendorf, M., and P. Crist. 1998. Refuge-GAP: A GAP €C"Law No. 105-57, Statute 1254 (codified in 16 U.S.C., section

sion support system for refuge plannir@gap Analysis Bulletin 688)

7:9-10.

Ki AR. JM. S B. Csuti. R.E. N B B field Q/Vright, R.G., J.G. McCracken, and J. Hall. 1994. An ecological
|esst|<:r, 'd"D'VV'h' COtt’lgéG Sg" - NOSS, B. .gttelr 1€10, K- evaluation of proposed new conservation areas in Idaho: Evalu-
anr, and b. Ite. . - onservation prioritization using ating proposed ldaho national park€onservation Biology

GAP data.Conservation Biology0:1332-1342. 8:207-216

cott, J.M., F.W. Davis, G. McGhie, R.G. Wright, C. Groves, and
S§. Estes. In press. Nature reserves: Do they capture the full

Hawai‘i: A Tropical Insular Approach to
Gap Analysis

Samuer M. Gon, 111, ALLen ALtison?, RonaLD J.
CANNARELLA 3, JaMES D. Jacosr®, MicHaEL H. Kipo®, StEPHEN
E. MiLLer®, AND DaNIEL E. ORODENKER

The Nature Conservancy of Hawai'i

2Bernice Pauahi Bishop Museum
SHawai'i State Department of Land and Natural Resources

rectly linked to habitat modification and loss, as well as the grow-
ing number and widespread distribution of non-native injurious
species. The Hawaiian conservation community has jointly recog-
nized the need for detailed land cover classification information
and for species distribution data for key species of concern. To

4U.S. Geological Survey, Biological Resources Division meet this need, the Ecosystem Data Group was formed in 1997 to
sUniversity of Hawai‘i at Manoa coordinate information required for the conservation of Hawaiian
®U.S. Fish and Wildlife Service biodiversity. The group believes that the methodology of the Na-
"Hawai‘i Natural Heritage Program tional Gap Analysis Program (GAP) can help to meet the needs of

the conservation community in Hawai'‘i. By participating in GAP,
The Hawaiian archipelago is one of the most biologically uniqttawaii's unique biodiversity will be recognized in any national-
places in the world. This biodiversity has been greatly diminishiegtel conservation activity efforts that evolve from the National GAP
by the impact of human activities. The loss of biodiversity is diffort.
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Because of Hawaii's unique geography as a tropical island arc¢hl-in developing the Hawai‘i GAP project to take advantage of its
pelago, the national GAP methodology will be augmented in a fexgll-tested methodologies and rigorous data quality standards.

key areas. First, our analysis of biodiversity will expand the foclys,yaij GAP will follow closely the standard methodology, with a
beyond vertebrate indicators to include representative plant andifyple of noteworthy innovations. Most significantly, because much
vertebrate taxa. We recognize that the spatial resolution for Iadyawaji's extraordinary biodiversity is expressed in its flora, we
cover mapping in Hawai'i will have to be at a higher resolutiqgy pe |0oking at the distribution of key plant and invertebrate taxa
than on the mainland in order to capture significant areas;|ofqgition to the distribution of vertebrates when developing our
biodiversity, which on a per unit area basis is higher in Hawaieies distribution maps. Second, we will be mapping the biologi-
than in any other place in the US. We will also expand the concgltelements in our freshwater streams. Finally, we will be map-
of land stewardship to include protection from emerging threglg, key threats to biodiversity, including the distribution of feral

particularly the impact of invasive non-native species. Finally, Waqyates, avian disease, weeds, and fire. While we recognize the
will incorporate and integrate Aquatic GAP into our primary efmportance of the marine aspects of biodiversity in Hawai‘i, our

forts. initial GAP effort will not include a marine component. In the course
. . . . of the terrestrial/aquatic GAP project, we will consider the feasibil-
Hawaiian Biodiversity and Its Loss ity of developing coral reef and nearshore marine coverage and other

Approximately 90% of Hawaii's 1,000 native species of flowerinignportant biodiversity elements.
plants are found nowhere else on earth (Wagner et al. 1999). Itis
estimated that Hawai‘i has over 10,000 species of endemic ins€€onclusions

(Eldredge and Miller 1995). All 80 species of land birds once fougg ies in Hawaiian avifauna during the 1970s contributed to the
in Hawai‘i are endemic to these islands (Jacobi and Atkinson 19%@\-/elopment of the current GAP framework. Itis our hope that we
Given the extraordinary level of endemism, Hawai'i is regarded @, continue to further the process of refining the GAP methodol-
a globally significant “hot spot” of biodiversity. ogy by including nonvertebrate taxa and environmental threats when
However, with the arrival of the Polynesian explorers approximateyaluating the implications for conservation of Hawaii’s biodiversity.
2,000 years ago and, more recently, with the “discovery” of Hawai‘i

by Westerners in 1778, major impacts have been brought to Halkiferature Cited

ian ecosystems and their unique biota. Today, Hawai‘i is home=t@redge, L., and S. Miller. 1995. How many species are there in
approximately 33% of the nation’s total endangered speciejawai‘i? B.P. Bishop Museum Occasional Papéis3-18.

0 o .
(USFWS 1998), and nearly 75% of the recorded extinctions in Eraecobi, J.D., and C.T. Atkinson. 1995. Hawaii’'s endemic birds.

United Stgtes have involved endem|c_Hawa||an species. This p.roPages 376-381 in E.T. LaRoe et al., edit®@sr Living Re-
cess continues and may be accelerating. Federal, state, and privaté . . - .

. L S sources U.S. Department of the Interior, National Biological
conservation organizations currently working in Hawai'‘i agree that

nearly all of Hawaiian native biota should be regarded as threat—serwce’ Washington, D.C. 530 pp.

ened. Pratt, L., and S.M. Gon lll. 1998. Terrestrial ecosystems. In: S.P.
Juvik and J.O. Juvik, editors, Atlas of Hawai‘i. University of

The loss of biodiversity is directly linked to landscape alteration
awai‘i Press.

(e.g., agriculture, urbanization, resort development, and recreation

and the growing number of non-native, injurious species. WeedS$#9tt, J.M., B. Csuti, J.D. Jacobi, and J.E. Estes. 1987. Species
particular are widely regarded as posing the greatest threat t§chness: a guide to protecting future biological diversiio-
biodiversity and native ecosystems in Hawai‘i. Nearly half the to-Science37(11): 782-788.

tal land area of the archipelago is now occupied by altered lagdott, J.M., S. Mountainspring, F.L. Ramsey, and C.B. Kepler.
scapes or alien-dominated ecosystems that have displaced natig®86. Forest bird communities of the Hawaiian Islands: Their
species (Pratt and Gon 1998). Alien species now comprise nearlfynamics, ecology, and conservation. Studies in Avian Biology
20% of the overall biota in Hawai'i (Eldredge and Miller 1995). 9. 431 pp.

H i'i GAP U.S. Fish and Wildlife Service. 1998. Endangered and threatened
awar’i wildlife and plants. 50 CFR 17.11 and 17.12.

B e e ex e, WL D.R. Hetst.and 1. Sohmer. 1698 o
Y: Proj the flowering plants of Hawai‘B. P. Bishop Museum Spec. Pub.

evaluate the distribution, status, and threats to habitats of enda 7. University of Hawai'i Press and Bishop Museum Press
gered Hawaiian forest bird populations (Scott et al. 1986, Scott et " '
al. 1987). Since then, research and management efforts in Hawai'i

have expanded to include taxa other than birds. In 1995, the Ecodata

Group (EDG) was established by several federal, state, and private

organizations to facilitate the sharing of environmental data and to

coordinate data collection efforts statewide. EDG was instrumen-

GAP Analysis Program Bulletin No. 8, December 1999 17



GAAALYSIS
LAND COVER

Predictive Modeling of Rare Plant Species

A Report on GAP Research | o g
To illustrate this technique, | have developed an empirical model of
Project H# ] 434-HQ-97-RU-0] 542 the potential distribution of a rare Wyoming endenfbysaria

eburniflora Rollins. This low-growing perennial mustard is re-
stricted to barren calcareous ridges and granite outcrops in the North
Platte and Sweetwater River drainages in central Wyoming (Figure
1). Of 29 known populations, 28 were selected for modeling be-
Resource managers and conservation biologists are faced witlawse these sites could be placed within 0.1 - 2.5 km of their actual
critical shortage of information on the potential distribution of ratecation. As absence data have not been routinely collected for this
plant species over large areas. Predictive modeling can be a apseies, | used the Rocky Mountain Herbarium’s (RMH) database
effective means of identifying and prioritizing likely areas of ramf over 9,000 sampling points in Wyoming to identify areas where
plant habitat for more efficient and productive ground surveys. P. eburniflorahas not been collected and is thus presumed absent.

Traditionally, rare plant ranges have been inferred from dot dis{hQ-MH researchers have systematically establishe_d these collection
bution maps (Figure 1), but these maps may represent only a fF46S across thg state for the purpose of coIIect_lng all plant taxa
tion of the species’ actual range or reflect sampling bias. An alf@i€sent in the immediate area.) Of these putative absence sites,
native is to model the potential range of a species by identifyihg /0 Were randomly selected for modeling. The combined pres-
correlations between the plant's known distribution and relev&htce and absence data set was randomly split into model-building
environmental variables using geostatistical methods (Franiifid model-validation pools.
1995). These empirical models can be derived from herbariunEorironmental attributes for each presence and absence point were
Natural Heritage Program location records and state- or regiomirived from digital coverages in ArcView version 3.1. For climate
scale coverages of substrate, topography, and climate in a Gka, | used PRISM mean monthly precipitation data in 4 km raster
graphic Information System (GIS). format (Daly et al. 1994) and unpublished PRISM mean monthly
temperature data in 2 km raster format. Topographic data, includ-
ing elevation, slope, and aspect, were derived from 30 m Digital
Elevation Model (DEM) coverages of the state. An index of land-

T scape position for each 30 m pixel was calculated using the proto-
col of Fels and Matson (1996) and then reclassified into four ter-
rain position categories based on overall slope and shape (concave,

slope, flat, and convex) (Ken Driese, pers. comm.). Lastly, vector
coverages of bedrock geology and GAP land cover were used.

Using classification tree analysis in S-plus version 1.1, | developed
a model ofP. eburnifloradistribution using seven environmental
variables as predictors (mean April and July precipitation, mean

WALTER FERTIG
Department of Botany, University of Wyoming, Laramie

. January and July temperature, bedrock geology, aspect, and eleva-
Y AT tion). Classification trees use a recursive partitioning algorithm to
& 7 2. identify the values of continuous and categorical environmental

variables that best explain the differences in predicted presence or
' absence of a species (Breiman et al. 1984). From the model output,
| created a potential range map in ArcView by intersecting the envi-
,_ ronmental values that best predicted the preseneeediurniflora

(Figure 2). The model correctly classified 13 of the known pres-

ence points (93%) and 608 (95.7%) of the known absence points in
Figure 1. Dot distribution map of the known range of Physaria the model-building data set and seven (50%) of the known pres-
eburniflora in Wyoming. ence points and 614 (96.7%) of the known absence points in the
validation data set.
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pH, soil texture, or extremes in precipitation or temperature are
unavailable in statewide coverages or are masked when
macroclimate data are averaged over diurnal cycles and monthly
periods. Equally useful spatial data sets for the distribution of pol-
linators, seed dispersal vectors, predators, and soil symbionts are
also unavailable. Spatial autocorrelation can inflate the explana-
tory power of models when location points for a species are natu-
rally clustered, although this problem may be lessened if this spa-
tial patterning is related entirely to spatial patterning in the explana-
tory environmental variables (Franklin 1998). Lastly, an inadequate
number of sample points may be available for some extremely rare
plants to meet the minimum data input requirements for a statisti-
cally useful model. Despite these caveats, GIS-based correlational
models can be a powerful tool for developing testable and ecologi-
cally meaningful distribution maps of rare species and for identify-
ing areas of potential habitat for field surveys.

Literature Cited
Breiman, L., J. Friedman, R. Olshen, and C. Stone. 1984. Classi-
fication and regression trees. Chapman and Hall, New York.

Daly, C., R.P. Neilson, and D.L. Phillips. 1994. A statistical-topo-
graphic model for mapping climatological precipitation over

According to the predicted distribution map, potential habitéefor Mountainous terrainJournal of Applied Meteorolog§3:140-
eburnifloramay occur along the flanks of the Bighorn, Wind River, 158.

Owl Creek, Medicine Bow, and Uinta mountains in northern, westels, J.E., and K.C. Matson. 1996. A cognitively-based approach
ern, and southeastern Wyoming, and on isolated buttes and valleyfer hydrogeomorphic land classification using digital terrain
elsewhere in the state (Figure 2). Surveys to date have shown thaiodels. Third International Conference/Workshop on Integrat-
other, closely relate®hysariaspecies occur in these areas, per- ing GIS and Environmental Modeling, Santa Fe, New Mexico.

hapg reflegting their superior competitiv_e ability or localized ®¢ranklin, J. 1995. Predictive vegetation mapping: Geographic
tinction or incomplete dispersal Bf eburniflora modelling of biospatial patterns in relation to environmental gra-
The predictive ability of correlational models may be hampered bydients. Progress in Physical Geograpip:474-499.

errors inherent in the input data sets. Imprecise location pOiR{S,nijin, 3. 1998. Predicting the distribution of shrub species in

errors in converting map data to digital format, and horizontal andgthern California from climate and terrain-derived variables.
vertical errors in DEMs may all reduce prediction accuracy (Franklin 35, ral of Vegetation Scien€e733-748.
1995). Potentially useful environmental factors such as local soil

Figure 2. Predicted distribution of Physaria eburniflora in Wyoming
based on correlational modeling.
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Comparison of Satellite Imagery Interpretation
Using Known Association/Alliance-Level Data

Vickie J. SnTH?Y, CHAD J. KoppLIN', JONATHAN A. JENKS!,
Bruce K. WyLIE?, JaMES E. VOGELMANN?, AND RoBERT W.
KLAvERY?

! Department of Wildlife and Fisheries Sciences, South Dakota State

Methods

Study Area - Wind Cave National Park (WCNP) is an 11,450 ha
parcel in the southern Black Hills of western South Dakota. The

University, Brookings park is a mosaic of ponderosa pine (Pinus ponderosa) stands and
2U.S. Geological Survey, EROS Data Center, Sioux Falls, South mlxed— and shprtgrass prairies. The vege_tat|on of the park, includ-
Dakota ing an approximately 2 kiouffer, was classied by USGS-NPS to

an associatiorelel using agal phoography (Table 2; Figure 1

] see Web version of the Bulletintatp://www.gap.uidaho.edu/Bul-
Introduction letins/g.

The U.S. Geological Survey/National Park Service (USGS-NP8)ssifcation Pocedue - Landsat Thematic Mapper (TM) leaf-off
Vegetation Mapping Program was initiated in 1991 to provide ngsellite scenes for path 33/row 29 and path 33/row 30 for 1992
tional parks with information on their natural resources. Parks @fgre acquired through the Multi-Resolution Land Characteristics
classified based on the association level of the National Vegeta@@hsortium. These two scenes, which encompass the Black Hills
Classification System (NVCS) with a goal of 80% map accuragf.South Dakota (including WCNP), were mosaicked and processed
Classification has been completed for three national parks in Saifdugh an unsupervised classification with 20 iterations resulting
Dakota: Mt. Rushmore, Jewel Cave, and Wind Cave (Cogan etiml255 clusters and a 30 m cell size (Lauver and Whistler 1993,
1999). Scott et al. 1993, Stoms 1996, Vogelmann et al. 1998).

These USGS-NPS maps offer a unique opportunity to evaluate &8 Summary Interpretation - GIS summary techniques were used
extent to which satellite imagery can be used to classify land cowethis study. A GIS summary calculates cross-tabulation statistics
based on the NVCS vegetation classification system (Table 1). ®etween input files (known data entered on zeroed image and clus-
objectives were to determine the degree to which association-lé@&ed satellite scene) and creates an output report stating the agree-
classifications could be interpreted from satellite imagery and th@nt between the known data and individual clusters. GIS summa-
accuracy of these interpretations. We hypothesized that with €8S were generated on the clustered image clipped to the WCNP
tailed training data for association level or community type, acdeRundary (GIS Summary I) and on the mosaicked scenes, contain-

racy of land cover maps would be at least 80%. ing the entire Black Hills (GIS Summary Il). Methods followed
Vogelmann et al. (1998).

o ) Cluster Selection Intpretaion - Using Imagine software (ERDAS),
Table 1. Natural land cover classification system (Jennings 1998} UsSGS-NPS vegetation coverage was overlaid on the clipped,

mosaicked satellite image. Each of the 255 clusters was selected to
Category Example dete_rmlne the vegetation type it represented. Labels were given to
designate the present vegetation types. Once all 255 clusters had
Class ......ccccooeveee. Woodland been interpreted, any cluster that was designated by only one asso-
Subclass ..., Mainly Evergreen Woodlands ciation was assigned to that type. Clusters containing more than
one association were compared and assigned to the association with
the highest percent composition.

d/§ccurag( Assessment - Stratified, random points (908) were se-
lected for accuracy assessment based on the number of pixels in a
Physiognomic given category (Krebs 1989, Johnson et al. 1999). A minimum of
two points was assessed for small classes. Nine classes in the USGS-

Group .eeeeeeveeeeeeiiiinns Evergreen Needle-leaved Woodland

Formation .................... Evergreen Coniferous Woodlan
with Rounded Crowns

Floristic NPS coverage could not be assessed for accuracy because of size,
Community Alliance .....Juniperus occidentalis accessibility, or lack of field information (Cogan et al. 1999). An
Community Type ............ Juniperus occidentalis/ €O matrix was generated for the remaining classes (Table 3 - see
Artemisia tridentata :{Vet/)s\)/ersion of the Bulletin dtttp://www.gap.uidaho.edu/Bulle-
ins/8).
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Table 2. Categories included in original USGS-NPS coverage and comparison to three methods of interpretation.

USGS-NPS Cluster GIS GIS
Category Coverage (hd) Selection (ha) Summary | Summary Il
(ha) (ha)
Purple-3-awn — Fetid Marigold 861.05 382.32 307.8 320.76
Herbaceous Vegetation
Ponderosa Pine Limestone Cliff Sparse Vegetation 29.77 N/A N/A N/A
Redbeds Sparse Vegetation 68.53 42.12 N/A 6.48
Black Hills Rock Outcrop Sparse Vegetatién 94.62 N/A N/A N/A
Shale Barren Slope Sparse Vegetdtion 70.87 359.64 29.26 32.4
White Sedimentary Rock Outcrop Sparse Vegetatior 269.59 N/A 22.68 22.68
Bison Wallow$? 4.35 N/A N/A N/A
Burned Pine 776.89 942.84 239.76 317.52
Emergent Wetland Herbaceous Complex 54.35 N/A N/A N/A
Little Bluestem — Grama Grass / 4259.70 3304.8 1150.2 1140.48
Threadleaf Sedge Herbaceous Vegetation
Western Wheatgrass — Kentucky 10746.3¢ 13011.84 1793314 17677.44
Bluegrass Complex
Introduced Weedy Gramindid 39.80 N/A N/A N/A
Needle-and-thread — Blue Grama / 286.33 243.0 N/A N/A
Threadleaf Sedge Herbaceous Vegetation
Mountain Mahogany — Sideoats Grama | 578.48 197.64 51.84 129.6
Mountain Mahogany — Sideoats Gram Il 187.97 N/A N/A N/A
Lead Plant 162.67 155.52 N/A N/A
Chokecherry Shrubland 700.93 165.24 N/A N/A
Beaked Willow Shrublarié 7.77 N/A N/A N/A
Western Snowberry Shrubland 757.72 758.16 N/A N/A
Creeping Juniper — Little Bluestem 0.11 N/A N/A N/A
Shrubland?
Plains Cottonwood — Western Snowberry Férest 52.72 42.12 N/A N/A
Boxelder/Chokecherry Forést 149.64 N/A N/A N/A
Bur Oak Stant? 14.41 N/A N/A N/A
Green Ash — American EIm / Western 11.58 93.96 N/A N/A
Snowberry Foreét
Birch — Aspen Startd 44.50 N/A N/A N/A
Ponderosa Pine Woodland Complex | 2713.99 5495.0¢4 6207.84 6207.84
Ponderosa Pine — Little Bluestem Woodland 4224.28 1707.48 5469.[12 5469.12
Ponderosa Pine — Chokecherry Forest 1001.08 N/A 3.24 3.24
Ponderosa Pine Woodland Complex Il 4506.53 5585.76 2993.76 2993.76
Young Ponderosa Pine Dense Céver 995.48 N/A N/A N/A
Transportation, Communications, and Utilities 331.31 N/A 100.44 87.48
Crop and Pasture 1744.39 1574.64 1244.16 1302.48
Other Agricultural Lands 112.06 155.52 N/A 32.4
Open Water 28.18 16.2 16.2 19.44
Strip Mines and Gravel Pits 41.49 N/A 19.44 6.48

INot interpreted in any of the three classifications

2Removed from coverage because of size when converted from vector to raster format

®No accuracy assessment performed
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Results Cluster Selection Interpretation - Nineteen of the original 35 NPS

Two categories were removed from the GIS summary analysis gories were classified_ using Cluster Selet_:tion (Figure 4 - see
version of the Bulletin dittp://www.gap.uidaho.edu/Bulle-

the gridding procedure. These classes, Creeping Juniper/Li

Bluestem Shrubland and Bison Wallows, contained less than 5}|H3/8). The Cluster Selection method rgsulted in classification of
in long, narrow corridors. A 30 m grid cell contains 0.09 ha BRI classes not found in the GIS Summaries of WCNP and the Black

neighboring spectral classes can mask small areas and remove U5 (Table 2).
during the gridding process (Congalton 1997). Neither of thesecuracy Assessment - Based on preliminary assessment of the

categories could be interpreted using the Cluster Selection mettestiniques used to classify the imagery, the Cluster Selection Inter-
(Table 2). pretation resulted in the highest number of classes and most closely

Ten additional categories (less than 190 ha) were not interpretef5gmPpled the USGS-NPS coverage from aerial photography (Table
any of the three methods (GIS Summary I, GIS Summary I, a@d We restricted our accuracy assessment to this methodology be-
Cluster Selection Interpretations) listed in Table 2. Although sofffSe others would be less a<(:)curate by default. Because the USGS-
vegetation types less than 190 ha were interpreted, polygon S Coverage was only 73.0% accurate, we only determined simi-
could be the factor determining whether or not the vegetation tygly between the classified satellite image and the USGS-NPS

could be distinguished. coverage.

GIS Summay Intempretaions - Fifteen of the 35 NPS categorie§OU" hundred and twenty-nine of 908 pixels were correctly classi-
were present using GIS Summary | on WCNP (Figure 2 - see Jef to association using this interpretation, resulting in accuracy of

i ; . ; ; 47%. User’s accuracy ranged from 0-84%, and producer’s accu-
version of the Bulletin atttp://www.gap.uidaho.edu/Bulleting/8 , i
Seventeen of the 35 NPS categories were present using GIS %Et}pﬁ_tranged from 0-63% (Table 3 - see Web version of the Bulletin

f

mary Il on the Black HillsTable 2: Figure 3 see Web version o tp://www.gap.uidaho.edu/Bulletins/8). However, using this
the Bulletin) association-level information does accurately separate conifer from

grassland categories. When categories were grouped to the forma-
tion level, overall accuracy increased to 76% (Table 4).

Table 4. Formation-level accuracy assessment.

Purple-3-awn{ Redbeds S Burned Pine Grassland Shrublgnd Evergreen Toptal
Fetid Marigold
Purple-3-awn — 8 0 3 12 0 0 23
Fetid Marigold
Redbeds SV 0 0 0 4 0 0 4
Burned Pine 6 0 14 1 0 18 39
Grassland 10 0 18 364 11 18 421
Shrubland 1 0 3 39 2 17 62
Evergreen 3 0 12 30 11 303 359
Total 28 0 50 450 24 356 908
Discussion for GAP are 80% at the alliance level, overall accuracy approached

Three categories were overestimated in both of the GIS Sumn80% only after aggregating categories to the formation level. Ac-
interpretations; these classes were Western Wheatgrass/Kentgaksicy assessment included a comparison to the NPS classified
Bluegrass Complex, Ponderosa Pine Complex |, and Ponderosagimerage, not to actual ground-truth information; hence, accuracy
Complex Il. These three categories comprised 49.2% of all of tfehe original coverage (73.0%) may have interfered with the in-
land classified in the USGS-NPS coverage. From these resultstevpretation of satellite imagery obtained from ground vegetation.
conclude that using a GIS summary to interpret land cover over&s-accuracy assessment with ground-truth data from vegetation in
timated the dominant vegetation types. WCNP may increase accuracy of the classified image; this infor-

During processing, the GIS summary showed confusion betw&2gfion was not available at the time of the study.

similar categories in a number of clusters. Confusion occuri@ithough techniques discussed were not able to distinguish accu-
within herbaceous, pine, sparse vegetation, man-made, and agté alliance information, additional limitations exist with these in-
cultural categories. Although recommended accuracy requiremeatpretations. The Black Hills contain white spruce at elevations
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higher than 1,625 m. WCNP does not contain white spruce; thdiferature Cited

fore, we were not able to evaluate this vegetation type using an)t%an, D., H. Marriott, J. Von Loh, and M.J. Pucherelli. 1999.

the three methods. In this case, white spruce would have been clagsgs.-Nps Vegetation Mapping Program: Wind Cave National

sified as Ponderosa Pine in the Black Hills, resulting in additionalpark, South Dakota. Technical Service Center, Denver, Colo-

inaccuracies in the land cover map. WCNP also is relatively small; 4o Technical Memorandum No. 8260-99-03.

in size when compared to the mosaicked scenes of the Black Hills. . :

Using a small area, such as WCNP (11,450 ha), as the sole traiﬁﬂ galton, R.G. 1997. Exploring and evaluating the consequences

data may cause inaccuracies when applied to a large area, such Sve.ctor—tq—rast(_er and raster-to-vector conversiinotogram-

the two mosaicked Black Hills scenes (9,232,736 ha). Because dpetric Engineering and Remote Sensii3g425-434.

these limitations, more known vegetation types would need toJsgnings, M.D. 1996. Mapping units: Their classification and

included in the Cluster Selection and GIS Summary methods t&omenclature for gap analysis land cover data. Pages 71-78 in

adequately represent all vegetation types present in the Black Hillsl. M. Scott, T. H. Tear, and F. W. Davis, editors. Gap Analysis:
a landscape approach to biodiversity planning. American Soci-

Recommendations and Further Research ety for Photogrammetry and Remote Sensing, Bethesda, Mary-

While this study found an average accuracy of only 47% using satland.

ellite interpretations to predict alliance-level information, othdohnson, R.R., K.F. Higgins, D.E. Naugle, and J.A. Jenks. 1999.
methods may have improved results. Ancillary data andA comparison of sampling techniques to estimate number of
multitemporal satellite scenes can be used to assist in the interpreretlands. Wildlife Society Bulletir27:103-108.

tation of categories that are small or that have specific habitat,(gébs’ C.J. 1989. Ecological methodology. Harper & Row, New
quirements. For example, digital soil survey information may heleork, New York. 654 pp.

narrow the classification of large categories that dominate an inter-

pretation. However, these data are not available for the Black thgver, C.L.,and J.L..Wh|stler. ?993', A hierarchical classifica-
tion of Landsat TM imagery to identify natural grassland areas

A second alternative that may enhance accuracy is the use of newggq rare species habit@hotogrammetric Engineering and Re-
satellite imagery. The MRLC acquisition of satellite imagery for ,5te Sensing9:627-634.

South Dakota dates to 1992. The ground-truth information W%s J M. F. Davis. B. Csuti. R. N B B field C. G
collected in 1997, and aerial photography was taken in 1998 to Qtt, J.M., F. Davis, g suti, R. 0SS, B. utterfield, C. Groves,
. Anderson, S. Caicco, F. D’Erchia, T.C. Edwards, Jr., J.

used as ground-truth information. These temporal differences ma li dRG ioht 1993, G vsis- hi
cause inaccuracies in classification. A Landsat 7 scene from 12 'man, an R. .erg b 1 - =ap analysis. .A geographic
approach to protection of biological diversitwildlife Mono-

October 1999 for southwestern South Dakota is currently being in< he123:1-41
terpreted. Classification of this scene will likely compensate fordrapnsizcs:l-al.
temporal changes and will allow the use of 15 m panchromatic reStems, D.M. 1996. Actual vegetation layer. National Gap Analy-

lution to aid in interpretation of vegetation pattern. sis Program Handbook. http://www.gap.uidaho.edu/handbook/
LandCoverMapping.
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Estimating and Mapping the Thematic Accuracy
of GAP Land Cover Maps

RoLanp L. RebmonD

Montana Cooperative Wildlife Research Unit, University of Montana, estimates then were entered into ARC/INFO (GRID module), and

Missoula mean thematic accuracy was interpolated to a 1 km statewide lat-
tice using the routine POINTINTERP (exponential option with

In keeping with the research and development mission of the @§fghborhood =75 km, and decay = 15 km); in other words, mean
Analysis Program, we developed an approach to accuracy asst&&iracy was calculated for each lattice point across the state using
ment for land cover in Montana that did not require the collecti§Rly the reference data (cover types and accuracy estimates) that
of an independent set of reference data. Instead, all available régdrwithin a 75 km search radius. Finally, contour lines connecting
ence data were used not only to train supervised image classifRice points of equal mean thematic accuracy were drawn at 5%
tions, but also to assess the resulting classification accuracies V€svals. Not surprisingly, the resulting map showed considerable
bootstrap procedure. Moreover, because standard classification fgHal variation in mean thematic accuracy for the 45 cover types.
matrices provide little information about the spatial variation in th&€t despite the utility of these results, we acknowledge that an in-
matic accuracy, we used Kriging to interpolate probability estimafi@Pendent validation (as recommended by Stoms et al. 1994 and
from each reference point to a statewide lattice, from which a c&ist and Deitner 1998) would still be worthwhile, especially to
tour map of thematic accuracy was produced. Although the metB§&ect and measure errors resulting from the possible omission or
has withstood peer review (Steele et al. 1998), no results have Heagequate representation of cover types in the sample of existing
field-tested, and readers should be cautious in applying it to tgference data.

areas or states. For more details about the procedure and how to )

construct bootstrap classification error matrices, see Steele ekif@rature Cited

(1998); additional details about the statewide application can@st, P., and R. Deitner. 1998. Assessing land cover map accu-
found in Redmond et al. (1998). racy. Version 2. Gap Analysis Handbook.

The Montana Gap Analysis Project (MT-GAP) began before tRéon, B., and R.J. Tibshirani. 1993. An introduction to the boot-
widespread use of airborne videography. Because of the large sizgrap. Chapman and Hall, New York.

of the state and a lack of funds to collect new ground-referepggymond, R.L., M.M. Hart, J.C. Winne, W.A. Williams, P.C.
data, we were limited to the use of whatever existing data wererhornton, z. Ma, C.M. Tobalske, M.M. Thornton, K.P.
available. Although this amounted to 21,348 plots representing 43c|_aughlin, T.P. Tady, F.B. Fisher, and S.W. Running. 1998.

cover types, this was not a sufficiently large sample for us to holdrhe Montana Gap Analysis Project Final Report. Unpublished
back a certain proportion (e.g., 20%) to validate the supervised C|a§‘eport.

sifications of 33 TM images covering the state. Thus, we devise% a . L
method of estimating the probability of misclassification at each Eeele, B.M., J.C. Winne, and R.L. Redmond. 1998. Estimation

these reference points using a bootstrap procedure (Efron an%nd mapping of misclassifi_cation probab_ilities for thematic land
Tibshirani 1993). This method simulated the process of samplingCover maps.Remote Sensing of the Environm@t 192-202.

and classification many times (with replacement), and therebyaoms, D., F. Davis, C. Cogan, and K. Cassidy. 1994. Assessing
lowed us to estimate the probability that the true cover type wadand cover map accuracy for Gap Analysis. Version 1. Gap
correctly classified at each reference point from the number of timeé\nalysis Handbook.

that the reference observation was correctly classified in all the simu-

lations. For MT-GAP, we ran the bootstrap 100 times with replace-

ment for each TM image classification. The resulting probability
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G/A\AALYSls
ANIMAL MODELING

On Vertebrate Generations and Plant
Succession: Incorporating Vegetation Structural
Aftributes into Vertebrate Modeling

FranciscoJ. ViLELLA AND RicHARD B. MiNNIS been included as habitat, GAP predictions will always tend to over-
USGS/BRD Mississippi Cooperative Fish and Wildlife Research Unit estimate the species distributions (Smith and Catanzaro 1996).
Mississippi State University, Mississippi State While overestimating the distribution of common species may be

acceptable in some cases and is preferable to consistently underes-

timating distributions (Edwards et al. 1995), it may represent a prob-
Species-Habitat Concept and Gap lem for rare or patchily distributed species (Smith and Catanzaro
Analysis 1996). Therefore, vegetation type is not the only factor influencing

o i use by species; other environmental variables are usually incorpo-
The concept of habitat is understood, even by the lay public, asrmﬁd to further refine a species distribution (Csuti 1996). Such

place where an animal resides. As biologists we recognize COMBBfors can be either ecological or physical and may include eleva-

nents of habitat (i.e., cover, food) contained within this “plac%n, soil type, rainfall, slope, aspect, and patch or polygon size

MacArt.hur anq MacAthur (196;) argued an qrnithqlogist COUee Csuti and Crist [1996] for a thorough explanation of the verte-
determine which species were likely to occur in a given locati Pate modeling process of GAP).

based on the following criteria: 1) geographic location of habitat,
2) type and structure of habitat, 3) knowledge of geographic rangdfinement of Models

Similarly, Udvardy (1969) stated “the mapping of vegetation serv; o ) .
as the basis of correlation for animal distributions . . . (an P has significantly contributed to the knowledge and capabili-

indicate(s) possible occurrences of animals where they havet cﬁOf .natural resource conservation through the use of spatial in-
been studied or have been overlooked.” Finally, Thomas (19% at|or_1 technologies (Prendergast et al. 1998, SChwaTtZ 1999).
claimed “plant communities and their seral stages . . . are ecoI0 J-GAP Incorporates new software, hardware, and techniques, the

cally important as niches for wildlife species. The niches are églnal scope of GAP can be expanded. The last 10 years have

product of the plant community, its seral stages, and other envir%?ﬁn a growth of knowledge and enhancement of techniques unpar-

mental factors—including soil type, moisture regime, microclimat%,leIecj n the pas.t. This expansion of knowledge has forced GAP
Egontlnually revise and upgrade the standards for data products.

slope, aspect, elevation, and temperature.” Itis important to spe . . .
example, where once the minimum mapping unit for land cover

this description refers to the Grinnellian concept of ecological nic DI 100 ha. today it V2 ha M tat tai
which focuses on factors determining the distribution and ab(fiePPing was a, today 1tis only 2 ha. Many stales are retain-

dance of species (Grinnell 1917). This autecological approac n%and using the 30 m pixel resolution. Similarly, where once we

H'dhdflf I that often included forest
the concept of niche is the basis for developing the habitat modk game ahandiul ot cover classes that olten included many 1ores
used by the Gap Analysis Program (GAP). alliances, we see the development of detailed techniques such as

i o . decision-rule algorithms (McKerrow 1997) for selection of detailed
GAP assesses terrestrial vertebrate biodiversity by mapping the pigidual alliances or ecological complexes from the same satel-
dicted distribution of terrestrial vertebrates in a given region. GAR gata used five years earlier.

is designed to use the association of wildlife with vegetation and/or . . . .
pny GAP projects have been incorporating various factors to re-

other physical attributes to examine the potential distribution . o .
phy P rﬁ'%‘? species distributions. For example, Allen et al. (in press) dem-

vertebrate species and associate it with the existing distributio trated the | Cof tina di [ dist I
lands being managed for biodiversity conservation. Data deygjotrated the impact ot incorporating dispersal distances on overa

oped by GAP provide decision support for planning the protectigﬁepies richness in southern Florida. Mattson (1996) demongtrgted
of all terrestrial vertebrate species within a given region. GAP d impacts of human presence and access to the potential distribu-

sets are probably some of the broadest and most useful for this {V&OT gn.zzly bearrsus arcto} hab|t§t in Idaho.
of analysis. But, by assuming that a species occupies all suitdbfé> is viewed as a long-term planning tool; however, there has
vegetation types within its range and that all suitable types h&@en some acceptance of the need to continually reevaluate areas
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because of a rapidly changing landscape and the impact humanddissity pine corresponds to the final stages of pine development
turbance has on biodiversity. This being said, we ask: are Gl#d¢fore harvest. As would be expected, there is some degree of con-
distributions long-term estimates or a snapshot in time? While C$usion between the low- and medium-density pine classes. Even
(1996) stresses the importance of GAP distribution maps as longh this confusion, the product accuracy for these classes aver-
term planning tools, he emphasizes the need for information maged 70% and the users accuracy nearly 80%.

agement systems that allow users the ability to update this informa-

tion. Seral Stages and Species Associations

While GAP is not designed to deal with the short-term need of thré3tated explicitly by Thomas (1979) and implicitly by MacArthur
ened and endangered species, the examination of these speciegidvacArthur (1961) and Udvardy (1969) are the potential effects
vides insight into past events that may have contributed to drivihgt vegetation structure and seral stages exert on the presence or
these species near extinction. Unfortunately, however, most GAm®ence of a species. Many examples exist of species (e.g., checker-
projects do not examine these species in detail. Smith and Catarsp@bbutterfly) that coevolved with or adapted to specific seral stages
(1996) suggested that performing an analysis of the Red-cocka@fegarticular vegetation types (Wahlberg et al. 1996). The Red-
WoodpeckerRicoides borealisRCW) in Arkansas would be usecockaded Woodpecker is a native, nonmigratory species endemic
less because of the rapidly changing range of the species. WThiBature, pyric pine communities of the southeastern United States.
seems to contradict Csuti (1996) who suggested that an analysigér distribution of the RCW has contracted, and populations have
a rapidly expanding species such as the Indigo BuriBagsgerina declined precipitously throughout much of its range. Population
cyaned would provide useful insight into the temporal dynamidgdeclines have been attributed to conversion of mature pine stands
of this species. to young plantations, hardwood midstory invasion, habitat fragmen-

While each GAP state has their individual focus on how to impro\?ion’ anq demographic isolation (Ligon 1971). The di;tribution
vertebrate models, with each state learning from the success or? ‘f CW is dependent on the extent of ”.‘at“re longlBaius

of success of other states, Mississippi GAP decided to focus Onp@éls_t_r@,_loblolly (P. _taeda, shortleaf . echinaty, and slashR .
impacts of vegetation structure on wildlife habitat distributions. T 'Ot.t") pine fc_>re_sts in the §outr_1east. Hooper_ etal. (1.980) gve a
state of Mississippi is a leader in timber production. The state gganed description of the life history and habitat requirements of

nearly 7 million hectares of timber land (44% of the total land bas \% RCW' Because the RCW is an endangereq species m.M'SS'S'
of which on average 100,000 ha are harvested annually (Mis |opi and the Southeast, a great deal of ecological information has
' en collected on this species in recent years. Detailed information

sippi Forestry Commission, unpub. data). These figures highli fi X . . .
the importance of understanding the seral-stage dynamics for wi 5 also been collected on habitats and species associated with RCW
(Engstrom 1993).

land species such as RCW and Northern Bobwlitelius
virginianug and how timber harvest may impact habitat availabihese data can be extremely useful in expanding our understand-
ity for these species. The Spatial Information Technologies Lalitg of the ecology of not only RCW but other species that rely on
ratory in the College of Forest Resources at Mississippi State Uhg mature, pyric pine community as well. Bachman’s Sparrow
versity developed the land cover map for Mississippi GAP (Battéimophila aestivalls a threatened species, nests in the wiregrass
1998). From the onset of the project, we determined structural cbugsocks of the understory. The endangered gopher tortoise
ponents of vegetation would be emphasized in land cover mapp(fgepherus polyphemyiss a keystone species for more than 300

A pilot study of a single TM satellite data scene revealed the abiigecies of invertebrates and 65 species of vertebrates that use the
to distinguish five structural classes of pine (Batten 1998). Thetwlerground burrows they provide (Dodd 1995). In addition to
classes included the following: high-density pine, low-density pirtbese species of concern, an additional 36 mammalian and 86 avian
medium-density pine, recent harvest areas, and recent revegegiegdies have been documented as relying on this ecosystem
harvest areas. Loblolly pinBifius taedjicomprised nearly all the (Engstrom 1993). These species include southeastern pocket go-
pine classes in this scene, thus all pine alliances were groupedf@r Geomys pinet)s southeastern fox squirreBgiurus nigey,

this analysis. and Brown-headed Nuthatc8itta pusillg (Engstrom 1993).

These classes, in turn, correspond rather closely to pine forest I . .

cycles in Mississippi. Recent harvest areas refer to the stagfff‘ed' of Vegetahon Structural Information

mature forest removal and up to the third year of pine regrow®n Vertebrate Models

Revegetated harvest areas occur in the time period when pingfage structural information for pine classes were applied to the
tablishes itself in the system but has not completely closed ditribution model of RCW in Mississippi, we can reduce the po-
canopy (usually 3-5 years after regrowth). High-density pine tential overestimation of currently available pine habitat by 940,000
lates to the period of dense canopy cover during the sapling to pRtesimply by eliminating recently harvested pine areas and dense
timber stage. Canopy cover is 100%, and little understory veggjigung stands. Similarly, if medium-density pine proves to be un-
tion exists. As most pine in Mississippi is managed for timber, itdgitable habitat for these species as well, we can reduce the avail-
usually thinned at around 15 cm (6 in.) DBH. The period frogble habitat statewide by an additional 1.7 million ha (Figure 1).
post-thinning to final thinning relates to medium-density pine. Lowhis revised estimation of currently available habitat can have sig-
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nificant ramifications for reserve design and planning. AlthougNWR), located in east-central Mississippi. Four major vegetation
GAP is designed as a tool to identify unprotected regions of highes dominate the area: hardwood bottomlands, hardwood uplands,
biodiversity, we anticipate planning new reserves for the protectjgine, and pine/hardwood. In addition to waterfowl, endangered
of threatened and endangered species. We feel GAP can and sispelcies play a major role in management of forest ecosystems at
provide the best available information for designation of these MBxubee NWR. Intensive management of RCW habitat is a major
serves as well. focus in mature pine and pine/hardwood stands (Richardson and
Stockie 1995). Thinning and prescribed burning are regularly uti-
— - — lized in areas occupied by RCW. Let us assume Noxubee NWR
¥ Rl F i has been given the resources to acquire 30,000 ha adjacent to the
o * ’ ' refuge to enhance quantity and distribution of old-growth pine habi-
3 T ' tat. If aprimary concern is immediate enhancement of RCW habi-
: i ol 5 tat while maximizing its long-term availability, an analysis of GAP
* data on all sides of the refuge reveals some interesting results.

Noxubee NWR is located in fairly dense pine habitat extending
| west and south of the refuge. An examination of a 30,000 ha block
; on either side of the refuge yields slightly different results in terms
3 { of currently available habitat. To the west of the refuge, a 30,000
! ha block would acquire 14,327 ha of pine of which 1,656 ha (11.5%
of the total pine) would be suitable or nearly suitable habitat. Con-
3 versely, the block to the south would yield 18,829 ha of pine with
L 3,162 ha (16.8%) in an older state of succession. While the total
! area of loblolly pine was only slightly different, there was twice as
much existing habitat in the south block than in the west block.
Figure 1. Estimation of available mature pine habitat for Red- Therefore, by incorporating vegetation structure into the decision
cockaded Woodpeck_er_s varies greatly qlepenqmg on_the cla_ssificatiOprocess, refuge personnel can look at both current and future avail-
system used. Classifying all suitable pine alliances into a single clasgple habitat (Figure 2 - see Web version of Bulletin at http://
(A) reveals 3.1 million hectares of habitat. Conversely, ClaSSiﬂcationWww.gap.uidaho.edu/BuIIetins)/.SWhiIe this is a fairly simplistic
based on structural (i.e., age) classes (B) indicates 0.4 million heCtar§§ampIe the concepts and results are real. Not only does GAP
of habitat are currently available. Analysis developed from 30 m ' . - .
i ) have the potential to deal with threatened and endangered species,
Thematic Mapper data circa 1992. - .
the data and models developed for these species can impact many

The last decades have seen a rapid expansion of the scientific I942f¢ Species that utilize the same habitats. Therefore, enhancing
for selection and design of nature reserves. Some of this has B GAP land cover to incorporate structural components would
tered on the elucidation of conservation filters and the ability YfoW us to deal with short-term needs of threatened species while

nature reserves to capture different levels of biodiversity. Cond¥viding large-scale information that can be used for long-term

vation at both organizational scales (i.e., coarse-filter vs. fine-fl@nning.
ter) has been successful, and both deserve continued support (Shafer .
1995). Reserves are designed to provide protected habitat for &s’nClUSlon

cies and communities to maintain their long-term existence. MaHye GAP approach has been, perhaps unfairly, criticized for at-
reserves are designed to ensure population persistence for a lintéteypting to collect species-occurrence data at coarse spatiotempo-
number of flagship or umbrella species. While GAP is mainly coi@ scales for use as surrogates of community and ecosystem repre-
cerned with animal and plant distributions and not abundance, $ggtation and persistence (Conroy and Noon 1996). The continual
issue of vertebrate abundance cannot be totally ignored (Krél@velopment of new reserve selection algorithms will result in more
1996). Population viability should be one of the long-term objgeractical and realistic applications for sustainable protection regimes
tives when planning nature reserves. During the past 30 years, gRigam and Lawton 1998). As GAP matures and spatial informa-
ies of biogeography, particularly of island biotas, have shown haign technology advances, incorporation of factors such as patch
tat quantity is as fundamental to the survival of a species as is hsige, dispersal distances (Allen et al. in press), and structure or age
tat type and quality (Shaffer 1996). In other words, having the proplésses of vegetation will become vital to differentiate between cur-
type of habitat, even of high quality, may not assure species $antly existing habitat and potential habitat. As conservationists
vival unless there is enough of it. Overestimation of available hatall for greater emphasis on management for biodiversity, it is in-
tat for a species dependent on particular seral stages of a givenakggsingly important to develop tools for assessing the effects of a
etation type could mean the difference between species survivapgcific management strategy on a wide variety of organisms over
extinction. a range of scales, both spatially and temporally. While GAP data

We provide an example using Noxubee National Wildlife Refu&é‘ve already proven themselves as a long-term management and

Ta,
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planning tool (Prendergast et al. 1998), we believe the future of gapiodiversity planning. American Society for Photogrammetry
analysis lies far beyond a mere complement to single-species maand Remote Sensing, Bethesda, Maryland.
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EMAP Hexagon Coverage Included in South
Dakota’s Sportsman’s Atlas

VickiE J. SnitH, CHAD J. KoPPLIN, AND JONATHAN A. JENKS
Wildlife and Fisheries Sciences, South Dakota State University,
Brookings

Throughout the South Dakota Gap Analysis Project (SD-GAP), we
have been working with state agencies to provide opportunities for
outreach. Because of a lack of locational data for vertebratefJepel CDUIlty

South Dakota, small mammals were sampled throughout the state f/ = i!J RE \
during the summer of 1998 based on the EMAP hexagon grid. Two 4./ Primary Roads . SAEY %%3@' aAr Y
sites were sam_pled within each hexag(_)n to obtain_ presence or ab- Secondary Roads |'\ ke ﬁ!‘!‘l'J "_. J},,__ u
sence information for small mammals in that particular hexagon. ] T gﬁﬁj " 'i.r"; B
To coordinate the trapping effort, an ARC/INFO Macro Language /' HexagonBoundaries R mhe _ﬂ_ -y
(AML) program was created to build county-based maps contain- Game Prodwtion Areas | Y\ _Lu‘,l: Tl T

ing all county roads (primary roads were separated from secondary Waterfow] Production mmig#---f:;‘*’ f—“ﬁ-’-‘-.“g'ﬂ'ﬁ'{:;_'
roads) and the hexagonal grid, including the hexagon number for b ‘ 1 i;.Ja-"1
reference. Towns could easily be identified from concentrations of e Federal Easements / |5 Yo
roads. | \J\: |4 1 ‘\ ?|

In an effort to maintain locational databases of various terrestrial ' L } "-'._.‘-'\_ i
vertebrate species, SD-GAP and the South Dakota Department of ! | | ]_ /t :E;_f'
Game, Fish and Parks (GF&P) have agreed to include the EMAP \i ______ o _;-7_3J =
hexagonal grid in the next printing of tB@ortsman’s AtlagFig- T

ure 1). This atlas is a guide to recreational public lands, including

Waterfowl Production Areas (U.S. Fish and Wildlife Service owifrigure 1. Sportsman’s Atlas view of Deuel County in eastern South
ership), Game Production Areas (South Dakota GF&P ownershlggkota containing primary and secondary roads, hexagon boundaries,
State Parks and Recreation Areas, Federal Recreation Areas28fgtate and federally owned lands.

Water Access Areas (federal- and state-owned). The atlas is a

county-based guide, covering the entire state. Nearly 1,000 copies

of the atlas could be produced specifically for managers. Atlases

are printed as needed and can be purchased through South Dakota

GF&P in Pierre, South Dakota.

The EMAP hexagonal grid will allow managers to report observedr more information about the AML used to create the county-
species to the SD-GAP office by hexagon number, reducing thesed hexagonal maps, please contact Vickie Smith at the SD-GAP
amount of time needed to add new sightings to the locational daffice at (605) 688-5124 or by e-mail at vickie_smith@sdstate.edu.
base. This atlas will provide a cost-effective, efficient method fohe AML may be downloaded from our FTP site at wfs.sdstate.edu.
gathering information on vertebrate locations, increase awarenggsen you obtain the AML, feel free to make changes to the pro-
of the public about GAP, and solicit participation in the upkeep gfam to fit your state and your purposes. After making changes,
the distributional database for future modeling and distributipiiease send updates to chad_kopplin@sdstate.edu.

mapping efforts.
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STEWARDSHIP AND ANALYSIS

Kansas GAP: Preparing the Stewardship Layer

HoLLy Barcus, ENNIFER RADCLIFF, AND RaJESH PoubyaL Acquisition and Compilation of

Department of Geography, Kansas State University, Manhattan Managed-Area Boundaries

One of the most comprehensive sources of managed-area data in
With the objective of identifying gaps in biological diversity, thRansas was the Natural Heritage Inventory Program (NHIP) ad-
National Gap Analysis Program (GAP) maps managed areas, lgiistered through the Kansas Biological Survey (KBS). This in-
cover, and vertebrate species distribution. The development gkatory became the core set of data from which much of the Kan-
spatial inventory of managed areas, collectively called the stewaygs GAP stewardship layer was derived. The inventory contained
ship layer, is critical to meeting this objective. For the Kansas G&finer and manager data, protection status designation, and 1:24,000
project, the stewardship layer was developed using a Geographise maps of the managed areas.

Information System (GIS). This article outlines the process aﬁqe maps provided by NHIP were largely hand-drawn boundaries

some of the challenges in developing such an inventory in Kan%:flg(:ed onto USGS 1:24,000 topographic maps and based on bound-

The development of the stewardship layer was begun by the Gfes described either in map form or by legal description. The
graphic Information System Spatial Analysis Laboratory (GISSAbpundary maps were transferred to Mylar and scanned. The raster
at Kansas State University in 1995. Creating a stewardship layeinigges were converted to vector form using Scorpion SRV-386 and
a conceptually straightforward process consisting of essentially thiggoCAD software. After adding neatline and tic locations in
basic steps (summarized from Crist 1998): AutoCAD, the files were converted into ARC/INFO coverages and
1) Identification of all managed areas mapjoined. Each coverage was then transformed and projected to

2) Acquisition and compilation of managed-area boundaries (%]Hniversal Transverse Mercator (UTM) projection. This transfor-
subunits mation allowed for the creation of the base set of managed-area

) ) boundaries for Kansas.

3) Collection of attribute data Once the initial coverage was created, the boundary areas were
GISSAL researchers were able to initially identify 258 managgfygified to reflect real-world boundaries. This was accomplished
area units in Kansas. Of these areas, 210 were both Iargerthagénﬁg 1:24,000 Digital Orthophoto Quarter Quads (DOQQs).
40-acre minimum mapping unit (MMU) established by NationgjoQQs have a one-meter ground resolution and are useful for re-
GAP and had accessible and usable boundary information.  yising coverages generated from both Digital Line Graphs and to-

. ) pographic maps (DASC 1991). Used as a backcoverage, the
Identifying Managed Areas in Kansas orthophotos allowed the originally hand-copied boundaries to be
Multiple sources were consulted in order to create a comprehadjusted to match the real-world roadways, fence lines, and water
sive list of managed areas in Kansas. In addition to contributibaglies that they were representing. The DOQQs greatly enhance
made by Kansas GAP partners, phone books from the local libtiey accuracy of the boundary information. Other researchers have
and theKansas Atlas and Gazettemere useful sources. An ex-used orthophotos for delimiting natural-area boundaries (Welch et
haustive Internet search completed our initial investigation.  al. 1995). Additional checks and improvements to boundary infor-

Other sources of potential data include Digital Line Graphs (DLERtion are incorporated as more accurate information becomes
produced by the USGS at 1:100,000 scale and protected-area ba#ailable.

aries developed by the World Conservation Monitoring Centre ) .

(WCMC) in Cambridge, U.K. (Beardsley and Stoms 1993). TkeOllecting Attribute Data

DLGs include administrative boundaries of national parks, forestsge attribute data required by GAP include owner, manager, and
wilderness areas, and Native American reservations. The WCPrGtection status information. GISSAL has expanded these attributes
boundaries are being digitized into ARC/INFO and include worlth include a second owner category, county of location, and acre-
wide protected areas at a MMU of 5,000 ha and at a scalea@é per management status. The second owner category allows us
1:1,000,000. These last two sources were not used in the Katsasknowledge areas that are co-owned such as the Konza Prairie
GAP stewardship layer because of the availability of the Kan&&search Natural Area of which 89% is owned by The Nature Con-
National Heritage Inventory Program maps. servancy and 11% by Kansas State University (TNC 1998). The
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county of location and acreage per management status variab#sg either Excel or Access and reattached to the main steward-
allow us to categorize the managed areas by county or other nsaip coverage. The ability to move data seamlessly through these
agement regions. programs greatly enhances the potential uses of the stewardship

Collecting the attribute data is an ongoing challenge. The NHi@/€rage.

data set includes a protection status ranking and owner and nidue-above problems are representative of other challenges for which
ager information for most areas. For other areas, the informatioarigjue and creative solutions are necessary in order to complete
often kept by individual managers and is not available from a cand maintain a statewide stewardship layer. Kansas GAP is still
tralized source. Collecting information entails contacting individuaéveloping its database of managed areas and seeking new ways to
managers and translating management status categories used lenttance the usability and reliability of the data.

different agencies into the four GAP management categories. Co-

ordination and communication are key aspects of accomplish@Onclusion

this task. Developing a comprehensive spatial database at the state level pre-
Finally, changes to management and protection status are o$@s challenges for both spatial and tabular data acquisition and
dynamic, and keeping tabs on changes is important. All chanijéegration. This article outlined the basic process being utilized
affect the stewardship layer, and developing a procedure for m&yi-Kansas GAP to develop a stewardship layer. Integrating the
taining the integrity of the database over time is a key elemensigwardship layer with land cover and species habitat models is the

establishing the GAP stewardship layer as a reliable resource. next step toward completing a spatial database and delimiting gaps
in habitat protection.

Creative Problem Solving: A Few ] ]
Examples Literature Cited

At each stage of the development process, challenges were enc%ﬁﬁ[dgey’ K., and D. St.om.s. 1.99??' Cor.”p"'f‘g a digital map of
tered. In addition to the problems already discussed, two other@'€2S managed for biodiversity in Californialatural Areas
warrant further attention. First, assessing map quality from differ-‘]Ournal 13:177-190.

ent sources can be a significant obstacle. Most managed areas®ege P.J. 1998. Mapping and categorizing land stewardship. A
some type of boundary delineation; however, it may vary from le-Handbook for Conducting Gap Analysis, National Gap Analy-
gal boundaries described in text to generalized, hand-drawn boungis Program, Moscow, Idaho.

aries. Each source has its own set of problems. Kansas GAPH¥8 Access and Support Center (DASC). 1991. Orthophotos.
chosen to use only boundaries for which maps are available at theitp://gisdasc.kgs.ukans.edu/dasc/metadata/ortho.html.

1:2.4'000 scale and can pe de“m.'ted on USGS topographic m P& Nature Conservancy (Kansas Chapter Staff). 1998. Konza
This allows us to maintain a particular level of accuracy and reli-~ .~ )
Prairie Research Natural Area. http://www.tnc.org.

ability for the stewardship layer. The ability to rectify these bound-

aries to the 1:24,000 DOQQs also significantly improves our corffelch, R., M. Remillard, and R.F. Doren. 1995. GIS database
dence in the data set. development for South Florida’s national parks and preserves.

A point coverage has been created for those areas for which accepl):z-h otogrammetric Engineering & Remote Senéibg 371-1381.

able maps are not available. This point coverage allows attribute
data to be collected for these areas. Attribute data include the size
of the area as well as ownership, management, and protection sta-
tus information. GISSAL also offers agencies partnership oppor-
tunities to develop GIS databases for managed areas. KDWP, for
example, has partnered with GISSAL to develop databases for wild-
life refuges. Part of the development of these databases includes
creating an accurate boundary layer. Both KDWP and Kansas GAP
benefit from this endeavor.

A second significant challenge is maintaining an up-to-date data-
base of attribute information. GISSAL is developing an Access
database that includes key contact persons, managed-area informa-
tion, dates of data acquisition, protection status by both KBS and
GAP standards, and other pertinent information provided by GAP
partners. In addition, all data can be related back to the steward-
ship coverage through ARC/INFO-generated managed-area id num-
bers. Converting the coverage to a shapefile allows the .dbf file to
be opened in Excel. The attribute data can then be manipulated
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Status Report: The Missouri Aquatic GAP
Pilot Project

ScotT P. Swa o - :
Missouri Resource Assessment Partnership, Columbia, Missouri W needed to place our similarity coefficients in a broader context.

For instance, using fish data alone, Jacaard similarity coefficients

. among the 66 8-digit HUs that cover Missouri ranged from around
Over the last year, significant progress has been made on all Ofé)lir

or obiect W hedul | | .0.2't0 1.0. Obviously, HUs that contain all of the same species (i.e.,
major objectives. © are on schedule to comp et_e ourpi Ot_ projg%ilarity coefficient = 1.0) should be combined into a single unit.
by the contract deadline of September 2001. This project is by wever, what about HUs that have similarity coefficients of 0.9,
the most difficult but most rewarding project | have worked on. Mt ’

has f d all of Ki thi act to think outside t .8, 0.7, or even 0.6? To answer this question we need to under-
as forced all of us working on this project to think outside rg—{"and the range of similarities and the average similarity among

typical stream resource management *box,” to educate ourselve,gﬂu across the nation. This will allow us to generate statistical

areas_unfammar to mos“t stream resource pr”ofesswnals, 10 PUt R o for identifying HUs with relatively similar aquatic commu-
meaning into the words *agency ceoperation,” and to overcome g ies and ultimately produce a national coverage of major drain-
nical challenges ”‘?t have Opened the_ doors to a new age of 294U that harbor relatively distinct communities. We will then in-
resource conservatlon._ Below is a brief update on the ProgressdSect this “major drainage” coverage with the national coverage
have made on four major tasks of the project. of Ecological Sections to generate a final coverage of freshwater
. . . . biogeographic units.

Defmmg and qupmg Assessment Units We hope to have the national coverage completed by January 2001.

Measures of species diversity must be expressed relative to biogeo ) : :
owever, before we can begin generating a national coverage of

graphlc un!ts of a determined spatial scale I.f they_ are to be e shwater biogeographic units, the fish database has to go through
ingful (Levin 1981). We are currently working with The Nature : ! .
n §xpert review, which could take six months or more.

Conservancy to generate a national map of biogeographic units fith
circumscribe relatively distinct freshwater communities. Empirj . . .
cal evidence has shown that both major drainages and ecoregB%fmmg and Mapplng Valley Segment

describe a significant amount of the variation in aquatic commuﬂ'iypes

ties (Pflieger 1989; Angermeier and Winston 1999; Rabeni awalley segment types are distinct hydrogeomorphic units. Each
Doisy, in press). Consequently, these biogeographic units will caadley segment type will be relatively homogeneous with respect to
sist of major drainages (yet to be delineated) stratified by ecoregiengrgy and nutrient dynamics, flow regime, physical habitat, and
(likely Bailey’s Ecological Sections; Bailey 1995). We are assurpesition within the drainage network. These valley segment types
ing that these biogeographic units serve as “ecological and evate the lotic counterparts of wetland types and are used in the same
tionary units” with distinct genetic histories and thus serve as meamnner that the vegetation classes are used to carry out assessment
ingful units for partitioning environmental, life history, and genetim the terrestrial component of GAP. Our effort to classify stream
variation in populations and species that have yet to be discovanedvorks into distinct valley segment types largely follows The
through intense phylogenetic, life history, and habitat requiremeture Conservancy’s Aquatic Community Classification Frame-
research. This national map will hopefully serve as a standardizestk (Lammert et al. 1997).

base coverage of freshwater assessment and planning units fofhgate we have identified the list of classification variables that
aguatic component of GAP, which can be refined by individual state§ pe used to delineate valley segment types and have obtained

through expert review. the necessary digital data layers that will be used in the classifica-
To build this coverage we will be using a national fish databatsen process. In December 1999 we finally worked out the many
(and possibly other taxa) to calculate similarity coefficients for eatdgthnical details of developing this data layer and have completed
pair of 4, 6, and/or 8-digit Hydrologic Units (HUs) and also to exhe classification process for two 8-digit HUs, the Meramec and
amine levels of endemism within each of these units. While tryi@urrent River basins. It is truly exciting to see the end product of
to complete this same task for Missouri, we quickly realized thihis classification process. The final digital maps provide us with a
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view of these watersheds unlike anyone else has ever seen (Fifgungrofessional review.

1 - see Web version of Bulletin lattp://www.gap.uidaho.edu/Bul- |y annears that adequate statewide sampling data exist to generate
letins/g; a continuous stream network broken down into distingkailed (i.e., using 11- or 14-digit HUs) statewide distribution maps
patches much like viewing a digital image of vegetation alliancgs poth fish and crayfish. Unfortunately, sampling data for mus-
for an entire ecoregion. We anticipate_ having a statewide 1:100,99R and snails are much more clumped, with numerous samples in
valley segment coverage completed in the next 12 months.  ceain 11-digit HUs and only a handful or no samples in others.
One major unresolved issue is that at the scale of 1:100,000, h8adause of this clumped sampling distribution, it is likely that the
water valley segment types are grossly underrepresented. Currdiribl, known distribution maps for most mussel and snail species
we are working with two 1:24,000 digital stream networks. Whilgill have to be represented at a coarser resolution (perhaps 8-digit
working with these higher-resolution networks, it has become &flJ).

parent that there is no way to effectively deal with this problem

except for actually developing the valley segment layer at 1:24, D@veloping Habitat-Affinity Models

instead of the coarser 1:100,000. Unfortunately, 1:24,000 digitir habitat-affinity models are used in conjunction with the valley
hydrography for Missouri will not be completed for another twgegment coverage and the statewide known distributions to predict
years, and for most other states the waiting period will be e¥gB potential species composition of each individual valley segment
longer. The ramifications of this problem are that a) very unidithe state. This is analogous to predicting all of the species likely
headwater valley segment types will not even be identified, andd®)nhabit each grid cell in a statewide land cover data layer. A
very common headwater valley segment types will be identifiedgjor difference is that we have no way of determining the envi-
rare and underrepresented in our current network of conservat§imental quality of every single valley segment. For instance, a
lands. Ata scale of 1:100,000, the only way around these problg@lfey segment could be of the right size, temperature, gradient,
is to remain conscious of their existence and somehow factor Hﬂa flow for a particu|ar Species yet have serious water quahty prob_

understanding into your conservation assessment. lems that make the environment unsuitable for that species. Conse-
. L. . qguently, our predictions reflect potential species composition un-
Mapping Known Distributions der pristine conditions as with GAP’s terrestrial vertebrate distribu-

The community-sampling databases used in generating statewiimes.

known distributions are nearing completion. The fish, mussel, 2gljevelop our models we are conducting extensive literature re-
crayfish databases have been populated, and each sampling {g&@ to find habitat-affinity information for each fish, mussel, cray-
tion has t_)een linked to Fhe Ep_vwonmental Pr.otect|on.Agency's RIY%E, and snail species found in Missouri (368 total species). We
Reach Files. We also identified the ecological section, subsectipfye completed the initial literature review for each species in all
land type association, and the 8-, 11-, and 14-digit HUs in whigfy; taxonomic groups. More intensive reviews have been com-
each sample was located. This leaves the snail database as th%%@% for both fish and mussels. We have also completed the first
one yet to be completed. draft of the habitat-affinity database for fish.

The fish database contains 3,719 community fish samples that wgte,nducting the literature reviews, two major problems have been
collected from 2,484 different stream reaches for a total of 63,188niified. First, there is simply a lack of habitat-affinity informa-
species occurrence records. The mussel database contains %idpfor several species. This problem is most prevalent for mus-
community mussel samples that were collected from 814 differgpls crayfish, and snails but also exists for several nongame fish
stream reaches for a total of 12,604 species occurrence recQiflsries. There is an obvious need for increased emphasis on, and
The crayfish database contains 949 community crayfish sampigsing for, basic life-history research of freshwater biota. The
that were collected from 793 different stream reaches for a totaf@fond problem is that much of the habitat-affinity information that
1,855 species occurrence records. does exist is at the “microhabitat” scale. That is, most research on
We are using the USGS/Natural Resources Conservation Serthechabitat requirements of aquatic species has identified the range
(NRCS) Hydrologic Units to generate our statewide distributiari depths, velocities, and substrates utilized by a particular species.
maps. To minimize errors of commission and omission we are spleis would be analogous to research that documents if a bird spe-
cifically using 11-digit HUs for widely distributed species and thaes is primarily a ground-dwelling species or utilizes the lower,
smaller 14-digit HUs for narrowly distributed species. We haweiddle, or upper forest canopy without documenting the particular
finished developing the preliminary statewide distribution maps florest types it inhabits. Such microhabitat data are useful for pre-
eachfish, musseland crafish species (Fige 2 - se&Vebversion dicting the distribution of an organism within a particular stream

of Bulletin athttp://www.gap.uidaho.edu/Bulletins)8 These maps segment but not the actual stream segments it is likely to inhabit.
are then sent out for professional review. Professional reviewdifiat we need is substantially more habitat-affinity research at
the fish distribution maps has been completed, and we are currdmttyader spatial scales that identifies associations between the pres-
incorporating the revisions into our sampling database and oukefice of a species and factors such as stream size, temperature, el-
nal distribution maps. The mussel and crayfish maps are still euation, permanence of flow, local and basinwide geology, soils,
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and gradient. Lammert, M., J. Higgins, D. Grossman, and M. Bryer 1997. A
For more detailed information on the Missouri Aquatic GAP Pilot classification framework for freshwater communities: Proceed-
Project contact: ings of The Nature Conservancy’s Aquatic Community Classi-

fication Workshop; New Haven, Missouri; April 9-11, 1996. The

Scott P. Sowa, Aquatic Resource Coordinator Nature Conservancy, Arlington, Virginia.

ZAZOO%A,\TeW Haven Road Levin, S.A. 1981. The problem of pattern and scale in ecology.
Columbia, MO 65201 Ecology73:1942-1968.

573-875-5399 ext. 1715 Pflieger, W.L. 1989. Aquatic community classification system

scott_sowa@usgs.gov for Missouri. Missouri Department of Conservation, Aquatic

Series No. 19. Jefferson City, Missouri.

theratqre leeij , h . f_I%abeni, C.F., and K E. Doisy. In press. The correspondence of
Angermeier, P.L., and M.R. Winston. 1999. Characterizing fis stream benthic invertebrate communities to regional classifica-

community diversity across Virginia landscapes: Prerequisite fortion schemes of Missouri. Journal of the North American
conservation.Ecological Application®(1): 335-349. Benthological Society. '
Bailey, R.G. 1995. Description of the ecoregions of the United
States. Second edition. U.S. Forest Service, Miscellaneous Pub-
lication No. 1391. Washington, D.C.

Landscape-Level Mapping of Fish for
Pennsylvania Gap Analysis

WAaYNE MYERS, Davib ARGENT, JOoSEPHBISHOP, JaY STAUFFER,
Jr., AND RoOBERT CARLINE
Pennsylvania State University, University Park, Pennsylvania

Resources (ORSER) of the Environmental Resources Research In-
stitute (ERRI) at Penn State University with funding provided by
the Pennsylvania Department of Environmental Protection. Some
further editing was required for purposes of gap analysis, mostly to

As many species living in streams and rivers of Pennsylvania gﬁ%olve |ssues.along the borders of thg state. Our.flnal version of
imperiled, our gap analysis commitment included a landscape-1d{it 1ayer consists of 9,855 polygon units representing the respec-
consideration of fish fauna. Our primary concern has been to & small watersheds.

cribe fish habitat to sectors of landscapes that are large enougBgéomorphology controls development of drainage networks and
be evident in regional mapping but small enough to inform eneharacter of streams, with influence extending also to physical prop-
ronmental and conservation analyses across landscapes. In ligbit@fs (e.g., turbidity) and chemical properties of water. In order to
exploratory work in New York and Missouri, we considered streazapture such differentiation of streams because of geomorphology,
reaches to be inappropriately fine scale with respect to both mapayer of physiographic provinces and sections was overlaid to
ping and effort. Other research work originally conducted for passign each small watershed as one of 16 physiographic sections.
poses of hydrology and fisheries provided a basis upon whichrid®ennsylvania, these sections correspond to subregions of the in-
build habitat models at somewhat coarser scale for Pennsylvaneragency ECOMAP effort.

Small watersheds constitute a next level of scale above str&mainage divides constitute zoogeographic barriers to movement
reaches that can serve for purposes of landscape segmentatioofretganisms that are wholly aquatic. The segregating effect of a
evant to both hydrology and aquatic organisms. Small watersheidsnage divide depends on the instream linkage and whether down-
serve the purpose of associating aquatic habitat with portions ofdtream or upstream passage would traverse inhospitable conditions
landscape having most direct influence. Small watersheds also iava particular species. Collection records in Pennsylvania estab-
the advantage of being mappable as area features rather than liiséethat major drainage basins are effectively separate domains for
features, thus providing a tessellation. It has been fortuitous in Peairleast some species. It was decided in this regard to recognize
sylvania that the Water Resources Division of the U.S. Geologieayht basin partitions: Erie, Allegheny, Ohio, Monongahela,
Survey undertook to digitize watersheds of all named streams witBirsquehanna, Delaware, Potomac, and Genesee. Accordingly, each
major river basins in the region. These data for the basins warell watershed was assigned one of these basin designations as an
integrated and harmonized in the Office for Remote Sensing of Eatnibute.
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Stream order can serve as a surrogate for stream size, whiclioreeach small watershed. Human disturbance was considered to
flects macrohabitat for fish species. A special geographic infornb@-nonforest area because of agriculture and/or development. Per-
tion resource for Pennsylvania is a digital file of all blueline streanegntage of such area in a watershed determined its disturbance class
This file originated with digitizing by the Pennsylvania Departmeas follows: low (<25%), medium (25% to 75%), and high (>75%).

of Transportation, but extensive editing and topological adjustm@ihiis variable provides an indication of microhabitat diversity as
was performed by ORSER at Penn State University. The stremell as allowing for consideration of tolerance to human-induced
file was displayed over the small watersheds, and each waterdardscape influences.

was interpretively assigned to one of four size classes. First-oiglgep class for a variable was cast as a separate field (column) in a
(headwater) and second-order streams comprise a small-Strega,dsheet for habitat modeling. Models were developed as a pro-
class. Third- and fourth-order streams comprise a medium-§jg€tor each species (row) in terms of these fields. Basin and physi-
class. Fifth- and sixth-order streams constitute a large-size Clgggaphic fields were coded as either 1 or O for presence or absence,
Seventh- and eight-order streams are combined with lakes as&Q@ectively. The size, gradient, and disturbance characteristics were
fourth size class. designated in terms of primary habitat (1), secondary habitat (2), or
A digital elevation model was used to calculate the median slapesuitable (0). Each fish species was categorized as to its highest
for each small watershed, with coding in three classes: low (<1%gguency of occurrence for a given stream size, which was desig-
medium (1% to 3%), and high (>3%). This variable serves to sepated as primary habitat. If secondary habitat or stream sizes were
rate fish habitat along the longitudinal axis of a stream, as sometermined, they were added to the profile as situations where the
fishes occupy streams of low gradient whereas others prefer hidisérmay occur but with lower frequency.

gradients. Low-gradient streams typically have sand, silt, and cla)y e digital database of fish collection records for Pennsylvania
substrates. High-gradient streams typically have cobble, bould@ts jnstrumental in developing and validating the profile models.
and rock substrates. Medium-gradient streams often have a helgfOaxira field was added for each of the small watersheds to indi-
geneous mix of substrate types. cate whether it had been sampled. Records from over 20,000 col-
A land cover layer was used to assign a human disturbance diesson events from 1950 to 1999 were used in the analysis.

Applying Gap Analysis Towards the Protection of
an Endangered Species of Minnow (Nofropis
fopeka) in South Dakota

SteVEN S. WALL?Y, CARMEN M. BLAUSEY?!, JONATHAN A. systems, using the Topeka shiner study as a pilot project. We report
JENKS!, AND CHARLES R. BerRy, R.2 here our progress after one field season.

*Department of Wildlife and Fisheries Sciences, South Dakota State The goal of our study is to analyze the habitat at locations where
University, Brookings the Topeka shiner has been historically found, and use the data to

) ) : .
U.S. Geological Survey, Soyth DakOt,a Cooperative Research Unit, predict river reaches where the species may be present or absent.
South Dakota State University, Brookings Specific objectives are to:

1. Measure local habitat and landscape features at Topeka shiner

Introduction sites.

The Topeka shineMNotropis topekyis a minnow (family Cyprin- 2. Compare_ Tope_ka shiner habitat features to maps of these fea-
idae) found in low-order streams in six Great Plains states (lowafures available in GIS databases.

Kansas, Minnesota, Missouri, Nebraska, South Dakota). The BBSConduct fish sampling in areas suggested by mapping.

Fish and Wildlife Service listed the species as endangered in 1999

(Tabor 1998). The species has declined because of habitat detkife History of the Topeka Shiner

ration and predation by stocked fish. The ecology of the Topeka shiner is not well known. Oldest indi-
We are applying GAP procedures (Scott et al. 1993) to aid resowickials are usually three years of age and have grown to about 7 cm
managers in protecting the Topeka shiner. Since the South Dakwtg. Topeka shiners prey on benthic invertebrates and spawn over
GAP project began in 1997, we have completed digital mapssif-free substrates in spring. A striking characteristic of the spe-
mammal distributions, land cover (eastern South Dakota), and sted@s is the bright reddish-orange coloration of the breeding male.
ardship. We are expanding the GAP study to include aquatic deoSouth Dakota, the shiner has been found in tributaries of the
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James, Vermillion, and Big Sioux rivers east of the Missouri River VARIABLES AFFECTING
(Figure 1). Topeka shiners also have been recorded from down- FISH DISTRIBUTION
stream portions of tributaries to the Missouri River (e.g., Grand +_‘ |_+
River) in western South Dakota (Beckman and Elrod 1971). SYSTENIC VARIABLES T OCALVARIABLES
Climate, discharge, Bed and bank materials,
— § sediment transport, etc. T gradient, etc.
i i T T VALLEY SEGMENT TYPES
[ | FOR EASTERN SD
A 4
# | v HISTORICAL VALLEY SEGMENTS
I =S DISTRIBUTION OF »  WHERE TOPEKA
‘_' ot TOPEKA SHINERS SHINERS FOUND
: 1 v
- COURSE SCALE VARIABLES
v ASSOCIATED WITH TOPEKA
FIELD SHINER LOCATIONS
SURVEY ¢
e VALLEY SEGMENTS WITH HIGH BIOLOGICAL
. 'y POTENTIAL FOR TOPEKA SHINERS
ﬁ—c —— . . -.-. ?
.| ': P —— AFF?:P;I%E’EOR N g(S;,URSE SCALE VARIABLES VARIABLES
el Sampied ST, R T P parable to valley segment ol
e e W o, Tou TOPEKA SHINERS attributes A(F)gﬁﬂ%c
l A 4
Figure 1. Watersheds where Topeka shiners were found during 1999 | MCROHABTAT G o i e T
field season. Habitat units, velocity, LIKELY TO BE FOUND
stream channel
characteristics, etc.
The preferred habitat of Topeka shiners has not been definitively ¢
determined, but the species may prefer prairie streams with gdod  maprrar X
. . . PREFERENCES WITHIN YEAR 2000 FIELD SEASON - VERIFICATION
water quality (Tabor 1998). Topeka shiners have been found|ifgy . 5y seoment —»| OF PREDICTED SITES
pool habitats that are maintained by perennial flows or groundwa- TYPE/RIVER REACH Frrors of omission and commission

:g{nsseg)nageeff;frl:i?ﬁolgggbIgr?_l_sjbipiécg)“ns 1995). Stream It—)l%tt]re 2. Diagram showing the methods to be used for modeling the
9 ) distribution of Topeka shiners.

Prairie streams of eastern South Dakota typically have highly vari-

able flow rates, and some streams are intermittent (Poff and Weigld Methodola@y - A total of 31 historical sites were sampled
1989). Fish communities in such streams are largely affecteddbying the 1999 field season. At each site physical stream habitat,
abiotic factors (Poff and Ward 1989), which may be systemic (elgydrology, water quality conditions, and landscape features were
climate) or local (e.g., channel shape). The methods below neasured (see Simonson et al. 1993 and Platts et al. 1983 for meth-
scribe how we plan to apply GAP procedures, using systemic addlogy). Fish were collected by seining. The abiotic and biotic
local variables that affect fish distribution, to determine the habitatriables will be analyzed to determine the habitat affinities and
requirements of Topeka shiners and the probable distribution oftie fish community associations of the Topeka shiner. A similar

species. study was conducted by Matthews (1985) to classify sites inhab-
ited by eight common midwestern stream fishes. The habitat af-
Methods and Progress finities will be incorporated into a model to predict the distribution

The study can be divided into two parts (Figure 2). One part f-Topeka shiners.

volves the collection and analysis of field data to measure log# found Topeka shiners at 60% of the historic sites visited in 1999.

habitat and landscape features at locations where the Topeka sl8aatple size of Topeka shiners ranged from 1 to 95 per site. Topeka

has been recently found (Braaten 1993, Cunningham 1999). himers were found with 9 to 17 other fish species (Table 1). The

second part involves GIS analysis to predict streams where Topitacommunity was dominated by cyprinids (minnows). Red shin-

shiners might be found. ers and sand shiners were present in large numbers at all sites where
we found Topeka shiners. Predators were not commonly associ-
ated with Topeka shiners, with the exception of orange-spotted sun-
fish and green sunfish, which may provide silt-free gravel for To-
peka shiner spawning (Pflieger 1975).
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Table 1. Fish community found in watersheds where Topeka shiners were present.

JAMES RIVER BASIN VERMILLION RIVER BASIN BIG SIOUX RIVER BASIN

Mid. Pearl Shue Pearl Enemy Twelve Mile Firesteel W. Fork Vermillion Turkey Ridge Blind Six Mile  W. Pipestone Pipestone Split Rock
Topeka shiner X X X X X X X X X X X X X
Plains topminnow X
Black bullhead X X X X X X X X X X X X
Tadpole madtom X X X X X X X
Channel catfish X X
Stonecat X
Orange-spotted sunfish  x X X X X X X X X X X X
Green sunfish X X X X X X X X
Largemouth bass X X X
Bluegill X
Black crappie X
White crappie X
Northern pike X X X X
Blacknose dace X
Longnose dace X
Johnny darter X X X X X X
Blackside darter X
Red shiner X X X X X X X X X X X X X
Common shiner X X X X X X X X X X
Sand shiner X X X X X X X X X X X X X
Bigmouth shiner X X X X X X X X X X
Emerald shiner X
Fathead minnow X X X X X X X X X X X X
Bluntnose minnow X X X X
Brassy minnow X X X X X X X
Plains minnow X
Creek chub X X X X X X X X X X X X
White sucker X X X X X X X X X X X X X
Shorthead redhorse X X X X
Common carp X X X X X X X X X
River carpsucker X
Centrall stoneroller X X X X X X X

GIS Analysis - Field data will be combined with climatic andhiners will be queried out and classified as having high, moderate,
hydrogeomorphic variables for GIS analysis. The procedures avdow potential for Topeka shiners.

are using closely follow those proposed by Sowa (1999a) for aquafig, next step involves determining which of these valley segments
gap analysis. The first step involves determining what attributegpfssified as potential Topeka shiner habitat are in areas that are
driving variables are most important for shaping the distribution gf,sigered “high quality” The quality of an area will be deter-
aquatic communities (Higgins et al. 1999) in eastern South Dakoid,eq by comparing landscape features such as land cover, land
Expert opinion indicated that these variables were hydrology, { * stewardship, water quality, and physical modifications with
pography, geology, climate, and landscape. valley segments using GIS analysis (Sowa 1999b).

The next step involves identifying an assessment element. The as-

sessment element that will be used in our study is valley segnfeuture Plans

type (Sowa 1999a), which will be delineated using The Natutce we identify valley segments that might have Topeka shiner
Conservancy's hierarchical classification system (Lammert et @hpitat, a field survey will be performed to verify the predictive
1996). Valley segment types will be delineated by combining fyower of the model and detect any errors of omission or commis-
drological, topographical, geological, and climatic variables insgon. GIS analysis will continue by comparing the location of
GIS environment to predict the potential biological community @freams and watersheds that could potentially contain Topeka shin-
eaCh SpeCifiC stream Segment fOI’ eastern South Dakota. ers Wlth |and stewardship maps to |dent|fy any “gaps" in the pro_
Once the valley segment types are delineated, the next step invdRei#on of the shiner.

selecting valley segments that might contain suitable Topeka shiner

habitat. A list of habitat affinities for the Topeka shiner will bEONclusion

generated from the associated attributes found in the field 8phrse collections of a rare animal can hamper a study, so we were
through GIS analysis of valley segments where Topeka shinerstaigpy to find that Topeka shiners were fairly common and wide-
present. Valley segments that match the habitat affinities of Topgfseead. We expect that applying gap analysis techniques to the
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Topeka shiner data will be fruitful. However, the flat topography Rep. INT-138. USDA Forest Service, Intermountain Forest
and lack of some basic geologic, hydrologic, and water quality datand Range Experiment Station, Ogden, Utah. 71 pp.

may make aquatic gap analysis difficult. Federal and state agegft N.L., and J.V. Ward. 1989. Implications of stream flow vari-
cies have specific needs that can be met by GAP products. Thgyility and predictability for lotic community structure: A re-

identification of streams and watersheds that contain high—qualitygiona| analysis of stream flow pattern€anadian Journal of
Topeka shiner habitat will help determine critical habitat and fur- igheries and Aquatic Sciencés:1805-1818.

ther determine the distribution of the shiner. The recognition of . . '
“gaps” in land/water use management will enable agencies to §89tt, J.M., F. Davis, B..CSUII, R. I}loss,.B. Butterfield, C. Groves,
cide where best to implement conservation priorities to effectiverH'_Anderson' S. Ca|pco, F. D'Erchia, T.C. !Edwards, I, .J'
protect the Topeka shiner. Finally, maps classifying streams as high-L,J”'man’ and R.G. Wr|ght. 1.993'. Gap Ana_lys!s: A geographic
moderate-, or low-quality habitat for Topeka shiners will allow approach to protection of biological diversitildiife Mono-
agencies to streamline the endangered species consultation proceg@phsu&l'“'

Simonson, T.D., J. Lyons, and P.D. Kanehl. 1993. Guidelines for
Literature Cited evaluating fish habitat in Wisconsin streams. Gen. Tech. Rep.

Beckman, L.G., and J.H. Elrod. 1971. Apparent abundance andC-164. U.S. Department of Agriculture, Forest Service, North
distribution of young-of-the-year fishes in Lake Oahe, 1965- Forest Experiment Station, St. Paul, Minnesota. 36 pp.
1969. Reservoir Fisheries and Limnology. Special PublicatiSowa, S.P. 1999a. Establishing initial conservation priorities.
No. 8 of the American Fisheries Society, pp. 333-347. Implementing the Aquatic Component of GAP Analysis in Riv-

Braaten, P.J. 1993. The influence of habitat structure and envi€'in€ Environments: A Training Workshop, Columbia, Missouri,
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River. South Dakota. M.S. Thesis. South Dakota State UniverFrogram and hosted by The Missouri Resource Assessment Part-
sity, Brookings. 99 pp. nership in collaboration with The Nature Conservancy. Section

4, pp. 1-14.
Cross, F.B., and J.T. Collins. 1995. Fishes in Kansas. University PP

of Kansas Natural History Museum, Educational Series No.3pwa, S.P. 1999b. Revising initial conservation priorities and iden-
315 pp. tifying specific sites for conservation. Implementing the Aquatic
. . Component of Gap Analysis in Riverine Environments: A Train-
Cunningham, G.R. 1999. A survey for the Topeka shiletr¢pis ing Workshop; Columbia, Missouri, March 8-10, 1999. Spon-

tqpel_«) within the Big Sioux, Vermillion, and James river ba- sored by The National Gap Analysis Program and hosted by
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Higgins, J., M. Lammert, and M. Bryer. 1999. The Nature tion with The Nature Conservancy. Section 6, pp. 1-9.
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Nature Conservancy Freshwater Initiative, strategy one — aquat'ﬁered Federal Registe63(240):69008-69021
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Update on New York Aquatic GAP Pilot Project

MARcIA S. MEIXLER AND MARK B. BaIN
New York Cooperative Fish and Wildlife Research Unit, Cornell Univer-
sity, Ithaca, New York

This is an update report on the pilot GIS project for aquatic systenfishe automated method: point source pollution, surficial geology,
that began in 1995 to define a methodology and determine the fasdrock geology, depth to bedrock, and priority water status. Pre-
sibility of predicting biodiversity distribution. Similar to gap analysigiously collected fish collections were used with all ten landscape
in terrestrial environments, gap analysis for aquatic systems uastbgbutes to statistically optimize the prediction of high fish diver-
remotely sensed data for habitat mapping, infers aquatic biodiversity habitat on a stream segment basis. Species-specific optimiza-
distribution from habitat data, and provides large-scale informatitians for fish were also performed using the same methodology.

for targeting conservation measures. The pilot project has beesyghdardized collections of habitat, fish, and macroinvertebrate data
low-level effort (e.g., a one-person project) for four years. Thgsre performed at 39 stream sites in the Allegheny River water-
aquatic GAP pilot project was developed in the Allegheny Riv@feq in the summer of 1998 for use in testing the predictions. The
Fall Creek (1:100,000 scales), and French Creek (1:24,000 scgighmated method succeeded at predicting stream size and stream
Watersheds of New York to study habitat class_|f|cat|on in mu”'pb?adient with accuracy, and our adaptation of the nonpoint-source
locations throughout the state and at two spatial scales. pollution model was able to predict relative pollutant levels for to-
The basic aquatic GAP model predicts relative levels of fish atad nitrogen but was less successful for total phosphorus, suspended
macroinvertebrate diversity and identifies stream reaches with hggdiment, and biological oxygen demand. Tests of predicted habi-
biodiversity without management or protection. This was accotat quality and riparian forest cover indicated more than chance
plished by classifying stream segments into habitat types using figgeement with observed data. Significant correlation existed be-
attributes: stream size, habitat quality, water quality, stream gradieen predicted and observed fish diversity using both automated
ent, and riparian forest cover. Stream segments were then clagsét calibrated methods in the Allegheny River watershed.
fied into one of eighteen habitat types for fish diversity predictidviacroinvertebrate diversity predictions, only performed using au-
and one of eight habitat types for macroinvertebrate diversity ptemated methods, were also well correlated with observed diver-
diction using the five attributes. The first round of habitat charasity in the Allegheny River watershed. Predictions at the 1:100,000
terization (used 1995-1997) involved static, manually intensive clasale in the Allegheny River watershed were uniformly higher in
sifications from topographic and Mylar land use overlay maps. docuracy than those from the 1:24,000 scale in the French Creek
an effort to deviate from such limiting classification, we developadatershed for both fish and macroinvertebrate diversity using both
computerized macros to automate classification from digital eleeastomated and calibrated methods. Species-specific optimizations
tion models, land use, road and railroad coverages (termed thefaufish using calibrated methods revealed weak correlations with
tomated method). This provided equal or better accuracy, increasieserved species occurrences, demonstrating a need for more re-
flexibility, and enabled us to calibrate the model using previoudlped methodologies for species-level predictions. It is clear that
collected data. Through extensive literature searches, fish spettiecommunity-level modeling procedures presented here have po-
were associated with habitat types using information on preferentegial as coarse but feasible methods in identifying high-diversity
and tolerances for stream size, degree of habitat specialization,lzadutats that should receive priority conservation attention at the
tolerance to water pollution. Macroinvertebrate families were agatershed scale.

sociated with habitat types using information on feeding guild, life

habit, and tolerance to water pollution. Predictions of habitat types

and associated fish species and macroinvertebrate family diversity

levels were performed and gaps in protection located.

An additional method of habitat characterization (termed the cali-
brated method) was developed for fish diversity prediction using
discriminant analysis. Five landscape attributes were added to those
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Assessing Data Quality and Information
Distribution Prospects for County Conservation
Planning Using New Mexico Gap Analysis Data

A Report on GAP Resequh of d_ata. Products are available at http://www.gap.uidaho.edu/
PrOjeCt #] 4-45-0009_ 'I 572 Projects.]

Data Quality Assessment

RoBerTA. DeiTNER?®, BrRucE C. THOMPSON-?, AND JULIE S. An initial assessment of the NM-GAP data set was prepared in out-
Prior-M AGEEL2 line form and sent to the people involved with the initial project.
1U.S. Geological Survey We also asked national GAP and the University of New Mexico
2New Mexico Cooperative Fish and Wildlife Research Unit Earth Data Analysis Center (EDAC) to comment on data quality.
*Department of Fishery and Wildlife Sciences, New Mexico State ~ We did not receive substantive critical comments in response to
University, Las Cruces these inquiries; so that document was the starting point for our da-

tabase improvement. During our project, national GAP was pro-

The New Mexico Gap Analysis Project (N\M-GAP) was completéticing NM-GAP data on CDs, but that process was independent of
in December 1996. As one of the early projects to complete sht-GAP, and we were not directly involved in any digital modifi-
data sets and analysis, we sought to evaluate the quality and ufifyons made during production. National GAP corrected some
of the resulting products, have staff available for consultation witpological problems in the original vector coverages. Use of the
other GAP projects and potential users, and investigate other 96"’5@ by others and_us predictably |de_nt_|f|ed some errors in the data.
sible uses of Gap Analysis products for conservation planning. O} MOst substantial was that our original coverages actually used
objectives were to 1) assess data quality and accuracy patterng“FbNApz,? datum rather than NAD83 as was reported to us by the
42 mapped land cover classes in existing digital map files, 2) pfgiversity's Geography Department, our original partner in spatial

vide digital files and cooperative assistance to edge-match 42 Ng\@!yses and data product development. Metadata were changed to
Mexico land cover class assignments and predicted distributi&piect this error.

for 584 New Mexico animal species relative to comparable infékecuracy assessment for the NM-GAP land cover map was ad-
mation for Arizona, Colorado, Oklahoma, Texas, and Utah, andeguate for directly describing overall quality of the map but was
analyze predicted distributions of 584 animal species relative toré adequate to identify sources of errors. We ignored spatial error
classes of land stewardship, four classes of management statusjaiinlg map assessment, but this probably caused problems with
33 county boundaries for public conservation planning applicationbservers attempting to view polygons in the field because some
boundaries were not distinct. We also discovered that there is sub-
Data Sharing and Edge-Matching stantial subjectivity to land cover designation. Different people
Early on, we contacted personnel from Gap Analysis projects in&fifign different land cover types to the same parcel of land. This
states surrounding New Mexico. We provided technical cont&etld be for several reasons, all unknown in magnitude and impli-
information, made NM-GAP data sets available, and offered as§ations. Future use of the National Vegetation Classification Sys-
tance in transfer and comparative analysis of mutual data sets. TigsReand mapping at finer resolution likely will ameliorate many of
was minimal response from the other projects. It appeared thgse problems.
those projects generally were not yet prepared to examine appre theory of development of the animal algorithm (expressing
ciable edge-matching questions during the time frame of our $pecies distribution as a logical function of landscape attributes and
search. This remains an important communication challengebging able to develop these relations with the advice of experts)
GAP projects progress on staggered completion schedules. [Editassms to work. The execution of algorithms needs improvement.
note: The national GAP office continues to undertake regionalizatiarparticular, vector modeling should be abandoned. It should be
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executed on one platform only, and ways to make it faster and mmrdands under U.S. Forest Service (USFS), Bureau of Land Man-
user-friendly should be explored. agement (BLM) , private, state trust, or tribal stewardship. Combi-

Our review of data quality indicated a high degree of confidencd@tions of U.S. Forest Service, BLM, and private land stewards ac-
the herpetozoan and mammal distribution predictions but a lent for >60% of the occurrence of 16 of the 18 sensitive classes.
degree of confidence in the birds. We extensively reviewed the iR the sensitive wooded, higher-elevation land cover classes, USFS
distributions (324 species year-round and 257 breeding species si@ Private land stewards likely have the most opportunity to affect
wide) with two statewide experts and two graduate research agggservation of these types, whereas BLM, tribal, state trust, and
tants familiar with New Mexico birds. We focused on species fofivate land stewards are more implicated in conservation opportu-
which there was consistency in suggested revisions among exﬁl@ﬁs for sensitive shrubland and _grassland types.. Sensitive ripar-
reviewers. Ultimately, we altered only 21 species’ predictive algg! land cover classes overwhelmingly occur on private lands, with
rithms (20 birds, one mammal). Most of the 21 species chanE%g‘e types having appreciable occurrence on BLM and Bureau of
were in watersheds, not in habitat relations. The swiftVolpes Reclamation lands.

veloy algorithm was altered because of a misinterpretation of ifiihe 35 most sensitive vertebrate animal species, as defined by pre-
tial expert opinion that was not discovered until after the origifahinary gap analysis practices, occur primarily on a combination
NM-GAP report was filed. of private, BLM, and state trust lands. The greatest percentage of

We devoted particular attention to labeling of attributes in the stédcurrence is estimated to be under private land stewardship for 25
ardship map. Our original stewardship map was based on the @l species and BLM for 10 species. The second greatest per-
reau of Land Management's Public Land Survey System (PL$§ftage of occurrence for_ 18 of the species is on state trust lands.
map (1995) with additional polygons that we generated to repfélUs, & combination of private, BLM, and state trust lands appear
sent special management tracts not contained in the original rﬁ@ﬂllcated in appreciable conservation opportunities for these spe-
The attribute table was given to us without metadata, so it took i The frequency and extent of occurrence of the 35 most sensi-
of detective work to discern that the fields indicated the origirff€ vertebrate species on refuges operated by the U.S. Fish and
PLSS identification of landowner and management status, a Waldlife Service currently are insufficient to m_eet conservatllon in-
scription of the tract (polygon) if it was derived by our lab, and terests for any of Fhe species. Of the 35 species, 15 are estimated to
final ownership and management status. National GAP examif&gur on refuges in New Mexico. Just seven species occur on more
the coverage for topological problems, and during this processti@& one refuge, and none of those species has >1% of its distribu-
discovered a few corrupt polygons, some spurious quadrant bodifil On @ national refuge.

aries, and a few polygons placed incorrectly outside the state boynd- )

ary. We made the underlying vector map into two grids with tﬂdensmn to County Planners

same topology as the land cover maps. In the future, the grid Wfermation on the ecological and land steward context for each
sion should consist of one coverage that identifies the polygons@gnty is needed to judge the merits of how conservation planning
well as owner and management status. in individual counties may aid in providing benefits to the at-risk
lri@éural land cover classes and sensitive species. We provided two
“uments to county planners. The first, “A Proactive Approach to

Our stewardship coverage is useful for identifying broad catego

of ownership, butspecifictractsorcomplexlandmanagementagC ion Planning: How New Mexico C ies Can Use G
ments are difficult or impossible to identify. Utility of this cover- onservation Planning: How New Mexico Counties Can Use Gap

age could be greatly enhanced if data structures allowed easf@?—_lyS's Project Data,’ prqwded the counties with: 1) ba§|c infor-
traction of specific land tracts. For example, individual Wilderne@é”.‘t'on on the Gap Analysis Program; 2) factors to consider when
areas and wildlife refuges are not indicated by name or identifie ind NM'GA.P data; 3.) examples of USes of GAP data at the_ county
either the PLSS map or our modifications. Other difficulties ex gyel; and 4) information on how to obtain NM-GAP data via the

as some tracts are subject to complicated agreements between gﬁgetl anq CfD—Ré‘)M. TrF])T secon? documegt, NM.'GAP Datz
cies that cloud classifications to single land stewards. An exa $ Inquiry for County Planners,” contained questions regard-

is a military installation variously composed of military land, othé?Y the county’s potential use of NM-GAP data. These questions

federal withdrawn land, and agreement or contract lands. Serircﬁlgted_ to: 1) the ;pecmq type of data the co,un_ty WOUIQ find most
early planning is necessary to ensure such tracts are thorou i l.Jl.'n Its p_Iannlng activities, 2) the county’s interest in da}ta for
understood and attributed properly in the GIS to extract desi cific species or land cover classes, 3) the current mapping sys-

land summaries later. Similar considerations apply to a variet Cih used by the county (e.g., GIS program or hand_—drawn maps),
federal and state land holdings. and 4) how NM-GAP data could be made easily available and use-

ful to the county planning office given its technical capabilities and
data needs.

We contacted 33 county planners or county officials responsible
Assessment for planning. Eight counties scattered across the state responded to

::ordthe 18 most iensmvebland .cc|>ver classes onfthr:a NZW Mt? i€ data needs inquiry (Table 1). The response of county planners,
andscape, most have substantial percentages of their distribyfifle ot showing enthusiastic interest in using NM-GAP data state-

Land Cover and Animal Conservation
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Table 1. Summary of responses from eight New Mexico counties regarding prospective use of NM-GAP data products, summer 19

Needs Questions County Response

What type of  Land cover, land use, hydrology, and man-made features.

NM-GAP data would « Location of vertebrate species and land cover classes, and associations of

your county find animals with land cover classes. Particularly as these relate to land use or

most useful? development applications and as they relate to sensitive, endangered, or at-risk speciep.
Would your county be * Yes, to analyze how development might impact these species and other natural resourges.
interested in * Yes, to use for solid waste projects.

species-at-risk data? « Would not use this information now unless required by federal or state law.

What specific species  Antelope and their native food habitat.

or land cover classes » Grasses.

would be of interest to e To be determined later.

your county? « In the future, will be interested in endangered species or species perceived as threatenjng to

humans, livestock, or domestic animals.
» Mule deer, prairie chicken, blue and bobwhite quail.

What mapping system < ArcView and AutoCAD used in-house by GIS staff.
is used by your county « Arcinfo used by Utilities Department.
and who is responsible? e Fastmap 7000 used in-house. In the process of implementing GIS E911.

» Hand-drawn maps used at present, but in 2-3 years will implement a GIS E911 system.
* No computer mapping capability presently, but will work toward a county GIS system.
» AutoCAD and hand-drawn maps. In the near future will have a GIS system.

How would your e Internet and CD-ROM.

county prefer to access e Paper maps now with the potential for future use of digital data.

data?

Other comments. « “| believe that natural resource assessment is the first step in good planning. | supporf the

concept of this NM-GAP project.”

wide, does show interest by selected counties with various techinig interests judge how their jurisdiction relates to land cover state-
cal capabilities. Those counties that expressed interest in usiide, sensitive animal species, and land cover within Status Class
NM-GAP data particularly noted the need to integrate land coveand 2. We identified the distribution of 42 land cover classes
and species data with land use and land development applicatiam®ng counties that can be used to judge the relative degree to
Some counties in eastern New Mexico expressed an interest inwgeh a county can affect conservation of a specific class among
ing NM-GAP data whether or not they currently used a GIS maunties as well as in relation to other land uses in the county. A
ping system. Those without GIS capability noted their interesttéibulation of the percentage of habitat among counties for the 35
paper format data, with the possibility of using digital data in tkensitive animal species allows county planners and others inter-
future, when GIS systems were functional. ested in county-level conservation planning to judge a county’s

Considering the 33 New Mexico counties as conservation plannfgsible contribution to conserving species habitat (e.g., Colfax
districts, just seven have >10% of their area in Status Class 1 arfe@nty contains all of the habitat for the prairie vblerotus

10 counties have greater than 90% of their area in Status Clag§rogasterGrant County has nearly 45% of habitat for the Sonoran
Of the other 16 counties, at least 11 have appreciable percentgg@§ed whiptaiCnemidophorus sonorgeAnother tabulation can

of land in Status Class 3 that could be evaluated for opportunitie®tignd planning further by examining the degree that various land
enhance conservation provisions sufficient to warrant reclassifiegver classes (especially the most restricted ones) are already dis-

tion to Status 2. Clearly such action would need to take the infERuted on Status Class 1 and 2 lands in each county. All of the
ests of individual land stewards into account. handily read tabulations allow for detailed understanding of how

nd cover classes, animal species, and stewardship can be accounted

. : a
We constructed an extensive set of tabulations to help county plgpin specific county-level conservation planning questions.
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Implications Analysis Program, Research Work Order No. 29, New Mexico
From our data review, we believe the following actions warrant Cooperative Fish and Wildlife Research Unit, New Mexico State

attention in further work with the NM-GAP data and in the next University, Las Cruces.
generation of gap analysis in the Southwest. Edwards, T.C., Jr., E.T. Deshler, D. Foster, and G.G. Moisen. 1996.

. Specific attention is needed to derive an efficient process fordequacy of wildlife habitat relation models for estimating spa-
managing animal algorithms, especially in attempts to consoli-tial distributions of terrestrial vertebrate€.onservation Biol-
date predictive work among past project databases. We reconf2dy 10:263-270.
mend against using vector-based processing. Forester, D.J., G.E. Machlis, and J.E. McKendry. 1996. Extend-

« Greater specificity is needed in assigning and tracking stewardiNd gap analysis to include socioeconomic factors. Pages 39-
ship categories. Simply compiling previous maps evolved for®3 n J.M. Scott, T.H. Tear, and F.W. Davis, editors. Gap analy-
other purposes does not allow desired capability to extract théiS: A landscape approach to biodiversity planning. American

accurate boundaries of tracts or stewardship categories of interl%/lo‘:i‘?ty (fjor Photogrammetry and Remote Sensing, Bethesda,
est. aryland.

« Critically examine how preclustering operations relate to ahnson, N.C. 1995. Biodiversity in the balance: Approaches to

signment of land cover boundaries for recognizable natural feaS€tting geographic conservation priorities. Biodiversity Sup-
tures. port Program, consortium of World Wildlife Fund, The Nature

. o . . . Conservancy, and World Resources Institute, Washington, D.C.
» Recognize how far in time and computing capability a county’s

planning functions are from effective use of GAP product§.co.tt: J.M., T.H. Tear, and F.W. Davis, editors. 1996. Gap analy-
Similarly, recognize the opportunity that exists, at least in New SiS: A landscape approach to biodiversity planning. American
Mexico, to work with counties in the formative stages of de- SOciety for Photogrammetry and Remote Sensing, Bethesda,

signing and delivering data products that they can immediatelyMaryland.

adapt to county-level planning operations. Thompson, B.C., P.J. Crist, J.S. Prior-Magee, R.A. Deitner, D.L.
Garber, and M.A. Hughes. 1996. Gap analysis of biological
Suggested Readings diversity conservation in New Mexico using geographic infor-

Deitner, R.A., B.C. Thompson, and J.S. Prior-Magee. 1999. Asimation systems. Research Completion Report to USGS Na-
sessing inter-project data compatibility and information distri- tional Gap Analysis Program, Research Work Order No. 13, New
bution for conservation planning using New Mexico Gap Analy- Mexico Cooperative Fish and Wildlife Research Unit, New
sis data. Research Completion Report to USGS National Gapiexico State University, Las Cruces.

Incorporating Protection of Biodiversity into
County Land Use Planning: A Gap Analysis Pilot
Project in Pierce County, Washington

A Report on GAP Research Background
Projecl. # 'I 434_HQ_97_RU_0] 583 Gap analysis is a process by which lands of high conservation pri-

ority are identified. The process uses land cover, wildlife/habitat
relationship models, and other data to predict the distribution of

CHRIsTIAN GRUE!, Douc PrLucH?, WooD TURNER?, Pat wildlife species in a given geographic area. By overlaying land
loLavERAZ, AND FRANK WESTERLUND? cover and vertebrate distributions onto land ownership, cover types
Washington Cooperative Fish and Wildlife Research Unit, School of and vertebrate species with poor representation on protected lands
Fisheries, University of Washington, Seattle, Washington are identified. Gap analysis is designed to be a proactive approach
*Department of Urban Design and Planning, University of Washingtoig conservation, identifying important wildlife habitats or species
Seattle, Washington before they become threatened by habitat degradation or loss.
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A gap analysis of Washington State was recently completed byleeMosaic, Willamette Valley, and Cowlitz River) were identified
Washington Gap Analysis Project (WA-GAP) (Cassidy et al. 199@s among those with the highest priority for conservation in the
However, additional work is needed to make this process an effgate. These areas have been heavily converted to both agriculture
tive tool for local land use planning. Although the data from WAnd development. The remaining forests are now a patchwork of
GAP have been summarized and analyzed at a statewide levelhéndwood, mixed, and early-seral conifer forest. There are only a
analysis was conducted using ecoregions and vegetation zofees,small areas of moderate richness of at-risk species, because
which are not easily applied to local land use planning and habitetst at-risk species have been extirpated from these zones. A ma-
conservation. Data must be significantly manipulated, analyzgd, priority of these zones is management of the handful of verte-
and reinterpreted before they can be applied to the local land husge species or subspecies that cannot “retreat” into less-impacted,
planning process. higher-elevation vegetation zones.

The Department of Urban Design and Planning (UDP) at the Unke mid-elevation Western Hemlock vegetation zone (also found
versity of Washington (through its Remote Sensing Applicatioimsboth the Puget Trough and Southwest Cascades ecoregions) was
Laboratory), in cooperation with WA-GAP, is conducting an ongaentified as a moderately high priority for conservation. This zone
ing program to develop procedures and materials supporting llhs not been as severely impacted by development and agriculture
application of WA-GAP data and methodology to local land uss the lower elevation zones but has a low protection status and has
planning in Washington State. The intent of this work is to gigeen extensive logging. Areas of high amphibian and mammal rich-
local planners, elected officials, and the public the tools they needs occur here, and the remaining mid- to late-seral forests sup-
to incorporate biodiversity protection into their planning progranmgort large numbers of at-risk amphibian, mammal, and bird spe-
The initial pilot project of the program took place in Spokane Courtties. Less than 10% of the zone remains in late-seral forest; an
in eastern Washington during 1997 and 1998 (Stevenson 1998, 1866itional 20% is estimated to be mid-seral. This statewide per-
Westerlund 1998). UDP and WA-GAP identified Pierce County sgective provided a framework for applying the WA-GAP data and
an excellent location for a westside pilot project because of thethodology to local land use planning issues in Pierce County.
county’s broad range of habitat types and development densities,

current conservation issues, and existing planning and GIS infflhe Pierce County Project

structure. Funding and support for this project were provided pifase | - The objectives of Phase | were to: 1) update the WA-GAP
Pierce County, Washington State Department of Fish and Wildig@d cover classification to a 1998 base line, 2) generate predicted
(WDFW), U.S. Fish and Wildlife Service, the USGS Biologicadpecies distributions for all breeding native vertebrates based on
Resources Division (National Gap Analysis Program and Coopeffs classification, 3) identify lands in Pierce County of high con-
tive Research Units), and the Rocky Mountain Elk Foundation. servation priority, and 4) develop a biodiversity network that in-
Our Pierce County pilot project was conducted in collaboration withided the lands identified in 3) and that complemented the Pierce
Pierce County and WDFW and was executed in two phases. Tleeinty Open Space and Greenbelt Corridor Map. The study area
primary objective of Phase 1 (January - May 1999) was to revié®, the pilot project included all of Pierce County plus adjacent
validate, and augment the county’s Open Space Implementatidls within the watersheds partially contained in the county.

Committee’s draft Open Space and Greenbelt Corridor Map byifie original WA-GAP land cover map for the study area (based on
corporating terrestrial biodiversity and salmonid habitat issues. f¥®1 |andsat TM imagery) was updated in a three-tier process.
analysis and products of this phase were broad in scale and appfPscreen interpretation of unclassified 1998 Landsat TM data was
priate for policy-level decision making. The objectives of Phasg,ged to determine large-scale land conversions resulting from hu-
(May - December 1999) were to develop the open space @h activities: new development, clearcut forests, and regenerated
greenbelt system recommendations to a higher level of detail, pregrifircuts. Existing county coverages facilitated interpretation.
a methodology for establishing and implementing a priority systefational Wetlands Inventory digital data were used to identify
for habitat conservation and restoration, and prepare project dagHaller wetlands missed during the original interpretation. The
mentation in both hard copy and digital formats. original WA-GAP classification scheme, which assigned primary,
The project team consisted of the authors and Kelly Cassidy &adondary, and tertiary land cover, was simplified to a single (“pri-
Karen Dvornich (WA-GAP and NatureMapping), Katherine Rosgary”) classification. This process resulted in disaggregation of
Grant Griffin, Karen Trueman (Pierce County), and Michelle Tirlsiome large land cover units. The nominal minimum mapping unit
(WDFW). for the updated classification was 40 hectares.

. Lo . The predicted species distribution models (a series of AMLs devel-
WA-GAP Conservation Priorities for Pierce  oped by WA-GAP) overlaid species ranges on the land cover clas-
County sification data and compared each within-range habitat polygon with
The Puget Trough and Southwest Cascades ecoregions Comm%éppropriate habitat matrix. The results were c;om_piled in a data
the majority of Pierce County. The lowland vegetation zones of fifd indicating presence or absence for each species in the four taxo-
Puget Trough ecoregion (Puget Sound Douglas Fir, Woodland/PRMIC groups considered (mammals, birds, amphibians, and rep-
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ftMammal Connection

tiles). Presence was confined to habitat rated as “primary, cof€,
and good quality” (Cassidy et al. 1997). This resulted in a conser-
vative prediction of presence appropriate to the resolution available

. I | BhdA
from the 30-meter resolution Landsat TM. i
A value for richness for each taxonomic group (number of natiye { o i

species predicted to occur) was calculated for each habitat paly-; Open i} ate r
gon. Habitat polygons with a richness value greater than one stayf:
dard deviation above the mean for a taxonomic group were consick
ered “rich” in subsequent analyses. An example of species disfri-*,

bution richness (in this case, mammals) is presented in Figure 1.

Predicted Hative Mammal Richness
0-9 Species
10 - 19 Species
20 - 29 Species
a0 - 39 Species
40 - 49 Species

Pierce County Boundary

Figure 2. Core areas for mammal biodiversity protection.

units depicted the “core areas” whose preservation as functional
habitat was considered essential to biodiversity protection within
the study area for each taxon. Figure 3 depicts the resultant
Biodiversity Management Areas (BMAs) for mammals. BMAs—
the basic component of the proposed biodiversity management net-
work—were generated by applying a 0.4 km buffer to the core ar-
o —— @ eas. This buffer (based on recommendations from WDFW) was

' intended to isolate the core areas from adjacent land uses and pos-
sible impacts. Characterizations of the BMAs were compiled that
Figure 1. Predicted mammal species richness within study area.  identified the species predicted to occur (highlighting species iden-

tified by WA-GAP as being “at-risk”) and the land cover types

The identification of lands important for biodiversity protectiopresent. These characterizations were used in Phase Il and will be
coupled the concept of richness described above with “representzd in future work by the county to develop land management
tion.” Our goal was to ensure that each species predicted to occptans and regulatory guidelines that will balance appropriate use
the study area would be represented in a minimal set of hahifathe areas and preservation of the essential habitat qualities.

polygons. The minimal set of habitat polygons was selected throggl gvAs were integrated into a contiguous network using “con-
an interactive process (run as an AML) beginning with the richegfeiions” to provide movement corridors for large and/or migra-
land cover units and most frequently occurring species. Each itgga; species and to avoid population isolation. Where possible,
tion added a unique set of habitat polygons that provided ha%&e connections were routed through areas of high richness. Ar-
suitable for a unique set of species (e.g., mammals in Figure 2).¢A$ of intense development (as interpreted from road and parcel
this process was conducted [ndependently for eaCh taxon, re%ﬂa) were avoided. WDFW Priority Habitat and Species (PHS)
dancy was anticipated to provide for more than the minimum selggs, and the distributions of threatened salmon species were also
tion for most species. considered (the final network contains 59% of the PHS observa-
This representative set was examined, and areas excessively frag-points within the county). The connections were delineated
mented or isolated were trimmed from the set (where possible witldtependently for each taxon and then adjusted to take advantage
out compromising representation). The resultant set of land caveredundant alignments.
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Pierce County Boundary

Pierce County Boundary
Open Water

Open Water

Figure 3. BMAs and connections for mammals. Figure 4. Biodiversity management network for Pierce County.

The final BMA network and connections (Figure 4) were reviewdgnce habitat on Status 4 (primarily private lands) using existing

by biologists (assembled by WDFW) familiar with the study arestate and county regulations, and refined the boundaries of the BMAs
This group verified the network and suggested additional areasvdthin four case study areas representing varying amounts of ur-
inclusion—habitats not considered by WA-GAP (e.g., critical wirbanization and agriculture.

tering areas for some bird species) or dependent on features smaligkacterizations (lists of species including salmonids and their

than the resolution of the land cover data (e.g., snags for eagle negiglss) were developed for each BMA to guide future specialized

The additional areas were incorporated into the network as c@fyife surveys to confirm species/habitat presence. Of particular

nections. interest were “trigger” species, the predicted presence of which

The network composed of Biodiversity Management Areas agdverned the selection of a particular BMA during the representa-

connections was presented to the county as a recommendatiotiierset analysis (Phase 1). In addition, profiles (habitat needs and
expansion of the proposed Open Space and Greenbelt Corridor Mapagement considerations) were developed for each “at risk” wild-
under review. Forty-five percent of the network overlapped witifie and salmonid species predicted to occur within the BMAs.

the county’s proposed map. The portion of the network within thee preliminary species-viability analysis was based on the acre-
county boundaries contains an area equal to 29% of the cougfa predicted to be available within the BMA network (excluding
The network captured 60% of the remaining natural cover of f&rigors) for each of the terrestrial vertebrates included in the pilot
Woodland/Prairie Mosaic, rated as “highest conservation pr'or't?zf’foject. Following review by WDFW, University of Washington,
by WA-GAP. Land stewardship status within the network is Statiysq project personnel, 11 species were identified as potentially not
1 and 2 (most protected) - 28%, Status 3 (extractive uses permitfied)ng sufficient acreage to maintain populations. Several of these
- 13%, and Status 4 (least protected) - 59%. In October 1999, d38¢jes were identified as having only “peripheral” (as opposed to
County Council adopted the revised Open Space and Greenhgjie: Cassidy et al. 1997) habitat in Pierce County, limited habi-
Corridor Map. tat remaining in the county (e.g., Woodland/Prairie Mosaic), being
Phase 2 - In this phase of the project, we characterized the BMéstricted to remote, highly protected areas outside the BMAs (e.g.,
in terms of the species predicted to occur, conducted a preliminéfgiverine [Gulo guld), or species associated with aquatic habitats
species-viability analysis, examined opportunities to protect/erst adequately surveyed by WA-GAP or the state (e.g., River Otter
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[Lutra canadensis. L

Redefining “Status 4” lands was important to the county, as negrly
60% of the BMA network was in private or military ownership|.
Our new classification divided Status 4 lands into 4-a (most hig
protected), 4-b (moderately protected), 4-c (slightly protected), g

/

Inconsequential (little or no effective protection provided) bas i
on existing state and county regulations (lolavera 1999). We t
evaluated the existing state and county policies and regulationg for. .

areas; and local regulatory and incentive tools including zoni
impact fees, conservation easements, and vegetation protectio
dinances. Recommendations were made for revisions and a|
tions to these policies and regulations to enhance biodiversity gro-
tection (lolavera 1999).

[ |FPhase 1 BMA
The last component of Phase 2 was to demonstrate to the county B EMe Retained by Phase 2 Analysis

how one could refine BMA boundaries based on a higher-resdlu- Phase 2 Study Area
tion analysis of land cover within portions of four BMAs. This is
an important step in moving toward acquisition of lands for opgn
space or the implementation of open-space designation mechanisms. ¢ o5 J .5 2 @

Fi

We used 1991 orthorectified photographs, a 1998 high-resolution 0 83
land cover classification, a restricted zoning overlay, and WDFW

PHS data to primarily eliminate areas along the original boundarll_nlesure 5 Phase 2 refinement of boundaries of BMA within Tanwax
of the BMAs where urban development or other land uses not ¢ lidy area.

patible with habitat existed that were not visible at the resolution

used in Phase 1. Similar land uses within the BMA study areas

were not removed if they were surrounded by largely high-qualifgjayera, P.R. 1999. Pierce County, Washington, GAP application
unfragmented vegetative cover. These refinements resulted in "&ilot project: Expanding the GAP land stewardship categoriza-
ductions of 3, 14, 19, and 61% of the original size of the four BMAS o for use at the county planning level. M.S. thesis, Department
within the study areas (see Figure 5). In the case of the 61% redugt Urpan Design and Planning, University of Washington, Seattle,
tion between Phase 1 and 2, the area removed largely represent@ghshington. 103 pp.

the 0.4 km buffer that was drawn around the core habitat in the . .
most highly developed BMA. This suggests that, in some Casgge,venspn, .M' 199.8' Applying Gap Analy3|s to gognty land use
attempts to designate buffers may require more educational Outplannlng in Washington Stat&ap Analysis Bulletin’:30-32.

reach to private landowners than actual open space acquisitionStevenson, M. 1999. A different look at the laRtanning(Ameri-
can Planning Association magazine) 7:65-68.

Copies of the Pierce County report and CD are available for pur: . o . o _
chase from the Washington Cooperative Fish and Wildlife ReseakdBP. 2000. Pierce County GAP application project: A biodiversity

Unit (206-543-6475). plan for Pierce County, Washington. Department of Urban De-
sign and Planning, University of Washington, Seattle, WA. 196
Literature Cited pp.

Cassidy, K.M., C.E. Grue, M.R. Smith, and K.M. Dvornich, editor§Vesterlund, F. 1998. Wildlife corridors and landscape linkages: An
1997. Washington State Gap Analysis - Final Report. Washing-approach to biodiversity planning for Spokane County, Washing-
ton Cooperative Fish and Wildlife Research Unit, University of ton. Department of Urban Design and Planning, University of
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Designing Regional Conservation Porffolios:
Filling the Gaps

Davib M. Stoms, FrRank Davis, AND SaNDY ANDELMAN
University of California, Santa Barbara

2. those with insufficient documentation and/or inadequate test-
ing of computer code; or

3. those with overly simplistic decision rules (e.g., “greedy” or

Problem Statement rarity-based heuristics).

Gap analysis identifies the current level of representation of 1dAdL998, TNC funded a team of investigators (Frank Davis, Sandy
cover types and vertebrate species in designated biodiversity r¥iflelman, and David Stoms) at the University of California-Santa
agement areas. That is, it helps define the identity and magnitBagoara to:

of the gaps. The next step is to work toward filling the gaps, whichDevelop a conservation siting model for regional conservation
typically includes identifying a network of nature reserves. Re-analysis that explicitly incorporates spatial design criteria into
serve network design is a hard problem, however, because the nurthe portfolio design process.

ber of conservation elements and planning units is large (typicqlly-l-est and apply the new modeling approach in a structured deci-

hundreds of elements and hundreds to thousands of sites). Over tpg | process involving local TNC staff to develop hypothetical
past 15 years researchers have developed computer-based aps,carvation portfolios in two different ecoregions.
proaches to make the reserve selection process more systematic

and explicit. These approaches respond to the perceived need fbfoduce a training manual, including worked examples using
reserve siting to be as efficient or cost-effective as possible, giver] NC data and ecoregions, and train TNC staff in applying the
the competing social and economic demands for land and resourcd§9ional conservation-planning tools.

They also address the concern that reserve system design shoultheeesult is a “toolbox” that can solve ecoregion-sized planning
repeatable, so that the reserve systems can be readily reevalyatdrlems on a Windows-based personal computer. The heart of the
and modified over time as conditions change and new informattonlbox is a portfolio design model, written by lan Ball and Hugh

is acquired. These approaches assist planners in sorting thrdRagsingham from the University of Adelaide in Australia. This soft-
the large volume of data to identify good initial solutions to thwgare, based on a simulated annealing algorithm, has been integrated
“hard and wicked” problem. However, at present these modelswith a GIS (ArcView) interface for visualizing potential portfolios
main primarily research tools, beyond the reach of most ageneied allocating sites prior to running the model. The model has
and nongovernmental organizations that plan and implementakeady been applied in two TNC ecoregions—the Idaho Batholith
serve networks. and the Northern Sierra Nevada. GAP data were used in both cases

Recently, The Nature Conservancy (TNC) began a new plann'iﬂ et some of the_ represe_zntation goa!s. In a(_jditior_n the model pro-
initiative with the aim of developing “portfolios” of conservatiorY!des options for influencing the spatial configuration of an alter-
sites for each ecoregion in the U.S., the Caribbean, and L &@tive portfolio. The toolbox m_akes it re_lat|ve_ly easy for TNC staff_
America that collectively conserve viable examples of all nati{ €xPlore a range of alternatives and identify the effects of their
species and plant communities. Both the use of ecologically §82ICES in representation goals, assumptions about costs, impor-
fined planning regions and the adoption of biotic representatiorf¥&Cce Of spatial clustering of selected sites, and so on. A planning
an explicit conservation objective posed many new institutioniam must still review the initial solutions and modify them using
scientific, and technical challenges to TNC, which historically higcal knowledge, judgment, and other evidence not considered in
operated on a state-by-state basis and has focused on rare and til@&podeling approach.

ened species and plant communities. e Toolbox

Based on discussions with various TNC staff involved wi h ) . L . .
regional planning entails identifying a set of sites that collec-

ecoregional planning efforts, none of the existing reserve selecti | ; bl | £ all nati . q .
approaches, in their current form, was well-suited to TNC’s plat[l1v-e y caplure viable examples ot all nallve species and communi-

ning needs. From TNC's perspective, the major limitations of ¢ HS ffr_orrtl atmong a Ialrg_er St(;t OI p:znnl_ngtur:jltst W't_h'n thﬁ_eﬁoregmn.
rent tools fall into three general categories: € first step In applying the toolbox IS to determine which conser-

_ i ) o vation elements, such as cover types, are to be represented in the
1. those that require high-end computing power, specialized sgfittfolio and at what level of representation. It is also possible to
ware, and/or a high level of technical GIS expertise; weight some elements as more important than others. Representa-
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tion goals can be the specified number of population occurrenths graphical user interface is built on the ArcView software but
of a species or total area of a land cover type that must be includesl been customized for the toolbox. All actions, except for pre-
in the regional portfolio to fill the gaps. paring the data input files, are handled through menus, buttons, or

The second step is to delineate and characterize the set of plarif@iglar ArcView functionality. The reserve selection software pro-
units in an ecoregion. There is no simple answer to what are 4HgeS output to files that can be displayed as maps, charts, or tables
right spatial units to use as planning units. Itis a complicated quU¥ghin the toolbox. The most basic output is the set of planning
tion, influenced by the size of the ecoregion, the primary ecolot?_\;;tyz selected for a given alternative. This can be displayed as a
cal processes, data sources and resolution, and political issuest"@fge In the ArcView project, either as the best 50'““?” from. mul-
have frequently used watersheds, at various hierarchical divisidgld€ runs or as the total number of times each planning unit was
as planning units. Whatever the choice of units, data must be c8fi€cted in a series of runs. The summary information from a se-
piled about several variables for each unit. Data are required'{8f ©f runs can be viewed as a table, allowing comparison of the
the composition of cover types (such as GAP data) or ot/s@sts, number ofplannlng units selected, total boundarylen_gth,and
biodiversity elements and are optional for costs, length of the boufit§: number of conservation elements that fell short of their target
aries of planning units, and preallocations of a starting portfoly€!s- The distribution of individual elements can be displayed in
(sites required to be in or out of the portfolio). The compositiof&fation to an alternative portfolio to show the spatial pattern of
information is used by the toolbox to determine each planning unfg@resentation for that element. Conversely, the composition of
potential contribution toward meeting the representation goals. T#&vidual planning units can be examined (Figure 1) to see what
cost and boundary information is used in minimizing portfolio cd§ey contributed (or might contribute if preallocated) to the repre-
and in controlling spatial clustering of the portfolio sites. Cost§ntation goals.

can be a function of area or any other units you like.

Defining the starting portfolio is an important consideration, and

generally planners will want to consider several alternatives. [E8MERETREENTTHRILTER 1T
example, they may consider an alternative that starts by fixing T Y " "
isting national parks and other formally designated reserves. | Plarning Unit 357

ment occurrences in these areas will automatically be countet 24230 Sieran_Mixed Coniferous Forest  1307.83

wards meeting the representation goals. A different alterna | 24210 ‘Westside_Ponderosa_Pine_Forest 132717

would be to create a portfolio without assuming any starting g} ggg éil'l;?aﬁg;fcﬁf;fsfg?és;n 4

serves or to consider existing public reserves plus other plani | 71120 EBlack Dak wWoodland 312332

units that are known to have significant biological resources 11520 Pammanerty-flaoded_Lacustine_Habitat 22 4014

that planners want to make sure are included in the final portfc F"c‘laﬂ;ziggn'-'ﬂsit_ 363 ived Conif Format 29993

This step can be done with a word processor or through the Arc\ | 45 ﬁv&'z’;‘?gae_';‘znaE?Qg':i%?ﬁ;_g;?;ﬂ 107 831

selection tools. In each alternative the toolbox will then fill a O1ANN Tamal Cremct  R7EO7 d

remaining gaps. e

The model seeks to minimize Total Portfolio Cost as measured
weighted sum of actual cost (or area) of the selected set of sites, a

penalty for not meeting representation goals for elements, ardgare 1. A tabular display of the biodiversity elements and their aerial
measure of spatial compactness and connectivity. The actual seitent in a selected planning unit.

tions depend on how site cost is measured, on the target levels and

the penalty cost for each element (these are set separately for each ]
element), and on how heavily one weights spatial contiguity as'alf Series of three maps below (Figure 2) shows the effect of ad-

additional cost factor. The selection procedure uses an iteralRting @ model parameter (BLM) on the amount of spatial contigu-
method known as simulated annealing. The model selects a s&Yovhile representation goals and other parameters are kept the
planning units at random and then randomly evaluates the effe@Pe: The model tries to minimize the outer perimeter length of
adding or deleting randomly selected planning units. After a vdfy# Set of clusters of planning units. For a given total area, this is
large number of iterations, the model converges towards a g@58°mPplished by aggregating planning units into larger, more com-
solution. It does not guarantee to find an “optimal” solution. Tygi@ct clusters. The upper left map has no clustering enforced; any
cally the model is run multiple times, with a different initial rar@PParent clustering is the result of the composition of the planning
dom solution, and saves the best solution of those multiple r#ts and the representation goals. The upper right and lower maps
Another useful feature is to tally the total number of times ealdfve increasing clustering enforced by increasing the value of BLM.
planning unit was selected in a series of runs, which suggests which

units tend to be part of most efficient alternatives.
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50

BLM = 0.0

Figure 2. Maps depicting the effect of the model parameter that controls
the degree of spatial clustering of selected units.

Product Availability

The software has been given to TNC and has been used in two
ecoregions to date. TNC staff have been trained in the use of the
toolbox so that they can train other TNC planning teams. Several
other nongovernmental organizations and some governmental agen-
cies have also shown interest. Further details about the toolbox are
available at http://www.biogeog.ucsh.edu/projects/tnc/toolbox.html.
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Landscape Diversity as the Basis for a Reserve
Design Initiative in Vermont

gAV'D E. Capen, CrarLES E. FERREE AND ERNESTW. weighted differences in elevation between that point and all other
UFORD _ __ elevation points within a specified radius. The LPI was “calibrated”
Spatial Analysis Laboratory, School of Natural Resources, Universityg, - o 4 o1y region and divided into discrete classes that described rec-
of Vermont, Burlington . .
ognized landforms. A matrix of slope classes by LPI classes pro-
duced 14 landform descriptions that could be mapped. Then we
added four other categories from existing data, one for wetlands

Introduction and three for classes of surface waters, for a total of 18 landform

The Vermont Biodiversity Project has been conducted hand-in-h '
with the Vermont/New Hampshire Gap Analysis Project but at finer ) ) , ,
o from DEM data, we defined five elevation zones with recog-

resolution and with an objective of using measures of Iandscﬁtﬂ% - T e . :
diversity as indicators of community and species diversity. Thépg€d links to the distribution of forest types in Vermont. Addi-

is ample rationale in the published literature for this approach. Q82! data came from digital maps of bedrock geology (1:250,000)
line of support comes from evidence that biological diversity is pfa?d surficial geology (1:62,500). In both cases, we developed an

dicted well by physical diversity, and that this relationship homs%ﬁologically—based crosswalk that reduced the number of classes to

various scales (e.g., Lapin and Barnes 1995, Burnett et al. 1d¥ae bedrock categories and eight surficial units. The final step
to overlay these four GIS coverages and to label each pixel of

Nichols et al. 1998). Another argument for physical diversity Yéas o .
that land conservation efforts should consider temporal scales fhap-meter by 30-meter grid with codes for landform, elevation zone,
acknowledge shifts in ranges of species and communities in resp&SEOck type, and surficial class. This code—a product of four

to ecosystem processes and changes in climate (Hunter et al. 14&#riptors of the landscape—is referred to as a Landscape Diver-
Hunter 1991). sity Unit (LDU). Although there are several thousand potential

o ) ) _LDU labels, there were only several hundred actual labels in each
In the Vermont Biodiversity Project, our goal was representatlcmophysica| region. The mean size for LDUs was 3.9 ha; the range

We sought to delineate a system of potential reserves that inclyged rom 0.09 ha to 1,957 ha. The smallest size represented single

all elements of landscape diversity. We began with an analysigQfs that were anomalies of GIS overlays and were filtered from
biological (tree species) and physical data (climate, geology) that yatabase.

led to the delineation of seven biophysical regions in the state. Within

each region we then employed a methodology that assured reR@presen’rqtive Landscapes
sentation by most or all elements of physical diversity. . . . .
We used grids of hexagonal cells to sample LDUs in each biophysi-
We were constrained by the need to use data that were availablga{ppegion' Each sample cell represented 5% of the area of the
the entire state. Soils or ecological land types would have beggion, a decision based on a suggested minimum size for a func-
ideal, but neither has been mapped statewide. The only consisigRkl reserve. Grid cells were custom-built for each biophysical
sources of data were digital elevation models (DEMs), bedrqgljion and were shaped to best approximate configuration of the
geology, surficial geology, hydrography, and wetlands. From theggion; they ranged from 26,000 to 60,000 ha among the regions.
spatial data, we derived Landscape Diversity Units (LDUs) aWE used an algorithm based on richness and complementarity to

sampled for richness and representation. select a set of hexcells that most efficiently represented landscape
. . . diversity. The first cell selected was the richest, followed by five
Landscape Diversity Units more cells that represented the best complements, such that the six

The most significant component of landscape diversity was the deeHs selected gave the most efficient representation of LDUs (Fig-
vation of landforms (Fels and Matson 1997). Using 30-meter DElve 1). The decision to stop at six sample cells was again related to
data, we first derived five slope classes. We then calculated a |gundeticalities of reserve design; here the rule was based on the no-
scape position index (LPI) for each DEM point using a focal funigen that it would not be realistic to identify more than 30% (six
tion. This function assigns to each cell the mean of the distaneells) of the landscape as potential reserve.
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Figure 1. Six grid cells in Northeastern Highlands, Vermont, sampledR@ure 2. Representative landscapes of Vermont.
maximize richness of landscape diversity units. In this example, 477 of
586 LDUs are represented.

Hex grids overlapped boundaries of biophysical regions, so sasgated by six sample cells. When results from the seven regions
cells were effectively smaller than others. We compensated for thége combined, 22% of the area of the state was featured as RLs.
by shifting the sample grid twice; thus we derived three solutionlsis area accounted for 89% of LDU richness and 95% of propor-
of complementary sets of cells for each region. We resolved thigseal representativeness, or similarity. By comparison, a random
different solutions—and imposed a reality check on the results-gaynple of 22% of the state, using hexcells sized as the average of
producing transparent overlays of cells selected in different rungRafs, accounted for only 77% of LDU richness. Fifty percent of the
the algorithm and aligning these with paper maps of each of #t&te would have to be sampled randomly to equal the LDU rich-
layers comprising LDUs. That is, we sequentially overlaid diffeness captured in our RLs.

ent efficient hexcell solutions with maps of landforms, bedrock,

surficial materials, and elevation zones. At each stage, we maBieIogich Representation and

ally outlined polygons of significant features on these map IayeEE)p"caﬁons

igitized on screen and smoothed along boynd- .
these were later digi 9 ?etlave not yet been able to compare results of our landscape di-

ggsts atci)\]: éafsr?ggsaepf:: ngss F\i/girrsfze)r to these polygons as Re ersity analysis to the distributions of vertebrate species predicted

' ' by Gap Analysis and assess the degree to which physical diversity
RLs were quite efficient in accounting for the diversity of physicgfedicts diversity of vertebrate habitat. However, we have done a
features in each of the seven biophysical regions. By drawing lagghiogical assessment using an extensive collection of atlas data on
scape-based polygons rather than maintaining sample hexcellsy Wember of plant and animal taxa. Although many of these atlas
selected from 17 to 26% of each region rather than the 30% reR(fveys were incomplete or showed sampling biases, we were able
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to compare statewide records for 1,617 species referenced td jherature Cited
251 towns in Vermont. Eighty-three percent of the species Wgfgnett, M.R., P.V. August, J.H. Brown, Jr., and J.T. Killingbeck.
represented by records that corresponded with representative langlggg  The influence of geomorphological heterogeneity on

scape polygons; we captured only 76% of the species records bygiversity: 1. A patch-scale perspecti@onservation Biol-
random samples of an equivalent area. ogy 12:363-370.

We believe that there are a number of ways that analyses of phygjs j ., and K.C. Matson. 1997. A cognitively-based approach
cal diversity such as we have described might be useful in Gagy hydrogeomorphic land classification using digital terrain
Analysis. In the eastern United States, where land cover is oftef,ndels. Proceedings, Third International Conference on Inte-
shaped more by historical land use than by natural processes, 'anefating GIS and Environmental Modeling. National Center for

forms—as we have derived them—might serve as better predicmréeographic Information and Analysis, Santa Barbara, Califor-
of habitat diversity than maps of land cover derived from Landsatyjg

imagery. Furthermore, landforms can be used as a means of en-

hancing interpretation of such imagery or used in combination wi Hnter, ML., G.L. Jacqbson, and T. WEbb.”l' .1.988' . Pale.oecoll-
land cover maps to predict the location and extent of natural com@9Y @nd the coarse-filter approach to maintaining biological di-
munities. Some preliminary efforts at such predictions of naturalVersity: Conservauon.Blolo.g;zl.375-385. .
communities in New Hampshire have been promising (M. Andétunter, M.L. 1991. Coping with ignorance: The coarse-filter strat-
son, TNC, Boston, personal communication). egy for maintaining biodiversity. Pages 266-281 in K. Kohm,

We hope this note will encourage others to further investigate th@d'tor' Balancing on the brink of extinction. Island Press, Wash-
use of physical diversity as a means of representing biological giington, D.C.

versity. Given the dearth of information on the distribution of speapin, M., and B.V. Barnes. 1995. Using the landscape ecosys-
cies and communities, the uncertainty of making predictions of theséem approach to assess species and ecosystem diversity.

distributions, and the importance of considering long-term processeservation Biology:1148-1158.

in the establishment of nature reserves, landscape diversity mayj@olls, W.F., K.T. Killingbeck, and P.V. August. 1998. The in-
a cost-effective means for planning conservation of biological di-fluence of geomorphological heterogeneity on biodiversity. 1.
versity. A landscape perspectiv€onservation Biology2:371-379.

Digital Atlas of Idaho: A GIS Approach to
Teaching Natural History

STEPHEN BURTON AND CHARLES R. FETERSON form. Students and teachers will have access to the atlas through
Idaho State University, Pocatello Web browsers such as Netscape Communicator and Internet Ex-
plorer, making the atlas compatible with Windows, Mac, and UNIX

Several products from the Gap Analysis Program are being usedperating systems. A beta version of the Digital Atlas of Idaho is
a new education project called the Digital Atlas of Idaho. The palready viewable at http://imnh.isu.edu/digitalatlas. We are also
mary goal of the Digital Atlas of Idaho is to integrate data froproviding the atlas on a CD-ROM to teachers, free of charge, so
geology and biology to help Idaho students and educators legigy can use the atlas in the classroom without an Internet connec-
about natural history using information specific to Idaho. Thi®n.

project was funded by an Idaho State Board of Education (SBQE)4ining information about geology, biology, hydrology, clima-
Technology Incentive Grant and is a joint venture between 1dgfyg,qy and historical geography, this teaching resource is probably
State University (ISU), Boise State University, the Idaho Geologjie gingle most comprehensive guide to Idaho’s natural history. In
cal Survey, the Idaho Museum of Natural History, and the U.S. Fgfz piglogy section of the atlas (Figure 1), species accounts are pro-
est Service. In this document, we describe the Digital Atlas of IdahQeq for over 400 species of animals in Idaho, including butter-

and how Gap Analysis products have been used in its developmgak mphibians, reptiles, birds, and mammals. Each account con-

The Digital Atlas of Idaho makes large amounts of spatial and natuedhs information about a species’ range, predicted distribution, habi-
history information about Idaho readily available in a Web-baseat, diet, ecology, reproduction, and conservation status.
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Figure 1. The biology section of the Digital Atlas of Idaho.

The vertebrate information used in the biology section of the Digl
tal Atlas of Idaho is based on tA#las of Idaho’s Wildlif§Groves

etal. 1997), a compilation of species accounts for the breeding f
of Idaho that integrates Idaho Gap Analysis and Natural Herit
Program information. For the amphibian, reptile, and bird spe
accounts, we have added descriptive information and multime

museum specimens and observational databases used in creating
the second-generation GAP models for amphibians and reptiles.
Furthermore, these databases have made it possible for us to add
dot-distribution maps to the predicted distribution maps in the at-
las.

The Digital Atlas of Idaho also integrates spatial data, so students
and educators can understand the spatial relationships between geo-
logical and biological phenomena. Much of the spatial data used in
the biology section of the Digital Atlas of Idaho have been obtained
from the Idaho Gap Analysis Project. Spatial data sets integrated in
the atlas include cover type, ownership, and predicted species dis-
tributions. These GIS data sets, as well as others dealing with ge-
ography, surface and subsurface geology, seismic activity, and hy-
drology, will be linked using teaching exercises and software re-
sources such as CADViewer, ArcExplorer, and ArcView.

The teaching exercises found on the Digital Atlas of Idaho are de-
signed to be flexible to fit the needs of educators and to be useful
for students at various levels. Students can access the spatial infor-
mation by two different routes. The first route is through teaching
exercises using a CADViewer plug-in that provides basic GIS func-
ons, such as zooming, panning, and turning data layers on and off.
The combination of teaching exercises using CADViewer and a GIS
imer module introduces students to the fundamentals of GIS. The
. Cond route is through teaching modules that allow students to use

%echual GIS software such as ArcExplorer or ArcView.

features, such as colored pictures and sounds (Figure 2). The [g-téaching exercises for the biology section of the Digital Atlas
dicted distributions for all of the vertebrates are currently taken fréfhldaho are designed to direct students to explore questions about
the first generation of Gap Analysis maps. In the future, we wine spatial arrangement and ecological relationships of species in

include the second-generation predicted distribution maps from

0. The basis for most of these activities is the Gap Analysis

Analysis. In addition, we have included #tas of Idaho’s Wild- Predictive distribution maps for vertebrates. We have included ac-
life (Groves et al. 1997) as an Adobe Portable Document File (PDjties such as listing potential species occurring in a given area,
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Figure 2. An example of a species account in the Digital Atlas of
Idaho.

compiling habitat matrices for selected species, and examining fac-
tors affecting species distributions. We envision the number of ex-
ercises growing as teachers begin using them in the classroom and
create activities of their own.

In 1999, we received a second SBOE Technology Incentive Grant
to expand the contents of the Digital Atlas of Idaho. For the biol-
ogy section, we will be using this funding to update species ac-
counts for mammals by adding images and descriptions. We will
also add species accounts for dragonflies, damselflies, and fish.
Finally, we intend to include the cover-type map developed for the
Idaho Gap Analysis Project and species accounts for the dominant
plant species.

Many people have collaborated in developing the vertebrate biol-
ogy portion of the Digital Atlas of Idaho, including John Cossel,
Jr., Ean Harker, Jason Karl, and Mike Legler. Nancy Wright and
Mike Scott helped by providing data from the Idaho Gap Analysis
Project.

The Digital Atlas of Idaho greatly benefitted from Idaho and N&or further information, please visit the Digital Atlas of Idaho Web
tional Gap Analysis Program grants to the ISU Herpetology Latséte (http://imnh.isu.edu/digitalatias) or contact Stephen Burton at
ratory to test and refine the Idaho Gap Analysis models for ampHgttstep@isu.edu or Chuck Peterson at petechar@isu.edu.

ians and reptiles. This funding supported the compilation of both
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A Gap Analysis of the Lewis & Clark Trail: Fort
Peck Dam to Great Falls, Montana

Patrick CrIST AND MICHAEL JENNINGS e The species is a terrestrial vertebrate mapped by Montana GAP.

National Gap Analysis Program, Moscow, Idaho  Less than 10% of the species’ distribution in Montana falls on
current reserve lands (GAP status 1 or 2).

In the summer of 1999, the National GAP office was ContaCtedbySpecies are state-threatened status S—3 or lower.
the Department of the Interior to see what type of analyses we COILH

d. . : : . .
. . . : irty-six terrestrial vertebrates were identified that met the crite-
produce for a portion of the Lewis & Clark Trail. We prevmus'Yiag\bove. The species distributions were clipped to the study area

had produced a stewardship map of the western half of the trail, ggundary and then combined for the reserve selection process
now we were charged with conducting a gap analysis and prelimi- '

nary biodiversity core reserve identification project in three weekB€ reserve selection demonstration used an iterative
time. The data source was Montana GAP and included land cogémplementarity analysis” with the objective of finding the com-
derived from TM satellite imagery, predicted animal species disfination of places that represent at least one occurrence of every
butions, and land stewardship. The data layers were then clippegP@fies included in each taxonomic group. Jason Karl of the Uni-
the study area boundary, which was essentially a 20-mile buffev8fsity of Idaho’s Landscape Dynamics Lab developed the ARC/

each side of the Missouri River from Fort Peck Dam to Great FalNFO programming to conduct the analysis. This began with se-
Montana (Figure 1). lection of the largest land cover patch containing the most at-risk

species. Then the next largest patch containing the most at-risk
species was selected, and so on until a collection of potential re-
serve locations was identified to represent all at-risk terrestrial ver-
tebrates in each major taxonomic group. Time constraints did not
allow further analysis that would incorporate other considerations,
such as species viability, reserve connectivity and configuration for
metapopulations, or socioeconomic factors. Those additional analy-
ses would be included in a longer-term reserve selection and design
process.

The three maps (Figure 2) depict the preliminary proposed reserve
areas for the three taxonomic groups in relation to the four
biodiversity management categories used by GAP. Status 1 & 2
areas, shown in dark grey below, are existing reserves such as na-
tional parks and wilderness areas; status 3 areas, shown in light
gray, are public multiple-use lands; and status 4 areas, shown in
white, have no known management for biodiversity. The potential
reserves identified on these maps fall within status 3 & 4 lands.
They show opportunities for avoiding possible future conservation

Because of the very limited time available, the next step wasSi§€s by changing the management of these areas.
narrow the number of species considered from the large number
originally mapped for the area. The criteria for selection were:

Figure 1. Study area boundary.
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Figure 2. Potential future reserves for a) birds, b) mammals, and c)
amphibians and reptiles.

Within the potential reserves identified, the U.S. Fish and Wildliévaluation of species viability, connectivity, and quality. Reserve
Service is the largest owner of public lands. In this case the USFsg®Bction would incorporate evaluation of parcel-level land owner-
would bear the largest agency responsibility for biodiversity stesiip, specific management practices, and socioeconomic consider-
ardship. Most of the potential reserves that were identified, haions.

ever, fall within status 3 & 4 lands, suggesting the need for a change

in land ownership or management for these areas. Acknowledgements
. Project conducted by the National Gap Analysis office in coopera-
Conclusions tion with Conservation Imaging, Inc. and the Landscape Dynamics

This project was a rapid gap assessment and reserve selectionLedoratory of the University of Idaho Cooperative Fish and Wild-
ducted over three weeks. There are many limitations to the reslifes Research Unit. GAP data produced by the Wildlife Spatial
but the project demonstrates the utility of Gap Analysis data aumhlysis Lab, MTCFWRU, University of Montana (Redmond et

methods to evaluate current biodiversity management status, iéént999).

tify biotic elements that require increased management and profgfnors: Michael Jennings, GAP Director; Patrick Crist, National

tion, and identify potential new reserve locations. A more robggip Coordinator; Philip Tanimoto, Conservation Imaging; Jason

analysis would include the full complement of plant communitigg,| Landscape Dynamics Lab;: Jeremy Knudsen, GAP.
and species mapped by GAP as well as “enduring features” and
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G/A\AA LYSIS
Biodiversity Impacts from Urban Growth

A Report on GAP Research ccale do _ o _
pendencies, allowing a wide range of normally incompat-
Prolecl' #00HQAGOOO9 ible data to be integrated. Using the county as the area of analysis,

sites of potential conflict between biodiversity and predicted ur-

CHRISTOPHERCOGAN o o banization are forecast at the landscape level. The model approach
Department of Geography, University of California-Santa Barbara  facjlitates a consistent use of multiscale data and analyses.

Preliminary results are encouraging, showing that quantitative, re-
The analysis of conflicts between biodiversity and urbanization fReatable assessments of biodiversity are possible at multiple spatial
quires several types of input data, collected at varying spatial scajggjes. Following an analysis of potential urban growth scenarios,
Urban planners working at the county level need both fine-grgiRppears that a consistent set of species are likely to be impacted,
data such as endangered species locations and, simultanegysdpite of significant variation in growth model parameters. Typi-
coarse-filter ecoregional information and socioeconomic indicatoggly, the 50-year forecast models identify conflicts with species
Whereas much ecological research is done at relatively fine Spfmﬁﬁlzurrently protected under state or federal regulations. This type
scales, other work uses tools such as remote sensing to study baltical, species-specific forecasting will be invaluable to conser-
tats more broadly. A major problem in constructing effective deghtion biologists for anticipating and hopefully avoiding future losses
sion support systems for biodiversity planning is thus the integigpiodiversity. This work is supported by a grant from the USGS
tion of data assessed over multiple spatial and temporal scalesgap Analysis Program for the integration of socioeconomic factors

Work is in progress to develop a biodiversity model that minimizesth Gap Analysis and biodiversity planning.

Applications of New York GAP Data

CHARLES R. SaitH cies? reptile species? bird species? mammal species? 3) Within the

New York Cooperative Fish and Wildlife Research Unit, Cornell HRV, which species and vegetation types are well represented on pub-

University, Ithaca, New York lic lands, and which taxa are poorly or not at all represented on public
lands? 4) What is the ranking of public lands in the HRV for the ele-

During the last year the New York GAP Project has continued 0 Pafans of biodiversity represented within their boundaries, at both fine-
ticipate in the Hudson River Estuary Biodiversity Conservation Initirer and coarse-filter levels, from most diverse to least diverse?
tive under contract with the New York State Department of Environ-

mental Conservation. In cooperation with the NY Natural Herita gese kinds of questions are in addition to the traditional gap analysis
Program, a gap analysis is under way for the Hudson River Val stions, which also will be addressed for the HRV: 1) Where are the

(HRV), and a verbal interim report was presented in May 1999 centers of high terrestrial vertebrate and vegetative diversity, and where

are they located relative to public lands? 2) Are there “gaps” where we

In the context of the NY Gap Analysis Project, our work in the HRY,ye regions of high biodiversity in the absence of public land status?
focuses on several biodiversity content and context questions, impot-

tant for evaluating the contributions of the HRV to statewide biodiver ditiona_ll f“”di”Q was app_roved_for new, comp_lementary, GAP-re-
and relevant to planning for biodiversity conservation in the HR _ted projects which began in April 1999. All projects are focused on

Among the questions we are addressing are the following: applications of gap an_aIyS|s and remote sensing method(_)logles to the
HRV. These projects include development of a spectral signature and

Comparison of HRV with the rest of New York State: 1) How many,ys assessment for expanses of Purple Loosestrife, an invasive, ex-
and which terrestrial vertebrates and vegetative community assogi: pjant species widely distributed in HRV wetlands; development of
tions (or superalliances) are found in the HRV?? 2) What proportionfcequres for integrating assessment of habitat-specific relative abun-
the “fine-filter” elements (i.e., species) and “coarse-filter” elemenignce values for breeding birds within land cover types in the HRV,
(i.e., vegetative associations or superalliances) of NY biodiversity 8@ng the GAP land cover map; and an assessment of threats to
represented in the HRV? 3) Are there any terrestrial vertebrate Spe&ii@&iversity from urban and suburban development, based on applica-
or vegetative community associations (or superalliances) found ofly,s of socioeconomic information derived from U.S. Census data.

in the HRV and nowhere else in NY? If so, what are they, and Wheyg 5150 have continued to provide GIS support and analytical services

are they found in the HRV? for landscape conservation efforts in the HRV, including maintaining
Comparison of HRV counties with each other: 1) What is the rankithg: growing biodiversity database for the region, analyzing data as re-
of counties in the HRV for elements of biodiversity represented wittgaired for implementation of biodiversity conservation strategies, re-
their boundaries at both fine-filter and coarse-filter levels, from mdsting the land cover map for the region, and providing information to
diverse to least diverse? 2) Which county has the most amphibian spaxmunities in the region to aid in local conservation efforts.

GAP Analysis Program Bulletin No. 8, December 1999 57



GAAALYSIS
STATE PROJECT REPORTS

(Status as of fall 1999)

1
|
|
- e -y

B Completed
l 2000
= 2001
l 2002
£ 2003
1 2004

1 update

All completed products and reports will be available through the National GAP Web site at http://www.gap.uidaho.edu/Projects/Data.z
Drafts and other products may be obtained from the state project Pl as noted.

Alabama Arizona

Organizing Version 1 project near completion; Version 2 update under way
Anticipated completion date: December 2004 Anticipated completion date: June 2000; update: July 2004
Contact: James B. Grand Contacts: Kathryn A. Thomas, Project Leader

Alabama Cooperative Fish and Wildlife Research Unit USGS Forest and Rangeland Ecosystem Science Center
Auburn University, Auburn Colorado Plateau Field Station, Flagstaff
bgrand@acesag.auburn.edu, (334) 844-4796 Kathryn_A Thomas@USGS.gov, (520) 556-7466 x235

A Gap Analysis Project for Alabama was initiated December 8arah R. Jacobs, AZ-GAP Update Coordinator

1999, with a Cooperator's Workshop. The anticipated start dat/ 2GS Forest and Rangeland Ecosystem Science Center
March 2000. Colorado Plateau Field Station, Flagstaff

Sarah.Jacobs@NAU.edu, (520) 556-7466 x240

Original AZ-GAP Project:
Alaska X )

The Arizona GAP land cover map, with 54 land cover categories, is

Not started finished and is available at http://srnr.arizona.edu/nbs/gap. The as-
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sessment of this map was completed through a partnership of l@q"fornia
versity of Arizona and Northern Arizona University. The land stew-
ardship map is completed and ready to be incorporated into
final GAP report. Gap analysis for Arizona has been completga,p—home'html)
the tables and graphs are now being finalized. The AZ-GAP final

report is near completion. Our anticipated date of delivery is the

end of February 2000. We anticipate that all the data will be on @Olorddo
Web site (listed above) by the end of March. Near completion

Anticipated completion date: June 2000

plete (see http://www.biogeog.ucsh.edu/projects/gap/

Southwest Regional GAP Project:

Land cover: Arizona, Nevada, Utah, Colorado, and New MexiC@ gniact: Donald L. Schrupp

are embarking on a multiyear project to update GAP in the Soutsiorado Division of wildlife, Denver

west as a coordinated regional effort. The Southwest regional proﬂﬁﬁkris@Iamar.colostate.edu, (303) 291-7277

will develop new digital map databases, focusing first on the land

cover map. A consistent approach for mapping land cover is €s$efq cover: Land cover base coverage is complete and undergo-

tial for success of a regional gap analysis. Consistency across §{g{@ccuracy assessment. Interpretation of air video for accuracy
boundaries can be accomplished by using a standardized clasgiizssment is also complete; preliminary traditional and fuzzy ac-
cation system (rather than each state having a unique system).gpghy estimates have been calculated for both overall map accu-
mapping zones (rather than state boundaries). racy and accuracy of individual types. Interpretation of these sta-

A standardized classification system, the National Vegetation Clastics is under way.

sification System (NVCS), will facilitate use of the land cover mgg,imal modeling: Animal models have been generated for 597

throughout the Southwest. The NVCS is regarded as a major gfghvies, reviewed by cooperators, and applied to generate the spe-
toward enhancing our ability to understand, protect, and MangaQey/stewardship tables for CO-GAP’s final report.

the natural resources of the United States. It provides a hierarchi-d dshio: The land dshi for CO-G

cal framework for describing vegetation and a convention for id ind stewardship: The land stewardship coverage for -GAP

tifying and naming additional vegetation types. A description oS f|naI|ze.d_ with eqns based on Bureau of Land Managements
the NVCS is available at http://consci.tnc.org/Iibrary/pubs/claébs‘ﬁeas of Critical Environmental Concern.

index.html. A set of preliminary alliance names have been devdnalysis: Standard state report tables have been generated and ana-
oped in Arizona, but it is expected that the project will expand aided for the CO-GAP final report. Table information was used to
further define alliances for Arizona. prepare the analysis chapters for the final report, and the chapters

Arizona will use satellite imagery from the latest earth satellite offere d|str|buteq fof team review. Copies were distributed for final
servation system, Landsat 7 Enhanced Thematic Mapper Plusgot%oerator review in November 1999.

delineate preliminary land cover polygons. Itis anticipated that fReporting and data distribution: Development and delivery of
improved spatial resolution (15 m) from the newly added panchfi¢ial CO-GAP deliverables to the National GAP Office is on target
matic band will increase accuracy and definition in land cover md@+ March 2000.

ping. Prior to classification, the imagery will undergo preprocessther accomplishments and innovationsMaterials for the CO-
ing and stratification at a regional laboratory. GAP home page (http://ndis.nrel.colostate.edu/cogap/
Mapping zones will create a seamless land cover map for the Soegigaphome.html) are being developed concurrently with
west by dividing the area into ecological rather than administratiléliverables for the National GAP Office. The CO-GAP home page
units. The use of mapping zones will maximize information e targeted for public access in February 2000 (http://
traction from the satellite imagery by separating the imagery imdis.nrel.colostate.edu/cogap/cogaphome.html).
smaller, more homogeneous areas prior to classification. Additionally, Colorado has joined with Arizona, Nevada, New
Animal modeling: Arizona will cooperate to produce a prelimiMexico, and Utah in initiating the Southwest ReGAP project to
nary consolidated list of terrestrial vertebrate species and preligtend state GAP project work to the landscape level for use in
nary distribution maps for the Southwest region. The SW Ghigdiversity planning efforts in the Southwest. Lee O’Brien will be
Analysis Update five-state team met in January 2000 to developttieColorado state coordinator for the SW-ReGAP initiative. The
interstate strategy for vertebrate distribution modeling. five states have already begun to develop a collective list of their
species models and plan to meet in January 2000 to develop an
integrated workplan.

Arkansas

Complete (see http://lwww.cast.uark.edu/gap/)
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Connecticut

(see Massachusetts, Connecticut, and Rhode Island)

Delaware

(see Maryland, Delaware, and New Jersey)

Florida
Near completion
Anticipated completion date: June 2000

Contact: Leonard Pearlstine

Florida Cooperative Fish and Wildlife Research Unit
University of Florida, Gainesville
pearlstinel@wec.ufl.edu, (352) 846-0630

Georgia
Under way
Anticipated completion date: October 2001

Contact: Elizabeth Kramer

Natural Resource Spatial Analysis Laboratory
Institute of Ecology, University of Georgia, Athens
Ikramer@arches.uga.edu, (706) 542-2968

Land cover: The Georgia Gap Analysis Project began in July 1998.
From January 1999 to January 2000 significant progress has been
made in all areas of the project. Specifically, we have:

1. Developed a protocol and progressed in creating a general land
cover map of the state on a county-by-county basis. To date, 36
counties (out of 159) have been completed. Figure 1 below shows
the progress of the state land cover mapping initiative.

Land cover: A 70-class (59 natural classes) land cover classifice
tion from 1993/94 Landsat Thematic Mapper imagery is complet
All of the classification has been reviewed by the Florida Fish ar

Wildlife Conservation Commission except for two Landsat scene

of the Florida panhandle that are currently under review. Accurau
assessment is also being conducted by evaluating low altituc
geocoded videography and digital photography.

Animal modeling: Habitat-affinity matrices have been completed
and matched to the final land cover classification. The ARC/INF(
AML programs to conduct spatial modeling of species distribu
tions have been completed and tested. Wildlife habitat models w
be run for all species and should be completed by December 19

Land stewardship mapping:The Florida Natural Areas Inventory

(FNAI) of The Nature Conservancy Heritage Program has indt
pendently compiled GIS coverages of conservation lands for Floric
GAP ownership and management codes have been added as
tributes to the FNAI coverage. FNAI is working with FL-GAP to
translate their protection status rankings to the ranking scheme
quired for GAP.

Analysis: We are awaiting completion of the Florida land steward
ship coverage to begin analysis of the land cover types. Analysis
the wildlife habitat models will be conducted as the models ai
completed. Expected date of completion for the analysis is la
December 1999.

Reporting and data distribution: The land cover and wildlife mod-
eling methodology sections of the final report are nearing compl

Status of first iteration of landoover map as of 11 April #2000,
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tion. Draft products can be viewed at the FL-GAP Web site Rigure 1. Status ot tne general lana cover map Tor Georgia.

www.wec.ufl.edu/coop/gap. As products are completed, they will

be available on the FL-GAP Web site.
Publications:

Allen, C., L. Pearlstine, and W. Kitchens. (Accepted). Modeli
viable mammal populations in gap analys&sological Con-

servation.

2. Ground-checked two of the above counties with a reported over-
all accuracy of 87%.

Continued to refine the list of vegetation alliances to be mapped
the second iteration of the land cover mapping effort. In some
instances this required aggregating several alliances into a single

mapping unit.
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4. Began development of rules to be used in predicting aggregdtefip greer.ecology.uga.edu, 2. cd pub, 3. bin, 4. prompt, 5. mget

vegetation alliances. conservation.*, 6. bye.
5. Continued training seven image processors to implement the @tper accomplishments and innovationsGA-GAP will provide
etation mapping protocol. the base map for the Georgia Land Use Trends analysis program

Over the next 12 months, we anticipate completing the general I§R4UT), & 1-million-dollar project funded by The Turner Founda-
cover map of the state and will implement models of the distriB{n- The GLUT project will also be run by Dr. Elizabeth A. Kramer
tion of vegetation alliances. Additionally, we will engage in a s&f UGAS Institute of Ecology in cooperation with UGAs Carl
ries of ground-truth surveys to assess the accuracy of these m4pson Institute of Government. The project will retroactively cre-
We are also working with Dana Slaymaker of the University afe:?\senes of land cover maps for the state of Georgia represent_lng
Massachusetts to develop a new color infrared digital video s{é¢ increments for the past 25 years to show how Georgia's rapid
tem, which we will use to gather high-resolution land cover datadfPWth has affected land use in urban and rural areas.

the spring/summer and fall of 2000.

Animal modeling: To date, a list of Georgia’s vertebrates has be .

compiled, and a literature search is under way to determine hab wall

requirements for vertebrate species known to breed or winteOifyanizing

Georgia. Thesg requirements are being entered into a relat'%ﬁ"cipated completion date: December 2004

database and will be cross-walked to the general land cover classi-

fication and, when possible, to the more detailed vegetation alli-

ance classification. From this database, individual species mo@dstact: Samuel M. Gon Il

will be built to determine spatial distributions of the vertebratesTie Nature Conservancy of Hawaii, Honolulu

guestion. Locational information on rare species across all tag@n@tnc.org, (808) 537-4508 x241

will be obtained from the Natural Heritage Program’s element oc-

currences database from the Georgia Department of Natural Reid cover: Initial drafts of land cover have been completed for
sources. Additionally, agreements are being set up with the Geative vegetation. The goal is to develop more detailed units for
gia Museum of Natural History to obtain a copy of the databaseboth native and non-native vegetation. Masks for urban and major
distributional records for all vertebrates in their collection, includgricultural lands are planned. (Note: A graphic of Hawaii land
ing fish. GA-GAP has also implemented a pilot program focusiogver can be vawed in theWeb version of the Bulletirat http://

on the development of methods for aquatic gap analysis. www.gap.uidaho.edu/Bulletins/8.)

Land stewardship mapping:With funds provided by the U.S. En-Animal modeling: Compilations of Natural Heritage Program oc-
vironmental Protection Agency, Region 4, land stewardship mapirence records for endangered birds are complete. We intend to
ping has been completed, and a CD-ROM of the data has beengravene working groups to develop range maps for birds, bats, and
vided to the National GAP office. See the section on data distrikalected native invertebrates.

tion for details on how to obtain a copy of this database. To date; 144 stewardship mapping: Major land ownership patterns for
agencies and many individuals have requested and received cqRi€State are completed. We will develop management classes
of the Georgia Conservation Lands database. through working group meetings and assign these attributes to ex-
Analysis: We have begun a preliminary analysis of the distributigsting managed land units.

and status of protected lands in the state, addressing such questiggsis: We intend to adapt analysis algorithms of other states to
as the proportion and spatial distribution of: protected lands in e%ﬁ'bly to the higher resolution needed for small tropical insular sys-

category of GAP status, protected lands in each ecoregion, pidss e will convene the analysis working group on this matter.
tected lands that allow timber harvesting, and a breakdown of the

protected lands by managing authority. This analysis will continue
over the next 12 months as the land cover maps and vertebrateltas— h
tribution maps are developed. ano

Reporting and data distribution: Maintenance of the Georgia con-version 1 publishe_d in the peer-reviewed literature. Version 2 up-
servation lands database has been turned over to Chris Canalflgtgfnear completion.

the Georgia Department of Natural Resources, Wildlife Resouréegicipated completion date: June 2000

Division, phone: (706) 557-3032, fax: (706) 557-3033, e-mail:
chris_canalos@mail.dnr.state.ga.us. The database and its associ-
ated metadata can be downloaded from the Georgia GIS data ¢ gptact: Leona_K. Bgmar _— .

inghouse (http://www.gis.state.ga.us/) or received via anonym gl@ 0 Coo_perat|ve Fish and Wildlife Research Unit, Moscow
FTP from the NARSAL Lab at the Institute of Ecology, Universit onab@uidaho.edu, (208) 885-5788

of Georgia (UGA), following these instructions: ttp:/www.wildlife.uidaho.edufidgap.htm
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Land cover: The ID-GAP land cover layer and final report chaptevard along the Mississippi River as well as in northeastern lllinois
are complete. The land cover classification recognizes 81 camghe coming year. Furthermore, we will explore methods for con-
types and is mapped at a resolution of 0.09 ha with a 2 ha MMUucting accuracy assessment in anticipation of completing the veg-

Animal modeling: Wildlife habitat relationship models have beeftation classification.

completed for 375 terrestrial vertebrates in Idaho. The models/Aanémal modeling: We have created a list of amphibians, reptiles,
stored as georeferenced TIFF images with a native resolutioraiol mammals to be mapped. We are using specimens collected by
0.09 ha. the Illinois Natural History Survey (INHS) and the University of

Land stewardship mapping: The revised Idaho land stewardshiﬂ)”inOiS Museum of Natural History to obtain locational records for
database is also complete. This data set represents a signif@@fft Species. We have also obtained museum records from the

improvement over the original Idaho land stewardship layer by #mithsonian, American Museum of Natural History, Chicago Field
creasing spatial resolution to a 2 ha MMU and incorporating ma#{/Seum, Kansas State Museum of Natural History, and Museum
of the smaller managed areas in Idaho. of Vertebrate Zoology at Berkeley. Furthermore, we have obtained

input from wildlife habitat biologists throughout the state regard-

Analy§is: Analysis of the protect_ioq status of Iplaho's_land ?OV%Q species known to occur in their district. We have completed
types is complete. Analysis of wildlife habitat distributions will bﬁ1apping the amphibian, reptile, and mammal collection of the Illi-

completed in early December 1999. nois Natural History Survey and the University of lllinois Museum
Reporting and data distribution: The final report for ID-GAP is of Natural History. We are currently mapping the mammal collec-
awaiting completion of the wildlife habitat distribution analysisions of Illinois from other museums. We plan to conduct an expert
All data, metadata, and documentation are currently available fgfiew of the amphibian and reptile range maps as well as finish up
download from the URL above or by contacting the Idaho Coape habitat associations. We will also continue gathering habitat
erative Fish and Wildlife Research Unit. association information for each mammal species. Information

Other accompﬁshments and innovationsWe have conducted agathered preViOUSly for the Illinois Fish and Wildlife Information
gap analysis of geomorphologic and climatic features in Idaho. Rxstem will be helpful in developing habitat associations. We will

will compare the results of this analysis with those from land cowse the breeding bird survey for lllinois and the lllinois Breeding
and wildlife habitat analyses. Bird Atlas to create a list of bird species to be mapped and begin

delineating ranges for those species.

Land stewardship mapping: We have developed a land steward-
"linOiS ship map for lllinois, attributed general ownership categories, and
assigned management status levels. The GAP coding scheme for

Under way land units has been assigned to each property. The database need:s
Anticipated completion date: December 2001 to be reviewed to determine if all properties have been included.
Analysis: We have completed some preliminary analyses using
Contacts: Jocelyn L. Aycrigg, GAP Coordinator amphibian, reptile, and mammal locational data to create species
lllinois Natural History Survey, Champaign richness maps using the EMAP hexagons. We have also started
aycrigg@mail.inhs.uiuc.edu, (217) 244-2111 some analyses of species that occur only in southern lllinois, for
which we have a completed alliance-level classification. We will
Linda Schwab, Assistant GAP Coordinator continue to do more analyses as our species and vegetation map-
[llinois Natural History Survey ping progresses.
schwab@mail.inhs.uiuc.edu, (217) 265-8425 Reporting and data distribution: In the coming year, we will fin-

ish the statewide alliance-level classification of vegetation and con-
Land cover: A general land cover classification for the state wague our work on the species modeling. We will start writing seg-
completed in October 1995. This classification identified 19 langknts of the report in the coming year.

cover classes: four urban, three forest and woodland, three agri&lﬂl]-er accomplishments and innovationsA Web page for the

ture, two grassland, five wetland, and two other categories (Wé}fﬁﬁois Gap Analysis Project has been created and can be viewed at

and barren areas). The alliance-level GAP vegetation CIaSSifW@\iw.inhs.uiuc.edu//cwe/gap/gapintro.htmI. We were able to ob-

tion IS _bemg performed by s_trgufymg along land cover cIass?acrl.n new cooperators with the assistance of the lllinois Department
Classification protocols are similar to protocols for UM-GAP (seoq Natural Resources. The U.S. Department of Agriculture’s Na-
Bulletin No. 5, p. 35). Classification to the communlty/alhanclgonal Agricultural Statistics Service and the lllinois Department of

level has been completed for sothern lllinois. We have CONCRBticulture have agreed to work with us to obtain and classify state-
trated our efforts on the western side of the state along the M|s\§)- e TM imagery

sippi River near East St. Louis. We have obtained ancillary data ) o . ) .
such has DEMs and forest inventory information, which have Rgesentations on the lllinois Gap Analysis Project were given to the

sisted us in our classification. We plan to classify TM scenes nofRDiOr agency managers of the lllinois Department of Natural Re-
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sources, the lllinois Board of Natural Resources, the Illinois Cha@ssessment of biodiversity, recently received two major grants to-
ter of The Wildlife Society, and a University of lllinois class oteling over $60,000 to continue the Initiative’s work. The Indiana
Ecosystem Management. Biodiversity Initiative functions as the implementation arm of Gap

Listed below are projects that are starting up, ongoing, or have b@B@lYsis in Indiana. The Grand Kankakee Marsh National Wild-

completed using the Land Cover Database of lllinois as well /4@ Refuge, which used GAP data from both Indiana and lllinois in
other data developed as part of GAP. its design, was approved by the Regional Director of Region 3 of

the U.S. Fish and Wildlife Service in August 1999.
* Modeling wild turkey habitat in the lllinois landscape. T. Van ¢

Deelen, P. Brown, M. Joselyn, D. Greer, T. Maples, and J. Garver.
 Dispersion of gray and fox squirrels. D. Rosenblatt and E. He

» Fox and coyote ecology in central lllinois. T. Gosselink, T. V%‘nder wa
Deelen, R. Warner, and P. Mankin. y

e Habitat use by raccoons and opossums. E. Heske anciA‘I:.St.lclpate‘j completion date: December 2001

Rosenblatt.

« Identification and classification of critical wildlife habitat. PContacts: Bruce Menzel, Co-Principal Investigator

Brown, M. Joselyn, J. Aycrigg, L. Suloway, and B. Zercher. Department of Animal Ecology
lowa State University, Ames

bmenzel@iastate.edu, (515) 294-7419

Indlana Kevin Kane, Co-Principal Investigator
Near completion Manager, ISU GIS Support and Research Facility
Anticipated completion date: August 2000 lowa State University, Ames

kkane@iastate.edu, (515) 294-0526
Contact: Forest Clark _ . The lowa Gap Analysis Project (IA-GAP) is in its third year. An
U.S. Fish and Wildlife Service, Bloomington IA-GAP home page is accessible at http://www.ag.iastate.edu/cen-
forest_clark@fws.gov, (812) 334-4261 x206 ters/cfwru/iowagap/.

) . . Land cover: Preparation of the land cover map has not progressed
Land cover: The Indiana land cover data layer is complete andis ~ . - -
rapidly as we had hoped, thus we are revising our anticipated

being _used N umerous projects, including as a foundation .G%E?npletmn date for the land cover to December 2000. Measures
layer in the regional assessments under way by the Indigna . o
2 . A - have been taken to speed up the unsupervised classification process

Biodiversity Initiative. These data have also been made availgble . . .
reducing the number of ambiguous cover classes that require

on request to agencies, consultants, and NGOs. We hope to é%v

this and the other primary data layers on the Web early in 2000 a%vely longer amounts of time to differentiate. We reduced the
number of lowa land cover classes that can reasonably be mapped

Animal modeling: The Indiana vertebrate models were completeg 29. Three Landsat scenes, representing about 40% of the land

and integrated with the vegetation map to produce a draft prodifela of lowa, have been mapped with these cover classes.

for review. A panel reviewed the models and identified those for . .
which improvements were possible with the data available to lﬂe1998, we completed the aggregation of National Wetland Inven-

. . ory data into five major classes of wetlands (temporary, seasonal,
project. These revised models have been drafted and are currén Y. )
ipermanent, permanent, and open water). In 1999, this data

being converted to digital form. We plan to run the entire set of
Y gite . P layer was integrated into the Phase 1 land cover map for the entire
vertebrate models early in 2000.

state. Wetland vegetation is then classified using Wetland Inven-

Land stewardship mapping: The Indiana land stewardship datgory codes and Landsat imagery with a recoding and overlay tech-
layer is complete. Coding of stewardship types based on a mamage,

devgloped for the project is ongoing. The basic protchoq Sta\tﬁjssummer 1999, we conducted field surveys of natural and
coding is complete, and these data are ready for the analysis phasge. S o : .

. _ . . . seminatural vegetation in 32 additional counties across lowa with

Analysis: The Indiana project will conduct the analysis over thfie majority being in the western part of the state. These data were
winter 2000. digitized and will be used to assist in assigning map labels to classes
Reporting and data distribution: The Indiana project has beergenerated during the unsupervised classifications.

working on various sections of the final report and proposes to fithe |A-GAP staff continues to meet biannually with staff from

ish the first draft by late spring 2000. Kansas, Missouri, Nebraska, South Dakota, and North Dakota to
Other accomplishments and innovations:The Indiana share data and information on polygon edge-matching, legend com-
Biodiversity Initiative, which is using GAP data extensively in itgatibility, accuracy assessment, and other problems that are com-
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mon to GAP in the Great Plains Region. State University of New York-Syracuse, to discuss procedures for
Vertebrate modeling: Species lists for mammals, birds, reptiledh® pilot field study conducted in 1999. We selected a four-county

and amphibians are compiled and include state, federal, and gl§g® in NE lowa to conduct our portion of the pilot study and col-
status codes for each species. These lists, which are ready folegked data from 145 sites in September and October 1999. Each
pert review, appear on the IA-GAP Web site. Selected scient/@@domly selected pixel was located using a real-time GPS unit.
from across the state are being invited to serve as expert revielr@ Pixel in a nine-pixel matrix (target pixel in the center) was

of the species lists and habitat models. During 1999 we contin@&gessed for vegetation and land cover and assigned a class corre-

to assemble historical data from museum and private collectiGR@Nding to one of the 29 map labels. The results of the pilot study
and to compile information from the literature on species occ@€ expected to be available by March 2000, when a decision will
rence, geographic ranges, and optimal habitat requirements. be made whether to proceed with a regionwide accuracy assess-

. . ment.
Modeling of lowa vertebrates has begun. Our goal is to complete
the modeling effort by December 2000 and begin the preparation
of distribution maps in January 2001, soon after the land cover

P
is complete. r‘i?cmsas

Land stewardship: We continued to acquire data on legal boundnder way

aries of federal, state, and county lands in lowa. Acquisition Afticipated completion date: April 2001

county properties has consumed the most time; of 99 counties, 60

have been completely digitized, 20 are near completion, and data ]

for an additional 8 counties have been acquired but not digitiz&@ntact: Glennis Kaufman

Data have been requested from the remaining 11 counties. as State University, Manhattan

land boundaries were initially digitized by the lowa Department 8kaufman@ksu.edu, (785) 532-6622

Natural Resources in 1991. This database has been recently up- )

dated by the Department of Natural Resources (DNR) to incldgd cover: Currently, mapping of the state has been completed to

new acquisitions and other changes up to mid-1999 and willtBg cropland/natural \{egetat|on stage. All qf the Ianq cover has

made available to IA-GAP in January 2000. Boundary informati@f €N classed to the alliance Ieve_l, but we contlnu_e to refine the cover
for federal lands has been obtained from the U.S. Fish and Wildfi{gsses- The land cover layer will be completed in December 1999.
Service and the U.S. Army Corps of Engineers. We anticinH”ng the following nine months, accuracy assessment of the land

completion of the land stewardship layer for IA-GAP in summ§&PVer layer will be ongoing with a heavy investment of time occur-
2000. ring during summer 2000. Figure 1 demonstrates current progress

see Web version of the Bulletintgtp://www.gap.uidaho.edu/Bul-
Other accomplishments:Extension wildlife staff at lowa State Uni—l(etins /8) P gap

versity, Department of Animal Ecology, with the help of an educa- ) o ]

tional grant from the lowa Resource Enhancement and Protecfigiinal modeling: Currently, species lists of terrestrial vertebrates
program, conducted eight NatureMapping training workshops acrifs§€ mapped are finalized following expert review. Range distri-
the state in 1999: 110 people were trained. The program has &N maps are being generated based on museum collections,
enthusiastically received by a diverse group of people, incmdi%bl!catlons, and current observations. We estimate that 85% of
school teachers and environmental educators, landowners, nongfiiifiterature has been collected for vertebrate models, and we are

conservation groups, businesses, and agencies. A database and'ldfi Process of building wildlife habitat relationship models both

NatureMapping Web site are currently under developmeﬂfﬁ.r the state and Great Plains region. Ancillary databases also are

NatureMapping data will be sent for accuracy assessment to I®&ginNning to be discussed and built for use in the predicted habitat
State University via the NatureMapping Web site, then stored ifelationship models. During the next nine months, all wildlife habitat

publicly accessible database at the State of lowa GIS Office serféationship models will be completed. Drafts of predicted species

Additional funding is being sought to carry NatureMapping to aHLsfributions will be completed and sent out for expert review. Fol-

other level during the coming year. lowing expert review, final species distribution maps will be gener-

In spring 1999, EPA Region 7 agreed to partially fund a pilot stugg/e{j' . . |

to develop field and analytical techniques for accuracy assessnyéf! Stewardship mapping: Currently, the land stewardship layer
using ground surveys and the pixel (30 x 30 m) as the basic s&R€ar completion. Polygon boundaries are done for 210 managed
pling unit. The statistics laboratory at lowa State University is d&®@s throughout the state. As more land is purchased for conserva-
veloping a protocol for sampling design and data analysis to{9@ in the state, we will update the layer to keep it current. A
used in a regionwide approach for accuracy assessment of land c3¢gioer of attributes (e.g., owner, county of location) already is in
maps. In March 1999, coordinators from Missouri, lowa, Kansé.'i‘,‘,a datapase that goes along WIFh polygons_. We are in the process
and Nebraska met with EPA administrator Marla Downing and staf-duerying land unit managers in cooperating agencies about the
isticians Sarah Nusser, lowa State University, and Steve stehrifg! of protection in each area and will add this attribute informa-
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tion as it is obtained. Our goal is to complete the stewardship lagethe Kentucky Department of Fish and Wildlife Resources

by June 2000. (KDFWR), and the review process for the ranges has been com-
Analysis: Analysis will be conducted by the end of 2000. pleted. Final range maps will be completed in December 1999.
We are completing our database of the habitat association for each
S - species. We are also establishing a Web page, with the aid of
?re expected.to be |n|t|at|ed b);]fafl! 2?00’ and we anticipate as FWR, for the review of our habitat association information. The
oran extenspn to comp etg the |n.a report. habitat associations will be posted for review by the end of 1999.
glth_er a;gocrrépglgh;nenés andflnnovaélolnsWefhave ctr)eated a Q;gatl addition to the required tasks of Gap Analysis, we are using the

ans atabase for modeling of vertebrates within cies range maps to map species richness in the ecoregions and

Great Plains states (North Dakota, South Dakota, Nebraska, siographic provinces of Kentucky. We have presented our analy-

sas, and lowa). This database should allow us to produce sea Sof species richness at the 2nd Annual Biodiversity Conference

maps of the predicted distributions of Great Plains vertebrate%m/\/estem Kentucky University and the 1999 Kentucky Academy
the future.

of Science meeting at Eastern Kentucky University. Through meet-
ings such as these we maintain open communication with biolo-
gists, educators, and other interested parties in the state.

Reporting and data distribution: Reporting and data distribution

KentUCky The database of final habitat associations will be produced during
Under way 2000. Also, we will produce an initial wildlife/habitat relationship
Anticipated completion date: June 2002 model for each species. We plan on making draft maps of the pre-

dicted occurrence of species depending upon the status of the veg-
etation mapping for Kentucky.

Land stewardship mapping: Work on the stewardship layer has
focused on assessment of data available. Agencies at the federal,
state, and local government levels as well as nongovernment orga-
nizations were contacted. Available information regarding data for-
mat (digital or analog), management status, contact names, etc. were
obtained. Existing digital coverages will be acquired and converted
to a common projection during 2000. The large amount of nondigital

. . . . ownership data makes it improbable that all managed lands in Ken-
Keith Wethington (land stewardship mapping) tucky will be included in the final analysis. A method for prioritiz-

Kentucky Department of Fish and Wildlife Resources, Fra“"fo'fh the conversion of analog to digital data, focusing on conserva-
keith.wethington@mail.state.ky.us, (502) 564-7109 tiogn lands. will be developeg g ’ d

Contacts: Tom Kind (land cover)
Murray State University
tom.kind@murraystate.edu, (270) 762-3110

Terry L. Derting (animal modeling)
Murray State University
terry.derting@murraystate.edu, (270) 762-6327

Land cover: All data layers for one physiographic province, the

Shawnee Hills of the Interior Low Plateaus, have been produced. . .
Layers include interpreted air video points, classified TM data, ¢ uisiana
vexity/concavity, slope, aspect, and National Wetlands Inventtgar completion
(NWI). _A draft of a detailed vegetatlon_ map containing naturﬂhticipated completion date: June 2000
vegetation map units for the Shawnee Hills has been produced, us-

ing a decision tree process, and is under review. Air video flight

lines in other portions of the state have been ground-truthed, @atact: Jimmy Johnston (project leader)

air video has been recently collected over the eastern part ofUls& S/National Wetlands Research Center, Lafayette
state. The short-term goal for the coming year includes incorpojiatmy_johnston@usgs.gov, (318) 266-8556

ing urban (high and low density), agriculture (pastureland/grass,

cropland), and mined lands (bare ground, revegetated) into the dB&dt/e Hartley (land cover, analysis)

map. Completing a draft map of the entire state is the major gd8iGS/National Wetlands Research Center, Lafayette
for the coming year. steve_hartley@usgs.gov, (318) 266-8543

Animal modeling: Considerable progress was made in 1999 to- _ ] ] ] .
ward modeling vertebrate distributions in Kentucky. We finalizéd@nd cover: The land cover section for the final report is 98%

the list of terrestrial vertebrate species to be modeled after itsG@TPlete, with an anticipated completion date of December 1999.
view by our state experts. Our final species list includes 51 rept@é‘,ta directory structure for flnal CD distribution was completed in
52 amphibian, 63 mammal, and 198 bird species (364 specie&%tpber 1999. We are working on the metadata for ancillary data
tal). Range maps of current distributions were delineated. A WSS

page for the review of the range maps was constructed with the aid
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Animal modeling: Species distribution maps were reviewed ardnd have been completed as draft maps. The remainder of Mary-
corrected. Final digital data were delivered to the project officelamd and New Jersey will be completed early in 2000, and accuracy
August 1999. Hyper-distribution maps were created for all foassessment will begin at that point.

major vertebrate groups (mammals, birds, reptiles, and amphibiatgd mpts to install the necessary hardware to import our video into
in October 1999. Data directory structure for final CD distributioN)s format are under way. This will enable additional video to be
was completed in October 1999. The animal modeling section fagq in the classification process where GPS capture was intermit-

the final report is 98% complete, with an anticipated completigth quring video flights (e.g., over the mountains in western Mary-
date of December 1999. We are still working on the metadata.|and)_

Land stewardship mapping:The data directory structure for finala project Web page has been developed and will be available soon
CD distribution was completed in October 1999 for Louisiangg; |ink to the national GAP Web page. Status of the project as well

land stewardship and management. The Land Stewardship 2adyailability of products may be determined from information
Management section for the final report is 98% complete, with &q at that location.

anticipated completion date of March 2000. . . .

] . Animal modeling: In 1999, most of the vertebrate modeling work
Analysis: The analysis of land cover types and vertebrate Spegjg3yived finalizing habitat layers, completing development of the
by land stewardship and management status was completed infagshase, and fine-tuning the modeling software. In addition to
tober 1999. Data directory structure for final CD distribution Wagnq cover-derived habitats, the habitat layers used in the modeling
also completed in October 1999. The Analysis section for the fifigly,de wetland/riparian buffers, elevation, forest area (measured
report is currently under way, with an anticipated completion dg§@ thickness), riparian forest width, forest isolation, edge habitats,
of December 1999. road density, land use (e.g., pasture), aquatic habitats, special habi-
Reporting and data distribution: Currently, the National Wetlandstat features (e.qg., cliffs), and other special habitats that are gener-
Research Center is in the process of writing the final report, withaly smaller than the land cover MMU (e.g., vernal pools). The
anticipated completion date of April 2000. feasibility of developing other potentially important habitat layers

(e.g., sails) is still being evaluated.

The database includes tables for species-unique codes, species
Mqine modeling status, species range, species/habitat associations by taxa,
forest metrics relationships (e.g., for forest interior dwelling birds),
species guilds, species taxonomy, habitat types, habitat cross-walks
(e.g., to alliance), species/landform relationships, species/wetland
buffer relationships, species-special habitat features relationships,

Complete (see http://wim13.umenfa.maine.edu/progs/unit/gap)

MC"qund, Delaware, & New and several other tables to be used in the modeling or for various
Jersey gueries. The database was developed in Personal Oracle8 and has
] been successfully imported to MSAccess. The modeling software
Near completion was developed through ArcView Avenue scripting to enable as much
Anticipated completion date: October 2000 automation of the modeling as possible and includes some nice

custom query capabilities. Draft models and distribution maps will
be sent out for expert review during the winter of 1999/2000, and
Contact: Ann Rasberry (land cover)

. final models will be run by April 2000.
Maryland Department of Natural Resources, Annapolis . . ] .
arasberry@dnr.state.md.us, (410) 260-8558 Land stewardship mapping: During 1999 the stewardship layer
for the Maryland portion of the project was completed. The Dela-

ware portion is essentially complete; the work is under review as of

Rick McCorkle (animal modeling) : i
November 1999. For New Jersey, private conservation lands data

Delaware Bay Estuary Project

U.S. Fish & Wildlife Service have been collected, but the public lands data are still outstanding.
richard_mccorkle@fws.gov, (302) 653-9152 x17 The land stewardship layer is expected to be completed for Dela-
- ware by the end of 1999 and for New Jersey in early 2000.
Timothy A. Palmer (land stewardship) Analysis: GAP investigators expect to complete analysis of the pro-
Maryland Department of Natural Resources tection and management status of biodiversity in Maryland and
tapalmer@dnr.state.md.us, (410) 260-8559 Delaware by spring 2000 and expect the New Jersey analysis to be

completed by late summer 2000.

Land cover: During 1999 the land cover mapping made S.ignifheporting and data distribution: The final report writing for Mary-
cant progress (see map in Web version of Bulletiitgi:// |3nq Delaware, and New Jersey has begun and should be com-

www.gap.uidaho.edu/Bulleting/8 The Delmarva Peninsula, the,jeted by October 2000. The GIS layers for Maryland and Dela-
piedmont, southern New Jersey, and eastern mountains of Mary-
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ware will be distributed in ARC/INFO/ArcView format, with assohabitats were identified throughout the Connecticut River water-
ciated data tables in Microsoft Access format, on CD-ROM. ghed for priority species of neotropical migratory birds. We plan to
similar approach will probably be used in New Jersey. The statedo the vertebrate habitat maps once the revised land cover map is
and availability of these products will be reported via the GAP Watzailable.

page. Land stewardship mapping:All conservation lands in the region
Other accomplishments and innovationsBy developing our ver- are mapped and classified according to conservation status. The
tebrate modeling scripts in ArcView's Avenue, we have providedtabase for Connecticut was not as well developed as for Massa-
both a user-friendly interface for accessing data tables and custbosetts and Rhode Island. Over 15% of Southern New England is
control over the modeling process. Users can query for specitssgsified as conservation lands, and about 7% of the land area was
habitat relationships or maps of species distributions, or surveydtessed in the categories 1 & 2.

base GIS layers used in the modeling; lists of species occupaRyiysis: Species richness analyses have been completed. The fi-
can also be generated from input of habitat information. In adgl; gap analysis will be complete by June 2000.

tion, users can query the community alliance and wildlife habitat

tables, generating a list of potential alliances/habitat by input (?Iportingr]] aréd dar:adislzlributlizcm:lAllgaéa Iaxersl are churrently availr—] y
plant species, location, or physical characteristics of the site. le on the Southern New England Gap Analysis home page (http:

forts are under way to make this software package portable for eng;sider.fnr.umass.edu/gap.home.html). We plan to distribute t_he
tual distribution of the GAP data sets. vertebrate models and predicted habitat data layers as an ArcView

) ] ] . _ project. Revision of the land cover map will begin in April 2000.
Data sets are being used for considerable analysis even in their final vegetation map will not be distributed on CD until revi-

form. Examples include identifying areas with high potential fQfyns are complete. A manual for incorporating GPS-logged aerial
supporting forest interior neotropical migrant songbirds on tbﬁieographyinto land cover mapping efforts is under development
Delmarva Peninsula, priority sites for forest restoration and/or &gy will be distributed on CD-ROM in May 2000. The final report

quisition, and a multiagency federal, state, and private collabaigy 4 report on accuracy assessment will be available in June 2000.

tion on the Delmarva Peninsula (the Delmarva Conservation Corri- . . :
dor Initiative). Other accomplishments and innovations:Conducted two one-

day workshops for regional planners on “Gap Analysis in the Con-
necticut River Watershed: Landscape-based Approaches for Con-
serving Biodiversity. The workshops were funded in part by the

MGSSGChuse"S, ConneChCUt, & Silvio O. Conte National Fish and Wildlife Refuge and the Univer-
RhOde |S|C|nd sity of Massachusetts.
Complete; update under way
Anticipated completion date: June 2000 MiChian
Under way

Contact: Curtice Griffin and John Finn
University of Massachusetts, Amherst
cgrifin@forwild.umass.edu (413) 545-2640
finn@forwild.umass.edu (413) 545-1819 Contact: Mike Donovan

Michigan Department of Natural Resources
Land cover: An accuracy assessment of the land cover map cavichigan Resource Information System, Lansing
pleted in 1997 is now under way. Preliminary results indicated tdahovanm@state.mi.us, (517) 335-3445
there were significant classification errors, especially in the Cape
Cod region. An error model is being developed from the accura@nd cover: Classification of the Northern Lower Peninsula is ex-
assessment project. A revised land cover map will be developedted to be completed in the second quarter of FY 2000. Classifi-
from this error model. Additionally, development of a new lanzhtion of the Southern Lower Peninsula will begin in the first quar-
cover map is planned within the next 18 months as part of an N&¥-of FY 2000. Classification of the Eastern Upper Peninsula is
funded project with the Department of Computer Science at theected in the second or third quarter of FY 2000. The Western
University of Massachusetts. Upper Peninsula is completed in a preliminary version that upon

Animal modeling: With completion of the expert review of mam/E€VIEW May require revision.

mal range maps during summer 1998, all vertebrate models Ananal modeling: The animal modeling effort will begin in FY
complete. Predicted habitats for all 273 vertebrates modeled in2880 with an expected collaboration with Michigan State Univer-
Southern New England region were identified and coarse spesigs

richness maps developed for each taxonomic group. Additionally,

Anticipated completion date: September 2002
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Land stewardship mapping: The stewardship layer was begun ifRichard B. Minnis (coordinator)
1996 and continues. Completion is expected in summer of 2000S Cooperative Fish and Wildlife Research Unit

Analysis: Gap analysis is scheduled to begin in FY 2001. Mississippi State University

rminnis@cfr.msstate.edu, (662) 325-3158
Reporting and data distribution: Land cover and stewardship data @ (662)

will begin to be served by UMESC in the second and third quaref, g cover: Land cover mapping has been completed. The final

of FY 2000. map product has been aggregated to 43 classes. Among them are a
number of classes discerning structure or age of the overstory veg-
Minnesoia etation. Part?cu]arl_y, f_?ur plasses have been obtained t.ha.t relate to
the age of Mississippi’'s pine ecosystems. Although this informa-
Under way tion is not required for the current mapping standards, the person-
Anticipated completion date: September 2002 nel from the Spatial Information Technologies Laboratory at Mis-

sissippi State University believed they could extract this informa-
tion from the TM images. These data have proven very useful in
refining vertebrate distributions for species such as Red-cockaded
Woodpecker Ricoides borealis and Bobwhite QuailGolinus
virginianug. Accuracy assessment is nearly complete and should
be finalized by December 1999. Map classes have been associated

ith NVCS alliances for each of the five ecoregions in the state.
Land cover: The state has been divided into 29 spectrally con ¥ g

o : ._Metadata construction is in progress.
tent classification units (SCCUSs) based on a procedure descrlbzkg?n ) . e ) g ) ) )
the Upper Midwest GAP Image Processing Protocol. Ten clad¥nimal modeling: Wildlife habitat relationship models are being

fied SCCUs, complete with accuracy assessment, are schedule@iigfied to the final vegetation layer. Finished models are under
delivery to UMESC in the first quarter of FY 2000. review by vertebrate committees. Amphibian and mammalian spe-

cies are finished pending final review. Bird species are still under

Animal modeling: A working group of species experts has bee>Q:rutiny by the review team. Ancillary data from 900 bird point

formed by the Wildlife Section of the Minnesota DNR. ‘Work ounts conducted in Mississippi’s national forests and a large col-

vvlard.f,"tge Qeyeloprr;%rgoof the vertebrate species distribution M@%%on of museum records have aided in the refinement of habitat
els will begin in FY ' relationships and distributions. Models are expected to be final-
Land stewardship mapping:Preliminary public ownership/stew-ized and reviewed by early spring 2000.

ardship mapping is completed. The map is based on an ARC/INFaQ\d stewardship mapping: The land stewardship layer for the

vectorf coverage 'c:)f the EUb”C Lanld Survey(.j Sfe40(;ion corners %reﬁe is complete. The Mississippi Department of Wildlife, Fisher-
geore erence d Erorr;} t4(§>se, a p? ygon gri] 0 _—bacredtfractsi §,Sand Parks provided MS-GAP with GPS-located boundaries for
een generated. Eac -acre polygon is then attributed for OWLPKtate and federal lands. Additional properties, such as TNC and

manager, stewardship ce}tegory, etc. In FY_ 2000 UMES,C w ll IOl lands, have also been incorporated. Metadata construction is
walk the MN DNR public owner categories to the official GAPear completion for these data

categories. Independent verification and cross-referencing of the . ]
Minnesota DNR lands stewardship classification will begin in PAnalysis: Macros have been written to perform the final analyses

Contact: David Heinzen

Minnesota Department of Natural Resources
Resource Assessment Unit, Grand Rapids
david.heinzen@dnr.state.mn.us, (218) 327-4449 x222

2000. for the project. Testing of the macros on preliminary distributions
has proven effective. All analyses should be complete by late sprin
Analysis: Gap analysis is scheduled to begin in FY 2001. 2008 y P y pring

Reporting and data distribution: Land cover and stewardship dat??eporting and data distribution: The final report is being written

vvfil::t;eggégo be served by UMESC in the second and third quaré%rphases of the project near completion. The land cover section is
0 ' nearly complete and will be finalized with the accuracy assessment.

Sections on stewardship and vertebrate distributions are currently
Mississippi in progress with completion expected in late spring 2000.

Other accomplishments and innovationsThrough the process

Near completion . . .
P of data acquisition and sharing and development of strong working

Anticipated completion date: January 2001 relationships with MS-GAP cooperators, a movement has started
in the state to provide “life after GAP.” Cooperative research ef-
Contact: Francisco J. Vilella (principal investigator) forts to apply knowledge and expertise in the field of spgtial tech.-
MS Cooperative Fish and Wildlife Research Unit nology to .natural resource management (such a_s.applylng spa_tlal
Mississippi State University tephnolc_)gles to gon§ervailon law enforcemept,.alldlng Partners-m—
fvilella@cfr.msstate.edu, (662) 325-0784 Flight with establishing priority lands, and optimizing locations for
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aquaculture facilities) have prompted an initiative to be placed hgralysis: Complete. Species biodiversity as measured by species
fore the Mississippi legislature. The initiative, called the “Naturgthness was calculated on five spatial extents. These included
Resource Decision Support System,” would provide recurring furginty, EMAP hexagons, 7.5-minute quadrangle, quadlet (1/6 of
to support three new employees at Mississippi State Universgfifadrangle), and public land survey section. These results were
These persons would provide biannual updates and refinementstaprehensively reviewed against the Missouri Fish and Wildlife
the MS-GAP land cover and provide support to agencies in tenf@rmation Systems county lists for all terrestrial species to pro-
of applying spatial technologies and existing spatial data to hgjge a measure of reliability and consistency. A more refined re-
solve current natural resource problems. This initiative would pigew was conducted against the results of the Breeding Bird Atlas
vide needed information to policy makers and resource managftsect at the quadlet level for all bird species. This was followed
to make scientifically based and ecologically sound managemgythe analysis of these richness indices and individual species pre-
decisions. dicted occurrences within the context of stewardship. Species tied
to grassland complexes are the most at risk, followed by those spe-
cies that require larger contiguous areas. Wetlands have high rich-
Missou ri ness, but there are few areas outside preserves where these habitats
exist in Missouri. Focus for Missouri’s future biodiversity efforts
must be on private land holders as they control over 90% of the

Complete. Publication products under development.

state.
Contact: Timothy L. Haithcoat Reporting and data distribution: Completed. The draft final re-
Geographic Resources Center and Missouri Spatial Data  port was submitted in January 2000. Data distribution from these
Information Service, University of Missouri, Columbia analyses will be posted on the Missouri Spatial Data Information
haithcoatt@missouri.edu, (573) 882-1404 Service (MSDIS) at http://msdis.missouri.edu. A link will be cre-

ated on this site to the AMLs and programs written in support of
Land cover: Complete. Phase | land cover was completed by tpgs effort.

Missouri Resource Assessment Partnership. This was then 988!, accomplishments and innovationsThe methods used in
alized from the original 30 m cell size to the 2 ha minimum map- :

ping unit used for vertebrate modeling. Also, 5, 10, 20, 40, and 8 generalization of the land cover arie fairly un|q"ue as they were
ﬁveloped to try to capture the linear “travelways” present across

ha land cover bases were created using an in-house generalization . . .
many of Missouri’'s landscapes. The program was developed in

AML to try to maintain some of the linear features and connecthML and utilizes ARC/INFO processing in both grid and vector

ity present in Missouri’s file. Phase Il land cover contains 46 Clas%%\stironments. Programs were developed to take advantage of the

and will be provided in summer 2000 as an update on the Nat|orrr1]a rix (i.e., agricultural, grassland, or forested) within which the

a
GAP home page. process was being run. In addition, regional variables were created

Animal modeling: Complete. Among the 348 vertebrates mogp allow for the maintenance of polygons within which only diago-
eled were 66 mammals, 164 birds, 74 reptiles, and 44 amphibiga$ connectivity exists.

These rT‘Od.e'S were created using the base Iand_ cover map c.’f‘?hhamethods developed for vertebrate modeling expand the usabil-
and derivative products such as ecotones, core interiors, regional-

. L |t¥ ?f the data sets by acknowledging and incorporating the fact
ized areas, and riparian measures. Other data layers were dgvel- o .
at these data are fuzzy and that “habitat” is not always associated

oped to aid in the modeling, such as wetland components, prairle&I . . L
. S ) : ith a single cover type but rather a suite of cover types in juxtapo-
soils, precipitation, temperature, population density, road densw

) ion that can provide for all the species’ needs. The modeling
as well as many other feature types such as caves, springs, etc. An . . .
- S . approach of mapping this as a continuum of response (occurrence)
additive weighting model was developed for each species, whj S .
. : S and then not clipping these results to a range map but rather cali-
calculated an index to occurrence. Itis somewhat similar to a Bayes. ,
. . L . . ‘brating these measures to a range greatly expands the users’ flex-
Theorem approach in that it uses subjective weights in an addify; . : .
: . . . oility with these data as well as not perpetuating sampling errors
fashion. These weights represent what the literature, biologists, : . .
. oo . Or biases that can permeate the range information.
and the modeler believe to be the likelihood of a species occurring,

given that a specific habitat or landscape component exists.

Land stewardship mapping: Complete. The stewardship Iayeghll’or“.anCl

was created by the Missouri Resource Assessment PartnersHip:

Public lands comprise only 6.7% of Missouri with 4.7% under fegomplete (see http://www.wru.umt.edu/reports/gap/)
eral and 2% under state jurisdiction. The average size of these hold-

ings is very small. Less than 1% of Missouri falls within areas

designated as management status 1 or 2. All areas greater than 16

ha were analyzed for biodiversity components.
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NeerSkq Reporting and data distribution: Metadata assembly, data lin-
eage, and methods documentation are ongoing.

Other accomplishments and innovations:

1. Ongoing assessment of elk habitat in northwest Nebraska in co-
operation with the NE Game and Parks Commission and the School
Contacts: Geoffrey M. Henebry of Natural Resource Sciences.

le\LMIt;I', Univ<|er§ity olf I\éebrasokza—Linzc%In 3 2. Cooperating with Rainwater Basin Joint Venture (U.S. Bureau of

ghenebry@calmit.unl.edu, (402) 472-615 Reclamation — $180,000; NE Game and Parks Commission) in land
cover mapping using 1997-98 TM data.

James W. Merchant

CALMIT, University of Nebraska-Lincoln 3. Cooperating with the COHYST of the Central Platte, which is

jmerchantl@unl.edu, (402) 472-7531 sponsored by five natural resource districts, two public power dis-
tricts, NE Game and Parks Commission, NE Natural Resources

Land cover: We have completed a preliminary statewide classifgommission, and the NE Department of Water Resources ($87,000).

cation and are in the process of refining the product. We have bE¥ Project will produce improved land cover mapping including

working with lowa, South Dakota, and Kansas on accuracy ass8&p-level discrimination across a region covering one-third of

ment strategies. We conducted a pilot study of accuracy asd¥ggraska using 1997-1998 TM data and digital orthophotos.

ment during summer 1999 and are currently planning for the sum-

mer 2000 accuracy assessment field campaign. In addition, we are

working with the USDA/NRCS to get county-level land cover drfN@vada

maps out to NRCS field offices across the state to solicit Commeﬁﬂgt—generation GAP data will be provided through the National

from I_ocal. experts._ Plans _for next 12 months: finalize land COSAP Web site by summer 2000; this preliminary project will not
mapping, including integration of NWI data, and conduct land COYEl e a standard report

accuracy assessment. i
. . .. Version 2 update under way
Animal modeling: We have completed assembly of species lists

for the state. The herpetiles list has undergone expert review and

has been revised. The bird and mammal lists are currently in ex@eritact: Bruce Jones

review. We have initiated model development for reptiles and dthS. EPA, Las Vegas

phibians; based on preliminary results we are incorporating climatees.bruce@epamail.epa.gov, (702) 798-2671

and soils data as complementary environmental variables. We are

cooperating with the Great Plains Regional GAP modeling graugind cover: Nevada is participating in the regional GAP update
to develop common models and modeling methodology. We cfor-the Southwest. During the year 2000, organizational tasks in-
tinue to work with the Nebraska State Museum on integrating thelirde listing potential cooperators and their contributions, compil-
species occurrence records into a format usable in GAP. Asitigerelevant literature, collecting masking data, interacting with re-
land cover products from the Rainwater Basin and Cooperativenal plant ecologist on alliance descriptions, and interacting with
Hydrology Study (COHYST) projects become available, we wilie regional office (Utah State University Remote Sensing/GIS
apply the animal models to these data, which are based on rhaf®ratories, Logan) on initial mapping procedure and concurrent
recent TM images (1997-98), to assess the effects of multi-dakl season.

thematic data on predicted species occurrences. Plans for ne{ 4@ a) modeling, land stewardship mapping, and analysisOr-
months: Finalize bird and mammal species lists, ingest relevg‘é\ﬁizing during the year 2000.
d

museum data, complete herpetile and mammal models, initiate bjr . . - .

models, select and apply accuracy assessment methods to eacﬁ%?ﬁ’—rtmg and data distribution: Anticipated for spring 2004.
mal model, Web-publish animal models as they are completed to

solicit comments and review.

Land stewardship mapping: A preliminary product is currently NeW qupsr"re
undergoing review and refinement. We continue to work clos¢bee Vermont and New Hampshire)
with the Nebraska Games and Parks Commission in this aspect of

the project. Plans for next 12 months: finalize stewardship data-

base. New Jersey

Analysis: Analysis is pe_n_dlng completion of ammal models. Pla ee Maryland, Delaware, and New Jersey)
for next 12 months: Initiate analyses as animal models are com-
pleted.

Under way (http://www.calmit.unl.edu/gap/)
Anticipated completion date: October 2001
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New Mexico New York
Version 1 complete (see http://rgis.unm.edu/price.htm). VersiomN2ar completion
update under way Anticipated completion date: June 2000

New Mexico is included in a five-state (AZ, CO, NV, NM, UT)~gntact: Charles R. Smith

regional effort to update and expand information from GAP projeg§s, vork Cooperative Fish and Wildlife Research Unit
conducted for the individual states in the 1990s. Mapping of biggig | University, Ithaca

elements and land stewardship will follow established GAP meE}FQG@cornell.edu, (607) 255-3219

ods but will be conducted cooperatively for the region, without re-

gard to state boundaries. The current New Mexico project is in {hq cover: Accuracy assessment, as described in last year's sta-
start-up phase for this multiyear Southwestern Regional Gap Angls report, continued in 1999. We evaluated map accuracy at three
sis Project (SW-ReGAP). Project responsibilities in New MeXigfterent levels in the nested hierarchy of the National Vegetation
focus on reinitiating the cooperative network, assisting a regioggl ssification System (NVCS). Using conventional accuracy as-
lab with imagery analysis, and acquiring selected vegetation @adsment methods, our land cover map accuracy at an NVCS level
animal occurrence data. Specifically we will 1) develop the paglsy oyimately equivalent to Anderson Level | is 74.4%. At the
nership infrastructure for land cover mapping and other data §€ics subclass level, our map accuracy is 56.5%, and at the level
preparation, 2) identify training site data for land cover mapping, \/cs superalliance, our accuracy is 42.0%. Values for map
3) assist a regional lab with selecting ancillary data for the fuil.,racies using the more computationally intensive “fuzzy” accu-
project, 4) prepare a rule base for making land cover mapping dggly methods were generally a few percentage points better than

sions, 5) consolidate existing animal distribution models fgg ;a5 derived by conventional accuracy assessment methods.
ecoregional task assignment, 6) evaluate recent changes to land stew-

ardship data, and 7) create and maintain regionwide Web pa al modeling: We are continuing a successful and productive

FTP site, and list server to facilitate regional cooperation and daggPeration with the ongoing NY Amphibian and Reptile Atlas,
exchange. sponsored by the New York State Department of Environmental

. . , , Conservation (NYSDEC), with field work ending in 1999 (http://
Results of this project will be used to develop New Mexico's COfy, dec.state.ny.us/website/dfwmr/wildlife/herp/index.html). We
tribution to the full multiyear SW-ReGAP. This step is critical {56 received updated information on current distributions of am-
ensure that approprl_ate research stz_aff and facilities are brougm%ians and reptiles from the herpetological atlas project through
bear on the ecoregional conservation assessment. Further,ythis) gog field season. Association matrices, relating vertebrate
project will provide the starting point for the first-ever CONSeNV@necies occurrences to each of the 45 land cover types we have
tion evaluation of animals and plant communities throughout {a@ ified were completed, reviewed by teams of experts, and as-
Southwest that crosses state jurisdictional boundaries. sessed for accuracy during the third quarter of 1999. Predicted
To develop the infrastructure necessary to complete the long-texourrences of terrestrial vertebrates were assessed for accuracy
project, we are incorporating personnel from several departmaigifig known occurrences of species from recent museum data (mam-
within New Mexico State University (animal and range sciencesals only), recent herpetological atlas field data, checklists of birds
biology, fishery and wildlife sciences, geography, entomology, pldrdm state parks, breeding bird occurrence data from the NY Breed-
pathology, and weed science) as well as the agricultural experiniegtBird Atlas, and checklists of birds and other vertebrates from
station, the physical sciences laboratory, and the Army Resedederal refuges. The NY-GAP Project also is cooperating with
Laboratory at White Sands Missile Range. These experts are pPgSDEC and the Federation of New York State Bird Clubs to as-
viding input for this portion of the project by identifying trainingsure that new information collected as part of the Second NY Breed-
site data, ancillary data, scene selection, and creation of the ingeBird Atlas Project, scheduled to begin in 2000, can be incorpo-
base. The SW-ReGAP home page (http://leopold.nmsu.ecitéd fully into the NY-GAP database for future gap analysis appli-
fwscoop/swregap) will provide information for both project peeations.

sonnel and cooperators and the general public. Land stewardship mapping:During 1999 we substantially refined,
expanded, and updated our existing land stewardship coverage to
reflect significant acquisitions of new public lands and increased
availability of accurate statewide land stewardship information in
digital form. Included in the land stewardship coverage at this time
are boundaries for all state wildlife management areas, state for-
ests, state parks, New York City reservoir watersheds with restricted
access, Adirondack Park Preserve, Catskill Park Preserve, Depart-
ment of Defense lands, national parks and historic sites, federal
wildlife refuges, and large preserves managed by The Nature Con-
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servancy, represented by approximately 8,000 polygons. Assigjs-group developed computerized macros to automate classifica-
ment of management status categories to these areas was compietetfom digital elevation models, land use, and road and railroad
during the last half of 1999, and stewardship codes were assigtmarages. This provided equal or better accuracy, increased flex-
in consultation with staff from NYSDEC and the New York Staibility, and enabled us to calibrate the model using previously col-
Office of Parks, Recreation, and Historic Preservation. lected data. The calibrated habitat characterization incorporated

Analysis: Accuracy assessments for maps of predicted vertebriig additional GIS layers (surficial geology, bedrock geology, depth
distributions were completed during the last quarter of 1999. OVr.Pedrock, point-source pollution, priority waters) and involved

all map accuracy for predicted vertebrate distributions, at fPRimization using discriminant analysis procedures.

ecoregional scale, is 84.2%, with 86.2% for amphibians, 83.6% foralysis: Field data were collected in the summer of 1998 on fish
reptiles, 89.2% for birds, and 77.9% for mammals. Gap analygiecies diversity, macroinvertebrate family diversity, stream width
for the statewide database will be initiated and completed duramp depth, substrate, general habitat assessment, water chemistry,
the last quarter of 1999 and the first quarter of 2000. and gradient at 39 sites. This information was used to test the five
Reporting and data distribution: A draft final report will be sub- parameters in habitat characterization and overall diversity of fish

mitted to the National Gap Analysis Program Office for review f'd macroinvertebrates.

March 2000. After review, a final report will be completed arideporting and data distribution: The NY Aquatic Gap Analysis
submitted by late June 1999. Data distribution is expected togheup maintains a Web site for dissemination of up-to-date infor-
primarily on CD-ROM, with limited hard copy distribution, andnation on model methodology and results. This site can be found
from Web pages. Data distribution by NYSDEC is expected to &tehttp://www.dnr.cornell.edu/hydro2/aquagap.htm. In addition, a
accomplished on a regional basis using a central server linkedamprehensive report was compiled in October 1999 for the U.S.
GIS workstations in each of the nine regional offices of NYSDEGeological Survey discussing the methods, results, products, analy-
The creation of the Cornell University Geospatial Information Rees, and conclusions to date.

pository (CUGIR; http//cugir.mannlib.cornell.edu), a major National

Spatial Data Infrastructure node, also offers opportunities for addi-

tional modes of data display and distribution not available prep i

ously. Once produced by USGS, CD-ROM products will be owo”h quOIIna

fered for sale through the NY Cooperative Fish and Wildlife RENder way

search Unit. Anticipated completion date: December 2000

Other accomplishments and innovationsSee note on page 57

of this issue. Contact: Alexa McKerrow
North Carolina Cooperative Fish and Wildlife Research Unit
North Carolina State University, Raleigh

New York Aquatic qu Analysis mckerrow@unity.ncsu.edu, (919) 513-2853

Complete Land cover: In 1999 we expanded the vegetation mapping efforts

inland with two separate efforts: one in the southern mountains and
Contacts: Marcia Meixler, Project Leader the other in the sandhill region. In addition, field data collection
NY Aquatic Gap Analysis, Cornell University and video interpretation were completed for the piedmont. We have
msml0@cornell.edu, (607) 255-2038 continued to utilize the decision-rule process for mapping, with the

addition of variables derived from the digital elevation models for
Mark Bain, PI, NY Aquatic Gap Analysis the mountains. By spring 2000 we will be completing the state-
Cornell University wide land cover map by following the protocols developed in each
mbbl@cornell.edu, (607) 255-2840 of the smaller-scale mapping efforts.

] o ] . Animal modeling: Draft county and hexagon range maps are cur-
Habitat characterization for Aquatic GAP: Habitat was charac- yently available for review by experts in the state. With the help of
terized using the parameters stream size, habitat quality, water qg@l\orth Carolina Natural Heritage Program and the North Caro-
ity, gradient, and riparian forest cover. The first three parametgig State Museum we will be finalizing those data layers by early
were combined to form a habitat characterization from which fisfoo. 1n addition to soliciting one-on-one reviews and holding joint
diversity was predicted. The latter three parameters were usedh{@ktings for review of the range and habitat association data lay-
macroinvertebrate diversity predictions. The first round of habi@JS, we are developing a Web site to support that process as well as
characterization involved static, manually intensive classificatiof\$y| data delivery needs. By February 2000 final ranges and habi-

from topographic and Mylar land use overlay maps. In an efforkig 5ssociations will be available for incorporation into the final
deviate from such limiting classification, the NY Aquatic Gap A”ahé‘nalysis.
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Land stewardship mapping: Several separate state efforts haweegetation and land cover classifications for selected areas in ND
been undertaken to develop the data layers required to developwre obtained from ND-GAP cooperators. Training data sets will
land stewardship layer. A reasonable base data layer with respecatonstructed for a more detailed vegetation and land cover classi-
to boundaries exists for state-owned lands and wildlife refuges. Heam#tion using the three dates of TM imagery and elevation, cli-
eral lands will require a considerable effort to bring them up twate, soils, and geology data in a classification tree analysis.

date. We have been in communication with the North Caroliggima| modeling: Checklists of all vertebrate species in North
Natural Heritage Program, North Carolina Center for Geograpijgyota have been completed and reviewed by expert reviewers.
Information and Analysis, and the Fish and Wildlife Ecologicgly; herpetiles and birds, locational data have been assembled into
Services Raleigh Field Office and are hoping to develop a Coopggs coverages, and range maps have been completed and subjected
tive agreement to develop a set of data layers that will meet eacy @knert review. Literature reviews have started, and wildlife-habitat
the individual programs’ needs in addition to those of the Noghyationship (WHR) models have been completed and reviewed for
Carolina GAP Project. We are hoping to have a fulltime staff megy;, species, respectively. For mammals, most locational data have
ber assigned to this task by January 2000. been assembled into GIS coverages, and large mammal range maps
Analysis: Final analysis will be initiated in June 2000. have been completed and reviewed. Small mammal range maps
Reporting and data distribution: Reporting and data distributionh@ve been sent to expert reviewers. Literature rt_aviews have started,
will begin in March 2000, starting with the basic data layer dev&?d WHR models have been completed and reviewed for three spe-
opment and concurrent with the final analysis. cies. Efforts in the ne>_<t 12 month_s will include the creation of

mammal range maps, literature reviews for most of the vertebrate

species, generation of WHR models and requests for expert review,

and the development of environmental data sets for modeling spe-
NO"’h DGkOl'G cies distributions.

Under way Land stewardship mapping: Land stewardship data were obtained
Anticipated completion date: October 2003 from the Army Corps of Engineers, Bureau of Land Management,
Bureau of Reclamation, and National Park Service. Land steward-
ship data have been requested from the FWS, the Forest Service,
Contact: Larr.y_Stro.ng. and the ND Game and Fish Department. The FWS has an aggres-
Northern Prairie Wildlife Research Center, Jamestown sive effort to construct land stewardship data for North Dakota and
larry_strong@usgs.gov, (701) 253-5524 will make the data available for GAP. We obtained a CD-ROM of
. , the ND Department of Transportation base map data, which includes
Land cover: Three dates of Thematic Mapper (TM) 'mager}foverages for federal and state public lands in ND. During 2000

(_sprmg, summer, and fall) fo_r each of 14 path-row orbit Comb"\ﬁé will continue to acquire existing digital data from appropriate
tions were acquired to provide complete coverage for North %encies

kota (ND). A seven-class land cover classification for ND was pro-

duced by building upon the recent efforts of Ducks Unlimited (DU)

and U.S. Fish and Wildlife Service (FWS) in the Prairie Pothob .

Region of ND. Guided K-means clustering and maximum like hIO

hood classification of spring and fall TM images were performethder way

to produce a land cover classification compatible with Fhe DL,J/F\,/%\%ticipated completion date: May 2003

land cover map for areas south and west of the Missouri River.

Vegetation surveys were conducted on thirty 28.6 x 28.6 km study

areas distributed among eight ecoregions in the summer of 13®@ntact: Donna N. Myers

Within ecoregions, study areas were chosen to maximize: 1) acte& Geological Survey, Columbus

to public lands, 2) the amount of natural and seminatural vegetamyers@usgs.gov, (614) 430-7768

tion, and 3) variability of surface geology and soil types. Global

Positioning Systems were used to delineate vegetation polygon$lbomas Waite

public lands. A large number of vegetation polygons on privatbe Ohio State University, Columbus

land were delineated on 1:31,680 scale color prints of TM imag&Vite.1@osu.edu, (614) 430-7768

from roadside surveys conducted after ground surveys of public

lands in the study areas. Vegetation community element of ocdiand cover: The Ohio GAP project has undergone a change in
rence records from ND Natural Heritage Program’s Biological Camersonnel. Completion of the land cover map is being negotiated
servation Database were obtained and converted to a georeferew@bdrhe Ohio State University’s Center for Mapping. The goal for
vector object. Access to the ND State Lands Range Inventory Be- 12 months from January 2000 will be to begin production of the
tabase for school lands was granted, and efforts are under wdgrtd cover map using 1999 MRLC data obtained from the OhioLink
convert the data to a georeferenced vector object. Several digitagram.
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Animal modeling: A new PI for animal modeling, Dr. ThomasCurrent (1993) land cover:An original land cover map (Version
Waite, of The Ohio State University, Department of Evolutionaft) was completed for Oregon in 1992. A second-generation land
Ecology and Organismal Biology, has been selected. Graduateabuer map (Version 2) has been recently completed (August 1998,
dent Troy Wilson has compiled a species list of terrestrial vertesing 1993 imagery) and is currently available. Metadata are avail-
brate taxa in Ohio from existing information sources. The goal favle for this second-generation cover, but the accuracy assessment
the next 12 months will be to develop a database of informationi®incomplete, and the classification is not tied to the NVCS. An
species distributions, location information, references, and habissociated vegetation manual has been completed for the new map.
affinities. Data sources on species occurrence and distribution hadescription of the mapping process is included in chapter 2 of the
been identified for the Ohio Aquatic GAP project. Ohio AquatiOR-GAP final report.

GAP will use the valley segment classification system to identifyisioric (~ 1850) land cover:A statewide historic land coverage
stream valley segment types in Ohio. The classification is plangeg: ~reated by OR-GAP, modified from a coverage developed by
to be completed by January 2000. the Oregon Biodiversity Project. The coverage approximates a
Land stewardship mapping: The Ohio Department of Natural Re-1:100,000 scale, and metadata are complete. The historic land cover
sources (DNR) is compiling a land ownership map for Ohio. OFEategories are tied to the NVCS and have been cross-walked to the
GAP will coordinate efforts with the Ohio DNR to produce a landildlife habitats developed for the current land coverage (Version

stewardship map by December 2000. 2). Descriptions of the mapping process and classification are in-
Reporting and data distribution: A fact sheet will be completed ¢luded in chapter 3 of the OR-GAP final report.
by March 2000. Animal modeling: Animal modeling has been completed for Or-

egon three times, the first time using the Version 1 GAP vegetation

map. The result of this project is the bddlas of Oregon Wildlife
Oquhoma by Csuti et al. The initial models relied on hexagon distributions

] prepared for all native wildlife species. Since these were completed

Near completion over eight years ago, we updated the hexagon distribution covers
Anticipated completion date: June 2000 for all wildlife species in March 1999. Version 2 models (ARC/
INFO programs - AMLS) were developed for all vertebrate species
using the updated hexagon distributions and the Version 2 land cover,
with an updated wildlife habitat relationship matrix to reflect the
differences between the first- and second-generation land cover-
ages. The updated modeled distributions received limited peer re-
view through local experts. As the Version 2 maps are fairly similar
, . to the thoroughly reviewed Version 1, OR-GAP feels the review
Lgnd cover: The final land cover map is complete and under "fias been sufficient. OR-GAP also developed historic models using
View. similar techniques with modified hexagon distributions (based on
Animal modeling: Modeling of the distribution of the 427 terreshistoric distribution, including extirpated species) and the historic

Contact: William L. Fisher, Assistant Unit Leader
Oklahoma Cooperative Fish and Wildlife Research Unit,
Stillwater

wfisher@okstate.edu, (405) 744-6342

trial vertebrate species is under way. land coverage. The details of the current and historic modeling
Land stewardship mapping: The final land stewardship map isProcess are included in chapter 4 of the final state report.
complete. Land stewardship mapping: The land stewardship cover is com-

Analysis: Overlay analysis to identify potential gaps in biodiversitjlete and was used to develop the gap analysis. The coverage and

conservation will begin following completion of animal distribumetadata for 1999 (used in the analysis) are posted at the OR State
tion modeling. GIS Service Center. An updated version of the cover will be pro-

duced in 2000. A summary of the stewardship mapping and cat-
egorization effort was included as chapter 5 in the draft final Or-
egon report.

Reporting and data distribution: Planning is under way.

Or n Analysis: Analysis using the Version 2 data is completed. A sum-
ego mary of the analysis is included in chapter 6 of the OR-GAP draft
Near completion state report.

Anticipated completion date: June 2000 Reporting and data distribution: The draft final state report is

being peer-reviewed by the national GAP staff and by Oregon peer
reviewers. A limited number of hard copies of the final report will
be produced. The final report and the basic coverages will be posted
at or linked to the Oregon GAP home page, which will be main-
tained at either the Oregon Natural Heritage Program or the Or-

Contact: Jimmy Kagan, Director/Ecologist and GAP PI
Oregon Natural Heritage Program
jkagan@tnc.org, (503) 731-3070 x332
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egon Department of Fish and Wildlife office in Portland. We ifiReporting and data distribution: Expect draft ready for review
tend to develop links to allow downloading these coverages frognational GAP by February 29, 2000. Web service will be pro-
many sources. The basic coverages that are currently postedided by Pennsylvania Spatial Data Access (PASDA) at Penn State
clude the stewardship cover, the first- and second-generation GARversity.

vegetation covers, and a presettlement vegetation coverage. All

final GAP products, databases, and coverages will also be included

on the CD-ROM, with an ArcView application we developed th

creates historic and existing species distributions. RhOde ISIGnd

During the next 10 months of the project, using funds from the U

Fish and Wildlife Service and the state of Oregon, we will distrib-

ute GAP data to watershed councils, local governments, and other .

decision makers in Oregon. We will also train others in the usegﬂlu“h CGTQllnG

the data and in assessment methods and tools. We intend topneter way

vide GAP data, Qregon Natural Herltgge Progra_m threatened E\'ﬂﬂcipated completion date: March 2001

endangered species data, and analysis to assist in watershed, basin,

or ecoregional planning efforts. We are working with the North-

west Office of the Defenders of Wildlife to distribute GAP data ar€bntact: Elise V. Schmidt

also to assure the updated GAP coverages are included on 8eiith Carolina Cooperative Research Unit

CD-ROM productOregon’s Living Landscape, an Interactive InClemson University, Clemson

troduction to Oregon’s BiodiversityThis CD-ROM was produced schmidt@water.dnr.state.sc.us, (803) 734-9097

as part of the Oregon Biodiversity Project, in which both the Or-

egon Natural Heritage Program and the Oregon Gap Analysis Rraad cover: We have completed the initial land cover map for the

gram were partners. state and are now in the process of incorporating ancillary data. We

Other accomplishments and innovationsAs part of our associa- &€ Using data from the National Wetlands Inventory and NRCS

tion with the Oregon Biodiversity Project, an application was gs0il surveys to further refine our initial cIaSS|f|cat|pn of 28 Iand

veloped that allows both GAP and Natural Heritage data to be sGRer types. Thgre are other digital databases avallable_that will be

marized on a watershed basis. This application was developed 3 to add additional land cover types. The land cover is expected

the Defenders of Wildlife staff and is included on their CD-RONP be complete by August 2000.

We are working on developing a similar, Web-based applicatidmimal modeling: The database for animal distribution and habi-

We are hoping to adapt the Colorado State University Internet siteaffinities is complete and has been reviewed by state experts.

for distributing OR-GAP and Oregon Natural Heritage Progravkle are now compiling the expert reviewer comments to determine

data. where more research needs to be conducted. SC-GAP has data
from state and university museums as well, which are ready to be
incorporated. A user interface is being developed for limited ac-

(gee Massachusetts, Connecticut, and Rhode Island)

H cess to the database through the Internet, so that the experts can
PG““SY'YCI“IG review the final maps and database. We will complete sampling for
Near completion ant diversity in all physiographic regions and most land cover types
Anticipated completion date: June 2000 in the state within the year 2000. Ant diversity will be a part of our

animal modeling. The animal database is expected to be complete
by August 2000.
Contact: Wayne L. Myers . . . .
Penn State University, University Park Land stewardship mapping: The land stewardship database is
wim@psu.edu, (814) 863-0002 complete except for a small portion of properties. We are working

with involved parties to ensure correct classification of GAP status

Land cover: Land cover maps have been completed with gener@ft Public lands in South Carolina.
ized categories. Accuracy assessment is pending. Analysis: The gap analysis is expected to begin in August 2000

Animal modeling: Models are completed and have been reviewed!d be completed by December 2000.
Fish, bird, and mammal models were run for mapping; herp mod-
els are running.

Land stewardship mapping: Stewardship mapping has been com-
pleted.

Analysis: is in progress for reporting.
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SOUfh DG kOtG Topeka shiners in eastern South Dakota streams (see article on page

35 of this issue). Habitat information has been collected on his-

Under way toric locations of the Topeka shiner. These data will be used as a

Anticipated completion date: May 2001 pilot project for Aquatic GAP to formulate predictions of the cur-
rent Topeka shiner distribution in these stream systems.

Contact: Jonathan A. Jenks, GAP PI
South Dakota State University, Brookings
jonathan_jenks@sdstate.edu, (605) 688-4783 Tennessee

Completion date unknown, please contact coordinator below.
Vickie J. Smith, GAP Coordinator
South Dakota State University, Brookings
vickie_smith@sdstate.edu, (605) 688-5124 Contact: Jeanette Jones, Project Coordinator

Tennessee Wildlife Resources Agency, Nashville
Land cover: Land cover classification was completed for easteifRnes2@mail.state.tn.us, (615) 781-6534
South Dakota in June 1999. Twelve categories were separated, in-
cluding two alliance classifications, which were delineated usifge Marden, Vertebrate Ecologist
on-screen digitizing, and four wetland categories from the Natioff@nnessee Wildlife Resources Agency
Wetland Inventory (NWI). Animage of land cover for eastern Solifnarden@mail.state.tn.us, (615) 781-6637
Dakota can be viewed at http://wfs.sdstate.edu/sdgap/eastland.htm.
Currently, two of nine western South Dakota scenes have been ¢iagd cover: The detailed vegetation map is completed. The veg-
sified using alliance training data from the USGS/TNC Vegetatifation map was produced using classification techniques applied
Mapping Program for Wind Cave National Park. Within the twi@ Landsat TM imagery and aerial videography. Accuracy assess-
scenes, 19 categories are present, including 13 association-l&@)t was performed using a subset of points set aside from the
categories. Assessment is under way to determine the accura@gtfll videography interpretation. Final figures for accuracy as-
this method of classification. Completion of the South Dakota lap@Ssment are being tabulated. Completion of metadata and prepa-
cover map is expected by May 2000. Accuracy assessment usi@ig_n of data for final delivery to National GAP remain to be done.

stratified random sample for the state will begin during the summgtimal modeling: Predicted species distributions and species rich-
of 2000. ness data have been produced for Tennessee’s 364 terrestrial verte-

Animal modeling: Distribution maps are completed, reviewed, arffate species. The species distribution data are in the process of
revised for 88 mammal species. They can be viewed at http&ing written onto CDs to send to National GAP.

wfs.sdstate.edu/sdgap/mammals.html. Small mammal/vegetatiand stewardship mapping: The land stewardship layer is com-
associations are being determined at Wind Cave National Pafsted. Lands mapped are current through December 1997. The
These data will be used in accuracy assessments of small-manpuilic lands coverage has been updated, while land management
distribL_Jtions. Maps_ are nearly com_pleted for 43 herp species, _sfaius needs to be assigned before any further analysis.

the avian species list is under review. South Dakota is Work'ﬂﬂalysis: Gap analysis has been completed.

cooperatively with four surrounding states (North Dakota, Kansas, - o . ]
lowa, and Nebraska) to create regional models for all vertebn%ﬁaoort'”g and data distribution: The final report is near comple-

species. Currently, 16 species have been modeled for the rediff: Data are being written to CD-ROMs for delivery to National

Literature review has been conducted for nearly 80% of the spe&é> Plans are to present TN-GAP data as part of the Tennessee
to be modeled by South Dakota. Wildlife Resources Agency (TWRA) Web page.

Land stewardship mapping: We have added state parks and re@ther accomplishments and innovations:The Tennessee
reation areas, The Nature Conservancy holdings, and state wildfidiversity Program (established by the Tennessee Conservation
refuges to our stewardship map in the past year. We are attemptffgue [TCL]) and TWRAS GIS division are continuing to work
to acquire information for a three-mile-wide section along the b&fg€ther to provide planners and community leaders, landowners,
ders of Montana and Wyoming. Permission has been granteHE’tB”al resource professionals, and educators with information on
include only two of the seven Indian reservation boundaries in dgnessee’s natural resources. TWRA provides TN-GAP data and

stewardship map. Our current stewardship map can be viewetglgted GIS data layers as ArcView files to county planners and
http://wfs.sdstate.edu/sdgap/stewardmap.htm. community leaders. Managing Natural Resourc@sRlanning
Guide for the Elk River Watershed of South Central Tennessee and

Aquatic GAP: Plans are qnder way to hire a graduate StUdemNBr hern Alabamawvas published in 1999 by TWRA, TCL, Ten-
early 2000. River reach files have been acquired, and Waters|l?g ee Valley Authority, and National GAP as a planning guide for

boundaries have been formulated for Fhree major river systemgdy loping and carrying out natural resource conservation and man-
eastern South Dakota, through a project researching presencggg ent programs
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TeXGS The first-generation Utah Gap Analysis project has been completed.
An update is under way. We are part of Southwest Regional GAP,
which includes Nevada, Colorado, New Mexico, and Arizona. To
Anticipated completion date: December 2000 date we have been updating the ancillary data layers and research-
ing the feasibility of adding a soil component to our ancillary data
set. We have also been reviewing the vegetation reference data
collected in our first gap analysis for use in the update. As part of a
regional effort we have been helping each state define mapping
zones. The purpose of the mapping zones is to divide the landscape
into similar units of landform features, soils, and biotic elements.

Land cover: The land cover map for Texas has been completed; @lder Utah GAP products are still readily available for both UNIX
scenes have been stitched together. Data from field work, c@fid PC computer systems. We also have a CD-ROM on Intermoun-
pleted in all 254 counties in Texas, were used to classify the scef8. Region Land Cover Characterization that incorporates GAP
Data from videography were used for accuracy assessment. O¥afa from Nevada, Southern Idaho, Western Wyoming, and Utah.
all accuracy of the classified product was above 80%. Approkiand cover: Modeling land cover characteristics will not begin
mately 6,000 photographs with UTM coordinates were taken in laetil all vegetation reference data are collected for a mapping zone.
field. These photographs are in a database and are being prepeiecollection of data is scheduled to begin in spring 2000.

for distribution through the Web. Animal modeling: Dr. Thomas C. Edwards of the Utah Coopera-
Vertebrate modeling: We have identified 637 terrestrial vertebratéve Fish and Wildlife Research Unit will undertake the wildlife
species as being native to and breeding in Texas. GIS layers remitat modeling for Utah. Dr. Edwards can be reached by phone
senting the range extents for each of these species have been dgved35) 707-2529, by fax at (435) 797-4025, and by e-mail at
oped from existing range maps. In addition, a database consistéeg@nr.usu.edu.

of 34,441 location records for mammals and birds has been deyshd stewardship mapping: Individual management units for the

oped. Habitat profiles have also been prepared for all 637 spe 18 of Utah will b dated f bii d orivate land
being modeled, and statewide GIS layers have been created f%ome o tah will be updated for public and private lands.

the following profile variables: precipitation, temperature, soils, h{halysis: All data layers are scheduled for analysis completion by
drology, ecoregions, and elevation. Preliminary distribution mo 004.

els for herpetofauna and mammals have been completed. Fifty Baporting and data distribution: All products derived from Utah’s
cent of the preliminary distribution models for birds have been co@ap Analysis as well as Southwest GAP are scheduled for comple-
pleted. tion by 2004.

Analysis: Under way.
Reporting and data distribution: Draft maps were provided to 89

landowners in West Texas to solicit their evaluations for use in ¥erm0nf and New HGmpSh"e
curacy assessment. Draft maps have also been prepared for Tiesas completion

State Parks, the Natlongl Park Service, Fhe U.S. Border PatAcHticipated completion date: June 2000

USDA, and cooperators in Texas and Mexico.

Under way

Contact: Nick C. Parker

Texas Cooperative Fish and Wildlife Research Unit
Texas Tech University, Lubbock

nparker@ttu.edu, (806) 742-2851

Other accomplishments:Data prepared for West Texas are bein

used to prepare selected species-specific maps (e.g., prairie %%@tact: David Capen S _
towns and Scaled Quail distribution). School of Natural Resources, University of Vermont, Burlington

dcapen@nature.snr.uvm.edu, (802)656-2684

U 1' h Land cover: Land cover mapping for both Vermont and New Hamp-
a shire is complete. Edge-matching between New Hampshire and
Update under way Maine gave acceptable results.

Anticipated completion date: June 2004 Animal modeling: Refining models and processing additional an-

cillary data for about 25% of vertebrate species; modeling is com-

plete for other species.
Contact: Doug R. Ramsey

Remote Sensing/GIS Laboratories Land stewardship mapping: Complete for both states, including
Utah State University, Logan private conservation parcels and hundreds of ownerships protected
doug@nr.usu.edu, (435) 797-4484 by easements.
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Analysis: In progress; macros for most steps have been developeWirginia. The results of our accuracy assessment indicate that
and tested. Final analysis awaits refinement of selected halgtatabiotic factor (a.k.a. “enduring feature”) modeling/remote sens-
models. ing hybrid classification method was able to provide us with accu-

Reporting and data distribution: Reports will be submitted for rate land cover classifications.
review in early 2000; data distribution should follow later in the
year.

Other accomplishments and innovationsBoth Vermont and New WQShlng'l'On

Hampshire have undertaken statewide reserve selection projectgdbaiplete (see http://www.wa.gov/wdfw/wim/gap/dataprod.htm)
have complemented the Gap Analysis effort. Each of these projects

has incorporated physical factors of the landscape into their analy-

ses. We believe that this approach, coupled with the land ¢ A

maps of GAP, offers a more sensitive and more comprehenc;vyeeﬁ. Vlrglnlq
means of identifying hotspots of diversity than does the modeliNgar completion

of vertebrate distributions. Anticipated completion date: September 2000
.. Contact: Charles Yuill
Vlrglnla West Virginia Universit
g y
Near completion Natural Resource Analysis Center, Morgantown
Anticipated completion date: June 2000 cyuill@wvu.edu, (304) 293-4832 x4492

Land cover: Complete; additional verification continuing.
Contact: Scott D. Klopfer

GIS and Remote Sensing Project Coordinator
Fish and Wildlife Information Exchange, Blacksburg
fwiexchg@vt.edu, (540) 231-7348

Animal modeling: Near completion. Models and range maps are
complete. Modeling under way using revised final land cover.
Herpetiles are complete. Range maps are on project map server.

Land stewardship mapping: Complete; updated to 9/1/99.

Land cover: The final VA-GAP land cover map was completed iAnalysis: Near completion.

spring 1999. This map is currently available through anonymays,orting and data distribution: Near completion. Final report
FTP from the Fish and Wildlife Information Exchange (FWIEg, hroiect is under way. A report for wide distribution has been
server at ftp.fwie.fw.vt.edu. The final map contains 26 land CO\Rfiated and will be published from state funding sources. All map-
classes and two forest complex classes. For more informatio R will be placed on map server, and CDs will be produced. Data
VA-GAP's land cover mapping efforts, please contact Scott Klopigirinytion is under way for available products: EPA, USGS, and

(sklopfer@vt.edu). TNC have obtained products to date.

Animal modeling: Vertebrate modeling is near completion.  gher accomplishments and innovationsA grant was obtained
Land stewardship mapping: The stewardship map for VA-GAPto fund the West Virginia Land Status and Trends Project, a five-
is complete and available for download at ftp.fwie.fw.vt.edu. Thigar project that will update WV-GAP and conduct detailed assess-
coverage contains all federal, state, and some privately owned landats of forests, agricultural/open lands, landscapes of special con-
in Virginia. For more information regarding these efforts, pleasern, and land use conversions in West Virginia. The project will
contact Scott Klopfer (sklopfer@vt.edu). also refine and apply data using landscape ecology metrics within

Analysis: The quantitative accuracy assessment of the vegetafiof atershed Characterization and Modeling System (WCMS) in
map is completed. The accuracy of the final land cover map an{gndscape_ atlas project for The Canaan Valley Institute (a multistate
found to be between 67% (conservative estimate) and 87%. Andl{O focusing on watersheds).

sis of species distributions and protection gaps is near completion.

Reporting and data distribution: Many of the basic data sets used
by VA-GAP are available to the public via FTP. Our Web-based
data distribution node is expected to be complete by spring 2000.
The final VA-GAP report is in progress, and plans for a statewide
VA-GAP data use workshop are under way.

Other accomplishments and innovationsVA-GAP continues to
serve as a means of communication for federal and state agencies

78 GAP Analysis Program Bulletin No. 8, December 1999



GAP

Wisconsin Land stewardship mapping: Public land ownership/stewardship
mapping is being undertaken by the Wisconsin DNR and is par-

Under way tially completed. Federal lands and state lands are mapped to date;
Anticipated completion date: September 2002 county lands remain to be mapped.

Analysis: Gap analysis will be undertaken by UMESC and is sched-
Contact: Tim Weiss uled to begin in FY 2001.
Wisconsin Department of Natural Resources Reporting and data distribution: Land cover data will begin to
Bureau of Wildlife Management, Madison be served by UMESC in the second and third quarter of FY 2000.

weissn@dnr.state.wi.us, (608) 267-9428

Land cover: Classification of the state followed the Upper Mid .
west Gap Image Processing Protocol and is now completed. Cr syomlng

walking the remote sensing land cover classes to the National \legmplete (see http://sdvc.uwyo.edu/wbn/gap.html)
etation Classification System will begin in FY 2000.

Animal modeling: Vertebrate modeling will be undertaken by the
Upper Midwest Environmental Sciences Center (UMESC) in co-
operation with the state DNR beginning in FY 2000.
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NOTES AND ANNOUNCEMENTS

GAP Named Winner of Major National _ _
Award range management. She received a master’s degree in Forestry from

West Virginia University, while she worked on the initial land cover
The national environmental nonprofit Renew America recently 3fapping efforts for WV-GAP. Her 15 years in the Forest Service
nounced that the USGS Gap Analysis Program has been sel her experience in natural resource management, planning, and
for a National Award for Environmental Sustainability in the cafasearch. Now, for GAP, her responsibilities include doing quality
egory of Wildlife/Biodiversity. The prestigious awards are beingssyrance for the GIS data during project closeout, preparing the
given by Renew America to 16 programs throughout the nationgs data for CD publication and Web serving, and eventually (once
The National Awards for Environmental Sustainability honor cormee catch up on the backlog of state projects) merging the data for
panies, communities, and individuals that are leading the changeegional assessments and pursuing more applications for GAP data.
sustainability through their programs. Award winners were selectegou have questions on GIS data standards or would like to share
from a pool of nearly 200 programs that have been recognizedybyr experiences in any of these areas, contact her at (208) 885-
Renew America and the National Awards Council for Environme720 or by e-mail (abrannon@uidaho.edu).
tal Sustainability, a coalition of 60 leading businesses and environ-
mental and community groups. “These award winners represent
some of the ‘best of the best’ of this country’s environmental pig|S Data Delivery

grams. They are shining examples of how citizens across Ame%q‘acilitate the quality assurance process for delivery of GAP GIS

can support our nation’s environmental and economic goals ev ;
PP 9 £¥a, Ree Brannon developed a directory structure and an example

day,” sr-;ud Anna Slafer, Execu_tlve Director of Renew America. checklist for the layers, which are posted in the Standards section
On April 17,2000, Gap Analysis was honored at the Renew Amerigahe Handbook (http://www.gap.uidaho.edu/handbook/Standards).
Awards Ceremony that helped kick off “Earth Week” in the nationss she reviews state projects, this structure may be modified. The

capital. Dana Reeve, actress and auth@aoé Packages: Letters Standards section will undergo a major review for consistency.
to Christopher Reeve from Strangers and Other Friehdsted

) We still require data delivery on CDs, and the directory structure
this year's Awards Ceremony. 9 y y

allows you to organize your CDs. Some general comments from

John Mosesso, GAP Program Manager, commented that, “GARBxgerience working with states that have submitted final projects:
providing resource managers and planners across the nation wi

basic scientific information regarding the status of biodiversity
within their states. ... Good information allows good decisions that
help keep common species common.”

tﬂy to keep all of one theme together on one CD (for example,
all land cover layers). Your vertebrate grids will be the largest
bundle of data, if they don’t all fit on one CD, divide by major

taxonomic groups (e.g., birds on one CD, mammals and herps
The winners were selected by representatives of the National Awardsn another).

Council for Environmental Sustainability (NACES). Coordinated
by Rene_w America, NACES comprises 60 ”fi“of‘a' en_\/lronn_wental,layer must be accompanied by its metadata (the *.html file) in
nonprofit, government, and business organizations, including th

_ ! he same directory. Plus, you mustinclude copies of all metadata
National Audubon Society, The Nature Conservancy, The Human? . :

) . . the direct lled met ter. The Standards will be ed-
Society of the United States, AT&T, U.S. EPA, the National Geo- n fhe directory cafled meta_master e Sancards Wit be ¢

. . ; . o ited to require three forms of metadata (*.txt, *.html, and *.sgml).
graphic Society, and the Smithsonian Insitution. These are readily created in MetaMaker. For BRD units, this is
The Gap Analysis Program will be listed and described along withpusiness as usual (as Executive Order 12906 has been on the
this year's finalists in Renew America’s Environmental Successhooks since 1994). For others, it is important to understand that
Index, a comprehensive database of more than 1,400 successfghy generation of spatial data done with federal dollars requires
environmental programs throughout the United States. It is availmetadata. The redundancy in format is to provide one file for
able free on the World Wide Web (www.crest.org/renew_america).error checking (*.txt), one for presentation on the Internet

(*.html), and one for indexing elements for the spatial data clear-
inghouse (*.sgml). Remember, metadata describe the evolu-

New Staff at National GAP Office tion of the spatial data set being documented. If there are com-
Ree Brannon is our new GIS Analyst in the National GAP office. panion files to the GIS data (reports, spreadsheet, another GIS

She comes to us with a background in natural resources, GIS, arl@yer). use metadata to reference them.
remote sensing. Ree’s undergraduate background is in biology and

The organization for metadata may seem redundant. Each data
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* We are publishing reports and data for two kinds of users, thR@cent Publications by GAP Researchers
who just want to browse and view results and those who mgyin M B., A.L. Harig, D.P. Loucks, R.R. Goforth, and K.E. Mills.
want to use data for analysis. Hence the requirement for graphyggg  Criteria for aquatic ecosystem protection and restora-
ics that can be viewed without GIS capability. tion: Approaches using biological and physicochemical struc-

e The standards and directory structure were created to expeditieire. Proceedings of the Conference on Power Generation Im-
product review and to simplify future regionalization activities. pacts on Aquatic Resources, U.S. Department of Energy and
If you do not follow these guidelines (by changing names orthe Electric Power Research Institute, Palo Alto, California, 10
merging data files), this may result in delays or requests to repp.

submit the data. Whereas metadata describe the legacy angdgy Mm.B. Spatial and temporal attributes of streams and fish
velopment of a spatial data set, use READMES to describe thgniting the prediction accuracy of species-habitat models. For
files in one directory. This helps if a user needs to know whalpegicting Plant and Animal Occurrences: Issues of Scale and
codes mean in a grid or coverage, or a crosswalk for speciegccyracy. Island Press, Washington, DC. Submitted July 1999.

grids names and common/scientific names of the species. . . .
. Bain, M.B., A.L. Harig, D.P. Loucks, R.R. Goforth, and K.E. Mills.
* Here are some commonly overlooked files that need to be inyj veview. Criteria for aquatic ecosystem protection and resto-

cluded: crosswalks from codes to text names, documentation Qfation: Approaches using biological and physicochemical struc-
source data (species literature, source of conservation status ca{l@re_ Journal of Environmental Science and Policy

in stewardship layer), digital form of Table of Contents, the ex-

tended land cover map (10 km beyond state boundary), and one, R'B'.’ and W.B. Krohn. 1999'. Modeling the occurrence of
scriptive READMES, ird species: Are the errors predictabEecdlogical Applica-

. . ) tions 9:835-848.
Ultimately, the best advice is to put yourself in the shoes of the user

to determine if you have done the best job making the data usglﬂgne’ R.B., and W.B. Krohn. 2000. Predicting broad-scale oc-

and understandable. If you have comments, suggestions, or que%liIrrences of vertebrates in patchy landscapasdscape Ecol-

tions, contact Ree Brannon at (208) 885-3720 or abrannor?gy15:63'74'

@uidaho.edu. Crist, P.J., T.W. Kohley, and J. Oakleaf. 2000. Assessing land-use
impacts on biodiversity using an expert systems tda@nd-
scape Ecologyt5:47-62.

Deitner, R.A., B.C. Thompson, and J.S. Prior-Magee. 1999. As-
sessing inter-project data compatibility and information distri-

Ree Brannon
National Gap Analysis Program, Moscow, Idaho

: ; bution for conservation planning using New Mexico Gap Analy-
Anno_unc_lng National GAP Annual sis data. New Mexico Cooperative Fish and Wildlife Research
Mee"ng in Texas Unit, Las Cruces, New Mexico. 25 pages + Appendices A-G.

The 10th Annual National Gap Analysis Program Meeting will l@roves C.R., L.S. Kutner, D.M. Stoms, M.P. Murray, J.M. Scott
held August 13-17, 2000, in San Antonio, Texas. It will be hosted, , Séhéfél'e AS Weallle); énd R L, Préésey 20’00' 'Ownin’g

by the Texas Cooperative Fish and Wildlife Research Unit and th%p to our responsibilities: Who owns lands important for
Natural Science Research Laboratory at Texas Tech University. Thtﬁiodiversity'? Pages 275_2'97 in B.A. Stein. L.S. Kutner. and
focus of this year's meeting is looking back on the first 10 years o J.S. Adams, editors. Precious heritage: The s’,tatus of biodi;/ersity

GAP and forward to the next 10 years. Special emphasis at thiﬁ1 the United States. Oxford University Press, New York.
meeting is also placed on biological informatics and the Mexican '

component of GAP. Concurrent sessions and workshops will covgpinstall, J.A., S.A. Sader, W.B. Krohn, R.B. Boone, and R.l.
vegetation mapping, predicting species distributions, mapping conBartlett. 1999. Development and testing of a vegetation and
servation lands, accuracy assessments, conducting gap analys&¥1d cover map of Maine. Technical Bulletin 173. Maine Agri-

building partnerships, interactive social science, and outreach. cultural and Forest Experiment Station, University of Maine,

o . . . . Orono, Maine. 104 pp.
The meeting is open to GAP investigators, their staff, project col- PP

laborators, and others interested in GAP methods and results. ¥gnings, M.D. 2000. Gap analysis: Concepts, methods, and re-

ditional information on the conference can be found on the GAPCENt results.Landscape Ecologys:5-20.

home page at http://www.gap.uidaho.edu/Meetings/2000 or by cKa+l, J.W., N.M. Wright, P.J. Heglund, and J. M. Scott. 1999.

tacting Becky Sorbel at (208) 885-3555 or gap@uidaho.edu. Obtaining environmental measures to facilitate vertebrate habi-
Elisabeth Brackney tat modeling.Wildlife Society Bulletir27:357-365.

National Gap Analysis Program, Moscow, Idaho Krohn, W.B., R.B. Boone, and S L. Painton. 1999. Quantitative
delineation and characterization of hierarchical biophysical re-
gions of Maine.Northeastern Naturalist:139-164.
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Loucks, D.P, M.B. Bain, and R.J. Pendall. Socioeconomic, phySeott, J.M., E.A. Norse, H. Arita, A. Dobson, J.A. Estes, M. Fos-
cal, and ecological processes in watersheds characterized lgr, B. Gilbert, D.B. Jensen, R.L. Knight, D. Mattson, and M.E.
sprawl development, limited water, and quality impairment: Soule. 1999. The issue of scale in selecting and designing bio-
Research needs, approaches, and opportunities. Natural Ribgical reserves. Pages 19-35 in M.E. Soulé and J. Terborgh,
sources Forum. Submitted June 1999. editors. Continental conservation: Scientific foundations of re-

Meixler, M.S., and M.B. Bain. 1999. Application of Gap Analy- gional reserve networks. Island Press, Washington, D.C. 227
sis to New York State waters. Final project report by the NewPages.
York Cooperative Fish and Wildlife Research Unit, Corneftevenson, M. 1999. A different look at the laRthnning July:8.
University, Ithaca, New York, to the U.S. Geological Survey,
Gap Analysis Program.

Meixler, M.S., and M.B. Bain. Accuracy of a GIS model thatintRecent Publications Mentioning GAP
grates fish species and stream habitat at the river basin sqgle;ry, K.P., editor. 1999. Seeing the forest and the trees: Eco-

For Predicting Plant and Animal Occurrences: Issues of Scal§qgica] classification for conservation. The Nature Conservancy,
and Accuracy. Island Press, Washington, DC. Submitted ‘]U'B{Arlington, Virginia. 37 pp.

1999. .
] ) ] Peterson, D.J., S. Resetar, J. Brower, and R. Diver. 1999. Forest
Scott, J.M. 1999. A representative biological reserve system fanonitoring and remote sensing: A survey of accomplishments

the United StatesBociety for Conservation Biology Newslet- 41 opportunities for the future. RAND Science and Technol-

ter 6(2):1, 9. ogy Policy Institute, MR-1111.0-OSTP. 92 pp.

Scott, J.M. 1999. Vulnerability of forested ecosystems in the '?—ﬁ"endergast, J.R., R.M. Quinn, and J.H. Lawton. 1999. The gaps
cific Northwest to loss of area. Pages 33-42 in J.A. Rochelleyanyeen theory and practice in selecting nature reseGas-
L.A. Lehmann, and J. Wisniewski, editors. Forest fragmenta-geryation Biologyl3:484-492.
tion: Wildlife and management implications. Brill, Leiden, Th
Netherlands.

Elicketts, T.H., E. Dinerstein, D.M. Olson, and C. Loucks. Who's

) ) ) ) where in North America? Patterns of species richness and the
Scott, .M., B. Csuti, R.G. Wright, P.J. Crist, and M.D. Jennings. ity of indicator taxa for conservationBioSciencet9:369-
1999. Regional approaches to managing and conservingg,

biodiversity. Pages 55-70 in R.K. Baydack, H. Campa lll, ag{g_ . .
J. B. Haufler, editors. Practical approaches to the conserva |rl§0n, E'O'B_ch)oo' f; ghe future of censervation biologym-
of biological diversity. Island Press, Washington, D.C. 313 pp_serva ion Biology4:1-3.

Scott, J.M., F.W. Davis, G. McGhie, R.G. Wright, C. Groves, and
J. Estes. Nature reserves: Do they capture the full range of
America’s biological diversity?Ecological Applications Ac-
cepted.

The Gap Analysis Bulletin is published annually by the USGS Biological Resources Division’s Gap Analysis Program. The editors fc
this issue are Elisabeth S. Brackney, Patrick J. Crist, and Kevin J. Gergely. To receive the bulletin, write to: GapAlielipsidSGS/
BRD/Gap Analysis Program, 530 S. Asbury Street, Suite 1, Moscow, ID 83843, fax: (208) 885-3618, e-mail: brackney@uidaho.edu.
digital version of the Bulletin, containing additional graphics, is available on the Internet at http://www.gap.uidahoetiths/BUll
default.htm.
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Figure 1

Figure 1. USGS-NPS classifications for Wind Cave National Park (WCNP). South Dakota.
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Table 3. Error matrix for 13 categories derived from Cluster Selection method of interpretation.

Purple-3-a | Redbeds Burned Little Western Needle- Mountain Lead Chokecherry Western Ponderosa | Ponderosa | Ponderosa | Total
wn — Fetid Sparse Pine Bluestem — Wheatgrass | and-Thr | Mahogany Plant Shrubland Snowberry Pine Pine — Little Pine
Marigold Veg Grama Grass | — Kentucky ead Shrubland Complex | Bluestem Complex Il
Bluegrass
Purple-3-awn — 8 3 12 23
Fetid Marigold
Redbeds 3 1 4
Sparse Veg
Burned Pine 6 14 1 4 6 8 39
Little Bluestem — 4 9 28 57 1 1 2 1 103
Grama Grass
Western 6 9 41 223 6 3 2 5 2 7 6 310
Wheatgrass —
Kentucky
Bluegrass
Needle-and-Thre 3 5 8
ad
Mountain 1 3 3 3 4 3 17
Mahogany
Lead Plant 1 4 5
Chokecherry 1 10 1 1 1 1 2 17
Western 1 15 1 6 23
Snowberry
Ponderosa Pine 81 2 13 96
Complex |
Ponderosa Pine / 6 5 8 2 5 16 21 61 124
Little Bluestem
Ponderosa Pine 3 6 1 14 1 5 41 14 54 139
Complex Il
Total 28 0 50 87 353 10 3 4 2 15 145 57 154 908
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Figure 2. Classification of WCNP using a GIS Summary on entire Black Hills
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Figure 3. Classification of WCnp using a GIS summary on entire Black llls efore
clipping on WCNP boundary.
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Figure 4. Classification of WCNP{ using the Cluster Selection Interpretation.
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