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prairie

TO MOST AMERICANS, the word “Prairie” suggests
either a romantic element in pioneer fiction or a
vast expanse of level land which must be crossed
in going from one coast to another. But to the
botanist, the American Prairie is a wonderfully
complex society of living organisms.

This book tells the story of that society—the
variety of its inhabitants; the constitution of its
several communities; the internal struggles for
domination of the society; and the battles of the
Prairie as a whole against its two most vicious
enemies, drought and overgrazing. Most striking,
perhaps, is the story of that portion of Prairie
which is seldom seen—the extensive and intricate
“Prairie underground,” with roots occasionally ex-
tending over 20 feet deep.

The information presented here is the product
of long and painstaking scientific research; yet it
is conveyed in terms that the general reader can
understand, and it is made vivid by some 200 ex-
cellent illustrations. The expert on grasses will
find here scientific data never before made avail-
able; the cattleman will acquire practical advice
on how best to utilize the prairie grasses; and the
layman will enjoy that rare experience of discov-
ering a new world filled with life and struggle.

This is the first comprehensive book ever writ-
ten about American Prairie. And it comes from the
pen of the one man who, more than any other, is
qualified by training and experience to write it—

Dr. John E. Weaver. (See back flap.)

J. E. WEAVER

LINCOLN NEBRASKA

$5.00

DR. JOHN E. WEAVER, professor emeritus at the University
of Nebraska, is a man internationally known and re-
sEected for his work in the field of plant ecology. During
the past 40 years he has authored or co-authored some 8o
articﬁs, 4 monographs, and 11 books. So valuable are
his authoritative studies of root activities, drought, and
the structure of grassland, that for 27 years he has been
listed by American Men of Science as one of the na-
tion’s 100 outstanding botanists.

His professional experience includes 8 years as research
associate for the Carnegie Institution of Washington, 10
years on the editorial board of the scientific journal
Ecology, and 10 years on the National Research Coun-
cil's committee on the ecology of grasslands of North
America. He has been president of the Nebraska Acad-
emy of Sciences and the Ecological Society of America,
and an honorary president of the 19so International
Botanical Congress.

Dr. Weaver has influenced the field of ecology not onl
through his own publications but also throu;iyhis wori
as a teacher at Washington State College, the University
of Minnesota, and (for 38 years) tie University of
Nebraska. Students from all over the United States and
many foreign countries have come to Nebraska expressly
to work under Dr. Weaver’s tutelage. He has supervised
about 40 doctoral dissertations, all of which have been
published.

The present publication represents, indeed, the very
peak of Dr. Weaver'’s achievement, for it distills the re-
sults of a lifetime’s uninterrupted, laborious field research.

Dr. L. A. Stoddard, of Utah State Agricultural Col-
lege, in reviewing an earlier work by Dr. Weaver, wrote:

There comes occasionally to every scientific field a man
who is so enthusiastic, and so devoted to his work that
it becomes his very life. To him nature seems to unfold
her secrets in response to his devotion; his ability to un-
derstand and communicate with nature becomes an in-
spiration to students and fellow workers alike. Such a
man is John Ernest Weaver in the field of American

grassland ecology.

JOHNSEN PUBLISHING COMPANY
LINCOLN NEBRASKA
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Preface

Pra1riE is composed of many different species of native American plants.
It appears as an inextricable mass of endlessly variable vegetation. One
glories in its beauty, its diversity, and the ever changing patterns of its
floral arrangements. But he is awed by its immensity, its complexity, and
the seeming impossibility of understanding and describing it. After cer-
tain principles and facts become clear, however, one comes not only to
know and understand the grasslands but also to delight in them and to
love them.

More than forty summers have now been spent by the author in a
study of the annual renewal of growth, development, and fruition of
North American grassland. This included the direction of numerous
graduate students who became interested in some of the countless prob-
lems presented by vegetation. It has been my practice to write the story
of the prairie and the studies made therein at the time the field work
was under way. The intimate acquaintance one makes with plants by
living with them month after month must be recorded completely and at
once, lest it fade from memory with the passing of time. One cannot well
describe a root system he excavated many years ago, any more than he can
vividly relate the terrible life and death struggle of vegetation during
severe drought, a long time after it has occurred. Moreover, the many
observations, experiments, and findings made and recorded in the past
must be correlated and judged in the light of other findings to the present
day.

Early investigations have been recorded in scientific books and maga-
zines, many of which are now out of print or difficult of access. It has
long been the desire of the author to write a simple, coherent story of the
prairie, scientifically accurate, but in nontechnical language for the gen-
eral reader. It is the reader’s right and heritage to share the wonders and
the beauty of the living prairie landscape. A secondary purpose is the
bringing together, so far as is possible, the findings of other workers—a
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record of accomplishment that is widely scattered through the literature.
This could best be done by consulting and abstracting materials from
various publications. Therefore permission was asked and promptly given
by the Carnegie Institution of Washington, the Duke University Press,
Ecological Monographs, Ecology, and several other botanical journals to
re-use materials originally furnished by the author. Similarly, permission
to re-use his numerous bulletins published by the University of Nebraska
Conservation and Survey Division has been given. Such sources of ma-
terials are carefully cited in the text. Only by such cooperation has this
book been made possible.

The writer has been fortunate in living in that portion of the prairie
that has “resisted civilization” longest, and where numerous large typical
areas of grassland have been accessible for study. The prairie has been
thoroughly examined as to its way of life both above ground and deep into
the soil, which it so efficiently protects. Extensive experiments have elu-
cidated many problems. While teaching plant ecology and special courses
on grasses and grasslands, the scope of the work has been broadened and
deepened by the aid of a large number of advanced students who have
sought graduate study in this field. It is now my final pleasure to bring
together the findings of students everywhere and humbly tell the story of
North American Prairie.

Both common and scientific names of grasses are according to Hitch-
cock and Chase (1950) revised Manual of the Grasses of the United
States. Other scientific names follow Gleason’s (1952) New Britton and
Brown Illustrated Flora, and common names are nearly all according to
the second edition (1913) of Britton and Brown.

The author is indebted to Dr. Herbert Hanson and Dr. Raymond Dar-
land for reading certain chapters and to Dr. I. M. Mueller for reading
the entire manuscript.
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CHAPTER 1

T he Nature of Grassland

and Grasses

WaeN the white man came to North America a magnificent grassland
occupied the central part of the continent. From Texas it extended North-
ward to Manitoba, where it gave way to Boreal Forest. From the forest
margins of Indiana and Wisconsin it extended westward far into the
Dakotas and half way across Kansas. This great area of waving grasses, be-
decked with wonderful flowers, was designated by early settlers as Prairie.
Beyond, an even more extensive but drier and sparser grassland stretched
away to the Rocky Mountains. This was early designated as the Great
Plains (Fig. 1).

The vast prairie is in summer a land of waving grasses. Except for its
grandeur of expanse and the abundance of varicolored flowers, it appears
almost monotonous in the general uniformity of its cover. The dominance
of grasses, the paucity of shrubs, the absence of trees, except along rivers
and streams, and a characteristic drought-enduring flora constitute its
main features.

The prairie is a closed community. From a half-inch below the surface
to a depth of 3 to 6 inches, the soil is occupied by roots and rhizomes, and
less frequently by bulbs, corms, tubers, and their outgrowths. A dense net-
work of roots extends several feet in depth. Everywhere the soil is so thor-
oughly threaded with plant parts as to form a dense sod. The mass of veg-
etation is limited by the available supply of water. Plants not native to
prairie are kept out. Grasses constitute the bulk of the vegetation but forbs,
scattered throughout, are an important part. Long life of the individual
and much vegetative reproduction are characteristic of prairie. Many
plants have a life span of 10 to 20 years and some may persist much longer.
In winter the plants are alive only below ground. But renewal of growth
is so rapid in spring that even where the former cover has been removed by
mowing or burning, the foliage soon becomes so dense that light near the
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F1G. 1. Examples of North American prairie. Portion of a several-

hundred-acre prairie near Lincoln, Nebraska (upper); prairie

stretching away to the horizon (center) in the Flint Hills near

Manhattan, Kansas; and a close view of Iowa prairie northeast
of Atlantic.



soil surface is often reduced to very low intensities. This occurs despite the
fact that the prairie is typically a land of sunshine.

ORIGIN OF PRAIRIE

The origin of North American grassland dates back about 25 million
years to Tertiary times. It resulted from the uplift of the Rocky Moun-
tains and subsequent changes in climate, especially reduced precipitation.
“As the mountains rose, they intercepted the moisture-laden winds from
the Pacific Ocean. Water was precipitated chiefly on the west side of the
mountains, and the winds which came over the mountains to the east-
ward were dry and produced comparatively little rainfall. There was de-
veloped on the eastern side of the mountains a region of low summer rain-
fall and still drier winters. In such a climate tree-growth was impossible
and the forests gradually disappeared. They were replaced by a vegetation
of herbaceous plants, chiefly grasses. This vegetation persists today on the
great prairies and plains which occupy a triangular area in the center of
the continent, with one side of the triangle along the Rocky Mountains
from Texas to Saskatchewan and its base extending east to Indiana” (Glea-
son, 1952). Thus present day prairie is preglacial in origin and has de-
scended from the climatic prairie of Tertiary times. It has undergone many
vicissitudes during and following the glacial periods. But large portions of
the southwest now occupied by prairie have never been glaciated. Gleason
(1923) has given an extensive account of the vegetational history of the
middle west from preglacial time to the period of settlement.

EXTENT AND UNIFORMITY

The prairie, now designated as True Prairie, originally occupied all the
region lying east of the plains vegetation or Mixed Prairie and the western
margin of the great Deciduous Forest. The westerly border of the forest
from Minnesota to Texas was usually dominated by oaks but hickories
also were more or less abundant. “True prairie extended from southern
Manitoba diagonally through Minnesota to southwestern Wisconsin and
included the northern two-thirds or more of Illinois and part of northwest-
ern Indiana. It included northern and western Missouri and the eastern
half of Oklahoma for the most part, passing into the coastal prairie in the
region of the Red River” (Clements and Shelford, 1939). More recent, un-
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published studies indicate that it extends southward about halfway across
Texas (Allred and Mitchell, 1954). The topography which this grassland
occupied was essentially a series of plains. Prairie covered level lands,
knolls, steep bluffs, rolling to hilly land, valleys, and extensive alluvial
flood plains.

In his studies of the prairies in lowa, Shimek (1911) states: “No matter
what may be the variation in the surface characteristics of the prairies
there is comparative uniformity in the nature of their floral covering.” The
flora is the same though the vegetation may be thinner or thicker from
moist borders of swamps, lakes and streams to the highest and driest ridges
of loess. “Neither topography nor geological formation determined the
character of the flora . . . the flora is practically the same . . . and this flora
is the best ear-mark of the prairie.”

The most significant test of the uniformity of prairie is afforded by the
presence of certain dominant grasses throughout all or nearly all of the
area. The writer has been deeply impressed by the general uniformity of
the prairies he examined from Minnesota to Missouri and from Oklahoma
and Kansas to the Dakotas. The general unity of true prairie is shown as
strongly and even more visibly by the long-lived forbs as by the grasses.
Many of these overtop and sometimes more or less obscure the grasses.
About 225 species of grasses and forbs ' of considerable importance were
found in the Missouri Valley region (Weaver and Fitzpatrick, 1934). In
a single square mile of prairie near Lincoln, Nebraska, 237 species of prai-
rie plants occurred (Steiger, 1930). About 265 species made up the bulk
of the prairie flora of Iowa (Shimek 1931).

Using as a standard the species lists in “The Prairie” monograph
(Weaver and Fitzpatrick, 1934), Transeau (1935) found the proportion
of species on the prairies of Ohio to be as follows:

Of the 11 majorgrasses . . . . . . . . . . 100%,
of the 22 minor lowland grasses. . . . . . . . 73%,
of the 67 lowland forbs . . . . . . . . . . 84%,
of the 25 minor upland grasses . . . . . . . . 58%,
of the 75 upland forbs . . . . . . . . . . . 40%.

“As the upland prairies of the ‘Monograph’ contain many plains species
it is not surprising that at the tip of the [Prairie] Peninsula the composi-

! Forbs are non-grasslike herbaceous plants.
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tion of upland prairies differs floristically more widely than that of the
lowlands.” Moreover, the prairies of the Peninsula exhibited the same
types or communities as those described in the prairie monograph. “The
western element in Ohio [Prairie] consists of species which are charac-
reristic of both wet or lowland prairies and the dry or upland prairies as de-
fined by Weaver and Fitzpatrick (1934). However, many of the species
which are in the lowland in the west are confined to dry prairie habitats
in southern Ohio” (Thompson, 1939).

CLIMATE AND SOIL

Climate of True Prairie is less humid than that of forest but more humid
than in Mixed Prairie. Along the southeastern boundary from Oklahoma
to Illinois, mean annual precipitation is almost 4o inches. But northeast-
ward along the boundary in northern Minnesota and Manitoba it de-
creases to about 23 inches. Rainfall along the western border in Oklahoma
is approximately 30 inches, in Nebraska about 25, but it is only 20 inches
in North Dakota.

Throughout the entire grassland the climate is more favorable to grasses
than to trees or shrubs or, indeed, to any other type of vegetation. The prai-
rie is characterized by a widely different climate than that of the plains
grassland. Chief differences are the greater precipitation, deeper and more
constantly moist soils, and a greatly decreased rate of evaporation. Precipi-
tation varies from 23 inches in the west-central portion to 40 inches near
the eastern forest border.

Transeau (1905, 1930, 1935) has studied the climate of eastern prairie
and forest over a long period. He states that the annual and seasonal
precipitation-evaporation ratios are undoubtedly lower in the Prairie Pen-
insula than in adjoining forest regions both north and south, as is also the
midsummer relative humidity. Precipitation is notably irregular in its areal
distribution on the Prairie Peninsula.

In his comprehensive study of the climate of the central North Ameri-
can grasslands, Borchert (1950) concludes: “The climatic region coin-
cident with the prairies . . . is actually a broad boundary zone between
steppe [Plains Grassland] and forest. In the climate of the prairie region
forests have a better chance of survival than in the steppe. On the other
hand, grass is better adapted to low winter rainfall, unreliable snow cover,
and occasional severe summer drought of the region . . .. The prairie pen-
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insula has had a climate more like that of the steppe than the eastern forests
during most winters and the summers of major drought years. But during
most summers its climate is more like that of the eastern forest.”

There is much evidence that the prairie climate has been more hostile
to trees than the climates of the surrounding forests. “For example,
Transeau [1935] noted the death of thousands of oaks bordering the prai-
ries in Illinois by the close of the 1913-1914 drought. Albertson and
Weaver | 1945] reported the widespread desiccation and death of forests
and planted groves in the 1930’s in eastern Nebraska. McComb and
Loomis [ 1944] noted the death of, or severe damage to, hundreds of thou-
sands of adapted trees on suitable or even protected sites . . . during the
same period in Jowa. There was no such wholesale damage to woodlands
outside the Grassland. During the dry years of the 1930’s prairie grass as-
sociations moved into areas where trees perished” (Borchert, 1950).

Most of this grassland is on Prairie soil, but a rather large part in the
Dakotas and Minnesota, and to a smaller extent southward, is on Cher-
nozem soil. But here the layer of lime accumulation, normally with dry
soil beneath, occurs at 3 to 6 feet in depth. Over 7o per cent of the precipi-
tation occurs during the growing season in western prairie and is so well
distributed (normally 3 to 4 inches each month of spring and summer)
that the growth of the prairie plants is usually not limited by a deficient
moisture supply. Both Prairie and Chernozem soils are of unusually good
texture and structure. They are rich in humus and dark in color; in fact
they offer nearly every feature generally considered favorable to plant pro-
duction. The late summer and fall droughts, which occur frequently, are
the natural result in part from the luxuriant growth and resulting expendi-
ture of enormous amounts of water, and in part from the lack of rainfall.
They are often responsible for wide-spread and destructive prairie fires.
Within the prairie area is found the most valuable agricultural land. The
grass crops—maize, wheat, oats, etc.—with their roots extending 4 to 77 feet
into the earth and their bountiful yields, attest at once to the deep, moist,
rich soil which was before them occupied by prairie grasses and forbs.

ECOLOGICAL GROUPINGS OF GRASSES

Aside from taxonomic classification, prairie grasses may be grouped,
ecologically, according to their time of growth, habits of growth, height,
drought resistance, relation to grazing, and dominance.

8



COOL-SEASON AND WARM-SEASON GRASSES

The prairie possesses grasses of various extraction. Species of northern
origin are needlegrass (Stipa spartea), Junegrass (Koeleria cristata), Can-
ada wild-rye (Elymus canadensis), and western wheatgrass (Agropyron
smithii). Kentucky bluegrass (Poa pratensis) and penn sedge (Carex
pennsylvanica) are other examples. They renew growth early in spring and

FIG. 2. (Above) Two cool-season grasses; needlegrass (Stipa
spartea) (left), and western wheatgrass (Agropyron smithii).
Both are about 2.5 feet tall and nearly ready to blossom.
(Below) Little bluestem (Andropogon scoparius) (left), and big
bluestem (A. gerardi). They are warm-season grasses. Photo at
Lincoln, Nebraska, on May 18 of a normal spring.

make their maximum development from late March to early June (Fig.
2). Maturity is reached and seed produced in late spring or early sum-
mer. Then they become more or less semidormant during hot weather, but
vegetative growth is usually resumed during the cool months of autumn
and they remain green despite frosts. Thus, they greatly extend the length
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of seasongy] getivity and the period of green forage for grazing animals.

Grasses which have come from a warmer, southern climate are repre-
sented by Jjttle bluestem (Andropogon scoparius), big bluestem (A. ge-
rardi), Indian grass (Sorghastrum nutans), prairie dropseed (Sporobolus
heterolepis), and switchgrass (Panicum virgatum). They renew activity
much later in spring but grow continuously until early fall and thus pro-
duce much foliage in midsummer. Flowering and seed production extends
from midsummer until late autumn, depending upon the species. There is
no late fall growth. Plants with these growth-habits are designated as
warm-season grasses. Side-oats grama (Bouteloua curtipendula), blue
grama (B. gracilis), and buffalo grass (Buchloe dactyloides) from the arid

southwest are also warm-season grasses.

SOD-FORMING AND BUNCH-FORMING GRASSES

Some prairie grasses are sod-forming. They not only reproduce from
seeds but also from underground stems or rhizomes. These extend hori-
zontally a few inches to a few feet from the parent plant and produce new
shoots from their tips or from the nodes of the stem. The result is a dense
thicket of shoots such as one finds in a field of sloughgrass (Spartina
pectinata), switchgrass, or western wheatgrass. Sod-forming grasses may
rather rapidly and completely occupy the soil. This habit is also shown by
buffalo grass, except that here the spreading results from horizontal stems
or stolons above the soil. These may produce both roots and aerial shoots
at the nodes as well as near the tip.

Many grasses form bunches by erect growth of all the shoots. They
spread at the base by means of tillers so that several hundred stems may
occur in a bunch. In prairie, little bluestem, Junegrass, and needlegrass
are examples of bunch-formers.

Sometimes a single species may reveal both the sod-forming and bunch
habit, depending upon conditions for growth; hence this grouping indi-
cates only the general or usual habit. Big bluestem, for example, normally
forms a sod, but it occurs as isolated bunches on dry slopes and also in wet,
poorly aerated soil. Conversely, side-oats grama is usually considered as a
bunch grass, but in shallow rocky soil it may produce rhizomes several
inches long.

The ability of grasses to adjust themselves to the environment by various
degrees of tillering and by rhizome and stolon production accounts in a
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large measure for their successful occupation of more of the land surface
(about 38 per cent of the United States) than is occupied by any other
Jife form. The growth form of grasses has also contributed greatly to their
success. Although the linear and more or less erect leaves receive less
light than if they were broad or spreading, yet grouped in mass and
crowded together, the plant as a whole receives the greatest possible illu-

mination. In midsummer a single acre of prairie may present 5 to 10 acres

of leaf surface. HEIGHT CLASSES

Prairie grasses may be classified into three groups according to the
height they attain. This apparently simple classification is very helpful
and fundamentally sound as an ecological principle, since it is an expres-
sion of the relation of vegetation to the water supply. Big bluestem, switch-

Fic. 3. Tall, mid, and short grasses: Big bluestem (left), needlegrass 4 feet high
(center), Scribner’s panic grass (Panicum scribnerianum) (above, at right), and blue
grama (Bouteloua gracilis). The short grasses are 8 and 16 inches tall, respectively.
grass, and sloughgrass are examples of tall grasses. Any grass that normally
attains a height of 5 to 8 feet or more belongs in this group (Fig. 3). These
grasses were by far the most abundant in Illinois and other eastern prai-
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ries with relatively high rainfall. They also occupy moist lowlands and
deep ravines throughout the prairie.

Where the climate is drier or where rainfall is not supplemented by
runoff water, grasses of a medium height (2 to 4 feet) prevail. Examples
are little bluestem, needlegrass, and prairie dropseed. These are designated
as mid grasses.

In very dry places, such as crests of hills, ridges, etc., especially in west-
ern prairie, there is much loss of water through runoff and blowing away
of snow. Moreover, the vegetation is subjected to great water loss resulting
from exposure to high winds. Here one may find examples of a third
height-class—short grasses. They are usually only 0.5 to 1.5 feet tall. Such
short grasses as blue grama, hairy grama (Bouteloua hirsuta), and buffalo
grass are not infrequent in true prairie, but they constitute relic areas of
little extent, except where favored by overgrazing of other grasses.

Not only do the terms tall grass, mid grass, and short grass indicate an
important characteristic of the species, but also the presence in abundance
of any one of these in undisturbed grassland indicates much about the
water relations of the habitat. Great Plains vegetation, for example, con-
sists not of tall grasses but of mixed mid and short grasses or mostly of
short grasses in the drier parts. The even more arid grassland of the south-
west (Desert Grassland) is characterized by short grasses. But in true
prairie the hilltops and slopes of hills are regularly covered with mid
grasses; tall grasses usually populate only the more moist lower slopes and
lowlands.

DROUGHT-RESISTANT GRASSES

Grasses may also be classified on the basis of their drought resistance.
Species of great drought resistance, such as side-oats grama, blue grama,
and buffalo grass, or those adapted to evade drought, such as western
wheatgrass, usually occur in most of the prairie only in small amounts
(Fig. 4). They are normally unable to endure the competition of taller
prairie species. Consequently they do not normally compose one per cent
of the plant cover. But these species are the reserves adapted to a drier
climate. They spread widely when less drought-resistant, mesic grasses

FIG. 4. Side-oats grama (Bouteloua curtipendula) Cupper left), and western wheat-
grass (Agropyron smithii) (right). (Below) Basal portions of big bluestem and
clipped bunches of needlegrass.
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are fewer and less aggressive. They increase rapidly and occupy largg
areas when great drought occurs and most vegetation is swept away. \

RELATION TO GRAZING

Grasses and forbs, as will be shown, may also be classified on the basis
of their relation to grazing. Some, such as big bluestem and most legumes,
are preferred and selected by livestock and consequently early disappear.
Others, such as certain goldenrods and asters, are scarcely eaten by live-
stock. They remain in a pasture for a long time.

A mixture of many grasses denotes great potentialities of the vegetation
as regards adaptation to seasons of growth, to wetter and drier sites, and
to periods of moist years or to phases of drought. Grasses are admirably
suited to withstand conditions of excessive moisture, great drought, graz-
ing, and fire. Through thousands of years species best adapted to prairie
conditions have been sorted out and now compose the present grass flora.

DOMINANT SPECIES

Certain species of prairie grasses are so vigorous and abundant that their
influence upon the habitat and effect upon other species determine to a
large degree the conditions under which all of the remaining species as-
sociated with them must develop. Such a species is called a dominant. The
struggle for control or dominance between the two most important prairie
grasses furnishes a fine example of adjustment to environment. The sturdy
big bluestem with it great stature, long growing season, and ability to en-
dure shading, occupies the well drained, alluvial soils and often the moist
lower slopes almost to the exclusion of the smaller species, little bluestem.
But this mid grass, although only half as tall, is a keen competitor in its
way. It possesses a finer and apparently a more efficient root system and,
having a smaller transpiring surface than big bluestem, it holds the drier
upland and meets its competitor on equal terms on midslopes or even on
the lower slopes of dry hillsides. Thus, the dominants not only reflect the
impress of climate but also respond strongly to the environment of the
particular habitat.

A dominant or controlling species in prairie has many or all of the fol
lowing characteristics: great abundance, large size (height and volume)
compared with the other components of the community, and a long life
span, which permits permanency of occupation. It is vigorous and hence a
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good competitor, since it is best adapted to the particular soil conditions and
climate. It also has a wide distribution.

[n prairie, the grasses are the regional dominants, although forbs may
Jominate locally where they are densely grouped. The number of such
Jominant grasses is small. The types or communities of prairie are deter-
mined by their presence, singly or in two’s or three’s. These dominants
are so controlling that one could write a fairly good story about the
prairie if he understood only the significance of these. They are only about
Lo in number. The number of important forbs is considerably higher. It is
not the purpose of the author to list all the species that occur in prairie,
which may be found in the taxonomic manuals, but to acquaint the reader
with the most important ones.

IDENTIFICATION OF SPECIES

It is fortunate that one can learn to distinguish grasses, one from the
other, by vegetative characters alone at any period in their development.
For example, needlegrass is a bunch grass of small to medium size with
long, gradually tapering leaves which are corrugated on the upper surface
but smooth and shining green beneath. The attenuated leaf-ends are
nearly always dead, and a conspicuous membranous growth, the ligule, oc-
curs at the base of the blade where it joins the leaf sheath. Sloughgrass has
saw-tooth margins on its very long, coarse, shining leaves. Side-oats grama
possesses hairs with swollen bases on the margins of the leaves, especially
near the base, and some plants retain the zigzag-topped flower stalks for
a long time. The dried, dead, basal leaves are not brown or gray but
bleached to almost white. Thus, each species has its own particular char-
acteristics well known, of necessity, to the student of prairie and of pastures
originating from prairie. They permit him to identify the species during
the entire growing season or even in winter. The distinguishing charac-
teristics of different forbs, before the flowers have appeared or after they
have fallen, are even more marked than those of grasses.

STUDY OF WESTERN PRAIRIE

The prairie has not been studied uniformly throughout. In fact the
castern portion was almost destroyed before it was investigated by bota-
nists. The part that has received continuous ecological study over a period
of nearly 40 years includes the prairie in the western third of Iowa and
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eastern Nebraska, Missouri and Kansas as far south as the Kansas River,
and also the southern part of South Dakota and Minnesota. The study of
a single area of grassland, no matter how complete, gives only a fragmen-
tary picture of the whole. As one travels from one portion of a region to

F1G. 5. Upland prairie at Corning, Iowa, (above) showing an abun-

dance of widely scattered forbs. Mowed prairie near Lincoln, Nebraska,

showing the old-fashioned method of mowing and raking hay. Photo
June 23, 1920.

another, the vegetation varies because of differences in topographic and

edaphic factors as well as from gradual climatic change.
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During six growing seasons (1928-33) almost 200 separate prairie areas
were investigated. Of these, 135 were selected in the six states as typically
representative. Some were a square mile or a half square mile in area, many
were 80 to 160 acres, but a few were only 30 to 40 acres in extent. They
occurred on all types of topography from steep glaciated or loess hills and
almost level upland, to broad areas of first and second bottom lands along
the rivers. Although often separated by miles from another prairie and
surrounded by cultivated fields and pastures, the native vegetation re-
mained completely intact. Each prairie was regarded as a sample plot of
the former magnificent prairie which 6o to go years earlier seemed to con-
tinue indefinitely. Prairie in this study included the territory from the
borders of marshes, lakes, and ponds to the highest and driest hills.

In using this plan one comes to know each sample intimately. All parts
can be examined. The component communities are not too large to visu-
alize from beginning to end. One can compare the differences in types in
various areas and examine the transitions from one to the other. Then
next month or next year he can return to reconsider his judgment in the
light of other findings. This would have been the modern method— ran-
dom sampling of prairie—even if the grasslands had been entirely intact.
Studying the grassland as a continuous whole would have been almost
overwhelming in such a complex entity as true prairie. Subsequent studies
of many other prairies have shown that a sufficient number had been
investigated to permit reliable conclusions as to the composition and
structure of the vegetation. This study gives a general view of vegetation as
a unit; it deals only with the more important facts, principles, and species.

Practically all of the prairies had been mowed annually, some for a
period of 50 to 6o years. The removal of the plant cover by mowing after
it has matured has no harmful effect upon the vegetation. Before the
advent of settlers, prairie fires were common and enormous herds of ante-
lope, bison and other grazing animals trampled the grass, at least locally.
Thus this renovation of prairie was a natural occurrence. It has been shown
that the accumulation of excessive debris modifies the composition of the
vegetation. Even after mowing, the soil is protected from erosion by wind
and water and sudden fluctuations of temperature. There remains a 2.5-
to 3-inch stubble with dead basal leaves. Much fallen debris accumulates
during “hay making,” and nearly always there is some growth late in au-
tumn.
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METHODS OF STUDYING PRAIRIE

The methods of study were simple and direct. The survey was made
with the assistance of Prof. T J. Fitzpatrick and the aid of a graduate stu-
dent. The first objective, upon entering a prairie, was to gain a preliminary
knowledge of the types or communities of grassland it contained, their
extent, and their relative importance. The various communities of grass-
land are delimited by the presence in abundance of a single dominant or
two or three dominant grasses on somewhat equal terms. Even the farmer
or grazier recognizes and understands what is meant by sloughgrass,
switchgrass, needlegrass, or little bluestem prairie. Throughout the great
expanse of prairie only six such major communities occur, three on upland
and three on lowland.

Each prairie was traversed on foot until all parts of it were examined.
The types of vegetation were studied in detail and the transitions from
one community to another were carefully observed.

As one studies prairies, one after another and year after year over a wide
area, he is impressed with the changes in grassland communities, as water
content is affected by topography, which repeat themselves so vividly and
faithfully. In fact he becomes able to visualize that the entire landscape
is a great grassland, a picture mostly blotted out by man but one that can
be reconstructed with such a high degree of clearness and certainty that it
seems only yesterday that the grandeur of the prairie existed in its en-
tirety.

The square-meter quadrat was uniformly employed in ascertaining basal
area, foliage cover, and percentage composition of the vegetation. Basal
area or ground cover may be defined as the area occupied by bunches,
mats, or tufts or stems of plants near the soil surface. It is very difficult to
clip off cover with mower or shears at the soil surface; even cattle cannot
remove it so closely. Hence for convenience a height of about 1.5 to 2
inches is used in ascertaining basal area. Actually this is usually estimated,
after experience, without removing the vegetation. Basal area is best esti-
mated in small units of 1 to 5 square decimeters. It is always surprising to
find that even dense grassland may have only a small basal area; perhaps
only 15 per cent of the soil surface is actually occupied by plants (Fig. 4).
Basal cover is very stable, since nearly all of prairie plants are perennial,
and it usually varies but comparatively little from year to year.
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Foliage cover is the area occupied by the spreading tops of the plants
at the several heights that they may attain above the surface of the soil.
It is very changeable, not only from dry to wet years or from hilltop to
Jower land, but also from time to time as the vegetation develops during
the growing season. As one walks around a square meter of vegetation
looking down upon it rather vertically, he may find that the soil is com-
pletely obscured by the grasses and forbs. Or perhaps 10 or 25 per cent of
the soil area is revealed. In the first instance the foliage cover is 100 per
cent, in the second 9o and 75 per cent, respectively.

The percentage abundance of the various grasses, sedges, and forbs—
the percentage composition of the vegetation—was ascertained in more
than 400 quadrats. The vegetation in any unit area is considered as 100

er cent. If a sample has five bunches of little bluestem and one clump
of big bluestem as large as ail of these, then the percentage composition is
5o per cent little bluestem and 50 per cent big bluestem. The size of a
plant is determined solely by the soil surface it occupies—that is, the per
cent of the total basal area of vegetation (100 per cent) which it composes.

The surveys to determine the composition of the cover and its structure
(how the plants were grouped) were a fascinating study. Hundreds of
yards in the many prairies were traversed on hands and knees, and in this
way a very clear picture of the vegetation was obtained. This detailed
study, with and without quadrats, revealed much concerning the habits
and life histories of plants and interrelationships that might have been
overlooked had only general observations been made. It resulted also in re-
vealing the relatively unimportant species and the presence of incon-
spicuous ones. However, no species was recorded in the quadrats unless
it composed at least o.5 per cent of the cover. The amount of basal area
occupied by forbs was not recorded for each species but for the group col-
lectively. Usually it did not exceed 5 per cent. This character of a forb tells
little about its ecology; hence forbs were grouped and studied separately
from grasses (Fig. 5).

All forbs in each prairie were listed and their importance in grassland
closely estimated. The criterion was the actual effect of the forb upon the
cover of grasses, and the portion of the basal area and foliage cover that it
occupied. Several important characteristics of each species were studied—
abundance, size, duration, density of stands, basal and foliage cover. Ex-
amples follow: Lead plant which occurs throughout nearly all upland
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prairies is more abundant than the rose which, although growing in dense
groups, is not so frequently encountered. Violets are often very abundant
but they are so small that they are less important than a few of the large
rosinweeds. Dogtooth violet endures only a few weeks above ground, and
by midsummer the plants of many-flowered psoralea break off at the
ground line and are blown away. But the button snakeroots are present
in prairie through the growing season. Downy gentian usually occurs as
isolated plants, but prairie cat’s-foot is closely grouped in dense mats and,

like the strawberry, spreads by stolons. Indian plantain may spread its -
large, broad, plantain-like leaves over a square foot or more, but the stem

of the swamp milkweed may be no thicker than a pencil. Foliage cover is
extremely variable. Some forbs by midsummer have their foliage spread |

quite above the grasses, as false indigo and water hemlock. Others are
densely leafy from base to top, as false boneset and stiff goldenrod.

Some species of forbs possess all of these characters. For example the
smooth goldenrod is an abundant perennial of large size. Stems occur
abundantly in great clusters, the basal area is large, and the foliage is so
dense that it almost excludes the grasses. Clearly this is a high-ranking
forb. A few forbs possess almost none of these characters. Yellow flax is
an annual with a single small stem and narrow leaves held far apart. Even
when abundant, the plants are not closely spaced. Most forbs possess a
few to several of the preceding characteristics. After long experience in
prairie, one learns to evaluate all of these characteristics of a plant when its
name is mentioned.

For each prairie studied, a complete list of the forbs was made. After
careful observation each species was then placed into one of five groups,
depending upon its importance. Those that occurred in great abundance
and were of considerable importance throughout a prairie were designated
by 1, as a society of the first class. Usually only 6 to 8 species in any prairie
held such high rank, but sometimes 10 to 12 and rarely only 2 to 4. These
were widely but not necessarily continuously distributed throughout the
prairie. Other species which were of only slightly less importance were
designated as 2, a society of the second class. Conversely, certain species
were so rare that they were observed only once or a few times. These were
placed in class 5. Others occurred in several places but not commonly.
They formed only a small part of the plant cover because they were in-
frequent (class 4). Most of the forb population fell between the extremes
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of classes 1 and 2 on the one hand and 4 and 5 on the other. These were
designated as belonging to class 3, one of intermediate importance. A
classification of forbs was made separately for each prairie while it was
being carefully studied. After familiarity with the species is attained it is
thus possible to make this very useful classification which illustrates the
relative importance of forbs. The constancy of a species, which is its more
or less persistent occurrence in all of the plots (separate prairies), was
thus ascertained. These estimates in 100 upland and 35 lowland prairies
scattered widely throughout the 60,000 square-mile area, are believed to
render averages that are more nearly correct than would be obtained from
detailed counts in a few sample plots even if worked out in far greater de-
tail.

The photographs which illustrate individual species and plant com-
munities were made in every instance to show them as they occurred
under undisturbed conditions. Almost constant air movement from gentle
breeze to strong wind is characteristic of prairie, except in early morning.
Because of bright sunshine and cloudless skies it is difficult to depict depth
of detail in the vegetation. Only rarely are there times when diffuse light
accompanies perfect calm. Many pictures in the field were taken with a
curtained background. Numerous plants, with a block of moist soil in
which they grew, were removed to the laboratory for proper conditions of
lighting, etc., to portray the size, branching, flowering habit and detail of
other characteristics.

The underground plant parts were also examined, a very laborious task.
The methods employed will be described as well as the surprising results
obtained.

Climax prairie is the outcome of thousands of years of sorting out of
species and adaptations to the soil and climate. The vegetation represents
not only an evaluation of the present environmental conditions but also
those of the past. It is exceedingly complex and remarkably stable. Fully
95 per cent of the species are perennials, many with long life spans. Since
the eastern part of the prairie was not studied until after it had been almost
destroyed, the plan of the book is to acquaint the reader first with the west-
ern portion, scattered over six states in an area of 60,000 square miles. Here
investigations have been conducted consistently throughout many years.
They reveal the nature, development, continuity, and intimate structure
of this grassland. They also furnish a background from which one may
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visualize the early descriptions of the white men who first viewed the
prairie and compare the present results with earlier studies. They are a
necessary background for an understanding of the deterioration and re-
covery of prairie during extended periods of drought, its damage due to
fire, and the changes brought about by grazing.
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CHAPTER 2

Grasses and Gonumunaties

of Lowland

prairie of the wetter or more moist lowlands is dominated by grasses that
are quite different from those typically forming upland communities. Five
species, forming three plant communities, are chiefly concerned. These
were the principal grasses and types of grasslands encountered by the ex-
plorers and early settlers on the plains of Illinois and along the river valleys
westward and northwestward.

BIG BLUESTEM

Andropogon gerardi (A. furcatus) is one of the most widely spread and
important dominants of the prairie (Fig. 6). Together with little bluestem
of uplands it usually constitutes fully 75 per cent of the plant cover. Big
bluestem was the most abundant species of the grasslands which occupied
the broad valleys of the larger streams. It also grew thickly in tributary
valleys and ravines and occurred on slopes and lower hillsides as well. To-
day the bluestems are the chief components of the great grassland areas
(Flint Hills and Osage Hills) in Kansas and Oklahoma. They are also
found far beyond the boundaries of true prairie.

Big bluestem is an erect perennial. It is a warm-season grass which
begins growth in April.! Development of the shoot is rapid and the leaves
are 8 to 16 inches high by the first of June. The abundant foliage reaches
a height of 2 to 3 feet late in July or early in August. The leaves, which are
often 16 to 24 inches long, spread gracefully so that the area of the top of
a clump is usually 1.5 to 2 times that occupied by the base. The flower
stalks begin to appear above the general level of the foliage early in July,
but anthesis does not reach its maximum until mid-August or September.

The height attained by the flower stalks and the number of finger-like

' Time of growth, flowering, etc., is given for the middle of the great north-south ex-
panse of grassland. It is that of east-central Nebraska.
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Fic. 6. Lowland prairie. (Upper left) Big bluestem g feet tall; (below) big

bluestem mowed and piled in haycocks, showing the abundant yield. Relative

height of sloughgrass (Spartina pectinata) in background and switchgrass (Panicum
virgatum) in foreground on June 24.
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racemes produced vary greatly with the season and factors affecting growth,
especially the water supply. Flower stalks vary in height from 3 feet on
moist slopes to 7 to 12 feet on rich bottom lands. The stems are often char-
acterized by a purple or blue wax-like bloom. An abundant crop of seed
is usually produced annually.

Seedlings develop rapidly when conditions are favorable to growth.
Roots of mature plants are coarse, often 2 to 3 mm. in diameter, compared
with those of most upland grasses. A great mass of roots are produced, how-
ever, and depths of 5 to 7 feet are usually attained. Tillering begins early
and is pronounced. Tillers may begin to appear seven or eight weeks after
germination and soon the seedling develops a small tuft or bunch. Rhi-
;omes are also produced and the area occupied by both shoots and roots
is thus greatly increased. The causes of dominance of big bluestem are
found in its rapid growth, dense sod-forming habit, great stature, and
tolerance of the plant and its seedlings to shade. Leaves of seedlings re-
main green and function under light intensities of only 5 to 10 per cent
of full sunshine. The lower leaves of older plants also make food under
light values of only 10 per cent, but at only about a third of the rate of
fully lighted leaves. The individual stems in well established sod are
usually spaced about half an inch apart. They are grouped into mats of
sod with so much space intervening that the actual amount of soil occupied
by them averages only about 13 per cent of the soil surface. Nevertheless
the foliage is so dense and spreads so widely that the light is much reduced
and invasion by other species is very difficult; it indeed forms a closed
community.

Big bluestem is the best prairie grass for both pasture and hay. It is
highly palatable and nutritious and very productive. Cattle show a greater
preference for it than for any other grass. But unless it is grazed judiciously
it will be replaced by inferior species. It also furnishes one of the chief
constituents of prairie hay. It is highly valued as hay, but it should be cut
in early bloom before the stems become too hard and fibrous for pala-
tability. On lowlands, two cuttings are usually made each summer. The
new growth rapidly develops and furnishes an abundant second crop.
Yields of hay are not very different on comparable sites from Dakota to
Oklahoma and are.usually 1 to 2 tons per acre, but sometimes they may

exceed 3 tons (Fig. 6).

25



INDIAN GRASS

Sorghastrum nutans is a tall, coarse grass with water requirement and
habits of growth and flowering almost identical with those of big bluestem
(Fig. 7). Both are warm-season grasses. Like big bluestem, Indian grass
may form patches of sod or occur in bunches. It is readily distinguished
from big bluestem by its slightly more erect habit of growth. The leaves

FIG. 7. Detail of Indian grass (Sorghastrum nutans) (left), switchgrass (center),
and Canada or nodding wild-rye. Height is about 6 feet.

are usually broader and somewhat lighter green in color. The leaf blades
spread at 45-degree angles from the stems and possess prominent ligules
at their bases. The large yellowish-brown panicles, 4 to 12 inches long, are
very different from the forked inflorescence of big bluestem. Indian grass,
however, is much less abundant. It is of southern derivation and reaches
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its greatest abundance in the southern portion of the area. Here it may
compose go per cent of the vegetation where almost pure stands occur in
ravines, but the percentage is only 5 to 20 in most lowlands. The more
usual percentages over the area as a whole are 1 to 5, and in many low-
Jands, especially northward, it is almost absent. Its occurrence in dense,
big bluestem sod as isolated stems or very small clumps is usual and re-
sults from the fact that under severe competition it tillers, if at all, only
poorly. Where portions of the big bluestem community are occasionally
flooded or repeatedly burned, Indian grass greatly increases in abundance.
The rather large seeds are usually viable and germinate readily unless
buried more than half an inch deep. The vigorous seedlings endure a wider
range of extremes as regards drought than most lowland species. This
probably explains, in part, the habit of this grass of readily invading dis-
turbed places throughout the prairie. Indian grass is excellent for grazing
and for hay, ranking almost as high as big bluestem. If cut before the
woody flower stalks develop, it is readily eaten by all kinds of stock.

KENTUCKY BLUEGRASS

Poa pratensis, contrary to common belief, is not indigenous to the
United States. It was introduced from Europe with the coming of white
settlers. It is a rather constant component of both lowland and upland
prairie types. Several factors have contributed to the invasion of bluegrass
along ravines and in lowlands and to its extension in smaller amounts to
upland. Under natural conditions bluegrass can scarcely invade upland
prairie and is kept out of lowlands where the tall grasses produce much
debris and where shade is dense. Annual mowing or grazing usually re-
moves this handicap. Where the stand of tall grasses on low ground is
densest, bluegrass is often entirely absent. Even where this grass is well
established, experiments show that it is shaded out in two or three years if
the vegetation is left undisturbed. Prairie fires consume the debris but
they also kill the bluegrass. In sections of the prairie where the old prac-
tice of annual burning is followed, bluesgrass occurs very sparingly or is
absent.

The success of bluegrass in invading prairie is largely due to its early
vigorous growth,. since only a few prairie grasses are of the cool-season
type. It is the first grass to renew growth in spring. Very early in May the
Hower stalks begin to appear and profuse blossoming occurs. Thus far it
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has received almost full light intensity. Not only has a crop of seed de-
veloped, but also much food has been made and stored in roots, rhizomes,
and crowns in early spring. During the remainder of the summer it is less
vigorous and, indeed, is usually semidormant during the hottest part of -
this season. After the September mowing it is revived by cooler weather
and autumnal rains. It continues to grow well into winter. This smooth
perennial, with long, flat leaf blades which fold during drought, is also
the bluegrass of lawns. It is excellent for grazing, but yields are smaller .
than those of prairie grasses and it is far more sensitive to summer drought.

BIG BLUESTEM COMMUNITY

Among the several types or communities of prairie grass the two of
greatest importance and widest extent are those dominated by big bluestem
and little bluestem, respectively. The former is characteristic of level but
well drained lowlands and lower slopes of hills; the latter is distributed
over drier, upland soils. Sampson (1921) found that big bluestem (Andro- -
pogon gerardi) was the dominant of prairies that were too dry for slough-
grass over the whole state of Illinois, little bluestem being dominant only
on the lighter types of well drained uplands. Somewhat similar conditions
prevailed in true prairie of eastern Iowa and parts of Missouri and Min-
nesota (Vestal, 1914; Shimek, 1925). Westward, big bluestem is the most
important dominant of grasslands which occupy the broad lowland val-
leys of Lake Winnipeg and the Red River of the Dakotas, the Missouri,
the Platte and Arkansas, and other great drainages as well as the lowlands
along their thousands of tributaries throughout the area of true prairie '
(Schaffner, 1926; Bruner, 1931). Wherever this type occurs it is nearly
always dominated by a single species, big bluestem.

This type of grassland is best developed on lower moist slopes and well
aerated lowlands and is practically in complete possession of them. Some-
times it occurs locally on well watered, nearly level upland. Contact of the
big bluestem type on the xeric side is usually with little bluestem. In the
western half of the true prairie, at least, it is overwhelmingly exceeded in
extent by the little bluestem type; the two communities together, how-
ever, constituted fully 8c per cent of the grassland cover investigated. The
big bluestem type of grassland is usually clearly defined.
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COMPOSITION OF VEGETATION

Percentage composition of vegetation in the big bluestem type on low,
Jevel, second bottom prairie near Tarkio and Bigelow, Missouri, in 1930,
was as follows, each column representing a square meter quadrat.®

Big bluestem ..... 90 84 883 94 95 98 93 9o
Indian grass ...... — — 1 2 2 — 1 —
Bluegrass . ........ 1 1 2 — 1 1 2 —
Basal area ........ 16 11 19 15 25 14 20 I4

[t may be noted that the three species composed 85 to 99 per cent of the
vegetation. The remaining species will be considered later.

Sampling the well drained bottom lands along Salt Creek and the
Platte River in eastern Nebraska gave very similar results, except that
flooding in the area of the first three quadrats resulted in an abundance of
Indian grass.

Big bluestem ...65 67 33 95 86 95 87 79 66 78 92 82 84 8o 9o 86 95
Indian grass ....30 2554 2 —— — — — — — — — — — — —

Bluegrass . .. . ... 3 35 3 8 3101510 §5—100— 1— 6 2
Basal area ...... 12 9 31011 12 8§ — — — — — — — — — —

Quadrats from west-central Iowa from hilltop to low level base or
through the upland, little bluestem type into the lowland big bluestem
type follow:

Species Hilltop Upper slope  Midslope Lower slope Levelbase

Little bluestem ...70 70 56 44 44 40 — — —

Big bluestem ....13 22 27 35 35 40 75 8o 97
Bluegrass ....... 7 3 1o 10 IO 5 5 15 I
Basal area ....... 25 21 17 15 15 15 13 II IO

Here the gradual decrease of little bluestem and a corresponding increase
in big bluestem is revealed as one proceeds down the long, west-facing
slope. The findings also show that bluegrass occurs in the understory in
both grassland types.

Numerous samples of the vegetation, each consisting of one square
meter, were taken in the six states in the several grassland types. These
were used to determine the average percentage composition of the vegeta-
tion. Their significance is greatly enhanced by the fact that the results

* Quadrats described here and in Chapter 4 and also table 1 (simplified) are from
Weaver and Fitzpatrick, Ecological Monographs 4 (no. 2), 1934.
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disclosed by their analysis were confirmed by literally hundreds of critical
and detailed observations in 135 prairies in which these studies were made.
About 12 species of grasses and the forbs composed approximately 99 per
cent of the vegetation in each of these three major grassland types. For
purposes of later comparison, these data are presented together in table 1.

An analysis of the quadrats in the big bluestem type revealed a number
of important facts. Big bluestem constituted 78 per cent of the vegetation
and was present in every sample. Its great abundance is shown by the fact
that in a third of the quadrats it ranged between 8o and 89 per cent of the
vegetation and in 22 per cent it constituted go per cent or more. It was
less than 60 per cent in only 14 quadrats. Thus, it is truly the great
dominant of lowlands.

Bluegrass was represented in all but 12 per cent of the samples and
constituted 8.8 per cent of the basal area. But little bluestem constituted
only 2 per cent of the basal cover and was found in only 19 per cent of the
quadrats. It is not so tolerant of shade as is bluegrass. Indian grass, while
occurring in 37 per cent of the quadrats, furnished only 1.9 per cent of
the basal area. In only 6 samples did it constitute more than 10 per cent of
the vegetation.

TasLe 1. Percentage composition of the vegetation and frequency of oc-
currence of each of twelve most important grasses in three communities of
prairie.

Big bluestem Little bluestem Needlegrass
Species Type. 155 sq.m. Type. 180 sq.m. Type. 25 sq.m.
% Comp. % Freq. % Comp. % Freq. % Comp. % Freq.
Little bluestem ...... 2.0 19 55.0 98 17.7 84
Big bluestem ........ »8.0 100 24.8 99 17.5 g6
Kentucky bluegrass .. 8.8 88 4.7 8o 5.1 84
Needlegrass ........ 1.9 31 2.5 40 51.2 100
Prairie dropseed ... .. I 1 2.7 20 1.4 12
Indian grass ......... 1.9 37 1.8 51 .7 32
Side-oats grama ... ... .1 7 6 32 9 32
Small panic grasses ... .3 28 4 36 2 20
Junegrass ........... .1 10 6 34 1.6 40
Nodding wild-rye .... .1 12 ) 4 2 16
Switchgrass ......... .7 22 1.3 14 .1 8
Sloughgrass ......... 4 12 .0 o .0 )
Forbs .............. 3.6 74 4.1 90 2.4 72
Total ............ 99.0 98.5 99.0



The usual percentage where it was found was 1 to 3. Switchgrass, usually
found in wetter soil, was distributed in about one-fifth of the unit areas.
[1s average basal area was less than 2 per cent.

Forbs were listed in three-fourths of the quadrats. They formed less
than 5 per cent of the basal area in 58 per cent of those in which they oc-
curred, and exceeded 10 per cent in only 10 per cent of the sample areas.
Basal area alone does not give a fair estimate of their importance, however,
and they will therefore be considered separately. The basal area of vegeta-
tion averaged 13.3 per cent. It was less than 8 per cent in only 11 samples
and more than 20 per cent in only 3.

SLOUGHGRASS

Spartina pectinata, also called cordgrass and tall marshgrass, derives its
generic name from a Greek word for cord, probably applied because of
the toughness of the long coarse leaves (Fig. 8). It is found throughout

A e i e SRS MOV 38
F1G. 8. Usual dense stands of sloughgrass (left) and switchgrass. The
meter stick shows the height.
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the grasslands of central North America occupying soil too wet and too
poorly aerated for the development of big bluestem and switchgrass. Its
demarcation of soils too wet, without drainage, for the growth of maize is
clearly shown throughout the prairie. In countless areas the uplands and
big bluestem lowlands have been broken, but the sloughgrass draws and
flooded lands were left intact. They are too wet for cropping, at least in
spring, but furnish hay, and the grass cover very successfully holds the
soil against erosion. Many fields have become divided into several parts
by deep ditches, impassable to farm machinery, where the prairie cordgrass
was plowed under with the bluestems.

The seeds germinate readily in wet soil, and the seedlings develop so
rapidly that the plants are a foot high in August and perhaps 2.5 feet tall
at the end of the growing season. The plants ordinarily require two or
more years’ growth before flowering stalks are produced. By this time the
foliage is 3 to 5 feet high and the photosynthetic surface very great. Be-
cause of its tall growth in dense pure stands, light values near the soil
surface are only 1 to 3 per cent. Seedlings are not very tolerant of shade,
and reproduction, except in bare areas, is undoubtedly almost entirely by
rhizomes and tillers.

Beneath mature plants the surface 6 to 10 inches of soil is filled with a
mat of coarse, thick, woody, much branched rhizomes. Because of its ex-
tensive thizomes, this species always forms a dense sod. The roots are
coarse and very long; they have been found to extend 8 to 11 feet deep.

Although this species renews activity rather late, often not until the
second week in April, it grows more rapidly than any of the grasses of the
prairie. By the first of June it is frequently in the fifth or sixth leaf stage
and varies from 2 to over 3 feet in height. Where it shares marginal areas
with switchgrass or big bluestem, it conspicuously overtops them (Fig. 6).
The general height of the foilage at the end of the growing season ranges
from 3 to 77 feet, depending upon the water supply. Flower stalks vary with
soil moisture supply from 5 to 10 feet in height. Flowering begins about
the second week in July, but the height of anthesis occurs approximately
a month later and flowering may continue until frost. The large conspicu-
ous panicles are 8 to 16 inches long and usually consist of 10 to 20 spikes.

Under the normally uniform cover of Spartina the shade is dense. Two
or three of the basal leaves are generally dead by midsummer, leaving the
stems bare to a height of 8 to 12 inches. Mature leaves are 15 to 18 mm.
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wide and 2.5 10 5.5 feet in length. They are furnished with saw-tooth
edges.

Sloughgrass furnishes moderately good hay if it is cut before the woody
ctems are much developed. The common practice is to mow the sloughs
about three times each year. Since growth is quickly renewed and very
rapid, heavy yields are thus obtained. Sloughgrass was widely used by
pioneers for thatching roofs and covering haystacks and unroofed cribs of
corn. Earlier, the Indians thatched their permanent lodges with slough-
grass before covering them with earth.

SLOUGHGRASS COMMUNITY

Spartina pectinata occurred over hundreds of square miles of first bot-
tom lands along both the Mississippi and Missouri Rivers and their tribu-
taries throughout the true prairie. It also grew in the edges of sluggish
streams or ponds, but rarely in moist soils except in dry seasons or as relics
in soils that had been drained. It represents the last stage in the succession
from wet land or water to climax prairie. On its hydric side sloughgrass is
bordered by various tall sedges, rushes, marsh grasses, and other hydro-
phytes forming wet-meadow vegetation. Toward the mesic side it usually
gives way to a switchgrass—wild-rye community that is intermediate in its
water relations. Sloughgrass is taller and coarser than most grasses of low-
lands. It is dominant over great areas because of its height and the dense,
pure stands resulting largely from propagation by rhizomes. Where best
developed, the coarse, woody stems actually occupy only 1 to 3 per cent
of the soil surface, since they are rather widely spaced. Nevertheless the
shade produced is so dense—often 1 per cent or less of full sunshine—that
where conditions for its growth are favorable other grasses are effectually
excluded. In thinner stands, however, many tall, coarse forbs, some ¢ or
more feet in height, from both wetter and drier lowlands are found, as
well as numerous smaller ones in the understory.

SWITCHGRASS

Panicum virgatum, a tall, coarse, sod-forming species, is an important
dominant of low, moist land (Figs. 7, 8). It has migrated up ravines and
draws and also occurs in disturbed areas on upland. It is perhaps the most
mesic of prairie grasses, as is shown by its abundance in the drier portions
of the sloughgrass community, where it occupies with nodding wild-rye
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and redtop (Agrostis alba) soils that are too poorly aerated for big blue-
stem.

Large sceds of this species are produced abundantly, but they do not
germinate well until they have undergone a period of dormancy. Then,
when planted, germination is prompt and seedlings develop rapidly both
above and below ground. Like many other warm-season grasses of south-
ern origin, switchgrass renews its growth late in April. Its height-growth
for a time exceeds that of big bluestem and by early June the foliage is
often 1.5 feet tall. Like big bluestem, the foliage reaches its maximum
height by mid-July. A little later the panicles begin to unfold. These
large, open, spreading panicles are 12 to 20 inches long and 16 to 20 inches
wide. Flowering, which begins in July, reaches a maximum in August
and continues until late autumn. Seeds are shed in winter or late fall.
Mature plants attain a height of 4 to 7 feet. This tall grass is less tolerant
of shade than big bluestem, nor does it tiller so readily or so abundantly.
Owing to the scarcity of basal shoots and the wide spacing along the
rhizomes of the unbranched stems, only 2 to 5 per cent of the soil surface
is occupied. Hence, Kentucky bluegrass and shade-enduring sedges may
occur as an understory. The roots are coarse and very deep.

Switchgrass is readily eaten by livestock as long as the stems remain
green and are not much lignified. After this time the leaves and panicles,
even of mature plants, are readily eaten. The grass makes excellent hay if
it is harvested twice each summer. Yields are high.

NODDING OR CANADA WILD-RYE

Elymus canadensis is a tall, coarse grass of high water requirement
(Fig. 7). Despite the fact that it is widely distributed, it is a dominant of
much lower rank than any of the preceding. Reaching its best develop-
ment on low land, it is also found on upland where increased water con-
tent of soil has resulted from local disturbances such as badger holes,
gopher mounds, and other denuded places.

The relatively large seeds show a high rate of germination. Because of
its northern derivation, seedlings of this cool-season plant do not ordinarily
winter-kill. Mature plants renew growth two or three weeks earlier than
big bluestem and other warm-season grasses. A foliage height of 2.5 to 3.5
feet is attained by the middle of June. Then the spikes begin to appear,
since it flowers in midsummer. These, with the elongating stem, add an-
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other foot in height. The conspicuous spikes are usually 6 to g inches long
nd, if awns are included, often an inch in width. The rather woody, stout
stems may occur in loose clumps. Often they are widely spaced, where
the plants grow in an open sod. The broad green leaf blades, each with
o auricles which clasp the stem, are only 8 to 15 inches long. As the
seed ripens, the spikes bend over gracefully, which accounts for its com-
mon name, nodding wild-rye. Like practically all of the prairie grasses it
furnishes good forage and hay. However, it should be harvested early. If
Jeft to mature, not only do the stems become lignified but the heads are

often infested with ergot, which is harmful to livestock.

SWITCHGRASS—CANADA WILD-RYE COMMUNITY

This is a lowland community with water relations intermediate be-
tween sloughgrass and big bluestem. Originally hundreds of acres of bot-
tom lands and other wet areas were clothed with dense stands of switch-
orass more or less intermixed with Canada wild-rye. In the western prairies
Tt was far less extensive than either of the preceding communities. How-
ever, broad areas were occupied by this community where the land sloped
gradual]y, but where the changes in habitats were more abrupt the two
prcceding communities were usually separated by only a narrow belt of
switchgrass and wild-rye or at least by one of these species. On both its
wetter and less moist margins, extensive mixtures may occur.

Switchgrass is more abundant in the southeastern part of the western
prairic, and wild-rye increases northward and westward. Characteris-
tically, small areas of either or both species alternate with, or more or less
intermix with, sloughgrass. In such places they may constitute 10 to 30 per
cent or even more of the vegetation over many square miles of poorly
drained bottom lands. In areas of wet soil this community may extend far
up ravines and also occupy the broad sloping flats receiving water at the
heads of ravines. The height of switchgrass often varies from 5 to 6 feet
at the foot of the hill to only half this on the upland.

In mixture with switchgrass, nodding wild-rye seldom forms more than
1 to 5 per cent of the mixture but sometimes 10 to 15 per cent. But north-
ward and westward it becomes more abundant, and on level land subject
to overflow it may-be the dominant grass over large tracts, where, when
headed, it resembles thinly planted fields of barley. Basal shoots and leaves
are few in midsummer, and only 5 to 8 per cent of the soil surface is oc-
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cupied. Its early growth and excellent seeding habits compensate some.
what for its only moderately successful competition with other grasses of
lowland.

In a low level area of grassland with a high water table and depressiong
here and there, vegetation may occur in patchwork fashion. But where the
slope is gradually upward, the high degree of dominance of sloughgrass
switchgrass, and big bluestem, respectively, clearly demarks the severa
communities. Where the slope gradient is steep they occur as narrow strip
or belts often only a few feet wide. Each species seems best adapted to its:
own habitat. Sometimes sloughgrass follows far up a wet ravine where the
change to well aerated moist soil is so abrupt that switchgrass and Canada
wild-rye are not found or are represented only sparingly.

OTHER GRASSES OF LOWLANDS

About 20 other species of grasses are of considerable importance in low-
lands. Many of these are found in or near areas of sloughgrass or in the
more moist portions of the switchgrass and Canada wild-rye community.
Some are also associated with big bluestem, especially in transitional areas.

Eastern gamagrass (Tripsacum dactyloides) is a tall, tufted perennial
with very coarse, knotty, scaly rhizomes forming clumps 1 to 4 feet in
diameter among other grasses or growing in continuous stands near lakes,
swamps, and streams (Fig. 9). It is found mostly south of Nebraska in true
prairie. The tall stems are 6 to 8 feet in height and have broad leaves much
wider than those of most other prairie grasses. On springy hillsides it oc-
curs as isolated bunches or small circular patches. Flowering begins late in
June. This grass is not relished by livestock when other vegetation is plen-
tiful, but if cut two or three times each growing season, the yield of hay is
heavy.

Redtop (Agrostis alba) is an erect sod-forming grass 2 to 4 feet tall,
often with a decumbent base, and vigorous rhizomes 2 to 6 inches long.
It thrives in wet soil and also grows in depressions covered with water
in spring and early summer. Thus, in nearly level bottom lands, islands of
redtop often mark the depressions. The large, widely spreading panicles,
2 to 12 inches long and usually reddish in color, give this grass its common
name. Blossoming occurs during midsummer.

Northern reedgrass (Calamagrostis inexpansa) and bluejoint (C.
canadensis) are frequent in wet areas along the Missouri and Platte rivers
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and in other low or swampy grounds. They were not found in great
;bund’dnce but were very important grasses in wet situations eastward and
in Minnesota where the bluejoint often constitutes a distinct stage in
ccession between sloughgrass and switchgrass (Sampson, 1921).

Reed canary grass (Phalaris arundinacea) is a coarse perennial which,
owing to thizomes that spread widely, forms dense stands in wet places.
The foliage reaches a height of 2.5 to 3.5 feet and the stems are 3.5 to 5
teet tall. The leaves are often nearly half an inch in width, and the in-

su

forescence is a loose spike-like panicle.

F1G. 9. A small clump of eastern gamagrass (I ripsacum dacty-

loides) (left) about 5.5 feet high. A mid grass, tall dropseed

(Sporobolus asper), with leaves rolled as is often characteristic in
late summer.

Saltgrass (Distichlis stricta) is infrequent except on the margins of
saline areas. It nearly always grows in soil with a shallow water table. This
perennial sod-former spreads widely by means of rhizomes. The foliage is
only 6 to 10 inches high and is exceeded only a little by the flower stalks.
It forms a dense sod when grazed and furnishes the best forage under close
grazing. Western wheatgrass (Agropyron smithii), an upland grass to be
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described, populates small to extensive lowland areas often underlaid by
a clay pan.

Other common grasses of lowland, varying from general distribution ¢,
local abundance, are Virginia wild-rye (Elymus virginicus), stout wood-
reed (Cinna arundinacea), American sloughgrass (Beckmannia syzig-
achne), and fowl mannagrass (Glyceria striata). Rice cutgrass (Leersiq
oryzoides) and whitegrass (L. virginica), both with creeping rootstocks,
are found in the wettest types of grassland. In comparison with the im-
portance of the three great dominants, big bluestem, sloughgrass, and
switchgrass, all of the preceding species are of minor significance.

Prairie is only partly composed of grasses. Forbs, as shown in the follow-
ing chapter, also constitute a highly interesting and important part.
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~HAPTER 3
Principal Forbs of Lowland

Fonps are always present and often abundant in prairie. They are an

integral part of it. Often they are more conspicuous, although nearly al-
wavs of less importance than the grasses. Some are rare; others occur only
casionally. All add tone to the landscape, and the beauty of the prairie
i« in a large part a result of their presence (Fig. 10). Nearly all of the
legumes are valuable as forage, and they contribute considerable amounts
1o the total vield. The list of native forbs that are regularly eaten by live-

stock and hence decrease under close grazing is a long one; the list of those

oc

umzcd but little or not at all and therefore increase in pastures is much
\ll()l'l(] Undoubtedly forbs provide valuable variety in the diet of live-
stock. In this extensive study on the composition of true prairie, approxi-
mately 150 species were found of sufficient abundance and of enough im-
sortance to warrant more or less individual study.

The following lists include the 58 most important species of forbs of
lowland. They are arranged in order of decreasing importance, based upon
the percentage of prairies in which they occurred in the two highest rank-
ing groups, 1 and 2 (see page 20). Where numbers follow the name, the
first number is the percentage of prairies in which the species occurred
in the frst, second, and third rank, and the second number in the fourth
and fifth rank. The other numbers indicate similar rankings in upland
prairies. Thus, stiff marsh bedstraw (Galium tinctorium) occurred in 7o
and 4 per cent in the higher (1, 2, 3) and lower (4, 5) groups of lowland
prairies, respectively. But on upland it was found in only 2 and 4 per cent
of the prairies.

Materials for chapters 3 and 5 have been taken largely from “The
Prairie,” Ecological Monographs 4:111-292, 1934. The lists of forbs have
been somewhat shortened and simplified, especially by the inclusion of
common names. Descriptions of plants have been decreased in number
and length, rearranged, and simplified. Somewhat more than half of the
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FIG. 10. View in August of low prairie in the Elkhorn Valley near Norfolk,

Nebraska. Compassplant (Silphium laciniatum) and prairie button snakeroot

(Liatris pycnostachya) are in bloom. (Below) Prairie phlox (Phlox pilosa), a

single plant of fringed loosestrite (Steironema ciliatum), and mountain mint
(Pycnanthemum).
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have been re-used from “The Prairie” or from other papers by the

Tance 2. List and ranking of the 38 most important species of lowlands.

Galinm fipctoriunt ... 704
Gtiff marsh bedstraw

Fragarid virginiand ... 52-20 :
Searlet strawberry

Steironema ciliatum ... 74-26
Frinoed loosestrife

Aster fmva[tus ....... 6922,
Willow aster

Apenone canadensis .. 50-13
Canada anemone

Solidago altissima . ... 72-14
Tall yoldenrod

Silphium laciniatum .. 51-15
("()n]})ussplant

Philox i)i[usa ......... 40-4

Prairie phlox
Silphium integrifolium. 41-26
Entire-leaved rosin-
weed
[lelianihus grosseserratus 54-28
Saw-tooth sunflower

[iatris pycenostachya ... 40-16
Prairie button snakeroot

Lquisiem laevigatum .. 46-17
Scouring rush

Zizia aurea ... ..., 35-14
Golden meadow

parsnip

Tencrium canadense .. 52-31
American germander

Apocymom sibiricum .. 36-46
Indian hemp

Viola papilionacea . ... 31-29

Meadow violet
Glyeyrrhiza lepidota .. 43-14
| icorice
Pyenanthemum
virginianum and
P. flexuosum . . . .. 182
Mountain mint

24

I-2

22-15

6-10

Cicuta maculata .. ...
Water hemlock

Veronicastrum

virginicum ... ...

Culver’s root

Asclepias verticillata
Whorled milkweed

Asclepias sullivantii
Sullivant’s milkweed

Equisetum arvense . . ..
Scouring rush

Lythrum alatum . ... ..
Loosestrife

Erigeron annuus ... ..
Fleabane

Vernonia fasciculata
Western ironweed

Helianthus tuberosus . .
Jerusalem artichoke

Asclepias incarnata
Swamp milkweed

Hypoxis hirsuta ... ...
Star grass

Heliopsis helianthoides .
Oxeye

Thalictrum dasycarpum
Tall meadow rue

Polygonum coccineum .
Water smartweed

Rudbeckia hirta . ... ..
Black-eyed Susan

Ratibida pimnata . .. ..
Coneflower

Senecio aureus . ... ...
Golden ragwort

Lycopus americanus . . .
Water hoarhound

Silphium perfoliatum . .
Cup plant

Vernonia baldwini . . . .
Baldwin’s ironweed

30-32

32745
24-38
16-16
22-14
18-10
31-35
19-18

11-25

149

-0



List of species of somewhat less importance in lowlands
(Read column on right following that on left)

Physalis heterophylla Desmodium illinoense
Prairie ground cherry Illinois tick trefoil
Erigeron philadelphicus Antennaria plantaginifolia
Fleabane Plantain-leaf everlasting
Lobelia spicata Physalis virginiana
Pale spiked lobelia Virginia ground cherry
Allium canadense Astragalus canadensis
Wild onion Canadian milk vetch
Helenium autumnale Amphicarpa bracteata
False sunflower Hog peanut
Owxalis stricta Gaura (all species)
Yellow sheep sorrel Gaura
Rhus radicans Oxalis violaceae
Poison ivy Purple sheep sorrel
Helianthus maximiliani Artemisia ludoviciana
Maximilian’s sunflower Sage or mugwort
Cirsium undulatum Lathyrus palustris
Wavy-leaved thistle Marsh vetchling

Cacalia tuberosa
Indian plantain

Each of the 57 species in the preceding lists was far more abundant in
lowlands where soil moisture was more plentiful than on uplands, but
competition for light with the tall grasses was more severe. Although 1o
other species were found in more than 10 per cent of lowland prairies,
they are of far less importance than those that occurred regularly and
abundantly.

STIFF MARSH BEDSTRAW

Galium tinctorium is a small perennial herb with 4-angled erect stems.
The great importance of this species is shown by its occurrence as a society
of the first class in over a third of the lowland prairies and of slightly lower
rank in another third. The stems arise from the abundant, rather shallow
underground parts. The plant is branched and leafy to near the base; the
branches are mostly solitary and the leaves small, so that all are fairly well
lighted even where, as usual, the plants are densely aggregated (Fig. 11).
This bedstraw nearly always forms a dense understory in wet grasslands
and sloughs. Growth begins early, and the plant grows nearly erect and to
a height of 10 to 18 inches. The tiny, white, terminal flowers are present
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r1c. 11. Canada anemone (Anemone canadensis) (above) forming a characteristic
dense society; scarlet strawberry (Fragaria virginiana), and a few plants of stiff
marsh bedstraw (Galium tinctorium).

from May until July, when they are usually replaced by the small, smooth,
shining green fruits.
SCARLET STRAWBERRY

I'ragaria virginiana is a widely distributed species, occurring throughout
the region. In the more xeric western part it is found only in the lowlands
and along ravines, but southeastward, with increasing rainfall, it is found
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on uplands as well. In many prairies it is rather uniformly distributed even
over hilly land. It occurs in nearly halt of the upland prairies but much
more abundantly in about three-fourths of those on lowland (Fig. 11).
The root system is less extensive and shallower than that of most prairie
forbs. The strawberry is found not only as an understory where there is
a dense stand of big bluestem but also occurs in wetter communities. Fre-
quently the plants are densely aggregated. In early spring they are only an
inch or two in height and the leaves are mostly spread near the soil surface.
On uplands a height of 5 to 8 inches is usually attained, but the plant
may extend upward 12 to 14 inches under the tall grasses. Propagation is
mostly by long runners rather than by the short, thick, shallow rhizomes.
The pretty white flowers are most abundant in mid May, and large clusters
of the bright red, delicious fruits ripen during June.

FRINGED LOOSESTRIFE

Steironema ciliatum is the third most important forb of wet areas, where
it forms extensive societies (Fig. 10). Its wide distribution is shown by
its presence in every lowland prairie examined. In 20 per cent it ranked as
a society of the first class, and it held second or third rank in about 55 per
cent. This perennial herb renews growth carly in spring, develops rapidly,
and reaches a height varying from 1 to 3.5 feet. Because of underground
stems, it grows in dense stands. The leaves are widely spaced on the un-
branched stems, and the plant is very tolerant of shade. The pretty yellow
Howers are held by the peduncles above the foliage. The plant remains
green until frost.

WILLOW ASTER

Aster praealtus is a tall perennial that occurs rather abundantly on well
watered lowlands or on the margins of ravines at the foot of slopes. It
grows well also in wetter types of grassland, very frequently occurring
with sloughgrass. Aster was found in all but g per cent of lowlands, usually
ranking very high. Growth begins early and by May a height of 2.5 feet
is attained. Mature plants range from 3.5 to 7 feet in height, depending
upon the abundance of water and light. The bases of the woody stems
defoliate. In September the much-branched tops are covered with a wealth
of flowers.
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CANADA ANEMONE
Apemone canadensis is a widely distributed, very conspicuous, and im-
sortant forb of the more moist big bluestem prairies and wetter types of
grassk ands. Because of its propagation by rhizomes, it often forms dense,
more or less circular patches a few to many feet in diameter. In less
{avorable sites it is often represented by scattered individuals. Plants range

ric. 12, Tall goldenrod (Solidago altissima) standing far above the big
bluestem; Culver s root (Veronicastrum virginicum) w1th leaves in whorls,
and arrow-leaved aster (Aster sagittifolius).

from 8 to 18 inches in height. The large leaves are usually so thickly
placed that they almost obscure the soil, and grasses are greatly suppressed.
The white flowers, 1.2 to 2 inches in width, unfold during the latter half
of May, and for several weeks areas of low prairie and broad flat swales in
uplands are veritable flower gardens (Fig. 11).
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TALL GOLDENROD

Solidago altissima is a common and conspicuous species of lowlands,
It was found in all of them and as a society of the first or second class in
nearly half. It is even more characteristic of the wetter types of grassland
than of the big bluestem prairies. Until the plants reach a height of a
foot or more, they have a definitely nodding top resulting from unequal
lateral growth. Mature plants are 3 to 6 feet or more in height (Fig. 12).
Growth is so rapid that at all times the plants stand well above the grasses.
Where shade is dense the stems are defoliated by August to a height,
often, of 2 feet. In ravines such dense stands may occur that only bluegrass
can withstand the shade. In more moist prairies southeastward, this species
occurs as an important forb of uplands and sometimes grows on hilltops.
The large, golden flower clusters appear in late summer.

COMPASSPLANT

Three species of rosinweeds are found in the area (Fig. 13). The com-
passplant (Silphium laciniatum) is a very coarse, tall, yellow-flowered
composite characteristic of low prairie and wet ravines in the north and
west, but also occurs regularly on uplands, including hilltops, in the bet-
ter watered areas south and east. Height varies from 3.5 to 10 feet and
number of stems from 1 to 12 according to age and water supply. A single
clump 6 to g inches in basal diameter may give rise to 100 or more coarse
basal leaves which have a spread at or above the grass level of 3 to 5 feet.
These leaves are often 20 inches long and 14 inches wide. A single clump
may have a diameter of 2.5 to 5 feet, and in it and on its periphery the
prairie grasses are shaded out. The vertical leaves, especially of younger
plants, have the orientation of a compass, the sides receiving the morning
and afternoon sun. From the involucres and upper parts of the stem much
gummy material exudes and solidifies. The Indians and white settlers,
especially the children, gathered it for chewing gum.

ENTIRE-LEAVED ROSINWEED

Silphium integrifolium is a tall, coarse perennial that often forms large
clumps in low ground. It is found only sparingly in uplands, except in the
prairies with the greatest rainfall, and is almost confined to ravines and
lowlands in the western part of the area. The clumps consist of a few
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FIG. 13. Three rosinweeds and two sunflowers. Cup plant (Silphium perfoliatum)

(left) and, in sequence, entire-leaved rosinweed (S. integrifolium), young specimen

of compassplant (8. laciniatum), and saw-tooth sunflower (Helianthus grosseser-

ratus), with base of its stem at right. (Below) Jerusalem artichoke (H. tuberosus)
with a quantity of the enlarged underground stems.
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stems or there may be 15 to 25 or more. Since the very leafy plants are
2.5 to 5 feet tall, the effect of large clumps on the grasses is marked. This
species, like the preceding, is one of the ten most important forbs of low-

lands (Fig. 13).

CUP PLANT

Silphium perfoliatum is also a very large coarse herb. Its large opposite
leaves are united at the base to form a cup which holds considerable
amounts of water after a rain (Fig. 13). It usually reaches a height of 5 to
over 8 feet, the several stems and coarse leaves occupying much space. It
ranks fairly high as a lowland forb, but much less so than either of the
two preceding.

SAW-TOOTH SUNFLOWER

Two species of sunflowers are common in the flora of lowlands. The
saw-tooth sunflower (Helianthus grosseserratus) is a tall, coarse, single-
stemmed composite. It is often abundant in ravines where it forms dense
stands, and sometimes occurs, with reduced stature, on higher ground.
Growth from the strong rhizomes and thick crown begins early in April
and proceeds very rapidly, continuing until August when a height of 6 to 9
feet is attained. Where the sod is dense, stems are usually not closely
spaced. A maximum showing of the large yellow flowers occurs in Septem-
ber (Fig. 13). This species was found in 82 per cent of the lowlands and
was so abundant in 22 per cent as to form societies of the first class.

JERUSALEM ARTICHOKE

Helianthus tuberosus is characteristic of borderlands between prairie
and woodland along ravines and streams. It thrives along draws or on
lowland where the soil has been deposited by flooding. It is not so tall
as the preceding species; its leaves are shaped much more like those of the
cultivated sunflower (H. annuus); the heads are few and the ray flowers
orange-yellow. The tubers are often of considerable size and abundance
(Fig. 13). They were eaten by the Indians either raw, boiled, or roasted.
It appears that they depended upon the natural supply and never culti-
vated the plant (Gilmore, 1919).
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PRAIRIE PHLOX

Phlox pilosa is a perennial occurring abundantly on lowlands (44 per
cent) and uplands (30 per cent), even ranging over the hilltops in Towa
and Missouri. Westward it is nearly confined to low ground. The slender,
erect, mature stems, 1 to 2.5 feet high, for a long time stand well above the
grasses. The long narrow leaves are too few to produce much shade even
where several stems occur in a single square foot (Fig. 10). But the large
clusters of beautiful pink-purple or rose-red flowers are a conspicuous

feature of the landscape during May and June.

PRAIRIE BUTTON SNAKEROOT

Liatris pycnostachya is characteristic of big bluestem areas and is rarely
found in much drier or much wetter grassland types (Fig. 10). Except
very locally, it is confined to the areas of higher precipitation southward
and eastward. A height of 3 to 5 feet is attained by this species. The un-
branched stems arise from a strong corm, 3 to 4 inches in diameter, and
growth is rapid. The basal leaves, often 100 or more, while narrow, are
very long. At first they are almost vertical, but later they spread widely.
Flowering begins late in July and, since the inflorescence is 10 to over 12
inches long, for several weeks the landscape is ablaze with purple.

GOLDEN MEADOW PARSNIP

Zizia aurea was found in half of the low prairies and ranked as a society
of the first class in 19 per cent. It is an erect, branched perennial that
reaches a height of 1 to 3 feet. Although there are often only 1 to 8 stems
per plant, the many basal and lower long-petioled leaves which are bi- or
triternately compound give it a bushy appearance. During May and June,
when blossoming occurs, the large yellow-flowered umbels are conspicuous.

AMERICAN GERMANDER

Teucrium canadense occurred in 83 per cent of lowlands but ranked
first in only 14 per cent. This perennial, odorless mint springs from coarse,
much-branched rhizomes well supplied with whorls of fibrous roots. The
rigid, square stems, with their rather large leaves, reach a height of 1 to
3.5 feet, including the dense wand-like racemes which, when mature, are
6 to 12 inches long (Fig. 14). The abundant, small, light purple or pink

Howers are conspicuous. Blossoming occurs throughout the summer.
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CULVER’S ROOT

Veronicastrum virginicum rapidly develops its unbranched stems and
all reach a height of 2 to 7 feet in late June or July. Frequently the clumps
are 2 or more feet in diameter. It competes with the grasses for light at all
levels; under dense clusters of plants the soil is almost bare. The fragrant,
white flowers occur in spike-like racemes and are so numerous as to be
very conspicuous (Fig. 12).

FIG. 14. Water hemlock (Cicuta maculata) with long-petioled
basal leaves and carrot-like flowers, and rhizomes and erect stems
of American germander (Teucrium canadense).

WATER HEMLOCK

Cicuta maculata is a stout, erect, much branched, perennial herb that
is found only in moist or wet soil. The base of the great, hollow, glabrous
stem is frequently an inch thick. The plant varies in height from 3 to 6
feet. The general height of the blades of the bi- or tripinnate, basal leaves
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aries between 16 and 32 inches. The petioles are mostly 1 to 2
feet long. The stems are leafy to the top; the leaves rapidly decrease in
«ize with an increase in height of stem (Fig. 14). The p]ant is supplied
) several fleshy roots, some of which may reach an inch in diameter.

usuu”}" v

with .
Both stems and roots possess a carrot-like odor. This plant is poisonous.

[t was found in about two-thirds of the low prairies, often in soil wetter
than that occupied by big bluestem.

F1c. 15. Native blue flag (Iris versicolor), a denizen of wet
lowland.

OTHER SPECIES

There are many wonderful plants in the lowland, and each has its own
peculiar characteristics and special preferences and exerts its individual
impress upon the grassland. Associated with water hemlock are several
mints (Mentha), hedge nettle (Stachys), marsh marigold (Caltha), water
hoarhound (Lycopus), and blue flag (Iris) (Fig. 15). The whorled milk-
weed (Asclepias verticillata), even when growing thickly, has only a
minor effect upon the grass. Nor does the large, coarse, Sullivant’s milk-
weed (Asclepias sullivantii), since the plants occur in very open stands.
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In the sloughgrass, the five-foot swamp milkweed (Asclepias incarnata)
retains its leaves only near the top of the stems, so dense is the shade,
Yellow star grass (Hypoxis hirsuta) blossoms in spring and early sum.
mer not far above the soil. The yellow and the purple sheep sorrels (species
of Oxalis) are also low-growing plants, blooming mostly in summer. A
small, showy, herbaceous vine, purple vetch (Vicia americana), some-
times forms dense but limited societies in moist soil. Dense societies of the

¢ ot i
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Fic. 16. Wild bergamot (Monarda fistulosa), tall meadow rue (Thalic-
trum dasycarpum) about 7 feet tall (center), prairie coneflower (Ratibida
pinnata), and Baldwin’s ironweed (Vernonia baldwini) at extreme right.

purplish or blue-flowered spiderwort (Tradescantia bracteata) occur in
almost pure stands; while here and there are found the mountain mints
(Pycnanthemum spp.) (Fig. 10) and poison ivy (Rhus radicans). Other
species common on lowlands are wild bergamot (Monarda fistulosa), tall
meadow rue (Thalictrum dasycarpum), coneflower (Ratibida pinnata),
and Baldwin's ironweed (Vernonia baldwini) (Fig. 16). The black cen-
tered, orange-yellow flowers of black-eyed Susan (Rudbeckia hirta) beau-
tify the landscape. This is a brief glimpse into nature’s wonderful flower
garden—lowland prairie.
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cHAPTER 4

Grasses and Communities

of Upland

vieceration of upland prairie is quite different from that of lowland.
The dominant grasses are nearly all of the mid-grass type. Five species, dis-
wributed in three plant communities, are chiefly concerned. Upland grasses
cannot compete successfully with tall grasses on lowland because of the
dense shade produced by them. Conversely, upland soils are usually not
sufficiently moist to promote development of tall grasses, especially in
c()mpetiti(’m with the more xeric mid grasses. Of course, there is much
intermixing of species on lower slopes, and mid grasses are often scattered
sparingly over low ground. Likewise big bluestem, mostly in the bunch
form, occurs, sometimes abundantly, beyond its general area of domi-
nance. The adopted Kentucky bluegrass is a small component of each of
the six grassland communities.

LITTLE BLUESTEM

Andropogon scoparius is an erect, warm-season, perennial grass which
puts forth new shoots usually about mid-April. The early and abundant
tillering of the vigorous seedlings results in a very compact bunch or
sodded area (Fig. 17). The slender leaves, often 8 to 14 inches long when
mature, with prominent midveins, are partially folded. The foliage usually
varies in height from 7 to 15 inches, depending upon soil fertility and
especially available moisture. It may attain 20 inches in the warmer and
more humid southern areas. The flower stalks, produced in late summer
and autumn, range from 1 to 3.5 feet high (Fig. 18). Flowering begins
usually in August and continues for several weeks. Flower stalks are
thickly grouped, and seeds are produced in great abundance. Propagation
is by seed, by tillers, and by very short, inconspicuous rhizomes.

An open sod is produced where moisture is sufficient, but bunches 6 to
8 inches or more in diameter are formed in drier sites. Several hundred
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F1G. 17. Typical stand of little bluestem (Andropogon scoparius) in July.

The bunches are about 18 inches tall. Prairie near Pierce, Nebraska, on

September 15, after mowing and stacking the hay. The stubble and mulch
give eflicient protection to the soil.

closely aggregated shoots, which are flattened at the base, may occur in a
single bunch. On lower land and in areas with abundant precipitation
the whole sod may consist of closely crowded stems. These sod-mats are
sometimes several square feet in area, but usually they are much smaller.
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Often the sod consists of small tufts closely aggregated. The overlapping

Jeaves furnish a foliage cover of 8o to 100 per cent, but the basal area is
«eldom greater than 20 per cent. The usual bunches of this grass have a
opread of foliage often twice that of the base of the bunch. Deterioration
of the bunches and mats nearly always occurs first in the older central part
and proceeds toward the periphery, but they often have a long life span.
The beautiful coloration of upland prairie in autumn and winter is largely

due to the various shades of yellows, reds, and bronze presented by the

drying of this grass.
Little bluestem is highly palatable throughout the true prairie, par-

ticularly during early stages of development; like big bluestem it furnishes
o rather uniform amount of forage throughout the summer. Less foliage
of this and many other grasses is produced farther northward where the
growing season is short; in northern Texas some leaves remain green all
winter. \7\7 hen properly managed, the best native pastures are dominated
by bluestems, and if harvested early little bluestem also produces an

abundant crop of hay of good quality (Fig. 17).
SIDE-OATS GRAMA

Bouteloua curtipendula is a warm-season, perennial mid grass with short
scaly rhizomes. It forms small to large tufts or a very open sod (Fig. 18).
It is drought-resisting, and when other grasses succumb to drought it may
develop large bunches. In habit it approaches that of an interstitial species.
On steep banks of ravines, on dry ridges, and in slightly disturbed places,
it may form 10 to 6o per cent of the plant cover. It ranges widely, from the
big bluestem community throughout all of those on uplands, but normally
composes only 1 to 3 per cent of the vegetation. It rarely exceeds a few
square yards in area in rather pure stands. Growth is renewed early in
April, and a height of 3 to 3.5 feet is attained when the flowers are pro-
duced. Abundant tillers and new shoots from rhizomes produce much
foliage. Flower stalks appear about the first week in July, and blooming
continues into September. The inflorescence consists of 35 to 50 pendulous
spikelets on a slender flower stalk. The zigzag appearance of the rachis is
very characteristic, as are also the hairy margins of the leaf blades and the
dry, curled, whitish basal leaves. The plant is tolerant to shade and has
an cxcellent root system.
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The nutritious forage furnished by this Bouteloua is readily eaten by
livestock. This grass withstands well both grazing and drought and g
a principal species in many pastures where it has largely replaced the blye.
stems.

F1c. 18. Large bunch of little bluestem in seed in September, and (right) a sod
of side-oats grama in seed in August.

JUNEGRASS

Koeleria cristata is a cool-season, perennial, bunch-forming grass of
boreal origin (Fig. 19). It is most abundant in the northern and central
prairie region, where it occurs in the needlegrass, the little bluestem, and
the prairie dropseed communities. But not infrequently it is found on
lower mid-slopes and well drained lowland. It usually composes 1 to 3 per
cent of the prairie cover, but sometimes as much as 10 per cent. The
bunches of this mid grass are mostly about 2 inches in diameter. The
abundant flower stalks, with their densely flowered, contracted, spike-like
panicles, 2 to 5 inches long, appear not unlike those of timothy. The
rather dense foliage attains a height of only about 12 inches; flower stalks
are 20 to 30 inches tall. The rather short leaves are soft, irregularly cor-
rugated on the upper surface, and conspicuously dark green. Blossoming
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begins late in May, and the height of anthesis is attained by the middle
Of\junc. The roots are only about 1.5 to 2 feet deep. Following the fruit-
ing season the plant experiences a period of summer dormancy, after which
;¢ makes considerable growth in autumn. It seems to depend more upon
rapfd resceding than on a long life span to maintain its place in prairie.
Junegrass is an excellent forage plant and is relished by all kinds of graz-
ing animals.

Needlegrass and prairie dropseed also occur rather regularly as minor
components of the little bluestem community. Since each grass also forms
. distinct community of its own, they will be described where these com-
munities are discussed.

F1c. 19. A bunch of Junegrass (Koeleria cristata) near the time of blossoming, on
June 15. (Right) Bunches of prairie dropseed (Sporobolus heterolepis) with other
vegetation cleared away. The plants are in flower and fruit, Sept. 15.

LITTLE BLUESTEM COMMUNITY

Little bluestem is the most important dominant of this most extensive
upland type. On an average it alone composes 55 per cent of the vegetation
in the western prairie area, and it sometimes furnishes 9o per cent. Like
big bluestem its dominance extends widely. Little bluestem ranges over
the uplands eastward, but especially southward, while westward it ex-
tends far into mixed prairie. This species easily exceeds in importance all
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other upland grasses combined. It ordinarily forms an interrupted sod; the
mats or tufts are very dense. Accompanying species grow between the
mats. The roots form a continuous dense mass in the upper 2 to 3 feet of
soil and many reach 4 to 5 feet in depth. A pronounced bunch habit qc.
curs on steep slopes where much water may be lost by runoff. Here the
Jarge bunches are more widely separated. This community is less abundan¢
in the northwestern part of true prairie where, on poor soils with much
runoff, it either intermingles with needlegrass or is, in many places, almost
replaced by it. In the richer, more moist soils of the Iowa-Missouri-Kansas
area its chief competitor is big bluestem. This tall grass intermingles with
it throughout, often in almost equal amounts in the Flint Hills of Kansas,
and sometimes exceeds it in abundance even on midslopes. This type gives
way to big bluestem slowly on gradual slopes but more abruptly on steeper
ones.

COMPOSITION OF VEGETATION

A series of square meter quadrats from the top to the base of a long,
rather gentle south slope near Topeka, Kansas, gave the following per-
centage composition in July, 1930. Each column represents a quadrat.

Species Upper slope i\l/g;e— Ij):;zr IT)ZZZI
Little bluestem ... .... 65 40 81 69 52 75 15 18 16 5
Big bluestem ........ 1o g 10 8 30 20 63 6o 8o 89
Prairie dropseed . .. ... 15 50 — — 6 — —_ — — —
Switchgrass ......... — — 2 8 1o 4 — 5 2 —
Foliage cover % ...... 50 50 50 60 75 8o 90 100 100 100
Basal area % ........ 14 10 13 15 12 18 13 13 15 13

Little bluestem was outranked by prairie dropseed in one place on the
upper slope. Seepage on the mid slope permitted the growth of some
switchgrass. Otherwise decrease of little bluestem and an increase in
abundance of big bluestem from upper slope to level base is shown clearly.
This was accompanied by a marked increase of foliage cover but with no
change in basal area. Similar changes occurred in all of the six states where
samples were taken. Those from a station in central Towa have been shown
on page 29.
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Percentage distribution of little bluestem on ridges and steep upper
relation to needlegrass is shown for three stations as follows:

slopes in

gpecies Northwestern Ia. Northeastern “Southeastern

I (Cherokee) Neb. (Allen) Neb. (Neb. City)
Little bluestem ... 61 44 30 15 — 5 — 69 25 13 29 21 4
Big bluestem ... .. 10 15 15 12 65 24 40 25 7 41 38 30 23
Needlegrass ... 15 30 48 45 20 45 50 — 50 30 26 38 56
Bluegrass - «- -« 3 2 5 8 5 535 6 2 — 1 1 2 6

Needlegrass was an important constituent of the vegetation in twelve
quadrats, chiefly to the detriment of little bluestem, and it was the chief
Jominant in 7 sample areas. The line of quadrats crossed the ridges and
upper slopes at right angles; bluestems, and usually little bluestem, were
the dominants both above and below the areas of needlegrass.

A total of 180 quadrats was made throughout the little bluestem type
in the six states. The average basal area was 15.3 per cent. It was less than
10 per cent in only 17 samples and exceeded 20 per cent in only 20 units.
Little bluestem composed 55 per cent of the vegetation and was present
in all quadrats save three. In only 20 per cent of the quadrats did it con-
stitute less than 4o per cent of the vegetation, and in 31 per cent of them
it exceeded 7o per cent (Table 1).

The average percentage composition of the most abundant grasses in
this type was little bluestem 55, big bluestem 24.8, bluegrass 4.7, needle-
grass 2.5 and prairie dropseed 2.7. The per cent frequency of each species
was, in the same order, 98, 99, 80, 40, and 20. The large amount of big
bluestem was due in part to its considerable abundance on lower mid-
slopes and on well watered, less rolling upland areas. Some of the quadrats,
moreover, included transitional areas between the big and little bluestem
types.

The two bluestems together constituted 8o per cent of the plant cover.
The wide distribution and great abundance of bluegrass are of much im-
portance (Table 1). It ranked as the third most abundant species.

Needlegrass and prairie dropseed each furnished about 2.5 per cent of
the basal cover, but the dropseed had only half the frequency (20 per cent)
of that of needlegrass. Table 1 shows that needlegrass occurred both more
frequently and in greater amounts in this type than in that of big blue-
stem. Prairie dropseed was almost confined to uplands.
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Indian grass played a very minor role here, as it did also on lowlands,
Junegrass, side-oats grama and the two low-growing panic grasses each
composed approximately o.5 per cent of the cover. This percentage occur-
rence in about a third of the quadrats was the same. Very little nodding
wild-rye occurred anywhere, but switchgrass constituted 30 to 62 per cent
of the cover in several quadrats in the southern section of the area.

Forbs furnished only 4.1 per cent of the basal area notwithstanding
their abundance and conspicuousness. They occurred in nine-tenths of
the quadrats. Although the forbs may often seem far more important, and
sometimes actually are so, yet as regards their part of the basal area the
percentage rarely averaged much more than 5 to 12. It must also be kept
clearly in mind that even the grasses, often with a foliage cover of 100 per
cent, actually occupy on an average only about 15 per cent of the surface
of the soil.

This, then, is the partial answer to the question, of what is true prairie
composed? Quadrats were supplemented by extensive and thorough ex-
aminations of the plant cover over the entire prairie.

NEEDLEGRASS

Stipa spartea is typically an upland species, but it is also frequently more
or less abundant on flat lands at the heads of draws, and on broad washes
on lower slopes where heavy rains may cause some erosion and deposit of
soil. It is a perennial, cool-season bunch grass of boreal origin. It renews
growth with Canada wild-rye and Kentucky bluegrass very early in spring.
The usually circular bunches are relatively small, ordinarily only 1.5 to 2.5
inches in diameter. But some, by extensive tillering, may finally exceed 4
inches in width. They are usually rather widely spaced in mature stands
and intermixed more or less with other grasses. Height of foliage ranges
from 15 to 36 inches, varying with the amount of available water and the
degree of competition. Growth is so rapid that a height of 2 feet may be .
attained by the first of June. The leaves are smooth and shiny beneath,
and corrugated and somewhat glaucous above. The attenuated ends of the
long, slender leaves are mostly dead and dry even early in summer. In
drought the leaves roll upward and inward. They may remain green or
partly green all winter when covered with snow or when the weather is
mild.

Flower stalks are well developed by the first of June (Fig. 20). They
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from 2 t0 4 feet tall and vary in number from 1 or 2 to about 18, de-
are - . . .
Zding somewhat on the size of the bunch. Flowering follows quickly,
[ bo]

J by June 1o the twisting of the 4- to 6-inch awns indicates the ripening
and D}

of the seed.

FIG. 20. Typical view of needlegrass on July 1. Bending is not due to the wind
but to the crop of heavy seeds. (Below) A pure, thick stand of needlegrass
before the production of flower stalks.
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“A field of fruiting Stipa is a magnificent sight. The tall, wand-like
stems are often so thick, as they bend gracefully under the weight of the
seed, and the foliage cover so dense that the general appearance, until one
separates the crowns, is that of a sod-former rather than a bunch grass. Ac.
tually the basal cover is very small, only about 11 per cent. . . . After the
fall of the seed [usually by the first week of July] the four-foot stems, noy
bleached white, become erect. They and the broad shiny glumes remaiy
for several weeks and clearly demark the boundaries of the needlegrag
community” (Weaver and Albertson, 1944). ,

The seeds (which, as in all grasses are really fruits) may be blown a
considerable distance by the wind, especially when the long awns twist
together in clumps. Unlike most other grasses, the seed gives the best
germination when planted deeply. The fruit is buried in the soil by the
torsion of the bent and twisted awn, which is held from turning by the
bases of stems near the soil surface. Seeds from a single stem are relatively
few, perhaps only a dozen or two, but all are apt to be planted to the proper
depth of about 2 inches and are thus insured better conditions for
germination than on the soil surface. The root system is fine and very
efficient. '

Stipa in its early growth furnishes excellent forage, and, because of
its development before most other prairie grasses, it is frequently extermi-
nated by grazing animals. It should not be mowed for hay until the seeds
have fallen.

NEEDLEGRASS COMMUNITY!

Needlegrass is the chief dominant of a very much smaller grassland
type than that of little bluestem. This bunch grass is of little importance in
northeast Kansas and Missouri and is found only occasionally from cen-
tral Kansas southward. But it gradually increases northward, where the
type becomes well developed. In Dakota, north of the area studied, needle-
grasses (species of Stipa) are the chief dominants over vast areas. Steep,
dry ridges and xeric slopes, especially where the soil is thin and perhaps
sandy or gravelly, are frequently dominated by needlegrass. In hilly lands
in the central and northern parts of the prairie, communities of needle-
grass may cover from one-fifth to one-third or even more of extensive up-

1This and the following community description were adapted from “The Prairie”
(Ecological Monographs, 4).
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Jands. Fere it may comprise 50 to 8o per cent of the plant cover. Such
,;reag Alrernate with the little bluestem pattern or with that of prairie drop-
;ced. The chief associates of needlegrass are the bluestems, Junegrass, and
;‘id&OHtS grama, but it is found in various groupings. It also occurs with big
i)luestem on lowland but seldom extensively. An analysis of 25 quadrats
is given in table 1. . ‘

Where needlegrass is fairly thick, the basal area is small; and the greater
the apparent density of this species, the more the bare soil. This results
{rom the smaller amount of little bluestem and other less conspicuous ele-

ments. Frequently the basal area is only 7 to 9 per cent, but it is usually

about 11.

PRAIRIE DROPSEED

Spor()bolus heterolepis is a warm-season perennial which is distinctly
a bunch-forming grass (Fig. 19). The mostly circular bunches are usually
4 to 8 inches in width, but widely spaced ones may attain a diameter of
12 to more than 18 inches. Growth of the narrow, yellow-green leaves be-
gins early in spring. Ordinarily the shoots are closely aggregated within
the bunch, sometimes as many as 100 to 200 occurring in a single bunch
of medium size. During drier years the number is much reduced. The
leaves, which are 18 to 40 inches long and are attenuated and dry at the
tips, curve gracefully outward and downward in summer. In winter, still
attached to the stems, they lodge thickly in such a manner as to provide a
mulch to a distance of 10 to 14 inches around the base of the plant. Old
bunches deteriorate as a result of the death of the central part and often
break up into several tufts. The enlarged rounded bases of the stems be-
neath the debris collected in the bunches, the 4 or 5 leaf blades originating
at about the same height, and the very fine veining of the leaves, are all
characteristic of this specics. The abundant fibrous roots reach a depth of
4to 5 feet.

The foliage height on uplands is about 8 to 18 inches, but on low ground
it may reach 24 inches or more. Although flower stalks begin to appear
in July, anthesis reaches its height late in August and September. The
broad, spreading panicles are held 2.5 to 3 feet above the soil surface. Each
spikelet bears a single large seed which readily falls upon reaching matu-
rity, hence the name dropseed. This grass is palatable to all kinds of stock
and furnishes considerable forage when it is not allowed to mature.
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PRAIRIE DROPSEED COMMUNITY

A very minor but distinct upland community is dominated by the
bunches of prairie dropseed. Despite the wide distribution of this species,
it was not found in many of the prairies in this survey. It is always most
abundant on the driest uplands, where it often dominates local patches,
forming 8o per cent or more of the cover. The areas over which it holds
control are much less extensive than are those of the needlegrass type.
They vary from a few square rods to a few acres in extent, and all degrees
of intermingling with the needlegrass type and with the little bluestem
community occur. Prairie dropseed more often occurs as scattered bunches
with little bluestem or needlegrass, where it constitutes 1 to 20 per cent-
of the vegetation. Sometimes isolated clumps occur in big bluestem prairie,
Following the drought of 1934~40 this community increased very greatly
in area and importance. ’

The bunches are so widely spaced that the basal area is usually only 8
to 15 per cent, but the widely spreading foliage obscures the unoceupied
soil between the bunches and the sod-like, smaller tufts. The foliage cover
is often 8o to go per cent in good stands. Usually only the more xeric up-
land forbs occur in this community, since the entire soil is thoroughly
threaded by the roots of this xerophytic grass.

About the same species of upland grasses that occur with needlegrass
were found here. In 10 representative quadrats little and big bluestem
each composed about 11 per cent of the vegetation and bluegrass about 4
per cent. Needlegrass, Junegrass, and Indian grass were each represented
by about 1 per cent, but they occurred in 30 to 50 per cent of the quadrats.

OTHER UPLAND GRASSES

About 25 minor species of grasses and sedges occur more or less regularly
on uplands. Only a few of these are of considerable ecological importance
and will be briefly described. Others will be mentioned elsewhere. Scrib-
ner’s panic grass (Panicum scribnerianum) is a low-growing perennial
that occurs throughout the prairie on both moist and dry soil (Fig. 3). Itis
a species of the understory, growing between the bunches and tufts of
other grasses. In winter, the broad, smooth leaves form a rosette-like
cluster near the soil, but the erect stems in summer ordinarily reach
heights of 12 to 15 inches, except in shade on lowland where they may be
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/8 or more inches high. The bunches or tufts are small (1 to 5 inches
wide) but the tops spread widely. This grass develops best where the
vegetation is not del?se. Flowering oftfzn begins early in ]u‘ne. The pz.mlc'les,
with their large spikelets, are conspicuous. Because of its wide distribu-
iion and rather common occurrence, it is one of the most important sec-
ondary spec ies.

A considerable number of other panic grasses of small stature occur.
Among these Wilcox” panic grass (P. wilcoxianum) is most frequent and
of greatest abundance. It is of smaller stature than Scribner’s panic grass;
Jeaves, panicles and fruits are distinctly smaller than those described, and
in addition leaves and stems are very hairy. Both this and the preceding
have good forage value.

Tall dropseed (Sporobolus asper) is a perennial bunch grass which is
very drought resistant and takes on great importance during drought cycles
(Fig. 9). It normally forms only a small part of the vegetation. The plant
is 1.5 to 4 feet tall. Stems are mostly unbranched, and the compacted
panicle, which is enclosed in the upper leaf sheath, varies from about 3 to
10 inches in length. Flowering occurs in autumn. The long, very fibrous
leaves bleach white, as do the stems in winter. They are frayed by the wind
but may remain in place a second summer. Tall dropseed also occurs in
low prairie, especially where there is a clay pan or slight disturbance. It is
common in native pastures, but is of low forage value.

Penn sedge (Carex pennsylvanica) is an understory species which at-
tains a height of 5 to ¢ inches, but the flower stalks are a little taller. Ex-
cellent rhizomes enable it to form tufts, singly or in small groups between
the dominant grasses. Growth is renewed early in spring, and blossoming
occurs during April or early May. Where best developed, as on dry ridges
and upper slopes, it may form at least 1o per cent of the vegetation. It is a
species of wide distribution. Certain other sedges are more or less common
in prairie, especially Carex meadii, C. festucacea, and C. scoparia.

Western wheatgrass (Agropyron smithii) was found only sparingly in
the west-central area of true prairie before the great drought, although it
was plentiful northward and in the mixed prairie westward (Fig. 4). Im-
mediately after the beginning of drought it became increasingly abundant
in true prairie, where it spread over all types of terrain until in many places
it became the most important grass west of the Missouri River. In addition
to being a good seed-former, large areas where other species were practi-
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cally absent indicated its excellent method of migration by undergrounq.
stems. It will be discussed in the chapters on drought.

Purple lovegrass (Eragrostis spectabilis) is sparingly distributeq
throughout the prairie. It is a perennial of a somewhat weedy nature. [
grows in low tufts but becomes very conspicuous when the large, widely
spreading, purplish panicles appear. These separate from the plant anq
are scattered widely by the wind.

Blue grama (Bouteloua gracilis) is a short grass of great importance in
mixed prairie (Fig. 3). In true prairie it occurs sparingly and usually only
in the driest situations, where mid grasses grow poorly and shade is not
dense. This very palatable, drought-resistant grass forms a continuous sod,
by the close spacing of the bunches, or a sod interrupted by other grasses,
depending upon available soil moisture. The numerous leaves, which
vary in length from 1 to 4 inches, are mostly basal and grow so thickly
that the sod is almost continuous. Flower stalks are 8 to 12 inches high
and have 2 or 3 spikes about an inch long. Flowering may occur at any
time during summer when soil moisture is available. Forage matures well
on the ground, and this species, unlike most prairie grasses, furnishes ex-
cellent feed both summer and winter.

Hairy grama (B. hirsuta) is similar in stature and general appearance
to blue grama, except that the leaves are very hairy and that it grows in
small bunches. Very little occurs in the region under present considera-
tion but it is abundant on thin droughty soils and rocky hilltops in the
extensive grasslands known as the Bluestem Hills in Kansas and the Osage
Hills in Oklahoma.

Buffalo grass (Buchloe dactyloides), like the preceding short grasses,
cannot endure the shading of taller competitors and is of little importance
in true prairie (Fig. 21). It spreads rapidly by stolons which root readily
when they come in contact with moist soil. It is usually associated with
blue grama on the thinner soils of upland in the western edge of prairie
but is also found in draws or on clay pan lowlands where it sometimes
forms pure, dense mats of limited extent. The plants are seldom more than
4 to 5 inches tall and the leaves grow so near the soil that much of the
green tissue remains even when closely grazed. Staminate spikes occur in
groups of 2 or 3 on slender erect culms usually only 4 to 6 inches high.
The pistillate spikes or heads, which produce the seeds, are hidden within

the foliage.
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, Vg 1] 2
FIG. 21. Staminate plants (left) and pistillate plants of buffalo grass
(Buchloe dactyloides) in midsummer. Note stolons at the base. (Below)
Lateral view of little bluestem prairie in midsummer showing a lower, a
middle, and an upper layer of vegetation. The forbs are white prairie
clover (Petalostemum candidum) (left), lead plant (Amorpha caicscens),
large button snakeroot (Liatris scariosa) (right), and prairie cat’s-foot
(Antennaria neglecta) on the soil. (From Ecological Monographs)
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CHAPTER 5

Principal Forbs of Upland

Forss of upland were studied and listed in the same manner as those on
more moist soil. A group of 75 species that were most abundant and im-
portant on uplands occurred in at least 10 per cent of the 100 prairies ex-

amined.

Tasre 3. List and ranking of the 35 most important forbs (and a few shrubs)

of uplands.

Amorpha canescens . ..
Lead plant
Helianthus laetiflorus .
Stiff sunflower
Aster ericoides . ......
Many-flowered aster
Antennaria neglecta . ..
Prairie cat’s-foot
Erigeron strigosus . ...
Daisy fleabane
Solidago missouriensis
Smooth or Missouri
goldenrod
Psoralea argophylla . ..
Silver-leaf psoralea
Petalostemum
candidum and
P. purpureum ...
White and purple
prairie clover

Echinacea pallida

Pale purple coneflower

Euphorbia corollata . . .
Flowering spurge

Solidago rigida
Stiff goldenrod

Astragalus crassicarpus .
Ground plum

Liatris scariosa

87-6
8o-7
8o-5
72-6

76-9

. 0412

56-18

52-22

40-26

337

36-21

3923

Large button snakeroot

68

18-34
3811
50-25
25°19
40-32

24-20

19-24

10-24

6-18
11-24
26-31

o9

6-10

Rosa suffulta
Prairie rose
Coreopsis palmata . . ..
Tickseed
Kuhnia eupatorioides .
False boneset
Psoralea tenuiflora . . ..
Psoralea
Sisyrinchivm
campestre . ......
Blue-eyed grass
Ceanothus ovatus
Redroot
Liatris punctata
Dotted button
snakeroot
Desmodium canadense
and D. illinoense. .
Tick trefoil
Aster laevis . .........
Smooth aster
Artemisia ludoviciana .
Sage or mugwort
Lespedeza capitata . . ..
Bush clover
Schrankia nuttallii . ..
Sensitive briar
Solidago speciosa

Showy goldenrod

15-7
0-0

o2

41-16
36
28-28

26-28



Aster azireus ... 76
Sky-blue aster

Linuni sulcatum ... .. 2925 88
Yellow flax

Achillea millefolium .. 16-35 13-27

Milfoil or varrow

Senecio plattensis ... .. 15-11 123

Prairie ragwort

Baptisia leucantha . ... 1222 6-17

Large white wild indigo
Baptisia leucophaea ... 1927 o020
Large-bracted wild
indigo '
Salvia pitcheri ....... 916 o 14

Pitcher’s sage

List of species of somewhat less importance in uplands
(Read column on right following that on left.)

Ratibida columnifera
Prairie coneflower
Pedicularis canadensis
Lousewort
Salix humilis
Upland willow
Anemone cylindrica
[Long-fruited anemone
Comandra richardsiana
Bastard toadflax
| iatris squarrosa
Scaly blazing star
Ruellia humilis
Hairy ruellia
Viola pedatifida
Prairie violet
Solidago graminifolia
Fragrant goldenrod
Plantago purshii
Pursh’s plantain
Lygodesmia juncea
Rush-like lygodesmia
Solidago mollis
Velvety goldenrod

Oxytropis lambertii
Locoweed
Eryngium yuccifolivm
Rattlesnake master
Polygala alba
White milkwort
Polygala sanguinea
Field milkwort
Pedicularis lanceolata
Lousewort
Callirhoe alcaeoides
Poppy mallow
Potentilla arguta
Cinquefoil
Physalis lanceolata
Prairie ground cherry
Lithospermum incisum
Narrow-leaved puccoon
Onosmodium occidentale
Western false gromwell
Psoralea esculenta
Prairie turnip

Each species in the preceding lists was far more abundant in uplands
than in lowlands. There were 15 other less important species that were

found in more than 10 per cent of the 100 upland prairies.

LEAD PLANT

Amorpha canescens is perhaps the most conspicuous and characteristic
shrub of uplands. The prairie flora includes a few half-shrubs and shrubs

in addition to Amorpha. Rosa suffulta, Ceanothus ovatus, and Salix
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humilis are common examples. In unmowed prairie, as in the Flint Hillg
of Kansas or along roadsides, Amorpha may develop into bushes 2.5 to 4
feet tall and the stems are sometimes o.5 inch in diameter. This is severy]
times the width of annual stems, which, however, become quite woody by
midsummer. Under annual mowing the plant produces 2 to 5 or more basg]
stems. Frequently 12 to 20 plants occur per square meter. On lighter,
poorer types of soil a maximum of 50 to 6o plants have been found. Iy,
limited areas they even exceed the grasses in importance (Fig. 22). '

Growth begins about May 1, and by early in June the plants, where
they are at all abundant, give the landscape a leaden-colored tone. Late
in June when the foliage is about 1 to 2 feet tall, lowering begins; then.
the height may reach 3 feet or more. The tiny dark violet-purple flowers,
despite the fact that they contain but a single petal, are so abundant that
the clustered spike-like racemes are very conspicuous. Seedlings, which are
often abundant, are very tolerant of shade.

During late summer drought the stems may become partly defoliated,
This also occurs in deep shade of lowlands. But the remainder of the
leaves remain green until frost. This plant produces much shade. It is
important throughout the season, but because of its deep root system its
competition with the grasses for water and nutrients is greatly reduced.
Lead plant ranked as one of the leading societies of upland in 74 per cent
of the prairies. It occurred in about half of the lowland prairies but in
greatly reduced numbers.

SILVER-LEAF PSORALEA

Psoralea argophylla is a high-ranking legume that forms extensive
societies, especially on lower hillsides and steep slopes along ravines. It is
also usually distributed over well drained, moist, level lands. It occurs
mostly where the little bluestem type intermingles with considerable big
bluestem (Fig. 22).

The naked shoots appear early in April and the leaves unfold several
inches above the soil. Blossoming begins in June, but the plants are con-
spicuous because of the silvery foliage rather than the small blue flowers.
Mature plants are 12 to 28 inches high. The usually single stem has
practically no leaves on the lower 6 to 12 inches. The branched open crown
is 5 to 10 inches wide. Although 30 to 60 individuals may occur in a
single square meter, they seem to be only slightly detrimental to the
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rasses which appear normal in density when this legume is removed.
oTassess

?ne in summer an abscission layer causes the stem to break near the soil
and the tops tumble over the grasses before the wind.

surface
In 74 per cent of upland prairies silvery psoralea was present, and it

FIG. 22. Little bluestem prairie with fine societies of lead plant Cupper) and silver-
leaf psoralea (Psoralea argophylla). Guthrie Center, Iowa, June 5.
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formed societies of first rank in 37 per cent. Although occurring in 43 peq
cent of lowlands, here it was far less abundant.

MANY-FLOWERED PSORALEA

Psoralea tenuiflora (P. floribunda) is a legume of wide but irregulay
distribution in upland prairies. It seldom occurs in lowlands. The thick
stems, sometimes 1 but often 4 to 15, are bare and unbranched to a heighg.
of 4 to 6 inches when young and to 8 to 10 when tully grown. Mature
plants are often 2 feet tall and have much branched, spreading tops, 18
to 24 inches or more wide. The small blue fowers appear early in June,
A single large plant may produce nearly 20,000 individual blossoms. Late
in summer an abscission layer near the soil weakens the stem. It is broken
by the wind and the plant then becomes a tumbleweed.

PRAIRIE TURNIP

Psoralea esculenta ranked sixtieth in importance on upland prairie
and seldom occurred on lowland. Although the mature plant may attain
20 inches in height, neither it nor its rather few small blue flowers are con-
spicuous. It is of special interest because of the swollen portion of its tap-
root, a few inches below the surface of the soil, which in mature plants
is often almost spherical in shape and 2 inches in diameter (Fig. 23). This
is said to have been one of the food plants of greatest importance obtained |
from the prairie by the Indians. “After the roots were peeled they were
eaten either raw or after cooking. Large quantities were dug in June or
early July to peel and dry for the winter food supply. The peeled roots
were braided in long strips by the tapering ends, as strings of garlic are

braided by the tops” (Gilmore, 1919).
PRAIRIE CLOVERS

Petalostemum candidum and P. purpureum are widely distributed
species which ranked third among the most important legumes. Numbers
vary from 5 or 10 plants per square meter in open stands to 50 or 6o
where they are frequent, but in well developed societies the number is
even larger. A single taproot gives rise to 1 to 3 stems, but sometimes
there are 10 to 12. Occasionally bunches 7 inches in basal diameter with
60 stalks may occur. Prairie clovers begin growth with the grasses but
soon outstrip them in height. When blossoming begins, about the first
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¥1G. 23. Flourishing plants of stiff sunflower (Helianthus laetiflorus) (left),
and tops and enlarged roots of prairie turnip (Psoralea esculenta). (Below)
Ground plum (Astragalus crassicarpus) in fruit.
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week in July, the plants are 2 to 2.5 feet tall (Fig. 24). The leaves of the
purple prairie clover are smaller than those of the white-flowered specieg
but they clothe the stems more thickly. The conspicuous heads, 0.5 to 2.5
inches long, are terminal on the branched tops and are held far above the
general level of the grasses. Only in dense stands do the plants cast much
shade. Although they grow in mixed societies, yet the purple clover pre.
fers higher ground. Northward the white-flowered species was far more
abundant. On uplands these legumes were present in three-fourths of the
prairies, where they attained first rank in 22 per cent. On lowlands they
were far less abundant. '

F1G. 24. Flowering spurge (Euphorbia corollata), Indian plantain (Cacalia tuber-
osa), white prairie clover (Petalostemum candidum), and (in foreground) a stem
of Ulinois tick trefoil (Desmodium illinoense).

GROUND PLUM

Astragalus crassicarpus is a conspicuous legume of spring and early
summer well known by the early settlers. It is a typical plant of the upland,
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Fic. 25. Large white wild indigo (Baptisia leucantha) with
foliage spreading 3 feet above the soil surface. Height of flower
stalk is nearly 6 feet. (Upper left) Prairie rose (Rosa suffulta).

where it occurred in 57 per cent of the prairies. It is a large, coarse, decuni-
bent legume, rarely exceeding 8 inches in height. The numerous stems
spread widely in a somewhat radial manner, covering a circular area 2 to 3
feet in diameter. Its abundant, large, violet-purple flowers are attractive,
as are also the plum-sized fruits (Fig. 23). When mature the abundant
fruits are nearly an inch in diameter, somewhat longer than wide, and
beautifully colored with a blotch of red on the upper side away from the
soi.
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FIG. 26. Pale purple coneflower (Echinacea pallida) (upper left), and prairie with

patches of daisy fleabane (Erigeron strigosus). Below is a portion of large-bracted

wild indigo (Baptisia leucophaea) in blossom, and a top view of rosettes of prairie
cat’s-foot (Antennaria neglecta).
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WILD INDIGO

Large white wild indigo (Baptisia leucantha) is a unique legume. The
Jy grown plant, with single stem and widely branched crown, resembles

ful
iature tree standing 2 to 4 feet above the general level of the grasses

a mini

FI1G. 27. Smooth or Missouri goldenrod (Solwlago missouriensis) (left),
rattlesnake master (Eryngium yuccifolium) and large button snakeroot
(Liatris scariosa).

(Fig. 25). Its large, cream-colored flowers occur in very large racemes, and
the inflated, small seeded pods are outstanding features of the lower slopes
where the plant is mostly found. Large-bracted wild indigo (B. leuco-
phaea) is a coarse, widely spreading perennial that occurs in about half of
the upland prairies, often on lower slopes. It has 2 to 12 thick stems which
branch and spread widely so that the tops of the plants are 2 to 3 feet in
maximum width. When blossoming begins in May, the large racemes of
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cream-colored flowers extend conspicuously beyond the foliage (Fig, 26)
When a part of the plant is crushed, the sap, upon exposure to the air, he
comes dark purple in color, hence the name “false indigo.”

BUTTON SNAKEROOTS

Several species of button snakeroots and blazing stars occupy a prom;,
nent place in the vegetation of prairie and add grace and beauty to the ay,
tumnal aspect. Liatris punctata is a coarse, perennial composite we]f
adapted by its long life, extensive root system, and harsh narrow leaves to}
grow in dry soil. This dotted button snakeroot was found in 58 per cent oﬂ
upland prairies, where it ranked first in 10 per cent. Large button snake:
root (Liatris scariosa) was found in nearly two-thirds of the uplands and iy
16 per cent of lowlands. It ranges in height from 1 to 5.5 feet. The lineaf
leaves, especially the basal ones, are 7 to 12 inches long and fairly broad:
although they are reduced to mere bracts near the inflorescence (Fig. 27),
The wealth of rose-purple flowers as well as the colored tips of the large
bracts form a pleasing and impressive sight.

PRAIRIE MUGWORT

Prairie mugwort (Artemisia ludoviciana) is a conspicuous plant in prai-
rie both because of its social habit of rhizome propagation and its whitish
appearance against the background of green. The latter is due to a dense
coat of hairs, which can be removed by rubbing, thus exposing the green
leaves (Fig. 28). Mature plants are often 2.5 feet tall and very leafy with
their tops much branched. This sage is rather local in its occurrence, but
where it is found the plants are often aggregated. It occurred in 7o per:
cent of upland prairies and in more than half of the lowlands. Where sage
grows thickly, the undercover of grasses is considerably thinned.

STIFF SUNFLOWER

Helianthus laetiflorus ranks next to lead plant as the most characteristic,
widely distributed, and abundant species of upland forb (Fig. 23). Typi-
cally its home is on the uplands, where it may grow in very poor, dry soil.
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