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ABSTRACT

CURRENT EVIDENCE OF TALL-GRASS PRAIRIE REMNANTS IN
SOUTHWESTERN MICHIGAN

By
Edward Martin Scharrer

A survey of the prairie flora and "prairies" in southwestern

- Michigan, which were thought to have vanished or be limited to disturbed
sites, showed that the flora is still present in great variety (68
species). Sites containing at least a large number (11 or more) of
prairie species have an aspect of a "prairie" and are rightly called
such. "Prairies" on undisturbed sites are suggested criteria for
referring to these sites as "remnants" of virgin (original) prairie. At
least 50 "remnants" are suggested. Many sites (294) with 1-10 prairie
species may similarly warrent the title of "remnant". Additional
studies are suggested to verify the proposed characteristics of the

Pprairies” and "remnants” of tall-grass prairie in Michigan.



CURRENT EVIDENCE
OF TALL-GRASS PRAIRIE REMNANTS

IN SOUTHWESTERN MICHIGAN

By

Edward Martin Scharrer

A THESIS

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE

Department of Botany and Plant Pathology

1971



DEDICATION

TO CAROL

ii



ACKNOWLEDGMENTS

I wish to thank my major professor Dr. S. N. Stephenson for
guidance throughout this study. I'm indebted to Dr. W. B. Drew and the
Department of Botany and Plant Pathology for providing the transportation
during the field work. I acknowledge the helpful suggestions of my
committee: Dr. Stephenson, Dr. Drew, Dr. J. Beaman, and Dr. B. Moss.

I wish to thank Mr. Ray Schulenberg, Morton Arboretum, Lisle,
INlinois, for his time and interest in teaching me the prairie flora.

Mr. M. L. Hundley, my thanks for providing encouragement and suggestions.

iii



TABLE OF CONTENTS

LIST OF FIGURES © 0 0000000000000 000 00000000 0000000000000 00000000000

LIST OF TABIB ® 0000 0000 000000 0000 0000 0000000000000 000000000000000

INTRODUCTION © 0 000 00000000 0000 000 000 000000000 00000000 0000000000000

Michigan Tall-Grass Prairie - The Problem .ecceecceoccescoceccccs
Michigan Tall-Grass Prairie - Literature Summary cccceececceccsces
North American Prairie@ ccecececccocecococcsccscccccscsceccsccnns
Origin of the Tall-Grass Prairie scececcecescecscccecccccssesssee

METHODS 00.00..?‘.uo.ooa......o.loo.oooo..ooloacoonooaoool.c.o..o.'

Rationale O 0 0 0 00 000000 0000000 0000 00060 000000000000 000000000000 9000
St\ldy Area O 0 000 00 00 00 000 000 0000000000 0000000000000 OSCOLEOEONLNPOONLEOINOSNEDOGNOGNOIDS
Survey MethodS cccecececossscscoccccoscocsoscsesscsssccoccscscccne
Other Studies sececceccccccccccoccccsccscscscsccoossssssconcncse

MS'U'LTS © 000000000 00 0000000000 000000000 0000000000000 000000600000000

Sites @ 0 00 00 0000 V00O OO OO OO OO0 OB PO L OO POEPOOPE PO PO PG RNSEOEONPONPNN PN
Distribution of Prairie Flora eeccecececccccccecoccscoscccsccscccse
Distribution of Individual Prairie Remnants cecceceecccccccsccesece
Sites Representing Remnants of Recorded Prairie Relicts ecceoses
Sites Which Are Remnants of Unrecorded Prairie Relicts sceeeccces

DISCUSSION ceecoeccocsceseccoccccassccosossoscsossscsccssscscaccacsse
Kinds Of Prairi@ cececcccecececcccercccsocsccossocessccssscsscssccns
Prairie FlOora eeccccecccccccosococscsccssscsscscsscososcsssessccsscens
Evaluation of Prairie Peninsula cecccececcececccccccccccocccccne
Prairie Species of Michigan cecceecccscecccccscocassscscsccnsose
Suggestions for future StUAY eecececcccccceccssccsscscccascnccss

CONCLUSION © 00 0000 00 0000000 0000000000000 00000000000000000000c000000

LITERATURE CITED ® 000 00 00 00000 0000000000 00000 POPOPNPONOGONOIEOSLEOIOEOSEPOCEPOLOETPCDS

iv

Page

viii

oO\0 O\NH -

22
22
22
26
27

27
27

63
68

76
76
83
89
92

93



Table of Contents continued

APPENDICES

A. A list of species occurring along railroad rights-of-way in
southwestern Michigan. Summer and Fall, 1969 c.eceeeccccoccses

B. Descriptions of sites containing at least one prairie species.

C. Frequency of prairie and non-prairie species found in a
composition study of 19 prairie sites cccececcccoscccccccccscce

D. Distribution maps of five prairie species found in south-
western mchigan ® 0000 060 000 0000 0000 000006000090 0000 0000000000000

96

101

122

129



LIST OF FIGURES

Figure

1.

13.

14,

15.

Recorded Tall-Grass prairie relicts in Michigan eccececccecece
T&ll-Grass Prairie in the U.S. ®0 00 0000000000 00O OOONOOSNOSOSIINOSTPCDS

Sites visited during prairie flora survey in
sollthwestem mchigan © 0 0000 0000 QO OO OO0 OO0 00 000 Q000 000

Outline of the Prairie Peninsula based on presence of
original prairies 0 00 00 00 00 00 00 00 000000000000 OCOONOSNORNOIPOINOSIPOSITPIS

Distribution of the presence values of 68 prairie species ..

Number of prairie species for all sites visited in
Berrien Comty 00 00 000000 00 0000 00 00000000 00O OOOSEPOEPOSINPOEOSEPOIEONOITOIIOS

Number of prairie species for all sites visited in
Branch Comty G0 00000 0000 0000000000000 00000000 0090000000000

Number of prairie species for all sites visited in
Ca]-h.m Com]ty ® 0 00 00 00 00 0000 00 000000000000 0000 OSSOSO OCOSIEDOSNTPLIOSTPOSS

Number of prairie species for all sites visited in
Cass County O 9 00 00 000 0000000 000000 00000000 0OSOSOLEODPTOIOSESINPOGEPSESINOSINTPIDS

Number of prairie species for all sites visited in
Kalmzoo Colmty VO 0000 0000000 OO0 0000 0000 POPOONOPOEOLEONOEOSEOOEDS PPV

Number of prairie species for all sites visited in
St. Joseph County Q@O 00 0000 0000 00000000000 00000000000 000000

Number of prairie species for all sites visited in
van mren Comty ® 0 0 00 00 0000 000000 060000000 000000 0000000000

Number of prairie species for all sites visited in
Ingham, Jackson and Hillsdale Counties eecceecececccescccss

Distribution of the number of prairie species found
at 528 Sites 9 00 000 000 OO OO0 P OO0 OO0 O OO0 000 OOP O OPORPOEOSE OSSN PO TCCS

Sites with 11 or more prairie species in
southwestern Michigan. Sites are suggested to be
remnants of recorded and unrecorded relicts eecececcecccese

vi

Page

28

30
37

47

51

53

55

57

59

61

71

80



List of Figures continued

Figure
16. Distribution of Coreopsis palmata Nutt. in
southwestern Michigan eceececcocecccoscecococcccccccscecccs
17. Distribution of Panicum virgatum L. in southwestern
Michigan O 0 000 000 000000 00 00 00 000000 0600000000000 000090000000
18. Distribution of Ruellia humilis Nutt. in southwestern
Michigan O 0O 00 0000 0000 000000 OO0 P00 COOOOPOOOIOGOOOSESLEONDOSIEDBSNPOSIOSDSIOPIDS
19. Distribution of Silphium integrifolium Michx. in
southwestern Michigan @ O 0000 000 000000 00000 OCO®OPIOPOIEOLONPCEOIESEOINOSNOSIEDOSOIIOS
20, Distribution of Silphium terebinthinaceum Jacq. in

southwestern Mj.chigan © 00 006000 000 0000900 00000000 ONCOSIEPOSNOGIOSINPOIPOLNEOGEES

vii

Page

130

132

134

136

138



Table

1.

LIST OF TABLES

Indicator species for five segments of prairie

gradient 000 00 0000000000000 0000000000000 0000000000000 c 00000

Aggregation of mesic prairie plants (after Curtis 1959) ....

List of prairie species in southwestern Michigan -
Smer and Fall, 1969 ® 0 0 00000000 00 00 0006000000000 0000080000

List of prairie species in southwestern Michigan which
emphasize the limits of the western boundary of the
Prairie Peninsula @O 0 0 000 00 000 000000000 000 0000 OCONDRNNOINOSEOSIOIOTIPCTEOIODS

List of prairie species which occur throughout the area
surveyed in southwestern Michigan seccscecessccecccccscsecs

List of prairie species limited to the Prairie Peninsula
in Soumstem Michigan OO0 00 0 000 00 000 900 0O 00 0OPOGNPCEOINPOIOINDPONOSDS

List of prairie species which suggest the extension of
the eastern boundary of the Prairie Peninsula eececcececcese

Presence of prairie species in 528 sites ceesevecececcccnses

The prairie species of all sites containing at least

One SpeCiBS 009 0000 00000000 0000000000000 000000 0000000000000

Summary of frequency studies from 20 prairie sites in
sout}lwestem mchigan ® 000 060000 0 000000 0000000000 0000000000

Summary of the number of prairie plants per site for
each of nine countries in SW Michigan cecccsecccccccscesse

Prairie species which were found most frequently in
sites with 11 or more Species cccccecececscccsccccsseccsnse

viii

Page

15
18

24

32

32

33

33
35

39

75






INTRODUCTION

MICHIGAN TALL-GRASS PRAIRIE - THE PROBLEM

The presence of patches of tall-grass prairie vegetation (Fig. 1)
influenced New England settlers to make their home in southwestern
Michigan. Colorful descriptions of the settlers' impressions of the
prairies and oak openings (swmarized in a recent thesis by Peters,
1969) are plentiful in Michigan's historical literature.

For example, Larman in 1871 (Bingham, 1945) wrote:

", ..trees, chiefly white oak (and probably bur oak), 10-60 feet

apart and extending for miles like cultivated parks; sweeping

to a clear stream, a fertile prairie, a brow of a transparent

lake impress one with the idea he is traveling through an old

rather than a newly-settled country. The openings constitute

a feature which distinguishes this from most of the adjoining

states. The surface of the oak openings also presents a turf

of matted grass, which requires three or four yoke of oxen to

break it up. You can ride for miles in a carriage under the

trees that are thus widely separated”.

The interrelated questions of origin and persistence of the prairies
in Michigan have been discussed for more than a century (summarized
recently by Benninghoff, 1961) but without full agreement. It is assumed
by most that their origin and establishment resulted from a generally
less humid, and perhaps warmer, climatic period during Holocene time.
The persistence of these relict commnities under the present climate,
which favors deciduocus forest, suggests a high degree of internal
stability. However, post-settlement influences such as fire protection,
agriculture and the introduction of non-native plant species has led to

the general deterioration of the Michigan prairie.

1



Figure 1. Recorded tall-grass prairie relicts
in Michigan. (After Veatch, 1928; Kenoyer,
1930, 1934, 1940)






Veatch (1928) recorded sizes of pre-settlement prairies from 80
acres to 25 square miles comprising a total of about 80,000 acres.
Butler (1947, 1948, 1949) described 58 prairies, some less than a hundred

to a maximum of 13,000 acres (Prairie Ronde near Schoolcraft, Kalamazoo,
County).

Recent workers on the prairies in Michigan recorded the following
approximately 150 years after settlement began:

Robinson (1969): "With the exception of minute fragments along
railroad rightsaof-way, in uncultivatable corners of farmsteads,
and in pioneer cemeteries, virgin prairie plants (virgin
prairie surfaces) are non-existent in the state today".

Brewer (1966): "Wet prairie is rare in southwestern Michigan,
even relative to drier prairie.....”

Hayes (1964): "Most plants indicative of the dry or mesic
prairies such as Sporobolus heterolepis, Bouteloua curtipendula,
Amorpha canescens, and Coreopsis palmata are no longer found in
Michigan, or are found only along railroad tracks, road sides,
or in abandoned weedy fields".

Hauser (1953): "Most of them (prairies) are now difficult to
recognize because they have been farmed continuously since the
arrival of the earliest settlers and because most surrounding
forest has been cleared. In Michigan, at least, it is probably
safe to say that no virgin prairies now exist”.

Hanes (in Butler, 1947): "...several of these so-called

rairie grasses are still scattered throughout the county
?Kalamazoo) on wood borders, on roadsides, and in fence rows,
and on the right-of-way of our railroads;...in some rural
cemeteries, remnants of the prairie flora still persist. The
prairie violet, Viola pedatifida, a rare species in Michigan,
has been found in Harrison Cemetery in Prairie Ronde (township)".

Darlington (1945): "Some of the (prairie) species have
undoubtedly been pushed back to the borders of swamps and
railroad rights-of-way, while others have possibly suffered
extinction”. .

Kenoyer (1934): "Unfortunately, the flora of the southwestern
Michigan dry prairies has been almost destroyed by tillage.

It includes Eryngium yuccifolium, Cacalia tuberosa, Silgg%um
terebinthinaceum, Amorpha canescens, Asclepias verticillata,
Petalostemum purpureum, Viola pedata, Hypoxi hirsuta, and

Sisyrinchium albidum".




Veatch (1928): "Practically all the prairie land is in use at

the present time for agricultural purposes.... The land was

broken up for farming at an early period and it is fairly

certain no virgin prairie land exists at present'”.

From these evaluations it is not surprising that it is generalily not
known that Michigan once had "grasslands". According to the above
workers, whatever prairie Michigan did have has all but vanished.
However, the recent studies (though few) by Brewer (1965) and Pokora
(1968) in southwestern Michigan, suggest additional prairies may be found
through a comprehensive survey.

The primary objective of this study was to document the present day
extent and condition of tallagrass prairie remmants in southwestern
Michigan. This objective necessitates criteria for identifying remmants
and therefore criteria for definition of prairie species. The secondary
objectives were to list the prairie species, determine and document their

distribution, and to describe the prairie communities in southwestern

Michigan.



MICHIGAN TALL-GRASS PRAIRIE - LITERATURE SUMMARY

Other than observations of settlers, the earliest descriptions of
Michigan prairie were taxonomic. Cole (1901) listed 32 species for "oak
openings" and 15 species for "the prairie", in the vicinity of Grand
Rapids. Beal (1904) listed 12 species "peculiar to the prairie region
of the southwestern portion of the state". Pepoon (1907) described the
flora of southwestern Michigan (Berrien, Cass and Van Buren counties),
but he mentions few prairie species. Darlington (1945) listed five
species.

The first ecological work was by Gleason (1917). Out of 27 species
found in a prairie near Ann Arbor, he classified 18 into wet or dry
prairie species and nine as bog, swamp or lakeshore species. He adds,
"...the almost complete absence of shrubs, the dominance of grasses, and
the level topography combine to give it a strong resemblance to a
hydrophytic prairie of northern Illinois. Indeed, it may be assumed
that this represents a relict colony of prairie plants, persisting from
a time when prairies occupied a wide extent in southern Michigan...".

Veatch (1928) outlined 40 prairies in Michigan based on the location

‘of the deep, dark, Warsaw Loam, and described four phases based on slight
textural variations and variations in thickness of separate horizons. In
four papers (1930, 1934, 1940, 1943) Kenoyer described the areal extent
of the vegetation associations in southwestern Michigan (which included
prairie) using land-survey records. Butler (1947, 1948, 1949) used
historical literature to describe 58 prairies (by name) at the time of
settlement.

Floras by Hebert (1934, Berrien County), Bingham (1945, Oakland

County), and Hanes and Hanes (1947, Kalamazoo County; with geographic



and ecological annotations) include prairie species, but do not include
a prairie list per se.

Hauser's (1953) study of the sand prairies of Newaygo County was
the first major ecological study of Michigan's prairies. He described
features such as geology, pedology, and climate, and measured frequency
ard cover in the vegetation. The relationships of these prairies to
other prairies was also discussed. He recorded 25 prairie species that
were present in Newaygo prairies and 11 that were not.

Recently, several ecological studies of wet prairies have been
published, most from the southeastern part of Michigan and adjacent
Canada. Hayes (1964) described a wet prairie on Harsen's Island in the
St. Clair River. A quadrat and transect study showed this prairie to be
similar fo the wet prairie of Wisoonsin and attributes the persistence
of this prairie to flooding and burning. Hayes feels that the high
frequencies and density of Habemaria leucophaea, Andropogen gerardii, A.
scoparius, Panicum virgatum, and Sorghastrum nutans provide the best
evidence of former prairie areas in Michigan. Rogers (1966) provides a
list of species from a wet prairie near Windsor, Ontario. He also
suggested that the origin of this site was due to the post glacial
xerothermic period and that it persisted due to disturbance of burning
and cutting. Thompson (1970) reported a wet prairie along the Huron
River, Ann Arbor, suggesting that it is a prairie relic.

Brewer (1965), in one of two published studies of a prairie
commnity in southwestern Michigan, described composition and several
structural characteristics of a wet prairie site. One of the
characteristics is species occurrence. He described five distributions

in a Kalamazoo wet prairie: a) "...typical wet prairie species in the



sense that they are more likely to be found in this community than in
any other, at least in southern Michigan. Such species include Aster

novaezangliae, Gentiana andrewsii, Pycnanthemm virginiarum, Solidago

ohiensis, S. riddellii, Spartina pectinacea, and Vernonia fasciculata";

b) "...widespread in prairies but probably have higher presence values

in less hydric ones.....such as Andropogon gerardii, A. scoparius, and

Sorghastrum nutans"; c¢) "...species, each occurring on a variety of
wetlands, of which wet prairie is one.....Eupaterium maculatum, Gentiana

procera, Iris versicolor and Thelypteris palustris"; d) "...common
species in a variety of open situations.....Achillea millifelium,

Cémandra umbellata, Fragaria virginiana, Melilotus alba, and Monarda

fistulosa"; and e) "...widely distributed and here represent members of

a potential successional stage.....Populus deltoides and Cornus

racemosa".
A second character Brewer examined was pattern as it applies to

spatial distributions and interspecific association. He found Apecynum

androgaemifolium, Eryngium yuccifolium, Fragaria virginiana, Solidago
canadensis, and Andropogon gerardii tending toward aggregation. Results

of tests for association were largely inconclusive but suggested a
positive association between Geranium maculatum and Fragaria virggniana
and between G. maculatum and Cicuta maculata.

Pokora (1968) made a phenologic study of the plants in a sand
prairie in Van Buren County.

Robinson (1969) summarized the factors which contribute to prairie
persistence in Michigan; and described the interrelationships between

climate, soil, moisture, landforms and prairie vegetation.



NORTH AMERICAN PRAIRIE

The North American prairie extended from Mexico northward to
Manitoba, and from the forest margins of Indiana and Wisconsin, to the
Dakotas and certral Kansas. This was the prairie. Westward, an even
more extensive but drier and more sparse grassland extended to the Rocky
Mountains. This is the Great Plains (Weaver 1954).

Texts by Weaver (1954, 1968), Malin (1967), and Costello (1969)
describe the history of and research on the tall-grass prairie. The
main features of this vast prairie are the dominance of grasses, the
paucity of shrubs, the absence of trees, except along rivers and streams
and a characteristic droughtsenduring flora. The prairie is a closed
commnity due to a 3<=6 inch deep layer of roots and rhizomes forming a
dense sod. Also, the perennial nature of most species and a high degree
91‘ vegetative reproduction is characteristic of prairie vegetation
(Weaver 1954).

A prairie classification into tall-, mixed-, and short- grass
species had been implied by Pounds and Clements (1898), based on studies
in Nebraska, a state which contained all three grassland types. The
tall-grasses in the east blend into the mixed and short grasses toward
the west as elevation increases and precipitation decreases. Tall-,
mixed-, short-grass and other types of prairies are described by Weaver
and Clements (1938). The major dominants of the tall-grass prairie are
Andropogon gerardii and Sorghastrum nutans, which often attain a height
of 6-8 feet. With these, occurring more or less abundantly, are

Andropogon scoparius, Elymus canadensis, Panicum virgatum, and less
frequently, Stipa spartea and Sporobolus asper.
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The eastward extension of the tall-grass prairie (Prairie Peninsula)
is described in detail by Transeau (1935). He lists 16 possible
explanations for 21 observations (problems) of the Prairie Peninsula.
These problems concern distribution boundaries of prairie and deciduous
forest vegetation or species, such as the southern and southwestern
boundary of the northeastern conifers. A second category of problems is
the presence or absence of certain types of vegetation in the Peninsula,
and to the north, east, or south of it, such as prairie clusters and bog
or forest associations. Thirdly, he considers the problems of
distribution of prairie vegetation on several kinds of soils, topography
and along moisture gradients. Fourthly; the general dominance,
stability; and persistence of tall-grass prairie in nine states is
unaccountable from only microclimatic and edaphic factors.

Transeau suggested climatic, biological and edaphic factors that
may have an important influence on the formation of the Prairie Peninsula
including all the problems mentioned above, especially the distribution
of prairie species. Under climate, for example, he states that the
amual and seasonal precipitation-evaporation ratios are undoubtedly
lower in the Prairie Peninsula than in the adjoining forest regions both
north and east. Second, the midsummer relative humidity is certainly
lower in the Peninsula than north or south. Third, the precipitation of
the prairie region occurs largely during the growing season. Fourth,
the precipitation in successive months is more irregular in the tall-
grass prairie, including the Peninsula, than in the mixed forests north
and south. Fifth, the distribution of precipitation in successive years

varies more in the prairie than in the northern forested region, and
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sixth, precipitation is notably irregular in its areal distribution on
the Prairie Peninsula.

Transeau suggested that mature and immature soils may well define
local tension lines between different plant communities, but that they
cannot)differentially effect prairie and forest except in a prairie
climate. He also suggested that prairie grass communities preceded
prairyerths.

Finally, the biological factors suggested are first, that tall
prairie grasses once established exclude forest seedlings both by shading
and, during the anmual droughts, by superior utilization of available
water in the deeper layers of the soil. Second, fires favor the
persistence of prairie species in contrast to tree species. Third,
extreme drought marked by lower precipitation, higher evaporation, higher
temperatures and more intense light can change vegetation more in a few
years than a century of favorable weather conditions.

One of Transeau's observations is, "...the occurrence of a
distinctive prairie flora and isolated typical prairie communities as
far east as northwestern Pennsylvania, as far north as central Wisconsin
and Michigan, and as far south as Kentucky and Tennessee" (Fig. 2).

The most detailed description of the tallsgrass prairies in the
prairie-forest border States is by Curtis (1959). He defines the prairie
in this ecotone as "an open area covered by low-growing plants, dominated
by grasslike species of which at least one-half are true grasses, and
with less than one mature tree per acre", and the areas are prairie "only
if they are located south of the tension zone" (a narrow band which
/

separates Wisconsin into two floristic provinces, this zone is also

present in Minnesota, Michigan and Ohio but varies in width).
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Figure 2. Tall-Grass Prairie in the U.S.
(Transeau, 1935)
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Using the species-presence method, the relect prairies in Wisconsin
were divided into five units along a moisture gradient (Curtis and
Greene 1949). They also compiled a list of ten indicator species for
each unit as well as a list of prevalent species. The 1list of indicator
species are given in Table 1.

From the work at the University of Wisconsin, much is known about
the composition, structure, and environment of xeric, mesic, and lowland
prairies in the prairiexzforest border. A summary of these
| characteristics will follow from Curtis' Vegetation of Wiscomsin 1959,
Pp. 268-292.

Composition characteristics of the prairie segments (units) include,
a) the prevalent species, as ranked in order of decreasing presence, to
the number of average species density. For example, species such as

Amorpha canescens, Andropogon scoparius, Bouteloua curtipendula,

Petalostemm purpureum, and Aster sericeus are most prevalent in dry

prairies; Aster laevis, Desmodium illinoense, Eryngium yuccifolium,

Silphium laciniatum, and Solidago speciosa for mesic prairies; and Aster

novae=angliase, Hypoxis hirsuta, Spartina pectinacea, and Silphium

terebinthinaceum for lowland prairies; b) importance values (determined

by multiplying the average frequency of a species by their presence)
illustrate the extreme importance of a relatively few species in contrast
to the relative frequency of the major portion of the total flora. For
example, in xeric prairies, out of 223 species, 10 had values over 2000,
whereas 90 had values less than 1. The importance values are similar

for mesic species; c) floristic analyses show Compositae, Gramineae,

and Leguminosae as the three top families in all three segments; - d)

phenology studies showed some distinct differences between prairie and
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Table 1. Indicator species for five segments of prairie gradient.

After Curtis (1959) p. 266.

Wet prairie species

Aster novae-angliae
Calamagrostis canadensis
Hypoxis hirsuta

Oxypolis rigidior
Pycnanthemum virginianum
Solidago gigantea
Spartina pectinacea
Thalictrum dasycarpum
Veronicastrum virginicum
Zizia aurea

Wet=mesic species

Cicuta maculata

Desmodium canadensis
Dodecatheon meadia
Fragaria virginiana
Galium boreale

Helianthus grosserserratus
Heuchera richardsonii
Lathyrus venosus

Phlox pilosa

Rudbeckia hirta

Mgsic species

Aster laevis

Ceanothus americarmm
Cirsium discolor
Desmodium illinoense
Eryngium yuccifolium
Helianthus laetiflorus
ILiatris aspera
Panicum leibergii
Ratibida pinnata
Solidago missouriensis

Drysmesic species

Anemone cylindrica
Asclepias verticillata
Helianthus occidentalis
Linium sulcatum
Panicum oligosanthes
Petalostermum candidum
Potentilla arguta
Scutellaria leonardi
Sporobolus heterolepis
Stipa spartea

Dry species

Andropogon scoparius
Anemone patens
Arenaria stricta
Artemisia caudata
Aster ptarmicoides
Aster sericeus
Bouteloua curtipendula
Panicum perlongum
Petalostemum purpureum
Solidago nemoralis
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forest. Whereas 70% of the flora is in flower before June 15 in mesic
forests, in prairie only one-third of the flora blooms in the spring,
the greatest number in the summer, and one-fourth flowers after
August 15. The spring flora in the various segments of the prairie
bloom consecutively later due to extended time needed for the soil to
warm up. There was also a positive correlation between flowering date
and average height of the species; e) homogeneity tests revealed the
highest indexes for xeric prairies (70.3), lowest for wet prairie (56.3).
One factor which contributes to the lack of spacial homogeneity is the
varying moisture supply caused by slight differences in microrelief’;
f) geographical variations were noted in each segment. For example, in
mesic prairies, ILidtris spicata and Allium cernuum &re "limited to the
poorly drained upland soils in two counties; and g) soil microfungi are
described for mesic and lowland prairies.

Structural characteristics include: a) rare species of low
frequency greatly outnumber the common species of high frequency in
xeric and mesic stands, a character expected in any community; b)
certain aspects of spatial distribution are more pronounced in the
prairie than in the forest. For example, the phenomenon of aggregation,
which is obscured in the forest, is very conspicuous in the prairie since
there are no trees, saplings, or shrubs. Due to the problem of what
constitutes a countable or measurable unit in a grassland, Anderson
(p. 275) devised a measure of aggregation based upon the ratio of
frequency as determined by large (1 square meter) quadrats to frequency
as determined by 16 small quadrats located within each quadrat, the
range being from 1 for highest and 16 for lowest aggregation. The full
range of spatial patterning was found in all prairie units. 1In the dry



17

prairies, the most aggregated were Asclepias verticillata, Helianthus

occidentalis, H. laetiflorus, Geum triflorum and Commandra richardsiana

all with ratios of 3.0 or less. The least aggregated or non-aggregated
species with ratios of 9.0 or more include annuals as Ambrosia
artemesifolia, Erigeron strigosus, biennials as Lobelia spicata and
single-stemmed, perennials with no apparent means of vegetative spread

as Psorlea esculenta and Anemone patens. The aggregated and non-

aggregated species for mesic prairies are given in Table 2. Of the
aggregated species only Phlox pilosa has no means of vegetative increase.

Certain species as Asclepias syriaca and Euphorbia corollata spread by

rhizomes, but the clones are not distinguishable by the sampling method
emphasized. The aggregated species greatly exceeded in number those

which approached randomness and gave the prairie an over-all appearance
of patchwork; c) several aggregated species are suspected of producing

antibiotic substances e.g., (Helianthus laetiflorus, H. occidentalis,

Coreopsis palmata, and Antennaria neglecta) and some species produce
autotoxins also (both Helianthus species).

Lastly, envirormental characteristics include topography, soil and
macroclimate. The xeric prairie remnants in Wisconsin occur on steep
ﬁillsides, usually sloping towards the southwest. Despite the
characteristically lower water storage capacity of the soil, combined
with the greater insolation and higher wind velocities (due to'exposure),
the pfairie vegetation is luxuriant on xeric sites. The Probable
explanation is that significant quantities of water are obtained from
condensation rather than precipitation.

The mesic prairies are on flat or rolling landforms. The level

sites are frequently on glacial outwash with a stratified and very
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Table 2. Aggregation of mesic prairie plants., After Curtis 1959, p. 281.

Indices of aggregation

D/d A/F F/f (16:1)
Species (1) (2) (3)
Aggregated species
Helianthus laetiflorus 9.38 0.35 14.48
H. occidentalis 24.02 1.74 14.25
Galium boreale 11.60 8.08 14.43
Coreopsis palmata 15.03 0.58 10.00
Antennaria neglecta 20,50 7.23 12.31
Phlox pilosa 11.53 0.85 12.91
Aster ericoides 11.65 0.34 12.04
A. laevis 2.99 0.39 9.42
Random species
Polytaenia nuttallii 1.35 0.17 cocee
Eryngium yuccifolium 1.28 0.07 10.00
Desmodium illinoense 1.23 0.15 9.31
Ambrosia artemesifolia 2.31 0.08 5.80
Potentilla arguta 2.19 0.21 4.98
Lactuca biennis cecee coes 1.59
Asclepias syriaca 1.75 0.11 cccee
Cirsium discolor 1.41 0.09 cocos

(1) D/d - Ratio of actual density to expected density for random
distribution. Random=1.0

(2) A/F - Ratio of abundance to frequency. Random=0.02

(3) F/f - Ratio of frequency in large quadrats to frequency in 16
small, included quadrats. Random-16.0
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porous subsoil of sand and gravel while the undulating sites may have
glacial till or loess soils. The black topsoil on mesic sites is very
rich iﬁ nutrients, and high organic matter content contributes to
favorable water-retaining capacities. Macroclimate (or phenological)
studies revealed that the growing season in the prairie begins two to
three weeks earlier than in the hardwood forests. In the prairie,
killing frosts occur sooner in the autumn, but many species are frost
resistant (asters; gentians).

Moist prairies are usually found on lowlands subject to inundation
by heavy rains and by floodwaters. In midsummer high moisture and high
temperature are reflected in lush and rapid growth. The top layers of
soil frequently approach a peat in structure, with a very high. content
of partially decomposed organic matter derived from the fibrous grass

remains.
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ORIGIN OF THE TALL-GRASS PRAIRIE

The origin of the tall-grass prairie in Michigan has stimulated
speculation since the land was settled in the 1820's. The problem is
not yet resolved, however several theories have been advanced.

| Mbét seem to agree that the isolated commmunities are relicts of a
more extensive prairie which migrated into Michigan from the midwest
during a warmer and drier climatic period (xerothermic period). Some
prairies thus established remained as relicts after further change toward
a more humid climate and invasion of the deciduoﬁs forest. These relicts
persisted until the time of settlement when most became occupied for
agricultural purposes. &

The principal differences in opinion reside in the -order of events
in which prairie and forest vegetation became established in post-glacial
(holocene) time. Benninghof (1961), Braun (1928), Veatch (1928) and
Schmidt (1938) suggest evidence favoring an early holocene prairie
advance. Using the following geoseral stages of Sears (1942); Spruce-
Fir, Pine-Spruce, Pine, Pine-0Oak, Hardwoods-Oak, Oak-Hickory, and Oak=-
Hardwoods, Benninghof (1961) described pollen analyses which showed non-
arboreal pollen in large percentages (20-100%4) in the Spruce-Fir stage,
which drops to about 5% before Pine dominance. Secondly, beech (Fagus)
and hemlock (Tsuga) pollen was present in southern Michigan before it
appeared in northern Indiana. The earlier records in Michigan indicate
the trees were already present or migrated from the east suggesting that
the Prairie Peninsula was a barrier to plant migration.

Braun (1928), using floristic evidence from Chio, suggested two

prairie advances, one early posteglacial (post Wisconsin) and the other
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pre=Illinoian. The evidence she suggests is the presence of prairie
vegetation on non-glaciated areas.

Veatch (1928), writing of the prairie-formed Warsaw Loam, "the
thickness of the humus horizon indicates age", called the soil mature
and found "no evidence of a degraded forest soil".

Schmidt (in Benninghoff 1961) concluded that certain amphibians and
reptiles achieved their present ranges by using the Prairie Peninsula as
a ﬁigration route because it was relatively free of animal life.

Transeau (1935) suggested that the advance was late post=glacial
during an expanded period of drought, "indicated by bog pollen studies,
by soil profiles, by the succession in bog profiles, by the absence or
rare occurrence of many tree, shrub and herbaceous species from the
region of the Peninsula, and by the present distribution of prairie
colonies and prairie species”.

Most workers feel that the xerothermic period was the cause of the
advance of the prairie, but Bemninghoff (1961) cites evidence to show
this theory is questionable. He indicates "...we need more evidence,
and in greater variety, to indicate in more detail the nature of this
fluctuation and associated climatic changes".

Other theories on the origin of the Prairie Peminsula such as: fire,
grazing, evaporation<rainfall ratios, and soil drainage or glacial lake
drainage do not consider post-glacial history. However, these
environmental and biological factors probably account for the invasion
of prairie vegetation locally, the origin of certain types of prairie,

and collectively for the persistence of the flora.



METHODS

Rationale

Originally, the method for determining the status of relict prairies
was‘éo search out and examine those previously recorded. However, early
visits to a few recorded sites in Kalamazoo County, showed few of the
expected prairie species to be present.- At the time, a prairie by
prairie search appeared to be fruitless and this method was abandoned.
Instead a prairie flora survey on a large scale was adopted.

Since sites with a history of little or no :soil disturbance have
yielded the best examples of prairie vegetation, railroad rights-of-way
were selected as the sites to.survey. These locations are, or at least
have been in the past, frequently burned and/or cut, factors which

probably favor the persistence of a prairie flora.

Study Area
The survey was to include the Counties of Berrien, Cass, St. Joseph,

Branch, Calhoun, Kalamazoo, and Van Buren in which most of the original
prairies were recorded. These counties contain the major portion of the
Prairie Peninsula as defined by Transeau (1935). Some counties in part
or entirely outside of the Peninsula were also surveyed to determine the
presence of prairie species away from major original prairies. Thus

Jackson and Hillsdale Counties were also included.

Survey Methods

During the summer and fall of 1969, from June 18 to October 4,
almost all railroad grade crossings were systematically surveyed for

prairie species in the nine southwestern Michigan counties. In order to

22
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cover this much area, only presence data were obtained. At each crossing,
both sides of the track and road were checked and the species recorded.
The tracks between crossings were surveyed by vehicle when a road or lane
was available. When one or more prairie species were spotted, the area
was surveyed in more detail on foot. Other sites such as roadsides,
cemeteries, and abandoned fields were included in the survey when prairie
species were recognized. Forth-two trips were taken encompassing over
700 miles. |

Early in the study much collecting was done at each crossing (here-
after referred to as a "site" whether prairie plants were present or
absent). Unknown species were identified using Fernald (1950), and
Gleason and Cronduist (1963), and all species were checked for prairie
distribution. Later in the study, trips to the restored prairies at the
Morton Arboretum, Lisle, Illinois and the guidance of Mr. Ray Schulenberg,
provided additional training for recognition of the prairie flora. Also,
a list of prairie species from the Arboretum (Schulenberg, 1968) became
the basic source for selecting prairie species for Michigan. As the
study progressed, less time was needed for collecting and more for
surveying.

In all, 158 species were recorded for presence during the survey.
Deciding which species were prairie species was a problem. Only 68
species were chosen as representing the prairie flora and will be
discussed from this survey. These 68 are listed in Table 3. They were
selected as prairie species for one of the following reasons: a) they
appeared on the Morton Arboretum restored prairie list, b) they have
been cited by authorities (mamuals or prairie authors) as prairie species,

and c) the species was found only with other prairie species. All
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Table 3. List of prairie species in southwestern Michigan - Summer and

Fall, 1969.

Prairie Species

Allium cermuum Roth.
Amorpha canescens Pursh.
Andropogon gerardii Vitm.
Andropogon scoparius Michx.
Anemone cylindrica Gray
Asclepias amplexicaulis Sm.
Asclepias tuberosa L.
Asclepias verticillata L.
Asclepias viridiflora Raf.
Aster azureus Lindl.

Aster ericoides L.

Aster laevis L.

Aster sericeus L.

Baptisia leucantha T. & G.
Cacalia atriplicifolia L.
Carex bicknellii Britt.
Ceanothus americanus L.
Comandra richardsiana Fern.
Coreopsis palmata Mutt.
Coreopsis tripteris L.
Corylus americana Walt.
Desmodium canadense (L.)DC.
Desmodium illinoense Gray
Desmodium sessilifolium (Torr.) T. & G.
Echinacea pallida Mutt.
Elymus canadensis L.
Eryngium yuccifolium Michx.
Euphorbia corollata L.
Helianthus mollis Lam.
Helianthus occidentalis Riddell.
Heuchera richardsonii R.Br.
Hieracium longipilum Torr.
Kuhnia eupatorioides L.
Lespedeza capitata Michx.
Liatris aspera Michx.
Liatris cylindracea Michx.
Liatris spicata (L) Willd.
Lithospermum canescens (Michx.) Lehm.
Lithospermum caroliniense (Walt.) MacMill.
Panicum oligosanthes Schult.
Panicum virgatum L.

Potentilla arguta Pursh.

Pycnanthemum virginianum (L) Durand & Jackson
Ratibida pinnata (Vent.) Barnh.

Rosa carolina L.

Family

Liliaceae
Fabaceae
Poaceae
Poaceae
Ranunculaceae
Asclepiadaceae
Asclepiadaceae
Asclepiadaceae
Asclepiadaceae
Compositae
Compositae
Compositae
Compositae
Fabaceae
Compositae
Cyperaceae
Rhamnaceae
Santalaceae
Compositae
Compositae
Betulaceae
Fabaceae
Fabaceae
Fabaceae
Compositae
Poaceae
Umbelliferae
Euphorbiaceae
Compositae
Compositae
Saxifragaceae
Compositae
Compositae
Fabaceae
Compositae
Compositae
Compositae
Boraginaceae
Boraginaceae
Poaceae
Poaceae

Rosaceae
Labiatae
Compositae
Rosaceae
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Table 3. (continued)

Rudbeckia hirta L.

Ruellia humilis Nutt.

Salix humilis Marsh.

Silphium laciniatum L.

Silphium integrifolium Michx.
Silphium perfoliatum L.

Silphium terebinthinaceum Jacq.
Sisyrinchium albidum Raf.

Solidago graminifolia (L.) Salisb.
Solidago nemoralis Ait.

Solidago rigida L.

Solidago speciosa Nutt.
Sorghastrum nutans (L.) Nash.
Spartina pectinacea Link
Sporobolus asper (Michx.) Kunth
Sporobolus cryptandrus (Torr.) Gray
Stipa spartea Trin.

Tephrosia virginiana (L.) Pers.
Verbena stricta Vent.
Veronicastrum virginicum (L.) Farw.
Viola pedata L.

Viola pedatifida G. Don.

Viola sagittata Ait.

Compositae
Acanthaceae
Salicaceae
Compositae
Compositae
Compositae
Compositae
Iridaceae
Compositae
Compositae
Compositae
Compositae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Fabaceae
Verbenaceae
Scrophulariaceae
Violaceae
Violaceae
Violaceae
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species recorded during the survey are listed in Appendix A. Voucher
specimens from the study are deposited in the Beal-Darlington Herbarium,

Michigan State University.

Other Studies

Late in the summer, certain sites were selected to determine
composition. Nineteen sites were sampled. Sites were chosen that had
either many prairie species (sites rich in prairie flora) or a dominant
prairie species (common or rare). However, not all sites rich in
prairie flora were sampled. Once a site was chosen, one of several
linear sampling designs of various sizes was used to examine frequency
of the prairie species. Designs of 100 meter transects of various
widths or 25 square-meter plots of various shapes were used to determine
the frequency of both prairie and non-prairie species present. Random
samples were paced off and all species found in a %+ square meter quadrat
were recorded.

Data were taken on the topography and soil at selected sites.



RESULTS

Sites
528 sites were visited, most of them along railroad rights-of-way.

345 sites (67%) contained at least one prairie plant (all data and

discussion refer to the 68 prairie species previously discussed unless

stated otherwise). All sites visited are shown in Figure 3.

Distributien of Prairie Flora

Selected distribution maps of the prairie species (Figures 16 to 20)
are contained in Appendix D. Each figure represent observation records
during the summer and fall of 1969. Herbarium and literature records
are included on several of the maps.

If it is assumed that the boundary of the Prairie Peninsula is
determined by the major portion of recorded original (relict) prairies,
then the Peninsula boundaries might appear like the outline shown on
Figure 4. The distribution maps illustrate several patterns of species
occurrence. First, at least 17 species (Table 6) are limited to within

the Peninsula. Examples are Silphium integrifolium (Figure 19), Ruellia

humilis (Figure 18), Coreopsis palmata (Figure 16). Second, at least

nine species (Table 5) occur throughout the survey area (Paniocum virgatum,
Figure 17). Third, at least 26 species (Table 4) have a western
occurrence coinciding with the western boundary of the Peninsula.

Examples are Silphium integrifolium (Figure 19) and Coreopsis palmata

- (Figure 16). And fourth, at least 16 species (Table 7) occur within the
western boundary of the Peninsula and beyond the eastern boundary

(Silphium terebinthinaceum, Figure 20).

27
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Figure 3. Sites visited during prairie flora
survey in southwestern Michigan. (Summer and
fall, 1969)
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Figure 4. Outline of the Prairie Peninsula
based on presence of original prairies.
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Table 4. List of prairie species in southwestern Michigan which
emphasize the limits of the western boundary of the Prairie Peninsula.

Table 5.

Anemone cylindracea
Asclepias amplexicaulis
Cacalia atriplicifolia
Ceanothus americanus
Comandra richardsiana
Coreopsis palmata
Corylus americana
Desmodium canadense
Elymus canadensis
Helianthus occidentalis
Hieracium longipilum
Liatris aspera

Liatris cylindracea

Andropogon gerardii
Andropogon scoparius
Asclepias tuberosa

Coreopsis tripteris
Euphorbia corollata

Lithospermum canescens
Panicum oligosanthes
Potentilla arguta
Ratibida pinnata

Rosa carolina

Salix humilis

Silphium integrifolium
Solidago rigida
Solidago speciosa
Sorghastrum nutans
Sporobolus asper
Tephrosia virginiana
Veronicastrum virginicum

List of prairie species which occur throughout the area
surveyed in southwestern Michigan.

Lespedeza capitata
Panicum virgatum
Rudbeckia hirta
Sporobolus cryptandrus



Table 6. List of prairie species limited to the Prairie Peninsula in

southwestern Michigan.

Amorpha canescens
Asclepias amplexicaulis
Asclepias verticillata
Asclepias viridiflora
Aster azureus

Comandra richardsiana
Coreopsis palmata
Desmodium sessilifolium
Eryngium yuccifolium

Kuhnia eupatorioides
Liatris spicata
Potentilla arguta
Ruellia humilis
Silphium integrifolium
Tephrosia virginiana
Verbena stricta

Viola pedata

Table 7. List of prairie species which suggest the extension of the
eastern boundary of the prairie peninsula.

Anemone cylindrica
Aster laevis

Ceanothus americanus
Corylus americana
Liatris aspera

Panicum oligosanthes
Pycnanthemum virginianum
Ratibida pinnata

Rosa carolina

Salix humilis

Silphium terebinthinaceum
Solidago graminifolia
Solidago rigida

Solidago speciosa
Sorghastrum nutans
Veronicastrum virginicum
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The presence values for the prairie flora are given in Table 8.
Because the sites were not uniform, the percent occurrence of each
species 1s expressed as presence rather than frequency. Andropogon
gerardii had the highest presence value (42%). Note that no species
occured in over half the sites. Figure 5 illustrated the rare and
infrequent occurrence of most of the prairie flora. Using 20 presence
categories (5% intervals), 47 species (68%) fall into the first category
(#1). The first category (1-5% of the sites) illustrate the rare flora.
Fourteen species fall into the second category (between 6 and 10% of the
sites) and represent between 30 and 53 sites. The 14 species are listed

in Table 8 from Anemone cylindrica (30 sites) to Desmodium illinoense

(53 sites). The first two categories represent 61 (88%) of the prairie
species. The other seven species, two respectively in the 3rd, 4th, and
5th categories and one species in the 9th category represent the more

common prairie species e,g. Sorghastrum nutans, Panicum virgatum,

lespedeza capitata, Euphorbia corollata, Andropogon scoparius, Asclepias

tuberosa, and Andropogon gerardii.

The prairie flora was found in 345 (67%) of the sites visited. The
prairie species found at each site are given in Table 9. The sites are
ordered from those with most species (site 247 with 28 species) to those
with one species. A description of each site and number of prairie
species is given in Appendix B.

From Table 9, several characteristics concerning a prairie species
associated flora can be recognized. First, there are species that are
assoclated with large numbers of other prairie species. These are

infrequent or rare. Potentilla arguta (15 sites) was found with 15 or

more prairie species in 13 sites. Coreopsis palmata (10 sites) was




Table 8. Presence of prairie species in 528 sites.

Andropogon gerardii
Asclepias tuberosa
Andropogon scoparius
Euphorbia corollata
Lespedeza capitata
Panicum virgatum
Sorghastrum nutans
Desmodium illinoense
Coreopsis tripteris
Solidago graminifolia
Ratibida pinnata
Ceanothus americanus
Panicum oligosanthes
Veronicastrum virginicum
Helianthus occidentalis
Rudbeckia hirta
Solidago rigida
Corylus americana
Solidago nemoralis
Sporobolus cryptandrus
Anemone cylindrica
Liatris aspera

Rosa carolina

Elymus canadensis

Silphium terebinthinaceum

Asclepias amplexicaulis
Kuhnia eupatorioides
Salix humilis
Sporobolus asper
Solidago speciosa
Desmodium sessilifolium
Asclepias verticillata
Aster laevis

Desmodium canadense
Hieracium longipilum
Potentilla arguta
Baptisia leucantha
Spartina pectinacea
Verbena stricta
Amorpha canescens
Aster azureus

Tephrosia virginiana
Cacalia atriplicifolia
Aster ericoides
Comandra richardsiana
Coreopsis palmata
Liatris cylindracea
Lithospermum canescens
Pycnanthemum virginianum
Stipa spartea

Silphium integrifolium

218
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Table 8. (continued)

Heuchera richardsonii
Ruellia humilis

Viola pedata

Carex bicknellii
Liatris spicata
Lithospermum caroliniense
Silphium laciniatum
Asclepias viridiflora
Eryngium yuccifolium
Viola pedatifida
Allium cernuum

Aster sericeus
Echinacea pallida
Helianthus mollis

Silphium perfoliatum
Sisyrinchium albidum
Viola sagittata
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Figure 5. Distribution of the presence values
(expressed as percentages) of 68 prairie
species. Presence categories represent 5%
intervals.
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Table 9. The prairie species of all sites
containing at least one speclies. Sites are
ordered according to decreasing number of
prairie species per site. Locations of
numbered sites are described in Appendix B.
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ALLIUM CERNUUM
AMORPHA CANESCENS

AMDROPOGON GERARDT XXXXXX
AXDROPOGON SCOPARIUS X Xxxx
ANBMONE CYLINDRICA
ASCLEPIAS AMPLEXICAULLS
ASCLEPIAS TUBSMOSA
ASCLEPIAS VERTICILLATA
ASCLEPIAS VIRIDIFLORA
ASTER AZUREUS

ASTER ERICOIDES

ASTER LALVIS

ASTER SERICEUS

BAPTISIA LEUCANTHA
CACALIA ATRIPLICIPOLIA
CAREX BICKNELLII
CEANOTHUS AMERICANUS
COMANDRA RICHARDS LAMA
COREOPSIS PALMATA
COREOPSIS TRIPTERIS
CORYLUS AMERICAMA
DESMOMDIUM CAMADENSE
DESMODIUM ILLINORNSE
DESMODIUM SESSILIFOLIUM
ECHINACEA PALLIDA

ELYWUS CANADENS IS
EXYMGIUM YUCCIFOLIUM
EUPHORBIA COROLLATA
HELIANTHUS OCCIDENTIALIS
HELIANTHUS WOLLIS
MEUCHERA RICHARDSOMII
NIKRACIUM LOGIPILUM
KUMNIA EUPATORIOIDES
LESPEDEZA CAPITATA
LIATRIS ASPERA

LIATRIS CYLIMDRACEA
LIATRIS SPICATA
LITHOSPERMUM CANESCENS
LITHOS PERMUM CAROLINENSE
PANICUM OLIGOSANTHES
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found with 13 or more species in all sites. Eryngium yuccifolium (2
sites) was found with 27 and 28 species. Other similar examples are:

Lithospermum canescens, Helianthus occidentalis, Stipa spartea, Allium

cernuum, Aster sericeus, Helianthus mollis, and Viola pedata. Second,

there were species that were associated with few prairie species.
Echinacea pallida (one site) was found with six species. Other examples
. were Silphium laciniatum and S. perfoliatum. A third category is formed
by species which are usually common such as Andropogon gerardii,

A. scoparius, Lespedeza capitata. These are often found in communities
rich in prairie species as well as those which are impoverished. In
addition they are not infrequently found in non-prairie habitats,

perhaps as invaders.

Distribution of Individual Prairie Remnants.

The number of prairie species for each of the sites is expressed in
the county maps (Figures 6-13). Symbols are used to indicate the number
of species. Using these maps an evaluation of the prairie remnants was
made by comparing the location of "good" sites with original prairie
(relicts). ™"Good™ sites are arbitrarily defined as having 11 or more
prairie species (this includes the symbols for 11-15, 16-20, 21-25, and
225 species in Figures 6-13; there are 50 sites with 11 or more prairie
species). If a "good" site is within or near original recorded prairie
(Veatch, 1928; Kenoyer, 1930, 1934, 1940; Butler, 1937, 1938, 1939) then
it is considered a remmant of a recorded relict. If the "good" site is
not near original prairie, it will also be considered a remnant, but of
the probably numerous unrecorded relicts. There is also the possibility

that any one of the "good" sites represent an invaded disturbed site.
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Figure 6. Number of prairie species for all
sites visited in Berrien County, Michigan. All
sites containing at least one species are coded.
Code numbers are described in Appendix B.

Legend: empty circle - no prairie species
empty triangle - 1-5
empty square - 6-10

half-colored circle - 11-15
half-colored square - 16-20

full-colored circle - 21-25

full-colored triangle >26

stippling - selected cities

horizontal lines - original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Figure 7. Number of prairie species for all
sites visited in Branch County, Michigan. All
sites containing at least one species are coded.
Code numbers are described in Appendix B.

Legend:

empty circle - no prairie species

empty triangle - 15

empty square 6-10
half-colored circle - 11-15
half-colored square - 16-20
fulT-colored circle - 2125

'full-colored triangle >26

stippling - selected cities

horizontal lines - original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Figure 8. Number of prairie species for all
sites visited in Calhoun County, Michigan. All
sites containing at least one species are coded.
Code numbers are described in Appendix B.

Legend: empty circle - no prairie species
empty triangle - 1-5
empty square - 6210

half-colored circle « 1115
half-colored square - 16-20
full-colored circle - 21-25

full-colored triangle >26

stippling - selected cities

horizontal lines - original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Figure 9. Number of prairie species for all
sites visited in Cass County, Michigan. All
sites containing at least one species are coded.
Code numbers are described in Appendix B.

Legend: empty circle - no prairie species
empty triangle - 1l-5
empty square - 6-10
half-colored circle ~ 11-15
half-colored square - 16-20
full-colored circle = 21-25
full-colored triangle - >26

stippling - selected cities

horizontal lines = original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Figure 10. Number of prairie species for all
sites visited in Kalamazoo County, Michigan.

All sites containing at least one species are
coded. Code numbers are described in Appendix B.

Legend: empty circle - no prairie species
empty triangle - 1l=-5
empty square - 6-10
half-colored circle - 1l-15
halfscolored square - 16-20
full-colored circle - 2125
full-colored triangle - 26

stippling - selected cities

horizontal lines - original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Figure 11. Number of prairie species for all
sites visited in St. Joseph County, Michigan.
Al]l sites containing at least one species are
coded. Code numbers are described in Appendix B.

Legend: empty circle
empty triangle
empty square
half-colored circle
half-colored square
full-colored circle
full-colored triangle

no prairie species
1- 5
6-10
11-15
16-20
21-25
>26

stippling - selected cities

horizontal lines -~ original prairies
(after Veatch 1928, Kenoyer 1930,
19345 1940, and Butler 1937, 1938,

1939
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Figure 12. Number of prairie species for all sites
visited in Van Buren County, Michigan. All sites
containing at least one species are coded. Code
numbers are described in Appendix B.

Legend: empty circle - no prairie species
empty triangle - 1l=5
empty square - 6-10
half-colored circle - 1l-15
half-colored square - 16-20
full-colored circle - 21-25
full-colored triangle - >26

stippling - selected cities

horizontal lines - original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Figure 13. Number of prairie species for all
sites visited in Ingham, Jackson, and Hillsdale
Counties, Michigan. All sites containing at
least one species are coded. Code numbers are
described in Appendix B.

Legend: empty circle - no prairie species
empty triangle - 1l-5
empty square - 6<10
half-colored circle - 1l-15
half-colored square - 16-20

full-colored circle - 2125

full-colored triangle >26

stippling - selected cities

horizontal lines - original prairies
(after Veatch 1928, Kenoyer 1930,
1934, 1940, and Butler 1937, 1938,
1939).
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Sites Representing Remnants of Recorded Prairie Relicts

In the discussion below, the recorded relicts may have been
described by Veatch (1928), Kenoyer (1930, 1934, 1940) and Butler (1937,
1938, 1939), any two of them or just one of them. Occasional references
will be made to illustrate this. References to the size and historical
name of an original prairie was taken from Butler (1937, 1938, 1939).
Refe;ence to frequency studies of selected sites (Table 10) will be made
throughout the discussion when a statement is made concerning the names
of dominant prairie species, percentage of prairie species, the frequency
of the dominant prairie species, or rank of prairie species. A listing
of all species for each site (and their frequencies) selected for a
frequency study is given in Appendix C. St. Joseph County (Figure 11)
contains at least 16 sites representing remnants of seven different
prairie relicts. Site 501 (19 prairie species), northwest of Centreville,
represents a remnant of a relict recorded only by Kenoyer (1934). A
frequency study showed a high percentage (32%) of prairie species with

the dominant prairie species Andropogon seoparius (40%), Amorpha
canescens (16%), Anemone cylindrica (16%) and Euphorbia corollata (16%).

Site 507 (23 prairie species), between Constantine and Three Rivers is a
remnant of a relict also recorded by Kenoyer (1934). Sites 511 (15
prairie species), 12 (25 prairie species), 13 (21 prairie species), 514
(12 prairie species), and 512 (21 prairie species) at White Pigeon
represent the 28 square mile White Pigeon Prairie. Sites 12 and 13
illustrate the typical topographical (flat), and edaphic (more than 24
inches of the dark Warsaw Loam), as well as the vegetation aspects of an
original prairie. Three different frequency studies at site 12

illustrate a high percentage of prairie species. Forty-two percent
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(site 12a), 36% (site 12c), and 29% (site 12b) prairie species strongly
indicate a remnant status. The most frequent prairie species at each site

were: at 12a, Kuhnia eupatorioides (56%) and Stipa spartea (30%); at 1l2c,

Andropogon gerardii (85%), Euphorbia corollata (65%), and Stipa spartea

(63%); and at 12b, Euphorbia corollata (90%) and Ruellia humilis (70%). A
frequency study at site 512 also showed a high percentage of prairie species
(40%) with five prairie species as the five highest ranking species:

Andropogen gerardii (96%), Euphorbia corollata (54%), Rosa carolina (40%),

Solidago rigida (28%), and Andropogon scoparius (28%). Sites 342 (20

prairie species), 343 (13 prairie species), and 521 (16 prairie species),
south of White Pigeon, probably are remnants of the original Indian Prairie.
Site 17 (23 prairie species), west of Sturgis, is a remnant of a relict
recorded by Kenoyer (1934). Sites 517 (17 prairie species) and 518 (12
prairie species), at Sturgis represent the western edge of the 1400 acre
Sturgis Prairie. Site 194 (13 prairie species), east of Sturgis suggests
the northern edge of a relict recorded by Kenoyer (1934). Sites 485 (26
prairie species) and 487 (11 prairie species), south of Mendon, are remnants
of the 10,000 acre Nottawa Prairie. The flat topography and Warsaw Loam are
again characteristic aspects of this once massive prairie. Frequency
studies at site 485 showed 31% prairie species with the dominant prairie

species Kuhnia eupatorioides (49%) and Euphorbia corollata (43%). Cass

County (Figure 9) contains two sites which indicate remnants of two relict
prairies. Site 247 (28 prairie species) southwest of Pokogon, is a remmant
of the 70 acre original Sand Prairie. A frequency study showed a high

percentage (41%) of prairie species with Euphorbia corollata (50%) and

Spartina pectinacea (38%) as the dominant prairie species. Site 308 (11

prairie species), northeast of Cassopolis is a remnant of the 6000 acre
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Young's Prairie. The flat topography and a rare flora indicate further
that this is a remnant. This remnant contains one of three sites of

Silphium laciniatum and Liatris spicata. In Hillsdale County (Figure 13)

sites 150 (12 prairie species) and 148 (11 prairie species), at Jonesville,
are remnants of the Allen Prairie recorded only by Butler (1937). The

NYCRR right-of-way west from Jonesville contain dense stands of Andropogon

gerardii.

Sites Which are Remnants of Unrecorded Prairie Relicts.

Again, statements concerning results of frequency studies refer to
Table 10 and Appendix C. In Cass County (Figure 9) site 241 (15 prairie
species), northeast of Dowagiac is one and one half mile long. The flat

topography and a population of Stipa spartea and Coreopsis palmata indicate

this area as a remnant. Nine sites representing four different areas in

St. Joseph County (Figure 11) indicate remnants of relicts. Sites.500 (14
prairie species) and 508 (14 prairie species), south of Three Rivers are
remnants. Sites 344 (24 prairie species) and 345 (23 prairie species)
indicate remnants. Sites 14 (17 prairie species) and 15 (13 prairie species),
east of White Pigeon, indicate remnants. A frequency study at site 15

showed 31% prairie species with three prairie elements the dominant

species; Andropegon gerardii (82%), Rosa carelina (70%), and Euphorbia

corollata (54%). Sites 504 (12 prairie species), 207 (27 prairie species),
and 524 (25 prairie species), west of Colon indicate remnants. All are a
mile long. Besides the large number of prairie species, the presence of a
few rare species indicate this area as a remnant, (Eryngium yuccifolium,

Viola sagittata, and Liatris spicata). In Van Buren County (Figure 12),

eight sites along the NYCRR right-of=way between Decatur and Mattawan
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probably represent oak opening remnants. This right-of-way is wider than
usual. Sites 233 (13 prairie species), 232 (15 prairie species), 231 (11
prairie species), 230 (27 prairie species), 229 (12 prairie species), 228
(16 prairie species), 222 (11 prairie species), and 221 (18 prairie

species) contain dry-mesic prairie species as, Anemone cylindrica, Aster

azureus, Ceanothus americanus, Helianthus occidentalis, Liatris aspera, L.

lindracea, Tephrosia virginiana, and the rare Aster sericeus, as well as

a predominance of Androgggbn gerardii and A. scoparius. A frequency study

of site 221 showed 29% prairie species with the predominant prairie

species, Andropogon scoparius (75%), Sorghastrum nutans (26%), and

Andropogon gerardii (20%4). In Calhoun County (Figure 8), six sites along
the NYCRR right-of-ﬁay between Battle Creek and Albion indicate remnants.

The six sites are: 31 (16 prairie species), 30 (20 prairie species), 29
(17 prairie species), 481 (15 prairie species), 27 (11 prairie species),
and 25 (11 prairie species). Although these sites are distant from the

small recorded relicts in the western and southerﬁ ﬁart of this country,
"good" remmants are definitely present. Site 30 contains the most

extensive population of Stipa spartea found in this study. A frequency

study revealed Stipa in 89% of the sample quadrats. This site also had
the highest percentage of prairie species (49%). Other high ranking

prairie species were Andropogon gerardii (46%), and Helianthus occidentalis

(34%). A frequency study at site 31 showed a high percentage of prairie

species (36%) witﬂ Euphorbia corollata (83%) and Andropogon scoparius as

the prédominant prairie species. In Branch County (Figure 7), site 148

(11 prairie species), east of Bronson is a remmant with Andropogen gerardii
as the predominant species. In Jackson County (Figure 13), five sites
indicate remnants. Sites 473 (15 prairie species), 471 (19 prairie
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species), and 44 (14 prairie species), west of Jackson, represent various
kinds of prairies along the NYCRR right-of-way. Site 473 is one and one-
half miles long with wet, mesic, and dry prairie species present due to a
wide range of moisture conditions present on the site. A frequency study
at site 471 showed 28% prairie species with Andropogon gerardii (29%) and
Silphium terebinthinaceum (22%), the 3rd and 6th ranked of the 46 species
present. This is a wet-mesic prairie remnant. Site 55, (20 prairie
species), southwest of Jackson, also contains prairie species representing
various types of moisture conditions. Site 137 (11 prairie species)
indicates an oak opening but heavily invaded with woody species. In
Hillsdale County (Figure 13), site 491 (13 prairie species), north of
Jonesville suggests a remnant of a dry prairie. This site is an abandoned
pasture. A frequency study showed 23% prairie species with Cyperus

filiculmis (80%) and Andropogon scoparius (52%) the predominant prairie

speocies.

If any of the 19 "good" sites which indicate remnants of recorded
original prairie or any of the 29 "good" sites which indicate remnants of
unrecorded original prairie are in fact invaded disturbed sites (certain
parts of a given site may be disturbed) this can only be verified by future
study of the soil surfaces. Most of the sites described above do not have
obvious evidence of disturbance.

A majﬁrity of thé 297 sites with 10 prairie species or less (except
zero) Figure 14, or lacking a predominant prairie species, are noteworthy
"fair® to "poor" remnants or invaded sites. Only a few of these sites
will be described to further show the evidence of numerous remnants of
prairie in southwestern Michigan. For example, the flora was predominantly

non-prairie at sites 270 (6 prairie species) and 272 (4 prairie species) in



71

Figure 14. Distribution of the number of
prairie species found at 528 sites.




S3LS 40 YIGNNN

72

724

£

$

32+

444

¥

164

)

3]

O 1 2 3 4 8 6 7 8 9 1011 1213 4 151617 181920 21 22 23 24 25 26 27 28

NUMBER OF SPECIES



73

Berrien County (Figure 4) where the rare Silphium laciniatum was found.
Yet, an analysis of the.vegetation at site 270 showed the prairie species
to have high frequency values (28%) and three of the prairie species were
ranked highly in the 25 species present: (Solidago nemoralis, fifth

ranked; Silphium lacinatum, ninth ranked; Rudbeckia hirta, 10th ranked).

Similarly, non-prairie species dominate at site 474 (four prairie species)

in Kalamazoo County (Figure 8), where Silphium integrifolium and Kuhnia

eupatorioides was found. These few prairie species indicate a remmant of
Michigan's largest relict prairie, Prairie Ronde, but the remnant is a

"poor® one. An impressive population of Silphium perfoliatum was found on

the western border of Prairie Ronde, however it was the only prairie
species and it was growing on the steep railroad ballast (i.e. an invaded
site). A frequency study showed Silphium in 70% of the sample quadrats. A
few of the sites dominated by prairie grasses also suggest "fair" remmants.

Examples were the long stretches of Andropogon gerardii in Cass County at

sites 245 (10 prairie species), 238 (9 prairie species) and 239 (10 prairie

species). Extensive Andropogon scoparius sites in Kalamazoo County were

found in abandoned fields and open sandy areas. Examples are sites 96 (8
prairie species), 215 (10 prairie species), and 457 (4 prairie species). A
frequency study at site 96 showed a high percentage of prairie species
(31%) with Andropogon scoparius the predominant prairie species (76%).
However, this site was found to have a disturbed soil surface. A Panicum
virgatum site in Eaton County (site 1, 10 prairie species) suggests a
remnant. A frequency study showed 19% of the species to be prairie

species with Panicum virgatum as the conspicuous dominant (96%). An
extensive Andropogon sceparius prairie was sampled in Van Buren County
(site 497, 10 prairie species). Thirty-one percent of the species were



7

prairie species with Andropogon scoparius the conspicuous dominant (96%).
In # unused portion of a cemetery in Hillsdale County (site 143) six
prairie species were found. A very high percentage of prairie species
(41%) was found with Andropogon gerardii the conspicuous dominant (100%).
Other prairie species ranked very high: Hieracium lengipilum (64%, ranked
2nd), Lespedeza capitata (36%, ranked 4th).

Most of the relict prairies were found in St. Joseph County (Kenoyer,
1934). St. Joseph County still contains the richest concentration of
prairie (as remnants). Table 11 illustrates that of the 12 sites with 21
or more prairie species, 10 occur in St. Joseph County. Also of the 52

sites with 11 or more prairie species, 25 ocour in St. Joseph County.
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DISCUSSION

The relative absence of literature on prairie vegetation in Michigan
isy in part, symptomatic of the difficulties encountered during this
study. Except for two recently published papers (Brewer, 1965; Pokora,
1968) little information is available concerning the prairie flora and
consequently, remnants of the tall grass prairies in southwestern
Michigan. Moreover, most authors who have dealt with the subject of tall
grass prairie in Michigan suggest that it, as well as much of the
pr#irie flora, has all but vanished from the state. Therefore, the

search for remnants during this study was principally exploratory.

Kinds of Prairies

Besides wet, mesic, and dry prairies, each defineable by a moisture
gradient and flora, there are other categories which describe the quality
and history of a site having a "prairie" aspect. Virgin prairie,
original prairie, relict prairie, remmant, revegetated prairie,
disturbed and undisturbed prairie are such categories.

The views of what constitutes a "prairie" or even "virgin prairie"
are variable and often vague or undefined. As long as there are prairie
species present, a few conspicuously dominant ones with several locally
dominant species, the site is called a "prairie". This is the view
implied by Thompson (1970) and Brewer (1965). Thompson (1970) refers to
an Ann Arbor wet pfairie as a "relic of pioneer days" based on presence
of the prairie flora alone. To define "prairie”, others have used
characteristics as, complete absence of trees (treelessness), dominance
of grasses, level topography (Gleason, 1917), shade intolerant herbs,

deep roots or extensive rhizomes which favor the survival of plants
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following extended droughts or fire (Hayes, 1964). Rogers related his
reasons to those of Curtis', Vegetation of Wisconsin, 1959. Gleason
(1917) used the characteristics he cited to describe the site as a
"relic colony of prairie plants, persisting from a time when prairies
occupied a wide extent in southern Michigan, and now somewhat mixed with
various marsh species which have immigrated in recent times from
neighboring swamps and bogs". All have disregarded any consideration of
the soil surface. One can conclude that criteria for distinguishing
types of prairie from one another especially between virgin or original
prairie and populations of prairie plants on disturbed sites such as old
fields, are vague and the condition of the soil surface is not important.
If just the presence of prairie species constitutes a prairie, this
survey revealed at least 345 sites which can be called prairie.
Certainly, a site called "prairie” in Michigan warrants more restrictions
than just presence of one prairie species. The authors cited above
implied the site was impressive due to a large number of prairie species
and therefore called them "prairies”. But the number of species, the
extent of the populations, and the proportion of non-prairie herbs and
woody vegetation that is acceptable for a site to be called "prairie”,
is unknown. The condition of the surface may not really be important.
It may not make any difference if the prairie flora is on a disturbed
site or undisturbed site.

| It seems that if one were concerned with the prairie as a
functional array, disturbance is an important factor. Phytosociological
relationships characteristic of tall-grass prairie may be different or
break down under a given amount of disturbance. And perhaps a different

set of relationships is operating if prairie vegetation invades a
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disturbed site. Distinguishing between sites with a prairie flora on
disturbed and undisturbed surfaces appears to be important. And
distinguishing between sites on disturbed and undisturbed surfaces with
many and few species may also be important. Therefore, there seem to be
several categories of "prairie" depending on the quality and therefore
history of the site. Four categories appear evident:

A. Undisturbed surface, large number of prairie species.

B. Undisturbed surface, few prairie species.

C. Disturbed surface, large number of prairie species.

D. Disturbed surface, few prairie species.

All studies in Michigan describing characteristics of prairies
(except Hauser 1953) disregarded soil surface. The present study
included a preliminary examination of soil at various sites, therefore,
no categorization can be made for all 345 sites containing at least one
species. However, of the 25 sites examined for soil surface disturbance
(by digging one or more soil pits and if no plow line or excavation line
was evident it was considered undisturbed) 12 were considered undisturbed,
9 disturbed and in 4 sites separate pits suggested both disturbed and
urdisturbed surfaces (31, 37, 221, 368). If the last four sites are
considered in the two previous categories, and these sites are
classified into the proposed four categories above (A, B, C, D) A=9
sites, B=6, C=5, D=6 (site 368 had no prairie species). One can
conclude that there is about equal chance that a site with prairie
species may be disturbed or undisturbed.

Distinguishing between disturbed and undisturbed sites is very
‘important when one wishes to determine if the site is a remmant of an
original prairie (virgin prairie, relict prairie). An original prairie

must have an unbroken surface. Therefore prairies under the category of
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A" or "B" would be considered remnants. The greater the number of
prairie species, the more extensive the populations, the more value this
site has as a remnant of an original prairie.

Applying the term "remnant” (implying undisturbed surfaces) to
disturbed sites (C and D), even when a large number of prairie species
are present, is questionable. Perhaps, then, the flora is relict but
the surface is not. Hauser (1953) concluded that the Newaygo prairies
heiexamined contained no virgin prairie. Nor did he apply "remnant®” or
any other term to describe the quality or history of these prairies,
even though at present this is the largest area with a collection of

prairie plants, some of them the most rare species (Geum triflerum,

Aster sericeus, Phlox pilosa). How one might tell if a given site with
prairie species is on a disturbed surface or not (without checking) may
be possible. One might infer that sites dominated by one species would
imply a disturbed surface. Frequency studies of disturbed and
undisturbed sites do not support this (sites 96 and 221 are disturbed
sites, sites 30, 143, and 512 are undisturbed) Table 10.

Without surface disturbance data on all 345 sites with one or more
prairie species, the question of the number of remnants as well as
quality, is still unanswered.

If one considers 11 or more species as a "large number of species”,
then 50 "good” sites (Figure 15) are in categories "A" ard "C". “Admost
all 50 "good sites described in the results section suggest remnants
("A") even though all were not tested for disturbance. Disturbance
checks on several "good" sites did reveal plow lines such as in sites
2215 222" in’ Van Buren County and site 31 in Calhoun County. In ‘most
sites the topography of the rightsof-way was very similar to adjacent
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Figure 15. Sites with 11 or more prairie
species in southwestern Michigan. Sites are
suggested to be remnants of recorded and
unrecorded relicts.
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areas, suggesting no soil disturbance. It must also be remembered that
all sites as described in Appendix B do not always contain continuous
populations of prairie species. Much non-prairie and woody vegetation
is present as is disturbed surfaces, such as slopes, land-fills. Such
is the usual character of railroad rights-of-way.

The results of this survey confirm the belief that no large remmants
of virgin prairie still exist in southwestern Michigan. If the criteria
for identifying virgin prairie included that the site must coentain only
prairie species in addition to the unbroken surfacey then Michigan still
has virgin prairie; but its extent would be a few square meters. These
remnants are difficult to find. The frequency studies showed that 65
(0.05%) of the 1178 quarter meter quadrats (in 11 sites) contained all
prairie species, and not all of the sites tested were undisturbed
surfaces. However, the criterion concerning the supposition that sites
must contain only prairie species to be remnants of virgin prairie seems
to limiting. There must be value in these sites with prairie species
even if nonaprairie species are present. Sites with 1l or more species
(though arbitrary) is at least a criterion based on variety. Many of
the "good" sites, in addition to the "large number of species” had high
percentages or prairie species (13<49%), they had rare flora, and high
ranking prairie species.

The "good sites (remnants) do not always correspond with a
previously recorded prairie. One must conclude then that there were
unrecorded prairies. Possible reasons why these sites were unrecorded
are that; 1) they are areas which were too small to be included in the
original survey and were similarly missed by others (Veatch; 1928;
Kenoyers 1930, 1934; 1940). Good sites can be found on other soils
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besides the dark Warsaw Loam. For example, the row of "good" sites in
Calhoun County, between Battle Creek and Marshall, closely correspond to
the vegetation area noted by Kenoyer (1940) as bur oak forest. Also,
this row of sites corresponds to a narrow band of the Fox, Oshtemo soil
series (Whiteside, Schneider, and Cook, 1963), a soil closely related to:
the Warsaw Loam. The row of sites also corresponds closely to a narrow
stretch of sandy lake beds and the Kalamazoo River valley (Martin, 1955).
Bur oak feoresty in addition to grassy prairiesy should be considered as
sites which contain remmnants of the prairie flora. It is not surprising
to find some of the best prairie sites in Michigan coinciding with the
original bur oak forests (site # 30 is an impressive Stipa spartea

prairie remnant, 49% prairie species). The row of remnants in south-
western Van Buren County also represents a different soil series and
surface formations. Here, the soils are also sandy loam but the terrain
is rolling to steeply sloping (Whiteside, Schneider, and Cook, 1963).

The surface formations are unlike the features where prairies usually

are found, namely the outwash plains. In Van Buren County, the remmants
appear to be present on ground moraine, ponded waters, and moraines
(Martin, 1955). Perhaps <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>