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ABSTRACT- Ecosystem, species and genetic dimensions of
biodiversity have eroded since widespread settlement of the Great Plains.
Conversion of native vegetation in the region followed the precipitation
gradient, with the greatest conversion in the eastern tallgrass prairie and
eastern mixed-grass types. Areas now dominated by intensive land uses
are “hot spots” for exotic hirds. However, species of all taxa listed as
threatened or endangered are well-distributed across the Great Plains.
These species are often associated with special landscape features, such
as wetlands, rivers, caves, sandhills and prairie dog towns. In the long
run, sustaining biodiversity in the Great Plains, and the goods and ser-
vices we derive from the plains, will depend on how successfully we can
manage to maintain and restore habitat variation and revitalize ecosys-
tem functioning. Public policy and legislation played a significant role in
the degradation of native habitats in the region. Both policy and legisla-
tion will be needed to reverse the degradation and restore critical ecosys-
tem processes.
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Introduction

The sustainability of the Great Plains can be assessed in many  different
ways. A focus on agricultura production may be adequate in some respects.
However, this assumes that economic production is the only relevant indica
tor of environmentd change on the Great Plains A more inclusve approach,
and one adopted for describing the sustainability of forest landscapes
(Coulombe 1995), is to include measures of biodiversity. “Biodiversity”
refers to “the variety of life and its processes” and encompasses ecosystems,
communities, species and genes (The Keystone Center 1991). Maintaining
biodiversty is important, not only for aesthetic and culturd ressons but aso
for the goods and services that humans derive from ecosystems (Daly 1997,
Pimentd e d. 1997). Rangdands, for example play an important role in
maintaining the amospheric compostion (Sala and Parudo 1997) and filter-
ing non-point source pollution (Shogren and Crocker 1995). Yet, most of the
world's mesic rangdands have been converted to agriculturd land (Sda and
Paruelo 1997).

In the USA, more than haf of the ecosystems determined to be criti-
cdly endangered (> 98% of the areal extent of the ecosystem has been lost
or ecologically degraded) are grasslands and an additional 24% are
shrublands (Noss et d. 1995). In the Grest Plains, the flat topography and
nutrient-rich soils make these lands valuable for cultivation. Increasing
setlement of the region, combined with public policies and legidaion in the
United States (eg., Homestead Act of 1862) and Canada (Dominion Lands
Act of 1908) that encouraged cultivation, accelerated the loss of native
vegetation (Odlie et d. 1997). In the late 1890s wetland drainage legida
tion in both countries encouraged the cultivation of additional acreages
(Krenz and Leitch 1993). Until 30 years ago, laws and regulations governing
development of streams and rivers favored flood control, power generation,
navigation, and wade disposd, often to the detriment of maintaining func-
tioning riverine sysems (Rabeni 1996).

We define the Grest Plains as the centrd North American grasdand
biome, extending from the bored forests of Manitoba, Sasketchewan and
Alberta south to the northern edge of the arid semi-deserts in southern Texas
(Fig. 2). It is bordered by the foothills of the Rocky Mountains on the west
and extends east to the tdlgrass prarie of western Minnesota, lowa and
Missouri. In the USA portion of the region, rangeland comprises 42% of the
land area, followed by croplands a 33%; most (95%) of the land is privatdy
owned (Natura Resources Conservaion Service 1992). In the Canadian
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Figure 1. Major vegetation types (areal extent > 20 thousand km?) within the Great Plains.
Vegetation types within the USA are based on Kiichler’s 1966 map of potential natural
vegetation (US Geological Survey 1970). Canadian vegetation types are based on Achuff
(1994), Acton et al. (1998) and Canada (1974).
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portion of the region, rangdand and cropland each accounts for about one-
third of the land area (Prairie Conservation Action Plan Committee 1998).

The vegetative compogtion reflects increesing precipitation from west
to east and decreasing temperatures from south to north (Lauenroth et 4.
1994). Tallgrass prairie, such as bluestem (Andropogon-Panicum-
Sorghastrum), Blackland (Andropogon-Stipa) and bluestem-sacahuista
(Andropogon-Spartina) (Kuchler prairies 1964), occur on the eastern side of
the region (Fig. 1). Mixed-grass types extend from the grama-needlegrass-
wheatgrass (Bouteloua-Stipa-Agropyron) and wheatgrass-needlegrass prai-
ries of Canada through the midsection of the region into the mesquite-
buffalo grass (Prosopsis-Buchloe) type in Texas. The predominant short-
grass type, grama-buffalo grass (Grama-Buchloe) grassland, occurs on the
wedtern side of the region. In addition to the mesguite savannas of the south,
other wooded habitats include northern floodplain forest (Populus-Salix-
Ulmus) adong mgor rivers and aspen parkland (Populus tremuloides) on the
northern edge of the region.

In addition to drought, grazing by large herbivores, such as bison
(Bison bison), and fire were primary forces in the development of these
grasdands (Risser 1996). However, their roles were not equivdent across the
region. Shortgrass ecosystems are less productive than tallgrass or mixed-
grass types across the region, but are apparently more adapted to heavy
grazing (Lauenroth et al. 1994). Humid tallgrass prairie tends to have higher
fire frequency and pod-fire productivity than semi-arid shortgrass prairies,
and both prefire conditions and post-fire response are more variable in
shortgrass  systems (Steuter and McPherson  1995).

Our intent was to provide region-wide examples of biodiversty trends
in the Grest Plans, uing avalable data Unfortunatdy, we were unable to
attain comparable data from both Canada and the USA for some biodiversty
attributes. In most cases we were only able to account for recent changes,
since we lack a good accounting of pre-settlement, levels of almost all
atributes. We used breeding bird data for several of our andyses because
exiging survey data permit estimation of long-term trends over broad geo-
graphic areas. The measures we have chosen are partially modeled after
indicators identified through an internationa agreement, cdled the Montred
Process (Hather and Seg in press Coulombe 1995). This agreement en-
dorses the use of seven criteria and 67 associated indicators for defining
sustainable management of forests at a national scale. The biodiversity
criterion identifies three aspects as being important to sudtainability: eco-
system, species and genetic diversity. The ecosystemn messures we  selected




Recent Biodiversty Paterns in the Great Plains 281

include area of vegetation types, and two messures of fragmentation: patch
size and amount of edge We dso discuss the aility of remaining patches of
native vegetation to support biodiversty. For species diversty messures we
sdected: gpecies richness of breeding birds, proportion of bird species that
ae exotic,c and the geographic didtribution of all taxa of threatened and
endangered species. For genetic diversty, we based our examples on surro-
gate measures proposed by the Montreal Process (see Coulombe 1995):
species whose ranges have been greetly reduced, and proportion of breeding
bird species with declining populations.

Ecosystem Diversity

Ecosystem diversity is often measured by the areal extent of various
vegetation types in a given region (Hunter 1991). By tracking the remnant
area of specific vegetation types, we can get a coarse indication of the variety
of habitats encountered by Grest Plains species. Maintaining enough area of
each vegetation type is critical to sustaining the complex of communities,
the number and kinds of organisms supported, the movement of those organ-
isms, and the pattern of disturbances (Saunders et a. 1991).

Area of Vegetation Types

The most recent comprehensive assessment of the loss of natural veg-
ddion snce European sHtlement within the United States was done by
Klopatek et al. (1979a). Their analysis compared county-by-county landuse
in the “Conservation Needs Inventory” 1967 database (USDA 1971) with
Kuchler's 1966 map of potential natural vegetation (US Geological Survey
1970). Native vegetation in Great Plains counties has been converted to
other land uses to a high degree (Fig. 2). The losses of native vegetation of
this region were highest in tallgrass types, such as bluestem and bluestem-
sacahuista prairie (Table 1, also see Fig. 1). Losses of eastern mixed-grass
types, such as wheatgrass-bluestem-needlegrass and bluestem-grama, plus
northern floodplain forests were aso high. Nebraska Sandhills prairie and
eastern ponderosa forest had conversion raes of less than 10%.

Although not wel quantified, there is evidence that additiond hectares
of many Great Plains types have been converted to other uses since Klopatek
et a.'s (1979a) assessment. The Prairie Conservation Action Plan Commit-
tee (1998) estimates that two-thirds of the Canadian prairie has been con-
verted to cropland. For the tallgrass prairie, Loveland and Hutcheson (1995)
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Figure 2. Percent potential natural vegetation (PNV) rema
the Great Plains. Adapted from Klopatek et al. (1979b).
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TABLE 1

ESTIMATED LOSSES OF SELECTED VEGETATION TYPES IN THE
GREAT PLAINS, BASED ON KLOPATEK ET AL.'S (1979A) ASSESS-
MENT IN THE USA, PLUS MORE RECENT ESTIMATES

Biome Edimated loss (%)

Potential natural vegetation type Klopatek et al. (19798)* Other estimates

Tdlgress Prarie
bluestem prairie 85% 90% °
bluetem-sacahuisa  prairie 76%
sandsage-bluestem  prairie 58%

Mixed-grass and trangitiona types 76%P
mesquite-buffalo  grass 27% 42%¢
wheatgrass-bluestem-needlegrass 69% 83 yed
bluestem-grama  prarie 65% 76%¢, 92%46°
whestgrass-needlegrass 36% 304°, 33%¢
grama-needl egrass-wheatgrass 24% 7%

Nebraska Sandhills Prairie 6% 28%°, 72%¢
fescue prairie 95%P

Shortgrass
grama-buffao  grass 45% 26%"

Forested types
northern  floodplain  forest 69%
eastern ponderosa pine 4%

3Edimates are based on a comparison of “Conservation Needs Inventory”
landuse data from 1967 with Kichler's 1966 map of potentia natura
vegetation types in the USA (US Geologicd Survey 1970).

b Gauthier and Henry (1989), for Canada.

¢ Bragg and Steuter (1996), estimates based on land-cover characteritics
database (US Geologicd Survey 1993) by Kichler (1964) potentid natura
vegetation types in the USA.

d Loveland and Hutcheson (1995), estimates based on US Geologicd Survey
land-cover data (Loveland et d. 1991) by Kichler (1964) potentid natura
vegetation types in the USA.
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edimated a notable reduction in bluestem type (Table ), usng remotey
sensed land-cover data collected in 1990 (Loveland et d. 1991). For sates
containing the majority of the remnant tallgrass prairie, the amount of
remaining native vegetation varies from <1% in North Dakota to 15% in
South Dakota (Samson and Knopf 1994) In Canada, the bluestem prarie
has been admost completdy eradicated (Gauthier and Henry 1989). The
remaining prairies contain a smaller proportion of typical vegetation types
and a larger proportion of atypica types (Oslie & a. 1997).

For mixed-grass prairie, Samson and Knopf (1994) estimated declines
ranging from 60-99% for the Canadian provinces and states for which
statistics were available. Fescue (Festuca) prairie from the Aspen parkland
region on the northen edge of the Great Plains has been nearly eradicated
(Gauthier and Henry 1989) (Table 1). Other mixed-grass types in
Saskatchewan and Alberta fared better (Gauthier and Henry 1989). Bragg
and Steuter (1996) used remotely sensed land-cover data of mixed-grass
types, employing techniques smila to Lovdand and Hutcheson's (1995).
Both of these 1990 assessments suggest that especidly eastern mixed grass
types have declined (Table 1). However, the contrasting estimated losses of
Nebraska Sandhills prairie, 28% by Bragg and Steuter's estimate and 72%
according to Loveland and Hutcheson (1995), point out the problem of
smaller tracts being masked at the 1-km2 resolution that these more recent
andyses used (Bragg and Steuter 1996). In contrast to the point-based
edtimates Klopatek e d. (19798) used, the larger scde assessments involve
caegorizing grids with intermingled cropland and rangeland as one type or
the other, and invariably lead to different estimates.

For shortgrass prairie, more recent edimates indicate that these arid
types reman among the region's most intact. However, the problem associ-
ated with using a 1-kmz scale is apparent in Loveland and Hutcheson's
(1995) estimate that 26% of the grama-buffalo grass type has been con-
verted, compared to Klopatek et al.'s (1979a) county-by-county estimate of
45%. Weaver et d. (1996) edimated that cultivation has clamed 40% of the
shortgrass  type; however, their definition of shortgrass included the grama
needlegrasswheatgrass type, which other autthors classfy as mixed-grass.

Fragmentation

Decreasing patch size and increasing edge habitat are indications of
fragmentation, and they affect many ecologicd processes (Forman  1995).
Thus, we quantified patch sze and rangdand edge, usng digitd Land Use
and Land Cover data from the US Geologica Survey (1987). We centered a



Recent Biodiversity Paterns in the Grest Plains 285

circle with a radius of 19.7 km on each Breeding Bird Survey route (area ~
1200 km? per route) within the USA portion of the Great Plains (Breeding
Bird Survey described below). We chose a radius of hdf the length of a
Breeding Bird Survey route to insure that each circle would contan the
whole route. We used high-dtitude aerid photographs, most a scaes less
than 1:60,000 to digitize and transfer land use and land cover data to
1:250,000 base maps in grid format (US Geologicd Survey 1987). Each of
the grid cdls (200 X 200 m) was classfied into one of nine cover classes
urban/built-up  land, agriculturd land, rangeland, forest, water, wetlands,
barren land, tundra and perennid snowlice, using the criteria of Anderson et
ad. (1976). Fed verifications indicated that these maor land uses were
interpreted  with >95% accuracy (Fitzpatrick-Lins 1980). We measured aver-
age pach sze as a weghted mean with area of the paich serving as the
weights (see Turner et d. 1996). Tota edge was measured as the length of the
edges between non-converted types (rangeland, forest or wetlands) and al
converted land types (urban or agriculturd land) in each circle.

Thee andyses subgantiated that the converson of native rangdand to
agricultural land has resulted in a gradient of rangdand pach dze in the
USA portion of the Great Plains that pardlels the moisture gradient (Fig. 3).
The largest remaining tracts of rangeland are in the west, with smaller
patches in the east. Because intermediate levels of converson are associated
with maximum edge, the amount of rangeland edge was greatest in the
centrd portion of the region (Fig. 4).

The size of an area can have a pronounced effect on the viability of
species and on ecologica processes. In most cases, representation of ecosys
tem types in sndl units cannot be consdered adequate to presarve the
functioning of those systems (Noss et a. 1995). Processes that are affected
by habitaa fragmentation include dispersd, pollinaion, exotic species in-
vason, spreed of fire, predation rate, and adaptation to climate changes
(Saunders et a. 1991; Peters 1992; Rathcke and Jules 1993; Arenz and
Joern 1996, Steinauer and Collins 1996; Robinson 1998). Fragmentation
per se, however, is not necessarily associated with decreased biodiversity.
Since some fragmentation incresses the area of ecotones it may actudly
contribute to higher species diversty (Hobbs and Huenneke 1992). There-
fore, species richness may increese initidly as a consequence of fragment-
ing large grasdands (Smberloff and Gotdli 1984). Further, by spreading
the risk associated with environmental disturbances among subdivided
populations, population persstence may actudly increese under some leve
of fragmentation (Fahrig and Pdohemo 1988; Hof and Flather 1996).
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Figure 3. Weighted mean patch size (ha) calculated from Land Use Land Cover data
centered on Breeding Bird Survey routes. Plots were generated by kriging (Cressie 1991)
mean patch size estimates across all Breeding Bird Survey routes in the USA portion of
the Great Plains.
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Figure 4. Rangeland edge (km) calculated from Land Use Land Cover data centered on
Breeding Bird Survey routes. Plots were generated by kriging (Cressie 1991) total
rangeland edge across all Breeding Bird Survey routes in the USA portion of the Great
Plains.
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Ability of Remaining Patches to Support Biodiversty

Severd factors other than fragmentation degrade the capecity of re
maining rangeland tracts to support biodiversity. One set of these factors,
caled “qualitative losses” by Noss et a. (1995), involve a change or degra-
dation in the dgructure, function, or compostion of an ecosystem. These
“qualitative losses” include the loss and degradation of specid landscape
components, such as wetlands, freeflowing rivers, and riparian corridors. In
addition, the increesng numbers and extent of invadve species reduce the
capacity of remaining rangdands in a region to support biodiversty (Wilcove
et a. 1998).

Specid landscape components in the Grest Plains identified by Noss et
a. (1995) include large sreams, rivers, wetlands, and glacia pothole ponds.
These are endangered ecosystem components, based not only on decreases
in land area, but also on the evidence of severe degradation. For example,
Dahl (1990) edimated that by the 1980s, wetland losses in Grest Pans
states since settlement ranged from 27% in Montana to 52% in Texas (Table
2). Currently, less than 10% of the origind wetlands in the Rainwater Basin
area of south-centrd Nebraska have been drained, but nearly 50% of the
wetlands in the Cheyenne Bottoms in centrd Kansas have been drained since
1950 (Batt 1996). In Canada, wetland losses in the Great Plains have been
edimated to be 44% in rurd aress and 88% in urban areas (Rubec € 4.
1988). In addition to wetland drainage, a large number of remaning wet-
lands in the region have been altered. For example, playa lakes (or wind-
deflated depressions in the southern Great Plains) surrounded by agricul-
turd land, are threstened by sedimentation rates higher than those reported
for any other wetland sysem (Luo et da. 1997).

Flows in mogt of the two dozen mgor dream sysems of the Greet
Plains have been dradticaly reduced by dams for agriculturd purposes in the
last 150 years (Rabeni 1996). For example, by 1965, the Missouri River
contained 107 major reservoirs and 1,387 minor resarvoirs (Slizeske et d.
1982). Upstream water use and pumping of groundwaer from the Ogdlda
aquifer were responsble for drying up 160 km of the Arkansas River and
severd tributaries in western Kansas (Cross and Moss 1987). The North and
South Saskatchewan rivers had seven mgor water control sructures on or
upstream of the Great Plains, despite their modest flow rates (< 300 m? s;
Canada 1974). Stream flow alterations, coupled with changes in water
temperature, turbidity and the introduction of non-native fish species better
adapted to such conditions thresten severd indigenous fish species (Fausch
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TABLE 2

WETLAND LOSSES IN GREAT PLAINS STATES SINCE SETTLEMENT

(DAHL 1990)
State Estimated wetland hectares % of wetlands

circa 1780s lost by 1980s
Kansas 340,353 48%
Montana 464,191 27%
Nebraska 1,177,879 35%
North Dakota 1,994,159 49%
Oklahoma 1,150,400 67%
South Dakota 1,106,895 35%
Texas 6,475,079 52%

and Bestgen 1997). High flows are important in cregting Sde-channds that
native fish species, such as the endangered pallid sturgeon (Scaphirynchus
albus), use for spawning (Hesse et al. 1993). Water regulation has also
helped the spread of exotic saltcedar (Tamarix ramosissima) and Russian
olive (Elaeagnus angustifolia), to the detriment of native cottonwoods
(Populus spp.) that prefer areas scoured by flooding (e.g., Friedman et al.
1997).

Remaining rangdand fragments dso have been degraded through the
accidental or purposeful planting of exotic plant species (Smeins 1999).
After habitat loss, goread of aien species is conddered the grestest threst to
species liged as threstened or endangered (Hather et al. 1994) and to those
clasdfied as imperiled in the USA (Wilcove e d. 1998). These exatics
incdlude  species ddiberately planted in road ditches or in pastures, such as
smooth brome (Bromus inermis); accidentaly introduced annud grasses,
such as Japanese brome (Bromus japonicus) and cheatgrass (B. tectorum);
and other invasive forbs such as leafy spurge (Euphorbia esula) and spotted
knapweed (Centaurea maculosa) (Roche and Roche 1991; Seg and Bjugstad
1994; Laubhan and Fredrickson 1996; Weaver et a. 1996; Ostlie et d. 1997).
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Furthermore, in some cases the qudity of remaining remnants has been
degraded by a disruption of ecologicad processes that are cruciad for main-
taning functioning ecosysems. The ecologicad impacts of hison or catle
(Bos taurus) may be more strongly associated with how they are managed
than by functiond differences between these two herbivores (Hatnett et d.
1997; Knapp e d. 1999). Sedentary herds negatively impact vegetation
diversty and productivity when grazing is too intense, too frequent, too
long, or occurs a inappropriate times of the year (Bragg and Steuter 1996).
A recent Canadian dudy showed that the number of grazing animas had
increased despite a continued decline in available rangdand acres (Coupland
1987). This trend, which effectivdly increases the docking rate on remnant
rangelands, has occurred throughout the Great Plains (Odlie e d. 1997).
However, the eastern tdlgrass prarie is probably the most vulnerable to the
effects of poor grazing management (Lauenroth et a. 1994). On the other
end of the scae totad protection from grazing, especidly for long periods,
can adso reduce habitat heterogeneity and species diversity of talgrass types
(Howe 1994; Bragg and Steuter 1996; Knapp et a. 1999).

Disruption of historic fire regimes has also influenced diversity of
Great Plains habitats. Fire suppresson has been linked to expanson of the
aspen parkland in Canada (Archibold and Wilson 1980), woody plant en-
croachment in the eastern tallgrass prairie (Anderson 1990), expansion of
eastern red cedar (Juniperus virginianus) in the Nebraka Sandhills prairie
(Gehring and Bragg 1992), and increased density of honey mesquite
(Prosopsis glandulosa) in the southern Great Plains (Archer 1989). Espe-
cidly in the eastern portion of the region, but to a lesser extent in the drier
portions of the prairie, fire suppresson is rdaed to changes in plant species
composition, production and diversty (eg., Steuter and McPherson 1995;
Leach and Givnish 1996). However, the influence of fire needs to be viewed
in the larger context of its interaction with other factors. For example,
recently burned grasdands often attract grazers, yet, heavily grazed aress
usudly resst fire until dead litter reaccumulates (Steuter et d. 1990; Vinton
e a. 1993). Therefore, the influences of grazing and drought must be a part
of the discusson of higoricd fire effects

Species Diversity
Species diversity refers to the variety and abundance of organisms that

occurs in a given area. Reduction in species diversity is a widespread indica-
tion of ecosystem stress (Rapport et al. 1985). However, assessment of
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soecies diversty is difficult for a least two reasons. First, for most taxa, we
do not have a complete accounting of species that occur in the Grest Plans.
Therefore, we are forced to rdy on species ligs for well-studied vertebrates,
such as game animas or breeding birds. Second, since diversty embodies
both species richness and distribution of individuals among species, its
measurement is contentious (Huston 1994). We have chosen three eements
to portray different aspects of species diversity: 1) the species richness of
naive breeding birds, 2) proportion of individual birds that are exotic and 3)
the didribution of gpecies in dl taxa listed as threstened or endangered.

Species richness of native breeding birds

The North American Breeding Bird Survey provides informaion on
the presence of bird species on over 4,000 routes in the USA and southern
Canada beginning in 1966. Each route is composed of 50 stops, spaced a
0.8-km (2 mile) intervas. At each stop the species and number of birds seen
or heard within 402 m (% mile) of the route are recorded (details in Droege
1990). We used data from 1980-1990 to examine average number of bird
species across the Great Plains over the decade. A number of problems with
these survey data have been identified, e.g., observer bias, start-up effects of
new observers, and counts are biased indices of abundance. However, many
of these issues can be accounted for by appropriate data andysis (Sauer et d.
1994; Baker and Sauer 1992). Further, the datidticaly-based survey design,
dandardized survey protocol, and the extensiveness of the survey in space
and time meke these data the best avalable for evauation of broad scde
trends in bird composition and abundance (Brown et a. 1995).

The pattern we observed is one of increesing richness of breeding birds
from west to east (Fig. 5), dmilar to paterns observed in plant diversty
across the region (Coupland 1979). This pattern is likely associated with
increasing annual precipitation and net primary productivity (Raitt and
Pimm 1976). The trend appears to contradict the prediction by Rapport et d.
(1985) that species diversty should be reduced as land use intendfication
increases. We note, however, that the Rapport et a. prediction applies to
diverdty trends within a sysem rether than to comparisons across systems
that may have inherently different capacities to support diverse communi-
ties. If we had historical estimates of species richness in these systems
before land converson, then we would be able to compare the proportionate
loss in numbers of species across the rangdand types. Based on the observa-
tions above, the prediction would be that the loss of bird diversty has been
gregter in tdlgrass prarie than in the shortgrass prarie.
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Figure 5. Breeding bird species richness based on the average number of species observed
on Breeding Bird Survey routes over a decade, 1980-1990. Plots were generated by
kriging (Cressie 1991) bird species richness across all Breeding Bird Survey routes in the
Great Plains. ‘
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Proportion of exotic birds

Community dructure can change dramaticdly without actudly losng
species from the regional pool. Thus, an evaluation of the status of
biodiversty aso reguires examingtion of shifts in the reaive abundance of
gpecies within the biota One messure of faunal integrity is the prevdence of
exotic gpecies, or gpecies not native to North America We edimated the
average percentage of the total number of individuads observed on a Breed-
ing Bird Survey route classified as exotic over the 1980-1990 period. Non-
native bird species condituted a high percentage of the totd number of
individuds in many locations throughout the region (Fig. 6). Concentrations
of exotic bird species were often associated with areas of increased land-use
intengfication (Fig. 2). For example, the eadtern edge of the Grest Plains, as
well as esstern and western Texas, have low proportions of potential naturd
vegetation remaining and high proportions of exotic bird species. Unfortu-
natdy, we lack dtespecific information on levels of landuse converson in
the Canadian provinces to assess whether the concentrations of exotic birds
in Canada are associated with aress of incressed land-use intengfication.

Other authors have suggested agricultural disturbances increase the
invashility of ndive habitats for exotic species In a Cdifornia dudy, the
number of both exotic birds and mammals was highest in reserves sur-
rounded by agriculture or human settlement, less in rangdand reserves, and
least in reserves most removed from agriculture and human settlement
(Smalwood 1994). In North Dakota, exotic bird species that increased in
abundance 1967-1993 included species associated with agricultural lands
(Johnsgard 1979), such as the gray partridge (Perdix perdix) and ring-
necked pheasant (Phasianus colchicus), as well as species associated with
human structures, such as house sparrows (Passer domesticus) (Ig and
Johnson 1997). Increase of ring-necked pheasants is of special concern since
there is evidence that they may have a detrimental effect on remnant popu-
lations of greater prairie chickens (Tympanuchus cupido) (Vance and
Westemeier  1979).

Distribution of species in all taxa listed as threatened or endangered

Despite tremendous loss of habitat, relatively few species in the Great
Plains, compared to other geographic aress of North America, have been
listed as endangered or threatened (Ostlie et a. 1997). We examined distri-
butions of species in dl taxa liged as threatened or endangered in the USA
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Figure 6. Average percentage of breeding birds that are exotic species. Plots were
generated by kriging (Cressie 1991) percentage of exotic species across all Breeding Bird
Survey routes in the Great Plains.
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or Canada. We compiled digributions of threatened and endangered species
as of November 1994 from: Federal Register final listings, US Fish and
Wildlife Service Endangered Species Technical Bulletins, species recovery
plans, environmental impact datements, feder and date agency reports,
Heritage Program information, and consultetion with US Fish and Wildlife
Savice regiond and fidd biologists (see Father et a. 1998). In Canada, we
examined the didribution of species liged as threstened or endangered by
the Committee on the Status of Endangered Wildlife (COSEWIC 1999). The
number of threstened and endangered pecies in each rurd municipdity was
compiled from information provided by provincid Conservetion Data Cen-
tres.

The digribution of liged gpecies in the Great Pans wes redivey
homogeneous (Fig. 7); and, at least for the USA, contrasts to the gradient of
increesed land use intendty west to eest (Fig. 2). Counties in the Great Plains
support up to 12 threstened or endangered species. The pattern is attributed
d leest patidly to vaying intendgties of inventory across the region (Odlie
e d. 1997). Mogt of the tdlgrass remnants have been thoroughly invento-
ried; however, other aess have received less attention. Notably, private
lands in Texas have been exempted from inventory efforts (Odlie et 4.
1997).

The reativddy low number and broad didribution of lised species in
the region may dso be rdated to the physiography and evolutionary higtory
of the Great Plains. Contemporary Great Plains grasdands are thought to
have evolved rdatively recently, having formed approximatedy 12,000 years
ago (Axerod 1985). Further, the origins of the flora and fauna are diverse,
and the lack of geographic bariers to dispersd likely contributed to low
vertebrate and plant endemism (Rissr 1996). The esstern portion of the
Great Plains, in particular, is generally populated by relatively common
species with broad geographic ranges (Risser 1988). Species characterigtic
of the western shortgrass ecosystem, for the most part, have more limited
digributions (Weaver e d. 1996). Further, it is likdy that the variable
cdimate and disturbance regime under which Grest Plains ecosystems evolved
has resulted in high rates of adgptability in resdent species (Cody 1985;
Risser 1988).

The mgority of the lised gpecies in the Great Plains are vertebrates,
with lesser numbers of plants and invertebrates (Oglie et d. 1997). The
domination of vertebrates on the lig is explaned, in pat, by the fact that
they are a relatively well-studied group that also engenders high public
support for conservation. The identifisble “hot spots’ of listed species in the
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Species

D None known
B 1

M-
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Figure 7. Numbers of threatened and endangered species, for all taxa, by county in the
USA, and by rural municipality in Canada. USA data were taken from Flather et al.
(1998); Canadian data were compiled from information provided by provincial
Conservation Data Centres.
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USA portion of this region are associated with bluestem prairie and Ne-
braska Sandhills prarie, as wel as specid landscape features, such as the
coastal plain and caves in Texas, colonies of prairie dogs (Cynomys spp.),
wetlands and riverine systems (Table 3). Special habitats that support threat-
ened and endangered species in Canada include: wetlands, sandhills, and
concentrations of Richardson’s ground squirrels (Spermophilus
richardsonii).

Another point is notable for listed species in the USA portion of the
Great Plains. Only 19% of the occurrences of listed species in this region
occur on federd land, compared to 36% nationadly (Chaplin e d. 1995). In
addition, 95% of the land area in the USA portion of the Great Plains is in
private ownership (Natural Resources Conservation Service 1992). This
makes private lands in this region particularly important to the conservation
of imperiled Species.

Genetic Diversity

Genetic diversity refers to the variability of genes among individuds in
a species or population. A species cgpacity to evolve depends on sufficient
genetic diversty to mantan fitness and adgptability to changing environ-
mentd conditions (AMmM and Gilpin 1989). Risser (1988) suggested that, in
spite of low levels of endemism, grasdand species in the Great Plains tend to
be characterized by high amounts of ecotypic differentiation. Therefore, the
high rates of loss of native rangdands in this region has likey resulted in a
reduction of genetic diversty - declines that are not represented in smple
measures of species diversity (Risser 1988). Since it is nearly impossble to
messure genetic diversty for more than just a handful of species, we exam-
ine two surrogate measures as proposed by the Montreal Process (Coulombe
1995): the number of species that occupy only a smdl portion of their former
range, and the number of bird species whose population levels have declined
significantly.

Species occupying a small portion of their former range

We do not have a complete accounting of species that now occupy a
smal portion of their former range. However, three better known examples
of such species are the black-tailed prairie dog (C. ludovicianus), the black-
footed ferret (Mustela nigripes), and the western prairie fringed orchid
(Platanthera praeclara). Reductions in the higoric ranges of these species
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TABLE 3

EXAMPLES OF HABITATS SUPPORTING “HOT SPOTS' OF SPECIES
LISTED AS THREATENED OR ENDANGERED IN THE GREAT PLAINS

Landscape feature

Associated listed species

Texas coastal plain

Texas caves

sanchills
prairie dog colonies
wetlands

tallgrass prairie

riverine systems

colonies of Richardson’s
ground squirrel colonies

piping plover (Charadrius melodus)?
Attwater’s prairie chicken (Tympanuchus cupido
attwateri)2
nesing marine turtles @
green sea turtle (Chelonia mydas)
hawkshill sea turtle (Eretmochelys imbricata)
Kemp's Ridley sea turtle (Lepidochelys kempii)
loggerhead sea turtle (Caretta caretta)
tooth cave spider (Neoleptoneta mypica)?
tooth cave pseudoscorpion (Tartarocreagris texana)?
San Marcos sdamander (Eurycea nana)?
blowout penstemon (Penstemon haydenii)?
black-footed ferret (Mustela nigripes)?
western prairie fringed orchid (Platanthera praeclara)®
sand verbena (Abronia micrantha)®
prairie bush-clover (Lespedeza leptostachya)?
piping plover @ (Charadrius melodus)
leadt tern (Sterna antilarum)?
palid sturgeon (Scaphirynchus albus) 2
swift fox ® (Vulpes velox)
burrowing owl ° (Athene cunicularia)

a liged in USA
b liged in Canada
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likely resulted in a loss of genetic diversity (Soulé and Mills 1998;

Westemeler et d. 1998). Prairie dog towns in North America decreased from
approximately 41 million ha in 1919 to < 1 million ha by 1960 (Summers and
Linder 1978). The range of the black-tailled prairie dog continued to shrink
after 1960, and there is evidence that the eastern boundary of their distribu-
tion may be receding toward the west (Mulhern and Knowles 1997). Prairie
dog population declines have dso contributed to range reductions of other
species, such as the black-footed ferret (Hillman and Clark 1980). The range
of the western prairie fringed orchid has receded to only three known
metapopulations in the northern part of its range and scattered smaller
populations in southern tallgrass prairie (US Fish and Wildlife Service
1996). Although unquantified, reductions in the ranges of these species
undoubtedly represent significant declines in their genetic diversity, and
therefore in their ability to adapt to environmentad change.

Number of birds with decreasing population trends

Trend data for populations of breeding bird species are more prevaent
than those for any other taxon (Droege 1990). We used Breeding Bird Survey
data (see Droege 1990) to examine the 30-year trend in Great Plains species.
We edimated the number of species whose population numbers have de-
clined dgnificantly between 1966 and 1996 (see Sauer et d. 1997) in the
Canadian province and each of the sx dates condituting the mgority of land
aea in the Great Plans. We limited our analysis just to those species ob-
sarved on a least 15 routes. Species were counted as having a decreasing
trend if the dope of the regression line was negative and differed from zero
(P £ 0.1) (details in Geisder and Sauer 1990; Link and Sauer 1994).

The 30-year trend for breeding birds in the Great Plains suggedts that
an average of 19% of the species declined in sates and provinces in the
region (Table 4). It is likdy that those species whose population levels
declined sgnificatly have los gendic diversty as wel. We caegorized
declining species by breeding habitat (grasdand, wetland, woodland, xeric
scrub, and other), using the designations of Johnsgard (1979) when given
and Ehrlich e d. (1988) for species not lised by Johnsgard. Grasdand
nesting birds had the highest overdl rate of loss (36%), and the proportion
of grasdand species that declined was greatest (>44%) in the southern plains
sates and in Saskatchewan (Table 4). In addition, an average of 9% of the
wetland bird species have declined across the region between 1966 - 1996.
The decline in breeding bird species associated with grasdands and  wet-
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TABLE 4

TOTAL NUMBER OF NATIVE BREEDING BIRD SPECIES, AS WELL AS
THE PERCENTAGE THAT DECREASED (P £ 0.1) 1966-1996, BY BREED-
ING HABITAT (JOHNSGARD 1979). DATA ARE FROM BREEDING BIRD
SURVEY ROUTES IN THE CANADIAN PROVINCE AND 6 STATES THAT
REPRESENT THE MAJORITY OF THE LAND AREA IN THE GREAT
PLAINS. TRENDS ARE BASED ON SAUER ET AL.(1997) AND ARE ONLY
GIVEN FOR THE SPECIES ENCOUNTERED ON AT LEAST 15 ROUTES
WITHIN A STATE OR PROVINCE.

Canada USA
province Sate Overal
SK KS ND NE OK SD TX average

All Species (no.) 96 75 97 65 85 7 130
% Decreasing 22% 13% 9% 26% 26% 7% 24% 19%

Grassland Species (no.) 18 11 24 14 11 16 11

% Decreasing 4% 45% 17% 43% 55% 6% 45% 36%
Wetland Species (no.) 34 6 33 7 9 19 16
% Decreasing 21% 17% 9% 0% 11% 0% 6% 9%

Woodland Species (no.) 40 50 34 40 57 37 73
% Decreasing 15% 12% 6% 25% 26% 11% 22% 17%

Xeric Scrub Species(no.) O 0 0 0 1 0 13
% Decreasing - -- - - 0% - 46% 7%

Other Species (no.) 4 8 6 5 7 5 17
% Decreasing 0% 12% 0% 20% 0% 0% 18% %
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lands in the region has been noted by others (McNicholl 1988; Langner and
Flather 1994; Knopf 1994; Igl and Johnson 1997). These declines are impor-
tant, in that many of the endemic bird species of the region fdl into grasdand
or wetland categories (Knopf 1996).

Population levels of a number of woodland-dependent species have
declined in the region as wel. An average of 17% of the bird species that
breed in woodlands have declined over the last 30 years. Proportionate
declines of woodland species were over 20% in southern plains states and
Nebraka. In addition, nearly hdf of the birds that breed in xeric scrub
habitats in Texas declined (Table 4).

Restoration and Management of Biodiversity in the Great Plains

There is much uncertainty associated with plans designed to restore
and maintan biodiversty of the Great Plans. For most biodiversty dimen-
sions, we lack a comprehensve understanding of past, or even current, status
(Flather and Sieg in press). Even the rddively extensve data of the Breed-
ing Bird Survey only dlow us to assess trends over the last 30 years or s0. We
have a rdaively poor understanding of the role that stochagtic disturbances,
such as drought, fire, grazing and flooding played in shgping vaious prairie
types and their digtinct landscape components, such as wetlands (Leach and
Givnish 1996). We know less about how to incorporate these disturbances
into a landscape vadly dtered by intensve landuse, fragmentation, and the
introduction of dozens of exotic species. Given this high levd of uncertainty,
adaptive management may offer a reasonable planning framework within
which to incorporate uncertainty in the decison making process (see Walters
1986). The eements of adaptive management include 1) dating an objec-
tive, 2) choosing management actions, 3) monitoring and assessing the
outcome of these choices, and 4) using the monitoring and assessment data
in making future decisons (Wdters and Halling 1990; Nichols et d. 1995).
The following suggestions rdative to resoring and mantaining biodiversity
ae offered in light of this uncetainty as possble objectives tha could be
addressed in an adaptive management approach.

Maintenance of biodiversty, especidly for the eastern tdlgrass prarie
and northern fescue grasdands, will require active preservation and restora
tion. Remaining paches are smadl and isolaed, so they present chalenging
management issues. Redtoration of dominant prairie species may be used to
expand and buffer naturd remnants (Morse 1996). However, the smdl size
of mogt tdlgrass and fescue prarie remnants makes the restoration of fully
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functioning landscapes, complete with the range of higtoric disturbances,
unlikdy (Steinauer and Collins 1996).  Furthermore, recovering the reser-
voir of biologica diverdty that has been depleted by cultivation will be dow,
or may never occur. Recovery depends on the sze of the disturbed area (Sda
and Parudo 1997) and on our ability to overcome the reduced soil fertility
caused by farming practices (World Resources Inditute 1992).

Regtoration of ecologica processes in other vegetation types besides
talgrass is important, as well. Grasdand species have evolved tolerances
(Lauenroth et ad. 1994) and even dependencies on grazing (Knapp €t 4d.
1999; Cdllins e d. 1998). Therefore, properly planned grazing regimes are
gppropriate  components of a drategy to restore biodiversity throughout the
region (eg., Bragg and Steuter 1996). To diversfy habitats and increase the
species that can be supported, grazing systems should be tailored to a
paticular ecosystem, and include variaion in grazing duration and intendty
(Sacb et d. 1995). Restoring fire in management plans is aso appropriate,
but it should be based on higtorica patterns, including burning at varying
intervas and in different seasons (Howe 1994; Seg 1997). Additiondly,
both grazing and fire management programs must be adagpted to the land-
scape patterns  imposed  by:  geographic  fragmentation  (McPherson  1997);
species changes, such as the introduction of exotic species and the rarity of
others (eg., Hobbs and Huenneke 1992); and, limitations imposed by man-
agement unit boundaries (Steuter 1988).

Management designed to conserve biodiversity of the Great Plains
should focus on providing a diversty of habitats with varying successiond
and dructural dages. Habitat requirements of species that depend on ex-
tremes of the vegeative continuum may be especidly important to incorpo-
rate into management plans (Renken and Dinsmore 1987). Landscape fea
tures that support many of the threatened and endangered species of the
region should receive priority in consarvation plans We adso need to pay
atention to the exotic species thet thresten native flora and fauna (Wilcove
et d. 1998). We need to better understand which exotic species are truly
invasve (West 1993), actively manage thee species, and prevent the intro-
duction of new exotic species.

Success in regtoring biodiversty in the Great Plains will be enhanced
by regiona planning and by collaboration between landowners. Conserva-
tion planning by The Nature Conservancy hes identified landscapes of bio-
logicad sSgnificance to target for protection (Chaplin et d. 1995). Collabora
tive efforts will dso hep recover imperiled species. For example, restoration
of black-footed ferret populaions will require providing an adequate num-
ber, sze and proximity of black-tailed prairie dog town complexes (Biggins
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e all993; Bevers e d. 1997). Regiond plans and collaborative efforts
among federd, dae and private landowners are particulally criticd in the
Gregt Plains, given the high percentage of nonfederd land in the region.

Our ahility to monitor and assess the success of restoration efforts and
biodiversity trends in the region will depend on the acceptance of an agreed
upon system for dassfying vegetation and for addressng ecosystem changes
since settlement (Nationd Research Council 1994). There is dso a need to
develop systematic schemes to monitor other taxa, smilar to the Breeding
Bird Survey (Solbrig 1992). The development of such inventory and assess-
ment techniques will not adlow us to account for past losses, but it will be
criticd in assessing future trends. These types of data, combined with other
monitoring  efforts, will be criticd in devdoping future management options
and the framework of public policy changes needed to restore biodiversity of
the region.

Passage of the Endangered Species Act of 1973 (US Fish and Wildlife
Service 1988) and the North American Wetlands Conservation Act (US Fish
and Wildlife Service 1993) are postive deps towards reversing hiodiversity
degradetion. In addition, severd plains dtates have adopted “ingtream flow”
regulaions designed to mantan wae in rivers a times and a levds auffi-
cient to protect aquatic life (Rabeni 1996). Set-asde programs for margind
lands offer opportunities to restore grassland cover to areas where
sustainability of crop production is particularly questionable. Such pro-
grams presently include: the Permanent Cover Program of Agriculture
Canada, Prairie Care by Ducks Unlimited Canada under the North American
Waefowl Management Plan (Baydack e d. 1996), and the Conservation
Reserve Program in the USA (Mitchdl 1988). In the long run, however,
sugtaining biodiversty in the Grest Plains, and the goods and services that
we derive from it, will depend on how successfully we can restore ecosystem
function. Therefore, public policies that focus on ecosystem protection
(Noss et d. 1995) and provide private landowners with incentives to manage
their property to meet biodiversty objectives (Wilcove et d. 1998) will be
needed to maintan biodiversty and assure the longterm sustainability of
North Americas heartland.
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