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Preface

In the early 1970s Irene Cull, a botanist trained at the University of Wisconsin,
introduced me to some of the few remaining prairies in the area of Peoria, Illinois.
These incredible prairies were reminiscent of increasingly rare native plant com-
munities found in remote areas from Hawaii to the East coast. Whenever native
plant communities are encountered, one can intuitively sense the authenticity by
their inherent beauty and highly organized ecology. Unfortunately, ecological frag-
mentation occurs in the more populated regions over the United States. These areas
are continually invaded with a myriad of weedy Eurasian plant introductions, even
on preserved public land.

Irene Cull persuaded the management of the USDA lab in Peoria to landscape a
portion of the laboratory property as native prairie. This project taught many lessons
on prairie restoration, ranging in degrees of difficulty. Then, in the mid-1970s I
extended Irene’s tutelage to the restoration of degraded prairies in Jubilee State Park
with the help of Sierra Club. About the same time row crops were started for seed
production, both in the park and on private land. The row-crop project was the tool
for eventually restoring 40+ acres of high-quality diverse prairie in the park and on
private land. By the early 1980s a team of about 20 volunteers called “The Prairie
Dawgs” was organized to focus on prairie restoration in the park. Controlled burn
equipment and brush-cutting tools were purchased from proceeds of a prairie confer-
ence and grants from The Nature Conservancy, Sierra Club, and Illinois Department
of Conservation. A regular burn schedule immensely improved the condition of
about 250 acres of degraded prairies. As an added bonus, we began to realize that
the burned forest areas showed a decrease in brush. Also, there was a loss of the
lowest portion of the canopy, giving the feeling of an open or managed forest.

By the early 1990s a half-mile of Burlington Northern Railroad right-of-way
near Brimfield, Illinois, became available for purchase. This remnant prairie had
many excellent stands of prairie, but was degraded in the sense that it lacked diver-
sity and contained alien species, particularly woody brush/trees, wild parsnip, and
white sweet clover. After my wife and I purchased the right-of-way, aggressive tree
and brush cutting was ongoing for several years. Persistent weeding virtually elimi-
nated the parsnip within about 5 years, but white sweet clover remains a problem
in small areas. To increase diversity, locally gathered seeds were scattered by hand.
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Brimfield Railroad Nature Preserve
Photo: Douglas Franks

It became evident that success in restoration by over-seeding an established perennial
eco-system was more difficult than starting with weed-free tilled soil. Annual seed-
ing coupled with time resulted in a dramatic increase in diversity to the extent that
the property was designated an official Illinois Nature Preserve by the State of
linois in 2002.

Several years ago, the USDA Natural Resources Conservation Service con-
tracted with the author to restore 15+ acres as prairie in their Wildlife Habitat
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Incentives Program (WHIP). The author continues to restore prairie areas on his
farm in south central Pennsylvania where he maintains beds for seed production of
about 150 species.

Also, the USDA NRCS sponsors a number of soil conservation initiatives (see
Section 9). These USDA initiatives have resulted in a large nationwide increase in
acreage put aside as grassland, both in the East and Midwest. On the downside, the
USDA permits the use of Eurasian grasses as well.

Unfortunately, the public is under-educated about native plants. Even so-called
garden experts consider the likes of Queen Anne’s lace and dames rocket to be
native wildflowers. Several years ago I was uprooting parsnip in the Rock Island
Trail Nature Preserve. A hiker asked what I was doing. “Pulling weeds,” I replied.
He returned, “they are all weeds.” The hiker seemed semi-satisfied only after I
explained that I wasn’t pulling “American weeds.” The goal of this volume is to
provide a comprehensive guide to all aspects of prairie restoration wherever condi-
tions are favorable to restore these beautiful sun-loving native plants. Open fields
in a large region from the East to the Midwest are very suitable for restoration.

Carlisle PA, USA Harold W. Gardner
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Chapter 1
Introduction to the Prairie

1.1 Why Prairie?

Prairie and savanna are among the most endangered of ecosystems. In Illinois,
extant prairies account for only 0.01% of their original range [1]. Other Midwestern
states are similarly deficient in prairie remnants. Because prairie soil in the Midwest
is incredibly fertile, much of the former grasslands have disappeared under the
plow. Interestingly, the root-bound prairie sods were intractable before the intro-
duction of the John Deere steel moldboard plow. Several yoke of oxen were used
to break the soil (Fig. 1.1). The snap of the breaking roots of lead plant (Amorpha
canescens) earned lead plant the alternative name “prairie shoestring.”

Even as early as the 1840s a great proportion of the tallgrass prairie had
disappeared. The remaining prairies and savannas (widespread trees interspersed
with prairie) are endangered because of the lack of fire. Thus, prairies are being
transformed into areas of brush and trees. The former giant spreading oaks found
on savannas are being degraded by younger forest trees, which shade the wide-
spread limbs of full-sun trees. The decline of these ancient oaks is surprisingly
rapid under these conditions.

What an amazing sight the tallgrass prairie must have been to the first people of
European ancestry to view these undisturbed natural areas. Plant collection was one
goal of the Lewis and Clark expedition. However, Thomas Nuttall, an apprentice
printer from England, was much interested in botany. Nuttall endured incredible
hardships collecting plants in the tallgrass area shortly after the Lewis and Clark
expedition. He proceeded down the Ohio River, and subsequently traveled north,
often by foot, through the heart of the tallgrass prairie. He discovered a large number
of plants typical of native prairie absent or very rare in the East, such as Amorpha
canescens, Artemisa ludoviciana, Symphyotrichum x amethystinus, Symphyotrichum
oblongifolium, Baptisia bracteata var. (v.) leucophaea, Arnoglossum plantagineum,
Cirsium pumilum, Comandra umbellata, Coreopsis palmata, Delphinium caroli-
nianum v. virescens, Echinacea pallida, Penstemon digitalis, Penstemon grandiflorus,
Physostegia parviflora, Polytaenia nuttallii, Orbexilum onobrychis, Pycnanthemum
verticillatum v. pilosum, Ruellia humilis, Mimosa microphylla, and Solidago speciosa,
among many others.

H.W. Gardner, Tallgrass Prairie Restoration in the Midwestern and Eastern 3
United States: A Hands-On Guide, DOI 10.1007/978-1-4419-7427-3_1,
© Springer Science+Business Media, LLC 2011
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Fig. 1.1 Breaking the prairie sod at Bishop Hill, Illinois. “Breaking Prairie” by Olof Krans
(courtesy Bishop Hill State Historic Site Museum)

Although the treeless prairie was a frightening unfamiliar terrain to early
pioneers, there were some who appreciated their wondrous floral beauty. As
reported by Betz [2], a visitor from New York in 1838 wrote:

One who has never looked upon the Western prairie in the pride of its blushing bloom can
hardly conceive the surpassing loveliness of its summer flora; and if the idea is not easy to
conceive, still less is it so to convey. The autumn flowers in their richness I have not yet
beheld; and in the early days of June, when I first stood upon the prairies, the beauteous
sisterhood of spring were all in their graves; and the sweet springtime of the year it is when
the gentle race of flowers dance over the teeming earth in the gayest guise and profusion.

McClain [1] quoted the 1841 writing of the Englishman, Mr. Oliver:

A few miles further on we entered on a branch of Looking Glass Prairie, Bond County
(Illinois), where long reaches of green undulating prairie stretched away until they became
lost in the haze of distance; and, within a few hours of sunset, we emerged from a grove on
the shore of one which lay stretched out before us like an ocean. In the direction which the
track we were following took, we could just distinguish the forest like a low bank of cloud,
whilst on our right the prairie stretched away, one vast plain, uninterrupted by tree or bush,
as far as the eye could reach.

Dr. A.W. Herre [quoted in [3] p. 74] was particularly eloquent in his writings
about the beauty of the prairie of yesteryears, and he sadly comments on its whole-
sale destruction by the 1890s:

One of the most marvelous sights of my whole life, unsurpassed in my travels in nearly all
parts of the world, was that of the prairie in spring. Unfading are memories of that waving
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rippling sea of lavender when the wild sweet William, a species of Phlox two or three feet
in height was in full flower. It stretched away in the distance farther than the eye could
reach. As the sea of phlox faded it was succeeded by another marvelous flower bed of
nature’s planting, and this in turn by others until mid-summer was reached. Then the great
coarse perennials belonging to the Compositae dominated and instead of a single mass of
color there was a vast garden of purple cone flowers, black-eyed susan’s, rosinweeds, blaz-
ing stars, aster, goldenrods, and others...Every spring and fall the prairie was covered with
water so that the whole country side was a great lake...All day long swarms of water birds
filled the air, and far in the night their cries sounded overhead. At the first gleam of dawn
vast flights of ducks dashed to and fro and great flocks of wild geese sped swiftly across
the sky...The advent of tile drainage early in the (18)80’s completed the transformation of
the prairie into ordinary farm land and brought in many more people. Of course the ducks
and geese stopped coming for there was neither water nor food to attract them. Migratory
flocks of snipe and plover continued to come for a couple of decades, but their numbers
had dwindled to a mere trickle when I left Illinois in 1900. The crayfish and bullfrogs
disappeared in a hurry, and the prairie chickens were destroyed by the combined efforts of
the plow and the shot gun. I returned to the region several summers during the (18)90’s,
but the prairie as such had disappeared, and of course, its characteristic life with it. What
a pity that some of it could not have been preserved, so that those born later might enjoy
its beauty also. Now it is merely flat unending corn fields, and moderns may look on this
article as only the iridescent childish remance of an old man.

In recent years an appreciation for prairie has been shown by the extensive effort
expended by individuals and government agencies to restore prairies. The Farm Bill
2002, Grassland Reserve Program, by USDA has resulted in major restoration by
farmers to set aside marginal farmland. Unfortunately, some farmers have elected
to plant alien grasses, which requires less expensive seed.

Tallgrass prairies need not be restricted to the Midwest. It is relatively easy to
grow prairie in the East, where before habitation prairie ecosystems were somewhat
rare because of largely unending forest. However, many “prairie”” species can be
found in mountain forest openings where human disturbance and introduction of
Eurasian species has been minimal. Certain barrens in the East, such as one near
State College, Pennsylvania, and the Serpentine Barrens on the eastern
Pennsylvania—Maryland border, harbor many prairie species. The Serpentine
Barrens have areas of shortgrass mixed with tallgrass, such as Schizachyrium sco-
parium, Andropogon gerardii, Sorghastrum nutans, and Sporobolus heterolepis, as
well as several forbs. In the past there was a history of burns in the Serpentine
Barrens. Except for a recent prescribed burn that became a wildfire, the remainder
of the Serpentine Barrens is in a stage of succession into greenbrier, pitch pine, and
red cedar. Volunteers of The Nature Conservancy are clearing areas of trees to pro-
mote grasslands. Otherwise, populated areas in the East are almost totally overrun
with Eurasian species. Native wetland species often persist in the East, possibly
because exotic wetland species have not been imported for agriculture and horticul-
tural landscaping. However, the explosive growth of a wetland species, purple
loosestrife (Lythrum salicaria), in the East demonstrates the hazards of unrestricted
horticultural imports.

Most of the public considers “prairie” simply as a sea of grass. Such a view is
far from accurate. There is a diversity of prairie ecotypes displaying a mixture of
grasses and forbs (non-grass flowering plants). Depending on soil moisture, soil
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type, partial shade, local climate, and degree of disturbance, one prairie may have
no resemblance to another in terms of plant species and species prevalence. The
variance of prairie types adds an exciting dimension to their study and appreciation.
An important key to prairie restoration is attention to the particular ecosystem out-
lined by the foregoing factors. Obviously, it is a total waste of time to seed a dry
sandy area with wetland species or vice versa. A more detailed discussion of planting
strategies is outlined in the Chap. 5 and Sect. 1.3 sections below.

As suggested by many experts, residential lawns should be supplanted with
native species that normally grow wild in the region. Blue-grass lawns are a car-
ryover from our northern European origins. Blue-grass lawns are an unnatural
creation in the Americas. Enormous resources of water, fertilizer, herbicides, gasoline,
lawn mowing equipment, and time are required to maintain our “English lawns.”
Maintenance of lawns in the likes of Tucson or Los Angeles is the ultimate in lavish
environmental wastefulness, especially because of the scarcity of water in those
arid climes. Prairie is a difficult sell in most subdivisions, but a small and growing
minority is pleased with the results. Informing city fathers and neighbors before
planting a prairie is recommended. And, one should organize attractive native
plants in a manner that resembles a landscaping plan. Arranging areas of mono-
culture is one strategy that gives the impression of a suburban garden. A few years
ago I planted beds of prairie plants for an acquaintance along Market Street in
Camp Hill, Pennsylvania. Her lawn situated along a major thoroughfare attracts
favorable notice.

1.2 Prairie Origins

A review by Axelrod [4] offers convincing evidence that an extensive prairie
ecosystem is a recent phenomenon being maintained principally by fire during the
time before settlement by European immigrants.

The prairies had their origin from the spread of grassy patches from open park-
land or savannas in earlier times. In a warmer era from about 20 to 10 million years
ago, conifers and hardwoods were found in river bottoms with grassy patches or
open parkland in the intervals between rivers. Fossils of crocodiles and large
tortoises indicated a warmer climate. As the climate became more arid 7-5 million
years ago, the grasslands spread more into the savanna intervals. Nevertheless, at
this time there was no extensive spread of prairie. A subsequent cooling trend led
to more conifers, such as spruce and larch, with the parklands persisting until the
end of the glacial period about 10,000 years ago. After this time, large expanses of
prairie formed between river drainages, while river bottoms developed into decidu-
ous forests.

The recent rise of the prairie agrees with the lack of speciation of prairie plants;
that is, most prairie species are found in woodland borders. For example, many
prairie plants can be found in the East in areas untouched by habitation, such as
mountain openings. There are very few plant species endemic to prairies, indicating
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insufficient time to allow for the evolution of grass and forbs (flowering plants).
Similarly, most bird and insect species are found elsewhere. Diverse relict trees
show the former occurrence of extensive forest over the entire prairie region.

Axelrod [4] and many other authorities observed that these large expanses of
prairies are unstable, particularly in the tallgrass region. After European immigrants
populated the prairies, extensive fires were terminated, and existing prairies have
been rapidly invaded by forest. Previously, for various reasons, Native Americans
burned the prairies as often as every few years. Lightning may have played a minor
role in setting prairie fires. This author personally witnessed a grass fire caused by
lightning in eastern Wyoming; however, it was doubtful that it lasted long in the
resulting downpour. It is this burn regimen that undoubtedly caused the major
expansion of prairies into savannas after the last Ice Age. Other factors are involved,
such as drying periods to permit the accumulation of flammable grasses, as well as
flat plains over which the fire spread uninterrupted. Grazing animals may have also
contributed to the demise of woody plants to a lesser extent.

1.3 Ecosystem Diversity

The focus of this book is the restoration of tallgrass prairies with attendant forbs
commonly found in the north-central Midwest. As described below, it is entirely
feasible to establish prairie ecosystems in the East in full sun or partial shade.

Prairie ecosystems are readily divided into the broad categories of prairies
composed of tallgrass and those consisting of shortgrass. This division is mainly
based on the annual rainfall, with regions of higher soil moisture being able to sup-
port tallgrass species. Within each of these categories there is considerable regional
variation in species composition. However, the variability is gradual over the entire
prairie ecosystem, so that one will find shortgrass species in tallgrass areas and vice
versa. However, there are numerous species uniquely regional. Even in the tallgrass
region alone you would find considerable similarity as well as variability between
the species found in Texas from those in North Dakota. Even within a single species
there are regional differences that undoubtedly have a genetic basis [5]. Solidago
altissima was shown to change into regional ecotypes in Europe within only 300
years after its introduction (see discussion in Sect. 2.126 on Solidago canadensis),
which may argue for an adaptation mechanism already present within the genome.
For this reason, there is a variance of opinion regarding the selection of seed
sources for restoration. Some experts recommend a 15-mile rule regarding seed
collection for a specific site. The Illinois Nature Preserves Commission suggests a
100- to 200-mile radius within the same Illinois Natural Division, particularly on
an east—west orientation.

The former range of tallgrass prairie was found from western Indiana west
through Illinois and Iowa to central Nebraska. These prairies also stretched north
into southern Wisconsin, southern and western Minnesota, and eastern South Dakota
and North Dakota to southern Canada. Tallgrass reached south into northwestern
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Missouri, eastern Kansas, and portions of east-central Oklahoma to parts of Texas
roughly from Dallas south to San Antonio [1]. There were scattered areas of
tallgrass prairie in southern Michigan, Ohio west of Columbus, central and western
Kentucky, and east-central Arkansas. Even western New York and western
Pennsylvania have small original prairie sites. Also, there were isolated pockets of
tallgrass prairie surrounded by shortgrass prairie in eastern Colorado, western
Oklahoma, and New Mexico.

Formerly, the East was forested, which did not permit the extensive spread of
prairie. When pioneers cleared the land to plant crops, they introduced European
plants familiar to them. Thus, full-sun/partial shade plants in the East are almost
entirely of European and Asian origin. As mentioned previously, undisturbed open-
ings in Eastern forests possess native plants that could be characterized as prairie.
Fully 90% of the plants described here can be found in the East, and the remaining
10% easily can be grown in the East.

In prairie ecosystems there is considerable species variability as a consequence
of soil composition and moisture. Often “dry” soils are composed of well-drained
sand or gravel, but some species are simply attracted to the friability of sandy/
gravelly soils. Surprisingly, sand and black prairie loam will support many of the
same plants because both soils are loose and friable. On the other end of the spec-
trum there are truly wet prairies growing in standing water or water-saturated soils.
Thus, the species composition of a wet prairie is virtually totally different from
species found in a dry prairie. In comparison, it is hardly conceivable that both are
categorized as “prairies.”

In the past, considerable expanses of savanna existed in the Midwest where fire-
resistant oak and hickory were separated far enough apart to permit prairie to grow in
the interstices. Savannas were posited to be located in the areas between open prairie
and forested gullies and stream drainages. It is likely that savannas were not subjected
to frequent and hot windblown prairie fires resembling those that swept the flat plains.
Thus, the savannas had a nearby source of tree seeds (acorns and hickory nuts) arising
from the forested drainage areas, and savannas were exposed to somewhat less fire
damage. Experts agree that the savanna ecosystem may be even more endangered
than prairie. Occasionally, old savanna oaks with spreading branches can be seen
decaying in the shade of a thicket of younger trees (Fig. 1.2).

The understory forbs and grasses that grew in the partial shade of these trees were
both different from as well as the same as species found in full-sun prairie. For
example, in savanna you are likely to find such species as Dodecatheon meadia,
Prenanthes sp., Elymus villosus, Geranium maculatum, Aureolaria grandiflora,
Lespedeza violacea, Thaspium trifoliatum, Anemone virginiana, Agastache scrophu-
lariifolia, Asclepias purpurascens, Arnoglossum atriplicifolium, Carex davisii, other
Carex spp., Gentiana alba, Heuchera richardsonii, Lactuca sp., Heracleum maximum
(moist), Polemonium reptans, Polygonatum biflorum, Rudbeckia triloba, Sanguinaria
canadensis, Echinacea purpurea, Taenidia integerrima, Cypripedium parviflorum,
Trillium recurvatum, Campanulastrum americanum, Chelone glabra, Hypericum
ascyron, Glyceria striata, Bromus sp., Panicum/Dichantelium sp., Lobelia cardinalis,
Phlox divaricata, Lilium superbum, Eryngium yuccifolium, and others.



1.3 Ecosystem Diversity 9

Fig.1.2 Savanna oak
invaded by young trees. In a
decade the tree died from
loss of limbs

Soil disturbance also plays a surprisingly significant role. For the state of Illinois,
Taft et al. [6] have classified species into 11 levels of tolerance to soil disturbance,
which they called the Coefficient of Conservatism (CC); see Appendix 1 and Part II
(Chaps. 2-4), List of Species. The values range from a rating of 0, indicating weedy
species growing in disturbed soil, to 10, indicating undisturbed situation or a high
degree of “fidelity to habitat integrity.” Thus, Amorpha canescens rated at a CC of 8,
Dalea candida at CC 9, Sporobolus heterolepis at CC 9, and Gentiana puberulenta
at CC 9 are indicators of undisturbed high-quality prairie. Such high-quality prairie
plants are particularly difficult to establish. A rating of CC 10 is usually reserved for
rare, threatened, or endangered species. Often special methods are required to propa-
gate conservative plants. Initially, restorations will comprise species mainly with CC
values of 0 to 7. Later on, more conservative plants may appear from earlier seed
distribution, or preferably you may choose to scatter seed of conservative species
after the prairie is established. CC values have been developed for a few states other
than Illinois.

The environmental/developmental factors discussed above lead to a diverse
variance of species between different prairies. Only when all these factors are close
to identical can one expect a reasonable likelihood of finding two similar prairies.
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As examples, Figs. 1.3—1.6 show the aspects of some different prairies growing in
ecosystems of varying available moisture and soil type. Regarding tolerance to soil
disturbance, there are even differences in early succession and late succession
prairies, as already discussed. One can hardly conceive that these various ecotypes
are all classified as tallgrass prairies. All the prairies shown here are typical of
ecosystems found within a 50-mile radius of Peoria, Illinois. Because of Peoria’s
proximity to the Illinois River, the ecology ranges from sand dunes to wetlands, to
gravel-laden river bluffs and graded forests, and to black prairie loam. Interestingly,
the Illinois River was the pre-Ice Age bed of the Mississippi River south of the
“Great Bend” located near the Hennepin Canal. Consequently, it left a deep river
valley and quantities of sand and gravel. Over the millennia the sand dunes migrated
with the prevailing wind a few miles east of the river.

Figure 1.3 represents a black prairie loam found east and west of the Illinois
River, where in former times there were areas of seasonal standing water.
Figure 1.4 shows an area with good drainage of cleared “forest soil.” Shown in
Fig. 1.5 is an Illinois River bluff composed mainly of gravel admixed with sand.
Figure 1.6 shows a “created dry” prairie of imported sand, which represents a typical
ecosystem of sand dune prairies found east of the Illinois River.

Fig.1.3 Wet-mesic prairie
on black prairie soil
(silt-loam) at the Rock Island
Trail Nature Preserve, Illinois




