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ABSTRACT: In the spring of 1975 seeds of 70 prairic species, hand-collecied from remnant prairies within 2 S0-mile
radius of Fermilab, were planted by Nisbet drill in a 3.9 ha (5.6 acres) of tilled agricultural soll within the Fermilzb
agcelerator ring. Since that time, there have boen 23 additional planuings both inside and outside the risg. The otal arca
seeded to prairie is approximately 405 ha (1000 acres). During these past two decades 2 method of saccessional restora-
tion has been developed. In this method, the seeds of early successional species haviag wids ceological soleeances,
designated the praivie matrix, are drilled into recently coltivated ground. Within three vears this praide mauix provides
an adegnste fuel load capable of being hurned. This initiates changes in the biological and physical sirunturs of the goil
necessary for the introduction and saccessful entry of higher successional prairie species having narrower ecological
iolerances inte the systom. Continuous 0 ations of these tracts hive provided valuable information on large-scale
prairie restorstion, which in tam has Ied 1o: 1) the use of different and more efficient agriculural equipment; 2) changes
in the methods of collecting, cleaning, and sowing of seed; 3} an increased use of both sutumnn and spring burns: 4) the
development of new methods for the cayrichment of plantings; asd 3) sfudies on the poessible use of mycorrhizal fungi
nocuia to hasten the establishinent of higher successional spezies. In addition to the prairic restoration prodect, efforts
arc also being made to increase the species diversity of temnant wetiands and woads at Fermilab,
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INTRODUCTION

Diuring the avtumn of 1974, approximately 181.2 kg (400
1b3 of mixed prairie seeds {70 species) wers hand-
coilected from remnant pravries found within 80,3 km {50
mi} of Permilab. These were cleaned, and then stratified
at approximately 5°C (40° F) for two months, In the first
week of June 1978, these seeds were planted, using 2
Nushit drill, into 3.9 ha (9.6 acres) of previeusly plowed

and disked previously cultivated closely retated soil types:

Mundelein silt loam {Aquic Argludoll), Wauconda silt
toam {Udallic Ochracusld), and Drummer silty ¢lay loam
{Typic Haplaquoll) Incated within the sccelerator ring at
Fermilab, Duriag the first degade of restoration 2 tolel of
156 ha (385 acres), (mostly within the accelecator ring)
were planted. Over this time there were a number of
changes made is e methods used for ground culilvation,
for planting, and for species enrichment of the prairic
tracts subsequent io the iaitial planting {Betz 1986).

Drurisg the second decade an sdiditonal 235 ha (590
acres) of and were planted. s all, there have been 24
plantings {spring and autumn}, Brisging the wisl arcato

approximately 405 ba (1000 acres) both in and owtside of
the accelerator ring, {Table 1), Forty percent is within the
accelerator ring and 60% outside.

Of the 656 species of vascualar plants found at Fermilab,
147 are prairie species, or 23.4% of the tofal. Az present
13 prairie species, such as, Indian paintbrush (Castlicin
coccinea), New lersoy loa (Ceanorhns americonis),
gaslem praicie feinged orchid (Hubenarin lencophazas,
rough white letiuce (Frenanthes aspero}, and earced Jakse
foxglove (Tomanthera arricula) have nst been found bug
eventually will be introduced. ‘

There are 120 wet meadow species, or 18.3% of the tatal.
At present there are 12 wet meadow species, such 1s,
sweet flag {Acarus clamus) and marsh shicld fern
(Dryopteris thelypteris pubsscensy, which are not found 5t
Fermilal but will be added.

The combined number of praivie und wet mesdow species
found in the 21 praitie plots varies from 16 ia Plot 20,

mDst recently planted, to 157 in Plot §, whick is relatively
large with a variabie topography, However, the sichest in
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Table 1. Size of proairic plots; when planicd and namber of species.

Plot#  When Planted Hectares Acres # of Prairic &
Wet Meadow Speciey
1 Spring 1975 36 9 80
2 Spring 1975 4.3 1 74
3 Spring 1577 117 29 83
4 Falf 1877 6.5 i 60
8 Fail 1978 4.5 it 32
& Falt 1979 24.3 46 1587
7 Spring 1981 8.9 i? 52
8 Fali 1981 18.6 46 76
9 Fail 1982 231 56 a7
10 Spring 1983 21.5 53 aG
i Spring 1984 130 32 110
12 Spring 1984 i34 33 161
i3 Spring 1585 1.0 47 122
i4 Spring 1983 7.7 19 77
15 Speing 1986 2 56 84
is Summer 1988 AR &4 58
ATract Summer 980 4 15 pa
i? Summer 1580 344 B4 5B
CA-2 Tract Sumimer 15950 287 7l 23
1B Spring 1992 4.6 18 P
A-TracA #2 Spring 1992 283 70 6
19 Summer 1993 223 35 12
20 Spring 1994 16.2 40 6
21 Spring 1995 14.2 35 —
Total 4044 908

erms of prairie species diversity 5 Plot [ with 30 species
fFable 1),

During the second decade of prairie restortion, efforis
were also made to restore the degraded remnant wetland
and woodland comemunities © iheir more natural siies
characteristic of the presedicment Hineds kindscape, The
nmsber of native wwees, shrobs, and horbaceous plants
found in these woodlands 15 196, or 30.0% of the toial
species prosont at Formilab. One huedred and sixty-cight
speoies of herbaceous nos-native plants secur Is these
areus, or 25.6% of the townl at the Iab. In addition, the 25
species of woody exotics make up 3.8% of the wotal
specics found at Fernulab,

While herbicides are ovcasionaily used 10 controd nan-
miative planis in a few places st Formilab, such as, along
roudsides and around buildings, they are not generally
used in the restoration pf the prairte. Rather these non-

nalive plinis are controlied and eliminated by the coclagi-
cal comgetitivensss of the prairie species in wreas repeat-
edly burned,

The Concept of Suceessional Restoration

“Sueressional rastoration” is the method being wsed to
restore the praivie ot Fermiiab on former agriculural
fieids. This involves an initial planting. using sggressive
species that have wide ecological iolerances, which grow
well on abandoued sgriculiural Helds. Collectively, these
species aee desipnuted 4% the prairie matrix {Boz 1986}
The species used for this prairie matrix compote with and
evenluatly eliminaie meost weedy species. They abso
provids as adequaie fuel Toad capable of sustalning a fue
withir theee yoars afler & site has been initially planed.
Associated changes in the biclogical and physical
structure ol the soil help prepare the way for Lhe suecess-
ful intreduction ol plants of the later successional spectes.

g
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The species diversity is increased by introducing species

with narrower ecological lolerances, characteristic of later

successional stages, only afier the species of the prairie
malrix are well established

The species of the prairie matrix used originally included
25 species or approximately 10% of the praire flora (Betz
1986). However, based on the experiences of the past
decade {1986-1996), this number has been increased to 36
or about 24% of (he original prairie {lora (Table 2}). Three
species were removed from use in the prairie matrix and
added to the second successional stage. They are prairie
coreopsis (Coreopsis palmata), Ilinois tick trefoil
(Desmodium illinoense), and purple coneflower
(Echinacea pallida). Surprisingly, experience also
showed that smooth beard tongue (Penstemon calycosus)
and foxglove beard tongue (P digitalis), originally
included in the second stage, could be successfully used
in the prairie maurix.

The number of species now included for the list of the
sccond successional stage (Stage 2) is 48 (Table 3).
Tentatively, a list of species designated as Stape 3
includes |6 species (Table 4), and 9 species are proposed
for Stage 4 (Table 5).

Observalions over the past 20 years have shown that it
takes approximately 2 to 3 years for the pfairie matrix to
eslablish itself. Big bluestem grass (Andropogon
gerardii) and Indian grass (Serghastrum nutans) become
dominart on mesic soil, and prairie cord grass (Spartina
pectinata) dominated on wet soils. Swilch grass (Pani-
cum virgatum) is not a dominant, but has a minor pres-
ence in the developing prairie. The two other prominent
prairie grasses, little bluestem (Andropogon scoparius)
and prairie dropseed (Sporobolus heterolepis) appear Lo be
species characteristic of the second or even the third
stage.

It is interesting that the spontaneous introduction and
subsequent dominance of aslers (Aster) may be correlated
with different successional stages. These stages and
associated asters are as follows: a) weedy abandoned
agricultural field—hairy aster (A. pilosus); b) Stage 1—
Drummond’s aster {A. sagittifolius drummondii}, c} Siage
2—heath asler (A. ericoides) and New England aster (4.
novae-angliae}; d) Stage 3—sky-blue aster (A. azureus)
and smooth blue aster (A. laevis).

With few exceptions, the sequence of species from Stage
1 10 Stage 4 is similar to the sequence proposed by Peter
Schramm (1990). However, there are differences in what
constitutes a stage. Qur Stage 1 is a combination of
Schramm’s Stage I (Initial Downgrow Weedy Stage) and
Stage 1I (Intense Competitive, Stand Establishment
Stage). Our Stage 2 is similar to Schramm’s Stage 111
(Closeout Stage). Our Stage 3 and Stage 4 are combined
into Schramm’s Stage IV (Long-term Adjustment Stage).

METHODS

Harvesting Seed of the Prairie Matrix

Seed of the prairie matrix is harvested by use of a self-
propelled combine. Approximately 8000 10 10,000
pounds of nncleaned seed are typically collected each
year from tracts with earlier plantings of prairie matrix.
In 1989 a record of over 13,000 lbs were collected.
However, in some years it is necessary to harvest matrix
seed from more recent tracts in order 1o collect seed for
plants, such as Indian grass (Sorghastrum nutans), yellow
cone flower (Ratibida pinnata}, and showy tick trefoil
{Desmodium canadense)} whose populations quickly
decrease under competition in later stage plantings.

Table 2. Prairie species of the first siage.

Allium canadense (wild onion)

Allium cernuum (nodding wild onion)
Andropogon gerardii (big bluestem grass)
Aster sagitiifolius drummondii (Drummond’s asler)
Baptisia leucantha (white wild indigo)
Coreopsis tripteris (1all coreopsis)

Desmodium canadense (showy tick-trefoil)
Elymus canadensis (Canadian wild rye)
Helianthus mollis (downy sunflower)
Heliopsis helianthoides (false sunflower)
Lespedeza capitara (round-headed bush clover)
Monarda fistulosa (wild bergamot)

Panicum virginicum (switch grass)

Parthenium integrifolium (wild quinine)

Penstemon calycosus/digitalis (smooth/foxglove breard longuc)

Pycnanthemum virginianum (common mint)
Ratibida pinnata (yellow coneflower)

Rudbeckia hiria (black-eyed Susan)

Rudbeckia subtomeniosa (sweet black-cyed Susan)
Senecio paurperculus balsamirae (balsam ragwort)
Silphium integrifolium (rosin weed)

Silphium lacinatum (compass plant)

Silphinm terebinthinaceum (prairie dock)

Solidago gigantea (late-flowering goldenrod)

Solidago graminifolia (narrow-leaved grassleaved goldenrod)
Solidago gymnospernioides (wide-leaved grassleaved goldenrod)

Solidago juncea (carly goldenrod)

Solidago nemoralis (gray goldenrod)
Solidaga riddellii (Riddell's goldenrod)
Solidago rigida (suff goldenrod)
Sorghastrum nutans (Indian grass)

Spartina pectinata (prairic cord grass)
Thalictrum dasycarpum (purple meadow rue)
Thalictrum revolution (waxy meadow ruc)
Vernonia fasciculata (common ironweed)
Zizia aurea (golden Alexanders)
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Table 3, Proirie species of Lhe sccond siage {proposed),

Agaiinis reanffolic (siender false foxglove)
Audropogon scoparius (ide blueslen)
Anemone canadensis (Canadian anemone}
Anemone cyiindrica (thimbloweed}
Asclepins tberosa (botterfiyweed)
Aszclgpias sulliveuntis {prairie milkweed)
Aster novae-aughiae (New Enpland asien)
Aster griceides (heath aster)

Cavadia plantagined (Indian ptasiain)
Carex bicknellii {praivie sedge)

Cionea macufuig (wa1er Bemlock)
Comandra senbellata ({alse 1oadfiax)
Corgopsiz pafmata (praizie corenpsis)
Dexmodium itlinoense {Hinois lick-rafoil
Dodecatheon meadia (shooting stars}
Echingera pattida (purple conefiower)
Ervagium yuccifelium {rasdesnake masier)
Euphorbia coraliata {flowering spurze)}
Geliun boregle {rarthern bedsiraw?
Galiupt obtusam (wild madder)

Gentianu andrewsii {botile gentian)
Gentiana flavida (yeliow gentian)
Gensiana guingicefolin (SUIT gentian}
Hellanshes rigidus (prairie sunflower)
Krigia biffora ({alsc dandsHon)

Lathyrus patustris {marsh verchiing)
Liatris pyenostarhya (pratric blazing star)
Ligriy spivata (marsh Blazing swr)

Liatris aspera {Tough blazing star}

Lebelia spivera (pale-spiked lobelin}
Ougpaiis rigidior { cowbane}

Pedivuiarts canadensis {praiic bewony}
Pediculoris lenceolata {marsh beleny)
Petalostesmat candidium (white prairie glover]
Petalostenrm purpurenm {purple prairie clover)
Phinz glaberrima interior {marsh phiox}
Pllox pilesa (prairie phlox)

Physustegia virgintiana ([ase deagontiead)
Petyraenia nuttallii (prairie parsley)
Patentitia arpute {prairiz cingueloil)
Peenunthes aspera {vough white fetiuce)
Prenauihes racemost (glaucns white igtluce)
Psprolea tenuifolia (scurfy pea)

Satix Aumilis (praitie willow)

Stsyrichiinn athidun (blue eyed-yrass}
Tradescantia ohiensis {common spiderwort
Verenicasirum virginicuwm {Culver's rom)
Vicia americana {American vech)

The hervested uncleaned matrix seed 48 wansferred
mechanically to # ek and hauled {6 5 large barn where
it is mixed snd spread ovl on the floor o a depth of shoul
len inches 1o dry. For 2 number of weeks thereafier, the
seed periodically is turned over W enbance deying while
alsn preventiag the heal from reaching a Rindling poinst
and causing a fire, Aller deving, the seed is stored on the
barn Hoor over winter and is used for sowing wacis in the
e spring. The seed is not cleaned in any way and
conaings agprosimalely onethirgd chaff.

Method of Soil Prepavation

The pint to be planied is plowed and disked duriog the
antun of the previous yeas. Y required, <lemps of soil
are broken up using 2 cultipacker with the tings down,
This is foliowed by further disking. In the spring of the
plaming year g further disking i5 osuaily done just before
planting in order io desiroy most of the emerging weed
flora which could inhibit the young matnx seediings.

M-

Table 4, Prairie plants of the thind stage {progosed).

Amgrpha canaescens {(lead plant)

Asclepius hirtelta ((all grees mitkwesd)

Asclepias viridiflora (shors green milkweed}

Aster grurews (sky-hiue asler)

Aster laevis {smooth aster)

Beprisia lewcophaea {cream wild indigo)

Bromus kalnii {Kalm’s brome prass)

Chelone glabra {turtfiehead)

Hetchera richaredsonii gravana {alum roul)
Lithospermun cangscens (hoary puccoon;
Lysimachia gradrifiora (narow-leaved lousesiride)
Pumicum Ieihergii {peairic panic grass)

Polyvgala senega (Senecs snakeroot)

Spiranthes magnicomperes (Tadics” tresses orchid)
Sporobotus hererslepis {prairie dropsesd)
Vitferiang cilicgn (common valerian}

Table 5. Prairie planis of the foucth stage (lenative}.

Asclepias meadii {Mead’s milkweed)
Uypripediun: condidng (white ladies’s slipper)
Gentiame puberalenta (praivic gentian)
Habenarin lencophaea {white tringed orchid}
Hypoxis hirsura (yeliow 5107 grass}

Litinr phitedeiphicum andinum {praivic lily)
Oxelis visfacen {purple wood soreel)
Scutetiaria panneda leonardic (sonall skebeap)
Vislo pedatifida (prairic viola)
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Method of Bowing

There have been a few changes in sowiag of seed regime
followed during this past decade. One of the madifica-
tions involved the use of a foritlizer buggy drawn by 2
tractor in erder to spread uncleaned matrix seed anto
prepared soil instead of using an all-terrain spreader as
was previousiy done. Both types of machines are
excellent for sowiag seed, bt it was more cost effective
in the Jong tun to purchese the bugpy than to contineally
rerd the all-forvain spreaderenchyeargta time when it is
in use by local farmers,

The release of the seed from the buggy is adjusted to give
& maximam spread of are and an optimum covering of the
ground with seeds, This & abowt 27.7 kg /ha (30 1bef
were) Aferwards g enliipacker with the tnes up is
usually used a3 2 roller 1o ensure good seed-to-soil
sontact, .

Sinve many of the matrix plants are warm season plants,
sowing ks usually done during the first weeks in June
when the mateix seed will germinate quickly and the
seedlings will grow well, However, matrix sced can be
sown Gwoughouat the months of Tune and July and stil}
give excellent resubs,

Mowing the First Year

Eurasian weeds that quickly develop in the newly seeded
tracts are usvally mowed once or wice during the first
year or two to allow sunlight to penctrate down to the
young maurix seedlings. This is accomplished vsing a
eotary mower raised ghout 12 to 14 inches high. The
tracts are mowed often enough so the thatch produced in
the mowing does not smcther the young seedlings,

ENRICHMENT OF THE PRAIRIE TRACTS

The matix constitytes about 24% of the presstilement
prairie species. However, in order 1o increase specics
diversity, it is necessary periodically to enrich the imets
with later successional species. Examples of species used
include lead plant (Amaorpha canesceng), smooth aster
{Aster taevis), praivic coreopsis (Coreopsis pafmara),
praivie blazing swv (Liatris pycnostachya), purple praire
clover (Peialostenum purpurenm}, waxy meadow rue
{Thalictrum revolutum), Culbeer's root {Yeronicastrum
virginicurt, and goldes Alaxanders (Ura aurea),

I addition, mn offort is mude to enrich the eathior
plantings in which some mairix species are not well
established. Spoties used Inclide nodding wild onion
{Allium cornanmy, @il coreopsis (Coreapsis iripteris),
round-headed bushelover {Lespedeza capitata), yellow
cone Hower (Ratibida pinsar, and prairie dock
(Silphitou tovebinthinacenn

Collection of Seed for Praivie Barichnent

Certain specias of the matsix, as well as selected species
af the secand stage which bave large developing popula-
tions at Fermilab prairie, are coilected by hand. For that
purpase the Roeads and Grounds Depariment of Fermilab
orgamizes and supervises two seed harvest days each yoar
using voluntesrs, Qos is in fote September and the other
in late Cotober. Among the species from which seed is
cotiesied are noddiag wild onion Aflem cornuam),
prairie coreopsis (Coereapsis potmans, shovey tick trefol]
{Desmodinm canndensg}, wild quinine (Portheninm
inregrifotinm}, and sweet Mack-oyed Susan {Ruedbeckia
Hirtay.

Seeds of Iater successional stages are also hand-coliected
throughout the year from remmant prairies withia 2 50
mile radivs of Fermilab. One such remnant is along a0
railrosd right-oFway ronning throogh Fermilab, Specles
avaitable by this wmeans include shooling stars
(Dodecatheon meodia), ratticsnake master (Ervagium
yucelfolium), buton blazing star  (Liatris aspera), praivie
blazing swar (L. pyenasiachya}, marsh blazing star (1.
spdcatay, praine lily (Litium philadelicum andinam), and
Culver’s root {Veronicastram virginicum),

Seed is also obtained by exchange arrangements with
many of the county forest preserve disiricts in the viginity
of Fermilab. Matrix seed collected at Fermilab is
exchanged For sced 1o be used in enriching the Ferymi
plantings.

Same of the seeds collected ate relatively clean and pasily
separated from one another when picked, and thus (hey do
net requeire farther cleaning. Bxamples are false wadflax
{Comandra richardsiana), shooting staes (Dadecatheon
redia), prairie clovers (Petalostenunt spp.), and praivie
cingquefoil {Pefentitl arguia}.

Al sceds are beld under moist conditions dwoughout the
winter months in an unheated barn, Legines are fiest
scarified vsing blocks of wood covered with emery paper,
maistened, aad then inocubated with a specific Rhiobium

culiure,

Since many prairie species produce seed that remain
covered within their fruit coat, a converiod soil shredder is
used to break up those [ruits in order 10 releuse the seeds.
Finaily, a mechanical cleaner is used to remove dricd

paris of stems, leaves, and flowers that are frequemly
mixed in with the harvesied seeds.

Methods Used in Planting Enrichment Sesd Mives
Three methnds of earichmenl planting are regularly nsed;

1) driiling; 2} mechanical broadeast sowing: and 3) hand
SCWIRg.
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i3 Drilting. This mothod involves the pianting of cleaned
sesds into recomtly burned praine imects by use of a Nisbet
drill. Drilling of the sced into the soil offers a better
chance for seed to gormingle and successfully establish
seedlings. This method is nsed 1o enrich the older
plantings with late successional species which are
relatively unconumon and difficult to collect in large
guantities.

In preparation for drilling, the cleaned seeds are distrib-
uted into seven different mixtures according to the type of
habitat inte which they are (o be planted. These habitat
mixtures are: 1) mesic praie for use in older plantings; 2)
mesic praivie for use in newer plantingsy; 3) dry praitie; 4)
wel prairiel; 3 marsh; 6) savanau; and 7) woods,

Becauge seeds vary in $ize, smocthness, and sometimes
fluffiness, thoy are placed in separate compartments of te
Neshis dnil. Species with smogth seeds, such as praitie
cinquetoll (Potemitia arguis), Calver's root
{Voronicastrum vitgisicum), and golden Alexanders (Zrzia
aurea}, wre placed in the smaller compariments; whereas,
specics with fluffy seeds, such 25 prairie Indian plentain
{Cacntia plantaginen), yough blazing star {Lioiriy
asperal, and carly golfonrsd (Solidage juncea), are
Paced in the larger compariments, The planting rate of
the seeds in cach compartment can be controlled by
adpsting: the size of the orifice at the botiom of each
compartrient and the rawe of flow through the drill.

The tract 1w be planted is fiest burned either in avwmn or
carly spring to remove the dried vegetation from the
previous growing season, This enables the drill to more
efficiently bury the seads into the soil. Seeds are usually
planted from a quanes to a hail-inch depth,

23 Mechanical Broadoast Sowing. This method of
eprichment invoives the use of a Fertifizer buggy pulted
by a tractor. Clean or anclesned ssed 8 dispersed onto
Burned or unburmed praitie treets during the nosgrowing
seasons {ale sutumy, winter, and sarly spring) or onto
ground covered with snow. I is generally used 10 orich
more recent plantisgs that are missing some of the species
of the mutrix or other early successional species.,

3) Hand Sowing, This method of eorichment is especially
asefinl 1o plant seed from prafrie species that bloom and
ripen seed in spring ond carly summer. This includes,
false wadflax (Comondre richardsiana), yellow stargrass
(Hypoxis Rirseta), hairy puccoon (Lithospermum
canescens), pale spiked lobslia {Lobelia spicata), prairie
lousewort (Pedicularis cunedensiy), marsh phlox {Phiox
glaberrim), praivie phlox (P, pilvsa), and blue-eyed grass
(Sisyrinchiur aibidum). Rather than store this sced for
months before planting and bave it undergo loss of
viability, it is hand-sown immediately afier collecting into
localized areas designated s foct (sing. focns) thal show

teber arrays of specics than generally found throughou a
piagling, .

Fire Management

Fire 15 necessary for the establishment and maintenance of
prairie. There is absolutely no substitute for it. At
Fermilab, most of the 24 planted prairie plots have been
burned repeatedly during the past 20 years either in late
autumn or early spring, Praide burns are carried out by
trained crows from Fermilab's Bepariment of Roads and
Groonds,

There &5 no set date for burning in the autumn, bul it i
asually during November or early Decomber after most
seed has ripened and been harvested from the plants.
Rurns may be conducted untll weather conditions with
low temperamres and high humidity prevent g vigorous
fast moving fire, Sisce vouch of the dned vegetation is
standing at gue time, the burns are spolly jeaving the
iandscape with partially blackened areas intersporsed with
standing unbomed vegatation,

1n spring, butning beging when weather conditions faver
fires that move aggressively though the dried praisie
vegetation. Dsually this period is toward the end of
February or beginning of March, Burning ends before the
appearance of shoots and buds of early spring prairie
plants. Such plants include nodding wild onion (Allium
cernunm), white wild imdigo (Baptisia lewcantha), and
polden Alexanders (Zizia aurea). Uswally, the bura period
ends about the middle of April. Because the winter snow
flattens and compacts the dried vegetation, (he speng
burns are hotter amt more vigorsus than agtumn burms,
Spring burms produce  flat blackened landscape with
lisde standing vegotation,

To foctlitate busmning, & proup of the earliost plantings
lving adjacent 1o each ather, slong with the adjoining
marshes and woodlands, are designated as a single burn
anit or fract. The bure unit is purposely isolated from
surrounding arcas by roads, oreeks, and mowed fire
hreaks. More recently planted greas, in which the matrix
species arg still not well-esiablished and dominant. are aot
grouped ino bum units but are burned separately. A
typical burn und Is spproximately 200300 acres.

The frequency with which the prairic tracts are burped
varies with the age of the planmting. The more recent
plantings are usually burned ansually for Tive or six years.
This gives opporiunity for the prairic magrix species 10
become ostablished while the weedy vegetation is put
under stress.

Qlder plantings are Burned fess often. Privrity for butaing
these is given in this order: {) wracts thiat have not been
burned in e bast 1wo ar thres years and have accumu-
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iatedd considerable amounts of fuel Joad; 2} tracts that
contain substantial amounts of woody wegetation; ard 3)
tracts that are to be enricked using a Nisbet drill,

The frequency of burning is also dependent on wind
direction, There are many laboratory buildings scaticred
throughout Fermilab. If the smoke and ash arising from a
prairie fire should blow toward any of these buildings,
this could interfere with the activities within those
butidings. Becouse of this possibtlity, some imets ¢an oaly
be burned when wind Mows from the right divection. 1
the proper wind conditions are not present during the burn
perind, a tract Is not burned. For this reason ¢ortain tracis
gy red bie burned for two or more years in 4 row,

RESTORATION CHRONOLOGY

In autumm the tract that has been sowed during the
previous spring with prairie matrix takes on the appear-
anee of a weedy field with an assoriment of annual and
first-year bienntals, such as ragweads (Anmbrosio yop.h
thasiles {Cirvium spp.}, Queen Aane’s loce (Dancus
caraial, smartweeds (Polygonum spp.}, and Burasinn
clovers (Trifolium spp. ). However, & claser inspection of
the soil surface ander fhose weeds show young seedlings
of big buestem grass (Andropeges gerardidy, Indian grass
{Sorghastrur nutans}, showy uck wefoll (Qesmodiam
canadense), wild bergamol (Morarda fistulpse), yellow
cone flower (Raribida pinnata), compass plant {Silphivm
laciniatum}, and other species of the prairie marrix,
Usually afier two, or possibly three, growing scasons, a
sufficiant fuel load has accamulated which is capable of
supporting & burn,

Within five years, coupled with annual bures, the praivie
matrix psually dominates a large portion of the tract. The
dominant grasses are big bluestem grass (Andropogon
gerardity s indian grass (Sorghasvrum nutans). In low
spols praivie cord grass (Spartina pectinata) stowly 1s
becoming commaon. Scaltered throughout the tragt are the
varions common prairie matrix forbs, such as, nodding
wild enton (Allism ceravum), white wild jedigo (Buptisia
leurantha), tll coreopsis (Coreapsis tripteris), showy tick
wefoil (Desmadinm canadense}, wild beegamot (Monarda
FBstelozmy, commen meuntain mint {Pyonanthenum
virginioruun), yollow coneflower (Ratibida pinmass),
blark eved Susan (Rudbeckia hing), vosin wesd {Silphinm
indegrifolivm}, prairie compass plant (8. Jacindatun), and
prainie deok (8. ferebinthinacenn).

Also present within this first stage tract arg local spots
with weedy vegelation representative of an earlicr
successional stage. Common species Tound in these
weedy patches are Hunpgarian brome grass (Bromus
inernris), reed canary grass {Fhelars anmdinocea),
Canadian thistle {Cirsiam arvensel, bull thistle (.
vredgore), and wil golderod (Solidage alifssima). Wik

the passage of time and the occurrence of annual fires,
thess kucal weady spots slowly disappear as the aggres-
sive plants of the prairie matrix invade. These invaders
include big bluestemn grass (Andrapogon perardiy, Indian
grass (Sorghastrum nutans), tall corcopsis {(Coreopsis
iripteris), yeltow cone flower (Ratibida pinnata), and
prairiz goldenrod (Solidage rigiday, 1% interesting to
observe the year-by-year disruption and contraction of
swards of Husgarian brome grass {Bronws inermis) and
read canary grass {Pholariz arundinaeea), snd ciopes of
tall goldenrod (Soliduge aitissina)} and Canada thistle
{Cirglum grvemse) sx the malox species invade.

During the next five 10 120 vears Indian grays
{Sorghastrum nutans) some of the early forbs, such as,
black-cyed Susan (Rudbeckia hirta) and showy tick trefoi)
(Desmodivm canadense), decrease in number and supvive
primarily on the periphery of the tract. Switch grass
(Panictim virgatam) is Hkewise relegaied {o a minoy
position and survives mostly in areas adjscent o wet
argas. Doth littie blucsiem {(Andropogen scoparius mud
pratrie dronseed {Spormbolus heterclepist me uncommon
and focal

This leaves big bluestem (Andrmpogan gerardiis as the
sole dominant grass throughout the developing praivie.
The tract now has the appearance of 3 monoculture of this
grass standing 2 m or more in height. However, through-
out the trast new forbs of the prairie matrix are increasing
their populations and becoming mare evident, especially
in foci. These forbs isclude; nodding wils onion {(Allium
cerang, wild quinine (Parthenium integrifpiiom),
common mountain mibm (Pycnanthemun virginianum},
swees black-eyed Susun {Hudbeckia subtomentosa), and
vatious species of goldenvod-~grass-leaved sonflower
{Solidago gymnopsermoidesy, early goldenrod {8 funcen),
gray goldenrsd (8. nemoralis), Riddell's goldenred (8
riddetiii) and praivie goldenrod {S. rigidy}.

In addition 1o these first stage species, plant species
helonging 10 the second stage are slowly beginning to
make their appearance within foci. Examples of thase
species are hoath aster {Aster erfcoider), praivie sedpe
(Carex bivkaeiil}, prairie corsopsis {Corzopsiy patmaiyy,
shooling stars {Dodecathean meudia), purple concflower
{Echinncen pathide), rauticsnske master {Eryagium
yuccifolium}, praivie blazing stor {Liatris pyenosiachye),
muarsh blazing star {4 spicate), pale-spiked bbbelia
{Lobelia spieata), praivie botony {(Pedicularis
canadensts), white praicic clover (Petolosieniun
candidun), and purple prairie clover (P parpurenm),
marsh phlox (Phlox glaberrima interior), false dragon-
head {Physostepin virginiana), and Culver’s root
{Veronicastrum vieginicum),

From the weath and o the Dificonth years, Stage 2 spevies
within foot slowly lnorease thelr numbers. Isolated
specimens of new spacies of the second siage bogin o
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appear for the fra dme. These inchide Indian plamain
{Cacalia tberoxd), water hemlock (Cicute maculars,
Tinois ok weloll (Desmodinm ittincense), bottle geatian
(Gentioma andrewsiiy, yeliow geatian (G, flovidal,
cardinal flower (Lobelia cordinalis), cowbans (Ggpolis
rigidior), praivie parsley {Polyiaenia nuztadiit), and
glaucous white lettuce (Prenenrthes racemosa),

Beiween the fificenth and owentioth years Stage 2 species
increase in numbers and hegin to increase the size of the
foct. New populdtions of these and other second stage
species slowly begin to appear throughout the tract. The
additional spectes of Stage 2 are {prairie coreopsis
(Coreopsis patmata), shooting stars (Dodecatheon
mediay, parple coneflower {Echinacea pallida}, rattle-
snake master (Eryngiun yuecifolinm}, northern bedsuaw
{Gatium borealel, praine blazing star (Liateis
pycnostachyay, marsh blazing star {L. splegia), prairic
lousewort {Pedicularis canndensis), marsh lousewort (P
ignceokaa, mavsh philox {Phlox glaberrima interior),
Ealse dragonhead (Phyyostegia virginiana}, blne eyed-
grass (Sksyrinchium albidum), and Calver's root
{Yeronicastrum virginicum).

During this time, species of the third slage 2lso begin to
appear in the developing prairie, These inchude file
bluesiom grass {Andropagon scopanits}, simooth bloe
aster (Aster laevis), narvow-leaved hosestrife (Lysintachia
guadrifloray, and great pluins Indies’ rosses (Spireathes

magnicamparam).
Suecession and Soils

. The iime needed for the prairie matrix 10 suppress the
weedy vegeiation and become domimant is relatively
rapid, usually occurring within three to five yvears.
Vagaries of (he weather, such as droughts, foltowing the
sprmatling of seediings, can extend this me. Even under
relatively favorable weather conditiees, the dominange of
species of the second stage occurs vary slowly. This slow
pace may, in part, be due i degraded soils,

The soils on which the Fermilab prairie are being restored
have been in cultivation for more thas 150 years. His
probable that these soils doring ageicuitural use may have
undergonas certain physical and biojopical changes,
making these seils differpat frorn (hose originally present
in presettlement times, Thus, the second and the Yater
slage species do aot intially find soil conditions favorable
for gepwih in competition with specics of Stage §.

The presence of physicg! conditions conducive o vigor
ous micrabioiogical activily and associated good plamt
growth in most soils depends vpon the binding of soi
panticles into stable aggrepates of vacious sizes. These
provide a range of pore sizes for storage of plant-gvailable
water, iransmission of water and air, and root growth
{Harris et al, 1966, Oades 1984). Cultivation of virgin

grassland soils yesults in a significant loss of water-stable
aggregates and often changes the disinbution of aggregate
size clesses (Low 1972, Dormaar 1983, Cook et al. 1988,
lastrgw 1987, Miller and Jastrow 1990)), { is probable
thal many prairic specics require these water-stable
aggregates for their successful enry and establishment in
resloration praities. Prairie gentias (Genliana
puberulenta), which grow from tny and slow-growing
seedlings during their first year, may he a5 example of 2
species thal requires these waler-siable ageregates for
their development.

1t is also probable that the cultivation and resultant
destrustion of the peairie flora also catsed the extermina-
tios of the micro-flora {mycorrhizal fungi, bacteria, and
protozoa) characiensiic of the virgin prairie soil. Withaw
these symbictic arganisms meny praide planis, such as
casiern prairie fringed orchids (Habenaria legvopkasa)
with their mycorrhizal fungi and various prairie legumes
{Amarpha, Baprisia, Lespedeza, Pesdostesnam) with (heie
associated bacterig {RAfzobium spp), are luss compatitive
within & prairie ccosystem (Dhitlion and Friese 15943

Thae richer antay of Stage! species and the usual first
appearance of Stage 2 species in foct may be due in pan
to the higher number of water-stable aggregates and richer
soil wicro-flora than are generally found throughoy the
nateix,

Suppon for this hypothesis is shown by the relatively
rapid invasion of Jater successicnal species o previ-
oushy cuitivated agricollural langd from adjacent virgin or
near virgin prairie. This has been observed along 3
ratlroad prairie at Fermilab,

This same ragid esisblishment of second stage species
into formerty culiivated land has been observed at
Gensturg-barkham Prairie, Markham, Hlincis, in 1972
this 40.3 ha (100 a) gwairie was acquired by Northeastern
iilinais University. This prairie consisted of approxi-
rately 28.3 b {70 a) of virgin prairie next o an adjacent
12.1 ha (30 a) satoratly restored prwinie. This restored
prairie had developed on agrculiunl land remeved from
cultivation in 1925, and thus there was & perded of some
47 years available for s re-cstablishunent. The restored
prairie was dominated by (hree prairie grassas, big
bluesterm {Andrapagon perardial, litle hluestem {4
seoperiusy, and hndian grass (Sorghastrum nitansi with
few second slage plants {Hanson 1973, Post {980} 1o the
iate 1%Hs cfforts were made to Jurther restore this
degraded prairie by hand-sowing second. and third-stage
species inte 1. Wilhin a few years populations of these
specles, including praitie coreopsis (Coreapsis paimaray,
purple and white prasvie clovers (Petalosteninm spp.), and
prairic and marsh phioxes (Phlar spp.) were able (o
establish themselves within the degraded prairic.
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A simiiar phenomenon was observed in the restoration of
cemetery prarics in Rlinois and Indiana {Betz and Luamp
1986} On first chservance, a large portion of these
cemeteries had been mowed for decades and gave litile
evidence that they still contained prairie plants. However,
arpund the tombstones and fences there were isolated
clumps of big bluestem grass (Ardropogon gerardit),
Indian grass (Sorghastrum nutans), lead plant (Amorpha
canescens}, prairie dock (Silphiunt terebinthinaceum), and
compass plant {8, laciniatum). Close inspection of the
mowed blue grass lawn (Poa pratense) with its comple-
ment of dandelions {Taraxacum officinale) showed widely
scattered tiny depauperate prairie plants {(dubbed “bonsai
plants”), such as purple praire clover (Petalastemum
purpureunt), praine gentian (Genviana puberulenta}, and
heart-leaved golden Alexanders {Zizia aptera). When
mowing was discontinued, these widely scattered bonsai
piants began 1o recover.

Two years after cessation of mewing, these overgrown
bluggrass lavwns wilh the rare nonblovming depauperice
plants were burned in the spring. In the following two
sununoers, the cemelory ook on the aspect of & matrix
praivie with tall bluesten grass (Andropogon gerardii},
Indian geass (Sorphastrum nuians’y, wild bergamot
(Menarda fisudosa), yeltow concflower Ratibido
pinnatay, stiff goiden rod (Selidape rigida), and compass
plant (Sélphium laciniatun). £

Withia foue or five years after the initial burn, the iselated
prairie plants of the second and third siages such a3,
purple and white praidie clovers, lead plant, prairie
gontians, hoary puccoon {Lithospermum canescens), and
prairie phlox {Phiox pilosa) were quickly replecing plants
of the prairie matrix. After a decade of recovery, these
cemetery prairies resembled virgin prairies with Hutle or
no irsces of 3 bluegrass lawn that may have covered them
for decades.

T order to speed the erdry of the praisie soll micre-flora
into degraded prairic soils, it might be necnssary 1o
remove 3 Hmited sumber of piugs of soil fiom the edges
of virgin or near-viegin grairies foruse in
imoafating focl within a tract being restored.

1t also eould be accomplished by first growing planis of
the second and third stages in pots with thelr mycorhizal
Fungi and then ransphanting Into the malrix prairie. |
might also be done by digging these plants from prairie
remnants sl are 1o be destroyed. However, it is difficult
o wansplant grairie plants into an cstablished praifie since
wild animals have a tendency to dig up the plants as soon
a5 they are planted. Yery few transpianted prairie plams
ever survived thelr depredations.

Weeds within the Prairie Matrix

When burned annually, the prairie matrix is very competi-
tive against most agricultural weeds, such as ragweeds

{(Ambrosia), mustards (Brassica), famb’s quarters (Che-
nopodinn, pepper-grasses (Lepedium), medicks
{Medicago}, plantains (Plastage), smartweeds
{Polygonum), docks (Rumex)}, foxtail grasses (Setaria),
clovers {Trifolian), and speedwells {Veronica), Various
thistles, such as nodding thistle (Carduus nutans), bl
thistle {Cirsiam vulgare), and even the thizomatous
Canadian thistle (C. arvense} will quickly disappear from
annually burned tracts. :

However, the biennial white sweel clover (Meliforus alba)
is able 1o co-exist within the anmually bored developing
prairie manix. This Eurasian exotic acts ag ough itisa
true netive prairie plond in that it thrives uader & prainis
{ire regime. Regardiess of what is veported in the
literature, it appears that the lime of buening feasly
autumn, e spring, ete.} has litle bearing on its disap-
pearance from ihe developing praivie. H the prairie is not
burned for a few years, s weed maintaing 8 vary low
prafile with ouly a few plants bere snd there throughout
the tract. However, sfter the first burm, the plant is back
i great shundance. Observations at the Gensburg-
Markham Prairie, where the prairie bas been bumed
simaost annually for the past 25 years, indicalz that over
dme as the diversity of prairie species incroases, white
sweet clover decveases in abundance. The puriods
between flarenps of this plant Jeagthes, and fnally the
plant disappesrs within the prairie tmet, This phesom.
enon has also bees chserved In virgln old settler comntery
praines (Betz and Lamgp 1989). However, sl that s
needed s for a woodchuok or ground squirrel to distb
the ground aad a few white sweet clover plante will Bnd
their way back into the area 1o stari the process ail over
again, al least for a yoar or twe,

Big bluestem grass (Andropogon gerandii) and Indian
grass {Sorhastrum nrtans) of the prairie manix will both
siowly eliminate Hongarian brome grass (Broos
merps) and quack graes (Agropyron repensy from a
developing prairie if the wact s bwned annuaiily,

Depending onr the water able, reed canary grass {Phalaris
arurdinarea} is slowly outcompeted by both Big bluesiem
grass (Andropogon gerardicy on the mesic sites, and
prairie cord grass (Sparting pectinara) and thizematons
sedges, such as broad-leaved woolly sedge (Carex
pellitas, on the wetter sifcs. First indications of ais
weakening is a reduction in height and the vigor of
flowering, Annual burning of the prairie is an absolute
necessity in order to achicve a slow elimination of reed
canary grass. [f the developing prairie is not burned, recd
canary grass will culcompete the prairie grasses and take
over an area.

WET MEADOWS

Wet meadows are widely scattered throughout Fermitab,
Most of Lhese are only a few acres in extent, bur there are
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some of ter or more acres. They are wsually wet in spring
withs a fow inches of standing water. They arc dry during
summer except for s few days following a heavy rain
stomrm.

While some of these were present prior to preseitiement
days, others have been recently formed s a resull of the
construction of Fermilab, Origimally, most of Fermilab
was agricultaral land which was heavily crisscrossed with
drain tiles. Thus, when the acceleralor ring was beilt,
these tiles were broken and wet meadows began to form
i fow spots within the ring. A similar situation exisis
oulside of the accelerator ring.

Wet Meadow Succession

v contrast f¢ prairie vegeialion which was almost
deswroyed by agcuaitura? cultivation during the past 150
years of move, some of the wet meadow vegetation has
survived in a fow small isclated wer pockets that were not
cnitivated. With the cessation of cultivation in the late
19605, these degraded marsh ramaants began to recover
and even spread info sew wetlands (hat were coming inte
being by the destroction of the drain tdles,

These wet meadows are slowly moving through succes-
sional stages. The slages that have been obasrved inchide
successively: (1) weady annoal stage, with elammy hedge
hyssop (Uratiola aegiecia) and false pimperaci
{Lindernia dubia); (2} an intermediate stage with sedges
(Cyperus spp.), spike rushes (Elgocharis sp.}, rushes
Lluncus spp.), common water horehownd {Lycopus
americanusy, cagspitose carices {Carex cristatella, C.
stipate, C. scoparie, and C, valpinoidea), monkey flower
(Mimulus ringens), water beattsease (Polygonum
coscineum), water kitwesd (P amphibicum
stiprinceum), angd various rushes (Seirpus acanus), (C
atrovirens) (5. Buviarilis) (5. neatus) and) (5. valltdusy;
and £33 a praigie cord grass stage, showing an increasing
prevgience of prairic cord grass (Sparting pectinata), blue
joint grass (Calamugrosts conadensis), znd various
rhizomatous sedges {Carex atherpdzs and C, peliital

Wet Meadow Enrichmient

CGver the past hwe decades effons bave been made to
cnrich these wet meadows with sced collected on site or
obiained by tading sced from tocal county forest preserve
disiricts. Since planting cannot be done by mechanical
sowing ar dridling becsuge of the wet ground, seeds are
ysually hand-sown during the winter months whesn the
ground is frozen over and even covered with snow. This
enahies the seed 1o be mare evenly distributed throughowt
the wet meadow. As the snow awd ice mel, the seeds fall
10 the wet soil.

SAVANNA/WOODLANDS

There are approximately a dozes farm woodlos scattered
theonghout the western part of Fermilab. These are

renants of 1he once extonsive presettlament savanna
listed in the first surveyor's notes as the “Big Woads.”
The deminant tree is bur oak (Quercas macracarpa) slong
with red oak {2 rebra’ and white ozk {0, alba}, Dther
\tees presant in these woods are sugar maple {dcer
saccharum), shaghark hivkory (Carya ovaia), bitermut
hickory (C. cordiformis], white ash {(Fraxinus americana),
black ash (£ aigra), and bagswood (Filia americana),

Like most Midwest woodiots, all have had g history of
heing grazed by farm animals. Only two of the Fermilab
woodlots have retained a good representation of the
presettiement ground flors. The remainder have been
severely degraded by overgrazing.

Woodland Enrichment

The size of Ihe savanna and woods on siie are regularly
sing enlarged by trassplanting young bur oak (Quercus
mucrocarpa} sad shagbark hickery (Caryn ovaie)
saplings from: high density thickets 1o open fields adjacent
to woodlands by use of a2 mechonical tree spade. Planting
is done in guch a2 way 43 to eliminate the straight feace
fines of wves and shrubg that are reminders of a previous
agricultars! era,

Also, over the past decade efforts have been made 1o
anrich the ground cover of these woodlots either by hand-
sowing seed throughout the year or broadcasting secd
using a fertilizer buggy. Some of the seed is haad-
collected from rcher woods on site. Species thus planted
include wood mint (Blephilic firsusa}, Dutchman's
hresches {Dicentra cucefiaria}, sharp-lobed hepatics
{Hepativa acuritebs), golden seal (Hydrastiy canadensis),
and American gromwell (Lithospermum Fatifolium).
Other woodlisad seed is obtained from neighboring county
forest preserve districis by irading praine matrix seed for
woodfend seed. This includes wild columbing (Aquilegia
conadensizy, poke milkoweed (Asclepins sxaliata), and
ginseng {Panax guinquefoliug).

Wooded Swamps

There are 3 fow woodud swamps along Indian Croek, a
iribsiary of Lhe Fox River, which drains the southern
portion of Fermilab. The doninant tree slong this waler
zoarse is swamp white oak (Quercus dicolor). The keally
rare kingnut hickory (Carya faciaiesa) is also found there,
Some of the swamp plants found are swamp sedge {Carex
wuskingumensis}, pop sedge (C. lupulinag}, common wood
reed (Cinna arundinacen), sweet-scented bedstraw
{Galium triflorum), and button bash {Cepahlanthius
oceidenialis).

The diversity of species within these swamps is being
increased by collecting seed on site for dispersiag along
agdian Creek.
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Effect of Animals on Prairie Restoration

Because of its size (approximately 7000 acres) and
diversily of plant communities, many animals specics
have gravitated to Fermilab. Among the mammaly
recorded at Permilab are: white-tailed deer, covotes,
minks, weasels, voles, beavers, red foxss, racooons,
badgers, woodchucks, and opessums, Among the birds
there are seven oF more pairs of breeding red-ailed
hawks, horned owls, short-cared owls in winier, 2 colony
of blue heron, American egrets, upland sandpipers,
meadow larks, bobolinks, marsh wrens and rafls. During
migration a variely of warblers and waterfov] are found
in the woods and marshes, including flocks of sandhil}
cranss. As the prairie develops, thewe is an ever-iscres-
ing diversity of insecls, including butierflies, native bews,
and fles.

Most of these animal species canse very Hittle damage or
pmotlems. However, the white-iail deer are causing
serious problems in the resicration of both prairis and
woodland at Fermilab. 'Without any pepulation coniro)
this animal has reached epidomic proportiens during the.
last two decades. They feed principally o9 the fiowers of
a wide variety of both prairie and woedland species,
preventing them from setting seed. Amoag the woodtand
species that they are especially fond of are trillimms, Sack-
in-the-pulpits, and woodland phlax in the wooded areas,
On the prairie tracts being restored they are fond of
consuming the flowers of lilies, phloxes, showy-lick
trefoils, wild indigos, and shooting stars. Interestingly,
ihey do not seem to like the flowers of the Compositae,
such as the goldenrods, asters, concBowsrs, and the
stiphiums. Studies are ynder way 10 control their popula-
tioa.

CONCLUSIONS

The changes in the methods of planting and cavichment of
the prairie being restored ar Foemilab during the pest two
decades may help others who are interesied in large seale
prairie restoration.
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