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Seeds for the Future ~ Roots of the Past

The prairie heritage celebrated at North American Prairie Con-
ferences (NAPCs) began thousands of years ago. Part of the vast
historic prairie ecosystem, the tallgrass prairie, built the soils of the
American Midwest that today sustain much of the world’s population
with food crops. Surely the seeds for the future were nourished by
the roots of the past. Unfortunately, the giver of all that nourish-
ment, the prairie itself, has almost entirely been lost in the process.
Scattered patches of grasslands and rare potholes around the conti-
nent give us both a breathtaking glimpse of the ecosystem respon-
sible for our abundant crops, as well as a sad reminder of the cost
of developing our agricultural system.

Thankfully, our prairie heritage includes much more than the soils
and the plants. The people of the prairie were and are very special.
It is heartwarming, inspiring, and affirming to be among people who
honor and preserve the magnificent beauty of the prairie. Certainly
my association with “persons of the prairie” was central in my de-
cision to accept the challenging opportunity to chair the 17°* NAPC.
Helping facilitate a gathering of prairie people from all over the
continent is a special privilege. Prairie people are of the earth, often
carrying some under fingernails; they are 4y the earth, sweltering in
relentless heat to cut cedars, harvest seed, survey insects; and surely
they are for the earth in all its native glory. What more honorable
group of people could be assembled?

This must be part of the reason that the idea of a large prairie
conference gathering was initiated in 1968, officially becoming the
North American Prairie Conference in 1978. At these meetings, peo-
ple from all walks of life, from amateur photographers to zoologists,
come together every two years to celebrate the beauty that is, was,
and forever shall be, the prairie. In the words of John Sawhill, we
believe that “in the end our society will be defined not only by what we create
but by what we refuse to destray.” Not only do we refuse to destroy the
prairie, we work diligently to educate and inspire others to appreciate
and protect remnants of the ecosystem that once covered so much of
the central continent. While others marvel at skyscrapers and auto-
mobiles, we are awestruck by grassland fires and tiny butterflies.

So it was that six hundred and seventy people gathered at the
17t North American Prairie Conference ac North Iowa Area Com-
munity College (NIACC) in Mason City, Iowa, 16-20 July, 2000 to
share knowledge, story, art, and, ultimately, their love of the prairie.
Twenty-six states and three Canadian provinces were represented. It
was interesting, in our opening session, to recognize those persons
who had attended a number of the past sixteen Norch American
Prairie Conferences. Several had been to each event; they are the roots
of our association. It was perhaps more gratifying, however, to iden-
tify a large number of persons for whom this was their first ever
prairie conference. They must have numbered over one hundred.
Hopefully, seeds were planted and nurtured in those participants to
carry on the great tradition of gathering to celebrate prairie!

The 17t NAPC began with Tom Rosburg of Drake University
summarizing lowa’s prairie heritage and taking a look toward the
future. Deb Lewis of lowa State University gave us a glimpse of
some of lowa’s early prairie preserve personalities, and Dick Leet of

the MacNider Museum in Mason City shared his concepts and art
of Midwest landforms. Attendees enjoyed ninety concurrent sessions
and poster papers presenting information on restoration and man-
agement, education and heritage, animals and animal ecology, and
plants and plant ecology. Two symposia were organized by staff of
the Native Roadside Vegetation Center at the University of Northern
lIowa. The Roadside Management Symposium was hosted by Kirk
Henderson, Iowa Integrated Roadside Vegetation Management pro-
gram manager. A “Seed Source Issues in Prairie Reconstruction” sym-
posium was moderated by Greg Houseal, manager of the lowa Eco-
type Project. The efforts of these individuals, and their invited speak-
ers, added a great deal to the conference and are much appreciated.
lowa environmental educators, Carole Kern and Mary Norton, and
Kathy McKee, Mike Blair, and Randi Montag-Peterson conducted
education workshops. Brian “Fox” Ellis of Peoria, Illinois and Sara
Griffin-Hoofnagle of the National Wildlife Federation in Colorado
provided additional workshops for teachers. These sessions were at-
tended by an unexpected broad range of participants, and I regret that
there were seating problems at times. Bill Koch of the University of
Northern Iowa entertained us with Walt Whitman's life and thoughts
after the Tuesday barbeque, and Frank Oberle of Kirksville, Missouri
shared his beautiful slides after the Wednesday night banquet. The
Tuesday field trips were a highlight, with participants traveling up to
one hundred twenty-five miles to enjoy some of lowa’s native and
restored prairies. It was a week full of discussions, large and small,
centered on the importance of sustaining and enjoying prairie.

I gratefully acknowledge the services of the primary planning
committee members. Daryl Smith mentored me every step of the
way, for fifteen months. Neil Bernstein and Tom Rosburg kindly
reviewed abstracts and helped plan the concurrent sessions. Paul
Christiansen put together a phenomenal array of field trips. Craig
Zoellner not only facilitated the vendor services and the field trip
transportation, but also listened and counseled (and consoled) during
the months of preparations. Each of these gentlemen were unwaver-
ing in their support, and each faithfully and punctually responded
to my numerous queries and requests.

Certainly we are all indebted to the contributors of the conference.
The lowa Department of Transportation gave significant support for
publication of these proceedings through a grant from the Iowa Liv-
ing Roadway Trust Fund. An Iowa Resource Enhancement and Pro-
tection (REAP) grant funded attendance by twenty-five Towa teach-
ers. Other financial and in-kind contributors included: American Cy-
anamid, Alliant Energy, Land and Water Magazine, Ruth May, The
Minnesota Native Wildflowers/Grass Producers Association, the
NIACC Foundation, PrairieSource.com, Salix Ecological Resources,
Peace Coffee, The Truax Company, Inc., Eric Howes-Vonstein, Ernst
Conservation Seeds, Cedar River Garden Center, CRM Ecosystems,
and the University of lowa Press.

I dare not begin to attempt to individually acknowledge the other
numerous volunteers and NIACC staff who so cheerfully lent their
expertise, opinions, and labor to this event. There are well over one
hundred people who contributed to making this conference memo-



rable. I am infinitely grateful for the willing and kind support of
the session moderators, concurrent presenters, field trip leaders, ban-
quet servers, registration material organizers, symposium presenters,
vendors, registration staff, custodial staff, entertainers, and, of course,
the attendees! The conference was truly a highlight of my life.

Neil Bernstein and Laura Ostrander (a former NIACC student)
have done an incredible job of editing these proceedings. Neil’s ex-
pertise and efficiency has been thoroughly amazing; I feel very for-
tunate that he accepted the task of editor. And we found an out-
standing and enthusiastic assistant in Laura, a senior majoring in
English at Luther College in Decorah, Iowa. We feel she is well on
her way to a very successful career in editing and writing.

I thank all people across this continent that have helped escablish

a firm foundation of respect for prairie, and I congratulate all who
continue to work to ensure that the seeds for the prairie’s future find
fertile and hospitable ground. I look forward to seeing you at Kirks-
ville!

Carol W. Schurte

Editors’ Note: As editors always get the final word, we want to thank
all the reviewers who read the manuscripts as well as the authors
who responded to our numerous requests for revisions. We also thank
Carol for all the long hours, hard work, and dedication that made
this conference and proceedings a success.
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Iowa’s Prairie Heritage: From the Past, Through the
Present, and Into the Future

Plenary Address

THOMAS R. ROSBURG

Department of Biology, Drake University, Des Moines, Iowa 50311

Welcome to Iowa, the heart of the tallgrass prairie, and to the
17th North American Prairie Conference. One of the remarkable
aspects about this conference is that over the last 34 years it has
evolved into a unique gathering of prairie-addicts—from farmets,
nursery managers, and landowners to landscape architects, natural-
ists, and scientists. A diversity of humans that mirrors the biological
diversity of prairie, all gathered for a common purpose—to celebrate
our understanding and knowledge, the importance and value, and
the sheer beauty of one of the largest biomes on the continent. In
doing so, this conference provides a wonderful opportunity to travel
to all corners of the prairie biome to observe and learn about the
multitude of variations in its communities, organisms, and culture.

Since the conference was last held in Iowa in 1990, conference
participants have explored mesic tallgrass prairie and savanna at the
Ojibway prairie near Windsor, Ontario; dry tallgrass ac Konza Prairie
in Kansas; black oak savanna at Nachusa Grasslands in northern
[llinois; and most recently, mid-grass and mixed prairie in the deeply
dissected loess landscapes of central Nebraska.

Now, here we are back in Iowa for the third time since it all
began at Knox College in 1968, All signs indicate it will be a great
conference. Carol has really put together a great schedule of speakers,
activities, and fieldtrips. My job this morning is to help kick it off
with an overview of lowa’s prairie heritage. Simply put, I'll try to
take you on a tour of Iowa to see the “past, present, and future”
condition of prairie in Iowa.

Before I start, I would like to take a moment to dedicate this
presentation to the memory of Kyle Swanson, who was tragically
killed in a highway accident last March. Kyle was a dear friend and
colleague to many of us attending the conference and a devoted
enthusiast of prairie conservation and education in lowa. He is great-
ly missed; although I have no doubt that his spirit will truly be
with us this week.

My plan for this morning’s slide show is to start with the past
and work towards the future. I'll try to give you a sense of the
presettlement prairie landscape in lowa, especially its diversity,
which I suspect was as great or greater than in any other prairie
state. We'll also focus on the environmental factors that were im-
portant in its development and maintenance. Then we’ll take a look
at existing prairie remnants around the state, some of which many
of you will see on your field trips. And we’ll finish with some
thoughts about the future of prairie in Iowa—what can we look
forward to and perhaps what challenges and problems may lie ahead.

A LOOK AT THE PAST

On most of my excursions throughout the state I seem to be drawn
to a familiar question—what did this landscape look like prior to

settlement? My eyes scan the councryside for clues—the extant veg-
etation and its structure, the geomorphology, the pattern of agricul-
ture. One of the best ways to answer that question is to look at the
historical data. Foremost are the Government Land Office (GLO)
surveys conducted in Iowa between 1832 and 1859. Notes of the
surveyors have been digitized for the entire state and can provide a
picture of the native landscape (Fig. 1). These data indicate that
prairie communities occupied about 85% (30 million acres or 12
million ha) of the state. A very clear pattern can be seen—greater
extensiveness of prairie towards the west and greater mosaic of prai-
rie, savanna, woodland, and forest in the east.

Another important source of historical data is the many written
accounts and diaries of early explorers and settlers. The first example
comes from John Madsen’s celebration of the prairie—Where the Sky
Began (Madsen 1982). This is a general description taken from a
gazette of the time (ca. 1860):

The attraction of the prairie consists of its extent, its carpet of
verdure and flowers, its undulating surface, its groves, and the
fringe of timber by which it is surrounded. Of all these, the
latter is the most expressive feature—it is thac which gives
character to the landscape, which imparts the shape, and marks
the boundary of the plain. If the prairie be small, its greatest
beauty consists in the vicinity of the surrounding margin of
woodland, which resembles the shore of a lake indented with
deep vistas, like bays and inlets, and throwing out long points,
like capes and headlands.

The next two examples are observations made during military
explorations of the lowa Territory. The first includes excerpts from
the diary of an anonymous soldier on the expedition of Kearny and
Lea (Anonymous 1835). Their route followed the Des Moines River
from the southeast corner up through central Iowa to about Fort
Dodge, and then proceeded overland through north-central Iowa to
the Minnesota border:

Marched 16 miles over a marshy prairie ... The prairies on
this section are covered with strawberries . . . marched 25 miles
over dry prairie ... Our Indians kill much game mostly deer
... marched 20 miles over an almost boundless prairie . . . This
evening killed an elk . . . Encamped on the Cedar River. Killed
several buffalo . . . Encamped in the open prairie without wood
and bad water and consequently without eating. We are wan-
dering about like half starved wolves and no person appears to
know in what direction we ought to steer . . .

The second is the reconnaissance of the Des Moines River watershed
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Legend:

Solid Black — Open Water
Solid Gray — Wetland
Solid White — Prairie
Small Gray Stippling — Savanna/Open Woodland
Large Black Stippling — Closed Woodland/Forest

Fig. 1. Presettlement vegetation as determined by Government Land Office surveys berween 1832 and 1859 (from Anderson 1996).

by Allen (1845), which followed a route through north-central, The last example includes a few excerpts from a report published
northwest, and west-central Iowa: in 1852 and prepared by C. C. Parry, a medical doctor who accom-
. many wet places to detain the wagons . .. left the Des panied the geologist David Owen on an expedition into the upper

Moines far to our right; prairie large and flat, running up close
to the river, where it falls off in a sudden bluff, serrated with
deep short ravines, with good springs ... saw many elk at a
distance; one drove estimated at 100 ... beautiful prairie all
around and extending to the Des Moines . . . we had to double
the teams, and also apply the men to draw the wagons through
the slues, and these were numerous . . . We spent the whole of
this day in fruitless search of a way to lead us through these
interminable lakes ... The grass of this country is tall and
luxuriant . . . but the whole of this country is good for nothing,
except for the seclusion and safety it affords to the numerous
water fowl that are hatched and grown in it ... Buffalo have
been in sight almost always since we struck this river [Big
Sioux in northwest Iowa}, and we might have killed hundreds
by delaying for the purpose ... Met another ugly prairie slue
at the end of eight miles, which took three hours to cross, when
we came to a country full of marshes and old shallow grass . . .
four fifths of the country was marsh, which turned us to all
points of the compass ... encamped on the open prairie; no
timber near us . . .

Mississippi River Valley. Parry provided brief comments on the
plants he collected (Owen 1852):

Ceanothus Americanus, (L.) July. “Red root.” A shrubby plant,
well known on the Towa prairies as a troublesome obstacle, by
its tough roots in first breaking the soil ... Astragalus cary-
ocarpus, (Ker.) May. Gravelly ridges in the interior of Iowa,
Fort Snelling, at the junction of the Mississippi and St. Peter’s
Rivers, and abundant on the later stream, being a characteristic
plant of the peculiar drift deposit of that region. The fruit,
which is a pod, closely resembles a plum in external appearance,
from which fact it has received the common name “ground
plum.” The thick fleshy exterior is highly charged with mois-
ture, having che usual taste of the pea tribe, and is frequencly
used to allay che chirst of the traveler on the great western
plains ... Onosmodium molle, (Michx.) About gopher holes,
on prairie. Iowa and Minnesota ... Asclepias Meadii, (Torr.)
June. Of a singular isolated habit, but not rare on dry rolling
prairies. Iowa.

A third measure of the historical landscape is provided by photos
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and illustrations. Lacking cameras, geologists relied on sketches as a
method to record landscape features. Orestes St. John, an assistant
to the geologist Charles White, worked throughout Iowa recording
the details in the native landscape. His illustration of Flint Creck in
Des Moines County (southeast Iowa) shows limestone outcrops with
a savanna-like community evident along the bank (Fig. 2A). Another
sketch made about 2 miles north of Clear Lake shows a wetland (peat
marsh) surrounded by knob and kettle terrain with scattered trees
to the southwest and more open prairie to the north (Fig. 2B), and
a third sketch illustrates the Loess Hills in Plymouth County north
of Sioux City. The Big Sioux River floodplain is on the left and has
a few scattered trees present, but the bulk of the Hills are treeless
(Fig. 20C).

The best these historical descriptions can do is give us an im-
pression of the physiognomy, that is the basic appearance of the
landscape. Finer scale historical descriptions, for example, of specific
community types, are pretty much non-existent. For a map of more
specific presettlement communities, we can turn to a description of
the soils.

Vegetation is a principal soil-forming factor, and the type of veg-
etation present (historically) during soil formation imparts certain
characteristics in the soil. By using the descriptions in soil surveys,
an association between a soil series and a prairie communiry, such as
wet, mesic, or dry tallgrass, can be made, although it is somewhat
subjective and of course contains no information on specific plant
species composition. For example, the soil map for Story County,
Towa (DeWite 1984) shows more specifically the types of prairie on
two sections of land north of Ames (Fig. 3). Including the two wet-
land communities, there are seven plant communities that can be
differentiated on this prairie landscape on the basis of soil charac-
teristics. The landscape was a mosaic of wet-mesic and mesic tallgrass
prairies with a few potholes and possibly sedge meadows (the wet
prairie). Dry tallgrass and some small areas of savanna line the banks
of a prairie stream.

PRESENT DAY ENVIRONMENTS AND PRAIRIE

To really understand the patterns of community composition
across a landscape, we first need to recognize the environmental fac-
tors affecting the species. For any vegetation, and grasslands are no
exception, geology and climate are a good place to start. Let’s first
consider geology and geomorphology.

Towa’s bedrock record is primarily sedimentary (mostly limestone)
and ranges from 75 to 500 millions years old (Prior 1991). The
youngest bedrock deposits are Cretaceous (found in the northwest),
then Pennsylvanian (in the southwest) and Mississippian, Devonian,
Silurian, Ordovician, and a little bit of Cambrian in the northeastern
corner of Iowa. A cross section from northeast to southwest would
show that the bedrock tips downward, so that as one moves towards
the northeast, progressively older rocks outcrop on the surface.

More important in terms of soils and geomorphology is the record
of glaciation during the Pleistocene. All of Iowa had several layers
of glacial drift deposited between 500,000 years ago and the begin-
ning of the Pleistocene about 2.5 million years ago (Prior 1991).
The next wave of glaciation, about 130,000 to 300,000 years ago,
had little impact on Iowa—touching only a small portion of south-
east lowa along the Mississippi River. The most recent glacial de-
posits were left just 10,000 to 30,000 years ago in north-central
lowa.

Iowa’s bedrock and the glacial activity combine to distinguish
eight principal landform regions (Fig. 4): Des Moines Lobe, lowan
Surface, Paleozoic Plateau, Mississippi and Missouri Alluvial Plains,
Southern Iowa Drift Plain, Loess Hills, and the Northwest Iowa
Plains (Prior 1991). Let’s take a closer look at some of these major

landforms, since they have a primary influence on the soils formed
and therefore the variation in prairies across the state.

The Des Moines Lobe is a young landscape with fresh glacial drift
(10,000 years old). Much of the area has level terrain with poor
surface drainage, which results in a range of wet prairies grading to
wetlands. Morainal deposits along edges of the stagnant ice sheet
resulted in “knob and kettle” terrain, which provides a modest
amount of topographical relief and usually very porous deposits, such
as gravel outwash, that are characteristically gravel hill prairies. The
Southern Towa Drift Plain is characterized by a moderate amount of
loess lain like a blanket over very old glacial drifc. Ongoing devel-
opment of surface drainage (i.e., a dissected terrain with river and
stream valleys) has removed the loess from side slopes exposing pa-
leosols (which are ancient soils) formed in the top of the glacial drift.
The paleosols contain high amounts of clay and form an impervious
layer, which can cause perched water tables and side hill seeps.

The Iowan Surface is essentially the Southern lowa Drift Plain but
with a major erosion event that occurred during the maximum cold
of the Wisconsinan glacial advance about 16,000 to 21,000 years
ago. It left a landscape reduced in topographical relief with a thin,
discontinuous layer of loess over top old glacial drift. An erosion-
resistant stone or cobble line is also characteristic. Toward the south-
ern part of the Jowan surface, paha ridges occur. These long narrow
ridges, which are mostly aligned northwest to southeast, appear to
be formed from windblown silt and sand. These dune-like formations
protected and preserved the pre-erosion landscape below them. The
Paleozoic Plateau has a thin layer of loess with scattered patches of
glacial drift over bedrock. It is a bedrock-dominated landscape with
deeply entrenched river valleys. Considerable topographic relief is
associated with the valleys. Karst topography (which gives rise to a
network of caves and sinkholes) is also characteristic. Steep slopes
and thin soils promote dry prairie vegetation.

Finally the Loess Hills are formed from very deep, up to 200 feet
thick, deposits of loess (windblown silt). Glacial outwash from melt-
ing ices sheets to the north was carried down the Missouri River and
deposited on the adjacent floodplain. Silt was blown from the flood-
plain into huge drifts that were eroded into a network of steep in-
terconnected ridges and valleys. The high topographic relief, south-
western slope exposures, and steep slopes contribute to very dry mi-
croclimates.

Most travelers passing through lowa probably remember the Iowa
landscape as precty flat and uninteresting, but there really is a fair
amount of edaphic, geomorphological, and topographical variation if
you know where to look. These variations in landform, even though
relatively subtle by some standards, create environments that prolif-
erate Iowa's prairie diversity. They contribute to microclimates that
effectively stretch the moisture gradient to impressive lengths—from
the super-saturated fens and sedge meadows moistened by geological
deposits and topographical basins, to the rapidly permeable sand
prairies colonizing aeolian deposits along the margins of large river
valleys and the bone-dry prairie on thin soils of bedrock-strewn
slopes or clinging to steep loess ridges. Become familiar with Iowa’s
landforms, and you will have taken a giant step forward in under-
standing Iowa prairie.

There are several important climatic patterns that add a layer of
variation to lowa’s prairie environment. Annual precipitation varies
from less than 71 cm (28 inches) in the norchwest to 96 ¢cm (38
inches) or more in the southeast (Fig. 5). Temperature patterns in-
dicate that cold air invades Iowa precty uniformly from the north
(Fig. 6). Average January lows in the north are about —15°C (5°F)
while lows in the south are about —11°C (12°F). However, the max-
imum cold temperatures vary by 12°C (—40°C in the north and
—28°C in the south). The pattern in the July high temperatures
indicates hot air enters Iowa from the southwest. Southwestern Iowa
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Legend:

N Black -- Seasonally Flooded Wetland & Stream
Dark Gray -- Temporarily Flooded Wet Prairie (Sedge Meadow)
Light Gray -- Wet Mesic Tallgrass Prairie
Small Dense Stippling -- Mesic Tallgrass Prairie
Large Open Circle Stippling -- Dry Mesic Tallgrass Prairie
No Stippling or Shading -- Mid-grass Prairie

S Heavy Black and White Stippling -- Savanna
Fig. 3. Presettlement vegetation on two sections of land in northern
Story County, Iowa, based on soil series maps (DeWitc 1984).

experiences average July highs of 31°C (88°F), while northeastern
lowa is about 3°C cooler at 28°C (82°F). Maximum high tempera-
tures are fairly uniform over the state ac about 43°C (110°F). The
exception is northeastern Iowa where they are 5°C cooler. These tem-
perature differences across the state translate to about a 27-day short-
er growing season in the north (135-150 days) than in the south
(165175 days) (Eilers and Roosa 1994).

Wind speeds are greatest in the northwest and are generally higher
across northern Iowa (Fig. 7). Lowest wind speeds occur in the south-
eastern third of the state and especially in the Paleozoic Plateau
adjacent to the Mississippi River in northeastern lowa. Wind has a
major influence on increasing evapotranspiration and contributing to
water stress, and also to increasing fire intensity and spread.

If the effect of river valleys as fire barriers is added, it becomes
clear that with prevailing southwestern or southerly winds during
the fire season, the fire frequency and intensity would be much lower
in eastern Iowa than in the west and northwest. In the east there are
many large river valleys oriented in a northwest to southeast direc-
tion thar are generally perpendicular to the prevailing wind direction
and the spread of fires. These natural firebreaks combined with lower
wind speeds would have created a more patchy and random pattern
of fire on the landscape in the east, which contributes to greater
occurrence of savanna and woodland communities. By contrast, the
rivers in the western third of the state flow from northeast to south-
west and therefore form valleys that generally do not function as
effective fire barriers.

With some understanding of the variation in the physical envi-
ronment, prairie ecologists can begin to construct a picture of how
these factors (and others) affect the species composition of Iowa prai-
rie. In one of the earliest attempts to make sense of Iowa prairie,
Shimek (1911) described six basic community ctypes: 1) the flat prai-
rie (the wet to wet-mesic, black soil prairie in much of the Des
Moines Lobe), 2) the rolling prairie (mesic to dry-mesic throughout
the Southern Iowa Drift Plain), 3) the western ridges (dry prairie in
the Loess Hills), 4) the alluvial prairie (wet and wet-mesic prairie in
floodplains), 5) the prairie openings (dry-mesic prairie, or savanna,

on ridges in eastern Iowa), and 6) the sand-dunes (sand prairie as-
sociated with river valleys).

More recently, the best quantitative descriptions of prairie com-
munities have come from ecological work on remnants. Three land-
scape-level studies on the community ecology of prairie have been
completed in lowa. White (1983) focused on many of the prairies
throughout the state that are within the state preserve system. He
observed 138 community samples from nine locations in Iowa and
two in southeastern Nebraska. Ugarte (1987) confined his work to
the northeast Iowa hill prairies. He included 174 samples in his data
set. Rosburg (1994) studied 250 samples from nine locations in the
Loess Hills.

The community types described by each are arranged from top to
bottom in increasing order of soil moisture (Table 1). All of them,
except the last four described by White (1983), represent prairies on
the dry side of the moisture gradient. Because White’s samples em-
body much of the Iowa landscape, these types epitomize the bulk of
the original prairie in lowa. Wet, wet-mesic, mesic, and dry-mesic
tallgrass are well represented in Iowa. White’s Iowa Erosion Surface
(now called the Iowan Surface) mesic tallgrass is characterized by
several forbs that have a biogeographical range limited to norcheast-
ern Iowa, which distinguishes the prairies on the Iowan Surface from
other rallgrass prairies.

Ugarte’s (1987) four community types on the Paleozoic Plateau
are mostly distinguished by relative elevation and the level of recent
grazing activity (the more intense the grazing the more dominance
by mid-grass species like little bluestem and side-oars grama). All
occur on thin soils associated with steep, bedrock-dominated slopes.

In the Loess Hills, much of the remnant grassland is mid-grass
prairie represented by Rosburg’s (1994) first three types. These occur
on the very steep bluffs adjacent to the floodplain and on west- or
south-facing slopes at high relative elevation chroughout the Hills,
Tallgrass species mix equally with mid-grass species in the rall/mid-
grass transition, which can be found on northwest and southeast
facing slopes. Dry-mesic tallgrass is found on all slopes at medium
to low relative elevations.

In order to learn more about dry prairie in Iowa, I combined the
field data from all three studies (excluding White's mesic to wet
types) and did an analysis of the variation in community composition
using ordination techniques. An ordination shows relative levels of
similarity among samples (in this case, the community types of each
study) by plotting them in two-dimensional species space. The closer
two samples are in the ordination, the more similar they are in
species composition. Abundance was measured in two ways—one by
relative cover or frequency and the second by presence/absence in
community samples (chis is called constancy). If abundance of species
is based on cover or frequency measurements, then grasses tend to
have a higher relative abundance than forbs and essentially weight
the community composition more towards the grasses (Fig. 8A). In
this case, the dry-mesic rallgrass types group together towards the
top left, all the mid-grass types (including the gravel hill which is
a mid-grass community) group together towards the bottom left,
and the sand prairie is very distinctive, located on the right side and
separated from all the others. When grasses are given a lot of weight
in the analysis, biogeography has little effect—loess mid-grass com-
munities are more similar to gravel hill and northeast Iowa hill prai-
ries than they are to loess hill tallgrass communities, There is good
separation of tall grasses (big bluestem and indiangrass) and mid-
grasses (lictle bluestem and side-oats grama) along a presumed mois-
ture gradient (axis 2, Fig. 8A).

In the second ordination, abundance was based on constancy, and
consequently forbs were given relatively more weighe (Fig. 8B). This
changes the outcome considerably. Now all of the Loess Hill com-
munities group together as do the northeast Iowa hill prairies. Dry-
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Fig. 4. Landform regions in Iowa (Prior 1991).

mesic tallgrass and gravel hill are fairly similar and form their own
group. Sand prairie is still distinctive, but not as much, and it is
surprisingly most similar to the southeast Nebraska samples. The
lesson here is that although grasses certainly make a major contri-
bution to the productivity and structure of a prairie, the species are
fairly uniform wichin broad physiognomic grassland types. It is the
forbs—with cheir own specific patterns of biogeography and habitac
requirements—that reflect variation in species composition and make
a potpourri of community types across the prairie landscape.

A three-dimensional model of lIowa prairie integrates the three
principal and independent environmental factors affecting species
composition of prairie communities and provides a mechanism for
visualizing the prairie’s complexity (Fig. 9). The three main envi-
ronmental gradients are soil moisture/fertility, biogeography, and fre-
quency of environmental perturbation. Soil moisture/fertility is the
primary gradient. It segregates the prairie into the community types
most commonly recognized (e.g., wet, mesic, dry). However, com-

sy PALEOZOIC PLATEAU

munity types are arbitrary entities. In some cases, wet vs. mesic vs.
dry may be good enough, but in other situations, more resolution
of prairie communities may be desirable. The additional resolution
comes from accounting for variation in species composition due to
the effects of the other two gradients—biogeography being the sec-
ond most important and environmental perturbation the third most
important.

For each of the gradients depicted, several different environmental
factors can affect species composition via the environmental gradient.
For example, the soil moisture/fertility gradient can be influenced by
at least five factors. Deep and/or fine-textured soils, low relative el-
evation, northeast slope exposures, and southeast Iowa weather all
would nudge a prairie more towards the wet end of the moisture
gradient.

The biogeography gradient is directly affected by variation in lat-
itude and longitude and can be indirectly related to species responses
to climate patterns, the location of species origin, and the location
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Fig. 5. Annual precipitation (cm) for Iowa based on data from 1961
to 1990 (Oregon Climate Service).

January Mean Lows (C?°)

July Mean Highs (C°)

Fig. 6. lowa 30-year normals for January minimum and July maxi-
mum temperatures (High Plains Regional Climate Center).

of species refugia during the Pleistocene glacial stages. Species bio-
geography is especially important because Towa is in the heart of the
tallgrass prairie, and therefore species reach into Iowa from all corners
of the grassland biome.

The third gradient incorporates the effects of perturbation, that

Table 1.
cation.

Fig. 7. Average wind speed (m/s) across Iowa (lowa Energy Center
1997, reprinted with permission).

is, factors that occur in a discrete portion of time and space and
which cause changes in resource availability and species interactions
through increased stress or mortality. If moreality occurs to the ex-
tent that space becomes available for colonizacion and establishment,
the term discurbance is applied by ecologists. For example a pertur-
bation may result from frequent spring burning, as some research
indicates that after many years of annual spring burns the warm-
season grasses become more dominant while the forbs becomes less
diverse and abundant (Gibson and Hulbert 1987). The context of
the perturbation is excremely important; Henderson (1992) found
that in dry prairie ten years of annual spring burning did not cause
as much change as one year of drought, and any change in compo-
sition that did occur due to annual spring burns was mostly reduc-
tion in cool-season graminoids and not the loss of spring forb abun-
dance and diversity. Another perturbation is moderate grazing, which
increases forb diversity by favoring the abundance of low-stature and
basal-leaved species like blue-eyed grass, wild flax, and violets (Ros-
burg 1994). Platc (1975) demonstrated that gopher and badger
mounds are soil disturbances that provide important habitat for a
group of prairie forbs. :

The three-dimensional volume represents all of the potential var-
iation in species composition of Towa praitie, thus a single prairie
community type occurs in a subset of the volume. Its place in the
volume (i.e., its x, y, z coordinate) represents the contribution from
each gradient. For example, savanna communities would occupy only
a portion of the total volume. At the biome scale, climate is an

Iowa prairie community types identified by studies incorporating quantitative field methods and multivariate classifi-

White 1983
Des Moines Lobe
Iowa Erosion Surface
Southern Iowa Drift Plain

Ugarte 1987
Paleozoic Plateau

Rosburg 1994
Loess Hills

Sand

Gravel Hill

Dry-Mesic Tallgrass

Mesic Tallgrass

Wet-Mesic Tallgrass

lowa Erosion Surface Mesic Tallgrass
Wet Tallgrass

Overgrazed Mid-grass
Mid-grass

Dry-Mesic Tallgrass
Ungrazed Tallgrass

Bluff Mid-grass

Dry Mid-grass
Mid-grass

Tall/Mid-grass Transition
Dry-Mesic Tallgrass
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Fig. 8. Ordination of Iowa dry prairie community types using either

A) cover or frequency measurements or B) constancy measurements
(from Rosburg 1999). Data points represent the average composition
of samples within community types. Community types described by
White (1983) include: Sand (S), Gravel Hill (GH), Iowa Dry Mesic Tall-
grass (IDT), and Southeast Nebraska Dry Mesic Tallgrass (NDT).
Northeastern hill prairie types described by Ugarte (1987) include: Un-
grazed Tallgrass (HT), Dry Mesic Tallgrass (HDT), Mid-grass (HM), and
Overgrazed Mid-grass (HMz). Community types in the Loess Hills iden-
tified by Rosburg (1994) include: Bluff Mid-grass (LBM), Dry Mid-grass
(LDM), Mid-grass (LM), Transitional Tall/Mid-grass (LTM), and Dry
Mesic Tallgrass (LDT).

important environmental factor; wet climates with infrequent
droughts promote low fire frequency and increased woody growth
present in a savanna. Fire frequency is also affected by several local
factors. Thin soils, which have low productivity and fuel loads; low
relative elevation, which promotes wet fuel loads; and northeast slope
exposures all would tend to decrease fire frequency and intensity,
thereby promoting the development of savannas and/or oak grubs.
There is also good reason to factor in the browsing effect of large
ungulates like bison and elk because greater browsing intensity helps
to promote savanna instead of forest by stressing woody species along
forest edges where encroachment begins.

So the question still lingers. Can we ever really gain full appre-
ciation of the original lowa prairie landscape? We cercainly know
that it was a complex system, affected by many different factors,
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Fig. 9. Factors affecting the species composition of lowa prairie along
three major compositional gradients.

many of which interacted in various ways. A landscape that at times
was loud and striking in its beauty and, at other times, secretive and
subtle in its mood. It was spread out under an immense prairie sky,
a seemingly unending parade of color and form and texture. It was
a vast mosaic of interconnected habitats, ranging from prairie wet-
lands such as potholes, fens, and sedge meadows to extremely dry
grasslands on loess hill bluffs, gravel hill prairies, and blowouts in
sand prairies. Throughout the state, and especially in much of the
southeast half, it mixed and merged with fire-tolerant trees to form
a mosaic of open prairie, savanna, and woodland. Bur oaks, in par-
ticular, were adept at coping with the rigors of the prairie environ-
ment. They clung to fire-safe patches, growing tall and wide with
gnarled and twisted branches reaching widely to all corners of the
sky.

Some plants were fussy, preferring to stay in certain sections of
the state. Northern blazingstar and plains milkvetch only occur
across the northern sections; eastern species include feverfew and
shooting star; ironweed and purple coneflower were confined to the
southern part of the state, while purple locoweed and prairie turnip
creep into Iowa from the west.

It was full to the brim with life of all shapes and forms and colors,
animals like ladybird beetles, ambush bugs, short-horned grasshop-
pers, sphinx moths, skippers, and crab spiders; larger criccers like
leopard frogs, toads, fox snakes, and yellow-bellied racers. Prairie
chickens were so numerous that hundreds could be killed by a single
hunter in one day. Now they are making a comeback in southern
lowa's prairie pastureland. Many other prairie birds filled the sky
with their song, species like upland sandpipers, bobolinks, and dick-
cissels. Among the mammals, prairie voles scurried through tunnels
in the prairie thatch, badgers plowed through the prairie soil close
on the heels of fleeing ground squirrels, elk wandered half hidden
amid tall grasses and forbs, and bison herds, forever seeking the open
spaces, thundered across the prairie.

It was a glorious landscape indeed. Nothing else on earth was like
it. And then we came along and life on the Iowa prairie was forever
changed. It’s hard to believe that so much could be destroyed so fast.
By 1850, just four years after statehood, settlement had already en-
compassed the entire southeastern corner of the state. By 1890 Iowa,
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Fig. 10. Location and distribution of Iowa prairie remnants 10 acres or more in size. Data were compiled from a variety of public and personal

data sources. The “S” indicates the location of Story County.

was declared settled, with an average of four farms per square mile
(Smith 1992). The prairie, after evolving and having become more
complex and refined for over thousands of years, was destroyed in
less than one person’s lifetime, about 40 to 50 years.

What's left? Just slivers scattered far and wide, barely perceptible
amid the flood of corn and beans. I searched through data provided
by County Conservation Boards (CCBs), the Iowa Department of
Natural Resources (DNR), the Iowa Chapter of The Nature Conser-
vancy (TNC) and other documents including my own field notes for
remnants that were at least 10 acres (4 ha) in size (Fig. 10 and Table
2). This is not a complete data set—thege are certainly many more
privately-owned remnants, especially in the Loess Hills, and also
probably in the Paleozoic Plateau and Southern Iowa Drift Plain.
There are also many more remnants that are less than 10 acres (4
ha) in size. Nevertheless, current estimates place the amount of sur-
viving prairie at between 0.07 and 0.1% (or between 20,000 and
30,000 acres) (8,093 and 12,140 ha). The bulk of this, perhaps as
much as much as 15,000 acres (6,070 ha), occurs in the Loess Hills.
Among this sample of 120 remnants, 70% are between 10 and 40
acres (4 and 16 ha), 15% are between 40 and 100 acres (16 and 40
ha), and 15% are over 100 acres (40 ha). The largest contiguous
tracts, upwards of 1,000 acres (405 ha), are found in the northern
Loess Hills at Broken Kettle Grasslands, owned and managed by the
Iowa TNC. In terms of management, just over half (52%) are man-
aged by CCBs, 19% are privately-owned, and 18% are managed by
the Towa DNR (mostly by wildlife management biologists). The
remaining caretakers include lIowa TNC, Township Trustees, the
lowa Natural Heritage Foundation, and the National Park Service.

While these data serve to show the distributional pattern of sig-
nificant extant prairie tracts in lowa, they do not show the entire
picture. If all prairie tracts of an acre or more in size are included,
for example in Story County, the number of remnants goes from four
(Fig. 10) to 30, and the percentage of privately-owned sites increases
dramatically. Seventeen of the 30 (57%) of these are privately-owned,
six are owned by the CCB, five are cemeteries, and one each is owned
by TNC and the Iowa DNR. Three occur along abandoned railroad

lines. They vary in quality from barely passable as a remnant to one
that has a population of a federally endangered plant species. This
strikes me as a fairly impressive number of remnants, and I doubt
that it is complete. There may be one or two that I'm missing. I'd
like to think that other counties have similar numbers, but I
wouldn’t be surprised to learn thart there are counties with vircually
nothing left. Still, you can never be sure until a thorough survey is
completed.

Now let’s take a quick tour across the state to see some of these
remnants, starting in central Iowa. Doolittle Prairie, just north of
Ames, is a state preserve managed by the Story CCB. It’s a good
example of a prairie remnant on the Des Moines Lobe, where wet
and wet-mesic prairie are interspersed with scattered potholes. Blue
flag is occasionally found in the wet prairie along with Virginia
mountain mint and sneezeweed. In the more wet-mesic areas, you
can find butterfly milkweed, New England aster, and purple meadow
rue. Elsewhere in the Des Moines Lobe, mesic and dry-mesic prairies
occur on gentle slopes associated with stream valleys, like Pohl Prai-
rie in Ames, a state preserve managed by TNC. It's a good place to
see plants like prairie gentian, prairie rose, and prairie dandelion. In
the northwest corner of the Des Moines Lobe, nestled in the knob
and kettle terrain associated with the western moraine, you'll find
Freda Hafner Kettlehole and Cayler Prairie, both of which are state
preserves. Lowlands are wet-mesic prairie with golden alexanders and
Canada anemone, while ridges at Freda Hafner are gravel hills mid-
grass prairie and are good places to run into a prairie skink or see
clumps of Junegrass and the vibrant color of aromatic aster. In gen-
eral, the gravelly deposits of the glacial moraines have thin, nutrient-
poor soils and are also good places to look for diminutive species
like the Carolina anemone. The knob and kettle terrain is also a
good place to find prairie fens. These unique habitats are home to
many great plants, including white lady slipper orchids, bog tway-
blade, fringed gentian, and fen endemics like grass of Parnassus.

A gem on the Iowan Surface is Hayden Prairie, another state pre-
serve owned and managed by the DNR. Hayden is 240 acres (97
ha) of delightful prairie. If your timing is right, you might see
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Table 2. lowa remnant prairies greater than 10 acres that are owned and managed by public agencies or conservation organi-

zations (a subset of the sites in Fig. 10, which includes some private sites).

Management
CCB = County
DNR = State

NPS = National Primary and Secondary

Park Service

Prairie Communities

TNC = The HP = Hill Prairie
Name Nature LH = Loess Hills
NM = National Monument Conservancy Lime = Limestone
SF = State Forest Estimated INHF = IA NE = Northeast
SP = State Park Acreage  Natural Heritage NW = Northwest
WA = Wildlife Area of Prairie Foundation TG = Tallgrass County
Fish Farm Mounds 10 Iowa DNR NE Mid-grass HP —_ Allamakee
Cedar Hills Sand 90 Iowa TNC Dry-mesic Sand TG — Black Hawk
Sweet March 100 Towa DNR ? 2 Bremer
Bearbower Prairie 40 CCB ? ? Buchanan
Blazing Star Prairie 10 CCB ? ? Buchanan
Rowley Fen 10 CCB Wet TG - Buchanan
Leeper Prairie 40 CCB ? ? Butler
Wolters Prairie 40 CCB ? ¢ Butler
Munson Prairie 10 CCB ? ? Calhoun
Rochester Cemetery 15 Township Mesic TG Savanna Cedar
Blazingstar Prairie 10 CCB Wet-mesic TG — Cerro Gordo
Hoffman Prairie 35 Iowa TNC Wet-mesic TG — Cerro Gordo
Walch WA 50 CCB ? ? Cerro Gordo
Nestor Stiles Prairie 10 CCB Mesic TG -— Cherokee
Steele Prairie 200 Iowa DNR Mesic TG Wet-mesic TG Cherokee
Joachim Prairie 25 CCB ? ? Chickasaw
Coyote Canyon WA 10 CCB ? ? Clarke
Bertram Reservation 50 CCB Dry-mesic TG Savanna Clay
Burr Area 30 CCB Oak Savanna — Clay
Dewey's Pasture 50 Towa DNR Wet-mesic TG — Clay
Effigy Mounds NM 20 NPS NE Mid-grass HP — Clayton
Duke Prairie 20 CCB Mesic TG — Clinton
Manikowski Prairie 40 CCB Dry-mesic Lime TG - Clinton
Newcom Prairie 10 CCB Dry-mesic TG — Crawford
Cayler Prairie 150 Iowa DNR NW Wet-mesic TG NW Dry-mesic TG~ Dickinson
Dugout Creek WA 50 Iowa DNR NW Dry-mesic TG — Dickinson
Freda Hafner Kettlehole 75 Iowa TNC NW Mid-grass NW Dry-mesic TG Dickinson
Anderson Prairie 200 Towa DNR NW Wet-mesic TG NW Dry-mesic TG Emmet
Eagle Lake Wildlife 20 Iowa DNR ? ? Emmet
Rockford Fossil Park 20 CCB ? ? Floyd
Creeden Prairie 10 CCB ? ? Franklin
Waubonsie SP 20 Iowa DNR LH Mid-grass — Fremont
Scheueman Prairie 15 CCB Wet-mesic TG Mesic TG Greene
Sheeder Prairie 25 Iowa DNR Mesic TG Dry-mesic TG Guthrie
Crystal Lake 100 CCB 2 ? Hancock
Hubbard Prairie 50 CCB Mesic TG — Hardin
Loess Hills SF-west 150 lowa DNR LH Mid-grass — Harrison
Loess Hills SF-south 100 Iowa DNR LH Mid-grass — Harrison
Murray Hill Overlook 10 CCB LH Mid-grass — Harrison
Crossman Prairie 10 Iowa TNC NE Mesic TG — Howard
Hayden Prairie 240 lowa DNR NE Mesic TG NE Wet-mesic TG Howard
Banwart Prairie 10 CCB ? ? Humboldt
Pioneer Prairie Pothole 10 CCB ? ? Humboldt
Ozark WA 10 CCB Dry-mesic Lime TG — Jackson
Kish-Ke-Kosh Prairie 15 CCB Dry-mesic TG ? Jasper
Round Prairie Park 10 CCB Mesic TG — Jetterson
Williams Prairie 20 Iowa TNC Wet TG Wet-mesic TG Johnson
Smith Prairie 10 CCB ? ? Kossuth
Stinson Prairie 30 CCB NW Wet-mesic TG NW Dry-mesic TG~ Kossuth
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Management
CCB = County

DNR = State
NPS = National

Park Service

Primary and Secondary
Prairie Communities

TNC = The HP = Hill Prairie
Name Nature LH = Loess Hills
NM = National Monument Conservancy Lime = Limestone
SF = State Forest Estimated INHF = IA NE = Northeast
SP = State Park Acreage  Natural Heritage NW = Northwest
WA = Wildlife Area of Prairie Foundation TG = Tallgrass County
Denning Conservation Area 10 CCB ? ? Lee
Hitaga Sand Ridge 20 CCB ? ? Linn
Rock Island Botanical Preserve 10 CCB Dry-mesic Sand TG —_ Linn
Gitchie Manitou Perserve 20 Iowa DNR NW Mid-grass NW Dry Tallgrass Lyon
Maskunky Marsh 10 CCB Wet Prairie - Mahaska
Rose Hill Marsh 10 CCB ? ? Mahaska
Marietta Sand Prairie 15 CCB Dry-mesic Sand TG Mesic TG Marshall
Loess Hills WA 500 TIowa DNR LH Mid-grass LH Dry-mesic TG Monona
Preparation Canyon SP 50 Iowa DNR LH Mid-grass — Monona
Sylvan Runkel Preserve 300 Iowa DNR LH Mid-grass LH Dry-mesic TG Monona
Turin Loess Hills Preserve 200 TIowa DNR LH Mid-grass LH Bluff Mid-grass Monona
Shield Prairie 20 CCB ? ? Muscatine
Swamp White Oak Savanna 20 Towa TNC Oak Sand Savanna - Muscatine
McCormack Area 10 CCB ? ? O'Brien
Ocheyedan Mound 10 CCB NW Dry Tallgrass o Osceola
Burns Prairie 150 CCB Wet-mesic TG - Palo Alto
Huston Prairie 50 CCB ? ? Palo Alco
Larson Prairie 30 CCB ? 2 Palo Alco
Prairie Gold WA 80 CCB ? 2 Palo Alto
Road’s End 10 CCB ? ? Palo Alto
Telford Prairie 150 CCB ? ? Palo Alto
Broken Kettle 2000 Iowa TNC LH Mid-grass — Plymouth
Five Ridge Prairie 300 CCB LH Mid-grass LH Dry-mesic TG Plymouth
Mt. Talbot Preserve 90 JIowa DNR LH Mid-grass LH Dry-mesic TG Plymouth
O'Brien Prairie 30 CCB ? ? Plymouth
Fonda Prairie 10 ? ? ? Pocahontas
Kalsow Prairie 120 Iowa DNR Mesic TG Wet-mesic TG Pocahontas
Engledinger Marsh 10 CCB Dry-mesic TG Wet-mesic TG Polk
Sand Hill 10 CCB Mesic TG Dry-mesic TG Polk
Yellow Banks Park 10 CCB Oak Savanna - Polk
Hitchcock Nature Area 50 CCB LH Mid-grass — Pottawattamie
Vincent Prairie 20 INHF LH Dry-mesic TG — Pottawattamie
Ringgold WA 20 Iowa DNR ? ? Ringgold
Dinesen Prairie 20 CCB Mesic TG — Shelby
Doolittle Prairie 25 CCB Wet-mesic TG — Story
Pohl Prairie 10 Towa TNC Mesic TG Dry-mesic TG Story
Prairie Rail Trail 10 CCB Mesic TG — Story
Medora Prairie 30 TIowa TNC Mesic TG — Warren
Rolling Thunder Prairie 60 CCB Mesic TG — Warren
Liska-Stanek Prairie 20 CCB Mesic TG Wet-mesic TG Webster
Rossow Prairie 30 CCB ¢ ? Webster
Chipera Prairie 20 CCB ? ? Winneshiek
Sioux City Prairie 150 CCB LH Dry-mesic TG — Woodbury
Stone SP 20 Iowa DNR LH Mid-grass LH Dry-mesic TG Woodbury
Panicum Prairie 10 CCB ? ? Worth
Turkeyfoot Prairie 10 CCB ? ? Worth
Worth County Lake 10 CCB Wet-mesic TG — Worth
Prairie Smoke WA East 10 CCB ? ? Wright
Prairie Smoke WA West 15 CCB ? ? Wright
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blooming populations of wood lily, prairie smoke, or fringed loose-
strife. Northern species like oval-leaved milkweed can be found on
a few remnants on the lowan Surface. Northern limestone prairies
occur on valley slopes where erosion has exposed the bedrock. Plant
species to see on the limestone prairies include white camas and
heart-leaved meadow parsnip. Further east on the Paleozoic Plateau,
the hill prairies overlooking the Mississippi River are steeper and
higher versions of the limestone prairies. Bird's foot violet and prairie
coreopsis are fairly common on these rugged prairies.

The Mississippi Alluvial Plain boasts one of the largest and best-
developed sand prairies at the Big Sand Mound, just south of Mus-
catine. Big Sand Mound is an active sand dune formed from wind-
blown sand deposited on the alluvial plain. Species like hairy puc-
coon, eastern prickly pear, and goat's rue are easily found. Other sand
prairies occur on the northeastern end of the Southern Iowa Drift
Plain, for example at Marietta Sand Prairie along the Iowa River and
at the Rock Island Botanical Preserve and Cedar Hills Sand Prairie,
both along the Cedar River. Expect to see plants like blunt-leaved
milkweed, showy tick trefoil, and flowering spurge at these sand
prairies.

Southern versions of the limestone prairie also occur in the north-
eastern end of the Southern Iowa Drift Plain. These occur on older
bedrock (of Silurian vintage) than the northern limestone prairies,
which are mostly on Devonian limestones. A couple of species to see
here are cylindric blazingstar (which is also common on hill prairies)
and Great Plains ladies-tresses.

High-quality savanna remnants are hard to find. Because they are
so fire-dependent, they are probably the most endangered commu-
nity on the prairie landscape. A few good places to get a feel for
them on the Southern Towa Drift Plain are at Rochester Cemetery,
just east of lowa City; at one of TNC's newest projects—a floodplain
savanna called Swamp White Oak Preserve south of Iowa City; and
at a thin soil, oak savanna currently under restoration at Yellow
Banks County Park near Des Moines. A few of the characteristic
plants found among these sites include shooting stars, early burter-
cup, cardinal flower, and purple milkweed.

Most of the Southern Towa Drift Plain was draped with rolling
mesic prairie, nicely exemplified by Sheeder Prairie and Bundt Prai-
rie in Guchrie County. These are good places to see common species
like tall cinquefoil, southern species like scaly blazingstar, or infre-
quent species like green milkweed. There are a couple of good ex-
amples of floodplain prairie on the Southern lowa Drift Plain. One
is William’s Prairie along the Iowa River in eastern Iowa—home to
bunchflower and marsh marigold. Another is a privately-owned site
adjacent to the Nishnabotna River in southwestern Iowa. A naturally
rare prairie community that I suspect occurred only sporadically on
the Southern Iowa Drift Plain is sandstone prairie. An example oc-
curs on Cretaceous deposits near Springbrook Srate Park.

A must-see for anyone's tour of lowa prairie is the Loess Hills—
the only place in lowa that comes close to fulfilling a description of
native rangeland. The original Hills must have been incredibly di-
verse, with a moisture gradient ranging from wet-mesic on the ad-
jacent Missouri River floodplain to some of the driest environments
in the state on the tops of southwest slopes, all occurring within a
distance of less than a half-mile. Conspicuous plant species include
yucca (the hallmark plant of the Hills), large flowered penstemon,
pasque flower, and silky aster. The dry mid-grass prairies support
several state endangered plants, for example, narrow leaved milk-
weed, cowboy’s delight, and biscuit root.

One of the best remnants to visit on the Northwest Iowa Plains
is Steele Prairie, a combination of mesic and wet-mesic prairie. Typ-
ical prairie species to see here are compass plant and cream false
indigo. For a taste of the Great Plains, visit Gitchie Manitou State
Preserve in the extreme northwest corner of Iowa. Portions of the

preserve lie on Sioux Quartzite outcrops about 1.6 billion years old.
It’s the only place in Iowa with metamorphic bedrock at the surface.
It’s a tough, dry environment and a good home for species like fragile
prickly pear cactus, golden aster, and fameflower.

WHAT LIES AHEAD?

lowa's prairie remnants represent less than 0.1% of the original
prairie landscape. It boggles my mind to imagine the prairie we
could have today if only our forefathers had possessed the foresight
to set aside a section or even a township of prairie here and there.
Because that never happened, the only way we will ever see a whole
tallgrass prairie ecosystem in Iowa is through restoration. It just
might be possible. There are many, many people involved with re-
construction and restoration in lIowa. It's truly an exciting time be-
cause it is happening at many different levels—Dby federal, state, and
county governments, and by conservation groups or corporations, by
schools and businesses, and most impressively by many private in-
dividuals. Rebuilding the prairie landscape is a formidable task, cer-
tainly more difficult to do than was destroying it. It will take a lot
of cooperation, and in Iowa I think we have a tremendous start.

There’s Neal Smith National Wildlife Refuge, an 8,000 acre
(3,200 ha) prairie and savanna restoration on the Southern Iowa Drift
Plain east of Des Moines. Neal Smith offers our best hope at seeing
a functioning tallgrass prairie ecosystem complete with growing
herds of bison and elk. One of the most important characteristics of
the prairie was simply its vast size. Neal Smith will at least solve
that problem.

The Iowa Department of Transportation (DOT) and the Integrated
Roadside Vegetation Management Program are making huge strides
in the establishment of native prairie along the approximately
600,000 acres (242,800 ha) of roadsides in Iowa. The philosophy is
simple, the best way to prevent weeds and control erosion along
roadsides is to establish native vegetation. Nothing fills the soil with
root mass better than a prairie. A fine example of one of the DOT’s
reconstructions is along Interstate 35 in Story County on the east
side of Ames. Close to 130 species were used in the seeding, and
about 85% of these are now established.

The Iowa DNR has been doing reconstructions for many years on
its wildlife management areas, but perhaps one of the agency’s more
significant contributions has been the program to reintroduce the
greater prairie chicken to southern Iowa grasslands. You can learn
more about how the program is succeeding from Melvin Moe in his
presentation on Wednesday morning.

One of the most amazing contributions to rebuilding the prairie
landscape is coming from private landowners. I wish I knew for sure
how many individuals are involved in these restoration projects.
There must be many dozen at least, and they are spread out all over
the state. This kind of grass roots approach is critically important if
we are to have any chance of saving all the slivers strewn across the
landscape.

This year, the Iowa Prairie Network (IPN) celebrates 10 years of
educating the public about Iowa’s prairie heritage. I'm positive that
one reason there is such strong grassroots support for prairie is be-
cause of IPN’s work in all seven regions across the state. A main
IPN goal has been to get people out to see the prairies in their area
by sponsoring field trips. Another has been to organize workshops
that teach the public about prairie issues. There’s no doubt it’s work-
ing. For example, the central region of the IPN helped to sponsor a
workday on a prairie remnant in Story County that was rapidly being
lost to cedars. Over 75 people came out to help cut and carry cedars
off the prairie. The result has been a dramatic recovery of a fine
remnant that has populations of an uncommon species, Hill’s thistle,
and a federally listed species, slender bush clover. We need more of
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this deep-rooted enthusiasm. Thanks to the Volunteer Conservation
Corps (VCC) in the Council Bluffs area, there is no shortage of op-
portunities to show enthusiasm and help with these projects. The
VCC is making sure that prairie workdays are occurring frequently
in the southern Loess Hills.

The resule of all of these effores is that lictle by lictle we will
continue seeing more and more healthy prairie. Still, if we expect to
succeed, we need always to practice our foresight. What lies ahead?
For one thing, certainly more of the same enthusiasm I've just de-
scribed can be expected. But what are some of the problems or con-
cerns that we should contemplate? Here are ten issues to work on:

The first is that we must do a good job planning and imple-
menting the reconstructions. The use of seed sources that represent
local ecotypes (i.e., populations within a species adapted to local
environments) is certainly an important concern. An issue that re-
mains largely unanswered, though, is what distance constitutes “lo-
cal.” Even more importantly, we need to make sure we are paying
attention to the larger scale pattern of species biogeography. Despite
all the expert planning and work that went into the Story County
1-35 reconstruction (the Iowa DOT project described earlier), there
are at least nine species that were planted that should not have been.
One is ashy sunflower, a southern tallgrass species that does not make
it into central Iowa. Another is common wormwood, a species non-
native to the U.S., and a third is decurrent false aster, a federally
listed species with a natural range limited to floodplain habitats in
southern Illinois and eastern Missouri.

Second—Despite all the good work being done, there is still a
tremendous amount of prairie that can be saved if someone can just
get to it in time. Nowhere is this more apparent than in the Loess
Hills and on the northeast Towa hill prairies, where nearly all the
land is privately-owned and prairie continues to fade away under the
greenery of invading cedars. But elsewhere in the state the same is
true. Even near my home in Story County there is a remnant that I
often drive by, and every year I see more trees and less prairie. And
then there are the hidden pasture prairies in southern Iowa. It’s not
unusual to walk out into the back of someone’s abandoned pasture
and see a field of pale purple coneflowers. It’s good that we have so
many remnants to work with but unfortunate that it seems we don’t
have enough people-power or time to do the work. Most remnants
are on private land and they need our help.

Third—We need to work harder to find and protect savannas,
many of which are now more accurately described as pasture or cool-
season savannas. They too are fading fast under the shade of en-
croaching trees. But they are out there, usually with a very degraded
herb layer and a still recognizable canopy. The first step must be
stopping the woody encroachment and restoring the canopy to a
correct density of trees; then work can begin on restoring the herb
layer. Unlike a tallgrass prairie, reconstruction of savanna with its
oak component would take over a hundred years. The fact that these
degraded savannas still have their canopy species intact makes re-
habilitation much more efficient than reconstruction. We must not
write the savanna remnants off.

Fourth—Railroad and cemetery remnants are often among the
more common small prairies that have survived, and although some
are well managed there are still many that are neglected. An orga-
nization like the Iowa Prairie Network needs to establish a dialogue
with the railroad companies to educate their people and work to-
wards some agreement on how best to manage railroad remnants.
The Network can also foster grassroots action at the local level to
provide education and support to Township trustees who oversee
small rural cemeteries.

Fifth—More research and effort should be directed at management
of exotic species like sweet clover, leafy spurge, Canada thistle, buck-
thorn, bird’s-foot trefoil, and reed canary grass. We've got to be

vigilant in management and know how to treat at the first sign of
encroachment. Nowadays, no remnant is completely safe from these
pests.

Sixth—Managers must know and understand how fire affects prai-
ries and use it carefully. I think most managers in Iowa do a pretty
good job of subdividing remnants to protect invertebrate diversity.
That’s a must in good quality remnants. In situations where exotic
plants are a major problem, fire needs to be used more aggressively,
for example, later in the spring (like mid-May) or perhaps in the
late summer and during periods of drought. We could do a better
job of using fire to recreate the prairie environment and make it
harsh enough to separate the true prairie species from the exotics.
Overall, the most important concern regarding the use of prescribed
fire is to be knowledgeable enough to express an explicit reason for
using the fire in the first place.

Seventh—We need to get the remnants protected before suburban
developers get to them. People generally don't build their dream
homes out in 2 middle of a cornfield; they want a pretty spot with
a view. That makes the less-suitable agriculture land, the very sites
most likely to have remnants, more desirable building locations for
these trophy homes. Pasture savannas seem to be especially attractive
to developers.

Eighth—More research is needed on prairie insects, which un-
doubtedly comprise a huge component of the biodiversity on a prai-
rie. What are their life cycle and life history patterns? How do they
survive fires? How do they affect plant growth, pollination, and com-
munity structure? How are they important in the food chain? There
are many questions and not enough answers,

Ninth—We should strive to change the federal requirements of
the Natural Resource Conservation Service and Farm Service Agency
to plant trees on land enrolled as riparian buffers in the Conservation
Reserve Program (CRP). In some cases, these marginal riparian lands
are prairie pasture remnants, in which case, tree planting is not the
ideal management technique to conserve the native biodiversity. Fur-
thermore, it’s time we had a prairie conservation reserve program
similar to the successful federal wetland reserve program and the
state forest reserve program. There is no reason why owners of upland
prairies should not receive the same type of incentive for choosing
conservation as do owners of wetlands and forests. There is no con-
ceivable reason, in this day of overproduction of farm crops, for rem-
nant prairies to continue to be plowed up for more agricultural pro-
duction.

Tenth—The questions and strategies relevant to prairies and the
scenario of global warming need to be identified and addressed.
lIowa’s tallgrass climate lies in the area of overlap between the cli-
mates of grasslands and temperate forest. In other words, much of
Towa lies in an area that could be greatly affected by subtle changes
in climate. What those changes will be during continued global
warming remains to be seen. We do know that over the last century
the Towa climate cooled slightly (by 0.2°F) and precipitation in-
creased by 20%. These are not trends that favor prairie. A big ques-
tion is: to what extent should we battle a wetter climate with man-
agement techniques in order to maintain prairie? If we’re lucky, may-
be global warming will make our climate hot and dry and the whole
state will naturally revert to prairie.

These are difficule and important issues to ponder. Maybe some
of the answers will come out of the conference this week. I hope so.
I'd sure hate to lose opportunities to see the soft evening light spread
over and highlight the texture and color of a mid-summer prairie or
the sunset on the silhouette of a lone savanna oak. One of the hardest
tasks I had in putting this talk together was deciding which slides
to leave out. There is much more wonderful prairie out there for you
to see during your visit to Iowa. I hope all of you have a chance to
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see and feel some of it up close. Have a great conference, a safe trip
home, and come back soon.
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I stood on a bluff east of the Little Sioux River; across the river,
early morning mist drifted slowly over the glacial relicts of Cayler
Prairie, one of the last major remnants of tallgrass prairie in Iowa. I
had journeyed here before sunup to reflect and contemplate last
things. In 1870, the last two bison in lIowa were sighted nearby at
a fork of the Little Sioux, one year later, the last elk herd in the
state was eliminated in this vicinity. Cayler Prairie was the site of
the last state record for the Dakota skipper in 1992. Across the river,
mist shrouded the prairie, the tops of knobs and eskers hung sus-
pended above unseen kettles. Behind me, a few rays of the rising
sun began to pierce the clouds, highlighting an ethereal land. Before
me, my mind’s eye surveyed a surreal scene of refracted images,
blurred relicts of the past, ghostly reflections, and diminishing re-
ality. Normality was arrested as time and place were transcended; I
felt the chill of a stray zephyr wafting off ice gone more than ten
millennia. In the unnatural stillness, the faint sound of shivering
grass drifted down from past centuries carrying the indistinct thuds
of hooves of departing bison and the faint haunting bugle of a spirit
elk. The tallgrass prairie was a swirling kaleidoscope of incomplete
visions, limited consciousness, historical vignettes and ancestral
memory. I was peering through a window in time. The prairie of
the past was just beyond my grasp, and I yearned to take wing and
soar across the river to merge with it.

My revelry was interrupted by the sharp slam of a hog feeder and
the ignition of a tractor motor. These abrupt intrusions were re-
minders that I live in an agriculturally dominated landscape. How-
ever, I cherish that fleeting moment when I saw through time. That
brief time warp encapsulated something I have pursued for more
than a quarter of a century.

Like John Madson (1972), my feelings are akin to those of “a
modern man who has fallen in love with a face in a faded tintype.
Only the frame is still real, the rest is illusion and dream. So it is
with original prairie. The beautiful face of it had faded before I was
born, before I had a chance to touch and feel it, and all thac I have

known of the prairie is the setting and the mood—a broad sky of
pure and intense light, with a sort of loftiness to the days, and the
young prairie born winds running past us from open horizons.”

For 28 years, I have been attempting to know and understand the
elusive tallgrass prairie. I have walked and crawled on prairies, laid
out transects and sampled quadrats on prairies, burned prairies, ob-
served, studied and read about prairies, planted and transplanted
prairie species, helped preserve prairies and cried over destroyed prai-
ries. I have attempted to recreate tallgrass prairie on college cam-
puses, school grounds, cornfields, roadsides, and in my mind. I have
tried to tell and retell the story of the tallgrass prairie so that I and
others could better understand it. In the process, I have become
increasingly convinced we need the prairie because it is part of our
past. Much of the biological inheritance of the “naked ape” of Des-
mond Morris (1967) was developed in the forests of Africa, but our
cultural inheritance is tied to experiences on the intervening grass-
lands as our ancestors climbed down from the trees, stood erect,
developed stereo vision and expanded their mind.

The story of the tallgrass prairie, its inhabitants and their inter-
relationships is important. For more than a quarter of a century, I
was frustrated by the lack of a film chat truly depicted the tallgrass
prairie. I finally decided to attempt to tell the story of this lost
landscape. To accomplish that task, I teamed with film director Da-
vid O’Shields of New Light Media to produce the film, America’s Lost
Landscape: The Tallgrass Prairie. The goal of this film is to inform
and enlighten the general public and students about the historical,
cultural and environmental aspects of the tallgrass prairie landscape,
and to address questions about the future of tallgrass prairie in an
agriculturally dominated landscape. This paper is an attempt to con-
vey the content, topics and issues of the subject matter and discuss
the challenges and experiences involved in capturing the images
needed to visually tell the story.

The tallgrass prairie was immense, encompassing a triangular area
west from the Wabash River across the Missouri River into the east-
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ern Dakotas, Nebraska and Kansas. The southwest corner of Wis-
consin, almost all of Iowa, southwestern Minnesota and northwestern
Missouri formed the core. From this core, it extended south across
east-central Oklahoma into Texas and north into Manitoba. All in
all, it was a 100 million ha swath of tallgrasses that stretched down
out of southern Manitoba, broadened to 965 km through the Mid-
west, and extended more than a 1600 km to the Gulf of Mexico.

What is now the state of Iowa occupied the heart of the tallgrass
prairie. Tallgrass prairie dominated Iowa and was an integral part of
more than 80% of the landscape, 11.33 million ha in all (Smith
1998). The northern half of the state, except for the northeast corner,
had been modified, directly or indirectly, by the last glacier creating
an extensive swell and swale prairie and prairie pothole wetlands.
The southern part of the state, except for the eastern edge along the
Mississippi, had not been glaciated for 500,000 to 2,500,000 yrs.
This older, more dissected landscape was dominated by a mixrure of
oak savanna and tallgrass prairie (Prior 1991).

In fAilming the tallgrass prairie, it is essential to capture a sense of
its vastness so the viewer can appreciate the extent of the original
prairie. John Madson (1982) says that to really be prairie it has to
reach to the horizons. In Iowa, you have to cheat a bit and shoot
uphill into the sky to capture that feeling. To obtain images of the
vastness of the tallgrass prairie we had to travel to South Dakota,
the Nebraska Sandhills, the Flint Hills of Kansas and the Osage
Hills of Oklahoma. Although open space is important, there are
other aspects of prairie. Smaller remnants scattered among the crop-
fields provided beautiful close up illustrations of plants and animals
and their interrelationships.

A good quality prairie contains more than 250 different plant
species, each individual plant occupying vertical and horizontal nich-
es both above and below ground for maximum utilization of the
space. These plants are both beautiful and utilitarian, and, for me,
invoke feelings of awe and wonderment as well as continuity with
the past. Nothing is more relaxing than lying on your back on a
late summer day and viewing the deep blue sky through the out
strecched turkey feet of big bluestem. What can compare to the
carpeted beauty of rod after rod of blazing star reaching to the ho-
rizon. Words can’t express the feelings that form as one views the
rare, white-fringed prairie orchid. The brilliant oranges of the Turk’s
cap and prairie lilies are extremely photogenic. The uniqueness of
the flowers and fruit of prairie smoke, rattlesnake master and Indian
plantain account for at least part of their beauty. The delicate beauty
of the exploding floral arrangement of an individual shooting star is
equal only to the awesome visual impact in late May of hundreds
upon hundreds of them forming a white to lavender in green patch-
work quilt. A late September day is brightened by the colorful con-
trast of the giant blue lobelia, purple gentian, or New England aster
against the curing grasses. One has to admire the tenacity of pale
purple coneflowers that have reestablished in a roadside or railroad
right-of-way as an annual proclamation of once existing prairie. The
“prairie birthday” essay by Aldo Leopold (1949) has established the
compass plant as a symbol of the vanishing prairie.

The entire film could consist of shot after shot of the large variety
of prairie plants. The challenge is to provide a sufficient variety of
grass and wildflower shots to illustrate the astonishing beauty of the
individual species and the ever changing panotama of the growing
season without visually saturating the audience. Furthermore, the
floral display has to be balanced with a depiction of the more elusive
animals that interact with the plants to form the dynamic biotic
community. The prairie biota, both above and below ground com-
ponents, is an essential aspect of the tallgrass story.

The extensive root systems and other components of underground
prairie are often overlooked even though they are an integral part of
tallgrass prairie. It is estimated that the underground portion of

prairie plants exceeds 65% of the total vegetative biomass of the
plants. The root systems of different species stratify vertically and
develop more extensively at specific levels. This reduces competition
for water and nutrients and provides for maximum utilization of the
underground space. The extensive root systems enable the prairie
plants to survive the stress of extremes of heat and cold as well as
limited moisture. Unlike trees and shrubs, grasses and forbs die back
to the ground during winter. Shielded by their blanket of soil and
sod, the roots and buds for next year’s growth lie dormant and safe
from desiccating winds and winter temperatures as low as —40°C at
ground level (Bailey and Anderson 1980). This same feature enables
the prairie plants to withstand prairie fire and flourish afterward. In
a fire, above ground temperatures may reach 200°C while two to five
cm below ground the temperature rises less than 2°C (Bailey and
Anderson 1980). In addition, these extensive root systems are largely
responsible for the formation of the fertile black soils that underlie
the tallgrass prairie region.

The extensive underground prairie is difficult to capture on film.
In the past, researchers have excavated large 3—5 m deep trenches to
expose the root systems. With the limited amount of prairie re-
maining, we did not consider that to be an option. Current research-
ers are using special cameras to record underground activities and
minimize disturbance. Valuable information about the interactions
of the root systems and associated soil flora and fauna can be derived
from these indirect observations.

Fire was an integral part of the prairie landscape, but opinions
vary as to whether it was a primary cause in the development of
prairie or a factor in maintaining the prairie. As prairies became more
extensive, it is likely that fire became more prevalent. Dry lightning
storms in summer could ignite fires which could cause extensive
burns of continuous grasslands on gentle to rolling terrain when
winds and temperatures were high and humidities low. Later, the
early American big game hunters increased the frequency of prairie
fires and extended the burn season to spring and fall (Anderson
1990).

Fire benefits the prairie by increasing plant diversity, stimulating
growth and flowering of individual plants, killing or stunting woody
invaders, converting litter to usable nutrients, creating darkened soil
that warms quickly in the spring and favors warm-season prairie
species over cool season invaders, and delaying or preventing aging
of certain prairie plants. Without fire, a prairie will become degraded
and overrun with brush (Henderson 1982).

Preventing fires favors forest over prairie. If a tallgrass prairie is
not burned for two decades, it will be heavily invaded by woody
species and no longer resemble a prairie. Shrubs are the initial woody
invaders with gray dogwood and smooth sumac being the most ag-
gressive. These early shrub invaders modify the environment per-
mitting the establishment of trees. These shrubs are often stimulated
by spring burns, but they can be curtailed by burns during other
seasons.

As indicated, fire is such an integral part of the tallgrass prairie
that no film of this ecosystem would be complete without it. We
were able to film a number of small prescribed burns, but to fully
illustrate the magnitude of fire on the original prairie landscape, we
wanted to obtain visuals of a large fire that stretched to the horizon.
Some of the large scale prescribed burns on Konza Prairie fit that
criterion. However, fire weather doesn't always adhere to filming
schedules, two fire seasons were required to obtain the desired foot-
age. During the first season, we had a film and sound crew on stand-
by for 3 days (a rather expensive undertaking), but the winds were
either too strong or from the wrong direction for the prescribed burn,
and we couldn’t film. Finally in late March of 2000, we were able
to shoot a 400 ha burn on Konza Prairie. The filming of that pre-
scribed burn was one of the high points of the entire project. The
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Konza burn crew ignited the fire about 1445 and completed the rask
about 2100 after sunset. The bright flames against the night land-
scape and the reflections of fire off the billowing smoke provided a
spectacular finale.

Native Americans and the Prairie

While a nature film of the prairie would be satisfying to some,
the full story of the tallgrass prairie is more than that. The inter-
actions of the prairie and people who inhabited it are very important.
The cultures of the people who came to live on the prairie influenced
their perspective of the prairie. Conversely, the prairie affected the
people, and they responded by modifying their cultures.

Humans first moved onto the tallgrass prairie as the last glaciers
were recreating to the north. These early prairie occupants were prob-
ably descendants of the nomads who came down from the Arctic
although other possible origins have been suggested. For thousands
of years, these people lived primarily by hunting and moving about
in small bands. They traveled light, with animal skins for protection
against the elements and weapons and tools made of stone and bone
for killing and processing game. They developed a culture adapted
to their natural environment. As a hunting and gathering society,
these early small groups of Native Americans had a limited impact
on the tallgrass prairie. According to the classic viewpoint, they did
not exhaust or extinguish resources and left them in a usable state
for succeeding generations. Living in close contact with the land,
they saw themselves as a part of the natural community, one of many
species in a complex system on the landscape. They were an integral
part of the land where they lived and possessed a “sense of place.”
In spite of being well-adapted to their environment, their lives were
somewhat uncertain as they were largely at the mercy of weather as
well as the waxing and waning of game and food plants. They felt
a need for assistance from a host of spirits that inhabited the natural
world. According to their religious beliefs, the earth was alive and
nature was a divine order that was to be respected and disturbed as
little as possible. Plants and animals were seen as brotherly mani-
festations of the Great Spirit; killing them was done carefully, apol-
ogetically and ritualistically to meet the basic needs of survival
(Krech 1999). The tribes who relied more on agriculture than hunt-
ing did little to disturb the tallgrass prairie as they farmed on the
margins and were few in number.

In the film, we attempt to convey a realistic picture of the inter-
action of Native American cultures with the tallgrass prairie. This
was no easy task as opinions differ regarding the relationship of
Native American cultures to the environment. To many, they lived
in harmony with the land, and were, to paraphrase Wes Jackson
(1994), native to this place. However, from our modern perspective,
we must avoid romanticizing the relationship of Native Americans
with the land and bestowing on them conservation motives that they
did not possess. It must be kept in mind that they were relatively
few in number and hadn’t developed the necessary tools and tech-
nology to over-exploit the land. Nevertheless, they had much less
impact on the tallgrass prairie than the Euro-American settlers.

Advertising campaigns have reinforced a long-held assumption
that Native Americans were the first ecologists (Nash 1990). How-
ever, bison driven off cliffs in numbers exceeding food needs, exces-
sive localized disturbances, depleted land and forests as well as dis-
appearance of entire populations due to possible over exploitation of
limited resources, suggest that Native Americans were not always
careful stewards of Mother Earth. Consequently, scholars continue to
debate the extent to which they were, in fact, ecologists. The best
explanation is that they were not ecologists in the sense of the en-
vironmentalists of the 20th century. On the other hand, most of
their religions emphasized the need to kill with “reverence” so as

not to upset the powerful spirits that inhabited the universe of two-
legged and four-legged creatures. In contrast to the biblical book of
Genesis, in which God creates man in his own image and gives him
dominion over all other creatures, the Native American legends re-
flect the view that human beings are no more important than any
other, whether alive or inanimate. In the eye of the Creator, they
believe, man and woman, plant and animal, water and stone, are all
equal, and they share the earth as partners-even as family (Kopper
1986, Krech 1999).

Native American use of fire is an important feature of the story
of the tallgrass prairie. These early Americans found fire to be an
effective tool. To create islands of fresh grass and attract herbivores,
they used fire to remove dead plant material and stimulate plant
growth in the early spring. Fire was also used to control animal
movement while hunting, to clear areas around campsites, and to
remove trees along streams to create garden plots. Accidental fires
were started when signaling or leaving cooking fires burning in aban-
doned camps. Early explorers often encountered burned areas or areas
being burned by natives. Frontier artists such as Catlin, Miller, Ran-
ney, Tait and Deas commonly depicted fire in their paintings. The
use of fire by Native Americans was so extensive that it apparently
altered the landscape. It is generally assumed that their burning
expanded and maintained the eastern portion of the tallgrass prairie
and checked the spread of the forest vegeration (Anderson 1990,
Pyne 1982).

Euro-Americans and the Prairie

How people interact with nature and the land is primarily deter-
mined by the culture of their society. In the film, we illustrate how
the societies perceived the prairie to help audiences understand and
appreciate the interaction of cultures with the prairie. A comparison
of the Native American and Euro-American cultures is inevitable as
there were definite differences in their attitudes toward nature and
the land. The Euro-Americans clearly have been the more exploit-
ative of the two cultures. It is difficult to discern whether this was
due to inherent cultural differences, differences in numbers of people
or differences in technological tools.

The European immigrants came to North America from a society
that had much earlier made the transition from hunting/gathering
to agriculture. In the transition, their culture changed as their society
began to lose contact with nature. Later, a renaissance in science and
technology created an industrialized society that was even more re-
moved from nature. The separation from nature increased early in
the 17th century with the acceptance of Francis Bacon's opinion that
it was necessary for society to conquer and subdue nature and wrench
her secrets from her. To squelch “nature worship” in those formative
times, science and the church allied to create a dichotomy of “knowl-
edge as good” and “nature as evil” (Keller 1985). As a result, Eu-
ropean immigrants arrived in the new world with the belief that
nature was hostile, evil and chaotic. Unfortunately, their experiences
often confirmed their worst fears. Therefore, from their firse arrival,
they behaved as though nature must be either subdued or ignored.
In New England, the Puritans drew on scriptural passages to support
the drive to subjugate nature and to labor for profit. Their cultural
perspective was fused with the belief that they were a special people
and that people who differed from them were “aliens.”

While the European immigrants were establishing themselves in
America and becoming Euro-Americans, John Locke was developing
a new definition of land value. According to his thesis, the value of
land was derived from the labor done on it and the benefits that
resulted from this labor. The right of use and ownership was deter-
mined by the farmer’s labor. As a corollary, Locke considered wil-
derness or uncultivated land synonymous with waste (Hargrove
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1988). Locke’s philosophy appealed to the Euro-American settlers
and was easily incorporated into their culcure.

Thomas Jefferson was attracted to Locke’s ideas and envisioned the
yeoman farmer as the backbone of a republic stretching from the
Atlantic to the Pacific. Early in the 19th century, President Jefferson
dispatched Lewis and Clark to investigate the newly-acquired Lou-
isiana Territory with the hope of opening a new land west of the
Mississippi. The westward moving settlers who followed in the wake
of Lewis and Clark carried the banner of Manifest Destiny with them.
They felt it was ordained that this was to be their land from sea to
shining sea (Billington 1960).

Evidence of how well Locke’s philosophy was incorporated into
the culture of the Euro-Americans was illustrated in 1858 at the
25th “old settlers” reunion in Burlington, Iowa. Speaker after speaker
reflected on the accomplishments of the past quarter century of set-
tlement and boasted of making the wasteland around them produc-
tive (Antrobus 1915). Modern land use decisions often reflect the
persistence of this cultural perspective.

Clash of Cultures and Settlement of the Tallgrass Prairie

As the North American continent was settled, there were numer-
ous clashes of Native American and Euro-American cultures. As not-
ed in the film, Black Hawk, a Sauk war chief, was a pivotal person
in the settlement of the tallgrass prairie. In part, he is representative
of the many Native Americans who unsuccessfully resisted the west-
ward push of the Euro-Americans, but more important, his actions
resulted in the Black Hawk War and the subsequent Black Hawk
Treaty of 1832, which opened the tallgrass prairie for settlement.
The archives of the Jowa and Wisconsin historical societies provided
excellent images depicting this period.

For a time after the turn of the 19th century, Euro-American
settlement of the tallgrass prairie was halted at the Mississippi River.
The prairie of northwest Indiana and northern Illinois was settled,
but the ancestral Ioway territory west of the river belonged by treaty
to the Sioux, Sauk and Fox. This fragile line of demarcation began
to crumble with Black Hawk’s ill-advised decision to cross the Mis-
sissippi River into Illinois to return to his ancestral village near the
mouth of the Rock River. When the Sauk band crossed the river,
fear of an Indian attack spread throughout the Euro-American set-
tlements of Illinois. An army of regular soldiers and volunteers was
quickly formed to meet the perceived threat. Black Hawk refused
an order to move to the Jowa side of the Mississippi River and
retreated north in the hope of gaining support from allies. For 15
weeks, the army pursued Black Hawk and his supporters across Il-
linois and Wisconsin. They were finally trapped against the Missis-
sippi River and crushed in a battle near the mouth of the Bad Axe
River in southwest Wisconsin. Approximately 150 Sauk men, wom-
en, and children were ruthlessly massacred. To save the lives of the
rest of his people, Black Hawk surrendered to the United States
government and signed the Black Hawk Treaty of 1832. The treacy
opened part of lowa for settlement and was che first of several Indian
cessions that cleared the way for the Euro-American settlement of
the tallgrass prairie (Sage 1974). The brutal treatment of Black
Hawk’s band in the battle at the Bad Axe River may have discour-
aged Indian resistance to future cessions of land. The response to the
opening of the tallgrass prairie for sectlement was swift as sectlers
from adjoining areas and distant locations poured into the Iowa Ter-
ritory and beyond. Within the next 70 years almost all of the tall-
grass prairie was settled.

The Euro-Americans who settled the tallgrass prairie did not co-
exist with the land, they waged a war with it. To provide for their
families, they had to subdue the prairie and convert it to cropland.
They were fighting for survival in a hostile environment that could

easily overwhelm any civilized gain. Initial motivation to make the
wasteland productive was provided by cultural forces. Later, society
provided the technology needed to accelerate the conversion of prairie
to cropland and justified the conversion with a self-ordained mandate
to feed the world. As a consequence, the tallgrass prairie was plowed
and planted into oblivion in less than a century.

Edwards (1948) conjectured that the westward moving pioneers
had an impression of everlasting immensity when they first viewed
the tallgrass prairie in northwest Indiana and northeast Illinois, “. . .
the pioneers hesitated on the edge of the large prairies with their
seemingly endless expanse of thick grass. There was a sense of vast-
ness about them that seemed overpowering, an impression of great-
ness that could not be subdued.” However, the Western culture of
the Euro-Americans prevailed. They considered the tallgrass prairie
a place to be conquered or a vessel to be improved by making it
productive. They proceeded to carve farmsteads out of the prairies
and savannas. Their endeavors were accelerated by a technological
revolution which continually expanded the mechanization of agri-
culture. Tallgrass prairie was converted to cropland at an incredible
rate. As an area was settled, the prairie and the prairie animals were
eliminated in less than a decade. According to Dinsmore (1994), che
mean interval between the first permanent settlement in a county
and the last record of a bison was six years.

The rich, black soil created by the extensive roots and rhizomes
of the underground tallgrass prairie provided the foundation for an
extensive agricultural economy. The soil of the tallgrass prairie of
Towa, northern Illinois, southwest Minnesota, northwest Missouri is
exceedingly productive, accounting for almost all of the high-quality
agriculture land in the United States. Iowa, alone, contains 25% of
all the Grade A land in the contiguous 48 states (Marbut 1934).
The development of this fertile prairie land provided for the emer-
gence of the United States as a world leader in agriculture.

In The Unsettling of America, Wendell Berry (1977) wrote that “we
came with vision, but not with sight. We came with visions of
former places, but not the sight to see where we are.” In retrospect,
the magnitude and rate of the loss of the tallgrass prairie is unbe-
lievable. It seems that once the Euro-Americans acquired the tech-
nological equipment needed to convert prairie to cropland they
couldn't stop until it was gone. Leopold (1949) pessimistically ob-
served, "Man always kills the things he loves, and so we the pioneers
have killed our wilderness. Some say we had to. Be that as it may,
I am glad I shall never be young without wild country to be young
in.” John Madson (1972) eloquently summarized the process, “We
spent our tallgrass prairie with a prodigal hand and it probably had
to be that way, for these are the richest farm soils in the world. There
were certain wilderness things that were fated to be spent almost to
the vanishing point: bison in the shortgrass plains, lobos and griz-
zlies in the setcled cattle country—and the vistas of true prairie.”

Most of the original tall grass prairie landscape has vanished. Nine
states and provinces have lost more than 99% of their historic prairie.
Fragments of the remaining prairie remnants are widely scattered
across their former range—isolated islands awash in an agricultural
sea. The blacksoil prairies were the hardest hit; Manitoba, North
Dakota, Illinois, Indiana, Wisconsin, Illinois and Iowa lost more than
99.9% of their original prairie while Minnesota and Missouri lost
99.6% and 99.5% respectively. The greatest quantity of prairie was
lost in Iowa with 11.33 million ha reduced to less than 11,330 ha.

An analogy of a “prairie puzzle” may be helpful for developing an
understanding of the loss of 99.9% of an ecosystem. For example, if
the original Towa prairie were a 1000 piece puzzle, only one piece
of the entire puzzle would remain. Furthermore, that single piece
would be fragmented into hundreds of smaller pieces. To continue
the analogy, the scattered remnants have been degraded so the frag-
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mented pieces would be damaged. Perhaps a dog chewed the frag-
ments or they went through the wash in a jeans pocket.

A Land Ethic

By the middle of the 20th century, the Euro-American view that
land must be conquered and made productive had resulted in a great-
ly diminished, fragmented tallgrass prairie ecosystem. If there was
any hope for this rapidly vanishing landscape, society needed a dif-
ferent culrural perspective.

Two generations after the tallgrass prairie was considered settled,
Aldo Leopold proposed a “Land Ethic” as an alternative to human
subjugation of the land. According to Leopold (1949), “The land
ethic simply enlarges the boundaries of the community to include
soils, waters, plants, and animals, or collectively: the land ... In
short, a land ethic changes the role of Homo sapiens from conqueror
of the land-community to plain member and citizen of it. It implies
respect for his fellow-members, and also respect for the community
as such.”

The film portrays Aldo Leopold as another pivotal person in the
story of the tallgrass prairie. His “Land Ethic” (1949) provided a
new paradigm for the reassessment of our relationship to the natural
world. To comprehend this view of land as a community, and man
as a too often, unaware member of it, Leopold suggested that we
look upon history not as a story of human enterprise alone, but as a
complex tale of interaction of humanity’s ambition and techniques
with the land’s natural diversity and dynamism.

The film interviews of the Leopold children, Nina and Carl, and
the filming of the Leopold shack stirred memories and emotions.
The writings of “Sand County Almanac” came alive. We discovered
that the shack is more than a symbol for conservation and the en-
vironmental movement. Both Nina and Carl were adamant that the
shack and the family experiences associated with it were cherished
by the Leopold family.

Current Perspective of the Prairie

Prairie remnants are preserved as examples of our biological her-
itage and no longer have to be productive to be of value. The legacy
of Leopold and others who labored to increase awareness of the value
of natural systems has borne fruit. Interest in prairie has steadily
increased in the past 40-50 years. Hundreds of prairie enthusiasts
have been meeting biennially since 1968 to discuss prairie preser-
vation, restoration, management, research, interpretation, flora and
fauna. Groups interested in prairie have formed across the Midwest
to share prairie experiences and to promote prairie. It is unfortunate
that the prairie ecosystem had to decline almost to the vanishing
point before there was an awareness of what was being lost.

Private organizations such as The Nature Conservancy and gov-
ernmental agencies continue prairie preservation activities while im-
plementing programs to restore the tallgrass prairie. Large scale tall-
grass prairie ecosystem preservation and restoration projects are well
underway at Konza Prairie in the Flint Hills of Kansas, the Tallgrass
Prairie Preserve in Osage County, Oklahoma, and the Niobrara Val-
ley Refuge in the Nebraska Sandhills. Large scale attempts are un-
derway to restore or reconstruct tallgrass prairie and savanna ecosys-
tems on agricultural land at the Neal Smith (Walnut Creek) National
Wildlife Refuge and Prairie Learning Center near Prairie City, lowa
and at the Midewin Tallgrass Prairie and the Fermi Laboratory Prai-
rie in northern Illinois. In addition, many local prairie enthusiasts
and land owners are personally reconstructing or restoring native
prairie.

The concept of using native vegetation in roadsides to control
weeds and beautify the landscape is gaining acceptance across the
United States and in many other parts of the Western World. Be-

cause prairie is the native vegetation in mid-continent North Amer-
ica, it is logical for the Integrated Roadside Vegetation Management
(IRVM) Programs of Iowa, Minnesota and surrounding states to uti-
lize native prairie in roadsides to control weeds and woody species.
Roadsides for prairie establishment are an extensive resource. In lowa
alone, there are 243,000 ha of roadsides, most of which were, and
could be again, prairie. States within the tallgrass prairie region
could unite to form an extensive multi-state roadside prairie net-
work.

It was heartening that so many foundations, governmental agen-
cies, private organizations, companies and individuals were willing
to support the telling of the story of America’s Lost Landscape: The
Tallgrass Prairie by contributing almost one-half million dollars to
the production of the film. This reflects a change in our society’s
cultural perception of tallgrass prairie.

Tallgrass Prairie of the Future

Part of the film involved conjuring up nostalgic memories of the
tallgrass prairie of the past, a relatively easy task. However, ascer-
taining the rallgrass prairie of the future presented a real challenge.
Will it have a place in the modern agriculture and urban landscape,
will it be completely obliterated and memorialized only in names of
towns, streets and developments, or will our society learn from the
past and include tallgrass prairie in our future? Is it possible to
recover the tallgrass prairie? Much depends upon how tallgrass prai-
rie is valued in our culture. Wes Jackson (1994) asserts that we must
“become native to this place, to base our culture and agriculture on
nature’s principles.” This has become increasingly more difficult as
so much cultural information has been lost and continues to be lost.

To a large extent, the future of the tallgrass prairie and agriculture
are intertwined. When considering the question regarding the prairie
of the future, it might be well to review conditions of our agricul-
turally-dominated landscape. There is: (1) a need for sustainability,
(2) a high use of energy and chemicals in crop production, (3) a loss
of 25 billion tons of topsoil annually, (4) flooding and siltation of
streams, (5) an ever increasing “dead zone” in the Gulf of Mexico,
(6) a loss of natural beauty, and (7) a decline in spirit. Our society
emphasizes production, profit and economic growth over all else. We
focus on product at the expense of process. In a sense, we have
unknowingly robbed ourselves of our natural environment and her-
itage. It has been suggested that our society exists within a natural
world of cozing wounds. Is it our destiny that the tallgrass prairie
ecosystem will slowly expire from these wounds on our watch?

Thomas Berry (1999) suggests, “we may be experiencing a mo-
ment of significance far beyond what any of us can imagine.” He
thinks the distorted dream of an industrial technological paradise
can be replaced by a mutually enhancing human presence within an
ever-renewing Earth community. Recently, William Wit (1999)
chronicled the efforts of concerned prairie enthusiasts who are aiding
the “return of the prairie.” Perhaps the current diminished condition
of the tallgrass prairie is a blessing, an opportunity to come together
to staunch those seeping wounds, cauterize them, and begin the
healing process.

The tallgrass prairie may be waiting for us to begin the restoration
process. Native Americans believe that the prairie continues to exist
beneath layers of agriculture and urbanization and will emerge when
these layers are stripped away. Sometimes when an apparently de-
graded prairie remnant is burned or cleared, a striking, diverse prai-
rie appears, almost miraculously, as though it had been awaiting
release from a suspended state. Perhaps the Native American belief
is correct, and there is a long-term memory of the prairie community
etched into the land. The challenge to our society is to nurture a
cultural perspective that will enable the reemergence and reestab-
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lishment of the tallgrass prairie ecosystem. The future of humanity
may well hang in the balance.
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Over the last 150 years the tallgrass prairie ecosystem has been almost completely decimated on a continental scale. Although South
Dakota retains a relatively large amount (~15%) of original sod of this diverse planc and animal community, sodbusting is still
occurring, and much of what remains of tallgrass prairie is intensively grazed or otherwise poorly managed. The Wilhelm Floristic
Assessment Method was used to evaluate the floristic quality of 63 tallgrass prairie remnants managed under differenc land use regimes
and stewardships (private, public and reference) in eastern South Dakota. Grazing was the dominant land use on 26 of 31 privately
owned tracts; publicly managed tracts (n = 29) were 96% idle; and reference tracts (n = 3) were managed with prescribed fires. A
total of 277 plant species were detected on the 63 sites with average species richness values of 82 for private, 79 for public, and 119
for reference tracts. Forty-four (16%) of the 277 species were exotics. Only two species, smooth bromegrass and Kentucky bluegrass,
were found on all 63 sites. Mean C values (C, where C = Coefficient of Conservatism) and Floristic Quality Index (FQI) values
averaged higher on reference tracts (average C = 5.7, mean FQI = 57) than on public (average C = 5.3, mean FQI = 44) or private
tracts (average C = 4.9, mean FQI = 39) indicating that tallgrass prairie varies in quality depending on land management practices.

INDEX DESCRIPTORS: floristic quality, assessment, tallgrass prairie remnants, reference areas.

Tallgrass prairie is one of the most endangered ecosystems in the
United States (Samson and Knopf 1996). Dominated by big blue-
stem (Andropogon gerardii), lictle bluestem (Schizachyrium scopariunt),
Indiangrass (Sorghastrum nutans) and switchgrass (Panicum virgatunt),
tallgrass prairie once comprised an estimated 575,000 km? of land
in the central United States (Knapp and Seastedt 1986). Spanning
from southern Canada to Texas and from eastern South Dakota and
Nebraska eastward to Illinois and parts of Indiana (Kiichler 1964),
the tallgrass prairie was once one of the most extensive vegetation
types in North America. Many ecologists agree that less than one
percent of the tallgrass prairie remains in the United States today
(Knapp and Seastedt 1986, Keystone Center 1991, Samson and
Knopf 1994).

States in the eastern part of the tallgrass prairie have experienced
the greatest loss of this ecosystem. About 0.01% or less of native
tallgrass prairie remains in Indiana, Illinois, Wisconsin, North Da-
kota, Iowa, and Manitoba; Minnesota retains about 0.04% of its
original prairie (Samson and Knopf 1996). States retaining larger
portions of native tallgrass prairie include Texas (10%), South Dakota
(15%), and Kansas (18%) (Samson and Knopf 1996).

Prairie remnants of various sizes are scattered throughout the
range of tallgrass prairie. The highly fragmented nature of this land-
scape isolates prairie patches within a dominant agricultural matrix
and poses a myriad of problems (i.e., edge effect, reduced habitat
size, etc.) for the natural ecosystem (Forman 1997). Organisms con-
centrated in these remnants become increasingly susceptible to ex-
tirpation as patch size shrinks and land management intensifies
(MacArthur and Wilson 1967). Genetic depression, climatic change,
dispersion, and competition with exotic plants are some of the most
pressing issues facing species found on insular tracts of tallgrass prai-

rie (Rabinowitz and Rapp 1980, Keystone Center 1991, Poiani and
Johnson 1991, Guertin et al. 1997).

Management practices on the remnant tallgrass tracts can stress
species found there and ultimately reduce biological diversity. Both
overuse and neglect from a management perspective can adversely
influence rallgrass prairie biota. The consequences and implications
of land managers’ practices are being scrutinized in regard to possible
effects on biological diversity and sustainability.

Divergent attitudes of rangeland ecologists and conservation bi-
ologists abour the effects and appropriateness of grazing have resulted
in divergent land use practices on tallgrass prairie remnants (West
1993, Fleischner 1994, Noss 1994). Grazing of livestock on some
areas may alter floristic composition and wildlife use (Duebbert and
Kantrud 1974, Damhoureyeh and Hartnett 1997). Selective grazing
by introduced herbivores, mainly catcle, often favors grasses over
forbs and woody vegetation (Damhoureyeh and Hartnete 1997).
Wildlife that prefer low vegetation stature excel on tracts of inten-
sively grazed prairie (Clark and Kaufman 1991); whereas species
adapted to greater amounts of cover are disadvantaged (Kirsch et al.
1978, Fleischner 1994).

Idle lands also are receiving increased attention because of concern
about loss of biodiversity due to congested vegetation cover (Rice
and Parenti 1978, Knapp and Seastedt 1986). Tracts of tallgrass
prairie remaining idle for extended periods of time accumulate ex-
cessive amounts of litter which can reduce light availability, alcer
moisture capacities, and decrease accessibility to seedbeds (Rice and
Parenti 1978, Knapp and Seastedt 1986). Consequences of licter
build-up include reduced competition of native versus introduced
plant species and inability of native species to become established
due to lack of suitable substrate (Rice and Parenti 1978). Although
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Fig. 1. Tallgrass prairie study site distribution in the 20 eastern-most
counties of South Dakota, 1998. Each symbol represents one study area
(n = 79). Black boxes approximate location of evaluated sites (n =
63), circles represent sites not evaluated (n = 16). The symbol east of
the South Dakota boundary represents the Pipestone National Monu-
ment site in Pipestone, MN. Dark line roughly represents the historic
western boundary of tallgrass prairie in South Dakota (adapted from
Kiichler 1964).

some wildlife species prefer deep litter, others prefer a mosaic of litter
depths scattered throughout an area (Kirsch et al. 1973, Clark and
Kaufman 1991).

Another threat to biediversity in tallgrass prairie is invasion by
exotic plants, especially noxious weeds. According to Westbrooks
(1998), weed invasion is second only to habitat destruction as a
threat to native biodiversity. Several noxious weeds threaten the tall-
grass prairie ecosystem, including leafy spurge (Euphorbia esula), plu-
meless thistle (Carduus acanthoides), perennial sow-thistle (Sonchus ar-
vensis), and Canada thistle (Cirsium arvense). Ocher introduced species,
such as smooth bromegrass (Bromus inermis) and Kentucky bluegrass
(Poa pratensis), while not classified as noxious weeds, are nonetheless
problematic to maintaining native plant diversity in tallgrass prairie.

The rallgrass prairie association (Andrapogon-Panicum-Sorghastrunt)
is home to hundreds of plant and animal species, but much of this
wildlife habitat has been decimated by the transformation of natural
land cover to agricultural cropland. Recent interest at a national level
to inventory and evaluate the condition of native ecosystems has
focused arttention on the tallgrass prairie and its various components.
The goal of this project was to provide baseline data on the floristic
integrity of native tallgrass prairie remnants as influenced by man-
agement practices in eastern South Dakota.

STUDY AREAS

According to Kiichler (1964), tallgrass prairie is potentially sup-
ported in the 20 easternmost counties of South Dakota (Fig. 1). As

tallgrass prairie remnants exist today, they can be broadly grouped
into three ownership categories: privately owned, publicly owned,
and privately owned/managed preserves (the latter mostly owned and
managed by The Nature Conservancy). Most remaining tallgrass
prairie occurs on private lands with lesser amounts in public own-
ership or private preserves. Although management varies with own-
ership and among tracts, some land-use generalizations are apparent.
Privately owned tracts are largely used for livestock grazing, pri-
marily cattle, sheep, and horses, and they are managed with a variety
of grazing systems. Most are continuously grazed during the growing
season. Public lands (owned by federal and state agencies) are pri-
marily managed for wildlife production. Management practices on
public lands vary from some inclusion of fire and grazing to remain-
ing idle. Native prairie preserves are managed largely to preserve or
rehabilitate the native ecosystem to approximate pre-settlement con-
ditions (Clint Miller, pers. comm.). We refer to the private preserves
as reference areas in this study.

METHODS
Selection of Study Sites

Originally, the study sites selected for this project were to be =
16 ha, with half of the sites on publicly owned lands and half on
privately owned lands. An additional goal was to have three private
and three public study sites located within each of the 20 eastern-
most counties in South Dakota. The limited availability and small
sizes of native prairie parcels, however, often dictated smaller and
unevenly distributed sites. For example, because of flooding in north-
ern counties and the low number of native tracts = 16 ha in general,
a few study sites were as small as two ha.

Potential study sites on public lands (federal and state) were iden-
tified from maps maintained at Federal Wetland Management Dis-
trict offices and at South Dakota Game, Fish and Parks offices in
each county. Three public study sites per county were selected ran-
domly when the possible choices exceeded three; however, several
counties did not have enough publicly owned prairie remnants to
produce three paired sites. Thirty-eight sites on public lands were
initially selected (Fig. 1) for this study.

Thirty-eight privately owned remnants were then selected using
aerial photographs maintained by the Farm Services Agency (FSA)
offices in each county. Tracts labeled as “Y” or “NC” (both non-
cropped) on aerial photos were assumed to meet selection criteria.
Ownership of tracts was determined through public records, and
owners were contacted in order to obtain access.

Private and public sites were paired based on proximity to each
other in an effort to reduce variable environmental effects (e.g., soils
and local climate). Most paired sites were within 10 km of each
other and within the same county, however, paired sites were some-
times in different counties.

Three reference areas were selected from among several prairie
preserves in the region. None of the reference areas had a tillage
history and all were perceived to represent the best preserved ex-
amples of upland rtallgrass prairie in our region. One of the reference
areas is on the Pipestone National Monument in southwestern Min-
nesota; the other two, Sioux Prairie and Crystal Springs Preserve, are
owned and managed by The Nature Conservancy and are located in
Moody and Deuel counties, South Dakota, respectively.

Sixteen (20%) of the 79 pre-selected study sites were ultimately
rejected (Fig. 1) due to conversion to agriculture, submergence by
nearby wetlands, or evidence of past cultivation. Of the disqualified
sites, seven were privately owned and nine were publicly owned.
None of the pre-selected study sites in Turner and Lincoln counties
qualified for this study and were therefore excluded. Results of this
study were thus based on the remaining 63 study sites. Land use on
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privately owned study sites (n = 31) was predominantly grazing (n
= 26; 84%) but with several (n = 5; 16%) idle at least up to the
time of survey. All but one of the publicly owned sites (n = 29)
were idle when evaluated. All of the reference sites (n = 3) were
idle when evaluated, and part or all of each area had been burned
during 1998. Some of the private and public sites had been partially
burned earlier in the growing season or the preceding fall.

Floristic Assessment

Each study site was evaluated using the Wilhelm Floristic As-
sessment Method (Swink and Wilhelm 1994). Others have used this
method, or modifications of it, in various areas of the Midwest (Taft
et al. 1996, Ladd 1997, Masters 1997, Packard and Ross 1997).
Floristic assessment was developed to provide a consistent and effi-
cient means of evaluating the floristic quality of natural areas. An «
priori value called the Coefficient of Conservatism, or C-value, was
assigned to each native species in a region. C-values ranged from 0
to 10 based on a species” ability to indicate or predict site quality.
Species indicative of high quality undisturbed tracts were assigned
higher values, while species poor at indicating prairie quality re-
ceived lower values (Appendix 1).

For example, prairie lackspur (Delphinium virescens) is only found
in prairies that lack a tillage history and are not intensively grazed.
The C-value assigned to prairie larkspur was thus 10. Plant species
occurring on native prairies but also in areas with a disturbance
history were assigned more moderate values. Big bluestem (5), heath
aster (Aster ericoides) (4), and skeleton plant (Lygodesmia juncea) (5) are
all examples of plants found on discurbed as well as high quality
sites. Some taxa, such as cocklebur (Xanthinm strumarium) may be
native components of the ecosystem, but they tend to occur in dis-
turbed habitats that may or may not be part of a native prairie.
Often considered undesirable weeds, these species are not indicators
of site integrity. Thus, cocklebur and similarly behaving species were
assigned a C-value of 0 in the South Dakota tallgrass prairie region.
Exotic species such as smooth bromegrass were not assigned C-values
because they did not evolve within this ecosystem and it would be
inappropriate to judge site quality based on their presence (Appendix

The C-value assigned to a particular species is generally applicable
only on a regional basis, because ecotypic variation and other factors
can affect a species’ ability to indicate site condition from region to
region. Therefore, different C-values often need to be assigned to a
species in different regions. We collaborated with David Ode (state
botanist, S.D. Game, Fish and Parks) and Eric Fairlee (graduate stu-
dent/biological technician, South Dakota State University) to assign
C-values to the tallgrass prairie species encountered in this study
(Appendix 1).

The C-values from a complete species inventory are averaged to
calculate the mean C (C) for a particular tract of land. In addition,
a Floristic Quality Index (FQI) can be calculated with the formula:

FQI = CVN,

where C is the mean C for a site, and N is the total number of
native plant species found on the site. The FQI is a more valuable
index than C alone because it incorporates native species richness
into an estimate of quality.

A walking floristic inventory was conducted once at each study
site during July or August, 1998, by a team of two or three people.
Wetland areas were avoided so that many facultative or obligate
wetland species (Reed 1988) were omitted from the checklist. Each
study site was surveyed until no new species had been encountered
in 30 minutes of walking. Unknown plants were collected, pressed,
dried, and subsequently identified at the C. A. Taylor Herbarium,

Table 1. Summary of species richness on tallgrass prairie rem-
nant study sites in eastern South Dakota, 1998,

Mean
No. No. of %
Sites  Spp. SE Range  Exotics
Private 31 82 +5.9 28-132 18
Public 29 79 +7.8 21-132 14
Reference 3 119 +12.6 95-137 13

South Dakota State University. Nomenclature follows The Flora of
the Great Plains (Great Plains Flora Association 1986) except for some
instances where nomenclature has recently changed.

Statistical comparisons of C and FQI values between land own-
ership categories were conducted using PROC MIXED (SAS Insti-
tute Inc. 1997). The F test was used to determine if differences
existed among land ownership categories. Least square means were
calculated and used to test for differences between any two ownership
categories, and differences were considered significant at P = 0.05.

RESULTS

Species richness varied considerably among sample sites, ranging
from 21-137 species, but averaging much higher on reference sites
(x = 119) than on either private (X = 82) or public (£ = 79) sites
(Table 1). Native flora represented 45 families, 125 genera, and 231
species (Appendix 1). Eight major tallgrass prairie indicator species
occurred on the 63 remnant prairie sites with the following fre-
quencies (number of sites in parentheses): big bluestem (59), little
bluestem (52), Indiangrass (38), switchgrass (44), side-oats grama
(53), leadplant (51), purple prairie clover (50), and Maximilian's sun-
flower (35).

Exotic species represented 13 families, 36 genera, and 46 species
(Appendix 2); they comprised 18, 14, and 13% of private, public,
and reference sites, respectively (Table 1). The only two species found
on every study site were the exotics, smooth bromegrass (Bromus
inermis) and Kentucky bluegrass (Poa pratensis). In combination, na-
tive and exotic species comprised 47 families, 156 genera, and 277
species. Of this total, grasses, forbs, and shrubs were represented by
57, 217, and 3 species, respectively.

Mean Coefficient of Conservatism (C) across all site categories
ranged from 2.0-6.0. The C for private lands was significantly lower
(P = 0.02) than for public lands (Table 2). The C for public and
private site categories did not differ significantly (P = 0.09) from
that of reference sites possibly due to the low sample size of reference
sites (n = 3) (Table 2). The floristic quality of study sites measured
by the FQI showed a range from 12 to 63 (Table 2). There was no
statistical difference between the FQI values on public (44) and pri-
vate (39) sites (P = 0.19) nor between public and reference sites (P
= 0.10) (Table 2). The mean FQI for privately owned study sites
(39) was significantly lower (P = 0.03) than for reference sites (57).

DISCUSSION

The results of this study demonstrate that many remaining tall-
grass prairie relicts in South Dakota are depauperate of plant species
compared to our reference sites. Extreme fragmentation of the natural
landscape in the tallgrass prairie region of South Dakota, combined
with intensive use (usually season-long grazing) on most remaining
tracts is undoubtedly decreasing plant diversity. This is reflected in
the comparatively low species richness values obtained on both pri-
vate and public tracts.

Only those species found predominantly in upland habitats were
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Table 2. Summary of floristic quality assessment values (mean C and floristic quality index) for private, public, and reference

tallgrass prairie study sites in eastern South Dakota, 1998.

Mean C FQI
Ownership No. Sites Mean* SE Range Mean* SE Range
Private {a} 31 4.92 *0.14 2.9-5.9 398 +2.4 12-63
Public [b} 29 5.3b +0.14 2.0-5.9 44ab 425 11-62
Reference [c] 3 5.78b +0.44 5.3-6.0 57b 7 55-62

*Means with the same letter superscripts are not significantly different (P < 0.03) from each other

included in the inventory, therefore the number of species is less
than some other published lists (Howe 1994, Knapp et al. 1998).
In addition, the one-time survey method used to inventory the tracts
may have forfeited some detail in lieu of expediency; however, all
study sites were inventoried in the same manner. Also, heavy grazing
on some of the tracts may have contributed to fewer plant species
being detected than were actually present on those sites.

Despite invasion by exotic species and various intensive manage-
ment practices (i.e., season-long grazing, herbicide application, etc.)
many remnant prairie tracts supported some species typical of high
quality prairie (Appendix 1). This indicates that common rallgrass
prairie species are at least somewhat resistant to exotic plant com-
petition and adaptable to a variety of management regimes. However,
native plant populations could be slowly succumbing to those same
influences and could ultimately disappear as pressure continues.

Wilhelm Floristic Assessment

In order to establish a standardized method of efficiently (i.e.,
consistently, effectively, and relatively rapidly) evaluating prairie
remnants, the Wilhelm Floristic Assessment Method was used to
characterize the floristic quality of our scudy sites. Results from this
evaluation were as predicted, with reference areas showing the high-
est site quality and public and private areas reflecting lower quality
and diversity. The low number (3) of reference areas limited the
strength of staristical analyses, but trends are readily apparent.

Statistical analyses showed that privately owned prairies have
significantly lower C values than public sites. Reference areas were
not significancly different from either of the other categories, but
this was undoubtedly attributable to the low sample size. Invasive
exotic species, like smooth bromegrass, tend to extirpate the more
sensitive species first, i.e., those with higher C-values, thus reducing
C over time. Given a history of heavy grazing and various other
types of disturbance, it is not surprising that privately owned tracts
contained the highest percentage (18%) of exotic plant species. Pub-
licly owned and reference study sites had lower percentages of intro-
duced species, 14 and 13%, respectively.

Whereas C summarizes the general floristic status, the Floristic
Quality Index (FQI) is a better measure of the ecological integrity
of a site. Privately owned lands averaged much lower FQI values
than those of reference sites; however, publicly owned sites did not
differ significancly from reference sites. Again, this is likely due to
the low sample size for reference sites. Public and private lands did
not differ significantly (P = 0.05) in FQI values.

According to Swink and Wilhelm (1994), areas with an FQI of
35 or less do not contain enough native species to be seriously con-
sidered for preservation efforts in the Chicago region. The privately
owned tallgrass prairie tracts analyzed in this study yielded an av-
erage FQI of 39, indicating the floristic biodiversity of the tallgrass
prairie ecosystem has suffered in eastern South Dakota. Season-long
intensive grazing on some of these areas has altered the floristic com-

position through selective grazing, influenced competition for re-
sources (e.g., light, moisture, nitrogen, etc.) and established or main-
tained populations of undesirable plants (exotic, often noxious spe-
cies).

Swink and Wilhelm (1994) also suggested that areas with FQI
values approaching 45 are good representatives of natural areas and
should be considered for preservation. Publicly owned lands, which
are presently conservation areas, averaged near this mark with a mean
FQI of 44. This moderate FQI value may reflect some loss of diversity
due to past management when these areas were privately owned
(Kirsch et al. 1978), or may be partly attributable to current man-
agement practices. All except one of the publicly owned study sites
were idle at the time of evaluation. As has been shown, long term
idling of native prairie reduces or eliminates native species due to
excessive litter accumulation and increased competition from exotic
species that tend to excel under idle conditions (Leach and Givnish
1996, Knapp and Seastedt 1986).

On the other end of the spectrum are those areas of excellent
floristic quality, with mean FQI values close to 60. As suspected, the
tracts that represented the most diverse prairies in this study were
the reference sites. Our three reference sites have all been subjected
to a variety of management practices, most notably haying (at least
historically) and/or periodic burning, but grazing on all three has
been very limited in the past and is not permitted now. The re-
markably high FQI values demonstrate that the consequences of
management practices on these sites have been positive. Although
there are only a few good quality preserves in eastern South Dakota,
our reference sites illustrate that with proper management the po-
tential exists to rehabilitate tallgrass prairie tracts in chis region.

Based on our findings, we believe a majority of tallgrass prairie
remnants in eastern South Dakorta retain a complement of plant spe-
cies that would enable some degree of rehabilitation, despite che
presence of exotic invaders. We also believe that the Wilhelm meth-
od of vegetation evaluation has good potential for assessing the di-
rectional (positive or negative) effects of various grassland manage-
ment treatments in eastern South Dakota and adjacent tallgrass prai-
rie areas. A committee of plant taxonomists and prairie ecologists
has recently developed standardized C-values for all native vascular
plant species in the northern Great Plains region with emphasis on
North and South Dakota (Northern Great Plains Floristic Qualicy
Assessment Panel 2000). Another team of ecologists is finalizing an
inventory of tallgrass prairie remnants based on Farm Service Agency
map data (Higgins et al. 2000). A holistic approach using results
from these projects should enable better preservation and manage-
ment strategies for the remaining tallgrass prairie in the norchern
Great Plains.
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APPENDIX 1. Native vascular plant species detected during inventories of 63 remnant tallgrass prairie tracts in South Dakota,
1998, their assigned C-values and frequencies.

No. of
Sites of Frequency

Family Latin Name Common Name C-value?® Occurrence %
Amaranthaceae Amaranthus albus Tumbleweed 0 (1) 1 2
Amaranthus retroflexus Redroot pigweed 0 (1) 9 14

Anacardiaceae Toxicodendron rydbergii Poison ivy 2(2) 14 22
Apiaceae Zizia aptera Heart-leaf golden alexander 10 (10) 23 37
Zizia anrea Golden alexander 9:47) 13 21

Apocynaceae Apocynum cannabinum Indian hemp 4 (4) 36 57
Asclepiadaceae Asclepias ovalifolia Oval-leaf milkweed 9 (10) 3 5
Asclepias speciosa Showy milkweed 4(1) 3 D

Asclepias syriaca Common milkweed 0 (0) 27 43

Asclepias verticillata Whorled milkweed (1) 47 75

Asclepias viridiflora Green milkweed 8 (10) 20 32

Asteraceae Achillea millefolium Common yarrow 3(D) 53 84
Agoseris glawca False dandelion 8 9 14

Ambrosia artemisiifolia Annual ragweed 0 (0) 33 52

Ambrosia psilostachya Western ragweed 3 (1) 55 87

Ambrosia trifida Giant ragweed 0 (1) 2 3

Antennaria neglecta Pussytoes 5 (4) 24 38

Antennaria parvifolia Pussytoes 6 5 8

Avtemisia biennis Biennial wormwood 0 (1) 36 57

Artemisia campestris Western sagewort 5:45) 17 27

Artemisia dracunculus Silky wormwood 5(1) 2 b

Artemisia frigida Fringed sage 4.(1) 31 49

Artemisia ludoviciana Whice sage 4.(1) 56 89

Aster ericoides Heath aster 4(5) 57 91

Aster laevis Smooth blue aster 99 1 2

Aster oblongifolins Prairie aster 9 (10) 27 43

Aster sericens Silky aster 9 (10) 32 51

Chrysopsis villosa Golden aster 5(5) 15 24

Cirsium flodmanii Flodman’s thistle 6 33 84

Cirsinm undulatum Wavy-leaved thistle 6 (1) 6 10

Conyza canadensis Horseweed 0 (0) 22 35

Echinacea angustifolia Purple coneflower 6 (3) 47 13

Erigeron glabellus 9 1 2

Evigeron philadephicus Philadephia fleabane 3 4) 3 3

Erigeron strigosus Daisy fleabane 5(5) 37 59

Euthamia graminifolia Viscid euthamia 5 (4) 4 6

Gaillardia aristata Blanket flower 7 (1) 3 5

Grindelia squarrosa Curly-cup gumweed 0 (1) 29 46

Haplopappus spinulosus Cutleaf ironplant 4 4 6

Helianthus annuus Common sunflower 0 (1) 6 10

Helianthus maximiliani Maximilian’s sunflower 5(1) 35 56

Helianthus nuttallii Nuttall’s sunflower 8 6 10

Helianthus pauciflorus Stiff sunflower 8 (8) 39 62

Heligpsis helianthoides Ox-eye 5 (5) 27 43

Hieracium canadense 6 (6) 2 3

Iva xanthifolia Marshelder 0(1) 5 8

Kubnia eupatorioides False boneset 4 (6) 40 63

Lactuca ludoviciana Prairie lettuce 7 (10) 34 54

Lactuca oblongifolia Blue lettuce 5 41 65

Lactuca serriola Prickly lectuce 0 (1) 7 11

Liatris aspera Rough gayfeather 8 (6) 395 56

Liatris lignlistylis Rocky Mountain gayfeather 10 1 2

Liatris punctata Dotted gayfeather 7 (1) 39 62

Lygodesmia juncea Skeleton plant 5 31 49

Prenanthes aspera 8 (8) 5 8

Prenanthes racemosa Rattlesnake root 8 (8) 4 6

Ratibida columnifera Yellow prairie coneflower 4(1) 52 83

Ratibida pinnata Gray prairie coneflower 44 1 2
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APPENDIX 1. Continued.
No. of
Sites of Frequency
Family Latin Name Common Name C-value?P  Occurrence %
Rudbeckia hirta Black-eyed Susan 5 (1) 10 16
Rudbeckia laciniata Golden glow 6 (5) 1 2
Silphium laciniatum Compass plant 5 (5) 1 2
Solidago canadensis Canada goldenrod 1(1) 52 83
Solidago gigantea Giant goldenrod 4 (4) 18 29
Solidago missouriensis Missouri goldenrod 4(7) 47 75
Solidago mollis Soft goldenrod 5 36 57
Solidago nemoralis Gray goldenrod 4 (4) 29 46
Solidago ptarmicoides Sneezewort aster 8 (10) 10 16
Solidago rigida Stiff goldenrod 4 (4) 50 79
Xanthium strumarinm Cocklebur 0 (1) 9 14
Boraginaceae Lithospermum canescens Hoary puccoon 8 (8) 45 71
Lithospermum incisum Fringed puccoon 8 (8) 25 40
Onosmodinm molle False gromwell . 9(9) 50 79
Brassicaceae Arabis hirsuta Rock cress 6 (6) 17 27
Erysimum inconspicuum Small flower wallflower L) 22 35
Lepidium densiflovum Peppergrass 0 (1) 11 17
Cactaceae Opuntia fragilis Little prickly pear 5 1 )
Campanulaceae Lobelia spicata Spiked lobelia 6 (6) 12 19
Caprifoliaceae Symphoricarpos occidentalis Buckbrush 3(2) 41 65
Caryophyllaceae Cerastium arvense Prairie chickweed 4 (6) 13 21
Stlene antirrbina Sleepy catchfly 0 (1) 1 2
Commelinaceae Tradescantia bracteata Spiderwort 7.(1) 2 3
Convolvulaceae Calystegia macounii Hedge bindweed 4 3 5
Calystegia sepium Hedge bindweed 4(1) 13 21
Convolvulus arvensis Field bindweed 0 (1) 39 62
Cyperaceae Carex brevior Fescue sedge 4 (4) 27 43
Carex gravida Heavy sedge 5 (4) 8 13
Carex ballii Hall’s sedge 8 1 2
Carex inops Sun sedge 70) 3 5
Carex lanuginosa Wooly sedge 5 (4) 2 3
Carex praegracilis Clustered field sedge 6 (1) 5 8
Carex tetanica 9 (9) 1 2
Carex vulpinoidea Fox sedge 2(2) 12 19
Equisetaceae Equisetum arvense Common horsetail 6 (0) 4 6
Equisetum laevigatum Smooth horsetail 5 (2) 34 54
Euphorbiaceae Euphorbia dentata Toothed spurge 0 (1) 3 5
Euphorbia maculata Spotted spurge 0 (0) 2 3
Euphorbia marginata Snow-on-the-mountain 0(1) 2 3
Euphorbia nutans Eyebane 0 (0) 1 2
Fabaceae Amorpha canescens Lead plant 99 51 81
Astragalus adsurgens Standing milk-vetch 8 2 3
Astragalus agrestis Field vetch 7 (1) 7 Ll
Astragalus canadensis Canada milk-vetch 8 (10) 25 40
Astragalus crassicarpus Buffalo bean, Groundplum 8 (1) 16 25
Astragalus flexuosus Pliant milk-vetch 6 25 40
Astragalus missonriensis Missouri milk-vetch 5 6 10
Dalea candida White prairie clover 99 32 51
Dalea purpurea Purple prairie clover 9 (9) 50 79
Desmuodium canadense Canada tickclover 6 (4) 6 10
Glycyrrhiza lepidota Wild licorice 5(1) 43 68
Lathyrus venosus Bushy vetchling 9(9) 4 6
Lotus unifoliatus Deer vetch 2 (1) 18 29
Oxytropis lambertii Lambert’s crazyweed 5 9 14
Psoralea argophylla Silver-leaf scurfpea 6 (1) 51 81
Psoralea esculenta Prairie turnip 8 31 49
Strophostyles leiosperma Slick-seed bean 6(9) 2 3
Vicia americana American vetch 6 (7) iy 17
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APPENDIX 1. Continued.
No. of
Sites of Frequency
Family Latin Name Common Name C-value®® OQccurrence %
Gentianaceae Gentiana affinis Northern gentian 10 1 2
Gentiana andrewsii Bottle gentian 10 (8) 9 14
Gentiana pubernla Downy gentian 10 (10) 3 5
Iridaceae Sisyrinchium campestre Blue-eyed grass 10 (10) 12 19
Lamiaceae Dracocephalum parviflorum Dragonhead 3 (1) 1 2
Hedeoma hispidum Rough false pennyroyal 2'(2) 10 16
Lycopus asper Rough bugleweed 4(1) 23 37
Mentha arvensis Mint 4(5) 10 16
Monarda fistulosa Wild bergamot 4 (4) 20 32
Salvia reflexa Lance-leaved sage 0 (1) 1 2
Scutellaria parvula Small skullcap 10 (10) 4 6
Stachys palustris Hedgenettle 5 () 17 27
Liliaceae Allinm stellatum Pink onion 8 (10) 41 65
Lilium philadelphicum Wood lily 10 (10) 5 8
Smilacina stellata False Solomon’s seal 5 (5) 8 13
Zigadenus elegans White deathcamas 8 (10) 12 19
Linaceae Linum vigidum Wild flax 5 2 3
Linum sulcatum Annual flax 7 (8) 26 41
Malvaceae Sphaeralcea coccinea Scarlet globe mallow 5 1 2
Nyctaginaceae Mirabilis birsuta Hairy four o’clock 4 (1) 55 56
Mirabilis nyctaginea Wild four o'clock 0 (1) 3 5
Onagraceae Calylophus serrulatus Cutleaf evening primrose 7 (10) 35 56
Gaura coccinea Scarlet gaura 6 (1) 35 56
Oenothera strigosa Common evening primrose 0 (0) 26 41
Orchidaceae Spiranthes magnicamporum Lady tresses 8 (8) 1 2
Oxalidaceae Oxalis dillenii Gray wood sorrel 4 (1) 40 63
Oxalis stricta Yellow wood sorrel 0 (1) 2 3
Oxalis violacea Violet wood sorrel 7 2 3
Plantaginaceae Plantago patagonica Patagonian plantain 3 (1) 1 2
Poaceae Agrostis scabra Ticklegrass 2(5) 16 25
Andropogon gerardii Big bluestem 5(5) 59 94
Aristida purpurea Red threeawn 4 (5) 4 6
Bouteloua curtipendula Side-oats grama 8(8) 53 84
Bouteloua gracilis Blue grama 7 (1) 38 60
Boutelona birsuta Hairy grama 7 (8) 4 6
Buchlve dactyloides Buffalograss 4 (1) 7 11
Calamagrostis stricta Northern reedgrass 5 (5) 15 24
Calamovilfa longifolia Prairie sandreed 5] 32 51
Dichanthelium leibergii Leiberg's dichanthelium 10 (10) 12 19
Dichanthelium oligosanthes Scribner’s dichanthelium 99 40 63
Dichanthelium wilcoxianum Wilcox’s dichanthelium 7 (10) 5 8
Echinochloa muricata Barnyard grass 0 (0) 4 6
Elymus canadensis Canada wildrye 4 (4) 34 54
Elymus trachycaulus Bearded wheatgrass 7(8) 37 59
Eragrostis cilianensis Stinkgrass 0 (D) 2 3
Koeleria macrantha Junegrass 7 36 57
Mublenbergia asperifolia Scratchgrass 2(D) 8 13
Mublenbergia cuspidata Plains muhly 8 (10) 31 49
Maublenbergia richardsonis Mat muhly 8 1 2
Mublenbergia racemosa Green muhly 5 (1) 11 7
Panicum capillare Witchgrass 0 (1) 8 13
Panicum virgatum Switchgrass 5 (5) 44 70
Pascopyrum smithii Western wheatgrass 5 50 79
Schedonnardus paniculatus Tumblegrass 1 1 2
Schizachyrium scoparium Little bluestem 5(5) 52 83
Setaria glanca Yellow foxtail 0(1) 34 54
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APPENDIX 1. Continued.
No. of
Sites of Frequency
Family Latin Name Common Name C-value® Qccurrence %
Setaria viridis Green foxtail 0 (1) 3 5
Sorghastrum nutans Indian grass 6 (5) 38 60
Spartina pectinata Prairie cordgrass 4 (4) 47 75
Sphenopholis obtusata Prairie wedgegrass 747 1 2
Sporabolus asper Rough dropseed 6 (1) 5 8
Sporabolus cryptandrus Sand dropseed 6 (7) 18 29
Sporobolus beterolepis Prairie dropseed 10 (10) 39 62
Sporobolus neglectus Annual dropseed 0 (1) 1 )
Stipa comata Needle-and-thread 5 (1) 17 27
Stipa spartea Porcupine grass 7 @) 46 73
Stipa viridula Green needlegrass 6 (1) 51 81
Polemoniaceae Phlox pilosa Downy phlox 8 (7) 1 2
Polygalaceae Polygala alba White milkwort 4 9 14
Polygala verticillata Annual milkwort 9(9) 8 13
Polygonaceae Polygonum arenastrum Knotweed 0(1) 1 2
Polygonum coccinenm Water smartweed 4 (4) 2 3
Polygonum convolvulus Buckwheat 2(1) 19 30
Polygonum lapathifolium Lady’s thumb 0 (0) 4 6
Rumex mexicanus Willow-leaved dock 1(1) 13 21
Portulacaceae Talinum parviflorum Prairie fameflower 8 1 2
Primulaceae Lysimachia ciliata Fringed loosestrife 4 (4) 4 6
Ranunculaceae Anemone canadensis Meadow anemone 4 (4) 38 60
Anemaone cylindrica Thimble flower 7 (6) 44 70
Anemone patens Pasque flower, Crocus 8 (10) 34 54
Delphinium virescens Prairie larkspur 10 23 37
Ranunculus cymbalaria Seaside crowfoot 3(9) 6 10
Ranunculus pensylvanicus Bristly crowfoot 6 (6) 3 5
Thalictrum dasycarpum Meadow rue 5(5) 14 22
Rosaceae Agrimonia striata Striate agrimony 6 13 21
Fragaria virginiana Wild scrawberry 6 (1) 14 22
Geum canadense White avens 1 (1) 1 2
Geum triflorum Prairie smoke 10 (10) 28 44
Potentilla anserina Silverweed 5 (6) 12 19
Potentilla arguta Tall cinquefoil 9 39 62
Potentilla norvegica Rough cinquefoil 0 (0) 18 29
Potentilla pensylvanica Pennsylvania cinquefoil 10 (10) 19 30
Potentilla recta Sulfur cinquefoil 5 (1) 1 2
Rosa arkansana Prairie rose 5 (5) 56 89
Rubiaceae Galium boreale Northern bedstraw 7 (7 19 30
Santalaceae Comandra umbellata Bastard toadflax 7 10 16
Saxifragaceae Heuchera richardsonii Alumroot 8 (8) 11 17
Scrophulariaceae Agalinis aspera 10 (10) 4 6
Castelleja sessiliflora Downy paintbrush 8 (10) 3 5
Orthocarpus luteus Owl clover 7] 1 2
Pedicularis canadensis Common lousewort 9(9) 4 6
Pedicularis lanceolata 99 5 8
Penstemon albidus White beardtongue 8 5 8
Penstemon gracilis Slender beardtongue 7 (1) 9 14
Penstemon grandiflorus Large beardtongue 4 (1) 1 2
Scrophularia lanceolata Figwort 5(5) 6 10
Veronicastrum virginicum Culver’s root 10 (7) 1 2
Selaginellaceae Selaginella rupestris Rock spikemoss 10 (10) 1 2
Solanaceae Physalis heterophylla Clammy groundcherry 5 (3) 21 33
Physalis longifolia Common groundcherry 0 (0) 9 14
Physalis virginiana Virginia groundcherry 4 (4) 51 81
Solanum carolinense Carolina horse-nettle 0 1 2
Solanum ptycanthum Black nightshade 0 (0) 3 5
Solanum rostratum Buffalobur 0 (1) 4 6
Solanum triflorum Cut-leaved nightshade 0 () 1 )
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No. of
Sites of Frequency
Family Latin Name Common Name C-value?? Occurrence %
Verbenaceae Verbena bracteata Prostrate vervain 0 (0) 5 8
Verbena stricta Hoary vervain 4 (4) 51 81
Violaceae Viola pedatifida 8 (9) 39 62

aC-values determined by Dr. Gary Larson (SDSU), David Ode (S.D. Game, Fish and Parks), Eric Fairlee (graduate student/summer technician,

SDSU), and Jeremy Higgins (graduate student, SDSU) in collaboration

bC-values in parentheses are from Plants of the Chicago Region (Swink and Wilhelm 1994). Those species without values in parentheses are

not treated in that flora
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APPENDIX 2. Introduced vascular plant species detected during inventories of 63 remnant tallgrass prairie tracts in South
Dakota, 1998, and their frequencies. Introduced species are not assigned C-values.

No. of
Sites of Frequency

Family Scientific Name Common Name Occurrence %
Asteraceae Arctinm minus Common burdock 4 6
Carduns acanthoides Plumeless thistle 9 14

Carduns nutans Musk thistle 17 27

Cirsium arvense Canada thistle 55 87

Cirsium vulgare Bull thistle 35 56

Sonchus arvensis Perennial sow-thistle 37 59

Taraxacum officinale Common dandelion 36 57

Tragopogon dubius Yellow goatsbeard 49 78

Brassicaceae Capsella bursa-pastoris Sheperd’s purse 3 5
Descurainia sophia Flixweed 13 2]

Sisymbrium altissimum Tumbling mustard 7 11

Cannabaceae Cannabis sativa Wild hemp 5 8
Chenopodiaceae Chenopodium album Lambs-quarters 4 6
Kochia scoparia Kochia 4 6

Salsola collina Tumbleweed 7 11

Euphorbiaceae Euphorbia esula Leafy spurge 14 22
Euphorbia glyptosperma Ridge-seeded spurge 1 2

Fabaceae Coronilla varia Crown vetch 2 3
Medicago lupulina Black medic 39 62

Medicago sativa Alfalfa 29 46

Melilotus spp. White/Yellow sweetclover 56 89

Trifolium pratense Red clover 19 30

Trifolium repens White clover 30 48

Lamiaceae Leonurus cardiaca Motherwort 1 2
Lamiaceae Nepeta cataria Catnip 7 11
Liliaceae Asparagus officinalis Asparagus 4 6
Malvaceae Malva rotundifolia Common mallow 1 2
Plantaginaceae Plantago major Common plantain 24 38
Poaceae Agropyron cristatum Crest wheatgrass 11 17
Alopecurus arundinaceus Creeping foxtail 1 2

Bromus inermis Smooth brome 63 100

Bromus japonicus Japanese brome 5 8

Bromus tectorum Downy brome 3 5

Echinachloa crusgalli Barnyard grass 1 2

Elytrigia repens Quackgrass 52 83

Eriachloa villosa Wooly cupgrass 1 2

Phleum pratense Timothy 26 41

Poa compressa Canada bluegrass 19 30

Poa pratensis Kentucky bluegrass 63 100

Polygonaceae Rumex crispus Sour dock 28 44
Rumex stenophyllus 1 2

Scrophulariaceae Linaria valgaris Butter-and-eggs 7 11
Verbascum thapsus Mullein 5 8
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Greenhouse Assessment of the Feeding Effects of Galerucella spp.
(Coleoptera: Chrysomelidae) on Purple Loosestrife (Lythrum salicaria)

KIRK D. STEFFENSEN, MARK HAMMER and KEVIN ALEXANDER

Division of Mathematics and Sciences, Wayne State College, 1111 Main Street, Wayne, Nebraska 68787

Lythrum salicarium L. (purple loosestrife) is a Eurasian perennial that is spreading into wetlands and wet prairie meadows across much
of North America. Colonization of wet meadows by purple loosestrife has generally been associated with a precipitous decrease in
native flora and fauna. Several states, including Nebraska, have been introducing leaf-feeding beetles such as Galerucella calmariensis
and Galerucella pusilla (Coleoptera: Chrysomelidae) in an attempt to control this plant. This scudy addresses the impact that Galerucella
spp. stocking densities has on stem growth and root starch storage in purple loosestrife. Plants were grown in a greenhouse with
netting to maintain beetles on specific plants. At the end of each year: 1) leaves were randomly sampled from each plant to determine
leaf surface area removed by beetle feeding; 2) fine roots were sampled and starch content was determined; and 3) stem regrowth was
measured after winter. Our results indicated tha increased beetle densities increased the leaf surface area removed but did not decrease
the amount of starch storage in the roots or reduce regrowth. The use of Galerucella spp. as effective biocontrol agents for purple

loosestrife on the Great Plains is questioned.

INDEX DESCRIPTORS:  purple loosestrife, Lythrum salicaria, Galerucella, biological control.

Lythrum salicaria L. (purple loosestrife) arrived in North America
in the early nineteenth century from Eurasia (Stuckey 1980) and now
is an exotic wetland and wet meadow perennial responsible for the
degradation of many prime habitats throughout the temperate re-
gions of the United States and Canada (Malecki et al. 1993). Since
its introduction along the eastern shores of North America, it has
rapidly spread westward. The plant now occurs in dense stands
throughout the northeastern United States, southeastern Canada, the
Midwest, and in scattered locations in the western United States and
southwestern Canada. The creation of irrigation systems in many
western states has supported further establishment and spread of L.
salicaria (Malecki et al. 1993). Invasion of L. salicaria into a wetland
or wet meadow system reduces the extent of the native plant com-
munity and alters the native system’s structure and function
(Thompson et al. 1987).

A variety of characteristics exhibited by L. salicaria can cause its
rapid spread. For example, a single, mature plant can produce more
than 2.5 million seeds annually, and Lythrum salicaria has a perennial
rootstock that annually sends up four to ten stems per root that
grow to a height of up to two meters (McAvoy et al. 1997). The
rootstock serves as a storage organ for starch, and starch is important
as the storage carbohydrate in the roots and crown of L. salicaira
(Katovich et al. 1999). The level of starch in roots is an indicator of
plant stress, and severe leaf area reduction by phytophagous insects
can result in a reduction in root starch levels (Parker 1970, Wargo
1972).

In North America there are no insects other than generalist feeders
attacking L. salicaria (Hight 1990), and this has been a reason sug-
gested for its spread. In order to control L. salicaria, four species of
insects that are specialist feeders on L. s#licaria in its native habitat
were identified as portential biological control agents (Batra et al.
1986, Blossey and Schroeder 1986). Galerucella calmariensis L. and
Galerucella pusilla Duft are two of the species that have been approved
by the United States Department of Agriculture for field release.

These small (3-5 mm), brown beetles defoliate L. salicaria as both
adults and larvae. Further, they are univoltine with eggs laid on the
plant and the larvae migrating to soil for pupation.

The objective of the present study was to examine the effects of
various Galerucella spp. densities on L. salicaria growth, development
and starch production in the greenhouse. This information could be
used for management decisions for the control of L. salicaria invasion.

METHODS

In the spring of 1998, 26 mature L. salicaria root systems, at least
one year of age and having a minimum of five previous-year shoots,
were collected from a wet meadow along the Missouri River in Dixon
County, Nebraska. The mature root systems were planted into stan-
dard greenhouse potting soil in 3-gallon pots, and the potted plants
were placed in plastic wading pools with approximately 5 ¢cm of
standing water. The plants were maintained inside a greenhouse to
prevent further spread of the plants. When the L. sa/icaria shoots
grew to approximately 15 cm tall, testing began. Main stem length
of all shoots of each plant was measured and then the plants were
wrapped in a cloth screen. The screening was anchored to the por,
and the top of the screen was folded and sealed with tape to prevent
beetles from escaping the enclosure.

Beetles used in this study were obtained from the U.S. Depart-
ment of Agriculture (USDA) and contained a mixture of both G.
pusilla and G. calmariensis. The two species are indiscernible unless
carefully examined using a microscope, and thus they are reared to-
gether by the USDA. Our use of this mixture mimics what is re-
leased for the control of L. salicaria in Nebraska.

Adult Galerucella spp. were then placed on the potted and screen-
enclosed L. salicaria. Because the rootstocks were wild collected and
of different sizes and presumably different ages, the individual plants
had varying initial growth rates. To account for some of the vari-
ability inherent in initial plant size along with variation in plant age
and growth prior to addition of the beetles and the genetic variation



GALERUCELLA AND LYTHRUM SALICARIA 33

between plants, the total number of beetles placed on each plant was
not used However, we calculated density of beetles stocked on each
plant. The density of beetles was calculated as the number initially
placed on the plant per cm of stem length, and this ranged from 0
(control) to 0.10 beetles/cm of stem length. The beetles were allowed
to feed for three months prior to plant sampling. After the three
months of feeding, twenty leaves from each plant were removed at
random, all the stems from each plant were measured, and the lateral
roots growing out of the drain holes of the pots were collected from
each plant. The leaf samples were placed in a plant press and dried
before analysis. The lateral root samples for starch determination
were placed in zip-lock® bags and stored at —20°C.

Leaf area reduction was determined by using a scanning technique
developed for this experiment. Due to time constraints, every other
one of the twenty sampled leaves per plant was selected (n = 10)
and scanned on a Hewlett-Packard ScanJet 4C flatbed scanner using
Adobe PhotoShop v. 5.0 software. The leaves were scanned as a sharp
black and whirte photo with 150-dpi X 150-dpi shatpness. The leaf
image was then saved and imported into Scion Image (http://www.
scioncorp.com) where the area (mm?) of the surface of each leaf was
computed and recorded by Scion Image. The leaf surface area re-
moved by beetle feeding was filled in digitally using Adobe
PhotoShop, and then the surface area was re-measured. The area
removed by beetle feeding was then calculated by subtracting the
first area measurement from the second.

The lateral root samples were used to determine the starch content
of the roots. The root samples were allowed to defrost, washed in
distilled water and then dried at 75°C. The dried samples were then
ground using a Wiley Mill with a 1 mm mesh screen. An Amylase/
Amyloglucosidase detection method (Sigma Chemical Co., P.O. Box
14508, St. Louis, MO 63178, U.S.A. Kit STA-20) was used to de-
termine the percent starch in the root samples.

The study was repeated again in 1999 with newly collected L.
salicaria, and the same process was followed for planting, except a
total of 25 plants were stocked with 50 beetles each and 25 plants
were set aside as control on which no beetles were stocked. The beetle
numbers were again calculated as beetles initially placed on the plant
per cm of stem length because plants varied in size. This led to
beetle density varying from 0 (control) to 0.17 beetles/cm of stem
length. The plants were allowed to grow for three months before
sampling. Sampling, processing and analysis followed the same pro-
tocol listed above.

Plants that died during the experiment were excluded from the
data analyzed. All remaining data were analyzed using linear regres-
sion models and independent t-tests on arcsine transformed percent-
age dara in Microsoft Excel.

RESULTS
Results from the 1998 Greenhouse Study

The beetle density was calculated as the amount of beetles/total
stem length (cm) of the plants (range = 0 to 0.10 beetles/cm stem
length). The control group of zero beetles had 0.00% leaf area re-
duction representing no feeding. The leaf surface area removed in-
creased linearly as beetle density increased (R? = 0.43, P = 0.003,
y = 98.58 — 67.97x, n = 17) (Fig. 1).

Higher densities of Galerucella spp. showed a slight increase in
stem length per plant, but this relationship was not significant (R2
= 0.16, P = 0.102, y = 58.45x — 4876.34) (Fig. 2). The number
of new shoots that re-grew in 1999 showed a slight decrease with
the stocking intensity from 1998, and this relationship was also not
significant (R = 0.09, P = 0.133, y = 4.39 — 26.77x, n = 17).

It was hypothesized that with an increase in leaf area reduction
there would be a decrease in the percentage of starch present in the
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Fig. 1. Lythrum salicaria leaf area remaining after 3 months of feed-
ing by varying densities of Galerucella spp. (R? = 0.433, P = 0.003, y
= 98.58 — 67.97x) from the 1998 greenhouse study.
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Fig. 2. Lythrum salicarea leaf area remaining after 3 months of feed-
ing by varying densities of Galerucella spp. (R = 0.243, P = 0.0003,
y = 93.79 — 290.64x) from the 1999 greenhouse study.

fine roots of L. salicaria. However, our results showed virtually no
relationship between stocking intensity and starch content of the
roots (R? = 0.01, P = 0.70, y = 41.08 — 0.249x, n = 17).
Therefore, starch in lateral roots was not consistently altered at any
feeding intensity.

Results from the 1999 Greenhouse Study

The 25 plants in the control group had 97.2 (£0.09 SD)% of
their original leaf area, whereas the 25 plants stocked with beetles
had 93.2 (£0.12 SD)% of their original leaf area. The mean leaf
surface remaining was significantly less on the plants with the beetles
(independent t-test on arcsine transformed percentage data, P =
0.002) indicating that feeding by the beetles was causing the defo-
liation.

The data from the 1999 greenhouse study also showed a decrease
in the percent of leaf area as the beetle/cm stem length intensity
increased (R? = 0.24, P = 0.0003, y = 93.79 — 290.64x, n =
31) (Fig. 2), and, as in 1998, Galerucella spp. feeding effects showed
only a slight, non-significant effect on reducing the total stem length
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of the plants (R? = 0.05, P = 0.36, y = 421.74 — 625.25x, n =
31).

We again tested the hypothesis that an increase in leaf area re-
duction causes a decrease in the percentage of starch present in the
lateral roots of L. salicaria. Results again showed virtually no rela-
tionship between the stocking intensity and the percent starch in
the lateral roots (R = 0.06, P = 0.38, y = 0.48x — 17.46).

DISCUSSION

The scanning technique developed for this experiment proved to
be a quick and accurate technique to measure the reduction in leaf
area caused by Galerucella spp. This study also found no relationship
between both stocking intensity and leaf removal with the ability to
store starch in the fine roots of L. salicaria. It was also found the
feeding did not reduce shoot production or total stem length.

A similar study was conducted by Karovich et al. (1999) to test
whether Galerucella spp. feeding or mechanical defoliation affected
the starch and sucrose levels in the root and crown of L. salicaria.
Initially, they discovered that the levels of starch in the roots and
crowns of the plants stocked with Galerucella spp. were lower than
the control group. However, when they retested the following year,
the beetles did not affect the starch levels. A larger reduction in leaf
biomass was achieved in this study and our results coincide with the
second-year results from Katovich et al. (1999) indicating thar feed-
ing by Galerucella spp. did not significantly affect the concentration
of starch in the roots of L. salicaria. Because yearly re-growth would
be affected by the amount of stored starch, the results from these
two studies show evidence that feeding by Galerucella spp. is prob-
ably having minimal impact on L. salicaria vigor.

A method of control besides the sole reliance on the stocking of
Galerucella spp. may be needed rto effectively prevent or reduce re-
generation and eventually control the spread of L. salicaria in the
United States. Currently, other non-native insects, such as the root-
mining weevil (Hylobius transversovittatus Goeze), and the flower feed-
ing beetles (Nanophyes marrhovatus Goeze and Nanophyes brevis Bohe-
man); are being released in the Great Plains to control purple loose-
strife, and these species need further testing to determine if they are
capable of controlling this plant.
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Cajun Prairie is a Coastal Prairie developed in southwestern Louisiana between the Atchafalaya and Sabine rivers where most of the
European sertlers were Cajuns (French Acadians). This prairie occurs in an area with 125 cm (50 in) of annual rainfall; possible
explanations for its development in this region include a hard claypan below the surface and frequent fires. Most of the original
1,000,000 ha of prairie have been destroyed with only a few remnant railroad strips (200 ha) remaining; this flora is based on the
species observed in the remnant strips in Acadia, Allen, and Jefferson Davis parishes over a twelve year period (1987-1999). The
vascular flora includes 512 taxa in 92 families and 277 genera. The family with the most taxa is the Asteraceae (80), followed by the
Poaceae (78), Cyperaceae (50), Fabaceae (35), Lamiaceae (19), Scrophulariaceae (18), and Onagraceae (14). Some common Asteraceae
taxa include Arnaoglossum plantaginenm, Rudbeckia hirta, R. grandiflora, Silphium gracile, S. laciniatum, Solidago odora, and several species
of Liatris and Symphotrychum. Some common and conspicuous grass (Poaceae) species include Andropogon gerardii, Panicum virgatum,
Schizachyrium scoparium, Sorghastrum nutans, and Tripsacum dactyloides. Other notable species include several species of Baptisia, Dalea
candida, Eryngium yuccifolium, Euphorbia corollata, Hedyotis nigricans, and Tephrosia onobrychoides.

INDEX DESCRIPTORS: Louisiana flora, cajun prairie, Asteraceae, Poaceae, Cyperaceae.

Many authors map the southeastern extent of the true prairie in
the United States in east Texas (Weaver 1954, Risser et al. 1981,
Sims 1988, Kucera 1991). However, there is an area of remnant
coastal tallgrass prairie in southwestern Louisiana between the At-
chafalaya and Sabine rivers that has been called Artakapas Country,
the Great Southwestern Prairie, or more recently, Cajun Prairie (Al-
len and Vidrine 1989). This grassland originally stretched across
parts of Acadia, Allen, Calcasieu, Cameron, Evangeline, Iberia, Jef-
terson Davis, Lafayette, St. Landry, St. Martin, and Vermilion par-
ishes. From 1869 to 1872, the prairie occupied an area of 1,000,000
ha (Post 1969).

Several interrelated factors help explain the presence of prairie in
an area which receives an average of 125 c¢m of rainfall per year
(National Oceanic and Atmospheric Administration 1987). The ter-
rain is flat, and there is a densely-packed, hard clay pan located 20
to 40 cm below the surface (Clark et al. 1962, USDA 1970, Kil-
patrick et al. 1980). Tree roots usually penetrate much deeper than
roots of grasses and other herbaceous plants, but tree roots do not
penetrate the clay pan (Brown 1972). Fires caused by lightning and
later set by Indians and by European settlers also helped to retard
the growth of trees (Allen and Vidrine 1989).

Today, most of the original prairie has been destroyed and replaced
by cultivated crops, in particular rice. However, a few remnant prai-
ries currently persist along railroad rights-of-way. Most of these rem-
nants were never tilled or have not been tilled since the railroad
acquired the land approximately 150 yrs ago. The remnants are all
very narrow, mostly less than 30 m wide and no more than 800 m
long. The estimated total area of intact Cajun Prairie today is 200
ha (Allen and Vidrine 1989). This ecosystem is ranked G2 (imperiled
globally because of rarity or because of some factor(s) making it
vulnerable to extirpation) by The Nature Conservancy (Grossman et
al. 1994), and in Louisiana it is ranked S1 (critically imperiled in
state because of extreme rarity or because of some factor(s) making

it especially vulnerable to extirpation from the state) by The Natural
Heritage Program (Smith 1995).

Two early visitors to Cajun Prairie, C. C. Robin in 1803 to 1805
(Robin 1807) and Samuel Lockett in 1868 to 1872 (Post 1969),
listed several species observed in this grassland during their travels.
Brown (1972) briefly described Cajun Prairie and provided a partial
list of the flora there. The objective of this study was to thoroughly
document the vascular flora of the remnant Cajun Prairie strips.

STUDY AREA

Ten remnant strips were selected for this study based primarily
on size and lack of disturbance. Each of the ten remnants was ap-
proximately 1,500 m long along railroad rights-of-way and consisted
of two to four unbroken stretches. In the western and especially
northwestern strips, there were small patches of pine savannah veg-
etation within the strips. Most of the remnant strips included small
patches of disturbed vegetation within their boundaries. Five of the
remnants were in Acadia Parish, three of which were along U.S. 90
between Estherwood and Mermentau, one along LA 91 south of
Morse, and one west of LA 13 south of Eunice (Fig. 1). Four rem-
nants were in Jefferson Davis Parish with three along U.S. 165 be-
tween Iowa and Kinder and one along U.S. 90 east of Elcon. One
remnant was in Allen Parish along U.S. 165 south of Kinder. The
soils in these ten remnants were Crowley or Midland silt loam both
“Iith a clay hardpan (Clark et al. 1962, USDA 1970, Kilpatrick et
al. 1980).

METHODS

The ten Cajun Prairie remnants were surveyed every two weeks
from February to November, 1987, and the presence of all vascular
plants was recorded. These ten remnants plus three other smaller
remnant strips have been searched for taxa sporadically throughout
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Fig. 1. Map of Louisiana with Cajun Prairie (shaded area) and ten
remnant strips (dark lines).

the year from 1988 to present. Taxa were identified in the field by
the senior author or keyed in the lab using the regional or state floras
of Radford et al. (1968), Correll and Johnston (1970), or Allen
(1992). For the less common taxa, herbarium specimens were col-
lected and were deposited in the Herbarium of The University of
Louisiana at Monroe (NLU). Notes were taken on abundance of each
taxon; C (common) for those taxa that wete observed in large num-
bers in almost all remnants, U (uncommon) for those taxa observed
in small numbers in most remnants, and R (rare) for those taxa
observed in small numbers in only one or two remnants (Appendix
1). The habitat within the remnant was also denoted; P (prairie), S
(pine savannah), and D (disturbed areas). The atlases of Thomas and
Allen (1993, 1996, 1998) were consulted to determine the native or
introduced status of all taxa. Scientific names follow those in the
Plants Database (USDA, NRCS 1999). To determine percent simi-
larity, the list of Cajun Prairie plants was compared to similar lists
from the Konza Prairie Research Natural Area in Kansas (Freeman
and Hulbert 1985) and four Iowa prairies (Sorensen 1962, Crum
1972, Glenn-Lewin 1976, Wetzel et al. 1999),

RESULTS

A total of 512 taxa representing 92 families and 277 genera were
identified from the ten remnant strips and/or other remnants (Ap-
pendix 1). The Asteraceae was the family with the most taxa 80
(15.62%) followed by Poaceae 78 (15.23%); Cyperaceae 50 (9.77%);
Fabaceae 35 (6.84%); Lamiaceae 19 (3.71%); Scrophulariaceae 18
(3.51%); and Onagraceae 14 (2.73%). The most diverse genera were
Cyperus and Rhynchospora, each with 12 taxa, and Polygala with nine.
There were six genera with seven taxa each: Asclepias, Carex, Dichan-
thelium, Eupatorium, Juncus, and Paspalum. Most (482) of the 512 taxa
were native (94.14%) with only 30 (5.86%) introduced taxa. Thirty-
three (6.44%) taxa were noted in pine savannah vegetation and not
a part of the prairie vegetation. A total of 235 taxa (45.90%) were
identified from disturbed areas in the strips, especially along the

edges. The remaining taxa (244 taxa, 47.66%) constituted the Cajun
Prairie Flora. Three hundred and thirty-nine (66.21%) taxa were
rated uncommon in abundance and distribution while 44 (8.59%)
were rare and 129 (25.19%) were common.

Common Asteraceae taxa occurring in these strips included Ar-
noglossum plantagineum, Rudbeckia hirta, R. grandiflora, Silphium gracile,
S. laciniatum, Solidago odora, and several species of Liatris and Sym-
photrychum. Some common and obvious grass (Poaceae) species in-
cluded Andropogon gerardii, Panicum virgatum, Schizachyrium scoparium,
Sorghastrum nutans, and Tripsacum dactyloides. Other notable species
included several species of Baptisia, Dalea candida, Erynginm yuccifol-
ium, Euphorbia corollata, Hedyotis nigricans, and Tephrosia onobrychoides.

DISCUSSION

The Cajun Prairie Flora is based on the few remaining remnant
strips and not the large contiguous vegetation that once covered the
area. Our flora could be missing taxa that did not survive in the
remnant strips but likewise could have additional taxa that prefer
the edge and may not have been present in the original Cajun Prairie
landscape.

The Louisiana Flora as reported by Thomas and Allen (1993,
1996, 1998) included 3249 taxa; 512 taxa (15.79%) were identified
from the Cajun Prairie remnant strips. The 512 taxa (15.79%) is
notable given the small total area of the remnant strips.

The comparison of this flora to other floras is difficult because
most prairie studies do not include a comprehensive list of taxa (An-
derson and Adams 1981, Smeins and Diamond 1983, Diamond and
Smeins 1984, 1985, Kebart and Anderson 1987). The Konza Prairie
Research Area in Kansas (Freeman and Hulbert 1985) included 441
species with 103 (20.12%) of those also found in the Cajun Prairie
remnants. Of the 512 Cajun Prairie taxa, 62 (12.11%) were also
listed for one or more lowa prairies (Sorensen 1962, Crum 1972,
Glenn-Lewin 1976, Wetzel et al 1999). Thus, the Cajun Prairie Flora
is best described as a coastal plain flora overlaid with a major Mid-
western prairie component.

The Cajun Prairie Habitat Preservation Society, U.S. Fish and
Wildlife Service, USGS, and USDA/NRCS are pursuing preservation
and restoration projects to protect this rapidly disappearing ecosys-
tem. The oldest (1988) and best developed is in Eunice, Louisiana
(Allen and Vidrine 1989).
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APPENDIX 1. List of taxa by major plant group and then by family
from Cajun Prairie of southwestern Louisiana.

Key
* before name = introduced taxon

The first lecter in parentheses after the name is the abundance rating where
R = rare, U = uncommon, and C = common

The second letter in parentheses after the name is the habitat in the remnants
where P = prairie, § = pine savannah, and D = disturbed area

The third superscripted letter, if present, in parentheses after the name in-
dicates a report from Midwestern prairies where ! = Iowa and X = Konza

PTERIOPHYTES
ASPLENIACEAE
Asplenium platyneuron (L.) B.S.P. (U,S)
DENNSTAEDTIACEAE
Preridium aguilinum (L.) Kuhn (U,S)
LYGODIACEAE
*Lygodium japonicum (Thunb. ex Murr.) Sw. (U,D)
GYMNOSPERMS
PINACEAE

Pinus palustris P. Mill. (R,S)
Pinus taeda L. (U,D)

TAXODIACEAE
Taxodium distichum (L.) L.C. Rich. (R,S)
MONCOTYLEDONS
AGAVACEAE
Manfreda virginica (L.) Salisb. ex Rose (C,PK)
COMMELINACEAE

Commelina erecta L. (U,D)
Tradescantia hirsutiflora Bush (C,D)
Tradescantia virginiana L. (C,DY)
CYPERACEAE
Bulbostylis capillaris (L.) Kunth ex C.B. Clarke (U,D)
Carex alata Torr. (U,D)
Carex albolutescens Schwein. (U,D)
Carex cherokeensis Schwein. (U,D)
Carex complanata Torr. & Hook. (U,D)
Carex frankii Kunth (U,D)
Carex microdonta Torr. & Hook. (U,P)
Carex vulpinsidea Michx. (C, DY)
Cladium mariscus (L.) Pohl ssp. jamaicense (Crancz) Kiikenth. (R,P)
Cyperus acuminatus Torr, & Hook. ex Torr. (C,DY)
Cyperus crocens Vahl (U,D)
Cyperus echinatus (L.) Wood (R,D)
Cyperns erythrorhizos Muhl. (U,D)
Cyperus haspan L. (U,D)
*Cyperus iria L. (U,D)
Cyperus oxylepis Nees ex Sceud. (U,D)
Cyperus psendovegetns Steud. (C,D)
Cyperus retrorsus Chapman (C,D)
*Cyperus rotundus L. (U,D)
Cyperus strigosus L. (U,DY)
Cyperus virens Michx. (C,D)
Eleacharis microcarpa Torr. (U,D)
Eleocharis montana (Kunth) Roemer & J.A. Schultes (C,D)
Eleocharis obtusa (Willd.) J.A. Schultes (C,D)
Eleocharis quadrangulata (Michx.) Roemer & J.A. Schultes (U,D)
Eleacharis tuberculosa (Michx.) Roemer & J.A. Schultes (U,S)
Fimbristylis autumnalis (L.) Roemer & J.A. Schultes (U,D)
Fimbristylis miliacea (L.) Vahl (U,D)
Fimbristylis pubernla (Michx.) Vahl (U PX)
Fuirena pumila (Torr.) Spreng. (R,S)
Isolepis carinata Hook. & Arn. ex Torr. (U,D)
Kyllinga brevifolia Rottb. (U,D)
Kyllinga odorata Vahl (U,D)
Rbynchospora caduca Ell. (C,P)
Rhbynchospora cephalantha Gray (C,P)
Rhynchospora chalarocepbala Fern. & Gale (U.,S)
Rhynchospora colorata (L.) H. Pfeiffer (R,P)
Rhbynchospora corniculata (Lam.) Gray (C,D)
Rhynchospora elliottii A. Dietr. (C,P)
Rhynchospora globularis (Chapman) Small (C,P)
Rbynchospora glomerata (L.) Vahl (C,P)
Rhynchospora harveyi W. Boott (U,P)
Rhbynchospora microcarpa Baldw. ex Gray (C,P)
Rbynchospora pusilla Chapman ex M.A. Curtis (U,P)
Rhbynchospora rariflora (Michx.) Ell. (U,S)
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Scleria ciliata Michx. (C,P)

Scleria pauciflora Muhl. ex Willd. (C,P)

Scleria reticularis Michx. (R,S)

Scleria verticillata Muhl. ex Willd. (R,S)
IRIDACEAE

Herbertia lahwe (Molina) Goldblatt (R,P)

Iris virginica L. (U,PYy

Sisyrinchinm angustifolinm P. Mill. (C,P)

Sisyrinchinm atlanticum Bickn. (U,P)

Sisyrinchinm exile Bickn. (C,D)

Sisyrinchinm langloisii Greene (C,P)
JUNCACEAE

Juncus brachycarpus Engelm. (C,D)

Juncus effusus L. (C,D)

Juncus marginatus Rosck. (C,P)

Juncus nodatus Coville (C,D)

Juncus polycephalus Michx. (C,D)

Juncus tenuis Willd. (C,DY)

Juncus validus Coville (C,D)
LILIACEAE

Aletris aurea Walt. (R,S)

Aletris farinosa L. (R,S)

Allium canadense L. var. canadense (C,D! K)

Allium canadense L. var. mobilense (Regel) Ownbey (U,P)

Hymenocallis liviosme (Raf.) Shinners (U,P)

Hypoxis hirsuta (L.) Coville (C,P! K)

Nothosecordum bivalve (L.) Brice. (C,PK)
ORCHIDACEAE

Calopogon oklahomensis D.H. Goldman (R,P)

Platanthera nivea (Nutt.) Luer (R, S)

Preroglossaspis ecristata (Fern.) Rolfe (R,P)

Spirantbes vernalis Engelm. & Gary (C,PK)
POACEAE

Agrostis hyemalis (Walt.) B.S.P. (C,P! K)

Alopecurus carolinianus Walt. (U,D)

Andropogon gerardii Vitman (C,P! K)

Andropogon glomeratus (Wale.) B.S.P. (C,P)

Andropogon gyrans Ashe var. gyrans (U,P)

Andropogon ternarins Michx. (U,P)

Andyopogon virginicus L. (C,PK)

Anthaenantia rufa (Nutt.) J.A. Schultes (U,P)

Avistida longispica Poir. var. longispica (U.DK)

Aristida oligantha Michx. (U,D)

Aristida purpurascens Poir. var. purpurascens (C,PK)

Axonopus fissifolius (Raddi) Kuhlm. (U,D)

Bothriochloa exaristata (Nash) Henr. (R,P)

*Bothriochloa ischaemum (L.) Keng (U,D)

Bothriochloa longipaniculata (Gould) Allred & Gould (U,D)

Briza minor L. (U,D)

Bromus catharticus Vahl (U,D)

*Chloris canterai Arech. (U,D)

Coelovachis cylindrica (Michx.) Nash (U,P)

Coelorachis rugosa (Nutt.) Nash (U,S)

Ctenium aromaticum (Walt.) Wood (U,S)

Cynodon dactylon (L.) Pers. (U,D)

Dichanthelium aciculare (Desv. ex Poir.) Gould & C.A. Clark (C,P)

Dichanthelium acuminatum (Sw.) Gould & C.A. Clark (C,P! K)

Dichanthelium dichotomum (L.) Gould var. dichotomum (U PX)

Dichanthelium oligosanthes (J.A. Schultes) Gould var. scribnerianum (Nash)

Gould (C,P1 k)
Dichanthelium ovale (E1L) Gould & C.A. Clark (U,P¥)
Dichanthelium scoparium (Lam.) Gould (C,PK)
Dichanthelinm sphaerocarpon (E1L) Gould var. sphaerocarpon (C,PK)
Digitaria ciliaris (Retz.) Koel. (C,D)
Digitaria cognata (J.A. Schultes) Pilger (U,PK)
Digitaria filiformis (L.) Koel. (U,PK)
Digitaria ischaemum (Schreb.) Schreb. ex Muhl. (C,DY)
Digitaria violascens Link (U,D)
Echinochloa crus-galli (L.) Beauv. (U,D)
Eragrostis babiensis (Schrad. ex J.A. Schultes) J.A. Schultes (U,D)
Eragrostis elliottii S. Wats. (U,P)

Eragrostis hirsuta (Michx.) Nees (C,P)
Eragrostis Iugens Nees (C,P)

Eragrostis refracta (Muhl.) Scribn. (C,P)
Eragrostis spectabilis (Pursh) Steud. (C,P! K)
Gymnopogon brevifolins Trin. (U,P)

Leersia bexandra Sw. (U,D)

Limnodea arkansana (Nutt.) L.H. Dewey (U,D)
Lolium perenne L. (U,D)

Muhlenbergia capillaris (Lam.) Trin. (C,P)
Panicum anceps Michx. (C,P)

Panicum brachyanthum Steud. (U,P)

Panicum bemitomon J.A. Schultes (U,P)
Panicum rigidulum Bosc ex Nees var. rigidulum (U,D)
Panicum virgatum L. (C,PTK)

*Paspalum dilatatum Poir. (U,D)

Paspalum floridanum Michx. (C,P)

Paspalum laeve Michx. (U,P)

Paspalum plicatulum Michx. (U,P)

Paspalum praecox Walc. (R,P)

Paspalum setaceum Michx. (C,P! K)

*Paspalum urvillei Steud. (U,D)

Phalaris angusta Nees ex Trin, (U,D)

Phalaris caroliniana Walc. (U,D)

Schizachyrium scoparium (Michx.) Nash (C,PT K)
Schizachyrium tenerum Nees (C,P)

Setaria parviflora (Poir.) Kerguélen (U,D)
Setaria pumila (Poir.) Roemer & J.A. Schultes (U,Dh
Sorghastrum nutans (L.) Nash (C,P! K)
*Sorghum halepense (L.) Pers. (U,D)

Spartina spartinae (Trin.) Merr. ex A.S. Hitche. (U,P)
Sphenopholis obtusata (Michx.) Scribn. (C,PT K)
Sporobolus compositus (Poir.) Merr. (U,PKy
*Sporobolus indicus (L.) R. Br. (U,D)

Sporabolus juncens (Beauv.) Kunth (U,P)
Sporobolus silveanns Swallen (R,P)

Steinchisma bians (Ell.) Nash (C,D)

Tridens ambiguus (E1L.) J.A. Schultes (U,P)
Tridnes strictus (Nutt.) Nash (C,P)

Tripsacum dactyloides (L.) L. (U,PK)

Urochiva platyphylla (Munro ex Wright) R. Webster (U,D)

Vaulpia octoflora (Walt.) Rydb. (U,D)
PONTEDERIACEAE

Pontederia cordata L. (U PK)
SMILACACEAE

Smilax rotundifolia L. (U,D)
TYPHACEAE

Typha latifolia L. (U,DY)
XYRIDACEAE

Xyris difformis Chapman var. diformis (U,S)

Xyris laxifolia Mart. (U,S)

Xyris torta Sm. (U,S)

DICOTYLEDONS

ACANTHACEAE

Hygrophila lacustris (Schlecht. & Cham.) Nees (U,P)

Justicia ovata (Walt.) Lindau (U,P)

Ruellia bumilis Nuce. (C,P! K)
AMARANTHACEAE

* Alternanthera philoxeroides (Mart.) Griseb. (U,D)
ANACARDIACEAE

Rbus copallinum L. (U,D)

Toxicodendron radicans (L.) Kuntze (U,DY)
APIACEAE

Centella erecta (L. £.) Fern. (U,P)

Chaerophyllum tainturieri Hook. (U,D)

Cicuta maculata L (U,PY)

Cynasciadium digitatum DC. (U,P)

Eryngium integrifolium Walt. (U,S)

Eryngium yuccifolinm Walt. (U,S)

Polytaenia nuttallii DC. (U,P)

Ptilimnium capillacenm (Michx.) Raf. (C,D)

Ptilimnium costatum (Ell.) Raf, (U,S)



Spermolepis echinata (Nutt. ex DC.) Heller (U,D)
APOCYNACEAE

Amsonia tabernaemontana Walt, (U,PK)
AQUIFOLIACEAE

Hex decidua Wale. (U,D)

Hex vomitoria Ait. (U,D)
ASCLEPIADACEAE

Asclepias lanceolata Wale. (U,P)

Asclepias longifolia3 Michx. (U,P)

Asclepias obovata Ell. (C,P)

Asclepias tuberosa L. (U, P K)

Asclepias verticillata L. (U,P1K)

Asclepias viridiflora Raf. (U P! K)

Asclepias viridis Walt. (C,PK)

Cynanchum laeve (Michx.) Pers. (U,D)

Matelea gonocarpos (Walt.) Shinners (U,D)
ASTERACEAE

Ambrosia artemisitfolia 1. (U,DY)

Ambrosia bidentata Michx. (U,D)

Ambrosia psilostachya DC. (U,DY)

Ambrosia trifida L. (U,DY)

Arnoglossum plantagineum Raf. (U,P1 K)

Baccharis balimifolia L. (U,D)

Bidens aristosa (Michx.) Brite. (U,PK)

Bigelowia virgata (Michx.) DC. (R,P)

Boltonia astervides (L.) LHér. (C,P¥)

Boltonia diffusa Ell. (C,P)

Chromolaena ivifolia (L.) King. & H.E. Robins. (U,P)

Chryospsis mariana (L.) EIL. (U,P)

Cirsium horvidulum Michx. (U,D)

Conyza canadensis (L.) Crong. (U,D)

Coreopsis gladiata Wale. (R,S)

Coreopsis lanceolata L. (C,PK)

Coreopsis pubescens Ell. (C,P)

Coreopsis tinctoria Nutt. (C,D)

Coreopsis tripteris L. (U,PK)

Echinacea pallida (Nute.) Nute. (U,Pl)

Erechtites hieraciifolia (L.) Raf. ex DC. (U,Dl)

Erigeron annuus (L.) Pers. (C,P! K)

Erigeron philadelphicus L. (U,D)

Erigeron strigosus Muhl. ex Willd. (C,PLK)

Eupatorium capillifolium (Lam.) Small (U,D)

Eupatorium hyssopifolinm L. (C,PK)

Eupatorium leucolepis (DC.) Torr. & Gray (U,S)

Eupatorium perfoliatum L. (U,PIK)

Eupatorium rotundifolinm L. (C,P)

Eupatorium semiserratum DC, (U,P)

Eupatorinm serotinum Michx. (U,D)

Eurybia hemispherica (Alexander) Nesom (U,P)

Euthamia leptocephala (Torr. & Gray) Greene (C,P)

Euthamia tenuifolia (Pursh) Nutt. (U,P)

Gaillardia aestivalis (Wale.) H. Rock (U,P)

Gamochaeta purpurea (L.) Cabrera (U,D)

*Helenium amarum (Raf.) H. Rock (U,D)

Heleninm drummondii H. Rock (R,P)

Helenium flexuosum Raf. (C,PK)

Helianthus angustifolins L. (C,P)

Helianthus mollis Lam. (C,PK)

Iva annua L. (U,D)

Krigia caespitosa (Raf.) Chambers (U,D)

Krigia dandelion (L.) Nutt. (U,PK)

Krigia virginica (L.) Willd. (U,DY

Lactuca canadensis L. (U,DT)

Lactuca floridana (L.) Gaertn. (U, DY)

Liatris acidota Engelm. & Gray (C,P)

Liatris elegans (Walc.) Michx. (U,P)

Liatris pycnostachya Michx. (C,P! K)

Liatris spicata (L.) Willd. (C,P)

Liatris squarrosa (L.) Michx. (U,PK)

Mikania scandens (L.) Willd. (U,D)

Oligoneuron nitidum (Torr. & Gray) Small (C,P)
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Packera glabella (Poir) C. Jeffrey (U,D)

Packera tomentosa (Michx.) C. Jeffery (R,S)

Pityopsis graminifolia (Michx.) Nutt. (C,P)

Pluchea camphorata (L.) DC. (U,D)

Pluchea foetida (L.) DC. (U,D)

Pluchea rosea Godfrey (U,D)

Psendognaphalinm obtusifolium (L.) Hilliard & Burce (U,PK)

Pteracanlon virgatum (L.) DC (R,P)

Pyrrhopappus carolinianus (Walt.) DC. (C,PK)

Rudbeckia grandiflora (D. Don) J.E. Gmel. ex DC. (C,P)

Rudbeckia hirta L. (C,P! K)

Rudbeckia texana (Perdue) P. Cox & Urbatsch (U,P)

Silphium gracile Gray (C,P)

Silphinm laciniatum L. (U, PL K)

Solidago canadensis L. (C,D! K)

Solidago odora Ait. (C,P)

Solidago rugosa P. Mill. (U,P)

Solidago sempervirens L. var. mexicana (L.) Fern. (U,P)

Sonchus asper (L.) Hill (U,D)

Sonchus oleracens L. (U,D)

Symphyotrichum dumosum (L.) Nesom (C,PK)

Symphyotrichum lateriflorum (L) A.& D. Live (C,PK)

Symphyotrichum oolentangiense (Riddell) Nesom (U,P! K)

Symphyotrichum patens (Aic.) Nesom (C,PK)

Symphyotrichum pratense (Raf.) Nesom (U,P)

Vernonia gigantea (Walc.) Trel. (U,P)

Vernonia texana (Gray) Small (U,P)
BIGNONIACEAE

Campsis radicans (L.) Seem. ex Bureau (U,D)
BORAGINACEAE

Myosotis verna Nutt. (U,D)
BRASSICACEAE

Cardamine hirsuta L. (U,D)

Cardamine parviflora L. var. arenicola (Britt.) O.E. Schulz (U,D)

Lepidium virginicum L. (U, DL
BUDDLEJACEAE

Polypremum procumbens L. (C,D)
CALLITRICHACEAE

Callitriche heteraphylla Pursh (U,D)
CAMPANULACEAE

Lobelia appendiculata A. DC. (C,P)

Lobelia puberula Michx. (C,P)

Triodanis perfoliata (L.) Nieuwl. (U,Dl)
CAPRIFOLIACEAE

*Lonicera japonica Thunb. (U,D)

Sambucus nigra L. ssp. canadensis (L.) R. Bolli (U,DY)
CARYOPHYLLACEAE

Cerastium glomeratum Thuill. (U,D)

Silene antirrbina L. (U,D)
CISTACEAE

Lechea mucronata Raf. (U PK)

Lechea tenuifolia Michx. (U,PK)
CLUSIACEAE

Hypericum crux-andreae (L.) Crantz (U,P)

Hypericum drummondii (Grev. & Hook.) Torr. & Gray (U,D)

Hypericum gentianoides (L.) B.S.P. (U,D)

Hypericum gymnantbhum Engelm. & Gray (U,D)

Hypericum hypericoides (L.) Crantz ssp. hypericoides (U,P)

Hypericum nudiflorum Michx. ex Willd. (U,P)
CONVOLVULACEAE

Dichondra carolinensis Michx. (U,D)

Ipomoea lacunosa L. (U,D)

Ipomoea sagittata Poir. (U,P)

Stylisma aquatica (Walt.) Raf. (R,P)
CORNACEAE

Cornns drummondii C.A. Mey. (U,DY)
CUCURBITACEAE

*Cucumis melo L. (U,D)

Melothria pendula L. (U,D)
CUSCUTACEAE

Cuscutta indecora Choisy (U,P)
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DROSERACEAE
Drosera brevifolia Pursh (U,S)
EBENACEAE
Diospyros virginiana L. (U,D)
ERICACEAE
Vaaccinium arboreum Marsh. (U,D)
EUPHORBIACEAE
Acalypha gracilens Gray (C,PK)
Caperonia palustris (L.) St.-Hil. (U,D)
Chamaesyce bumistrata (Engelm.) Small (U,D)
Chamaesyce maculata (L.) Small (U,DF)
*Chamaesyce nutans (Lag.) Small (U,D)
Croton capitatus Michx. (C,D)
Croton glandulosus L. (U,D)
Croton willdenowii G.L. Webster (U,PK)
Euphorbia corollata L. (C,P! K)
Euphorbia spathulata Lam. (U,D)
Tragia betonicifolia Nutt. (U,P)
*Triadica sebifera (L.) Small (U,D)
FABACEAE
* Aeschynomene indica L. (U,D)
Baptisia alba (L.) Vent. (U,P! K)
Baptisia bracteata Muhl. ex Ell. var. laevicanlis (Gray ex Canby) Isely (U,P)
Baptin‘al eractmm Mubhl. ex Ell. var. lewcophaca (Nute.) Kartesz & Gandhi
@B )
Baptisia nuttalliana Small (R.S)
Baptisia sphaerocarpa Nute. (U,P)
Centrosema virginianum (L.) Benth. (U,P)
Chamaecrista fasciculata (Michx.) Greene (C,P! K)
Crotalaria sagittalis L. (U,PK)
Dalea candida Michx. ex Willd. (U,P! K)
Desmodinm ciliare (Muhl. ex Willd.) DC. (U,P)
Desmodinm paniculatum (L.) DC. (U,PK)
Desmodium sessilifolinm (Torr.) Torr. & Gray (U,PK)
Galactia volubilis (L.) Brice, (U,P)
*Glottidium vesicarium (Jacq.) Harper (U,D)
*Kummerowia striata (Thunb.) Schindl. (U,D)
Lespedeza capitata (Michx, (U,P! K)
Lepsedeza repens (L.) W. Bart. (U,PK)
Lespedeza virginica (L.) Britt. (U,PK)
*Medicago lupulina L. (U,DY)
*Medicago polymorpha L. (U,D)
*Melilotus indicus (L.) All. (U,D)
Mimosa microphylla Dry. (C,P)
Neptunia lutea (Leavenworch) Benth. (U,P)
Neptunia pubescens Benth. (U,P)
Orbexilum pedunculatum (P. Mill.) Rydb. var psoralivides (Walt.) Isley (U,P)
Orbexilum simplex (Nutt. ex Torr. & Gray) Rydb. (U,P)
Rbynchosia minima (L.) DC. (R,D)
Strophostyles umbellata (Muhl. ex Willd.) Britt. (C,P)
Stylosanthes biflora (L.) B.S.P. (C,P)
Tephrosia onobrychoides Nutt. (C,P)
Trifolium bejariense Moric. (U,D)
*Trifolium dubium Sibthorp (U,D)
*Trifolium resupinatum L. (U,D)
Vicia lndoviciana Nutt. (U,D)
FAGACEAE
Castanea pumila (L.) P. Mill. var. pumila (U,P)
Quercus falcata Michx. (U,D)
Quercus incana Bartr. (U,D)
Quercus marilandica Muenchh. (U,D)
Quercus nigra L. (U,D)
Quercus stellata Wangenh. (U,D)
Quercus virginiana P. Mill. (U,D)
GENTIANACEAE
*Centaurium pulchellum (Sw.) Druce (U,D)
Sabatia brachiata Ell. (U,S)
Sabatia campestris Nutt. (U,P¥)
Sabatia gentianoides Ell. (U,S)
Sabatia stellaris Pursh (U,P)
GERANIACEAE

Geranium carolinianum L. (U,DL)
HALORAGACEAE

Proserpinaca palustris L. (U,PK)
HAMAMELIDACEAE

Liguidambar styracifiua L. (U,D)
HYDROPHYLLACEAE

Hydrolea ovata Nutt. ex Choisy (C,P)
JUGLANDACEAE

Carya illinoinensis (Wangenh.) K. Koch (U,D)
LAMIACEAE

Hyptis alata (Raf.) Shinners (U,P)

Laminm amplexicante L. (U,D)

Lycopus americanus Muhl. ex W. Bart. (R,P! K)

Monarda fistulosa L. (C,P1 K)

Monarda lindbeimeri Engelm. & Gray ex Gray (U,P)

Monarda punctata L. (U,PK)

Physostegia intermedia (Nutt.) Engelm. & Gray (U,P)

Physostegia virginiana (L.) Benth. ssp. praemorsa (Shinners) Cantino (U,PK)

*Prunella vulgaris L. (C,D)

Pycnanthemum albescens Torr. & Gray (U,P)

Pycnanthenum muticum (Michx.) Pers. (U,P)

Pycnanthemum tenuifolium Schrad. (C,PKy

Salvia azurea Michx. ex Lam. (C,PK)

Salvia lyrata L. (C,D)

Scutellaria integrifolia L. (C,P)

Scutellaria parvula Michx. (U,PX)

Stachys crenata Raf. (U,D)

*Stachys floridana Shuttlw. ex Benth (R,D).

Teucrium canadense L. (C,P)
LAURACEAE

Sassafras albidum (Nutt.) Nees (U,D)
LENTIBULARIACEAE

Pinguicula pumila Michx. (R,S)

Utricularia subulata L. (R,S)
LINACEAE

Linum medium (Planch.) Britt. var. texanum (Planch.) Fern. (C,PX)

Linum sulcatum Riddell (R,PK)
LOGANIACEAE

Mitreola petiolata (J.F. Gmel.) Torr. & Gray (U,P)

Mitreola sessilifolia (J.E. Gmel.) G. Don (U,P)
LYTHRACEAE

Cuphea glutinosa Cham. & Schlecht. (R,P)

Lythrum alatum Pursh var. lanceolatum (ElL.) Torr & Gray ex Rothrock (C,P)
MALVACEAE

Callirhoe papaver (Cav.) Gray (U,P)

Hibiscus moschentos L. ssp. lasiocarpos (Cav.) O.]. Blanchard (U,P)

Modiola carvoliniana (L.) G. Don (U,D)

Sida rhombifolia L. (U,D)
MELASTOMATACEAE

Rhexia mariana L. (C,P)
MELIACEAE

*Melia azedarach L. (U,D)
MOLLUGINACEAE

*Mollugo verticillata L. (U,D)
MYRICACEAE

*Morella cerifera (L.) Small (U,P)
NYSSACEAE

Nyssa sylvatica Marsh (U,D)
OLEACEAE

*Ligustrum sinense Lour. (U,D)
ONAGRACEAE

Gaura lindbeimeri Engelm. & Gray (C,P)

Gaura longiflora Spach (C,PK)

Ludwigia decurrens Walt. (U,D)

Ludwigia glandulosa Walt. (U,D)

Ludwigia birtella Raf. (U,P)

Ludwigia leptocarpa (Nuce.) Hara (U,D)

Ludwigia linearis Walt. (C,P)

Ludwigia palustris (L.) Ell. (U,D)

Qenothera biennis L. (U,PK)

Oenothera laciniata Hill (U,D)



Oenothera linifolia Nutt. (U,D)
Oenothera pilosella Raf. ssp. sessilis (Pennell) Straley (R,P)
Oenothera spachiana Torr. & Gray (R,P)
Oenothera speciosa Nutt (U,D)
OXALIDACEAE
Oxalis stricta L. (U,D)
Oxalis violacea L. (U,PK)

PASSIFLORACEAE
Passiflora incarnata L. (C,P)
PHYTOLACCACEAE
Phytolacca americana L. (U,D)
PLANTAGINACEAE

Plantago aristata Michx. (U,D)

Plantago heterophylla Nutt. (U,D)

Plantago virginica L. (C,D)
POLEMONIACEAE

Phlox pilosa L. (C,PK)
POLYGALACEAE

Polygala cruciata L. (R,S)

Polygala incarnata L. (U,PK)

Polygala leptocanlis Torr. & Gray (U,P)

Polygala mariana P. Mill. (C,P)

Polygala nana (Michx.) DC. (R,S)

Polygala ramosa Ell. (R.S)

Polygala sanguinea L. (U,PK)

Polygala verticillata 1. (U,P¥)
POLYGONACEAE

Polygonum hydropiperoides Michx. (C,D)

Rumex verticillatus L. (U,D)
PORTULACACEAE

Claytonia virginica L. (R,PK)
PRIMULACEAE

Anagallis arvensis L. (U,D)

Anagallis minima (L.) Krause (U,D)
RANUNCULACEAE

Anemone caroliniana Walt. (R,PK)

Ranunculus fascicularis Muhl, ex Bigelow (U,PK)

Ranunculus laxicaulis (Torr. & Gray) Darby (U,D)

Rananculus muricatus L. (U,D)

Ranunculus pusillus Poir. (U,D)
RHAMNACEAE

Berchemia scandens (U,D)

Ceanothus americanus L. (U,PK)
ROSACEAE

Crataegus crus-galli L. (U,D)

Geum canadense Jacq. (U,D)

Prunus serotina Ehrh. (U,D)

Rubus argutus Link (U,P)

Rubus trivialis Michx. (U,P)
RUBIACEAE

Cephalanthus occidentalis L. (U,D)

Diodia teres Walt. (U,D)

Diodia virginiana L. (U,D)

Galium aparine L. (U,D)

Galium tinctorium L. (U,D)

Galinm virgatum Nutt. (R,P)

Hedyotis nigricans (Lam.) Fosberg (C,PK)

Houstonia micrantha (Shinners) Terrell (U,D)

Oldenlandia boscii (DC.) Chapman (U,D)
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RUTACEAE
Zanthoxylum clava-berculis L. (U,D)
SALICACEAE
Salix nigra Marsh. (U,D)
SAPINDACEAE
Cardiospermum halicacabum L. (U,D)
SAXIFRAGACEAE
Lepuropetalon spathulatum Ell. (U,D)
SCROPHULARIACEAE
Agalinis fasciculata (E1l.) Raf. (C,D)
Agalinis heterophylla (Nutt.) Small ex Brite. (U,D)
Agalinis oligophylla Pennell (U,P)
Agalinis skinneriana (Wood) Britt. (U,PK)
Agalinis viridis (Small) Pennell (U,P)
Bacopa rotundifolia (Michx.) Wetest. (U,D)
Buchnera americana L. (C,P)
Gratiola neglecta Torr. (U,PK)
Gratiola virginiana L. (U,D)
Lindernia dubia (L.) Pennell var. dubia (U,D)
Mecardonia acuminata (Walt.) Small (C,P)
Nuttallanthus canadensis (L.) D.A. Sutton (U,D)
Nuttallanthus texanus (Scheele) D.A. Sutton (U,D)
Pedicularis canadensis L (R,PK)
Penstemon digitalis Nute. ex Sims (U,PK)
Penstemon laxiflorus Pennell (U,P)
Veronica arvensis L. (U,D)
Veronica peregrina L. (U,D)
SOLANACEAE
Physalis angulata L. (U,D)
Physalis heterophylla Nees (U,PK)
Solanum americanum P. Mill. (U,D)
Solanum carolinense L. (U,D)
Solanum dimidiatum Raf. (R,D)
Solanum elaeagnifolium Cav. (U,D)

STERCULIACEAE

*Melochia corchorifolia L. (U,D)
STYRACACEAE

Styrax americanus Lam. (U,P)
ULMACEAE

Celtis laevigata Willd. (U,D)
Ulmus americana L. (U,D)
URTICACEAE
Boehmeria cylindrica (L.) Sw. (U,S)
VALERIANACEAE
Vialerianella radiata (L.) Dufr. (C,D)
VERBENACEAE
Glandularia pulchella (Sweet) Troncoso (U,D)
Phyla nodiflora (L.) Greene (U,D)
Verbena bonariensis L. (R,D)
Verbena brasiliensis Vell. (C,D)
Verbena halei Small (C,D)
Verbena litoralis Kunth (U,D)
VIOLACEAE
Viola lanceolata L. (R,P¥)
Viola sagittata Ait (R,PK)
VITACEAE
Amipelopsis arborea (L.) Koehne (U,D)
Parthenocissus guinguefolia (L.) Planch. (U,D)
Vitis cinerea (Engelm.) Millard (U,D)
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Preliminary Examination of Species of an Abandoned Farm Field in Tallgrass Mixed

Hardwood Forest in Ottertail County, Minnesota

DONNA HAZELWOOD

Dakota State University, College of Natural Sciences, Madison, South Dakota 57042

Understanding the species composition of abandoned fields is useful for prairie restoration. Native prairie species that have survived
farming practices, neglect, and competition from introduced species may be candidates for restoration. The objective of this study was
to determine incidence and composition of native and introduced species in an abandoned farm field in Minnesota during two summer
field seasons toward the ultimate goal of prairie restoration.

Ecology and species composition of an abandoned farm field in tallgrass-mixed oak hardwood forest region of Ottertail County,
Minnesota were examined in summer, 1998 and 1999. This field was last farmed 30 years ago. To the north and east was a mixed
hardwood forest, a playground was located to the west, and a gravel road with residences and a lake was to the norch. The field was
bisected by an undeveloped farm road and had sand-gravel soil. Transects were set up and species were recorded. At the edge of the
forest, raspberries and prickly ash had begun to invade, and isolated box elder and oak had become established in the field. One bur
oak (Quercus macrocarpa Michx.) was removed fall, 1998, In chis field, the predominant species was smooth brome (Bramus inermis Leyss.
subsp. inermis). Incidence of grasses and forbs were recorded and rated as to their suitability for inclusion in a prairie restoration

project.

INDEX DESCRIPTORS:

prairie plants, native plants, introduced plants.

The tallgrass prairie of the northern Great Plains extends from
Manitoba south through parts of North Dakota, South Dakota, Ne-
braska, Kansas, Oklahoma, Minnesota, Wisconsin, Iowa, Illinois,
Missouri, and Texas, with isolated patches in Ohio, Kentucky, Ten-
nessee, Arkansas and Louisiana. (Great Plains Flora Association 1986,
Madson and Oberle 1993, Weaver and Fitzpatrick 1934.) The prairie
ecosystem is characterized by a predominance of grasses and is based,
in part, upon climate in the form of annual precipitation. In Min-
nesota, precipitation occurs throughout the year with the greatest
amount as rainfall occurring during summer months (Great Plains
Flora Association 1986, Weaver 1954, Midwestern Regional Climate
Center Database 2000).

As Weaver (1954) pointed our, litcle is known of the flora of the
tallgrass prairie in northern Minnesota prior to the arrival of serclers
who introduced agriculture and removed the prairie sod in the pro-
cess. Although Moyer (1910) described the flora of southwestern
Minnesota, the flora of northwestern Minnesota was not closely ex-
amined until fourteen years later by Ewing (1924), who described a
brush-prairie transitional region that was located berween deciduous
forest and prairie. Ewing (1924) described the major grasses as Ju-
negrass (Koleria eristata Pers.), lictle bluestem (Schizachyrium scoparium
Michx.), and prairie dropseed (Sporobolus heterolepis A. Gray).

More recently, Inouye et al. (1987) examined 22 abandoned farm
fields ranging from 1 to 56 yrs since abandonment. The study sites
were on sandy soils in the Cedar Creek Natural History Area of
eastern Minnesota. The sandy soils were nutrient depleted, yet, with
age, showed an increase in total soil nitrogen. This increase in soil
nitrogen was correlated with an increase in vegetation cover, total
above ground biomass and plant licter. Conversely, light penetration
to the ground was decreased. They concluded that species richness
per field and within field heterogeneity composition of species in-
creased with age of field. In a follow-up scudy, Gleeson and Tilman
(1990) reported that for nutrient-poor sandy soils, the pattern of

secondary succession differs from that of nutrient-rich soils. More
recently, Tilman et al. (1994) reported that ecosystems at the prairie-
forest border are highly sensitive to climatic variation, and their
responses to climatic variation depend on biodiversity.

Brucker and Yang (1998) have applied these concepts to prairie
restoration and their studies of sustaining natural ecosystems on the
landscape scale. They suggested that understanding species compo-
sition is important for prairie restoration and will allow for a choice
of plant species that are well adapted for a given location as well as
for selection of species that have a reasonable chance of survival with-
in microclimates of the site. Therefore, on prairie sites that have
been disrupted by agricultural practices, those plant species that have
survived farming practices, neglect, and competition from undesir-
able introduced species are candidates for inclusion in restoration.

While restoration projects often involve burning to maintain na-
tive species (Tilman et al. 1994), because of preferences of the owners
of the land in this study, burning was not an option. Therefore, the
objectives of this study were to: 1) design and implement a study
to determine species composition, incidence, and frequency of plants
on an abandoned farm field at a rallgrass prairie-oak forest interface
in Minnesora; and 2) to identify native species growing in the field
that were considered suitable candidates for prairie restoration.

METHODS
Description of Study Site

This study took place during 1998 and 1999 on privately owned
land in Ortertail County in west cencral Minnesota. The prairie con-
sisted of patches, large and small, that were adjacent to mixed hard-
wood oak forest and lakes. Ottertail County is characterized by the
presence of numerous lakes, and the soil type ranges from rich dark
loam to sandy.

The site had a soil type characterized as Hubbard-Duelm-Nidaaros
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Table 1. Analysis of variance of annual and perennial species from an abandoned farm field in Ottertail County, Minnesota.

Data were collected summer 1998 and summer 1999.

ANOVA

Source of

Variation SS df MS F P F crit
Between Groups 2102995.557 1 2102996 1.103573 0.297202 3.981896
Within Groups 129582489.1 68 1905625
Total 131685484.6 69

Table 2. Analysis of variance of introduced annual, introduced perennial, native annual, and native perennial species from an
abandoned farm field in Ottertail County, Minnesota. Data were collected summer 1998 and summer 1999,

ANOVA

Source of

Variation SS df MS F P F crit
Between Groups 4332207.942 3 1444069 0.65897 0.580633 2.763556
Within Groups 127101333.2 58 2191402
Total 131433541.2 61

Table 3. Analysis of variance of forbs, grasses, shrubs and trees from an abandoned farm field in Ottertail County, Minnesota.

Data were collected summer 1998 and summer 1999.

ANOVA

Source of

variation SS df MS F P F crit
Between Groups 10926538 1 10926538 5.706873 0.019906 3.993364
Within Groups 1.21E + 08 63 1914628
Total 1.32E + 08 64

associated soil with a texture of coarse sand (United States Depart-
ment of Agriculture, Soil Survey of Ottertail County Minnesota
2000). The field was last farmed 30 years ago, and farming practices
included crop production and animal husbandry. The field had not
been grazed, hayed, or otherwise farmed since. Because of invasion
by species from the adjoining forest, the field was a small patch, not
quite rectangular in shape, approximately 80 X 60 m. The land
sloped gently from north and east to south and west, and low spots
occurred to the south-west and west. To the north and east was
mixed hardwood oak forest, a privately-owned playground was lo-
cated to the west, and a gravel road with residences and a lake was
to the south. This field was bisected by an undeveloped farm road
that runs north south. In summer 1988, the county graded and
resurfaced the gravel road at the southern boundary and replanted
the ditches using a Minnesota reseeding mix SOB consisting in part
of smooth brome (Bromus inermis Leyss. subsp. inermis) and alfalfa
(Medicago sativa) (Minnesota Department of Transportation Seeding
Manual 2000).

Data Collection and Handling

Four transects, 60 m in length, were set up at 15 m intervals
from the eastern to the western boundaries of this field. These tran-
sects divided the field into four roughly equivalent sections. Each
transect was divided into 1 m segments, and plant species were
recorded in alternating segments. For each 3 m along a transect,
plants were recorded from 1 m. This was repeated along each transect
for a total of 20 m along each transect. Plants were recorded if the

canopy was within 0.5 m of the transect, The species were recorded
at two- to three-week intervals mid-May to July. Plant species ob-
served were categorized as tree, grass or forb, native or introduced
and annual, perennial or biennial.

To determine if the frequency of the above categories of plants
was significant, the data were examined by analysis of variance (AN-
OVA) (Otr 1993). All data analyses were performed using the data
analysis function of Microsoft Excel software. A P = 0.05 was ac-
cepted as significant.

3

RESULTS

From this site, 70 species were recorded representing 27 plant
families (Appendix 1). Of these, 52% were introduced and 48% were
native. From the ANOVA comparing the annual and perennial spe-
cies (P = 0.2970), the results were not significant (Table 1). Simi-
larly, from an ANOVA comparing frequency of introduced annual,
introduced perennial, native annual, and native perennial species (P
= 0.5803), cthe results were not significant (Table 2). Conversely,
from ANOVA comparing frequency of forbs and grasses (Table 3),
the results were significant (P = 0.0199).

Of the species recorded in this study 52% were native and rep-
resented eighteen families. Of these, a subset representing 13 families
and of 24 species was considered for inclusion in restoration efforts
(Appendix 1).

The Minnesota Department of Transportation has a program to
replant roadsides that have been under construction (Minnesota De-
partment of Transportation 2000). In summer 1998, when the coun-
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ty graded the gravel road, created drainage ditches, and reseeded,
the smooth sumac that was located between the playground and
gravel road was introduced along the ditch and began spreading into
the field. In addition, seeding mixes (mix SOB) that were used in
1998 included introduced species smooth brome and alfalfa (Min-
nesota Department of Transportation Seeding Manual 2000).

DISCUSSION

Of the 70 species recorded in this 30 yr field in Otrertail County,
Minnesota, both introduced and native plant species were represented
(Appendix 1). Each of the native species had previously been reported
in Minnesota, and none were rare or endangered (Great Plains Flora
Association 1986, United States Department of Agriculture, Natural
Resources Conservation Service Plants Database 2000).

From analysis of variance comparing the frequency of annual and
perennial species (Table 1, P = 0.2970), the results were not sig-
nificant, nor were the results of the comparison of the frequency of
introduced annual, introduced perennial, native annual, and native
perennial species (Table 2, P = 0.5803). Although this study did
not report percent cover, these results were consistent with results
reported by Inouye et al. (1987). In their study of abandoned fields
with sandy soil, a decrease in percent cover by annual plants and an
increase in percent cover by perennial plants was reported for fields
from 1 yr to 60 yrs after abandonment. At approximately 20 yrs, a
transition from a predominance of annual plancs to a predominance
of perennial occurred. In addition, they stated that conditions, and,
therefore, results, may vary for other fields. In the current study, the
field had been abandoned for 30 yrs and may be following a similar
pattern of succession but on a slightly different timescale. Finally, in
this current study, a significant difference was reported for grasses
and forbs (Table 3, P = 0.0199). These results were also in agree-
ment with a decrease in percent cover by forbs and an increase by
grasses reported by Inouye et al. (1987).

In this report, the significance in the frequency of grasses was due,
in large part, to the cool season species, smooth brome. This invading
species was present 100% of the time at each transect. In contrast,
the native grass species reported were located sporadically within the
field. For example, the native grass big bluestem (Andropogon gerardii
Vitman) was restricted to three contiguous clumps located in the
southern region of the field on higher ground. Whereas Indian grass
[Sorghastrum nutans (L.) Nash] was recorded along the edge of the
woods on the northwest corner only. In contrast, of the most common
grasses reported by Ewing (1924), only Junegrass was present in
1998 and 1999. Lictle bluestem and prairie dropseed were not re-
corded in this field.

At the north and east boundaries at the prairie-mixed hardwood
oak forest interface, several forest species were recorded in the field.
These included red raspberry (Rabus strigosus Michx.), prickly ash (Zan-
thoxylum americanum P. Mill.), box elder (Acer negunds 1.), smooth su-
mac (Rbus glabra L.), and bur oak (Quercus macrocarpa Michx.). Addi-
tionally, within the field, isolated box elder and bur oak had become
established, ranging in size from seedlings to mature trees. One bur
oak was removed in 1999. As Gleeson and Tilman (1990) reported
from the sandy soil fields of Cedar Creek Natural History Area, the
fields had not become forests after 60 years. The presence of isolated
trees in this field after 30 yrs appeared to follow a similar pattern.

Frequency of native forbs varied from present along each transect
to species that were recorded in a single location. For example, blue-
eyed grass (Sisyrinchium angustifolium P. Miller), was present at a single
location, the lowest point in the field, and was represented by a total
of five individuals both years. Slender beardtongue (Penstemon gracilis
Nute.) was also present at a single location but was represented by a
slightly larger population of 20-25 individuals. Northern bedstraw

(Galium boreale L.) and sweet scented beadstraw (Galium triflovum
Michx) were restricted to the northwest corner, and red raspberry was
restricted to the edge of the forest on the northwest.

Of the forbs observed in this study, members of the Asteraceae
were recorded most frequently. However, notable for this field was
the absence of indicators of healthy prairie, such as lead plant (Amor-
pha canescens Pursh) and little bluestem. Conversely, the native prairie
plants that were observed were present either as long-term compo-
nents or as recent invaders after 30 yrs of neglect and competition.
Notwithstanding their exact origin, these species may act as indi-
cators of microclimates within the field and serve as indicators of
microclimates where related native species may also survive.

Of the native species identified, 21 were identified for inclusion
in restoration projects for this field (Appendix 1). These species in-
clude representatives from thirteen floral families. Native grasses in-
clude big bluestem, Indian grass, and June grass. Native forbs in-
clude blue-eyed grass, slender beardtongue, and yarrow (Achillea mil-
lefolium L).

In conclusion, although the results of this study appeared to follow
a similar succession pattern compared with the results of Inouye et
al. (1987) and Gleeson and Tilman (1990), the resules of this study
need not be over-interpreted. This study could have been improved
by the use of quadrats or the canopy method described by Dauben-
mire (1959). These improvements will be included in subsequent
studies.

Finally, the owners of this land chose not to manage the site by
burning and instead were interested in 2 management scheme that
involved a combination of selective application of herbicide and
mowing. Toward this end, it is useful to know the identity of species
present after thirty years. This study determined 21 native plant
species growing in this field that are potentially useful for inclusion
in restoration efforts at this location.
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APPENDIX 1. Plant species recorded in summer 1998 and summer 1999 in an abandoned farm field in Ottertail County,

Minnesota.
Native or  Annual or Inclusion in

Binomial Common Name Family Introduced Perennial Restoration
Acer negundo L. boxelder Aceraceae Na@ pe
Achillea millefolium L. yarrow Asteraceae N P yes
Agropyron cristatum (L.) Gaertn. crested wheatgrass Poaceae 1b P
Agropyron repens (L.) Beauv. quackgrass Poaceae I P
Agrostis stolonifera L. redtop Poaceae | P
Amaranthus retroflexus L. redroot pigweed Amranthaceae | Ad
Amdbrosia artemisiifolia L. common ragweed Asteraceae N P
Andropogon gerardii Vitman big bluestem Poaceae N P yes
Antennaria neglecta Greene field pussytoes Asteraceae N P yes
Arabis glabra (L.) Bernh. tall mustard Brassicaceae N Be yes
Artemisia frigida Willd. fringed sagewort Asteraceae N P yes
Avrtemisia ludoviciana Nutt. white sage Asteraceae I P
Asclepias syriaca L. common milkweed Asclepiadaceae N P
Berteroa incana (L.) DC. hoary alyssum Brassicaceae I A
Brassica kaber (DC.) Wheeler wild mustard Brassicaceae I A
Bromus inermis Leyss bmooth brome Poaceae I P
Capsella bursa-pastoris (L.) Medic. shepherd’s purse Brassicaceae I A
Chenopodium album L. lamb’s quarters Chenopodiaceae I A
Cirsium arvense L. Canada thistle Asteraceae I P
Cirsium vulgare (Savi) Ten. bull thistle Asteraceae I B
Convolvulus arvensis L. field bindweed Convolvulaceae I P
Conyza canadensis (L.) Crong. horseweed Asteraceae N A
Crepis capillaries (L.) Wallr. hawksbeard Asteraceae I P
Dactylis glomerata L. orchardgrass Poaceae I P
Draba nemorosa L. yellow whitlowort Brassicaceae N A yes
Equisetum arvense L. field horsetail Equisetaceae N P yes
Equisetum laevigatum A. Br. smooth scouring rush Equisetaceae N P yes
Erigeron strigosus Muhl. ex Willd. daisy fleabane Asteraceae N A yes
Fragaria virginiana Duchn. wild strawberry Rosaceae N P yes
Galium boreale L. northern bedstraw Rubiaceae N P yes
Galium trifolium Michx. sweet scented bedstraw Rubiaceae N P yes
Hordeum jubatum L. foxtail barley Poaceae N P
Koeleria pyramidata (Lam.) Beauv. Junegrass Poaceae N P yes
Lathyrus venosus Muhl. ex Willd. veiny pea Fabaceae N P yes
Leonurus cardiaca L. motherwort Lamiaceae I P
Linaria vulgaris Hill butter and eggs Scrophularaceae I P
Malva neglecta Wallr. cheeses Malvaceae I A
Matricaria matricarioides (Less.) Porter pineapple weed Asteraceae I A
Medicago lupulina L. black medic Fabaceae I A
Medicago sativa L. alfalfa Fabaceae I P
Mirabilis nycataginea (Michx.) MacM. wild 4 o’clock Nyctaginaceae N P yes
Oxalis stricta L. yellow wood sorrel Oxaladaceae N P yes
Parthenocissus quinguefolia (L.) Planch Virginia creeper Vitaceae N P yes
Penstemon gracilis Nutt. slender beardtongue Scrophularaceae N P yes
Physalis heterophylla P. Mill. clammy ground cherry Solanaceae N P yes
Plantago major L. common plantain Plantaginaceae I P
Pao pratensis L. bluegrass Poaceae I P
Potentilla recta L. cinquefoil Rosaceae I P
Quercus macrocarpa Michx. bur oak Fagaceae N P
Rhus glabra L. smooth sumac Anacardiaceae N P
Rubus strigosus L. red raspberry Rosaceae N P
Rumex acetosella L. sheep sorrel Polygonaceae I P
Rumex crispus L. curly dock Polygonaceae I P
Setaria viridis (L.) Beauv. green foxtail Poaceae I A
Silene noctiffora L. night flowering catchfly ~ Caryophyllaceae I A
Silene pratensis (Raf.) Godr. & Gren. white campion Caryophyllaceae I P
Sisyrinchium angustifolinm P. Miller blue eyed grass Iridaceae N P yes
Solidago missouriensis Nutt. Missouri goldenrod Asteraceae N P yes
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Native or  Annual or Inclusion in
Binomial Common Name Family Introduced Perennial Restoration
Solidago rigida L. rigid goldenrod Asteraceae N P yes
Sonchus arvensis L. sow thistle Asteraceae I P
Sorghastrum nutans (L.) Nash Indian grass Poaceae N P yes
Taraxacum officinale L. dandelion Asteraceae I P
Toxicodendron radicans (L.) O. Ktze. poison ivy Anacardiaceae N P
Tradescantia bracteata Small bracted spiderwort Commelinaceae N P yes
Tragopodon dubins Scop. goatsbeard Asteraceae | P
Trifolium hybridum L. aslike clover Fabaceae I P
Urtica dioica L. stinging nettle Urticaceae N P
Verbascum thapsus L. common mullein Scrophularaceae I B
Vicia sativa L. common vetch Fabaceae I P
Zanthoxylum americanum P. Mill. prickly ash Rutaceae N P

*Native species recorded in the field
PIntroduced species recorded in the field
Perennial species recorded in the field
dAnnual species recorded in the field
“Biennial species recorded in the field
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Effects of Late Spring Fires on the Survival, Growth, and
Reproduction of Prairie Forbs
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In May of 1998 and 1999, late spring fires were conducted on 2 X 5 m plots on a prairie reconstruction in central Iowa. Prior to
the 1998 burn, 195 individual plants of 21 forb species were marked on the spring burn plots and on adjacent control plots. Over
the next two years, and following a second burn in 1999, these marked plants were monitored to assess survivorship, reproduction,
and incidence of herbivory. The tiller density of three non-native, cool-season grasses was measured on the control and spring burn
plots in 1997 prior to the first burn and at the end of the growing season in 1998 and 1999. No difference in survivorship within
the forb community was observed between control and spring burn at anytime in the study, although one species—common worm-
wood—exhibited significantly lower survivorship on the burn plots. Flower production was significantly lower for forb species in the
burn plots than the control plots in both years, and herbivory was significancly higher for forb species in the burn plots than the
control plots in 1998 (no difference in 1999). It was apparent thac herbivory contributed to lower flower production. Per capita growth
of smooth brome tillers was significantly lower on burn plots for both 1998 and 1999. These results indicate that lace spring fires
can be used as an effective tool to combar non-native species in prairies without causing detrimental effects to the integrity of the

forb community.

INDEX DESCRIPTORS:  lace spring fire, forbs, survival, flowering, demography, herbivory, exotic cool-season grasses.

The myriad ways in which fire influences the composition, main-
tenance, productivity and function of prairie ecosystems has been
well-studied for several decades. It is clear that fire is an important
and natural environmental feature of grasslands. There are many rea-
sons why land managers might choose fire for a management tool;
among the most prominent of these is to reduce the presence of non-
native, cool-season grasses (Old 1969, Hill and Plact 1975, Masters
et al. 1992, Engle and Bultsma 1984, Rosburg and Glenn-Lewin
1992). Research investigating this effect of fire has indicated that
late spring burns surpass early or mid-spring burns in the control
of smooth brome (Blankespoor 1987, Willson 1992, Willson and
Stubbendieck 1997) and Kentucky bluegrass (Nagel 1983).

The need to use late spring burns to effectively control non-native
grasses, combined with the difficulty land managers have in allocat-
ing time for all their spring burning demands, is liable to result in
late spring burns that cause legitimate concern for the welfare of
prairie forbs. Thus, it is important to determine if late spring burns
kill or otherwise stress prairie forbs that already have several weeks
of growth underway. Prairie managers also need to know what long-
term effects late spring burns might have on forb species and to
what extent those consequences might be acceptable if better control
of non-native species can be achieved.

The literature is replete with papers that discuss the effects of fire
on the species composition of prairies. Fire effects on forb species
have been documented in many regions of the grassland biome, in-
cluding Kansas (Abrams and Hulbert 1987, Hartnett 1991, Towne
and Knapp 1996), lowa (Ehrenreich and Aikman 1963, Richards
and Landers 1973, Hill and Platct 1975), Oklahoma (Coppedge et
al. 1998), Wisconsin (Dix and Butler 1954), Missouri (Kucera and
Koelling 1964), Illinois (Schwegman and Anderson 1984), and Min-
nesota (Svedarsky and Buckley 1975, Pemble et al. 1981, Becker
1989). Most of this research provides information on the growth of

forbs during the first year after an early or mid-spring fire, and
therefore, prior to the onset of growth for most species. Fewer studies
have assessed the response of forbs to late spring fires that occur after
significant growth has occurred (Lovell et al. 1983, Leoschke 1986,
Henderson 1992b, Howe 1999). Even fewer studies have assessed
the eftect of late spring fire on reproductive variables in specific plant
populations (Leoschke 1986, Henderson 1992a) or measured survi-
vorship by monitoring marked individuals.

In this study, a demographic approach was used to assess the ef-
fects of two consecutive late spring burns on the vigor and health
of several species of prairie forbs. Specifically, the objectives were to
measure and compare the survival rates, the amount of vigor (defined
as amount of post burn regrowth), and the levels of reproductive
quality (defined as frequency of flower production at eicher the genet
or ramet levels) of prairie forbs on plots burned in early to mid May
with similar plants on unburned control plots. An additional objec-
tive was to assess the effect of late spring burns on the density of
three species of exotic, cool-season grasses in order to assess the ben-
efic in using late spring burns for prairie management.

METHODS
Study Site

The study was a parr of a larger, long-term project that is currently
investigating the development of reconstructed prairie in central
Towa. In 1996, the lowa Department of Transportation, under the
guidance of the Roadside Development Section, completed a prairie
reconstruction on 4% miles of right-of-way along Interstate 35 in
Story County. The project area is located along the eastern margin
of Ames, lIowa, and is bounded by U.S. Highway 30 on the south
and by County Highway E29 on the north. Story County lies within
the Des Moines Lobe, the area of the state that was glaciated during
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1 m buffer

spring burn control

2x5 m treatment plot

mow fall burn

one 50x50 cm section randomly selected
four 25x25 cm quadrats sampled

— presence and density recorded
plot total = 20 quadrats (1.25 m?)

Fig. 1. Experimental design and sampling methodology for study sites on the Interstate 35 prairie reconstruction. For the purposes of this

paper, only the spring fire and control plots are utilized.

the late stages of the Wisconsinan glaciation between 14,000 and
12,000 years ago. Therefore, the landscape is generally level and
poorly drained. Story County has a continental climate representative
of the temperate grassland biome.

Most of the project area is characterized by level, mesic to wet-
mesic soils, although there are a few sections that have moderate
slopes and well-drained soils. The vegetation prior to reconstruction
was dominated by cool-season, exotic grasses—primarily Kentucky
bluegrass, smooth brome, tall fescue, and reed canary grass. Nomen-
clature for plant species follows Eilers and Roosa (1994). The com-
mon names of all species studied or mentioned in this paper are
cross-referenced with their scientific names in Appendix A.

Prairie Reconstruction History

Preparation of the seedbed for the reconstruction began in early
April by mowing the project area to mulch the standing licter and
hasten the early growth of cool-season grasses. When cool-season
growth was underway, glyphosate was applied to suppress the cool-
season grasses. By mid-May, when the effectiveness and coverage of
the application was confirmed, preparation for seeding began. Prior
to seeding, 15 study sites (Fig. 1) were established within the project
area. Eleven of these sites were located in relatively mesic habirats,
while the other five were established in dry-mesic soils. Seeding was
accomplished in two stages. First, the grass component of each seed
mix was drilled with a Truax no-till drill. Then the forb component
was seeded with a Buffalo dropseeder that had an attached culti-
packer that pressed the soil down over the grass and forb seed. The
seed mix used on the 15 sites contained 65 forb species, 13 grass
species, and 5 shrub species.

Field Methods

The community composition of the reconstructed prairie has been
monitored on each of the 15 study sites at the end of the growing
season every year since 1996. Each study site consists of a block
represented by four 2 X 5 m treatment plots—control, fall fire,
spring fire, and summer mow (Fig. 1). In the fall of 1997 and spring
of 1998, burning treatments were initiated at the study sites and
were applied for two consecutive years. The spring burn in 1998
occurred on May 11, and the second spring burn occurred on 10
May 1999. In both years the spring season was unusually warm, and
growth by prairie forbs was very obvious; in some cases, plants were
between 15 and 30 c¢m in height.

Burns were confined to the 2 X 5 m plots by placing a metal

panel on the boundary with the adjacent plot, mowing and raking
a fire lane along the other three sides of the plot, and wetting the
perimeter heavily with water. The fire lanes were located about 2 m
from the treatment plot. In that way, 2 m of buffer strip were burned
along with the plot. A backfire was used to start the fire. Once the
fire had burned most of the buffer strip, a headfire was started which
burned most of the plot. In order to minimize the heterogeneity in
the burn and consequently the experimental error in the study, any
patches of unburned litter or area were ignited and burned with a
propane torch. This insured that at least 90% of the licter on a plot
was consumed. Most of the plots had a high licter/green biomass
ratio and burned well, so the torch was necessary in only a few
instances each year.

A cohort of 120 individuals representing 21 forb species was lo-
cated among all the spring burn plots and marked in May 1998
prior to the first burn. A comparable group of 75 individuals was
marked and monitored on the control plots. Ramer number and
individual ramet heights were recorded for each individual. These
data were first collected for the plants on the spring burn plots prior
to the first burn and thereafter for plants on both burn and control
plots every one or two weeks during 1998, once at the end of the
growing season in 1999, and once during spring 2000. Ramets are
either shoots (for caulescent species) or caudices (for acaulescent spe-
cies, i.e., those with basal leaves). Ramet height for shoots was mea-
sured from the ground to the highest node on the stem. Caudices
were arbitrarily assigned a height of 1 em. Occurrence of flowering
or herbivory was also recorded for each ramet. Herbivory in this
study was recognized as a cut stem, presumably caused by rabbis.

The abundance of three species of cool-season grass (Kentucky
bluegrass, smooth brome, and tall fescue) was monitored each year
by completing annual species inventories of the treatment plots in
late August and early September. A stratified random sampling de-
sign was used to select five of the ten 1 X 1 m cells within a 2 X
5 m treatment plot (Fig. 1). After selecting the first 1 X 1 cell at
random, successive cells were selected in an alternate pattern. Within
the selected 1 X 1 m cell, a 50 X 50 cm sample plot was randomly
selected and divided into four quadrats each 25 X 25 cm. The tiller
density of each species was tabulated for each of these quadrats. Data
from the 1997 inventory were used as a baseline pretreatment level,
while data from 1998 and 1999 were used as response measurements.

Analytical Methods

The effect of late spring fire on survivorship, flower production,
and incidence of herbivory was assessed for each species by calculat-
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ing proportions based on the total number of individuals marked in
either the spring fire or the control plots. These variables were sta-
tistically assessed at the community level by using the individual
species as replicates to test for differences between spring fire and
control. Paired t-tests were used if the data passed normality rests.
If data were not normal, a Wilcoxon signed rank test was used.

The growth patterns of prairie forbs, in terms of ramet height and
ramet frequency, were compared between spring fire and control plots
for those species with adequate replication (i.e., two or more indi-
viduals in both spring fire and control plots). There were six dates
over a two-year period when plants were measured on both the
spring fire and control plots, and therefore these comparisons could
be made. Four of these were during the 1998 season (after the first
burn), one was at the end of the 1999 season (after the second burn),
and one was at the beginning of the 2000 growing season. Two
sample t-tests were used if the data passed normality and equal var-
iance tests. If either of these failed, a Mann-Whitney rank sum test
was used. Replication was provided by the marked individuals and
therefore was reduced during the course of the two-year period if
mortality occurred. There were 11 species with adequate replication
at the start of the study.

The responses of the cool-season grasses to the late spring burns
were analyzed by calculating species per capita growth rates between
a given initial year and a subsequent response year. The per capita
growth rate (r) is the number of tillers added to or lost from the
population per individual tiller in the population.

I response year density + 1
n
initial year density + 1

time (response year — initial year)

A value of 1 was added to density measurements to allow calcu-
lation when density was 0. Positive values of (r) indicate an increas-
ing population; negative values indicate a decreasing population. Per
capita growth rates (r) were determined for the effect of the first
spring burn (1997 to 1998), for the effect of the second spring burn
(1998 to 1999), and for the combined effect of both spring burns
(1997 to 1999). In this way it can be determined whether a species
response occurred primarily in just one of the years or if it was a
cumulative effect over the course of the consecutive treatments. An
effect observed in 1997 to 1998 might either be maintained (still
present in 1997 to 1999), reversed (absent in 1997 to 1999), or
enhanced (repeated effect in 1998 to 1999).

The values of (r) for each species were analyzed with analysis of
variance (ANOVA) using the following model. Potential sources of
variation in (r) were: 1) treatments (comparison between spring fire
and control), 2) seed mix (which represents different environmental
conditions—dry-mesic vs. mesic sites), and 3) site within seed mix
(which represents variation due to differences in site characteristics
such as biotic or historical factors). Parametric ANOVA was used on
JMP software by Statistical Analysis Systems, Inc.

Replication in this study was provided by the 15 sites. In order
for a site to be included as a replicate, it was necessary for the species
to have a valid presence on the site. This was arbitrarily defined as
having at least 33% nonzero observations among the six potential
observations (2 treatment plots over 3 years equals 6 observations,
(thus 2 or more nonzero observations on the site were necessary to
be included as a replicate). Replication for the analyses of treatment
effects on the cool-season grasses ranged from 11 to 15.

RESULTS

Demography of Forbs

Observations one week after the fires verified that all the marked
plants on the spring burn plots were topkilled by the fires. Forb

survivorship at the community level, as demonstrated by the 21
different forb species that were monitored (17 of these species were
also on control plots), indicated no significant difference in genet
survival between plants on spring burn and control plots at any time
through the two years (Tables 1 and 2). Median survivorship was
100% for both burn and control plants at both one month and one
year after the firse burn. Even two consecutive spring burns did not
have negative effects on survivorship. Median survivorship after two
burns was slightly lower for burned plants (90%) than control
(100%), but was not significantly different. One year after the second
burn, median survivorship was 67% for both burn and control plots.

Among the 21 species monitored on burn plots, 17 had 100%
survival at one month after the first burn, 16 had 100% survival at
one year after the first burn, 9 had 100% survival after the second
burn, and 5 had 100% survival one year after the second burn (Tables
1 and 2). Those species that were most susceptible to late spring fire
were common wormwood, New England aster, and western iron-
weed. These species had burn survivorship values that were at least
10% lower than the control by May 2000. Since common wormwood
is a non-native, accidental species in the reconstruction, reduction of
it is a beneficial result for the reconstruction.

Overall reproductive quality among the 21 species was lower for
plants on the spring burn plots compared to plants on the control
plots during the growing seasons following both the first and second
burn (Tables 1 and 2). Both the percentage of genets in flower and
the percentage of ramets in flower fo