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THE GRASSLANDS OF THE RED

RIVER VALLEY

Robert Dean Ralston

ABSTRACT

The objectives of the study were to provide a documented record

of the vegetation of the grassland vegetation of the Red River Valley.

The native prairies of this Valley are dominated by various combinations

of Andropogon gerardi, Andropogon scoparius, Agropyron smithii,

Bouteloua curtipendula, Calamagrostis inexpansa, Calamovilfa

longifolia, Koeleria cristata, Muhlenbergia richardsonis, Sorghastrum

nutans, Spartina pectinata, Sporobolus heterolepis, Stipa comata,

Stipa spartea and Stipa viridula. At present only relicts of these

grasslands remain.

One hundred and fifty-one stands including 299 species,

encompassing a wide range of floristic and habitat variability, were

selected for study. The species composition (frequency) of each

stand was sampled Qy the use of thirty 0.5 X 0.5 m quadrats. A

presence list was prepared for each stand and the dominant graminoid

species determined by an estimate of cover contribution to the upper

strata. The standing crop of green herbage of .34 stands was sampled

by clipping five 0.5 X 0.5 m quadrats, and the material oven dried

for weight determination. Environmental measurements were taken to

determine physiographic position and soil profile characteristics.

Soil samples were collected from the "An horizon of each stand for

textural analysis, field capacity, salinity and pH determinations.

An analysis based on indicator species determined by

physiographic association, indicated that the various species

responded in a continuous manner to a moisture gradient. This was
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suggested by a gradation of importance from one physiographic habitat

to another, with its position of peak performance in association with

a specific drainage position. Vegetational types were also associated

with physiographic position, but the dominant species and to a lesser

degree seconda� species showed modification of behavior by soil

texture.

The total number of species and their levels of importance

(frequency) within the various vegetational types was used as a

measure of diversity. The mid prairie dominance types with high

numbers of species, many with high importance, were the most diverse

of all types examined. It was further indicated that mid prairie

stands in the northern portion of the area studied had higher

diversity than all others. Geographic differences in diversity were

related to historical development of the grasslands. The yield of

green herbage varied according to prairie division, leading dominant,

soil texture and geographic location. A high positive correlation

between green herbage yield and length of growing season suggested

that geographic location was the most effective determinant in

production, with southern stands producing about 100% more green

herbage than comparable stands in the north.

The species comprising the grasslands of the Red River Valley

suggest an amalgamation of species of eastern and western origin.

The dominant graminoids, however, are most closely associated with the

grasslands to the east and suggest the placement of the Red River

Valley grasslands within the True Prairie.
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INTRODUCTION

The northeastern rim of the Northern Great Plains grassland

is bordered by the Red River Valley. Prior to settlement this

Valley supported various combinations of Andropogon gerardi,

Andropogon scoparius, Sporobolus ,heterolepis and other species

typical of the True Prairie (Weaver and Fitzpatrick 1934).

The fertile prairie landscape was ideally suited to agriculture

and was brought under intensive cultivation in the 1880ls (Drache

1964). The land has proved to be well suited to small grain farming,

as evidenced by nearly 100 years of economic prosperity in the

region. However, as is true of most areas, intensive usage preceded

scientific study, and little botanical information exists on

this vegetation in its pristine state. At the present time only

small relicts of the grassland remain as remnants ' of this

once extensive vegetation and we must look to these for an

evaluation of the original prairie.

The existence of only fragmentary botanical data from the

Valley enphasized the need to provide a documented record of this

rapidly disappearing vegetation. To accomplish this overall

objective, attempts were made (1) to relate the behavior of

individual species to environmental factors, (2) to determine

the major species complexes (vegetational types) occurring in the

Valley, (3) to examine standing crop of green herbage production

differences between major vegetational complexes, and (4) to relate

1
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\
the species complexes and yield of green herbage to soil texture,

profile depth and development, soil moisture, pH, salinity,

physiographic position and geographic location.

This research was conducted as part of a long term study

of the grassland habitats of the Northern Great Plains region,

designed to locate and characterize the True Prairie-Mixed Prairie

tension zone (Griggs 1914, Weaver and Bruner 1954). As the Red

River Valley grasslands occup,y the eastern rim of the region of

interest, the data which form the substance of this thesis are

also essential to the objectives of the long term project.

Field work was conducted during portions of the summers of

1962 through 1966. Data were collected from 151 stands, which

are considered to represent adequately the grassland vegetation

of the study area.



LITERATURE REVIEW

While the literature relative to the central grasslands of

North America is extensive (Weaver and Fitzpatrick 1934, Hanson 1950,

Weaver 1954, Weaver and Albertson 1956, Curtis 1959, Ellison 1960,

and others) little specifically concerned with the vegetation of

the Red River Valley is available. This portion of the grassland

province has been designated as True Prairie (e.g. Weaver and

Fitzpatrick 1934, Clements and Shelford 1939), and the flora has

been treated by stevens (1950) and Scoggan (1957). The flora of

the Otterburne area in Manitoba in the northeastern portion of the

study area has been presented by L�ve and Bernard (1959) who

include a description of the vegetation and classify the area as

stable aspen parkland. Shimek (1925) prepared lists of the plants

occupying prairie remnants near Carberry and McGregor, Manitoba

and included a species list prepared by Christy (lSS7). A detailed

account by Bird (1927) of the grasslands around Treesbank, Manitoba

on the Assiniboine delta provides and extensive species list. All

of the above authors include as dominants Andropogon gerardi,

Andropogon scoparius, Panicum virgatum, Stipa comata, Sll.E!.

spartea, Sporobolus heterolepis and Poa pratensis. All of these

species are presently common in the Red River Valley.

Quantitative studies on the area are limited. A study of

six community types by Hadley and Buccos (1967) on the Oakville

Prairie near Grand Forks, North Dakota includes herbage and litter

3
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yield values determined periodically through the summer. They

found production values to be similar for all upland community

types,359 g/m2 (ca 3200 Ibs./acre),while the highly saline

communities were relatively poor in production, 112 g/m2 (ca 1000 Ibs./

acre). Redmann (1966) examined nine plant communities in this same

area, and noted soil salinity, sub-surface horizons and moisture

regime to be effective factors in producing vegetational variation.

Green herbage yield of various native grassland community types in

relation to physiographic position, soil texture and geographic

location was examined by Ralston and Dix (1966).

Smeins (1967) studied the wetland vegetation of the Red

River Valley and Drift Plain, and related species behavior to

moisture regime, salinity and disturbance gradients. He also

provided a review of the literature pertinent to the lowland

vegetation of the Red River Valley.

Three papers provide information on areas immediately

adjacent to the Red River Valley. Dix and Smeins (1967) investigated

the prairie, meadow and marsh vegetation in Nelson County,

immediately west of the Lake Agassiz Basin, and found moisture

to be the single most important environmental factor determining

the vegetation. They placed Nelson County within the True Prairie,

but within the tension zone between this unit and the Mixed

Prairie. Tester and Marshall (1961) studied the interrelationships

between the plants and animals of Waubun Prairie in the recessional

moraine countr,y just east of the Valley. Their study included
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an examination of the effects of burning, mowing and grazing on

species composition, litter accumulation and the interrelationships

of these treatments to small mammal and bird populations. Of

major interest in this report was the lack of significant effects

on species composition by burning and mowing, but marked changes

with grazing. Blood (1966) described the Festuca scabrella

grasslands of Riding Mountain National Park, Manitoba which is

apparently similar to the Festuca scabrella grassland described

by Moss (1944), Moss and Campbell (1947), Coupland and Brayshaw

(1953), Coupland (1961) and Cosby (1965).

The forest transition region along the eastern and northern

border of the grassland region of the Red River Valley has

received the most attention. Ewing (1924) described the "brush

prairie" of northwestern Minnesota as "transitional." He suggested

that this prairie is maintained by fire and subject to replacement

by mesopbytic deciduous forest with the cessation of fire. Later

work by Buell and Cantlon (1951), Buell and Buell (1959) and Buell

and Facey (1960) has generally supported this viewpoint. In the

north, the southern edge of the Boreal and the northwestern edge

of the Deciduous Forests has been described by Rowe (1956) and

Bird (1961). These studies are primarily confined to forest

communities with no quantitative data included for grasslands.

Studies in the Sheyenne delta area include a report on the oak

savanna and woodlands described by Challey (1955) in a study of

white-tailed deer of the sandhills. The floristic composition of

the sand prairies has been studied by Wanek and Burgess (1965) who
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reported the graminoid flora to be most closely related to the

Tall and Mixed Prairie, while the forbs were predominantly of Great

Plains and Rocky Mountain derivation. They also reported the

sand prairies of North Dakota to be similar to those in surrounding

states and provinces with decreasing similarity with distance.

Burgess (1965) characterized the successional sequence of these

sand prairies.

The woodlands within the grassland area of the Valle,y

have received little study. Cordes (1965) studied the aspen

stands in the vicinit,r of Grand Forks, North Dakota, and Wanek

(1967) has studied the flood plain forests of the United States

portion of the Red River Valley_

Two papers reporting studies conducted in the Badlands in

western North Dakota relate to the species and environmental

factors encountered on the dr.y sites in this study. Hanson and

Whitman (1938) related nine vegetational types to the edaphic

factors, slope and exposure, and Dix (1958) evaluated the effect

of slope and exposure on species composition.

The relative importance of environmental factors in

determining green herbage production in the Northern Great Plains

and adjacent eastern region has been evaluated by several

investigators. Whitman (1954) and Cosby (1964) have reported on the

influence of soils, Larson and Whitman (1942) and Quinnild and Cosby

(1958) described protected relict sites, and Dix (1960) and Vogl

(1965) have studied the effects of fire on northern grasslands

(Ralston and Dix 1966).



STUDY AREA

Location and Physiography

The Red River Valley is a narrow triangular area, the apex

of which is located approximately at the junction of the North

Dakota, South Dakota and Minnesota State Lines, with the sides

extending directly northward with little spread until the base

of the triangle is lost in the vicinity of Lakes Winnipeg and

Manitoba (Figure 1). The Valle,y constitutes the area that was

inundated by an extension of Glacial Lake Agassiz into the

preglacial Red River basin (Horberg and Anderson 1956, Elson 1959).

The ancient lake basin is bordered on the east and west by late

Wisconsin morainic uplands, with elevations about 500 feet above

those of the Valley floor. The immediate uplands and the basin are

drained by the northward flowing Red River of the North, Which

follows approximately the 97th meridian to Lake Winnipeg. Only

the extreme southern portion of the area is drained south by the

Minnesota River.

The Valley floor dips slightly to the north with a gradient

of about 0.9 feet per mile (Hainer 1956). Elevations for cities

on the river are given in Table 1 and in Figure 1.

The gentle slope of this lacustrine plain is patterned by

intersecting minor ridges, 3 to 10 feet high and 75 to 500 feet

across which form the "fracture" pattern described by Horberg (1951),

Nikiforoff (1952). and Colton (1958). These ridges are conspicuous
7



Figure 1. Distribution of study sites within the Red
River Valley. Each site designation includes
one or more stands. Elevations (feet above sea

level) are given for representative cites and
for points along two major beach systems.
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Meanannual
MeanJanuary
MeanJuly

Precipitation (inches)
Meanannual
Meanannual snowfall

37
1

68

43
10

73
-o

TableI.Climatic datal for five stations within the study area. Station positions are given in
Figure 1.

Manitoba North Dakota
Winnipeg Pembina Grand Forks Fargo Wahpeton

Station

Elevation(feet above sea level)
Longtermrecord

756 792 832 896 960

Frostfree daes
Temperature ( F)

39
2

69

131

40
5

71

137

41
7

71

140III 115

19
49

18 20
40

18
32

20

Recentprecipitation
1961
1962
1963
1964
1965
1966

12
28
19
18
20

13
23
16
23
-*

-*

19
21
13
27
28
22

18
27
15
18
24
19

16
36
22
19
27
24

IManitoba records are compiled from Monthly Records 1961-1965 and Temperature, Precipitation and
SunshineofSelected Stations in Canada, Vol. I, available from the Meteorological Branch, Dept. of
Transport,Toronto, Ontario. North Dakota records are compiled from Annual Summaries 1961-1966,
Climatesof the States, N. Dak. 1921-1950; Climatic Supplements 1931-1952 and 1951-1960, Climatological
Summariesfor Grand Forks and Grafton; and Local Climatological Data, Annual 1966, Fargo, N. Dak ,

Availablefrom the U.S. Weather Bureau, Department of Commerce, Asheville, N.C.
*

Cavalierlocated 20 miles southwest of Pembina lists 20 inches for 1965 and 19 inches for 1966.



10

from the air or on aerial photographs. Near shore deposits of

sand and clay (Bluemle 1967), wave washed moraines, and glacial

flute ridges in the north are also significant but minor relief

features on the Valley floor (Leverett 1932, Elson 1958, Lemke

and Colton 1958).

The shores of the Lake Agassiz basin are marked by wave

cut scarps, terraces and beach ridges (Upham 1896, Laird 1944,

Johnston 1946, Elson 1960). These features, along with aeolian action

in dune formation on the Sheyenne, Elk Valley, Pembina and

Assiniboine River delta areas, from south to north respectively,

account for the most pronounced topographic displacement (50 to

100 feet) found in the study area.

Geology

The literature on the early geological work on Lake

Agassiz was reviewed by Leverett (1932) while Elson (1962 and 1967)

and Laird (1964) cover the rece�t material pertinent to this

area. Upham1s (1896) monograph still provides the broadest

coverage in a single reference while specific aspects of the

ancient lake are treated by T,rrell (1892, 1896, 1914), Johnston

(1916,1921,1946), Laird (1944), Nikiforoff (1947), and Rominger

and Rutledge (1952).

The lacustrine deposits of the Red River Valley consist of

lenses of sands, silts and clays with varying mixtures or

concentrations of aqy of these fractions correlative to particular

phases of the Glacial Lake. These deposits are underlain by

t·h.,.�� 0'1 �I"!i A1 ii.,.i ft, Ahoets with information lacking on all but the



11

upper, which is of Wisconsin origin. ·The drift deposits rest on

Cretaceous and Ordovician sands and shales in the marginal

portion of the Valley and directly on Precambrian igneous rock in

the central region.

A broad north-trending valley was the most important

landscape feature of the preglacial Red River Lowland. It was

about 200 feet deep and was cut into the Precambrian granites and

schists (Bluemle 1967). This lowland feature became an important

topographic influence on ice movement during glacial advances, and

later served as a retainer for proglacial lakes (Horberg and

Anderson 1956).

Ice advanced into the Red River Lowland in early Wisconsin

time and remained until about 12,500 years ago (Bluemle 1967). The

recession of the ice with the accumulation of melt water and

fluvial runoff formed Lake Agassiz I (Elson 1955). The outlet

of this lake was through Lake Traverse (River Warren). According

to Elson (1960), a clay unit evident in North Dakota was deposited

at this time. Recession of the ice opened an outlet to Lake

Superior and this stage of the Lake was drained (Elson 1962).

Zoltai (1965) suggests a brief interruption in this drainage

because of the Valders blockage of the eastern outlet.

The clOSing of the eastern outlet short� after the drainage

of the first lake resulted in the formation of Lake Agassiz II.

This stage, about 10,000 to 8,000 B.P. (Elson 1960), formed the

most prominent of the Lake Agassiz beaches, the Campbell

strandline. A silty clay was deposited during this phase.
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Subsequent drainage renewal eroded a valley slightly larger than

the present valley of the Red River, but during the late phases of

drainage the rate of discharge was reduced and terraces were

deposited and are preserved at present in protected places.

Soils

Red River Valley soils are primarily members of the dark

colored soil divisions (Ehrlich et ale 1953,1959, Anon 1960).

Chernozems are the most prevalent soils with Solonchaks and Humic

Gleys developed in areas of restricted drainage. Solenetzic

soils are locally important throughout the Valley and occup,r

a large area west and north of Grand Forks, North Dakota.

Regosols are of importance on the beach and delta formations in the

marginal portion of the study area.

Climate

The Red River Valley is subject to a ·sub-humid continental

climate (Thornthwaite 1941). Climatic data for five representative

stations along the central axis of the study area are srnmmarized

in Table 1. Summers are generally cool with means of around

700F. The winters are cold with Januar,y averages of 10 F in the

north and 100F in the south. Precipitation may show considerable

departures from the norm, e.g. 12 inches for Winnipeg (1961),

compared to a mean of 19 inches and 36 inches for Wahpeton (1962),

an excess of 16 inches above the average of 20 inches. Sevent,y

five percent of the precipitation normally occurs as rainfall from

April through September.
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The percentage of precipitation falling as snow decreases

from north to south and from east to west. Occasionally heavy

snowfall occurs in all parts of the Valley, but normally annual

amounts center around 50 inches in the north and along the eastern

rim, and decrease to about 35 inches in the south and western

extremes. Snowfall increase to the east and north is a feature

contrasting the climates of the Prairie and Forest formations

(Borchert 1950, McAndrews 1966).

Prevailing winds in all months are from the ·wes.t •. The

average wind speed is 11 miles per hour, with the highest speeds

recorded in the spring and the lowest in late summer. The

relative humidity averages around 75 percent, but low values occur

during periods of heat in July and August with values as low as

20% common in the afternoons. Evapotranspiration is frequently

high during this season subjecting the plants to conditions of

stress (Burgess 1965).

Vegetational History

The development of the post glacial flora and vegetation

have been treated b.Y Budd (1951) and Lave (1959). Their descriptions

were based on evidence from modern floristic diversity, geology

and a limited fossil record. Recent work by McAndrews (1966) and

Shay (1967), using pollen and macrofossil columns from several

sites in the vicinity of the Lake Agassiz basin, has added

considerable information to the historical vegetational record.

Lave (1959) postulated that glacial ice obliterated the then

'::':-� �"':��.� ,":",,:,,.�,:,,",:��:!_,:,,� =� iid not permit an orderly migration of
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vegetational belts ahead of the advancing ice. Reports by

McAndrews (1966) and Shay (1967) lend support to this theory, but

the discovery by Moir (1958) of Picea stumps and cones in situ,

underlying morainal material, leaves this problem open to question.

However, as Moir (1958) suggests, � stands could very well have

existed only in favorable sites within the grassland in a manner

similar to the present spruce outlier of the upper Assiniboine

delta near Brandon, Manitoba.

The historical development of the Lake Agassiz Basin and

vicinity has been divided by Shay (1967) into four major

intervals, beginning at 12,000 B.P. The first interval lasted to

about 10,000 B.P. which correlates with the life histor,r of Lake

Agassiz I. The vegetation during this phase was dominated by

Picea with Larix, Betula and Populus as associated genera.

The second interval about 10,000 to 9,000 B.P. showed Pinus

increasing to replace Picea as the dominant. Betula and Populus

also increased and were joined by Ulmus and Quercus. Gramineae

and other herbaceous pollen is also represented during this

interval which parallels the Lake Agassiz II stage.

From 9,000 to 4,000 B.P., Shayls third interval, Quercus

dominated the pollen columns to the east of the lake basin, and

Gramineae dominated the sites reflecting the vegetation on the basin

floor. The time interval is coincident with the later stages of

Lake Agassiz II and well into the period following its drainage.

McAndrews (1966) suggests the entrance of grassland into the

Lake Agassiz lowlands at this time along with the development of an
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oak-savanna along the eastern margin of the basin.

The last interval beginning at 4,000 B.P. to the present

was marked by climatic change, the upper hypsithermal period

(Deevey and Flint 1957), a period of warmer and drier conditions

than the preceding or present climate. Oak continued as an

important species, but savanna was replaced by a closed forest

with a rise in �, Ulmus, and Betula, and other genera common

to the present deciduous forest. Pinus showed an increase at

about 2,700 B.P. and by 2,000 B.P. dominated assemblages to the

east of the basin. In the Lake AgaSSiz lowland, herbaceous plants

remained of major importance with Quercus, Ulmus, and Populus also

well represented. This vegetation persisted up to the time of

settlement when the column shows a strong dilution of Ambrosia

and.other weedy species, indicative of man's contribution to the

landscape.

Natural Vegetation and Recent HistorY

The native vegetation of the Red River Valley is primarily

True Prairie (Weaver and Clements 1938, LOve and L8ve 1959,

Whitman 1963). Important species in these grasslands are

Andropogon gerardi, !. scoparius, Stipa spartea, Sorghastrum nutans

and Spartina pectinata. Vast expanses of the prairie along with

meadows and marshlands dominated the landscape prior to settlement

and extensive cultivation. The meadows and marshlands that remain

consist of various combinations of Calamagrostis inexpansa, Carex

lanuginosa, Q. atherodes, Scolochloa festucacea, � latifolia,

Ph���it�� QQ�unis and several Scirpus spp. (Smeins 1967).

I_" ,LI

--��- ---------------------�--------------------------------------------------
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Shrubs are interspersed in the prairie and meadow, and on the

margins of marshes (e.g., Symphoricarpos occidentalis, Spiraea �,

and Salix spp.).

Gallery forests occup,y the margins of streams and river

flood plains. Species of major importance in these positions

throughout the area are Acer negundo, Fraxinus pensylvanica,

Quercus macrocarpa, Ulmus americana and Populus deltoides

(Stevens 1950). Tilia americana and Celtis occidentalis are

distributed primarily along the Red River and to the east and

southwest along its tributaries. Transitional areas are

dominated by parklands of Populus tremuloides and closed or open

stands of Quercus macrocarpa along the eastern and northern rim of

the grassland. This transitional belt has received considerable

attention from several investigators including Ewing (1924), Buell

and Cantlon (1951), Buell and Buell (1959), and Buell and Facey

(1960). All generally having concluded that invasion of the

grassland by forest has occurred with the reduction of fire since

settlement.

Isolated natural woodlands occur throughout the Valley area.

Populus tremuloides is commonly present on sites with high sand

accumulation (Cordes 1965). This distribution pattern appears to

be true of the central and southern 'portions, however in the

Manitoba portion of the area south of the Assiniboine, stands m�

appear on medium-textured soils. In all delta areas except the

Elk Valley, Populus tremuloides is common and Quercus macrocarpa

forms open stands. On the Elk Valley delta isolated Populus



tremuloides stands are occasional.

An area designated as mixed woods b,y Halliday (1937),

supports open woodlands of Picea glauca (Bird 1930). This appears

to be the only conifer extension into the present grassland area.

These woodlands are located on the upper Assiniboine delta and are

continuous with aspen-oak parkland north to the Boreal Forest.

Man has probably been an important factor in vegetation
of the Red River Valley since the retreat of glacial ice (Wedel

1961). The use of fire by Indians is well known and has been

described by Hind (1859), Day (1953) and others. The general effect

of fire was the destruction of forest, marginal to and encompassed

by the grassland, with the subsequent increase of the latter

vegetational type. This probably maintained a dynamic equilibrium

prior to white settlement. The entrance of white settlers into the

area began with the Selkirk Oolony near Winnipeg in 1811. The area

had been occupied previously by transient fur traders and trading

posts had been established, but the non-agricultural enterprises

probably had little effect on the vegetation.

The formation of the Province of Manitoba in 1870 and the

arrival of the railroad.a year later in the southern valley,

brought rapid settlement of the rich level land. About ten years

later the bonanza farm era was initiated (Kazeck 1956), and heavy

cultivation has continued since that time. The drainage of many of

the marshes has brought these areas under cultivation, and along

with most of the prairie, the marshes have disappeared �eneath the plow.

Numerous isolated fragments of prairie still persist along railroad
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right-of-ways, in remote corners of isolated fields, in rural

cemeteries and occasional school sections. These grassland

fragments form the basis of the present stu� •

.
--.���--------------------



METHODS

Description of Sites

The vegetation of interest in this study consists of native

grassland occurring within the Red River Valley_ While the upland

grasslands are the major interest, a few high meadow stands

(Smeins 1967) are included for comparative purposes. The habitats

designated as uplands in this study are delimited from lowlands on

the basis of surface drainage. The general low relief in the Valley

would suggest a lowland aspect for most sites on the Valley floor;

however any stand which does not accumulate and hold water for a

significant period of time (two weekS, Dix and Smeins 1967) is

designated as- upland in this study.

Most stands used are fragments of the once extensive prairie.

They are relict in nature, and now usually isolated from each

other by cultivated fields or other barriers. The stands are

usually only about 0.1 acre (.04 ha) in size, but a few are parts

of prairie tracts of several acres. The large tracts appear as

a mosaic of homogeneous areas in a manner similar to that

observed by Romell (1930), Dix and Butler (1960), Lynch (1962) - and

Bliss and Cox(1964). Homogeneous areas on the prairie tracts are

usually small, encompassing only about 1/4 acre or less. This

panoramic distribution within the large tracts suggests that the

isolated fragments are representative samples of the original vegetation.

19
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Selection of Stands

Four criteria were established for stand selection. (1) The

upland stands were required to have a minimum of 30 species known

to be native grassland species. The high meadow stands m� have

only a few species (Dix and Smeins 1967) and were required to have

only a minimum of 20 native species. (2) Stands were required to be

free of disturbance of a catastrophic nature such as cultivation

or sustained grazing. Practically all stands within the Red

River Valley have been subjected to occasional mowing and frequent

burning. This type of disturbance, however, is considered to be

within the realm of normal prairie disturbance (see DISCUSSION),
and stands subject to such treatment were included. (3) The

vegetation, slope, exposure and soil characteristics were required

to exhibit homogeneity within the stand. (4) Stands that met the

above criteria were required to have an area large enough to allow

the placement of a sufficient number of quadrats to yield an

adequate sample of the vegetation, free of edge effect. A total of

151 stands were sampled for vegetational and environmental

characteristics.

Vegetational Measurements

The species composition of each stand was determined by

the frequency method. Thirt,r 0.5 X 0.5 m (19.68 in X 19.68 in)

quadrats were placed in a regular way along lines through the stand

laid out in a manner that would insure the inclusion of samples

from all parts of the stand. Field tests for adequacy of sample
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Table II. Camparisons between species structure of stands subjected to various treatments between
collections of frequency data. Coefficient of similarity values* indicate degree of
change between 1st sample and resample. Resampling data (samples 2 and 3) consisted of
duplicate samples within a 24 hour period.

Dominanc e type First sample Resampled Treatment . Samples
Sample 1 Sample 2 between periods com12ared

and :2 of sam121e 1 and 2 1 and :2 2 and :2

Stipa comata, August 1963 August 1966 None 73 73 84
Calamovilfa longifo1ia

Andropogon gerardi, August 1963 August 1966 Burned Fall 74 71 82
Andropogon scoparius 1964

Stipa spartea, June 1966 August 1966 None 82 80 90
Andropogon scoparius

Stipa spartea, July 1966 August 1966 None 76 72 84
Sporobolus heterolepis l\.)

Andropogon gerardi, July 1964 August 1966 Burned Spring 78 72 80 I-'

A. scoparius 1965, 1966
Andropogon gerardi July 1964 August 1966 Burned Fall 80 76 89

1965
Stipa spartea, . July 1964 August 1966 Burned Fall 79 77 79
A. gerardi 1964

A. gerardi, July 1964 August 1966 Burned Spring 72 76 85
A. scoparius 1965, 1966

A. gerardi, July 1964 August 1966 Burned Spring 79 79 90
S. pectinata 1965

�alues were determined by the formula K = 2W where K is the coefficient of similarity between
a+b

two stands (A and B), "a" and lib" are the sums of frequencies for all species in stands A and B

respectively and "W" the sum of all frequencies shared. All species occurring in quadrats were

used in the determination.
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(Greig-Smith 1964) showed that 30 quadrats of this size would

yield reproducible data for all species with frequency values of

40% or greater. A complete presence list was compiled for each

stand, and the dominant graminoid species determined by a visual

estimate of the species contribution to total cover as a part of the

upper strata•. � graminoid designated as dominant, also

exhibited high frequency ()70%) and high density relationships.

Selected stands were resampled during the last field

season of the study. At this time duplicate samples were taken on

the same day. These data 'Were primarily of interest in detecting

changes that might have occurred over the period of the study,

but comparisons between the duplicates taken on the same day

also indicate the degree of reproducibility of sample. These

data are presented in Table II. The similarity coefficients

based on determinations using all species appearing in quadrats,

indicate that samples taken on the same day (comparisons of

2 with 3 in Table II) will give highly comparable (80-90%) results.

Complete similarities (100%) could not be expected because of

sample error (Beals 1960). The similarity values between samples

on the same stand from different years are about equal in

variation (70-80%) to those repeated between the early and late

season of the same year (comparisons I and 2) •. This would indicate

that slight changes in species composition may occur within the

same season or between seasons. These variations may be the

result of changes in species, such as Psoralea argophylla, that

undergo abscission at ground level late in the season (Becker
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1964), fluctuations in the seasonal occurrence of annuals or

seedling perennials, or slight compositional changes due to

modifications in competitive relationships related to periodicity.

The standing crop of green herbage (Dyksterhuis and Schmutz

1947) was sampled. Stands were sampled on August 17, 18, and 19, 1965.

At that time the plants were uniformly mature and the dominant species

were generally in a process of curing. The growing season of 1965,

and the previous two growing seasons, were favorable for plant growth

in all parts of the study area (Table I). The stands were sampled

by placing 5 quadrats of a size 0.5 X 0.5 m (a "t" test showed this

size sample to be adequate) at representative positions throughout

the stands and clipping, at ground level, the plant material

produced during the current growing season. The collected green

herbage was first air dried, and then placed in drying bins at

1320 F for 72 hours. The dried material was weighed to the nearest

gram immediately upon removal from the bins. The data were then

converted to grams per meter and �ounds per acre to make them directly

comparable to published data.

Environmental Measurements

The physiographic position of each stand was determined at the

time of sampling. Each was placed in one of five categories

included in "A Guide to Drainage Regimes," a key prepared by

Dix (1962) and included by Dix and Smeins (1967). While six

categories are included in the key (see below), the category

indicating stands with permanent water was of course not represented

in the uplands and upper lowlands used in this study.
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A GUIDE TO DRAINAGE REGJJv1ES

A. Surface and subsurface drainage away from stand approximately
equalling that received, i.e., the moisture available for
plant growth about equalling the amount received from
precipitation. If on a slope, near neither the upper nor

lower, but at the middle position. If on a flat area, the
surrounding topography not falling off sharply.

III. Moderate

AA. Surface and subsurface drainage onto or away from the stand
clearly dominant, i.e., the moisture available for plant
growth greater or lesser than the amount received from
precipitation.
B. Surface and subsurface drainage onto stand clearly

dominant.
C. Standing water not present during most years, or, if

present, lasting no more than a few days following
sno'WIllelt or heavy rains. Usually at the lower
position of long, gentle or short, steep slope.

IV. Moderately Sluggish

CC. Standing water present for at least a 2-week
period during most years.
D. Standing water ephemeral, lasting only 2-4 weeks

during most years. Soil moisture usually
approaching saturation, although below field
capacity for most of the growing season.

V. Sluggish, Temporarily Incomplete

DD. Standing water permanent, soil moisture always
above field capacity_

VI. Sluggish, perm.anently Incomplete

BB. Surface and subsurface drainage away from stand clearly
dominant.

E. Drainage excessive. No drainage received by the
stand. The highest surface in the immediate
area or at the upper position of a slope, the

0
lower topography falling off sharply (i.e., 15
or more) •

I • Excessive

EE. Drainage not excessive. Usually some surface water
received by the stand or, if flat and the
hiahest surface in the immediate drainage area,
_'.... 'Oll -I-U:'.'tor topograJily not falling off sharply.
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II. Moderately Excessive

In almost all cases the key clearly placed stands into a single

drainage position. The subtle nature of the Red River Valley

topography presented some difficulties in the placement of a

few stands (about 15%) near the limits of those categories on

either side of "moderate drainage". In those cases, stands were

placed with a subjective judgement of best fit.

The characteristics of the soil profile in each stand were

described by horizon to a depth of 100 cm (ca 40 in). The

description included textural variation based on hand texture

determination, color, structure, presence of aggregates, evidence

of gleysolization in any horizon, or the presence of a distinct

gley zone. Each horizon was tested with dilute Hel for the

presence of carbonates. The degree of activity was recorded on a

scale of 1 to 4, from mild to violent (Table XII) if a reaction

was noted for the profile. A composite soil sample of about

1 Kg (ca 2 lbs) was taken by pooling ten or more subsamples taken

on a line through the stand. The depth of the subsample core was

commensurate with the depth of the A horizon.

Laborator,y analysis included the determination of soil

textures qy the Bouyoucos (1936) method, and the measurement

of field capacities by the method employed by Shaw (1927).

Electrical conductance of the extract from a saturated soil paste

was measured by procedures described by Jackson (1958). The

saturated soil paste was also used for the determination of PH with

a Beckman IiI meter.



26

Treatment of Data

A total of 299 species were identified in the study.

Initially, attempts were made to use all species in the analysis

of the data in an effort to detect and. isolate environmental

factors effective in species behavior. The data were therefore

subjected to analytical techniques regarded as efficient in the

spatial display of stands based totally on phytosociological

relationships. These techniques lend themselves to correlation

with environmental gradients.

The techniques employed fell within the realm of

"ordinations." The first procedure involved the use of a matrix

derived by the use of the squared distance measurement of Sokol

and Sneath (1963) and followed the ordination methods applied by

Swan (1966). A second method using the techniques of factor

analysis (Goodall 1954) was later applied. Both procedures

provided a spatial displ� of stands strongly suggesting a

response to a moisture gradient. However, both tended to cluster

the mid stands in a manner that inhibited the yield of information

from a large number of stands. The extraction of additional

axes failed to take out sufficient variation and clarify factors

effective in the mid-portion of the clustered stands.

The above methods, because of their objectivity, are

desirable; but they appear to lack the refinement necessar,r to

handle a panorama of stands from a vegetation of subtle differences.

It was therefore necessar,r to abandon ordinations in favor of less

elegant though proven techniques. The displays of stands along a
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moisture gradient mentioned above were nevertheless of value,

since they objectively verified observations made in the field

as to the importance of soil moisture in behavior of species in

the Red River Valley.

The large number of species proved unwieldy and it was

necessar.r to set a limit that would reduce computational time,

yet include all common species in each stand. A low limit of

40% frequency by a species in one stand appeared to include such

species, and with this criteria, 129 species were selected for use

in further analysis (Table VI).

Average frequency values were determined for the selected

species within groups of stands sorted according to environmental

similarities. Frequency averages in all cases are the result of the

summing of frequencies of the species within a categor,y, and the

division of the sum by the number of stands of occurrence of the

species. The number of stands of the species occurrence is

included with the average frequency values in all tables.

Taxonomic Matters

The taxonomic nomenclature is according to Scoggan (1957),

except for the following which he does not list •. These follow

stevens (1950) and include Eragrostis pectinacea, Festuca octoflora,

Kuhnia eupatorioides, Liatris Blcnostachya, Oxalis violacea, Panicum

huachucae, �. tennesseense, pycnanthemum virginianum, Scutellaria

leonardi, Solidago ridellii, Sporobolus asper, � angustifolia

and Viola papilionacea.
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All species are included in Tables VI and VII. Scientific

and common names are given for the most important species in Appendix

C. Voucher specimens were collected and deposited in the W. P.

Fraser Herbarium at the University of Saskatchewan.



RESULTS

Introduction

The major objective in the analysis of the data was to seek

direct relationships between species behavior and edaphic and

physiographic characteristics. To accomplish this, the data for

all environmental factors measured and frequency values for each

species were summarized for each stand and placed on a summar,y

sheet. The summar,y sheets were then grouped within categories

established for each measured environmental factor and frequencies

for each species were averaged within the various environmental

groups. Based on the ecological premise that species will form

an essentially normal distribution curve or a portion of such a

curve in response to factors limiting their behavior (Lundegardh 1931),

the data were examined for such patterns.

A sample of such a table, prepared by using the drainage

regime for the grouping of stands, is given in Table III. Here it

was noted that species generally showed a higher mean frequency,

as well as a higher number of occurrences, in one group than in

all others, which suggested an environmental gradient correlative

to species behavior.

Table III effectively displayed species behavior patterns

in relation to drainage position, but several species (e.g., Solidago

canadensis and Anemone cylindrica) have equal or nearly equal

mean freQuencies in two �djacent drainage categories. This was

29
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suggest the usefulness of two additional categories. Two new

s,ynthetic categories between moderate and categories to either

side were therefore established and indicator species selected.

The selection of indicator species follows the criteria

used by Dix and Smeins (1967) and Smeins (1967) with slight

modifications. These criteria required an indicator species

to have:

1. A frequency of 70% in at least one stand in the category
for which it was an indicator.

2. A normal distribution asto number of occurrences

and average frequency in relation to the other categories.

3. A mean frequency of at least 10 percentage points
higher in the category for which it was an indicator
than any other.

4. Representation in at least half of the stands for
which it was an indicator.

For those species selected as indicators of the new intermediate

categories, one additional criterion was added:

5. Differ by no more than 5 percentage points frequency
in the original adjacent categories.

Fifty six species met the above criteria and were selected

as indicator species. The indicator species were assigned numbers

from 1 to 7 (Table III) indicative of drainage categories. The

indicator species with their numbers and original drainage

category of peak frequencies are given in Table IV.

Drainage Regime Gradient Derivation

stand index numbers were calculated for each of the 151

stands in a .anner illustrated in Table V. The stands were then



rableV•Stand index number determination for a sample stand for placement on the drainage regimegradient. A stand with only category 1 indicators would have an index value of 100,conversely, one having only category 7 indicators would have an index value of 700.

I·
Relative Indicator Relative

X Indicator Product�pecies freguency number freguency number

mdropogonscoparius 1 4 1 X 4 4

�tipacomata 20 1 20 X 1 20

�tipaviridula 8*

Anemonecylindricia 12 3 12 X 3 36
\.J.)Summation 33 40 VI

Standindexnumber =
'L(Relative X Indicator number

Standindexnumber =

L:(Relative
40

X 100 = 12133

of Indicator species) X 100

*

Nonindicator species.



positioned in a linear fashion on a derived moisture regime

gradient. This gave each stand a spatial relationship to ever,y

other stand used in the study.

To deter.mine how well the derived drainage regime gradient

represented the pbytosociological stand interrelationships, 100

stand pairs were randomly selected and a correlation coefficient

computed between the distance separating the stands on the derived

drainage regime gradient and their compositional dissimilari�,

as determined by employing the Coefficient of Community formula,

K � � x 100 (Greig-Smith 1964) previously described in the
a+b

METHODS. The correlation coefficient thus determined was

r � .89, a highly significant value. This strongly suggests

that the grassland and the meadow species behavior is intimately

related to the drainage regime complex of factors or to individual

or multiple factors related to it.

Phytosociological Behavior

The suitability of the derived drainage regime gradient as

an instrument for display of the phytosociological behavior of

species was then examined by the procedure used by Dix and Smeins

(1966). The first step in this procedure involved the division

of the drainage regime gradient into six 100 unit segments. The

average frequency for each of the 129 selected species was then

calculated within each segment. The average frequency was

determined by summing the frequency of a species in all stands within

a segment, and dividing by the number of occurrences. This

infn�a��n" �� �-�����=� in Table VI. The species are arranged



ITableVI•Mean frequency values averaged by 100 unit segments of the drainage regime gradient for
.'"

all species with a frequency � 40% in at least one stand. In the body of the table,stands of occurrence are indicated by the first number of a set while mean frequencies are
designated by the second; i.e., Bouteloua gracilis occurs in 9 of the 10 stands of
segment one with an average frequency value of 39%. Percentage of occurrence of each
species in all stands of the study is given in the last column. Species are ordered
along the drainage regime gradient from dr,r to wet positions.

Segmentno. 1 2 2 4 5 6 TotalsSegment 100-200 201-300 ,201-400 401-500 501-600 601-700 %No.ofstands 10 20 58 49 7 7 all standsTotalspecies/segment 58 95 116 109 77 38 (151)
Boutelouagracilis 9-39 7-20 1-9 - - - 11Calamovilfalongifolia 10-54 9-42 7-8 4-9 1-3 - 20Carexobtusata 9-55 15-30 26-19 5-11 - - 36Carex-pensylvanica 10-74 19-54 27-20 23-21 - - 52 wCarexpraegracilis 7-24 9-18 3-16 32-17 3-18 5-10 51

-..J

Festucaaltaica var. major 1-60 - - - - - 6Koeleriacristata 10-61 20-33 47-33 31-15 1-3 - 72Panicumperlongum 5-54 4-27 - - - - 7Sporoboluscr,rptandrus 6-27 -
- - -

- 4Stipacomata 9-82 9-30 3 ...1 - - - 14Artemisiafrigida 9-65 2-26 - - - - 7Artemisia1udoviciana 7-48 15-28 33-31 20-23 2-12 - 51Equisetumhyemale 5-32 3-24 10-22 19-14 3-10 1-.3 27Lactucapulchella 2-3.3 12-31 .32-30 34-25 7-29 - 57Lithospermumincisum 6-32 4-5 1-7 - - - 7Rosaarkansana 5-49 18-42 55-40 42-40 6-19 2-21 84Selaginellarupestris 6-34 1-3 - - - - 5Stellarialongipes 6-24 7-17 8-4 - - - 16

Agrop,rronsmithii 5-34 13-43 41-25 24-21 6-20 - 59Boutelouacurtipendula 1-7 10-52 18-21 16-9 2-.3 - 31Stipaspartea 9-41 19-84 47-55 28-20 2-3 - 69



ITableVIcontinued.

Segmentno. 1 2 :2 4 5 6 TotalsSegment 100-200-� 201-:200 :201-400 401-500 501-600 601-700 %No.ofstands 10 20 58 49 7 7 all standsTotalspecies/segment 58 95 116 109 77 38 (151)
Stipaviridula 1-.3 12-.30 17-1.3 11-7 - - 27Achilleamillefolium 4-37 16-40 48-26 19-9 1-7 - 58Agoserisglauca 6-17 21-18 17-12 1-.3 - - .30Amorphacanescens 2-11 11-27 8-14 .3-5 - - 16Amorphanana - 5-25 12-9 6-5 - - 15Anemonepatens .3-27 7-.35 14-17 - - - 16Antennariaparvifolia - 2-.37 4-18 2-10 - - 5Artemisiacaudata 8-40 2-45 1-.3 - - - 7Asterpansus 6-.37 20-5.3 54-44 47-43 8-.35 2-7 90Chr,ysopsisvillosa 9-20 5-.32 1-.3 - - - 10 VJCommandrapallida - 10-41 34-.38 24-28 1-10 - 45 ()I)

Erigeroncanadensis 4-20 .3-.35 1-10 2-e - - 6
Erigeronglabel1us - 2-15 17-11 6-4 - - 16
EuphorbiaserF,111ifolia 2-7 8-16 8-11 .3-.3 - - 16
Helianthuslatiflorus 7-27 10-40 47-.39 32-21 1-3 - 64Psoraleaargophyl1a 2-1.3 12-.36 27-29 17-15 - - .38Solidagomissouriensis 10-.3.3 18-42 .3.3-24 15-1.3 - - 50
Symphoricarpos occidentalis 1-1.3 1.3-50 2.3-2.3 8-2.3 - 1-.3 30

Agrop,yrontrachycaulum 1-7 5-11 19-15 20-8 3-11 1-15 32
Agrop,rrontrachycaulum yare

16-8uni1aterale 3-.3 10-11 31-22 - - 39
Carexhallii - - 5-25 4-10 - - 6
Helictotrichon hookeri 2-5 1-.3._� 11-25 2-6 - - 10
Hierochloeodorata - - 7-17 .3-14 - 2-5 8
Panicumleibergii - 6-12 16-28 8-19 1-13 - 20
Panicumvirgatum - 2-7 47-.30 .38-28 5-20 1-.3 61
Poapratensis 6-15 17-28 40-.31 24-20 6-14 2-4 62
Sporobolusheterolepis 1-7 16-.36 50-56 .38-40 4-22 - 72
Anemonecy1indricia 2-15 1.3-20 42-28 25-12 - - 54



TableVIcontinued.

Segmentno. 1 2 2 4 5 6 Totals

Segment 100-200 201-200 201-400 401-500 501-600 601-700 %
No.ofstands 10 20 58 49 7 7 all stands

rotalspecies/segment 58 95 116 109 77 28 (151)

.!'u'enariaLaterif10ra - - 7-18 8-16 1-10 - 10

.!lsterlaevis - 14-20 47-33 33-19 1-10 - 62
.!lsterptarmicoides 1-3 2-3 19-19 10-11 - - 21

j�stragalusgoniatus - 15-42 54-43 26-26 1-3 - 63
Girsiumflodmani - 12-20 41-29 38-21 1-7 - 60

tialium.septentrionale - 12-44 47-52 24-31 2-63 1-33 57
l�ilium.philadelphicum. - - 25-14 12-9 1-3 - 25

Lithospermumcanescens 4-23 12-28 29-29 12-9 - - 37
Lobeliaspicata - 2-8 19-14 23-12 - - 29
Monardafistulosa - - 6-31 3-4 - - 6 w

-.0

Petalosternumcandidum 2-12 7-19 30-32 11-23 - - 33
Petalosternumpurpureum 9-28 13-23 51-38 28-31 1-3 - 67
Prunuspumila 1-27 - 1-43 - - - 1

Ratibidacolumnifera - 2-16 13-22 - - - 10

Senecioplattensis - 12-31 52-42 39-39 4-36 2-7 72

Sis.yrinchiummontanum 4-15 8-16 27-17 17-10 1-3 - 37

Solidagonemoralis 2-15 8-17 32;;'18 15-:J_7 - - 37

Solidagorigida - 11-20 45-34 30-33 - - 57
Violapedatifida 2-5 17-20

.

38-32 21-20 2-17 - 53

Andropogonscoparius 10-21 18-47 54-74 47-77 4-11 - B7
Carexbrevior - - 4-18 5-34 1-10 - 6

Muhlenbergiaracernosa - 2-7 6-4 18-13 1-3 - 18

Muhlenbergiarichardsonis - 5-11 48-33 37-37 5-20 - 62
Panicumhuachucae - - 1-10 2-38 - - 2

Panicum.tennesseense - -- - 2-35 - - 1

Sorghastrumnutans - - 24-34 24-39 - - 31
Antennariacanadensis 1-7 6-13 31-28 14-51 - - 34
Campanularotundifolia 5-16 11-13 41-24 22-27 1-3 - 53

Crepisruncinata - - 16-13 29-19 4-13 - 32



I
TableVIcontinued.

Segmentno. 1 2 2 4 2 6 TotalsSegment 100-200 201-200 201-400 401-500 501-600 601-700 %No.ofstands 10 20 58 49 7 7 all standsTotalspecies/segment 58 95 116 109 77 28 (151)

Equisetumarvense - - 4-15 7-20 - 2-5 8
Fragariavirginiana - - 11-11 15-13 1-7 - 18Gerardiaaspera - - 2-5 3-27 - - 3Glycyrrhiza lepidota 1-3 2-6 25-23 18-47 2-10 - 31Helianthusgiganteus - - 1-3 3-20 - - 3Hypoxishirsuta - 1-3 7-14 11-26 - - 12Liatrisligulist.ylis -- 5-3 42-22 32-23 2-8 - 53Oenotherabiennis - 1-3 1-3 1-47 - - 2Oxalisstricta - 3-6 10-11 5-14 2-9 2-9 14Polygalaverticillata - 4-14 17-18 17-22 - - 35 �

0Prenanthesracemosa - - 15-8 21-12 1-3 - 24Prunellavulgaris - -- 1-7 3-17 - - 3Rudbeckiaserotina 1-10 3-4 26-17 22-21 1-10 1-15 35Salixlutea - - - 1-40 - - 7Smilcianastellata - 1-13 5-18 5-27 - -- 7Solidagocanadensis - 5-16 33-21 42-34 8-30 2-4 59Trifoliumpratense - - 2-3 5-25 2-3 - 6Viciaamericanus 1-3 5-10 11-11 4-17 1-10 - 14Violapapi1ionacea - 3-11 27-17 25-22 3-12 1-20 47Zi.ziaaptera - 3-6 37-16 28-26 1-7 - 45Zigadenusalegans - 3-13 28-18 19-26 2-10 - 34

Andropogongerardi 4-5 16-34 56-71 48-87 6-90 1-33 86Calamagrostis inexpansa - 7-7 28-20 42-32 6-69 7-35 59Carexlanuginosa - - 1-10 1-23 1-100 6-97 6Carextetanica - 3-15 47-37 44-45 5-57 - 65Distichlisstricta - 2-11 4-43 2-16 1-57 - 6Eleochariscompressa - 2-15 26-24 37-24 5-41 - 46Hordeumjubatum - - - - 1-41 2-32 2Spartinagracilis 1-3 5-18 22-17 20-10 3-37 - 34



...

I
TableVIconcluded.

Segmentno. 1 2 ;2 4 5 6 Totals
Segment 100-200 201-;200 �01-400 401-200 501-600 601-700 %
No.ofstands 10 20 58 42 7 7 all stands
Totalspecies/segment 58 95 116 102 77 38 (151)

AmbrosiapsilostachYa 3-9 11-13 24-17 26-21 5-34 2-3 47
Helianthusmaximiliani - 3-17 38-16 39-33 5-55 - 56
Liatrisp,ycnostachya - - 2-26 17-22 4-31 - 15
Plantagoeriopoda - - 1-30 8-20 4-35 - 8
Potentillaanserina - - - 4-13 1-43 1-25 4
Stachyspalustris - 1-7 5-4 10-10 3-52 5-17 16
Thalictrumvenulosum - 10-20 23-30 12-.20 1-17 - 30
Carexatherodes -- - - - 1-40 1-20 1

Carexlaeviconica - - - - 1-77 7
Carexsartwellii - - 2-3 6-24 2-40 6-58 10 f;Eleocharispalustris - - 1-3 - - 4-26 3
Juncusbalticus 1-3 4-4 34-18 40-25 6-23 6-46 60
Spartinapectinata - 1-23 23-23 34-32 7-52 7-92 47
Anemonecanadensis - 3-11 25-21 20-42 3-53 1-80 34
Apocynumsibiricum - 3-7 25-13 34-14 6-34 1-60 43
Asclepiasovalifolia 1-27 8-9 27-10 17-10 4-13 4-23 40
Astersimplex - 1-13 14-9 25-23 6-26 5-55 33
Lathyruspalustris - - 10-12 17-17 2-24 1-30 20
Po�gonumamphibium var.

stip - - - - 1-5 2-28 2
Taraxacumofficinale - 3-4 4-5 6-5 1-17 1-40 10
Triglochinmaritima - -- - - 2-25 2-75 2
Banunculuscymbalaria - - - - 1-5 1-45 1



Figure 2. Behavior curves for selected grasses and forbs

along the drainage regime gradient. Underlined

species are non-indicators.
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in alphabetical order; graminoids first, followed by forbs;

the vertical groups are formed by species with peak frequencies in

the same segments.

The phytosociological behavior of 48 selected species were

examined by plotting their mean frequencies (unsmoothed curves) in

Figures 2, 3� and 4. The species illustrated include both

indicators and non-indicators (underlined). The fact that the

curves for both are essentially smooth and suggest a normal

distribution curve or a portion of such a curve serve as internal

proof of the validity of the drainage regime gradient (Curtis 1955,

Dix and Smeins 1967).

The behavior curves illustrated in Figure 2 are for species

generally of high importance in either the uplands or meadows of

the Red River Valley. Most have a wide amplitude extending

across a large portion of the drainage regime gradient. Stipa

comata and Sorghastrum nutans are exceptions, with limited

amplitude, but with a high importance within the portion of the

gradient in which they appear. Agrowron trachycaulum var.

unilaterale and AgroHrron smithii encompass four and five

segments respectively, with only the former showing a fairly high

frequency in any part of the gradient.

The behavior of Andropogon gerardi marks it as a highly

important species in the study area. It occurs across the whole

gradient; and in all but the dey and very wet end, it displays high

occurrence and frequency. It apparently follows a similar behavior

pattern in the Red River Valley to that reported by Curtis (1955)



Figure 3. Behavior curves for selected forb species along
the drainage regime gradient. Underlined species
are non-indicators.
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Figure 4. Behavior curves for selected graminoids along
the drainage regime gradient. Underlined
species are non-indicators.
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for this species in Wisconsin and by Dix and Smeins (1967) in

Nelson County.

Andropogon scoparius is ver,y similar in behavior to

!. gerardi, but an examination of Table VI and Figure 2 shows

that!. scoparius has a higher percentage of stands of occurrences

than!. gerardi toward the dr,y end of the gradient, and also

achieves its peak frequency to that side of !. gerardi.

The forbs displayed in Figure 2 are among the most

ubiquitous encountered in the study, and while it is obvious that

each has an optimum, none show restriction to a particular portion

of the gradient, all being represented in four or five segments

of the gradient.

Sixteen important forbs are displayed in Figure 3. These

species were selected in pairs that exhibited similar behavior

patterns. The display of the paired species does not imply that

they necessarily occur together, but in most cases they will be

represented in stands from the particular part of the drainage

regime category encompassed by their curves.

The sixteen graminoids displayed in Figure 4 demonstrate

behavior over the total length of the drainage regime gradient.

It is noted that in most cases the species exhibit a wide amplitude;

although they are generally recognized as species typical �f

certain habitats, i.e., � tetanica and Calamagrostis inexpansa

are usually considered as species associated with wet sites. In

the grasslands studied it is generally true that while a species

tends toward an optimum habitat, it may be expected to appear as a



TableVII• Percentage presence in each of the 100-unit segments of the drainage regime gradient.
Includes all species with less than 40% frequency in any stand.

Segmentnumber 1 2 ,2 4 5 6

Gradientsegment 100-200 201-,200 ,201-400 401-500 501-600 601-700

No.ofstands 10 20 58 49
_____ 7 7

Agrostisscabra 20 9 7 6

Carexfilifolia 40
Festucaovina var. saximontana 20 5

Sporobolusneglectus 20 5 - 2

Alliumtextile 50 19 3
Arabisholboellii 40 9

Asclepiasviridiflora 20 9 9 6

Castillejasessiliflora 10

Cerastiumarvense 10 5 -
-

�
Equisetumlaevigatum 20 9 9 6 - -

Er,ysimuminconspicuum 40 9
Gaillardiaaristata 20 14 9
Gauracoccinea 20 9
Geum'triflorum 80 43 19 2

Heucherarichardsonii 50 29 28 2

Liatrispunctata 80 14 1 2

Lotusamericanus 20 9 1 2

Iqgodesmiajuncea 60

Lygodesmiarostrata 10

Medicagosativa 10

Mirabolishirsuta 40 14
Oenotheranuttallii 10

Orobanchefasciculata 30 9
Penstemongracilis 60 24 7

Physalisvirginiana 40 19 9 16

Polygonumaviculare 10

Populustremuloides 10 - 1

Potentilla: pensylvanicll 50 43 17



TableVII continued.

Segmentnumber 1 2 ,2 4 5 6
Gradientsegment 100-200 201-,200 ,201-400 401-500 :201-600 601-700
No.ofstands 10 20 58 49 7 7

Psoraleaesculenta 40 29 14 4
Quercusmacrocarpa 20
Rhusradicans 10 5
Rosaacicularis 30
Salsolakali 30 9 5 2
Sileneantirrhina 20 14
Sphaeralcea coccinea 30 5

Carexstenophylla - 9 5 2
Setariaglauca 10 19 10 16
Androsacace occidentalis - 5 1 - - - �

ccAmaranthusretroflexus - 5
Amelanchier alnifolia - 5
Antennariaplantaginifolia - 5
Astragalusflexuosus - 9 3
Astragalusstriatus 10 48 21 12
Convolvulus arvensis - 5
Delphiniumvirescens - 5
Echinaceaangustifolia 20 38 3
Erigeroncaespitosus - 5
Erigeronstrigosus - 9 1 2
Grindeliasquarrosa - 5
Heliopsishelianthoides - 9 3
Ivaxanthifolia - 9
Kochiascoparia 10 19 1 4
Kuhniaeupatorioides - 9 4 7 4
Lathyrusvenosus - 5 3
Linumlewisii - 5 3
Iiychnisdrummondii - 9
Melilotusalba - 24 9 14
Melilotusofficinalis - 14 12 12



TableVIIcontinued.

Segmentnumber
Gradientsegment
No.ofstands

Oenotheraserrulata
Onosmodiumoccidentale
Orthocarpus luteus
Potentillaarguta
Stellarialongifolia
Tragopogondubius
Trifoliumpratense
Viciaamericana var. angustifolia
Violaadunca

Agrop,yronrepens
Bromusinermis

Eragrostispectinacea
Sporobolusasper
Alliumstellatum
Anemonemultifida
Cirsium.arvense

ElaeagnuscOllllIlutata
Gerardiatenuifolia
Linumrigidum
O�tropissericea
Pedicularis canadensis
Penstemonalbidus
Potenti11afruticosa
Smilaxherbacea
Tha1ictrumdasycarpum

Agrostisstolonifera var. major

1 2 2 4 5 6
100-200 201-�00 .:201-400 401-500 201-600 601-700

10 20 58 49 7 7_

20 29 14 4
5 3

20 24 1
10 19 9

9 5 4
20 43 7 2

5
19 7 4 14

5 3 2

10 5 17 14 14 -

�9 14 12
3

5 5 2
20 .3.3 67 40 14

1
5 2
7 6
.3 2

5 12
3
5
1
1
.3
9 4

.3 6



TableVIIcontinued.

Segmentnumber 1 2 2 4 5 6

Gradientsegment 100-200 201-200 201-400 401-200 201-600 601-700

No.ofstands 10 20 28 49 7 7

Alopecurusaequalis - - 1 10

Elymuscanadensis 10 14 16 20 14

Festucaoctoflora - - - 6

Juncustorreyi - - - 2

Phleumpratensis - - 1 20

Poacompressa
- 5 1 30 28

Setariavirid"is - - 1 4

Asclepiasspeciosa - 5 7 16 17

Asclepiasverticillata - 19 12 32 2B

Asterumbellatus - - - 4

Astragalusbisulcatus - - 1 4

Astragaluscanadensis - 5 5 10 - - Vt

Chenopodium album 10 5 17 30
0

Chenopodium berlandieri - 9 5 12

Castillejacoccinea - - - .2

Gentianaaffinis - - 9 20

Gentianaamarella - - - 4
Gentianaprocera

- - 3 6

Hypericummajus - - - 2

Lactucascariola - 9 14 43 43
Lobeliasiphilitica - - 1 4
Parnissiaglauca - - 1 4

Plantagomajor - - - 2

Polygalasenega
- - 7 10

Potentil1anorvegica - 9 10 20

P,ycnanthenum virginianum - - 5 22

Rosablanda - - - 2

Salixdiscolor - - 1 4
Salixhumili s - - - 2

Senecioaureus - - 14 30 2B

Solidagogigantea - - 1 6



TableVIIcontinued.

Segmentnumber 1 2 2 4 5
-

6
Gradientsegment 100-200 201-200 201-400 401-500 501-600 601-700
No.ofstands 10 20 28 49 7 7

Solidagograminifolia _ _ 1 6
Spiranthesromanzoffiana _ - - 4
Zizeaaurea - _ 3 4

Carexscoparia _ - 1 4 14
Deschampsia caespitosa - - _ 2 43
Muhlenbergia asperfolia 10 14 14 20 28
Phalarisarundinacea _ - - - 28
Poaglaucifolia - _. 3 20 43
Poapalustris - _

- 4 28 28
Puccinelllanuttalliana _ -

- 6 14
Sphenopholis obtusata - - 1 4 28 - \J\

�Acernegundo - -
- - 14

Ambrosiatrifida -
- - 2 28

Apocynumandroseamifolium -
- 3 10 14

Artemisiabiennia - - - - 28
Asclepiasincarnate - _ - 2 43
Asclepiassyriace - _

_ 10 43Betulaglandulosa var. glandulifera - - - 4 14Cicutamaculata - - - 10 28
Convolvolus sepium - 9 9 20 43
Cypripedium candidum - - - 12 28
Cypripedium caleolus - - 3 4 14
Erigeronphiladelphicus -

_ - 8 14Gentianaandrewsii - - - 20 57
Heleniumautumnale -

- - 2 43
Lemnaminor _ - - _ 14
Lemnatrisulca - _

- - 14
�copusamericanus -

- _ 2 28 28Oxaliseuropea - _
- 4 14

Oxalisviolacea _ 9 10 4 14



TableVIIconcluded.

Segmentnumber 1 2 ,2 4 5 6
Gradientsegment 100-200 201-,200 :201-400 401-500 501-600 601-700
No.ofstands 10 20 58 49 7 7

Rumexoccidentalis - - - - 28 14
Salixinterior - - - - 28
Salixpetiolaris - - - - 14
Scutel1aria leonardi - 5 24 24 28
Siumsuave - - - 2 28 14
Solidagoridellii - - - 4 4.3
Sonchusarvensis - - .3 6 28 28
Steironemaciliatum - - 12 12 14
Tradescantia bracteata - - - - 14
Veronicastrum virginicum - - 5 6 28

Calamagrostis canadensis - - - - - 14 \.1t
l\)Eleochariscalva - - - - - 14

Glyceriastriata - - - - - 14
Scolochloafestucacea -

- - - - 28
Eupatoriummaculatum - - - - - 14
Gratiolaneglecta - - - - - 14
4Ycopusaspera - - 1 2 4.3 57
Menthaarvensis - - - - - 28
Naumbergiathyrsiflora - - - - - 14
Polygonumcoccineum - - - - - 14
Polygonumconvolvulus - - 5 -2 - 14
Polygonumamphibium -

- - - 14 4.3
Rorippaislandica - - - - - 14
Spiraeaalba 10 14 26 10 14 28
TYphaangustifolia - - - - - 14
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minor species in practically any part of the prairie.

All of the species displayed in graph or tabular form to

this point have been those species with a lower limit of 40%

frequency. Species with appearances below 40% quadrat frequency

are given in Table VII. An examination of this table indicates

that these species behave on a percentage presence level in much

the same manner as the relatively important species. The most

notable difference in behavior of the species with lesser

frequency positions is the generally reduced amplitude. These

species are usually confined to two or three segments while the

species of greater frequency levels commonly are represented in

three of four segments (Table VI).

The preceding treatment of the �tosociological behavior

of species would suggest individualistic behavior on the part of

the upland and high meadow species of the Red River Valley. Many

do show similar behavior curves and may have a high occurrence

in the same stand, although not necessarily.

It is recognized that the drainage regime complex is only

one of m� sets of factors that may effectively influence the

behavior of species. Other interrelated or independent environmental

characteristics could operate as importantly in the behavior of

species; it is therefore essential to examine other factors as they

relate to the drainage regime gradient as a means of. detecting

possible internal or external modifiers of the drainage complex.
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Drainage Regime Gradient and Other Environmental Characteristics

The interrelationships between the drainage regime gradient

and other environmental characteristics were examined by grouping

stand summary sheets and averaging the various charac�eristics

within the segments of the gradient. Correlation coefficients

were determined for those characteristics that were applicable

and occurred across the major portion of the drainage regime

gradient.

The environmental characteristics are presented in Table VIII.

As expected, there is a highly significant correlation coefficient

between average field drainage category and the drainage regime

gradient. Apparently the derived drainage regime gradient served

to position the stands in a more meaningful and accurate way than

had been achieved in the field.

The failure to obtain significant correlations for soil

textural fractions and drainage position across the whole gradient

differs from reports by J. H. Ellis (1938) in Manitoba, J.G. Ellis

(1957) in Saskatchewan and Dix and Smeins (1967) in North Dakota.

As the soils of the Red River Valley are of lacustrine origin,

less variation in topography and texture is expected. With the

resultant low energy runoff water and greater textural uniformity,

less sorting would be evident. It is of interest to note that a

highly significant negative correlation (r = -.41) on the sand

fraction, and significant positive values on silt and clay,

r = .29 and .28 respectively, were obtained when this determination

was run on the first 50 stands along the drainage regime gradient.



TableVIII. Mean environmental characteristics within the 6 segments of the drainage regime gradient,and the correlation coefficients (r values) of the characteristic to the drainage
regime gradient.

SegmentNo. 1 2 .2 4 5 --6
GradientSegment 100-200 201-,200 .:201-400 401-500 501-600 601-700
No.ofstands 10 20 58 49 7 7 r

AverageDrainage Categor,y 1.6 2.4 3.1 3.5 4.1 4.7 .90**

SoilTexture

%Sand 65 29 23 31 18 35 -.18
%Silt 16 35 38 38 48 31 .08
%Clay 19 36 39 31 34 34 -.16

FieldCapacity 34 .49 51 48 46 43 .27* \J1
\J1

FieldCapacity Range 26-42 29-62 36-76 37-75 43-56 36-49

Conductance mmhos/cm 0.6 0.8 1.1 1.6 1.1 1.6 .45*

Conductance Range 0.3-.9 0.4-5.0 0.5-5.1 0.6-5.5 0.7-1.5 0.9-3.6

pH(mean) 7.1 7.5 7.7 7.8 7.7 7.6 .�3*

pHRange 6.6-8.0 6.5-8.0 6.6-8.4 6.7-9.0 7.4-8.0 7.2-8.0

SoilProfile (Thickness in cms)
A 9 16 16 16 25 19
B 7 20 20 22 14 25
A+B 16 36 36 38 39 44 .28*
CO - 141-40 56-34 47-32 7-36 6-26 -.26*
C03a�tivity - 3 2.2 2.2 2.1 2
Gley - 2-.30 16-35 19-38 4-32 5-28 .18

Numberofstands of occurrence. *significant on the 5% level **
significant on the
1% level
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It would appear, however, that this reflects the general

occurrence of the dry sites on beach ridges and delta deposits,

while the mid-sites are prevalent on the Glacial Lake bed. The

soil textural differences would then appear to be the result of

lacustrine deposit and not textural sorting resulting from drainage

position.

Field capacities show a weak correlation with the drainage

regime gradient. A similar result was noted in Nelson County

(Dix and Smeins 1967) using moisture retention capacities. Moisture

retention capacities were thought to increase with a decreasing

sand fraction in that study, with organic matter relative�

unimportant. If only the first 50 stands of the drainage regime

gradient are considered in this study, a similar interpretation

could be made. But as there is no correlation between the total

drainage regime and soil texture, it is probable that organic

matter m� be playing a part in bringing about the weak increase

in field capacities with increasing moisture. Organic carbon was

not determined in this study, however, reports by Ehrlich, Poyser

and Pratt (1957) indicate high organic carbon, 5 - 10%, for soil

associations in the Red River Valley of medium to fine texture,

with lesser amounts, 2 - 3%, for those of coarse texture. It

therfore appears that in the dry portion of the gradient both

decreasing sand and increasing organic matter m� effectively

cause a parallel increase in field capacities. In the remainder

of the gradient, where textural variation is high in all segments,
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increasing organic matter m� sufficiently increase the field

capacities to account for the low but significant correlation

coefficient.

There is a highly significant correlation coefficient

between conductance and increasing values of the drainage regime

gradient. This result is also similar to the findings of Dix and

Smeins (1967), where they attributed this to the transport of

soluble salts by water to lower areas as the major agent for this

result. This would also seem to be the case in this study,

although accumulation during ancient drainage and dr,ying of the

lake bottom might also be effective in this area. The conductance

means (Table IX) and ranges indicate that these values are

generally below or only slightly above levels considered to be

limiting, hence it is probable that salinity pl�s only a small

part in species behavior in stands used in this study.

A weak correlation is noted for pH values with increasing

gradient values. This would seem to be related to the above

conductance result. An increase in salts basic in nature would have

a concomitant effect on pH. While it is recognized that extreme

values for pH may have a limiting effect on plants, the values

determined for soils in the study area seem well within the ranges

of tolerance for most species, and it is doubtful if the low

correlation coefficient for pH has any real meaning.

Soil depths are generally greater in the wet sites than

those with e�cessive drainage. This characteristic shows a low

positive correlation coefficient. The mean values suggest that

....-------- �---- ------------
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differences are most pronounced on the very dr,r and very wet ends

of the gradient. Little variation occurs through the mid portion

of the gradient. As will be demonstrated later in this section,

differences within the segment are important as they apply to

vegetation structure but have little interpretive value across the

whole gradient.

The depth of carbonates shows an inverse relationship to

increasing values on the drainage regime. The low negative

correlation is a direct reflection of the tendency for Solonchak

soils, or those exhibiting characteristics related to these

soils, to occur at low positions. Again, this factor is important

as a vegetational structure modifier within individual segments

but has little general application.

The presence of a gley zone suggests internal drainage of

a sluggish nature. Many soils of the Red River Valley are affected

by internal drainage problems. The lacustrine origin of these

soils with many being of hydromorphic origin would suggest evidence

of gley Boils in many Boil associations. The grey to olive

coloration of the lower B in the Fargo, Red River and Bearden clays

show various degrees of gleysolization. The gley zones listed

in Table III are from soil profiles with a definite zone. These

zones vary from the typical neutral gr� to an olive gr� thin

layer usually overlying a layer of sand. This characteristic is

t,ypical in wet sites below beach lines.

Most of the edaphic factors examined seem to vary

independently or with low confidence levels of correlations when
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considered in relation to the drainage regime gradient. It

seems apparent that individual species behavior is largely related

to drainage position, and When working at the species level,

PQytosociological behavior is meaningfully displ�ed by the

derived drainage regime gradient.

Vegetational Structure

Introduction

The continuity of species behavior has been demonstrated

as it relates to the drainage regime gradient. However, when

species are examined in the field they occur as components of

vegetational structure which, for convenience, may be named for

the species which occup,y dominant positions. Such named assemblages

were here designated as dominance types. The dominance type

designation was derived from the species named as the leading

dominants in the field and from data based on the sample (see

METHODS). Although certain dominance types might appear to

be superficially alike since they m� differ by one dominant

species only in the complex, structural differences do exist

and m� be examined in Appendix A; e.g. Andropogon gerardi,

Andropogon scoparius versus Andropogon gerardi (Table XX). To

examine these vegetational groupings, the drainage regime was

divided into broad units.



60

Prairie Divisions

The division of the drainage regime gradient was

accomplished by substituting the field drainage categor,r number

(see METHODS) for each stand as it occurred on the drainage regime

gradient. Points of transition were apparent as breaks between

sets of drainage categor,y numbers accumulated within specific

portions of the gradient e.g. categories I (excessive) and

II (moderately excessive) from 100 to 280, categor,r III (moderate)
from 281 to 440 etc. Similar breaks were noted over the length

of the gradient and divisions were determined as follows:

1. High prairie (100-280) stands always subject to moisture
loss due to excessive drainage.

2. Mid prairie (281-440) stands receiving moisture approximately
equal to precipitation.

3. Low prairie (441-550) stands receiving moisture in
excess of precipitation with standing water for
short periods in spring or following heav,y rains
during the summer.

4. High meadow (551-700) stands inundated for a few
weeks in spring but without gravitational water in
the upper soil horizons for most of the summer.

Dominant Species and Dominance Types

The various grassland communities in the Red River Valley

are generally dominated by one or more graminoid species. In this

study 14 grasses achieved a position of dominance in one or more

communities. The environmental averages for all stands in 'Which a

species was among the dominants are given in Table IX. This table

presents the general environmental requirements of all dominant species.

The behavior of the various species as a dominant on the



_.A----_.....-------------------------------- '� �.

61

�rab1e IX • Mean environmental characteristics in all stands in \dlich a species occurred as a dominant.

59i1 £rofi1e ldeEth in em)�om1nant species No. of Field Drainage Gradient cb *** Cond. Texture � Textural class Field
stands drainage· Low � Mean High A B .A. & B Gley C03 ac�ivity pH mmhos,6m Clay Silt Sand % H2O

P!tipa comata 9 1.2 123 184 263 9 4 1.3 2**-16 2.0 7.3 .6 24- 19 57 Sandy clay loam ' 38

t.a1amovilfa longifolia 8 1.6 150 199 254 11 6 17 1-40 1.0 7.0 .5 19 20 61 Sandy loam 37

toeleria cristata 4 1.7 123 18.3 254 10 10 6.9 .5 21 8 71 Sandy clay loam 29

�outeloua curtipendula 4 1.7 202 233 263 15 13 28 4-31 2.2 7.4 .6 39 35 26 Clay loam 51

t.tipa spartea 31 2.7 183 302 390 18 19 37 7-36 26-35 2.1 7.5 .9 38 35 27 Clay loam 51'

Ltipa viridula 3 3.0 264 289 326 17 45 62 2-35 2.5 7.7 .6 44 51 5 Si1t� clay 49

��rop'yron smithii ; 3.0 283 294 324- 19 49 68 1-64 1.0 7.2 .6 62 34 4 Heavy clay 50

»ndropogon sooparius 59 3.0 190 378 484 14 19 33 18-.35 57-28 2.4 7.8 1.2 33 35 32 Clay loam 49

dporobolus heterolepis 22 .3.2 Z77 383 477 16 15 .31 4-36 21-26 2.3 7.7 1.3 32 36 .32 Clay loam 52

,:)orghastrum nutans 11. .3.4 .328 In7 483- 1.3 20 .33 9-34 11-34 2.5 8.0 1.1 29 .31 40 Clay loam 51

'Iuhlenbergia richardsonis 7 .3.6 355 410 450 17 22 39 4-38 6-27 2.0 7.6 2.8 25 42 33 Loam 57

mdropogon gerardi 8.3 3.4 288 412 557 16 21 37 29-36 80-3.3 2.1 7.8 1.2 .36 38 26 Clay loam '49
.

3partina pectinata 14 4.1 403 526 700 18 26 44 12-.34 9-49 1.1 7.5 1.3 .35 .39 26 Clay loam 48

�alamagrostis inexpansa 10 4.2 442 553 700 25 11 .36 8-38 6-1.3 2.7 7.9 2.0 26 .32 42 Loam 45

* From drainage regime key (Dix and &neins 1967).
" Number of stands of ocourrence.

"* SOale based on effervescence When soil is treated with HC1 i.e. 1 = mild, 2 = moderate, 3 = vigorous and 4 = violent.
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Figure 5. Mean and extreme positions on the drainage
regime gradient of stands where the indicated
species achieve dominant rank. The position
on the ordinate was determined by averaging the
field drainage .category of all stands in which
the species occurred as a dominant.
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drainage regime gradient is illustrated in Figure 5. The behavior

of species as dominants follows closely their behavior as

individual species (Figures 2 and 4). Species that are dominant

only in high prairie are Stipa comata, Calamovilfa longifolia,

Koeleria cristata and Bouteloua curtipendula. Stipa spartea,

Andropogon scoparius and Stipa viridula are dominants in both

the high and mid prairie, and in this sense are transitional

species to these prairie divisions. In the mid prairies

Andropogon gerardi, !. scoparius, Q. spartea, Sporobolus

heterolepis and Sorghastrum nutans rank as leading dominants.

In mid prairie Agropyron smithii, Muhlenbergia richardsonis and

Stipa viridula reach dominant position, but in only a few

stands (Table IX). !. gerardi, Calamagrostis inexpansa end

Spartina pectinata are leading dominants in the low prairie;

other species that are dominant in a few low prairie stands

include!. scoparius, M. richardsonis, §. nutans and Q. heterolepis.

In the high meadow stands used in this study only Q. inexpansa

and £. pectinata achieve dominant position.

The above treatment positions the species as dominants in

the landscape but divorced from their associated species. Only

a few species, however, occur as monodominants, generally two or

more species share dominant status. In Figure 6 the dominance

t,ypes are displayed in relation to the drainage regime gradient.

For the species that do achieve monodominant position, it is of

interest to note that the means and limits coincide with the peak

of the curve illustrated for that species (see behavior curves



64

Table' I • Mean environmental characteristics of all stands grouped according to dominance type.

Dominance type No. of Mean Drainage Sail profile CO *** Condo Texture Mean textural Field
stands field S!:adient {deEth in em) .3 mmhos/ � class capacity

drainage* Low Mean High A B A& B Gley C03
activity pH em Clay Silt Sand % H2O

Stipa comata, Koe1eria cristata 2 1.0 123 144 166 12

-I
12 7.2 .6 27 9 64 Sandy clay .30

loam

Stipa comata, Calamovilfa longifolia 3 1.0 150 181 200 10 2 12 7.0 .5 21 20 59 Sandy clay .36
loam

Stipa comata 2 1.5 176 182 189 11 .3 14 7.9 .8 17 21 62 Sandy loam 37
Stipa comata, Bouteloua curtipendula 2 1.5 202 232 263 11 12 23 2**-16 2.0 7.1 .5 35. , 24 41 Clay loam 51
Stipa spartea, Calamovilfa 10ngifo1ia 5 2.0 18.3 210 254 11 8 19 1-40 1.0 6.8 .6 17 20 63 Sandy loam 38
Stipa spartea, Boute1oua curtipendula 2 2.0 230 2.34 239 19 15 34 r 2-46 2.5 7.7 .6 43 47 10 Silty clay 51
Andropogon scoparius, Koeleria cristata 2 2.5 190 222 254 8 8 �'- 6.6 .5 14 12 80 Sandy loam 28
Stipa spartea 4 2.7 245 280 33Cl 16 30 46 1-36 1·4-46 2.2 7.4 .7 46 33 21 Clay .50
Stipa spartea, Sporobo1us heterolepis 4 2.7 Z77 314 339 23 15 38 1-40' 4-22 2.0 7.4 .9 38 37 25 Ciay loam 54
Stipa spartea, Andropogon scoparius 9 2.7 292 3Z7 387 20 18 38 3-33 9-36 �.3 7.8 .7 33 39 28 Clay loam 54
Stipa viridula, Agropyron smithii,

Stipa spartea 3 3.0 264 289 326 17 ,45 52 3-35 2.5 7.7 .6 44 51 5 Silty clay 49
Stipa spartea, Agropyron smithii 2 .3.0 283 .303 324 19 43 62 - ·1-64 1.0 7.0 .5 73 24 3 Heavy clay 51
Sporobo1us hetero1epis 2 3.0 376 379 383 12 6 ·18 2-20 2.5 7.6 .7 41 36 23 Clay 67
AndrOpogon scoparius 7 3.0 361 396 406 15 Z7 42 7-24 2.6 8.0 1.8 32 36 32 Clay loam 50
Andropogon gerard!, Andropogon scoparius 22 .3.1 288 386 484 12 18 40 3-40 22-24 2.1 7.8 1.2 39 38 23 Clay loam 47
Stipa spartea, Andropogon gerardi 6' .3.2 301 355 390 19 22 41 3-37 6-37 1.7 7.8 .8· 46 38 16 Clay 55
Sporobo1us hetero1epis, Andropogon

scoparius 6 .3.2 379 398 422 12 19 :?1 3-34· 6-30 2.7 7.7 1.5 30 3� 38 Clay loam 45
Muhlenbergia richardsonis, Sporobo1us

. hetero1epis, Andropogon scoparius 3 3.3 355 .,365 377 19 15 44 3-24 2.3 7.6 2.2 25 52 23 Silt loam 62
Andropogon gerardi, Andropogon
scoparius, Sorghastrum nutans II 3.4 328 407 483 13 20 33 9-34 11-34 2.5 8.0 1.1

.

29 31 40 Clay loam 51
Sporobo1us hetero1epis, Andropogon

gerard! 7 3.4 368 412 477 18 16 44 1-36 6-28· 2.1 7.9 1.3 35 31 34 Clay loam 50
Andropogon gerardi 19 3.5 321 417 489 18 26 44 6-39 18-45 2.2 7.6 .9 42 45 13 Silty clay 50
Muhlenbergia richardsonis, Andropogon
gerardi, Andropogon scoparius 4 3.7 436 442 450 15 Zl 42 3-38 3-30 2.0 7.7 3.2 2.5 31 44 Loam 54

Andropogon gerardi, Spartina pectinata 9· , 3.9 403 452 507 17 24 43 1-28 9-49 1.5 7.5 1.2 .33 41 26 Clay loam 48
Andropogon gerardi, Calamagrostis

,.

inexpansa 6 3.9 442. 483 557 22 24 46 4-35 6-13 2.7 7.9 2.0 29 37 34 Clay loam 45
Spartina pectinata 5 4.4 600 659 700 18 8 26 1-40 5-35 1.2 7.4 1.5 38 35 27 Clay loam 47
Calamagrostis inexpansa 4 4.7 575 660 700 30 30 4-34 4-10 2.5 7.8 1.8 22 24 57 Sandy clay loam 38

I

*Based on drainage key (Dix and &leins 1967).
**Number of stands of occurrence.

***Scale based on effervescence wen soil is treated with HCl i.e. 1 = mild, 2 = moderate, 3 = vigorous, 4 = violent.



Figure 6� Mean and extreme positions on the drainage
regime gradient of all dominance types
encountered in the study.
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for Andropogon gerardi, !. scoparius, Sporobolus heterolepis,

Stipa comata, 2. spartea and Spartina pectinata in Figure 2 and

Calamagrostis inexpansa in Figure 4� The tendency for several

dominance types to occup,y nearly coincident positions on the drainage

regime gradient suggests that factors other than drainage

position are operative in separating the types. The environmental

characteristics associated with the various dominance types are

given in Table X. An examination of the raw data used in the

preparation of Table X suggested that there were few factors

consistently associated with a given dominance type. Soil texture,

however, appeared to be an important exception. Many stands of

like dominance structure occurred on soils of the same or closelY

related textures, but some important exceptions were noted.

Attempts to detect relationships by representing the textural

classes in a linear manner failed to yield added information.

The most informative displays were achieved by plotting each stand

directlY on the soil textural triangle, (Clark 1960, page 3),

modified only for perspective.

The behavior of dominance types in relation to soil

texture (points within the soil triangle) and relative drainage

position (length of stems of s,rmbols) is illustrated in Figures 7

through 11. The nomenclature for the various soil associations

and series used in the text follows that given in Soil Survey

Report for Manitoba, Erhlich et ale (1953) and Erhlich � ale

(1957), and a Reconnaissance Map for South-Central Manitoba;

manuals for the United States include, Soil Surveys of the Red
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River Valley area, Minnesota, Nikiforoff � ala (1939); Soil

Survey of Trai11 County, North Dakota, Hutton and Nichols (1920),
Soils of North Central Region of the United States Anon (1960),

d United states Department of Agriculture, Soil Survey Manual

llo , 18, Anon (1951).

Dominance types of the high prairie .and dry portions of the

mid prairie are displayed in Figure 7A. Stipa comata is the

most prevalent leading dominant in the high prairie. Most of the

stands in this position are located on beach ridges or in delta

leas on stabilized dunes. They are therefore, generally found

on soils high in sand. As a monodominant, Stipa comata occurs on

sandy loam. and sandy clay loam. It commonly occurs as a 00-

dominant with Koeleria cristata, Calamovilfa 10ngifo1ia or Bouteloua

curtipendula. With Koeleria, it appears to be favored by sandy

clay loam. and very dry sites. The stands dominated by 2. comata

l�,ovilfa 10ngifolia show a somevhat improved moisture

1,���Llon and tolerate a broad distribution of soil textural classes,

appearing on sandy loam, sandy clay loam and loam. With further

�rovement in the moisture position, along with an increase

the clay fraction of the soil to form a clay loam, Bouteloua

curtipendula reaches co-dominant status with 2- comata.

Andropogon scoparius and K. cristata occur on sandy loams

n the high prairies. This represents the driest sites occupied

, !. scoparius as a dominant species. These stands are located

upper slope poSitions on stabilized dunes, and usually exhibit

Idence of erosion with grasses on pedestals and the total cover

__j



Figure 7. Distribution of high and mid prairie stands
on various soil textures. Symbols identify
dominance types, while vertical position
places the stand in its relative position
on the drainage regime gradient. Short
stems indicate excessive drainage while

increasing stem length denotes improving
moisture supply.
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low. A similar growth habit was reported for similar sites by

Weaver (1954) in Nebraska.

All but one of the dominance types, 2. comata, �. curtipendula

(Figure 7A), are on regosolic soils with only vague profile

development. The A horizon is evidenced by a darker color than

the underlying material, and the B, if present, suggested by a

thin transitional zone with some aggregated materials. In

stands where §.. comata and �. curtipendula share the dominant

position, profile development is evident but not deep, and

calcareous materials are indicated from the B. horizon on down.

These latter soils are within the Bearden and Stockton Associations.

High prairie stands on deep (ca 52 cm) well-developed silt,r

cl� soils are dominated by Stipa viridula, AgroBVron smithii

and Stipa spartea (Figure 7A). These stands are located on the

lake bed, usually on the upper positions on "fracture" pattern

ridges (Horberg 1951). This dominance type is unifo� on deep

Fargo silty clay with a fairly deep (ca 35 em) zone of carbonates

present in some stands. Such stands are transitional to the mid

prairie.

Dominance types involving various associates with Stipa

spartea form the most important group in the transition from high

to mid prairie. These stands, as they occur on various soil

textures, are displ�ed in Figure 7B and include representatives

from both high and mid portions of the prairie. The Stipa spartea,

Calamovilfa longifolia type is exclusively in the high prairie,

on sandy loam and loam in a manner similar to the §.. comata,
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Calamovilfa longifolia dominance type, but the former type occurs

at slightly more favorable moisture positions than the latter.

All other dominance t,rpes illustrated in Figure 7B

occur on soils of comparatively fine textures. Stipa spartea

with J2.. curtipendula occurs on silty clays with a deep and well

developed profile (Table X). This behavior pattern is similar

to that shown by 2. comata with the later species. The 2. spartea,

Agropyron smithii type is on heavy clay, deep soils (ca 62 cm).

This dominance type occurs on the Red River and Osborne clays in

Manitoba and Fargo clay in North Dakota. Stipa spartea as a

monodominant, occurs over the range of textures described for

previous Stipa spartea complexes.

The Stipa spartea, P.ndropogon scoparius dominance type

(Figure 7C) occurs on a wide range of textural classes; however,

within the various classes the clay fraction shows narrow limits,

while the sand fraction exhibits a wide range. This type is

primarily in the dr,y position of mid prairie, represented on

Bearden soils of various types in the southern portion of the

Valley, and on the Altona Association in Canada. The profile is

moderately deep and well developed with a carbonate zone appearing

below the B horizon. These two species as part of various

combinations were reported b,y Dix and Smeins (1967) as the most

widely distributed community in Nelson County.

Dominance types centering on the mid prairie, although not

restricted to this division, are shown in Figure B. Stipa spartea,

!. gerardi stands (Figure BA) are on medium heavy to heavy soils



Figure 8. Distribution of mid and low prairie dominance

types on various soil textures.
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including silty clay loam, clay and heavy clay. These stands are

on Fargo silty clay and Bearden silt,r clay loam in North Dakota

and Minnesota, and on Red River clay and on the Woodland Complex

in Manitoba. All of these series (associations in Canada) with

the exception of the Woodland Complex are deep soils. The

2- spartea, !. gerardi dominance types occup,y drainage positions

generally to the wet side of sites supporting the 2' spartea,

A. scoparius type. Profiles of the two are very much alike

(Table X) as are all other environmental characteristics; the

major distinguishing feature appears to be soil texture with

A. gerardi replacing!. scoparius in the Stipa spartea complex

on heavier soils. The Stipa spartea, Sporobolus heterolepis

dominance type (Figure 8A) occupies positions slightly drier

than when the leading dominant is with either of the. Andropogons.

The soil textures associated with this type are clay and clay

loam. In most cases, when Sporobolus heterolepis is present as

a co-dominant, the profile shows a shallow carbonate horizon with

a mean depth of 22 cms (Table X). These stands are on Bearden

clay and silty clay loam, and Grimstad and Steinback fine

sandy clay loam. These soil series have a high lime zone

underlying or throughout the A horizon.

Three dominance types involving Sporobolus heterolepis

as the first dominant are presented in Figure 8B. The most

pronounced environmental characteristic delimiting the three

types appears to be soil depth (Table X); al though textural

differences are also noted. The 2- heterolepis monodominant is on
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shallow clay soils (ca 18 cm). The 2. heterolepis, !. scoparius

type is on moderately deep soils (ca 31 cm) of clay and cl� loam

textures, while 2. heterolepis, A. gerardi is on the deepest soils

(ca 44 cm) of the three t.ypes as well as the widest textural

distribution, appearing on sandy clay loam, clay loam, clay and

silt loam.

The monodominant Sporobolus type is on shallow clay soils

of the Steinbach and Woodland Complex soil ASSOCiations, and the

Sporobolus, !. scoparius type is primarily on Bearden loams and

Fargo clay loams. The Sporobolus, !. gerardi stands are on a wide

variet,y of soil groups, as well as texture, occurring on the

Woodland Complex and Almasippi Associations in Canada, and on

Fargo silty clay loam, Ulen, Grimstad and Bearden clays and clay

loams in the United states.

Two Muhlenbergia richardsonis types are presented in

Figure Be. This species is of low stature and is usually regarded

as an understor,y species; however, seven stands displayed this

species with high enough cover to rank it as a co-dominant

(see METHODS). The�. richardsonis, £. heterolepis, !. scoparius

dominance type is found on soils high in silt, falling into clay

loam and silt loam textural classes. This type is on Isafold and

Emerson silty loam; the profile is moderately deep (Table X) with

calcium carbonate appearing in the upper B horizon at an average

depth of 24 ems. In the Muhlenbergia richardsonis type where

A. gerardi replaces 2. heterolepis, the soils have lesser amounts

of silt, occurring on sandy clay loam, clay loam, and loam. This
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type occurs on Fargo, Ulen and Steinbach sandy loams and sandy clay

loarns. The profile for these associations is much the same

as that described for the Muhlenbergia richardsonis, £. heterolepis,

!. scoparius type, but with a deeper carbonate zone indicative

of· better internal drainage. The soils supporting both Muhlenbergia

richardsonis types tend toward salinity levels approaching limiting

levels for the most sensitive plant species (Table X). The

character of the soil profile would place it as a calcareous

Chernozem. (Anon 1951), similar to those described by Dodd and

Coupland (1966) in the brown and black soil zones of Saskatchewan,

where they characterized a Muhlenbergia richardsonis community

with semihalophytic species.

Dominance types prevalent in mid and low prairie are

displayed in Figure 9. Andropogon gerardi is common as a monodominant

and is about equally represented in the mid and low prairie. This

type shows a strong affinity for medium heavy to heav,r soils with

a high silt fraction, and appears on silty clay loam, silty clay

and on clay with silt fractions high enough to place the soil on

the border line of silty clay. One stand did occur on a sandy

clay also, a heavy soil (Moss 1965), suggesting an association

of this dominance type with fine soils. This community is most

frequent� associated with soils of the Fargo series, large� on

Fargo silty clays. A few stands, however, occur on Bearden, Ulen

and Maple silty clay. When on the latter soils, a gley zone is

usually evident in the profile. The Fargo soils are deep with a

deep zone of carbonates indicative of fair to intermediate drainage.



Figure 9. Distribution of mid and low prairie
dominance types on various soil textures.
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The Andropogon scoparius monodominant type (Figure 9A) is

exclusively found on the mid prairie. It appears most frequently

on clay loam but also has representation on silty clay loam.

Textural differences, drainage position and soil profile differences

separate the two Andropogon monodominant types: !. gerardi is more

likely to be found as a monodominant on soils slightly heavier,

wetter and deeper than the!. scoparius monodominant. The

Andropogon scoparius type occurs on Bearden soils with a shallow

carbonate zone (Table X). The other horizons, however, are very

similar.

The !. gerardi, !. scoparius dominance type (Figure 9B) tends

to occur on soils of medium to heavy texture, but a few stands are

found on coarse soils. In the. latter case, the drainage position

tends to be relatively low. This is primarily a mid prairie

type; although a few stands are in low prairie. The profiles are

suggestive of stands with!. scoparius as a monodominant having a

carbonate zone that averages at precisely the same depth, 24 cm. The

textural distribution, however, seems closely related to

comparatively heavy soils of the !. gerardi type. This combination

of edaphic conditions apparently permits !. scoparius to compete

favorably with its more robust relative on these sites. The

present wide occurrence of this type and the ubiquitous appearance

on many extensive soil associations would place this complex as the

most widely distributed in the Red River Valley mid prairies prior

to settlement by Europeans in 1875 (Kazeck 1956).
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Sorghastrum nutans is a common associate with each of the

Andropogon types illustrated in Figures 9A and B. On soils with

a high sand component, Sorghastrum nutans shares dominant rank

witll!. scoparius and A. gerardi (Figure 9C). This type is also

transitional between the mid and low prairie sites. It occurs

on several soil groups on sites located below beach ridges or

in delta areas. The soil series of occurrence include Grimstad,

Ulen and Bearden fine sandy loam for those stands on various

sandy loam classes, and on Maple silt and clay loams for these

textural categories of occurrence. The most prevalent profile

feature associated with this type is a distinct zone of gley

overlying a lens of sand or gravel (Table X).

The low prairie has stands from the dominance types

described in Figure 9, but the most prevalent types in this

division are displayed in Figure 10 along with types characteristic

of the high meadow. The!. gerardi dominance type is repeated

from Figure 9A for comparative purposes. Stands dominated by

!. gerardi and Spartina pectinata (Figure lOB) occur on soil

textures ver,y similar or identical to those supporting!. gerardi

alone or the !. gerardi, !. scoparius t,ype. The major environmental

characteristic differing between the !. gerardi, g. pectinata

dominance type and those with !. gerardi alone is drainage position;

the former type is always on sites that are sluggishly drained.

These stands are located on Fargo clay and silty clay, and Bearden

silty clay loam, ver,y fine sandy loam and loam. The zone of

carbonates is comparatively deep, 49 cm, but only slightly deeper



Figure 10. Distribution of mid prairie, low prairie,
and high meadow dominance types on various
soil textures.
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than soils of the monodominant A. gerardi type. This suggests that

the most important separating feature from the !. gerardi type

is the wetter physiographic position of the A. gerardi, 2. pectinata

type.

The position on the drainage regime of stands having !.

gerardi and Calamagrostis inexpansa as dominants (Figure lOC) is

essentially the same as when�. pectinata replaces �. inexpansa

in the complex. The stands also appear to be arrayed on similar

soil textures. They are located mainly on Bearden ver,y fine sandy

loams, with one stand on a Ulen sandy clay loam. The profile of

the !. gerardi, �. inexpansa type is similar in depth to stands

with!. gerardi and 2. pectinata, but the carbonate zone is ver,y

shallow in the former type, often at the surface with a mean depth of

13 cm (Table X). This zone is always present and is essentially

the A of a Solonchak (Anon; 1951). However, the granular
ca

structure of the A horizon suggests characteristics of a Chernozem,

an accurate description of these soils would place them as a

Solonchak-Chernozem as described in the Soil Survey Manual No. 18,

Anonymous (1951). It is therefore suggested that the feature

separating these two low prairie types is internal drainage with

the !. gerardi, 2. pectinata type on soils with fair internal

drainage and !. gerardi and �. inexpansa as co-dominants 'When internal

drainage is sluggish with upward percolation of carbonate bearing

water, as evidenced by a near surface zone of carbonate reaction.

The two high meadow types included in this study are both

monodominants. The species involved include Spartina pectinata
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(Figure lOB) and Calamagrostis inexpansa (Figure 10C). Smeins

(1967) has recently completed a major study on a segment of the

vegetation including the high meadow, and reports other dominants,

including Carex laeviconica, Carex sartwellii, � palustris and

Carex lanuginosa as dominants of this prairie division. All of the

species named are represented in the stands used in this study

with Q. sartwellii and Q. lanuginosa achieving high secondar,r

positions but not dominant rank. The two high meadow dominance

types are included because of the importance of the two species

in the low prairie and are valuable linking species between the

uplands examined in this study, and the wetlands studied by

Smeins.

An examination of the mean drainage position (Table TIl and

Figure 10) indicates that the sites dominated by £. pectinata or

by Q. inexpansa are essentially at identical positions on the

drainage regime gradient; both occur at positions where standing

water is present for brief periods. Textural differences are

readily apparent from an examination of Figures lOB and C. The

profiles of the two types also suggest significant difference as to

calcareous materials, high levels at shallow depths in Q. inexpansa

stands with a much deeper zone with Spartina pectinata stands

(Table X). Smeins reported both of these types on Humic-Gleys

and Solonchaks. The uniform. occurrence of the Q. inexpansa type

encountered in this study on soils high in sands with calcium

carbonate throughout the "A" horizon, suggest that species to be

associated with Solonchaks. The 2' pectinata stands show calcium
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carbonate to be at a greater depth than soils on which the

Q. inexpansa monodominant occur� other characteristics also are

more typical of a Humic-Gley (Anon 1960). Thus, while the most clearly

distinguishing feature separating these two types is soil texture,

it also seems apparent that the Q. inexpansa type occurs on the

typical Solonchak while 2- pectinata is more typical of Humic-Gley

soils.

Dominance Types. Mean Drainage Positions and Mean Soil Textures

The preceding section has demonstrated the general tendency

of specific dominance types to be associated with soil texture and

drainage position. The degree of affinity exhibited by the type

may be high as with!. gerardi, or only moderately apparent as

with!. scoparius. In any case, soil texture and other edaphic

factors form an intimately interrelated complex with the drainage

regime gradient in modifying the behavior of species as they

function as dominants in the vegetational structure. The full

arr� of mean values for all dominance types distributed according

to soil texture, drainage regime gradient with prairie position

indicated (symbols) is given in Figure 11. This figure is a

summary of the detailed presentation given in the previous section.

The high prairie dominance types (�) are predominantly on

soils exhibiting a high sand fraction. If these soils are broadly

categorized as given in Moss (1965), they range from moderately

coarse to fine soils. The dominance types on moderately coarse

soils represented by sandy loam are Stipa comata (3), 2. spartea,



Figure 11. Distribution of all dominance types (numbers)
according to mean values of soil texture and

drainage regime (vertical position). Symbols
designate prairie division of mean

occurrence of stands.
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Calamovilfa longifolia (5), and Andropogon scoparius, Koeleria

cristata (7). Types associated with moderately fine soils include

Stipa comata, Koeleria cristata (1), and §. comata, Calamovilfa

longifolia (2) on sandy clay loam, and 2- comata, Bouteloua

curtipendula (4) on clay loam. Two high prairie types are on fine

soils, these include §. spartea (8) and §. spartea, g. curtipendula

(6) on clay and silty clay respectively.

The mid prairie «) types are on moderately fine to fine

soils. Those on moderately fine soils are represented by Stipa

spartea, Sporobolus heterolepis (9), 2. spartea, !. scoparius (10),

!. scoparius (14), Andropogon gerardi, !. scoparius (15), Sporobolus

heterolepis, !. scoparius (17), !. gerardi, !. scoparius, Sorghastrum

nutans (19) and 2. heterolepis, !. gerardi (20) on clay loam, and

Muhlenbergia richardsonis, 2. heterolepis, !. scoparius (18) on silt

loam. Types that are on fine soil include Stipa viridula, Agropyron

smithii, §. spartea (11) and !. gerardi (21) on silty clay,

� heterolepis (13) and §. spartea, !. gerardi (16) on clay, and

Stipa spartea, !. smithii (12) on heavy clay.

The low prairie «> ) and high meadow dominance types

(�) are on medium to moderately fine textures. In the low prairie

the Muhlenbergia richardsonis, !. gerardi, !. scoparius (22) type is

on loam, a medium textured soil, while the !. gerardi, Spartina

pectinata (23) and!. gerardi, Calamagrostis,inexpansa (24) types are

on clay loam, a moderately fine texture. The two high meadow

types are both on moderately fine textures as to broad groups,

but differ as to sand fraction, the Calamagrostis inexpansa (25)
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type occurs on sandy clay loam and the Spartina pectinata (26) type

on clay loam.

Species Behavior with Dominance TYpes

The previous sections have dealt with the behavior of

individual species and with the broad vegetational units described

as dominance types. In the above treatment the drainage regime

has been noted as the primary deteriminant in behavioral patterns.

It was further demonstrated that soil texture is effective in

differentiating dominance types at similar positions on the

drainage regime gradient. To examine behavior patterns of species

within the various dominance types and prairie divisions, stands were

grouped according to type, and the average frequency for each

species determined. The species used were those previous�

included in Table VI.

Species occurrence and average frequency values within each

dominance type within the various prairie divisions are given in

Appendix A as follows: Table XVIII, high prairie dominance t,rpes;

Table XIX, mid prairie dominance types; and Table XX mid prairie,

low prairie and high meadow dominance types. Species included in

the tables are those that occurred in a minimum of 50% of the

stands within a dominance type with a mean frequency of at least

20%. The dominance types are �rranged horizontally in order of

mean position on the drainage regime gradient.

The data available in Tables XVIII, XIX and XX may be used

to examine several detailed characteristics of species complexed

within the dominance types. 1m examination of the tables will



85

show species behavior strongly influenced by ·the drainage regime

gradient, but also modified by the soil textures associated with

the dominance types. The behavior of the graminoids may show a strong

response to the drainage regime gradient; e.g., most of the

graminoids encountered with high levels of importance in the high

prairies (Table XVIII) m� retain moderate� high values in the

dry mid prairies (Table XIX). However, most are reduced to minor

species as stands clearly mid prairie in position are reached.

Koe1eria cristata is exc�ptional in behavior as it continues to

be represented throughout the mid prairies with only slightly

reduced importance in the wet sites of the mid prairie gradient

(Table XX). Many graminoids in addition to the dominant grasses

Show variations in mean frequency values and occurrences in

association with different dominance types within the various

prairie divisions, suggesting a response to edaphic factors

associated with those dominance types; e.g., Carex tetanica

(Table XIX) is found throughout the mid prairie, but peaks in

stands where Sporobolus heterolepis is in the dominance complex.

The soils associated with these dominance types are usual.Iy high in

cl� (Table IX and X).

An examination of Tables XVIII, XIX and :xx show that certain

forb species have peak mean frequency, high occurrence, or both in

association with certain-dominance types, but a complex of forbs

restricted to a single dominance type or a series of related types

does not appear to exist. A few forb species such as Artemisia

frigida and Artemisia caudata, restricted on this level to the high
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prairie (Table XVIII), are exceptions to the more common distribution

behavior exhibited by .Anemone cylindrica (Table XVIII and XIX)

showing representation in two prairie divisions. The continuous

behavior of most forb species suggest a primary response to the

drainage regime gradient with slight modifications due to soil

texture or other edaphic factors.

Further work on the relationship of the forb species

to soil texture would be of value in clarifying species behavior

within and between various dominance types. While a behavioral

response of the forbs to soil texture is suggested when examined

within the various dominance types, detailed information would

require the subjecting of each species within each stand to an

an�tical treatment similar to that given the various

dominance types, and it is suggested as a subject for further

investigation.

Structural Diversity

Prairie Divisions and Dominance Iypes

The num�rical distribution of species on various levels

of importance is given in Table n. This table forms a basis

for comparison of species diversity of the various dominance types

within the grassland divisions. These values reflect several

characteristics of the prairie divisions and the dominance types

associated with them. While these relationships are

general in nature, a degree of diversity may be surmised by an

examination of the dominance types for these characteristics.
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TableXI. Various levels of species number occurrences for dominance types within the four
divisions of the grasslands.

Dominancetype Mean Species Mean soil
prairie number texture
division Total Quadrats 20% 40%

Freg. Freg.

Stipacomata, Koeleria cristata High 42 30 15 :10 Sandy clay loam
S.comata, Calamovilfa longifolia High 44 35 16 11 Sandy cl� loam
S.comata High 40 37 19 8 Sandy loam
S.comata,Bouteloua curtipendula High 48 41 20 11 Clay loam
S.spartea, C. longifolia High 44 37 16 9 Sandy loam
S.spartea, B. curtipendula High 47 42 19 12 Silty cl�S.spartea High 51 47 19 10 Clay
Andropogon scoparius, K. cristata High 40 33 16 10 Sandy loam

�
High Erairie means 45 ,28 17 10

S.viridula, Agropyron smithii
S. spartea Mid 47 40 17 9 Silty cl�S.spartea, A. smithii Mid 48 40 18 14 Heavy clayS.spartea, S. heterolepis Mid 61 52 19 15 Clay loam

S.spartea, A. scoparius Mid 54 50 25 13 Cl� loam
S.spartea, A. gerardi Mid 58 51 23 12 Clay
Muhlenbergia richardsonis
S.heterolepis, A. scoparius Mid 51 46 32 19 Silt loam
S.heterolepis Mid 72 55 31 20 Clay
S.heterolepis, A. scoparius Mid 56 51 26 13 Clay loam
A.scoparius Mid 53 48 21 11 Clay loam
A.gerardi, A. scoparius Mid 63 56 22 11 Clay loam
A.gerardi, A. scoparius
Sorghastrum nutans Mid 62 51 19 9 Clay loam
S.heterolepis, A. gerardi Mid 59 51 25 15 Clay loam
A.gerardi Mid 52 47 19 9 Silty cla.v

Mid prairie mean 57 50 22 12

'"'
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TableXI.concluded.

Dominancetype Mean

prairie
division

Species
number

Mean soil
texture

Total· . Quadrats 20% 40%
Freq. Freq.

Muhlenbergia richardsonis
A.gerardi, A. scoparius Low ·60 54 27 16 Loam
A.gerardi, Spartina pectinata Low 49 43 20 10 Cl� loam
A.gerardi. Calamagrostis inexpansa Low 60 48 20 12 Clgr loam

Low prairie means 55 47 21 12
Sr:artinapectinata Meadow 24 19 8 5 C1� loam

Calamagrostis inexpansa Meadow 24 22 9 7 Sandy cla.y loam
High meadow means 24 20 2 6 C»

C»
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The average number of species in stands of the mid prairie

is 57 with extremes of 47 and 72. This division is the most

complex of the prairies, followed closely by low prairie with a

mean number of species of 55 with limits of 49 and 60. High

�rairie shows a lesser mean number of species with 45 and a range

of 40 to 5l,while in the meadows, each type has a mean of

24 species.

Several uniform relationships exist between the various

mean values for each prairie division. About 85% of the mean

total species is represented in quadrats, of these 45% appear

with frequencies of 20% or above, and about 25% occur with

frequencies of 40% or above.

The high prairies consist of dominance types that show little

variation in total numbers of species, but range from 30 to 47

species in quadrats. In these prairies the largest number of

species is found in the dominance types occurring on fine soils

and the smallest number on coarse soils. A similar relationship

was found in Nelson County to the west (Dix and Smeins 1967).

Based on the numbers of species represented on the 20% level and

retained on the 40% level, dominance types on cl�, silt.1 cl� and

clay loam are the most diverse. Three types are represented:

the Stipa spartea monodominant, 2. spartea, Bouteloua curtipendula

and Stipa comata, �. curtipendula. None of these types exhibit

high diversit.1, but follow :the general characteristic of the dry

sites to have a relatively low species component with only a few

of leading rank.
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The mid prairies lead in complexity. Sporobolus heterolepis
as a monodominant has the highest mean number of species with 72,

and the Stipa viridula, Agropyron smithii, Stipa spartea type

the lowest of this division with 47. The former type is exclusively

mid prairie, while the latter is transitional from the high prairie

to the mid prairies. High diversity in the mid prairies is shown

particularly by four types with §. heterolepis in the dominance

complex (Table XI). The least diverse of the mid prairie

dominance types in addition to the Stipa viridula type mentioned

above "include the monodaminant !. gerardi and this species with

!. scoparius and Sorghastrum nutans. All show less than the mean

values for the various numerical structural characteristics

indicative of diversity.

The consistent occurrence of §. heterolepis as part of the

dominance types exhibiting high diversity may be related to

several factors, (Table X). The soils associated with §.

heterolepis usually have a high clay fraction, but that is also

true for the least diverse stands in the mid prairie. A more

likely explanation is that the clumped habit of growth of this

species with high foliage cover but a much lower basal area cover

(Weaver 1954) provides space for associated species. This would

then contribute to the higher number of species reflected in

stand diversity noted for dominance types with this species.

The low diversity of the Stipa viridula, A. smithii and

2' spartea type is probably related to the close relationship

of this type to the high prairie (Table X), hence a limiting

II'
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moisture supply. The mean values (Table XI) are about equal to

those shown for all high prairie dominance t,ypes. The low

diversity shown by the !. gerardi monodominant type and the !.

gerardi, !. scoparius, 2. nutans type would appear to be related

to growth habit. The lush nature of growth, high in cover by the

dominants,apparently reduces densities of associated species to

only occasional quadrat appearance, hence low frequencies.

It is of interest to note that the A. gerardi, !. scoparius

type previously described as the most prevalent dominant complex

presently and in precultivation days, has species number values

on both frequency levels considered, which are equal to the means

for the mid prairie division.

The low prairies va� little in numerical characteristics

�.

from the mid prairies (Table XI). In this division only the

Muhlenbergia richardsonis, !. gerardi, !. scoparius type shows

high density. An average of 50% of the species appearing in

quadrats are included on the 20% level with 16 of these, about

60%, represented with a frequency of 40% or above. The!. gerardi,

Calamagrostis inexpansa t,ype is rich in species number but drops

on the other levels to values nearly equal to those shown for the

!. gerardi, Spartina pectinata type, the least diverse in the low

prairies. Soil textural differences would not appear to be

effective in accounting for the diversity differences. Competition,

as suggested in the mid prairies, is a probable explanation in this

division. With!. scoparius and M. richardsonis in the dominance

complex with!. gerardi, the general rank of this strata would be
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less than the other tvo types and allow for a more diverse

complex of associated species.

The high meadows with low total numbers of species are not

directly comparable to the upland divisions. While the low number

of species represented on both levels of frequency limitation

represents a fairly high percentage of the species appearing

in quadrats, the general simplicity of the stands would hardly

rank them as diverse.

Geographic Section and Grassland Divisions

The broad area encompassed within the Red River Valley

might be expected, because of its size, about 30,000 square miles

(78,000 sq. km), to show floristic and structural diversity within

its various geographical parts. Although all of the dominant

species occur throughout the Valley, two dominance types i.e.

Andropogon gerardi as a monodominant and the !. gerardi, !.

scoparius, Sorghastrum nutans type, are found only in its central

and southern portions. Similarly, certain species either reach

their limits of distribution within the area or give indications of

approaching such limits. For example, Selaginella rupestris

occurs with high frequencies in the high prairies of the north,'

but is absent from these stands in the southern and central

sections. Similarly, Liatris pycnostachva is important in the low

mid prairies and lov prairies in the south but does not occur in

other sections. Of the dominant species, only Sorghastrum nutans

failed to achieve this rank in the north, although it is represented
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TableXII. Various levels of species number occurrence in four divisions of the grasslands within three

geographic sections of the Red River Valley. Values in parenthesis are limits on the
drainage regime gradient for all stands included in the prairie division.

Prairiedivision Geographic Number of sEecies Mean
section in stand in quadrats 40% frequency EFrequency
north 42 35 11 1032

central 46 40 10 1092

south 52 43 11 1038

north 59 50 17 1657

central 59 52 11 1214

south 54 48 11 1163 �

north 55 50 15 1424

central 59 54 11 1283

south 51 45 10 1106

north 26 18 5 603

central 25 21 5 564

south 29 25 7 755

High(100-280)

Mid(281-440)

Low(441-550)

Meadow(551-700)
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In an effort to compare possible structural variation between

prairie divisions in various pertions of the Valley, stands were

grouped according to arbitrar,y geographical sections (Figure 12),
and prairie division. Mean values for various levels of representation
and summation frequencies were then determined and are presented

in Table XII.

The high prairie stands are ve� similar in species

composition and in superficial structure. The northern stands

include fewer species than the central or the south, but the

position achieved qy these species is on the average high, with a

resultant nearly equal summation frequency. The number

of species achieving frequency levels of 40% or above in the high

prairie is also essentially equal in all parts of the Valley_

The reduction in species number and number in quadrats in the

north may well reflect the high frequency of Selaginella

rupestris and its parallel tendency to occup,y a high percentage

of the understory space, thus reducing the number of lesser

species.

The values for the mid prairies show equal mean numbers of

species for the stands of the north and central with a slightly

lower value in the south. The number of species in quadrats runs

near the average of 50 for all mid prairies. The number of

species at 40% frequency or above shows a significantly higher

number in the north than either of the other sections, both of

which have the average (Table XII) shown for mid prairie stands.

The summation frequency is also significantly higher for
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stands in the north than either of the other sections. The number

of species at 40% frequency or above and the high summation

frequency would place the mid prairie of the northern geographic

section as the most complex in the Red River Valley.

In the low prairies, relationships appear to be similar

to those shown for the mid prairies. The number of species for

the stands and in quadrats is highest for stands in the central

section, but the northern stands show the higher diversity by

virtue of a greater number of species represented above the 40%

frequency limit, and a higher summation frequency.

The numerical averages shown for the meadows indicate a reversal

of the trends apparent for the mid and low prairies. With the

limited number of meadow stands included in this study, this

difference may be the result of a chance inclusion of a species

rich stand in the south. Smeins (1967) noted minor floristic

differences for this. division within the Valley but suggested

general structural consistency for this area.

The data suggest that the mid and �ow prairies are clearly

more diverse in the north than in other parts of the Valley.

This aspect of the vegetation is readily apparent in the field

and from data from individual stands that show high numbers of

species with high frequency values. While measurements were not

made on density, estimates usually indicated lesser values for the

leading dominants in the north as compared to similar stands in

more southerly sections.
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Production

The quantitative measurements have yielded information

concerning the behavior of the individual species and the dominance

types as part of the vegetation. Numerical relationships have

suggested differences between the prairie divisions as related to

geographical position. Differences in stand characteristics

involving diversity of species with related density variations

have been pointed out in the previous section. Certain

phenological differences between like species in the north and

south were also observed, although not specifically examined.

The most notable differences in this respect were the time of

flowering and the plant stature. Grasses such as !. gerardi

for example were observed to flower at an earlier date and to

attain less stature (i.e., less productive) in the north than

in the south.

The flowering periodicit,r of the Great Plains grasses and

its relationship to the geography of these plants has been well

documented by McMillan (1959). The relative productivity of the

north-south gradient, at least in the northeastern region, has

not been so convincingly discussed, as is �pparent from the

literature review. It was decided therefore, to attempt a

documentation of at least relative productivity along the north

south gradient in the Red River Valley.

Elaborate measurements of productivity involving total

biomass and energy relationships as reported by Hadley and

Kieckhefer (1963), Wiegert and Evans (1964), Dahlman and Kucera
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(1965) and Kucera, Dahlman and Koelling (1967) were prohibited

by the size of the area encompassed by the study. However, as a

measurement of green herbage production (Dyksterhuis and Schmutz

1947) has been demonstrated to correlate with productivity

(Ov�ngton 1964), such a measure appeared to be useful for comparative

purposes within the study and was applied.

Samples of the standing crop of green herbage were taken on

August 17, 18 and 19, 1965. The grasslands were then in the

"Autumnal aspect" (Weaver and Fitzpatrick 1934, and Weaver 1954),

and major grasses estimated to be in a condition of peak standing

crop. Based on the estimate of Wiegert and Evans (1964) of annual

growth to the peak standing crop ratio for uplands of 2.5 to 1, the stands

used for their study include many of the same species found in this

stud�hence the values reported in this study might be expected to

reflect a similar ratio.

The stands used in this study are all within the Red River

Valley and exclude six from the Drift Plain used for comparative

purposes in a previous report on production (Ralston and Dix 1965).

The geographical distribution of the 34 stands used for

standing crop of green herbage samples is show in Figure 12.

The northernmost stand is near Warren, Manitoba and southernmost

near Fairmont, North Dakota. The north to south distance is

285 miles (between 460 N. L. and 500 N. latitude). Production

of green herbage throughout the Valley was analyzed according to

geographical section, physiographic position, dominance type and

soil texture.



Figure 12. Positions of stands (dots) within the Red
River Va11e,y used in the production phase
of the study and the three geographic
sections of the Valley.
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'Tablenlr. Mean standing crop o:f green herbage in grams per metel and pounds per acre in stands
grouped by geographical section and prairie division.

Prairie Division
High Mid Low

7 18 9 Mean

Geographic No. of
2 2 2 2

:section stands g/m Ib/acre g/m 1'Q!ac� g/m 1b/acre g/m Ib/acre

l'lorth 11 209 1863 231 2164 276 2458 236 2108

Central 8 299 2669 412 3671 546 4868 415 3696

South 15 376 3349 440 3920 566 5049 473 4213 ..0
..0

Mean 34 269 2403 384 3422 448 3994
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The Red River Valley was arbitrarily divided into three

geographical sections as shown in Figure 12. Eleven stands were

included in the northern section, 8 in the central section and 15

in the southern section. The mean standing crop of green herbage

as related to these geographical sections and to prairie divisions

within the sections is presented in Table XIII. The highest

overall yield was clearly in the south, 473 g/m2 (4213 Ib/acre),

approximately 100 percent more than in the north. When prairie

divisions within the geographical sections was considered, low

prairie stands showed uniformly higher yields than the mid or

high prairie stands in the s�e geographical section. Within the

s�e prairie diviSion, yield of green herbage in the south was again

approximately 100 percent more than in the north. Thus, the

gradient of green herbage yield within the Valley during 1965

seems clear: the highest yield occurred on low prairie sites in

the southern part of the Valley with the least on dry sites in the

north. In Table XIV, yield of green herbage was evaluated within

and between geographical sections according to the leading

dominant of the stands. Three stands had to be disqualified from

this comparison because the leading dominant category did not

occur in two of the geographical sections. For leading dominants

were considered •..�tands dominated by P�dropogon gerardi had the

highest, 428 g/m2 (3816 lb/acre), while stands dominated by

Stipa comata had the lowest, 211 g/m2 (1884 lb/acre), yield of green

herbage. Andropogon scoparius and Stipa spartea dominated stands

were more similar in yield to the former than to the latter.



TableXIV.. Mean standing crop of green herbage in grams per mete;and pounds per acre of stands

grouped by the three geographical sections.

Geo�raphical Section
North Central South

N f
10 8 13 Mean

o. 0
2 2 2 2

Leadingdominant stands g)m 1b/acre glm 1b/acre glm 1b/acre glm 1b/acre

Andropogon gerardi 16 271 2415 426 3801 534 4765 428 3816

Andropogon scoparius 8 246 2197 375 3340 472 4210 357 3567

Stipaspartea 4 244 2175 299 26691 465 4148 316 2820

Stipacomata 3 174 1551 286 25511 211 1884
......

- - 0
......

1
Onestand.



Moderately coarse

andmedium. 5 336

364

429

2993

3242

3829

2 371

393

406

3306

3506

3620

,_,
o
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Tablex:v. Mean production of green herbage in grams per metel and pounds per acre of all stands

and of mid prairie stands grouped by textural classes.

Soiltextures

No. of
stands

Means Means

All stands mid prairie stands

2
No. of

2
g/m 1b/acre stands

_
__g/m lb/acre

Moderately fine 20 10

Fine 9 6
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There was a notable difference in standing crop of green

herbage between like stands from south to north. Within each

leading dominant catego�, the southern stands produced

approximately 100 percent more green herbage than similar northern

stands. Within the same geographical section, however, differences

in production between stands categorized according to leading dominant

was not great, (15-30%), with the exception of Stipa comata

stands which were comparatively poor producers in all geographical

sections. Table XIV suggests, however, that with the exception

of Stipa comata stands, dominance type is less important than

geographical section in determining production. Even within

Stipa comata stands, however, production in the southern section

was significantly greater (60%) than in the north.

Table XV was prepared to test the relative importance of

soil texture in determining standing crop of green herbage.

In order to include sufficient stands for comparative purposes,

textural values for the stands were grouped into 3 categories

ranging fram moderately coarse to fine. When all stands were

considered, production was shown to be highest on fine-textured

soils and lowest on soils of moderate to medium textures. As

previously demonstrated, there is a tendency for certain dominance

types to be generally associated with certain textural categories

(Table X and Figures 7 through 10). Further, the driest sites

are located on moderately coarse-textured soils (Figure 7). Both

aspects have been demonstrated as effective in green herbage yield.

To reduce the physiographic bias inherent when all stands are
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considered, the mid prairie stands alone were separated into textural

categories as given in Table XV, and their green herbage yield averaged

within each category. A similar gradient is obtained as with all

stands, but the differences between categories is reduced. Thus it

appears that texture, when examined independently, is a minor factor

in production determination. Previous sections have demonstrated that

dominance type is related to both physiographic position and soil

texture, hence it seems clear that all three aspects are intimately

related when considering yield of green herbage.

The data presented in Tables XIII, XIV, and XV, clearly

show the north-south gradient to be the principal factor in determining

the overall standing crop of green herbage yield in the Red River

Valley. To examine the reasons for this, the mean values for

several climatic characteristics were compiled, averaged by

geographical sections, and presented in Table XVI. The climatic

data used were the long-term averages (1965 precipitation shows some

variation over the area and m� have accounted for a portion of the

north to south yield differences) for the closest weather station

to each stand. The most conspicuous climatic difference between

the northern and southern sections was the length of the

growing season; in the north, the growing season averaged 111

days as compared with 130 in the south. There was remarkably

little variation between the average climatic parameters. Thus,

it appears that much of the observed difference in the yield

of green herbage found in the present stuQy to occur between the

north and south is attributable to the length of the growing season.

To test how effective the length of growing season was in
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Table m. Mean climatic characteristics of stands grouped by
geographical sections.

North Central South

No. of stands 11 8 15

Length of growing season (days) III 126 1.30

Januar,y ave. temp. (OF) -1 5 6

July ave. temp. (OF) 68 69 70

Ave. date of last killing frost May Z7 May 19 May 14

Ave. date of 1st killing frost Sept. 18 Sept. 22 Sept. 24

Ave. ppt. 19 19 21
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Table XVII. Correlation coefficients (r) between standing
crop of green herbage and length of frost free
season for stands in various drainage-positions and
all stands.

stand No. of Degrees of
stands freedom r

High prairie 7 5 .51

Mid prairie 18 16 .65**

Low prairie 9 6 .81*

All stands .34 .32 .60**

Significance level �5%
**1%
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production differences, a correlation coefficient was calculated

between the individual stand yield and length of the frost-free

season reported by the nearest weather station. (Data from several

stations in addition to those given in Table I p. 9, were used in this

correlation; most of these reported near normal precipitation for

1965, and while excess precipitation at Wahpeton and Grand Forks

would bias the data from stands near these stations, excessive

precipitation was not uniformly the case through the central and

southern portion of the study area.) Coefficients were determined

for stands from the various prairie divisions and for all stands and

are presented in Table XVII. Significant or highly significant values

were obtained for all but the high prairie stands. As both Stipa

comata and Stipa spartea stands fall within the high prairie, considerable

difference between production in stands with these species as leading

dominants (Table XIV) is the most probable explanation for the lack of

a significant value. All other correlation coefficients suggest that

the length of the growing season is a significant factor in green

herbage yield variation between the north and south geographical

section of the Red River Valle,1. The most probable aspect of the

seasonal differences effective in production determination is the

last killing frost in the spring rather than the first in the fall

(Whi tman 1954).



DISCUSSION

Environmental Factors

It is generally recognized that the distribution of plant

species in nature reflects a matrix of physiographic, climatic,

biotic and historic factors (Billings 1952). If stands are

adequately sampled, interrelationships of species structure of

those stands may be displayed in a geometric model in the manner

described by Goodall (1955). Environmental complexes m� then be

related to the geometric model (ordination) forming a basis for

the ahalysis of the effect of environmental factors on

vegetational structure.

Multidimensional analytical techniques as used by many

statistically oriented ecologists (Whittaker 1952, 1956,

Goodall 1952, 1954, McIntosh 1957, Bray and Curtis 1957, Greig-Smith

1964, Swan and Dix 1966, and others) would appear to yield a

realistic representation of phytosociological behavior as it relates

to environment. However, a comparatively simple technique employing

the same principles m� be useful, provided a significant proportion

of the variation within the system may be accounted for by a

single environmental factor or complex of related factors. The

ordination procedures attempted in this study (see METHODS,

Treatment of Data) suggested a strong moisture complex, but failed

to take out sufficient variation within the mid stands to add

information beyond that available from a single gradient analysis

.WB
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(Goff and Cottam 1967).

The general importance of moisture in the distribution of

grassland species has been reiterated by many investigators

(Whitford 1958, Mather 1959, Dix and Butler 1960, Lynch 1962,

Partch 1962 and many others), and was one of the major factors of

interest in this study.

The importance of physiographic position as a reflection of

soil moisture has served as a model for many studies since the

classic work of Cowles (1901). Studies on vegetation using

physiographic position and its effect on species behavior in

areas closely related to the grasslands of interest in this study

have produced results directly related to this study. The

employment of a continuum (Curtis 1955) and a segmentation of a

continuum into physiographic divisions,i.e. high prairie, mid

prairie, etc. (Dix and Smeins 1967), detected species behavior

directly comparable to those noted in this study.

In many studies dealing with grasslands, 'species have

been generally placed in physiographic divisions (Steiger 1930,

and Curtis and Green 1949) or compositional units (Coupland 1950)

by the use of percentage presence or percentage composition or

combinations of both. In all of these studies communities of

various types were delimited; although m� species were encountered

at varying levels of importance in more than one set of

circumstances. Goodall (1950) suggeabs. that species may be regarded

as belonging to many communities without inconsistency, and in

this sense, the continuity of vegetation is generally recognized
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by most ecologists including Daubenmire (1966); although he credits

most continuous behavior to disturbance.

The advantage served by an indicator species approach,

if an adequate means of providing indicator values can be found,

is in their occurrence in more than one compositional or

environmental situation. � gradient thus derived will rank

stands with the most similar closest together and the least

similar separated by the greatest distance (Brown and Curtis

1952).

The drainage regime gradient appears to have displayed

behavior patterns of species, interrelationships between dominant

species, and dominance types encountered in this study in a

meaningful way. The behavior patterns which show clear responses

of both forbs and graminoids to the moisture factor does not

exclude the recognition of other factors that might effective�

modify behavior on another level of analysis. Soil textures are

shown to be effective in the distribution of the dominant

grassesj they also appear to modify the behavior of the secondary

graminoid species. The effect of soil textures on forb species

is less clearly defined. There does not appear to be a ,forb "

compl.ex specifically rel.a ted to "a 'domdnance .type; ,- although

individual forb species appear to exhibit va�ing degrees of

response to edaphic factors. Bliss and Cox (1964), in a study

on an Indiana grassland, reported the response of like dominant

grass species to edaphic factors in a manner identical to those

reported in this study. They were unable to detect a similar
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response to texture by the forbs. This may well be the case, but

biotic effects (Dix and Butler 1960) i.e. competition, m� also be

effective. In the low prairie division, in all but the

Muhlenbergia richardsonis, Andropogon gerardi, Andropogon scoparius

type, the forb component was high in number of species but lacking

in constancy of appearance. In this type the forb component was

high and also showed fairly high repetition of species in each

stand. The diversity of dominants with the reduction of

importance of !. gerardi as compared to other low prairie types is

the most probable reason for the more uniform representation of

forbs. This is emphasized further in the high meadow where the

rank growth of graminoids allows only sporadic forb occurrence.

The relationship between dominance types, soil textures

and other soil factors reported in this study are basically the

same as the physical factors reported by Dix and Butler (1960)

in Wisconsin, Bliss and Cox (1964) in Indiana and Lynch (1962)

on grasslands near Austin, Texas. In these studies !. gerardi

was reported on the deepest soils when compared to other types�

The behavior of species in relation to chemical factors was not

examined in this study, but in studies by Hanson and Whitman

�(1938), Curtis (1955), Dix (1959), McMillan (1964) and Bliss and

Cox (1964), chemical factors apparently played a small part in

species distribution, although similar species were involved in

all studies. This would suggest similar relationships in this

area.

Chemical analysis of agricultural soils in the Red River

VD'l�v �,aa�At thRt most measured elements are in medium to high
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quantity as it applies to cultivated crops and are relative� uniform

Over the total area. Autecological studies are lacking on most

native species and limiting levels of various nutrients are not

known. Reports by Ehrlich et a1. (1957) on Red River Valley soils

indicate that potassium is medium to very high for soil associations

encountered in this study. Phosphorus, however, is generally low

to very low; thus phosphorus may have particular importance when

considering species in association with high carbonate �oils which

may fix this element in an insoluble form (Moss 1965). Nitrogen is

also frequently reported in minimum quantities. These factors are

not discounted as of possible importance in species distribution,

but based on the assumption that native species come to a point

of equilibrium with the environmental factors to which they adapt,

it is suggested that the chemical aspects of the soils under study

are relatively less selective on the plants than factors affecting

moisture relationships.

Geographical Comparisons

The grasslands of the Red River Valley are similar in species

composition to those of adjacent Nelson County (Dix and Sme�ns

1967). This would be expected, but there are differences which

tend to support the placement of Nelson County in the tension

zone between the True Prairie and Mixed Prairie, while grasslands

of the Red River Valley are clearly a part of the True Prairie.
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The high prairies of the Valley, restricted to beach lines

and delta areas are rare and appear to be similar to those in

Western North Dakota (Hanson and Whitman 1938, Quinnild and

Cosby 1958, Dix 1958,1960), and the Canadian prairies (Coupland

1950, 1961, Coupland and Brayshaw 1953, Moss 1955 and Hulett et

&.� .1966). They also bear similarities to the dry and thin

soil prairies of Wisconsin (Curtis 1959, and Dix 1954). Graminoid

similarities between these prairies and those to the west are

apparent for Stipa comata, Bouteloua curtipendula and Carex

pengrlvanica. Carex filifolia and Carex stenophvlla are abundant

in the west as is the latter species in Nelson County, but both

are infrequent in the Valley. Carex obtusata common in the Peace

River Grassland (Moss 1955) and the Valley, is absent in the

west, and in presence data only in Nelson County. This species

is apparently associated with aspen parkland vegetation and may

relate to the presence of aspen stands in many parts of the Valley.

The behavior of Stipa spartea as a common high prairie and mid

prairie dominant in this study area appears to relate more

closely to prairies to the east than to the west. Forbs of the

high prairie are wide ranging but show about equal similarity

and differences to the east, west and north.

The mid prairies of the Red River Valley have no

counterpart in western North Dakota. The prevalence of

!. scoparius and Sporobolus heterolepis in the mid prairies of this

region would indicate a similarity to the dry prairies of the east

(Curtis 1959) and the high prairies of Nebraska (Steiger 1930).

Th� strnnrr anpear�nce of !. gerardi as a dominant of mid prairies in

•
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the Red River Valley shows a link to eastern mesic prairies

(Curtis 1959).

Andropogon gerardi, Spartina pectinata and Calamagrostis

inexpansa are important species in the low prairies of the Red

River Valley. While Q. inexpansa does not occur in Wisconsin,

the other two species appear to be important in the wet-mesic

and wet prairies of Wisconsin (Curtis 1959) and the low prairies

of Nebraska (Steiger 1930). In this area while!. gerardi

has an amplitude comparable to that shown for Wisconsin, it does

not occur Yithas high a frequency in the drier sites. The

behavior of Spartina pectinata is apparently ver,y similar in the

Red River Valle,y to Wisconsin and Nebraska.

The high meadows included in this study were selected

primarily as they related to the low prairies of the study area.

Dix and Smeins (1967) related these stands to those of the north

as reported by Millar (1936) and Walker (1966).

The forbs present in the grasslands of the Red River Valley

are of wide distribution. The high prairie species are generally

present in Nebraska, Wisconsin, western North Dakota and

Saskatchewan. The mid and low prairie forbs in the Valley are

represented in similar or drier positions in the prairies of

Nebraska and Wisconsin, but appear to be most closely related

to the forb component of the Peace River grassland (Moss 1955) and

the Fescue grasslands of Saskatchewan (Coupland and Brayshaw 1953).

McMillan (1959) has pointed out similarities in flower response of

grassland species in the western and northern parts of the Central
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Grassland of North America, and has suggested a historical link

between the species of these two regions. Such a link seems well

grounded particularly as it applies to the forbs.

Hansen (1952) describes the Peace River grassland as a

post glacial extension of the western grasslands. The origin

of this extension would seem to be the same as that proposed by

L6ve (1959) and Rudd (1951) for the grassland extension into

Manitoba and North Dakota. The time proposed for these extensions

is in the upper hypsithermal, a period of warmer and drier

conditions than at present; a climate that was well suited for

the establishment of a western grassland flora in the drying lake

bottom. LOve (1959) has postulated the migration of southern

species into these grasslands through the Red River Valley. The

migration of southern species probably took place at a slow

pace as the point of origin of these species was probably more

moist than the climate of this region, hence, migration would

require genetic selection for adaptation to conditions more

hostile than their original range. L6ve (1959) states that the

southern species did not crowd out the I1northern grassland," but

intermingled with it. This "interminglingll is readily apparent

tod� in the northern stands and may well account for the higher

diversity in the northern Valley mid and low prairie stands when

compared to like stands in the southern portion of the study area.

The relationship of the northern Valley stands to the western

grasslands is further evidenced by a comparison of results obtained

by Weaver (1924) on plant production from eastern Nebraska to
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eastern Colorado and the results of green herbage production of

the grasslands of the Red River Valley. In the study by Weaver,

a decrease in herbage production was noted with a decrease in

precipitation from east to west which closely parallels the

decrease in production with a decrease in growing season in this

study area. Weaver reported differences between dominance t,ypes,

production and physiographic position analogous to those found in

this study. Thus a similar plant response appears to have been

achieved in the two areas although a totally different limiting

factor was involved in each. This similarity in response would

suggest similar parent stock and supports the postulations

of Rudd (1951), 16ve (1959 and McMillan (1959).

When the graminoids are considered, the present grasslands

appear to be most similar to the True Prairie to the east and south.

The forb component is widely distributed, but appears most similar

to that of the Fescue prairies to the west. The species complex

generally suggests an amalgamation of species of several geographical

areas, however, the present distributions of Andropogon gerardi,

Andropogon scoparius, Sporobolus heterolepis, Sorghastrum nutans

and Stipa spartea dominate the prairies of the Red River Valley.

As these species best characterize the vegetation, the grasslands

of the study area should be considered within the True Prairie as

defined by Weaver and Fitzpatrick (1934).

In comparing production between the Red River Valle,y

grasslands and that of comparable sites in adjacent areas of the
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northern grasslands (Sarvis 1941, Whitman 1954, Dix 1960, Cosby

1964, and Vogl 1965), values for this area appear somewhat higher.

These comparatively high values may be accounted for, for the

most part, by the favorable growing seasons of 1964 and 1965.

Throughout the Red River Valley, the period April through July,

1964 had approximately 16 percent more precipitation than normal,

while the precipitation for the same period in 1965 was 35

percent above normal. Cosby (1964) found that herbage yields

in Andropogon gerardi-Calamovilfa longifolia grasslands in the

Souris River area of North Dakota, some 150 miles west of Grand

Forks (Figure 12), varied greatly in drought years, 150 g/m2
(1340 Ib/acre), as contrasted with years of above normal

precipitation, 384 g/m2 (3420 Ib/acre). The latter figure seems

2
comparable with the mean production value of 426 g/m (3801 Ib/acre)

given in Table XIV for the Andropogon gerardi dominance type in

the central section of the Red River Valley and to mean values

of 359 g/m2 (3200 Ib/acre) for upland types reported by Hadley and

Buccos (1967) from this same area. In normal years, or following

a series of near normal years, the central section of the Red

River Valley grasslands would prbqably yield production values

only slightly higher, because of higher precipitation (16 in

for the Souris River area and 19 in for the Red River Valley),

than the 6-year averages given by Cosby (1964) for the Souris

River area. Similarly, the Red River Valley northern stands would

be expected to produce substantially less and southern stands

-substantially more than his 6-year average. Since the production
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values given in the present paper reflect two exceptionally

moist years, it seems likely that those values approach the

maximum annual production possible for the Red River Valle,y

grasslands.

Persistence and Maintenance

There is no prairie vegetation available in the Red River

Valley which has not come under some degree of control by man.

Most of the stands used in this study consisted of small fragments

of native vegetation on railroad rights-of-w�s, remote corners of

isolated fields and rural cemeteries. Large tracts of relatively

undisturbed prairie may be found, however, at Malmberg

Prairie near Fisher, Minnesota, the upland portion of Oakville

Prairie near Grand Forks, North Dakota and an Indian Reserve near

Arnaud, Manitoba. These are the best examples of pristine

prairie vegetation now available in the Valley. These sites

have all been subject to h� removal and are marked by isolated

areas of disturbance which have been invaded by exotic grasses,

but generally show a rich complement of native species.

The major factors in maintenance of the grassland are burning

and mowing. Frequent burning of the Red River Valley grasslands

contributes to their vigor and maintenance by per.mitting a rapid

turnover of mineral nutrients (Curtis and Partch 1950, Kucera

and Ehrenreich 1962, Ehrenreich and Aikman 1963) and inhibits the

development of woo� species (Ewing 1924, Kucera, Ehrenreich and

Brown 1963, and others). Burning and mowing tend to maintain the

grasslands by reducing a depressing accumulation of mulch
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(Weaver and Rowland 1951, Dix and Butler 1954, Kucera and Koelling

1964, Penfound 1964, Kucera, Dahlman and Koelling 1967).

Sauer (1950) and Dix (1964) noted the conditions for the stability

and distribution of grasslands and have emphasized the role of fire.

Thus, it seems likely that the surviving prairie fragments of the

Red River Valle,y, because of their association with railroad

right-of-w�s and hence, fire, are substantially similar to the

prairies of presettlement time. Prairie is essentially a

disturbance vegetation (stewart 1956), the major disturbance

being fire, and continuance of this close association through time

in the Red River Valle,y has been a major factor in sustaining these

prairie fragments.

The genetic implications of the isolated nature of the

grassland fragments are of interest. The distances between

sites have undoubtedly reduced gene flow, and may have reduced

genetic plasticity as Dix and Smeins (1967) suggest. However,

as Steiger (1930) has pointed out, once the grassland vegetation

is established, reproduction is largely by vegetative.means.

The paucity of grass seedlings in quadrat samples would support

this observation and while isolation may allow for genetic drift

(Wright 1931), it is unlikely that the genetic structure is

significantly altered from that of the pristine state.

Disturbance and Succession

There is no evidence that succession in the classical sense

is occurring in the grasslands of the Red River Valley, i.e. there

are no trends toward a more mesic condition in either high or low
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prairie suggesting an ultimate change to mid prairie. This does

not exclude possible fluctuations in structural characteristics

due to climatic cycles similar in nature to those reported by

Hanson and Whitman (1938), Clarke, Tisdale and Skoglund (1943),

Weaver and Albertson (1936, 1940a, 1940b, 1943,1944), Albertson

and Weaver (1942), Coupland (1958) and Albertson and Tomanek

(1965). However, few quantitative records of the grasslands of

this area exist previous to this study, which was begun in 1962,

thus, no eValuation of changes related to climatic cycles are

possible.

Grassland vegetation is a dynamic system, and internal

local secondar,y succession is a continual process (Osborn 1942,

and Curtis 1959). The activities of rodents create fresh mounds

of soil within the prairie and this disturbance is further

exaggerated by predators such as badgers in search of pocket

gophers as prey, this disturbance invokes constant local

havoc on the native vegetation. Fietjen et ale (1967) reported a

reduction of pocket gophers (Thamomys talpoides) in grasslands

in Colorado treated with 2-40. They attributed the reduction

in gopher population to a reduction in the forb component of the

grassland as a result of the treatment, not to toxic effects of

the herbicide. The roots of the forbs serve as a major food

source for the gophers which apparently cannot survive on a diet

of grass roots only. An analogous situation exists in the study

area where small grain fields surround most of the isolated native

grassland sites. Cultivation of the fields eliminates the forbs
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which might serve as food for the gophers. This tends to compress

the gopher population into the isolated grassland sites. The

resultant high activity produces a series of microgaps (Curtis 1959)

through the stands where successional stages in grassland recovery

is continually apparent. Recovery of the vegetation on the

mounds follows a similar pattern to that reported by Osborn (1942)

on prairie dog mounds.

A similar disturbance is effected by the accumulation of

dust which may be carried into the stands from the surrounding

fields. Disturbance of this nature has been reported from the

central grassland areas by Albertson and Weaver (1944, 1946) and

Mentzer (1951). The effect of drifting soil in this study area is

reflected by the lesser number of native stands that are found

along railro.ads that run north and south as compared to those

that run east and west. The prevailing winds in this area are

fram the west and dust storms in the past have deposited soil of

varying depths over the native stands that once.held the railroad

right-of-ways. As the depth of the drifted soil is greater along

the north and south trending railroads, fewer stands exist along

these railways. Species that are most abundant on sites subjected

to this form. of disturbance consist of stands of various combinations

of Bromus inermis, AgroElron repens and Poa pratensis with

scattered native forb and graminoid species which suggest that

the native vegetation is effectively reduced or eliminated by these

side effects of agricultural activity.

The re-establishment of native prairie appears to be a slow
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and uncertain process at best. Shimek (1925) reported on

railroad cuts and fills in Iowa which had been made 70 years

previous to his study. These sites were adjacent to native sites.

He indicated the return of many native species but that certain'

weedy species were not totally eliminated by the native flora in

that time. Anderson (1946) reported on the re-establishment of

prairie in Iowa and noted slow recover,y in general but

particularly of high fidelity species. Curtis (1959) described

recover,y experiments at the Universit.1 of Wisconsin arboretum,

where intensive introductions of native species into an old field

resulted in only fair stands on sandy soils but no better than

poor stands on heavy soils after a 24-year period. He also noted

that where no seeding or burning had been practiced in the entire

period the field passed from exotic weeds to Agropyron repens

and finally to � pratensis with.only a few native grasses which

was the state after 2} years. He suggested that it would

require 100 years or more. to establish a prairie community unless

succession were aided by fire. In western North Dakota, Whitman

� al. (1943) studied recover,y of abandoned fields and reached

essentially the same conclusions as those described above.

Recovery of abandoned fields in the study area can only be

surmised as any field which m� be taken out of cultivation is

usually used for pasture or hay. If they.are allowed to recover

on their own, they follow a series similar to that described by

Curtis (1959) for Wisconsin. As previously mentioned these areas

are usually used for pastures and Poa pratensis with isolated Bromus

inermis and Agropyron repens dominate the sites. AgroBYron smithii
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and Andropogon scoparius are about the only natives that appear under

these circumstances. Both of these species also show recover.y

ability by moving into exposed areas in roadsi4e ditches along with

Bromus and Poa, but few other native species show a similar

aggressive behavior. Total recovery of the native prairie

communities in this area as in Wisconsin, without the aid of fire

(Curtis and Partch 1948, Tester and Marshall 1961), appears to be a

long term process.

As an increasingly efficient agriculture moves toward "The

(second) day of the bonanza" (Drache 1964), disturbance is bound to

show a sharp increase and most repositories of species appear

marked for reduction and probably total destruction. It seems

probable that only those few tracts presently reserved by the

Universities of North Dakota and Minnesota will eventually hold

the only representation of the Red River Valle,y grasslands.



SUMMARY

The Red River Valley borders the northeastern rim of the

Northern Great Plains grassland. The native prairies of this

Valley are dominated by various combinations of Andropogon gerardi,

Andropogon scoparius, Agropyron smithii, Bouteloua curtipendula,

Calamagrostis inexpansa, Calamovilfa longifolia, Koeleria cristata,

Muhlenbergia richardsonis, Sorghastrum nutans, Spartina pectinata,

Sporobolus heterolepis, Stipa comata, Stipa spartea and Stipa

viridula. At present only relicts of these grasslands remain,

and it was the purpose of this study to provide a documented record

and evaluation of this once extensive vegetation.

One hundred and fifty-one stands, encompassing a wide

range of floristic and habitat variability, were selected for

study. The species composition (frequency) of each stand was

sampled by the use of thirty 0.5 X 0.5 m quadrats. A presence

list was prepared for each stand and the dominant graminoid

species determined by an estimate of cover contribution to the

upper strata. The standing crop of green herbage of 34 stands was

sampled by clipping five 0.5 X 0.5 m quadrats, and the material oven

dried for weight determination. Environmental measurements were

taken.to determine physiographic position and soil profile

characteristics. Soil samples were collected from the "A" horizon

of each stand for textural analysis, field capacity, salinity and

pH determinations.

-124
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Two hundred and ninety-nine species were encountered in the

study, 129 of which occurred with frequencies of 40% or above in at

least one stand. To provide a workable computational unit, the

analysis was based largely on these 129 species. An indicator species

approach was used in the construction of a drainage regime gradient.

The behavior of individual species was examined in relation to

this gradient. The drainage regime gradient was divided into

prairie divisions, i.e. high, mid and low prairies, and high meadow

and the behavior of dominant species and dominance types (vegetational

types) examined within the prairie divisions. The dominance types

were further examined according to drainage position and soil

texture. Behavior patterns of individual secondary species within

the dominance type communities were also examined for evidence of

behavioral modification in response to soil texture. The diversity

of species was compared between the various dominance types.

Comparisons in species diversity were also made within and between

prairie divisions from three geographic sections of the study area,

arbitrarily divided into three units from north to south. Green

herbage yield was compared between stands categorized according

to prairie division, leading dominant, soil texture and geographic

position.

Individual species were found to respond in a continuous

manner to the moisture regime gradient. The dominant species and

dominance types exhibited a strong response to the drainage regime

gradient and showed varying degrees of behavioral modification

related to soil texture. Secondary species within the dominance types
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appeared to respond strongly to the drainage regime gradient and

exhibit var.ying behavioral modification in relation to soil texture,

but a complex of forbs restricted to a single dominance type or

series of related types apparently does not exist.

The mid prairie dominance types were found to be the most

complex, followed closely by the low prairie. High prairie

dominance types were less diverse than either mid or low prairies

with the high meadow dominance types showing the least diversit.Y.

Differences in diversity were attributed to soil textures,

moisture availability, competition, and related to species within

the dominance type complex. Geographical diversity relationships

indicated the mid prairie stands within the northern portion of

the study area to have higher diversity than comparable prairie

division stands in the central and southern portion of the Valley.

Geographic differences in diversity were related to historical

developnent of the grasslands.

The yield of green herbage varied according to prairie

division, leading dominant, soil texture and geographic location.

A high positive correlation between green herbage yield and length

of growing season suggested that geographic location was the most

effective determinant in production, with southern stands producing

apout 100% more green herbage than comparable stands in the north.

The species comprising the grasslands of the Red River

Valley suggest an amalgamation of specd.es of eastern and western

origin. The dominant graminoids, however, are most closely

associated with the grasslands to the east and suggest the placement
nf' t.hA Red River Valley grasslands within the TrUe Prairie.
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The surviving prairie, because of its association with

railroad right-of-w�s and hence, fire, persists as representative

fragments of the pristine grasslands, but is subject to internal

fluctuations due to isolation, high rodent populations and wind

carried dust deposition, all related to the surrounding agriculture

industry.
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APPENDIX A

A presentation of data describing the behavior of species within
the various dominance types associated with the various prairie
divisions. Three tables are included and are numbered from
XVIII through XX in sequence with those given in the text.
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Behavior of species a.sociated within .arious high prairie dominance tYpes. Species included in this table are those that occurred in a minimum of 50 percent of

the stands of any dominance type included in the table �lth a mean frequency of at least 20 percent. The numbers in the set include the number of stands of oc

currence followed by the mean frequency of occurrence i.e. Bouteloua !!ac1l1s 1n first column (2-68) appeared in the two Stipa comata, Koeleria cristat. atands
- with a mean frequency of 68 percent. -The species are arranged in alphabetical order, graminoids first followed by the forbs.

fl'''''�'' "." ,. ,.

Table·XV1II�
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r
... '

Dominance Type •

"

Stipa spartea Andropogon scoparius
----�'"

!
- _''_'.......__...Ii[ ..;.S_t.;;;l�pa;;......;c::;,;;om;;;:;;:a;.;:t.;:;a _

Koeleria
-

Calamovilfa
.

Stipa
cristata 10ng1folia comata

Bouteloua

curtiE.endula
Bouteloua

curt1pendula
Koeleria
cristata

Calamovilfa
10ng1£o11a

Stipa
spar tea

5Number' "of' 'stands 3 2 2 2 4 2
.- .., "i : I.ra

_..._.._,,, _'. - -

230-239 245-330Range-Drainage Itegime -----123-166
_.

P"" :Gradient ·r

1S0-200 176-189 202-263

�

183-254 . 190-254
<,.,

Agropyron Smithii (�1�3
Andropogon scoparius �rl-13
Boutelouacurtipendu1. (1-7
Bout.laua"gracilis G,2-:-68
Calamovilfa,longifoli. 2-38
Cay� obtusat•. f ��2�62
Carex.�ensylvanic. � 2-70
Car«e py••gracili. �(2�13
Festuc. a1taic••ar. major 1-60

Belictotrichon hookeri
Koe1eria cristat. �-----

Panicum perlongum
Sporobolus eryptandrus
Sporobolus heterolepi.
Stlpa cOllat.

Stipa spartea
Stipa virldu1a
Achillea aillefolium
Agoseris glauca
Amorph. canescens

Anemone cylindric.
Anemone patens
Antennari. canadensis
Artemisia caudata
Artemi.i. frigid.
Artemisi. ludovieiana
Aster 1eavis
Aster pansus

Astragalus goniatus
Chrysopsis vil10sa
Commandr. pal1ida
Equ1s.tua hyemale
Erigeron canadensis
Ca1ium septentrional.
Be1ianthus 1aetif10rus
L.etuc. pu1ehell.
Lithospermum canescens

Lithospermum incisus

..

13-32
� 3-88

%..74
3-83

i 2..53
...

2-8S-�
-��

2-50
2-41

1-7
3-73
2-58
1-7
1-7
3-91
3...36

2-51
2-30

...

1-30
2-18
2-16
2-78
2-16

2-36
2-38
2-23

...

2-96
2-25
1 ... 3
-

..

...

...

...

..

2-23
2... 73
2-62
..

2-35
...

2-24

..

..

-

2 ...32

1-3
2-32

2-58
2-95
2-33
2-25
1-3
2-40

2-51 .i:
3-15 _.
1-7 ,

4-43 ,.

5-82
4-84 �,

5-93
1-17 _

.

2-24
2-18
2-81

1-3
2-58
2-95

1-42
3-33
2-12
1-3
2-24
2-25
3-30
1-3

1-20
4-31 2-88

2-80
1-7

2-100
1-8

..

.. 2-5

2-100

1-43
1-10
2-42
1-80
1-3

•

1-3
2-30
2-14

2-29
2-125-31 ':

1-3

2-11 -�
3-13 ..

5-88' .

3-5
5-47

2-35

-

- 1-13
1-23
1-3

•

3-44
1-10
4-96
3-21
3-50

2-44
1-7
2-100
2.15
2-49
1-7
2-9
2-45
1-3

2-36
2-94
2-35
1-57

..

2-27
1-3
2-5
2 ... 62
2-8

1-57
2-15
1-3
1-43

5-13 ..

..

..

-

2-72
2-65
2-52

1-60
2-45
3-43

3-31

1-7

1-13
2-37
2-45
2 .. 3
1-3

...

1-17
..

1-7
1-40

3-41
1-7

3-33

2-44
1.. 17

4-29 .

:

..

1-13

2-48

2-48

3-26.
3-59 '.

3-24
_

1-3
5-57
1-27
5-27 2-50

2-37
1-40

1-23

-

2-15
2-8
2-76
1-3

4-37
4-21
4-60
4-38'

2-67 3-27

1-20
4-35
4-41
3-19
3-42

2-36
2-20
1-3

1-27
4-20

2-27
3-25
2-5 2-22

...

2-84

2-15

_________________________..._..,._
....;____,__--:'''-.�' c:..' �,_
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Table XVIII concluded.

Dominance Type Stipa comata Stipa spartea
� .... , � ... Koe1eri. Ca1amovilfa SUpa Bouteloua Calamovilfa Bouteloua SUpa

cristata 1ongifolia comata curtipendula 1ongifolia curtipendu1a spartea

Number of stands 2 3 2 2 5 2 4

Range-Drainage Regime 123-166 150-200 176-189 202-263 183-254 230-239 245-330
Gradient

Petalostemum candidum 2-6
Petalostemum purpureum 2-52 2-34 2-16 2-48 4-12 3-11
Psora1ea argophy11a 1-13 1-13 2-10 1-13 2-93 3-23
Rosa arkansana 1-27 2-36 2-74 2-11 1-47 2-18 4-60
Senecio p1attensis 2-67 2-5 3-38
Solidago .issouriensis 2-12 3-33 2-18 2-18 4-61 2-83 4-43
Solidago nemoralis 1-20 1-7 2-18
Stel1aria 10ngipes 1-10 2-18 2-13 3-33 2-42 1-3
Symphoricarpus occidenta1is - 1-13 1-97 2-92 2-12
Viola pedatifida 1-23 3-13 2-30 3-23

· .

,

·

-1. "..,

. }

Andropogon scoparius

Koeler!a
cristata

2

190-254

2-24
2-48

2-33
1-60
1-3

c
.� . .. '

,. t �

1 .... '! J

r \"'1- I' .1

=.



t.bl. lIX.c�B.b.vior of speciea .aaociated within various mid prairie dominance type� Species selected and arranged as in Table XVIII.
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Stipa !Eartea
r'

..-

Ill' Stipe viridu1a
� A. amithiL

�.'

��, �s��r�ea.

Andropogon
scoparius

4••�ithit S. hetero1epl. A. scoparius
.

'

M. richardsonis
S. heterolepis
A. scoparius

S. heterolepi. S. heterolepia
A. scoparius

A. gerardi

2 6 74 9 3

lan8'w�r.taa&. Jeatme
G"'141ea, .264 ... 326

9
361-406217-339 292-387 355-377 376-383 379-422301 ...390

Aaropyroa ..••ithU,j
Acropyroa trachycaa1ua
A.ftrachycaulum var.

A)!oailatera1•.k .if'., " �

Andropoloa·aerardi
ADdropogon;.copartu. '

Joute10ua·curtipendu1a
Ca1aaa,roatls 1nexpana.
Cala.ovilfa·loRlifolia
tarea: brevior.lihtu5
Carex ha11i', t��ifol
Carlx· :ob tUBat. ;'.1 t
Car•• peasy1yantca
Carex'prae,rac:Uia
Care.�tetaaic.!le
Di.ticbli.,.tr1cCa
Ileochafis ,c�pre•••

U.l1ctotr'cho._boo�.r1
8ierochlo.,oderat.
auacu.�balticu'iJ�t.
10e1er1. ,·crbtat. Lo.,.

Mu�lenberlia·'lcb.r�.on1a
'anie.. leiberli1
ranleva �enne••e.n.e

f••leu. Ylrl.tu.�ll.
,oa! ,,',tln.le Ltr"va,
JOflh.strull:autan'�1i
J'411�U.a.1 Irad,,1i1'1c.
�par�1aa peetiaata
jptat9bo1."beter,lepia
"I'.··.part.a,snldld
'tipa 1r�J'id\ll.'��lIno
.eh111ea .illetolium
.IO••��' alauca:llat
..bltOllJi.i,.Uostachya
�ofP�.�c.ne8cea'14
R.osa .rk.l.,lta""

3-61

f 3-10
5-18
1-3

2-5 2-7 5-16
4-8

7-23
3-11

3-17
2-8

3-29
6..93
6-47
4-10
1-10
1-3

2-50
2-51
2-32

2-33

3-4
5-43
6-96

5-27
2-13
1-7

1-3
7-45
7-97
3-9
6-30

3

1-3
-l..f'

('1"':3
,,-15

( 1-17

� '2-20
- - ....
{

» .......

!: ... ,'"

� , .,.
- 2":13

.2-55
�

3-15

: l-:3
t'"'\

�.�

("

1-50
2-23
2.-2lt

3-18
4-51
4-67

5-10
8-31
9-93
2-40
5-19

2-21
3-54
3-81

1-33
1-3

..

1-13
1-20

1-37
1-3
8-18
6-46
4-14
2-22
2-6
4-12

- ....

1-30
3-31
3-23
3-19
3-28

... 2-36
1-3 2-8

3-30
3-10
6-48
2-21
4-37

2-5
1-3
7-9
5-26
1-60
4-35
1';'10

2-12
2-27
1-20

3-26
4-11
5-27
5-40

2-12
2-12
1-50
2-72

1-13
2-70

;.-

2-8 2-3 2-57
1-53
1-20
2-31
2-85
2-50
1-57

5-19
5-16
7-46

1-3t .

- 2-28
3-24
2-20
3-54
3-92

1·7
4 .. 16
6-25
4-22
2-28

2-3r
3;"22!
1-17
2-5

! .

( I:'
t

3:-30
r-"

r }-10
�-...
-3-27
3':"78l

� 3-81
3-4

4-26
7-34
8-32

1-17
4-73
4-37
1-63

3-7
5-37
6-38
1-10
1-43
5-35
4-22
2-40
3-8
4-23
6-89
4-12

...

2-33

1-40
....

5-36
4-30
4-15
4-7
2-41
'5-47
6-87
4';'10
6-34
,3-10
2-11

4-29
3-23
3-50
4-17
1-47
9-60
9-94
3-14
8-25
3-19
3-29
1-10

2-12
1-3

1-23 2-32
2-48

1-37

6-29

4-57
5-31
2-12
6-36
6-21
2-14
4-15
3-11
3-25

2-12
...

- 1-3
2-5
4-91
4-99

4-35
3-9
2-7
1-3

... 1-10
3-96
3-72

2-100
1-10

1-13
2-97
1-7
2-10 2-46

2-47
1-7

3-32
1-7
1-30

3-8
1-37
4-17

...

t �-3
1:-13
�-::

-

..
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�abl. :� c1loutinued.

- -'

Andropogon
scoparius

Stipa 8�.;;..�e_a •
_

_ ,._, Stipa viridu1a 4-� 81Rith�i S. hetero1epia I.. scoparius
"

A. smithi!�

f'
S � .spart�'

A. gerardi M. richardsonis
S. hetero1epis
A. scoparius

S. hetero1epis S. hetero1epis
A. scoparius

!Nusher <Df :Stands 72 4 9 3 6

IRange-'-Dralnage 'Regime
!l;radient 264-326

, -'

JAJU!IIOl1. -canadena is
�..on. :cy1indrica
�one l'atena •.,",

Antennari& eanadeDsis
�ynUII.ibiricu.
�temi.i. ludoviciana
� ter� ,laevi. � � ! l.i
:A8tet: pansua: ,_�ft
�t•• �ta�icold••

'Astragalus 'goniatus
�nula rotundifo1ia
�1r.iUII' flodmanti
�oamandra pa11ida
�epi. runcinat&

Equisetua hyema1e
Erigeron slabe11us ...

-Euphorbia serpy1lifolia -,..--� 3-30- ----�-' -

Galiu. septenrionale 3-51
Gerardia a.pera -

Glycyrrhiza lepidota ...

Ha1ianthu8 1aetif1orus 1-7
He1ianthus aaxiai1iani 2-15
Hypoxi. hirsuta -

Lactuca pu1che11a 2-56
Liatris 1igu1isty1is �

Liatris pycnostachya
Liliua philadelphiculR
Litho.peraua canescens

Lobelia spicata
Monarda fistulosa
Petalostemua canididu.
?talostemu. purpureua
Plantago eriopoda
Polysaia verticil1ata
Prunus pusi1a
Psoralea arsophy11a
Rosa arkansana

C', -.:
- .

-

1�3
(2-12
)-8

F)-�3
...

{)-43
l-'
3�30
2-441 ...

1
..

�

1-7
1-3
-

2-8
3-14

...

...

...

3-48

283-324 277-339 292-387

2-40
1-3
3-20
1-3
3-19
3-31
4-53
4-6
4-54
4-29

4-63
1-3

2-5
9-15
1-80
4-32
5-8
5-35
6-14
9-43
1-40
9-57
7-19
8-18
4-49
2-5
2-8
4-14

..

.' r

2.. 32;
2 10.-
2 50,\

2-55
2 .. 25
1..57
2-33

1-7
2-12 •

2-86

2-10

4-54

2-15
3-5
2-5
2-16
2-30
4-11

7-51
1-7
5-34
7-49
4-29

6-41
6-33

...

...

-

2-8
...

..

... 3-17
3-13

2-35
4-47
2-19

4-38
8-39

4-27

6-29
9-27

2-38
...

.. ..

-

3-12,
4-37

...

1-27
2-46

3-38
4-52

2

301-390 355-377 376-383 379-422

3-20
5-31
2-22·
2-25.
3-19
4-16
6-32
5-38
1-7

.

6-43.
5-12
4-43
3-19
1-17

3-13
3-16

1-17
2-30

2-42

2-25
2-6
2 ...73

...

3-42
3-22
1-23
4-19
4-49
2-12
4-41
2-18
6-25
4-58
4-12
1-3
2-5
1-10
3-66

1-10
2-78
3-35
3-35
3-62
3-42

1-3
2-24
2-45
1-50
2-50
2-45
1-67
2-45
2-20

3-74
2-23
1-33
2-10 2-28

1-19
6-58 3-59 2-48

1-20

2-75

1-37

2-43

2-15
1-3
1-67

3-25
4-30
5-27

4-48
6-18
3-21
1-3
1-7
3-14

2-33
7-43
2-7
5-33

4-26
6-30

6-24
2-5

1-30
3-51
2-11
2-10
1-10
1-70

5-40
3-19
-

1-.7
3-56
3-15
1-27
4..;25
6-22

3-9
3-43
2-6
1-3
2-50
3-42 2-41

..

...
. 1-10

3"':38
3-38
6-54

1-43

3-7 2-50

,

F
I.

9
361-406

2-21
4-23

2-3
3-5
2-5
5-16
7-54
-

7-32
5-25
4-26
3-30
3-27
2-6
2-3
1-7
3-17
1-7
4-28
.6-22
7-25
2-8
5-47
5-19

5-10
2-20
2-6

4-23
4-52
1-30
3-14

5-14
6-49
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.

"

l)cmlnan.;e Tvpe
• -. Stipa spartea

l .. �.- j

DOilinanc. Type
f :h t. .)

• 1 t: ";' •

SUpa viridul. "t1.A ••i�hii
A. smithii

----- ... ------

---- $.- spartea--------

S. heterolepis A. scoparius S. heterolepis
A. scopariua

A. gerardi

"

M. richardsonis

S. heterolepis
A. scoparius

S. heterolepis Andropogon
scoparius

, ....... "---"

3
Numbero(-Stiuids

-_ -
----�- 3

-� ----}
- -_ -�--4

- ,

9 2 6 7
6

j:"�1 ie �"� . ',L �
�

'.
,.

Range-Drainage Regime
-

Gradient
,�-

- --- �-264-J26

'II'

277-339 292-381 301-390 355-371 316-383 379-422

r
.

.
.

' .

r 3-9
.

2-5 5-33 1-7 1-53 3-19

!...4-48 8-45 4-58 3-63 2-20 6-46

3-24 5-20 1-33. 3-20 2-22 1-7

1-3 1-39

·1-10 7-13 3-18 ' 2-1 6-41

3-53 1-39 6-20 3-43 4-23

1"'7 7-11 3-18 2-7 1-43 4-12

3-31 5-30 4-36 2-18 2-37 5-29

3-9 8-20 3-31, 2-12

3-26 5-32 3-38 1-33 2-6

1-13 1-19 3-24 1-1 2-18 6-10

. 2-32 8-21 5-23· 2-40 3-21

1-3 1-14 4-7 2-31 2-16 4-17

3-14 6-20 4-11 3-21 2-43 4-25

9
361-406

AnJ t It' '" i . 'l '1 • II

Radbecld._ .eroUn. :.!

Senecio,plattenaJ. t.!

St.syrinchium montanua �� t
� J.c11ut>�.ta

Solidago canadanaia.
Solidago ai.sourienai.

Solidag� .eaor_11.

Solidago I'igida·�
Syaphorie_rpo.�ecident_11a

n_1ictf_ ·,yenu10.ua f·.

Viol_ "api1i01l_ce. � I -'l

Vt.l.�....tlf1lal ��_r
%i8i_ apter.l�� � �

Zig_denus ,;.leg8n.. ,=t ... -t

t if-N.t sns f"-l � 't

..

1-60 ......

4-16
6-56
3-9
2-14
5-23
2-16
5-22
6-35

,
"

. '1

.. fI: 2--21
1-3

f 2-20
. 1-60

1-7
2-27
-2-21

f'_ 2-41
U?-

2-28

4-19
2-3
6-15
4-16

U..l,.t;;.:��l"'�� �,_._� ... ,-\'4

Hl"rdeUlll j ul·&(' u-,

Jl.luCUS biB::J �u;)

Koeleri1 C�ist3L�

Muhl@nc.rgia r���

M-..1hleqbf"l'f,1a ri,_""

Pa"iculft l, ..... �:t\..f'

P3nic� l�ib��g!�
Panicull tf.'rlne'.!��·'\

Pantcua �it���U�
POll pr.teadt
Sorghasttu'llt nu!.a• .,

Spartin& &[a�11!r
Sparli11A pect.1mH
Spor..:tbol ..... h�te::;"

Stl-pa ff_!\Brt�a
ALhi11e:t mi:_,..f

.Ain(.T').i� psi. -�t·.,..

Alrilrp".� �an"'.�'-- .. r j

Anef!'<ru. cana 'iCt'H t

Ante�n4�i� ,a�a�'

lor -e
(:1 �
r: -

C1-�

t -!
f--�
01 �

� f -1

� 1
.,

\ - 1

(..
;"'-[

..

1-3
2-63
..

-

..

2-22
..

2-16
1-3
-

..
t't'_(
"tI

..

Ht
!::� ..

!�I

r
t-

4

!_
• t

r.l. •

t- ...

\
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tabl. 1l.c08ehav1o� of species associated within various mid prairie, lO� prairie and high prairie dominance types. Species selected and arranged as in Tables XVIII and XIX.
, .

'

r'
,"- , ... ,

\)oIItunc. 1'1,. Andropogon gerardi A. gerarcit
it

S. heterolepi' A. gerardi M. richardsonis A. gerardi A. gerardi S. pectinata C. inexpansa
A. .copariu. A.· .copariu. A. gerardi A. getardi S. pectinata C. inexpansa

S. D._tau A. scoparius
�f

!

,�.� •• Stand. p 22 11 7 19 , 9 6 5 4
�

�

1aD.g.�,l)n,�nag. i
<

J."�,, ��acUe�\ "288-484 328...483 368-477 321-489 436';'450 403-507 442-557 600-700 575-700

.,.l'o'Yl'on ·iI1litlJU.l- . t r 17-27 4..5 3-24 16-31 3-16 8-35 5-21 1-20

"dl'opogoQ,aerar.t . '\ 22-87 11-90 7-91 19-99 4-85 9-99 6-88 3-58 ...

ADdtopogon .copariu. ! r 22-89 11-89 7-52 17-17 4-82 8-16 5-39 ...

Jout.lou.�vrtipendula '-28 9 ...23 1-3 4-19 !". 3-3 3-15

�1..alro.t1. inexpan.a 12-29 d4...28 7-32 15-15 4-38 7-27 6-80 5-59 4-91

CareJt atberode. t .. ,. "" 1-20 1-40

eare•. ,breYior·.� at�.., L - t'"� ... 3-33 1-3 1-10 ...

�are. hall!!: ��if .

..
- ( 1...10 3-9 1-20 ..

�al'e. laeviconie. ,. '- - ... 1-77

Car••.lanuginos. - '- 1...23 3-94 4-87
,

-

'area: .obtu.ata '-'·e f-5-16 .... 1-27 5-8 -

ear.. "e�.,1••nica �.12-19 6-24 3-18 7-18 3-24 4-19 2-14 ..

.
Car... praegr.cill.f� t 7-9 3-8 4-39 13-21 3-17 8-17 4-14 2-24 4-27

c.re�;.ar�el11'a�a }' f ... 4-14 3-38 1-53 3-66 4-39

Cal:'.ex· tetanic. r i �Ila 1 .. 14-42 11-41 7-55 19-40 4-58 9-50 4-65

11eocbari. �oapre8S. � ,-23 6-20 5-37 15-23 4-16 7-26 5-37 .. ...

Ileoch.ri. ,.lustri. l _

1
- ... - 2-46 2-12

llelie,otrichoQ. -.hook..ri j , '-28 1.... 10 1-33 .:.. 1-3

Iliercbloe·�dorat.li. ,._ 3-24 - 2-13 1-10 0 0 1-7 1-3

8o�delft 'ubat.. - - ..... 1-10 1-55

JUPcu.,b�lticu.'a '\ 13-21 8-29 5-18 13-20 2-27 8-14 6-30 3-37 4-44

lottlet:i. crbtat•• i-415-25 ,6-9 7-26 11-16 3-16 4-10 2-11

!f."hltlnberSi� 'J'ac8lltosa
-r 4-16 2-3 2-3' 8-12 1-20 4-14 2-3
-

Muhl�qberBi. richardsoni. t'.17-29 .8-16 7-40 11-12 4-92 5-15 6-42 ...

l'l\nic'Pt r
, Jt..ch.,..... (" ., f -1-33 1-10 1-43 ...

�.ll�c;tq, leibergii I 2-8 : ' ...12 1-73 7-15 ..... 4-25

ra��q"" tennes...n•• .. - • - 1-23
ran.1�. !Virgatura .j i J .. r I 16-30 r 7 ...11 6-23 16-27 2-43 8-31 5-27

�Q.' :Pl'aten.i. '. -,T'ur. l14-47 i 9-18 5-25 13-21 2-21 5-17 3-11 2-16 1-5

SO�8hastr� nutan, t·12-24 '11...81 3-27 3-9 3-31 3-16

Sp_ra;� graci1i. lat LU-7 r 2-13 3-5, 3-10 2-18 5-27 4-12

SparUna, pectinata1:w -11-18 3...9 3-15 19-24 3-45 9-75 5-31 5-98 4-65

Sppt�bolu•. bet.ro1.pi. l.5-40 9 ...27 7-89' 13-27 4-62 6-16 6-35 -

8ttp....partea �.Uf\"'.a t {16-34 r,...16 5-58 10-18 ,1-7 6-14 4-9

4ch;l.Ue. aillefo1iua ;: 16-14 5-15 4-31 11-20 2-12 1-7 1-5 -

Aabrp.ia pa11ostacny. .13-21 1-6 13-16 2-60 5-20 5-30 2-3

�rpqa �anescena #0 ... 1-11 ( 3-22 1-3 5-7 ... 1-7

AneaQq. canadensia... �9-19 .{ 4...1 2-75 14-42 1-13 7-50 2-7 2-73

�teN1a:ri.. t:anadensis 14-29 ('.1...18 2-14 3-20 1-47 1-33
�I. !.
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tabl. IX continued.
�

Do.1nanc. typ. Andropogoft gerardi A. gerard1t- J. S� hetero1ep1s A. gerardi M. richardsonis A. gerardi A. gerardi S. pectinata C. inexpansa
A. acoparius A. scoparius A. gerardi A. gerardi S, pectinata c. inexpansa

.. � S. nutans A • scoparius
f

, , " '

IUaber of Stands 22 11 H 7 19 4 9 6 5 4

lac-Draiug.
,

b,iIIe Gradient 288-484 328-4B1 1" [ 368-477 321-489 436":'450 403-507 442-551 600-700 575-700

Apeey!iUII dU.biricUll ' 11-13 9-1S;- ;.r 4-12 8-13 ;3-9:: 9-13 "5-U 8-1'
At••ariallat.rifo1i. ' 4-6 \ (. - 5-32 2-6 2-7
A841ep1&••••lifo1ia 11....15 3-11 - 3-3 10-5 2-20 3-11 3-4 2-11 3-24

,

Aaf!.l!�"Yi. p _"j 11-34 7-2.,t -H 5-27 12-33 3-36 6-11 3-8
£af..1S }.paneua '�J. f -I 21-26 11-32' I- 7-34 19-52 4-66 9-49 6-66 2-3 1-10
.ue.�:-.impl.s -: 9-10 - t. 2-25' ,r 2-8 9-29 1-3 7-32 4-16 3-15 4-60

Mt:upl.U•.1g.....m.'�a 19-25 7 .... 24:· ' .

5-47 14-29 1-57 5-18 2-25. -

Caapanul. -.totundifoli. 15-21 11-21. 4-8 4-9 2-11 1-3 2-15
eo.MAdr... ,pa11ida '-�' r- 13-27 f -' 8-U� 5-33 4-10 3-52 1-3 5-15 -

C�UtI.&'U.c:1nat. 9-11 r j 5-29 - 5-16 3-5 4-25 1-7 5-21
�:Aq'_a. 'r:-� 3-16 7 � 3-3S 2-10 ... 1-3 2-29 1-1 2-16
f4at'7iw'tla tty_I. t -1. 7-22 7-10 3-13 3-35 3-13 1-10 3-20 1-3 1-30
!uph�rb1ar8erpy11ifoli. 5-21 1-3 1...:3 .. 2-3 -

I'raguf.a.,"..trginiana -�
, 4-16 .. 3-3' 1-.\ 1-43 6-13 3-14 2-15 3-8

GaU,.. raepteatriona1e\ 15-42 f'-t 10-301 J 4-62 11-47 '-38 3-41 2-5 2-50
tUyeyrthi"- ·lepidota i 12-31 2-3;l-�1 1-50 8-36 3-12 2-28
Be1iaathu. ',giganteus !. - Ior-t 1-3 & 1-3 1-13 1-43 1-13
Ba1iaathua ..laetiflorua 15-36 p'·r 8-25 -� 6-27 12-30 3-4 6-41 3-10
Helianthua .aximi1iana 15-21 4-9 5-39 18-24 3-44 7-38 6-60
Hypoxia hirsuta 4-14 4-34. 1-30 �-32 .. 1-7

_______,..___._-.............. -

Lactuc'-pulchel1a 17-22 7-19 4-22 12-19 ... 5-27 6-35 1-3 1-3C

Lathyru. palustri. 3-32 1-10 3-9 9-18 3... 18 3-14 2-8
Liatri. ligu1isty1ia 11-22 8-13 4-35 11-15 .3-35 5-12 2-39
Liatria pycnostachya 4-38 3-11 2-21 1-10 '2-25 3-27 4-27

Lithosper.ua canescens 13-16 5-19 5-21 2-22:. I 2-3 1-3
Lobelia .picata 11-12 4-15 1-30 4-17 4 ... 21 2-3 2-8
Monarda fistu10sa 3-43 1-30 2-5 1 ... 3
r.ta10.temua candidua 10-33 3-37 2-50 1-37 1-13 2-17 1-17
rata10atemua purpureua 14-56 4-16 6-21 13-33 4-49 4-7 4-75 ...

Plantago eriopoda 3-10 '1-17 1-3 ;1-43 1-27 3-28
'"

.. ...

Po1yga1. vertici1lata 5-21 3-19 1-1 7-16 ,2-40 1-23 2-10 :-�

Po1ygonua amphibiua - 1-41 2-8
Potentilla anserina 1-1 2-20 1-43 - " 1-25

"

Prenanth.a racemo.a 8-6 7-10 4-20 3-16 :1-10 4-13 1-7
Psora lea argophy11a 11-26 8-28 1-33 4-24

, - 4-25 -

Ranunculus cymba1aria 2-25
Rosa arkansana 21-42 8-16 6-39 17-44 3-23 9-44 6-39 3-21 ...

Rudbeckia aerotina 10-13 8-22 6-16 3-22 3-5� 1-7 1.. 15
Salix 1utea 1-40 -

,� [ r-

}

..
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Table XX concluded.

Dominance Type

;

A. gerardi
A. scoparius
S. nutans

S. heterolepis A. gerardi
A. gerardi

M. richardsonis

A. gerardi
A. scoparius

A. gerardi
S. pectinata

A. gerardi
C. inexpansa

S. pectinata C. inexpansaAndropogon gerardi
A. scoparius

Numbef�6f Stands
fr ,"

.. 22 11 7 19 4 9 6 5 4

Range-Drainage
Regime.._Gtadient 288-484 328-483 368-477 321-489 436-450

3-64
3-21

403-507 442-557 600-700 575-700

16-30 6-61 2-8

2-5 2-5

8-34 5-25 2-6
1-7 1-3

1-17
6-30 2-35
1-13 2-40 3-26 3-23

3-42 1-3
2-28

2-29
1-3 2-5

1-3 2-75

2-9 1-30

4-32 4-13 1-25

6-36 1-10
2-7 4-10

3-51

Senecio p1attensis 20-37

Sissyrinch1u. montanum 8-9
Smi1acina.ste1lata 2-48
Solidago'canadensis 14-26

Solidago .1ssouriensis 15-19

Solidago'nemoralis 12-13

Solidago rigid. 14-29

Stachys 'J>alustris 5-6

Symphoricarpo. occidenta1is 8-41
Taraxcwa 'officinale _. -, 4-5
Thalicttu. venulosua" 9-26
Trifoliua praterise 4-24

Trig10chin aaritiJla '.;.

Vicia americana" �

Viola papilionac.e&
Viola peda�ifida v t.: ic'::i
Zizia aptera' �:!acilie
Zigadenus .leganalil

10-23
4-13
2-6
8-35
6-6

7-21
6-23
1-3
1-3
1-7
1-3
1-27

6-30
4-24
1-50
6-35
3-21
2-5
6-31
2-8
1-7

14-32
5-7

�3-38
3-17

14-32
4-6
2-13

13-41
2-16
5-22

4-31

3-16
3-59

5-31 6-27

1-3
1-3
2-5

5-14
13-19
13-23
12-17
5-17

5-14
5-24
8-11
7-16

4-26
2-20
5-22
5-20

4-11
6-19

14-37
8-28
2-8

2-30

•• '�. ',1.:.: :"

Il: C_,'" i � � 1 �

L� ._, .... ,t.l,l' f
1;" .''(_ ,.
�. }- -t_ ••

[1 .. :. I.,. _" r ..

l:-r'j'l:.:.
)'.'...l'" -.:

•

� -

. _.

1.
1.

..... t' l 1,.....
1
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APPENDIX B

Scientific and common names of common species encountered in the

grasslands of the Red River Valley. Section A includes the

graminoid species and B the forb species.

Scientific Name Common Name

A. Graminoid Species

Agropyron amithii
A. tracbycaulum
A. tracbycaulum var. unU •

.

Andropogon gerardi
A. scoparius
Boute1oua curtipendula
B. gracilis
Calamagrostis inexpansa
Calamovilfa longifo1ia
Carex brevior

C. hallii
C. laeviconica
C. 1anuginosa
C. obtusata
C. peneylvanica
C. praegraci1is
C. sartwellii
6. tetanica
Distichlis stricta
E1eocharis campressa
E. palustris
He1ictotrichon hookeri
Hierochloe odorata
Hordeum jubatum
Juncus balticus
Koeleria cristata
Muhlenbergia racemosa

M. richardsonis
Panicum 1eibergii
P. per10ngum
P. virgatum
Poa pratensis
Sorghastrum nutans

Spartina gracilis
S. pectinata
Sporobolus cryptandrus
S. heterolepis
Stipa comata

Western Whaatgrass
Slender Wheatgrass
Bearded Wheatgrass
Big B1uestem
Little B1uestem
Side-oats Grama
Blue Grama
Northern Reedgrass
Big Sandgrass
Sedge

n

n

n

n

Penney1vania Sedge
Sedge

n

"

Saltgrass
Spike-Rush

n

Spike Oat

Sweetgrass
Squirrel Tail
Baltic Rush
Prairie Junegrass
Marsh Muhly
Mat Muhly
Panic Grass

n n

Switchgrass
Kentucky Bluegrass
Indian Grass
Alkali Cordgrass
Prairie Cordgrass
Sand Dropseed
frairie Dropseed
Needle-and-thread
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APPENDIX B continued.

Scientific Name

S. spartea
S. viridula

B. Forbs

Achillea millefolium
Agoseris glauca
Ambrosia psilostachya
Amorpha canescens

A. nana

Anemone canadensis
A. cylindrica
A. patens
Antennaria canadensis
A. parv1folia
A. sibiricum
Arenaria lateriflora
Artemisia caudata
A. frigida
A. ludoviciana
Asclepias ovalifolia
Aster laevis
A. pansus
A. ptarmicoides
A. simplex
Astragalus goniatus
Campanula rotundifolia
Chr,ysopsis villosa
Cirsium flodmanii
Comandra pa1lida
Crepis runcinata
Echinacea angustifolia
Equisetum arvense

E. byemale var. affine
Erigeron canadensis
E. glabellus
Euphorbia serphyllifolia
Fragaria virginiana
Galium septentrionale
Gerardia aspera
Glycyrrhiza lepidota
Helianthus giganteus
H. laetiflorus
H. maximiliani
Hypoxis hireuta
Lactuca pulchella
Lathyrus palustris
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Common Name

Porcupine Grass
Green Needlegrass

Common Yarrow
Prairie Dandelion
Perennial Ragweed
Lead Plant
Dwarf Lead Plant
Canada Anemone
Cottonweed

Pasque-flower
Pussytoe

n

Indian Hemp
Broad-leaved Stitchwort
Sage
Fringed Sage
Pasture Sage
Prairie Milkweed
Smooth Blue Aster
White Prairie Aster
White Upland Aster
Tall White Aster
Milkvetch
Harebell
Golden Aster
Prairie Thistle
Bastard Toad-flax
Hawksbeard
Purple Coneflower
Horsetail

n

Horseweed
Daisy Fleabane

Thyme-leaved Spurge
Strawberry
Northern Bedstraw
Rough Gerardia
Wild Licorice
Sunflower
Stiff Sunflower
Narrow-leaved Sunflower
Yellow Stargrass
Blue lettuce
Marsh Vetch1ing



APPENDIX B concluded.

Scientific Name

Liatris 1igulisty1is
L. pycnostachya
Lilium phi1ade1phicum
Lithospermum canescens

L. incisum
Lobelia spicata
Monarda fistulosa
Oxalis stricta
Petalostemum candidum
P. purpureum
Plantago eriopoda
Po�gala verticillata
Po�gonum natans
Potenti1la ansl:lrina
Prenanthes racemosa

Prunella vulgaris
Prunus pumila
Psorelea argophy1la
Ranunculus cymba1aria
R. arkansana
Rudbeckia serotina
Sallx 1utea
Se1aginel1a rupestris
Senecio plattensis
Sis,rrinchium montanum

Smilacina stellata
Solidago canadensis
S. missouriensis
S. nemol"a1is
S. rigida
Stacbys palustris
Stellaria longipes
Sygtphoricarpos occidentalis
Thalictrum venulosum

Triglochin maritima
Vicia americana
Viola papi1ionacea
V. pedatifida
Zizia aptera
Zigadenus elegans
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Common Name

Round-headed Blazing Star
Tall Blazing Star
Wild Lily
Hairy Puccoon
Narrow-leaved Pucco on

Palespike Lobelia
Wild Bergamot
Yellow Wood Sorrel
White Prairie-clover
Purple Prairie-clover
Alkali Plantain.
Whorled MilkYort
Smartweed
Silverweed
White Lettuce
Selfheal
Sand Cherry
Silver Leaf
Seaside Buttercup
Prairie Rose

Black-eyed Susan
Yellow Willow
Small Clubmoss
Prairie Ragwort
Blue-eyed Grass
False Soloman 1 s Seal
Tall Goldenrod

Early Goldenrod

Gray Goldenrod
Stiff Goldenrod
Hedge Nettle
Stitchwort
Wolfberry
Early Meadowrue
Arrow-grass
Wild Vetch
Cammon Blue Violet
Prairie Violet
Meadow Parsnip
Camas
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APPENDIX C

A series of photographs to illustrate the over view of the Red
River Valley and same of the vegetational types encountered in the
study.
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Plate 1. Aerial view of Red River Valley showing general low

topographic variation. The low ridge in the upper

background is the Herman Beach area forming the rim of

the Valley.
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Plate 2. A low prairie stand of Andropogon gerardi.

Plate 3. A close up view of an !. gerardi, !. scoparius,
Sorghastrum nutans stand. Liatris ligulistylis,
an important mid and low prairie forb is prominent
in the foreground.
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.Plate 4. A stand dominated by Stipa spartea on the Ojata beach
ridge, a minor beach in the Glacial Lake Agassiz Basin •

. Plate 5. Close up view of Stipa spartea stand showing a rich
forb component with Solidago missouriensis the most
prominent.
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�late 6. An Andropogon scoparius, Stipa spartea stand in the
Herman Beach area. Autumnal aspect shows prominent
appearance of !. scoparius.

Plate 7. A Stipa spartea, Bouteloua curtipendula stand in early
August showing rich forb component of Psoralea

argophYlla and Amorpha canescens.



159

Plate 8.
I

Andropogon gerardi
as high secondary.
one meter.

stand with Sorghastrum nutans
The average height is slightly above

Plate 9. A low prairie stand with Sorghastrum nutans, and

Spartina pectinata in flower. Calamagrostis inexpansa
is also evident in the complex.
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