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NATIONAL NOTES

An Integrated GAP and NBII

The National Biological Information Infrastructure (NBII) <http://www.nbii.gov> is a broad,
collaborative program to provide increased access to data and information on the nation's
biological resources. The NBII links many different biological databases, information products,
and analytical tools that have been developed and maintained by NBII partners and contributors
in government agencies, academic institutions, nongovernment organizations, and private
industry. NBII partners and collaborators also work on new standards, tools, and technologies
that make it easier to find, integrate, and apply biological resources information. Resource
managers, scientists, educators, and the general public use the NBII to answer a wide range of
questions related to the management, use, or conservation of this nation's biological resources.

One of the key components of the NBII is a system of nodes that is being developed to ensure
inclusion and participation from all sectors of society. The NBII nodes are of three types:
regional, thematic, and infrastructure.

Regional nodes have a geographic orientation and represent a regional approach to local data
issues, data collectors, and owners.

Thematic nodes focus on a particular biological issue (for example, amphibian decline and
deformity), providing the support and infrastructure to help address these issues that usually
transcend geographic regions.

Infrastructure nodes are devoted to development or adoption of standards, tool suites, and
common protocols. These facilitate interoperability among nodes and between the NBII and
other national and international systems.

As part of the overall NBII effort, GAP investigators are helping many organizations apply GAP
data to their own activities. Hundreds of applications of GAP information—both data and
analyses—have been made nationwide, ranging from forest management, conservation planning,
and scientific research endeavors to business and industry applications. For a sample of GAP
applications see www.gap.uidaho.edu/applications/applications.htm.

In addition to GAP, some other programs of the NBII include:

ITIS and TRED

The NBII is working with several partner agencies and organizations to help provide access to
these two important sources of biological taxonomic information. The Integrated Taxonomic
Information System (ITIS; www.itis.usda.gov) is the first comprehensive, standardized reference
for the scientific names—as well as synonyms and common names—of all the plants and
animals of North America and the surrounding oceans. The Taxonomic Resources and Expertise
Directory (TRED; www.nbii.gov/datainfo/syscollect/tred/) is an online directory of taxonomic
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specialists with expertise on the biological diversity of North America (north of Mexico) and
adjacent oceans.

LUHNA

The Land Use History of North America program (LUHNA http://biology.usgs.gov/luhna/) seeks
to understand the relationships between human land use and land cover change and works to
assess future implications of these interactions. LUHNA products and research results are
widely available to Internet users through the NBII.

Vegetation Mapping Program

The U.S. Geological Survey is cooperating with the National Park Service to produce detailed,
computerized maps of the vegetation of 250 National Park units across the United States
(http://biology.usgs.gov/npsveg/). Through this program a wide variety of data and synthesized
information on the vegetation resources of our National Parks are being made available to
Internet users through the NBII.

The nodes and programs discussed above illustrate just some of the NBII’s growing capability to
foster the dissemination of GAP and similar products and concepts. Some readers may recall
past discussions within the GAP community about GAP’s diffusion to, and adoption by, major
sectors of society as a technical innovation (for example, see Forester et al. 1996). Now that
many of the first generation GAP state projects have been completed, and large amounts of
biological, land management, and analytical spatial data are available, the NBII is providing the
vehicle for wide dissemination of the information along with a great deal of other complimentary
biological information, such as taxonomic and historical information. Those early discussions
could not have anticipated the magnitude of improvements in information technology, nor the
related development of a broad infrastructure for the nation’s biological information. Today, the
integration of GAP data with the NBII significantly improves both the rate and extent of GAP
product dissemination and adoption.

To review briefly, the diffusion of innovations is the process by which an innovation is
communicated through certain channels over time among the members of a social system. Itis a
special kind of communication because the messages have to do with new ideas. The four main
elements of the diffusion of innovations are:

The innovation

Communication about the innovation

The time or rate of diffusion

The social system that adopts or rejects the innovation (Rogers 1983)

Two of these elements—communication about the innovation and the time or rate of
diffusion—become positively affected under the broad NBII umbrella of increased access to data
and information on the nation's biological resources. The NBII is facilitating communication
about GAP products among a wider, more diverse audience than the proximate community of
those producing GAP information. And the NBII is speeding up the rate of diffusion of GAP
products through its larger infrastructure.


http://biology.usgs.gov/npsveg/

The NBII is also vital to the interface with the fourth element, the social system that adopts or
rejects the innovation. In this regard, a better understanding of this element is beginning to
emerge. It is clear, for example, that there is not just one social system but a number of quite
different social systems that collectively make up the group of GAP users.

For example, in their article on barriers to the use of GAP data by local and regional land use
planners in New Mexico, Russ Winn and Diane-Michele Prindeville (this issue) show that in this
case the factors limiting the adoption of GAP is less one of access, it is actually about social
values. The social values governing county land use planning in New Mexico are heavily
weighted to economic development. This is in contrast to a rapidly developing urban county
with different social values that recently adopted GAP spatial data and analyses as a direct part
of their detailed conservation planning process (see “A Biodiversity Plan for Pierce County,
Washington” at www.co.pierce.wa.us/xml/services/home/property/pals/pdf/gap.pdf). In her
article on conservation planning in Tennessee (this issue), Marty Marina discusses the impact
GAP has had in developing a capability for conservation planning in that state, and the time and
effort that it took to achieve adoption. Steve Williams, Casson Stallings, JohnAnn Shearer, and
Alexa McKerrow describe in their article (this issue) an important tool for disseminating GAP
information within the U.S. Fish and Wildlife Service. They point the way along an avenue of
an integrated GAP and NBII.
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Gap Analysis of the Flora of Wyoming

WALTER FERTIG AND ROBERT THURSTON
Department of Botany, University of Wyoming, Laramie

Beginning with the establishment of Yellowstone National Park in 1872, nearly 10% of the state
of Wyoming has been set aside as GAP status 1 or 2 lands. Most of these areas were initially
protected for their scenic, historic, or recreational values rather than for conserving biodiversity,
and they tend to be concentrated in the Greater Yellowstone Ecosystem and other high-elevation
areas (Figure 1). The Wyoming GAP Project used modeled distributions of 445 terrestrial
vertebrate species and 42 land cover types to assess the effectiveness of status 1 and 2 lands in
conserving the state’s biodiversity. Not surprisingly, the gap analysis revealed high levels of
protection for species and cover types found in montane and alpine habitats and minimal
protection for elements in low-elevation areas of eastern and southern Wyoming (Merrill et al.
1996).
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Figure 1. Revised GAP land status map of Wyoming with Research Natural Areas, Nature
Conservancy preserves and easements, and BLM Areas of Critical Environmental Concern
established since publication of the original state land status map in Merrill et al. (1996).

Vascular plant species were not included in the initial Wyoming Gap Analysis, nor have they
traditionally been assessed in other states. However, state or regional floras may be more useful
probes of biodiversity protection than vertebrates or land cover types. Because of their high
levels of species richness, endemism, and habitat specialization, plants are a useful proxy for
total biodiversity. Being sessile organisms, plants are also easier to map and positively locate in
different GAP land management areas. Finally, large data sets of point locations are available
for plants from herbarium records and floristic checklists.

With funding from National GAP, we used dot distribution and modeled habitat maps to conduct
the first gap analysis of the flora of Wyoming. Location points were derived for 2,770 of the
state’s 2,800 vascular plant taxa (Dorn 2001) from the digital specimen database of the Rocky
Mountain Herbarium (www.uwyo.edu/botany/herb.htm), the state natural heritage program
(www.uwyo.edu/wyndd), and available checklists for special management areas (Fertig 2000,
2001; Fertig and Oblad 2000; Heidel and Fertig 2001; Shaw 1992; Whipple 2000, 2001). All
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duplicate records (representing the same collector or locality) were eliminated, leaving a final
data set of 208,659 points. These points were overlaid on the state GAP land status coverage to
determine the number and percentage of points of each species in the four land status categories.
The same values were calculated with the state’s flora subdivided by major biome types (alpine,
eastern deciduous forest, Great Plains grasslands, Rocky Mountain forest, intermountain desert
steppe, and wetlands), and for non-native and rare species. The land status coverage was
modified from Merrill et al. (1996) to include new Research Natural Areas, Nature Conservancy
(TNC) preserves and easements, and BLM Areas of Critical Environmental Concern (ACECs)
established since 1996 (Figure 1).

Potential distribution maps were created for 100 plant species based on correlations between
selected environmental variables and known plant locations in Wyoming and adjacent states
(Fertig 1999). Digital versions of these models were overlaid with the revised land status layer
to derive the percentage of area in Wyoming falling in each of the four GAP categories.

Based on our revised land status coverage, the total area of Wyoming under GAP status 1 or 2
management is 26,695 km” (10.55% of the state). These lands contain at least one population for
2,261 of the state’s 2,770 plant species that we examined (81.62%) (Table 1). 1,263 of these
taxa (45.6%) have at least five or more populations in status 1 or 2 lands, and 1,557 taxa
(56.21%) have over 10% of their known populations under protection. Alpine species are the
best represented, with 158 of 163 taxa (96.93%) being found at least once in GAP 1 or 2 areas
and 107 taxa (65.64%) having at least 50% of their populations protected. Wetland and Rocky
Mountain forest plants are also relatively well protected, with 87.86-90.54% of their species
present at least once in status 1 or 2 lands. By contrast, plants of the eastern deciduous forest,
intermountain desert steppe, and Great Plains grasslands have only 72.52—77.68% of their
species minimally represented in GAP 1 or 2 areas. Although only 40 of 52 eastern deciduous
forest species occur in protected sites, 37 of these (71.16%) have at least 10% of their
populations in preserves. Of 261 intermountain desert steppe taxa in protected areas, only 90
(26.79%) have at least 10% of their populations represented. Plants of the Great Plains have the
lowest levels of protection, with only 293 of 404 species present on protected lands and less than
15% of the flora having over 10% of their populations preserved (Table 1).



Table 1. Number and percent of vascular plant species with 0%, >0-10%, >10-25%, >25-50%,
and >50% of their populations in GAP status 1 or 2 lands in Wyoming.

0% of >0-10% >10 - >25- > 50 % of
pops. in of pops. in 25% of 50% of pops. in
GAP1&2 | GAP1&2| pops.in pops.in | GAP1 & 2
GAP1& 2| GAP1&2
Flora No. and % | No. and % | No. and % | No. and % | No. and % | Total
of taxa of taxa of taxa of taxa of taxa
Total Wyoming 509 704 708 491 358 2770
(18.38%) (25.42%) (25.56%) (17.73%) (12.92%)
Alpine 5 0 12 39 107 163
(3.07%) (0%) (7.36%) (23.93%) (65.64%)
Eastern 12 3 26 8 3 52
Deciduous Forest | (23.08%) (5.77%) (50%) (15.39%) (5.77%)
Great Plains 111 233 51 6 3 404
Grasslands (27.48%) (57.67%) (12.62%) (1.49%) (0.74%)
Intermountain 75 171 60 23 7 336
Desert Steppe (22.32%) (50.89%) (17.86%) (6.85%) (2.08%)
Rocky Mountain 88 129 331 263 119 930
Forest (9.46%) (13.87%) (35.59%) (28.28%) (12.8%)
Wetland 63 80 157 122 97 519
(12.14%) (15.41%) (30.25%) (23.51%) (18.69%)
Non-native 155 88 71 30 22 366
(42.35%) (24.04%) (19.4%) (8.2%) (6.01%)
Plants of Special 196 19 77 97 133 522
Concern (Fertig (37.55) (3.64%) (14.75%) (18.58%) (25.48%)
& Beauvais 1999)

The state natural heritage program recognizes 522 plant taxa of “special concern” (Fertig and

Beauvais 1999). Of these species, 196 (37.55%) currently receive no protection in GAP 1 or 2
areas of Wyoming. The percentage of unprotected rare species in Wyoming is just over twice as
high as the percentage of unprotected taxa in the state flora as a whole. Only 230 rare plant
species (44.06%) have at least 25% of their known occurrences in preserves (Table 1).

Conversely, 366 non-native plant taxa have been documented for the flora of Wyoming, of
which 211 (57.45%) occur at least once in status 1 or 2 lands. Fifty-two of these species
(14.21%) have more than 25% of their known occurrences in highly protected areas.

For 100 modeled species we found little overall difference in the average percentage of a species'
predicted area within status 1 or 2 lands and the average percentage of known populations of the
same species in the protected areas (21.03% vs. 20.97%, respectively, Table 2). Individual
models and dot distribution maps could differ significantly, however, with modeled ranges
typically overpredicting protection for many alpine, Rocky Mountain forest, and wetland species,
and point maps doing the same for eastern deciduous forest taxa and rare plants.



Table 2. Comparison of protection status using modeled distribution vs. point location maps for
selected plant species in Wyoming. * indicates a species of special concern. Flora acronyms are:

ALP (alpine), EDF (eastern deciduous forest), GRS (Great Plains grasslands), IDS
(intermountain desert steppe), RMF (Rocky Mountain Forest), and WET (wetlands).

Species Flora Modeled Distribution Point %
Locations | modeled -
% points
Area in % model in | % points in
GAPlor2 | GAPlor2 | GAP1lor2
lands (km?) lands lands
Aconitum RMF 13,173 34.07 22.83 11.24
columbianum
Ambrosia trifida GRS 262 0.98 4.00 -3.02
Artemisia pedatifida IDS 1,481 1.85 1.33 0.52
Artemisia tripartita RMF 1,278 7.48 6.77 0.71
var. rupicola
Astragalus geyeri IDS 756 2.15 4.88 -2.73
Carex blanda EDF 12 1.57 23.07 -21.50
Carex lenticularis var. | WET 532 35.74 31.58 4.16
pallida
Ceanothus velutinus RMF 7,938 21.69 22.84 -1.15
*Cleome multicaulis WET 1 67.66 50.00 17.66
Cryptantha cinerea GRS 422 0.88 1.16 -0.28
var. jamesii
*Cymopterus evertii IDS 1,305 13.18 41.67 -28.49
Draba aurea GRS 13,220 47.46 45.38 2.08
*Festuca hallii RMF 441 16.77 36.36 -19.59
Noccaea montana RMF 7,083 35.48 16.00 19.48
Panicum virgatum GRS 187 0.95 5.26 -4.31
*Parrya nudicaulis ALP 1,012 72.29 100.00 -27.71
Penstemon saxosorum | RMF 4,393 37.21 0.00 37.21
Phalaris arundinacea | WET 173 5.99 11.86 -5.87
Thelesperma RMF 341 2.88 0.00 2.88
marginatum
Trifolium nanum ALP 1,103 61.64 44.00 17.64
Average of 100 2,930 21.01 20.97 0.05
modeled taxa
Standard deviation 22.49 21.76

Models are a useful tool for identifying new areas of potential habitat for species of high
management interest (Fertig 1999) but should not substitute for ground-based confirmation of
presence in protected areas. Point-based coverages have limitations too in that they may reflect
unequal or biased sampling (with private lands being especially underrepresented). Use of
species lists may also suffer from unequal sampling intensity and possible misidentifications. In
Wyoming, TNC easements, state Wildlife Habitat Management Areas, ACECs, and national
forest wilderness and special interest areas outside the Greater Yellowstone area are especially



undersampled at present and may provide better levels of protection than currently detected. As
with all gap analyses, care must be taken in presuming that presence in a protected area equates
with adequate management, minimum viable population size, and occurrence of necessary
ecological conditions for any given species.

The use of vascular plants to identify patterns in overall biodiversity protection corroborates the
findings of other gap analyses using terrestrial vertebrates and land cover types (Merrill et al.
1996; Scott et al. 2001). We find that alpine and montane upland and wetland species have
much higher representation in GAP status 1 or 2 lands in Wyoming than taxa from the Great
Plains, eastern deciduous forest, and intermountain desert steppe. Rare species are also twice as
likely to be absent from the existing protected areas network as wide-ranging species. Floras
confer additional advantages for gap analysis because their high species richness, mix of habitat
generalist and specialist taxa, and large pool of location information contribute to a more robust
data set than vertebrate faunas or coarse vegetation types. By determining the protection status
of individual plant species, conservationists have a precise tool for identifying and prioritizing
biome types, geographic areas, and suites of species that are underrepresented in the protected
areas network.
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Managing Biodiversity in Oklahoma: A Case for Private Land
Conservation

WILLIAM L. FISHER' AND MARK S. GREGORY”
'Oklahoma Cooperative Fish and Wildlife Research Unit, Oklahoma State University, Stillwater
*Department of Plant and Soil Sciences, Oklahoma State University, Stillwater

It is widely recognized that biodiversity cannot be conserved solely through a strategy of
establishing reserves, which are mostly on public lands. Reserves are too few to support all
elements of biodiversity, many are too small to sustain genetic or species diversity, and they are
often geographically separated, making it difficult to generate and maintain political support
(Vickerman 1998). Private lands, which constitute nearly 50% of the U.S., support significant
elements of biodiversity and are increasingly a focus of state biodiversity conservation programs
(Schlickeisen and Musgrave 1996). Oklahoma, like most eastern and mid-continent states, is
composed almost entirely of privately owned land. The Oklahoma Gap Analysis Project (OK-
GAP) found that private lands comprise 94.5% of Oklahoma. Nearly all of these lands are
managed for agricultural (e.g., rangeland, cropland, or pastureland) or forestry uses. As such,
there is limited focus on managing these lands for biodiversity conservation, although there are
many opportunities for doing so (Murray 1996).

Most of the stewardship lands in Oklahoma are owned and managed by 13 federal and state
agencies. Federal and state agencies with the largest holdings of stewardship lands are the U.S.
Army Corps of Engineers (1.2%), U.S. Fish and Wildlife Service (0.9%), and Oklahoma
Department of Wildlife Conservation (0.7%). Less than 2% (3,347 sq km) of the total land area
of Oklahoma (181,124 sq km) is GAP stewardship status 1 and 2 lands, and many of these occur
in the eastern half of Oklahoma. Status 3 lands comprise nearly 4% (6,540 sq km) of the state’s
land area, and these lands are scattered throughout the state. Although many of these
stewardship lands occur in areas of high biological diversity, none of them are very large, and
few are contiguous. The average size of the 72 status 1 and 2 land management units is 46 sq km
(range 0.31-522.62 sq km).

To illustrate the fragmented character of stewardship lands in relation to biologically diverse
areas and significant features in Oklahoma, we overlaid status 1 and 2 lands on the hexagon map
of mammal species diversity (Figure 1). In general, vertebrate species diversity increases from
west to east in Oklahoma; however, mammal diversity tends to be more clumped. Areas of high
mammal species richness tend to be associated with significant natural features in Oklahoma
including the Ozark Plateau in the northeast, Ouachita Mountains in the southeast, Wichita
Mountains in southwest, Gypsum Hills in the northwest, and Black Mesa at the tip of the
panhandle. In addition to diverse mammal assemblages, each of these areas supports a diversity
of natural vegetation types (Aldrich et al. 1997). It is apparent from the overlay (Figure 1) that
although status 1 and 2 lands do coincide with some areas of high species richness for mammals,
these lands are small and widely separated from one another, thus providing little opportunity for
development of a reserve network.
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Figure 1. Distribution of status 1 and 2 stewardship lands in relation to mammal species richness
in Oklahoma.

It is clear that biodiversity conservation in Oklahoma will depend on working cooperatively with
private landowners. Directed educational efforts will be needed to inform landowners and the
public in general about the value of Oklahoma’s rich natural heritage and what can be done to
enhance it. Fortunately, the Oklahoma biodiversity plan (Murray 1996) identifies a strategy for
educating Oklahomans about biodiversity conservation. In addition to education, there will need
to be a legal and policy framework in place to support biodiversity conservation efforts. Some
states (e.g., Oregon, California, Kentucky, Michigan, New York) have developed formal
biodiversity policies (Schlickeisen and Musgrave 1996) that are guiding education efforts and
providing incentives. With the completion of OK-GAP, Oklahoma is now poised to move
forward in implementing a strategy for conserving biodiversity that focuses on private land
owners as well as public land managers.
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The Gap Analysis Program on the Assessment of Nature
Reserves of Mexico

CESAR CANTU', J. MICHAEL SCOTT?, AND R. GERALD WRIGHT>
'College of Forestry, University of Nuevo Leon, Mexico
?U.S. Geological Survey, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow

Introduction

Mexico is considered one of the most biodiverse countries in the world (Mittermeier 1988,
Dinerstein et al. 1995, Instituto Nacional Indigenista 2001). Its territory of 1,953,162 km?, with
11,208 km of coasts, is nearly equally distributed above and below the Tropic of Cancer. The
insular territory of Mexico comprises 371 islands, coral reefs, and kelp beds (CONABIO 1998).

There are 127 nature reserves, covering 7.8% of Mexico's continental land area, within the
national system of natural protected areas (SINAP; CONABIO 2001). The distribution of these
reserves does not represent the biological, geophysical, or political divisions of the country. For
example, the states of Tamaulipas, Aguascalientes, and Guanajuato lack any federal nature
reserves. As in the U.S., individual state governments can also establish and manage parks or
protected areas.

The Mexican state of Nuevo Leon, located in the northeastern portion of the country, currently
has 23 state and three federal nature reserves that cover approximately 4.4% of its land area. The
state of Tamaulipas, located east of Nuevo Leon, has no federal nature reserves but five state
nature reserves covering approximately 2.8% of its land area.

The National Commission for Knowledge and Use of Biodiversity (CONABIO) identified
conservation priorities for Mexico based on the biological characteristics of specific areas,
recognizing 151 terrestrial and 70 marine regions throughout the country as priority areas for the
protection of biodiversity (Arriaga et al. 2000). Twelve areas were proposed for Nuevo Leon. If
established as reserves, the proportion of protected lands in that state would exceed 23%.
CONABIO proposed 13 terrestrial and 5 marine reserves for Tamaulipas; if established, these
new reserves would increase the proportion of terrestrial protected areas in that state to 23.7%.

Efforts to identify gaps in networks of nature reserves have been conducted using biological
features (Scott et al. 1993) as well as enduring physical features (Hunter et al. 1988). Cantu et al.
(2001a, 2001b, 2001c) used both approaches in an assessment of the adequacy of existing and



proposed nature reserves to capture the variation in elevation, climate, physiography, floristic
divisions, potential vegetation types, mammalian, reptilian, and amphibian faunal provinces, and
land use. This assessment was conducted for the entire country of Mexico and in more detail for
the states of Nuevo Leon and Tamaulipas. This article briefly reports the results of that
assessment.

This assessment was done using the best available data for Mexico as a whole and Nuevo Leon
and Tamaulipas in particular. These data are both spatially and thematically coarse, and the
effort is intended to show how the Gap Analysis method of identifying gaps in biodiversity
conservation lands may be applied in Mexico as well as individual states of Mexico if spatial
data of actual dominant vegetation types and each vertebrate species were available. The
analyses presented here show the general level to which categories of elevation, physiography,
potential vegetation types, faunal realms, and land use are represented in existing and proposed
natural reserves and only indirectly provide a sense of the degree to which the overall
biodiversity of Mexico, Nuevo Leon, and Tamaulipas is represented in these areas.

Methods

Digital maps of the proposed reserves (Cantu et al. 2002a, 2002b,2002c¢) and elevation (INEGI et
al. 1990), climate types (Garcia and CONABIO 1998), soil types (INEGI et al. 1991),
physiography (Cervantes-Zamora et al. 1990), floristic divisions (Rzedowski and Reyna-Trujillo
1990), potential vegetation types (Rzedowski 1990), mammalian, reptilian, and amphibian faunal
provinces (Ramirez-Pulido and Castro-Campillo 1990, Casas Andreu and Reyna Trujillo 1990),
and land use and land cover for 1973 and 1996 (INE and INEGI 1996, CONABIO 1999), as well
the boundaries of proposed terrestrial reserves, were obtained from the CONABIO web site
(www.conabio.gob.mx). The boundaries of the existing nature reserves were provided by the
National Commission of Natural Protected Areas (SEMARNAT) and the state governments of
Nuevo Leon and Tamaulipas.

All of the data sets were combined and analyzed using ARC/INFO version 8.02 and ArcView
version 3.2 software. Differences in map scales and map projections for the various data sets
caused the area estimates calculated for the different categories to vary. However, considering
the broad scale of the analysis, we did not consider these differences to be meaningful.

For the purposes of this analysis it was assumed that any resource category with less than 12% of
its area in protected areas was underrepresented. We chose 12% because that percentage has
been suggested in the past as a conservation target for entire nations (Bruntland 1987, [UCN
1992). However, it has not been proposed as a conservation target for particular resource
categories, and we do not suggest that this figure has any established scientific validity.

Results and Discussion

We found that the 127 existing federal reserves, when combined with the additions proposed by
CONABIO, would place 29% of Mexico's land area in nature reserves. The existing reserves
adequately protected (i.e., > 12%) only those lands with elevations > 3000 m (which represent <
1% of the country). Adding the reserves proposed by CONABIO results in all elevation zones,
climatic divisions, and physiographic provinces having at least 12% of their lands in protected
areas. With the existing set of reserves, the analysis of 1973 land cover data indicated that nine
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of the 23 potential vegetation types exceed the 12% standard in the current nature reserves.
Under the "existing and proposed" reserve scenario, all 23 of the potential vegetation types
would be protected. Under the existing nature reserves scenario, oak forest, pine forest, cloud
forest, chaparral, savanna, three types of tropical forest and five types of xeric scrubs are
underrepresented. All categories exceed the 12% threshold in the current and proposed nature
reserves, and 14 categories have 30% or more of their area in current and proposed nature
reserves.

Despite the increased protection of biological and geophysical features provided by the proposed
CONABIO reserves, gaps remained when the analysis was conducted at the state level. For
Tamaulipas, we found that most of the existing protected sites occur in areas with elevations >
1,000 m. These are in temperate climates and are dominated by pine forest, oak forest, and cloud
forest cover types. The state's dominant physiographic region—low-elevation coastal plain with
tropical and arid climate types and xeric scrub vegetation—is disproportionately
underrepresented in the current reserve system. If the new protected areas were established, the
largest gap would be in the low-elevation, level, coastal lands. For example, for the five xeric
scrub types that cover 35% of Tamaulipas, less than 1% of their area is represented in current
nature reserves. With the addition of CONABIO's proposed areas, four of the five types remain
underrepresented.

For Nuevo Leon, we found that the existing reserves are located primarily in regions with
elevations between 1,000 and 1,500 m, slopes greater than 45%, and soils of low productivity
(Litosols), with a temperate climate, and dominated by pine and oak forest cover types. The
state's dominant physiographic region—low-elevation coastal plain with arid climate types and
xeric scrub vegetation—is disproportionately underrepresented in the current reserve system. If
the new protected lands were established, the largest gap would be in the low-elevation, level,
coastal lands with xeric scrub communities.

The nature reserve areas proposed by CONABIO would greatly increase the protection of
geographical features in Mexico and the states of Nuevo Leon and Tamaulipas. Whether this
would also result in an increased protection of biodiversity remains unknown, as adequate maps
of species distribution and detailed actual vegetation types are not available. However, gaps in
the protective network would remain, particularly at the state level. Furthermore, establishment
of additional nature reserve areas without sufficient funding to manage and protect them

will not insure the long-term survival of these features and the species that reside in them.
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Preclassification: An Ecologically Predictive Landform
Model
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Introduction

The Southwest GAP Regional Land Cover mapping project faces the challenge of accurately
mapping existing vegetation communities over a large (560,000 sq. mile) area by combining
Landsat TM image classification techniques with GIS modeling. One of the most promising
avenues by which a higher level of classification accuracy and community definition may be
achieved, is to improve the modeling of biophysical parameters that predict potential vegetation.
Mapping zones offer a way to partition the landscape into broad regions of similar spectral,
ecological, and physiognomic characteristics (Manis et al. 2000). While mapping zones address
stratification of macroclimate, microclimate and soil characteristics must be assessed to predict
potential vegetation.

This article describes the development of a predictive landform model defined by slope gradient,
slope aspect, landform position, hydrologic relationships, and microclimatic parameters. The
ultimate objective of the model is to produce an ancillary GIS data set to assist imagery-based
land cover classification.

Refining the Topographic Relative Moisture Index

The first step involves modeling parameters that influence surface and subsurface water
movement and evaporative water loss versus water retention within local watersheds. For this
step we modified and refined Parker’s (1982) Topographic Relative Moisture Index (TRMI).
The TRMI is a summed scalar index of four landscape elements derived from a Digital Elevation
Model (DEM). These elements are relative slope position, slope gradient, slope shape, and
slope aspect. The index works well in areas of moderate to high topographic relief. Parker
(1982) acknowledges that the weighting of the elements is subjective, and different weighting
schemes may be applied.

To refine the TRMI we incorporated two primary adjustments. First, we revised the original
index to better assess the relationship between slope and aspect in affecting solar radiation and
evaporation rates. The TRMI assumes a linear relationship between aspect and moisture
availability independent of slope. Our refinement incorporates the assumption that soil moisture
varies according to both the aspect and gradient of the slope. The greatest differences in soil
moisture are between slopes of direct and opposite solar angles. To adjust for this range of solar



angles we added an aspect multiplier based on the ranges of steepness of the slopes. This has the
effect of assigning a more neutral index value to slopes that have less direct solar angles. The
second modification involves rescaling the landform position, slope, and shape elements of the
index with an aim toward building more discrete landform positions. Our revisions change the
original TRMI scaling index of 0 to 60 (drier to wetter) to a more compact index ranging from 0
to 27 (drier to wetter). Figure 1 presents an example of the refined TRMI model.
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Figure 1. Refined Topographic Relative Moisture Index (TRMI) (1-27; drier — wetter).

Landform Position Model

Step two involves creating a landform position model that uses slope limits and TRMI values
(Table 1). Landform Position Classes (LPCs) are therefore defined by topographic position,
slope steepness, and relative moisture gradient. Landform classes are generic in nature, that is,
no distinctions are made as to process or climatic zone. Flatter upland areas (i.e., plateaus,
benches, divides, mesas, etc.) have medium TRMI values and low slope angles. Bottomlands,
basins, etc. have a high TRMI and low slope angles. Similarly, other slope positions can be
categorized in a range of steepness and relative moisture.

Slope limits for the landform position model were derived empirically, using The Nature
Conservancy’s Ecological Land Unit (ELU) system’s slope limits as a first iteration guide (The
Nature Conservancy, unpublished manuscript). Modifications were tested to “best fit” the DEM-
derived slopes to natural slope breaks. The result is 10 LPCs suitable for the 2 ha minimum
polygon size suggested for the GAP final cover type classification. Figure 2 is an example of
mapped LPCs.

Table 1. Landform Position Classes

Landform Position Class Slope Limit Refined TRMI

1 Valley flats It 3 degrees TRMI gt 22

2 | Gently sloping toe slopes, bottoms, and | 3-10 degrees TRMI gt 18
swales




3 Gently sloping ridges, fans, and hills 3-10 degrees TRMI le 18
4 | Nearly level terraces and plateaus It 3 degrees TRMI le 22
5 Very moist steep slopes 10-35 degrees TRMI ge 18
6 | Moderately moist steep slopes 10-35 degrees TRMI 11-17
7 Moderately dry steep slopes 10-35 degrees TRMI 4-10
8 | Very dry steep slopes 10-35 degrees TRMI It 4

9 | Cool aspect scarps, cliffs, canyons gt 35 degrees TRMI gt 10
10 | Hot aspect scarps, cliffs, canyons gt 35 degrees TRMI le 10

Landiom
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Figure 2. Landform Position Classes (LPC) showing southwest-facing escarpment.

Life Zone Stratification

In the final step, LPCs are reclassified into Ecologically Predictive Landform Classes (EPLCs)
using a medium-scale, climatic zone (life zone) stratification. We experimented with elevation
and STATSGO soil polygons, grouped by soil temperature, and other key criteria for a life zone
stratification. While elevation data and STATSGO polygons hold some advantages, we
ultimately chose a model by stratifying zones based on TM image-derived vegetation index as a
superior strategy.

The Soil Adjusted Vegetation Index (SAVI) defines life zones by approximating vegetation leaf
area from satellite imagery. This has important advantages over other methods but with at least
two potential drawbacks. The most compelling advantage is that limits derived from a
vegetation index do not appear arbitrary when applied to the landform model. Both the
STATSGO and elevation-based stratification methods produced arbitrary life zone boundaries.
We found that vegetation index values relate well to life zone (or life form) changes. Drawbacks
to the method include the occurrence of "pixellated" zones near some stratification boundaries
and incorrect classification of life zones due to recent fires or other large-scale disturbance
features such as logging.



The pilot study area was the San Rafael Swell mapping zone, which includes the Capitol Reef
and Henry Mountains. We used visual analysis of TM imagery, STATSGO, and elevation class
to identify threshold SAVI values. These threshold values were classified to define four life
zones. The lowest, driest zone is comprised of sparsely vegetated to barren, soft shale badlands.
The second life zone is dominated by xeric dwarf shrubs and shrubs, low-cover xeric grasses,
and low-cover pinyon-juniper on benchlands, slickrock plateau, and canyon country. The third
zone represents the higher plateaus within the Swell, Capitol Reef, and the benches flanking the
Henry Mountains that are dominated by high-cover pinyon woodlands and big sagebrush. The
highest zone is the montane and subalpine communities on the slopes of the Henry Mountains.

Discussion

Thus, the output from the predictive landform model creates EPLCs based on topographic
relative moisture, landform, and climatic zone (life zone). Steps one and two are created using a
single ARC/INFO AML script. Step three utilizes an ERDAS Imagine EML script to combine
the life zone stratification with the Landform Position Class model. After the stratification
model is run, the initial output is filtered using ERDAS Imagine neighborhood analysis, majority
filter, with a 3 x 3 window. This helps to smooth slope noise from the DEM, as well as remove
isolated pixels. The number of life zone stratums can range from one to as many as five,
depending on the complexity of the mapping zone microclimate. It is quite probable that all
landform classes would not be present in some stratums. The number of life zone stratified
landform classes or EPLCs is a multiplicative product of the number of life zones and the 10
LPCs. However, in some instances, it may be desirable to collapse similar landform classes if
there is no essential difference in potential. For the San Rafael Swell mapping zone there are a
total of 40 EPLCs.

Our EPLCs closely approximate the ELUs developed by The Nature Conservancy for
conservation planning, as well as the Land Type level of ECOMAP (Cleland et al. 1997), and are
easily cross-walked to those classifications-in-progress. We constrained our methodology to use
only those data available regionwide to minimize processing time. The protocols described here
for the EPLC model can be applied beyond the Southwest GAP land cover mapping effort.

Other applications might include soil, habitat, hydrologic, and fire models.
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Introduction

Quantifying the accuracy of a GAP land cover map involves comparing the thematic content of
the digital map with corresponding thematic reference data (i.e., some form of “truth”) obtained
from the field. Typically, assessment locations are selected from the target area, and reference
data are gathered from field visits or photo-interpretation (Congalton 1991). Methods of
selecting assessment locations vary widely from purposive sampling, in which areas are
intentionally selected for observation without applying a randomization mechanism, to selecting
statistical samples from the entire target area or from some portion of the target area (e.g.,
roadsides). Sampling units may be areas (polygons) or points on the land. To analyze
assessment data, a number of accuracy measures are available to compare the reference data and
land cover maps (Stehman 1997). The choice of accuracy assessment methodologies is
influenced by scientific, statistical, and operational concerns.

Ideally, accuracy estimates are based on unbiased samples and statistical estimation methods that
provide a measure of the precision of the estimated accuracy rate. However, practical
considerations such as targeting sample locations while maintaining geographic spread, choosing
the appropriate observational unit, obtaining access to sampled locations, and minimizing travel
costs all present challenges when designing such studies. Sample survey methodologies provide
a design and estimation framework that balances statistical and operational considerations with
study objectives (Cochran 1977, Salant and Dillman 1994, Thompson 1992). Probability sample
designs can be developed to target areas requiring more intensive study, avoid areas that are
difficult to access, or select clusters of observation units to reduce study costs. Contact methods
used in survey sampling provide an effective method of gaining access to private land and
minimizing bias from nonresponse. Just as a questionnaire provides a rigorous basis for
repeatability in telephone surveys, field observation methods are based on protocols that
encourage well-defined observations at the correct location while minimizing the effort required
to collect reference data. Estimators that take into account survey methods used in a study are
readily available from this framework.

In response to a request from EPA Region 7 for an integrated accuracy assessment plan in the
region, we designed and conducted a pilot study using a sample survey approach to assess the
accuracy of GAP land cover maps. The goal was to produce a statistically sound and
operationally feasible design that meets GAP’s accuracy assessment objectives. In particular, we
were interested in protocols for gaining permission to sample on private land, protocols for
observing reference land cover in the field, appropriate sample design and estimation strategies,
and quantifying the operational resources required to do a full accuracy assessment.



In this paper, we focus on the lowa pilot study. We briefly summarize the methods we used to
address scientific, statistical, and operational considerations, and present pilot study results.
Further details are available in Nusser and Klaas (2001). Finally, we discuss the implications of
this design for future accuracy assessment efforts.

Sample Design
The pilot study was conducted during the summer of 1999 in four northeast counties in lowa:
Allamakee, Clayton, Fayette, and Winneshiek.

A stratified two-stage cluster sample design (Lohr 1999) was used to select sample pixels for
field visits from the four-county study area. We first selected USGS 7.5 degree quadrangles (or
combinations of partial quads that fell on the border of the study area) as primary sampling units
(PSUs) (Figure 1). Five strata of 8-12 PSUs each were created to ensure geographic spread of
the PSUs and coverage of all land cover categories. Two PSUs were randomly selected from
each stratum using systematic sampling, for a total of ten PSUs.
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Individual pixels were selected from PSUs in a second stage of sampling. Resource constraints
dictated sample size. Iowa staff had a goal of visiting 200 points within the study area. Since we
expected that access would be denied for approximately 15% of the sample points, 236 sample
points were selected to achieve 200 responses. Pixel samples were selected from the ten PSUs
using a stratified design. The pixel sample was stratified according to nine relatively
homogeneous land cover categories, collapsed from the original 29 vegetation classes defined for
Iowa (Table 1).

Table 1. Estimated accuracy rates by land cover category using nine-pixel cluster data.

Total Area

with Consistent

Field and Map Estimated
Land Cover Category” Classifications Field Area Producer's Accuracy (%) Map Area
(s) (ha) (ha) PA(s)®  (se) n (ha)
Coniferous Forest 326 5,464 59 (1.9) 83 1,362
Deciduous Forest 91,902 128,660 71.4 (3.7 381 146,846
Mixed Forest 153 1,204 12.7 (8.7) 23 2,635
Coniferous Woodland 0 43 0.0 - 1 0
Deciduous Woodland 0 32,890 0.0 0.0 57 0
Mixed Woodland 0 3,376 0.0 0.0 11 0
Shrubland 0 13,610 0.0 0.0 8 5,202
Grass 7,795 13,659 571 (7.4) 55 112,282
Sparsely Vegetated/Barren 0 1,381 0.0 0.0 13 1,723
Artificial (roads, urban) 3,456 32,432 10.7 (3.5 136 3,678
Cropland 402,789 499,237 80.6 (2.1) 536 451,658
Open Water 9,700 10,700 90.7 (4.6) 73 17,270
Total 516,121 742,656 742,656

a

Land cover categories were defined by combining Iowa vegetation classes as follows: coniferous forest = pine forest, eastern red cedar forest,
evergreen forest; deciduous forest = upland deciduous forest, temporarily flooded forested wetland, seasonally flooded forested wetland; mixed forest
= mixed evergreen and deciduous forest; coniferous woodland = eastern red cedar woodland; deciduous woodland = upland deciduous woodland,
temporarily flooded deciduous woodland, seasonally flooded deciduous woodland; mixed woodland = mixed evergreen and deciduous woodland;
shrubland = upland shrub, temporarily flooded shrub, seasonally flooded shrub, semi-permanently flooded shrub, saturated shrub; grass = warm
season grass/perennial forbs, temporarily flooded wetland, seasonally flooded wetland, semi-permanently flooded wetland, saturated wetland,
permanently flooded wetland; grassland with sparse shrubs and trees; sparsely vegetated/barren = a single vegetation class that includes open
bluff/cliff, talus slopes, mud, sand, soil; artificial = artificial with high vegetation, artificial with low vegetation; agriculture = cool season grass,
cropland; open water = a single vegetation class. The woodland land cover categories were not present on the land cover map, but were observed in
the field during the study.

Producer's Accuracy is the probability that a pixel observed in the field is correctly depicted on the map.

User's Accuracy is the probability that a pixel on the map correctly identifies the land cover category as it exists in the field.



To determine the allocation of sample pixels across land cover categories, we used a square root
rule that balanced the need for estimates corresponding to the entire study area with the desire to
obtain estimates for the defined land cover categories. We incorporated an adjustment factor for
increased sample size in challenging land covers, and reduced sample size for land covers that
were easier to classify. We then applied minimum (n=16) and maximum (n=44) sample sizes
per stratum. The full list of pixels for a given land cover category was sorted by PSU, latitude,
and longitude (to encourage geographic spread of the sample pixels), and a systematic sample
was selected (Figure 2).
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Figure 2. Sampled primary sampling units and sampled pixels by land cover. Numeric labels
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Because the time required to collect field data was not well known, the sample was divided into
three balanced subsamples, corresponding to 50%, 25%, and 25% of the full sample, so that each
balanced fraction of the sample could be completed and a decision made about resources
availability for completing the next subsample. Field observers were instructed to complete
samples from subsample 1 (50% sample) prior to collecting data on subsample 2, and were given
similar instructions for subsample 3. In practice, these guidelines were implemented within
county boundaries.

Obtaining Permission to Access Land

Owner information and the Public Land Survey (PLS) location for each sample pixel were
obtained from offices of the County Auditor or Assessor. These offices are responsible for
assessing property taxes and thus have the most recent information on land ownership. Plat
directories and local phone directories were used to determine addresses and phone numbers for
each landowner. Less than 10 of 236 addresses and ownerships were incorrect or had changed
between the time of determination and the start of field work.

Of the 236 sample pixels, 198 were located on private property and 38 were on state or federal
lands or were within city limits of towns. Letters requesting access to land were prepared using
Iowa State University letterhead and mailed to each of the 198 private landowners along with a
color land cover map of their county as a gift. Landowners returned 90 letters (45.4%) and 87 of
these granted permission to enter their property. The day prior to visiting a site, a follow-up
phone call was made to the landowner, regardless of whether a letter had been received or not,
resulting in an additional 58 landowners who granted access and 8 who denied access. Due to
insufficient time and resources, no follow-up calls or visits were made to 42 landowners in
subsamples 2 and 3 in Fayette County and subsample 3 in Clayton County.

Field Assessment

Selected target pixels were located in the field by orienteering to the general vicinity of a point
using the prepared topographic maps and then navigating to the exact coordinates of a point
using a geographical positioning system (GPS) receiver with automatic differential correction
capabilities. The GPS displayed a confidence interval from the desired coordinates that was
usually less than five meters. Land cover was assessed for the target pixel (30 x 30 m) and the
eight adjoining pixels using a list of codes for the 29 mapped vegetation classes in lowa. A total
of 18 points located on the floodplain of the Mississippi River were accessed with an air boat
provided by the U.S. Fish and Wildlife Service.

Analysis

Field and map land cover data were used to estimate standa