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Overview of the Historic and

Current Vegetation Near the 100th

Meridian in North Central United States

By Charles Lura, Jeffrey Printz, and John R. Hendrickson

On the Ground

• The Northern Great Plains contains a diverse group
of vegetative communities, primarily dominated by
grassland communities.

• Precipitation declines along an east-west gradient,
ranging from 27.4 inches at Detroit Lakes, Minnesota
to 12.4 inches at Miles City, Montana, and produc-
tivity follows a similar decline.

• Precipitation falls primarily during the growing
season, which combined with the lower mean annual
temperature results in productive, high-quality, cool-
season dominated grasslands.

• Although the region is primarily dominated by areas
of tallgrass, midgrass, and shortgrass prairie, there
are outcrops of limber (Pinus flexilis) and ponderosa
pine (P. ponderosa) along the Little Missouri River
and stands of quaking aspen (Populus tremuloides) in
the Turtle Mountains.

• Besides climate and soils, fire, drought, and grazing
have also contributed to the rich diversity of
communities in the region.

• Recent invasions of perennial cool-season grasses
are threatening historic plant communities; whether
these invasions can be reversed and altered
environmental services restored are the primary
questions facing grassland managers.
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D uring the early 1800s Stephen H. Long coined
the term “Great American Desert” to describe
the land between the Rocky Mountains and the
100th meridian. Annual precipitation along the

meridian was near 508 mm or 20 inches per year and
decreased westward to the Rockies. Conventional wisdom

of the day was that the region was too dry to support crops.1

As a result, for much of the nineteenth century the 100th
meridian marked the western boundary of suitable farmland
and the eastern boundary of the Great Plains and Great
American Desert. Today, US highway 281 runs roughly
along the meridian, from near Devils Lake, North Dakota,
through Aberdeen, South Dakota, southward (Fig. 1).

Here in the Northern Great Plains of eastern Montana and
the Dakotas, the historical dominant character of the potential
natural vegetation of the region was a band of shortgrass prairie
immediately eastward of the Rocky Mountains, with northern
mixed-grass prairie occupying much of the Dakotas.2 The native
vegetation of a portion of eastern North and South Dakota and
adjacent Minnesota, however, was tallgrass prairie (Fig. 1).

The historical grassland types of the Northern Great Plains
were quite similar, with the grama grasses (Bouteloua spp.),
needlegrasses (Heterostipa spp., Nassella spp.), and wheat-
grasses (Pascopyrum spp., Elymus spp.) being major compo-
nents of the associations.3 Historically, further eastward, the
bluestems (Andropogon spp., Schizachyrium spp.) were often of
increased importance. The character of these communities has
been described in several studies, including those by Barker
and Whitman,3 Coupland,4 Whitman and Wali,5 and
Hanson and Whitman.6

Although this region of the 100th Meridian of north central
United States may be characterized as covered with a rather
uniform grassland, there are several other less extensive
communities that can provide greater insight into the character
and ecology of the area. These communities are too numerous to
fully describe, and in many cases are not well understood.
However, we have selected to include several of the more
noteworthy communities that more fully characterize the climate,
geology, soils, vegetation, and ecology of the region.

Climate
The region may be described as having a Continental

climate characterized by large differences in temperature from
winter to summer. Perhaps the most significant factor
influencing the climate of the north central region of the
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United States and adjacent Canada is the midlatitude
westerlies or prevailing westerlies.7 The westerlies lie between
30 and 60 degrees north latitude and may be characterized by
prevailing winds out of the west or southwest. Moisture-laden
air traveling eastward off the Pacific Ocean passes over the
Rocky Mountains, much of the moisture is given up in
precipitation. Thus, in the rain shadow of the Rocky
Mountains in eastern Montana, precipitation is often quite
low, but increases eastward. Precipitation more than doubles
going fromMiles City in the west to Detroit Lakes in the east
(Fig. 1; Table 1).

Temperatures in the Northern Great Plains are highly
variable. The Northern Great Plains experiences some of the
coldest winters in the continental United States, but at the
same time summer temperatures have reached as high as
49.4oC (121oF).8 Despite these variations, mean annual
temperature tends to decrease as latitude increases. Mean
annual air temperatures in eastern Montana, North Dakota,
and western Minnesota range from 2.2 to 7.8oC (36–46oF).9

Because of the cooler temperatures, warm-season grasses (C4)
make up about 31% of the grass species in North Dakota
compared with 68% in Texas.10

Lower temperatures, reducing the potential evapotranspi-
ration rate, and a favorable precipitation distribution concen-

trated during the growing season (Fig. 2) result in highly
productive grasslands. The greater biomass productivity
combined with the higher quality of cool-season grasses11

indicates that grasslands in the Northern Great Plains are
quite suitable for livestock production. However, the cold
winter temperatures require greater forage inputs to maintain
livestock over winter.

Geology and Soils
This region is characterized by glaciated landscapes. In the

Dakotas, the Missouri River trench is generally considered the
western boundary of the late Wisconsin glaciation. Most soils
in the Northern Great Plains are mollisols, which are typical
of soils that developed under predominantly grassy vegetation
of the Great Plains.12 Mollisols formed from mainly
nonacidic parent material that provided large inputs of
organic matter.12 Mollisols are naturally fertile which makes
them highly desirable for crop production. Mollisol suborders
range from the more freely drained Ustolls in the western part
of the Northern Great Plains,13 which supported shortgrass
prairie, to the Aquolls in Minnesota and eastern North
Dakota, which previously supported grasses, sedges, and
forbs.13 More information about the soils in the Northern
Great Plains is available in Liebig and Toledo (this issue).

Figure 1. Distribution of the tallgrass, midgrass, and shortgrass prairies in the Northern Great Plains. Included is the 100th meridian and the municipalities
of Miles City, Montana, Dickinson, Bismarck, Jamestown and Fargo, North Dakota, and Detroit Lakes, Minnesota. Map was developed by Jennifer Carter
(USDA-ARS) using data from https://www.fs.fed.us/rm/ecoregions/products/map-ecoregions-north-america.
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Potential Natural Vegetation of the Region
Potential natural vegetation of the region based on

Kuchler2 is shown in Figure 3. Eastern Montana was
classified as a grama-needlegrass-wheatgrass prairie, which
may be described as an open to fairly dense grassland with blue
grama (Bouteloua gracilis), needle and thread (Heterostipa
comata), and western wheatgrass (Pascopyrum smithii) as the
dominant species.2 Other important graminoids would have
included bluebunch wheatgrass (Pseudoroegneria spicata)
threadleaf sedge (Carex filifolia), prairie junegrass (Koeleria
macrantha), plains muhly (Muhlenbergia cuspidata), little
bluestem (Schizachyrium scoparium), sandberg bluegrass (Poa
secunda), sand dropseed (Sporobolus cryptandrus), and green
needlegrass (Nasella viridula). Prairie sagewort (Artemisia
frigida), hairy false goldenaster (Heterotheca villosa), dotted
blazing star (Liatris punctata), and broom snakeweed
(Gutierrezia sarothrae) were common forbs in the community.

The wheatgrass-needlegrass association2 was generally
regarded as the northern mixed-grass prairie, with dominants

of western wheatgrass, needle and thread, as well as blue
grama and green needlegrass. Little bluestem, upland sedges
(Carex spp.), prairie junegrass, slender wheatgrass (Elymus
trachycaulus), Indian ricegrass (Achnatherum hymenoides), and
porcupine grass (Heterostipa spartea) were also important
graminoid associates. The forb component included prairie
sagewort, white sagebrush (Artemisia ludoviciana), silverleaf
Indian breadroot (Pediomelum argophyllum), white heath aster
(Symphyotrichum ericoides), dotted blazing star, blacksamson
echinacea (Echinacea angustifolia), beardtongue (Penstemon
spp.), and goldenrod (Solidago spp.).

A transition grassland, or what Kuchler2 designated a
wheatgrass-bluestem-needlegrass association, consisted of a
mixture of species of the bluestem prairie (Andropogon-
Panicum-Sorghastrum) to the east and the mixed-grass prairie
to the west (wheatgrass-needlegrass). Dominant grasses
included western wheatgrass, little bluestem, big bluestem
(Andropogon gerardii), porcupine grass, and sideoats grama
(Bouteloua curtipendula). This community was like the mixed-
grass prairie, with less importance of upland sedges and blue
grama. The forb component was typically abundant and
diverse, containing species from the adjacent associations.

The easternmost portion of North and South Dakota and
adjacent Minnesota extending southeastward was what
Kuchler2 described as Bluestem Prairie, an Andropogon-
Panicum-Sorghasrum association. The association also extend-
ed into north Iowa and eastern Nebraska, as well as eastern
Kansas, and a narrow band in adjacent Oklahoma. The grass
dominants here were big bluestem, switchgrass (Panicum
virgatum), Indiangrass (Sorghastrum nutans), and prairie
dropseed (Sporobolus heterolepis) with porcupine grass and
little bluestem as important associates. Associated forbs and
shrubs included lead plant (Amorpha canescens), white heath
aster, upright prairie coneflower (Ratibida columnifera), wild
roses (Rosa spp.), goldenrods, blazing star, and silverleaf
Indian breadroot.

Immediately east of the bluestem prairie was what Kuchler2

classified as Maple-Basswood Forest, dominated by sugar maple

Table 1. Annual precipitation and estimated production on a loamy ecological site for six different locations

along a moisture gradient

Precipitation Forage production

Location Millimeters Inches Kg/ha-1 Pounds per acre-1

Miles City, Montana 314.9 12.4 1,230 1,097

Dickinson, North Dakota 398.8 15.7 2,690 2,400

Bismarck, North Dakota 446.8 17.8 2,690 2,400

Jamestown, North Dakota 474.9 18.7 3,138 2,800

Fargo, North Dakota 574.0 22.6 3,923 3,500

Detroit Lakes, Minnesota 695.9 27.4 4,259 3,800

Note: Precipitation and production given in metric units and English units. Production data was received from Fort Keogh Livestock and Range Research
Laboratory, USDA-ARS (Miles City), Ecological Site Descriptions, USDA-NRCS (Dickinson, Bismarck, and Jamestown), and expert opinion (Fargo,
North Dakota and Detroit Lakes, Minnesota).

Figure 2. Average monthly precipitation and monthly mean temperature
data from the Northern Great Plains Research Laboratory (USDA-ARS)
from 1913 till present. Average annual precipitation is 16.35 inches (415.3
mm), and average mean annual temperature is 42.6oF (5.9oC). Data is
from High Plains Regional Climate Center (http://climod.unl.edu/).
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(Acer saccharinum) and American basswood (Tilia americana).
The forest extended further east in southern Minnesota to near
Minneapolis-Saint Paul Twin Cities and contained associates of
boxelder (Acer negundo), green ash (Fraxinus pennsylvanica),
hophornbean (Ostrya virginiana), butternut hickory (Carya cordi-
formis), American Elm (Ulmus americanus), and oak (Quercus spp.).

Regions and Communities of Interest
Sheyenne River Delta

At the end of the last ice age, the Sheyenne River carried
large amounts of sediment into glacial Lake Agassiz. Those
deltaic deposits, predominantly made up of sand, are what are
generally known as the “North Dakota sandhills.” The region
was classified by Kuchler2 as Oak Savanna or Quercus-
Andropogon association.

The Sheyenne National Grassland (SNG), one of three
National Grasslands in North Dakota, is located here. It
consists of approximately 28,408 hectares (70,200 acres)
characterized by sandy soils. Much of this area was farmed
under the Homestead Entry Act. However, the collapse of the
economy in the late l920s and early 1930s, combined with the
great drought during the mid-l930s, resulted in extreme
hardships on the land and on the landowners. As a result, the
Sheyenne River Land Utilization Project was established in
l935 and a resettlement plan was completed that same year.

The Bankhead-Jones Farm Tennant Act, passed by Congress
in l937, provided for the acquisition of submarginal lands and
a program of land conservation and utilization.

Purchase of optioned land by the Federal Government was
completed in l939 by the Resettlement Administration, and in
l940 the administration of the purchased land was assigned to
the Soil Conservation Service. The Soil Conservation Service
was charged with the task of reestablishing vegetative cover on
previously farmed lands, changing the land use practices and
aiding the rebuilding of the rural economy. Once stabilized,
the management of the SNGwas turned over to the US Forest
Service in 1954 and is currently administered by the Sheyenne
Ranger District of the Dakota Prairie Grasslands. The
District Ranger’s office is in Lisbon, North Dakota.

Dominant ecological sites (ES) for the SNG include
Choppy Sands, Sands, Subirrigated Sands, Subirrigated,
Limy Subirrigated, and Wet Meadow. Vegetation ranges
from oak savanna interspersed with mixed-grass prairie
(Choppy Sands ES) to tall grass prairie (Subirrigated Sands,
Subirrigated and Limy Subirrigated ES), mixed-grass
prairie (Sands ES), and sedge meadow (Wet Meadow ES).
Dominant native species include big bluestem, Indian
grass, switchgrass, little bluestem, needle and thread,
sideoats grama, blue grama, sedges (Carex spp), northern
reedgrass (Calamagrostis stricta), and a wide variety of forbs
and shrubs.

Figure 3. Potential natural vegetation based on the original Kuchler2 types for the majority of the United States. The legend only provides the names of the
major vegetation types that occur within the Northern Great Plains. Map created from data from databasin.org (https://databasin.org/datasets/
1c7a301c8e6843f2b4fe63fdb3a9fe39).
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All ecological sites have some degree of invasion by exotic
species such as Kentucky bluegrass (Poa pratensis), redtop
(Agrostis gigantea), leafy spurge (Euphorbia esula), hybrid
cattail (Typha x glauca), and common buckthorn (Rhamnus
cathartica). The Great Plains white fringed orchid (Platanthera
praeclara) occurs on the Sheyenne and has been listed as a
threatened species under the Endangered Species Act.

The Forest Service, in cooperation with the Sheyenne Valley
Grazing Association, applies various management scenarios to
maintain or improve ecological conditions on the SNG. This
includesmanaged livestock grazing, prescribed burning,mowing,
targeted grazing with sheep and goats for noxious weed control,
temporary electric fencing to defer grazing of fringed orchid
habitat, and mechanical brush control.

Ponderosa Pine
Along and adjacent to the Little Missouri River in

southwest North Dakota is what is considered to be the
most northeasterly native population of ponderosa pine (Pinus
ponderosa). These pines, extending approximately 1,618
hectares (4,000 acres), are likely relict stands from the past
when ponderosa pine was more abundant or perhaps chance
establishment.14

President Theodore Roosevelt set aside a little over 5,665
hectares (14,000 acres) of this area as the Dakota National Forest
in 1908. However, in 1917 President Woodrow Wilson
rescinded it. So the Dakota National Forest lasted only 9 years.14

Limber Pine
Also located near the Little Missouri River is a stand of

limber pine (Pinus flexilis). The stand covers approximately 80
hectares (200 acres) and has been estimated to be around 600
years old. The stand consists of trees ranging from 200 years
old to several young trees. The origin of this stand, however, is
undetermined. The nearest stand of limber pine is over 241
kilometers (150 miles) away in the Black Hills. The next
closest stand is 402 kilometers (250 miles) away in the Pryor
Mountains of Montana. The stand may be a relict population
or outlier population. A more likely hypothesis, however, is
that Native Americans accidentally or intentionally intro-
duced the species to the area.

Turtle Mountain
Straddling the international border in central North

Dakota is Turtle Mountain, an oval-shaped bedrock high
that is covered with glacial till and lies 182 to 243 meters
(600–800 feet) above the surrounding plain. The area is about
64 kilometers (40 miles) east to west and 40 kilometers (25
miles) north to south. Although long-term precipitation data
is lacking, it is generally considered to be cooler and with more
effective precipitation compared with the surrounding plain.
The difference is enough so that Turtle Mountain presently
supports a forest dominated by quaking aspen (Populus
tremuloides) with associates of bur oak (Quercus marcocarpa),
green ash (Fraxinus pennsylvanica), boxelder (Acer negundo),
and paper birch (Betula papyrifera).

Kuchler2 described the potential natural vegetation of
Turtle Mountain as an oak savannah (Quercus-Andropogon),

dominated by bur oak and big bluestem. Approximately 20%
of North Dakota’s rare plants can be found here. North
Dakota’s only known Sphagnum bog is located here, which
supports the state’s only known population of the carnivorous
roundleaf sundew (Drosera rotundifolia).

Prairie Pothole Region
At the end of the last glaciation, areas northeast of the

Missouri River were pocked withmany closed depressions filled
with water. Now called the Prairie Pothole Region, it consists of
a band of native prairie on glaciated landscapes that runs from
northern Iowa then northwestward through southwestern
Minnesota, eastern portions of North and South Dakota, and
the southern portions of Manitoba, Saskatchewan, and
southeast Alberta. The region has been estimated to support
around one-half of the North American migratory waterfowl.

These potholes are typically shallow basins with emergent
vegetation such as cattails (Typha spp.) and bulrushes (Scirpus
spp.). However, more than half of these wetlands have been
drained, mostly for conversion to farmland.

Badlands and River Breaks
The steep badlands along the White River in South

Dakota and Little Missouri River in North Dakota, as well as
steep river breaks (e.g., Missouri River) in the Northern Great
Plains, support some rather unique and distinctive vegetation
types. Those types would include green ash dominated
hardwood draws, and salt-desert vegetation supporting
Gardner’s saltbrush (Atriplex gardneri) and other Atriplex
spp., winterfat (Krascheninnikovia lanata), and greasewood
(Sarcobatus vermiculatus).3

Glacial Lake Agassiz Beachline Communities
Glacial Lake Agassiz existed over several thousands of

years and varied in depth. The interbeach areas of northwest-
ern Minnesota now support a mixture of brush and prairie
depending on soil and moisture conditions. The area could be
described as tallgrass prairie with variable amounts of shrubs
such as willows (Salix spp.), bog birch (Betula pumila),
shrubby cinquefoil (Dasiphora fruiticosa), sand cherry (Prunus
pumila), quaking aspen, and bur oak.15

Current Vegetation
This paper has focused on the historical plant communities

along the 100th meridian; however, it is important to
understand that these plant communities have undergone
significant changes since European settlement. One of the
major changes has been the invasion of many rangelands by
nonnative perennial cool-season grasses, mainly smooth
bromegrass (Bromus inermis) and Kentucky bluegrass (Poa,
pratensis).16 Figure 4 shows how Kentucky bluegrass has gone
from approximately 2% of species composition in 1984 to
more than 60% in 2004 on long-term grazed pastures near
Mandan, North Dakota. Estimates are that at least 50 percent
of the privately held rangelands in the Northern Great Plains
have Kentucky bluegrass present on them,17 with resulting
impacts on both goods and services17 and ecological drivers.18

In other areas, smooth bromegrass has invaded in a similar
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manner. An analysis by the US Fish and Wildlife Service
estimated that smooth brome made up over 40% of the
vegetation in two of the five administrative units they surveyed
in the Northern Great Plains.19 The invasion by both these
species has altered the current vegetation in the Northern
Great Plains. The question now is if it is possible to reverse the
effects of these invasions, and if so, will the altered
environmental services also be restored.

Summary
Throughout the Great Plains, precipitation shapes the

vegetative communities, and this is also true in the Northern
Great Plains. Biomass production increases as rainfall increases
goingwest to east across the region.Our focus in this paper was to
highlight existing plant communities in the Northern Great
Plains and briefly describe how they have been shaped by climate
and soils. However, it is important to recognize that these
communities have also been shaped by other factors such as
drought, fire, and grazing. All these factors have interacted to
provide the complex mosaic of communities that are represented
in the Northern Great Plains.

However, the current vegetation does not reflect the
historical vegetation. Increases in smooth bromegrass,
Kentucky bluegrass and other invasive grasses, forbs, and
shrubs have altered the current vegetation in the Northern
Great Plains. The causes and effects of these invasions are still
being evaluated. However, the question now is if it is possible
to reverse the effects of these invasions, and if so, will the
altered environmental services also be restored.
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Figure 4. Change in percent Kentucky bluegrass (Poa pratensis L.) and
native species in the relative species composition at a long-term (98 years),
lightly grazed pasture in Mandan, North Dakota. Data modified from Printz
and Hendrickson.19
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