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ABSTRACT

ThisAtlas of theWisconsin Prairieand Savanna Floratreats most of the native vascular plants
of Wisconsin grassland and savanna communities from the standpoints of floristics and phy-
togeography. Included are 341 species and 73 additional subspecies, varieties, and hybrids
(discussed and mapped) as well as 103 species and 50 infraspecific taxa and hybrids (dis-
cussed or casually mentioned). Part | discusses the physical geography and climate of Wis-
consin; the composition of its prairie, barrens, and savanna communities; and the history of
itsflora. Part Il consists of 354 dot maps showing the exact distributions of the taxa as based
on herbarium specimens, each accompanied by a statement describing the plant’s habitats,
abundance, overall distribution, and geo-floristic affinities. One of the practical uses of this
work isto help guide ecologists and conservationistsin the planning of prairie restorations.
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PRESENTATION

It iswith much pleasure that | see this prairie and savanna atlas come to fruition. This project has devel-
oped well beyond its original scope, and the result is awork that will be widely consulted by the many
persons and agencies interested in prairie restoration and the Wisconsin florain general.

This is a notable accomplishment of the University of Wisconsin—Madison Herbarium, officially
designated the Wisconsin State Herbarium in 1995. We are now embarking on an era of electronic dis-
semination of information on the Wisconsin flora. The Checklist of the Vascular Plants of Wisconsin
(DNR Technical Bulletin 192)was placed online in late summer, 1998 (www.ies.wisc.edu/herbarium/),
and this will form the backbone of multiple additions to follow, such as detailed plant distribution maps
(including the maps in this publication), photographs of Wisconsin plant species, plant description data,
and access to the growing database of the more than 400,000 herbarium specimens housed in different
Wisconsin herbaria. Thisinitiative is being coordinated with other universities and museums, the Wis-
consin Department of Natural Resources (DNR), and other interested parties. This kind of collabora-
tive effort will provide much valuable information on key aspects of our state's flora.

Paul E. Berry
Director, University of Wisconsin-Madison Herbarium
(The Wisconsin State Herbarium)

FOREWORD

Since the first Midwest Prairie Conference was held in 1968 (which has since evolved into the biennial
North American Prairie Conference), there has been a gradua, but steady, increase in the interest of both
the general public and government agenciesin tallgrass prairie ecology, conservation and restoration. In
recent years, this enthusiasm for prairie has spilled over into oak savanna ecosystems as well. The devel-
opment and popularity of new conferences—the biennial Midwest Oak Savanna Conference, which was
first held in Chicago, IL, in 1993, and the North American Savannas and Barrens Conference held in Nor-
mal, IL, in 1994—are evidence of this, asis the significant upsurge of interest in private conservation
groups and enthusiasm for gardening and landscaping with native plants. Because of the endangered sta-
tus of both of these ecosystems, many local private conservation groups, as well as state and federal agen-
cies, have made prairie and savanna communities high priority for protection and restoration.

This Atlas of the Wisconsin Prairie and Savanna Flora is designed to be an information resource
for those planning native prairie and oak savanna restorations and plantings in Wisconsin. The dot range
maps provided show the known distributions of native plantsin our state and will guide you in selecting
species most appropriate for given locations. For best results in matching species to a specific site’s char-
acteristics, this atlas should be used in conjunction with its companion publication, Plant Species Com -
position of Wisconsin Prairies: an Aid to Selecting Species for Plantings and Restorations (Henderson
1995a, DNR Technical Bulletin No.188).

Restorations (simply “plantings” in most cases) of these communities have become very popular
among private landowners for backyards and rural properties, and among public agencies for parks,
wildlife areas, roadsides, and school grounds. Over a half-dozen private companies within or very near
to Wisconsin's borders are now specializing in prairie and savanna planting, and are doing well. In
addition, a state-sponsored prairie seed farm has been established in Illinois, and one is currently being
developed in Wisconsin.
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Unfortunately, the availability of information on prairies and savannasin Wisconsin has not kept pace
with the upwelling of interest and activity in plantings and restorations. One example is the absence of an
atlas of Wisconsin Flora. Without readily available distribution information, prairie and savanna species
are frequently being planted outside their natural or historic ranges within Wisconsin. The primary pur-
pose of this atlas project, therefore, is to provide the information needed to begin correcting this problem.

Some individuals planning prairie and savanna plantings may not consider the planting of native
species outside their natural/historic ranges to be a problem worth worrying about, given that species
ranges are not static in nature. We, however, believe it to be avery important consideration that should
not be lightly dismissed.

In the absence of major climatic change or dramatic environmental changes, ranges of plant species
tend to be rather stable in the context of human lifespans. (Noted exceptions are recent weedy, mostly
Eurasian invaders.) Given the relatively stable climate of Wisconsin, prairie and savanna species have
had 6,000 or more years following the last glaciation to recolonize and stabilize their distributionsin the
state. It isunlikely that any of these species would be significantly expanding their rangesin the state in
the next 100 years without direct human assistance. Therefore, the distribution data represented here,
which cover the past 150 years, are still very pertinent as to the “natural” ranges of these species, and
they should not be ignored in planning native prairie and savanna plantings or restorations. To do other-
wise will threaten the long-term integrity of the rich regional variation in prairie and savanna communi-
ty composition that currently exists across Wisconsin, as well as the unique genetic composition of local
populations. Ignoring these geographical ranges also increases the risk of future range distribution data
becoming contaminated with artificial range expansions, which will compromise the data’ s usefulness to
our attempts at understanding the ecology of these species and the prairie/savanna communities, and also
in detecting natural range extensions that may occur with future climatic change.

These range maps were produced by the University of Wisconsin—-Madison Herbarium with long-
term funding from the UW—Madison Department of Botany, and since 1992 from the DNR’ s Bureau of
Research (now Integrated Science Services), and assistance from the DNR’s Bureau of Endangered
Resources. They are in the public domain and may be reproduced as long as credit is given to the authors,
the UW—Madison Herbarium, and the DNR.

Of course, no atlasis ever complete. Should you find what appears to be a natural population of any
of the species covered in this publication that lies outside the distribution shown, please contact the
UW-Madison Herbarium so that the range maps can be updated in the future.

Richard A. Henderson
Terrestrial Ecologist and Wildlife and Forestry Researcher, DNR

Prairieis composed of many different species of native American plants. It appears as

aninextricable mass of endlessly variable vegetation. Onegloriesinits beauty, itsdiver -
sity, and the ever changing pattern of its floral arrangements. But he is awed by its

immensity, its complexity, and the seeming impossibility of understanding and describ -
ing it. After certain principles and facts become clear, however, one comes not only to

know and understand the grasslands but also to delight in them and to love them.

J. E. Weaver, 1954
North American Prairie
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The maps themselves represent the cumulative efforts of numerous individuals, not all of whom
can be mentioned here. The earliest mapping was done by N. C. Fassett and his colleagues and students,
who during the period 1929 to 1952 published 37 Preliminary Reports and four books on Wisconsin
plant families (see Appendix C). These works may be thought of as having an atlas function, for each
species within them was accompanied by a dot distribution map based on herbarium specimens, a major
innovation for a state flora. Unfortunately, scarcely any of Fassett’ s Wisconsin manuscript maps have
survived. The majority of the maps on hand were made by various undergraduate and graduate students
and staff (between 1955 and 1970 under the supervision of Hugh H. lltis), especialy by Stephen Gilson
in 1964 and 1965, and (since 1970 under the supervision of Theodore S. Cochrane), especially by Chris-
tine Williams, Barbara A. Warnes, and Robert H. Read during 1971 and 1972, and by Cochrane from
1970 to the present, in an attempt to map all Wisconsin specimens at the University of Wisconsin—Madi-
son Herbarium. Intensified mapping, both updating earlier maps and completing new maps, was under-
taken during the period 1992 to 1994 specifically for this project by Andrew H. Williams, Quentin J.
Carpenter, Kristin E. Westad, Joseph P. LeBouton, and Nicholas . Hill.

Although we have assumed authorship of this book, we are well aware of the large number of peo-
ple who have contributed in one way or another to thiswork, especially those former graduate students
and colleagues who are cited as authors in Appendix C, Reports on the Flora of Wisconsin. Their orig-
inal papers have added immeasurably to the foundation upon which this work rests, as have unpublished
studies on Wisconsin Heliantheae by T. Melchert, Rosa by W. H. Lewis, Scrophulariaceae by F. S. Cross-
white, and Apiacese by L. Constance and M. E. Mathias. To them we are indebted, as we are to the many
colleagues who have provided or verified identifications for specific families or genera. Aswith any
floristic work, the value of the product is wholly dependent upon accurate determination of the speci-
mens. Both authors are intimately acquainted with the flora of Wisconsin, and one of their major con-
cerns has always been the time-consuming task of verifying the identity of each specimen. Probably the
majority of the plants mapped were checked by the authors, but we were fortunate to have had the coop-
eration of numerous colleagues who, having identified specimens for previous studies, contributed to
the accuracy of the atlas. Specialistsin certain difficult groups, including G. W. Argus(Salix), R. J. Bayer
(Antennaria), H. E. Ballard, Jr. (Viola), W. Dietrich (Oenothera), A. G. Jones (Aster), R. R. Kowal
(Senecio), A. F. Cholewa (Sisyrinchium), and R. W. Freckmann (Panicum), have been consulted
specifically for this book.

Other people who worked part-time or volunteered to assist on the project include Mark A. Wetter,
who double-checked the authorities for plant names, and Merel R. Black, who helped in the search for
common names and the compilation of the index. Paul E. Berry read and commented on the introductory
text, and Richard A. Henderson reviewed the entire manuscript. Bobbie Lively Diebold granted permis-
sion to use the prairie cross section reproduced on the cover. Nancy R. Halliday granted permission to
reproduce the prairie gradient illustration (Figure 4). All other illustrations were electronically painted by
Kandis Elliot, using 35 mm dides of Wisconsin plants and habitats as reference images. Some of the dides
were our own; others were loaned by Kenneth J. Sytsma and Robert R. Kowad. The Part | and Part |1 open-
ers, which depict two favorite prairies, are by Thomas A. Meyer (Snapper Prairie) and Mark K. Leach
(Avoca Prairie and Savanna). Finally, we wish to thank the editorial staff of the Wisconsin DNR, espe-
cialy Dreux J. Watermolen, Managing Editor at the DNR Bureau of Integrated Science Services, for his
stance in guiding the book through the publication process.

This atlasis based in part upon work supported since 1992 by the Wisconsin Department of Nat-
ural Resources. The DNR provided funding for much of the final map production comprising the heart
of this volume and hel ped fund some of the electronic formatting of this book. However, any opinions,
conclusions, or recommendations are those of the authors and do not necessarily reflect the views of the
Wisconsin DNR.
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Snapper (Miller) Prairie State Natural Area, a high-quality low-
land remnant in Jefferson County, Wisconsin, is dominated by Big
Bluestem, Little Bluestem, and Northern Dropseed grasses. Sub-
ordinate to the grasses are many showy prairie forbs, including
asters, blazing-stars, and the Y ellow Coneflower (drooping rays)
and Prairie-dock (very large basal leaves and tall naked stems) evi-
dent in this picture. Our Wisconsin deep-soil prairies consist
chiefly of tall grasses and tall herbs like these, intermingled with
shorter plants that bloom earlier in the season.

Photo by Thomas A. Meyer
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| NTRODUCTION

This Atlas of the Wisconsin Prairie and Savanna Flora is
intended to serve anyone interested in the prairies, oak
savannas, and oak woodlands of Wisconsin, whether an
expert ecologist undertaking the restoration or recovery of a
large-scale site, anovice prairie enthusiast contemplating a
backyard garden, a professional biogeographer studying
plant distributions, or a natural history amateur charmed by
prairie flowers. Any one of these should expect to find help
in answering two questions. where in Wisconsin does a par-
ticular species now grow (or where did it once grow, or did
it occur at all?); and what kind of habitat does it prefer?
Although the book may assist in the identification of plants,
itisnot afloraas such; and for that, the user will need to con-
sult other works to confirm identifications (see Appendix C).
Its major purpose isto provide distribution maps and habi-
tat descriptions for grassand and savanna plants of the state.
The atlas also provides an introduction to the ecology of
these communities and supplementary information pertain-
ing to the taxonomy and geography of individual species.
Richard A. Henderson, an authority in the field of
prairie and savanna restoration, compiled alist of 289
species that were potential candidates for this book. His
approach was entirely restoration oriented, and his choices
were influenced by the lists of species presented in Curtis
(1959) and plant material offered by wildflower nurseries.
Catalogues of native landscapers and nurserymen in the
Upper Midwest were also studied. We have excluded eight
and added 60 species to make the coverage more compre-
hensive, and to alert awide audience to the presence and
diversity of the many species contributing to Wisconsin's

natural environment. A still larger number of infrequent
species, not used by restorationists or of less ecological
importance, were omitted. In the transition from savannato
forest there are numerous forest species, as for example
Downy Wild-rye (Elymus villosus) and Zigzag Goldenrod
(Solidago flexicaulis) that were not included because they
bear little relation to either grasslands or oak openings.

Scope of theAtlas

Thiswork coversvascular plant species that are members of
the Wisconsin prairie and savanna biota, including distribu-
tion maps and notes on their habitat and frequency. From the
standpoint of the Wisconsin DNR, the original purpose was
to map only native plant species used by people who protect
and/or design and restore prairies and savannas. It follows
that the most striking and characteristic wildflowers and
grasses of prairie and savanna communities are the ones cov-
ered in this book. However, because these richly integrated
communities contained many subordinate grass and non-
grass species, theatlas also treats some common, though less
characteristic species, even if they are not usually planted or
sown during a prairie restoration. Not all members of our
grassand and savanna flora are covered; many others occur
in prairies, savannas, barrens, glades, and other native com-
munities (Table 1). Some of these species arelisted in Table
2. Additional lists of characteristic herbaceous and shrubby
species associated with prairies and savannas may be found
in Curtis (1959), Curtis and Greene (1949), Green (1950),

TasLE 1. Acronymsto native plant communities

The acronyms in this table indicate native plant communtities in which each species was found during Curtis's Plant Ecology
Laboratory studies and are compatible with the symbolsin his“Species List” (Curtis 1959) and in Table 2.

AQE Aquatic, Emergent NDM  Northern Dry-mesic Forest PW Prairie, Wet

BF Boreal Forest NM Northern Mesic Forest PWM  Prairie, Wet-mesic

BG Bracken Grassland NS Northern Sedge Meadow SB Sand Barrens

BOG Open Bog NWM  Northern Wet-mesic Forest SC Shrub Carr

CG Cedar Glade OB Oak Barrens SD Southern Dry Forest

CLE Cliff, Exposed (0]e] Oak Opening SDM Southern Dry-mesic Forest
CLS Cliff, Shaded PB Pine Barrens SM Southern Mesic Forest
DUN  Dune, Lake PD Prairie, Dry SS Southern Sedge Meadow
FN Fen PDM Prairie, Dry-mesic SW Southern Wet Forest

ND Northern Dry Forest PM Prairie, Mesic SWM  Southern Wet-mesic Forest

8



ATLAS OF THE WIisScoNsIN PRAIRIE AND SAVANNA FLORA

TaBLE 2. Wisconsin prairie and savanna plants not mapped in this book

Each of the species has been placed in one or more native communities according to Curtis's (1959) acronyms presented in Table 1.
Acronyms are in approximate order by percent of standsin which each species occurs. Sources for determining inclusion and assigning
habitats were Curtis (1959), Pruka (1995), specimen labels, and field experience of the authors. Thislist does not include many addi-
tional species that might be encountered, nor all habitatsin which they might occur. Maps for many of these species may be found in the
Preliminary Reports on Flora of Wisconsin and the books listed in Appendix C.

Agastache foeniculum (PB, OB, PDM)

Agastache nepetoides (SDM, SM, SD, OO, SWM, PWM)

Agalinis gattingeri (PM)

Anemone quinquefolia (SDM, NDM, PM, PWM, PW)
Anemone virginiana (SDM, SM, CLS, PM, OO, NDM)

Apios americana (SW, PW, PWM)

Arenaria lateriflora (SWM, SDM, SD, PM)
Astragalus neglectus (PM)

Betula pumila (BOG, PW)

Cacalia muehlenbergii (SM, SW, OO, CLS)
Calystegia spithamea (ND, PB, OO, PDM, PM)
Campanula aparinoides (FN, NS, PW)

Carex brevior (SB, PDM, OO)

Carex muhlenbergii (SB)

Carex siccata (OB, PD)

Celastrus scandens (SDM, CG, PDM, PD)
Cenchrus longispinus (SB)

Cirsium altissimum (SDM, OO, PM, SM)
Cornus racemosa (SD, OO, PWM, PM, PW, PDM)
Cornus stolonifera (SC, FN, AT, SS, PW)
Corylus americana (SD, OB, PWM, PM, PW, PDM)
Croton glandulosus var. septentrionalis (SB)
Cypripedium candidum (FN, PW)

Desmodium canescens (OO)

Desmodium cuspidatum (SD, OO, SDM)
Desmodium nudiflorum (SDM, OO, SM, NDM)
Draba reptans (PD, PDM, CLE, SB)

Elymus villosus (SDM, OO)

Equisetum hyemale (DUN, PDM, PD)
Eriophorum angustifolium (BOG, FN, PW)
Eupatorium sessilifolium (SDM, OO)
Euphorbia maculata (SB)

Froelichia floridana (SB)

Glyceria striata (FN, SWM, SW, PW)
Helianthemum bicknellii (SB, PD, PDM, OB)
Hudsonia tomentosa (SB)

Hypericum punctatum (SWM, PWM)
Hypericum sphaerocarpum (PWM)

Isanthus brachiatus (PD)

Juncus greenei (SB)

Juncus interior (PD, PM)

Juncus torreyi (PWM)

Krigia virginica (SB)

Lechea intermedia (SB, PDM, PD, PB, OB, CLE)
Lechea tenuifolia (SB, PDM, PD)

Linaria canadensis (SB)

Liparis loeselii (FN, BOG, PW, CLS)

Lycopus americanus (FN, SS, SW, PW, PWM, PM, CLS)

Lycopus uniflorus (NS, SS, FN, PW, AQE, BOG, SW, NWM)

Mollugo verticillata (SB)

Onoclea sensibilis (AT, SS, SW, NW, BOG, NWM, NM,
PW)

Ophioglossum vulgatum (FN, PW, SS)

Opuntia fragilis (CLE, CG)

Orobanche fasciculata (DUN, PDM)

Orobanche uniflora (OO, SM, SD, DUN, PD)

Panicum lanuginosum var. implicatum (SB, SD, OO, CG,
PD, DUN)

Panicum linearifolium (PD, OO)

Parthenocissus vitacea (SD, OO, CG, PDM, PWM, PM)

Pentaphylloides (Potentilla) floribunda (FN, PW)

Phryma leptostachya (SDM, SM, OO, NDM, NM)

Physalis longifolia var. subglabrata (SB, PD, PDM)

Plantago patagonica (SB)

Platanthera flava (PW, PWM)

Platanthera lacera (BOG, PW)

Polygonella articulata (SB, OB, DUN)

Polygonum amphibium (AQE, PW, SW, BOG)

Polygonum tenue (PDM, PD)

Prunus serotina (SD, SDM, NDM, OO, CG, PM, BF)

Pteridium aquilinum var. latiusculum (BG, PB, OB, OO,
PM, PWM, PDM)

Quercus bicolor (SW, OO)

Quercus rubra (SDM, SM)

Rhus aromatica (SB)

Rhus copallina (SB)

Rosa carolina (OO, PDM, PM, PWM)

Rubus allegheniensis (PD)

Rubus flagellaris (PD, OO, PM)

Rubus occidentalis (OO, PDM, PD)

Selaginella rupestris (SB, PDM)

Silene antirrhina (CLE, SB, PD, PDM)

Sium suave (AQE, SC, PWM)

Solidago ulmifolia (SDM, OO, SM, CLS, NDM)

Stachys palustris (SS, PWM, PW, SW, SC)

Strophostyles helvula (SDM, OO, CLE, CG)

Symphoricarpos occidentalis (OO, PD, PWM, PM)

Talinum rugospermum (SB, CLE)

Teucrium canadense (SW, PWM, PM)

Triodanis perfoliata (SB, OB, PDM, CLE)

Viola cucullata (NM, NW, BF, OO, SDM, PW, PWM, PM)

Vitis riparia (OO, CG, OB, PDM, PWM, PM, PD)
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Table 3. Endangered, threatened, and extir pated vascular plantsof Wisconsin prairies, oak barrens, and oak savannas
Modified after Bureau of Endangered Resources (1993).

Wet prairies

Hypericum sphaerocarpum

Tofieldia glutinosa

Wet-mesic prairies

Asclepias purpurascens
Asclepias sullivantii
Cacalia plantaginea
Camassia scilloides
Cypripedium candidum?
Fimbristylis puberula
Parthenium integrifolium
Phlox glaberrima

ssp. interior
Platanthera flava

var. herbiola
Platanthera leucophaea®
Polytaenia nuttallii
Tomanthera auriculata

Mesic prairies

Agalinis skinneriana?
Asclepias meadii?3
Asclepias ovalifolia
Asclepias sullivantii
Astragalus neglectus
Cacalia plantaginea
Camassia scilloides
Echinacea pallida
Gentiana alba
Lespedeza leptostachya
Parthenium integrifolium
Platanthera leucophaea?
Viola sagittata var. ovata

Dry-mesic prairies

Besseya bullii
Cirsium hillii
Echinacea pallida
Gentiana alba
Lespedeza leptostachya
Liatris punctata

var. nebraskana
Parthenium integrifolium
Polygala incarnata
Prenanthes aspera
Ruellia humilis

Dry prairies

Agalinis gattingeri
Agalinis skinneriana?
Anemone caroliniana
Anemone multifida var.

hudsoniana
Asclepias lanuginosa
Astragalus crassicarpus
Besseya bullii
Cacalia plantaginea
Cirsium hillii
Echinacea pallida
Lespedeza leptostachya
Lespedeza virginica
Lesquerella ludoviciana
Liatris punctata

var. nebraskana
Orobanche fasciculata
Prenanthes aspera
Scutellaria parvula

var. parvula

Sand prairies

Asclepias lanuginosa
Besseya bullii

Cirsium hillii

Lespedeza leptostachya?
Opuntia fragilis
Orobanche fasciculata
Orobanche ludoviciana
Prenanthes aspera

Oak barrens

Asclepias lanuginosa
Liatris punctata

var. nebraskana
Opuntia fragilis

Oak savannas

Agastache nepetoides
Asclepias purpurascens
Astragalus crassicarpus
Besseya bullii

Camassia scilloides
Gentiana alba
Polytaenia nuttallii
Prenanthes crepidinea
Ruellia humilis

Viola sagittata var. ovata

Oak woodlands

Agastache nepetoides
Asclepias purpurascens
Camassia scilloides
Thaspium barbinode
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Bedrock glades

Agalinis gattingeri
Lespedeza virginica
Opuntia fragilis

Threatened at federal level
2Concern at federal level
SExtirpated at state level
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Haney and Apfelbaum (1997), Henderson (1995a), Hujik
(1995), Pruka (1995), Whitford and Whitford (1971), Will-
Wolf and Stearns (1998), and other references.

In ecological terms (Curtis 1959), the majority of
species that appear in this book are either prevalent species
or modal species. Prevalent species are those most likely to
be present in any stand of a particular community type as
well as being the ones with the highest densities. A species
ismodal in the one plant community in which it exhibitsits
maximum presence value. Some modal species are also
prevalent ones, but many are infrequent or rare. There are
204 species of native vascular plants listed by Curtis (1959)
as prevalent or modal within the prairie communities of
Wisconsin. Of these, 193 are mapped in this atlas.

In recent years, especially since Earth Day 1970 and
the passage of the Federal Endangered Species Act of
1973, there has been increasing concern over the identity,
distribution, status, and preservation of rare species of
plants and animals in Wisconsin (Bureau of Endangered
Resources 1993, Read 1976). Although state or federally
listed threatened or endangered species are not emphasi zed
in this publication, many of them are indeed imperiled. Of
the 1,702 species of vascular plants native to Wisconsin
(Wetter et al. 1998), the DNR’s Natural Heritage Invento-
ry (1998) considers 73 endangered, 65 threatened, 4 extir-
pated, and 179 of significant conservation concern. Thus,
321 species, or about 19% of the native flora, have been or
are in danger of local extinction or extirpation and hence
candidates for listing in Wisconsin.

In this atlas in appropriate cases, following the name
of the species, astatusis given to indicate its listing by the
Natural Heritage Inventory (1998) and Bureau of Endan-
gered Resources (1993) as Endangered, Threatened,
Extirpated, or of Special Concern, the latter term relat-
ing to those possibly in jeopardy but of uncertain status and
not yet afforded legal protection. Altogether, about 28% of
the endangered and threatened plant species occur primar-
ily in prairie and oak-ecosystem habitats (Table 3). Addi-
tional species assigned to the advisory Special Concern
category may, in fact, be extirpated (e.g., Pediomelum
argophyllum) or may deserve legal status as Endangered
(e.g., Desmodium canescens) or Threatened (e.g., Com -
melina erecta var. deamiana). No other natural communi-
tiesin Wisconsin have been so profoundly decimated by
the hand of man. Some impression of the extent of loss may
be gained from Table 7 in Henderson and Sample (1995),
which lists 65 extirpated, rare, and declining Wisconsin

grassland plants. (Twenty-two additional species can be
considered to belong on the Henderson and Sample list,
because they commonly occur in prairies aswell as savan-
nas, and because the official state lists of rare vascular
plants were revised since the time of that publication.) Fur-
thermore, many of these species are rare or infrequent
throughout their range, and some are innately conservative,
that is, they rarely occur anywhere except in little-disturbed
vegetation remnants. As aresult, prairie species like Pink
Milkwort (Polygala incarnata), Silvery Scurf-pea
(Pediomelum argophyllum), and the white-lettuces
(Prenanthes spp.) are among the rarest and most elusive
native plantsin Wisconsin, and at least one, Mead' s Milk-
weed (Asclepias meadii), is thought to have been extirpat-
ed from our flora (Table 3). Many once-common species,
for example, the rosinweeds (S1phiumspp.), of widespread
but economically valuable habitats such as dry-mesic to
wet-mesic prairies, may now be more in danger of extir-
pation than rarer species of specialized, economically
unimportant habitats.

Methods and Sources of Data

Adistribution map is only as good as the data and identifi-
cations of the specimens on which it is based. In general,
only records vouchered by actual pressed plant specimens
deposited in an herbarium are the factual basis of the dots
on our maps. Thus, the distribution of our native grassland
and woodland speciesis indicated on outline maps by dots,
each representing from one to several herbarium collec-
tions. Atriangleis used in rare cases where al that is known
from a county are specimens without specific location. In
several instances, sight records (indicated on the maps by
a+) by professional botanists were utilized, thosein Lin-
coln County by F. C. Seymour (ms. cards), in central Wis-
consin by J. W. Thomson (1940) or, less often, T. G. Hart-
ley (1962) or P. D. Sgrensen (ms. cards). Those from other
areas are mostly from records of the DNR’s Natural Her-
itage Inventory.

The distribution maps were generated by manually
placing symbols at exact localities cited on specimen labels
or shown on manuscript maps; thus, each dot is site-spe-
cific to within afew miles and specimen-vouchered by one
or more herbarium specimens. The only map records from
the literature to have been incorporated are some from
older Preliminary Reports and from Hartley’ s dissertation
on the “Flora of the Driftless Area” (1962). Because Wis-
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Figure 1. Base maps of Wisconsin showing the boundaries of various features of glacial (A) and bedrock geology (D, E), selected geo-
graphical provinces (F, G) and soil types (H, I), and the Tension Zone(B) and floristic provinces (C). A, redrawn after Little (1971); B
and C, from Curtis (1959); D, drawn by following the line of contact between the Prairie du Chien Dolomite and the Upper Cambrian
Sandstone; E (Niagara Dolomite), F, and G, from Martin (1965); E (Cambrian Sandstone) from Wisconsin Geological and Natural His-
tory Survey (1995); H, redrawn after Whitson (1927); |, redrawn after Johnson and I1tis (1964).
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consin herbarium collections range from the late 1850s to
the present, the maps present collection information accu-
mulated over the course of almost 150 years. Given the
destructive role of man in changing the face of the land, it
hardly needs to be said that many dots represent popula-
tions that are no longer extant. By the same token, the
absence of adot in an area does not necessarily mean that
the plant does not occur there.

A line enclosing the famous Driftless Area of Wis-
consin and adjoining Minnesota, lowa, and Illinois appears
on every distribution map (Figure 1A). It indicates a hilly
region never covered by ice and drift (glacial gravel), at
least during the most recent glacial advances. Other features
of Wisconsin physical geography such as the Region of
Limestones(Figure 1D), the limits of the Cambrian Sand-
stone and Niagar a (Silurian) Dolomite (Figure 1E) and the
extent of Prairie, Sandy, and Sandy L oam Soils (Figure
1H and I) are sometimes shown, as are the boundaries of the
Northern Highlands (Figure 1F) and Central Plain (Fig-
ure 1G). Running across the middle of the state from north-
west to southeast is a narrow band or zone that marks major
changes in the climate, and hence the vegetation, in relation
to plant distribution (Figure 1B). Because the southern
range limits of many northern species and the northern
range limits of many southern and western species are con-
tained within this climatic and floristic Tension Zone (see
Curtis 1959), which also separates the Prairie-Southern
Forest from the Mixed Conifer-Northern Hardwoods
biogeographic provinces (Figure 1C), it also appears on
many of the distribution maps.

The distribution of the speciesin Wisconsin, habitat
information, and dates of flowering and fruiting were
obtained chiefly from collections in the herbaria of the
University of Wisconsin System: Madison (WI1S), Mil-
waukee (UWM), Green Bay, Eau Claire (UWEC), La
Crosse (UWL), Oshkosh (OSH), and Stevens Point
(UWSP). Our maps also include records of Wisconsin
material contained in such important herbaria as the Mil-
waukee Public Museum (MIL), the University of Min-
nesota (MIN), and the Morton Arboretum (MOR). In addi-
tion, records have been incorporated based on specimens
in the herbaria of the University of Wisconsin—River Fals
(RIVE), University of Wisconsin—Platteville, University
of lowa (1A), Beloit College (BELC), lowa State Univer-
sity (ISC), Field Museum of Natural History (F), North-
land College (Ashland, Wisconsin), St. Norbert College
(SNC), and the private herbarium of Mrs. K. Rill

(Oshkosh, Wisconsin). We wish to express our thanks to
all the curators and directors for their cooperation.

Botanical | nformation

The core of the atlas comprises Part 11, 354 sequentially
numbered maps and accompanying habitat and distribu-
tional captions. The 52 plant families represented are first
divided according to the three major groupings of vascular
plants to which they belong, namely the pteridophytes, rep-
resenting Ferns and Fern Allies, and the monocotyledons
and dicotyledons, the two subclasses of angiosperms, or
flowering plants. The families are then arranged al phabeti-
cally. Under each family are the genera and species, also
alphabetically. The nomenclature generdly follows the sec-
ond edition of Gleason and Cronquist’s Manual of Vascu -
lar Plants (1991), occasionally Kartesz's Synonymized
Checklist (1994), and in a few cases, different floras or
monographs. Having a more intimate knowledge of the
flora of Wisconsin, we have sometimes chosen to list infra-
specific taxa not recognized by these authorities.

The habitat descriptions were derived primarily from
information given on specimen labels and our own field
experience. Geographical, biological, and other information
is based on floras and available monographs and revisions,
supplemented by herbarium label data.

The text accompanying each map includes the scien-
tific name of the species, thecommon name or names, its
status (if rare), the total range outside of Wisconsin with
an attempt to identify or imply the floristic element to which
it belongs and its post-glacial migrational origin, the gen-
eral rangewithin the state, a description of itshabitat, and
flowering and/or fruiting times. The names and/or abbre-
viations immediately after each Latin name are those of the
botanist(s) responsible for originally describing the species.
Taxonomic synonyms—scientific names once commonly
used in other floras but now considered to apply to the same
taxon—appear in brackets. Habitats printed in boldface
indicate according to Curtis (1959, p. 633) “...the native
community in which the species achieved maximum pres-
ence,” that is, the community of modality. Presenceis high
for species occurring in most or nearly all sample stands of
the community. The highest presence may occur in rare
communities with few species, hence the oft-reported
“cedar glade” in Curtis's (1959) Species List. The number
in parentheses is the number of plant communitiesin which
Curtis Plant Ecology Laboratory (PEL) studies found the
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species to occur, that is, the fidelity of that species. The
smaller the number, the rarer the species and the more it is
restricted to a particular habitat. Because not all the species
listed in this atlas were quantitatively analyzed during the
PEL studies, anumber of them lack this information.

Common or vernacular names are listed for each
mapped species even though some are not well established
by usage. Regional source books were surveyed for com-
mon names, and a few were added based on our own expe-
rience. Many common names cited in popular references
are included even if they appear to have been invented for
the sake of giving each species a common name.

The range statement attempts to identify or imply the
floristic element to which a species belongs and its post-
glacia migrationa origin. In all pertinent mgjor floras cov-
ering Wisconsin (Fernald 1950, Gleason 1952, Gleason &
Cronquist 1991) the plants are described as ranging from
north to south, then from east to west—a biogeographical -
ly illogical sequence, because almost 100% of the species
ranges developed in the recent past moved from south to
north, and in Wisconsin, considering the whole flora, amost
as often from west to east asvice-versa. Therefore, we have
turned most of the range statements upside down to reflect
the probable direction of migration.

Information on Excluded Species (Appendix A) and
Native Plant Nurseries (Appendix B) follows the map
section. Critical literature, mostly Wisconsin oriented, is
cited under each family and sometimes also under indi-
vidual species. Appendix C contains the Preliminary
Reports on the Flora of Wisconsin (1929-1988), a series of
some 70 treatments of selected Wisconsin families and
genera, aswell as the four book-length treatments for Wis-
consin families, and other articles listed al phabetically,
along with supplementary references to provide expanded
coverage for our flora.

All interested parties, botanists and amateurs alike, are
encouraged to correct records and report new finds to the
authors for the purpose of keeping information on the Wis-
consin flora current.

North American Grasslands
The vast central North American grassands lie between the
woodlands at the base of the Rocky Mountains and the

western margins of the eastern deciduous forest and extends
from southern Alberta and Saskatchewan to south-central
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Texas (Figure 2). Going from west to east, it can be divid-
ed into three geographically parallel climax associations:
the shortgrass plains, the mixedgrass prairies, and the
tallgrass prairies (Carpenter 1940, Risser et al. 1981,
Weaver 1954, Weaver & Albertson 1956). Superimposed
over this pattern of continuous and interdigitating grassland
types are gradients of annual precipitation and soil depth
(generally declining from east to west), temperature (rising
from north to south), and floristic diversity (i.e., species
richness, increasing from north to south and decreasing
from east to west).

Prairies vary greatly in character and composition
from place to place. Generally, with enough moisture, the
Tallgrass Prairie Association, also known as the true or
eastern prairie, predominates in Wisconsin; although on
dry, southwest-facing hillsides, shortgrass communities not
unlike the mixedgrass or even shortgrass prairies from far-
ther west are found. The tallgrass prairie receives more
rainfal, is more ecologically diverse, and contains a greater
number of major dominants than either the mixedgrass
prairies or shortgrass plains. Originally, the tallgrass prairie
stretched in an arc from south-central Manitoba to Texas
and extended eastward from a transition zone with the
Mixedgrass Prairie Association near the 97th Meridian to
the borders of the deciduous forest biome. In the Midwest
it projected eastward as the triangular-shaped “Prairie
Peninsula’ (Figure 2, inset), crossing southwestern Wis-
consin and most of Illinois and reaching into Indiana and
eastern Ohio, with scattered outliersin Kentucky, southern
Michigan and southern Ontario (Gleason 1913, L angen-
doen & Maycock 1983, Transeau 1935). Along its eastern
edge, major portions of the tallgrass prairie, including Wis-
consin’s grassland communities and the entire Prairie
Peninsula, constitute a variant facies within the tallgrass
association that has been termed subclimax prairie
(McComb & Loomis 1944) or the prairie-forest ecotone
(Anderson 1983, Carpenter 1940, Davis 1977). This broad
ecotone comprised amosaic of plant community types that
formed a continuum from prairie to forest. The transition
with the boreal forest in the far north and west was an aspen
parkland, and that with the deciduous forest farther south,
asin Wisconsin, was an oak savanna. Boundaries between
these ecosystems varied from gradual to abrupt owing to
local environmental and topographic conditions and other
factors. Peninsula-like prolongations and island-like relicts
of prairie and forest communities passed into one another
on both uplands and lowlands, with much of the boundary



ATLAS OF THE WIisScoNSIN PRAIRIE AND SAVANNA FLORA

between the two formations taking on an open, park-like
character now al but lost to cow and plow.

Composition

Although grasses comprise less than 10% of the plant
species (in the case of Wisconsin, 17 of Curtis's 204 preva
lent and modal species), in terms of individuals and plant
biomass, they are the dominant plants of the prairies. Grass
species, like the communities they represent (Curtis 1955,
1959), sort themselves out in a more or less definite ordi-
nation in relation to soil moisture (Figure 3). In Wisconsin,
on upland sites, or steep, calcareous slopes, short (0.5 to
1.5 feet) to mid-sized (2 to 4 feet), non-rhizomatous,

¥
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bunch- or less often sod-forming grasses predominate and
often present afloristic composition and visual aspect more
closely resembling the shortgrass plains and mixedgrass
prairies hundreds of miles to the west: Little Bluestem
(Schizachyrium scoparium), Side-oats Grama (Boutel oua
curtipendula), and June Grass(Koeleria macrantha) on the
driest prairies, Prairie Dropseed (Sporobolus heterolepis),
Indian Grass (Sorghastrum nutans), and Needle Grass
(Stipa spartea) on dry-mesic or sandy prairies. Proceeding
along thisidealized moisture gradient to still well-drained,
typical tallgrass mesic prairies, the major dominant
becomes the tall (5 to 8 feet), rhizomatous, sod-forming
Big Bluestem (Andropogon gerardii); then, on still

moister, wet-mesic prairies, Big Bluestem, Switch Grass

shetnl gracs phaine
i erkarass prabrie il
B " aarass prane
B prainic-fores] sootons

Figure 2. The grassland biome of Midwestern North America, showing the general ranges of the tallgrass and mixedgrass prairies, short-
grass plains, and prairie-forest ecotone. The white oval in west-central Nebraska s the chief sandhill region. Not shown are the Atlantic
and Gulf of Mexico coastal plain grasslands and pine savannas; the intermountain grasslands that extend from western Wyoming to
eastern Oregon and the Palouse area; the desert grasslands that reach from Mexico into western Texas, New Mexico, and Arizona; or
the central California grassiands. Depending on local conditions, topographic exposure, moisture-holding capacity of the soil, and other
factors, al these Midwestern grassland ecosystems may be found in Wisconsin. Redrawn after Carpenter (1940). Inset depictsthe Prairie
Peninsula, an eastward extension of the tallgrass prairie, and its outliers. Reproduced from Transeau (1935).
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Figure 3. Generalized behavior of 11 important prairie grassesin relation to a soil moisture gradient. Each curve is unique, suggesting
that the species respond in an individualistic manner to the conditions of the environment. Adapted from Bazzaz and Parrish (1982) and

Curtis (1959).

(Panicum virgatum), and Canada Wild-rye (Elymus
canadensis); and in wet prairies, Blue-joint (Calamagrostis
canadensis) and Cordgrass (Spartina pectinata). Upland
Wild-timothy (Muhlenbergia racemosa) and Leiberg's
Panic Grass (Panicum leibergii) occur across a wide vari-
ety of sites. Nowadays, of course, the list of dominants
often includes naturalized grasses even in some well-pre-
served prairie remnants. Native communities utilized as
pastures or otherwise artificially disturbed quickly deteri-
orate as the original grasses and forbs are replaced by
almost wholly non-native, mostly European species.
Depending on the type of habitat and degree of distur-
bance, the following occur in or even dominate native and
surrogate grassland habitats: Canada Bluegrass (Poa com -
pressa), Smooth Brome (Bromus inermis), Quack Grass
(Elytrigia [ Agropyron] repens), Timothy (Phleum
pratense), and Orchard Grass (Dactylis glomerata) on
uplands, Redtop (Agrostis gigantea) and Reed Canary
Grass (Phalaris arundinacea) in lowlands, and Kentucky
Bluegrass (Poa pratensis) everywhere across the continu-
um except at the wettest end. Especialy difficult to eradi-
cate are perennial Smooth Brome, which forms luxuriant
sods on roadsides, pastures, and prairies; the rhizomatous
perennials Canada Bluegrass and Kentucky Bluegrass,
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both ubiquitous in Wisconsin’s grassland and savanna
communities; and the terrible Reed Canary Grass, which,
deliberately planted for hay, pasturage and erosion control,
has become the dominant grass cover in marshes, sedge
meadows, wet prairies, low fields, and other moist habitats
throughout Wisconsin.

This ordination of the major grass dominants can be
replicated in the associated herbaceous species, or forbs,
which, very much an integra part of the structure of prairie
vegetation, contribute seasonally conspicuous color, tex-
ture, and variety (Figure 4). Except for avery few pristine,
relic “virgin prairies’ untouched by plowing or cattle graz-
ing, the original character of the forb flora has changed
depending on the degree of disturbance a particular remnant
has suffered. Wisconsin prairies are chiefly “degraded
prairies,” the quality of which is often judged by the degree
of replacement of the native species by introduced weedy
ones. Besides floristic composition, community physiog-
nomy and seasonal aspects like blooming and color can be
used in evaluating the natural quality of a stand. Environ-
mental attributes such as soil profile and color, microcli-
mate, and degree and type of artificial disturbance may also
serve to delineate original prairies that have been either
excessively degraded or destroyed.
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Dry Dry-mesic Mesic Wet-mesic Wet
1. Bouteloua curtipendula Side-oats Grama Grass 22. Allium cernuum Wild Onion
2. Sporobolus heterolepis Prairie Dropseed 23. Euphorbia corollata Flowering Spurge
3. Asclepias verticillata Whorled Milkweed 24. Baptisia alba var. macrophylla White Wild Indigo
4. Dalea purpurea Purple Prairie-clover 25. Ratibida pinnata Yellow Coneflower
5. Solidago nemoralis Gray Goldenrod 26. Solidago canadensis Canada Goldenrod
6. Brickellia eupatorioides False Boneset 27. Slphiumterebinthinaceum Prairie-dock
7. Eupatorium altissmum Tall Boneset 28. Panicum virgatum Switch Grass
8. \erbena stricta Hoary Vervain 29. Physostegia virginiana Obedient Plant
9. Liatris cylindracea Cylindric Blazing-star 30. Aster novae-angliae New England Aster
10. Erigeron strigosus Daisy Fleabane 31. Helianthus grosseserratus ~ Saw-tooth Sunflower
11. Schizachyriumscoparium  Little Bluestem 32. Solidago canadensis var. scabra  Tall Goldenrod
12. Sorghastrum nutans Indian Grass 33. Prenanthes racemosa Smooth White-lettuce
13. Liatrisaspera Rough Blazing-star 34. Pycnanthemumvirginianum Mountain Mint
14. Gentianella quinquefolia  Stiff Gentian 35. Elymus canadensis Canada Wild-rye
15. Lespedeza capitata Round-headed Bush-clover 36. Gentiana andrewsii Closed Gentian
16. Solidago rigida Stiff Goldenrod 37. Gentianopsis crinita Fringed Gentian
17. Slphiumlaciniatum Compass Plant 38. Liatris pycnostachya Prairie Blazing-star
18. Andropogon gerardii Big Bluestem 39. Spartina pectinata Cordgrass
19. Partheniumintegrifolium  Wild Quinine 40. Irisvirginica var. shrevei Blueflag Iris
20. Eryngium yuccifolium Rattlesnake-master 41. Scirpus pendulus Reddish Bulrush
21. Veronicastrumvirginicum  Culver’'s-root 42. Typha latifolia Common Cat-tail

Figure 4. Generalized behavior of grass and forb species along a compositional gradient. The figure illustrates major dominants and
secondary species that make up most of the vegetation in some prairies. Original drawing by Nancy R. Halliday.

Climate

Climate is generally recognized as the chief factor shaping
the Great Plains environment (Borchert 1950, Weaver 1954,
Weaver & Albertson 1956). The extensive plains of North
Americaliein the eastern rain shadow of the Rocky Moun-
tains, which intercept humid air masses moving eastward

from the Pacific Ocean. These Pacific air masses appear to
force their way like a wedge between the southward-flow-
ing, cold Arctic and the northward-moving, warm Maritime
Tropical air masses (Borchert 1950, Bryson 1966, Bryson &
Hare 1974). The mean positions of these air mass boundaries
or fronts are correlated with the mid-continental location of
the main body of plains and prairie vegetation (Figure 5),
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Figure5. Climatic regions of eastern North America at the present
time. Redrawn after Borchert (1950). The maps identify climatic
regions dominated by the Arctic and Pacific air massesin winter
and summer, respectively (1), Pacific air mass (1V, V), and Mar-
itime Tropical air mass (11, I11). The transition zone between

regions | and IV corresponds with the Polar Frontal Zone. Regions
are climatically the same as those shown in Figure 6.

Figure 7. Isoclimatic lines of precipitation-evaporation ratios for
the United States, which correspond closely to the distribution of
the Prairie Peninsulaflora. From Jenny (1941).
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Figure 6. Paleoclimatic regions of eastern North Americaduring a
late postglacial, prehistoric period of relatively strong mean easterly
circulation. During this period of relatively warm and dry summers
awedge of prairie vegetation extended eastward to Ohio or farther
east asthe Prairie Peninsula. Redrawn after Borchert (1950). 1, the
northeastern region with snowy winters; | I, southeastern states and
eastern seaboard with rainy winters; 111, south Atlantic and Gulf
Coast states with sub-tropical summers; |V, prairie region with usu-
ally dry winters and occasionally low summer rainfall; V, Great
Plainswith relatively dry winters and dry summers.

Figure 8. Isoclimatic lines of average relative humidity for July
for the United States. The evaporating power of the air is more
efficacious than precipitation amounts alone in explaining the dis-
tribution of climax communities. From USDA (1941).
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which had developed by 10,000 years before present (yr
B.P) in response to late glacia climatic warming and melt-
ing of the continental ice sheet (Borchert 1950, Bryson et al.
1970, Delcourt & Delcourt 1993). During a late post-glacial,
prehistoric period of shifting air mass boundaries, warming
climate, and more frequent drought than at present (Figure
6), prairie vegetation spread eastward as the Prairie Penin-
sula, reaching its easternmost extent during the Hypsither-
mal Interval, generally dated between 9,000 and 4,000 yr
B.P. (Delcourt & Delcourt 1993, Sears 1942, Wright 1968).
Climatic conditions then changed again, with global cooling
during the last 3,000 years resulting in the westward with-
drawal of the Prairie Peninsulato its present-day position
(Delcourt & Delcourt 1993).

The central North American grassland region experi-
ences great and erratic variability in weather from year to
year, depending on the location and duration of fronts and
the frequency of their shifts (Coupland 1958, Risser 1985,
Sims et al. 1978). There isless rain, higher temperatures,
lower humidity, higher evapotranspiration rates, and more
frequent droughts than in the mixed northern and decidu-
ous hardwood forest regions to the east (Looman 1983,
Risser et a. 1981, Transeau 1935). Other factors also cor-
relate with the distribution of these biomes, and many of
them are mutually or reciprocally related, making it diffi-
cult or impossible to rank their relative importance with
respect to vegetation. The relationship between precipita-
tion and evaporation was used by Transeau (1905, 1930,
1935) to help explain the existence of the Prairie Peninsu-
la. More than any single meteorological variable (e.g., the
total amount of precipitation), isoclimatic lines of precipi-
tation-evaporation ratios match remarkably well on agross
scale the distribution of the Grassland Formation and other
vegetation types in the eastern United States (Figure 7).
Transeau (1935) also indicated that midsummer relative
humidity (Figure 8) is among the more important factorsin
relation to the Prairie Peninsula

The prevailing westerly winds moderate the climate of
Wisconsin, the southwestern half of which lies partly with-
in Borchert’s Region 1V, the prairie region, and mostly with-
in the transitional zone between Region 1V and Region I,
the northeastern region (Figure 5). Many (but not all) cli-
matic factors show good correlation with the Tension Zone
(see Curtis 1959). Six of the more important factors for the
vegetation are shown in Figure 9. Within the Prairie-South-
ern Forest Province, there are higher levels of July evapo-
ration (Figure 9A), fewer rainy days (Figure 9B), more

days with average temper ature above 68°F (Figure 9C),
higher July temper atur es (Figure 9D), less averageannu-
al snowfall (Figure 9E), and higher aver age summer tem-
peratures (Figure 9F). Annual mean temperature, January
mean temperature, and length of growing season also have
a corresponding relation with the floristic provinces.

High temperatures and limited, more erratic precipita-
tion are the most significant climatic factorsin maintaining
grassland climax against the invasion of forest. The sea-
sonal distribution of precipitation and its range of fluctua-
tion from year to year are probably more important than the
actual total rainfall; in other words, periodic drought is crit-
ical in affecting plant growth on the prairies. With the
appearance of hot dry summers and long cold winters the
climate of the prairies and plains became unsuitable for the
wide-ranging deciduous forests they previously supported
and led to the development of the grassland ecosystem,
which probably arose during the Miocene-Pliocene transi-
tion, about 7-5 million yr B.P. (Axelrod 1985), or earlier.
During intervening epochs, grassand areas have been occu-
pied alternately for varying periods of time by different
vegetation types that were largely controlled by fluctuating
glacial and interglacial regimes. The specific composition
of the contemporary grassland biome, especially in the
glaciated regions, is post-Pleistocene in age, having devel-
oped during the warmer and/or drier climates of the
Holocene (Axelrod 1985, Wells 1970a, Wright 1970).

Ecology

Climate alone does not explain the distribution of prairie
aong the borders of the grassland ecosystem or in regions
farther east that support both forests and grasslands. It is
well established through historic accounts (see Curtis 1959,
Pyne 1982) and research studies (e.g., Bragg & Hulbert
1976, Vogl 1964) that forest can invade prairie and prairie
can invade forest. To understand the persistence of grass-
landsin the Prairie Peninsula, the interrelated roles of three
major determinants, namely climate, fire, and grazing ani-
mals, must be taken into account (Anderson 1982, 1990;
Owen & Wiegert 1981; Vinton et a. 1993). Extremes of cli-
mate such as the impact of periodic summer droughts
(Anderson 1970; Stewart 1951, 1956; Tomanek & Hulett
1970; Transeau 1935; Weaver 1954; Wells 19703, b) are
probably more important to the existence of the prairies
than are temperature regime and average annual precipita-
tion. Fire frequency and intensity are related to landscape
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Figure 9. Climate maps, showing factors that correlate with the vegetation of Wisconsin. From Curtis (1950).
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Figure 10. Continued.

Inter pretation of the Vegetation of Wisconsin

This map is based on the original land survey conducted about the middle of the last century.
Surveyors were required to place a stake each half mile, identified by notation of nearby trees,
and to note briefly the genera plant cover of each quarter section. These records have been used
to reconstruct the presettlement distribution patterns of plant communities shown on the map.

The plant communities recognized, however, are based on systematic studies of present-
day vegetation. The results of these studies are summarized in The Vegetation of Wisconsin
(J. T. Curtis 1959), in which each community, with its history, location, and relationship to
other communities and to the environment, is considered in detail. Since some of the factors
determining vegetation vary gradually, the vegetation itself varies gradually, and boundaries
on the map are somewhat arbitrary.

The vegetation of the state is divided into northern and southern floristic provinces by aline
that runsin an S-curve northwest from Milwaukee to Hudson. North of this line the vegetation
isabroadleaf forest containing conifers—pines, hemlock, spruces, and fir. Southwest of the line,
conifers are much less important and are replaced by forests with several species of oaks, and
by the prairies—areas dominated by grasses and tall herbs.

Fire has been important in determining almost all of the plant communities and their loca-
tion. Before the coming of Europeans, the prairies (1) and the open woodlands burned almost
every year. Thus most of the southern part of the state was covered with prairies or oak savan-
nas (2), an orchard-like community with afew large bur or white oaks growing in fields of
grass. Only in the more protected places did forests survive. Some of these were oak (3), but
many were sugar maple-basswood-slippery elm forests (4). The lowlands were occupied by
river bottom forests (5), and sedge meadows (6). With settlement, the fires were stopped, and
the oak savannas grew up to the dense white oak-black oak forests found today. Most of the
prairies have been cultivated, and at present, with the oak savannas, are among the rarest of
our plant communities.

In the northern part of the state, a combination of fire and poor soil resulted in the devel-
opment of pine barrens (7) on the sandy soils, and pine forests (8) on somewhat better soils. In
the absence of fire, the white pine forests gradually changed to the northern equivalent of the
sugar maple-basswood forests, a community containing sugar maple, yellow birch, and hem-
lock, with beech added in the eastern counties (9). Also present in the north were large tracts of
lowland, with tamarack and black spruce bogsin the wetter areas, and white cedar swampsin
drier, but still very moist habitats (10). In the extreme north are local occurrences of the north-
ern conifer forests (11) dominated by fir and spruce.

Acomparison of this map with maps of climate, soil, and glacial deposits shows many cor-
respondences, indicating many rel ationships between vegetation and the environment. The orig-
inal vegetation was thus determined by the distribution of both climatic and soil factors, modi-
fied by fire (J. T. Curtis, G. Cottam & O. L. Loucks, 1965).
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features. Level to undulating topography with athick stand
of tallgrass biomass over which a hot fire could spread
unchecked (Anderson 1982; Axelrod 1985; Wells 19703, b)
appears to be adetermining factor affecting the distribution
of grassland communities versus savannas or forests in the
central Great Plains and may be especially significant in
ecotonal regions (Anderson 1972, 1990, 1991; Ebinger
1991, Gleason 1913; Rodgers & Anderson 1979). The scat-
tered bur oaks on glacial hills versus the treeless plains were
proof of the killing power of hot fires. Grazing by herds of
ungulates has modified grassland communities by selec-
tively removing plant material (and perhaps destroying scat-
tered trees and shrubs), trampling, influencing decomposi-
tion, and concentrating nutrients (Dyer et al. 1982, Mc-
Naughton et al. 1982).

Besides climate, fire, and grazing, other factors af fect
the vegetation. The local distribution of plant species, and
as aresult, plant communities, is directly related to com-
plexities of physiography, substrate, biota, and history. In
hisinventory of hill prairies of Illinois, Evers (1955) con-
cluded that on a single hillside there is much variation in
plant distributions as a result of edaphic factors. It might be
indicated that today, the chief factor affecting vegetation is
the diverse anthropocentric uses to which the land is being
put, which in prairie states primarily means conversion to
agricultural fields, mowing meadows, or cattle pastures, or
other purposes, especially development, that have degrad-
ed or eliminated much native habitat.

Effectsof Fire

The prairieis a product of many factors, but it was the
prairie fires set by lightning and, locally, the nearly annual
burning by Native Americans that maintained the prairies
and savannas in the face of forest succession in the Middle
West (Axelrod 1985; Curtis 1959; Malin 1953; Pyne et al.
1996; Sauer 1950; Stewart 1951, 1956; Vogl 1964, 1974;
and various other authors). The widespread nature of fire
was emphasized in the frontier journals and diaries, its
importance was well documented in the early scientific lit-
erature, and its use as a management tool has been the sub-
ject of atremendous amount of scientific research (for
reviews see Collins & Wallace 1990; Henderson & Statz
1995; Kozlowski & Ahlgren 1974; Pemble et al. 1975;
Wright & Bailey 1980, 1982). Besides hindering the devel-
opment of competitive grasses and invading woody species,
burning reduces accumulated vegetative litter, indirectly

stimulating bel ow-ground decomposition (Curtis & Partch
1950, Henderson 1982). The Curtis Prairie in the Universi-
ty of Wisconsin Arboretum in Madison presents a classic
case of the importance of prescribed burning in maintain-
ing atallgrass prairie community (Anderson 1973, Cottam
& Wilson 1966, Curtis & Partch 1948).

Prior to European settlement, fires were undoubtedly
widespread and frequent and certainly played a major role
in suppressing woody growth. Shrubs and trees may have
been restricted by droughts, fires, and biotic factors, but
they were not eliminated (Curtis 1959, Malin 1953). The
tallgrass prairie zone, dominated asit is by warm-season
perennial grasses, is quickly invaded by woody vegetation
in the absence of fire. Tree and brush densities have
increased tremendously in postsettlement time. In preset-
tlement times, prairies occurred most commonly on level to
gently sloping ground and south- and west-facing steep
slopes; savannas and woodlands on slopes; and forests on
the eastern side of natural firebreaks, in ravines, or on north-
and east-facing slopes.Apparently, this segregation of veg-
etation types was determined largely by firebreaks, which
controlled the frequency, and topography, the denseness of
vegetation (biomass) and hence the intensity of fire (Glea-
son 1913, Wells 1970b, Grimm 1984, Anderson 1991).
Thus, it appears probable that in the prairie-forest border
region the presence or absence of tallgrass prairie on any
particular site was determined by the incidence of fire (Cur-
tis 1959, Will-Wolf & Montague 1994).

Wisconsin Grasdandsand Savannas

The continental glaciers of the last ice age had for the most
part melted from Wisconsin by 10,000 yr B.P., leaving
behind the drift, moraines, outwash, and |ake deposits that
cover the Glaciated Region today. One extensive area
escaped at least the later glacial advances, namely the hilly
Driftless Area (King 1981, Knox 1982, Knox & Mickelson
1974), which largely occupies southwestern Wisconsin and
only barely overlaps the boundaries of Minnesota, lowa,
and Illinois (Figure 1A). At the time of European settle-
ment, about one-third of the Driftless Areawas covered in
prairies that were essentially treeless or were dotted with
groves and oak openings and interspersed with forests. Such
significant relief features as stream valleys, floodplains, ter-
races, and bluffs furnish much of the topography upon
which the present prairie remnants survive.
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The vegetation of Wisconsin developed after the demise
of thelast glacial ice, with prairies dowly replacing decidu-
ous forest in response to a drying and warming trend and
reaching their greatest extent during the height of the Hypsi-
thermd Interva 8,000-6,000 yr B.P. (Axelrod 1985, Deevey
& Flint 1957, Wright 1976). At its close, the climate of the
Prairie Peninsula became cooler and moister, and the sea-
sonal contrast in temperature was reduced. These changes
decreased the frequency and intensity of wildfires and sum-
mer droughts and created conditions more consistent with the
physiological tolerances of trees. By around 3,000 yr B.P,
grassands were being replaced by eastern forests from Min-
nesotato lllinois (Gleason 1923, Grimm 1983, Jacobson et
al. 1987). Thus, it appears that for the past 5,000 years the
Prairie Peninsula has been a shifting mosaic of prairie, savan-
na, and forest under climatic conditions that allowed all of
these vegetation types to thrive in thisregion.

The presettlement distribution of the major vegetation
typesin Wisconsin is shown in Figure 10. The prairies (Fig-
ure 11) and savannas (Figure 12) lie within the Prairie-South-

ern Forest floristic province, which occupies the region south
and west of the climatic-floristic Tension Zone. At thetime
of settlement, the total acreage of grassands, that is, prairies,
sand barrens, bracken grassands, fens, and sedge meadows
combined, was 3.1 million acres (Curtis 1959). The prairies
themselves originally covered approximately 2.1 million
acres and formed the northeastern periphery of the great mid-
continental grasslands of North America. The large islands
of prairie such asthe mesic Arlington, Rock, Military Ridge,
and Walworth prairies or the low prairiesin southeastern Wis-
consin that existed on surrounding glaciated lands have been
amosgt totally obliterated. According to the State Natural Her-
itage Inventory, only 2,000 acres of native prairie, or 0.1% of
the original acreage, remains (Henderson & Sample 1995).
Northward and eastward, the prairies became smaller and
more scattered until they reached the Tension Zone. Here,
along both north-south and east-west transition zones, forests
and grasslands merged. Savannas were present throughout
this same region, and one savannatype, the pine barrens (Fig-
ure 13), regppeared north of the Tension Zonein areas of very

]

9

G|

Hiew

Loagks
o

[ S

|

E sl oy i
-d«{;’ L

|

My

Lok,

-
i

[ e,

Figure 11. Original tallgrass prairies. Within Wisconsin, prairies
are located southwest of the Tension Zone, occupying their great-
est area in the southern third of the state. Redrawn after Curtis
(1959).
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Figure 12. Original oak savannas. Oak openings were present
throughout the region southwest of the Tension Zone. Oak barrens
are restricted to areas of very sandy soil, especially the sand plains
of central Wisconsin and terraces along major rivers. Redrawn
after Curtis (1959).
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sandy soil. Native prairie vegetation occurred on outwash
sands at numerous smaller sites within the Tension Zonein
central counties (Whitford 1972) and on nearly level heavy
claysin southeastern counties (Whitford 1958). A remarkable
diversity of prairie plants occurred northward well into the
Mixed Conifer-Northern Hardwoods floristic province, par-
ticularly in large sandy tracts of pine barrens and bracken
grassandsin northeastern Wisconsin and in areas of pine bar-
rens and brush prairiesin northwestern Wisconsin. Northern
records for various prairie species may indicate 1) plantswith
range limits that naturally extend farther than others, 2) plants
with at least some ability to spread and establish themselves
beyond their native range, or 3) adventive species native far-
ther south or west and not well established. Even in southern
Wisconsin, most prairie species that are still common have
become established on non-prairie soils (Gould 1941).
Prairie plants still occur in many habitats. Permanently
wet communities like sedge meadows (Figure 14), shrub
thickets, and fens resemble prairiesin ecology and compo-
sition. Oak openings, oak and pine barrens, and related com-

munities contain large numbers of prairie plants. Dunes, old
fields, roadsides, railroad corridors, and other minor or weed
communities may also sustain prairie species, as do rock
ledges, bluffs, and cliffs, summits of which usually support
savanna, woodland, or glade vegetation with ground layers
very similar to the dry prairies. Thin-soil borders adjoining
outcrops support lichens, mosses, and small flowering plants
such as Rock Cress (Arabis lyrata), Rock Spike-moss
(Sdagindla rupestris), pinweeds (Lechea spp.), and pussy-
toes (Antennaria spp.), while shadier borders are favorite
haunts of Wild Columbine (Aquilegia canadensis), Alum-
root (Heuchera richardsonii), and Harebell (Campanula
rotundifolia).

The major plant communities of Wisconsin have been
treated in detail by Curtis (1959) in his monumental synthe-
sis, The Viegetation of Wisconsin, in which the vegetational
continuum provides the means to arrange natural assort-
ments of dominant species or communities according to eco-
logical similarity aong environmental gradients. The appar-
ent differences in species composition associated with
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Figure 13. Origina pine barrens. North of the Tension Zone, the
oak barrensyield to atrue savanna (locally known as barrens) in
which the major dominant is usually Jack Pine and the understo-
ry often prairie-like. Most regions of former barrens are now
forested, except for tracts maintained as savannas or brush prairies
through prescribed burning. Redrawn after Curtis (1959).

Figure 14. Original sedge meadows. Sedge meadows are present
in al parts of Wisconsin, but are concentrated in areas of extinct
lake beds and along shores in the south. They are closely related
to fens and wet prairies, but are dominated by sedges instead of
grasses. Redrawn after Curtis (1959).
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Table 4. Indicator species for five segments of the prairie gradient. From Curtis (1959).

Wet prairie species Wet-mesic species

Cicuta maculata
Desmodium canadense
Dodecatheon meadia
Fragaria virginiana
Galium boreale
Helianthus
grosseserratus
Heuchera richardsonii
Lathyrus venosus
Phlox pilosa
Rudbeckia hirta

Aster novae-angliae
Calamagrostis
canadensis

Hypoxis hirsuta
Oxypolis rigidior
Pycnanthemum

virginianum
Solidago gigantea
Spartina pectinata
Thalictrum dasycarpum
Veronicastrum

virginicum
Zizia aurea

Mesic species

Aster laevis
Ceanothus americanus
Cirsium discolor
Desmodium illinoense
Eryngium yuccifolium
Helianthus pauciflorus
Liatris aspera

Panicum leibergii
Ratibida pinnata
Solidago missouriensis

Dry-mesic species Dry species

Arenaria stricta
Artemisia caudata
Aster sericeus
Bouteloua curtipendula
Dalea purpurea
Panicum perlongum
Pulsatilla patens
Schizachyrium
scoparium
Solidago nemoralis
Solidago ptarmicoides

Anemone cylindrica
Asclepias verticillata
Dalea candida
Helianthus occidentalis
Linum sulcatum
Panicum oligosanthes
Potentilla arguta
Scutellaria leonardii
Sporobolus heterolepis
Stipa spartea

topography led Curtis and Greene (1949) to select groups
of indicator speciesthat attained peaks of optimum growth
for five segments of the prairie continuum (Table 4). Indi-
vidua stands of prairie are placed along the gradient accord-
ing to asiteindex calculated by means of these indicator
species (Curtis 1955, 1959). The fundamental outline of the
following discussion is based on the communities as desig-
nated in Curtis (1959). Henderson (1995a) has summarized
available knowledge on species presence, density, and fre-
quency for each of the five prairie types and sand barrens.

Prairie Communities

Once the European settlers arrived, the prairies of Wiscon-
sin disappeared quickly. Prior to 1830, the prairies stretched
for miles on level outwash plains, undulating glaciated ter-
rain, and rolling surfaces or steep slopes of dolomitic
bedrock. Smaller, more scattered prairies occurred on hill-
sides, bluff tops, and other uneven land forms, aswell ason
inundated lowlands, sites where extant remnants are more
likely still to be found. Because most of the prairie soils of
Wisconsin are predisposed to agricultural use, only afew
large natural prairies remain, most notably Avoca Prairie and
Savanna State Naturd Areain lowa County, which contains
thelargest tallgrass prairie east of the Mississippi River, and
the rather unique, fen-like Chiwaukee Prairie on top of the
Niagara dolomite in Kenosha County. Otherwise, what
remains of the original prairies are relics on sites unsuitable
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or unavailable for agricultural purposes, most often very dry
prairies on steep topography, rarely mesic prairiesalong rail-
road and highway rights-of-way and in corners of neglected
cemeteries, or wet prairies on lowlands subject to flooding.
These remnants continue to suffer or disappear because of
overgrazing, invasion by trees and shrubs due to long peri-
ods without burning, drainage changes, soil disturbances,
and herbicide use. Even on protected prairies, populations
have declined and species have died out entirely. (See Leach
& Givnish 1996; but because most stands they studied have
rarely been burned, it is unclear whether habitat fragmenta-
tion and edge effects, or lack of management, is more
responsible for the gradual dilution of biodiversity.) Today,
not surprisingly, considering their agricultural value, the tall-
grass deep-soil prairies and the related oak savannas are the
two most endangered ecosystems in the Midwest, and are,
in fact, among the most decimated in the whole world (Wis-
consin Department of Natural Resources 1995).

* Dry Prairies

Of all the different Wisconsin prairies, the most fre-
guently surviving are the various dry prairies. Distinctive
grassland communities have devel oped on deposits of sand
along rivers, on glacia gravels (kames, eskers, drumlins,
outwash terraces), and most commonly on dolomitic
bedrock that may be exposed on bluffs and hillsides. These
have become known, respectively, as sand prairies, gravel-
hill prairies, and dry lime prairies (which, on steep rocky
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hillsides, have been dubbed “goat prairies,” because it
requires the agility of a goat to scramble up them). Sand
prairies are also found on inland dunes, old lake beds, and
sandstone cliffs. In the presence of fire, these climax com-
munities displace barrens (desert-like associations of Opun -
tia and Hudsonia—southwestern and Atlantic Coastal Plain
floristic elements, respectively—with ground lichens and
annuals like Coastal Joint-weed, Polygonellaarticulata). In
the absence of fire these communities succumb to shading
by Jack Pine (Pinus banksiana) and scrub oaks. According
to Curtis (1959), sand prairies cannot be subdivided into dif-
ferent types on the basis of species composition; neither
were they recognized as adistinct community by him. How-
ever, when reanalyzing Wisconsin Plant Ecology L aborato-
ry (PEL) data augmented by information from additional
stands, Umbanhowar (1992, 1993) found a compositional
difference between dry prairies on sandy substrates and
those on limestone substrates. In lllinois (White & Madany
1978), sand prairies have been kept apart as a separate sub-
class of communities on the basis of soil structure and mois-
ture levels.

Judging from their species composition (Anderson
1954), limy prairies have affinities with the Cordilleran,
Great Plains, and Ozarkian prairies to the far west, south-
west, and south of Wisconsin. Little Bluestem, perhaps the
most characteristic plant, is accompanied by along list of
other graminoids such as grama grasses (Bouteloua spp.),
June Grass, drop-seed grasses (Sporobolus spp.), panic
grasses(Panicum spp.), Plains “Muhly” (Muhlenbergia cus -
pidata), and sedges (Carex spp.); forbs, including Short
Green Milkweed (Asclepias viridiflora), Silky Aster (Aster
sericeus), Purple Prairie-clover (Dalea [ Petalostemon] pur -
purea), False Boneset (Brickelia [ Kuhnia] eupatorioides),
etc., on the driest ridges and slopes, Heath Aster (A. eri -
coides), Rough Blazing-star (Liatris aspera), Old-field
Goldenrod (Solidago nemoralis), Prairie Violet (Mola pedat -
ifida), Downy Gentian (Gentiana puberulenta), etc., in more
mesic places; and shrubs such as L ead-plant (Amorpha
canescens), New Jersey Tea (Ceanothus americanus),
sumacs (Rhus spp.), and roses (Rosa spp.). Prairies found on
gravel hills and dolomitic bedrock resist both tree growth
and grazing pressure, but like those on sand are subject to
invasion by weeds and grasses and such trees as Quaking
Aspen (Populustremuloides), Black Cherry (Prunusseroti -
na), and especialy Eastern Red-cedar (Juniperusvirginana).
However, if grazing pressure by cattleislow, the dry prairie
florafor the most part is able to persist under disturbance.

» Mesic Prairies

Prairies on deep minera soilsrange from dry-mesic and
well drained to wet and very poorly drained, with these seg-
ments, like all others of the compositiona gradient, passing
imperceptibly into one ancther. The mesic prairies thus dif-
fer from sedge meadows and fens, which are developed on
sedge peat or marl, and from cat-tail marshes, which are per-
manently inundated. Mesic prairies once occupied perhaps
40%, or approximately 840,500 acres (Curtis 1959), of the
prairie-forest border region of Wisconsin. They evolved on
flat to gently rolling topography where there had been some
accumulation of well-developed soil, and their great biomass
insured hot fires, eliminating shrubs and trees. Because of
their deep dark soils, these prairies have been all but elimi-
nated due to direct destruction for agricultural purposes.
Plowing, over-grazing, mowing, fencerow clearing, Multi-
flora Rose(Rosa multiflora) planting during the 1950s, her-
bicide spraying especially since the 1960s, and pesticide
application, aswell as draining and irrigating, have favored
exotic weeds at the expense of the natives and have made
many once-common species, along with their pollinating
insects and their seed-dispersing birds, locally rare or often
extinct. Thus, the left-over remnants are minute, fragment-
ed, and very scattered, pathetic monuments to human short-
sightedness, greed, and need.

The mesic prairies exhibit the deepest soils, the high-
est plant species diversity, and the tallest grasses and forbs,
Big Bluestem being the leading dominant. The other major
dominants, Little Bluestem, Needle Grass, Prairie
Dropseed, and Leiberg’s Panic Grass, are essentially equal
in importance to one another (Curtis 1959). Asfor the forbs,
Illinois Tick-trefoil (Desmodium illinoense), Stiff Sun-
flower (Helianthus pauciflor us), Rough Blazing-star, Com-
passplant (Silphium laciniatum), Prairie-dock (Silphium
terebinthinaceum), and Prairie Violet, all have ranges coin-
ciding with that of the mesic tallgrass prairie. These, togeth-
er with the more wide-ranging White Wild False-indigo
(Baptisiaalba), Pasture Thistle (Cirsumdiscolor), and Yel-
low Coneflower (Ratibida pinnata), are among the long list
of most prevalent mesic prairie species.

Composition is sometimes not as uniform as might be
expected, however, dueto the regional geographical relations
of the component species. For example, suites of often rare
species to be found only in the southeastern corner of Wis-
consin include the Chestnut Sedge (Fimbristylis puberula),
Nodding Wild Onion (Allium cernuum), Stout Blue-eyed-
grass (Sisyrinchium angustifolium), Marsh Gay-feather

25



THeoboRE S. CocHRANE AND HucH H. ILTIS

(Liatris spicata), and Smooth Phlox (Phlox glaberrima).

These are all southern or southeastern elements at the very
northern or northwestern edge of their range. Conversely, in

our far western counties on or near the bluffs of the Missis-

sippi and St. Croix rivers, Ground-plum (Astragalus crass -
carpus), Downy Prairie-clover (Dalea [ Petal ostemon] vil -
losa), Silvery Scurf-pea, Prairie Sagewort (Artemisia frigi -
da), and Dotted Blazing-star (Liatrispunctata)—all northern

Great Plains elements—reach the easternmost edge of their

range. All have generally similar distributions that, like the
preceding group, do not correspond with the general range of

the prairies in Wisconsin. Other important forbs such as

Prairie-dock, which is restricted to an area south and esst of

Wood County, and Pale Purple Coneflower (Echinacea pal -
lida), whichislocal in the southern two tiers of counties, aso

have clearly defined distribution patterns related to their

southern Midwestern origins.

Several common agricultural crops and weeds are ter-
rible pestsin prairies aswell: White Campion (Slenelatifo -
lia [Lychnis alba]), sweet-clovers (Melilotus alba and M.
officinalis), Red Clover (Trifolium pratense), Leafy Spurge
(Euphorbia esula), Wild Parsnip (Pastinaca sativa), and
Common Dandelion (Taraxacum officinale) routinely
invade prairies, as do the all-too-familiar forage grasses,
especialy the two common bluegrasses (Poa pratensis and
P. compressa), Smooth Brome, Orchard Grass, and Quack
Grass. In many mesic and lowland prairies, the native flora
is scarcely able to compete against invasion by such eco-
logically aggressive exotics (Curtis 1959).

 Lowland Prairies

Lowland prairies are found in river valleys or lake
basins where the soil is nearly always wet from surface
water in winter and spring, or from floodwaters at any time
of the year. The cold-air drainage to which some such sites
are subject produces summer fogs and late spring and early
autumn frosts.

The overwhelming dominants of the wettest prairies are
Blue-joint and Cordgrass. The other leading dominants
include Big Bluestem, Upland Wild-timothy, and many
species of sedges (Carex spp., Schoenopl ectus spp. [Scirpus,
in part]). Wet prairies merge into marshes in even wetter
conditions, and into the much more frequent and floristical-
ly richer wet-mesic prairies on the drier side of the continu-
um. The wide-ranging grasses that peak as dominants of
wet-mesic prairies include Big Bluestem, Blue-joint, Cord-
grass, Canada Wild-rye, and Leiberg's Panic Grass. Asfor
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forbs, in the water and along the margins of ponds, sloughs,
and swales Marsh-marigold (Caltha palustris), Bottle Gen-
tian (Gentiana andrewsii), and Blue Flag (Irisvirginica) lend
color to the dense vegetation, as do Common Milkweed
(Asclepias syriaca), False-toadflax (Comandra umbellata),
Canadian Tick-trefoil (Desmodium canadense,) Prairie
Phlox (Phlox pilosa), and Black-eyed Susan (Rudbeckia
hirta) on the hummocks and swells. Such characteristic
sedge meadow plants as Blue-joint, Meadow Anemone
(Anemone canadensis), water-hemlocks(Cicuta spp.), Field
Horsetail (Equisetum arvense), bedstraws (Galium spp.,
including G. obtusum), Marsh Pea(Lathyrus palustris), and
Purple Meadow-rue (Thalictrum dasycar pum) are also
prevalent. Fens contain many prairie and sedge meadow
species aswell as some uniquely their own, especially deli-
cate, open-habitat specialists with Atlantic Coastal Plain
affinities such as One-flowered Satin Grass (Muhlenbergia
uniflora) or Low Nut-rush (Scleria verticillata), a minute
annual that is known from here al the way to Brazil.

Sand Barrens

The sand barrens of southern Wisconsin actually consist of
amixture of mostly naturally disturbed habitats, including
active and stabilized blowouts and dunes and sand flats, and
also once-plowed, now-abandoned fields too dry to support
acrop. Originaly, some were probably thinly vegetated with
dry-mesic to dry sand prairies, but most have by now
become excessively degraded, as along the lower Wiscon-
sin River Valley, where dunes were flattened in the 1930sin
preparation for turning them into pine plantations. Nonethe-
less, abandoned fields and roadsidesin such regions still pos-
sessinteresting mixtures of native pioneer species from near-
by prairies, and introduced pioneers—species which in
Eurasialong ago played an analagous ecological role. The
latter, of course, are now our weeds, and thus mature sand-
barrens vegetation reflects the devel opment of a grassland
community that is very different from, abeit closely related
to, dry-mesic prairies and oak openings (Curtis 1959). Many
important widespread bunch grasses of sandy habitats grow
here, including June Grass and the two pink tumble grasses,
Fall Witch Grass (Digitaria [ Leptoloma] cognata) and Pur-
ple Love Grass (Eragrogtis spectabilis), aswell asthe (with
us, rare) pioneering Sand-reed (Calamovilfa longifolia var.
longifolia) and Sand Dropseed (Sporobolus cryptandrus),
both widespread western elements. Awhole suite of species
that came to Wisconsin from various directions are essen-
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tially confined to this community, including Rock Spike-

moss (Appalachian; see below), Sand Bracted Sedge (Carex
muhlenber gii—eastern states), Sand Croton (Croton glan -
dulosus var. septentrionalis—subtropical and tropical Amer-

ica), Rough Sand Sedge (Cyperus schweinitzii—Nebraska
sandhills, see below), Blue Toadflax (Linaria canadensis—
southern states), Western Ragweed (Ambrosia
psilostachya—Great Plains), Virginia Dwarf-dandelion

(Krigia virginica—eastern states), and, locally, the charm-
ing Fame-flower (Talinum rugospermum—central Great

Plains sandhills). The principal species occupying blowouts
include three-awn grasses (Aristida basiramea—Great

Plains, and the beautiful A. tuberculosa—Atlantic Coastal

Plain dunes), Large Cotton-weed (Frodichia floridana var.

campestris—southeastern states), and Coastal Joint-weed

(Atlantic Coastal Plain dunes). The only woody species
encountered frequently is the diminutive, evergreen False
Heather (Hudsonia tomentosa), still another element of the
Atlantic Coastal Plain and an important source of ecologi-

cally specialized swale and sand prairie components.

Savanna Communities

The original vegetation pattern of the Midwestern prairie-
forest border was a landscape characterized by a mosaic of
prairies on hills, bluffs, and flat to gently rolling plains, oak
forestsin theriver valleys and on their east- and north-fac-
ing sopes, and, alternating with these, savannas and wood-
lands (Anderson 1991, Ebinger 1991). Certainly, Wiscon-

sin’s Prairie-Southern Forest Province at the time of Euro-
pean settlement was dominated by oak savannas and open
oak woodlands (Figure 15; see also Figures 2, 10, & 12).
Oak savannas had a very open canopy and were either oak
openings (of pure Bur Oak, Quercus macrocarpa, pure
White Oak, Q. alba, or amixture of the two) or oak barrens
(of Black Oak, Q. velutina, and/or Northern Pin Oak, Q.
ellipsoidalis) (Curtis 1959). Oak woodlands and forests had
amore or less closed canopy and were of several types: Bur
Oak-Swamp White Oak (Q. bicolor), White Oak-Bur Oak-
Red Oak (Q. rubra), Chinquapin Oak (Q. muhlenbergii), or
Northern Pin Oak (Faber-Langendoen 1995). These oaks are
both fire resistant and shade intolerant. All the oaks occurred
in both savannas and forests/'woodlands, together with Shag-
bark Hickory (Carya ovata), Large-toothed Aspen (Populus
grandidentata), Black Cherry (Prunus serotina), lowa Crab
(Malusioensis), and other tree species of lesser importance.
The distributions of six major tree species of the Wisconsin
savannas are shown in Figure 16.

According to Curtis (1959), the presettlement oak
savannas occupied 5.5 million acresin southern Wisconsin,
making them the most common community in the Prairie-
Southern Forest Province. Oak and pine barrens occupied
4.1 million acres, and oak forests, many of which may have
been open woodland depending on their fire history, anoth-
er 1.4 million acres. Intact stands of 0ak savanna are now so
rare that less than 500 acres, or less than 0.01 percent of the
original acreage, are listed in the Natural Heritage Invento-
ry as having a plant assemblage similar to that of the origi-

Figure 15. The presettlement distribution of
oak savanna and woodlandsin the Midwest.
Redrawn from Nuzzo (1994). Savannas are
essentially transitional communities located
between and arbitrarily separated from the
forests of the East and the prairies of the
Great Plains (compare with Figures 2 & 12).
Many outlying areas are too small to be
shown on amap of this scale.
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nal oak savanna (Henderson & Sample 1995). Very rarely,
scattered and stately open-grown bur oaks, with an under-
story totally devastated by grazing, did survive to bear wit-
ness to the majestic, park-like oak opening. In the Midwest
as awhole, oak savannas now occupy 0.02 percent of their
estimated presettlement area (Nuzzo 1986, 1994).
Ecologists have always struggled with the definition of
the term savanna, particularly in North America (Dykster-
hius 1957, Penfound 1962). The oak savanna, aterm often
used interchangeably with oak opening, was defined arbi-
trarily by Curtis (1959) as stands of open-grown oaks with
densities ranging from one tree per acre up to a maximum
of 50% canopy cover, and having a predominantly herba-
ceous ground layer of native forbs and grasses. However,
the image of a savanna being a prairie dotted with trees, or
scattered trees or groves with a prairie understory, isfar too
narrow. Contemporary ecologists now define oak savannas
as communities dominated by oaks, having an average tree

canopy of more than 10% but |less than 80%, with or with-
out a sparse shrub layer, but with a predominantly grassy
ground layer rich in forbs associated with both prairie and
forest communities (Haney & Apfelbaum 1990, Nuzzo
1986, White & Madany 1978). The once ubiquitous savan-
nas of Minnesota, lowa, and Wisconsin ranged from very
open, prairie-like oak openings (grasses as an understory to
trees), through close-growing or chaparral-like scrub
forests, to dense shrub thickets (grasses intermixed with
woody plants). These occurred on sites varying from wet to
dry and flat to hilly, and developed on soils varying from
thin and sandy or rocky to deep and loamy or clayey. Mod-
ern terminology for acomprehensive classification of these
habitat typesis still evolving (several classifications are
summarized by Leach & Ross 1995). For example, Curtis
(1959) recognized only four types of savanna communities
in Wisconsin, namely oak barrens, oak opening, pine bar-
rens, and cedar glade, whereas Haney and Apfelbaum
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Figure 16. Distribution of major tree speciesin Wisconsin grassland and savanna communities. Modified after Little (1971).
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(1997) recognized six oak savannatypesin the Upper Mid-
west: eastern sand savanna, northern sand savanna (includ-
ing oak and pine barrens), mesic loam savanna, floodplain
savanna, clay-loam savanna, and southern oak savanna.
Meanwhile, the Illinois Natural Areas Inventory (White &
Madany 1978) divided the savanna community class into
three subclasses separated by soil type: savanna, sand
savanna, and barren; and seven natural communities based
on soil moisture: dry-mesic savanna, mesic savanna, dry
sand savanna, dry-mesic sand savanna, dry barren, dry-
mesic barren, and mesic barren. Identical savannas proba-
bly occurred in Wisconsin, at least in terms of their canopies
if not their understories. Almost unknown but deserving of
attention are wet and wet-mesic savannas, rare and unusu-
al communities that were mentioned by Bray (1955) and
Curtis (1959), but which remain unrecognized in commu-
nity classification systems for Wisconsin and Illinois.
Once definitions are taken into account, the next inter-
esting problem is to construct with fair accuracy a picture
of savanna understories and groundlayersin the absence of
surviving savannas, quantitative data, or even any extensive
list of savanna species. Little accurate information has been
available to help answer the cutting-edge question of
whether Midwestern savannas had a characteristic flora or
even afew species restricted to them (Bray 1955; Leach
1996; Packard 1988b, 1993; Pruka 1994a, b, 1995). The
species listed by early observers, and those present in relics
and successful in modern restorations, reveal, not surpris-
ingly, that savannas present differences in species compo-
sition on both regional and geographic scales comparable
to the situation found in the prairies or in the deciduous
forests to the east and south. Upland savannas were studied
in Wisconsin in the 1950s by Curtis (1959) and his student
Bray (1955, 1958, 1960), whose published species lists for
the oak savannas may be midleading, because according to
the observations of restoration practitioners, the flora of oak
ecosystems may have been, in fact, more diverse (Delong
& Hooper 1996; Leach 1994, 1996; Leach & Givnish 1999;
Packard 1988a, b; Pruka 1994a, b; Henderson 1995b).
Closed savannas or savanna woodlands (i.e., overgrown
savannas with 50-100% canopy cover) in the recent termi-
nology were lumped by Curtis (1959) with the southern dry
and southern dry-mesic forests, despite their original dis-
tinctness from oak forest (Henderson 1995b). Recent floris-
tic summaries of the ground layer plants of open savannas
indicate that the species in the dry stands (Will-Wolf &
Stearns 1998) were very different from those of either mesic

(Leach 1994, 1996; Packard 1988b, 1993) or wet stands
(Hujik 1995), and presumably the floristic composition of
closed savannas behaved in a similar fashion.

Oak savannas thrived on the same kind of balance
between climatic regime and natural disturbance as did the
prairies or the forests. Historically, these disturbances
included herbivory, drought, exceptionally wet seasons,
and fire. Although not every acre burned every year, the
historical and scientific evidence indicates that the fre-
quency, intensity, and extent of wildfires had an enormous
impact on the ecology of oak forests and oak savannas
(Abrams 1992). Just as frequent fires maintained the tree-
less structure and affected the species composition within
the prairie biome, reduced fire frequency and intensity
encouraged the abundance of oaks and the establishment
of fire-tolerant tree species within the prairie-forest transi-
tion zone (Anderson 1970, 1998; Anderson & Brown 1986;
Cooper 1961; Dorney 1981; Grimm 1983). Bur oaks need-
ed only abrief period of protection from fire to flourish,
their thick bark, especially evident on young trees, confer-
ring resistance to fire and allowing them to grow to tree
size. Fires resulted from both lightning strikes and human
activities, and in either case spread accidentally on their
own or were intentionally set for diverse purposes (Abrams
1992, Curtis 1959, Komarek 1968, Pyne 1982, Stewart
1956). Abrams (1992) estimated that fires occurred at 1- to
10-year intervalsin oak savannas.

Thearrival of European settlers to the Midwest in about
1830 immediately overturned the regional fire ecology. The
oak woodlands, oak openings, and oak-pine forests experi-
enced irrevocable ateration due to fire suppression, clear-
ing of trees, removal of native animals, introduction of
domestic livestock, invasion of weedy native and aggressive
exotic species, and very soon, habitat fragmentation.
Unfarmed savannas, except very dry or very wet ones, were
changed into closed-canopy forests within two to three
decades, owing to successional replacement of any one of
the dominant oaks by other shade tolerant/fire intolerant
trees and shrubs (Beilmann & Brenner 1951, Bray 1960,
Curtis 1959, Grimm 1983, Nuzzo 1986, Stout 1944). Oak
openings and oak barrens used for agricultural purposes may
have retained their original tree cover, but overgrazing by
domestic livestock, augmented by the rapid spread of many
weedy species, eiminated the shrub and herb strata. Having
been effectively exterminated, the savanna communities will
continue to exist only to the extent that programs of active
restoration are carried out.
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* Typical Savannas

Very little concrete knowledge is available concerning
the composition and dynamics of the more or less distinct
subtypes of savannas that might be recognized for Wiscon-
sin. The typical savannas occurred on soils ranging from
shallow to deep and from dry to wet, but were probably
most extensive on the fine-textured soils of level ground
(White & Madany 1978). Typica dry to dry-mesic savan-
nas were found on soils comparable to those of dry to dry-
mesic upland forests, and their dominants were derived
from the southern Ozarkian and Appalachian dry forests
(Bur, Black, and White oaks in the overstory) and from the
dry-mesic prairies (Big Bluestem, Little Bluestem, and
Needle Grass in the ground layer; Curtis 1959, White &
Madany 1978). The ground layer species were probably a
mixture of prairie plants, e.g., Lead-plant, Prairie Tickseed
(Coreopsis palmata), Purple Prairie-clover, and Flowering
Spurge (Euphorbia corollata), forest and forest-border
species such as Hog-peanut (Amphicarpaea bracteata),
Wild Sarsaparilla (Aralia nudicaulis), Pennsylvania Sedge
(Carex pensylvanica), and Pointed Tick-trefoil (Desmodi -
um glutinosum), and savanna specialists that thrived in a
combination of shade and sun. According to Bray’s study
(1960), oak savannas showed a decrease in grasses and an
increase in forbs and shrubs compared to prairies, but a cor-
responding increase in grasses and decrease in forbs as
compared with forests, with the prairie species predominant
in open savannas (Curtis 1959). This conclusion smply ver-
ifies the continuum from sun-loving prairie species that can
tolerate only light shade, to forest species that can tolerate
but do not thrive in moderate sunlight.

Lessis known about the mesic and lowland savannas
of deeper minera soils. Mesic savannas were dominated by
White and Bur oaks, lowland savannas by Swamp White,
Bur, or White oaks with River Birch (Betula nigra) and Sil-
ver Maple (Acer saccharinum) in spots. The canopy domi-
nants of mesic savannas remained the same asin dry savan-
nas, and their more favorable moisture conditions presum-
ably resulted in ground layer vegetation that was similar to
that of mesic prairies (but see Leach 1996). Tallgrass For-
mation species listed as probable savanna specialists
(Packard 1988a, b, 1993) include some that today reach
their highest levels of presencein prairies, e.g., Purple Milk-
weed (Asclepias purpurascens), Veiny Pea(Lathyrusveno -
sus), Pale Indian-plantain (Cacalia [ Arnoglossum] atripli -
cifolia), and Cream Gentian (Gentiana alba), as well as
some that peak in woodlands, e.g., Woodland Brome (Bro -
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mus pubescens), Rye grasses (Elymus spp.), Bottlebrush
Grass (E. hystrix), and EIm-leaved Goldenrod. Some of
these may have been characteristic savanna species that
have survived successional shifts to more or less closed
forests by moving into drier microsites (Pruka 19944, b) in
the same way that lowland prairie species invade drier
savannas (Bray 1958, Hujik 1995). The whole argument
about whether there are savanna specialists loses credibili-
ty when considering on the one hand the continuous floris-
tic change of species replacing one another from the
Atlantic shores to the foothills of the western mountains,
and the probability that among the 1,000 or so species of the
Midwestern tallgrass prairies (Ladd 1997), there will be
some that fall in the middle of the continuum, or that grow
well in semishade. In fact, but rarely, climax mesic decidu-
ous forest species have been found occasionally in mesic
prairies, for example, Nodding Trillium, Bloodroot, etc.,
near Juda, Green County—a nearly unbelievable situation,
explained by a hot fire destroying a maple forest canopy in
late fall, with the surviving herbaceous layer soon invaded
by the sun-loving prairie plants.

Lowland savannas were situated at the interface of low-
land forests with wet prairies or sedge meadows. The
ground layers of the few remnants at Avoca Prairie and
Savanna and Chiwaukee Prairie studied by Hujik (1995)
were more complex than those of lowland prairies. Spatial
patterning of groundlayer vegetation varied simultaneous-
ly dong light and microtopographical gradients, with prairie
species, e.g., Meadowsweet (Spiraea alba), White Wild
Indigo, Common Y arrow (Achillea millefolium), and Com-
mon Mountain Mint (Pycnanthemum virginianum) being
most abundant in the mostly open areas; supposed savanna
specialists such as Sensitive Fern (Onoclea sensibilis),
Meadow Anemone, and Wood Nettle (Laportea canaden -
sis) in partial shade; and species characteristic of both
savannas and forests such as Common Carrion-flower (Smi -
lax herbacea), River-bank Grape (Mitisriparia), Wild Yam
(Dioscorea villosa), and Wild Goldenglow (Rudbeckia
laciniata) in the mostly shady aress.

» Sand Savannas

In sandy areas, the Bur oaks and White oaks of the
heavy-soil savannas or oak openings are replaced by Black
Oak or Northern Pin (Hill’s) Oak (oak barrens) or Jack Pine
(pine barrens), species that, even if burned again and again,
keep coming up from underground “grubs’ in the case of
the oaks (Curtis 1959), or seeds in the case of Jack Pine.
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These canopy dominants may occur in nearly pure stands
of asingle species, or in mixtures of two or all three. Sys-
tems for classifying vegetation call these communities by
different names. Oak barrens and pine barrens have long
been used in Wisconsin, whereas sand savanna is widely
used in Indiana, Illinois, and Michigan. The use of terms
like brush prairie, scrub oak savanna, oak barrens, oak
grove, and woodland imply that sand savannas form a con-
tinuum from prairie to forest, and that savanna consisting
of solitary scattered trees was not the most characteristic
type (Heikens & Robertson 1994, Leach & Ross 1995, Will-
Wolf & Stearns 1998). In presettlement times, the extent to
which sand savannas developed in place of sand prairies
depended upon topography, soil moisture, and the presence
of Native Americans, and the extent to which these limited
or encouraged the severity or frequency of fires.

Origin of the Prairieand Savanna Flora

Ecological plant geography, or ecology, describes the dis-
tribution of plant communities and their interactions with
the environment. Historical plant geography attempts to
reconstruct the history of afloraand of its species, where
its elements came from, and how it was assembled, by using
fossil evidence as well as characteristics of the species
themselves, their ecology, morphology, physiology, genet-
ics, and cytology.

In regions of high endemism such as California or
Texas—never glaciated nor covered by ocean for tens of
millions of years—thisis adaunting task indeed. However,
for oceanic islands like Hawaii, rising de novo out of the
sea, or land-locked areas such as Wisconsin that until geo-
logically recent times were largely covered by mile-thick,
sowly movingice, floristic analysisisrelatively easy. Thus,
reconstructing the postglacial migrational history of Wis-
consin’sflora, in broad strokes to be sure, is a subject that
has long occupied our interest.

Glacial Setting

Glacial maps of North America all show that—except for
the Driftless Area—the northern portions of the Prairie
Province, including the whole of the Great Lakes re-
gion,were glaciated during the Pleistocene epoch. Earth’s
climate had become locally cold enough that more snow fell
than melted, and huge masses of ice gradually accumul at-
ed. Complexes of massive ice sheets spread southward

many times from northern centersin North America, Green-
land, and Europe, then largely melted, only to reformin
response to climatic oscillations. For many tens of thou-
sands of years the climate fluctuated markedly, so that there
were alternating periods of general advance and withdraw-
al by the ice. Full-glacial conditions last peaked about
20,000 yr B.P., when continental ice sheets surged south-
ward from Cordilleran and Hudson Bay centers, at which
time the eastern, or Laurentide, |ce Sheet reached the Ohio
River, Mississippi River Valley to centrd Illinois, and north-
ern Great Plains (Figure 17). The maximum extent of ice
advance during the last, or Wisconsin, glacial interval from
15,000 to 12,000 yr B.P. is shown in Figure 18.

All plant and animal life was ostensibly eliminated
from ice-covered territory. Thus, the present flora of the
region is quite recent, derived from, and still developing as
the result of, dispersal and migration into newly exposed
glaciated land during and following the northward retrac-
tion of the Wisconsin ice sheet. To understand the present-
day distribution of individual species and whole floras, bio-
geographers must take into account where these organisms
might have been living in past times. Species or plant asso-
ciations do not migrate readily except into open habitats,
and the last glaciation occurred very recently—about
13,000 years ago in southern Wisconsin and about 10,000
years ago in the north (Mickelson et al. 1983).

* Survivia

There are next to no endemics in Wisconsin, only Cliff
Goldenrod (Solidago sciaphila), Cliff Cudweed (Gnaphal -
ium saxicola), and a unique hybrid or two. Nor, except for
Glade Mallow (Napaea dioica) and Saw-leaf Mugwort
(Artemisia serrata), are there any to speak of in the Middle
West—some barely differentiated microspecies mostly of
guestionable validity (see Johnson & 1ltis 1964, Mickelson
& 1ltis 1967). With these minor exceptions, al our prairie
species, aswell as all othersin Wisconsin’s flora, have at
least some populations growing south of the last (Wiscon-
sin) maximum glacial advance. We can thus assign our
plants to one or another of the various, rather arbitrarily
delimited survivia (or refugia, as these have been called)
from whence we hypothesize they migrated east, north, and
west, as the case may be, after the glaciers finally melted.
For wide-ranging species with relatively broad tolerances
such as Tall Anemone (Anemone virginiana), the survivia
may well have extended across most of the southern states;
conversely, for species such as Sand Cyperus (Cyperus
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Figure 17. Maximum extent of all glacial advances in the
Pleistocene epoch. The Laurentide | ce Sheet, spreading from two
centersin the vicinity of Hudson Bay, left the Driftless Areain
southwestern Wisconsin and northern Illinois. Theillustration is
ahistorical composite; in reality, the Driftless Area was never
completely surrounded by ice at any one time. From Farb (1963).

Figure 18. Maximum extent of glaciation in the most recent or
Late Wisconsin stage (Pleistocene epoch). Modified after Farb
(1963).
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lupulinus ssp. macilentus—see below) that survived in the
relatively narrow mountain chains of the southern
Appalachian region with limited southern habitats, survivia
can be much more sharply delimited.

Because populations, now often only relictual, of
amost all species did survive somewhere south of the ice,
we may assume that the vegetation and climate in eastern
North America, aregion with pronounced topography, high
moisture, and equable climate, was not too different from
now. Conversely, cooling effects were more pronounced in
the central United States, where the climate was much more
continental. Along the Mississippi River, with itsraging tor-
rents of ice-cold melt water, and in the Midwest as awhole,
climate must have been much cooler and wetter than now,
and the periglacial effects, including the width of the per-
mafrost zone, more extensive (Péwé 1983). Nonetheless, in
many areas in the East, direct climatic effects of the glaci-
erswere strongly marked for only ca. 50-125 milesto the
south of the ice margin (Péwé 1983) and had little effect on
the “mixed mesophytic forest” (Braun 1950, 1955). The
high endemism from Maryland, Kentucky, and southern
Missouri southward—sharply delimited by the margin of
the Wisconsin ice advance, both of animals such as fish,
salamanders, snails, and crawfish, and of many species of
plants—speaks volumes about the relative mildness of the
glacial climate in those areas (Braun 1950, 1955).

Such evidence suggests that the concept of survivia,
which often can still be identified, and of the outward
migration postglacialy of their floristic elementsin equi-
formal progressive areas (see Cain 1944, Hultén 1937),
especially in the case of many Appalachian elements, isa
reasonable hypothesis. (It has not escaped our attention that
thisisastill controversial issue, for there are those who are
compelled to apply the frigid European Plei stocene model
to the quite different, milder situation in North America.
Reports of glaciersin North Carolina, Jack Pine in Georgia,
or musk ox in Texas are all based on mistakes or taxonom-
ic misidentifications.)

 Migrations

The landscape that was left behind after deglaciation
was one vast, sparsely vegetated, gravelly, sandy, or muddy
seed bed—an ecologically open habitat just waiting to be
invaded by arain of seeds and propagules. From the four
corners of the compass, from these floristic survivia, came
our flora: the periglacial belt of tundra and conifers, the
northern Great Plains and the arid southwest, the Ozarks
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and the Cumberlands, the hot Mississippi Embayment and
the Gulf and Atlantic dunes and coastd plains, the cool and
moist Appalachian deciduous forest, and even arctic and
subarctic Alaska.

Revegetation of soilless, sterile glaciated areas took
time. The migration of propagules and ensuing invasion of
rich flora had to necessarily follow the development of soil,
mycorrhizae incursion, and shade for mesophytes. These
building stages were followed by an incongruous, helter-
skelter floristic mixture of periglacial conifers and tundra
plants, deciduous trees and shrubs, and heliophytic prairie
plants. These soon sorted themselves out under the dictates
of competition and succession into plant communities
reflecting the regional climate. Eventually, in the climatic
wedge of the Prairie Peninsula, those species that liked a
prairie climate flourished—no matter what their region of
origin. Many other species became extinct, while a vast
number survived elsewhere, for example in the forests to
the north or in specialized habitats in the Driftless Area. It
isthus not surprising that our prairie florais now composed
of alarge number of broadly adapted, widespread species
that had their roots in diverse habitats.

The story is, of course, much more complex. There
must have been tallgrass prairie communities in favorable
places south of the Prairie Peninsula during the Wisconsin
Ice Age, and in the Prairie Peninsula periodically during the
past million years. Natural selection for plants favoring a
tallgrass climate in the same general geographic region as
today must have occurred at least three separate times dur-
ing the substages of the Wisconsin glaciation (and probably
more frequently, in view of the evidence today of eight or
so substages during the Late Wisconsin, and at least 20
glacia-interglacia cycles during the late Quaternary). Dur-
ing this epoch of more than amillion years, the speciation
that resulted in some 300 or more regiona prairie endemics
must have occurred, a winnowing and sifting of floristic
candidates preadapted to such a climate, all contributed
(then as now) by surrounding ecosystems to the ecol ogical
melting pot.

An interesting aspect of the hypothesis of glacial sur-
vivia, onethat indirectly supports the whole concept, isthe
evolutionary divergence of many phyladsinto species pairs,
one eastern and mesophytic, one more western and either
xerophytic or cordilleran (montane/subal pine meadow
exampl es include Dodecatheon, Polemonium, and Camas -
sia). The two ranges, once separated by huge distances plus
climate, glaciers, dry grasslands, and other factors for tens

of millenia, reexpanded west and east, as the case may be,
and in some cases overlapped in the deglaciated regions.
Where sympatric in similar habitats, the species hybridized.

This east-west pairing includes forest species as well
as prairie species, and is of great evolutionary interest.
Among the most striking examples are our two species of
fringed gentian, in the segregate genus Gentianopsis: the
mesophytic, acidophilic, Appalachian G. crinita, and the
relatively xerophytic, calciphilic G. procera of the High
Plains. Although separated by different ecologies and flow-
ering periods(G. procera blooms earlier, as befits a species
coming from a shorter growing season), the two do
hybridize in the cal careous fen-like Chiwaukee Prairie and
in northern Indiana (l1tis 1965, Mason & lltis, 1966). A
similar, but even more remarkable case involves the high-
ly distinct, sand-loving species of Cyperus sect. Laxiglu -
mi, the western Schweinitz’s Cyperus (C. schweinitzii),
native to the Great Plains sand prairies and the Nebraska
Sand Hills and beyond, with openly branched inflores-
cences, and the more specialized, tight-headed Sand Cype-
rus (C. lupulinus ssp. macilentus) of rocky or sandy, sunny
“idlands” within the Appalachian forests (Marcks & lltis
1967, Marcks 1974). When they eventually flowed togeth-
er in the Upper Middle West early on after the final glacial
retreat (+ 6,000 yr B.P.), they hybridized to produce awide-
spread introgressed population (basically C. schweinitzii
introgressed with C. lupulinus ssp. macilentus), one that
because of its morphological stability has earned recogni-
tion as a full-fledged species, Houghton’s Flat Sedge, C.
houghtonii. But within the last 150 years, with the drastic
increase in disturbance due to agriculture, lumbering, and
other human activities, the extensive sympatric populations
of the parental species have undergone a second cycle of
hybridization, producing especially on the sand terraces
along the lower Wisconsin River Valley extensive hybrid
swarms of enormous variability, a variability that con-
founds the taxonomic amateur and delights the evolution-
ary-oriented systematist.

Many other such east-west pairs could be mentioned
(e.g., the white and red baneberries, Actaea spp.), all of
which overlap their ranges and hybridize only in once-
glaciated regions, but the two cited cases of prairie plants
exemplify the dynamic interaction of biogeography, ecolo-
gy, systematics, and history that make even our rather
depauperate flora a fascinating subject for study.

It should be emphasized that assignment to this or that
glacial survival region is not aways clear or easy, certainly
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not in the many widespread forest species of the southern
states that may occur from North Carolina clear to Arkansas
and the prairie border. But even in these cases, new molec-
ular techniques, cytotaxonomic insights (polyploidy), and
center(s) of aspecies variability can usually identify the
general area of survival (i.e., origin). Norman Fassett
(194443; see lltis & Shaughnessy 1960), Wisconsin's great
taxonomist, made an intensive study of Eastern Shooting-
star, Dodecatheon meadia, and was able to show that its
center was in the Ozarks and west-central southern states.
There, the plants within any population were much alike,
either al white or al pink or purple, this due presumably to
inbreeding, whereas in Wisconsin such as along the railroad
west of Madison or on the Chiwaukee Prairie, they were a
riotous mixture of all shades of purple to white, suggesting
apost-glacial mass immigration and intermingling of the
various southern types.

A splendid example of tracing migration from the
southern Appal achians involves the Rock Spike-moss
(Selaginellarupestris), a species sufficiently widespread—
from the eastern mountains north to Wisconsin and also in
the Ozarks—that its area of survival was an open question.
Tryon (1955) was able to show that the Appalachian plants
regularly produced spores by sexual means, the origina and
therefore primitive condition. On the other hand, plantsin
populations to the north, then west to Wisconsin and again
south to the Ozarks, were increasingly apomictic (i.e., pro-
ducing spores asexually without benefit of fertilization), a
highly specialized condition. Ozarkian plants were 100%
apomictic, establishing the direction of migration. Other
cytotaxonomic examples show similar patterns, with the
primitive diploids restricted to the southern states and the
polyploids widespread in the glaciated northern areas.

Affinities of the Flora

The contemporary floraof Wisconsin's Prairie-Southern For-
est Province may be young, but it is diverse. This territory
includes both the unglaciated Driftless Area, with its great
variety of habitats including cool moist gorges, dry sunny
hilltops, and exposed bedrock, and glaciated topography, with
its monotonous cover of undulating drift left by the melting
ice sheets. All this constituted available surfaces for imme-
diate or eventual occupation by plant life. Afull range of
floristic elements expanded into Wisconsin's developing
landscape, abeit within limits exerted by local environmen-
tal conditions. At the present time, the southern region of
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Wisconsin has favorable environmental conditions for both
prairies and eastern forests, because it contains practically the
full complement of our Prairie and Alleghenian elements.
Existing stands of a particular community type prob-
ably do not exactly or even closely resemble those that
once existed either here or elsewhere in North America
prior to the Pleistocene. Each community in general, and
any given stand in particular, is the result of diverse his-
torical happenings and environmental factors that werein
operation while species naturally organized themselves
into different assemblages or communities. “The expan-
sion of prairiesin Wisconsin was not a single, unified
movement of a homogeneous plant formation” (Curtis
1959, p. 290). Instead, species of each floristic element,
whether Alleghenian and entering directly from the east,
Coastal Plain from the east and south, Ozarkian and Prairie
from the south and west, or Arctic and Cordilleran ele-
ments from the west and north, migrated or dispersed by
various routes and at different times, in different ways, to
different habitats. New England Aster (Aster novae-angli -
ae), Canadian Tick-trefoil, Early Buttercup (Ranunculus
fascicularis), and Eastern Figwort (Scrophularia mari -
landica), deciduous forest elements that spread westward
to the grasslands, must have entered Wisconsin from the
east; species of theinterior like Heath Aster, Illinois Tick-
trefoil, and Prairie Buttercup (R. rhomboideus) could have
dispersed from the south; and western elements like Amer-
ican Figwort (S lanceolata), directly from the west. The
southwestern or Mexican element Plains Prickly-pear
(Opuntia macrorhiza), adapted to the hot, dry climate of
the arid Southwest, occurs today on open sandy blufftops
in southwestern Wisconsin aongside Paper Birch (Betula
papyrifera), a species characteristic of the Boreal Forest
Region and adapted to long cold winters and cool moist
summers. However, many blufftops in the area have only
one species or the other, or neither, illustrating that while
the flora of a particular place consists of species of diverse
origins and histories, each differs from that of other places
because of the way species react to local microclimates.

Basic Patterns of Distribution

The Wisconsin florais made up of numerous temperate
American species and smaller numbers of Eurasian, Mexi-
can, and South American immigrants. Most of these species
were members either of the world-wideArcto-Tertiary and
Boreo-tropical geofloras or the southwestern Madro-Ter-
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tiary geoflora. There are rare cases of plantsthat seem clear-
ly to have originated on other continents. Besides these ele-
ments, there are disjunct populations and endemic taxa of
more limited occurrence, the distributions of which are dif-
ficult or seemingly impossible to interpret.

In general, the majority of prairie and savanna species
are wide-ranging plants of north-temperate to subarctic
regions, including not only those endemic to North Ameri-
ca, but also circumboreal and Arctic-alpine species. A large
number have an essentially transcontinental or least avery
wide range, e.g., Nodding Wild Onion, Meadow Anemone,
Smooth Aster (Aster laevis), Canada Wild-rye, Tall Sun-
flower (Helianthus giganteus), False Dandelion (Krigia
biflora), Wild Lettuce (Lactuca canadensis), Fringed
Loosestrife (Lysimachiaciliata), Purple Meadow-rue, Blue
Vervain (Verbena hagtata), etc. Other taxa are restricted to
the eastern half of the continent, but often with sister species
in the West, e.g., Marsh Fern (Thelypteris palustris var.
pubescens), Wild Columbine, Calico Aster (Aster lateri -
florus), Pasture Thistle, Bottle Gentian, Wood-betony
(Pedicularis canadensis), Prairie Phlox, Culver’s-root,
(Veronicastrumvirginicum), or the western half, e.g., White
Sage (Artemisia ludoviciana), Wild Licorice (Glycyrrhiza
lepidota), and American Figwort. Other temperate
endemics are interior Midwest species with diverse rela-
tionships like Wild-hyacinth, Camassia scilloides (to the
Pacific Northwest); White Prairie-clover, Dalea candida (to
Mexico); Mullein-foxglove, Dasistoma macrophylla (to the
eastern United States); Carolina Larkspur, Delphiniumcar -
olinianum (to the southwestern mountains); and Common
Ironweed, Vernonia fasciculata (to tropical America). Final-
ly, there isarather heterogeneous group comprising digunct
populations and regional endemics. These taxa generally
are confined to the Driftless Areaor the Great Lakes.

Outline of Floristic Elements

Each floristic element is comprised of speciesthat share the
same pattern of geographical distribution and by implication
acommon historical background. Of the several major ele-
ments, the Alleghenian, Ozarkian, and Prairie and Great
Plains are the ones contributing the greatest number of
species to the prairies and savannas of Wisconsin (see Fig-
ures 19-22). Two other dementswell represented in the State,
the Boreal Forest and Coastal Plain, are less significant con-
tributors. Members of the former group occur primarily in the
Mixed Conifer-Northern Hardwoods Province but are

nonethel ess represented in prairies (e.g., Sender Whesat Grass
[Elymus trachycaulus]) and savannas (e.g., Starry False
Solomon's-seal [ Smilacina stellata] ), whereas on the whole,

those of the Coastal Plain, although substantial in number,

are often of local occurrence or are associated with sandy

shores, swales, and fens. However, severa species of thisde-

ment occur in grassand habitats, usually in oak and sand bar-

rens: Dune Three-awn Grass (Aristida tuberculosa), Hoary

Frostweed (Hdianthemum bickndllii), Common Rock-rose
(H. canadense), Greene's Rush (Juncus greenei), Wild

Lupine (Lupinus perennis), Joint-weed, Steeplebush (Spiraea
tomentosa), and Grass-leaved Goldenrod (Euthamia gramini -
folia). Comparatively few species of Mexican or South

American affinity and of Cordilleran (western mountain) or

Arctic-al pine relationships have reached Wisconsin.

The Alleghenian-Ozarkian Element (that group of
species centering on the southern Appal achians, ranging
from Alabamato southeastern Quebec, and often through-
out the Eastern Deciduous Forest Region all the way to the
Ozarks) is composed of alarge group of temperate forest
species, many common and widely distributed. American
groups with this relationship are represented in prairies by
Bush-clover (Lespedeza capitata) (most Lespedeza species
are southeastern, but some occur in Asia and Australia),
Lance-leaved Loosestrife (Lysimachia lanceolata; Figure
19A) (Lysimachia section Steironema is a small group
endemic to the Southeast), Clasping Milkweed (Asclepias
amplexicaulis; Figure 19B) (many Asclepias species are
southeastern, many also southwestern and Mexican, afew
South American and African), and New England Aster
(Aster section Aster, like the genus Solidago, the golden-
rods, isavery large, actively evolving, taxonomically dif-
ficult group with its center of diversity in the East). Thisele-
ment iswell represented in Wisconsin's woods, savannas,
and barrens: Hog-peanut, Prairie Red-root (Ceanothus
herbaceus), Upland Boneset (Eupatorium sessilifolium),
Hairy Puccoon (Lithospermum caroliniense), Wood-betony,
Hairy Beard-tongue (Penstermon hirsutus), Lopseed (Phyr -
ma leptostachya), Red-stalked Plantain (Plantago rugelii),
Black Cherry, and Y ellow Pimpernel (Taenidia integerri -
ma). Many savanna species have as their immediate region
of origin the lower Midwest and Southeast. Forest-border
species having this basic pattern include Purple Milkweed
(Figure 20A), Pale Indian-plantain, Bottlebrush Grass,
Cream Gentian (Figure 20B), Veiny Pea, Violet Bush-clover
(Lespedeza violacea; Figure 20C), Broad-leaved Panic
Grass (Panicum latifolium), Starry Campion(Slenestella -
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Figure 19. Distribution of Alleghenian-Ozarkian elements of the Wisconsin grasslands. A. Lysimachia lanceolata, L ance-leaved L oose-
strife. Redrawn in part after Ray (1944). B. Asclepias amplexicaulis, Clasping Milkweed. Modified after Woodson (1954).

AL PILATRITAS It Crelana albe

o, A

FJ"M-\. %
L\ -“rl Y k'\.\

L egneciers winlacen

"""I"'i-.r""\-\.\_‘_

Figure 20. Distribution of Alleghenian (and/or Ozarkian) elements of Wisconsin savannas and prairies. A. Asclepias purpurascens, Pur-
ple Milkweed. Redrawn after class term paper by S. Kroken (1989). B. Gentiana alba, Cream Gentian. Modified dlightly after Pringle
(1967). C. Lespedeza violacea, Violet Bush-clover. Modified dightly after Clewell (1966). D. Slene stellata, Starry Campion. Compiled

from various sources, including Hitchcock and Maguire (1947).
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Figure 21. Distribution of Prairie elements of the Wisconsin grasslands. A. The two varieties of Baptisia alba, Milky Wild Indigo, and
arelated species. Compiled from various sources.B. The three varieties of Baptisia bracteata, Cream Wild Indigo. Compiled from var-
ious sources. C. Slphiumintegrifolium, Prairie Rosinweed. Modified after Settle and Fisher (1970). D. Slphium terebinthinaceum,
Prairie-dock (generalized). Most species of Siphium are southeastern. E. Spartina pectinata, Prairie Cordgrass, probably derived from
S cynosuroides. Redrawn after Mobberley (1956). F. Napaea dioica, Glade Mallow, a monotypic genus and our only Midwestern

endemic genus. Redrawn after 11tis (1963).
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Figure 22. Distribution of Prairie-Great Plains elements reaching their eastern range limit in Wisconsin. A. Anemone caroliniana, Car-
olina Anemone. Redrawn after Dutton et a. (1997). B. The five varieties of Astragalus crassicar pus, Ground-plum. Redrawn after Barne-
by (1964). C. Castillgja sessiliflora, Downy Painted-cup. Modified after Pennell (1935). Its closest relatives (four species) are in the
western United States and Mexico. D. The four subspecies of Delphinium carolinianum, Plains Larkspur. Redrawn after Warnock (1997).
E. Pediomelum argophyllum, Silvery Scurf-pea. Modified after Fassett (1939). F. Pediomelum esculentum, Breadroot Scurf-pea. Mod-
ified after Fassett (1939).
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ta; Figure 20D), and L ate Horse-gentian (Triosteum perfo -
liatum), most of which are listed by Packard (1988b, 1993)
in his summaries of restoration work on savannasin lllinois.

The prairie flora, that group of species having an over-
all range that covers part or al of the existing prairies, may
be classified among several elements. One element involves
plants of the true prairie, which generally range from the
southern Great Plains northward toward or into the Prairie
Provinces of Canada and eastward into the Prairie Penin-
sula. A large percentage of species belonging to the Prairie
element are derived from the southeastern deciduous forest
region and have geographical distributions that center on
the Ozark Mountains, from which they radiate in all direc-
tions—east to the deciduous forest, west to the plains, and
north into the Prairie Peninsula. Plants of the true prairiein
Wisconsin include two Baptisia (Figures 21A& B) and four
Siphium species (the geographical distributions of Rosin-
weed, S. integrifolium, and Prairie-dock are shown in Fig-
ures 21C & D, respectively), Prairie Indian-plantain
(Cacalia [ Arnoglossum] plantaginea), Purple Prairie-
clover, Missouri Goldenrod (Solidago missouriensis), Stiff
Goldenrod (S rigida), Prairie Cordgrass (Figure 21E), and
Porcupine Grass (Stipa spartea), as well as Glade Mallow
(Figure 21F).

Asecond natural subdivision of the prairieflorain Wis-
consin includes the Great Plains elements that reach their
eastern limitsin Wisconsin. Presumably, climatic conditions
explain why some species of Great Plains affinity have only
barely reached Wisconsin, because many others extend
southward and eastward into the Prairie Peninsula or
beyond. Most of these genera are Arcto-Tertiary in origin.
Anemone, Astragalus, and Sipa are large genera of north-
ern grasslands; Besseya, Castillga, and Penstemon are
endemic, mainly Cordilleran generawith Eurasian relatives;
only Pediomelum has Southern Hemisphere relationships.
Thetotal ranges of Carolina Anemone (Anemone carolini -
ana), Ground-plum, Downy Y ellow Painted-cup (C. sessl -
iflora), Carolina Larkspur, Silvery Scurf-pea, and Prairie-
turnip (Pediomelum esculentum), are shown in Figure 22.
The following species all have the same basic distribution
pattern: Autumn Onion (Allium stellatum), Short Green
Milkweed, Prairie Sand-reed, Alum-root, Northern Plains
Blazing-star (Liatris ligulistylis), Dotted Blazing-star,
Prairie Dandelion (Microseris cuspidata), Slender Beard-
tongue (Penstemon gracilis), Early Buttercup, and Prairie
Dropseed. Kitten's-tail, Besseya bullii, is much more
restricted, being limited to seven Midwestern states.

In the third element belong those plants occurring
throughout a much larger region of the West and, in the
northern Great Plains, reaching their eastern and southern
limitsin America. TheseArcto-Tertiary elements often have
their generic relationships to arid, cool-temperate Eurasia
and often have centers of diversity in the West. They include
Prairie Sagewort (Figure 23A), Louisiana Sagewort (Fig-
ure 23B), Fleabane (Erigeron glabellus), June Grass, Clus-
tered Broom-rape (Orobanche fasciculata, Figure 23C),
Tall Cinquefoil (Potentilla arguta, Figure 23D), and
Pasqueflower (Pulsatilla [ Anemone] patens, Figure 23E).

The Western or Cordilleran element constitutes alarge
group of alpine, plateau, and foothill species that on the
whole has a range centering in the western mountains of
Canada and the United States, but has a surprisingly large
contingent that migrated east once the ice melted. Some of
these species are digjunct from the Arctic and are consid-
ered part of the Arctic or Arctic-Alpine Element. In Wis-
consin, thisis asignificant group, members of which often
reach their eastern limitsin the western Great Lakes region.
Typica speciesinclude Richardson's Sedge (Carex richard -
sonii), Prairie-smoke (Geum triflorum), Edible Valerian
(Valeriana edulis), and White Camass (Zigadenus elegans),
and such shrubs as Red Osier Dogwood (Cornus
stolonifera) and Wolfberry (Symphoricar pos occidentalis).

The Arctic Element, sometimes called theArctic-alpine
Element, comprises arather small group in the flora of Wis-
consin; its representatives often have no close affinity to
other species or groupsin our flora. We even have one tun-
dra species, the exceedingly rare Lapland Azalea (Rhodo -
dendron lapponicum), but a number of subarctic plants
endemic to North America such as Spreading Dogbane
(Apocynum androsaemifolium), Fringed Brome (Bromus
ciliatus), Blue-joint, Common Water-hemlock (Cicuta mac -
ulata), Bog Lobelia(Lobelia kalmii), and Golden Ragwort
(Senecio [Packera] aureus) are common in our prairies,
fens, and sedge meadows. The group is usually defined
broadly enough to contain the Arctic-circumpolar species,
those occurring in Europe and/or Asia as well as North
America: Common Horsetail (Equisetum arvense), Cut-
leaved Anemone (Anemone multifida) (also bipolar; very
rare in Wisconsin), Lyrate Rock Cress, Grove Sandwort
(Arenarialateriflora), Rock Sandwort (Arenaria stricta ssp.
dawsonensis, a Wisconsin rarity), Harebell, Northern Bed-
straw (Galium boreale), Sweet Grass (Hierochloe hirta),
Marsh Pea, and Shrubby Cinquefoil (Pentaphylloides
[ Potentilla] floribunda).

39



THeEODORE S. CocHRANE AND HuGgH H. ILTIs

Artemisa frigida Aremisia Lidsdiciana sspo ool ana

o

- i

i Addkmrciin 1._
[ERRTE B TR PR T i %
sems o ond b e ol au "'"_:'_'.-,,

et

———— Aasdrmam Wistonadn glac i

Crrnbanche fascioafara Fodenn i arpura

gl

st AL

el iRt



ATLAS OF THE WIiscoNsIN PRAIRIE AND SAVANNA FLORA

- L e To e 12

w—— L palens Foe 10

Figure 23. Facing page and above. Distribution of Arcto-Tertiary elements of the Wisconsin grassiands. A. Artemisia frigida, Prairie
Sagewort. Native eastward to the Mississippi River, and occasionally adventive beyond (distribution in part generalized). B. Artemisia
ludoviciana ssp. ludoviciana, Louisiana Sagewort, and the combined ranges of two northern and four southern subspecies. Modified after
Keck (1946). Native eastward to Illinois and Wisconsin, and naturalized beyond to New England. C. Orobanche fasciculata, Clustered
Broom-rape. United States range redrawn after class term paper by B. C. Reuter (1985). D. The two subspecies of Potentilla arguta, Tall
Cinquefoil. Modified after class term paper by W. Shaeffer, undated. Two related species of Potentilla section Drymocallisare not shown.
E. The two subspecies of Pulsatilla patens, Pasqueflower. American distribution redrawn after Dutton et a. (1997); Eurasian distribu-

tion redrawn after Hultén and Fries (1986).

Many of the heliophytic species with southern and
southwestern affinities belong to genera with probable sub-
tropical or even tropical origins. Among them are such well-
known grasses as Switch Grass (Figure 24A ), Little
Bluestem (Figure 24B), and Big Bluestem, together with
L ead-plant (Amorpha canescens, Figure 24C), evening-
primroses, e.g., Oenothera villosa and O. clelandii (Figure
24D), tick-trefoils, e.g., Desmodium canescensand D. illi -
noense, Wild Licorice,and Y ellow Star-grass (Hypoxishir -
suta), the latter of alarge, basically Southern Hemisphere
(Gondwanaland) genus. The 15 species of Amorpha are
mostly eastern North American, but their relationship isto
the southwestern Madro-Tertiary flora.

Species of dry or dry-mesic prairies that center in the
arid Great Plains are mainly Madro-Tertiary Elements, an
autochthonous (locally self-devel oped) florathat evolved
during the last 30 million years out of partly neotropical
(Andes, South American deserts) and partly northern
groups. The center of origin and diversity of the generalies
in the deserts and semiarid areas of Mexico and adjoining
southwestern United States (hence the name, from the Sier-
raMadre Mountains). There isno direct, recent relationship
to the Arcto-Tertiary Flora. Madro-Tertiary groups include
many species of Asclepias such as A. verticillata (Figure
25A), of Bouteloua such as B. curtipendula (Figure 25B)
and B. gracilis, of Dalea such as D. candida, D. purpurea
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Figure 24. Distribution of Southwestern elements of the Wisconsin grasslands. A. Panicum virgatum, Switch Grass (generalized).
B. Schizachyrium scoparium, Little Bluestem (generalized). C. Amorpha canescens, Lead-plant. Redrawn after Wilbur (1975).
D. Oenothera clelandii, Cleland's Evening-primrose, and the closely related O. rhombipetal a, Long-spike Evening-primrose, the lat-
ter adventive in Wisconsin. Redrawn after Dietrich and Wagner (1988).

(Figure 25C), and D. villosa, and as most characteristic, the
1,000 plus members of Cactaceae, with three Opuntia
species our only representatives. Two, the locally common
Plains Prickly-pear and the rare Eastern Prickly-pear (O.
humifusa), are mapped in Figure 25D. The rare Fragile
Prickly-pear (O. fragilis), reputedly once distributed on the
fur of bison, iswidely scattered as minute populations on
granite or quartzite outcrops and sandstone ridges.
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An additional small element not always recognized by
floristic workers, the so-called Great Lakes Element, is most
interesting because it contains a heterogeneous mixture of
species that are more or less confined to the Great Lakes
region, that is, they are endemic. Among them are certain
dune and beach taxa; afew plants of fenssuch asKam’'s St.
John’s-wort (Hypericum kalmianum) (derived from
Ozarkian relatives; for maps, see Utech & Iltis 1970) and
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Figure 25. Distribution of Madro-Tertiary Elements of the Wisconsin grasslands. A. Asclepias verticillata, Whorled Milkweed, and two
related species. Modified dlightly after Woodson (1954). B. The three varieties of Bouteloua curtipendula, Side-oats Grama. Redrawn
after Gould and Kapadia (1964). C. Dalea purpurea, Purple Prairie-clover. Redrawn after Fassett (1939). D. Opuntia humifusa, Eastern
Prickly-pear, and O. macrorhiza, Plains Prickly-pear. Both modified dightly after Benson (1982).
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Ohio Goldenrod (Solidago ohioensis) (related to southeast-
ern taxa; for amap of itstotal range, see Pringle 1982); and
severd forbs of deep-sail prairies, e.g., Saw-leaf Mugwort,
Kitten's-tail, Hill’s Thistle (Cirsumhillii), and Prairie Bush-
clover (Lespedeza leptostachya), an offshoot of the south-
ern Atlantic Coastal Plain Narrow-leaved L espedeza (L.
angustifolia). Finally, we must mention the Glade Mallow,
atall and rank, locally occurring but not particularly rare
perennial herb of wooded floodplains and moist prairies
(1ltis 1963, Mickelson & lltis 1967). The only endemic
genusin the Upper Midwest, it is segregated as such because
of, among other characters, its numerous, small, unisexual
flowers (plants dioecious, that is, male and female flowers
on different plants). It has an enigmatic history that proba-
bly involves long-distance dispersal from far-away lands,
possibly Californiaor South America (nobody knows).

Thefive special prairie examples are mapped in Mick-
elson and Iltis (1967), who hypothesize that each of them
must have had either an ancient, pre-Wisconsin or even pre-
glacia origin with subsequent survival either in unglaciat-
ed or in once-glaciated territory between differentially
advancing glacial lobes, where they evolved into new taxa;
or arecent, post-glacial origin from a more wide-spread
Great Plains, western, or southern species.

In summary, the history of these special prairie and fen
species, and others found entirely or mainly on the sand
dunes of the Great Lakes (e.g., Sand-reed Grass, Calam -
ovilfa longifolia var. magna, and Dune Thistle, Cirsium
pitcheri, both derived from prairie taxa from farther west),
is of particular interest, because the geographical ranges of
these plants are restricted to glaciated territory. Asthe Mid-
west’'s only endemics, they are treasured by taxonomists and
evolutionists alike.

Management of Prairies and Savannas

Southwestern Wisconsin lies within the wide ecotonal belt
that separates the central North American grasslands from the
eastern deciduous forests, and most any environmental
change will shift the balance toward one ecosystem or the
other. Because civilization has now shifted this balance more
in the direction of forest, we must manage remnants of prairie
or savanna if their biological diversity isto be maintained.
Today, the active management of landscapes for biodi-
versity, rather than for agriculture or other utilitarian
rewards, has become an unwelcome responsibility for a
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reluctant, often impoverished humanity the world over.
Indeed, managing even perfectly preserved or carefully
restored prairie remnants has become a problematic endeav-
or. Fragmented, isolated, highly susceptible to edge effects
and the vagaries of island biogeographical principles
(MacArthur & Wilson 1967)—namely the gradual, auto-
matic, chance depletion of localized biodiversity (Leach &
Givnish 1996) with little hope of renewal from now mostly
distant seed sources—prairie and savanna communities,
whether in public or private ownership (Houle 1996), will
require the best of our knowledge and the most prudent care
if their rich biodiversity isto survive.

Many complex problems need consideration. Con-
tending with such invasive weeds as the bluegrasses (Poa
spp.), sweet-clovers (Melilotus spp.), Leafy Spurge, and
Wild Parsnip is bad enough. Likewise, the use of fire and
grazing may at times involve difficulties—the road to mis-
management is usually paved with the best of intentions. A
tallgrass prairie is, after all, an elaborate ecosystem of
dynamic parts with multifactorial environmental relation-
ships. ahundred or more species of vascular plants, myriad
insects and nematodes, ground lichens and soil fungi, ani-
mal and plant parasites, all interacting with rainfall and sun-
light, and above all with the rich black prairie soil. Almost
any human activity could have unpredictable consequences.

Takefire, for example, a powerful management tool.
Fireis essentid to restore and maintain prairie and savanna
vegetation within our ecotonal climate by suppressing the
growth of invading trees and shrubs. But fire must be used
judiciously. Some entomologists believe that it reduces
long-term arthropod abundance and diversity, and that even
controlled burns may damage or endanger prairie-restricted
insects. Scientists who undertook experimental burning of
prairiesrealized long ago that fire may temporarily set back
insect and spider populations, and as recent research has
demonstrated, at least temporarily reduce numbers of cer-
tain prairie insect “ specialists’ (Swengel 1996, 1997; Swen-
gel & Swengel 1997). Of the insect species characteristi-
caly found in prairies, about 10 to 20 percent are restricted
to native prairie habitat (R. Panzer, pers. comm.). Studies of
the effects of fire on insects show that only a small subset
of the restricted species are apt to be harmed (R. Panzer,
pers. comm.). For the vast majority of insects, prescribed
burning does not seem to hinder survival (Reed 1997, Sie-
mann et al. 1997). For example, in lllinois, Dietrich et al.
(1998) found “no significant differences” in diversity
between burned and unburned units within enclosed and
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unenclosed plots; and Panzer (1988, p. 87), noting that
“Small remnant insect populations...are much more sus-
ceptible to environmental stresses such as fires than were
massive unfragmented presettlement populations,” nonethe-
less concluded that most prairie insects, even butterflies,
have the ability to rebound quickly following partia burns
on managed sites. These findings, however, are still pre-
liminary. For the majority of prairie insect species, we still
know little or nothing about their responsesto fire or the fac-
torsthat determine post-burn recovery rates. Thereisagreat
need for more detailed study with proper experimental con-
trols of fire effects on insects.

Insects play many rolesin the ecology of prairies, not
the least of which isthe pollination of flowers (Buchmann
& Nabhan 1996, Graenicher 1900-1935, Robertson 1928).
Because populations of some prairie-obligates require more
than one year to recover from afire, in particular those that
overwinter in litter or exclusively inside the stems of grass-
es or forbs as pupae or eggs, the most prudent course would
be never to burn all of a remnant prairie at the same time,
or even in the same year. In the case of very small and iso-
lated remnants, especially, significant parts of each should
be protected from fire in any given year. Burn-sensitive
species then have a better chance of survival at least some-
where on that prairie.

An dternative to fire for woody plant control is mow-
ing, which, partially mimicking the effects of fire, may thus
be an appropriate aternative for increasing survival rates of
some prairie butterfly species (McCabe 1981, Swengel
1996). But whether, when, and how much mowing, like
whether, when, and how much burning or grazing, are ques-
tionsin need of scientific research. In any case, fireis neces-
sary in the management of most prairies, and indispensable
during the early years of aprairie or savanna restoration.
Depending on the topography of the individual site, burning
may have to be carried out severd yearsin succession.

Grazing by cattle has been proposed as a panacea for
prairie restoration (Williams 1996, 1997, 1999a, 1999b; but
see Harrington et al. 1998). Although it is true that survival
of certain otherwise uncommon speciesis favored by cattle
grazing, sometimes dramatically so (e.g., Marbleseed, Onos -
modium bejariense), many other native species, especially
forbsin mesic and wet-mesic habitats, are selectively elimi-
nated (Dix 1959). Bison have been shown to be much more
appropriate as grazers of the western prairies (Collins et al.
1998, Hartnett et al. 1997, Kaiser 1998, Steuter 1997), espe-
cialy in their preference, unlike that of cattle, for the coarse,

tall grasses (Knapp et a. 1999). After dl, native herbivores
were once the principal biotic factor that helped shape the
Great Plains grasdands (Risser 1988, Van Dyne et d. 1980).

Conversely, Bison probably were not major playersin
Wisconsin'stallgrass prairies. Historical and archaeological
records suggest that in Wisconsin (Schorger 1937), Illinois
(Griffin & Wray 1946), and probably all of the eastern
extension of the tallgrass prairie (McDonald 1981, Roe
1970, Schorger 1944), Bison were absent or rare prior to
1500 AD, asthey were apparently during the entire 10,000
years or more that prairies and savannas were developing in
the Upper Midwest. Bison did not appear east of the Mis-
sissippi River in large numbers until the seventeenth and
eighteenth centuries, to be eliminated first by Native Amer-
ican hunters and soon thereafter by pioneers. In Wisconsin,
Bison were always rare; the last two were killed in 1832
(Jackson 1961). Although Elk and White-tailed Deer were
more common, they also suffered reduction by hunting both
before and after European settlement.

For usin the Midwest, any long-term vision of prairie
conservation must include first increasing preservation and
restoration efforts to a biologically more realistic scope; for
until preserved areas are expanded to the minimal viablesize
of several thousand acresor more, “It isunlikely that we will
ever again be able to accommodate mega-fauna such as
bison, elk, and wolves in a naturally functioning grassland
ecosystem in Wisconsin” (Henderson 1995b, p. 123). The
proposal to re-create the extensive Sauk Prairie on the lands
of the former Badger Army Ammunition Plant should thus
include among its grazers not only Elk and White-tailed Deer,
but also, in deference to the wishes of the Ho-Chunk Nation,
asmal herd of Bison aswell. Ultimately, the public and their
politicians must learn to accept the fact that for the tallgrass
prairieto survive, very large areas need to be removed from
the economy of man and returned to the economy of nature.
Meanwhile, we need to preserve every surviving bit of vir-
gin prairie, restore every as-yet-unplowed remnant, recon-
nect fragmented landscapes by environmental corridors, and
thus rescue as many endangered species as we can. For as
Aldo Leopold admonished usin Round River (L. Leopold
1953, pp. 146-147), “ The outstanding scientific discovery of
the 20th century is not television or radio, but rather the com-
plexity of the land organism,” and therefore “to keep every
cog and whedl isthe first precaution of intelligent tinkering.”
Amagjor retoration on what once was the Sauk PrairieisWis-
consin’s, and the Midwest's, last best chance to pass on to our
children aviable prairie and savanna landscape.
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What of the Future?

Postscript by Theodore S. Cochrane

The need to conserve Wisconsin's natural beauty and
diverse flora and fauna, its ecosystems and landscapes, is
much more urgent than ever in view of four basic concerns:

* Man’s need for nature (lltis 1966, 1967, 1969; Iltis,
Loucks & Andrews 1970), what E. O. Wilson
(1984), America' s foremost evolutionary biolo-
gist, has called biophilia, the human organism’'s
innate affinity with wild nature and those plants
and animals that, the world over, we bring into our
homes and gardens, all areflection of our human-
ity and the inextricable link between green plants
and living animals with the evolution of our
human mind;

 Our preoccupation with technological progress and
economic growth (Samson & Knopf 1994), both of
which are, after al, still largely dependent on con-
tinuing and unsustainable destruction of the natur-
a environment and the correlated and ever-increas-
ing elimination of its species, communities, and
ecosystems (Myers 1993);

» Our need for wilderness and many more natural areas
as benchmarksin understanding, through research,
the workings of nature (I1tis 1959), an understand-
ing we neglect at our peril;

« Lastly, of particular importance to Wisconsin, the nat-
ural landscape as an economic resource second
only to agriculture, the green wild goose that lays
the golden egg of tourism.

Untamed lands are desperately needed for education,
research, recreation, and aesthetics; for maintaining a bal-
anced, stable environment (that grasslands are superior car-
bon sinksin comparison to forestsis only one specific rela
tionship to current environmental issues); for serving asliv-
ing models for ecological restoration, for only undisturbed
ecosystems such asvirgin prairiesretain all their vast eco-
logical complexities; for reminding us of our history and
linking us to the land; and for experiencing ourselves and
passing on to future generations a beautiful and healthy, liv-
able world.

Alas, itisalmost al over for Wisconsin's prairies and
savannas, communities that are recognized as important
reservoirs for biological diversity (Samson & Knopf 1996),
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yet are very nearly absent or nonfunctionally represented
on the living landscape. A number of prairie and savanna
plant and animal species are rare or endangered, with their
surviving numbers so small and the individual plants of
these micropopul ations so isolated that, from the standpoint
of their genetic future, they may no longer congtitute viable
populations, what with inbreeding taking its toll. Many
existing vegetation remnants are very small and often so
degraded that they scarcely comprise recognizable com-
munities. Unless the recognition, protection, preservation,
management, and as alast resort restoration (returning asite
to its original condition) of existing prairie and savanna
remnants is stepped up, the permanent extinction of these
characteristic Midwestern plant communities from Wis-
consin is only amatter of time. Once destroyed, the only
recourse will be reconstruction—reestablishing through
guidelines of the newly emerging ecological science of
restoration a broad range of prairie organisms on aformer
prairie site. Restoration is a slow process requiring one to
several decades; however, reconstruction requires several
centuries (Schramm 1992)—if re-creation of the prairie
ecosystem in all its complexity isindeed possible at all.

Up to a point, regaining and keeping indefinitely
native biodiversity is feasible for most but probably not
all components of grassland and savanna ecosystems,
especially at the dry and wet ends of the vegetational con-
tinuum. Mesic communities will require more work and
time to restore (Henderson 1995b; Henderson & Sample
1995; Packard 1988a). Substantial opportunities also exist
for the restoration of oak and pine barrens in Wisconsin
(Eckstein & Moss 1995). Although it isimportant that
landscape regions, large and small, be restored and main-
tained to promote the biodiversity once supported by our
prairie and savanna ecosystems, it is equally important
that neither small sitesin relatively natural condition nor
degraded larger remnants be ignored. Good-quality small
sites are the last refuge for many species of plants, insects,
and the million microorganismsin a handful of soil. Even
degraded sites, being more common and often larger, rep-
resent opportunities for restoration of the prairie and
savanna flora (Henderson & Sample 1995; see also the
Wisconsin Department of Natural Resources 1995,
Packard & Mutel 1997, Sample & Mossman 1997). We
dare not let these accidentally preserved areas slide into
oblivion, for they are the invaluable seed banks of the
future. Whether of whole species or of locally adapted
populations, extinction is forever.
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Humans and M other Nature,
the Unbreakable Bond

Postscipt by Hugh H. lltis

May this study, with al itsimperfections and omissions,
serve as a stimulus to invigorate prairie appreciation and
prairie preservation and restoration, for in these activities
there is more involved than just beautiful flowers, or alove-
ly landscape, or even the satisfaction of “doing the right
thing.” It was the prairie ecosystem, after al, that over the
millenia produced the prairie soils, including the dark-col-
ored, humus-rich chernozems, the most fertile soilsin the
whole world. And it was these prairie soils, half of which
now sit on the bottom of the Gulf of Mexico, the other half,
once structured and crumbly, now more often than not com-
pacted and eroded, that made Wisconsin rich, afact realized
by every farmer and afew politicians. To this day we bare-
ly understand how these soils were made to be so rich by the
prairie ecosystems. Plant- and animal-soil relationships have
been studied for decades, as have the effects of drought,
grazing, and many other aspects of the prairie’ s enormous
complexity; nonetheless, how to keep this prairie soil sus-
tainably productive in the long, long run for our grandchil-
dren and far beyond into the dark, ominous future, is a
loaded question rarely considered, and as yet unanswered.

There is now hardly a single large piece of prairie
ecosystem |eft to study or to experiment with, to learn how
it renewsitsfertility. But why worry? May we not rely on
science and technology to find the answers in the laborato-
ry? May we not continue to count on economic credit,
machinery, and chemicals—fertilizers, herbicides, and pes-
ticides, massively applied—to produce bumper crops? Have
there not regularly been agricultural surpluses?

But dare we neglect to appreciate the roles of animals,
from protozoa to nematodes, millipedes, earthworms,
insects, and ground squirrels, or of prairie vegetation, from
Andropogon to Tradescantia, Baptisia, and Slphium, and
theincorporation of plant materials, functions that are bare-
ly understood if they are considered at all?

Cornfields aone will not do, for monocultures, even if
periodically interspersed with leguminous crops, can not,
in their smplicity, give us all the answers. To truly under-
stand prairies, be it the evolution of their flowers or the gen-
esis of their soils, we need samples of unplowed, unsprayed,
naturally functioning ecosystems, and an ecologically edu-
cated public who will support their preservation. Questions
of human population growth and of our insatiable, unsus-

tainable hunger for the world’ s limited resources (Daily &
Ehrlich 1992)—in short, of Living Within Limits (Hardin
1993), all comeinto play, evenif al that we may wish for
on apersonal level isto preserve from cow and plow adry
hillside with a dozen pasqueflowers.

From a purely biological standpoint, it is our human
fate, like that of all living things on this Earth, to do but one
simple thing, and that is to bea good ancestor: certainly to
our own children, and yes, even to the many generations yet
to come. Thisisthe biological imperative of life, which we
cannot escape, except by misguided and seductive dreams
of intellectual and technological superiority. Thisis our evo-
lutionarily dictated responsibility, our duty—which we
must assume (whether welike it or not), because we are liv-
ing, reproducing beings, the result of evolution by natural
selection—as it will be from now on and evermore.

Our crowning glory, the human brain, is a double-
edged sword. On the one hand, it has deluded us by giving
us God-like powers to destroy thoughtlessly our very own
environment and that of future generations—the only
species ever that deliberately has so tempted the fate of its
own survival. On the other hand, it has empowered us to
understand evolution and ecology, and with this the ability
to direct our own destiny. And that imposes on us an ever-
lasting new imperative, unheard of beforein the history of
life, and that isto consciously preserve, as all good ances-
tors must do, or restore if that is what is needed, the bio-
logical habitat that selected us, and to which we are bound
by the dictates of evolution. Whether tropical rainforests or
Wisconsin prairies, we must shield them from the instinc-
tual fury of destruction wrought by our high but uninformed
intelligence. Prairies, as much as tropical rainforests, are
part of our holy Mother Nature, and we neglect her protec-
tion from humanity at our very own peril. Think globally,
but act locally, if not for the sake of our prairie flowers, at
least for the sake of our own children.

May this atlas, then, packed with geographical and eco-
logical information, be a useful tool in fulfilling these noble
endeavors, for nothing we do can ever be more important. If
we succeed, we can have hope that children all over the
world, ours and yours, today, tomorrow, and for milleniato
come, will have aMother Nature they can call their own, and
that in Wisconsin they will be ableto lie quietly in the grass
on asunny prairie hillside filled with flowers, watch bum-
blebees visit shooting-stars and pasqueflowers, hear dick-
cissdls and meadowlarks cdl in the sky, and be ever enchant-
ed and empowered by that great symphony we cal life.
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APPENDIX A
Excluded Prairie and Savanna Species

Eight species are excluded from this atlas. Six (¢) are apparently spontaneous but non-native introductions, and two (8) are
not known to occur in Wisconsin. Some of these plants are being used in landscape plantings, along with cultivars of Black-
eyed Susan (Rudbeckia hirta) and Lance-leaf Tickseed (Coreopsis lanceolata).

* Cirsium undulatum (Nutt.) Spreng., Wavv-LEAVED THISTLE, is a Great Plains species, the natural range of
which is usually reported as being from Minnesota to Missouri and westward. Rarely adventive far-
ther east, it was reported from five Wisconsin counties by Johnson and lltis (1963).

 Echinacea purpurea (L.) Moench, PurrLE CoNEFLOWER, iS native in the Midwest but to the south of Wis-
consin. An al-time favorite of wildflower gardeners, it was first collected as an escapein 1951 in Dane
County, and other Wisconsin records all seem to represent rare escapes from cultivation or wildflower
plantings, as is the case in the Curtis Prairie at the U. W. Arboretum, Madison, where it is common.

* Filipendula rubra (Hill) Robinson, Queen-orF-THE-PRAIRIE, has been found in widely scattered locations
in Wisconsin, but with one exception all Wisconsin collections are recent and certainly represent
escapes from cultivation. There are no confirming specimens from southeastern Wisconsin, where its
fen habitat occurs. The lack of information on the label of one old specimen, collected at Mazomanie,
Dane County, in 1865, possibly by T. J. Hale, make it doubtful that this record should be accepted even
as an escape, let alone a natural population (cf. Mason & lltis 1958).

§ Gentiana saponaria L., SoarwoRT GENTIAN, IS awidespread eastern species that has sometimes been
reported as occurring in Wisconsin in standard floristic manuals. Such reports were based upon
misidentifications of plants resulting from G. andrewsii [0 G. puberulenta crosses (Mason 1959). We
have seen no specimen apart from these hybrids, and the distribution of this gentian as given by Glea-
son and Cronquist (1991) or Pringle’ srevision (1967; cf. also Pringle 1964, Mason & lltis 1965) does
not suggest that it ranges as far north as Wisconsin.

* Grindelia squarrosa (Pursh) Dunal, Gumweeb, represented with us by var. squarrosa and var. serrulata
(Rydb.) Steyerm., is quite clearly introduced in Wisconsin as elsewhere in thisregion, its natural dis-
tribution ranging from Minnesota to Texas and westward (Fernald 1950; Wetter pers. comm.). Fairly
well naturalized in Wisconsin, it almost always occurs in ruderal habitats but rarely also in ecologi-
cally open, dry, gravelly prairies.

* Helianthus mollis Lam., Sort or Downy SUNFLOWER, IS a southern and southeastern species that should
no doubt be regarded as adventive. Our few herbarium collections were made along railroads and road-
sides in four eastern and northern counties in the early decades of this century.

§ Lilium superbum L., Turk’s-cap LiLy, is native well south of our region. The Wisconsin Lilium is usu-
ally recognized at the rank of species asL. michiganense Farw. Although it was once considered a sub-
species of L. canadense L., Gleason combined L. michiganense with L. superbum under the latter name,
and Curtis (1959) also called our plants L. superbum. The three taxa are certainly closely related.

« Ratibida columnifera (Nutt.) Wooton & Standl., Lonc-HEADED CONEFLOWER, iS abundant on prairies and
open ground throughout the Great Plains. Native from Minnesota to Alberta and south into Mexico
(Fernald 1950, Gleason & Cronquist 1991), it is here adventive in abandoned fields, gravel pits, rail-
road yards, and waste ground generally, but also rarely in ecologically open, dry sand prairies.
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APPENDIX B
Native Plant Nurseries

The following companies, organizations, and individuals may be able to provide seeds or plants native to Wisconsin or the
Midwest. Except as noted, seeds and plants are generally nursery grown. Some companies may also provide consultation,
design, landscape installation, and/or maintenance services.

There are severa arguments for buying seed and stock from reputable suppliers, as opposed to indulging in the destruc-
tive practice of native plant exploitation and collection. Haphazardly moving plants from one location to another contami-
nates geographical distribution datawith artificial range extensions. Moreover, much debate and controversy hinges on the
genetic implications of using local ecotypes versus plants of different provenancein plantings and restorations. Genes of the
introduced populations may pollute local gene pools and can lead to the phenomenon called “ genetic swamping.” To protect
local gene pools when restoring or re-creating a natural area, be it alarge-scale restoration or backyard garden, or to control
erosion or enhance forage, it is best to obtain seeds or plants from within or as close as possible to the project site. Further-
more, local sources often possess genotypes that are adapted to the local environment, leading to higher short-term and long-
term successrates. To prevent the local extinction of marketable species, native plants should be bought, not dug, and if pos-
sible, these plants should be derived from sources that are within a 50-mile radius of the site. If a nursery cannot state that
its plants are “nursery propagated,” then they may have been collected in the wild. Always ask about their origin when pur-
chasing nursery-propagated plants and seeds. Stocks originating from outside Wisconsin, say from Texas, Nebraska, or North
Dakota, generally should not be used, except that Minnesota or northern Illinois populations may be more closely related to
those in the project area than populations from farther away in Wisconsin. Landscapers and restorationists have a responsi-
bility to help preserve the genetic structure of the different wild ecotypes or “ecovars’ by having knowledge of where, pre-
cisely, their plants and seeds originate—and to keep records of major outplantings.

Thislist was compiled by the Bureau of Endangered Resources, Wisconsin Department of Natural Resources (DNR),
and does not imply any endorsement or recommendation by the DNR, or by the Department of Botany, University of Wis-
consin. Revisions or additions should be sent to BER, DNR, P.O. Box 7921, Madison WI 53707 (Attn: Kelly Kearns).

Nurseries That Primarily Carry Plant Material Native to Wisconsin

Agr ecol wholesales seeds and plants of more than 100 species of prairie, wetland, and savanna species.
Their nursery stock is from native Wisconsin genotypes. They are continually adding new
species. Contact: Steve Banovetz, 1984 Berlin Road, Sun Prairie, WI 53590. 608-825-9765.

Applied Ecological Services, Inc./TaylorCreek Nursery has prairie, woodland, and wetland plants for
usein restoration projects. They do ecological research and consulting, site design preparation,
planting, and management. Contact: Steve Apfelbaum, Route 3, Smith Road, P.O. Box 256,
Brodhead, W1 53520. 608-897-8547.

Bluestem Far m provides consultation, plants, and services primarily in Baraboo area, no mail order. We
speciaize in custom propagation of difficult species, including orchids. Contact: Martha Bar-
rett and Scott Weber, S5920 L ehman Road, Baraboo, W1 53913. 608-356-0179.

Boehlke's Woodland Gar dens supplies prairie grasses and forbs, also wetland and woodland plants.
Contact: Boehlke' sWoodland Gardens, 5890 Wausaukee Road, West Bend, W 53095. 262-876-2598.

Country Road Greenhouseis awholesale grower speciaizing in containerized prairie and wetland forbs,
grasses, and sedges. Contact: 19561 East Twombly, Rochelle, IL 61068. 815-384-3311.

Enders Greenhouse propagates over 200 species of native woodland, prairie, and wetland plants for retall
or large contracts. Plant list available. Contact: Anne Meyer, 104 Enders Drive, Cherry Valley,
IL 61016. 815-332-5255, FAX: 815-332-5255.
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GenesisNursery carries seeds (and some plants) for over 400 prairie, wetland, and savanna species and
containerized plants for about 100 species. Northwest 11linois ecotypes. Also provides consul-
tation, restoration, and planting. Contact: Dennis Lubbs, 23200 Hurd Road, Tampico, IL 61283.
815-438-2220, FAX: 815-438-2222.

I nn Exchange specializesin selling prairie, wetland, and savanna seeds and plants native to Wisconsin,
Illinois, lowa, and the general Driftless Area. Contact: Howard and Donna Bright, 1878 Old
Mission Drive, Harpers Ferry, 1A52146. 319-535-7231, FAX: 319-535-7362.

Kettle Moraine Natural Landscaping specializesin locally gathered prairie seeds from east-central
Wisconsin. They do consulting, provide custom seed mixes, and have experience with residen-
tial, school, and commercial sites. Contact: Connie Ramthun, W996 Birchwood Drive, Camp-
bellsport, W1 53010. 920-533-8939.

L andscapeAlter natives offers 150 species of prairie, wetland, and woodland plants (no seeds). Catalog
is $2.00. Contact: Roy Robinson, 1705 Albans Street, Roseville, MN 55113. 612-488-3142.

LittleValley Farm carries both seeds and plants of many native species of grasses, forbs, shrubs, trees,
and vines. Contact: Barbara Glass, Route 3, Box 544, Snead Creek Road, Spring Green, WI
53588. 608-935-3324.

Midwest Wildflower s can supply over 100 species of wildflower seeds. Catalog $1.00. Contact: Leroy
Busker, Box 64, Rockton, IL 60172.

Murn Environmental, I nc. carries awide range of seeds and plants for wetland, woodland, and prairie
species. They aso do restoration, design, planting, management, and research. Contact: Tom
Murn, 11643 East Minkey Road, Darien, WI 53114. 262-676-4709, FAX: 262-676-5744.

Native Plantsfills aunigue niche in the native plant industry. They work with local highway depart-
ments, developers, and others to salvage native plants from areas where they would otherwise
be destroyed. Plants are then used at the site or are available for other projects. Personsinter-
ested in purchasing plants can call to place an order for desired plant species or to check on what
is currently in stock. Contact: Brad Mrzlak, 22 Langdon Street, Madison, WI 53703.
608-259-0995.

Oak PrairieFarm produces Wisconsin Crop Improvement Association certified native prairie seeds and
also performs consultation and installation services. Contact: Jim Heinrich, W4642 Highway
33, Pardeeville, W1 53954. 608-429-3882.

Prairie Future Seed Co. can supply awide range of prairie seeds native to Wisconsin. They aso do con-
sultation and restoration projects. Contact: Randy R. Powers, P.O. Box 644, Menomonee Falls,
WI 53052. 262-246-4019.

Prairie Moon Nur sery carries seeds and plants of over 400 prairie, wetland, and woodland plant species
native to Wisconsin, Minnesota, Illinois, and lowa. Contact: Alan Wade, Route 3, Box 163,
Winona, MN 55987. 507-452-1362, FAX: 507-454-5238.

Prairie Nursery has both seeds and plants of many native prairie species as well as some wetland and
woodland seeds and plants. They provide an array of consulting services, including: site evalu-
ation, planting design, site preparation, planting, and post-planting management for sites of all
sizes. Contact: Neil Diboll, P.O. Box 306, Westfield, WI 53964. 608-296-3679.

Prairie Restorations, Inc. specializes in restoration and maintenance of prairies. Retail sale of prairie
plantsis done mail order or at their nursery northwest of Minneapolis. Contact: Ron Bowen,
P.O. Box 327, Princeton, MN 55371. 612-389-4342 (office), 612-389-5733 (nursery).

PrairieRidgeNursery/CRM Ecosystems, Inc. has prairie, wetland, and woodland seeds and plants. They
are also available for consulting, planning, planting, and management services for projects of all
sizes. Contact: Joyce Powers, RR 2 9738 Overland Road, Mt. Horeb, W1 53572. 608-437-5245.
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Prairie Seed Source sdllslocal southeast Wisconsin seeds of more than 150 prairie and savanna species,
including mixes suited to the soil moisture regime of your project. They can also give dide pre-
sentations and provide consulting services. Contact: Robert Ahrenhoerster, P.O. Box 83, North
Lake, WI 53064-0083. 262-673-7166.

Reeseville Ridge Nursery deals mainly with native trees and shrubs, and specializesin custom propa-
gation of woody plants. Contact: Darrell J. Kromm, P.O. Box 171, 309 South Main Street, Ree-
seville, WI 53579. 920-927-3291.

Retzer Nature Center, as a service of Waukesha County Parks, supplies native prairie, woodland, and
wetland plants and seeds for sites within 50 miles from the Waukesha County line. They spe-
cializein prairie mixes and can provide technical assistance on restoration projects. Contact:
Jerry Schwarzmeier, W284 S1530 Road DT, Waukesha, WI 53188. 262-521-5407.

Rohde's Nursery supplies woodland, wetland, and prairie plants; also provides a complete design ser-
vice along with the ability to install/build any size project, and help with consultation and restora-
tion. Contact: Lenn Rohde, N8098 Duck Creek Avenue, Neshkoro, WI 54960. 920-293-4373.

WehrNature Center can provide persons in southeast Wisconsin with prairie seeds and instructions for
small scale prairie gardening. Contact: Wehr Nature Center, 9107 West College Avenue,
Franklin, W1 53132. 414-425-8550.

Wood's Edge sells woodland wildflowers grown from seeds from Grant County. We prefer to sell plants
or bareroot stock. Contact: Bernie Galgoci or Martha Peterson, 532 Stanek Road, Muscoda, WI
53573. 608-739-3527, E-mail: woodedge@mwt.net.

Nurseries That Carry Native Midwestern Plants,
Non-Native, and/or Wild-dug Plants

The following companies sell plants native to the Midwest but not specifically from Wisconsin or the surrounding region.
People who want only native species when creating their very own piece of prairie, woodland, or wetland should be aware
that many of these nurseries and seed farms also sell non-native species. So-called “native” grasses, e.g., Sheep Fescue
(Festuca ovina) and Sand L ovegrass (Eragrostis trichodes), and “ native” wildflowers, e.g., Blanket-flower (Gaillardia
spp.), Purple Coneflower (Echinacea purpurea), Blue Wild-indigo (Baptisia australis), Blue Flax (Linumlewisi), etc., may
not be native to Wisconsin at al, even though they may occur naturally in other parts of the Midwest or North America.
Even if they are attractive in gardens, they should not be used if you want to create a true prairie setting or add authentic
native prairie plantsto atraditional perennial garden. Use discretion when selecting plants from these nurseries, or ask for
plants that came from your area. Several of the following companies sell plants collected from the wild. Thisisindicated

in the nursery description where known.
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Allendan Seed is an lowa-based company that offers seeds for a variety of landscaping projects. Con-
tact: Allendan Seed, Route 4 Box 625, Winterset, IA50273. 515-462-1241.

Aquatic Resourcesand Glacial Pond Farmsis a source of both grasses and forbs for prairie plantings,
as well as vegetation for wetland landscaping. Contact: Aquatic Resources and Glacial Pond
Farms, P.O. Box 2221, Wausau, WI 54402. 715-845-2099.

Bauer’s Gar den Center carries acomplete line of garden supplies, as well as awide selection of wild-
flowers, dl available for sadlein 4 1/2 inch pots. Contact: Bauer's Garden Center, 1559 West For-
est Home Avenue, Milwaukee, WI 53204. 414-384-7995.
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Bayside Garden Center isa source for both grasses and forbs of the prairies, as well as wetland and
woodland plants. Contact Bayside Garden Center, 400 East Brown Deer Road, Milwaukee, WI
53217. 414-352-6159.

Berthold Nur sery has a variety of native trees and shrubs. Contact: Rick Repenning, 4510 Dean Street,
Woodstock, 1L60098. 815-338-4914, 708-439-2600.

Cascade Forest Nursery carries woodland plant species. Contact: Cascade Forest Nursery, Route 1, Cas-
cade, |A52033. 319-852-3042.

Cold Stream Farm can provide both wetland and woodland plants. Contact: Cold Stream Farm, 2030
Free Soil Road, Free Soil, M| 49411-9752. 616-464-5809.

Deltor Tree Farm carries woodland species. Contact: Deltor Tree Farm, Box 6 County P, Plainfield, Wi
54966. 715-335-4444.

Evergreen Nursery Co., Inc. speciaizesin woodland plants. Contact: Evergreen Nursery Co., Inc., 5027
County TT, Sturgeon Bay, W 54235. 920-743-4464.

The Flower Factory has an extensive selection of native, non-native, and ornamental plants. Contact:
David or Nancy Nedveck, 4062 Highway A, Stoughton, WI 53589. 608-873-8329.

Glen Flora Nursery can provide prairie forbs and wetland and woodland plants. Contact: Glen Flora
Nursery, 8407 Glen Flora Road, Kiel, Wl 53042. 920-773-2493.

Great Lakes Nursery Co. grows select native seedlings and transplants of northern trees, shrubs, and
some herbaceous plants, non-natives, and cultivars. Contact: Tim Gutsch, 1002 Hamilton Street,
Wausau, WI 54403. 715-845-7752.

A Growing Concern isasource for seeds and plants of woodlands. Contact: AGrowing Concern, 4990
West Donna Drive, Brown Deer, WI 53223. 414-354-1638.

H & R Nursery, Inc. carrieswoodland wild flowers and fernsin addition to horticultural species. They
do not sell seeds or mail order their plants. Contact: Dale Rickert, 6520 West Silver Spring Drive,
Milwaukee, WI 53218. 414-466-6289.

Hauser’s Superior View Farm has alarge selection of northern-grown perennials and biennias, afew
of which are species native to Wisconsin. They have aminimum order of $25.00. Contact: Jim
Hauser, Route 1, Box 199, Bayfield, WI 54814. 715-779-5404.

Hild & Associates offers seeds and bareroot materia propagated in their nursery from nearby seed sources.
They do some consultation and installation and are members of the MN Erosion Control Asso-
ciation, The Vegetation Management Association of MN, and the MN Native Seed and Plant Pro-
ducers Association. Contact Hild & Associates, 326 Glover Road South, River Falls, Wi 54022.
715-426-5131 or 1-800-790-9495, FAX: 715-426-9887, E-mail: ghild@skypoint.com / Website:
www.hildnatives.com.

Itasca Greenhouse, Inc. grows tree seedlings. Most species are grown to plantable size in less than one
year. Custom and contract growing services are available to our customers who want specific
trees grown. Contact: Itasca Greenhouse, Inc., P.O. Box 273, Cohasset, MN 55721.
218-328-6261 or 1-800-538-TREE, E-mail: igtrees@northernnet.com.

J and J Tranzplant specializesin nursery propagated native as well as non-native aguatic plant mater-
ia. Available bareroot, 2" plugs to one gallon pots. They aso carry alarge selection of aquatic
seeds native to central WI. 65% of materia is nursery-propagated and 35% is collected from the
wild. Consulting and planting on alimited basis, 42-page catal og available. Contact: James and
Kristine Malchow, P.O. Box 227, Wild Rose, WI 54984-0227. 920-622-3552 or 1-800-622-5055,
FAX: 920-622-3660.
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Johnson’sNursery Inc. are growers of awide selection of balled and burlapped landscape plants. This
diverse selection includes many native trees, shrubs, and vines. Contact: Bill Reichenbach, W180
N6275 Marcy Road, Menomonee Falls, WI 53051. 262-252-4988.

Jung Seeds Co. has a brochure which pictures all the prairie grasses and wildflowers they carry. Most
seeds and plants sold without regard to genetic source. Contact: L. L. Olds Seed Co., P.O. Box
77990, Madison, WI 53707. 608-249-9291.

Kester’'sWild Game Food Nurseries, Inc. carries native wetland species as well as non-native species
for wildlife plantings. They carry both wild-collected and nursery-grown stock. Contact: Dave
and Patricia Kester, P.O. Box 516, Omro, WI 54963. 920-685-2929.

Laura’'sLaneNursery isasupplier of woodland plants. Contact: Laura s Lane Nursery, Box 232, Plain-
field, WI 54966. 715-366-2477.

Lodholz North Star Acres, Inc. specializesin woodland plants. Contact: Lodholz North Star Acres, Inc.,
420 Highway A, Tomahawk, W1 54487. 715-453-2976.

Mar shland Transplant Aquatic and Woodland Nur sery sells plants and seeds of aquatic, woodland,
and prairie species. Some plants and seeds are wild collected. Contact: Tom Traxler, P.O. Box
1, Berlin, WI 54923. 920-361-4200.

Midwest Aquatics speciaizesin propagated and wild-collected native wetland and agquatic species and cus-
tom harvest of seeds. Contact: Douglas Nelson, Route 360-5, Wautoma, W1 54982. 920-787-3282.

Milaeger’s Gar dens carries some prairie grasses and wildflowers in addition to ornamentals. Contact:
Milaeger’s Gardens, 4838 Douglas Avenue, Racine, WI 53402-2498. 262-639-2371.

Miller Nur serieshas both prairie forbs and woodland plant species. Contact: Miller Nurseries, P.O. Box
66, Germantown, W| 53022. 262-628-9588.

Mohn Frontier Seed Company is afamily-owned business in southwestern Minnesota offering wild-
flower seeds and plants as well as avariety of prairie grasses. Products are suited to prairies,
woodlands, and/or wetlands, and are native to Minnesota. Contact: Mohn Frontier Seed Com-
pany, Route 1 Box 152, Cottonwood, MN 56229. 507-423-6482, FAX: 507-423-5552.

The Natural Garden carries many varieties of native and non-native wetland, prairie, and woodland
plants and has |andscape design and construction services available. Contact: The Natural Gar-
den, 38W443 Highway 64, St. Charles, 1L60174. 708-584-0150.

OasisWater Gar dens sells aquatic plants and supplies for water gardens and aquariums. Contact: Jerry
Ray, 2968 Pine Tree Road, Oneida, WI 54155. 414-869-1085.

Orchid Gardens has wildflowers, ferns, and shrubs indigenous to northern Minnesota. Thereis afeefor
consultation. Contact: Carl A. Phillips, 2232 139th Avenue NW, Andover, MN 55304.

Osenbaugh Grass Seedsis a seed supplier for grasses and forbs of the prairie. Contact: Osenbaugh Grass
Seeds, RR #1 Box 44, Lucas, IA50151. 515-766-6476 or 1-800-LUCASS8S.

PrairieFrontier carries over 100 different native and naturalized wildflower and prairie grass seeds, and
specializesin large planting projects. Native prairie, meadow, and butterfly mixes aswell as 10
other mixes containing some non-native species are available. Mixes and individual species can
be purchased in bulk; seeds are generally sold wholesale to devel opers, landscapers, nurseries,
and garden centers or retail through outlet stores or our website at http/www.prairiefrontier.com.
Contact Jim and Deb Edlhuber, W281 S3606 Pheasant Run, Waukesha, W1 53188.
262-544-0159, FAX: 262-544-6708, E-mail: wildflower@prairiefrontier. com.

Prairie GrassUnlimited can provide both prairie and wetland plants. Contact: Prairie Grass Unlimited,
P.O. Box 59, Burlington, 1A 52601.
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Shady Acres Nur sery offers an extensive line of perennials and grasses, some of which are native. Con-
tact: Jim Garbe, 5725 S. Martin Road, New Berlin, W1 53146. Catalog available for $3.00.
262-679-1610.

Smith Nursery Co. sells wholesale native and non-native shrubs, vines, and treesin multiples of 5 and
10. Seeds are dlso available. Extensive selection in catalog. Contact: Bill Smith, P.O. Box 515,
Charles City, LA50616. 515-228-3239.

Sound Solutions provides plants, trees, and seeds for the restoration needs of its clients. It has 70 acres of
land devoted to propagating native wetland, prairie, and woodland species, providing customers
with seeds, plugs, and bareroot stock to aid in the completion of successful projects. Contact: Daniel
Zay, 708 Roosevelt Road, Walkerton, Indiana 46574. 219-586-3400, FAX: 219-586-3446.

Specialty Seeds sdlls wholesale bulk and mixed seeds. They carry mostly prairie species and some wood-
land wildflowers and can customize orders for genotype. Contact: Margit Sandor or Frank Nech-
vatal, 210 Grell Lane, P.O. Box 400, Johnson Creek, W1 53038. 1-800-824-4668.

Wali Nursery specializes in woodland plant species. Contact: Wali Nursery, Route 9 Box 9080, Hay-
ward, WI 54843. 715-462-3565.

Westfork Walnut Nursery isasupplier of woodland plants. Contact: Westfork Walnut Nursery, Route
3 Box 145, Viroqua, WI 54665. 608-637-2528.

Wildflowersfrom Nature's Way specializesin prairie wildflower and grass seed mixes all from lowa
source plants. They also sell some woodland wildflowers. Contact: Dorothy Baringer, RR 1,
Box 62, Woodburn, 1A50275. 515-342-6246.

Wildlife Habitat carries prairie grass seeds. Contact: Wildlife Habitat, RR #3 Box 178, Owatonna, MN
55060. 507-451-6771.

Wildlife Nursery specializesin wild-collected wetland and non-native plants that attract wildlife. They
also do consulting on alimited basis. Contact: John J. Lemberger, P.O. Box 2724, Oshkosh, Wi
54901. 920-231-3780.

Restor ation Consultants

The following companies and individuals operate as consultants in Wisconsin and the surrounding areas. Although most

simply do consultation, some will provide planting and management services.

Robert Aber nathy is a consultant who does botanical inventories and restoration consultation and man-
agement in wetlands, woodlands, and prairies. Contact: Robert Abernathy, W 8507 Meadow
Brook Road, Argyle, WI 53504. 608-543-3865.

Brian Bader provides consulting services for prairie, savanna, and woodland restoration. He devel ops
comprehensive management plans and coordinates planting plans, site preparation, planting,
and management, and advises on propagation needs. Contact: Brian Bader, 1913 Sachtjen Road,
Madison, WI. 608-243-7871.

Robert Baller is a botanist/ecologist available for consultation and native plant surveys. Contact: Robert
Baller, P.O. Box 533, Beloit, WI 53512. 608-365-2065.

BioL ogic Environmental Consulting, L L C specializesin the inventory, assessment, restoration, plan-
ning, and management of forests, grasslands, wetlands, and other ecosystems. Restoration ser-
vices include site evaluation, species selection, site preparation, and planting and management
guidelines. Contact: Michael Anderson, 122 Nygard Street, Madison, W1 53713. 608-256-4401.
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Biophilia specializes in butterfly gardening and native plants that attract butterflies. Contact: Randall
Korb, 1903 North Whitney Drive, Appleton, WI 54914. 920-734-1744.

Bison Belly Futures serves Wisconsin's Driftless Areawith arange of land stewardship services, includ-
ing consulting, land management, native landscaping, and education. Specific servicesinclude
site evaluation, brush and invasive species control, installation of small-scale prairie and wood-
land plantings, prescribed burns, and the development of self-guided nature trails. Contact:
Gigi LaBudde, S11793 Hazelnut Road, Spring Green, WI 53588. 608-588-2048, E-mail:
spikey@mhtc.net / Website: http://www.mhtc.net/~spikey/bison.html.

The Blue Mounds Project provides landowners in western Dane and |owa counties with an ecological
extension program. Staff consult with landowners interested in restoring any native vegetation,
assist with planning, restoration, and management, and train landowners in restoration tech-
niques. Contact: Brian Pruka, P.O. Box 332, Mount Horeb, W1 53572. 608-244-2181.

Clark Forestry Consulting is active in conserving, restoring, and protecting native habitats. Special-
ties: timber sales and services, the development of landscape management plans, and fully
insured prescribed burns, including site assessment, firebreak construction and preparation, and
post-fire monitoring and mop-up. Contact: Fred Clark, P.O. Box 572, Poynette, WI 53955.
608-356-2801.

Creative Landscapes does design and installation of native landscapes. Contact: Charles and Karen
Koehler, 3412 Superior Avenue, Sheboygan, WI 53081.

Sean Dalton of Natural Re-creation! isanative-landscapes consultant specializing in prairies and savan-
nas. Heisavailable for consultation and site planning, and will do restoration work in the greater La
Crosse area. Vidt hiswebsite at http://www.paradisenow.com, e-mail him at sean@win.bright.net,
or contact him a Sean Dalton, W20531 Gilbo Lane, Gaesville, W1 54630. 608-582-2675.

Jerry Davisisavailable for consultation, either informal or formal, with emphasis on use of trees and
shrubs. Contact: Jerry Davis, Biology Department, UW-La Crosse, La Crosse, WI 54601.
608-785-6963.

Roy Diblik specializesin utilizing native plantsin urban settings. Contact: Roy Diblik, Box 95, Spring-
field, W1 53176. 262-248-8229.

Donald L. Vor pahl Associates provides site evaluation and design, seed and plant selection, planting
and management services for restoring and developing native plant communities on commer-
cial and residential sites of all sizes. Contact: Don Vorpahl, N6143 Hilbert Road, Hilbert, WI
54129. 920-853-3729.

Earthkeeper s provides alternative lawn care and wildflower plantings. Contact: Randy Mueller, N8635
County Hwy E, Watertown, W1 53094. 920-262-9095 or 1-800-261-9095.

Foth and Van Dyke has a staff including a biologist, a botanist, and several landscape architects at your
disposal. Services include planning of reclamation and restoration of native plant communities.
Contact: Bruce Woods, Foth and Van Dyke, Park West, Suite 400, 406 Science Drive, Madison,
WI 53711. 608-238-4761, FAX: 608-238-4633.

Graef, Anhalt, Schloemer, and Associates. I nc. specializes in eva uating wetlands delineation and func-
tional values as well as planning the restoration and creation of wetland communities. Contact:
Eric C. Parker, Environmental Specialist, 345 North 95th Street, Milwaukee, WI 53226-4441.
414-259-1500, FAX: 414-259-0037.

Inner-Coastal Ecological Services (I CES) conducts natura area and right-of-way inventories of flora
specifically, and fauna as required. ICES utilizes GIS and CAD software to map this informa-
tion, enabling large scale tracking and planning. ICES designs, installs, and maintains native
plant community restorations and manages other natural areas. |CES also contracts for seeds
and plant materials and conducts ecological research. Contact: Michael Ulrich, 1935 Winneba-
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go Street, Madison, WI 53704. 608-246-8020.

Invasive Plant Controal, Inc. offersavariety of services, including workshops, help in devel oping
grants, and plant removal. Contact: Steven Manning, 2713 Larmon Dr., Nashville, TN. 1-800-
449-6339, FAX: 615-385-4124, E-mail: info@invasiveplantcontrol.com / Website:
www.invasiveplantcontrol .com.

Babette Kis does consultation work and leads workshops on native and invasive species. She also rais-
es wildflowers from seeds collected in Racine County, specializing in propagating more diffi-
cult species and working with the pH needs of plants. Contact: Babette Kis, 6048 North 114th
Street, Milwaukee, WI 53225-1210. 414-286-3147.

Mick Kennedy isa consultant, designing and building native landscapes and restoring and managing
both prairies and woodlands. Contact: Mike Kennedy, Wisconsin Landscapes, Inc., 10921 Spring
Creek Road, Blue Mounds, WI 53517. 608-437-3662, FAX: 608-437-8472.

Landscape L ady, Ltd. will do design, installation, and maintenance of natural landscapes. Contact: Gloy
Jacobson, 3312 North Well Street, Milwaukee, WI 53212. 414-933-0540.

Landscapes, Naturally...provides native landscape design services for residential, municipal, com-
mercial, and rural properties, pre- and post-construction land use consultation, plant invento-
ries, landscaping for wildlife, and environmental education services. Contact; Lynn M. White,
2417 Marathon Avenue, Neenah, WI 54956. 920-751-8335.

Mead and Hunt, I nc. does planning, analysis, and construction supervision on wetlands, floodplains,
and shores. Contact: Perry Rossa, Environmental Scientist/Wetlands, Mead and Hunt, Inc., 6501
Watts Road, Suite 101, Madison, WI 53719. 608-273-6380.

Midwest L and and Culture, Inc. specializes in consultation on landscape development, management
plans, and site evaluation. Contact: Cathie Bruner, 216 N. Dickinson St., Madison, WI 53703.
608-250-2545.

Gail Moedeisalandscape architect specializing in prairie and wetland restorations. She will help with
residential landscaping incorporating native plant species. Contact: Gail Moede, N 6240
Stonewood Drive, Watertown, WI 53094. 920-699-3737.

Susan B. Murray isavailable for landscape and environmental design site planning, developing man-
agement plans and landscaping plans, and doing consultations on native landscapes. Contact:
Susan Murray, Landscape Architect, ASLA, 1230 Bowen Court, Madison, WI 53715.
608-255-9006, FAX: 608-255-8661.

Native L andscapes specializes in the assessment, design, management, and restoration of natural areas
and research of rare plant and management-related issues. Contact: Vicki Nuzzo, 1947 Madron
Road, Rockford, IL 61107. 815-637-6622.

Natural Lawn and L andscape Service will aid in care of your property, including native plantings,
prairie and path mowing, and buckthorn removal. Contact: Gene Haack at 414-344-0131.

North American Butterfly Association advises on constructing butterfly-friendly gardens and habitats.
Contact: Program for Butterfly Gardens and Habitat, 909 Birch Street, Baraboo, WI 53913.

Oak Woodland Services consults on safe use of herbicidesin forests and prairiesin southwestern Wis-
consin. Contact: Pat Schroeder, 7385 Timberline Trail, Arena, WI 53503. 608-753-2674.

The Prairie Enthusiasts is a non-profit membership organization of persons interested in identifying,
protecting, and managing native prairies. They can provide consultation and management ser-
vices, including prescribed burning. Members may become active in awide range of prairie sur-
veys, management, restoration, and education projects. Contact: Gary Eldred, 4192 Sleepy Hol-
low Trail, Boscobel, WI 54805. 608-375-5271.
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Prairie Sun Consultants has a botanist/restoration ecologist who will do site assessments and invento-
ries and provide consultation on weed control in and restoration/natural landscaping of prairies,
savannas, and woodlands. Contact: Patricia K. Armstrong, 612 Stauton Road, Naperville, IL
60565. 630-983-8404.

R-8 L andscape Design and Consultation specializesin native, natural, and traditional landscapes, pro-
viding customers with arange of options from perennial to theme gardens. Contact: Carol M.
Fuchs, 1337 South 114th Street, West Allis, Wl 53214-2235. 414-771-3392, FAX:
414-771-8898.

Red Buffalo Prairie Restorations provides prairie and savanna seeds for plants of the Wisconsin Drift-
less Area, aswell as consultation, land management, and brush and tree clearing for restorations
or remnants, always with an eye for aesthetics. Experience in controlled burning. Contact: Greg
Nessler, RR 1 Box 133A, Viola, WI 54664. 608-627-1376.

Jim Riemer does consultation work, most of his experience being in small prairie restorations. Contact:
Jim Riemer, Cths Building, Barron, W1 54818. 715-537-6317 or 715-822-3879.

Kay Rill specializesin plant inventories. Contact: Kay Rill, 1505 East Nevada Avenue, Oshkosh, WI
54901. 920-233-5527.

Jim Sime works mainly in restoring prairies and savannas which are now fading or are on the verge of
disappearing in favor of other vegetation. Contact: Jim Sime, 6327 EImwood Avenue, Middle-
ton, W1 53562. 608-831-9297.

STSConsultants, LTD. isageotechnical and environmental engineering firm that is experienced in large
and small scale wetland identification/delineation, assessment, creation, and restoration design
and construction management. Contact: Jan Tesch, 1035 Kepler Drive, Green Bay, WI 54313,
414-468-1978; or Chuck Bartelt, 11425 West Lake Park Drive, Milwaukee, WI 53224,
414-359-3030.

Thompson and Associates Wetland Services is experienced in all aspects of wetland mitigation and
management, including: wetland delineation, wetland mitigation site search, site design, vege-
tation and hydrological monitoring, as well as native plant surveys and management of wet-
lands. Contact: Alice Thompson, Wetland Ecologist, 1320 Manitowoc Ave., South Milwaukee,
WI 53172. 414-571-8383, FAX: 414-571-8384, E-mail: thompal @execpc.com.

Robert Wer ner ehl does botanical inventories and restoration consultation, especialy on lowland forests
and sedge meadows. Contact: Robert Wernerehl, 8237 Sweeney Road, Barneveld, WI 53507.
608-795-4244.

Andrew Williams can help conduct prairie plant inventories. Contact: Andrew Williams, P.O. Box 1646,
Madison, WI 53701. 608-284-1731.

Windy OaksAquaticssells various waterlilies and marginals, aswell as accessories. Consultation, instal-
lation, and landscaping services are available. Retail catalog for $1.00. Contact: Windy Oaks
Aquatics, W377 S10677 Betts Road, Eagle, W1 53119. Phone/FAX: 262-594-3033.

Witness Tree Native Landscapes, Inc. specializesin analysis, design, and restoration of landscapes.
Contact: June Keibler, 121 Ford Street, Geneva, |L 60134.

Elizabeth Zimmer man conducts botanical and bird inventories and advises on ecological restoration.
She specializes in wetlands statewide and a so does botanical illustrations. Contact: Elizabeth
Zimmerman, N 3485 Highway A, Fort Atkinson, WI 53538. 920-423-4074.
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ApPPENDIX C
Reportson the Flora of Wisconsin

Astheresult of intensive field work that has been carried out in Wisconsin over the years, and the numerous taxonomic
publications that have appeared dealing with the occurrence of plantsin the state, Wisconsin isfloristically one of the bet-
ter known states in some ways. One series of papersin particular isimportant as a source of information on the vascular
plants of Wisconsin: the Preliminary Reports on the Flora of Wisconsin. These include some 70 studies of selected fami-
lies and genera, the more recent ones being submonographic in scope, which have appeared at irregular intervals since 1929
in the Transactions of the Wisconsin Academy of Sciences, Arts and Letters. Many of these treatments, which emphasize
the detailed geographic distributions of each species within Wisconsin, were written by, or edited by, either the late Nor-
man C. Fassett, Hugh H. Iltis, or Theodore S. Cochrane, and their students or cooperating associates who contributed treat-
ments for plant groups for which they are specialists.

This appendix consists primarily of a comprehensive listing of the Preliminary Reports, but also includes other arti-
cles or book-length treatments that have been published for afew Wisconsin families. Families for which no references are
listed have not been so treated. For the sake of simplicity, “Ferns and Fern Allies” and “ Spring Flora’ have been treated as
though they were family names. For ease of use with this atlas, the families are listed aphabetically, but numbers preceeding
entries refer to the old-fashioned but eminently useful system of Engler and Prantl. Herbaria, including that of the Univer-
sity of Wisconsin—Madison, and standard identification manuals such as Gray's Manual of Botany, 8th ed. (Fernald 1950)
are generally arranged according to this classification, in which supposed levels of phylogenetic development are summa-
rized by ranking familiesin a numerica sequence. Following the Preliminary Reportsis acursory list of texts and articles
useful to those wanting to consult additional references pertinent to Wisconsin or the Midwest.

266 ACANTHACEAE: (No treatment) 74  ARISTOLOCHIACEAE: (No treatment)

163 ACERACEAE: Fassett, N. C. 1930. Prel. Rpt. 8. Trans. Wisconsin 248 ASCLEPIADACEAE: Noamesi, G. K. and H. H. Iltis. 1958
Acad. 25:195-197. [“1957"]. Prel Rpt. 40. Trans. Wisconsin Acad. 46:107-114.

272 ADOXACEAE: Wade, D. E. and D. R. Wade. 1940. Prel. Rpt. 28. 280 ASTERACEAE: Shinners, L. H. 1941. The genus Aster in Wis-
Trans. Wisconsin Acad. 32:92-101. consin. Amer. Midl. Naturalist 26:398-420.
Cochrane, T. S. and P. J. Salamun. 1974. Prel. Rpt. 64. Trans. Wis- Melchert, T. E. 1960. Heliantheae of Wisconsin. M.S. Thesis, Univ.
consin Acad. 62:247-252. Wisconsin-Madison. 74 pp. + 46 maps.

84 AIZOACEAE: (No treatment) Johnson, M. F. and H. H. Iltis. 1964 [“1963"]. Prel. Rpt. 48. Com-

15 ALISMACEAE: Fassett, N. C. 1929, Prel. Rpt. 1. Trans. Wiscon- positae | (Tribes Eupatorieae, Veronieae, Cynarieae, and
sin Acad. 24:250—256. ' Cichorieag). Trans. Wisconsin Acad. 52:255-342.

79 AMARANTHACEAE: Saver, J. D. and R. Davidson. 1962. Prel. Barkley, T. M. 1964 [*1963"]. Prel. Rpt. 49. Compositae || (the
Rpt. 45. Trans. Wisconsin Acad. 50:75-87. genus Senecio). Trans. Wisconsin Acad. 52:343-352.

40 AMARYLLIDACEAE: Mclntosh, J. M. 1950. Prel. Rpt. 34. Trans. Salamun, P. J. 1964 [*1963"]. Prel. Rpt. 50. Compositae I11 (the
Wisconsin Acad. 40(1):230, 236. genus Solidago). Trans. Wisconsin Acad. 52:353-382.

153 ANACARDIACEAE: Fassett, N. C. 1940. Prel. Rpt. 29. Trans. Mickelson, C. J. and H. H. lltis. 1967 [*19667]. Prel. Rpt. 55. Com-
Wisconsin Acad. 32:103—106. positae IV (Tribes Helenieae and Anthemideag). Trans. Wisconsin

Acad. 55:187 222.

157 AQUIFOLIACEAE: (No treatment
Q ( ) Beals, E. W. and R. F. Peters. 1967 [“1966"]. Prel. Rpt. 56. Com-

228 APIACEAE: Fassett, N. C. 1941. Wisconsin Plant Ranges No. 1. positae V/ (Tribe Inuleae). Trans. Wisconsin Acad. 55:223-242.
Dept. Botany, Univ. Wisconsin-Madison. 10 pp. (mimeo), maps .
1-20. Payne, W. W. 1970. Prel. Rpt. 62. Compositae VI (the genus

Ambrosia). Trans. Wisconsin Acad. 58:353-371.
247 APOCYNACEAE: (No treatment)

] ) 168 BALSAMINACEAE: (No treatment)
23 ARACEAE: Fassett, N. C. 1937. Prel. Rpt. 25. Trans. Wisconsin )
Acad. 30:17. 19. 93 BERBERIDACEAE: Fassett, N. C. 1946. Prel. Rpt. 33. Trans. Wis

consin Acad. 38:206—208.
227 ARALIACEAE: Fassett, N. C. and H. J. Elser. 1950. Prel. Rpt. 35.

Trans. Wisconsin Acad. 40(1): 83-85. 61 EETULACEAE: Fassett, N. C. 1930. Prel. Rpt. 7. Trans. Wiscon-
sin Acad. 25:189-194.
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16
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BIGNONIACEAE: (No treatment)

BORAGINACEAE: Kruschke, E. P. 1946 [“1944"]. Prel. Rpt. 32.
Trans. Wisconsin Acad. 36:273-290.

BRASSICACEAE: Patman, J. P. and H. H. lltis. 1962 [“1961"].
Prel. Rpt. 44. Trans. Wisconsin Acad. 50:17-72.

BUTOMACEAE: (No treatment)

CACTACEAE: Ugent, D. 1963 [“1962"]. Prel. Rpt. 47. Trans. Wis-
consin Acad. 51:128—-134.

128.1 CAESALPINIACEAE: (see Fabaceae, Caesalpiniaceae)

148

276

107
271

87

158
89

78
193
33

280
249

229

115
105
275

20

274

112

189

215

CALLITRICHACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans.
Wisconsin Acad. 28:184—186.

CAMPANULACEAE, LOBELIACEAE: Mahony, K. L. 1929.
Prel. Rpt. 3. Trans. Wisconsin Acad. 24:357-361.

CAPPARACEAE: (No treatment)

CAPRIFOLIACEAE: Wade, D. E. and D. R. Wade. 1940. Prel. Rpt.
28. Trans. Wisconsin Acad. 32:91-101.

Salamun, P. J. 1980. Prel. Rpt. 68. Trans. Wisconsin Acad.
67:103-129.

CARYOPHYLLACEAE: Schlising, R. A. and H. H. Iltis. 1962
[“1961"]. Prel. Rpt. 46. Trans. Wisconsin Acad. 50:89-139.

CELASTRACEAE: (No treatment)

CERATOPHYLLACEAE: Fassett, N. C. 1946. Prel. Rpt. 33. Trans.
Wisconsin Acad. 38:192—-194.

CHENOPODIACEAE: (No treatment)
CISTACEAE: (No treatment)

COMMELINACEAE: Fassett, N. C. 1932. Prel. Rpt. 16. Trans.
Wisconsin Acad. 27:228, 229.

COMPOSITAE: (see Asteraceae)

CONVOLVULACEAE: Fogelberg, S. O. 1937. Prel. Rpt. 26.
Trans. Wisconsin Acad. 30:21-25.

CORNACEAE: Drescher, A. A. 1933. Prel. Rpt. 22. Trans. Wis-
consin Acad. 28:187-190.

CRASSULACEAE: (No treatment)
CRUCIFERAE: (see Brassicaceae)

CUCURBITACEAE: Mahony, K. L. 1929. Prel. Rpt. 3. Trans. Wis-
consin Acad. 24:360-361.

CYPERACEAE: Greene, H. C. 1953. Prel. Rpt. 37. Cyperacese, Part
| (all genera except Carex). Trans. Wisconsin Acad. 42:47-67.

Marcks, B. G. 1974. Prel. Rpt. 66. Cyperaceae, Part |1 (only the
genus Cyperus). Trans. Wisconsin Acad. 62:261—284.

DIOSCOREACEAE: Mclntosh, J. M. 1950. Prel. Rpt. 34. Trans.
Wisconsin Acad. 40(1): 230, 236.

DIPSACACEAE: Salamun, P. J. and T. S. Cochrane. 1974. Prel.
Rpt. 65. Trans. Wisconsin Acad. 62:253-260.

DROSERACEAE: Livergood, F. B. 1932. Prel. Rpt. 18. Trans.
Wisconsin Acad. 27:235-236.

ELATINACEAE: Fassett, N. C. 1930. Prel. Rpt. 9. Trans. Wiscon-
sin Acad. 25:199-200.

ELAEAGNACEAE: Ugent, D. 1963 [“1962"]. Prel. Rpt. 47. Trans.
Wisconsin Acad. 51:86-87, 89.

200

233

30

147

128

62

246

129

19
225

123

EQUISETACEAE: Hauke, R. L. 1965. Prel. Rpt. 54. Trans. Wis-
consin Acad. 54:331—-346.

ERICACEAE: Fassett, N. C. 1929. Prel. Rpt. 2. Trans. Wisconsin
Acad. 24:257—268.

ERIOCAULACEAE: Fassett, N. C. 1932. Prel. Rpt. 16. Trans.
Wisconsin Acad. 27:227, 229.

EUPHORBIACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans. Wis-
consin Acad. 28:178, 180-185.

Richardson, J. W., D. Burch and T. S. Cochrane. 1988 [“1987"].
Prel. Rpt. 69. Trans. Wisconsin Acad. 75:97-129.

FABACEAE, CAESALPINIACEAE: Fassett, N. C. 1939. The
Leguminous Plants of Wisconsin. Univ. Wisconsin Press, Madison.
1-157 pp., figs. 1-60, maps, plates I-XXIV.

Gillett, J. M. and T. S. Cochrane. 1973. Prel. Rpt. 63 (only the
genus Trifolium). Trans. Wisconsin Acad. 61:59-74.

FAGACEAE: Costello, D. F. 1931. Prel. Rpt. 13. Trans. Wisconsin
Acad.26:275-279.

FERNS AND FERN ALLIES: Tryon, R. M., N. C. Fassett, D. W.
Dunlop and M. E. Diemer. 1940. The Ferns and Fern Allies of Wis-
consin. Dept. Bot., Univ. Wisconsinr-Madison. 158 pp., figs. 1-215,
maps 1-76.

Tryon, R. M., N. C. Fassett, D. W. Dunlop and M. E. Diemer. 1953.
The Ferns and Fern Allies of Wisconsin. 2nd ed. Univ. Wisconsin
Press, Madison. 158 pp., figs. 1-215, maps 1-76.

Peck, J. H. and W. C. Taylor. 1980. Check List and Distribution of
Wisconsin Ferns and Fern Allies. Michigan Bot. 19:251-268.

Peck, J. H. 1982. Ferns and Fern Allies of the Driftless Area of Illi-
nois, lowa, Minnesota and Wisconsin. Milwaukee Public Mus. Contr.
Biol. & Geol. No. 53. 140 pp., figs. 1-3, tables 1-3, maps 1-86.

GENTIANACEAE, MENYANTHACEAE: Mason, C. T., Jr. and
H. H. lltis. 1966 [“1965"]. Prel. Rpt. 53. Trans. Wisconsin Acad.
54:295-329.

Pringle, J. S. 1964. Prel. Rpt. 52. Gentiana hybridsin Wisconsin.
Trans. Wisconsin Acad. 53:273-281.

GERANIACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans. Wis-
consin Acad. 28:175-176.

GRAMINEAE: (see Poaceae)

HALORAGACEAE: Fassett, N. C. 1930. Prel. Rpt. 10. Trans. Wis-
consin Acad. 25:201-203.

HAMAMELIDACEAE: (No treatment)

225.1 HIPPURIDACEAE: Fassett, N. C. 1930. Prel. Rpt. 10. Trans. Wis-

17
251

187

44

consin Acad. 25:202—203.
Ugent, D. 1962. Prel. Rpt. 47. Trans. Wisconsin Acad. 51:128.
HYDROCHARITACEAE: (No treatment)

HYDROPHYLLACEAE: Shields, J. W. 1967. Prel. Rpt. 58. Trans.
Wisconsin Acad. 55:255-259.

HY PERICACEAE: McLaughlin, W. T. 1931. Prel. Rpt. 14. Trans.
Wisconsin Acad. 26:281—-288.

Utech, F. H. and H. H. Iltis. 1970. Prel. Rpt. 61. Trans. Wisconsin
Acad. 58:325-351.

IRIDACEAE: Mclntosh, J. M. 1950. Prel. Rpt. 34. Trans. Wiscon-
sin Acad. 40(1): 230-231, 236-238.
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36

14

254

254
102

128
24

264

38

152
132

276
67

216

175

223

94

246
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JUGLANDACEAE: Fassett, N. C. 1932. Prel. Rpt. 17. Trans. Wis-
consin Acad. 27:231-234.

JUNCACEAE: Mclntosh, J. M. 1950. Prel. Rpt. 34. Trans. Wis-
consin Acad. 40(1): 231-234, 238-242.

JUNCAGINACEAE: Fassett, N. C. 1929. Prel. Rpt. 1. Trans. Wis-
consin Acad.Sci. 24:249-250.

LABIATAE: Koeppen, R. C. 1958 [“1957"]. Prel. Rpt. 41. Trans.
Wisconsin Acad. 46:115-140.

LAMIACEAE: (see Labiatae)

LAURACEAE: Fassett, N. C. 1946. Prel. Rpt. 33. Trans. Wiscon-
sin Acad. 38:208-209.

LEGUMINOSAE: (see Fabaceae)

LEMNACEAE: Fassett, N. C. 1937. Prel. Rpt. 25. Trans. Wiscon-
sin Acad. 30:17-20.

LENTIBULARIACEAE: Thomson, J. W., Jr. 1940. Prel. Rpt. 27.
Trans. Wisconsin Acad. 32:85-89.

Tans, W. E. 1987. Lentibulariaceae: the bladderwort family in Wis-
consin. Michigan Bot. 26:52-62.

LILIACEAE: Mclntosh, J. M. 1950. Prel. Rpt. 34. Trans. Wiscon-
sin Acad. 40(1):215-229, 235-236.

LIMNANTHACEAE: (No treatment)

LINACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans. Wisconsin
Acad. 28:171-173.

LOBELIACEAE: (see Campanul aceae, L obeliaceae)
LORANTHACEAE: (No treatment)

LY COPODIACEAE, SELAGINELLACEAE: Wilson, L. R. 1929.
Prel. Rpt. 4. Trans. Wisconsin Acad. 25:169-175.

LYTHRACEAE: Ugent, D. 1963 [“1962"]. Prel. Rpt. 47. Trans.
Wisconsin Acad. 51:87-92, 95.

MALVACEAE: Hagen, A. M. 1933. Prel. Rpt. 20. Trans. Wiscon-
sin Acad. 27:247-249.

Utech, F. H. 1970. Prel. Rpt. 60. Trans. Wisconsin Acad. 58:306-323.

MELASTOMACEAE: Ugent, D. 1963 [“1962"]. Prel. Rpt. 47.
Trans. Wisconsin Acad. 51:93, 95.

MENISPERMACEAE: Fassett, N. C. 1946. Prel. Rpt. 33. Trans.
Wisconsin Acad. 38:207—208.

MENYANTHACEAE: (see Gentianaceae, Menyanthaceae)

128.2MIMOSACEAE: (No treatment)

64

57

12

80
88

243
224

MORACEAE: Costello, D. F. 1933. Prel. Rpt. 23. Trans. Wiscon-
sin Acad. 28:192-194.

MY RICACEAE: Fassett, N. C. 1932. Prel. Rpt. 17. Trans. Wis-
consin Acad. 27:231, 233.

NAJADACEAE: Ross, J. G. and B. M. Cahoun. 1951. Prel. Rpt.
33 [sic, for 37]. Trans. Wisconsin Acad. 40(2): 109-110.

NY CTAGINACEAE: (No treatment)

NYMPHAEACEAE: Fassett, N. C. 1946. Prel. Rpt. 33. Trans. Wis-
consin Acad. 38:189-194.

OLEACEAE: (No treatment)

ONAGRACEAE: Ugent, D. 1963 [“1962"]. Prel. Rpt. 47. Trans.
Wisconsin Acad. 51:93-127.

50

261
130

104
268

83

269

124
19

250

145

77

34

85

11

237

91

169

126

ORCHIDACEAE: Fuller, A. M. 1933. Studies on the Flora of Ws-
consin Part |; the Orchids; Orchidaceae. Milwaukee Public Mus.
Bull. 14. 284 pp., plates 1-54, figs. 1-2, maps 1-24.

Case, F. W., Jr. 1987. Orchids of the Western Great L akes Region.
Revised ed. Cranbrook Inst. of Sci. Bull. 48. 251 pp., figs. 1-3,
plates 1-44, maps 1-65.

OROBANCHACEAE: (No treatment)

OXALIDACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans. Wis-
consin Acad. 28:172—176.

PAPAVERACEAE: (No treatment)

PHRY MACEAE: lltis, H. H. 1957. Prel. Rpt. 39. Trans. Wiscon-
sin Acad. 46:100, 105.

PHY TOLACCACEAE: (No treatment)

PINACEAE: Fassett, N. C. 1930. Prel. Rpt. 5. Trans. Wisconsin
Acad. 25:177-182.

PLANTAGINACEAE: Tessene, M. F. 1968. Prel. Rpt. 59. Trans.
Wisconsin Acad. 56:281—-313.

PLATANACEAE: (No treatment)

POACEAE: Fassett, N. C. 1951. Grasses of Wisconsin. Univ. Wis-
consin Press, Madison. 173 pp., figs. 1-356, maps 1-182.

Freckmann, R. W. 1972. Grasses of Central Wisconsin. Reps.
Fauna & FloraWisconsin No. 6. Mus. Nat. Hist., Univ. Wiscon-
sin-Stevens Point. 81 pp., fig. 1, maps 1-133.

POLEMONIACEAE: Smith, D. M. and D. A. Levin. 1967
[“1966"]. Prel. Rpt. 57. Trans. Wisconsin Acad. 55:243-253.

POLY GALACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans. Wis-
consin Acad. 28:175, 177-178.

POLY GONACEAE: Mahony, K. L. 1932. Prel. Rpt. 15. Trans.
Wisconsin Acad. 27:207-225.

POLY PODIACEAE: Breakey, E. W. and R. |. Walker. 1931. Prel.
Rpt. 12. Trans. Wisconsin Acad. 26:263-273.

PONTEDERIACEAE: Fassett, N. C. 1932. Prel. Rpt. 16.
Trans. Wisconsin Acad. 27:228-230.

PORTULACACEAE: (No treatment)

POTAMOGETONACEAE: Ross, J. G. and B. M. Cahoun.
1951. Prel. Rpt. 33 [sic, for 37]. Trans. Wisconsin Acad. 40(2):
93-109.

PRIMULACEAE: lltis, H. H. and W. M. Shaughnessy. 1960. Prel.
Rpt. 43. Trans. Wisconsin Acad. 49:113-135.

RANUNCULACEAE: Almon, L. 1930. Prel. Rpt. 11. Trans. Wis-
consin Acad. 25:205-214.

Fassett, N. C. 1946. Prel. Rpt. 33. Trans. Wisconsin Acad. 38:189-
—209.

RHAMNACEAE: Pohl, R. W. 1941. Prel. Rpt. 30. Trans. Wiscon-
sin Acad. 32:107-109.

ROSACEAE: Mason, H. G. and H. H. Iltis. 1959 [“1958"]. Prel.
Rpt. 42. Trans. Wisconsin Acad. 47:65-97.

Kruschke, E. P. 1955. The Hawthorns of Wisconsin Part |. Mil-
waukee Public Mus. Publ. Bot. 2. 124 pp., figs. 1-57.

Kruschke, E. P. 1965. Contributions to the Taxonomy of Cratae -
gus. Milwaukee Public Mus. Publ. Bot. 3. 273 pp., figs. 1-120.

201



270

137

56

69
165
110

117

257

138
256

10

161

214

174

63

228
65

273
253

198
170

29
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RUBIACEAE: Urban, E. K. and H. H. IItis. 1958 [“1957"]. Prel.
Rpt. 38. Trans. Wisconsin Acad. 46:91-104.

RUTACEAE: Fassett, N. C. 1933. Prel. Rpt. 21. Trans. Wisconsin
Acad. 28:175, 177.

SALICACEAE: Costello, D. F. 1935. Prel. Rpt. 24. Trans. Wis-
consin Acad. 29:299-318.

Argus, G. W. 1965 [“1964"]. Prel. Rpt. 51. Trans. Wisconsin Acad.
53:217-272.

SANTALACEAE: (No treatment)
SAPINDACEAE: (No treatment)

SARRACENIACEAE: Livergood, F. B. 1932. Prel. Rpt. 18. Trans.
Wisconsin Acad. 27:235-236.

SAXIFRAGACEAE: Fassett, N. C. 1932. Prel. Rpt. 19. Trans. Wis-
consin Acad. 27:237—-246.

SCROPHULARIACEAE: Salamun, P. J. 1951. Prel. Rpt. 36. Trans.
Wisconsin Acad. 40(2):111-138.

SELAGINELLACEAE: (see Lycopodiaceae, Selaginellaceae)
SIMAROUBACEAE: (No treatment)

SOLANACEAE: Fassett, N. C. 1944 [“1943"]. Prel. Rpt. 31. Trans.
Wisconsin Acad. 35:105-112.

SPARGANIACEAE: Fassett, N. C. 1930. Prel. Rpt. 6. Trans. Wis-
consin Acad. 25:186-187.

SPRING FLORA: Fassett, N. C. 1976. Spring Flora of Wisconsin.
4th ed., revised and enlarged by O. S. Thomson. Univ. Wisconsin
Press, Madison. 413 pp.

STAPHYLEACEAE: (No treatment)

TAXACEAE: Fassett, N. C. 1930. Prel. Rpt. 5. Trans. Wisconsin
Acad. 25:177.

THYMELEACEAE: Ugent, D. 1963 [“1962"]. Prel. Rpt. 47. Trans.
Wisconsin Acad. 51:83-86, 89.

TILIACEAE: Hagen, A. M. 1933. Prel. Rpt. 20. Trans. Wisconsin
Acad. 28:248-249.

Utech, F. H. 1970. Prel. Rpt. 60. Trans. Wisconsin Acad.
58:301-306.

TYPHACEAE: Fassett, N. C. 1930. Prel. Rpt. 6. Trans. Wisconsin
Acad. 25:183-184.

ULMACEAE: Costello, D. F. 1933. Prel. Rpt. 23. Trans. Wiscon-
sin Acad. 28:191-193.

UMBELLIFERAE: (see Apiaceae)

URTICACEAE: Costello, D. F. 1933. Prel. Rpt. 23. Trans. Wis-
consin Acad. 28:191, 194-196.

VALERIANACEAE: (No treatment)

VERBENACEAE: Tans, W. E. and H. H. lltis. 1980 [“1979"]. Prel.
Rpt. 67. Trans. Wisconsin Acad. 67:78-94.

VIOLACEAE: (No treatment)

VITACEAE: Pohl, R. W. 1941. Prel. Rpt. 30. Trans. Wisconsin
Acad. 32:108-111.

XYRIDACEAE: Fassett, N. C. 1932. Prel. Rpt. 16. Trans. Wis-
consin Acad. 27:227, 229.

ZYGOPHYLLACEAE: (No treatment)
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Braun, E. L. 1950. Deciduous Forests of Eastern North America. Blak-
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Orchids. Ohio State Univ. Press, Columbus. 464 pp.

Bureau of Endangered Resources. 1993. Guide to Wisconsin's Endan-
gered and Threatened Plants. Bureau of Endangered Resources,
Wisconsin Dept. Nat. Resources PUBL - ER-067, Madison. 128 pp.
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pp-
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consin. Univ. Wisconsin-Madison Extension & Wisconsin Geol. &
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ADDITIONAL READINGS
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Butterfly-weed ... 88
BULtONDUSH ... 173
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Carrion-fIOWEr .......ccceevveveeeeeereceeece e 30, 75
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(0 TR 27,28, 133
CARYOPHYLLACEAE ....cccceoviiriiis 133-134
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Catbrier ..... .75

Catbrier Family

Catchfly ... 133
Catfoot

Catharanthus
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Cattleya ..o 62
Ceanothus .........ocvevererererererenens 24-25, 35, 167-168
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ChOKEDEITY .. 168-169
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CINQUEFOIL ..o 39, 41, 168, 170
Cirsium ........... 9-10, 24-25, 44, 101-102, 139, 189
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Climate .. .. 1-3, 13, 17-22, 31-34, 57, 128, 168
Climatic factors .......ccccevevevereveveereresnenene 18,19, 20
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ClOVEN oot 26, 44
CLUSIACEAE .....cooeiviiriiieniciees 135-136
Coastal Plain element ................... 25-27,34-35, 44
CODAEA ... 158
COffER v 173
Columbing ..o 23, 35, 165
ComMANAra ..o 26,176
COMMENING ..o 11
COMMELINACEAE ......ccooevininiicininien 52,54
COmMMON NAMES ......covveiiieiiienieeienes 5,13-14
Compass Plant ..o 17, 119
COMPOSITAE ....coovieiriciricinieisciecieis 89-125
Compositional gradient ............ccccevvinennens 17,25
Coneflower ........... 6, 17, 25-26, 103, 116-117, 189
Conservation ........ccceeeeeveeveevenenns 2,11, 45, 46-47

Continuum .... 14, 16-17, 23-24, 26, 30-31, 46, 122
CONVOLVULACEAE .. ...136
Convolvulus ...... ...136
Cordgrass . 16, 26, 37,39, 72
Cordilleran element ... 34-35, 39, 78, 120, 147, 185

COrEOPSIS e 30, 102-103, 189
COMNUS ..ottt et 9,39
Cotton-Weed ........ccceveeeeeeececeeeeeeeevee 27, 106
COW-PASNIP oo 79
COWDBNE ... 80
COWSIIP et 165

Crane's-hill ....
Crataegus
Cress ...
Crocus
Croton

CUIVEr S-PIYSIC .o 183
CUIVEI STOOL .. 17, 35, 183
CUP PIaNt ... 119
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Datura ....

Dayflower ..
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Delphinium ......ccoocoevnieennicinns 35, 38, 164-165
Dendrobium .........ccoccuicriciis 62
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Devil’sWalking-stick ............cccooiiriiccnrnnnnn 84
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DiCOtyledons ........coceeveirienieiiirceieeeieeiees 13,76
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DIOSCOMER ... 30
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Disturbance (see also Grazing).......... 16, 24-25, 26
29, 33, 45, 103, 176, 186
NAEUTEL ..o 29
Dodecatheon ..........cccoevveninene 24, 33-34,162, 184
DOGhENE .....ovvvreeiieirrieieie s 39, 82-83
Dogbane Family .........cccovviereccrerennnnns 82-83
Dragonhead 150
DriftlesS Area ......ccoveeveeeennnns 12,13, 21, 31-35
in map captions......66, 91, 96, 112, 116, 120, 125,
127-128, 134-136, 144, 151, 163,177-180
Dropseed .........c..... 6, 15, 17, 25-26, 39, 64, 73-74
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Dry prairie 10, 23-25
in map captions: .... ....53, 58, 64, 67, 69-74,
78, 81, 86, 88-89, 91, 97-98, 100, 103-104, 108,
110, 113, 115-116, 118-119, 122-124, 127-128,
133, 138-140, 144, 149, 151, 164, 166, 168-169,
177-178, 180, 184, 186-187

Dry-mesic prairie ...

10, 26, 30, 41
. 53-54, 58, 68-70, 72, 74,
76-77, 88, 92-93, 97-98, 101-102, 107, 109, 112-
114, 116, 127, 129-130, 139, 146, 152-153, 155,
158, 160, 165, 179

DIy SAVANNA......coiiieiriiisiereese e 30
Dry-meSiC SAVaNNa. ........cccveieeereieeeenaens 29-30
DIYOPLENS oo 51
Dune ..o 8, 23, 25-27, 33, 35, 42, 44

in map captions: ............. 50, 52-55, 60-63, 66-68,

71-74, 87, 91, 96-97, 100, 102, 122-124, 126,128,
130, 133-134, 140, 147, 152, 161, 163-164, 168,
171,176, 184

Dwarf-dandelion ...........ccooerniennicnnns 27,111

Echinacea ..........ccvvieevericinininenns 10, 26, 103, 189

Ecosystem ... 2,11, 14-15, 19, 24, 29,
33, 44-47, 167

ECOtONE......cveieiece et 14-15, 21

89, 171, 190

Elymus . 8-9, 16-17, 30, 35, 66-67
Elytrigia ...
Endangered species......... 10-11, 45-46, 59, 62, 76,

87, 113, 115, 139, 143-144, 151, 159-160, 164,
177-178, 188
Endangered eCosystem ..........ccvvvveerveneninens 12,24

Endemic plants ... ... 31, 33, 35, 37, 39, 42, 44,
52, 87, 92, 96, 102, 117, 136, 139, 143, 154, 179

ENdemism ... 31-32
ENglish IVY oo 84
EPIdendrum ... 62
EPIlobiuM ... 155
EQUISETACEAE ... 50-51
EQUISBtUM ... 9, 26, 39, 50-51
Eragrostis ... 26, 66, 68
Erigeron ... 17, 39, 103-104
Eryngium .......occovevvnvncininine 17, 24, 78-79, 101
Eupatorium .........ccccveeeee 9, 17, 35, 100, 104-105
Euphorbia ..9,17, 26, 30, 137

EUPHORBIACEAE .

Evening-primrose ... .. 41-42, 155-156

Evening-primrose Family ..........cccocccevene. 155-156

Excluded SPeCies ........ccovvrereninenerenenene 8, 14, 189

Exposed cliff plant ..o 59, 143, 166, 182

Extirpated species .......... 10-11, 87, 164, 166, 169,
179, 183

FABACEAE .......coeoiiiiiicciciens 129, 138-145
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False FOXQIOVE ......cooevviveviriiine 11, 178-179, 183
False Solomon’ s-seal .. 35,61
False-ardlia ...
False-dandelion

False-gromwell .

False-indigo

Fame-floOWer ..o 27

Farewel1-t0-Spring ......cccoeeeevveeeneeieecneseeeens 155

Fen e 8, 22-26, 33, 35, 39, 42, 44, 189
in map captions......... 51, 54, 56-57, 60-63, 65, 69,

72,78, 80-81, 83, 86-87, 93, 95, 97-99, 105,114,
117-118, 121, 123, 131, 142, 145, 147, 149, 151,
153, 157, 159, 161-163, 165, 167, 169, 173-175,
177, 179-181, 183, 185

Fern o 13, 30, 35, 50-51
FErn AllIes ..o 13, 50
Feverfew ... 115
Fidelity oo 14,120
FIgWOrt ..o 34-35, 178-183
Figwort Family .........cocooieccninnnnins 178-183
Filipendula ..o 152, 189
Fimbristylis ..o, 10, 25, 159
Fire ..o 19, 21, 20b,25, 27, 29-31, 44-45, 60,
63, 84, 105, 159, 161-162
FIBX v 96, 152, 176
Flax Family ......cccocemnncceeensneeeceiens 152
Fleabane ..o 17, 39, 104
Floristic element .............. 13-14, 25-27, 32, 34-44,

51, 56, 179-180

Floristic province (see also Tension Zone)...12-13,
19, 20b,22-23, 27, 34-35, 124

Flowering-maple ..........cccoeeivieiinnnciinns 153
FOOI'S-PArgley .....ocoveveiiccieecreee 78
FOrb e 6, 16-17, 25-26, 28, 30, 44-45, 125
FOrget-me-NOt ......c.coeeirireereirireeicceeeieeeeie 126
Four-0'clock ... 154
Four-0'clock Family .........cccoeovnccinnciinines 154
FOXglove .....cccccoveueunnnne 11, 35, 178-179, 181, 183
Fragaria ......cccooeeneennennesnennsesseeesesenenens 24, 169
Frangipani .........ccccoveeenenenneeeenseseeeeseseeas 82
Fringed Gentian ..........ccccevveeivnnneennnns 17, 33, 147
Fringed Orchid ........cccoceereniecicecieeiene 62, 159
Fro€lichia ...c.coeeeeeeeeeeeeeeeeeeeeeenn 9, 27, 106
FroStWeed ......occveeeeeeceeceeeteeeeeeeeeee e 35, 134
FUCNSIA ... 155

Gay-feather ... 25, 114, 159
Gentian .......ocooveveiecinnnns 25-26, 30, 33, 35, 39, 133

Gentian Family ... 145-147
Gentiana ........ccccveviciens 10, 17, 25-26, 30, 36, 81,
145-146, 147, 166, 189
GENTIANACEAE .....ovvvveicieriniernenes 145-147
Gentianella .......cocvveicrnniines 17, 146
Gentianopsis .....c..ccvereereeenes 17, 33, 123,147, 177
GeOCAUION ....vviiiii e 176
Geography, phySiCal ........cccvvvverrnrrniis 12-13
Geological fEALUNES. ..o 12-13
GERANIACEAE ..ot 148
GEraniUM ..o 148
Geranium Family ... 148
GEaArdia ...ccccoveeeeeeeeeseeceeeeeeeeeee 178-179, 183
GEMAENAET ..o 151

Ginseng Family ....
Glacial maximum
42-43, 69, 79, 142, 179-180

..31-32, 36-38, 40,

Glaciation (see also Wisconsin stage) ........... 3,19,
31-33,92, 120
Glade Mallow 31, 37,39, 44,154

Gladiolus ... .57

Gleditsia ...

GIYCYITRIZA ..o 35
Gnaphalium .......ccooeenieccens 31, 106
GOBL'STUE ... 144
GOIAENGIOW ... 30
Goldenrod .........cocevveeriiiinnas 8, 17, 25, 30-31, 35,
39, 44, 89, 100, 106, 120-125, 159
GOlAENSEA ... 183
GOSSYPIUM ... 153
GOUL-WEEH ... 78

Grasses (see aso individua species)...15-17, 25-26

Grass Family .......c.ccocviennicnnicinns 56, 63-74
Grass-0f-Parnassus ...........ccceeeererernrnenennenenenens 177
Grassland .........ccooeenicrnincenns 3,8, 11, 14-16, 19,

21-24, 26, 28, 33-37, 39, 41-43, 45-46
in map captions: 51, 64-67, 69-70, 79, 89, 92, 99-
100, 110, 113, 118, 127-129, 159, 166, 180
Grassland ecosystem ..........cccccoviernenieas 15, 19, 45
climate of
composition of ...
distribution of
ecology of
NOrth AMErican........coceeneeviereeieeeninseciens
Wisconsin

Grazing ... ... 16,19, 21, 25, 28, 44-45,
47, 53, 120, 140, 144, 164, 169
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Great Lakes element ........c.ccvveeeenneneecninnienenes 42

Great Plainselement .................. 25-27, 26, 33, 35,
38-39, 44, 54-55, 57, 63-64, 67, 69-71, 78, 86, 88,
94, 97-98, 104, 107, 109, 113-114, 116, 119-120,
122-127, 129, 133, 138-141, 144, 146-147, 149-150,
152, 154, 161, 164, 166, 168-169, 171, 177-178,
180-182, 186, 187

Greenbrier

Grindelia ..

Gromwell .

Ground-cherry

Ground-plum .....ccoceeereeieenenenns 26, 38-39, 139
GrOUNGSE! ..o 118
GIUD oot 30
GUMWEE ..ottt 189
GYMNOCIAUS ... 129
Habenaria ... 62
Habitats (see individual types)

Hardhack .........ccocvviivicicicce, 173
Harebell ..o 23,139,130
Hawkweed ..o, 110-111, 134
Heather ... 27,134
Hedeoma ... 149
HEAYOL'S ..ot 175
Helenium ..., 107
Helianthemum .........ccoceeveveieiceeeee 9, 35,134
Helianthus .... ... 17, 24-25, 35,107-109, 189
Heliopsis ... .. 109, 142
Heliotrope .

Hemerocallis .58

Heracleum

Heuchera ...

HEVEA ...
HIDISCUS ..o 153
Hieracium ... 110-111
HIi€roChlOB ... 39, 68
HIIPS Q@K . 28,30
HOG-PEANUL ... 30, 35, 138
HOIYNOCK ..o 153
HONESLY vvvooveeeeee e eeeseneeen 128
HONEY LOCUSE ...eovveoeeeeeveeeeeeeeeseeeseneeseseeesneees 129
Honeysuckle ... 132-133
Honeysuckle Family .........cccooveeivnccninenns 132-133
HOrse-gentian ........cocoveeverevereereeeeeeins 39, 133
HOrsemint ......cooeveeveveeeceeeeeeennes 134, 149-150
Horsetail

Horsetail Family .

Houstonia .
Hudsonia ..
Hybanthus ....
HYArastis ....ovvvveeeiniinireeenisiessse e 183

HYPERICACEAE ..o 135-136

Hypericum ... 9-10, 44, 135-136

HYPOXIDACEAE ......ocoviiiiicinieicnieenenes 56
Hypoxis...... 24, 41, 56, 58
Hypsithermal Interval ... 19
Hystrix ... 30, 66-67
Indian Grass .......ccccoeuerveeeeeueeneenns 15, 17, 64, 71-72
Indian Paintbrush ... 179
INdian-hemp ........cccoeovniieces 82-83
Indian-plantain ..........cccccoeeneee. 30, 35, 39, 100-101
INAiCALOr SPECIES ... 24
INAIQO ..veeeereee 17, 25, 30, 37, 139-140
INNOCENCE ...ttt 175
INSECES .o 25, 44-47, 57, 75, 92
IPOMOBA ....vooorevveersessesenessessessssssssessssssenessenns 136
IPOMOPSIS ..ot 158
IRIDACEAE ..ottt 57-58
IFIS e 17, 26, 57-58, 167
IS FAMIlY oo 57-58
IFONWEEH ... 35, 125
JACK PINE ..o 23, 25, 30, 32

Jacob’s-ladder
Jerusalem Artichoke
Joe-pye-weed ...
Joint-weed ....
Juncus

..104-105
.. 25,27, 35, 106

JUNE GIaSS .....cvvveeirerreeines 15, 25-26, 39, 68, 168
JUNIPEIUS. ...t 25,28
Kentucky BIUEGrass ........ccocvvrrrnrnencnincninns 16
Kentucky Coffee-tree .........covvvvvrnnininieicnns 129
Kitten' Stail .....cooeeeeeecreererereceininee 39, 44, 179
KNOtWEED ....ovviiiiiiciee e 106
KOBENA ..o 15, 68, 72
KFPigia .o 9, 27,35 111
KURNIA ..o 25, 100
LABIATAE ..ot 148-151
LACIUCA ...ocvvveverereeeeeee et 35,112
Lady’S-€ardrops ........cocoevereininreieeninrsieceeesienes 155
Lady’ SrESSES ....cvvveveiiiiieceeseee e 63
LAMIACEAE .....ccooonininiiniens 148-151, 178, 186

LAPOIMEAL vroverrereereereeeeseeeeesseeenseeessseesseseesees 30
.. 35, 38-39, 164-165
.. 24, 26, 30, 142
... 25,30, 41-42, 103, 138

Larkspur .
Lathyrus.
Lead-plant ....

LeChea ....c.cucueeeciiicnieec e 9,23, 134
LEGUMINOSAE .......cccovvenenn 129-130, 138-145
LePLolOma ......cuvmirierieeieieee e 26, 66, 68
Lespedeza .............. 10, 17, 35-36, 39, 44, 140, 143
Lettuce ..ccoovveverereeicenne 11, 17, 35, 112, 15-116

Liatris ............. 10, 17, 24-26, 39, 81, 112-114, 166
LILIACEAE .. 56, 58-62
LILIOPSIDA..

Lilium . .. 60, 189

Lily .. 58-62, 189

Lily Family ...

LINACEAE ...t

Linaria ..o

LINUM i

LiON'S-FOOL ..o

Lithospermum .........ccccceeeeeecencnienns 35, 126-127

Little Bluestem ........cccovevererenenenes 6, 15, 17, 25, 30,
41-42, 63-64, 72, 103

LODENIA ..o 39, 131-132, 177

LOBELIACEAE .. 130-132

Locust-weed ..

Lonicera . 132
Loosestrife 35, 152-153, 162-163
Loosestrife Family .......c.cccccevvreccnniccnene. 152-153
LOPSEEA ...t 35
LOUSBWOTL ..ot 180
LOVE GIaSS .....cvverreiirieiieieeereeeee s 26, 68
Low, lowland prairie ................. 22, 26, 30, 53, 57,

63, 71, 79, 94, 98-99, 113, 115, 138, 147, 157,
162-163, 165, 174, 186, 188

Low savanna .........cccceeueeee. 29-30, 53, 94, 117, 159
LUNGWOIT ..ot 126
LUPINE ..ot 35, 144, 168
LUPINUS .o 35,144
LYCHNIS .ot 26
LYCOPErSICON ..ovvvriireriiiecicieieiee e 184
LYCOPUS ..ot 9,151
Lysimachia ........ccooeevinninicininen 35-36, 162-163
LYTHRACEAE ......ccoviiiiciiciiine 152-153
LYEthrum .o 152-153
Madder ..o 173-175
Madder Family .........cccovviiiinniciis 173-175
Madro-Tertiary element .................. 34-35, 41, 43,
64, 73, 100, 128
MAGNOLIOPSIDA.........ccoeviviiiiiinniiiiinns 76
Maianthemum ..........ccoocerviiniiiees 61
MalloW ..o 31, 37, 39, 44, 153-154
Mallow Family .......ccocoevvnnnniccceienns 153-154
MaIUS ..o 27,170
MALVACEAE ..o 153-154
Mammal (see also Grazing)............... 20-21, 42, 45
Management ..........ccoceueee 21, 44-46, 59, 105, 190
Mangosteen Family .........ccccovvvirrnninnns 135-136
Manihot .......covveiiii e 137
Map, WISCONSIN.....cceiiiriiiiiiesiesieesiesiens 226
MaDIE .ot 30
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Marsh Fern
Marsh Fern Family .
Marsh Pea ...

26, 39-41, 142

Marsh-marigold .. .... 26, 165
Masterwort

May-apple

MEBHOW-PErSNIP ....everereereeeieiereresee e seseseenens 81
MEAHOW-TUE ..ot 26, 35, 167
MEAOWSWEEL ... 30, 172
MEITOUS ... 26, 44
MeNtha ... 151
Mesic prairie ......ccooeuenee. 10-11, 15, 24-26, 30, 41

in map captions:...50-51, 53-54, 58-60, 62-63, 66,
68-70, 72-74, 76-77, 79-82, 85-89, 92-93, 97-98,
100-105, 107-109, 112-122, 124-127, 129-130,
133-137, 139-149, 151-160, 162, 164-167, 171-173,
175-176, 179-181, 183-184, 187-188

MESIC SaVaNNa ......ocvurverviiininiieiies 29-30, 87
MiICrOSENIS ..o 39, 114
Migration ......ccooeeriennierneeeees 14,32-34
MIlFOIl o 89
MilK-VEICh ..o 139
Milkweed ........cccccovininnns 11, 17, 25-26, 30, 35-36,
39, 43, 82, 84-88
Milkweed Family .........ccooeviiicccceninn 84-88
MITKWOIT .o 11, 160-161
Milkwort Family ........cccoovvmnnnenicnins 160-161
MiNt .o 17, 30, 126, 148-151, 178
Mint Family ... 148-151
Mirabilis ..o 154
Mixedgrass praifie ........coevvvrnnneinieenns 14-15
MoOdal SPECIES ....coveveviriieiricierritieriees 11,13, 15
MONAFda ... 149-150
MONKSH0OM .......cocvieiiiiiii e 164
MONNINA ..o 160
MONOCOLYIEONS ... 13,52
Morning-glory Family ........cccoceevnnnnnnniens 136
Mountain Mint .......cccceeveeeeeeceieeenen, 17, 30, 151
Mowing ... .. 21, 25, 45, 141, 162

Mugwort ...
Muhlenbergia ..

... 31, 44,92
.. 16, 25-26, 69

Natural area .........cocccveveeene 6, 24, 29, 46, 48, 127,
141, 157, 160, 185
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Needle Grass .......ccocvevveeeeeceeceeeereevne 15, 25, 30
Needle-and-thread ... 74

Nightshade Family

North American grassland ..........c.cocce.... 14,19, 45
Northern dry forest.........cccovvveeenene. 8, 82,169, 171
Northern dry-mesic forest ..........cooevvennerrenenenens 8
Northern mesic forest (Map) .......cccoeeerererererereens 20a
Northern Pin OaK ........coveuveveeveeeeceeeeveen 27,30
NOthOCAIAIS ......ceveieirecerece e 114
NUFSENY .o 4,8, 14, 153, 190-198
NUE-TUSN e 26, 56
NYCTAGINACEAE ..o 154
Oak (seeindividual species)

Oak barrens .......ccvevevereninens 8, 10, 22-23, 27-31

in map captions:.51, 53-54, 60, 71, 77, 80, 85, 90,
96, 120-122, 126, 134, 137, 143-144, 159, 175-176,
178-179, 181-182, 184, 188

Oak 0pPeNING ....cveemeeererrieieereeeiens 8, 21-23, 26-30
in map captions:..50-51, 54, 56, 59-62, 64, 66, 68,
75, 77, 80, 90-91, 97, 99-100, 104, 109-110, 124,
134, 138-146, 149-151, 159, 162, 164, 166-167,
170, 172-173, 177-179, 183, 188

Oak savanna (see Savanna)

Oak woodland ..........ccceereeniccnenes 8, 10, 17, 25, 29
OBL GIaSS ....oveeereireieereieeseeesreses e 66
ObEUIENCE ... 150
Obedient Plant .........ccceeueeurrienneeeeees 17, 150
Oenothera ........ccovevvcereneeee.

OleaNdEr ...
ONAGRACEAE

Onion . 17, 25, 35, 39, 58-59, 159

Onoclea . ...9,30

Onosmodium ...

Opuntia .......coeeeeenenee

Orchard Grass........ccoveeeeneceeneneenerseneneens
Orchid ..o

Orchid Family ...
ORCHIDACEAE ..o 62-63
Ordination .......ooeeeeeeeeerernnenceeeeseseeeeenas 15-16
Original 08K SAVANNA ........ccvvvrieeeeeriiierrieenns 22,28
Original pinebarrens ...........cccocoeeeeerinnnnenens 23
Original sedge Meadow .............cccoeeererernrnenenens 23
Original tallgrass praifie ..........cccoeeeecceererenn. 22
Orobanche. ..., 9-10, 39, 40, 41
OXALIDACEAE ....covviviiniricinicsicens 157
OXAIS oot 157
OXYDAPNUS ......ovviiirccee s 154
OXYPOIIS oot 24, 80

Ozarkian lement.................. 34-36, 42, 62, 85, 87,
132, 163, 174, 178, 181, 182
Packera ..., 39,118
Paintbrush ..., 179-180
Painted-Cup .....c.covveevveriieeiricieinenes 38-39, 179-180
PaNaXx .......cccociiiii 84
Panic Grass .......ccovererereneunerens 16, 26, 39, 70-71
Panicum ........cccconvinieincininns 4-5,9,16-17, 24-25,

39, 42, 66, 68, 70-71, 152

Paper Birch ... .. 34,102,129

Paphiopedilum

PAPILIONOIDEAE ......cccoeivieereiiieiens 138-145
Parnassia .........ccoevienienienees 176-177
Parsley Family ... 78-81
Parsnip ....ccoccevvenieineenes 26, 44, 78-81
Parthenium ..., 10, 17, 115
Partridge-berry ... 173
Partridge-pea ......cocvvevriiiceeer e 129
Paspalum .........ccvieeniienee s 71
Pasqueflower .................. 39, 41, 47, 157, 166, 169
Pastinaca ..........coeuriiinieniiee s 26, 80
Pea FaMIlY ......ooveveeecereeeereesenneeenn 138-145, 160
Pedicularis .......ccoceeevveveeeeenennns 35, 178, 180-181
Pediomelum ..........ccccvuerncininne 11, 38-39, 139, 144
Pelargonium ..o 148
Pennyroyal ... 149
Penstemon ........cccoceeeeevevenenns 35, 39, 181-182, 185
Pentaphylloides .... .9,41,177

Penthorum . .176

Pepper-grass .. ..128
Periglacial effects ....

Periwinkle ... 82
Petal oStemon .........ccceeveveeeeeeeeeeveeeee 25-26, 140
PEIUNIA ... 184
Phalaris ... 16
PhEgOPLEriS ... 51
PhIeUM ..o 16
PhlOX ...ooevveriririciieine 10, 24, 26, 35, 158-159, 168
Phlox Family ........cccoeovnneienrnccnrenen 158-159
PhYIMA ..o 35
Y TR 9,184
PhySOStEgia ....ccvvvvereiriiririreseseeieserins 9,17, 150
Pimpernel ... 35, 80
Pine barrens 8, 22-23, 27-31, 46

in map captions: .. ....51, 55, 72, 81, 90-91, 96,
108, 138, 149, 163, 165-166, 168-169, 177, 187

MAP OF ..o 20a,23
Pink oo 11, 26, 34, 66, 68, 86,
89, 133-134, 157, 160, 170
Pink Family ... 133-134
PiNUS ... 9,25
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Plant community (see aso individual types) ....8-10,
11, 13-14, 21, 23, 31, 33-34, 46

PLANTAGINACEAE ......ccoocoemiiiiiiniiicis 158
Plantago .......cooveevnieinniienieienn 9, 35, 101, 158
Plantain Family ... 158
Platanthera .........c.coocvcninnccnisincnn, 9-10, 62
Pleistocene ......ccoceeeeeveveeenens 19, 31-32, 34, 55, 95
POA ..o 16, 26, 44
POACEAE ..ottt 63-74
Podophyllum .......c.cciiiiccicccee 183
POINSELLIA ... 137
Poison-hemlock ... 78-79
Poison-ivy
POLEMONIACEAE . ...158-159
Polemonium . 33, 158-159
Pollinator 44, 62, 178
2 1Yo = - 10-11, 160-161
POLYGALACEAE ....ccovirieieeveeeee 160-161
Polygonatum .........cocvvevnenennennnerereseeneereene 60
Polygonella ........cccoeueeicenicciccnceee 9, 25, 106
POlYGONUM ..o 9, 106
POIVtaeNia ......ccoveeeveeerreee e 10, 80
POppy Mallow ......cooeieiieiiieeeereeeeeene 153
POPUIUS ... 25, 27,111, 175
POrcuping Grass ........c.covveeveeenerenereseresenenens 39, 74
Potentilla ......cocovvvveveririnnne 9, 24, 39,40, 41, 170
POVEIY GIESS .....vooovmerersessssneessssssssneessssens 66, 74
Prairie community (see also individual types)
................................................... 11, 21, 24-26, 33
COMPOSItION OF ... 15-17
distribution of ..........cccoevevvereenns 14-15, 20a, 22-23

Prairie element

Prairie Peninsula . .. 14-15, 18-19, 22, 33, 39
in map captions: ..62, 70, 81, 87, 94, 99, 103, 105,
107, 116, 119-120, 122-125, 140-141, 143, 145,
150, 152, 156, 159, 170, 187

MAP OF e 15
Prairie-clover ........... 17, 25-26, 30, 35, 39, 43, 140
Prairie-dock ........cccvverenene 6, 17, 25-26, 37, 39, 120
Praifie-parsley ... 80
Praifie-plum ... 139
Prairie-smoke .......c.cocoveveene 39, 103, 166, 168-169
Prairie-turnip ......ccoceeeveeeeeseeceeeeeenes 39, 144

Preliminary Reports ... 5,9, 11-14, 199

....10-11, 17, 115-116

Prenanthes ....

Presence, value.

Preservation .......cceeeeeeeeveeecseneeennns 4,11, 45-47
Prevalent SPECIES .......ccceeveeerieerieininnns 11, 73, 116
Prickly-pear ......ccocevvvvninene 34, 42-43, 128-129

Primrose Family ........cococeovvnnniccnnncnenes 162-163
PRIMULACEAE .... 162-163
Prunus ... 9,25, 27,171
..144

Psoralea ....

Pteridophytes . 13,50

35, 103, 126-127, 168
Pulsatilla ... 24, 39, 41, 166
Purple Coneflower .........cccccoeeccnnnns 26, 103, 189
PUSSY-0ES ..o 23,90-91, 103
Pycnanthemum .........ccccoveencnenenes 17, 24, 30, 151
PYTUS oo seeeeeeeeeeeseeeeeseeseeeseeeeesseseees 168, 170
QUACK GIESS ..o 16, 26
Quaker Ladies ... 175
QUAKING ASPEN ..t 25
QUEEN-ANNE S1ACE ... 79
Queen-of-the-prairie .........cccoevecrrnneen. 152, 189
QUENCUS ...t 9,27, 178-179
Rabbit’StODECCO ......c.vevveiicieierrr e 106
RabDIt-Pea ... 144
RAgWEET ..o

RANUNCULACEAE ....
Ranunculus

.34, 142, 164, 166
.10-11, 120, 153
.. 17,24-25, 116, 189

Rare plants
Ratibida .
Rattlesnake-master ..

Rattlesnake-root ...

RAUVOIfI ..o 82
RECONSITUCION ....cvviiiiiic 46
REO-CEUAN ..ot 25,28
Red 02K ...coovvvrveririiaes 27, 80, 95, 143-144, 171
Red Osier DOGWOOU ........c.cvvvererererereiniiecieinens 39
REA-TOOL ..o 35, 168
READUA ..o 129
REALOP .o 16
Reed Canary Grass .........couoeeveeeinriveeninnsseeninnns 16
REEAQIasS .....ccoovirieieiirincceeees 65
Refugia (see also SUrvivia) ........ccccveenrecenennne, 31
Restoration ..........ccceeeeeveneeee. 2-3, 8, 29, 39, 44-47,

71, 73, 84, 87, 103, 105, 190

Restoration consultants.............ccceeeuneeniinns 195-198
RHAMNAGCEAE ......ooeviiiriiniinininniennns 167-168
RhAMNUS ...t 167
Rhododendron ... 39
RAUS .o, 9, 25, 77-78
RICINUS ..ot 137
River Birch ... 30
RobINia ... 138
ROCK CrESS ...oovveereeerersriseereeeesnseneene 23,39, 128
Rock Spike-moss ..o 23,27,34

ROCK-TOSE ...

Rock-rose Family

Rosa ... .5,9,25,171-172
ROSACEAE . .... 168-173, 176
Rose......... 25, 35, 52, 134, 150, 153, 157, 168-173
Rose Family .......ccccocvevecncicnenes 134, 168-173
R0Se-0f-Sharon ... 153
ROSINWEED ... 11, 37, 39, 119
RUBIACEAE ..ot 173-175
RUDUS ... 9, 168
Rudbeckia ........ocoerereninens 24, 26, 30, 116-117, 189
RUEIHA .o 10, 76
RUSH e 26, 35, 50-52, 56, 73
RUSN GIESS ..o 73
SAOE i 11, 35, 47, 92
SAGEWOIT ...t 26, 39, 41, 92
SALICACEAE ...t 175
SAlIX v e 5,175
Sand barrens ........ccoeevevevevieverennns 8,22, 24, 26, 35

in map captions: ..53-55, 59, 61, 64, 66-68, 70-71,
90-91, 106, 108, 110-111, 123, 126, 129-130,134,
150, 154, 156, 160, 172, 175, 180

Sand prairie ... ... 10, 24-27, 31, 33, 189
in map captions:..59, 64, 68, 70-71, 73-74, 85, 97,
106, 108-110, 113, 115, 129, 133, 138-140, 143-
144, 150, 153, 158-159, 161, 165, 170-171, 181

SANd SAVANNA ..o 29-31
SaNA SEAGE ...ovvvvvvvvevveversssess s 27,5455
SANd-TEEA .....oveieiieeece s 26, 39, 44
Sandalwood Family ... 176
SANAWOIT ..o 39,133
SANTALACEAE ....cocovviviiiicnecine 176
SArsaPAila ..o 30, 84
SEIN GIaSS ... 26
Savanna...... 2-5, 8-11, 13-17, 19, 21-25, 27-31, 33

35-37, 39, 41, 43-48, 189

in map captions:..52-53, 56, 59, 61, 70, 79, 81-82,
84-88, 94, 96-97, 99, 103, 105, 109, 116-118, 125-
126, 132-133, 138, 140-143, 146, 148-149, 159-
161, 163, 165-166, 179-180, 187-188

15, 208,22, 27

Savanna community ......... 2-3, 8, 16, 27-29, 44, 70
SAXIFIAGA e 177
SAXIFRAGACEAE .176-177

Saxifrage .... .176-177
Saxifrage Family 176-177
Schizachyrium..... 15, 17, 24, 42, 72, 119, 127, 166
SChOENOPIECIUS ... 26
SCIFPUS et 17, 26, 52
S o 1= - 26, 56
SCOUNNG-TUSN ...t 51
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SCIOPAULANTA ... 34,183
SCROPHULARIACEAE ............. 5,178-183, 185
.11, 26, 38-39, 144
.. 10, 24,151

Scurf-pea ..
Scutellaria ...

Securidacea .

Sedge meadow ..... 8, 16, 20b, 22-23, 25-26, 30, 39
in map captions:.51, 53, 56-57, 60, 63, 65, 69, 72,
78-79, 82, 93-94, 97-99, 101-102, 104-107, 111,
123, 135-136, 142, 146-151, 153, 156, 161, 164-
165, 167, 169, 172-175, 177, 180-181, 185-186

MAP OF et 203,23
Selaginella ....cccveeeirenree 9,23
SENECA .ot 161
SENECIO v 5,39, 118
1S = 1107 OO 129-130
SennaFamily ......ccccocemnnnniiccceen 129-130
Shaded cliff plant.........cocovvvenniccniienns 179
Shagbark Hickory .........ccoeeeceeeninnnn, 27,28
Shooting-star .......cocceevrenenes 34, 47, 103, 126, 162
SNOMGrass ......ccveeeerrerieeerenieieereeeens 14-15, 64, 69
Shortgrass plains .........cvveviiieeeicieieiiens 14-15
Shrimp Plant ..o 76
SHrUD CAIT ..ot 8

in map captions: ...... 69, 79, 94, 99, 105, 108, 131,

136, 142, 151, 164, 181
Shrub thicket (see also Woody plant) .......... 23, 28,

51, 57, 60, 112, 182
SIAE-0ELS ...ocveeveererecreeeee e 15, 17, 43, 64
SEVErSIA ..o 169
SlENe ..o 9, 26, 36, 39, 134
SIphium ..o 11, 17, 25,37, 39, 47, 89,

119-120, 140
Ssyrinchium
SKUIICAP o
Sloughgrass
SMILACACEAE

Smilacina ..
Smilax ...
SMOKEIE. ..ot 76

Snakeroot . 105, 161
SOAPWOIT ..o 133, 189
1S o1 K- 6, 12-16, 21-26, 28-31, 44-47

in map captions: ...51-52, 54-55, 60-61, 63-64, 66,
71-74, 78-80, 86-90, 92, 94, 96-98, 101-102, 104-
105, 108, 110, 112-113, 116, 120-122, 124, 126-
127, 129, 131-134, 137, 139-141, 143-144, 146-
150, 154-157, 159-161, 166, 168-169, 172, 174,
176-183, 187

Soil moisture gradient (see also Continuum)...... 16
SOLANACEAE .....coviiiitiiteeteisterieseins 184

224

Soldanella .

Solidago ... 8-9, 17, 24-25, 31, 35,
39, 44, 105-106, 120-125, 177

S0loMON'S-Se8l .....ocviiiiriias 35, 60-61
SOrghastrum .......c.ceeveeeeneneceeeneeesneeienns 15,17, 72
SOUr-CIOVEY ... 157
Southern dry forest......... 8, 61, 75, 80, 86, 109, 170
Southern dry-mesic forest ................... 8, 29, 53, 67,

79, 85, 99, 100, 103, 105, 110, 115, 125, 133, 138,
141, 148, 159, 174

Southern mesic forest (Map) ........cvveeerererererenens 20a
Southern oak forest (Map) ........ccceeeveueeeueereneenas 20a
Southern wet-mesic forest.........ooveveeveveeeenne.. 8,130
Southern wet forest....... 8, 67,78, 95, 117, 119, 131
Southwestern element ............cocovvrvreieeenceenens 42
(S 0220 (] 1 WO 16-17, 24, 37,72
Specia Concern species........ 11, 54, 56-57, 62, 81,

92,102, 114, 118, 123, 127, 130, 133, 140, 143-
144, 147, 153-154, 167, 175, 182

SPECIES PAITS ...t 33
SPIAEIWOIT ..o 52
Spiderwort Family .........coooveeieeninnnns 52
SPIKENAN ... 61
PIrAEA v 30, 35, 168, 172-173
PIraNthES ..o 63

15, 17, 24-26, 73-74
17, 26, 30, 44, 106, 137
..137

Spurge.....
Spurge Family .

..133

... 42,135-136

St. John's-wort Family ......ccccvveeeniicenne. 135-136
SACHYS v 9,151
StAgNOrN SUMBEC ......cueieeeieiririeieenereeiee s 7
StANAiNG-CYPrESS ....vevveverieieieieerireeeeeseeeenenes 158
LS e 1= =R 41,56
Star-grass Family ..o 56
Starry Campion .......cceeeererereresirenenens 36, 39, 134
SEEEPIEDUSN .ot 35
IS (ST 0101< 11’ R 35, 162-163
IS 1] 7= USSP 15, 24, 39, 74
SEONETUSN <. 56
SUAWDEITY .o 168-169
SUCCESSION ...cvvvienieiieieneieieieieieaens 21, 33,97, 164
SUMBEC ..o 25, 60, 76-78, 80

Sunflower Family .......cccoeeevevnneinennennns 89-125
Survivia
Swamp White OaK .......cccvveeriririeieiniriseesinins 27

TaliNUM . 9,27
Tallgrass prairie ........ocoeeereeerenenes 2,14-15, 21-22,
24-25, 30, 33, 44-45, 48
in map captions: ......... 63, 69, 71-72, 81, 85, 103,
107, 116, 119-120, 141, 143
TaraXaCUM ...t seseseeeeeens 26
TAXONOMY ..o seseeeeens 8,13
TenSiON ZONE .....cueeuveeeeeeeerereeeennns 12-13, 19, 22-23

in map captions:.53-54, 57-58, 60-61, 64, 70, 72-
74, 85, 88, 97-100, 103, 105-106, 108, 110-111,
113-114, 116, 122, 124-125, 133, 138-139, 141,
144-145, 156-157, 159, 166, 170, 174, 178-180,
182, 185-188

Thelypteris
Thimbleweed .
Thistle ....

..164
25, 35, 44, 101-102, 189

Threatened species ..10-11, 61-62, 80,
86-87, 101-103, 114-115, 136, 143, 145, 177-179
THrEE-AWN ..o 27,35, 64
Tick-trefoil .....cccoovvenne. 25-26, 30, 34, 41, 141-142
TiCkSEE ..o 30, 189
TIMONY v 16, 26, 69
Tinker' SWeed ... 133
Toad-flaX ....ccviciiic

Tofieldia ..o
Tomanthera ...

Toxicodendron ..
Tradescantia .
Trifolium ...
Trillium ..
Triodanis ...

TrOSEUM ..o

TUHPA et 58
TUMDI@ GIaSS .....cceeveeereeeecieceeeeete e 66, 68
Turk’'s-Cap Lily oo 60, 189
TUPKEYTOOL ...t 63
TUIENEAA ..o 180
Typical SAVANNA.......c.cverriveiiirieeieeeeieeeas 29-30
UMBELLIFERAE .....ccooiiiiiirciiieeeee 78-81
ValErian .....cccicccc e 39
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VALERIANACEAE ..
Vanda .
Vanilla
VanillaGrass ...

Veiny Pea......cccieiieieeeeeeeieeenes

Venus' LooKing-glass .......c.coeeveenirenieenineniniens 130
Verbascum ... 178
VEIDENA ... 17, 35, 186
VERBENACEAE ...t 148, 186
AV <l 370 - T 35,125
VEroniCastrum .......cccceveeeereeeeennennns 17, 24, 35,183
VEIVAIN ..ot 17, 35, 186
Vervain Family ... 186
VEICH o 139, 145
MIDUFNUM < 132
MICI e 145
WVINCA ..ot 82
MOl@ 5, 9-10, 25, 187-188
VIOLACEAE ..ot 187-188
AVATo![= 25, 35-36, 126, 143, 157, 187-188

Violet Family ...187-188

Virgin ...

\itis ...

Wallflower ....

WaNdEring JBW ........ocveeeeeeremirriniiceeierersene e 52
Water DIOPWOIT .....c.ccvviiiiiricerecic s 80
Water-hemlock .........ccccvvieiccrncininnee 26, 39, 78-79
Water-horehound ..........ccooveuveneininicniicrniennne 151
Wavy-leaved Thistle........ccovviicieeeiininns 189
WEE ..ot 16, 23, 25-26, 44
Western element ..... 26, 34, 39, 107, 164, 167, 183
Wet prairie 10, 16, 23-24, 26, 30

in map captions:. ..50-51, 56, 60-61, 65, 68,
72, 80-82, 90, 95, 98, 100-102, 104-105, 107,111,
116-117, 119, 121, 123, 132, 135, 138, 142, 150
152, 162, 172, 174-175, 177-178, 180-181
WEL-MESIC Praifie ....ccvvveveerererrrnnns 10-11, 15, 26
in map captions......... 50-51, 53, 58-59, 62, 66, 68,
73, 79-80, 85-87, 92-93, 97, 101, 107, 114-120,
124-125, 135, 139, 141-142, 145-147, 149, 151,
153-154, 156, 159, 162, 176, 183, 188
WEL-MESIC SAVANNA......veveeireiireeiree e 29
WHhEBL GIasS .......cveeecmrececireeicerereceereeeeeens

Whip-grass ...

White Ok ... ..27-28, 30, 48

White-lettuce .11, 17, 115-116
Wild Carrot

Wil GAlIC .. 58
Wild GEranium .........ooeeeeeemerennneseecereneenes 148

Wild Indigo
Wild Lettuce
Wild Licorice
Wild Onion ....

.. 17,25, 35, 58-59

Wild Quinine .. 17,115
Wild Rose

Wild YaM e 30
Wild-COffEe ... 133
Wild-hyaCinth .......ccoveemeenrenneeneeieeineiens 35,59
Wild-ye ..o 8, 16-17, 26, 35, 66-67
Wild-timothy ......ccceoveenienieeiciccenes 16, 26, 69
WildfIOWES ... 8,59, 73, 88, 93,

116, 152, 162, 189
WIHTOW o

Willow Family
Wisconsin glacial stage
179-180

Witch Grass ..o

WOIDEITY .o
WOOd-DELONY ..o
WOOG-SOITE! ..o
Wood-sorrel Family ........cccovvvvnnnncniiiiens 157
WOOLNUFT ... 173
Woody plants ................. 21, 24-25, 28-30, 82, 176
WOrMWOOD .......ccuiiiiiiie s 91

Yellow Rocket ..
Zebrina ...... .52

225
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No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

165

166

167

168

169

170

171

172

173

174

175

176

177

178

TECHNICAL BULLETINS (1989-1999)

Population dynamics of smallmouth
bass (Micropterus dolomieui) in the
Galena (Fever) River and one of its
tributaries. (1989) Anne M. Forbes

Bibliography of fishery investiga-
tions on large salmonid river sys-
tems with special emphasis on the
Bois Brule River, Douglas County,
Wisconsin. (1989) Robert B. DuBois

Wisconsin recreation survey-1986.
(1989) Linda J. Penaloza

A postglacial vegetational history of
Sauk County and Caledonia
Township, Columbia County, South
Central Wisconsin. (1990) Kenneth
I. Lange

A review of fisheries habitat im-
provement projects in warmwater
streams, with recommendations for
Wisconsin. (1990) John Lyons and
Cheryl Courtney

Ecosystem responses to growth
and control of submerged macro-
phytes: a literature review. (1990)
Sandy Engel

The sport fishery for, and selected
population characteristics of, small-
mouth bass in Pallette Lake,
Wisconsin, 1956-1984. (1990)
Michael H. Hoff and Steven L.
Serns

Restoration of canvasback migra-
tional staging habitat in Wisconsin:
a research plan with implications for
shallow lake management. (1991)
Rich Kahl

Evaluation of a catch and release
fishery for brown trout regulated by
an unprotected slot length. (1991)
Robert L. Hunt

Boating pressure on Wisconsin's
lakes and rivers: results of the 1989-
1990 Wisconsin recreational boat-
ing study, phase 1. (1991) Linda J.
Penaloza

Distribution and relative abundance
of fishes in Wisconsin. VIII.
Summary report. (1992) Don Fago

Electric fencing for duck and pheasant
production in Wisconsin. (1992)
Ronald C. Gatti, James O. Evrard,
and William J. Vander Zouwen

Population biology and manage-
ment of the walleye in western Lake
Superior. (1992) Stephen T. Schram,
Terry L. Margenau, and William H.
Blust

A survey of the aquatic insects of the
Lower Wisconsin River, 1985-1986,
with notes on distribution and habi-
tat. (1992) Richard A. Lillie and
William L. Hilsenhoff

No

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

. 179

180

181

182

183

184

185

186

187

188

189

190

191

Evaluation of trout habitat improve-
ment structures in three high-gradient
streams in Wisconsin. (1992) Robert
L. Hunt

Boater attitudes and experiences:
results of the 1989-1990 Wisconsin
recreational boating study, phase 2.
(1992) Linda J. Penaloza

The fishery of the Yahara lakes.
(21992) Richard C. Lathrop, Susan B.
Nehls, Clifford L. Brynildson, and
Karen R. Plass

Aquatic macrophyte ecology in the
Upper Winnebago Pool Lakes,
Wisconsin. (1993) Rich Kahl

The fisher in Wisconsin. (1993) Bruce
E. Kohn, Neil F. Payne, James E.
Ashbrenner, and William A. Creed

Chemical and biotic characteristics
of two low-alkalinity lakes in northern
Wisconsin: relation to atmospheric
deposition. (1993) Katherine E.
Webster, Joseph M. Eilers, James
G. Wiener, Gary E. Glass, Paul J.
Garrison, and Mark D. Johnson

Aquatic insects of the Bois Brule
river system, Wisconsin. (1993)
Robert B. DuBois

Restoring Rice Lake at Millitown,
Wisconsin. (1994) Sandy Engel and
Stanley A. Nichols

Bibliography of fire effects and relat-
ed literature applicable to the
ecosystems and species of
Wisconsin.  (1995) Richard A.
Henderson and Sandra H. Statz

Plant species composition of
Wisconsin prairies: an aid to selecting
species for plantings and restorations
based upon University of Wisconsin-
Madison plant ecology laboratory
data. (1995) Richard A. Henderson

Integrating forest and ruffed grouse
management: a case study at the
Stone Lake Area. (1996) Keith
McCaffery, James E. Ashbrenner,
William A. Creed, and Bruce E.
Kohn

Flora of Sauk County and Caledonia
Township, Columbia County, south
central Wisconsin. (1998) Kenneth I.
Lange

Atlas of the Wisconsin prairie and
savanna flora. (1999) Theodore S.
Cochrane and Hugh H. litis
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