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Abstract: Few attempts have been made to analyze the status of conservation efforts at a continental scale,
mainly because of the lack of high-quality data sets at this scale. Given that land management agencies want
to prioritize conservation efforts and spend limited resources wisely, we recognized the need to undertake a
national gap analysis. We developed the most detailed national vegetation cover map feasible to analyze the
degree of representation of ecosystem analysis units (an initial representation of ecosystem types) in the network
of conservation lands for the continental United States. We combined The Nature Conservancy’s ecoregions
with the natural land-cover types of the National Land Cover Data Set and examined the conservation status of
each combination. The majority of ecosystem analysis units have a small percentage of their total area residing
in lands that are managed to support biodiversity. The median percentage of area conserved on status 1 and
2 lands (highest of four levels of protection) as designated by the Gap Analysis Program for the 554 ecosystem
analysis units is 4.0% (SD 18.1%). This finding, which highlights our national conservation deficits, points to
the need to address the size and diversity of the conservation estate.
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Déficit de Conservación para los Estados Unidos: Un Análisis de Congruencias de Ecosistemas

Resumen: Se han realizado pocos intentos para analizar el estatus de los esfuerzos de conservación a
escala continental, debido principalmente a la falta de conjuntos de datos de buena calidad a esta escala.
Debido a que las agencias de gestión de tierras desean priorizar los esfuerzos de conservación y utilizar los
recursos limitados eficientemente, reconocimos la necesidad de efectuar un análisis de congruencias a nivel
nacional. Elaboramos un mapa nacional de cobertura vegetal lo más detallado posible para analizar el grado
de representatividad de las unidades de análisis del ecosistema (una representación inicial de los tipos de
ecosistema) en la red de áreas protegidas en E. U. A. continental. Combinamos las ecoregiones de The Nature
Conservancy con los tipos de cobertura de suelo naturales del National Land Cover Data y examinamos el
estatus de conservación de cada combinación. La mayoŕıa de las unidades de análisis del ecosistema tienen un
pequeño porcentaje de su área total en tierras que son manejadas para apoyar a la biodiversidad. El porcentaje
mediano de área conservada en tierras de estatus 1 y 2 (los mayores de cuatro niveles de protección) designado
por el Programa de Análisis de Congruencias para las 554 unidades de análisis del ecosistema es 4.0% (DS
18.1%). Este hallazgo, que resalta nuestro déficit de conservación, apunta hacia la necesidad de atender el
tamaño y diversidad del activo de conservación.
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Introduction

Coarse-filter conservation encompasses the idea of pro-
tecting representative portions of each ecological com-
munity across a landscape. The presumption of under-
taking a coarse-filter approach is that it will conserve the
most species that exist on that landscape (Scott et al.
1993; Noss et al. 1995; Groves 2003). Several U.S. federal
agencies, including the National Park Service, the Forest
Service, the Bureau of Land Management, the Department
of Defense, and the Fish and Wildlife Service (USFWS),
play a role in protecting natural resources. Although each
of these agencies employs a coarse-filter approach by de-
fault through various land protection efforts, none has
historically sought to ensure representative protection
of ecological communities. Among these agencies, the
USFWS is uniquely poised to implement a coarse-filter
strategy for biodiversity protection in national wildlife
refuges. The USFWS, however, is experiencing a problem
in trying to implement coarse-filter conservation across
the nation—the data are insufficient to analyze ecosys-
tems and select potential conservation sites at the na-
tional scale. Our purpose here is to demonstrate an ini-
tial method for overcoming this problem while awaiting
more precise data products from the Gap Analysis Pro-
gram (GAP) of the U.S. Geological Survey.

The GAP gathers and analyzes data on the status of
species and their habitats within the network of con-
servation lands in the United States. The primary objec-
tive of gap analysis is to assess where these species and
their habitats are not adequately protected (Scott 1993).
Gap analysis provides conservation agencies and orga-
nizations with critical information for undertaking land
conservation actions. For example, the USFWS uses gap
analysis to assess vegetation and potential species distri-
butions on current and potential lands of the National
Wildlife Refuge System (refuge system).

Section 4 of the National Wildlife Refuge System Im-
provement Act of 1997 (Refuge Improvement Act, Pub-
lic Law 105-57) provides a unified mission for the refuge
system: “to administer a national network of lands and
waters for the conservation, management, and where ap-
propriate, restoration of the habitats within the United
States. . . ” Section 5 directs the secretary of the Depart-
ment of the Interior to ensure or conduct a set of 14 ac-
tions in “administering the System.” The second of these
14 directives is to “ensure that the biological integrity,
diversity, and environmental health of the System are
maintained for the benefit of present and future genera-
tions of Americans.” From 1998 to 2001 USFWS biologists,
managers, and policy specialists, with input from other
governmental agencies and nongovernmental conserva-
tion specialists, developed a policy for implementing this
clause. The policy is formally entitled the “biological in-
tegrity, diversity, and environmental health policy” and
is often referred to as the “ecological integrity policy”

among USFWS staff. The ecological integrity policy gen-
erally calls for the maintenance of biological integrity, di-
versity, and environmental health in an integrated fashion
based on historical, nondegraded conditions as a frame of
reference (USFWS 2001).

From 1999 to 2003 another team of USFWS person-
nel (National Goals Team) developed a process to derive
national goals and objectives for wildlife and plant pop-
ulations, habitats, and biodiversity. To do so, they had to
consider the legal context of setting such goals and ob-
jectives. For example, the Refuge Improvement Act calls
for the secretary of the Department of the Interior, in
“growing the System,” to “contribute to the conservation
of the ecosystems of the United States.” Meanwhile, the
Endangered Species Act of 1973 (ESA) calls for the secre-
tary of the Department of the Interior (and the secretary
of the Department of Commerce) to prevent the extinc-
tion of federally listed threatened and endangered species
and to protect the ecosystems upon which they depend.
The ESA authorizes the secretary of the Department of
the Interior to acquire lands for purposes of species and
ecosystem conservation, and 52 refuges have been cre-
ated primarily for these purposes (Czech 2005). Most
other national wildlife refuges also contribute to endan-
gered species conservation.

The National Goals Team, taking into account the Re-
fuge Improvement Act, ESA, and ecological integrity pol-
icy, adopted a coarse-filter approach to biodiversity con-
servation as part of its planning process. Drawing on
precedents established in the Brundtland Report (Brundt-
land 1987), the Caracas Action Plan (IUCN 1992), and
the British Columbia Protected Areas Strategy (Province
of British Columbia 1993), the National Goals Team ini-
tially formulated an objective of at least 10% “ecosystem
coverage” in areas set aside for conservation purposes.
The team, however, recognized that the 10% objective is
a somewhat arbitrary figure that cannot be applied across
the board. For example, certain types of ecosystems, such
as tallgrass prairie, have only a tiny fraction of their histori-
cal distribution remaining. Conserving a given percentage
of this remaining fragment may not be enough to ensure
long-term viability of this ecosystem type and its compo-
nents. Species-area relationships (relationships between
the size of a land area and the number of species it con-
tains) suggest that 30 to 50% of a given community or
ecosystem type needs to be conserved to maintain 80 to
90% of the species (Soulé & Sanjayan 1998; Groves 2003).
Even 30 to 50% may not be enough to sustain species over
the long term. Research has shown that there is no single
threshold value that can be broadly applied to conserve
all species (Fahrig 2001).

Conserving a given portion, even a high percentage,
of an ecosystem may not conserve the range of genetic,
structural, and functional diversity within that ecosystem
(Noss 1990; Scott et al. 2001b). Final objectives for con-
serving portions of each ecosystem type, therefore, will
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have to be determined on a case-by-case basis, taking into
account historical distribution, habitat quality, degree of
fragmentation, disturbance regimes, and other factors.
In the meantime, the National Goals Team needs to be
able to prioritize ecosystem types based on the degree to
which they are represented in the network of conserva-
tion lands.

To define and then meet ecosystem conservation ob-
jectives, a national gap analysis is required. The results of
such an analysis describe how well the nation is protect-
ing the diversity of ecosystem types. The USFWS can use
a national gap analysis to help prioritize actions aimed
at representative conservation, a necessary step to ful-
fill the Refuge Improvement Act’s mandates of conserv-
ing biodiversity and contributing to the conservation of
the ecosystems of the United States. Beyond the needs
of the refuge system, a national gap analysis can assist
other agencies, nongovernmental conservation organiza-
tions, and private land trusts in their efforts to prioritize
conservation actions and protect representative samples
of ecological communities across the United States. For
these and related conservation purposes, we conducted a
gap analysis of ecosystem types for the continental United
States based on the best available data.

Methods

Data Collection and Augmentation

The methods of gap analysis are well documented (Scott
et al. 1993; Jennings 2000). A detailed gap analysis, how-
ever, has not been completed at the continental scale.

Table 1. Land stewardship status from the U.S. Geological Survey Gap Analysis Program.

Stewardship
status Description Examples

1 area with permanent protection from conversion of natural
land cover and a mandated management plan in
operation to maintain a natural state within which
disturbance events (of natural type, frequency, intensity,
and legacy) are allowed to proceed without interference
or are mimicked through management

Yellowstone National Park, Dolly Sods Wilderness,
Baxter State Park

2 area with permanent protection from conversion of natural
land cover and a mandated management plan in
operation to maintain a primarily natural state but use or
management practices that degrade the quality of
existing natural communities, including suppression of
natural disturbance, are allowed

Desert National Wildlife Refuge, Sawtooth National
Recreation Area, Big Bend Ranch State Park

3 area with permanent protection from conversion of natural
land cover for the majority of the area but subject to
extractive uses of either a broad, low-intensity type (e.g.,
logging) or localized intense type (e.g., mining)

Fort Hood, Myles Standish State Forest, Green Valley
State Park

4 area with no known public or private institutional mandates
or legally recognized easements or deed restrictions held
by the managing entity to prevent conversion of natural
habitat types to anthropogenic habitat types, conversion
to unnatural land cover throughout generally allowed

private lands without conservation easements

Many gap analyses have been conducted at the state level,
and several have been completed regionally (Crumpacker
et al. 1988; Stoms et al. 1998). Rodrigues et al. (2004)
recently completed a broad global analysis of the rep-
resentation of animal species in conservation lands, but
federal land managers (e.g., those in the USFWS) require
a national ecosystem-based analysis to make informed de-
cisions about conservation plans and actions. To conduct
a gap analysis for the continental United States, data sets
on conservation lands and ecosystem types are needed. A
variety of sources, including government agencies, non-
profit organizations, and academic institutions, produce
relevant data, but they are not yet complete or aggregated
on a national scale.

The GAP supports state-by-state collection of geospatial
data on conservation lands. Each state program maps its
lands and classifies them into one of four categories (Table
1). These categories rank the stewardship status of a unit
of land for biodiversity value. Status 1 lands are managed
specifically to support biodiversity, whereas status 4 lands
have no biodiversity management mandate (Scott et al.
1993; Edwards et al. 1994; Crist et al. 1996). The Conser-
vation Biology Institute and the World Wildlife Fund have
taken the stewardship data sets from individual state GAP
projects and aggregated them into the Protected Areas
Database for the United States (CBI & WWF 2001). Portions
of this database are based on preliminary findings, but it
is the most complete set of data on conservation lands
for the country, and it includes GAP stewardship status
(Fig. 1). We developed a geographic information system
(GIS) data set of national wildlife refuges to produce a
more focused analysis of ecosystem conservation efforts
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Figure 1. Conservation status (Table 1) of lands in the Protected Areas Database for the continental United States.

within the refuge system. The stewardship status of a na-
tional wildlife refuge can be 1, 2, or 3, depending on the
resource management practices employed on the refuge.

Aggregating detailed ecosystem data for the United
States is more problematic than doing so for conserva-
tion lands. The first step of such an aggregation is to de-
termine what kind of data should be used to identify and
classify ecosystem types. An emerging concept in conser-
vation biology is to examine ecosystems in the context of
ecoregions (Olson et al. 2001; Groves et al. 2002), which
are “large geographically defined areas that integrate var-
ious environmental conditions, such as climate and geol-
ogy, and that support distinctive groupings of species and
ecological communities” (Stein et al. 2000:166). Conser-
vation biologists analyze which elements of biodiversity
are found within the conservation lands of a given ecore-
gion. They then compare their findings to those elements
in the overall ecoregion to see what is absent or rare inside
the ecoregion’s conservation lands (Machlis et al. 1994).

Even with an ecoregion approach, features that can be
mapped across the landscape are helpful for further clas-
sification of ecosystems. Two basic approaches to map-
ping ecosystem types across wide areas are available. The
first is to cluster a group of physical variables such as soil
type, solar radiation, geological characteristics, elevation,
and moisture into a specified number of ecosystem types
(Hargrove & Hoffman 1999). Although this approach has
many merits, the resulting ecosystem types are theoretical
(i.e., there is an assumption that a similar combination of
landscape variables in two different places results in many

of the same ecological traits). The second approach is to
use vegetation cover, based on data that have been inter-
preted from satellite imagery or aerial photography. This
approach, which has been adopted by GAP, uses observ-
able vegetation as a proxy for vegetation communities
and habitat types. There are several limitations to map-
ping vegetation, including high cost, difficulty achieving
a high degree of accuracy, and selection of a classification
scheme that has elements worthy of representing conser-
vation targets such as species, communities, and guilds.

The Federal Geographic Data Committee has adopted
the National Vegetation Classification System (NVCS), a
hierarchical classification of plant communities (Vegeta-
tion Subcommittee, Federal Geographic Data Committee
1997). The classification scheme breaks the broadest veg-
etation classifications into physiognomic levels and then
into even finer floristic levels. The floristic levels are al-
liances and associations (Table 2). Associations, the most
detailed classification in the standard, are characterized
by species that occur in all strata (overstory and under-
story) of the vegetation. Alliances are described as ag-
gregations of associations that have a dominant species
or group of species in the uppermost stratum of the
vegetation. There are approximately 1550 alliances and
4000–5000 associations described in the NVCS for the
entire United States (Vegetation Subcommittee, Federal
Geographic Data Committee 1997), although the actual
number of alliances and associations has yet to be tallied.

The stated goal of GAP land-cover projects is to map
vegetation at the alliance level. This goal, however, is
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Table 2. Examples of vegetation types organized within the National
Vegetation Classification System.

Levels Classification Example

Base levels division vegetated
order tree dominated

Physiognomic class closed tree canopy
levels subclass evergreen

group temperate or subpolar
needle leaved

subgroup natural/seminatural
formation rounded crowns

Floristic levels alliance loblolly pinea closed tree
canopy

association loblolly pinea/common
sweetleaf b-wax myrtle c -

Elliott’s blueberryd

aPinus taeda L.
bSymplocos tinctoria (L.) L’Her.
cMorella cerifera (L.) Small.
dVaccinium elliottii Chapm.

difficult to accomplish for many land areas based on the
resolution of the satellite imagery. There is often not
enough detail in the imagery to assign a pixel to a par-
ticular alliance, so many state GAP maps depict nonstan-
dardized aggregations of alliances. These aggregations of
alliances are mapped rather than formations (the next
higher classification in the NVCS) because formations are
typically viewed as inappropriate for ecological analyses.

NatureServe, a nonprofit organization, is developing
the concept of “ecological systems,” which constitute a
middle ground between the alliance and formation levels
of the NVCS. They define an ecological system as a group
of plant community types that tend to co-occur within
landscapes with similar ecological processes, substrates,
and/or environmental gradients (NatureServe 2003). Na-
tureServe has described 600 ecological systems for the
continental United States. Contiguous areas of an ecolog-
ical system may range from tens to thousands of hectares
(NatureServe 2003) and are, therefore, conducive to map-
ping via satellite imagery and wide-area ecological model-
ing. Ecological systems have only recently been described
and have yet to be mapped.

To develop the most detailed national vegetation cover
map feasible, we combined The Nature Conservancy’s
ecoregions (69 of which are found fully or partly within
the continental United States) with the 21 land-cover
types of the National Land Cover Data Set (NLCD) (Vogel-
mann et al. 2001). The Nature Conservancy’s ecoregions,
which are based on the work of Bailey (1998), partition
the United States into units that result from predictable
patterns of solar radiation and moisture and contain dis-
tinctive assemblages of plants and animals. The U.S. Ge-
ological Survey constructed the NLCD from early to mid-
1990s satellite data to produce a consistent land-cover
layer with 30-m resolution for the conterminous United

States (Vogelmann et al. 2001). Of the 21 NLCD types of
land cover, we classified 9 as natural terrestrial and the
other 12 as human-altered or water (Table 3). The 9 nat-
ural cover types are perennial ice and snow; bare rock,
sand, and clay; deciduous forest; evergreen forest; mixed
forest; shrubland; grasslands and herbaceous vegetation;
woody wetlands; and emergent herbaceous wetlands.
Each unique combination of ecoregion and natural land-
cover type represents a particular ecosystem type. We call
these combinations, which number 554 for the continen-
tal United States, “ecosystem analysis units.”

NatureServe’s database of ecological systems includes
fields that describe both ecoregions in which they oc-
cur and NLCD categories to which they belong. Although
there is not a one-to-one relationship between each eco-
logical system and each ecosystem analysis unit, the
database does express a geographic relationship. Addi-
tional work is required to use this relationship in con-
junction with other data sets to map ecological systems
explicitly, but we contend that ecosystem analysis units
are a reasonable product for an initial analysis, given their
relationship to NatureServe ecological systems.

Calculating Ecosystem Analysis Unit Representation

Using GIS, we tabulated the total area of each ecosystem
analysis unit, the area of each type within the refuge sys-
tem, and the area of each type within GAP status 1, 2, and
3 lands (Table 1). With the widespread use of GIS and its
analytical capabilities, estimating the relative success of
the conservation network appears to be a straightforward
process. Three issues, however, complicate the process.

First is deciding what level of protection for a particular
ecosystem type is sufficient. The issue of how much of any
ecosystem’s distribution needs to be conserved is unre-
solved. At a 1995 GAP workshop, participants concluded
that criteria for establishing adequate levels of conserva-
tion representation are lacking. Somewhat arbitrary lev-
els of 10%, 12%, 20%, and 50% of a conservation target’s
distribution in conservation lands have been published
as possible goals (Specht et al. 1974; Brundtland 1987;
Noss 1991; IUCN 1992; Noss & Cooperrider 1994; Groves
2003). Participation in another GAP workshop in 2003
concluded that NatureServe ecological systems need to
be analyzed individually, and appropriate goals of repre-
sentation should be developed collaboratively. The Gap
Analysis Program, in fact, does not advocate a threshold
value as adequate for maintaining biodiversity (Svancara &
Brannon 2003). The ultimate aim in setting any threshold
for conservation is to achieve representation, resiliency,
and redundancy (Stein et al. 2000) in protecting species
and ecosystems. Our analysis highlights 10% in some of
the tables and maps simply as a starting point—a rough
idea of the minimal portion of an ecosystem analysis unit’s
area needed in the conservation estate (the conserva-
tion estate is generally defined as the collection of areas
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Table 3. Land-cover types of the National Land Cover Data Set.

Cover type Category∗ Cover type Category∗

Open water H Perennial ice/snow N
Low-intensity residential H High-intensity residential H
Commercial, industrial, transportation H Bare rock, sand, clay N
Quarries, strip mines, gravel pits H Transitional H
Deciduous forest N Evergreen forest N
Mixed forest N Shrubland N
Orchards, vineyards, other H Grasslands, herbaceous N
Pasture, hay H Row crops H
Small grains H Fallow H
Urban/recreational grasses H Woody wetlands N
Herbaceous wetlands N

∗Abbreviations: H, human or water; N, natural.

reserved for conservation purposes). In our view, it will
be very difficult to achieve high percentages of natural
area conservation in the face of economic growth and
concomitant land conversion, so we conducted our anal-
ysis with an eye toward understanding the general state
of conservation efforts across the country.

The second complication in calculating representation
of ecosystem analysis units is defining a baseline amount
of area for each ecosystem analysis unit. A major chal-
lenge to conservationists is the shifting baseline syndrome
(Pauly 1995), in which each new generation accepts the
current supply and composition of conservation areas as
the baseline for making management decisions. Histor-
ical evidence demonstrates that human disturbance of
ecosystems has occurred for centuries, with the degree
of disturbance increasing as human populations expand
and economies modernize ( Jackson et al. 2001). When
we undertake conservation activities, are we trying to
save a percentage of what existed in 1492, 2005, or some
intermediate year? Here we set baseline at the early to mid-
1990s, the collection dates of the satellite imagery used to
produce the NLCD (Vogelmann et al. 2001). Although this
is an arbitrary time period, which is not based on conser-
vation values, the NLCD is the only detailed, standardized
vegetation data set on which to base a national analysis.
Despite its built-in baseline date, our analysis helps pro-
vide a broad picture of national conservation efforts.

The third complication in calculating representation
of ecosystem analysis units is deciding which GAP sta-
tus lands constitute the conservation estate. Consistent
with GAP, we considered status 1 and status 2 lands to
be the core conservation estate, but we recognized that
many status 3 lands have high potential to be reclassi-
fied at a higher status. For example, the Refuge Improve-
ment Act calls for management that is more focused on
biodiversity conservation relative to earlier refuge system
mandates (Czech 2002; Fischman 2002), so if the USFWS
updates its management practices, status 3 refuges could
be upgraded to status 1 or 2. The establishment of Grand
Staircase-Escalante National Monument also exemplifies

the potential for reclassification. Before 1996 the lands
in southern Utah that became the monument were man-
aged as status 3 lands by the U.S. Bureau of Land Manage-
ment (BLM) and the state. Following its designation as a
national monument and the adoption of a new manage-
ment plan by BLM, the lands could be classified as status
1 or 2. For these reasons, we have included status 3 lands
in some of our analyses with the understanding that they
are not currently considered core conservation lands.

Results

Representation of Ecosystem Analysis Units in
Conservation Lands

We found that the continental United States had 554 nat-
ural terrestrial ecosystem analysis units that occupied
roughly 5.36 million km2, or 67% of the landscape. The
other 33% of the landscape consisted of water and areas
altered by human development, such as farmlands and
urban areas.

The median percentage of area in the conservation es-
tate (GAP status 1 and 2) for the 554 ecosystem analy-
sis units was 4.0% (SD 18.1%). In the eastern ecoregions
(roughly, that portion of the United States east of the cen-
tral prairie), the median percentage of area conserved
was 2.7% (SD 9.3%). In the West the median was 6.3%
(SD 21.4%). The median percentage of ecosystem analy-
sis unit area on the National Wildlife Refuge System was
0.2% (SD 4.9%). This low figure for the refuge system re-
flects the relatively small land holdings of national wildlife
refuges in the lower 48 states; most of the refuge system
(310,695 km2, 80.5%) is in Alaska. Status 3 lands, which
were not considered core conservation lands, held much
higher percentages of ecosystem analysis unit area. Con-
sidering only status 1 lands, those most likely to provide
long-term protection for biodiversity, the median percent-
age of area conserved was only 0.6% (SD 15.9%) (Table 4).
High standard deviations for summary statistics in Table 4
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Table 4. Summary statistics for land area and percentage of land area for each ecosystem analysis unit residing in conservation lands and GAP (Gap
Analysis Program) status 3 lands.∗

Land Refuge GAP GAP status GAP status 3
conserved system status 1 1 and 2 (not core conservation)

Mean area (ha) 8,418 36,672 79,842 256,346
Median area (ha) 207 662 5,469 10,183
SD of area (ha) 41,891 150,811 288,582 984,898
Mean percentage 1.8 6.1 11.4 18.5
Median percentage 0.2 0.6 4.0 10.3
SD of percentage 4.9 15.9 18.1 19.6

∗Table 1 defines land-status categories.

draw attention to the wide degree of variation in conser-
vation among ecosystem analysis units.

Of the 554 ecosystem analysis units, 173 (31%) had >

10% of their area conserved in GAP status 1 and 2 lands,
84 (15%) had > 20%, and 32 (6%) had > 50%. These per-
centages fell considerably when GAP status 1 lands or
national wildlife refuges were analyzed separately (Table
5). Of the 32 ecosystem analysis units that had ≥ 50%
of their land base conserved, 15 consisted of perennial
ice and snow and another 10 consisted of bare rock,
sand, and clay. That leaves a total of 7 ecosystem analysis
units out of 554 that are not ice or snow or rock, sand,
or clay and had more than 50% of their land base con-
served. The biggest concentrations of ecosystem analysis
units with higher percentages conserved were located in
the mountain and desert regions of the western states
(Fig. 2a).

Ecosystem analysis units with low percentages of
their area conserved occur across the continental United
States, but they were especially prominent in the Midwest
(Fig. 2a), where much of the land base has been converted
to agriculture. There were 75 (13.5%) ecosystem analysis
units with at least 1000 ha that had < 1% of their area
conserved in GAP status 1 and 2 lands and < 10% in GAP
status 1, 2, and 3 lands. Of these 75, 60 ecosystem analysis
units occurred in the Midwestern states, predominantly
in grasslands and prairies.

Viewing land cover more broadly across all ecoregions,
perennial ice and snow cover types had 83.9% of their
total area conserved in GAP status 1 and 2 lands; bare rock,
sand, and clay had 25.7%, evergreen forests had 12.2%;

Table 5. Percentage of 554 total ecosystem analysis units with 10%,
20%, or 50% of their land area residing in various conservation lands.

GAP status 3
Land area Refuge GAP status GAP status land (not core
conserved system 1 lands 1 and 2 conservation)
(%) (%) (%) lands (%) (%)

≥10 3.6 14.8 31.2 50.9
≥20 1.6 7.4 15.2 35.0
≥50 0.0 3.4 5.8 9.9

shrublands had 11.6%; herbaceous wetlands had 10.3%;
woody wetlands had 7.6%, deciduous forests had 4.4%;
mixed forests had 4.0%; and grasslands and herbaceous
areas had 3.7%.

Discussion

Additional Data Needs

Our analysis constitutes a basic ecosystem gap analysis of
the continental United States. GIS technology improves,
however, landscapes change, and our understanding of
ecological processes increases. Boundaries of the conser-
vation estate shift and conservation status changes within
the conservation estate, especially with the growing in-
fluence of land trusts and other private conservation ef-
forts. Therefore, gap analysis is an ongoing endeavor. Also,
Alaskan, Hawaiian, Puerto Rican, and other missing data
are required for an ecosystem gap analysis of the entire
United States.

We also need data on freshwater ecosystems and lands
in economic production. The 33% of lands in the conti-
nental United States that consists of water and lands in
production, although not included in this analysis, has
considerable biodiversity value. Freshwater ecosystems
are critical for providing habitats for numerous species,
and many of the lands devoted to agricultural produc-
tion and natural resource extraction provide significant
habitats. Furthermore, many of the lands that exhibit
degraded ecological processes from human disturbance
have restoration potential. These areas should be included
in more-detailed gap analyses.

Information on the quality of natural vegetated areas,
beyond what is conveyed in the NLCD, would also be ex-
tremely helpful in determining the degree of underrepre-
sented ecosystems across the country. For example, the
NLCD depicts evergreen forest on the landscape, but the
data set has nothing to say about the ecological integrity of
those evergreen forests. It does not distinguish between
intact ecosystems and pine plantations. The most useful
data set for conducting a national gap analysis, therefore,
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Figure 2. Conservation of ecosystem analysis units: (a) current conservation, (b) hypothetical 10% conservation of
all natural lands.

is a complete map of NatureServe ecological systems, in-
cluding some assessment of ecological integrity, across
the United States. Such a map would be even more valu-
able for establishing priorities with knowledge of the pre-
settlement extent of the ecological systems.

Management and Policy Implications

Borrowing from the world of finance and investments,
GAP status 1 and 2 lands may be considered the principal
of the United States ecosystem conservation investment.
The interest earned on that principal consists of species
conservation, evolutionary processes, and ecological ser-
vices valued by the U.S. economy (Daily 1997). Similar to
a cautious investor, the United States has a potential insur-
ance policy: GAP status 3 lands. The value of these status
3 lands to conservation, however, can be realized only
if the management activities on them are changed sig-
nificantly to support natural ecological processes more
thoroughly. Although the United States has invested con-
siderable funds in building the principal (Shaffer et al.
2002), the portfolio is lacking in diversity (Scott et al.
2001a). Ecologists, like financial advisors, recommend a
diverse portfolio with the ability to minimize catastrophic
risk and to post adequate returns. A diverse conserva-
tion portfolio includes representative lands with numer-
ous ecosystem types (Stein et al. 2000). Failure to invest
in these lands equates to conservation deficits—missing
pieces from our portfolio of lands (Fig. 2).

Although our results help identify United States con-
servation deficits, they also reveal a deceptively encour-
aging mean percentage of land conserved (11.4%) across
ecosystem analysis units. Figures like this must be in-
terpreted carefully. For example, there is great variation
about this mean, reflecting the lack of representation
across the ecosystem analysis units. Only seven ecosys-
tem analysis units across the United States are not in the

rocks and ice category and can be considered “secure”
with ≥ 50% or their area conserved: Sierra Nevada shrub-
land (53% GAP status 1 and 2 lands), tropical Florida
woody wetlands (62%), Mojave Desert evergreen for-
est (64%), tropical Florida grasslands/herbaceous (68%),
North Cascades grasslands/herbaceous (71%), North Cas-
cades shrubland (71%), and Mojave Desert emergent
herbaceous wetlands (72%). Furthermore, these seven
exist in only four ecoregions, mostly in geographic set-
tings that are difficult to convert to economic production
(e.g., deserts, mountains, and swamps). This condition re-
iterates the point that conservation efforts in this country
focus on relatively unproductive lands at high elevation
(Scott et al. 2001a). The majority of ecosystem analysis
units have relatively little of their area conserved.

As land management agencies (including the USFWS)
pursue conservation actions across the United States, they
need to consider those ecosystems or natural vegetation
communities that are most neglected by the current net-
work of conservation lands. Examples of ecosystem anal-
ysis units with very little protection include forests of
the Puget Trough/Willamette Valley/Georgia Basin, grass-
lands of the central short-grass prairie, and shrublands
of the Osage plains/Flint Hills prairie, among many oth-
ers. These underprotected units, which frequently occur
in areas where the natural resources provide high lev-
els of economic output, will become priorities as the
USFWS establishes conservation goals and habitat objec-
tives. The USFWS can also work with other land managers
and conservation organizations to consider underrepre-
sented ecosystem analysis units when exploring conser-
vation opportunities.

One potential solution for conserving more of the nat-
ural communities across the United States is to increase
the size of the conservation estate via land acquisition.
Fiscal and political constraints, however, require the con-
sideration of other solutions as well. One possibility is to
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Figure 3. Comparison between 10% representation of ecosystem analysis units on (a) GAP status 1 and 2 lands
and (b) GAP status 1, 2, and 3 lands.

upgrade our insurance policy (the GAP status 3 lands). By
refocusing the management of status 3 lands on biodiver-
sity conservation and ecological integrity (as in the case of
Grand Staircase-Escalante National Monument), the con-
servation estate could effectively grow without the acqui-
sition of additional lands (Fig. 3) (Table 4). Ecosystem con-
servation, however, does not occur independently of eco-
nomic policies and decisions because conservation lands,
by definition, are those kept out of economic production
(Czech 2002). The Wildlife Society describes a “funda-
mental conflict between economic growth and wildlife
conservation” (Trauger et al. 2003:2) and suggests that
social values need to be reevaluated by a public that un-
derstands the nature of this conflict. Ultimately, to achieve
representative ecosystem conservation, American society
will have to make difficult decisions pertaining to public
land conservation, private land use, and economics. To
decrease our deficits, we need to establish our conser-
vation mission, verify the targets, set appropriate goals,
and work in partnership to achieve them. One hundred
years ago, President Theodore Roosevelt established the
first national wildlife refuge with a farsighted desire to
prevent the extinction of the Brown Pelican (Pelecanus
occidentalis). Although we need to continue using single-
species approaches, we have an opportunity to shape the
next 100 years of conservation by paying off our conser-
vation deficits and investing wisely in our conservation
estate.
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