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The Gap Analysis Program ... in Brief

The mission of the Gap Analysis Program (GAP)
<gapanalysis.nbii.gov> is to promote conservation by
providing broad geographic information on biological
diversity to resource managers, planners, and policy makers
who can use the information to make informed decisions.

As part of the National Biological Information
Infrastructure (NBII) <www.nbii.gov> — a collaborative
program to provide increased access to data and
information on the nation’s biological resources — GAP
data and analytical tools have been used in hundreds of
applications: from basic research to comprehensive state
wildlife plans; from educational projects in schools to
ecoregional assessments of biodiversity.

The challenge: keeping common species common means
protecting them BEFORE they become threatened. To do
this on a state or regional basis requires key information
such as land cover descriptions, predicted distribution
maps for native animals, and an assessment of the level of
protection currently given to those plants and animals.

GAP works cooperatively with federal, state, and local
natural resource professionals and academics to provide

this kind of information. GAP activities focus on the
creation of state and regional databases and maps that
depict patterns of land management, land cover, and
biodiversity. These data can be used to identify “gaps”
in conservation — instances where an animal or plant
community is not adequately represented on the existing
network of conservation lands.

GAP is administered through the U.S. Geological Survey.
Through building partnerships among disparate groups,
GAP hopes to foster the kind of collaboration that is needed
to address conservation issues on a broad scale.

For more information, contact:

John Mosesso
National GAP Director
703-648-4079

Kevin Gergely
National GAP Operations Manager
208-885-3565



GO pAnonsis
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A Brief Overview of the Southwest Regional GAP
Land Cover Mapping Effort

John Lowry
Remote Sensing/GIS Laboratory, College of Natural Resources,
Utah State University, Logan, Utah

Introduction and Project Area

The Southwest Regional Gap Analysis Project (SWReGAP)

was initiated in 1999 as a multi-institutional cooperative effort
to map and assess biodiversity for a five-state region (Arizona,
Colorado, New Mexico, Nevada, and Utah). This area comprises
approximately 150 million hectares (560,000 square miles),
representing approximately one-fifth of the coterminous United
States. A key task in this effort was to develop a seamless land
cover map for the region. The five-state region was divided into
20 ecologically and spectrally similar mapping zones. Each
mapping zone provided a functional working area for project
management, data collection, and modeling. Each state was
responsible for the mapping zones roughly corresponding to their
state jurisdiction (Figure 1).

Methods

Data Preparation
Landsat 7 enhanced thematic mapper plus (ETM+) images were

selected from 1999-2001 for three seasons: spring, summer,
and fall. Scenes were selected for optimal representation of
seasonal phenology and minimal cloud cover. Landsat scenes

Figure 1. Five-state region divided into mapping zones.

were standardized using a dark object subtraction method and
mosaicked for each mapping area. Image transformations such as
brightness, greenness, and wetness bands were created for each
image mosaic. Digital elevation data, provided by the National
Elevation Data Set (1999), were a subset for each mapping zone,
as were subsequent digital elevation derivatives, such as aspect
and landform. Each mapping zone had a 2 km overlap with the
adjacent mapping area, providing an overall 4 km overlap region
between modeling areas.

Training Sample Collection

Approximately 93,000 samples were available for the
five-state region (Figure 2). The majority of samples were
collected through field surveys conducted between 2001 and
2003. Field surveys involved recording ocular estimates of
biotic characteristics (percent cover of dominant species for
trees, shrubs, grasses, and forbs) and physical characteristics
(elevation, slope, aspect, and landform). The location of

each sample site was recorded with a global positioning

system (GPS) reading and a polygon digitized using a laptop
computer with thematic mapper (TM) imagery as a backdrop.
In addition, two digital photographs were taken at each sample
location. Sampling involved traversing all navigable roads in a
mapping zone and opportunistically selecting samples based on
appropriate size and composition (i.e., representative) of stands.
Additional samples, obtained from other projects, imagery, or

Regional Total: 93,000 samples

Figure 2. Approximately 93,000 training samples collected from
various sources.
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aerial photo interpretation, were also used, though these were in
the minority.

Thematic Mapping Legend

The focus of the mapping effort was on natural and seminatural
systems. The basic thematic mapping unit was the ecological
system concept developed by NatureServe (Comer et al. 2003).
Ecological systems represent recurring groups of biological
communities that are found in similar physical environments and
are influenced by similar dynamic ecological processes. They
are intended to provide a thematic mapping unit mappable at a
meso-scale level from remotely sensed imagery. Each sample
site was assigned an appropriate land cover label in the database
prior to the modeling process.

Land Cover Modeling

The majority of natural and seminatural land cover classes were
modeled using a decision-tree (DT) classifier. DT classifiers

are becoming a common approach used for land cover mapping
(Lawrence and Wright 2001; Pal and Mather 2003; Brown de
Colstoun et al. 2003). Advantages of DT include the ability to
use both continuous and categorical predictor data sets with
different measurement scales, good computational efficiency, and
an intuitive hierarchical representation of discrimination rules.

A major technical challenge in the past has been that of spatially

s CART Sampling Tool

applying the decision-tree rules generated by the DT software
within a geographic information system.

After experimenting with the development of several
approaches, the project used See5/C5.0 (Rulequest Research
2004) for the DT classifier and ERDAS Imagine for spatially
applying the DT-generated rules. The integration of these
software systems was greatly facilitated by the use of a
customized interface for ERDAS Imagine developed under
contract by Earth Satellite Corporation for the U.S. Geological
Survey Eros Data Center (Figure 3). Where the decision

tree could not be used, other techniques, such as localized
unsupervised clustering or screen digitizing, were used to map a
minority of cover classes.

Results

Model Validation

DT models were validated by generating initial models using

80 percent of available samples, while withholding 20 percent
of samples. Withheld samples were randomly selected and
stratified by cover class. Withheld sample polygons were
intersected through the land cover map to create an error
matrix, presenting users, producers, and overall “accuracies.”
The kappa statistic was also calculated for the error matrix. This
validation process was performed on each of the 20 mapping
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Figure 3. ERDAS Imagine custom interface for integrating Imagine with See5/C5.0.
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areas for the five-state region. Overall accuracies (sum of
diagonals) vary from mapping zone to mapping zone and
will be presented in the final report.

Regional Mosaic and Data Set Delivery System

Using the 4 km overlap region between mapping zones,

a “cutline” was used to edge-match adjacent mapping

areas where land cover discontinuities resulted from the
modeling process. The resulting five-state region mosaic was
qualitatively reviewed by the five state teams and NatureServe.
Following review, a limited number of errors were “flagged”
for final editing. The “edits” that were determined to be
relatively easy to correct with localized recoding, or a simple
conditional model, were made to the regional map.

The SWReGAP land cover data set was completed in
September 2004, and it is currently available to the public with
“provisional” status from <http://earth.gis.usu.edu/swgap/
landcover.html>. Because the data set encompasses such a
large region, the web site allows users to download specific
geographic segments of the region, such as individual states,
counties, or ecoregions. Additionally, the web site offers an
Internet map server from which users can interactively clip
a specified rectangle in the region. The clipped data set is
subsequently bundled with metadata and made available for
download (Figure 4).

Literature Cited
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Figure 4. Delivery system allows download by geographic subsets of
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GAPServe Brings GAP Data Online

Donna Roy!' and Jill Maxwell?
1U.S. Geological Survey Center for Biological Informatics, Reston, Virginia
2Gap Analysis Program, Moscow, Idaho

Introduction

The Gap Analysis Program (GAP) is now in a very exciting
period of development. With 36 state projects complete and more
to be finished in the next year, GAP is tackling the challenge

of effectively serving data products to customers. The sheer
volume of data generated over many years makes it necessary

to have better discovery and visualization tools, so that resource
managers, scientists, and other interested parties can find and
view the data from GAP.

After a year of design and development work, GAP is ready
to introduce GAPServe. The full rollout of this new product
occurred in June 2005. Usability testing will occur over the
summer, and any modifications to the site will be made in the
fall. GAPServe can be found at <http://gapanalysis.nbii.gov/>.

The primary goal of GAPServe is simple: to serve as a data
warehouse where users can search for and visualize GAP data. It
is important to note that this product is not intended for advanced
mapping or analytical processing of GAP data over the Internet.
Rather, it is designed to serve the data to any other Internet
mapping service through the Open GIS Consortium’s Web Map
Service (WMS) 1.1 specification.

In the past, users trying to integrate data across state or regional
boundaries had to download individual files for each state, then
spend a considerable amount of time converting data into a single
projection system so they could be used in a seamless manner
within a mapping program. This process was tedious and time
consuming.

With GAPServe, users can search for all applicable species
distribution models by entering a common or scientific name,

or by browsing through the taxonomy. This single user interface
(Figure 1) allows users to explore available GAP data easily and
efficiently.

Users can now view the data in any Internet browser using a

map viewer. They can look for data on such things as land cover,
stewardship, or single-species distributions, and the map viewer
presents a seamless view across states based on the availability of
online data. For example, the mountain beaver (Aplodontia rufa)
species models, as delivered by California, Nevada, Oregon, and
Washington, are shown in Figure 2.

GAP Data Issues

From the inception of the program, GAP projects have been
conducted on a state-by-state basis and data have been delivered
for single states. While each project used the processes and
standards in the GAP Handbook, data from one state could be in
a different format, projection, or classification scheme than data
from neighboring states. When viewing multiple-state project
data, therefore, users have encountered the following issues:

« differences in the species names and species models used
by states;

« differences in the categorization of stewardship and
management areas; and

+ differences in the categories of land classification. For
example, while one state might have four types of land
cover (forest, agriculture, water, and urban), a neighboring
state could have five (deciduous forest, coniferous forest,
agriculture, water, and urban).

It is important to note that base data, as delivered from the state
projects, remain in GAPServe. However, since the primary

goal of GAPServe is to let users visualize the data on a map,
some changes were made in the way the data are visualized.

For example, in the case of land classification data, all of the
classifications were cross-walked to a more generalized set of
NLCD 2001 categories to present a meaningful seamless map.
Species distribution models are shown as either Habitat (potential
presence) or Not Habitat (potential absence), since different types
of models could have been run in each state.
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Figure 1. GAPServe’s user interface.
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Figure 2. Map viewer depiction of mountain beaver (Aplodontia
rufa) species models.

As shown in Figure 3, even though the land classification was
cross-walked, there are still discrepancies associated with

using the data in a seamless manner. These data discrepancies

or differences will exist in GAP state data until the regional
projects, which will address the data issues described above,

are delivered. Once completed, these regional products will

also be made available within GAPServe. The new five-state
Southwestern U.S. data set will be available through the portal in
late 2005.

Next Steps
As we release version 1.0 of GAPServe, we would like to

gather comments from GAP researchers and data users. We are
interested in your input so that the best product to showcase GAP
data and results can be made available to the broader community.
Comments on the current version of the portal should be sent to
jmaxwell@uidaho.edu or droy@usgs.gov.

In addition to ensuring that the product meets the data searching
and visualization needs of the user community, we have

also redeployed the current GAP web site using tools and
methodologies provided by the National Biological Information
Infrastructure (NBII), a program managed within the U.S.
Geological Survey Biological Resources Discipline. By using the

Figure 3. Map viewer depiction of land cover types.

NBII tools, both GAP and NBII will meet the following objectives:

allow for the creation of consistent content and gather
input from distributed sources by applying NBII standards;

+ allow the serving of GAP resources to and from NBII node
web sites through the use of the input tool developed for
resource cataloging;

* minimize the time spent in web page development and
maximize content development and management efforts,
thus allowing for richer content with less effort from the
web developer;

+ facilitate collaboration among GAP projects by
providing discussion lists, document sharing, and project
management capabilities; and

* make it easier for users to find resources and documents by
using the power search engine used by NBII.

Summary

As GAPServe is rolled out, we look forward to your comments.
We are confident that the new site and data warehouse, integrated
more closely with the structure of the NBII, will enable us to
more effectively deliver the results of over fifteen years of work
by GAP professionals.

Gap Analysis Bulletin No. 13, December 2005 7
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Refining Southeast Regional GAP Models for Use in
Regional Bird Conservation Planning: A Pilot Project

Steven G. Williams and Alexa J. McKerrow
Biodiversity and Spatial Information Center, North Carolina State
University, Raleigh, North Carolina

Introduction

The Southeast Regional Gap Analysis Project (SEReGAP) is
partnering with the U.S. Fish and Wildlife Service (USFWS)

in a pilot project to explore the potential for refining GAP
vertebrate models for priority bird species to more closely meet
the conservation needs of the avian conservation community.
Traditional GAP models of presence/absence have not provided
enough specific information about habitat suitability, which is
critical for setting conservation goals and objectives. However,
recent advances with inductive modeling techniques with small
data sets have given GAP modelers new tools for developing
more information-rich models (Phillips et al. 2004).

Project Description

In this collaboration, SEReGAP brings to the table high-quality
data sets and spatial modeling expertise, while the USFWS brings
biological expertise on habitat quality, a network of experts, and
the potential for monitoring and adaptive management (Figure 1).

Three key habitat types—cove hardwoods, nonalluvial forested
wetlands, and upland grassland-dominated habitats—have been
identified as the focus habitats for this pilot project. Twenty-nine
species of birds have been identified for modeling within those

habitats. Selected species have been identified as priority species
for monitoring and/or conservation efforts by Partners in Flight
(Rich et al. 2004).

In September 2004, a meeting of regional biologists and modelers
was hosted by the USFWS in Atlanta to review a variety of
modeling approaches and the data sets available for modeling in
the Southeast. The objectives of the meeting were as follows:

1. To inform partners about current regional modeling efforts
by the USFWS, Joint Ventures, and SEReGAP

2. To get feedback on the draft aggregation of Ecological
Systems (Comer et al. 2003) into Avian Habitat Types

3. To review the priority bird species selected for each habitat
type
4. To review existing avian models for those species

5. To provide the background on ancillary data available
for use in modeling and to work with partners to identify
specific parameters based on their expertise (e.g., core area,
distance to water)

6. To get feedback from partners on additional methods/data
that could be used to improve modeling

Prior to the meeting, SEReGAP developed a series of models
for seven of the priority species. These models were based on a
habitat-affinity database derived from the literature and linked

. . Presence/
High . Habitat
SEReGAP | Definition Ancillary Modeling Absence
Data . Habitat
Land Cover Expertise

Models

Habitat Habitat
USFWS Modeling Suitability

Expertise Models

Quantify habitat productivity
Expert opinion/Literature
Statistical models

Clearly state assumptions

Establish monitoring to test

Figure 1. Contributions by SEReGAP and the USFWS to regional habitat-suitability models used in setting regional

conservation goals.
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to the state-based GAP land cover maps through a habitat list
commonly used in the Southeast for describing bird habitats.

At the meeting, presentations by the Mississippi Alluvial

Valley Joint Venture office (MAV-JV) and the Upper Midwest
Environmental Sciences Center (UMESC), as well as SEReGAP,
set the stage for the range of modeling approaches that could

be taken. Some of the feedback obtained at the meeting was
immediately incorporated into changes in the ancillary data

set development and the parameters used in the models, while
other feedback is helping to shape the process to derive regional
conservation goals from the final models.

Currently, SEReGAP and the USFWS are working on compiling
the feedback from all participants and updating the cross-

walk of the final habitat types to Ecological Systems. Once
those changes have been made, habitat-suitability models will
be developed incorporating both inductive and noninductive
modeling approaches. In addition, sensitivity analyses of the
data input layers will be run to identify those data sources that
are critical to the model’s performance. After models have been
created, another round of meetings will be held to review those
models and to work on incorporating the results into conservation
planning efforts.
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APPLICATIONS

The Integration of GAP Data into State Comprehensive
Wildlife Conservation Strategies

Jill Maxwell
U.S. Geological Survey Gap Analysis Program, Moscow, Idaho

Introduction

One of the primary goals of the Gap Analysis Program (GAP)
has always been to facilitate conservation planning by providing
objective information that local, state, and national decision
makers can access for managing biological resources. GAP
products, including land cover, predicted species distributions,
species richness indices, land stewardship maps, species habitat
models, and even the GAP approach itself, could be key tools in
making decisions about conservation. GAP products are freely
available to anyone who wants them, yet few conservation
agencies have taken advantage of the available data and protocols
(McClafferty and Waldon 2002).

Now, with the advent of a federal mandate requiring each state
to develop a Comprehensive Wildlife Conservation Strategy
(CWCS), a perfect opportunity for GAP implementation has
presented itself. In turn, many state wildlife professionals, faced
with the task of inventorying and planning for the conservation
of fish and wildlife species in their states, have turned to GAP
as one of the tools that can help them. This paper provides a
brief legislative background of the State Wildlife Grants (SWG)
program and summarizes how states have used GAP data to
develop their CWCSs.

History of Wildlife Conservation Strategies

The SWG program is the direct result of a coordinated lobbying
effort in the late 1990s by a coalition of state wildlife management
agencies (Teaming with Wildlife), the public, and other interested
organizations. The proposed Conservation and Reinvestment Act
(CARA), which the coalition lobbied for, would have created

a new long-term Wildlife Conservation and Restoration Fund
focused on conservation, recreation, and education. Despite strong
bipartisan support and a broad conservation coalition, Congress
did not fund CARA. Instead, in October 2000, a compromise
package of conservation spending was cobbled together. One
component of this new package was the State Wildlife Grants
program, which was designed to provide competitively awarded,
cost-shared grants to states for conservation.

In 2001, Congress empowered the SWG program to award
money on a formula basis. In contrast to earlier programs, which

focused primarily on game species or on threatened and/or
endangered species, SWG projects are directed to focus on the
conservation of fish and wildlife species of greatest conservation
need (SGCN), while promoting proactive conservation to

keep common species from becoming endangered. Since

2002, Congress has distributed $270 million in SWG funds to
the states, U.S. territories, the District of Columbia, and the
Commonwealth of Puerto Rico according to a formula based

on land area and population. Approximately $75 million will be
distributed in FY2005.

In exchange for the funding they receive, each state must
complete a CWCS. The deadline for completion of the initial
plans was October 1, 2005. Upon completion, each state must
review and reevaluate its plan on a regular schedule of at least
every 10 years. If a state did not produce a CWCS by the
deadline, it may be required to repay all the SWG funds it
has received.

The responsibility for developing the CWCS rests with each
state. State fish and wildlife agencies are involving a broad
spectrum of partners, including other government agencies,
conservation groups, private landowners, and the public
(IAFWA 2004b).

Guidelines to state planners regarding the development of
their conservation strategies encourage state coordinators to
use relevant existing information; in particular, to integrate
appropriate elements of other plans, databases, GIS layers,
reports, and information that overlap or complement the
strategies they are developing (IAFWA 2002). Most states
seem to be heeding this advice. As of January 1, 2005, 37
states had completed their GAP projects. Of these, 25 had
incorporated GAP data into the development of their CWCSs.
Another eight states that did not yet have complete GAP data
sets and final reports were using the GAP data available to
them for CWCS development.

Essential Elements of Comprehensive Wildlife
Conservation Strategies

Congress directed that the state wildlife strategies must identify
and be focused on SGCN species, yet also address the “full
array of wildlife” and wildlife-related issues facing the state.
To help establish a framework for the conservation plans,

10 Gap Analysis Bulletin No. 13, December 2005
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GAP Data Use in Comprehensive Wildlife

Congress identified eight required elements to be addressed in
each state’s CWCS:

1. Information on the distribution and abundance of species
of wildlife, including low and declining populations, as the
state fish and wildlife agency deems appropriate, that are
indicative of the diversity and health of the state’s wildlife

2. Descriptions of locations and the relative condition of key
habitats and community types essential to conserving the
species identified in (1)

3. Descriptions of problems that may adversely affect species
identified in (1) or their habitats, and priority research and
survey efforts needed to identify factors that may assist in
the restoration and improved conservation of these species
and habitats

4. Descriptions of conservation actions proposed to conserve
the identified species and habitats, and priorities for
implementing such actions

5. Proposed plans for monitoring species identified in (1)
and their habitats, for monitoring the effectiveness of the
conservation actions proposed in (4), and for adapting
these conservation actions to respond appropriately to new
information or changing conditions

6. Descriptions of procedures to review the strategy at
intervals not to exceed 10 years

7. Plans for coordinating the development, implementation,
review, and revision of the plan with federal, state, and
local agencies and Indian tribes that manage significant
land and water areas within the state or administer programs
that significantly affect the conservation of identified species
and habitats

8. Broad public participation, which was affirmed by
Congress through this legislation as an essential element of
developing and implementing these strategies, as well as
of the projects that are carried out as part of the strategies
(IAFWA 2004a)
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Figure 1. Use of GAP data in the development of state
comprehensive wildlife conservation strategies.

Conservation Strategies

Four of these required elements could benefit from geospatial
information in general, and from GAP data in particular. For the
first element, there is a clear fit with GAP’s predicted species
distribution maps for fulfilling the requirement for information
on the distribution of species. For the second element, GAP
provides location information that can facilitate making site
visits to assess the locations and relative condition of key
habitats and community types. For the third element, GAP land
stewardship and predicted species distribution data could be used,
in conjunction with other data about land use, to identify areas
threatened by impacts such as urbanization, invasive species, or
mining. This would address the requirement to describe problems
that may adversely affect species. And for the fourth element,
GAP land stewardship and species richness data could be key

in determining conservation opportunity areas that, if protected,
could secure SGCN species and their habitat. These data would
help address the requirement for descriptions of conservation
actions proposed to conserve the identified species and habitats
(NBII 2004).

The fifth element, which r