Y / { { A

LIBRARIES

UNIVERSITY OF WISCONSIN-MADISON

Prairie biodiversity : proceedings of the
fourteenth North American Prairie
Conference : Kansas State University,
Manhattan, Kansas, July 12-16, 1994. No. 14
1995

Manhattan, Kansas: Kansas State University, 1995

https://digital.library.wisc.edu/1711.dlI/4ASOAI6WQPNRDM87

http://rightsstatements.org/vocab/InC/1.0/
Copyright 1995, Kansas State University.

For information on re-use see:
http://digital.library.wisc.edu/1711.dl/Copyright

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.

728 State Street | Madison, Wisconsin 53706 | library.wisc.edu



541,56
F'7
N(p_? o ° o

.3 North American Prairie Conference:
V. (4

Proceedings of the Fourteenth

PRAIRIE BIODIVERSITY

Kansas State University
Manhattan, Kansas

RECEIVED
" /i f 5 | SEp 19 1996
/ ZY 4 UNIVERSITY LJBRARY

f\, David C. Hartnett, Editor



| - LI (1 IRCH |fl I.IIMII e I" 'h I\I III 4 IJ III*I i

i THERS ||II 'lF'\-J\ (1l (] -|H| 1 .
0 R Ry T ﬁ..p, L ,.E:‘": '”.'.‘ =
_ -'..__."' il N ..“. . ﬁ S =

'.II\“|.I‘HI - L I r I TIII II\*’I‘I ”III. I = ‘ H I:I IIHI Illlll\ IIJIHIF:.

(IR N oL s - r‘ri'...l i :.'-;
S i Tl |||.. | N : | |’:| o '

e IHI :‘I\ ”illL ‘U -'"||| ' P : ”"'H“‘Ill‘l '
RTG :-”F.‘:F:";uw"...‘ b w- k), T
i

SRS '\'IIH"|_H'

I i |I |y | | il 0
oo I "U St
[ |u II|I M\l 'h ||h|_|” I:II‘ Iﬁ o ilm il‘ll I
) ,‘j‘.f ol S A e
= "‘." ..r' LD Ji T mq;:t’ﬂ i
L M 1
" II\ l|\|| i || s "‘lfl‘”hh'\il Il:' |||F ' 'II' LN .
T " : |' LTy ‘ A ||I | URTIITR el
" II:I‘ ||” Illul L I\”l H! |||I||\ "'I |F ..P’Ihl ”'} .‘:I ”l'H I s i
] 3 T v i - N [
L. :I ) ILWJ".J‘H '.lll}, w”l:‘w: "m LAt Ill‘HI”I I|I i I|‘H JL 0 r s i "|I\ B
'”'-‘li”” W-llfl L i :“”IHI |.|h L |'\r'”| '.E,U 'II o I| 'l 'Ulll |I'|
I - ¥ o ' 1 iyl - ‘ |'\”'|\' |H ' ||I “.n' i - |” I ' o
L I| il _II':-I"lv'f\ A |'-‘“HI i I I;lw:.l'l o X s . I'“I
il i LN (i oy I Il ! =l - N
"FCU | ||u|\||\llﬁ|4|‘l_ "I & N |f.|\ _H ;"“ - 'H.I i o : g
L |J ||"' . s R . i N (T} ) . STTIS T R T
T i i1l |H”" . {l I”| I\IIII ll" I-H I i1l ' N

1l :I-I Ill\ll ;Ilulw | IW.I :'_‘ gy o ! H -
"Jl'” .lelll'lll " |LI\|\“|‘||"” ik H I\)I ' Flb”

LI | I L1 |I I“' I\III | II |I‘ I'I I II L) I
LI I Lk I : I‘I“
‘|IFII‘|I-HI‘ |M r‘lll‘. ~ '.I- 1 ‘ I\I IflirH

' 'H ””w‘ e
oy o ‘ﬂ.:‘"f't:.:.'-"’.".';:‘.‘.i"-- »
Pl e
e iy
- Tlr .Jj;.!::r":!'f_.. e ul".lll'l I |:I..ﬂ
T TR T

il -I\ I|I . || .\_Jlfl |||H|H|

N

'r-"..‘"'

I| R : s ) ‘F N III‘ B I N n I‘ | i ‘I e ”IHI'
Hnl*.' 1|.! sl 4 i ”""I - P ] . : ‘..‘ .‘.f‘”.ﬂ‘ !'n‘ : "
) I Illr‘ .II L N 1 =
IHI s - {I\I [ IF.II II", ' r||| T H 'lt‘ I -Jr!"u\ n
SRS L ST e W i T
| |I|“'H - I_I II I\ || ‘_‘H = IUI Ih r II:I;" J.Hﬁ -ILI| ]"I" It i ll":f"ll I.ﬂll%ki | Ll IR IT:I|$\HI-; B
ml |I|‘ 'k I‘.Ihl :uiLfl ol .'.-” i l- L] ul o . T i LI i Ll '
" Il‘,uh”, '5” IFI I I"'. i I '|| l'lI\l IT'FHI", .||II ” I|I\. |‘ II II I.l . N |\I|‘ ”ll‘” i rl ‘ l'll m‘l H f‘i B
il [ i ‘ ' ) Jl i i ‘-uu\ [ I IIHI\l' 'IIL“I\II- I I Al ‘ N
‘h o l.[-‘”” ik h'llll“‘r '1\'|‘|\T|!\ ", II\fIIIH\ Hl Illll III‘”IH”” i II' Iﬂilp Ilf‘, 'If‘ll‘lfllf"lw‘ﬁll N I N ‘FII rl
[N [ il i 1 = = S

.E1

R |.' Ah.

n ' m I I i, i ' S
N ,-,r P . 1 Ve

2 |:|\I-f‘ ' |\|l|‘ LU %L W i I AR o i
_I£L;F;. Fn_l_ | |||| | wu Tr ||LII +' | llh”‘ ::IIII |'. . —ulll‘l" ‘L” I”fl
I N N A I\ I\ | AL, Ry 1

I||\I I HI |H ﬂ” S | . l' ,‘ 'I‘|I\ |I' il _{ﬂ% -




Fourteenth North American Prairie Conference:
Prairie Biodiversity

Kansas State University
Manhattan, Kansas

July 12-16, 1994

David C. Hartnett, Editor
Division of Biology
Kansas State University

Assistant Editors
John Briggs
Jack Cully
Gene Towne

Geoff Henebry

Clarence Turner

Sponsors
Division of Biology, Kansas State University
College of Arts & Sciences, Kansas State University
Graduate School, Kansas State University
Agricultural Experiment Station, Kansas State University
Konza Prairie Research Natural Area
U.S. National Biological Service

The Nature Conservancy

National Audubon Society

Kansas Audubon Council

Local i’lanning Committee

Ted Barkley Chris Smith
John Briggs, Program Chair Clarence Turner
John Blair Elmer Finck
Walter Dodds Don Kaufman, Field Trips Chair
Phil Fay Diane Post, Social Chair
David Hartnett, Publications Chair Rosemary Ramundo, Registration Chair
Geoffrey Henebry Bob Robel
Dale Kennedy Phoebe Samelson
Alan Knapp, Publicity Chair Gene Towne
Jim Reichman John Zimmerman, General Chair

© Copyright 1995, Kansas State University



CONTENTS

PART 1. PRAIRIE PLANTS AND THEIR ENVIRONMENT

Diversity Among and Within Populations of Agastache foenicultum ..................ccccoooviiiniiniiinininiee

Roger G. Fuentes-Granados and Mark P. Widrlechner

Dynamics of Big Bluestem (4ndropogon Gerardii) in Ungrazed Kansas Tallgrass Prairie .......c.ooocovoivsiniinniinicissnssnnnnn.

David J. Gibson and E. Gene Towne

Environmental and Physiological Factors Influencing the Distribution of Oaks Near the Edge of Their Range..........

Erik P. Hamerlynck and Alan K. Knapp

Gas Exchange and Reproduction of Spiranthes vernalis (Orchidaceae) in a Kansas Tallgrass Prairie ...........cooeeureenn.

Stephen R. Johnson

Vegetative Changes During 17 Year of Succession on Willa Cather Prairie in Nebraska ..........ccoovieinininiininnnennn.

Harold G. Nagel

Sources of Variation in Leaf Moisture Content of Eastern Red Cedar ...........ooveeiieieiiieniinieeeeececeeee et siessns e

John Ortmann, James Stubbendieck, and Anne M. Parkhurst

Plant Community Analysis of Schultz Prairie, Webster County, Nebraska...........ccccoiverriniinninncnninininnccienesinennns

Steven J. Rothenberger

Low Plant Diversity Found in Communities Dominated by Reed Canary Grass (Phalaris arundinacea) ......................

Daniel R. Spuhler

Fungus Pathiogens of Prairie Plants in TOWA wuci i smonmansii o mm st isaissasstiessisssisssisosisse

Lois H. Tiffany and George Knaphus
PART 2. FIRE ECOLOGY

Effect of a Prescribed Burn on the Small Mammals of an Old Field in the Prairie Peninsula Area of Ohio ................

Timothy A. Schetter, Lisa L. Tumino, and Carl W. Hoagstrom

Small-Mammal Use of Experimental Patches of Tallgrass Prairie: Influence of Topographlc _
Position and Fire History ... —
Dennis E. Brillhart, Glennis A. Kaufman and Donald W. Kaufman

The Effects of Spring Burns on the Western Prairie Fringed Orchid (Platanthera praeclara)............oocvvvueneiinannn.

John, M. Pleasants

Influence of Fire Frequency and Burning Date on the Proportion of Reproductive Tillers in

Big Bluestem and INdIian GIass ...ttt sttt sae s et e es st sns st naons e s s re s e e se e sereas

E. Gene Towne

Soil Moisture and Temperature Differences Between Burned and Unburned Smooth Brome- and
Big Bluestem-Dominated Sites ..

Gerds B e G g Stubbend:eck

PART 3. ANIMAL ECOLOGY

Seasonal Activity of Snakes on a Kansas Floodplain Tallgrass Prairie.........cccoeeevverencneneresississensisiissnssssssresessesssssnens

Calvin L. Cink

Population Ecology of Elliot’s Short-Tailed Shrew and Least Shrew in Ungrazed Tallgrass Prairie

Manipulated by EXPerimental FiE ........ccooicereriniiiirieirieieeiietisee ettt sttt se s ne s se e s s sbesbsssassssassasassssassnsn

Byron K. Clark, Donald W. Kaufman, Glennis A. Kaufman, and Sharon K. Gurtz

Feral Pigs, Sus Scrofa, I KANSAS .......cccveuevieereerireieiistestns ettt ses s sesse s eaessessnesessesssessbesssast bt sbs s s se st sn s s ans s snsns e snss

Philip Gipson, Raymond Matlack, David P. Jones, Herbert J. Abel, and Alan E. Hynek

Effect of Topography on the Distribution of Small Mammals on the Konza Prairie Research Natural Area, Kansas....

Glennis A. Kaufman, Donald W. Kaufman, Dennis E. Brillhart, and Elmer J. Finck

Species Richness of Insects on Prairie Flowers in Southeastern MiNNESOta ..........c.ccceeevenireniiieninissiimessinssinssinseseses

Catherine C. Reed

31

35

43

49

55

.59

67

75

oy [



PART 4. PLANT-ANIMAL INTERACTIONS

Prairie:Violes Impact Plants:in. Tallgrass Praitieiwsammmnmmsmmsmammsnsnpnimmmmi s s e s

Donald W. Kaufman and Schelle H. Bixler

The Influence of Crowding and Pocket Gopher Disturbance on Growth and Reproduction of a

Brennial, dr oo o0 on QUbTUS isvuopemss s s S R T T S0 e mene ot eeomg s ne e s e

O.J. Reichman

Vegetation of Sandhills Under Grazed and Ungrazed Conditions ........
Phillip L. Sims, William A. Berg, and James A. Bradford

PART 5. ECOSYSTEM AND LANDSCAPE ECOLOGY

Wetlands May Change Tallgrass Prairie from a Sink to a Source for Atmospheric Methane ..
Joseph B. Yavitt and Alan K. Knapp

Observing Spatial Structure in the Flint Hills Using AVHRR Biweekly Composites of Maximum NDVI ..................

Geoffrey M. Henebry and Haiping Su

Isotopic Evidence for the Replacement of Prairie by Forest in the Loess Hills of Eastern South Dakota......................

Larry L. Tieszen and Michael William Pfau
PART 6. APPLIED ECOLOGY, MANAGEMENT AND RESTORATION

Establishment of a Prairie Species by Overseeding into Burned Roadside Vegetation................c.coovvevveverueveennan.

Paul A. Christiansen

Phreatophyte Survey and Water-Use Estimates for Nine River Systems in Kansas.............cooveeoveeevrresesnssssesns

Thomas A. Eddy

Planning and Implementation of a Right-of-Way Native Planting for Wisconsin Highway 51 .......cc.ccocovevuren.n.

John A. Harrington

Effects of Post-planting Mowing on Prairie RECONSIIUCLIONS ........c.cvevvevreeisieieeesesesseeseesemcessseesesesseseeseseesessesesens

Carl P. Kurtz

Landscape Prairie Restoration: A Mixed-Grass Prairie PEISPECHIVE ..........ovvueeivevruereeeeeeeeeeeseeeesseesesessesesee s,

Dean J. Nernberg

Growth and Seed Yield of Three Grassland Perennials in Monocultures and MiXtUures ........o.ooveeeeevevvvoeooins

Audrey A. Barker and John K. Piper

The Prairie as a Model for the SUNSKINE FAMMN .......o.ovoeeieeeeeeeeeeeeeeeeee et esee e s s s s ee s es s e e s e e ee s

Martin Bender

A New Look:at Praitie Plant Germplasmcuaumimminmmmnmninniasmimmm.
Mark P. Widrlechner

Evaluation of Leafhoppers and their relatives (Insecta Homoptera: Auchenorrhyncha) as Indicators
of Prairie Preserve Quality ... TR AN £ ..o e M 1] sesansin b
K.G.A. Hamilton

PART 7. HISTORICAL AND SOCIOLOGICAL STUDIES OF PRAIRIES
Variations in Transeau’s Maps of the Prairie Peninsula ..
Jerry M. Baskin, Ronald L. Stuckey, and Carol C. Baskin

June Bugs and Turkeys: Biocontrol in Oklahoma 1889-1907 ..........ccccoiuiiiiimiimimmieieeeeeeeeeeseeeeee e enesese s s e s seeseeens

Bonnie L. Hamer

A Re-vision of History: Plains Cree and the Aspen Parkland of Western Canada ..
Kevin Karst

Perceptions of Prairie in Corporate Settings: A Study in Adaptation ............ccoeeeveoeereeeeeseressesseesreeeessesseesesssenes

Susan L. Maag

L0 P B I s s A8 o s R P A A AP A AR SRS

Tom Scanlan

Life, Literature, and Land: Perspectives on Prairie PreSErvation .....esssssasssissississssisississssossitsississssasins

Me!ame Jean LaForce

iii

117

o 129

k37

143

153

.. 207

—A b

sl

233

we 237



1 Rl
=g a¥ b 1 L s T . BilA LY
't ‘ b . P | . .—'] ‘.,-.. el b Le™) -.n.'m--ﬂﬁ- T e
Yt e S : soprsly gva ) avne' TS R o ol ' Bl
= o ‘ B B ik B Ll wlonA M gy
i [ e L ] -
_ _ ne i T g £ a0 ey AWTE 2 ik o R IG e s gl
‘“ B oy ' "’ B rgotay, T fepr
o R
VA wd g0 R Pl L LSRR ] B b, et -."”7‘ a7, o b 'J..
} ) e _
2 e 1T espeerd Neqny T TN H"l"i'; ol iR
al 2 N £}
& 4 A ra tkiows g W, £ o 51
# ' Fakis WA GITA ARTA R e FEAVT v 0y = il G
- _ _ J o,
L. o S . njl';-,- i 4 o1 B iy S A YN AU At :'l |"§. n" BT R TIR R 2
. ao ! TRt rasp A R ¥ ¥ sk :i.\v.'a'. A
2 A M Dy g pblsesia G £y gty il 5 e g L o, el
_ ) t LA 5. Y CHITR T W T TR
I i por, = AN L b o . . A
ov PR e 0 g @M gz wets oot g ady M Yo pemnar JDusid ond il Sl v = Y
.y e A B e W e L a0 b La
A fzmuaow,’m iH’i Fitsy! AM.;HF Fu¥s, 4, ‘-"i” a LA
- .'..t. m’wv 5'“ 'LI‘! o |- : 3 8 I#-fi 'vt.i' N ":\- jr Sl el Tadis T 2 lf’
_ [LC LS TOREE -:\ ¥ |
, g, . : B
i e D00 dhasmedl s Gasis B TN 1A L 3w Auavte ¥ el). R higorgns
St R AW )

Fuprian el

(IR ORE P e

X s e e ! T l’ et mizneaniy ok g St o8 Tgan A voe inttigtiatoogl o o, Laninehl
o ] Ve, . REs fv EAT '*U‘k R ¥ .‘-L‘nt" New et
5 T fome LI & {- . .
wlhe - Bii bbb axit ek U PSR P T ) it oy OO S = PTI st
. seriial Pvgie. P ' LY T T
= Fures Y ﬂ!fﬂm%ﬂru p e 3T sy F ’Eu SR DR
FRISEY Y 5
e y b A - 'y . Y
ir P = mﬁ&#‘bm BeT< L AT R Fe Hite WOE AT v
i o Syt
b\ v s v "y
g : k1% ] e u S
q”;c‘y"!"* & e | wyan Chb . [ At L Ny s <F H ‘ n’
. - sf) L
P 12 S A e e gy e M R e PR AT ONTY 38 Shw weain of
o o'y i 2t . Towban WL ke ad
o . o
) 1 i 7t ﬁféﬁﬂ{mwm TS R AL o g gy W AR Y el g
e \ W i e en e DRI ‘ < W danth Vi iy Y
. e okl Pl RS, B0
& . L 4 P
-f"'ﬂum"l HORI T e, LA pii)es Lor g AR T T L
[ fo-rnI Y | ik s M- e e ﬂJ‘EM}" vt twg \'h R '5‘*."!‘1 ¥ AT A
i -_fﬂ USSR T L T RS L :
i r A g | e ‘N q S .
. - x PRSI s S & LiE e eart | e b 24uE & 11
it L g g
3- I'“ B - . s
, 5 . an™S Tt T r!:i)h 3 & . W Bk il ey o st
i u TP W kent Lt
= TR e il et " : S 5 o Ny
- e P v
~ vy A e i,
=B e - -
: . V8 1w
Anes? g
o . oo WA PSRN ST 9Tt L v e, lped bip

sl g L0
By, A



PREFACE

The Fourteenth North American Prairie Conference held
on the campus of Kansas State University represented a
wide range of interests in the ecology, history, management,
and preservation of prairies. The theme of this conference
was “Prairie Biodiversity” and many of the papers pre-
sented and included in this volume contributed to the
understanding and preservation of biological diversity in
prairies at multiple levels.

During the past decade, scientists and environmental
conservationists have directed their attention to the preser-
vation of biodiversity. This has been prompted by the
recognition that species are being lost from natural €Cosys-
tems at an alarming rate due to human activities, and that
this loss has significant consequences. Biodiversity is not
simply species numbers. Rather, it refers to the variety of
growth forms, species, habitat types, and genetically
distinct individuals (genotypes) present within natural
ecosystems. The preservation of biodiversity is important
because this variety of organisms is necessary to provide
essential ecosystems “services” such as the production of
oxygen, decomposition and nutrient cycling, and the
natural regulation of plant, consumer, and pathogen
populations. Diversity is also important because native
plants and animals provide an essential genetic resource for
the development of foods, medicines, fibers, biological pest
control agents and other important resources for our
expanding human population. Biodiversity provides
aesthetic benefits since we appreciate and enjoy the
diversity of environments and life forms in the prairies and
other natural ecosystems around us.

As we focused on prairie biodiversity, it is also worth
noting that prairies have recently been instrumental in
providing important empirical tests of long-standing
ecological theories and debate over the relationship
between diversity and ecological stability. Recent studies in
Minnesota remnant prairies, grasslands of Yellowstone
National Park, and the Konza Prairie in the Kansas Flint
Hills have documented clear positive relationships between
plant species diversity and stability in the productivity and
composition of grassland plant communities.

Much current research is aimed at understanding the

patterns of prairie biodiversity and its controlling pro-
cesses. For example, long-term research on the Konza
Prairie in northeast Kansas is assessing how grazing, fire,
and climatic variability influence the diversity of plant,
insect, bird, and mammal populations. These long term
studies have shown us that plant, insect, and mammal
species diversity are highest when prairie fire frequencies
are intermediate (every 4 to 6 years), that bird diversity
increases with decreasing fire frequency, and that grazing
by bison increases plant diversity. A new long-term study
on Konza is comparing the effects of native and introduced
ungulate grazers (bison and cattle) on components of
tallgrass prairie biodiversity. The Nature Conservancy is
currently supporting a regional study examining patterns
and controls on prairie biodiversity across the eastern Great
Plains. This study involves four preserves in The Nature
Conservancy system including the Cross Ranch (North
Dakota), Niobrara Valley Preserve (Nebraska), The
Tallgrass Prairie Preserve (Oklahoma), and Konza Prairie
(Kansas).

Grassland ecosytems throughout the world, and agricul-
tural ecosystems based on productive grassland soils,
provide the majority of food resources worldwide. In
addition, grasslands make a significant contribution to total
global biodiversity. As exemplified by many of the papers
included here, active research plays a vital role in enhanc-
ing our understanding and appreciation of the prairie and
its biodiversity.

We are greatly indebted to the conference chair Dr. John
Zimmerman for his leadership and hard work in develop-
ing the program agenda, field trips, and other arrange-
ments. We also thank each of the members of the local
organizing committee for their varied efforts. Numerous
individuals from several institutions provided thorough
objective reviews of the submitted manuscripts. 1 wish to
thank personally Drs. John Briggs, Jack Cully, Gene
Towne, Geoff Henebry and Clarence Turner for their work
on the Editorial Committee, Eileen Schoefield for her
excellent technical editing services, and Klara Fajzi for her
hours of administrative assistance in coordinating the
editorial process and putting this work together.

David C. Hartnett
Manhattan, Kansas
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Diversity Among and Within Populations of
Agastache foeniculum.

Roger G. Fuentes-Granados and Mark P. Widrlechner
North Central Regional Plant Introduction Station, Agronomy Department, lowa State University, Ames, IA 50011.

Abstract. An electrophoretic analysis of isozymes was conducted
on 11 populations of Agastache foeniculum maintained in the
U.S. National Plant Germplasm System. Eleven enzyme staining
systems, controlled by 19 putative loci, were assayed to estimate
parameters of genetic diversity and to determine systematic
relationships among populations of this prairie species. Polymor-
phism was detected in seven putative loci: Catl, Gotl, Got2,
Pgm2, Phi2, Tpil, and Tpi2. Percentage of polymorphic loci and
average number of alleles per locus for the species were 36.8 and
1.6, respectively. Total heterozygosity was 0.08. Partitioning of
genetic variability was 0.63 and 0.37 within and among popula-
tions, respectively. Interpopulational values for Nei's genetic
identity coefficients ranged from 0.878 to 1.000. Partitioning of
total genetic variability (63% within populations) and values of
inbreeding coefficients (F) close to zero suggest that A.
Joeniculum is a cross-pollinated species. Geographical distribu-
tion and possibly human manipulation of the species may play
important roles in the genetic differentiation of these populations.

Key words: Lamiaceae, polymorphic loci, heterozygosity,
isozymes, genetic variability.

Introduction

Anise hyssop, [Agastache foeniculum (Pursh) Kuntze], is a
perennial member of Lamiaceae native to Wisconsin, Minnesota,
Iowa, North and South Dakota, Wyoming, Colorado, and Canada
from western Ontario to Alberta (Lint and Epling, 1945), where
it grows in woodlands, ditches, and prairies (Great Plains Flora
Association, 1986), This species is a candidate for large-scale,
domestic cultivation as a source of nectar for honey bees
(Widrlechner, 1992; Ayers and Widrlechner, 1994) and as an
aromatic plant with wide variation in the composition and content
of its essential oils. Some of these oils, such as methylchavicol
and linalool, are important to the flavoring and perfume indus-
tries (Charles et al., 1991; Mazza and Kichn, 1992; Nykinen et
al., 1989; Wilson et al., 1992). An increasing number of recent
reports indicates that horticulturists in other countries are also
interested in cultivating this species (Galambosi and Galambosi-
Szebeni, 1992; Mazza and Kiehn, 1992; Menghini et al., 1992).

Because of increasing interest in developing A. foeniculum into
a new crop, knowledge of patterns of intraspecific genetic
variability and of its population biology is important. Vogelmann
and Gastony (1987) conducted a biosystematic analysis of
Agastache section Agastache and reported estimates of param-
eters of genetic diversity. They provided descriptions of genetic
structure and putative mating systems for all species of section
Agastache except for A. foeniculum. We analyzed isoenzymatic
diversity in A. foeniculum to estimate parameters for genetic
diversity and mating system. Specific objectives were to
determine (1) the degree of genetic diversity and how genetic

diversity is partitioned within and among populations; (2) the
degree to which populations of A. foeniculum conform to Hardy-
Weinberg equilibrium; (3) the likely mating system of the
species; and (4) the systematic relationships among populations
of A. foeniculum conserved by the USDA/ARS North Central
Regional Plant Introduction Station (NCRPIS).

Materials and Methods

Plant Material

Eleven accessions of 4. foeniculum, two accessions of Korean
mint [4. rugosa (Fisher & Meyer) Kuntze], and one accession of
catnip giant hyssop [4. nepetoides (L.) Kuntze] were analyzed
(Table 1). Plants were grown from seeds that had received a
moist chilling treatment at 4°C for a week to improve germina-
tion. Seeds were germinated in a germination chamber with
temperatures alternating between 20°C and 30°C and a 16-hour
photoperiod. Two-week-old seedlings were transplanted from the
germination chamber into the greenhouse. For all populations
except for PI-561054, which had only 31 seedlings, 40 seedlings
were analyzed. Selected, sterile, interspecific hybrids (4. rugosa
X A. foeniculum) also were analyzed (Fuentes-Granados, 1993).

Sample Preparation

Leaf tissue was removed from the youngest leaves, which had
at least 1 cm? in leaf area, of each seedling and was brought to
the laboratory in a cooler with crushed ice. Twenty milligrams of
leaf material were ground with 100 pl of a modification of the
extraction buffer reported by Hashemi ef al. (1991): 0.1M Tris-
HCI (pH=8), 0.02M dithiothreitol, 0.2 % (vol/vol) 2-
mercaptoethanol, and 20% (weight/vol) polyvinylpyrrolidone.
The samples were ground in an Eppendorf tube immersed in an
ice water bath for 1 min with an electric grinder,
microcentrifuged at 5°C for 90 sec, and stored in a freezer at -62"
C for 24 h.

R.G. Fuentes-Granados and M.P. Widrlechner are affiliated with
the North Central Regional Plant Introduction Station, Iowa State
University, Department of Agronomy, where Mr. Fuentes-
Granados is employed by lowa State University and Dr.
Widrlechner by the U.S. Department of Agriculture-Agricultural
Research Service.
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Table 1. Origin of the 14 accessions of Agastache.

Species Accession #!  Origin

A. foeniculum A-10206 Cultivated: Pu awy, Poland

A. foeniculum PI-561054 Cultivated: Morden, Manitoba

A. foeniculum PI-561055 Cultivated: Washtenaw Co., Ml

A. foeniculum PI1-561056 Cultivated: Story Co., IA

A. foeniculum PI-561057 Wild: Barnes Co., ND

A. foeniculum PI-561058 Wild: Cass Co., MN

A. foeniculum PI-561059 Wild: Hennepin Co., MN

A. foeniculum PI1-561060 Wild: Morden, Manitoba

A. foeniculum PI-561061 Wild: Las Animas Co., CO

A. foeniculum PI-561062 Wild: Spruce Woods Park,
Manitoba

A. foeniculum PI1-561063 Wild: High Lake, Whiteshell
Park, Manitoba

A. nepetoides PI-561064 Wild: lowa

A. rugosa A-8411 Cultivated: Quebec

A. rugosa A-10207 Cultivated: Pu awy, Poland

'The A-number is a temporary accession number assigned by the
NCRPIS. The Pl-number is a permanent accession number
assigned by the US National Plant Germplasm System. All these
accessions are available from the NCRPIS.

Enzyme Electrophoresis
Two gel-buffer systems were used for the electrophoresis of
enzyme systems. System C of Stuber et al. (1988) resolved

isozymes of alcohol dehydrogenase (ADH, EC 1.1.1.1); catalase
(CAT, EC 1.11.1.6); glutamate dehydrogenase (GDH, EC
1.4.1.2); glutamate-oxaloacetate transaminase (GOT, EC 2.6.1.1);
menadione reductase (MNR, EC 1.6.99.2); and triose phosphate
isomerase (TPI, EC 5.3.11). System D or histidine-citric acid
(Stuber et al., 1988) resolved the isozymes of isocitrate dehydro-
genase (IDH, EC 1.1.1.41); malate dehydrogenase (MDH, EC
1.1.1.37); phosphoglucomutase (PGM, EC 2.7.5.1);
phosphogluconate dehydrogenase (PGD, EC 1.1.1.44);
phosphohexose isomerase (PHI, EC 5.3.1.9); and shikimic acid
dehydrogenase (SKD, EC 1.11.1.25). Starch gels were prepared
as described by Stuber et al. (1988). Frozen ground-leaf samples
were allowed to thaw, and Whatman #1 paper wicks, 1.5mm X
12mm, were used to adsorb proteins from the supernatant.
Lithium borate gels were electrophoresed for 6 h at a constant
power of 12 watts, and histidine-citric acid gels were electro-
phoresed for 6.5 h at 16 watts of constant power. Stain recipes
and procedures were taken from Wendel and Weeden (1989) for
MNR and TPI and from Stuber et al. (1988) for ADH, CAT, GOT,
IDH, GDH, MDH, PGM, PGD, PHI, and SKD.

Isozyme Scoring

The genetic bases of enzyme banding patterns were inferred
from observed populational variation and from reported isozyme
number and subunit structure for enzymes as reviewed by
Vogelmann (1983). Interspecific hybrids between A. rugosa and
A. foeniculum, reported by Senechal (1990), elucidated the
constancy of loci among species. When more than one putative
locus encoded isozymic variants of the enzyme system analyzed,
the number 1 was given to the locus coding the most anodal

Approximate ADH CAT

Staining System

GDH GOT

IDH MDH MNR PGM PGD PHI

SKD TPI

o mace Mot
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FIG. 1. Schematic drawing of the observed loci and alleles for each staining system evaluated in A foeniculum.




DIVERSITY AMONG AND WITHIN POPULATIONS OF AGASTACHE FOENICULUM 3

isozyme, 2 to the next, etc. The alleles of putative loci that loci (P), mean heterozygosity (H), and total panmictic heterozy-
encoded various allozymes were identified and scored numeri- gosity (H;) were calculated with BIOSYS-1, developed by D.
cally from the gels per se. A schematic drawing of the observed Swofford (Center for Biodiversity, Illinois Natural History
putative loci and/or alleles for each staining system is presented Survey, 607 E. Peabody Dr., Champaign, Illinois 61820). Nei’s

in Figure 1. In addition, each gel slice was photographed for (1978) and Rogers’s (1972) genetic similarity and distance
permanent documentation. coefficients were calculated with BIOSYS-1 to evaluate patterns
of interpopulational genetic variation. Wright’s (1978) fixation
Analysis of Genetic Diversity index (F) was used to analyze the genotypic structure at polymor-
Estimates of genetic diversity, including allelic frequency, phic loci.

mean number of alleles per locus (4), percentage of polymorphic

Table 2. Summary of the number of putative loci, number of alleles per locus, allelic frequency, and inferred quaternary structure of
the isozymes detected in 4. foeniculum.

Enzyme Number Number of Allelic frequency Quaternary
system of loci alleles! in A. foeniculum structure
ADH 2 Adhl:2 Adhl-5:1.00 Dimer
Adh2: 1 2 Unknown
CAT 1 atl: 3 Catl-3: 0.09 Unknown
atl-4:0.01
Catl1-5: 0.90
GDH 1 Gdhl: 1 Gdh1-5: 1.00 Unknown
GOT 2 Gotl: 2 Gotl1-4:0.03 Dimer
Gotl1-5:0.97
Got2: 4 Got2-5:0.91 Dimer
Got2-6:0.09
IDH 2 Idhi: 1 2 Unknown
Idh2:2 Idh2-5:1.00 Dimer
MDH 3 Mdhl:2 Mdh1-5: 1.00 Dimer
Mdh2: 2 Mdh2-5: 1.00 Dimer
Mdh3: 2 Mdh3-5: 1.00 Unknown
MNR 2 Mnrl: 1 Mnrl-5: 1.00 Tetramer
Mnr2: 2 Mnr2-5: 1.00 Tetramer
PGM 2 Pgml:2 Pgml-5:1.00 Monomer
Pgm2:3 Pgm2-4:0.06 Monomer
Pgm2-5:0.92
Pgm2-6: 0.02
PGD 2 Pgdl:2 Pgd1-5:1.00 Unknown
Pgd2: 1 Pgd2-5:1.00 Unknown
PHI 2 Phil: 1 = Unknown
Phi2: 3 Phi2-4: 0.06 Dimer
Phi2-5: 0.88
Phi2-6: 0.06
TPI 2 Tpil: 3 Tpil-4:0.10 Dimer
Tpil-5: 0.61
Ipil-6:0.29
Tpi2: 3 Tpi2-5: 0.85 Dimer
Tpi2-6: 0.15
SKD 1 Skd1:2 Skd1-5:1.00 Monomer

" Includes alleles present in A. nepetoides and A. rugosa.
? Apparently invariant, but not scored because of poor resolution.




4 PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE

Results and Discussion

Table 2 lists the number of putative loci, number of alleles per
locus, allelic frequency, and inferred quaternary structure of the
isozymes detected in 4. foeniculum. Certain variants were not
found in A. foeniculum. Got2-4, Mdh3-4, Pgmi-4, and Pgdl-4
were restricted to A. nepetoides, whereas Adhl-4, Idh2-6, Mdh!-
4, Mdh2-4, Mnr2-6, Tpi2-4, and Skdhl-6 were restricted to
populations of 4. rugosa. Levels of enzyme heterozygosity are
shown in Table 3. Only seven of 19 loci evaluated were het-
erozygous. Tpil had the highest percentage of heterozygosity
(0.53) among all loci.

Table 3. Genetic heterozygosity at 19 loci for 11 populations of
A. foeniculum.

Population'
Locus? I 11 11 v \Y VI
Cat 0.00 0.00 0.00 0.00 0.00 0.00
Gotl 0.00 0.44 0.00 0.00 0.00 0.00
Got2 0.00 0.00 0.00 036 036 0.16
Pgm2 047 0.12 0.00 032 005 035
Phi2 0.49 047 0.39 0.00 0.14 0.00
Tpil 0.06 0.50 0.61 0.29 024 0.10
Tpi2 0.45 0.00 0.07 0.00 022 049
Popul.
Total 0.08 0.08 0.06 0.03 005 0.06
Population'

Total
Locus? VIl VI IX X Xl  Heter.?
Cat 0.00 0.10 0.00 0.00 0.00 0.17
Gotl 0.00 0.00 0.00 0.00 0.00 0.06
Got2 032 0.00 0.32 038 000 0.16
Pgm2 0.00 0.00 0.00 000 0.12 0.15
Phi2 0.00 0.00 0.10 0.10 0.00 023
Tpil 0.49 048 0.48 0.50 0.46 0.53
Tpi2 0.03  0.00 0.00 0.49 000 0.26
Popul.
Total 0.04 0.03 0.04 0.08 0.03

IKey to populations: I= PI-561054, 11= PI-561055, I1I= PI-561056,
IV="PI-561057, V= P1-561058, V1= PI-561059, VII=PI-561060,
VIII=PI-561061, IX=PI-561062, X=PI-561063, XI= A-10207

*Monomorphic loci: Adh, Gdh, Idh, Mdh1, Mdh2, Mdh3, Marl,
Mnr2, Pgml, Pgdl, Pgd2, and Skd.

3Total heterozygosity for 4. foeniculum ( ;)= 0.08
Avg. heterozygosity within populations () = 0.05
Within-population genetic variability ( / ;) = 0.63
Among-population genetic variability (1 - / ;) =0.37

Patterns of Genetic Variability

Table 4 summarizes the mean number of alleles per locus and
percentage of polymorphic loci for populations of Agastache.
Populations A-8411 and A-10207 of A. rugosa, together with
population PI-561064 of A. nepetoides, were isozymatically
invariant (A=1.00) and (P=0.00). Despite the lack of variability
reported within those species, variability at the Mdh3 putative
locus was observed in one population of A. rugosa, A-10207.
Because of the complexity of the MDH system, though, that
variation could not be scored and was omitted from the analysis.
Otherwise, our results for A. rugosa agreed with Vogelmann’s
(1983) report that this species was isozymatically invariant. For
A. nepetoides, Vogelmann’s value was 0.008, slightly greater than
that found in this study (0.00). However, the present study
analyzed only one population of A. nepetoides, whereas
Vogelmann (1983) obtained his estimate from 11 populations,
seven of which lacked any heterozygosity. Thus, his data are
more representative of this species’ actual genetic variability than
are our data.

Among 11 populations of 4. foeniculum, the mean number of
alleles per locus (Table 4) ranged from 1.1 to 1.3 in population
PI-561058, which also had the greatest percentage of polymor-
phic loci (26.3%). Values of total heterozygosity for individual
populations of 4. foeniculum ranged from 0.03 to 0.08 (Table 3).

Vogelmann (1983) made no inferences about the total heterozy-
gosity of A. foeniculum, because he examined only a small
sample of plants. Nevertheless, the total heterozygosity for 4.
foeniculum reported here (0.08) agreed with Vogelmann’s (1983)
statement that levels of heterozygosity within section Agastache
increase from eastern to western species. Agastache foeniculum
occurs in the central region of North America in a range that
overlaps the ranges of both the eastern and western species. For
eastern species, total heterozygosity values reported by
Vogelmann (1983) were: A. nepetoides (0.008) and figwortleaf
giant hyssop (4. scrophulariifolia, 0.062). For western species,
he reported: nettleleaf giant hyssop (4. urticifolia, 0.085),
littleleaf giant hyssop (4. parvifolia, 0.107), western giant hyssop
(4. occidentalis, 0.122), and Cusick’s giant hyssop (4. cusickii,
0.166). A similar east-to-west cline of genetic heterozygosity
also has been reported among North American sedges of Carex
section Vesicarie (Ford et al., 1991).

The total genetic variability of 4. foeniculum was apportioned
0.63 and 0.37 within and among populations, respectively (Table
3). Because most of the isozymic variability of the species is
distributed within populations, and the frequency of the rarest
allele in individual populations is greater than or equal to 0.05,
breeding and selection strategies used in population improvement
should include 50 to 100 individuals per population for a high
probability of capturing most of the genetic variability (Marshall
and Brown, 1981). The maintenance and regeneration of those
populations in ex sifu management programs should also reflect
this partitioning of genetic variability to maintain populational
diversity over the long term.

Among populations of A. foeniculum, there was substantial
congruence occurred between Nei’s (1978) and Rogers’s (1972)
coefficients of genetic distances and identities. The values for
Nei’s genetic identity coefficients ranged from 0.878 to 1.000.
Similar extreme values of genetic identity using Rogers’s
coefficient have been reported (Fuentes-Granados, 1993). These
values are in the upper 60% of the range of those reported for
other species of Agastache section Agastache (Vogelmann, 1983).
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Cluster analyses (Fig. 2), as well as a simple arithmetic mean

Table 4. Parameters of genetic variability for populations of of Nei’s (1978) and Rogers’s (1972) distance coefficients, reveal

Agastache. (Standard errors in parentheses) that PI-561054 and PI-561061 are the most genetically divergent
populations. PI-561054 is the only cultivated population among

Population = Mean sample Number Alleles  Percentage the four populations from Manitoba. Selection may have played

size per of per  ofpolymorphic  arole in this population’s divergence, or perhaps it originated

species locus loci locus loci' from a nonlocal population, unlike most others in this study. PI-
561061, on the other hand, is from Las Animas County, CO, and

A-10206 40 19 1.1 10.5 geographic isolation and adaptation to different ecogeographical

A. foeniculum (0.1) conditions may have played a role in that population’s genetic
divergence.

PI-561054 31 19 1.2 21.1

A. foeniculum (0.1)

PI-561055 40 19 1.2 15.8 .13 .10 .07 .03 .00

A. foeniculum (0.1) L S a

hkkkhkkkhkkhkkkkkkkhhkkhkhkhkkkkkk® PI-561054

PI-561056 40 19 1.2 15.8 *
A. foeniculum (0.1) * Fkkkkkkkkkkkk® PI-561055
* *kkkdk
* * kkkkkkkkkkkkk* PI-561056
PI-561057 40 19 L1 10.5 * *
A foenicuium (0]) * kkkkkkkkkkkkkkkkkkkkk PI-561057
* * *
PI-561058 40 19 1.3 26.3 : 2 B PR R
- . . * * * *
A. foeniculum (0.1) * * * * *% PI-561060
* * * * % % %k k
PI-561059 40 19 12 211 %  kkkkkkkkohkkk * *kkhkk*k *% PI-561062
i . . * * * dkokkokdk *
A. foeniculum (0.1) * ok * * *xkkkk%  A-10206
* * * *
P1-561060 40 19 12 15.8 e . T R S
L, = * *
A foeniculum (OI) * kkkkkkkkkkkkkkkkkkkkkx PI-561059
*
PI-561061 40 19 1.1 10.5 Khkkkkkkhkkhkkhkkkhkkhkkkhkkkkkkx PI-561061
A. foeniculum (0.1) st e e e B Il
.13 .10 .07 .03 .00
PI-561062 40 19 1.1 10.5 Genetic distance
A. foeniculum (0.1)
PI-561063 40 19 1.2 21.1 .y o I
. opu ation or cluster ustering
A. foeniculum (©.1) numbers joined level Cycle
PI-561064 40 19 1.0 0.0 PI-561060 PI-561062 .00197 i
. PI-561060 A-10206 .01612 2
. napelgides (0.0) PI-561058 PI-561060 .03424 3
PI-561058 PI-561063 .03692 4
A-8411 40 19 1.0 0.0 PI-561055 PI-561056 .04477 5
A. rugosa (0.0) PI-561057 PI-561058 .05171 6
PI-561055 PI-561057 .05553 ]
PI-561055 PI-561059 .06638 8
A-10207 40 19 1.0 0.0 PI-561055 PI-561061 .10007 9
A. rugosa (0.0) PI-561054 PI-561055 .10974 10
A. foeniculum* 431 19 1.6 36.8
(0.2) FIG. 2. Cluster analysis and clustering levels of populations of
A. foeniculum
A. nepetoides® 40 19 1.0 0.0
(0.0)
A. rugosa® 80 19 1.0 0.0
(0.0)

1 = A locus is considered polymorphic if more than one allele
was detected in a sample of 80 (p 0.0125).
2 = total for the species




6 PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE

Table 5. Inbreeding coefficient (F) and X? values testing Hardy-Weinberg equilibrium at intrapopulational variable loci and for
populations per se of A. foeniculum.

Sample Inbreeding
Population Enzyme size coefficient X? d.f. P
(F)
PI-561054 Pgm2 31 -0.088 0.24 1 0.625
Phil 31 0.205 1.30 1 0.253
Tpil 31 -0.033 0.03 1 0.853
Tpi2 31 0.208 1.34 1 0.247
E-mean 0.073
PI-561055 Gotl 40 0.088 0.31 1 0.576
Phil 40 0.123 0.61 1 0.436
Tpil 40 0.350 4.89 1 0.027
F-mean 0.187 10.01" 6 d<p<2
PI-561056 Phil 40 0.031 0.04 1 0.842
Tpil 40 0.091 3.83 3 0.281
Tpi2 40 -0.039 0.06 1 0.805
F-mean 0.028
PI-561057 Pgm?2 40 -0.094 0.35 1 0.553
Tpil 40 0.134 0.72 1 0.396
E-mean 0.040
PI-561058 Got2 40 0.241 2.32 1 0.128
Pgm2 40 -0.026 0.03 1 0.871
Phil 40 -0.081 0.26 1 0.608
Tpi 40 0.073 0.85 3 0.837
Tpi2 40 -0.143 0.82 1 0.366
F-mean 0.013
PI-561059 Got2 40 0.217 1.89 1 0.169
Pgm2 40 0.140 0.78 1 0.377
Tpil 40 -0.053 0.11 1 0.739
Tpi2 40 0.079 0.25 | 0.616
F-mean 0.096
PI-561060 Got2 40 0.531 11.29 1 0.001
Tpil 40 -0.393 6.17 1 0.013
Tpi2 40 -0.013 0.01 1 0.936
F-mean 0.042
PI-561061 Catl 40 1.000 40.00 1 0.000
Tpil 40 0.063 0.16 1 0.693
F-mean 0.063? 0.16 1 0.693
PI-561062 Got2 40 -0.094 0.35 1 0.353
Tpil 40 -0.422 7.12 1 0.008
F-mean-0.258 11.74 4 .01<p<.02
PI-561063 Got2 40 0.067 0.18 1 0.673
Phil 40 1.000 40.00 1 0.000
Tpil 40 0.045 0.08 1 0.778
Tpi2 40 0.284 3.22 1 0.073
F-mean 0.132? 6.53 6 Ad<p<.5
A-10206 Pgm2 40 -0.067 0.18 1 0.673
Tpil 40 -0.136 0.74 1 0.390
F-mean-0.102 2.68 4 5<p<.9

1 = X?values for populations obtained using the procedure “Combining Probabilities from Tests of Significance™ (Sokal and Rohlf,
1981).
2 = calculated excluding enzyme systems with F = 1.000
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Table 5 summarizes the inbreeding coefficients (F) and chi-
square values testing Hardy-Weinberg expectations for polymor-
phic loci within populations of 4. foeniculum. Mean values of
the inbreeding coefficients for populations evaluated in this study
were generally close to zero. Except for populations PI-561061
and PI-561063, the mean values were obtained from all polymor-
phic loci. No heterozygotes were found in one polymorphic
enzyme system in each of those populations, and those systems
were excluded when the mean was calculated. Three possible
factors for lack of heterozygotes for Cat in PI-561061 and for
Phi2 in PI-561063 include artifacts of sample size, selection
against heterozygotes, and heterozygotes that cannot be observed
because of dominance. Alternatively, it is possible that the allele
denoted herein as Catl-4 is artifactual and may reflect the
phenotype of a Catl-3/5 heterozygote. F-values for the other
polymorphic loci in populations PI-561061 and PI-561063 were
near zero (Table 5).

Negative values of F obtained for two populations indicate that
they have the structure of a cross-pollinated species with some
degree of heterozygote advantage. All other populations had
small, positive F-values. These positive F-values indicate that
slightly more, though not significantly more, selfing occurs than
would be expected from the Hardy-Weinberg model.

Results of the present study revealed that A. foeniculum is
genetically variable and has a mating system that tends toward
allogamy. Eleven enzyme systems were resolved successfully,
and all 19 loci detected, whether polymorphic or not, were
included in the analysis to avoid bias that might result from
preferential inclusion of only highly polymorphic loci (Hamrick et
al., 1979). Seven of the 19 loci evaluated, Cat, Gotl, Got2,
Pgm2, Phi2, Tpil, and Tpi2, were polymorphic within 4.
Joeniculum. Those loci constituted 36.8% of all loci evaluated.

F-values close to zero, with over half the genetic diversity
distributed within populations, suggest that 4. foeniculum has the
genetic structure of a cross-pollinated species. However, in a
comprehensive review of numerous published studies, Hamrick
and Godt (1991) reported mean percentages of polymorphic loci
of 41.8% and 50.1% for self- and cross-pollinated species,
respectively. The percentage of polymorphic loci of 4.
Joeniculum (36.8%) in our study is considerably lower than that
of typical cross-pollinated species. The average number of
alleles per locus (1.6) and the total heterozygosity (0.08) of A.
Jfoeniculum were also lower than the values for those estimates
reported by Hamrick and Godt (1991) for cross-pollinated
species. We plan to examine these atypically low levels of
enzymatic diversity by acquiring additional collections from
throughout the species’ native range.

Most (63%) of the genetic diversity found in A. foeniculum
occurred within populations, which, together with the
intrapopulational variability for oil content and composition
(Wilson et al. 1992), suggest the feasibility of selection for nectar
production or for specific chemotypes within populations. This
study showed that both this species’s provenance and cultivation
may have contributed to genetic differentiation of its populations.
Population PI-561061 was genetically divergent from the other
populations and originates from the southwestern part of the
species’ geographical range, where specific allelic variants may
have evolved. On the other hand, cultivated population PI-
561054 was genetically divergent from the other three popula-
tions from Manitoba. Either selection for different genotypes
under cultivation or a different area of origin could explain that
population’s genetic divergence.

Our next step in studying Agastache foeniculum is to verify our
tentative interpretations of the genetic bases of isozyme banding
patterns with existing and additional accessions from throughout
the native range of this species. The essential oils of A.
Joeniculum also will be analyzed to identify distinct chemotypes,
their inheritance patterns, and possible genetic and biochemical
pathways for their qualitative differences.
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Dynamics of Big Bluestem (Andropogon gerardii) in Ungrazed
Kansas Tallgrass Prairie
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Abstract. Canopy cover was recorded annually from 1983 to
1993 in 200 permanent plots located in long-term, unburned and
annually burned, upland and lowland, ungrazed, tallgrass prairie.
Based on canopy cover values, Andropogon gerardii was the
dominant species in 73% of the plots and shared dominance with
other species in 16% of the plots. Poa pratensis was the
principal subdominant species in unburned prairie, and
Andropogon scoparius in burned prairie. Yearly transition
probabilities of dominant vegetation types showed that 4.
gerardii-dominated plots were 78-86% likely to remain domi-
nated by 4. gerardii in the following year. Transition probabili-
ties showed that changes from one vegetation type to another
were not independent, indicating nonrandom changes. Addition-
ally, the dominant species in a plot during one year depend
largely upon the dominant species in the previous year. Thus, as
the most abundant core species, A. gerardii plays a major role in
determining the abundance of the other species. Fluctuations in
the abundance of 4. gerardii allow only short-term dominance by
other species.

Key words: Andropogon gerardii, fire, Markov models, tallgrass
prairie, transition probabilities

Introduction

Big bluestem (Andropogon gerardii) is the dominant plant of
prairies in the Flint Hills of Kansas . It is the most abundant of
the core, or matrix, species (Collins and Glenn 1991). Although
other species may be common and even abundant in certain areas,
A. gerardii is ubiquitous. Indeed, Kchler (1974) referred to this
type of tallgrass prairie as bluestem prairie.

Despite the high general abundance of 4. gerardii, its abun-
dance varies yearly with variation in precipitation and in
response to fire and grazing (Abrams ef al. 1986, Gibson and
Hulbert 1987). Many studies have considered these community,
or beta-diversity scale, responses. A few studies have considered
how A. gerardii or other core species vary at a smaller, patch
scale. For example, Glenn and Collins (1990), noted that, at 1 -
10 m?, the less common species defined patches that varied
unpredictably in time and space. At these scales, the core species
occurred within all patch types.

In this report, the dynamics of 10 m? patches are followed over
a 10-year period in annually burned and long-term unburned,
upland and lowland prairie to assess the persistence of A.
gerardii-dominated patches compared with the persistence of
patches dominated by other grasses and forbs.

Methods

Study Site

Field data were collected between 1983 and 1993 on the 3,487
ha Konza Prairie Research Natural Area (KPRNA) in Riley and
Geary Counties in the Flint Hills of northeast Kansas. KPRNA is
a tallgrass prairic dominated by 4. gerardii, little bluestem
(Andropogon scoparius), Indian grass (Sorghastrum nutans), and
switch grass (Panicum virgatum) (Reichman 1987). The climate
of the site is temperate midcontinental with annual mean
temperature of 13°C and a range from -3°C in January to 27°C in
July (Van Cleve and Martin 1991). Annual precipitation is 835
mm. Soils are chernozems within the Mollisol order and are
represented primarily by the Florence series (clayey-skeletal,
montmorillonitic, mesic Udic Argiustolls) in upland areas and by
the Tully series (fine, mixed, mesic Pachic Argiustolls) in
lowland areas (Jantz et al. 1975).

A management plan for the site initiated in the 1970’s places
watersheds into one of several regimes of burning and/or large
herbivore grazing (Bison bison or cattle). Burning regimes range
from watersheds burned annually in the spring (late April) to
long-term unburned watersheds burned once every 20 years
(Marzolf 1988). Data in the present study are restricted to
ungrazed watersheds.

Field Methods

Canopy cover of all species was estimated visually using a
modified Daubenmire cover abundance scale (Abrams and
Hulbert 1987) in 20, 10 m? circular plots permanently located
along four 50 m transects in upland and lowland areas of
watersheds. Both upland and lowland areas of two annually
burned watersheds (coded 1C and 1D) and three long-term
unburned watersheds (coded N4D, N20B, 20B) on KPRNA were
surveyed (Table 1). Data were collected from 1983 through 1993
in the annually burned watersheds, from 1983 through 1987 on
N4D, and from 1983 through 1990 on N20B and 20B.

PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE 9
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Table 1. Fire history of watersheds used in present study.

Watershed Start of current Consecutive
burning regime years of data

Burning frequency

used in this
report
Annually burned 1C 1972 1983-1987
1D 1978 1983-1993
Last burn
Unburned N4D 1971%* 1983-1987
N20B 1980t 1983-1990
20B 1973%+ 1983-1990

*Southern portion burned during escaped prescribed burn in
1973. Entered 4-year burn regime in 1987 with first burn in
1988.

* Small portion burned in wildfire in 1975

+ Completely burned in 1991 wildfire

Data analysis

The species with the highest canopy cover in a plot was used to
characterize that plot. In the event of equal canopy cover values,
all codominants were used. Each plot thus was characterized by
dominant or by codominant species. Initial data analysis
determined the frequency of dominance/codominance of species
per burning treatment and topographic position, i.e., the percent-
age of times that a species was a dominant or codominant over all
plots in the analysis or treatment. Data from consecutive years
were considered in one analysis to ensure an adequate sample
size. Plots were classified subsequently into one of seven
vegetation types or transition states; i.e., BB, A. gerardii
dominated; BG, 4. gerardii and other grasses as codominants;
BF, A. gerardii and forbs/shrubs as codominants; G, grass
dominated (not A. gerardii); F, forb or shrub dominated; GF,
grass (not A. gerardii) and forb codominated; or BGF, A.
gerardii and other grasses and forb as codominants. A matrix of
transition probabilities (p, ) representing the probability that a
plot would be classified as one of the seven vegetation types in 1
year (p, ) and the same or a different vegetation type in the next
year (p, ) was calculated for unburned uplands, burned uplands,
unburned lowlands, and burned lowlands according to Usher
(1992).  Anderson and Goodman’s (1957) test statistic (-2(In ))
for determining the independence of transition probabilities
within a matrix was calculated according to Usher ( 1992). This
statistic tests the null hypothesis that successive transitions are
statistically independent (i.e., random). Values of the statistic
larger than the appropriate 2 value with (m-1)? degrees of
freedom, where m = the number of transition states in the system,
allows a rejection of the null hypothesis of statistical indepen-
dence. Postmultiplication of transition matrices by the average
percentage composition of unburned and burned, lowland and
upland, prairie vegetation types (p, ) was undertaken to deter-
mine the composition and time to reach a stable vegetation
composition (i.e., the dominant eigenvector, p). The BF and BGF
vegetation types were excluded from matrix calculations for
burned lowlands, because the transition probability for both
vegetation types remaining the same in a subsequent year was 1.0
and was based on a single plot from one 2-year transition.
Inclusion of these transitions in preliminary trials revealed
spurious results.

Results

Over the 10-year study period, Andropogon gerardii was the
dominant species 73% of the time in the 200 permanent plots
(Table 2). Sixteen other species were also dominant at some
time, with Kentucky bluegrass (Poa pratensis) being the most
frequent dominant, although its frequency of dominance was only
2.3%. Fifteen other species were dominant in less than 1% of the
plots. An additional 11 species were codominants either with A.
gerardii or another species. Of these, 4. scoparius was the most
common codominant with a frequency of 7.3%. Sorghastrum
nutans, Poa pratensis, Panicum virgatum, and tall dropseed
(Sporobolus asper) were other codominants that had a frequency
> 1%.

Several differences occurred in the dominant and codominant
species of annually burned and unburned prairie (Table 2). A.
scoparius and Sorghastrum nutans were dominants and codomi-
nants in both annually burned and unburned prairie, although
their frequencies of dominance exceeded 1% only in annually
burned prairie. 4. scoparius was a dominant > 5% and codomi-
nant > 15% in lowland annually burned prairie. Poa pratensis
was the second most frequent dominant species overall (> 5%)
after A. gerardii in upland and lowland, unburned prairie. Other
species that were dominant or codominant in unburned prairie,
but not in annually burned prairie, included smooth brome
(Bromus inermis), Canada goldenrod (Solidago canadensis),
prairie goldenrod (S. missouriensis), buckbrush (Symphoricarpus
orbiculatus), Louisiana sagewort (Artemisia ludoviciana), New
Jersey tea (Ceanothus herbaceous), aromatic aster (Aster
oblongifolius), and Eupatorium altissimum. Of these, some (e.g.,
S. canadensis) occurred only in lowland prairie, whereas other
species (e.g., S. missouriensis) occurred only in upland prairie.
Dominants and codominants that occurred only in annually
burned, upland prairie included Pitcher’s sage (Salvia azurea),
blue grama (Bouteloua gracilis), and 11 other species (Table 2).

The vegetation most frequently was composed of (> 70%)
types dominated only by A. gerardii, regardless of the topography
or burning treatment (Figure 1). The BG and G vegetation types
had a frequency of 7-18% with BG being the most frequent,
especially in annually burned plots. Vegetation types F, BF, GF,
and BGF were poorly represented, especially in annually burned
lowlands where forbs were a dominant component only in BGF <
1%. Forbs were most frequent as dominant plants in unburned
lowlands.

Except for unburned uplands that showed marginal signifi-
cance (-2(In )=48.19, P <0.1), the Anderson and Goodman
(1959) test statistic indicated that the transitions among the seven
vegetation types were not random (burned uplands, -2(In )=
83.04, P < 0.005; unburned lowlands, -2(In )= 79.04, P <
0.005; burned lowlands, -2(In ) = 27.25, P <0.05).

Transition probabilities between vegetation types showed that
plots dominated or codominated by 4. gerardii in one year were
very likely (probabilities > 0.40) to be dominated by A. gerardii
in the next year (Fig 2). An exception to this was on burned
lowlands, where 4. gerardii and forbs remained codominant in
successive years. Plots dominated only by 4. gerardii were
highly likely (probabilities > 0.78) to remain dominated by A.
gerardii in the next year. These high probabilities occurred
irrespective of topography or burning. Transitions between the
other vegetation types showed a greater relationship to topogra-
phy or burning. For examiple, forb-dominated plots had 0.57 and
0.25 probabilities of remaining forb-dominated on unburned
lowlands and uplands, respectively. They always became BF
plots on burned uplands (probability = 1.0) and did not occur on
burned lowlands. Probability values were larger among the seven
vegetation types on unburned prairie, reflecting a lesser domi-
nance of 4. gerardii without annual burns.
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Table 2. Frequency (%) of dominance and codominance of plots by species in unburned and annually burned upland and lowland
prairie plots over a 10-year period.

Species Unburned Burned
Upland Lowland Upland Lowland
Dom* Co Dom Co Dom Co Dom Co Av. Av.
dom dom dom dom codom  Dom
Andro-pogon gerardii 74.40 16.25 76.50 8.75 70.75  21.75 70.50 0.18 0.16 73.04
Poa pratensis 5.60 10.75 3.50 6.25 -1 - - - 422 2.29
Panicum virgatum - - 1.50 1.25 - 1.00 2.25 5.25 1.80 0.93
Sorghastrum nutans 0.24 1.25 0.75 1.75 497 11.00 0.25 0.60 4.97 0.87
Solidago canadensis - - 2.25 1.00 - - - - 0.56 0.81
Symphoricarpus orbiculatus - - 2.00 1.50 - - - - 0.87 0.50
Sporobolus asper - 0.75 1.25 325 - 0.25 - 0.50 1.18 0.31
Ambrosia psilostachya 0.98 1.00 0.25 1.25 - 0.50 - - 0.68 0.31
Bromus inermis 0.98 0.50 - - - - - - 0.12 0.25
Andropogon scoparius 0.73 1.50 - 1.25 325 115 525 1525 7.33 0.21
Artemisia ludeviciana - 1.00 0.50 0.75 - - - - 0.43 0.12
Solidago missouriensis 0.50 1.00 - - - - - - 0.25 0.12
Salvia azurea . - - - 0.25 4.00 - - 0.99 0.06
Bouteloua gracilis - - - - 0.25 2.50 - - 0.62 0.06
Coeanothus herbaceous 0.24 1.25 - - - - - - 0.31 0.06
Aster oblongifolius 0.24 1.25 - - - - - - 0.31 0.06
Carex spp. - - - - - 0.25 - - 0.06 0.06
Bouteloua curtipendula - 0.25 - - - 1.25 - “ 0.43 -
Bouteloua hirsuta - - - - - 1.00 - - 0.25 -
Dichanthelium oligosanthes - - - - - 0.25 - - 0.19 -
Schrankia nutalli - - - - - 0.50 - - 0.12 -
Asclepias viridis - - - - - - - 0.50 0.12 -
Carex brevior - - - - - - - 0.50 0.12 -
Amorpha canescens - - - - - 0.25 - - 0.06 -
Eragrostis spectabolis - - - - - 0.25 - - 0.06 -
Erigeron strigosus - - - - - 0.25 - - 0.06 -
Eupatorium altissimum - - - 0.25 - - - - 0.06 -
Sporobolus heterolepis - - - - - 0.25 - - 0.06 -

*_ Dom =percentage of times (dominance frequency) that a species had the maximum canopy cover in a plot, Codom = percentage of
times (codominance frequency) that a species shared the maximum canopy cover with other species in a plot. Av. codom. = average
codominace freqency value of a species over all treatments, Av. dom. = average dominace fregency value of a species over all treat-
ments.

1 - = zero dominance or codominance frequency, i.e., species was never a dominant or codominant species.
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a) Unburned Uplands

BB BG BF G F GF BGF
Vegetation Type

d) Unburned Lowlands
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Vegetation Type
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b) Burned Uplands
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80
b
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FIG. 1. Percentage of plots in seven vegetation types [(BB, A. gerardii dominated; BG, A. gerardii and other grasses codominants;
BF, A. gerardii and forbs/shrubs as codominants; G, grass dominated (not 4. gerardii); F, forb or shrub dominated; GF, grass (not A.
gerardii) and forb codominated; or BGF, A. gerardii, other grasses and forb codominants)] on a) unburned upland, b) annually burned

upland, ¢) unburned lowland, and d) annually burned lowland tallgrass prairie.

Unburned lowlands were perhaps the most stable between
years, with three vegetation types (BB, G, and F) having
probabilities of remaining the same the next year > 0.50 (Fig 2c).
In addition, BG plots had a probability of 0.24 of remaining the
same in the next year. Nevertheless, many other transitions
between vegetation types had a probability > 0.01, indicating
frequent minor changes.

On burned lowlands, forb-dominated and GF vegetation types
were absent, and the transition matrix was different from those of
other burned-unburned upland/lowland combinations. BB and
BF were temporally stable (Fig. 2d), although the latter vegeta-
tion type was rare (Fig. 1). BGF plots were also rare and were
temporally unstable, having a probability of 1.0 of changing to G
plots in the next year.

Postmultiplication of the transition matrices by average
percentage composition for vegetation types in unburned and
burned and upland and lowland prairie showed that predicted
stable compositions (dominant matrix eigenvectors, p) were
similar to the average compositions (Table 3). Although
represented by only three of the seven vegetation types, burned
lowlands were within 2% of the predicted stable composition,
and, hence, the number of years to reach stability was short, <2

years. In contrast, the average composition of unburned lowlands
was 0.28-13.06% different, depending on vegetation type, from
the predicted, stable composition. Predicted stability in these
sites was attained only at 15 years. Unburned and burned
uplands were intermediate in compositional difference between
the average and predicted stable composition and time to reach
stability.

Discussion

This study has shown that, in ungrazed Kansas tallgrass
prairie, the core species, Andropogon gerardii, dominates
temporally persistent patches (10 m? ) despite differences in
burning regime or topography. Annual transitions show that 4.
gerardii has a > 70% probability of being the dominant species in
a plot and a > 78% probability of remaining the dominant species
in the subsequent year. Patch types dominated by other species
were spatially and temporally transient. This overwhelming
dominance by 4. gerardii may explain partly Bartha ef al.’s
(1995) finding that spatial and temporal variations of tallgrass
prairie are constrained at the level of functional groups (e.g.,
grass-dominated patches).
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Why is A. gerardii such a dominant species in this part of the
tallgrass prairie? Dominance to this extent suggests an aggres-
sive, highly competitive species. A. gerardii is a tall, robust, C,,
perennial grass common to mesic prairies through the Great
Plains (Risser et al. 1981). It is genetically polymorphic (Keeler
1990) and rapidly spreads into grazed pastures following the
cessation of grazing (Glenn-Lewin 1980). It has high drought
resistance and achieves high photosynthetic rates under the high
temperature and irradiation conditions typical of the growing
season in the tallgrass prairie (Knapp 1985, 1993). Also, it is
highly mycorrhizal-dependent and is an aggressive competitor in
the presence of natural levels of soil mycorrhizae (Hartnett et al.
1993, Hetrick et al. 1994). Along with other mature prairie
dominants, 4. gerardii has been implicated in allelopathic effects
on other species through its inhibition of soil nitrification (Smith
and Rice 1983).

Given the aggressive nature of A. gerardii, what allows other
species to occasionally usurp A. gerardii and become dominants
or codominants in this grassland? In annually burned grassland,
A. scoparius and Sorghastrum nutans were the most important
species that also became dominant or codominant. Like A4.
gerardii, these are also both mesic prairie, C,, perennial grasses.
They are also both highly mycorrhizal-dependent and show a
rapid growth response following spring fires. As core species in
this tallgrass prairie, they also determine the matrix structure of
the grassland. A. scoparius is generally more abundant than S.
nutans in the more xeric areas of grasslands. In contrast, Poa
pratensis, a C, perennial grass, was the most frequent dominant
after A. gerardii in unburned grassland. P. pratensis is adapted
for early season growth and achieves maximum biomass and
flowers before the warm-season grasses. However, it recovers
poorly from a spring burn. Hence, it is abundant in unburned

BB

a) Unburned Uplands \lA/

c¢) Unburned Lowlands$

BB
BaR . /. 1118 2%
| A “..‘. /_"-'./ :“.
ﬂ \/// Y.

.
.

b) Burned Uplands $

d) Burned Lowlands

BGF

GF

FIG. 2. Diagramatic representation of yearly transition probabilitics between seven vegetation types on unburned upland, b) burned
upland, c) unburned lowland, and d) burned lowland tallgrass prairie. Solid lines indicate p,; 0.5, dashed lines 0.10 p; < 0.50, and
dotted lines indicate 0.01 p; <0.10. Double-headed arrows represent probability of a plot remaining in the same vegetation type in
the next year. Line lengths have no meaning.prairie (Gibson and Hulbert 1987).
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Table 3. Average percentage composition (p,) and predicted, stable percentage composition (eigenvector, p) of unburned and annually
burned, upland and lowland, ungrazed, tallgrass prairie from postmultiplication of transition matrices (Fig 2).

Vegetation type Uplands Lowlands
Unburned Annually Burned Unburned Annually Burned

P, p P, p P, p P, P
BB 75.00 70.84 71.00 73.13 76.00 62.94 70.5 70.6
BG 11.00 11.32 17.30 19.91 6.50 8.01 18.75 17.71
BF 2.00 223 2.00 2.58 1.25 1.53 0.25 *
G 8.00 113 6.50 6.61 715 13.38 10.25 11.71
E 2.00 1.58 0.30 0.73 5.00 7.31 - -
GF 1.00 1.72 0.50 0.90 1.50 3.36 - -
BGF 1.00 1.00 2.50 0.34 2.00 3.43 0.25 *
Time (years) 5 8 15 2

* Vegetation types in burned uplands that were not included in matrix calculations (see text for details).
I Number of years of postmultiplication of transition matrix by p, necessary until dominant eigenvector (i.e., stability) was reached.

The ranking of P. pratensis as a dominant or codominant may not
reflect the outcome of interspecific competition against the C,
grasses, but may be the result of better growth during the early
portion of the growing season when C, dominants are inactive.
Preferential grazing of 4. gerardii and other grasses by bison also
would allow other species, especially forbs, to become more
important components of these grasslands (Vinton et al. 1993).

Species that showed infrequent, but persistent, dominance or
codominance included some clonal perennials such as Bromus
inermis and Solidago spp. (S. missouriensis and S. canadensis).
These species form dense, clonal networks in which few other
species can grow (Hartnett and Bazazz 1985). Once established,
patches of these clonal species can persist for decades on the
prairie. Other nongrasses that showed occasional dominance or
codominance included woody perennials, such as
Symphoricarpus orbiculatus and Ceanothus herbaceous, which
also produce spatially, but not necessarily temporally, persistent
patches. These, along with several perennial forbs, such as Aster
oblongifolius, Eupatorium altissimum and Artemisia ludoviciana,
can assume a dominant or codominant status in years when A.
gerardii has low canopy cover.

The transition probabilities indicated the replacement prob-
abilities for patch types on a yearly basis. In addition to allowing
insight into controlling mechanisms for these 4. gerardii-
dominated communities as outlined above, transition probabili-
ties can be used to provide predictions of future community
composition (Van Hecke ef al. 1984). The present study
suggested that burned lowlands were extremely close to a stable
vegetation composition (Table 3). This is not surprising, given
the long history of annual burning on the two watersheds (15 and
21 years) and the low diversity of burned lowlands (Gibson and
Hulbert 1987). The average composition of annually burned
uplands was also similar to the predicted stable composition (<
3% difference between p, and p, Table 3), although time to
stability was 8 years compared with 2 years predicted for burned
lowlands. Through the development of a soil nitrogen limitation
(Scastedt et al. 1991) and other factors favoring A. gerardii, long-
term annual burning of ungrazed tallgrass prairie promotes

compositional stability (Towne and Owensby 1984). By contrast,
the difference between predicted and stable (i.e., | (p, - p); Table
3) average composition was greater in unburned tallgrass prairic
plots than in annually burned plots. This reflected a decrease in
the frequency of BB-dominated plots and an accompanying
increase in the frequencies of BG-,BF-, and GF-dominated plots
on unburned uplands and BG-, G-, F-, and GF-dominated plots
on unburned lowlands. The predicted times until stability were 5
and 15 years, respectively. Unburned and ungrazed tallgrass
prairie is not compositionally stable in the presence of invading
woody species (Briggs and Gibson 1992). The results of the
modeling presented here reflect the lessening dominance of A4.
gerardii as time since burning increases (Gibson and Hulbert
1987, Collins et al. 1995).

The limitations and advantages of the analytical approach used
here need to be considered in making interpretations. Limita-
tions include the few, discrete, vegetation types recognized that
were based mainly upon 4. gerardii. This reflected the over-
whelming dominance of this species in most plots; other species
were not dominant frequently enough to allow recognition of
separate vegetation types. A further limitation is the determinis-
tic nature of calculating the product of postmultiplying the
transition matrices. This well-recognized limitation of Markov
modeling (Usher 1992) argues for caution in interpretation.

Advantages of this approach include the ability to predict
future changes in vegetation composition and the development
pattern towards the predicted stable endpoint. Although that
endpoint is unlikely to be reached in reality because of extrinsic
factors not contained within the model, it provides a potential
scenario against which field-based patterns can be compared. For
example, the high level of similarity between composition of
burned plots and the predicted composition suggests that long-
term, annually burned watersheds have reached a high level of
compositional stability. Any significant future changes in the
composition of these watersheds would indicate the imposition of
altered or new disturbance regimes, e.g., drought (Albertson and
Tomanek 1965).
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The analysis presented here is also scale dependent. Sample
plots were 10 m?, and interpretations must be made at this scale.
Previous studies at the whole-watershed level (Gibson and
Hulbert 1987, Collins and Glenn 1991) have shown that A.
gerardii is ubiquitous and dominant under all topographic and
management regimes. At equivalent or smaller scales, other
species are often dominant, especially on disturbed areas (Gibson
1989). Glenn and Collins (1990) showed that patch structure and
composition at small scales was related to dispersal processes
affecting the satellite species. Bartha et al. (1995) found that 4.
gerardii was the most frequently occurring species (40-50%) at a
scale of 25 cm?. Overall, this study has shown that 4. gerardii
plays a major role in determining the abundance of the other
species. Fluctuations in the abundance of A. gerardii allow only
short-term dominance by other species, except following the
establishment of persistent, clonal species.
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Environmental and Physiological Factors Influencing the
Distribution of Oaks Near the Edge of Their Range

Erik P. Hamerlynck' and Alan K. Knapp
Division of Biology, Kansas State University, Ackert Hall, Manhattan, KS 66506-4901, USA

Abstract. Several North American oaks reach the western limit
of their distribution in gallery forests dissecting grassland
ecosystems. Tree establishment and success in these systems
may be limited by frequent drought, fire, grazing, and competi-
tive interactions with grasses. On the Konza Prairie Research
Natural Area, two oak species with distinct leaf morphologies
and water relations, bur oak (Quercus macrocarpa) and chinqua-
pin oak (Q. muehlenbergii), dominate different areas of gallery
forests. At distributional extremes for other oak species, co-
occurring oaks show similar differences in leaf morphology, water
relations, and small-scale distribution. In this paper, we review
the physiological responses of native Kansas oaks to parameters
such as light level and temperature to clarify the ecophysiological
mechanisms underlying tree distribution patterns near the edge of
their range.

Key words: distribution, gallery forest, light, photosynthesis,
Quercus, tallgrass prairie, temperature, water relations

Introduction

A wide range of environmental factors can limit species
distribution. Examination of the physiological performance of
plants at distributional extremes can clarify the mechanisms by
which species maintain themselves in such locations, as well as
identify common plant responses to selective variables in similar
systems (Billings, 1973). Examination at distributional limits
can also simplify study, since physiological performance can be
matched to a few, easily identifiable factors (Hadley and Smith,
1983; Smith, 1985; DeLucia, 1987; DeLucia and Smith, 1987;
Graves and Taylor, 1988; Day et al., 1989; Groom et al., 1991,
Williams and Black, 1993). Thus, ecophysiological research has
been dominated by work in systems that are considered extreme
and dominated by abiotic forces, with clear species gradients. In
this paper we explore the ecophysiological basis for tree distribu-
tion in the tallgrass prairie, where two eastern deciduous forest
oaks near their western limit in distribution (Fowell, 1965). We
argue that elucidating species-specific responses of these oaks to
light and temperature, both of which interact with water rela-
tions, considered the primary determinant of oak distribution in
this area (Abrams, 1986, 1990, and 1992), will clarify the
physiological mechanisms determining the western limit of
eastern North American oak distribution.

Light, temperature and water relations directly and complexly
interact at the leaf level (Fig. 1). Leaf temperature is determined
by the energy balance of the leaf, which is determined partially
by the amount of direct beam solar radiation impinging on the
leaf surface, as well as by ambient air temperature. Direct beam
radiation contains the wavelengths of light that are of photosyn-
thetic importance (photosynthetic photon flux density, PPFD;
wavelength from 400 to 700 nm). Leaf temperature, in turn,
strongly affects plant water status, since the amount of water
vapor within the leaf that will pass through the stomata and into
the atmosphere is highly sensitive to temperature (Campbell,
1977; Nobel, 1983; Jones, 1992). Leaf temperatures may be

influenced by altering stomatal opening, which changes the
degree of evaporative cooling, or by altering leaf angle and leaf
shape, which alters interception of solar radiation and the
convective exchange properties of the leaf (Campbell, 1977,
Nobel, 1983; Heckathorn and DeLucia, 1991). However, direct
beam irradiation and large infrared radiative inputs from
surrounding vegetation and the ground can elevate leaf tempera-
ture well above air temperature (Nobel, 1983), which may
increase water loss. Plants vary in their ability to function at very
low tissue water potentials; nonetheless, water limitation almost
always decreases plant growth and may alter competitive
relationships (Kaiser et al., 1981; Kaiser and Heber, 1981;
Kuppers, 1984; Epron and Dreyer, 1990 and 1992; Simoes and
Baruch, 1991; Barton, 1993). It is apparent from their interac-
tions that water relations should not be uncoupled from plant
physiological responses to the primary variables (light and
temperature) that determine water status. Therefore, species that
separate along a moisture gradient could have unique responses
to the environmental variables driving water status. Comparison
of these physiological responses between species could lead to a
more mechanistic understanding of species distribution.

RADIATION

RH
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FIG. 1. Interactions of temperature, light, and water relations at
the leaf level. Box (A) contains leaf physical characteristics that
influence convective exchange properties. Box (B) illustrates
leaf characteristics (g, = stomatal conductance to water vapor, D
= concentration gradient of water vapor between leaf and
atmosphere, W = leaf water potential) that influence leaf
evaporative exchange properties.
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Oaks in the Flint Hills of Kansas

In the Flint Hills of NE Kansas, bur oak (Quercus macrocarpa)
and chinquapin oak (Q. muehlenbergii) dominate gallery forests
lining stream courses that dissect the tallgrass prairie. In this
region, mean annual rainfall is considered sufficient to allow for
eventual forest coverage, but frequent drought and fire, as well as
grazing, limit the expansion of tree species into the surrounding
grasslands (Weaver, 1954; Axelrod, 1985; Abrams, 1985, 1990).
Since European settlement and subsequent fire suppression,
forest expansion has increased by nearly 40% (Abrams, 1988 and
1992; Knight et al., 1994). In addition to frequent drought and
fire, woody species establishing in tallgrass prairie systems must
often endure growing season conditions of extreme temperatures
and high photosynthetic photon flux densities (PPFD) (Knapp,
1985), as well as competition for water from surrounding grasses
(Bragg et al., 1993). Bur oak is generally more successful in
lowland portions of gallery forest drainages, where overall
productivity and canopy closure are greater, whereas chinquapin
oak tends to establish in more often in open, upland locations
(Abrams, 1986; Bragg et al., 1993), often associated with reduced
phosphorus availability (Killingbeck, 1984, 1988). These
differences in small-scale distribution along a putative moisture
gradient are accompanied by distinct differences in leaf morphol-
ogy, with bur oak having large, deeply lobed leaves, and chinqua-
pin oak having smaller, shallowly scalloped leaf margins (Fowell,
1965). A similar pattern of distribution occurs in other oak
species in the Ouichita Mountains of Oklahoma (Dooley and
Collins, 1984).

Past research dealing with oak physiological ecology in this
area has focussed on aspects of plant response coupled to water
relations (Abrams, 1986; Abrams and Knapp, 1986; Knapp,
1992; Bragg ct al., 1993). Bur oak is known to adjust tissue
osmotic characteristics in response to drought (Abrams, 1990)
and has stomata that are capable of responding rapidly to short-
term changes in sunlight level, which might minimize water loss
during shade periods (Knapp, 1992). Similarly, chinquapin oak
is known to maintain lower tissue osmotic potentials than bur
oak, indicating even greater drought tolerance (Abrams, 1990),
and appears to have a greater ability to establish in sites prone to
lower plant water potential (Bragg et al., 1993). These studies
show both species to be well adapted for establishment in
tallgrass prairie systems, but possibly susceptible to replacement
by more shade tolerant tree species if disturbances such as fire
are suppressed (Abrams, 1985; Knight et al., 1994). As valuable
as these studies have been, the exclusive focus on water relations
has led to a need for studies of ecophysiological light and
temperature responses. Indeed, we propose that species specific
responses to light and temperature in bur and chinquapin oaks
could strongly influence the establishment, maintenance, and
local distribution patterns of oaks in tallgrass prairie systems.

In our research, we hypothesized that bur oak should be better
able to photosynthetically adjust apparent quantum requirement
(Q,; mol O, per mol light) in low light, as many tree species do
(McMillen and McClendon, 1983; Kozlowski et al., 1991),
because distribution patterns indicate that bur oak establishes in
areas of higher productivity with greater canopy closure (Abrams,
1986; Bragg et al., 1993). Because all North American tree
species use the C, photosynthetic pathway, how efficiently a
species captures and utilizes light is more important ecologically
than differences in photosynthetic pathway (Bjorkman, 1981;
Kozlowski et al., 1991). By adjusting Q, to be more efficient at
low PPFD and reaching photosynthetic light saturation at lower
light levels, some species can maximize integrated canopy carbon
gain (Bjorkman, 1981; McMillen and McClendon, 1983;
Kozlowski et al., 1991). We found no differences within or

between bur and chinquapin oak in Q. We did find that bur oak
had greater plasticity in leaf morphology in response to light
environment (via changing specific leaf mass, leaf area, and leaf
shape) than chinquapin oak, as well as higher overall photosyn-
thetic capacity (Hamerlynck and Knapp, 1994). These morpho-
logical responses might maximize whole canopy photosynthesis
by keeping inner canopy light levels above the photosynthetic
light compensation point (Horn, 1971; McClendon and
McMillen, 1982; Kozlowski et al., 1991) or optimize convective
heat exchange efficiencies of leaves exposed to full sun
(Campbell, 1977). We also expected chinquapin oak, which
establishes in drier, more exposed locations, to have a higher
maximum photosynthetic temperature tolerance (T__; T, in
Schreiber and Berry, 1977; Smillie and Nott, 1979) than bur oak.
We found that chinquapin oak consistently had higher T __(46° -
50° C) than bur oak (43° - 48° C) throughout the growing season,
even in locations where both trees grew together (Hamerlynck
and Knapp, 1994). This suggests that physiological temperature
tolerance in these oaks is controlled more by genetic than
environmental factors (Pearcy et al., 1977; Seemann et al., 1984,
Williams et al., 1986). Similar measurements of plant high
temperature tolerance have helped explain patterns in phenology
and species coexistence in other systems (Monson and Williams,
1982; Monson et al., 1983; Williams et al., 1986). Under field
conditions, bur oak tended to have leaf temperatures closer to air
temperature, while chinquapin oak, especially smaller individu-
als, often had leaf temperatures elevated 6° to 10° C above
ambient air temperatures (Hamerlynck and Knapp, 1994). These
findings indicate that temperature and light do seem to be
important direct factors, independent of water relations, in the
distribution of oaks in tallgrass prairie gallery forests
(Hamerlynck and Knapp, 1994) and might have implications in
the distribution of other oak species.

In North America, oak diversity is highest in the southeastern
portion of the continent, with the edges of oak distribution
represented by only one or two species (Aizen and Patterson,
1990). Recent research in oak ecophysiology has examined
differences in nitrogen allocation and whole canopy photosynthe-
sis (Hollinger, 1992; Reich et al., 1991); shade tolerance
responses and succession (McClendon and McMillen, 1982;
Callaway, 1992); photosynthetic performance and limitations in
response to drought (Bahari et al., 1985; Abrams et al., 1990 and
1994; Epron and Dreyer, 1990 and 1993; Ni and Pallardy, 1992;
Kubiske and Abrams, 1993; Pallardy and Rhoads, 1993); and the
relationship between light environment and photosynthetic and
anatomical characteristics in relation to species distribution
(Kloeppel et al., 1993; Walters et al., 1993; Ashton and Berlyn,
1994). In all these studies, each oak species differed in leaf
morphology, with one oak having large, deeply lobed leaves, and
the other having small, shallowly lobed leaves. Therefore,
examining leaf traits in other oak systems at other edges of oak
distribution, and noting if the suite of traits noted here in the
gallery forests of Kansas - leaf morphology correlated to differ-
ences in photosynthetic performance, temperature tolerance, and
leaf temperatures - may further elucidate the physiological
mechanisms controlling the distribution of oaks at the edge of
their range.
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Gas Exchange and Reproduction of Spiranthes vernalis
(Orchidaceae) in a Kansas Tallgrass Prairie

Stephen R. Johnson'
Division of Biology, Ackert Hall, Kansas State University, Manhattan, KS 66506

Abstract. Spring ladies-tresses (Spiranthes vernalis) is a spring
emergent, summer flowering, geophyte occurring over much of
the eastern half of the United States. In northeastern Kansas, it
is a rare and subordinate member of upland and lowland,
tallgrass prairie, plant communities. At Konza Prairie Research
Natural Area in northeastern Kansas, S. vernalis is infrequent
and found primarily in annually burned or annually mowed sites.
In these locations, it emerges into a high light environment and
must adjust to ever-decreasing amounts of incident light as the
dominant grass canopy forms and closes. Plants growing in
prairie with typical canopy cover had a peak CO, uptake rate (net
photosynthesis) of 22 imol m? s in mid-June. When canopy
shading was removed in mid-June as a test of this orchid’s
response to natural canopy removal by grazing, plants showed a
significant reduction in CO, uptake (8.5 imol m* s') within 1 h
of canopy removal, but complete recovery of CO, uptake to
pretreatment levels within 10 d. In late July through August,
plants produced scapes supporting 40 + 5 flowers, which yielded
6 + 2 mature fruits.

Key words: orchid, photoinhibition, phenology, tallgrass prairie.

Introduction

Studies of vegetation dynamics and plant responses to stress in
tallgrass prairie systems typically have concentrated on the
effects of fire and grazing on the growth, physiology, and
population dynamics of the dominant grasses and forbs (Collins
and Barber, 1985; Knapp and Hulbert, 1986; Gibson and Hulbert,
1987; Knapp et al., 1993). Although this effort is important in
understanding large scale processes in tallgrass prairie, subdomi-
nants such as Spiranthes vernalis, which are infrequent or rare,
may make a greater contribution to total prairie biodiversity
(Freeman and Hulbert, 1985).

Spiranthes vernalis occurs in a wide range of habitats from
Atlantic coastal barrier islands to the western margins of tallgrass
prairie (Correll, 1950; Duncan and Duncan, 1987; McCaffrey and
Dueser, 1990; Kaul, 1986). In the tallgrass prairie of northeast-
ern Kansas, S. vernalis grows on uplands beneath a grass canopy
(Freeman and Hulbert, 1985). In this environment, plants may be
exposed to full sun during the growing season, if the overstory is
removed by grazers such as American bison (Bison bison) or
domestic cattle. Sudden changes from low to high light may lead
to photoinhibition and potential damage to photosynthetic
pigments (Krause, 1988). Although photoinhibition of photosyn-
thesis and subsequent recovery responses of plants exposed to
high light are well documented, most studies of involve agricul-
turally important species and are conducted under laboratory
conditions (Krause, 1988; Liu et al., 1993; Aro et al., 1994).
Conversely recovery from photoinhibition in short-statured
geophytes such as S. vernalis in response to sudden canopy

removal is not well documented. Because S. vernalis is one of
very few species that remain photosynthetically active over much
of the growing season, it may be an ideal species for testing
responses of short- statured plants to sudden increases in ambient
light levels.

The purpose of this study was to 1) quantify seasonal dynamics
of CO, uptake and stomatal conductance in S. vernalis, 2)
quantify responses of S. vernalis to sudden exposure to full
sunlight at mid-season by the removal of canopy shade, and 3)
document reproductive characteristics of S. vernalis in the
tallgrass prairie ecosystem.

Methods

Research was conducted at the Konza Prairie Research Natural
Area (KPRNA) near Manhattan, Kansas (39°08°N, 96°35°W).
KPRNA undergoes periodic prescribed spring (April) burning,
where watershed-sized units (3 to 220 hectares) are burned at 1-
to 20-year intervals. Because Spiranthes vernalis is much smaller
than neighboring grasses and forbs, it is easily located only when
in flower. Therefore, study sites on KPRNA were selected after
an intensive search for plants beginning in mid-July and continu-
ing until late August of 1992. Of the total 18 S. vernalis found,
(1) seven plants were located on a shallowly sloped upland site in
an annually burned watershed, (2) five were in a lowland area of
an annually fall-mowed fire guard between an unburned water-
shed and a watershed that is annually burned for 3 consecutive
years and then left unburned for 3 consecutive years (denoted as
3U3B), (3) two plants were found in separate annually burned
Spartina pectinata wetlands, (4) three were located on a hilltop
in a 10-year burned watershed, and (5) a single plant was located
in an upland community in a biennially burned watershed (Figure
1). Plants in the annually burned watershed were scattered over
an area of ca. 50 m? and may be progeny from a number of
parental sources whereas the plants of the mowed fire guard were
in a single 0.5 m? clump and may represent progeny from a single
parent plant. Spiranthes may spend as much as 10 years as
belowground, corm-like structures. Therefore, the present
distribution of plants may be a function of environmental
conditions 10 years ago (Wells, 1981). The small upland clump
(n=3) also may represent an isolated dispersal. The total sample
size is small, but S. vernalis is rare on KPRNA (Freeman and
Hulbert, 1985).

To quantify the seasonal course of CO, uptake (A) and stomatal
conductance (g ), midday A and g were measured using a Li-
Cor LI 6200 portable gas exchange system (LICOR, Inc., Lincoln,
NE). Measurements were made on two mature leaves located in
the middle of the leaf cluster at the base of plants. Values for A
and g, for each plant were means of these two measurements. In
early May, leaves were exposed to full sunlight (>1500 imol m™

1. Present address: 7543 Brisbane Drive, Richmond, Virginia
23225
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FIG. 1. Map of the southern third of Konza Prairie Research Natural Area indicating the positions (-) of Spiranthes vernalis plants or
patches described in the text. Two points appear in 3U3BB because one patch of orchids growing in upland is distinct from a single

plant growing in a Spartina pectinata wetland.

s”', photosynthetic photon flux density (PPFD) 0.4 - 0.7 im), but
ambient light on S. vernalis had been reduced to less than 50 %
of full sunlight by late May to early June and to 25 % of full
sunlight by late June (Fig. 2). In both 1992 and 1993, air
temperatures were between 34 and 36°C and RH between 30 and
45% during field measurements. ;

To estimate the response of S. vernalis to canopy removal,
vegetation within an area of 0.25 m? surrounding four plants in
the annually burned watershed was clipped to a height of 1 cm in
mid and late June. Photosynthetic CO, uptake was measured in
exposed S. vernalis within 1 hour of canopy removal with the Li-
Cor 6200. Simultaneous measurements were made on
unmanipulated plants in the same annually burned watershed, the
two wetlands, and the 10-year unburned upland (n=10). Because
inclement weather over northeastern Kansas in the summer of
1993 (with rainfall 25 cm above a 30-year mean; KPRNA
weather data, unpubl.), these plants could not be remeasured
until 10 days had elapsed following the clipping treatment.

In August and September of 1992 and 1993, I measured heights
of mature scapes, flower numbers per scape, initiated fruits, and
subsequent mature fruits per scape. Fruits counted as initiated
were those that had slightly swollen and remained attached to
scapes after flowers had withered. These were visibly different
from ovaries, which had fallen away from scapes with withered
flowers, and from mature fruits, which were greatly swollen. In
order to minimize the effects of elevation and treatment, only the
plants of the annually burned watershed were counted. Because
sample sizes were small and there were essentially no replicates
of any sites where S. vernalis grew, this study is best described as
mensurative (Hurlbert, 1984) and is meant only as a descriptive
study of S. vernalis ecology in tallgrass prairie. Where statistical
analysis was appropriate, such as with the comparison of plants
with canopy removal and without canopy removal, a paired t-test
procedure was used at an 4=0.05 significance level (Zar, 1984).

Results and Discussion

The seasonal course of net CO, uptake (A) (Fig. 2) was typical
of an understory geophyte (Yoshie and Yoshida, 1987). The peak
A (22.6 + 1.4 imol CO, m? 5! (mean + 1 se); n=15 plants), which
occurred in mid-June, was similar to peak rates of C, prairie
forbs such as Baptisia leucophaea (S. Johnson, unpubl. data).

This maximum A was similar to peak A in the tropical, open
canopy orchid Arundinia graminifolia (15.5 imol m? s; S.
Johnson, unpubl. data). In addition, this rate is higher than peak
rates for understory tropical orchids such as Paphiopedilum
armeniacum (Johnson, 1992; 1993). Seasonal patterns in
stomatal conductance (g ) closely followed A and ranged from
330 + 53 mmol m? s in mid-May to 581 + 38 in late June and to
200 + 16 mmol m? s in late August.

Following canopy removal in mid-June, A in exposed plants
decreased from 22.6 to 8.5 + 0.8 imol CO, m? s in 1 h (n=4,
Figure 2). Ten days later, A in the exposed orchids had increased
to 18.2 + 1.6 imol CO, m? s, whereas A in shaded plants was
17.4 £ 2.6 imol CO, m? s (n=10, Figure 2). Following peak
periods of CO, uptake, A in plants of both exposed and shaded
treatments steadily declined through the rest of the season. The
lower CO, uptake by exposed plants may have been due to
protective mechanisms associated with PSII during
photoinhibition (Krause, 1988, Aro et al., 1994, Lovelock et al.,
1994). However, other mechanisms such as stomatal closure may
have been involved. Stomatal conductance was significantly
(p<0.05) reduced in exposed plants 1 h after clipping in mid-June
(136 + 25 mmol m? s*! in exposed plants vs 433 + 73 mmol m? s
!in shaded plants, p<0.001) indicating stomatal closure in
treatment vs. control plants.

Table 1. Numbers of flowers per scape, initiated fruits, and
matured fruits of Spiranthes vernalis on KPRNA in 1992 and
1993°.

Year  No. of flowers  No. of initiated No. of matured
fruits fruits

1992 43.8+3.3 36.1+5.1 44+1.9

1993 345452 28.6 +6.2 87+23

* Flower numbers were counted in early August, initiated fruits in
late August to early September, and matured fruits in mid-
October of both years of the study. Values represent means + 1

SE (n=7).
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FIG. 2. Incident PAR (top) and CO, uptake (imol m? s*') for Spiranthes vernalis that remained shaded () or had shading removed on
June 15 and 25 (DOY=166 and 176, °) during the 1993 growing season. Each value is the mean of measurements of three separate
leaves on 10 shaded plants and on four exposed plants. Vertical bars indicate one standard error of the mean.

Flower production was higher and fruit production lower in
1992 than in 1993, although the differences between years were
not significant (Table 1). The ratio of the number of fruits
successfully matured to the initial number of flowers was
consistent over the 2 years of the study and may be the maximum
number that S. vernalis can support successfully (Snow and
Whigham, 1989; Primack and Hall, 1990). Although flowering
was consisent in plants of the annually burned watershed in 1992
and 1993, large variations in flowering occurred between years in
plants at the other locations (Table 2).

Although S. vernalis occupies a subordinate position in
tallgrass prairie, it is ecologically interesting, because it occurs in
a wider range of habitats than do the dominant grasses and most
other subdominant forbs. The seasonal course of photosynthetic
CO, uptake of S. vernalis was similar to that associated with
many forest understory geophytes. The response to simulated
grazing of competitors was a reduction in A immediately
following exposure to full sun. Depending on the time needed
for recovery of A following exposure, such exposure might affect
seasonal CO, gain. However, the recovery of S. vernalis was
fairly rapid and not associated with any visible tissue damage or
loss. This may indicate that S. vernalis in the tallgrass system is
adapted to respond to sudden and lengthy transformations from
low to high light that may result when the canopy is grazed away
by large vertebrates.

Table 2. Comparison of numbers of Spiranthes vernalis which
generated flowering scapes in 1992 and 1993.

Number of plants which flowered

Location 1992 1993
Annually burned

watershed (n=7)" 7 7
Biennially burned

watershed (n=1) 1 0
3U3B fireguard (n=5) 3 5
S. pectinata wetland (n=2) 2 2
10-year burned

watershed (n=3) 3 0

* n=number of plants at each location.
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Vegetative Changes During 17 Years of Succession on Willa
Cather Prairie in Nebraska

Harold G. Nagel
Department of Biology, University of Nebraska at Kearney, Kearney, NE 68849

Abstract. Willa Cather Prairie was a moderately grazed, southern

Nebraska pasture when purchased by The Nature Conservancy in
1975 and is typical of mixed prairie preserves purchased by
conservation organizations. Management of these prairies, which
show effects of continuous grazing by cattle, usually involves
removing the grazing and introducing burning. Few long-term
data exist on the effect of these two management practices in
mixed prairie preserves. Quadrat sampling was done in 1975-76
and in 1992 to determine what effect nine burns and greatly
reduced grazing had on Cather Prairie over the 17-year interval.
All three range sites located on Cather Prairie changed: composi-
tion between 1975-76 and 1992 was only 39% similar in silty
upland , 48% similar in shallow limy sites and 36% similar in
silty overflow. Shallow limy sites were almost identical by 1992,
with 92% similarity. Silty upland sites were only 48% similar,
and silty overflow sites were 46% similar in 1992. Species
composition of the shallow limy site by 1992 appeared to be
nearly identical with that of typical tallgrass prairie. Species
showing increased abundance were: big bluestem, sedges, and
tall dropseed. Species declining during the 17 years of succes-
sion were: sideoats grama, blue grama, buffalograss, and annual
bromes. Kentucky bluegrass was not affected by burning and
resting. Another cool-season exotic, smooth brome, increased in
spite of the fire and reduced grazing.

Key words: mixed prairie, prairie management, fire, rest,
Kentucky bluegrass, big bluestem, succession

Introduction

Prairie preserves located in the mixed prairie region usually
are grazed pastures at the time of preservation by conservation
organizations. These prairies show marked effects from the
confined and usually continuous grazing by cattle. Under
conservation organization ownership, management strategy
typically changes to no or very low intensity grazing or haying
and usually involves periodic spring burning to reduce cool-
season exotics. The conservation organization frequently
attempts to burn about half of the area annually, with mixed
success, because of weather conditions in spring, attitudes of
local fire chiefs, and availability of burning equipment and
personnel. (Personal experience working with The Nature
Conservancy, The National Audubon Society, Platte River Habitat
Maintenance Trust, Prairie/Plains Resources Institute, and others
in Nebraska during the past 25 years.)

Most attempts to evaluate change in mixed prairie preserves
from the management changes have involved 1 or 2 years of
sampling following a spring burn. These reports usually have
documented good control of Kentucky bluegrass and other
vascular plant exotics (examples from mixed prairie: Nagel
1980, Engle and Bultsma 1984, Schacht and Stubbendieck 1985,

and Whisenant and Uresk 1989.) The literature shows no long-
term studies of the effects of no or reduced grazing plus fire
management in mixed prairie preserves.

The objective of the study was to determine the effect of
greatly reduced grazing and periodic burning on species composi-
tion on a moderately grazed, mixed grass prairie.

Site Description

In 1975, The Nature Conservancy purchased a 240 ha tract of
mixed prairie south of Red Cloud Nebraska. This grazed pasture
became known at the Willa Cather Memorial Prairie (hereafter,
Cather Prairie), in honor of the novelist who lived in Red Cloud
during her youth and wrote of prairie life in Nebraska in novels
such as “My Antonia” and “O Pioneers”.

Ecological baseline information was collected in 1975-76.
Resampling was done in 1992 to determine changes in species
composition after 17 years of secondary succession. Cather
Prairie is located near the transition line between mixed prairie
and tallgrass prairie (Weaver 1965), and so succession towards
tallgrass prairie species from the grazed mid to shortgrass prairie
aspect was expected.

Cather Prairie has diverse topography and soils (Nicholson and
Marcotte 1979). Soils range from deep lowland soils with a high
deposition rate from upstream cultivated areas to very shallow
soils derived from limestone parent material. Most of the prairie
soils were derived from loess. The limestone soils and chalk
breaks provided unique associations in Nebraska’s flora. The
baseline study in 1975-76 found 236 vascular plant species on
Cather Prairie. Eight additional species have been added to the
list over the 17 years.

Three range sites were found on Cather Prairie (Paden and
Ragon 1974). These were: silty (upland, 63% of area), shallow
limy (hillsides, 25%) and silty overflow (lowland, 12% of area).
Additional information about climate, soils, etc. of Cather Prairie
can be found in Nicholson and Marcotte (1979).

Cather Prairie is being managed to restore it to approximately
its pre-European settlement condition. The prairie is used for
education, research and aesthetic purposes. Management
practices have included periodic burning and resting from grazing
(during the 17 years, it was lightly grazed for 4 years, 2 of these
in early spring to reduce cool season invader species). Parts of
the prairie were burned in 9 of the 17 years between 1975 and
1992 (on the average, all of the prairie was burned once every 3
years during the period of 1980 to 1989, when most large burns
were conducted.)

Noxious weeds are controlled by digging or hand spraying.
Only in one year since 1975 has any broadcast spraying of
herbicide been done, that in 1978 for musk thistle (Carduus
nutans).
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Methods

In 1975, 59, and in 1976, 71 square-meter quadrats (N = 130)
were sampled from June to August. These quadrats were taken at
19 permanently established sites. Three quadrats were located
randomly at each of these sites, at each sampling date. The
percentage of total biomass contributed by each species in each
quadrat was estimated by three people, and averages were
recorded. Plants then were clipped at ground level and sepa-
rated into forbs, shrubs, and graminoids, air dried and weighed.
Percentage contributed toward composition then was determined
by multiplying ocular estimates X total biomass for each life form
of plant.

In 1992, the percentage of total biomass contributed by each
species was estimated by Daubenmire procedures in 24-1/10 m"2
quadrats (Mueller-Dombois and Ellenberg 1974) at the same 19
locations (total N = 450). Estimates were made by two or three
people, and averages were used. These samples were taken in
June.

Coefficients of similarity (Morisita 1959 quantitative method)
were calculated for each range site within a sample (i.e., between
sites) and between sampling times (viz. 1975-76 and 1992). “t”
tests were performed on each species between the two dates of
sampling.

Results and Discussion

Because of the different size of quadrats and number of
quadrats taken in the 2 years, direct comparisons about species
diversity were difficult. Species composition changes over the 17
years will be the main focus of this paper.

Table 1 gives species composition data on 69 taxa for both
dates by range site and total for the prairie. One hundred and
two species of plants were found in quadrats in 1975-76 when
130 m"2 of area was sampled. In 1992, although considerably
less area of quadrats was sampled (43 m”~2), 90 species of plants
were found.

Composition changes by range site and probable cause of change

Warm n Mid-Height to Tall Graminoids.

Big bluestem (Andropogon gerardii): This warm-season grass
increased more than any species, from 7% in 1976 to 23% in
1992. This increase occurred on all three range sites, but was
especially prevalent on the shallow limy sites (Table 1). Big
bluestem has been shown to respond favorably to both fire
treatment and reduced grazing (Blankespoor 1987; Stubbendieck
et al. 1977).

Little bluestem (Andropogon scoparius): Little bluestem
declined about 5% overall (Table 1). The greatest decline was
shown on the silty upland site, where it was probably replaced by
big bluestem and smooth brome (Bromus inermis).

Sideoats grama (Bouteloua curtipendula): Inexplicably, this
species almost disappeared, decreasing from 12% in 1976 to 1%
in 1992. A significant decline occurred at all range sites (Table
1). Weaver (1965) called sideoats grama an “interstitial” species,
making up very little composition in climax prairie, but making
up as much as 60% in overgrazed rangelands.

Tall dropseed (Sporobolus asper): This midgrass was the third
most important grass in 1992 (fourth in 1976). Although the
overall percentage stayed about the same, changes were dramatic
on individual range sites. It disappeared from the overflow site,
was reduced by half on the shallow limy site and doubled on the
silty upland site (Table 1).

Warm Season Short grasses

This group declined almost to extirpation on Cather Prairie.
Blue grama (Bouteloua gracilis) declined from 5% to a trace, and
buffalograss (Buchloe dactyloides) from 6% to a trace. These
two species were especially abundant on the silty upland sites,
which were grazed heavily prior to The Nature Conservancy
taking ownership.

These short grasses were at a competitive disadvantage to tall
and mid-height warm-season grasses as well as smooth brome,
which increased on the site.

I- n Graminoi

Cool-season graminoids, in theory at least, are selected against
by spring burning, such as that practiced on Cather Prairie during
the last 17 years. Most species responded negatively to the new
conditions on Cather Prairie (viz. periodic spring burning and
reduced and very light grazing pressure).

Western wheatgrass (Agropyron smithii): This species was
fairly important on silty upland and silty overflow sites in 1976.
By 1992, it made up less than 1% at all three sites (Table 1).
Whisenant and Uresk (1989) also found it to decrease with fire in
mixed prairie, but Gartner et al. (1986) reported that it increased
in productivity with spring burning.

Sedges (Carex spp.): These did not respond as predicted.
They increased moderately at all sites except the silty overflow.
They increased especially on the silty upland site.

Annual bromes (Bromus japonicus and B. tectorum): These
two species made up 4.5% in 1976, and were found mostly on
sites disturbed by grazing cattle. By 1992, hardly a plant was
found, because all the disturbed sites had been revegetated by
perennials.

Kentucky bluegrass (Poa pratensis): This species, which was
widespread throughout the prairie at purchase, was the primary
reason for the spring burning management program. In 1976 it
was the most important species on the silty upland site (Table 1).
Seventeen years of reduced grazing and seven spring burns later,
Kentucky bluegrass had the same overall abundance. It declined
about 2% on shallow limy and lowland sites, but was exactly the
same on the silty upland sites. Previous research (Nagel 1980;
Schacht and Stubbendieck 1985) had shown spring burns to
reduce this species dramatically in south-central Nebraska.
However, those two studies followed the fate of bluegrass for
only 2 years, and apparently the burning effect does not last much
longer than that. Cather prairie had been burned last in 1989, 3
years before the sampling.

Smooth brome (Bromus inermis): This introduced species
made up only 2% of the vegetation in 1976, mostly along the east
side where it invaded from a highway right-of-way seeding. In
the intervening 17 years, it spread throughout the prairie,
although it was still most prevalent on the east side. The silty
overflow sites were especially invaded by this species, making up
32% of the vegetation there. Blankespoor (1987) found that fire
was not an effective control for smooth brome in South Dakota.
As with Kentucky bluegrass, smooth brome on Cather Prairie did
not produce enough litter to carry a hot fire capable of killing the
plants. It tended to form monocultures on Cather Prairie, with
virtually no other species in these stands.
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Table 1. Percent species composition of vascular plants on Willa Cather Prairie. From quadrat data collected in 1975-76 and 1992
and presented for three range sites. An asterisk following a mean for 1992 indicates that “t”-test analysis showed a significant change
from 1975-76 mean, significant at P<.05 (** indicates significance= P<.01).

SILTY

ALL SITES LOWLAND LIMY
UPLAND UPLAND

SPECIES COMMON NAME 1976 1992 1976 1992 1976 1992 1976 1992
GRAMINOIDS
Agropyron smithii Western wheatgrass 5.16 0.65 10.55 0.0 0.62 0.19 5.32 0.97**
Andropogon gerardi Big bluestem 6.95 2271 16.67 26.32 12.04  42.88** 2.82  15.08**
A. scoparius Little bluestem 8.65 335 0.6 0.5 933 7.68 10.43 2.62*
Bouteloua curtipendula  Sideoats grama 11.54 1.12 10.62 0.07*-  16.22 2.55%* 10.2 0.9%%*
B. gracilis Blue grama 4.54 0.12 0.2 0.0 575 0.24** 5:21 0.12**
B. hirsuta Hairy grama 0.06 0.01 0.0 0.0 0.26 0.0 0.0 0.02
Bromus inermis Smooth brome 1.94 7.87 9.92  32.48** 119 0.0 0.2 4.34%*
B. japonicus & tectorum Japanese brome 4.47 0.03 533 0.0 ZH 0.0 4.84 0.04**
Buchloe dactyloides Buffalo-grass 6.46 0.31 1.42 0.0 3.61 0.0 8.66  0.49%*
Carex spp. Sedges 3.92 59 4.96 3.5 1.24 2.33 4.52 7.69*
Elymus virginicus Virginia wild rye 0.02 0.06 0.0 0.0 0.07 0.0 0.0 0.09
Eragrostis trichodes Sand lovegrass 0.02 0.0 0.04 0.0 0.05 0.0 0.0 0.0
Hordeum pusillum Little barley 0.1 0.01 0.0 0.0 0.1 0.0 0.13 0.01
Koeleria pyramidata Junegrass 0.4 0.33 0.0 0.0 1.11 0.12* 0.27 0.48
Muhlenbergia asperifolia Scratch grass 0.03 0.0 0.0 0.0 0.14 0.0 0.0 0.0
Panicum oligosanthes Small panicgrass 223 1.85 2.78 0.47 1.52 2.97 2:33 1.88
P. capillare Witchgrass 0.02 0.0 0.0 0.0 0.07 0.0 0.01 0.0
P.virgatum Switchgrass 0.27 0.08 0.11 0.0 0.56 0.11 0.21 0.09
P. wilcoxianum Wilcox panicum 0.07 0.01 0.0 0.0 0.0 0.0 0.11 0.02
Poa pratensis Kentucky bluegrass  14.16  13.28 1257  10.09 7.14 491 16.9 16.86
Sorghastrum avenaceum Indiangrass 0.81 1.54 0.0 0.0 0.0 4.87 1.28 0.82
Sporobolus asper Rough dropseed 7.83 9.91 15.09 0.0 4.31 1.93* 7.19  15.04
S. eryptandrus Sand dropseed 0.51 0.17 0.14 0.0 0.28 0.0 0.67 0.27
Total Graminoids 80.2 69.3 91.0 73.4 68.3 70.6 81.3 67.8
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Table 1 continued.

ALL SITES LOWLAND LIMY SILTY
UPLAND UPLAND

SPECIES COMMON NAME 1976 1992 1976 1992 1976 1992 1976 1992
FORBS AND SHRUBS
Ambrosia psilostachya ~ Western ragweed 1.73 3.64 2.35 6.88* 0.86 1.19 1.87 3.64
Amorpha canescens Lead plant 002 0.13 0.0 0.0 0.09 0.51 0.0 0.04
Antennaria neglecta Field pussytoes 0.11 0.17 0.0 0.0 0.1 0.73 0.14 0.02
Artemisia ludoviciana White sage .12 2.7 1.24 5.03* 1.32 0.29 1.03 2.92
Asclepias spp. Milkweed 0.07 0.16 0.02 0.08 0.0 0.41 0.12 0.05
Aster ericoides White aster 0.44 1.8 0.07 0.83* 1.64 0.54 0.13 1.67*
A. oblongifolius Aromatic aster 0.06 0.08 0.0 0.0 0.18 0.4 0.03 0.0
Astragalus spp. Milk vetch 0.08 0.02 0.0 0.0 0.39 0.07 0.0 0.0
Callirhoe involucrata Purple poppy mallow 0.08 0.61 0.22 2.61% 0.18 0.38 0.01 0.19
Cirsium spp. Thistle 0.03 0.09 0.0 0.0 0.0 0.15 0.05 0.07
Echinacea angustifolia  Purple coneflower 0.11 0.04 0.0 0.0 0.54 0.17 0.0 0.0
Erigeron strigosus Daisy fleabane 0.09 0.04 0.03 0.0 0.34 0.06 0.02 0.04
Euphorbia spp. Euphorbia 0.08 03 0.0 0.53 0.01 0.66 0.03 0.11
Kuhnia eupatoriodes False boneset 0.1 0.2 0.0 0.0 0.21 0.03 0.09 0.3
Lactuca serriola Prickly lettuce 0.07 0.13 0.01 0.36 0.0 0.18 0.11 0.05
Liatris punctata Blazing star 1.03 0.84 0.0 0.0 2.43 0.56 0.82 1.14
Lotus purshianus Prairie trefoil 0.05 0.65 0.02 0.35 0.0 0.13 0.07 0.9
Lygodesmia juncea Skeletonweed 0.13 0.03 0.0 0.0 0.0 0.06 0.2 0.04
Medicago lupulina Black medick 0.3 0.94 1.74 0.32 0.1 1.39 0.01 0.95
Calylophus serrulatus Yellow evening primrose 0.1 0.0 0.0 0.0 0.02 0.0 0.14 0.0
Onosmodium molle False gromwell 0.13 0.0 0.05 0.0 0.6 0.0 0.0 0.0
occidentale
Oxalis stricta Yellow wood sorrel 0.02 0.16 0.02 0.0 0.6 0.0 0.02 0.21
Oxytropis lambertii Purple locoweed 0.18 0.02 0.09 0.19 0.79 0.11 0.0 0.0
Petalostemon spp. Prairie clover 032 0.11 0.0 0.0 0.0 0.54 0.0 0.0
Physalis spp. Ground cherry 0.01 0.43 0.08 0.26 0.0 0.53 0.0 0.43
Plantago spp. Plantain 002 03 0.02 0.0 0.03 0.5 0.02 0.31
Polygala alba White milkwort 0.02 0.02 0.01 0.0 0.07 0.07 0.0 0.0
Psoralea spp. Scurf-pea 4.93 5.58 0.0 0.0 2.60 6.99*% 6.86 6.52
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Table 1 continued.

ALL SITES LOWLAND LIMY SILTY
UPLAND UPLAND

SPECIES COMMON NAME 1976 1992 1976 1992 1976 1992 1976 1992
Ratibida columnifera Prairie coneflower 0.16 0.04 0.0 0.0 0.08 0.06 0.23 0.04
Rosa arkansana Prairie wild rose 0.0 0.29 0.0 0.0 0.0 0.0 0.0 0.46
Solidago canadensis Canada goldenrod 0.0 0.36 0.0 0.06 0.0 0.0 0.0 0.55
S. missouriensis Prairie goldenrod 1.82 0.72 0.41 0.0 3.64 2:1 1.58 0.44
S. mollis Soft goldenrod 1.94 2.49 0.0 0.05 6.36 3.45 0.96 277
S. rigida Rigid goldenrod 1.06 0.28 0.0 0.08 4.62 1.19 0.14 0.03
Spharalcea coccinea Red false mallow 0.02 0.16 0.02 0.0 0.0 0.0 0.02 0.25
Symphoricarpos Western snowberry 0.27 3.42 0.0 1.41 0.01 0.0 0.43 5.06
occidentalis
Taraxacum officinale Dandelion 0.04 0.0 0.15 0.0 0.0 0.0 0.03 0.0
Teucrium candense American germander 0.0 0.84 0.0 3:19 0.0 0.0 0.0 0.0
Thelesperma Greenthread 0.08 0.03 0.0 0.0 0.36 0.14 0.0 0.0
megapotamicum
Toxicodendron radicans  Poison ivy 0.0 0.36 0.0 0.0 0.0 0.21 0.0 0.5
Tragopogon dubius Goatsbeard 0.86 0.05 0.22 0.0 0.18 0.0 1.24 0.08
Verbascum thapsus Common mullein 0.06 0.0 0.38 0.0 0.0 0.0 0.0 0.0
Verbena stricta Hoary vervain 0.27 0.51 0.83 0.0 0.37 1.07 0.1 0.46
Vernonia baldwini Western ironweed 0.22 0.33 0.35 0.65 0.1 0.66 0.23 0.14
Vicia americana American vetch 0.05 0.0 0.0 0.0 0.0 0.0 0.08 0.0
Viola pratincola Meadow violet 0.0 0.04 0.0 0.0 0.0 0.0 0.0 0.06
Total Forbs & Shrubs 18.3 29.1 8.3 24.9 26.2 25.5 16.8 30.4
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Forbs and shrubs

A few new species of forbs appeared over the 17 years of
succession. Most important of these new arrivals were Canada
goldenrod and American germander (Teucrium canadensis,Table
1), both found mostly in lowlands.

Little change was found in the forb/shrub component except for
overall abundance. Species increasing substantially were:
western ragweed (Ambrosia psilostachya), field pusseytoes
(Antennaria neglecta), white sage (Artemisia ludoviciana), white
aster (Aster ericoides), and western snowberry (Symphoricarpos
occidentalis) Forbs/shrubs showing substantial declines were
Missouri goldenrod (Solidago missouriensis), rigid goldenrod (S.
rigida), and goatsbeard (Tragopogon dubius Scop.)

Most species of forbs and shrubs either contributed little to
composition or stayed about the same over the 17-year period.
Scurf peas (mostly few-flowered, Psoralea tenuiflora) made up
about 5% in both samples. Goldenrods made up about 4% in
both samples.

ommunit mparison
The percentage of graminoids declined about 10%, from 80%
.in 1976 to 69% in 1992 (Table 1). Forbs and shrubs increased by
11%, from 18% in 1976 to 29% in 1992.

The percent similarity among all samples taken in 1976
compared with 1992 was 48% The silty upland sites were 50%
similar in 1975-76 and 48% similar in 1992. A comparison of
1975-76 with 1992 composition on the silty upland site showed
that the coefficient of similarity was only 39%, indicating great
change during the 17 years of succession. The lowland sites
(silty overflow), not surprisingly, with the invasion by smooth
brome showed the greatest change and had only 36% similarity
between sample dates. Shallow limy sites (hillsides) were in the
best condition in 1976 and had 67% similarity among sample
sites on that range site. Variability among these sites was lost by
1992, when they were 92% similar. Considerable succession
took place between sampling dates, with similarity being only
48%. This change was primarily due to the increase in big
bluestem. These shallow limy sites on Cather Prairie appear to
have nearly identical species composition with that of tallgrass
prairie (e.g., compare with similar sites on Konza Prairie, Gibson
1989).

Conclusions

Removing grazing from a mixed grass prairie in 13 of 17 years
and burning all of the prairie at least twice during this period
caused dramatic changes in some species, yet left other species
unaffected. Overall, the species composition changed by 52%
during the period. Variability among samples on the same range
site remained large except on the limy upland site, where
composition was almost identical from location to location.
Forbs and shrubs increased by 11% overall, whereas graminoids
decreased by the same amount.

Big bluestem benefited the most, whereas side-oats grama and
short grasses were reduced the most. Kentucky bluegrass was
unchanged, and smooth brome increased during the 17-year
period. These two species are extremely persistent in mixed
grass prairies.

After 17 years of succession with light grazing and periodic
burning, the hillsides appeared to have species composition
almost identical to that of tallgrass prairic. The uplands and
lowlands, which had been more severely overgrazed at time of
purchase, had a much larger composition of exotic species after
17 years of succession. On these two sites, classical succession,
such as predicted by Weaver and Clements (1938), was not
clearly evident.
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Sources of Variation in Leaf Moisture Content of
Eastern Red Cedar
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Abstract. Leaf moisture content (LMC) may be useful in
scheduling fires to optimize control of eastern red cedar
(Juniperus virginiana). Mortality of larger trees under low fuel
loads is uncommon and usually results from crown ignition. Low
moisture content may enhance crown ignition. The study’s
objective was to detect LMC differences over time among height
classes and among individual trees. The LMC of eastern red
cedars in four height classes was sampled monthly for 12 months
at two sites. Blight-infected trees at Site 1 reached their lowest
LMC in April or May, then LMC increased until July. At Site 2,
LMC rose gradually from February to April, then increased more
rapidly. Trees at Site 1 were consistently drier. Only two of 40
trees were found to be considerably drier than their cohorts at
critical times. The results suggest that late April to early May
fires are best for control of larger trees. Site 1 results suggest that
populations with severe foliage disease are especially good
candidates for burning.

Key words. eastern red cedar, Juniperus virginiana, leaf moisture
content, prescribed burning, repeated measures, brush control

Introduction

Prescribed fire is an effective means to control small eastern
red cedars (Juniperus virginiana). However, mortality decreases
with increasing tree height (Buehring et al. 1971, Owensby et al.
1973), especially for fires with low fine-fuel loads. Although
lower foliage of larger trees may be scorched, the upper foliage
often escapes damage (Engle and Stritzke 1992). Under low fine-
fuel loads, larger trees usually succumb only on the rare occa-
sions when the foliage ignites.

Highly variable foliage ignition is common during prescribed
fires for eastern red cedar control. Larger trees occasionally are
ignited, whereas most nearby, seemingly similar trees are
unaffected. Fuel moisture content is an important factor in
ignition time (Wright and Bailey 1982). Further, leaf moisture
content (LMC) has been correlated highly with ignition time of
redberry juniper (J. pinchotii) (Bunting et al. 1983). In Okla-
homa, the herbicide paraquat has been used desiccate eastern red
cedar before broadcast fire (Engle and Claypool 1988). This has
been shown to increase fire mortality of trees <2.5-m tall and
partially compensate for low fine-fuel loads. Thus, scheduling
fires during periods of low LMC may enhance control of larger
eastern red cedar trees.

The LMC of eastern red cedar follows a seasonal pattern
corresponding to precipitation and soil moisture content (Engle et
al. 1987), which are highest during the late spring and early
summer under a continental climate. Given the observed
variability of eastern red cedar ignition, smaller LMC differences
could exist both among and within trees within the pattern of
seasonal variation. This study’s objective was to examine the
effects of tree size, individual trees, and aspect, or side of tree, on
LMC. Aspect was included because insolation levels, particularly
during winter, might influence LMC.

Methods and Materials

Site Descriptions

The experiment was conducted from February 1993 to January
1994 on two sites in western Lancaster County, Nebraska. Site 1
(N 40°, 50" 53.7"; W 96, 51' 40.2") was located on an eroded
Sharpsburg silty clay loam soil, a fine, montmorillonic, mesic,
Typic Argiudoll formed in loess. It had 5 to 7% east-facing slopes
and was a silty range site. The soil’s surface permeability was
15.2 to 50.8 mm/h (Soil Survey Staff 1980). The site, a wildlife
management area seeded in the mid-1960s and never burned or
grazed by wildlife (J.D. Hoffman, Nebraska Game and Parks
Commission, pers. comm.), was dominated by little bluestem
(Schizachyrium scoparium), indian grass (Sorghastrum nutans)
and goldenrods (Solidago spp).

Site 2 (N 407, 45' 19.6"; W 96, 49' 31.4") had a Burchard clay
loam soil, a fine-loamy, mixed, mesic, Typic Argiudoll formed in
calcareous Kansan glacial till. It had 6 to 11% east-facing slopes
and was a silty range site. The soil’s surface permeability was 5.1
to 15.2 mm/h. The site was in heavily grazed, low-condition
native range dominated by smooth bromegrass (Bromus inermis
subsp. inermis), Kentucky bluegrass (Poa pratensis), and annual
bromes (Bromus spp.), with remnants of native tallgrass prairie
species.

Both sites had volunteer infestations of eastern red cedar.
Some gross morphological differences were apparent between
tree populations at the two sites. Most notably, Site 1 trees had
sparser, more open branching and foliage and an overall redder
color than Site 2 trees. In addition, many dead twig tips were
apparent on the trees at Site 1 but not at Site 2 in January 1993.
The condition was diagnosed as Kabatina tip blight (D.A.
Merrell, Department of Plant Pathology, University of Nebraska-
Lincoln, pers. comm.), which is caused by the fungus Kabatina
Juniperi (Coziahr and Wysong 1987).

Infected foliage was not excluded from the samples. Although
all of the trees at both sites eventually showed some symptoms of
the disease, those at Site 1 were infected much more severely.

Sampling and Laboratory Procedures

Samples of about 5 to 10 g were clipped into plastic bags,
sealed, and chilled until wet-weight determination. Samples were
clipped from nonwoody twigs only. In practice, this meant that
samples from smaller trees were taken only from the outer twig
tips, whereas samples from larger trees included material from
lateral twig tips from the crown interiors.

After weighing, the bags were slit open, and the foliage was
allowed to air dry at room temperature for about 2 weeks. The
air-dried samples were desiccated further with calcium chloride
in closed containers at room temperature to a constant weight
(Budavari 1989). This minimized the loss of volatile oils, which
otherwise could have been confused with moisture loss. Moisture
content was determined by the wet-weight method, using the
formula: (wet weight - dry weight/wet weight) x 100 = %
moisture.
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Precipitation records for the study were obtained from the
Lincoln Municipal Airport National Weather Service Station 8.4
km from Site | and 12.4 km from Site 2. Precipitation for May-
August 1993 was 93% above the 30-year average, although
precipitation during the rest of the study period was near or
below average (Fig. 1).

Statistics

The experiment was a completely random design with a split-
plot treatment structure (Steel and Torrie 1980). Height class of
trees was the whole-plot factor (<1 m, 1-2 m, 2-3 m and >3 m).
Aspect was the subplot factor (north, east, south, and west sides
of the trees). Five trees were selected randomly per height class
per site. In addition, the study was repeated over time, with each
tree sampled at about mid-month for 12 months. The data were
analyzed as a repeated measures split-plot design (SAS 1990).

After preliminary analysis sites were analyzed separately
because of their different blight-infection levels and resulting
behavior. The aspect term was discarded, because aspect
differences in LMC were only about 1 percentage point around
monthly means of 45 to 70% The second analysis produced
significant time x height interactions for each site. Monthly
height-class means for time periods with significant differences
were separated using Fisher’s least-significant-difference tests.

Control charts were drawn for site x height classes containing
individual trees with extreme LMC levels. The monthly standard
deviations were used to calculate three-sigma limits about the
overall site x height class means, an approach most often used in
industrial quality control (Wheeler and Chambers 1992). Because
the three-sigma limits embraced about 99% of the observations,
the method provided a quick visual gauge of an individual’s
departure from the mean. When extreme individuals were noted,
LMC among individual trees was tested further with an analysis
of covariance performed with Proc GLM after adjusting for time
as a linear, quadratic, or cubic effect as necessary (SAS 1990).

Results
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FIG. 1. Average leaf moisture content (%) by site of eastern red
cedar and recorded and 30-year-average precipitation during the
study period (mm).
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FIG. 2. Site 1 leaf moisture content means (%) of eastern red
cedar by tree-height class (m) with letters for months with
significant differences (P<0.05). Means within dates with the
same letters are not significantly different.

The general seasonal LMC trends of the two sites were similar
(Fig. 1), but not parallel. Although the difference between LMC
at the two sites was not constant, that at Site 1 was always lower.
At Site 1, LMC for the class of trees <1 m tall increased after the
April sampling (Fig. 2), whereas LMC for the three taller classes
there declined between the April and May samplings and then
increased. At Site 2, LMC for the class 2-3 m tall increased after
the May sampling (Fig. 3), whereas the other classes rose after
the April sampling. Six of eight site x height classes reached
peak LMC at the July sampling.
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FIG. 3. Site 2 leaf moisture content means (%) of eastern red
cedar by tree-height class (m) with letters for months with
significant differences (P<0.05). Means within dates with the
same letters are not significantly different.
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For Site 1 (Fig. 2), significant differences (P<0.05) in LMC
among height classes were detected in February, March, April,
and July 1993. For Site 2 (Fig. 3), significant differences
(P<0.05) among height classes were detected in March, May,
June, July, November and December 1993, and January 1994.
Site 1 trees <1 m tall in the fall were dropped from the study
after the September 1993 sampling because of a lack of remain-
ing foliage on nonwoody twigs.

The control charts and analysis of covariance revealed that only
two of 40 trees had LMC consistently lower than that of their
classmates. Both trees were especially heavily diseased individu-
als at the heavily diseased Site 1. In the first case (Fig. 4), on the
control chart for trees <I m tall, tree #2 was outside the control
limits in February and April. In the second case (Fig. 5), on the
control chart for trees 1-2 m tall, tree #3 was outside the control
limits in April, December, and January.
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FIG. 4. Control chart showing individual tree leaf moisture
content (%) of eastern red cedar by month for Site 1 trees <1 m
tall, class mean averaged over time and three-sigma limits around
the mean.
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FIG. 5. Control chart showing individual tree leaf moisture
content (%) of eastern red cedar by month for Site 1 trees 1-2 m
tall, class mean averaged over time and three-sigma limits around
the mean.

Discussion and Conclusions

The yearly pattern of LMC of eastern red cedar at both sites
was similar to that in Oklahoma (Engle et al. 1987). Leaf
moisture content rose during the growing season and was much
lower during the cooler months. However, in the Oklahoma study,
which didn’t compare height classes, LMC was found to peak in
June and decline during July and August. In our study, LMC
peaked in July for all Site 1 height classes (Fig. 2). At Site 2, the
class <1 m tall peaked in June, the class >3 m tall in August and
the other two classes in July (Fig. 3). Generally later dates for
peak LMC may result from Nebraska’s higher latitude and later
onset of the growing season. In the current study, LMC remained
relatively high until September, when more rapid decreases were
noted.

The Kabatina tip blight infection probably accounts for the
consistently lower LMC levels at Site 1, because of the quantity
of dead foliage sampled there (Fig. 1). The finding that the three
taller classes of trees at Site 1 did not begin to increase LMC
until after the May sampling (Fig. 2) also may be due to the
blight, because diseased tissue continued to dry out until the
effect was masked by new growth.

Consideration of LMC differences among height classes is
more complex. Factors of tree architecture, sampling procedures,
leaf type, and root depth likely interacted with the disease to
influence LMC.

Tree architecture and sampling procedures are important
because both new growth and diseased tissue are concentrated at
the twig tips on the crown surface. Trees <l m tall were sampled
on the surface only, because they essentially had no interior,
which probably produced exaggerated LMC levels. In the case of
larger trees, samples included more mature and healthy foliage
from lateral twig tips in the crown interiors. This likely reduced
peak LMC levels and moderated LMC fluctuations through time.

Differences in leaf type also may have contributed to LMC
differences among tree height classes. Eastern red cedars have
three types of leaves (Van Haverbeke and Read 1976), including
a “long-shoot whip” characteristic of rapid growth. However,
most leaves on mature trees are scale-like and closely appress the
stem. Trees up to about 5 years old, which would include most <1
m trees, have larger needle-like leaves. However, these can be
present in declining numbers on larger trees. Needle-like leaves
are more succulent than the scale type and have a higher LMC, at
least until foliage hardens in the fall (Levitt 1978).

Finally, root depth may have contributed to LMC differences
among tree height classes. Mature eastern red cedars growing in
deep soils generally are deeply rooted, whereas smaller trees
have roots nearer the surface (Bannan 1942, Hinckley et al.
1979). Thus, smaller trees may be more sensitive to dry or wet
periods.

Interactions of these factors could explain the finding that
LMC peaks generally were inversely proportional to height class.
Larger trees would have had proportionally fewer succulent
needle-like leaves and less new foliage in the samples, but their
deeper root systems buffered them against the effects of high or
low precipitation.

Considering month-to-month differences, trees <I m tall at Site
1 were drier (P<0.05) than the two tallest classes during
February-April (Fig. 2). Again, the high proportion of dead
foliage in samples from these trees, possibly interacting with
below-average precipitation affecting these shallow-rooted trees,
could account for this ranking. In July, leaves from the Site 1
class of trees >3 m tall were driest (P<0.05) . This class would
have had the lowest proportion of both new growth and needle-
like leaves in the samples at that time.
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At Site 2 (Fig. 3), the height classes <1 m and >3 m tall were
significantly drier (P<0.05) than the class 1-2 m tall in March.
However, these differences were only about 2 percentage points
and may not be important in the context of foliage ignition.
Larger differences were detected in the period May-July, with
levels again generally being inversely proportional to height. The
height class <1 m tall was drier (P<0.05) than the two tallest
classes during November-January, and the class >3 m tall was
drier (P<0.05) than the class 1-2 m tall by January. Precipitation
was below average during this period, which may have affected
the shallow-rooted <1 m class most. The low LMC in January of
trees >3 tall may have been due to the higher proportion of
mature foliage and scale-type leaves in the samples, the effect of
which would be more pronounced after new foliage had hard-
ened.

The analysis of individual trees” LMC showed that only two of
40 trees were significantly drier than their cohorts. This analysis,
coupled with the results from Sites 1 and 2, suggest that foliage
disease can substantially reduce LMC of eastern red cedar. This
appears to be so both for populations with different levels of
infection and for individuals within infected populations. These
differences probably are large enough to reduce ignition time and
may partially account for the relatively rare event of large tree
ignition (Bunting et al. 1983).

Management Implications

Our results reinforce the existing practice of conducting
prescribed fires for eastern red cedar control in late April to early
May in Nebraska because at least three factors are optimized.
First, the warm, dry conditions conducive to higher-intensity fires
are more likely to occur then than earlier. Second, fires then are
most likely to suppress undesirable introduced cool-season
grasses than at earlier dates, whereas a later date risks damaging
desirable warm-season grasses (Wright and Bailey 1982). Finally,
the results, particularly from Site 2, showed that delaying burning
beyond early May will allow LMC to rise to levels that may
discourage foliage ignition.

Management objectives and the factors of weather, herbaceous
plant response, tree-size distribution and LMC should be
weighed for each management unit to be burned. For areas with
many large trees, if cool-season grasses are not a major problem
and good burning conditions are predicted, a late April fire would
capitalize on the period of low LMC for eastern red cedar. If cool-
season grasses are a problem, burning at a later date will enhance
their suppression even though control of larger trees may suffer.

The general dryness and delayed LMC increase of larger trees
at Site 1 suggest that tree populations with foliage disease are
especially good candidates for control by prescribed burning. The
Site 1 trees more than 1 m tall reached their spring LMC low
point in mid-May, averaging 47.3% LMC compared to 54.3% for
corresponding trees from Site 2. Such populations could be made
a priority for prescribed burning, if the number of management
units in need of treatment is too great to be burned in a given
spring. Or they could be scheduled for burning later in the spring,
while healthy populations are burned earlier.
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Plant Community Analysis of Schultz Prairie, Webster
County, Nebraska

Steven J. Rothenberger
Department of Biology, University of Nebraska at Kearney, Kearney, Nebraska 68849-1140

Abstract. Schultz Prairie is a 259 ha tract of native mixed-grass
prairie located in the loess hills region of south-central Nebraska
on the Kansas border. It is owned and managed by the Nebraska
Academy of Sciences and is 8.1 km directly east of Willa Cather
Memorial Prairie, a Nature Conservancy site. Each of 41 site
locations were sampled during the 1993 growing season by
quadrat and point-step methods. Soils and vegetation data were
gathered to (1) determine plant species composition and plant
community relationships and (2) provide a basis of comparison to
the Willa Cather Memorial Prairie. Major range community
types are little bluestem (Andropogon scoparius)-big bluestem
(A. gerardii)-blue grama (Bouteloua gracilis) on shallow limy
range sites, little bluestem-Kentucky bluegrass (Poa pratensis)-
sideoats grama (Bouteloua curtipendula) on silty sites, and big
bluestem-little bluestem-Buffalo grass (Buchloe dactyloides) on

lowland silty overflow sites. The flora consists of 239 species
represented by 12 trees, 8 shrubs, 59 graminoids, 154 forbs, and
6 hydrophytes. Species composition reflects the prairie s
transitional location between eastern tallgrass prairie and western
mixed-grass prairie. Although invasion by smooth brome
(Bromus inermis) is not significant, forb densities have been
affected adversely by grazing and limited herbicide applications
used to control populations of musk thistle (Carduus nutans).

Key words/phrases: mixed-grass prairie; bluestem-grama prairie;
biodiversity; little bluestem; Andropogon scoparius; grazed
prairie; loess hills prairie; range types; mixed-grass/tallgrass
transition
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Introduction

The C. Bertrand and Marian Othmer Schultz (BMS) Prairie is
a 259 ha tract of mixed-grass prairie located in the loess hills
region of extreme south central Nebraska (T1N, R10W, Sec. 35;
6.5 km south and 8.1 km east of Red Cloud, Webster County). It
was purchased by the Schultz family and donated to the Nebraska
Academy of Sciences, Inc. in 1990. BMS Prairie is bordered on
the south by the Kansas state line and is 8.1 km due east of U.S.
Highway 281 and the Willa Cather Memorial Prairie, a Nature
Conservancy Preserve (Fig. 1).

The topography consists of gentle to steep slopes containing
silty soils on a parent material of chalky limestone. The major
soil associations are Kipson, Geary/Hobbs, and Holdrege, which
relate directly to the range sites classified in this region (Paden
and Ragon 1974). The three major range types in the Schultz
Prairie are (1) shallow limy (found on Kipson silt loam associa-
tions), (2) silty (found on Holdrege and Geary silt loam associa-
tions), and (3) lowland silty overflow (found on Geary-Hobbs
associations).

The study area is located in the rolling plains and breaks
region of the central Great Plains (Nicholson and Hulett 1969).
Remnant prairie vegetation typical of the study area was
characterized by Hulett et al. (1968), Nicholson and Hulett
(1969), and Nicholson and Marcotte (1979). The extent of the
original loess hills mixed-grass prairie in Nebraska is described
by Kaul and Rolfsmeier (1993), and historical studies by Weaver
and Bruner (1948), Hopkins (1951), and Weaver and Albertson
(1956) documented the loess hills vegetation of central Nebraska.
However, the study area has a number of species with affinities to
the southern mixed-grass prairie that dominates much of north
central Kansas. Webster County lies directly on the transitional
ecotone between eastern tallgrass prairie and mixed-grass prairie
as proposed by Weaver and Bruner (1954). Kuchler (1974)
placed this transition approximately 80 km east of the study area,
but identified this region as bluestem-grama prairie dominated by
big and little bluestem, sideoats grama, and blue grama. In
effect, the study area is within a unique zone of transitional
grasslands - on both an east-west and a north-south basis.

BMS Prairie has never been placed into cultivation. It is
bordered on the north, west, and southwest by grazed prairie and
by mostly cultivated lands on the east and southeast. The earliest
known aerial photo of the site dates to 1 June 1937 (Conservation
and Survey Division 1937) and indicates that topographical
changes have been minor. The grazing history of the site has
been consistent, prior to and after acquisition by the Academy of
Science, with approximately 75 cow-calf pairs utilizing the entire
area from 1 June to 15 November annually.

Methods

Forty-one field sites were sampled from 2 June 1993 to 9
September 1993 using both the modified step-point method
(Owensby 1973) and 0.1 m2 quadrats. Of these study sites, 9
were located on shallow limy range sites, 21 on silty range sites,
and 11 on lowland silty sites. One hundred step points per site
were taken randomly within a 400 m2 area to obtain percent
basal cover and percent species composition. Twenty-five 0.1 m2
quadrats (totaling 2.5 m2/site) were placed randomly along lines
of uniform topography in order to determine forb density, '
frequency, and importance. Aerial cover (%) also was estimated
for all species present within each 0.1 m2 quadrat.

Composite soil samples extracted from the top 25 cm (10 in) of
soil -were taken in triplicate at each site. These samples were
analyzed at Ward Laboratories, Kearney, Nebraska, for pH, lime
content, available P (ppm), available K (ppm), nitrate-nitrogen

(ppm), and organic matter (%). Correlation coefficients between
these quantitative factors and the most important graminoid
species were calculated for each of the three major range types.
Nomenclature follows the Great Plains Flora Association (1991).
Voucher specimens were collected and are on file at the her-
barium at the University of Nebraska at Kearney.

Results and Discussion

Mean basal cover (%) of the 25 most frequently occurring
species was calculated and appears in Table 1. The dominant
graminoid species, little bluestem, sideoats grama, Kentucky
bluegrass, big bluestem, and blue grama, are comparable to those
derived from estimated aerial cover (Table 2). Based on aerial
cover estimates, little bluestem, big bluestem, sideoats grama,
buffalo grass, and Kentucky bluegrass are the top five
graminoids. Sideoats grama and Kentucky bluegrass rank ahead
of big bluestem when mean basal cover (%) is considered alone.

Table 1. Mean basal cover (%) of the 25 most frequently
occurring species for each of three major range types on Schultz
Prairie, Nebraska.

Average Limy Silty Lowland
Species All Sites  Sites Sites Sites
Andropogon scoparius 21.8 255 21.3 17.0
Bouteloua curtipendula 14.4 14.4 14.7 14.4
Poa pratensis 9.5 3.1 14.4 4.8
Andropogon gerardii 9.1 14.1 4.8 13.8
Bouteloua gracilis 7.9 14.3 5.4 5.6
Buchloe dactyloides 5.6 6.4 2.9 11.1

Agropyron smithii 5.3 1.0 72 53

Bouteloua hirsuta 34 7.4 0.9 52
Sporobolus asper 3.4 3.3 0.7 3.2
Dichanthelium oligosanthes

var. scribnerianum 3.2 2.5 43 1.3
Koeleria pyramidata 3.0 1.9 22 6.2
Setaria glauca 27 0.7 4.1 0.7

Bromus inermis 1.4 -- 2.1 1.4
Aristida purpurea

var. robusta 1.1 -- 2.0 --
Carex gravida var. gravida 1.0 0.8 1.4 0.3
Eragrostis spectabilis 1.0 0.6 1.3 0.6
Carex brevior 0.9 0.4 1.3 0.4
Sorghastrum nutans 0.8 0.8 0.4 .-
Bromus japonicus 0.6 -- 0.8 0.8
Oxalis dillenni 0.6 0.3 0.1 0.9
Verbascum thapsus 0.5 0.3 0.7 0.2
Antennaria neglecta 0.4 0.5 0.1 0.9
Hordeum pusillum 04 0.1 0.1 1.3
Cyperus lupulinus 0.3 -- 0.6 --
Panicum virgatum 0.2 0.3 0.1 0.6
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Table 2. Species rankings for each major range type based on relative cover (RC %) on Schultz Prairie, Nebraska.

Lowland
Sites

Silty
Sites

Limy
Sites

Andropogon gerardii (17.1)
Andropogon scoparius (15.9)
Buchloe dactyloides (11.5)
Bouteloua curtipendula(10.1)
Koeleria pyramidata (9.5)
Bouteloua gracilis (7.6)
Hordeum pusillum (3.8)

Andropogon scoparius (28.5)
Andropogon gerardii (17.2)
Bouteloua gracilis (11.1)
Bouteloua hirsuta (9.4)
Bouteloua curtipendula (9.1)
Buchloe dactyloides (5.4)
Poa pratensis (3.6)

Andropogon scoparius (21.5)
Poa pratensis (12.4)
Bouteloua curtipendula (11.7)
Setaria glauca (6.1)
Buchloe dactyloides (5.8)
Andropogon gerardii (4.3)
Dichanthelium oligosanthes
var, scribnerianum (4.2)

Koeleria pyramidata (1.9)

Agropyron smithii (4.1)

Carex gravida
var. gravida (1.5)

Sporobolus asper (3.1)

Poa pratensis (3.8)
Agropyron smithii(3.5)

Because the step-point method (Owensby 1973) tends to over-
emphasize graminoid species, importance values (relative density
+ relative frequency) for forbs were calculated for each of three
range types (Table 3). The 10 most prevalent species, ranked
according to average importance values, are field pussy-toes

Table 3. Average importance values of the most frequently
occurring forbs and woody plants in each of three major range
types on Schultz Prairie, Nebraska.

(Antennaria neglecta), spotted spurge (Euphorbia maculata), Species Ig-,‘:tt?é S:tl?; Los\ivglca: ‘
gray-green wood sorrel (Oxalis dillenii), hoary vervain (Verbena
stricta), common mullein (Verbascum thapsus), purple prairie : : i
clover (Dalea purpurea), dandelion (Taraxacum officinale), jﬂ:ﬁ;ﬂﬁfif i:;ﬁ.ffya 27.4 ;gg 2%?4
western ragweed (Ambrosia psilostachya), white milkwort Artentisic Tudmteianic 0.7 82 0.3
(Polygala alba), and Dakota vervain (Verbena bipinnatifida). Astragalus crassicarpus 5.4 0.9 4.6
Species composition differs markedly at the Willa Cather Astragalus lotiflorus 5.4 0.6 5.5
Memorial Prairie, located only 8.1 km west of the study site, Callishesmwohisvats 6.3 1.7 2.6
where dominant forbs are western ragweed, Missouri goldenrod Cirsium altissimum e 1.4 0.3
(Solidago missouriensis), field pussy-toes, Louisiana sagewort Cirstuniundulatim 1.9 % 0.6
(Artemesia ludoviciana), and scurfpea (Psoralea tenuiflora) Cirsium vulgare nd s 51
(Nicholson and Marcotte 1979). A regional perspective is given Conyza canadensis i 3.5 i
by Nicholson and Hulett (1969), who reported western ragweed, Dalea purpurea 28.2 0.7 7.2
scurfpea, Missouri goldenrod, white milkwort, scarlet gaura Echinacea angustifolia 1.0 0.2 e
(Gaura coccinea), and hoary vervain as dominants in the rolling Erigeron strigosus 1.1 1.8 3.5
hills and breaks region of northern Kansas and southwestern Euphorbia maculata 15.4 14.6 28.6
Nebraska. Weaver and Albertson (1956) also listed western Euphorbia marginata e 3.8 5.9
ragweed, scurfpea, and white milkwort as abundant on mixed- Hedeoma hispidum 2.5 0.6 1.5
grass prairies of central Nebraska. Some of the forbs that occur s a s rraTA 2'] 0'5 0'7
in BMS Prairie approach the northernmost limit of their range Liatris punctata 0:6 3:0 6:9
and extend far to the south into the southern mixed-grass prairies Linum rigidum 1.1 3.0 8.2
of Kansas and Oklahoma. Some examples include spider Lithospermum incisum . 0.7 2.0
milkweed (Asclepias viridus), woolly loco (Astragalus Medicago lupulina 9.7 - i
mollissimus), Fendler s aster (Aster fendleri), silktop dalea Oxalis dillenii 15.8 37.4 20.5
(Dalea aurea), and stenosiphon (Stenosiphon linifolius). Oxytropis lambertii 2.0 i 5.9
Forbs were impacted, both negatively and positively, by (1) Physalis longifolia -- 4.0 2.4
seasonal grazing and (2) an aerial application of picloram (4- Polygala alba 4.8 3.5 7.9
amino-3,5,6-trichlora-2-pyridinecarboxylic acid) as TordonR in Senecio plattensis 4.7 2.0 0.9
an attempt to control musk thistle populations on the north and Strophostyles leiosperma = 2.3 9.2
west sides of the prairie. The high number of weedy invaders Taraxacum officinale 9.6 9.2 7.0
among these forbs indicates a degree of disturbance to the prairie, ;00 perfoliata wis 1.7 1.0
even though grazing effects are minimal. Perhaps several of Verbascum thapsus 14.2 17.8 4.8
these invaders are more herbicide-tolerant than are the native Verbena bipinnatifida 75 0.6 4.8
forbs. 3 't y ) s by nla, Verbena stricta 6.7 15.1 183
BMS Prairie is dominated heavily by graminoids as indicated 11 pratincola 9.1 - e

by quadrat cover estimates for all species (Table 2). The
bluestems, grama grasses, and Kentucky bluegrass have not
decreased appreciably as a result of grazing pressure. Displace-
ment of these species by Japanese brome (Bromus japonicus) and
smooth brome is relatively light when compared to other area
grasslands, such as Willa Cather Prairie. Relative cover was
used to provide a ranking of species for each of three major range

types.




38 PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE

Based on species composition, soils, and topography, three
major range types were recognized on BMS Prairie.

Range Community Types

Limy range sites. Shallow limy range sites are found on
calcareous uplands where slopes average 7-31%. The soils are
mainly Kipson silt loam (KsD), which comprise 21% of BMS
Prairie. Shallow limy soils have low available water capacity
because underlying bedrock limits effective water movement and
root penetration. A degree of drought tolerance is necessary for
plants that must adapt to these steep, dry slopes with rapid
runoff. The major plant association is little bluestem-big
bluestem-blue grama mixed with moderate amounts of hairy
grama (Bouteloua hirsuta), sideoats grama, and buffalo grass
(Table 2). Prominent forbs are purple prairie clover, field pussy-
toes, gray-green wood sorrel, spotted spurge, and common
mullein.

Silty range sites. Silty range sites are supported by deeper silt
loam soils of the Geary and Holdrege series, which cover 45% of
BMS Prairie. Most of these sites have average slopes of 3-7%.
Sites are eroded more severely where slopes range from 7-10%.
A little bluestem-Kentucky bluegrass-side-oats grama association
is dominant, with buffalo grass, big bluestem, and blue grama
present in lesser amounts. Deeper soils and moderate drainage
allow for more optimal growing conditions that support a diverse
combination of forbs and grasses (Table 1). For example, smooth
brome and Japanese brome were found mostly on silty sites.
Japanese brome is adapted better to relatively flat silty sites and
is found rarely on shallow limy sites where dry conditions prevail
(Nicholson and Hui 1993). Gray-green wood sorrel, field pussy-
toes, common mullein, and western ragweed are common forbs.

Lowland silty overflow range sites. An association of big
bluestem-little bluestem-buffalo grass, intermixed with sideoats
grama, Junegrass (Koeleria pyramidata), and blue grama,
occupies the short sides and narrow bottoms of upland drainage
ways. These Geary soils are moderately steep (up to 31% slopes)
on the canyon sides, with nearly level or gently sloping Hobbs
soils on the bottomlands. The silty-alluvial Hobbs series is
flooded occasionally. The slopes are well drained but are quite
permeable, with moderate to high available water capacity
(Paden and Ragon 1974). The most important forbs are field
pussy-toes, spotted spurge, gray-green wood sorrel, and hoary
vervain.

Riparian Forest Community

A fourth plant community type is riparian forest. On the
southwest and west sides of BMS Prairie, savanna-like stands of
woody vegetation, dominated by bur oak (Quercus macrocarpa),
white mulberry (Morus alba), green ash (Fraxinus
pennsylvanica), and silver maple (Acer saccharinum), occur
within the bottomlands. Understory species include rough-leaved
dogwood (Cornus drummondii), bittersweet (Celastrus
scandens), and Missouri gooseberry (Ribes missouriense). This
remnant of riparian forest also is present on the 1937 aerial
photos. Riparian forest species are restricted to the lowlands
along Lost Creek, which drains from south to north on the west
side of the grassland. Lost Creek is a permanent stream that has
continued to flow even during drought cycles (Lyle Henderson
1993, pers. comm.). Postsettlement lack of fire has allowed these
woody plants to increase their numbers and extend their cover-
age. On Konza Prairie in northeast Kansas, fire repression
resulted in a doubling of forest acreage in the 40-year period from
1939-1978 (Reichman 1987).

Relationships of Soil and Plant Communities

Soil chemical parameters are shown in Table 4. Available P
(ppm), K (ppm), OM (%), and pH on limy sites are comparable
to values for shallow limy range sites studied by Hulett and
Tomanek (1969) in North Central Kansas. Soil chemistry on
other remnant grassland sites in northwestern Kansas and
southwestern Nebraska also was similar to that on BMS Prairie
(Hulett et al. 1968). Even though Hulett et al. (1968) and
Nicholson and Marcotte (1979) linked prairie species distribu-
tions in this region to topography and site moisture conditions,
little variation in soil moisture (%) occurred among limy, silty,
and lowland silty overflow sites. These data likely reflect the
fact that the 1993 growing season was unusually wet, punctuated
with frequent heavy rains. Sloping sites and uplands did not
completely dry out, as would be expected during a more typical
growing season.

Table 4. Soil chemistry data from three range types on Schultz
Prairie, Nebraska.

Range oM N P K %
Type pH (%) (ppm) (ppm) (ppm) Moisture
Limy

X 7.63 258 1.88 344 17133 1711
(9 sites)

SD 0.30 072 0.69 230 71.90 2.43
Silty

X 6.51 3.56 3.77  9.10 39247 1685
(21 sites)

SD 049 056 254 565 10720 212
Lowland

X 6.89 3.06 4.09 10.00 330.63  16.31
(11 sites)

SD 060 075 378 7.18 8271 235

Inspection of correlation coefficients indicates that big
bluestem and little bluestem are correlated closely to several soil
factors on silty sites but not on limy and lowland sites (Table 5).
Brown (1985) demonstrated that C4 grasses generally use N more
efficiently than C3 grasses. Sideoats grama, a C4 species, was an
exception on BMS Prairie, because it was correlated significantly
to pH and lime on limy sites and to N on both limy and silty sites.
Warm-season grasses generally have lower critical requirements
for P and K than do cool-season grasses (Samson and Omielan
1994). Potassium (K), pH, and OM were the most critical factors
to Kentucky bluegrass, the most abundant cool-season grass in
the study area. It is also of interest that blue grama was corre-
lated significantly to P on all three major range sites. On
lowland overflow sites, the general lack of significant correlation
between soil factors and all graminoid species suggests that other
edaphic factors are likely of primary importance.

Another adaptive advantage of C4 grass species is their use of
mycorrhizal symbiosis for nutrient uptake. Cool-season grasses,
such as Kentucky bluegrass, tall fescue (Festuca arundinacea),
smooth brome, and junegrass often have little or no infection by
mycorrhizal fungi (Dhillion and Friese 1994). Kentucky
bluegrass, Japanese brome, and smooth brome compete favorably
with warm-season grasses on level and sloping silty sites where
soil moisture supplies are adequate.



Table 5. Correlation coefficients between six soil characteristics and estimated aerial cover (%) of the most common graminoids at each of three range community tvpes of
Schultz Prairie, Nebraska.

LIMY SITE SILTY SITES LOWLAND OVERFLOW SITES

pH Lime P K N (o] pH Lime P K N M pH Lime P K N ™M
pH
Lime -B2%x - -B2%* . 93+
P -.65% 41 =20 46* - -.11 -.32
K -.90**  .66* BIwE -24 32 )20 13 .06 T
N -71* 54* 43 BO% g -.21 27 .18 31 . -.11 -.04 JdF o 2%
oM -.70* 39 Rlxx  Boxe. 5D =23, .26 32 -10 22 -.83*%* -68* -22 -18 .17
Agropyron smithii 41 46 24 .52 57 -39
Andropogon gerardii 47 -.53 =22 -.38 33 -.41 TTHE JS4%F _54%% L 56%x  ST*x . 44x -.16 .01 -.33 K o .54 .54
Andropogon scoparius  -.62 17 .16 41 .10 .00 J2%* - 49% - 49% - 50*% 62%% 138 -22 -.26 -24 . -04 45 40
Bouteloua curtipendula J6+ - 75* 25 -39 -.69* .03 06 -12 .03 -11 A0* .38 -.44 =23 -21 -10 .27 .55
Bouteloua gracilis .33 -.28 J2% A3 -25 .29 12 A5 50 34 -.14 .38 -.03 -.18 -67* 23 -43 -44
Bouteloua hirsuta -.13 28 -14 .05 =74 -41
Bromus japonicus s Th O wig 02 .31 .00 -.02 .29 14
Buchloe dactyloides .06 -.10 -.27 0.6 -.14 -.20 -.58**% 14 -03 S1* .24 o b -.11 -.26 78*% 43 -31 -26
Dichanthelium oligosanthes -.- -40 32 49* 24 1 .45
Koeleria pyramidata .49 44 =21 -19 -44 -63
Poa pratensis -79** 41 .22 B4** 43 B7** -.34 d6 .36 3 & 11 A5 -.22 .03 -50 -.07 3l .64

Significant at (P = 0.05)*

Significant at (P = 0.01)**
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Diversity of BMS Prairie

The overall significance of BMS Prairie is the conservation of
biodiversity in a region intermixed with cultivated and over-
grazed rangelands. A total of 239 plant species and 58 families
representing 42% of Nebraska s 136 plant families are known
from the entire 259 ha prairie (Rothenberger 1994). Rare species
that occur here are bog rush (Juncus effusus), Fendler s aster, and
cardinal flower (Lobelia cardinalis). Fremont s clematis
(Clematis fremontii), reported in only three counties in Nebraska
and 15 in Kansas, grows along roadsides near the prairie. As
reported by Kaul and Rolfsmeier (1994), species richness is often
surprisingly high in relatively small areas. Quadrat data from
this study included a total of 33 species on 9 limy sites (avg. =
1.47 species/m2), 56 species on 21 silty sites (avg. = 1.07
species/m2), and 40 species on lowland silty overflow sites (avg.
= 1.46 species/m2).

BMS Prairie is an excellent representative of bluestem-grama
prairie on calcarcous parent material. These mixed-grass prairies
are not common in Nebraska, where the loess hills mixed-prairie
north of the Republican River and sandhills prairie north of the
Platte River are predominant. In the absence of fire, moderate
grazing pressure apparently facilitates native graminoids (Dyer
and Bokhari 1976, McNaughton 1979). Forb frequencies are
influenced more dramatically where disturbance favors invaders
at the expense of native species. Most area sites comparable to
BMS Prairie are either heavily overgrazed or cultivated to
support alfalfa, wheat, or corn. BMS Prairie is an important
remnant of the once extensive grasslands of the Great Plains.
Because of its species diversity, natural beauty, and its signifi-
cance for study, BMS Prairie should be managed properly and
protected for the future.

Conclusions

BMS Prairie is a grazed, mixed-grass, native prairie found in
the loess hills/calcareous breaks region of south-central Ne-
braska. It consists of approximately 45% silty, 21% shallow
limy, and 34% lowland silty range sites. A small, unique,
riparian forest community borders Lost Creek mainly in the SW
1/4 Section. Overall, the dominant graminoid species are little
bluestem, sideoats grama, Kentucky bluegrass, and big bluestem,
with significant amounts of buffalo grass and blue grama
intermixed. Dominant forbs are field pussy-toes, spotted spurge,
gray-green wood sorrel, hoary vervain, common mullein, and
purple prairie clover. Native forbs have been affected adversely
by grazing and by picloram as Tordon R applications used to
control musk thistle invasion, which represents a serious threat to
the integrity of BMS Prairie. Soil factors (moisture, pH, lime, N,
K, P, and OM) also play an important role in species distribution.
Warm-season, C4 grasses generally have lower critical require-
ments for N, P, and K than do cool-season, C3 species. Invasion
by smooth brome is relatively light given its widespread abun-
dance on other prairies in this area.
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Low Plant Diversity Found in Communities Dominated by
Reed Canary Grass (Phalaris arundinacea)

Daniel R. Spuhler
Department of Landscape Architecture, 1450 Linden Dr., 25 Agriculture Hall, University of Wisconsin,
Madison, WI 53706, USA.

Abstract. Reed canary grass (Phalaris arundinacea) has gained a
reputation as an undesirable plant because it apparently
outcompetes desirable native plant species. However, literature
does not exist to support or discredit this status. Therefore,
presence/absence vegetation surveys were conducted in south-
central Wisconsin, in competing communities of prairie cordgrass
(Spartina pectinata, n=4) and reed canary grass (Phalaris, n=4),
at four sites in 1992 and in competing communities of tussock
sedge (Carex stricta, n=1) and Phalaris (n=2) in a meadow at
the Waubesa Mound in 1993, In all sites, communities domi-
nated by Phalaris contained fewer number of species. Shannon
diversity indices (H’) were calculated for all communities and
were the lowest for the Phalaris-dominated communities. A t-
test indicated significant differences between Phalaris and
native (Spartina and Carex)-dominated communities at four of
the five sites. This study supports previously held qualitative
views of low plant diversity in Phalaris-dominated communities
and provides quantitative data to guide management. Future
management and research of Phalaris dominated communities
should focus on control or reduction of reed canary grass to
maintain or improve native plant diversity.

Key words: Phalaris arundinacea, Spartina pectinata, Carex
stricta, Shannon diversity, plant diversity, competition

Introduction

Phalaris arundinacea is a grass of wetlands and moist soil
areas (Hutchinson 1990, Scheaffer et al. 1990, Bookout et al.
1989, Lefor 1987, Reuter 1986, Nishimura et al. 1983,
Apfelbaum 1984, Wilcox et al. 1984, Tessier et al. 1983, Univ.
Wisc. Extension Serv. 1950, U.S. Dept. Agri. 1938). Although
the species is native to North America, most botanists believe
that the Phalaris present today is aEuropean ecotype (Swink and
Wilhelm 1994, Dore and McNeill 1980). This ecotype has been
identified as a pest plant species (Hutchinson 1990, Apfelbaum
and Sams 1987, West 1984, Marten and Heath 1973) and is
believed to outcompete native plant species (Apfelbaum and
Sams 1987, Nishimura et al. 1985, Buele 1979, Fassett 1957),
resulting in decreased plant species diversity and loss of
preferred vegetation (Holland and Tesar 1988).

The European ecotype of Phalaris was introduced to the
United States in the late 19th century as a forage crop and is still
promoted by government agencies. Because of its high rate of
vegetative reproduction, seed output, and seed viability, has
escaped from agricultural lands onto adjacent compatible lands.
Waterways have further increased the dispersal rate for this
species and introduced it to uncultivated natural areas that
seasonally flood and/or have moist soils.

Conservationists have observed a qualitative decrease in floral
and faunal diversity within Phalaris-dominated communities and
are concerned that the unchecked spread of Phalaris may lead to
local, regional, or even global extinction of some plant species.
However, qualitative observations may be deceptive and may lead
to erroneous policy and management decisions. I could not locate
any studies that evaluated the species diversity of Phalaris-
dominated communities; therefore, I conducted vegetation
surveys to determine the plant species diversity differences,
measured by species richness (H”), between Phalaris-dominated
communities and adjacent native communities.

Study Areas and Methods

This study was conducted at five sites in south-central
Wisconsin. Criteria for site selection were: 1.) Phalaris must
appear visually dominant, 2.) the native community must be
dominated visually by Spartina or Carex, and 3.) Phalaris-
dominated and native-dominated communities must be in direct
competition, as shown by Phalaris and Spartina or Carex co-
occuring in transition zones between the dominant communities.

Locations of study sites were: Site 1.) along a bicycle trail in a
former railroad right-of way, Site 2.) further west along the same
bicycle trail, Site 3.) Waunakee Marsh State Wildlife Area, Site
4.) Dodge County road right-of-way, and Site 5.) north of, and
adjacent to, Murphy’s Creek and the Waubesa Peat Mound.

None of the sites appeared to have been burned in the past
several years as evidenced by: 1) presence of young/short woody
species, 2) lack of fire scarring of larger woody vegetation, and
3) accumulation of dead vegetation. Also none of the sites
apparently had been cultivated in recent decades, but were
currently (or had been recently) bordered by crop fields or
pasture.

Approximately equal-sized areas were delineated by pace
count for sampling of native and Phalaris communities at each
site. All communities within a site were uniform in slope,
topography, and aspect. Borders were at least 3 m from apparent
landscape change or disturbance, i.e., drainage ditch, embank-
ment, or fence. Recent soil disturbance from trampling, machin-
ery, or sedimentation was not evident. Because the actual area
covered during sampling at each site was small (< 1 ac), I
assumed that differences in soils, hydrology, and disturbance
history were slight.

Presence/absence surveys were conducted by locating transects
within both communities and randomly placing 1-m2 quadrats
along the transects in each of the communities. Number and
length of transects varied enough among sites and among
communities to allow for 40 quadrat samples. Transects were at
least 2 m from the outer edge of the communities to prevent edge
effects. Vegetation was identified to genus and species when
possible following Gleason and Cronquist (1991).
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FIG. 1. Number of plant species found per community, per site.
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Shannon diversity (H’) indices (Magurran 1988, Brower and
Zar 1984) were derived for all communities in each of the sites
using the number of quadrats in which a species was observed.

A t-test was conducted on the H’ values following Magurran
(1988) and Brower and Zar (1984). The null hypothesis was:
differences occur in plant species diversity (species richness)
between Phalaris- and native-dominated communities within
each site.

Results

The number of species found in each community at each site
was highest in the native (Spartina or Carex) community and
lowest in the Phalaris community (Figure 1.).

The H’ values were higher for the native communities than for
the Phalaris dominated communities at all sites (Table 1.).

The t-test conducted on the Shannon diversity indices (Table
1.) indicated that significant differences occurred between
Phalaris- and native-dominated communities in four (sites: 1, 2,
4, 5) of the five sites. Therfore, the null hypothesis was rejected
for the four sites. Site 3 was the only site where the t-test did not
find a significant difference between H’ values.

Discussion

The sites were located many miles from one another and had
different adjacent land-uses; therefore, it is likely that they had
different past-use (disturbance) histories. In this study, the native
communities consistently showed greater diversity. This may
indicate that the Phalaris communities were outcompeting other
vegetation for some limiting resource(s) and were less related to
past-use history. Competition as defined by Pianka (1978): “...
occurs when two or more organismic units use the same resources
and when those resources are in short supply. It may also occur
through direct interference such as the production of toxins.”

Table 1. Shannon diversity indes (H') for communities and
results of t-test comparing H' values.

Site Dominated by H' P value
1 Phalaris 0.68
1992 P<0.01
Spartina 1.38
2 Phalaris 0.39
1992 P <0.01
Spartina 1.05
3 Phalaris 0.64
1992 P> 0.05
Spartina 0.71
4 Phalaris 0.34
1992 P <0.01
Spartina 0.92
5 Phalaris1 0.40
1993 P <0.01
Carex 1.04
P <0.01
Phalaris2 0.35
H' = Zpi log pi pi = ni/N a=0.05
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FIG. 2. Percent frequency of saw-toothed sunflower.

Phalaris is a C3 grass (Kephart and Buxton 1989) and begins
growth early in the spring. It is able to form a dense canopy by
mid- to late-spring, thus preventing solar radiation from reaching
the ground or other vegetation lower in height. This lack of solar
radiation will prevent soils from warming to levels required by
various species to germinate and will limit photosynthesis of
shorter species, resulting in decreased growth or death.

A possible reason for the lower plant diversity in Phalaris-
dominated communities is the production of toxins by Phalaris
(Kendal et al. 1979). In this study the Phalaris community
displayed a fairly distinct ‘edge’ or ‘border’, possibly requiring a
high density of roots per given area to produce enough toxin to
invade established communities or to crowd out established
species. This also may explain why saw-toothed sunflower
(Helianthus grosseserratus), known to be allelopathic (Curtis and
Cottam 1950), maintained relatively high abundance in the
Phalaris community (Figure 2.).

Another possibility is competition for light. Although Fowler
and Antonovics (1981) recorded co-occurrence of C3 and C4
grasses and forbs because of differing temporal patterns and
resource partitioning of light, the species in their study did not
include a plant with the ability to create a nearly complete to
complete canopy as does Phalaris.

In Nebraska, Weaver and Rowland (1952) found reduced
height, weight, soil temperature, basal area, flowering culms, and
plant species diversity in areas where mulch accumulated
naturally compared to areas where it was removed in the spring.

Fenner (1980) showed that leaf canopy was very effective in
inhibiting germination of Bidens pilosa achenes, and Silvertown
(1980) found that germination for 17 of 27 species studied was
significantly lower under a leaf canopy. Kephart and Buxton
(1989) found a reduced leaf area ratio in two C4 and three C3
grass species grown under reduced irradiance. Assuming other
native plant species would respond similarly, a lower leaf arca
ratio would further inhibit a plant’s ability to photosynthesize
available light, thus reducing the growth rate.

Many areas dominated by Phalaris appear to be burned
infrequently if at all, and the accumulation of Phalaris litter will
further decrease light penetration. Burning or mowing can be
effective in removing the litter and canopy of Phalaris; however,
timing of burning or mowing may be crucial.

The UW-Madison Arboretum has been burning its Greene
Prairie yearly for the past 11 years in early spring, but Phalaris
continues to invade (V. Kline UW-Madison Arboretum pers.
commun.). However, late spring or early summer burning or
mowing appears to effectively reduce Phalaris and increase
Spartina pectinata and other plant species (Gillespic and Murn
1992, Larson and Stearns 1989). The literature supports both
temporal observations that early spring burning increases
flowering of C3 grasses and late spring or early summer burning
effectively eliminates C3 sexual reproduction but increases
flowering of C4 grasses, and of other forbs (Curtis and Partch
1948, 1950).

Although the rhizome network of Phalaris has been described
as very dense (Troughton 1957), the rhizome network for
Spartina is also very dense (Weaver 1954), and anyone who has
attempted to collect a specimen of Carex for an herbarium can
tell you that its rhizome network is extremely dense as well. The
effect of Phalaris’ thizome network alone is unlikely to be
responsible for the lower H’ found in those communities.
However, the combined effects of litter accumulation (reduced
photosynthesis and cooler soils), toxins, and the Phalaris rhizome
network may be very important.
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Conclusion

Although several factors may contribute to the lower plant
diversity of Phalaris communities, the literature seems to suggest
that competition for light, or the inability of the native plants and
soil to receive light, is chiefly responsible.

This study supports previously held qualitative perceptions that
Phalaris-dominated communities are lower in plant diversity and,
left unmanaged, may effectively eliminate some plant species at a
local, regional, or even global scale. Restorationists, land
managers, and planners need to pay special attention to Phalaris-
dominated communities. Monitoring of adjacent wetland
communities should be conducted to allow enough time to initiate
control measures of Phalaris and prevent its spread into these
sites.

Repetition of this study and additional long-term study of
Phalaris-dominated communities are warranted for us to gain
additional understanding of this community and form more
concise conclusions.
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Fungus Pathogens of Prairie Plants in Iowa

Lois H. Tiffany and George Knaphus
Department of Botany, lowa State University, Ames, lowa 50011-1020

Abstract. Parasitic fungi have long been recognized as signifi-
cant factors in the normal growth, survival, and yield of culti-
vated plants. However, little attention has been given to the
parasitic fungi of native prairie plants or to their impact on their
host plants in a tallgrass prairie. Basic to consideration of their
impact is information concerning the presence and prevalence of
specific fungi on host plant species. Since the early 1980’s, we
have made collections throughout the growing season of fungal
parasites on the aboveground parts of plants from prairie
preserves and private prairies in lowa. Over two hundred species
of fungi have been documented. This report discusses the fungi
found on 25 common tallgrass prairie plants from 10 prairies in
northern Iowa and one in central Iowa. It includes 43 fungi not
reported in Gilman and Archer’s 1929 paper on the plant
parasitic fungi in Iowa or in Gilman’s later supplements to that
paper. An additional six fungus species were not reported
previously on the hosts on which we found them but were listed
on other host species. With knowledge of the fungus flora, we
can evaluate its impact on the host plant’s competitive ability and
better interpret this component of the biological and environmen-
tal factors that shape our prairies.

Key words: Prairie plant diseases, fungus diseases, rusts, smuts,
leaf spots

Introduction

Often overlooked and underappreciated, the fungi are crucial
members of the prairie biological community. Major activities of
the fungi include:

1. The fungi recycle such mineral nutrients as nitrogen,
phosphorous, and potassium which are necessary to
continued life for every organism. The fungi decompose
cellulose and other materials in plant debris and use the
carbohydrates as their energy source, assimilating some of
the minerals into their living protoplasm. Individual cells
of the mycelium are often short-lived, and the minerals
eventually are available for use by other living organisms,
including prairie plants.

2. Some fungi are very significant because they establish a
mycorrhizal relationship with the roots of green plants.
The mycorrhizal fungus expedites the movement of
phosphorus, water, and possibly other nutrients into the
plant, while it receives from the plant the materials
necessary for its growth and survival.

3. Fungi are the major pathogens of plants. They may
interfere with seedling survival and establishment, restrict
the development and competitive ability of growing plants,
prevent reproduction, or even directly kill individuals.

These three vital activities have not been studied intensively
for fungi associated with prairies. General studies of decomposer
fungi as they break down plant materials of all kinds do give
insight into what happens in the prairie (Frankland et al, 1982).
Numerous studies of mycorrhizal relationships of many
nonprairie plants also give insight into what may be probably

happening in the prairie (Read et al, 1992). In both situations,
more specific studies of the fungi involved are needed to gain a
better view of how these fungi affect and are affected by the
prairie plants.

The limited information on fungal diseases of midwestern
prairie plants has come primarily from state treatments of fungal
diseases on plants. Trelease (1884) and Davis (1903, 1926)
reported on the parasitic fungi of Wisconsin. Later, Greene
added to the information on fungal plant parasites in Wisconsin
in a series of 33 papers published from 1940 to 1968. Gilman
and Archer (1929) listed the fungi of Iowa parasitic on cultivated
and native plants. Two supplemental lists of parasitic fungi were
compiled by Gilman (1932, 1949). More recently, information on
distribution of a leaf spot fungus, Elsinoe panici, on switchgrass
(Gabel and Tiffany, 1987) and of kernel smut, Sphacelotheca
occidentalis, on big bluestem (Snetselaar and Tiffany, 1992)
documented these diseases in Iowa.

Farr et al (1989) developed an extensive compilation of
occurrence of fungi on plants and plant products in the United
States. Monographic treatments of genera or groups of fungi such
as Cummin’s books on rust fungi on grasses (1971) and rust fungi
on legumes and composites (1978), Fischer’s treatment of the
smut fungi (1953), and books dealing with fungal parasites of a
specific group of plants such as cereals and grasses (Sprague,
1950) have made available general distribution information on
these fungus species. However, we lack information on the
distribution and occurrence of particular fungi on their hosts in
given geographic areas in specific habitats.

QOur present prairie heritage in Iowa consists of scattered
remnant prairies of various sizes. The plant parasitic fungi may
well be determining factors in the survival or the successful
growth and reproduction of individual host species. A base of
current information about the disease-inducing fungi on specific
host species on each prairie may be useful in interpreting changes
over time. A part of this ongoing project is discussed in this

paper.

Materials and Methods

Beginning in the early 1980’s, but continuing more intensively
to the present, collections of diseased plants have been made
throughout the growing season from tallgrass prairies in lowa.
State prairie preserves and Nature Conservancy prairie preserves
in these counties have been our major sources of information, but
county prairie preserves and private prairies have been visited as
time permitted. We have tried to visit each site in early June, in
late July, and in late August but have not been able to complete
these visits in each collection year. Different parasitic fungi may
be present in any given year, because they are influenced by
temperature regimes and available moisture. Some may develop
at different times during the growing season. For example, aecial
stages of rust fungi usually develop during the spring and early
summer, and the host leaves or entire plants colonized by the rust
soon die. Thus, they are not evident at later visits and would not
be included in disease information from that site.
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FIG. 1. Primary lowa prairie sites included in survey of plant parasitic fungi.

Collections of diseased plant material were made in a nonde-
structive manner. When possible, plants were identified in the
field, and only discased parts collected, pressed, and processed.
Identified fungus material in good fruiting condition on known
hosts has been deposited in the mycology section of the Ada
Hayden Herbarium of the Botany Department, lowa State
University (ISC) for permanent reference.

This report discusses the disease-inducing fungi found on 25
species of host plants in four groups collected on 10 native
tallgrass prairies in northern Iowa and one in central Iowa (Fig.
1). These prairies are: 'Five Ridges prairie, Plymouth County;
2Steele prairie, Cherokee County; *Cayler prairie, Dickinson
County; ‘Freda Haffner Kettlehole, Dickinson county; *Anderson
prairie, Emmet County; *Stinson prairie, Kossuth County;
'Kalsow prairie, Pocahontas County; *Sheeder prairie, Guthrie
County; *Doolittle prairie, Story County; ""Cedar Hills sand
prairie, Black Hawk County; '"Hayden prairie, Howard County.

Results

Our total collections thus far in this project include about 200
fungi parasitic on over 130 species of prairie plants. The four
groups of plants discussed in this paper include the most common
species on many lowa tallgrass prairies. Fungal parasites are
presented for four common grasses (Table 1), five legumes (Table
2), seven common composites (Table 3), and nine common prairie
species from several plant families (Table 4).

The fungi reported here include 43 species not reported in
Gilman and Archer’s 1929 report on the plant parasitic fungi of
Iowa or in Gilman’s later supplements (Gilman, 1932, 1949) to
that report. An additional six fungus species are not included in
those reports on the hosts on which we have encountered them
but were listed on other plant hosts.

The data on fungal parasites presented here based on collec-
tions from common prairie plant species on the 11 lowa prairies
are typical of the information we have from these and additional
hosts in other sites. The most common, potentially quite
destructive, parasitic fungi on most grass hosts (Table 1) are the
rusts. Two of these hosts, big bluestem and switchgrass, each
had two different rust fungi on their leaves, a not unusual
situation for the grasses. At least one rust was consistently
present on three of the grass hosts by the end of the growing
season on all prairies. The disease situation was different with
Indian grass. A parasitic rust occurs on Indian grass leaves, but it
is uncommon in Iowa. The most common and destructive
pathogen on Indian grass is an imperfect fungus, Stagonospora
simplicior, a leaf spot pathogen. This same fungus also produces
characteristic large elliptical lesions with surrounding chlorotic
tissue on leaves of big bluestem and little bluestem throughout
the season. Tar spot develops on the leaves of big bluestem and
little bluestem late in the season, usually in August.



Table 1. Fungal parasites of the most common tallgrass prairie
grasses (Poaceae) of selected lowa prairies.

Prairies

Host & Fungus 12345678 91011

Andropogon gerardii (big bluestem)
Rusts
Puccinia andropogonis XXXXXXXX X X X
Uromyces andropogonis X
Smuts
Sphacelotheca occidentalis X X XX X
Ergot
Claviceps purpurea X
Tar spot
Phyllachora luteo-maculata XX XX, XEX.X XX
Leaf Spots
Ascochyta agropyrina X
Ascochyta brachypodii X X
Ascochyta sorghi X
Colletotrichum caudatum X%
Colletotrichum graminicola X
Septoria andropogonis %o
Stagonospora simplicior XXXXXXXX X X X
Sphaerellopsis filum X
(On Puccinia andropogonis
pustules)
Schizachyrium scoparium
(little bluestem) a a
Rust
Puccinia andropogonis X e I
Tar spot
Phyllachora luteo-maculata XX X
Leaf spots
Colletotrichum caudatum X X
Colletotrichum graminicola X X %
Stagonospora simplicior X kX X
Sphaereliopsis filum X
(On Puccinia andropogonis
pustules)
Sorghastrum nutans (Indian grass)
Leaf spots
Colletotrichum caudatum A S ¥ X
Pseudoseptoria donacis
Stagonospora simplicior X XXX X X
Panicum virgatum L. (switchgrass)
Rusts
Puccinia emaculata T X X X
Uromyces graminicola KRR IR X
Leaf spots
Colletotrichum graminicola I B, & &«
Elsinoe panici b S0, B, S SR G5 ¢ X X

>
”

»®

b
”
>
»

a = host plant not collected

Even though the black sclerotia of ergot are common in the
florets of open-pollinated grasses such as western wheat grass,
rye and brome, this disease is seldom present on the tallgrass
prairie grasses. It has been collected once during this project, on
big bluestem at Sheeder prairie.

Although the smut fungi have been significant destructive
parasites on agronomic grasses, the only smut fungus recorded on
the native prairie grasses in this report is kernel smut of big
bluestem, Sphacelotheca occidentalis. 1t occurs only in the
native prairies of the northwestern portion of the state, although

FUNGUS PATHOGENS OF PRAIRIE PLANTS IN IOWA 51

it is also present on planted prairies elsewhere in the state.
Another smut of big bluestem, Sorosporium provinciale, is
present on native prairies only in southern ITowa and destroys the
entire inflorescences of diseased host plants.

Leaf spots, usually caused by species of imperfect fungi, occur
on all of the prairic grasses. Some fungus species can parasitize
several grass hosts, such as Stagnospora simplicior on leaves of
Indian grass, big bluestem, and little bluestem (Table 1).
Conversely, Elsinoé panici is a destructive leaf pathogen only on
switchgrass. It does not parasitize other prairie species of
Panicum, but can be lethal for its switchgrass host.

Table 2. Fungal parasites of common legume (Fabaceae) hosts of
selected Towa prairies.

Prairies
Host & Fungus 12345678 91011
Amorpha canescens (lead plant) a a
Rust
Uropyxis amorphae X X XXX X
Desmodium canadense (tick-trefoil)
Rust
Uromyces hedysari-paniculati XX XXX X %
Powdery mildew
Microsphaera diffusa XX X X X
Black mildew
Parodiella hedysari X X X
Leaf spots
Cercospora desmodiicola X X% X %
Gloeosporidiella desmodii X
Phyllosticta desmodii X X
Ramularia desmodii XX X X
Sphaerellopsis filum X

(on Uromyces hedysari-
paniculati pustules)
Lathyrus venosus (bushy vetchling) a a aaa
Rust
Uromyces fabae X%EXX X X
Downy mildew
Peronospora trifoliorum X
Leaf spot
Cercospora lathyrina X
Lespedeza capitata (bush clover) a aaa a
Rust
Uromyces lespedezae-
procumbentis X X X X
Tar spot
Phyllachora lespedezae X X
Pediomelum argophyllum (scurf pea)a aa aaa
Rust
Uromyces psoralea var. argopyllae  x x X X
Leaf spot
Colletotrichum psoraleae X X XX

a = host plant not collected

Rusts, species of Uromyces and Uropyxis, are the commonest
parasitic fungi on the legume hosts (Table 2). Lathyrus venosus
often is damaged severely by the extensive development of rust
by mid-summer. However, two leaf-surface inhabiting fungi are
the most destructive on tick-trefoil. Powdery mildew, character-
ized by a grayish-white covering of fungus mycelium on the leaf
surfaces, and black mildew, with a jet black, external, leaf
covering, may severely inhibit the development of young leaves
and stems. The resulting dwarfed plants struggle to survive.
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Table 3. Fungal parasites of most common composite hosts
(Asteraceae) of selected Iowa prairies.

Host & Fungus

Prairies
12345678 9

10 11

Artemesia ludoviciana (prairie sage)

Rust
Puccinia similis
Leaf spot
Nematostoma occidentalis
Aster simplex (panicled aster)
Rusts
Coleosporium asterum
Puccinia cnici-oleracea
White smut
Entyloma compositarum
Powdery mildew
Erysiphe cichoracearum
Leaf spots
Ascochyta compositarum
Cercosporella virgaureae
Placosphaeria haydeni
Septoria atropurpurea
Coreopsis palmata (prairie
coreopsis)
Leaf spots
Cercospora coreopsidis
Phyllosticta coreopsidis
Septoria coreopsidis
Helianthus grosseserratus
(sawtooth sunflower)
Rust
Puccinia helianthi
Downy mildew
Plasmopara halstedii
Powdery mildew
Erysiphe cichoracearum
Leaf spots
Colletotrichum helianthi
Septoria helianthi
Liatris aspera Michx. (rough
blazing star)
Leaf spot
Septoria liatridis
Ratibida pinnata (grayhead
coneflower)
White smut
Entyloma compositarum
Downy mildew
Plasmopara halstedii
Leaf spot
Septoria infuscata
Solidago canadensis (Canada
goldenrod)
Rust
Coleosporium asterum
Leaf spots
Ascochyta compositarum
Cercospora stomatica
Colletotrichum dematium
Septoria virgaureae

X

X

a = host plant not collected

Rusts, caused by Puccinia and Coleosporium species, are
common on the aster, sunflower, and goldenrod species presented
here (Table 3). The same rusts, or other species in these genera,
also are common on the other aster, sunflower, and goldenrod
species of these prairies. The other composite hosts in Table 3
have a different range of common fungus parasites. White smut,
a leaf spot smut causing white to yellowish spots, was present
wherever grayhead coneflower was observed. It occurs through-
out the season, but the round to oval white spots are not well
delimited and are less obvious early in the season. Nematostoma
occidentalis, identified in Table 3 as a leaf spot, is an ascomycete
that develops black superficial ascocarps on the leaves of prairie
sage. They could be interpreted easily as ascocarps of a powdery
mildew, but the fungus does not develop the surface white
mycelium of a powdery mildew. The black ascocarps may
develop in sufficient number to impart a characteristic dark gray
color to the leaves. These diseased leaves also may be less than
normal size.

The miscellaneous species of common prairie plants summa-
rized in Table 4 often are parasitized by rusts, usually by
Puccinia species. Rose leaf rust, Phragmidium rosae-
arkansanae, is very common on wild rose species. Indefinite
chlorotic areas develop on the upper leaf surface as orange
powdery pustules of urediospores and superficial clusters of black
teliospores are formed on the lower leaf surface. The other
common rose rust, Phragmidium speciosum, is evidenced by
orange pustules of spores on the leaves or fruits in early summer
and extensive black crusts of teliospores on the stems later in
summer or early fall. Leaf spots also are common on rose.

Leaf spot fungi are the most frequently encountered parasites
on the anemones, but Puccinia anemones-virginianae, a rust
characterized by mounds of dark teliospores on the leaves, is
expected by mid-summer.

The rusts on common milkweed and on bastard toadflax are
evidenced in late May or June by clusters of white-rimmed,
orange, spore-producing structures (aecia) on the leaves. These
occur in spots on the leaves and are followed by killing of
portions of the leaf or entire leaves. These rusts develop on the
alternate grass hosts later in the summer, forming different spore-
producing structures on the grass host. For example, Puccinia
andropogonis produces clusters of cup-like orange structures
(aecia) on bastard toadflax in early summer, then later produces
pustules of orange-red spores (uredia) and eventually black
spores (telia) on the leaves of big bluestem and little bluestem.

Powdery mildew, Erysiphe cichoracearum, often is well
developed on leaves of wild bergamot, the superficial mycelium
giving the leaves a gray color and a powdery appearance. The
most common fungus parasite on rattlesnake master is
Cylindrosporium leaf spot. The rectangular elongate spots may
eventually coalesce, resulting in major destruction of leaf tissue
as the season progresses.
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Table 4. Fungal parasites of common prairie plant hosts (various families) of selected Iowa prairies.

Host & Fungus 12345678 91011 Prairies
Host & Fungus 12345678 91011
Anemone canadensis (Canada
anemone) a a a Septoria eryngicola X
Rust Monarda fistulosa (bergamot) a a a a
Puccinia anemones-virginianae X X Rust
Downy mildew Puccinia menthae x X X
Plasmopara pygmaea X XX X Powdery mildew
Leaf spots Erysiphe cichoracearum X XX X X X
Phleospora anemones X i X Leaf spot
Ramularia didyma XXX XX X Ramularia brevipes X
Anemone cylindrica (thimble weed) a a a Phlox pilosa (prairie phlox) a a
Rust Rust
Puccinia anemones-virginianae X X X o O Uromyces acuminatus XXX X X
Leaf spots Leaf spots
Phleospora anemones X, X0 KM Ascochyta phlogis X
Phyllosticta anemonicola X Cercospora omphacodes X0 WX IR W % X
Septoria anemones X Septoria phlogis X
Asclepias syriaca (common Rosa arkansana (rose) a
milkweed) ‘ a a a Rusts
Rusts Phragmidium rosae-arkansanae X X X X X X X X
Puccinia chloridis X X Phragmidium speciosum X XX X X
Puccinia seymouriana S X X Leaf spots
Leaf spots Cercospora rosicola b olb ol do ' o BRE O W
Cercospora clavata X% X % % o X Discosia artocreas X X
Cercospora venturioides X X i Marssonina rosae X
Colletotrichum fusarioides X Seimatosporium discosioides X
Comandra umbellata (bastard toadflax) Zizia aurea (golden alexanders) a a a
Rust Leaf gall
Puccinia andropogonis XX X XXXXX X X Physoderma pluriannulatum X X
Leaf spot Leaf spots
Cercospora comandrae X X Cercospora ziziae XXX XXX 'X X
Eryngium yuccifolium Septoria ziziae X
(rattlesnake master) a aa a a Stagnospora thaspii X X
Leaf spots
Cylindrosporium eryngii X X XXX x | a=host plant not collected
Discussion ovary with a mass of fungus tissue that develops as a hard black

Parasitic fungi have long been recognized as significant factors
in the establishment, survival, growth, and yield of cultivated
plants. However, little attention has been given to fungi as
factors in these critical events for native plants (Burdon, 1987).
Fungi, usually those species already present in the soil, may
interfere with plant establishment by causing seedling damping-
off or root rots. We have not attempted to consider these fungi or
other fungi associated with underground plant structures in the
research project discussed in this paper.

Fungi may affect the survival of individual plants or alter their
competitive ability. Leaf spots may cause immediate necrosis of
leaf tissue, resulting in significant loss of photosynthetic tissue.
The effects of tar spot fungi, leaf smuts, powdery mildew, and
rusts may be more subtle and less immediately expressed. When
the rusts produce spores in local pustules, the leaf epidermis and
cuticle are broken, causing an immediate effect on transpiration
rates.

Still other fungi may interfere with reproduction of the
diseased plants. Epichloe typhina mycelium may invade the
apical meristem of host grass species so that the inflorescence
does not develop; which is the disease situation referred to as
choke (Webster, 1980). Mycelium of Claviceps species, ergot,
invades individual florets of grasses or sedges, replacing the

sclerotium (Webster, 1980). Smut fungi that replace individual
florets or entire inflorescences are common parasites on the
grasses. These smut fungi may be perennial in their grass hosts,
destroying floral tissue each year (Snetselaar and Tiffany, 1990,
1992).

As more complete information becomes available about the
presence and incidence of these fungi (Tiffany et al., 1990), we
can begin to evaluate their influence on competitive ability and
survival of their host plants and interactions with the numerous
other factors that will determine successful establishment and
persistence of prairie plants. Resistance to penetration and
subsequent establishment of a fungus in a host plant certainly is
influenced, if not prevented, by the genetic components of the
plant. Over the hundreds of years that prairie communities have
been in existence with ongoing and various biological and
environmental interactions, genetically susceptible individuals
have consistently been at a disadvantage for survival or reaching
reproductive maturity.

Plant-fungal disease interactions are constantly changing. As
more virulent strains of fungal pathogens develop or as new fungi
are introduced into an area, competitive abilities of the host
plants may be altered. For example, kernel smut of big bluestem
in Nebraska was reported by Dunleavy (1956). It was first
observed in Iowa in 1978 on Cayler Prairie in the northwest part
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of the state (Knaphus and Tiffany, 1986). As reported in Table 1,
it has now been observed in prairies throughout the northwest
portion. Kernel smut on big bluestem has been observed in new
prairie plantings in other areas of the state, where this fungus
does not occur on big bluestem on native prairies. Mycelium of
kernel smut is perennial in the diseased plant and affects not only
floral production but also vegetative vigor of the plant (Snetselaar
and Tiffany, 1991). The impact of this fungus on its host
population in lowa prairies is still incompletely understood.

As we establish a more complete record of the fungus parasites
on plants of individual prairies, we may be in a position to use
this information to develop maintenance strategies that will
control them or minimize their impact, particularly on our small,
widely separated, remnant prairies. At the least, we will have
information on another component involved in the dynamic mix
of biological and environmental factors that shape our prairies.
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Abstract. The effect of fire on the meadow vole Microtus
pennsylvanicus and the northern short-tailed shrew Blarina
brevicauda was studied between April and October, 1993.
Animals in a 16,000 m? field were live-trapped in April, and a
4000 m? plot (containing 19 of the 78 traps in the field) was
burned three days later. Trapping was done periodically in the
entire area through 17 October. Compared to the burned area,
proportionally more individuals of both species from the un-
burned area were recaptured after the burn, but the difference
was not statistically significant for either species. M.
pennsylvanicus and B. brevicauda captures in the burned area
dropped to nearly zero for 4 and 7 weeks respectively, but both
species’ use of the area returned to preburn levels within 3
months of the fire. These observations suggest that, in small
preserves, small mammal diversity is enhanced by small fires that
do not burn the entire area at one time.

Key words: Abandoned field, fire, Microtus, Blarina, small
mammals, Ohio.

Introduction

The impact of fire on small mammals in grasslands has been
studied extensively (Kaufman ef al. 1990), but the fate of
individuals, their survival and movements, and the pattern of
reinvasion of the burned area warrant further consideration
(Clark and Kaufman 1990). This study concerned the impact of
fire on meadow voles (Microtus pennsylvanicus) and northern
short-tailed shrews (Blarina brevicauda) in a grass-covered field
in Hardin County, Ohio. The direct effect of the fire on individual
persistence on the grid (a potential correlate of individual
survival), the pattern of use of the burned area in the months
after the fire, and differences in responses of the two species to
the fire were evaluated.

Methods

The field is irregular in shape, about 1.6 ha in area, and
surrounds a 0.6 ha farm pond. It is bounded by a blacktop road,
mowed yards, and agricultural fields. It is dominated by fescue
(Festuca spp.) and bluegrass (Poa spp.), with clumps of reed
canary grass (Phalaris arundinacea) and patches of goldenrod
(Solidago spp.), teasel (Dipsacus sylvestris), and Canada thistle
(Cirsium arvense). The pond is fringed by willows (Salix spp.),
cottonwoods (Populus deltoides), and silver maples (Acer
saccharinum).

The grid consisted of 78 folding Sherman live-traps (9x3x3
cm), placed one per station, with 14 m spacing between stations.
Each captured animal was removed from the trap, identified to
species, sexed, aged, and toe clipped (or the toe clip number was
read on recaptured animals) to identify the individual. Traps were
set and checked six times during 25-27 April 1993, once on each
of six days from 1 May-4 June 1993, once on each of three days
from 7-28 July 1993, and six times during 15-17 October 1993.

A 4000 m? (50 m x 80 m) area of the field was burned in two
afternoons, 29 and 30 April. Two days were required because rain
interrupted the burn shortly after it started on the first day. The
burn was even and complete except for an approximately 4 m
wide strip along the pond overflow, which burned unevenly.
Charred grass was left on the surface throughout the area, and 80-
90% of the area burned to this charred grass condition.

A log likelihood (G) test for independence (2x2 table using
William’s correction factor) was run for each species to deter-
mine whether the animals captured outside the burned area
before the fire survived (as indicated by persistence on the grid)
better than those captured inside the burned area before the fire.
Individuals captured in both areas (burned and unburned) before
the fire were eliminated from the analysis. There were only two
such individuals, one of each species.

The trapping sessions were divided into three time periods: the
Preburn, Postburn, and Recovery periods. The Preburn period
consisted of all trapping before the fire. The Postburn and
Recovery periods differed for the two species. The Postburn
period started with the first trapping session after the fire and
ended when the species began to be captured consistently in the
burned area. The Recovery period included all remaining
trapping sessions.

A log likelihood test (using a 2 x 3 contingency table and
William’s correction factor) was run for each species to deter-
mine whether the three periods differed with respect to the
proportion of individuals captured in the burned area. If so, a log
likelihood test (2 x 2 table, William’s correction factor) was used
to determine whether the Preburn and Recovery periods differed
in the proportion of individuals of each species captured in the
burned area.
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Results

For each species, half or fewer of the individuals captured in
the burned area before the fire were recaptured after the fire. On
the other hand, 70% or more of the individuals captured before
the fire in the area not burned were recaptured after the fire
(Table 1). The animals that moved out of the area cannot be
separated from those actually killed by the fire, but the data do
show greater persistence on the grid for animals that presumably
were not exposed directly to the fire. However, the data are not
statistically significant (G = 1.8, df = 1, p > 0.05 for Blarina, G =
2.3,df =1, p > 0.05 for Microtus), and so are only suggestive.

Table 1. Number of short-tailed shrews and meadow voles
captured in unburned and burned old field both before and after
fire and only before fire.

Shrews Voles
Treatment
Before ~ Only Before  Only
and after before and after before
fire fire fire fire
Unburned 10 2 14 6
Burned 3 3 3 5

The meadow vole recovery period began 4 to 5 weeks after the
fire, and only two individuals were captured (once each) in the
burned area during the four trapping sessions of the Post-burn
period (Table 2). The proportion of individuals captured in the
burned area differed significantly among the three periods (G =
6.5, df = 2, p < 0.05), suggesting that the fire had an effect on the
species’ use of the burned area. The proportion of individuals
captured in the burned area did not differ between the Preburn
period and the Recovery period (G =0, df =1, p > 0.05),
suggesting that the voles were using the burned area at preburn
levels during the Recovery period.

Table 2. Number of individual short-tailed shrews and meadow
voles captured in unburned and burned old field and the percent-
age of the individuals that were captured in the burned area.

hrew Voles
Time period
Unburned Burned % in Unburned Burned % in
Burn Burn
Preburn 13 7 35 20 7 26
Postburn 35 0 0 28 2 7
Recovery 41 11 21 62 23 27

Preburn was 23-25 April for both species, Postburn was 1 May-4
June for shrews and 1-21 May for voles, Recovery was 7 July-17
October for shrews and 28 May-17 October for voles.

The short-tailed shrew recovery period began between 7 and 11
weeks after the fire, and no shrews were captured in the burned
area during the six trapping sessions of the Postburn period
(Table 2). Again, the proportion of individuals captured in the
burned area differed significantly among the three periods (G =
17.1, df = 2, p < 0.05), suggesting that the fire had a statistically
significant effect on the species’ use of the burned area. The

proportion of individuals captured in the burned area did not
differ significantly between the Preburn period and the Recovery
period (G = 1.3, df = 1, p > 0.05), suggesting that shrews also
used the burned area at preburn levels during the Recovery
period. )

Though no statistically significant difference can be shown,
voles began using the burned area after the fire more quickly than
did shrews. The meadow vole’s proportional use of the burned
area also approached its preburn use of the area more closely than
did the shrew’s (Table 2), though there was no statistically
significant difference between Preburn and Recovery period use
for either species. The fire in this abandoned field seemed to be
more detrimental to short-tailed shrews than to meadow voles,
but both were using the burned part of the field at or near
preburn levels within 3 months of the fire.

Discussion

In general, shrews and voles responded negatively to fire, as
expected from earlier studies (Kaufman et al. 1990, Schramm
and Willcutts 1983, Springer and Schramm 1972). The greater
persistence on the grid of individuals not exposed to the fire,
though not statistically significant, is suggestive of mortality or
emigration because of the fire. However, several reports suggest
that mortality from direct effects of fire is low, except for the
young of a species that uses aboveground nests and other special
cases (Clark and Kaufman 1990, Erwin and Stasiak 1979,
Kaufman et al. 1990, Schramm 1970). Perhaps the direct effects
suggested in this study are artifacts of the small sample sizes, but
the question bears further study. On the other hand, there is little
doubt that, in keeping with other studies (Kaufman et al. 1990
and several studies quoted therein), shrew and vole use of the
burned area decreased for several weeks after the fire.

The suggestion in the data that the short-tailed shrew’s
recovery was slower and less complete than that of the meadow
vole seems reasonable, because the meadow vole feeds primarily
on grass and can return to a burned area as soon as grass is
sufficiently dense to supply cover. On the other hand, shrews are
primarily insectivorous and so must await the recovery of the
vegetation and the return of their invertebrate food supply, which
is itself probably dependent on the recovery of the vegetation.

Despite these differences, both species’ use of the burned area
recovered to levels that were statistically indistinguishable from
prefire levels before the end of the growing season. In studies of
prairie fires, the recovery of fire negative species to prefire levels
generally has taken one to several years (Kaufman et al. 1990 and
studies quoted therein). Those studies involved larger burned
areas and the authors predicted that the time required for
reestablishing small mammal use of a burned area to preburn
levels would be shorter for smaller areas. This study supports
that contention.

This study also suggests that, if the small mammal fauna is a
concern, prairie relicts should be burned in patches, with time for
recovery between successive burns. Large burned areas, even
those surrounded by habitat with animals available for
reinvasion, are reoccupied more slowly than was the small arca
burned in this study. Reinvasion of completely burned, isolated
prairie relicts would be even slower, because the animals would
have to cross inhospitable areas to reach the prairie. Burning a
fraction of the prairie allows the small mammal species a haven
from which to reinvade as their habitat is restored by regrowth.
As a result, the important functions small mammals perform in
the prairie ecosystem (such as seed dispersal, mycorrhyzal spore
dispersal, predation on insects and weed seeds, grazing, and
providing food for higher-level predators) are restored quickly.
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Small-Mammal Use of Experimental Patches of Tallgrass
Prairie: Influence of Topographic Position and Fire History

Dennis E. Brillhart, Glennis A. Kaufman, and Donald W. Kaufman
Division of Biology, Ackert Hall, Kansas State University,
Manhattan, KS 66506

Abstract. We examined the influence of topographic position and
fire history on use of 44 small patches (each 0.025 ha) of
tallgrass prairie by rodents and shrews. The study was conducted
on the Konza Prairie Research Natural Area during 15 sampling
periods from November 1982 to October 1992. We caught nine
species of rodents and two of shrews on the site, but only hispid
cotton rats (Sigmodon hispidus), deer mice (Peromyscus
maniculatus), prairie voles (Microtus ochrogaster), western
harvest mice (Reithrodontomys megalotis), and Elliot’s short-
tailed shrews (Blarina hylophaga) were common. Overall, cotton
rats selected lowland prairie but showed no response to fire
history, whereas deer mice selected upland and annually burned
prairie. Prairie voles, white-footed mice (Peromyscus leucopus),
and western harvest mice showed no selection for topographic
position but did avoid annually burned patches. Finally, thirteen-
lined ground squirrels (Spermophilus tridecemlineatus) selected
upland prairie but did not respond to fire history.

Key words. habitat selection, small mammals, rodents, shrews,
fire, topography, tallgrass prairie, Kansas

Introduction

Topography and fire influence the spatial distributions and
local abundances of small mammals in tallgrass prairie. For
example, Peterson et al. (1985) assessed responses of small
mammals to fire and topography in 44 small fire-treatment
patches (each 0.025 ha) on an experimental site ( 2 ha) that
contained both upland and lowland prairie. At this site, deer
mice (Peromyscus maniculatus) were most common in burned,
upland prairie, whereas western harvest mice (Reithrodontomys
megalotis) were more common in unburned, lowland prairie.
Further, prairie fires affected many species of small mammals,
with some responding positively and others negatively to
conditions created by fire (Kaufman, D. W. et al. 1983; Kaufman,
D. W. et al. 1990b). Differential use of topographic features also
was noted for small mammals living within the Flint Hills
tallgrass-prairie landscape (Kaufman, G. A. et al. 1988;
Kaufman, G. A. ef al. this volume).

Weather conditions, environmental factors, and population
abundances of individual species of small mammals can vary
highly among years. Because the effects of fire and topography
on individual species of small mammals can vary with those year-
to-year shifts in population abundances; weather conditions (e.g.,
precipitation and summer temperature); and environmental
conditions (e.g., primary productivity), multiannual studies of
small mammals are necessary to establish general, rather than
year-specific, patterns of habitat use. Because of the likelihood
of temporal variation in habitat use by small mammals in prairie
habitats, we periodically sampled small mammals from autumn
1982 through autumn 1992 on the site used by Peterson et al.
(1985). In this paper, we examine the effects of topographic
position and fire history on use of tallgrass prairie by rodents and
shrews on this experimental site. Further, we assess temporal
variation in habitat use by the four common species, the hispid

cotton rat (Sigmodon hispidus), deer mouse, prairie vole
(Microtus ochrogaster), and western harvest mouse, found on the
site.

Methods

Our study site was located on the Konza Prairie Research
Natural Area, Manhattan, Kansas (for description of Konza
Prairie and mammals of the site, see Finck ef al. 1986; Hulbert
1985; and Kaufman, G. A. ef al. 1988). We live-trapped small
mammals in 44 patches (each 10 x 25 m  0.025 ha) during 135
sampling periods from November 1982 to October 1992. Patches
were arranged in four rows of 11 and separated from each other
and surrounding prairie by mowed boundary strips (see Fig. 1).
Two rows were in upland prairie (established in 1982), and two
were in lowland prairie (established in 1980); the maximum
difference in elevation between lowland and upland was about 10
m. Three patches in each row were burned annually in March
(n=4), May (n=4), or November (n=4), whereas the other patches
were burned in spring every other year (n=8), in spring every
fourth year (n=16), in summer at irregular intervals (n=4), or
remained unburned (n=4) during the study. Patches and bound-
ary strips covered approximately 2 ha and were situated in a
watershed unit (HQB) that was burned during springs in 1979,
1983-86, and 1988-92.

We live-trapped small mammals for 4 days during each
sampling period. Trapping was conducted on 11-12 and 20-21
November 1982, 3-6 March 1983, 25-28 July 1983, 30 Septem-
ber-3 October 1983, 10-11 and 15-16 September 1987, 3-4 and
16-17 October 1989, 21-22 and 27-28 April 1990, 3-4 and 6-7
November 1990, 27-28 February and 8-9 March 1991, 14-17 May
1991, 10-13 July 1991, 6-9 September 1991, 6-9 December 1991,
3-6 March 1992, and 6-7 and 14-15 October 1992. During spring
sampling periods of April 1990 and May 1991, small mammals
were live-trapped after annual patches had been burned in
November 1989 and March 1990 and November 1990, March
1991, and May 1991, respectively. We set four large Sherman
live-traps (7.6 x 8.9 x 22.9 cm) per plot and baited them with a
mixture of peanut butter and oatmeal. Nesting material (polyes-
ter fiberfill) was placed in traps during autumn, winter, and
spring sampling periods.
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FIG. 1. Distributions of 579 captures of hispid cotton rats and 165 captures of prairie voles in experimental patches.- Annually
burned patches are marked with an A, and open area between patches represents mowed boundary strips.

Table 1. Numbers of captures of seven species of small mammals by topographic position and fire history on Konza Prairie. Numbers
of upland and lowland and numbers of annually and nonannually burned patches are given in parentheses.

Topography Fire

Upland Lowland G Annual ~ Nonannual G*
Species (22) (22) (12) (32)
Hispid cotton rat 223 356 30.8%* 137 442 3.9*%
Deer mouse 189 75 S0.9Eex 95 169 9.5%*
Prairie vole 86 79 03 TIPS 56.8%+*
Western harvest mouse 48 53 0.2 20 81 3.0
Elliot’s sho;"t-tailed shrew 30 30 0.0 13 47 1.0
White-footed mouse 9 11 0.2 1 19 6.8%*
Thirteen-lined ground squirrel 10 3 4.0% 3 10 0.1

3G = log-likelihood ratio G statistic (goodness of fit analysis results, * = P <0.05,
** = P < (.01, and *** =P <0.001).
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FIG. 2. Distributions of 264 captures of deer mice and 20 captures of white-footed mice in experimental patches. Annually burned
patches are marked with an A, and open area between patches represents mowed boundary strips.

Table 2. Numbers of captures of hispid cotton rats and deer mice in upland and lowland prairie by sampling period. Numbers of
upland and lowland patches are given in parentheses.

Cotton rat Deer mouse

Upland Lowland G Upland Lowland G
Sampling Period (22) (22) (22) (22)
AUTUMN
November 1982 60 141 33.6%++ 22 4 13.7%**
Sept/Oct 1983 0 3 NT 5 11 2.3
September 1987 8 26 10.0%* 7 0 NT
October 1989 2 15 11.3%*% 21 4 12, 7%*
November 1990 55 79 4.3* 29 9 11, 1%**
September 1991 40 35 0.3 9 18 3.
October 1992 9 i 0.3 g 7 0.0
WINTER
December 1991 0 11 15.2%%* 3 0 NT
EARLY SPRING
March 1983 0 NT 3 1 NT
Feb/March 1991 0 11 15.2%%% 4 0 NT
March 1992 0 4 NT 18 0 25.0%**
LATE SPRING
April 1990 10 8 0.2 16 4 7.7%%
May 1991 7 5 0.3 16 13 03
SUMMER
July 1983 0 5 NT 13 2 9.0%*
July 1991 32 6 19.5%%%* 16 2 12.4%%*

°G = log-likelihood ratio G statistic and NT = not tested (goodness of fit analysis results, * =P <0.05, ** =P < (.01, *** =P <
0.001).
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We checked traps each morning, recorded location (patch type)
and basic information on small mammals, and then released each
mammal at its site of capture. All small mammals were marked
with permanent toe-clips at their first capture during sampling
periods from November 1982 through April 1990. We then
switched marking procedures so that all small mammals were
marked with temporary hair-clips during their first capture in a
sampling period for all sampling periods from November 1990
through October 1992. These procedures enabled us to calculate
the relative abundance of each species during each sampling
period. Because the same site was used throughout the study, we
express relative abundance simply as the number of individuals
caught on the site during a sampling period.

We used all captures of each individual in our tests of differen-
tial habitat use, because our trapping periods were only 4 days
and patch size was small enough for home ranges of rodents and
shrews to include many of the experimental patches. To analyze
patch use, we compared the observed number of small-mammal
captures to the number expected in upland versus lowland and
annually versus nonannually burned patches. The expected
numbers were based on a random distribution of captures in the
patches on the site. For these analyses, we used a log-likelihood
ratio G statistic and assumed that a calculated G-value was
statistically significant when it was greater than the critical G-
value (B = 0.05).

Results

Eleven species of small mammals were captured during the 15
sampling periods. Overall, the cotton rat (359 individuals, 579
captures); deer mouse (102, 264); prairie vole (104, 165);
western harvest mouse (66, 101); and Elliot’s short-tailed shrew
(Blarina hylophaga; 42, 60) were the most common small
mammals. Less common species were the white-footed mouse
(Peromyscus leucopus; 13 individuals, 20 captures); thirteen-
lined ground squirrel (Spermophilus tridecemlineatus; 12, 13),
hispid pocket mouse (Chaetodipus hispidus; 5, 5); southern bog
lemming (Synaptomys cooperi; 4, 5); house mouse (Mus
musculus; 4, 4); and least shrew (Cryptotis parva; 2, 2).

Relative abundances of rodents and shrews on the study site
varied greatly among years, as illustrated by numbers of individu-
als captured in autumn (September-November). During the
autumns of 1982, 1983, 1987, 1989, 1990, 1991, and 1992,
respectively, we caught 135, 3, 20, 16, 73, 41, and 14 cotton rats;
9,7,3,11, 15, 11, and 6 deer mice; 4, 0, 0, 0, 10, 7, and 2 prairie
voles; 30, 2, 4, 7, 5, 1, and 2 western harvest mice; and 9, 0, 3, 4,
6, 1, and 6 short-tailed shrews. In autumn, number of captures
per sampling period were related directly to relative abundance at
that time (cotton rats: r = 0.99, P < 0.01; deer mice: r =0.98, P <
0.01; prairie voles: r = 0.91, P < 0.01; harvest mice: r = 0.99, P <
0.01; short-tailed shrews: r = 0.98, P < 0.01). The positive
relationship between captures and relative abundance also held
across all 15 sampling periods for all five species (r > 0.92, P <
0.01 in all cases).

Table 3. Numbers of captures of hispid cotton rats, deer mice, and prairie voles in annually and nonannually
burned patches by sampling period. Numbers of annually and nonannually burned patches are given in parentheses.

Cotton rat Deer mouse Prairie vole

Annual Nonannual G* Annual Nonannual G* Annual Nonannual G
Sampling Period (12) (32) (12) (32) (12) (32)
AUTUMN
November 1982 57 144 0.1 2 24 6.4* 2 2 NT
Sept/Oct 1983 1 2 NT 3 13 0.6 0 0 -
September 1987 6 28 1.7 3 4 NT 0 0 -
October 1989 3 14 0.9 9 16 0.9 0 0 B
November 1990 29 105 22 16 22 3.9% 2 9 0.5
September 1991 21 54 0.0 11 16 2.3 0 15 9.6%*
October 1992 6 10 0.8 3 11 0.3 0 3 NT
WINTER
December 1991 3 8 0.0 0 3 NT 0 28 17.8%%*
EARLY SPRING
March 1983 0 0 NT 2 2 NT 0 0 -
Feb/March 1991 0 11 7.0% 3 2 NT 0 21 13.4%**
March 1992 0 4 NT 9 9 4.3*% 0 24 15.:3%%*
LATE SPRING
April 1990 0 18 11.5%%% 11 9 6.8%* 0 36 22.9%*k%*
May 1991 0 12 7.6** 8 21 0.0 1 13 3.7
SUMMER
July 1983 1 4 NT 6 9 1.1 i 0 NT
July 1991 10 28 0.0 10 8 6.4*% 2 6 NT

°G = log-likelihood ratio G statistic and NT = not tested (goodness of fit analysis results, * = P <0.05, ¥* = P <0.01, ¥** = P <

0.001).illustrated in Fig. 2.
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Western harvest mouse
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Elliot’s short-tailed shrew
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FIG. 3. Distributions of 101 captures of western harvest mice and 60 captures of Elliot’s short-tailed shrews in experimental patches.
Annually burned patches are marked with an A, and open area between patches represents mowed boundary strips.

Cotton rats selected lowland over upland prairie, whereas deer
mice and ground squirrels selected upland over lowland prairic
(Table 1; Figs. 1 and 2). However, patch use did vary among
seasons and years for cotton rats and deer mice. For cotton rats,
patches in lowland prairie typically were used over upland during
autumn, winter, and spring; however, during summer 1991,
cotton rats chose upland over lowland prairie (Table 2). Deer
mice generally selected upland over lowland but did not exhibit
this pattern during all sampling periods and tended to chose
lowland over upland in autumns of 1983 and 1992 (Table 2).

Deer mice selected annually burned patches, whereas prairie
voles and white-footed mice chose less frequently burned patches
(Table I; Figs. 1 and 2). A marginally negative effect of annual
fire was noted (0.09 > P > 0.08) for western harvest mice (Table
1, Fig. 3). Differences in patch use associated with fire fre-
quency occurred among seasons and years for cotton rats, deer
mice, and prairie voles (Table 3). Overall, cotton rats showed no
response to fire history (Table 1); however, avoidance of annually
burned patches occurred in spring (Table 3). Deer mice generally
selected annually burned patches during all seasons but did show
variation in this response (Table 3). Prairie voles strongly
avoided annually burned patches in all seasons tested, with the
greatest response in winter-spring (Table 3).

Although captures of white-footed mice were unrelated to the
upland-lowland pattern within the study site, captures were
clustered in the southern end of the site (north half versus south
half: G=13.3,d.f =1,P<0.001). The interaction of patch
position and fire history on distribution of these woodland mice is
illustrated in Fig. 2.

Discussion

The overall pattern for cotton rats, the most common species in
our study, was selection of lowland over upland prairiec and no
effect of fire history. This pattern held for most, but not all
summer-autumn periods. For example, cotton rats selected
upland in summer 1991 and exhibited random use of upland and

lowland in autumn 1991 and 1992. In contrast, habitat selection
in late spring did not fit the overall or summer-autumn patterns;
annual fire impacted patch use during spring, but topography did
not. Summer-autumn use of lowland prairie (tall vegetation and
high productivity) and spring avoidance of annual burns (little
vegetative structure above a few cm) were consistent with a
demonstrated association of cotton rats with tall, dense, herba-
ceous vegetation (Bee ef al. 1981; Choate and Fleharty 1975;
Fleharty and Mares 1973; Kaufman, D. W. et al. 1990a).
Further, the shift by cotton rats from a fire-negative response in
spring to a fire-neutral response in summer and autumn reflected
the growth of abundant vegetation in both burned and unburned
prairie.

Why cotton rats did not select lowland over upland prairie in
summer-autumn 1991 and autumn 1992 is unknown. However, it
is possible that the sutitability of vegetation for cotton rats in
upland patches that were infrequently burned during summer-
autumn could have increased during the study. Such changes
could include increases in shrubs, forbs, and cool-season grasses
(e.g., Kentucky bluegrass, Poa pratensis) in response to the
absence of fire (Gibson and Hulbert 1987). Regardless of the
causes of these atypical responses in summer-autumn 1991 and
again in autumn 1992, habitat use in early spring 1991 and
winter-early spring 1991-1992 suggest that lowland is the
preferred habitat of cotton rats under the harsh conditions of
winter-early spring. Therefore, whatever influenced habitat use
during the more benign seasons of these years apparently did not
impact habitat choice by cotton rats during the harsher seasons.

As expected from earlier studies on Konza Prairie (Kaufman,
D. W. et al. 1990b; Kaufman, G. A. ef al. 1988; Peterson et al.
1985), deer mice were associated positively with upland and
annually burned prairie. Although these general associations
were strong, distribution of captures suggested a preference for
lowland in autumn 1983 and 1991, but no significant topographic
selection in autumn 1992. It is interesting to note that both deer
mice and cotton rats deviated from their general patterns in
autumn 1991 and 1992, but the causes are unknown. Although
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variation in use of patches related to fire was evident, the
overriding conclusion, supported by large-scale studies of fire
effects (Clark and Kaufman 1990; Kaufman, D. W. et al. 1990b;
Kaufman, D. W. ef al. 1988; Kaufman, G. A. et al. 1988;
Kaufman, G. A. et al. this volume) and experimental studies of
litter effects (Clark and Kaufman 1991; Kaufman and Kaufman
1990), was that fire creates prairie conditions, especially an
absence of a litter layer, an open soil surface, and easy access to
surface seeds, that are more favorable for deer mice than for
other small mammals.

Prairie voles usually are associated with lush herbaceous
vegetation that provides abundant foliage and a well-developed
plant litter layer (Abramsky et al. 1979; Bee et al. 1981; Choate
and Fleharty 1975; Martin 1960). Fire typically had a negative
effect on these herbivorous rodents in tallgrass prairie (Kaufman,
D. W. et al. 1990b); this response probably was due to removal of
litter and standing vegetation by fire (Clark and Kaufman 1991).
Consistent with a fire-negative response, our annually burned
patches were avoided strongly by voles, except in autumn 1982,
when abundance was low. Although voles selected upland over
breaks and lowland prairie in other sites on Konza Prairie (Bixler
and Kaufman 1995; Kaufman, G. A. et al. this volume), patch use
was not influenced by topography in our experimental site. This
pattern suggests that litter depth and plant productivity were
suitable to support vole use in both lowland and upland, unless
annual fire prevented redevelopment of deep litter. Further,
annual fire likely leads to a reduction in the abundance of
bluegrass and other cool-season grasses that does not occur in
less frequently burned prairie (Gibson and Hulbert 1987). Such
reduction may have a negative effect on the folivorous prairie
vole.

Elsewhere on Konza Prairie, white-footed mice selectively
used lowland prairie (Kaufman, G. A. ef al. this volume) but not
burned or unburned prairie (Kaufman, D. W. et al. 1990b).
Because the white-footed mouse is a woodland species (Clark et
al. 1987; Kaufman, D. W. et al. 1993), the lowland response
reported by Kaufman, G. A. et al. (this volume) probably was
related to the juxtaposition of lowland prairie and wooded
ravines. Shrubs and trees were present within 300 m of our study
site but did not border the lowland patches and were not
consistently closer to lowland than upland. As a result, white-
footed mice did not select lowland over upland patches. How-
ever, use of patches in the southern portion of our study site (Fig.
2) probably was due to the distribution of shrubs and trees in the
arca surrounding our study site. Specifically, shrubs and trees
within 300 m of our study site were more common to the south
than north. Lastly, the impact of annual fire on white-footed mice
was striking and related to the lack of woody vegetation in
annually burned patches.

. Western harvest mice on Konza Prairie were influenced by
both fire (Kaufman, D. W. et al. 1990b) and topography
(Kaufman, G. A. et al this volume). The fire-negative response
of harvest mice occurred within a few days of an experimental
burn (Clark and Kaufman 1990) and likely was due to litter
removal by fire (Clark and Kaufman 1991; Kaufman and
Kaufman 1990; Kaufman, D. W. ef al. 1989), because litter
provides protection and nest sites (Clark and Kaufman 1991;
Webster and Jones 1982). In autumn 1982, Peterson et al. (1985)

found that harvest mice used unburned lowland over upland and
burned lowland within the experimental area examined in our
study. We expected, but failed, to find a significant negative
effect of annual burns. However, the trend was very strong (P <
0.1) and supported the known fire-negative response of harvest
mice (Kaufman, D. W. et al. 1990). Harvest mice were found to
selectively use lowland in unburned prairie elsewhere on Konza
Prairie (Kaufman, G. A. et al. this volume), but not in our
experimental area. This lack of a topographic effect likely was
related to the minor topographic relief and small size of our
habitat patches.

Although few captures of thirteen-lined ground squirrels were
recorded, a positive association for upland over lowland was
statistically significant. This relative avoidance of lowland was
consistent with topographic effects for study sites with upland,
breaks, and lowland sites elsewhere on Konza Prairie (Clark er
al. 1992; Kaufman, G. A. et al. this volume). Finally, ground
squirrels were not influenced by frequent fire within our
experimental area, although a fire-positive response was reported
elsewhere on Konza Prairie (Kaufman, D. W. et al. 1990b).

Distribution of short-tailed shrews within prairie habitats was
influenced by both fire (Kaufman, D. W. et al. 1990b) and
topography (Clark et al. this volume). Reduction of plant litter
depth (Clark and Kaufman 1990; Kaufman, D. W. et al. 1989)
due to fire was likely a major determinant of the fire-negative
response reported for these shrews (Kaufman, D. W. et al.
1990b). A well-developed litter layer provides foraging micro-
habitat for invertebrate prey, as well as travel paths and safe sites
with moderate temperature and humidity conditions (George et
al. 1986). Therefore, it was surprising that patch use was not
influenced by annual fire, which would prevent a well-developed
litter layer. As with harvest mice, the lack of a topographic effect
probably was due to limited topographic relief and the contiguous
nature of our small patches.

In summary, fire history, local topography, or both influenced
use of our experimental habitat patches by all but one of the
seven species of small mammals studied. However, it is
important to note that responses within a sample or a season may
diverge from an overall pattern, even when relatively strong
effects of fire and topography are evident for data summed over
years and seasons. Such deviations may be due to chance events
or may have real biological causes; therefore, future studies of
effects of fire, topography, grazing, and so forth on small
mammals should be designed to gather data for multiple years,
seasons, and sites to better assess the strength and causes of
patterns.
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The Effects of Spring Burns on the Western Prairie Fringed
Orchid (Platanthera praeclara)

John M. Pleasants
Department of Zoology and Genetics, lowa State University, Ames, lowa 50011

Abstract. To assess the effects of spring prairie burns on the
western prairie fringed orchid, Platanthera praeclara, in a way
that would provide statistically valid replication, a number of
spot burns were made. Each of 12 spot burns, performed in
1992, covered a circle 2m in diameter and included at the center
an orchid plant that had flowered in 1991. Each plant in a
burned plot was paired with a nearby control plant of comparable
1991 size (together referred to as focal plants). Over the course
of the study, other plants were added; these were used only for
analysis of emergence and growth rate. In the year of the burn
(1992), no size differences between the two treatment groups
were found, although the plants on the burned plots senesced
sooner. In 1993, plants on plots burned in 1992 emerged sooner
and grew more rapidly, although their final size was not different
from that of control plants. In neither 1992 nor 1993 did any
difference in flowering probability occur between the two
treatment groups. In 1994, half of the study area was burned.
Paired focal plants still could be compared for 1992 burn effects,
because both pair members experienced the same 1994 treatment.
Plants on plots burned in 1992 had greater leaf area than plants
on plots unburned in 1992. Again, no difference in flowering
probability occurred. From 1992 to 1994 a greater proportion of
plants on unburned plots disappeared. The effects of the 1994
burn were also examined. In 1994, plants on the burned area
grew more slowly and had higher rates of inflorescence abortion
than plants on the unburned area. In 1995, plants on the burned
area grew more rapidly, achieved larger size, and flowered
sooner.

A fire/soil moisture interaction is hypothesized to explain these
results. In a dry year, the removal of litter by fire adds to drought
stress, resulting in slower growth rates and a higher probability of
inflorescence abortion. In a wet year, the removal of litter
increases photosynthesis, resulting in faster growth rates and
ultimately greater plant size. The effects of litter removal are felt
both in the year of the burn and the following year. The results
are consistent with this hypothesis. In 1992 and 1994, when
spring precipitation was very low, the effects of burning were
negative. In 1993 and 1995, when spring precipitation was high,
the effects were positive. Management implications are dis-
cussed.

Key words: western prairie fringed orchid, Platanthera praeclara,
burning, prairie burns, response to fire, endangered species

Introduction

The western prairie fringed orchid, Platanthera praeclara, is
on the a federal list of threatened species. It occurs today in
scattered populations in mesic prairies in Nebraska, Kansas
Missouri, Jowa, Minnesota, North Dakota, and Manitoba, . Most
of the 74 known populations of the species are small, with less
than 50 to 250 individuals (U.S. Fish and Wildlife Service 1994).
Three large metapopulations occur in the northern part of the
species’ range, at Sheyenne National Grassland (North Dakota),

Pembina Trail (Minnesota), and Vita (southern Manitoba). Each
of these site has several thousand flowering individuals and an
unknown number of vegetative individuals (U.S. Fish and
Wildlife Service 1994).

The proper management of western prairie fringed orchid
populations is of obvious importance to the long-term persistence
of the species. Spring burning is a common prairie management
tool. Fire can affect the growth rate of plants as well as the
frequency and magnitude of sexual reproduction (Collins and
Wallace 1990). Several studies have suggested that spring burns
benefit the warm-season grasses but may have a detrimental
effect on forbs (Gibson and Hulbert 1987, Hartnett 1991). Some
of the information to date on the effects of fire on the western
prairie fringed orchid is anecdotal; Bowles (1983) and Currier
(1984) have suggested that flowering frequency increases
following a fall or spring burn. One experimental study, done at
the Sheyenne National Grassland, found no effect of burning on
orchid densities (Sieg et al. 1994).

The purpose of the present study was to determine the effects
of fire on the growth and flowering probability of the western
prairie fringed orchid. The study focused on a population from
the southern part of the species’ range, at Sheeder Prairie in
south central lowa. The small size of southern populations makes
them especially vulnerable to extinction and makes knowledge of
fire effects more critical.

In order to determine the effects of fire on a perennial plant,
such as this orchid, long-term monitoring of populations is
required in conjunction with periodic burn treatments. In
addition, a sufficient number of treatment (fire) and control (no
fire) plots is needed to statistically test for fire-effect differences
in growth or flowering (Hurlbert 1984). Some burn studies, for
logistical convenience, divide the site into a burned area and an
unburned area. However, treating the plants in each area as
independent participants in the treatment constitutes
pseudoreplication (Hurlbert 1984). The problem with having a
single control and single experimental area is that observed
differences among plants could be due to inherent differences
between the two areas (such as soil moisture or composition of
neighboring plants) rather than the treatment itself. One solution
is to create a randomized patchwork of burned and unburned
areas at the site. However, the small size of some prairie
preserves makes this difficult to do. In addition, if one is
interested in the response of a particular rare species, its
distribution in the preserve may be sparse and patchy. A
randomized burn/unburned patchwork may have many patches
without subject plants. For the present study, which faced the
problems associated with studying a rare plant on a small
preserve, replication was achieved by having individual plants
serve as experimental subjects. Plants were located the year
prior to the experiment and then half of the spots on which plants
were located were burned and half were not. In addition to the
spot-burn experiment, the results of a later, large-scale burn are
also reported.

PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE 67
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Methods

Study Site

The study site was Sheeder Prairie, a 25-acre State Preserve in
Guthrie County, lowa with over 180 plant species (Kennedy
1969). The site has a rolling topography dominated by a central
hill. As a whole, the prairie is characterized as a mesic,
tallgrass-dominated, upland prairie (Kennedy 1969). The
western prairie fringed orchids are found in a band roughly in the
middle of the central hill and near the base of a slope to the north
of the hill. The plants are located in a band of exposed Aftonian
paleosols bracketed by Kansas till upslope and Nebraska till
downslope (Kennedy 1970). Because of the clay subsoil in this
band, this area has a higher soil moisture than surrounding areas
(Kennedy 1970), which may explain the presence of this mesic
plant.

The number of western prairie fringed orchids at this site is
difficult to estimate, because only plants that are in flower can be
found easily in unburned vegetation. Occasionally mass flower-
ing years occur in this species (Bowles ef al. 1992), which
facilitates estimation of population size. At Sheeder Prairie in
1987, 160 flowering stems were located; a burn in the spring of
that year also allowed the discovery of 120 vegetative individuals
(M. Leoschke, unpub. data). Fewer than 50 plants had flowered
in the 3 previous years and have flowered since (M. Leoschke, J.
Pleasants, unpub. data).

Sheeder Prairie was mowed annually in the late fall for about
100 years prior to 1965. During that time it was also burned -
about every 3 years and experienced little grazing (Kennedy
1969). It became a preserve in 1961 and has since been managed
with prescribed burns. The last burn prior to the present study
was an arson fire on March 2, 1987, which burned virtually the
entire site.

Experimental Burns, 1992

The experimental design consisted of using individual plants
(called focal plants) as the experimental units. The study began
in 1991, with the choosing of focal plants. The original intent was
to have about 25 focal plants in the fire treatment group with
another 25 focal plants as controls. However, in 1991 only 35
flowering stems could be found, forcing a reduction in sample
size; 30 of these plants were marked for the study. In assigning
these 30 marked plants to treatment or control groups, an attempt
was made to minimize initial size differences or microsite
differences between the two groups. The number of flowers was
used as a size index, because inflorescence size is correlated with
leaf area for this and other orchid species (Calvo 1990, Pleasants
unpub. data). Plants near each other were assumed to share a
microsite. Therefore, pairs of treatment and control plots were
chosen which were close to each other and had approximately the
same number of flowers. Of the 30 marked plants, 26 emerged in
1992, consisting of 12 treatment and 14 control plants (plots);
this included only 11 of the original pairs. These pairs had been
well matched for size; the mean inflorescence sizes in 1991 were
8.00 for the control plants and 9.09 for the experimental plants (t
=-1.06, df = 20, NS).

Circular spot burns were made in the spring of 1992. To create
burn patches, a 1 m high wall of aluminum flashing was placed
around the perimeter of each of the 12 treatment plots (Johnson,
1987). First, 10 1.2-m electric posts were hammered into the
ground in a circle of 1 m radius around the focal plant. Then the
flashing was pulled around the outside of the posts and held
where the ends met with two small C clamps. With the wall in
place, the vegetation inside was ignited. Flappers and a portable
water spray unit were used to keep the fire from creeping out
from under the flashing. Then the flashing was rolled up and
carried to the next plot.

Plots were burned on May 1 and May 3, 1992. Plants had
already emerged at this time and were 2-5 cm tall. Prescribed
burns usually are performed in April, before the orchid plants
have emerged, but heavy spring rains prevented burning during
this period. It was necessary to prevent fire damage to leaves in
order to produce an effect as much as possible like an early
spring burn. Before burning, wet clay pots were placed over each
focal plant and any vegetative plants that had appeared in the
plot. Unburned thatch immediately around these plants was cut
and removed to simulate the effect of removal of vegetation by
burning.

Prescribed Burn, 1994

In 1994, as part of the prairie management plan, half of the
prairie was burned; the burned area included half of the study
plots. The burn was performed on April 11, before any of the
orchid plants had emerged. The original intent had been for the
1992 experiment to continue interrupted through 1994. Conse-
quently, an attempt was made to protect study plots from burning
by covering them with fire blankets, but this failed when fire
crept underneath. However, it was still possible to examine 1992
burn effects (see rationale below) and it also created an addi-
tional opportunity to examine post-burn effects.

Data Collection

Several types of data were used to compare treatment effects:
whether plants had emerged by a particular date, the growth rate
of plants during leaf expansion (height on a particular date), final
plant size (leaf area index), and the probability of flowering. The
leaf area index was obtained by measuring and multiplying
together the length and width of each leaf and summing over all
leaves. Vegetative stems have one to three leaves but flowering
stems have more than five leaves of progressively smaller size.
For flowering stems, only leaves greater than 5 cm long were
measured; leaves smaller than this contribute a negligible amount
to the leaf area index (J. Pleasants, unpub. data). In 1992, data
on emergence and growth were not gathered. Plants were
measured for size, and flowering status was assessed, on July 4.
In 1993, measurements of emergence and height were made on
April 25, May 31, and June 15 and measurements of plant size
and flowering status on July 2 and July 13. In 1994, measure-
ments of emergence and height were made on April 23 and June
2, and measurements of plant size and flowering status on June
25 and July 6.

Data Analysis

The burn experiment in 1992 was set up as a paired compari-
son, and size differences between focal plants were analyzed by a
paired comparisons t-test. As the study progressed, a number of
nonfocal plants were included to augment sample size. Several
vegetative plants appeared in the study plots in 1992; seven in
treatment plots and four in controls. OQutside of the plots nine
new plants were found in flower in 1993 and five in 1994.
Because their initial size was unknown, these nonfocal plants
were not used to examine treatment differences in overall size or
flowering probability. However, they were included in analyses
of time of emergence and growth rate. In comparing differences
in mean growth rate (height) and leaf area for the two treatments,
1-tailed t-tests were used. For statistical tests involving the
analysis of frequencies the Fisher’s exact test was used. For
different statistical tests, the sample sizes were sometimes
different. This is because some plants did not appear in a
particular year or were removed by herbivores or unknown causes
during the season.
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The 1994 burn superimposed a second treatment/control

ranging from three to seven, making detection of statistically

regime on focal plants which divided them into four classes: significant differences difficult. Consequently, 1992 treatment

burned92/burned94, burned92/unburned94, unburned92/

history was ignored in order to examine the effects of the 1994

burned94, and unburned92/unburned94. However, in 1994 focal burn. This creates no bias because there were roughly equal
plants could still be compared for 1992 burn effects because of numbers of plants burned in 1992 within each of the two 1994
the paired comparison experimental design. This is because both  treatment groups (five in the burned and six in the unburned

members of each pair received the same 1994 treatment.

area). All the plants within each treatment group, both focal

Assessing the effects of the 1994 burn on plant size is poten- plants and those added later, were considered to be replicates.
tially more difficult, because the burn history of plants could play ~ This would appear to contradict the rationale presented earlier for

arole in their response. For this analysis, plants should be

spot burning. However, for the present study, underlying

divided into the four classes indicated above. However, such differences between the two areas, that could produce a spurious

division results in a very small sample size for each group,

response effect, can be ruled out (see Results and Discussion).

Table 1. Summary of effects of 1992 burn on Platanthera praeclara in 1992-1994.

Variable Burned 1992 Unburned 1992 Statistics

1992

Mean leaf area (cm2) 47.5 40.0 t=0.57 (pc), df = 10, NS
S.D 329 6.3

n 11 11

Probability of flowering 0.42 0.15 P=0.22 (FET)

n 12 14

Probability of senescence 0.72 0.29 P=0.01 (FET)

n 18 17

1993

Probability of emergence, April 25 0.79 0.40 P=0.02 (FET)

n 19 15

Height (cm), May 31 21.2 17.5 t=1.89,df=21,P=0.03
S.D. 5.9 3.5

n 12 12

Height (cm), June 15 273 26.1 t=0.46, df = 20, NS

S.D 7.1 4.3

n 12 10

Mean leaf area (cm2) 80.3 73.8 t=10.43 (pc), df = 8, NS
S.D. 40.3 22.8

n 9 9

Probability of flowering 0.33 0.18 P =0.44 (FET)

n 12 11

1994

Mean leaf area (cm2) 137.1 101.9 t=1.31(pc),df=7,P=0.11
S.D. 70.3 33.1

n 8 8

Probability of flowering 1.00 0.88 P=0.50 (FET)

n 8 8

pc = paired comparison
FET = Fisher's exact test



70 PROCEEDINGS OF THE I4TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE

Results and Discussion

Experimental Burns, 1992

1992 results. Plants had already emerged when plots were
burned in 1992, The clay pots protected most plants, but some
individuals did experience fire damage. Because leaf expansion
had not yet occurred, damage, in most cases, was restricted to
singed leaf margins because leaves are tightly wrapped together
inside a conical sheath (the coleoptile) before they expand. Two
plants were damaged more heavily but retained a significant
proportion of their leaf tissue.

The 11 pairs of focal plants were not significantly different
from each other in leaf area (Table 1). In 1992 there were no
plants at the study site that successfully flowered; all inflores-
cences aborted. For plants with aborted inflorescences the lower
leaves appeared to be normal but the upper portion of these
plants, with the flower buds and subtending leaves, failed to
expand; in some cases this portion turned brown and later fell off.
The proportion of focal plants that attempted to flower was not
significantly different between the two treatment groups (Table
1). Bowles (1983) found that flower primordia are formed in the
fall, and it is possible that leaf primordia may be formed then as
well. Thus burning is unlikely to affect the status or size of
plants in the year in which they are burned, unless the plants are
actually damaged by the fire. There was some evidence that fire
might have caused early plant senescence; a greater proportion of
burned plants were brown or had one brown leaf on July 4, 1992
compared with control plants (Table 1).

1993 results. Several positive effects of the 1992 burn were
observed in 1993. A higher proportion of plants on burned plots
had emerged by April 25 (Table 1). By May 31, all plants had
emerged, but plants on burned plots were significantly taller
(Table 1). Advanced phenology as a result of fire has been noted
in other studies (e.g., Leoschke 1986), but in such studies the
phenology effects were observed in the year of the burn rather
than the year after the burn as in the present study. Earlier
emergence and greater height are due to the removal of litter by
burning, allowing the ground to warm up more quickly in the
spring and allowing more light for early growth (Knapp and
Seastedt 1986). By June 15, no significant difference in height
was observed between the two treatment groups (Table 1),
indicating that the emergence advantage probably lasted for about
a month.

In 1993, two of the control focal plants that were members of a
pair did not appear, leaving nine of the original pairs intact. For
the remaining pairs, no significant differences in leaf were
observed (Table 1). Several plants in both treatment groups
flowered but there was no difference in the proportion that
flowered (Table 1).

1994 results. The 1994 burn imposed another treatment effect
on the system. However, the paired design of the study made it
possible to compare size differences of plants burned and not
burned in 1992, because both members of each pair experienced
the same 1994 treatment. Only eight pairs of focal plants
remained for this analysis. The mean leaf area for plants burned
in 1992 was larger than that for plants unburned in 1992, and the
difference was nearly significant (Table 1). Apparently the
emergence advantage experienced in 1993 by plants on burned
plots translated into larger size in 1994. All but one of the
members of these pairs flowered in 1994 so the burn in 1992 did
not have an effect on the probability of flowering in 1994 (Table
1).

One intriguing effect of the 1992 burn was that burned plants
had significantly higher survivorship than unburned plants. All
12 focal plants that were burned in 1992 were still present in
1994, whereas only 8 of 14 control focal plants (57%) were still
present (P = 0.01, Fisher’s exact test). Three failed to appear in

1993, and another 3 failed to appear in 1994, The 1994 burn did
not appear to have affected the disappearance in 1994 because
two of the three missing control focal plants were in the unburned
section.

Prescribed Burn 1994

Before analyzing the results of the 1994 burn, one question
must be addressed: are there underlying differences between the
two areas, apart from treatment, that could bias results. If some
systematic difference between the two areas did exist we would
expect plants to have behaved differently on these two areas
before the treatment. Two behaviors that can be compared are
emergence and early growth rate, for which data are available
from 1993, the year before the prescribed burn. To analyze the
1993 data, the plants first were divided into two groups, those
that had been burned in 1992 and those that had not. Within
each group, plants were divided into those that were in the area
that was burned in 1994 and those that were not. For the plants
burned in 1992, six were on the area burned in 1994 and 13 were
not. For these two sets of plants, there was no difference in the
proportion which had emerged on April 25, 1993 (P = 0.64,
Fisher’s exact test). For the plants not burned in 1992, five were
on the area burned in 1994 and nine were not. For these two sets
of plants, there was no difference in the proportion which had
emerged on April 25, (P = 0.34, Fisher’s exact test). Comparing
plant height on May 31, 1993, the two sets of plants that were
burned in 1992 did not differ in their height (t=0.71, df =17,
NS) nor did the two sets of plants unburned in 1992 (t = 1.19, df
=13, NS). Thus it would appear that any differences between
plants on the burned and unburned areas in 1994 would be due to
treatment alone.

1994 results. On April 23, 12 days after the burn, all plants
had emerged on both areas. There was no significant difference
in height between plants on the burned area and plants on the
unburned area at this time (t = 0.07, df = 25, NS; mean burned =
3.28 cm, mean unburned = 3.25 cm). On June 2 there was a
significant difference in height between the two groups (Table 2);
the plants on the burned area were smaller. However, there was
no significant difference in the ultimate size achieved by
flowering plants on the two areas (Table 2). In 1994, 85% of
marked plants produced an inflorescence. However, a number of
plants that attempted to flower aborted their inflorescences. For
all plants that attempted to flower, a significantly higher
proportion with aborted inflorescences occurred on the burned
area (Table 2).

1995 results. In 1995, plants on the burned area were taller on
April 25 and June 7 (Table 2). The ultimate size achieved by
flowering plants was also greater on the burned area (Table 2).
75% of marked plants flowered in 1994 and only a few inflores-
cences aborted. Flowering phenology was advanced for plants on
the burned area (Table 2).

Summary and Interpretation of Results

In 1992, the only effects of the 1992 burn were slightly
negative; plants on burned plots senesced sooner. The 1992 burn
produced positive effects in 1993; plants on burned plots emerged
sooner and expanded leaves more rapidly, although their final
size was no larger. The effects of the 1992 burn could even be
seen in 1994; plants on burned plots were larger than those on
unburned plots. Also, there was a significant difference in
survivorship of focal plants; all plants on burned plots were still
present in 1994 compared with only 57% of the plants on
unburned plots.
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Table 2. Summary of effects of 1994 burn on Platanthera praeclara in 1994 and 1995.

Variable Burned 1994 Unburned 1994 Statistics

1994

Height (cm), June 2 15.8 22.8 t=5.25, df =38, P <0.0001
S.D 2.83 522

n 20 20

Leaf area (cm2) June 25 132.4 132.8 t=10.02, df =35, NS

S.D. 40.0 58.0

n 15 22

Probability of abortion 0.93 0.31 P <0.001 (FET)

n 14 16

1995

Height (cm) April 25 5.47 2.78 t=6.07, df = 36, P < 0.0001
S.D. 1.43 1.29

n 18 20

Height (cm) June 7 39.9 31.9 t=3.16, df =27, p < 0.001
S.D. 6.43 7.25

n 13 16

Leaf area (cm2) July 3 169.0 113.8 t=2.32,df =26, p<0.01
S.D. 64.4 49.8

n ’ 10 18

Proportion of plants with

> 75% of flowers open 1.00 0.00 P <0.0001 (FET)

n ) 10 14

pc = paired comparison
FET = Fisher’s exact test

In 1994, the effects of the 1994 burn were negative; plants on
the burned area grew more slowly, although there was no
difference in their final size. More significantly, of the many
plants on both areas that attempted to flower, 93% of those on the
burned area aborted their inflorescences whereas only 31% of
those on the unburned area did so. In 1995, the effects of the
1994 burn were positive; plants on the burned area grew more
rapidly, flowered sooner, and had a larger final size.

These results appear to be inconsistent; in some years burning
has positive effects and in other years the effects are negative.
But this is consistent with the hypothesis that burning and soil
moisture conditions interact to produce the plant’s response, as
found in the study by Blankespoor and Larson (1994). The
removal of litter by fire is known to reduce soil moisture (Knapp
and Seastedt 1986). It is hypothesized that, when prevailing soil
moisture levels are already low because of low precipitation, the
further reduction in soil moisture caused by litter removal can
result in plant stress. When prevailing soil moisture levels are
high, litter removal can produce a positive response because of
increased photosynthesis resulting from greater light reception.
In the present study the effects of litter removal carried over into
the year after the fire.

The four years of data from the present study are consistent
with this hypothesis. Figure 1 shows the precipitation patterns
during the growing season for these four years. At this study site,
the plant emerges in mid April and flowers towards the end of
June. Precipitation in these months is critical for the orchid’s
success. In 1992, May and June precipitation were well below
average. This limited plant longevity; by July 4, many plants, but
especially those on the burned plots, were either completely
brown or had one brown leaf. It also affected reproduction; the
inflorescences on all flowering plants aborted before they could
mature. Thus, in 1992, burning appears to have added to the
stress imposed by low moisture resulting in a negative effect on
the plants. In 1993, precipitation was higher than average
throughout the growing season, and all plants were green through
July with no inflorescence abortion. In 1993, the plants on plots
burned in 1992 had more rapid emergence and early growth
which did not produce larger size in 1993 but did in 1994. In
1994 precipitation was very low in May. This appears to have
stressed all plants as indicated by the high level of inflorescence
abortion. However, the plants on the area burned in 1994 had
91% inflorescence abortion compared to 31% for plants on the
unburned area. Plants on the burned area also experienced
slower early growth. In 1995, precipitation levels were high
throughout the growing season, with the exception of June. Only
a few inflorescences aborted. Plants on the area burned in 1994
had faster growth and larger size.
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FIG. 1. Precipitation data for Guthrie Center, IA located 10km
from the study site.

Some limitations of this study should be noted. First, the study
was of short duration. Although results appear to be consistent
with the fire/moisture interaction hypothesis, more years of study,
observing other combinations of fire and precipitation, will be
needed to confirm it. Second, the sample sizes were small.

Often in such cases, environmental noise obscures any statistical
differences that might exist between groups. In this study, the
plants in the control and treatment plots were matched for initial
size and microsite, in an attempt to reduce such noise. However,
the number of matched pairs decreased over time because of
plant disappearance, which limited the ability to detect size
differences. Some plants were added to the study over time to
augment sample size and it was possible to detect significant
differences in emergence, growth rate and inflorescence abortion.

This study examined the effects of burning only on adult,
primarily reproductive, plants. It did not examine the effects on
vegetative plants or on recruitment to the population through seed
germination and seedling establishment. A study at the Sheyenne
National Grassland found that spring or fall burning had no
statistically significant effect on orchid density, a reflection of
recruitment and survivorship, or on flowering density (Sieg et al.
1994). Another factor, not examined in this study, that might be
affected by fire is the mycorrhizae associated with orchid plants.
From seed establishment through adult life, mycorrhizal relation-
ships are important for these and many other orchids (Bowles er
al. 1992), as well as many warm-season grasses. Little work has
been done on prairie mycorrhizae but one study found increased
mycorrhizal activity following a spring burn (Bentivenga and
Hetrick 1991).

Management Implications

The results of this study pose a dilemma for management of
western prairie fringed orchid populations. The results suggest
that burning in early spring can have positive effects, if April-
June precipitation levels are near or above normal. However, if
precipitation during this period is below normal then burning can
have negative effects. Unfortunately one cannot know at the time
of a burn, in early April, what the precipitation over the next two
months will be. In addition, one cannot know what precipitation
conditions will be like the following year, and litter removal
effects carry over into the following year. A conservative
approach would be to consult the 90 day weather forecast before
burning. If indications are for drier than normal conditions then
the portion of the prairie with the orchids should not be burned.
In addition, burning would not be recommended in a year
following a very wet year because many plants will be attempting
to flower (Bowles et al. 1994) and burning could jeopardize
reproduction, which is essential to the long-term persistence of
the species. Burning before orchid leaves have emerged (early to
mid April for Sheeder Prairie) is also important. A study on
another prairie orchid, Spiranthes cernua, found that burning
after emergence significantly reduced leaf area in that year and
the following year (A. Antlfinger, unpub. data). These manage-
ment recommendations would apply to the small populations in
the southern part of the species’ range. For the metapopulations
of the species in Manitoba, North Dakota, and Minnesota, soil
moisture may be less important. These northern populations
typically are found in low-lying, moist areas and may not be as
vulnerable to drying as are the populations to the south, which
are located in less mesic habitats. Further studies on burning
effects in these populations are desirable.
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Influence of Fire Frequency and Burning Date on the
Proportion of Reproductive Tillers in Big Bluestem and
Indian Grass

E. Gene Towne
Division of Biology, Kansas State University, Manhattan, Kansas 66506

Abstract. Big bluestem (4dndropogon gerardii) and Indian grass
(Sorghastrum nutans) were censused for two seasons in ungrazed
tallgrass prairie to investigate the influence of fire frequency and
seasonality on tiller density and flowering. For big bluestem, the
highest percentage of reproductive tillers (43.7%) occurred in
plots burned after 3 years without burning (P <0.001). As
burning frequency increased, the proportion of reproductive
tillers declined to 23.9% in plots burned after 1 year without
burning and 14.5% in plots burned annually in late spring. The
proportion of reproductive tillers was significantly lower in
unburned plots than in any burn treatment. Seasonality of annual
burns did not affect the percentage of reproductive tillers. For
Indian grass, the proportion of reproductive tillers (14.8%) was
highest in plots burned annually in late spring. Long-term
unburned plots and plots burned every 4 years had the lowest
percentage of tillers producing an inflorescence (0.6% and 1.4%,
respectively). Results of this study indicate that annual fires in
tallgrass prairie stimulate approximately 15% of big bluestem
and Indian grass tillers to produce inflorescences, when ample
precipitation occurs during the growing season. Burning once
every 4 years reduces big bluestem tiller density compared to
annual burning, but maximizes the number and percentage of
reproductive tillers. In contrast, quadrennial burning drastically
reduces the proportion of Indian grass tillers producing an
inflorescence.

Key words: fire frequency, fire seasonality, reproductive effort,
grass inflorescence, tallgrass prairie

Introduction

Reproduction by dominant, warm-season, perennial grasses in
tallgrass prairie is primarily vegetative. Sexual reproductive
effort varies from year-to-year, but profuse flowering of big
bluestem (4ndropogon gerardii) and Indian grass (Sorghastrum
nutans) is infrequent, often occurring only two or three times per
decade (Cornelius 1950). Removing litter with fire increases
reproductive stem density (Curtis and Partch 1950; Kucera and
Ehrenreich 1962; Ehrenreich and Aikman 1963; Knapp and
Hulbert 1986; Hulbert 1988). However, interactions among fire
frequency, fire seasonality, and independent environmental
factors such as growing season precipitation can influence
flowering dynamics of warm-season grasses. In native prairie, a
seemingly high proportion of big bluestem and Indian grass tillers
occasionally produce an inflorescence. Although various studies
have examined inflorescence production in tallgrass prairie, the
proportion of tillers that produce an inflorescence generally has
been ignored. This study evaluated the influence of fire fre-
quency and seasonality on tiller density and inflorescence
production of big bluestem and Indian grass during 2 successive
flowering years. The hypothesis was that these dominant warm-
season grasses would respond to fire, particularly infrequent fire,
with significant increases in both total and reproductive tillers.

Materials and Methods

An ungrazed tallgrass prairie area on Konza Prairie Research
Natural Area (KPRNA) was partitioned into 10 x 25 m plots in
1982 to investigate long-term effects of fire at different seasons
and intervals between fire. In addition to unburned plots, fire
regimes included: annual burning in early spring (mid March),
late spring (late April), and fall (mid November); late spring
burning every 2 years (two different treatments for year-of-fire);
and late spring burning every 4 years (four different treatments
for year-of-fire). Each treatment was replicated four times across
a topoedaphic gradient ranging from silty clay lowland soils to
clayey upland soils. Since the initiation of treatments, seasonal-
ity and frequency of fire have visibly influenced the vegetative
composition, but big bluestem and Indian grass are relatively
common in most plots.

Tillers and flowering culms of big bluestem and Indian grass
were censused in 10 quadrats (0.1 m?) along a transect within
each plot. To avoid edge effects, quadrats were located at least 1
m from plot borders. Tillers were counted in September 1992
and 1993.

For statistical analysis, densities of tillers and flowering culms
were log transformed to equalize variances and reduce skewness
within the data. The proportions of big bluestem and Indian
grass tillers that produced an inflorescence were arcsine trans-
formed before analysis (Zar 1974). Transformed data were
analyzed as a two-way analysis of variance with means separated
by least significant difference (P < 0.05).
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FIG. 1. Cumulative precipitation pattern of 1992 and 1993
compared with the 30-year average.

PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE 75



76 PROCEEDINGS OF THE 14TH ANNUAL NORTH AMERICAN PRAIRIE CONFERENCE

Results

Precipitation in 1992 was below the 30-year mean in the early
part of the growing season (May-June). However, rainfall in July
was the third highest on record (33.6 ¢m), and the year ended 17
cm above the long-term average (Fig. 1). In 1993, precipitation
was above the 30-year mean throughout the growing season, and
the year ended as the second wettest on record (143 cm).

Both 1992 and 1993 were considered “flowering years” in
which perceptibly high numbers of big bluestem and Indian grass
tillers produced flowering culms. However, inflorescence
production was significantly higher for both grasses in 1993 than
in 1992. Tiller density and the proportion of tillers producing an
inflorescence also were higher for most treatments in 1993 than
in 1992.

Tiller Density

Big bluestem tiller density was highest (212/m?) in plots
annually burned in late April (Fig. 2). Tillers were more
numerous in plots annually burned in March (121 tillers/m?) or
November (114 tillers/m?) than in any unburned treatment (P <
0.001). Biennial burning tended to increase (P = 0.09) tillers in
the year that fire occurred (85/m?) compared to plots unburned
for 1 year (63/m?).
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FIG. 2. Average density of big bluestem and Indian grass tillers
in response to burning frequency and season. Blub=burned in
late April after 1 year without fire; B3ub=burned in late April
after 3 years without fire; UB1=unburned for | year;
UB3=unburned for 3 years; UB=long-term unburned. Within
each species, means with the same letter are not different (P >
0.05).

Indian grass tiller density was highest in plots annually burned
in late spring (107/m?) and November (67/m?). Biennial burning
reduced the number of tillers compared to annual burning. Tiller
density was similar between plots unburned for 3 years (11/m?)
and plots burned after 3 years of no fire (12/m?). Long-term
unburned plots had the lowest number of tillers (5/m?).

Reproductive Stem Density

The greatest density of big bluestem flowering culms (39/m?)
occurred in plots burned after 3 years without fire (Fig. 3).
Annual burning in late April produced more inflorescences (30/
m?) than annual burning in March or November (13/m* and 15/
m?, respectively). Flowering density was significantly lower (P <
0.001) in unburned plots than in any fire treatment.

Flowering density of Indian grass culms was greatest in plots
annually burned in late April (26/m?). In biennially burned plots,
inflorescence density was 16 culms/m? in the year that fire
occurred, but only 6 culms/m? in plots unburned for 1 year (P <
0.001).
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FIG. 3. Average density of big bluestem and Indian grass
flowering culms in response to burning frequency and season.
Blub=burned in late April after 1 year without fire;
B3ub=burned in late April after 3 years without fire;
UBl=unburned for 1 year; UB3=unburned for 3 years; UB=long-
term unburned. Within each species, means with the same letter
are not different (P > 0.05).

Percentage of Reproductive Stems

The mean proportion of big bluestem tillers that produced an
inflorescence (43.7%) was higher (P < 0.001) in plots burned
after 3 years without fire than any other treatment (Fig. 4). The
proportion of reproductive tillers decreased to 23.9% in plots
burned after 1 year without fire and to 14.5% in plots annually
burned in late spring. In unburned plots, the percentage of tillers
producing an inflorescence was significantly lower than in any
burn treatment. Seasonality of annual burns did not affect the
proportion of reproductive tillers.

Annual burning in late April stimulated the greatest proportion
of Indian grass tillers to produce an inflorescence (14.8%).
Burning in different seasons reduced the percentage of tillers that
flowered (5.9% in November and 3.8% in March). Long-term
unburned plots and plots burned every 4 years had the lowest
percentages of tillers producing an inflorescence.
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FIG. 4. Average proportion of big bluestem and Indian grass tillers
producing an inflorescence in response to burning frequency and
season. Blub=burned in late April after 1 year without fire;
B3ub=burned in late April after 3 years without fire; UB1=unburned
for 1 year; UB3=unburned for 3 years; UB=long-term unburned.
Within each species, means with the same letter are not different (P
> 0.05).

Discussion

Annual fire, particularly in late spring, favors big bluestem
(Svejcar 1990). Higher tiller density in burned than in unburned
plots may be due to increased light levels from litter removal
(Knapp 1984; Svejcar and Browning 1988). Although fire
stimulates vegetative propagation of big bluestem, its influence is
mediated by environmental conditions. Glenn-Lewin et al.
(1990) concluded that weather is responsible for greater year-to-
year fluctuations in tiller production than is fire.

Indian grass also is favored by annual fire, but tiller counts
included numerous newly emerged shoots. In a separate late
September census, 51.7% of all Indian grass tillers were < 10 cm
tall (Table 1). These tillers arise throughout the growing season
from established parent tillers and usually are short-lived
(McKendrick et al. 1975). In unburned plots, light limitation
from litter apparently is more inhibitory to the intermittently
emerging tillers of Indian grass than the synchronized spring
tillering of big bluestem. After 3 years without fire, litter
buildup significantly reduced (P < 0.001) Indian grass tillers
compared with other treatments. However, removing litter
accumulations with quadrennial fire did not stimulate tiller or
inflorescence production. Thus, Indian grass is much more
dependent on frequent fire than is big bluestem.

Table 1. Height of Indian grass tillers measured in late Septem-
ber.

Height (cm) Number of tillers %
0.1-49 179 31.6
5-99 114 20.1
10-29.9 150 26.5
>30 123 21.7

n= 566

Burning removes litter and usually stimulates inflorescence
production in warm-season grasses (Curtis and Partch 1950;
Weaver and Rowland 1952; Hulbert 1969). The flowering
response is proportional to the detritus thickness and the length
of time it is present (Old 1969). Inflorescence density is higher
when the fire occurs in late spring than at other times. Benning
and Bragg (1993) reported highest reproductive response to
burning if fire occurred in mid to late May when photosyntheti-
cally active leaves were elongating. Other reports have shown
that the influence of fire on inflorescence production decreased in
the year after burning but remained higher than in unburned
areas (Ehrenreich and Aikman 1963; Hadley and Kieckhefer
1963). In this study, however, flowering density of big bluestem
was not different (P > 0.1) between plots unburned for 1 year and
long-term unburned plots, suggesting that the stimulus of fire in
the previous year did not have a carryover effect.

Although burning stimulates inflorescence production, the
response is augmented by precipitation (Cornelius 1950).
Generally, a wet year that follows a hot, dry year is favorable for
stimulating flowering in big bluestem and Indian grass (Knapp
and Hulbert 1986). Old (1969) suggested that the flowering
response is controlled by environmental conditions at the
beginning of the growing season. However, the high number of
flowering tillers in this study suggests that precipitation during
July and August, when the warm-season grasses are initiating
flowering culms, may be a more critical influence. Circumstan-
tial support for the influence of summer moisture on flowering
density also can be gleaned from long-term records of inflores-
cence data on KPRNA. Yearly precipitation totals for 1981,
1982, 1983, and 1984 all were above the 30-year average, but
only in 1981 and 1982 did profuse flowering occur. Both years
received abundant moisture in July and August, with no extended
periods of high temperature. In contrast, 1983 and 1984 were
wet in the spring but hot and dry during the summer, and the
warm-season grasses produced few or no inflorescences (Knapp
and Hulbert 1986). The two successive wet years in this study
stimulated a relatively high percentage of big bluestem and
Indian grass tillers to produce an inflorescence, and flowering
likely approached the upper limits in unfertilized native prairie.
Precipitation deficits in the summer of more “typical” years
presumably will dramatically reduce the proportion of tillers
producing an inflorescence.

Inflorescence formation in perennial grasses that propagate
vegetatively has long-term ramifications on survival of individual
ramets. In pyrogenic habitats, allocation of resources to
belowground storage in lieu of aerial structures is an adaptive
trait of perennial grasses to conserve nutrients (Adams and
Wallace 1985). Viable seed yields of big bluestem and Indian
grass are extremely low in native prairie (Cornelius 1950;
Masters et al. 1993). Additionally, relatively few viable seeds
germinate and survive amid established perennial grasses (Blake
1935; Abrams 1988). Thus, inflorescence formation from big
bluestem and Indian grass tillers usually represents wasted or
inefficiently utilized resources. In quadrennially burned plots,
however, removing litter buildup opens numerous microsites for
colonization and may increase the likelihood of seedling survival.
Big bluestem responds to infrequent fire with a high proportion
of reproductive tillers, a strategy that could increase genet
diversity in the population, if the probability of successful
seedling establishment concomitantly increases.
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Inflorescence production of big bluestem and Indian grass may
reflect transient responses to recurring shifts in limiting re-
sources. Nonequilibrium conditions created by infrequent fire
stimulates the flowering response in a high proportion of big
bluestem tillers, because both energy and nitrogen availability are
increased (Seastedt and Knapp 1993). Nitrogen availability
likely was not a limiting factor in 1992, because the previous
year was relatively dry (18.3 cm precipitation below normal).
Timely and abundant precipitation during the 1993 growing
season saturated the soil to the point where the roots probably
never experienced water stress, and the grasses responded with
profuse tillering and inflorescence production.

In summary, yearly fires in tallgrass prairie stimulated
approximately 15% of big bluestem and Indian grass tillers to
produce inflorescences. In unburned sites, less that 3% of big
bluestem and Indian grass tillers flowered. Floral induction in
big bluestem is maximized (44% of the tillers) when burning
occurs following 3 years without fire. However, the proportion of
Indian grass tillers producing an inflorescence is reduced
drastically with quadrennial burning (< 2% of all tillers).
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Soil Moisture and Temperature Differences Between Burned
and Unburned Smooth Brome- and Big Bluestem-Dominated
Sites

Gary D. Willson
National Biological Service, 204 Gentry Hall, University of Missouri, Columbia, MO 65211
and
James Stubbendieck
Department of Agronomy, 349 Keim Hall, University of Nebraska, Lincoln, NE 68583

Abstract. Soil moisture and temperature are important factors in
determining productivity of prairies dominated by warm-season
grasses such as big bluestem (dndropogon gerardii). In degraded
or partially restored prairie dominated by smooth brome (Bromus
inermis), early spring burning can stimulate growth of smooth
brome tillers. Under these conditions, warm-season grasses
growing in association with smooth brome would be at a
disadvantage. In 1989 and 1990, a split-plot completely random-
ized design was used to determine differences in soil moisture
and temperature between smooth brome-dominated plots and big
bluestem-dominated plots both burned in early spring. Analysis
of variance showed that early burning during a dry spring led to
less soil moisture and lower soil temperatures on degraded sites
dominated by smooth brome than on big bluestem-dominated
sites. Lower available soil moisture and slower soil warming in
dry years might limit big bluestem expansion in areas dominated
by smooth brome.

Key words: smooth brome, big bluestem, prescribed fire, soil
temperature, and moisture

Introduction

Many studies in tallgrass prairie have shown that removal in
the spring of litter and standing dead biomass by burning or
mowing results in increased growth of the dominant warm-season
grasses (Weaver and Rowland 1952, Ehrenreich 1959, Kucera
and Ehrenreich 1962, Hadley and Kieckhefer 1963, Hulbert
1969, Old 1969). Increased production in tallgrass prairie
following burning has been attributed to: (1) increased availabil-
ity of solar radiation to young shoots following removal of
standing dead biomass, (2) increased length of the growing
season from earlier warming of the site, and (3) a generally
favorable early spring microclimate for growth of C, grasses (see
Knapp 1984).

Among effects of litter removal on microclimate are changes in
soil moisture and temperature. Soil moisture, measured late in
the growing season, often has been reported to be lower in burned
than in unburned prairie (Ehrenreich and Aikman 1963,
McMurphy and Anderson 1965, Anderson 1965, Hulbert 1969,
Rice and Parenti 1978). More specifically, burns at different
spring dates differentially affect soil moisture. Bieber and
Anderson (1961), for example, found that unburned control plots
and those burned in late spring were significantly higher in soil
moisture during the growing season than those burned earlier in
the spring or in winter. The effect differences in soil moisture
might have on plant growth was suggested by Rice and Parenti

(1978), who showed that soil moisture stress at a depth of 8 cm
was greater than the permanent wilting point of warm-season
grasses for a total of 6 weeks during the growing season in plots
burned on 22 March and mowed and for only 4 weeks in
unburned control plots. Moisture stress on early-season burn
sites probably is due to higher levels of evaporation from bare
soil and greater transpiration from earlier growing vegetation
(Hulbert 1969).

Removal of litter also has been shown to affect soil tempera-
ture. Removal of the litter layer by burning generally increases
soil temperatures. Compared to untreated areas, soil temperature
in areas from which litter had been removed by mowing or
burning averaged as much as 20°C higher at the soil surface and
up to 9°C higher at depths down to 15 cm (Steiger 1930,
Ehrenreich and Aikman 1963, Peet et al. 1975, Knapp 1984).
Rice and Parenti (1978) stated that the higher soil temperatures
in burned and mowed plots, particularly during the first 3 months
of the growing season, were primarily responsible for the
increased dry matter production.

In degraded or partially restored prairie dominated by smooth
brome (Bromus inermis), late March to early April burning can
stimulate vigorous growth of smooth brome tillers (Willson
1994). Depletion of soil moisture by evaporation from bare soil
and transpiration from actively growing smooth brome tillers
could produce periods of soil moisture stress in the late spring
when big bluestem (4ndropogon geradii) is initiating growth.
Although most native prairie species are well adapted to drought
(Weaver 1968), competition with smooth brome could exaggerate
naturally occurring dry periods and result in declines of native
species. Also, increased leaf area from rapidly growing smooth
brome tillers would replace some of the shading from litter and
lower potential soil temperature (Ehrenreich and Aikman 1963).
Under these conditions, warm-season grasses growing in
association with smooth brome would be at a disadvantage. The
objective of this study was to compare the soil moisture and
temperature responses of smooth brome-dominated and big
bluestem-dominated sites to early spring prescribed burning.

Methods

The study was conducted at the University of Nebraska,
Agricultural Research and Development Center, near Mead,
Nebraska (41° 10°N, 96° 25°W; 344 m above sea level). Climate
of the study site is typical of the western limit of the tallgrass
prairie region. Summers are hot and humid, with an average July
temperature of 25.2°C and winds predominantly from the south.
In January the average temperature is -4.3°C winds are northerly.
Average annual precipitation is 690 mm with 74% falling during
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the growing season (Elder et al. 1965). During the 2-year study
period, precipitation, measured 6 km east of the study site, varied
considerably. Late winter and spring precipitation was nearly
normal in 1990 but 47% below normal in 1989 (Fig. 1) (NOAA
1989 and 1990).

" Cumulative Precipitation (mm)(x1000)

— 1989 — 1990 30-yr. ave. .
3
2
‘ ///‘
(]
JAN FEB MAR APR MAY JUN

Month
FIG. 1. Cumulative precipitation for the first 6 months of 1989

and 1990 and for the 30-year average. Precipitation was
measured 6 km east of the study site.

The study area was an 8-ha field planted to big bluestem, little
bluestem (Schizachyrium scoparium), sideoats grama (Bouteloua
curtipendula), indiangrass (Sorghastrum nutans), and switch-
grass (Panicum virgatum) in 1971 (J. Stubbendieck pers. comm.).
The soil in the study area is a Sharpsburg silty clay loam (fine,
montmorillonitic, mesic Typic Argiudoll) with slopes ranging
from 0 to 12% (Elder et al. 1965). In 1982, the area was divided
into 42, 250-m? plots as part of a long-term study of seasonal fire
effects. Different management treatments caused some plots to
become dominated by smooth brome, and others by big bluestem.

Table 1. Canopy cover for big bluestem and smooth brome in
1985 (T. Bragg pers. comm.) and visual estimates of dominance
in 1989 (SB=smooth brome dominant, BB=big bluestem
dominant) for plots (3, 9, 10, 16, and 27) of the long-term fire
effects study area at Mead, Nebraska.

Canopy Cover, % Dominance
Plot Smooth Brome  Big Bluestem
3 92 38 SB
9 85 38 SB
10 - 2 95 BB
16 38 38 BB
27 85 38 SB

In 1989, 5 of the 42, 250-m? plots dominated by smooth brome
or by big bluestem were selected for the present study (Table 1).
Using these plots, treatments available for this study were
smooth brome-dominated unburned, smooth brome-dominated
burned, big bluestem-dominated unburned, and big bluestem-
dominated burned in a split-plot completely randomized design.
One randomly selected, 27-m? subplot from each smooth brome-
dominatedplot and big bluestem-dominated plot was burned
using a back fire on 25 March, 1989. The experiment was
repeated in the spring of 1990 using five new subplots. One
randomly selected subplot from each smooth brome-dominated
plot and big bluestem-dominated plot was burned on 3 April. In
both years, a randomly selected, 27-m? subplot was established as
an unburned control in each of the five plots.

Soil moisture was measured biweekly in each subplot begin-
ning 8 days after the burn in 1989 and on the burn date in 1990.
Using a “King” tube, soil cores from a depth of 15-30 cm were
obtained from three random locations in each subplot. Soil cores
were stored in sealed plastic bags in the field and transferred to
air-tight soil cans. Soil cores and cans were weighed and dried in
a forced air oven at 55°C until a constant weight was reached.
Soil moisture was expressed as the percentage of oven-dry weight
of soil for each soil core and the percentages averaged in each
subplot.

Soil temperature also was measured in each subplot with a
Reotemp Digital Thermometer (Model FR-1) at a depth of 8 cm
once a week beginning 8 days after the burn in 1989 and on the
date of the burn in 1990. Five randomly selected sampling points
were used to determine mean subplot soil temperatures.

An analysis of variance (ANOVA) with a means comparison
test (F-protected LSD) was used to test for a significant differ-
ence between treatment means by sampling date (4 = 0.10). The
analyses were performed using SOLO statistical software (BMDP
Statistical Software Inc. 1991).

Results and Discussion

Soil Moisture

In 1989, soil moisture did not differ until 4 May (Table 2).
The burned smooth brome subplots contained the least soil
moisture, the burned and unburned big bluestem subplots
contained the most, and the unburned brome subplots were
intermediate. This trend continued until 7 June when no
significant differences occurred among treatments. Nevertheless,
on 7 June, soil moisture in the burned smooth brome treatment
was at a seasonal low compared to other treatments. March and
April 1989 were particularly dry. Late March burning of smooth
brome-dominated subplots was followed by rapid regrowth of
smooth brome tillers. Elongation of smooth brome tillers in
burned subplots during the first week in May was coincident with
a decline in soil moisture. These concurrent events did not occur
in unburned smooth brome subplots. These results suggest that
smooth brome affects soil moisture in burned areas so that, in dry
conditions, less soil moisture is available for later-growing
species, such as big bluestem.

Table 2. Mean percent (%) soil moisture in treatment plots
(BRU = brome unburned, BRB = brome burned, BBU = big
bluestem unburned, and BBB = big bluestem burned) through the
spring, 1989-90 at Mead, Nebraska. Numbers with the same
letter by row are not significantly different at the 0.10 level
(LSD).

Treatments
Sample
dates BRU BRB BBU BBB
1989
4-05 20.4a 19.5a 20.9a 20.3a
4-19 19.9a 19.1a 20.3a 20.2a
5-04 19.6b 16.5¢ 21.3a 21.0a
5-24 18.2a 13.2b 20.7a 17.6a
6-07 16.7a 12.1a 18.9a 14.6a
1990
4-03 21.0a 20.7a 20.8a 21.2a
4-20 19.9a 19.4a 21.1a 20.2a
5-07 17.9a 19.4a 20.6a 20.3a
5-24 21.3a 20.2a 22.9a 19.6a
6-16 20.1a 18.5a 21.6a 18.5a
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Hulbert (1969) thought that soil moisture differences between
burned and control plots were due to both evaporation and
transpiration. However, a comparison of the results of burned
smooth brome and big bluestem treatments in this study indicates
that transpiration from smooth brome tillers was the main cause
for reduced soil moisture in burned smooth brome subplots
(Table 2). This study suggests that, in burned, mixed stands of
smooth brome and big bluestem, big bluestem tillers begin to
grow in soil significantly drier than that encountered by tillers in
stands without smooth brome (Table 2). The results of Melgoza
et al. (1990) from western Nevada support this explanation.
They found that plots around native plants, including a warm-
season forb (Chrysothammus viscidiflorus), in a burned area
dominated by downy brome (Bromus tectorum), had a faster
depletion of soil water during the period of active growth of
downy brome. Furthermore, they found that, once established in
the open spaces around native species, downy brome was able to
suppress the water potential and productivity of native species for
an extended period of time.

With near normal precipitation in 1990, no significant
differences in percent soil moisture occurred among treatments
(Table 2). Although the response of smooth brome subplots to
early burning was similar to that in 1989, soil moisture levels in
1990 in the burned smooth brome subplots did not change over
the sampling period. Apparently, precipitation was adequate and
distributed so that evaporation and uptake by smooth brome
tillers did not deplete soil moisture. This difference between
responses in 1989 and 1990 is similar to that noted on a dry-
mesic to mesic lowa prairie. Ehrenreich (1959) found that soil
moisture was unaltered by burning during a wet year,
whereasduring a dry year, Ehrenreich and Aikman (1963) found
that burning decreased available soil moisture by 50%.

Table 3. Mean soil temperature (C°) in treatment plots (BRU =
brome unburned, BRB = brome burned, BBU = big bluestem
unburned, and BBB = big bluestem burned) through the spring,
1989-90 at Mead, Nebraska. Numbers with the same letter by
row are not significantly different at the 0.10 level (LSD).

Treatments

Sample

dates BRU BRB BBU BBB
1989

4-05 4.8a 7.9b 7.7b 12.7¢
4-12 4.2a 9.2¢ 6.1b 13.3d
4-19 6.6a 11.3b 9.7b 16.7¢
4-25 14.2a 21.8¢ 18.8b 25.8d
5-04 11.7a 16.5¢ 14.4b 19.8d
5-10 11.7a 18.5¢ 15.5b 24.3d
5-17 13.4a 17.8¢ 16.0b 20.1d
5-24 17.0a 20.8¢ 19.5b 22.6d
5-31 16.4a 19.7¢ 18.0b 20.0c
6-07 17.0a 20.0b 19.5b 22.1c
1990

4-03 4.1a 5.1ab 6.0b 4.4a
4-14 6.1a 7.8b 6.5a 8.2b
4-20 10.7a 14.2b 11.7a 14.1b
4-28 14.6a 19.9b 15.2a 20.6b
5-07 16.6a 22.6b 17.4a 23.9b
5-14 14.0a 16.9b 14.6a 17.3b
5-24 17.0a 18.9b 17.3a 19.2b
6-04 14.8a 16.6a 15.7a 19.9b
6-16 22.5a 24 4c¢ 22.1b 23.4d

Soil Temperature

During the early portion of the 1989 growing season, burned
subplots were significantly warmer than unburned subplots
dominated by both smooth brome and big bluestem (Table 3).
This is consistent with the response in many other studies (e.g.,
Hulbert 1969). Contrasting the two vegetation types, unburned
smooth brome subplots were significantly cooler than unburned
big bluestem subplots, most likely the result of a thicker
insulating layer of thatch on the former. Unburned smooth brome
subplots had been rested and not burned for over 7 years,
whereas unburned big bluestem subplots had been burned
annually in April for the same 7-year period. Thus, only standing
dead was present. As with unburned subplots, burned smooth
brome subplots were cooler than the burned big bluestem
subplots (Table 3). This was probably due to a combination of
two factors. First, burns in the smooth brome subplots did
notcompletely consume the litter layer, thus shielding the soil
surface from some incident solar radiation. Second, smooth
brome tillers began to regrow immediately after the burn and
shaded the soil surface in about two weeks. At the Hayden
Prairie in Iowa, Ehrenreich and Aikman (1963) found that shade
from vegetative regrowth following a fire became nearly as
effective as litter in reducing soil temperature by early June,

In 1990, as in 1989, significant differences occurred between
the burned and unburned subplots of both smooth brome and big
bluestem (Table 3). However, unlike 1989, soil temperatures of
burned subplots of smooth brome and big bluestem did not differ
significantly until June. Similarities between the two treatments
may have been due to lack of differences in soil moisture.

Conclusions

Early spring burning of degraded prairie dominated by smooth
brome during a dry period can reduce soil moisture and lower soil
temperatures compared to early burning of big bluestem-
dominated sites. Lower available soil moisture and slower soil
warming may limit big bluestem expansion in areas dominated by
smooth brome.
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Seasonal Activity of Snakes on a Kansas Floodplain
Tallgrass Prairie

Calvin L. Cink
Biology Department, Baker University, PO Box 65, Baldwin City, Kansas 66006-0065

Abstract. Snakes were caught in drift fence traps throughout the
season of activity in a 232.9 ha floodplain tallgrass prairie in
Douglas County, Kansas from 1991 through 1993. In three
seasons, 6712 trap station days produced 870 captures of the five
most common species of snakes: Thamnophis sirtalis, Coluber
constrictor, Thamnophis proximus, Lampropeltis calligaster, and
Regina grahamii. Most seasonal activity patterns were bimodal
with a period of low activity in late July or August. Yearly
variation was found to be related to food abundance, reproductive
activity, or flooding.

Key Words. snakes, seasonal activity, floodplain tallgrass
prairie, Kansas

Introduction

Snakes are integral parts of prairie communities. Though not
as conspicuous as birds or mammals, they are important preda-
tors. Their reproduction and foraging activities are tied to
optimal temperature regimes and often result in pronounced
periods of inactivity during parts of the summer. Seasonal
activity patterns have been considered important ecological
characteristics of snakes and have been studied for nearly 70
years (Brimley 1925, Conant 1938, Klimstra 1958). A review of
more recent studies by Gibbons and Semlitsch (1987) indicated
two distinct patterns of seasonal activity of temperate zone
snakes: bimodal patterns with peaks of activity in spring and fall
and unimodal patterns with peak activity sometime between late
spring and late summer. They also suggested that determining
general patterns is difficult, because the literature contains few
geographic comparisons of the same species or local comparisons
of a number of species in the same habitat. Platt (1989) studied
the seasonal activity of six species of snakes over 9 years in a
sand prairie in central Kansas. The present paper describes a
shorter 3-year study in floodplain tallgrass prairie in eastern
Kansas, in an attempt to detect not only general patterns of
seasonal activity for this community but also differences between
the two distinctly different Kansas communities.

Methods

The Baker University Wetlands is a 232 ha prairie tract that
has been managed by Baker University since 1968. It is mostly in
Sec. 18, T13S, R20E on the south edge of Lawrence, Kansas, in
northeastern Kansas and lies in the Wakarusa River floodplain.
A portion of the area was cultivated and most was grazed until
1958 (Boyd 1980). Native wetland prairie that has never been
plowed is found in only two small areas totalling about 18 ha.
These prairies were designated as a National Natural Landmark
by the Department of Interior and National Park Service in 1969.
Approximately 81 ha of the cultivated land has been replanted to
native grasses and forbs. The grazed area has been returned to a

reasonably diverse wetland prairie through burning and selective
mowing. Characterisitic plant species in the native habitat areas
are cordgrass (Spartina pectinata), eastern gammagrass
(Tripsacum dactyloides), switchgrass (Panicum virgatum), big
bluestem (4ndropogon gerardii), ironweed (Vernonia
Jasciculata), coreopsis beggar-ticks (Bidens polylepis),
Maximillian sunflower (Helianthus maximiliani), Jerusalem
artichoke (Helianthus tuberosa), large-toothed sunflower
(Helianthus grosseserratus), and numerous species of Carex,
Eleocharis, Cyperus, and Scirpus. Depressions are flooded
during wet seasons, and several large (0.81-2.43 ha) pools have
been created to retain water for longer periods of time.

From 10 to 30 stations with live traps were operated
continously from mid-April or early May to late October or early
November from 1991 through 1994, except that trapping was
stopped for a week in August in 2 years. A trap station consisted
of an 8-m low, metal, drift fence with either four funnel traps
near the ends on each side or a single funnel trap fitted on each
end, modified from those described by Fitch (1951). The fence
was arranged as a cross with a N-S line of 18 stations, 2 m apart
along 180 m and an E-W line of 10 stations, 2 m apart along 100
m. It ran north from a random point in the center of the western
half of the wetlands. A total of 6712 trap station days was
completed in the 3 complete years (1991-93) covered in this
paper. A trap station day is the use of one trap station for 24
hours.

Earlier studies did not standardize or quantify capture effort.
Because traps did not attract snakes but merely intercepted
moving snakes, capture rates are calculated as a quantitative
index of snake activity. Few snakes were caught before the first
of May or after the end of October. Following the example of
Platt (1989), each month was divided into approximately 15-day
trapping periods. For each trapping period, capture rates were
calculated as the number of captures per 1000 trap station days
(TSD), using the total captures and trapping effort in that
trapping period in all 3 years. Proportions of sexes in the sample
indicated which groups were more active and were compared
with chi square tests.

Biases associated with the use of drift fences with pitfall traps
were discussed by Gibbons and Semlitsch (1982), and some of
their comments apply to funnel traps and drift fences used in this
study. Not all members of the snake population were equally
susceptible to capture. Young snakes of some species could
escape through the 6mm mesh of the traps. The data reported
here pertain to the trappable population.

The difference in elevation between the highest and lowest
points in this part of the wetlands is less than 30 cm, so the same
relative numbers of water-filled depressions were found among
the trap stations. No noticeable differences occurred in trap
productivity among stations. Prey organisms of snakes were
captured in the funnel traps, and their numbers recorded.

All snakes were marked individually by clipping scales,
weighed, measured, palpated to count eggs or young, and
released at the site of capture.
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Results and Discussion

A total of 870 captures was made of the five most abundant
species of snakes included in this report: common garter snake
(Thamnophis sirtalis), 474 captures; racer (Coluber constrictor)
157 captures; western ribbon snake (Thamnophis proximus), 135
captures; prairie kingsnake (Lampropeltis calligaster), 116
captures; and Graham’s crayfish snake (Regina grahamii), 58
captures. Other species of snakes that make up this community
but that were sampled infrequently include the rat snake (Elaphe
obsoleta), northern water snake (Nerodia sipedon), and plains
garter snake (Thamnophis radix).

Common Garter Snakes

Total capture rates for garter snakes had large seasonal
variation in a bimodal pattern with peaks in late May or June
(depending on the year) and early or late September (Figure 1).
Low activity appears to be in early July through early August.
The peak in September is very pronounced and may include a
number of young that grow from 140-179 mm (snout vent
lenth=SLV) at birth to about 400 mm during the summer. Few
small snakes were captured during the trapping season. Platt
(1989) noted that, because of variable growth, particularly in
different years, first-year snakes cannot be identified in a multi-
year sample.
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FIG. 1. Capture rates of common garter snakes in half-month
trapping periods from May to October averaged over 3 years
(1991-1993). “N” is sample size or total captures in month in 3
years. “TSD” is trap station days.

The higher percentages of males in May (comparison of May
to July-August sample : Chi square = 13.51, P< 0.001) and
September samples (comparison of September sample to July-
August sample: Chi square = 14.62, P< 0.001) indicate increased
male activity and perhaps both spring and fall mating (Figure 1).
Fitch (1970) reported that common garter snakes mated in spring
and fall. :

Although Platt (1989) found that increased activity of common
garter snakes in fall was due to recruitment of young snakes,
causing a larger trappable population, this did not seem to be the
case here. Only 3% of my August-September sample fell in the
308-490 mm SVL range, and only 7% of my October sample fell
in this range. Increased activity of larger snakes, particularly
males, was observed here as it was by Platt (1989).

Some variation in capture rates among years seemed to reflect
abundance of food. When captures of plains leopard frog (Rana
blairi) were low in 1991 (average of 75 frogs per 1000 TSD from
mid-May to mid-July), the capture rates of garter snakes were
also low (15 snakes per 1000 TSD). All but the deepest bodies
of water were dry by mid July that summer. Precipitation was
greater in 1992 and 1993 than 1991, and wet conditions lasted
most of the summer. Frog captures were about 1000 per 1000
TSD, and garter snake numbers averaged 24 per 1000 TSD.
Snakes may have withdrawn from the area around the traps
during dry periods to feed on frogs concentrated in the remaining
big pools.

Racers

Total capture rates of racers had a bimodal seasonal pattern
with very high numbers in May, low numbers in July and early
August, and higher numbers in the fall (Figure 2). This pattern is
similar to the one found by Platt (1989), though his peaks were
not so pronounced. Platt found that capture rates remained high
in July and August in some years. The years of data in the
present study may be too few to catch such a pattern.
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FIG. 2. Capture rates of racers in half-month trapping periods
from May to October averaged over 3 years (1991-1993).

“N” is sample size or total captures in month in 3 years. “TSD”
is trap station days.
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Because of their small size, few hatchlings were caught in the
fall, so the total population of racers is probably much larger than
that sampled. The high capture rate in May might have been due
to activities of males searching for females (sex proportions in
May sample compared to July-August: Chi square = 24.9, P<
0.001). No significant increase in males occurred in fall samples
(Chi square = 1.81, P> 0.1). Fitch (1970) reported no fall mating
for this species.
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FIG. 3. Capture rates of western ribbon snakes in half-month
trapping periods from May to October averaged over 3 years
(1991-1993). “N” is sample size or total captures in month in 3
years. “TSD” is trap station days.
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FIG. 4. Capture rates of prairie kingsnakes in half-month
trapping periods from May to October averaged over 3 years
(1991-1993). *N” is sample size or total captures in month in 3
years. “TSD” is trap station days.

Western Ribbon Snakes

Total capture rates of western ribbon snakes shows a bimodal
pattern with a peak in late June and late August and a period of
reduced activity in July and August (Figure 3). The fairly large
number of captures indicated for late July is largely a reflection
of the data from 1993, when water levels were very high and
numbers of frogs metamorphosing was also high. Total captures
increased steadily over the 3-year period as more water was
retained in the wetlands.

Higher percentages of males in June (comparison of June
sample to July sample: Chi square = 7.67, P< 0.01) and late
August (comparison of August to July sample: Chi square = 8.84,
P< 0.01) indicate increased male activity. Fitch (1970) made no
mention of fall breeding. Because of the narrow head in this
species, even fairly large individuals (> 400 mm SVL) can work
their way out of a 6-mm mesh trap and, thus, may be
underrepresented in the sample. Very few young were captured
in the fall (< 1%).

Prairie Kingsnakes

The data for prairie kingsnakes show only a weak indication of
a bimodal pattern (Figure 4). Periods of increased activity occur
in early May, in late June, and again in late August, with
decreased activity in July and early August. The sample may
have been too small to accurately reflect the true pattern of
activity.

Males did not comprise a significantly greater proportion of the
sample in May (comparison of May sample to July-August
sample: Chi square = 0.08, P>.25) or in September (comparison
of September sample to July-August sample: Chi square = 1.30,
P> 0.25) than at midsummer. Fitch (1970) noted that this genus
breeds in the spring. Few young were captured in this sample.
Succeedingly fewer captures were made over the 3-year period as
conditions became more mesic.
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FIG. 5. Capture rates of Graham’s crayfish snakes in half-month
trapping periods from May to October averaged over 3 years
(1991-1993). “N” is sample size or total captures in month in 3
years. “TSD” is trap station days.

Graham’s Crayfish Snakes

The pattern of activity for crayfish snakes shows a peak in late
May, another in late July, and a third in early October (Figure 5).
A distinct period of inactivity occurred in August and early
September for all 3 years. The peak in July is largely a function
of data from 1993 when over 26 cm of precipitation fell in the
wetlands and was retained for several weeks.
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Males comprised a significantly larger portion of the May
sample (comparison of May sample to July-August sample: Chi
square = 6.52, P< 0.025) and September sample (comparison of
September sample to the July-August sample: Chi square = 7.28,
P< 0.01) than the mid-summer sample, which indicates increased
activity in spring and fall.

Most females were captured in June and July. Fitch (1970)
noted mating activity in late April and May with young born in
late July, August, and September. This sample is relatively
small, and future work is necessary to document what governs
seasonal activity. Captures have increased over the 3-year period
as the area has become more mesic.

Conclusions

The following general conclusions can be drawn from a
comparison of activity patterns of the five species of snakes:

1) Different patterns of activity occurred in different species in
the same local habitat. These patterns may be related to food
abundance, reproductive activity, or changing patterns of standing
water.

2) All five species had some modification of a bimodal activity
pattern, with a period of low activity in late July in four species
and in August and early September for Graham’s crayfish snakes.
The amount of fall activity varied in different species. Differ-
ences may be caused partly by trapping methods, which did not
capture young snakes of most species.

3) Patterns for species found in both eastern and central
Kansas are similar, with small differences in timing and extent of
activity.

4) For all species, year-to-year variation existed. In common
garter snakes and western ribbon snakes, much of this variability
may have been due to changes in prey abundance. In Graham’s
crayfish snakes, it may have been a function of availability of
standing water.

5) Male activity was higher in the spring in four species with
large samples, and female activity increased in the middle of the
summer. Those four also showed increased activity by males in
the fall.
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Population Ecology of Elliot’s Short-Tailed Shrew and Least
Shrew in Ungrazed Tallgrass Prairie Manipulated by
Experimental Fire
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(BKC) Department of Biological Sciences, Southeastern Oklahoma State University, Durant, OK 74701, USA, (DWK,
GAK, and SKG) Division of Biology, Kansas State University, Manhattan, KS 66506, USA.

Abstract. Small mammals were sampled from March 1983 to
October 1987 in ungrazed tallgrass prairie manipulated by
experimental fire on the Konza Prairie Research Natural Area,
Kansas. We captured 806 different Elliot’s short-tailed shrews
(Blarina hylophaga Elliot) and 69 least shrews (Cryptotis parva
Say). Estimated densities ranged from 1.7 to 24.6 individuals/ha
for short-tailed shrews and from 0.5 to 2.9 individuals/ha for
least shrews. The sex ratio did not differ from 1:1 in either
soricid species. Captures of short-tailed shrews were concen-
trated in lowland habitats, whereas least shrews were most
abundant in upland habitats. Males of both species had signifi-
cantly larger home ranges than females (B. hylophaga: males =
0.26 ha; females = 0.14 ha; C. parva: males = 0.56 ha; females =
0.23 ha). Short-tailed shrews exhibited a fire-negative response
immediately following a fire, as well as in years after a fire. We
did not detect a response to fire by least shrews, but abundance
was low, which may have precluded detection of any fire
response. Residency time and overwintering success did not
differ between females and males for either species.

Key words: Blarina hylophaga, Cryptotis parva, Elliot’s short-
tailed shrew, fire response, least shrew, tallgrass prairie

Introduction

Elliot’s short-tailed shrew (Blarina hylophaga) and the least
shrew (Cryptotis parva) inhabit a diversity of woodlands and
grasslands in Kansas (Bee er al. 1981). Both soricid species
prefer habitats with well-developed litter layers (Choate and
Fleharty 1975, Davis and Joeris 1945, Kaufman et al. 1989);
however, least shrews probably are more tolerant of xeric
conditions than short-tailed shrews (Whitaker 1974). Short-
tailed shrews exhibit a negative response to fire (Kaufman et al.
1990); response of least shrews to fire has not been studied.

Tallgrass prairie once occupied about 3% of North America
(Kiichler 1964). Since European settlers arrived on the Great
Plains, most of this habitat has been lost or fragmented into
isolated remnants except for the Flint Hills of southeastern
Nebraska, eastern Kansas, and north-central Oklahoma (Hulbert
1985). The rolling topography of the Flint Hills precluded
conversion to row crops, although livestock ranching occurs
throughout the region. Nevertheless, native species of prairie
plants persist as the dominant vegetation.

Restoration of native prairie is being promoted throughout the
midwestern United States (Bragg and Stubbendieck 1989, Smith
and Jacobs 1992, Wickett ef al. 1994). Impact of management
and agricultural practices, such as fire and grazing, must be
better understood to ensure success of both preservation and
restoration of tallgrass prairie. The objectives of this study were
to assess the influence of topoedaphic conditions and prescribed

spring fires on estimated densities, sex ratio, residency time,
percent overwintering, home range size, and habitat use patterns
of both Elliot’s short-tailed shrew and least shrew on Konza
Prairie Research Natural Area, Riley and Geary counties, Kansas.

Methods

Study Site

We studied the population ecology of Elliot’s short-tailed
shrew and least shrew on the Konza Prairie, a 3,487 ha tallgrass
prairie preserve of The Nature Conservancy located 10 km south
of Manhattan, Kansas (Hulbert 1985). Tallgrass species,
including big bluestem (Andropogon gerardii), little bluestem (4.
scoparius), Indian grass (Sorgahstrum nutans), and switchgrass
(Panicum virgatum), are the dominant plant species. The
topography of Konza Prairie is characterized by flat ridge tops,
terraced hillsides, and lowland valleys (Jantz et al. 1975). Soils
range from shallow and xeric in uplands to deep and mesic in
lowlands.

Our study area included portions of two to four conterminous
watersheds (see Clark 1989, Clark et al. 1990, Gurtz 1985 for
additional details). Watersheds varied in size (4A = 17.7 ha; 4B
= 55.1 ha; 2A = 29.6 ha; and WA = 26.6 ha), and each was
subjected to a different prescribed spring (April or early May)
fire treatment (4A: burned in 1980 and 1984; 4B: burned in
1979, 1983, and 1987; 2A: burned at 2-year intervals from 1973
to 1987; and WA burned following wet years in 1983, 1985,
1986, and 1987; sece Hulbert 1985 for additional details).

Small Mammals

Small mammals were sampled periodically with large (7.6 by
8.9 by 22.9 cm) Sherman live traps from 13 March 1983 to 28
October 1987; no sampling was conducted during winter months.
Traps were baited with peanut butter in summer and peanut
butter and oatmeal wrapped in weighing paper in spring and
autumn. Polyester fiberfill was placed in traps for nesting
material during spring and autumn. Traps were closed in the
morning and reopened in the afternoon when temperatures
exceeded 29°C. In 1986 and 1987, traps set in each sampling
period were prebaited with peanut butter placed on the open back
door 2 days prior to the start of each trapping period. Traps with
the back door open were left on the grid between all trapping
periods. All shrews were toe-clipped uniquely and immediately
released after pertinent data were recorded.

! Author for correspondence: Department of Biological Sciences,
Station A Box 4096, Southeastern Oklahoma State University,
Durant, OK 74701
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Small mammals were sampled from 13 March to 23 November
1983 on a 5.4-ha trapping grid (10 by 24 stations; two traps per
station; 15-m interstation interval) that was situated across
portions of two contiguous watersheds (4A, 2.84 ha; 4B, 2.56 ha).
Small mammals were sampled for 4 days every other week,
except for a few weeks before and after the prescribed spring
burn. During each period, alternate rows of the grid were set for
2 days and then moved to the other set of rows for 2 more days.
Small mammals were sampled for 11 days between 4 February
and 28 March 1984 on the same 10 by 24 station grid used in
1983. From 11-18 April 1985, a 14 by 24 station area (one trap
per station; 15-m interstation interval) contiguous with the
original 10 by 24 station grid was set. For 8 nights between 19-
29 April 1984, the entire 13-ha grid (24 by 24 stations) was set
(one trap per station). This new area included portions of four
contiguous watersheds (4A, 6.91 ha; 4B, 4.58 ha; 2A, 1.17 ha;
and WA, 0.34 ha). Beginning in May 1984 and continuing
through October 1987, one trap per station was used on alternate
rows of the grid. From 2 May to 2 December 1984, traps were
set for 2 days, followed by an immediate switch to traps on the
other set of rows for 2 days. Rows used first during a period
alternated in each trapping period. Traps on alternate rows were
set for 2 to 4 nights during 1985 (9 March-27 October) and 2
nights in 1986 (15 March-7 November) and 1987 (21 March-28
October).

Analysis

Even though trapping effort varied among years, we believe
data are comparable because the entire study area was sampled in
each trapping period, not all traps were used by small mammals
during each period, and intensity and duration of effort were
sufficient to capture most all shrews using the grid. Density
(individuals/ha) of shrews was estimated by dividing number of
individuals by the area of the entire grid. A sign test (corrected
for ties; normal approximation Z ) was used to assess for
differences in estimated density between burned and unburned
prairie for captures on watersheds 4A and 4B. We used the log-
likelihood ratio test (G-test) to assess for heterogeneity in sex
ratio, topographic use patterns, and overwinter survivorship.
Yates correction for continuity was applied when appropriate;
Fisher’s exact test was used when sample sizes were small.
Expected values for topographic use patterns were calculated
from numbers of traps in each topographic position. Home range
size was estimated with the minimum convex polygon method
(Mohr 1947). We used the general linear models procedure
(GLM, SAS Institute, Inc. 1985) to test for effects of sex, year,
and interaction between sex and year on home range size. Only
animals that were captured >5 times and resided on the grid for
>30 days were used in this analysis. Duncan’s new multiple
range test was used to differentiate means (P < 0.05). We used
the Mann-Whitney U-test (X* approx.) to assess for differences in
number of days between first and last capture (residency time)
between sexes.

Results

We trapped 806 individuals in the 1,486 captures of Elliot’s
short-tailed shrew and 69 individuals in the 136 captures
recorded for the least shrew (Table 1). Estimated densities
varied more than 14-fold for short-tailed shrews (individuals/ha =
1.7, 7.4, 16.9, 24.6, and 16.7 for each year from 1983 to 1987,
respectively) and more than five-fold for least shrews (individu-
alstha = 0.6, 0.9, 2.9, 1.0, and 0.5 for each year from 1983 to

1987, respectively). Sex ratios for short-tailed shrews did not
differ significantly from 1:1 for any year or all years pooled (G <
0.77,d.f.= 1, P> 0.10). For least shrews, significantly more
females were captured in 1984 (G = 8.15,d./. =1, P <0.01);
however, sex ratios did not differ from 1:1 for any other year or
for all years pooled (G <3.27,d.f =1, P> 0.05).

Table 1. Numbers of individuals (Ind.) and captures (Cap.) of
Elliot’s short-tailed shrew and least shrew on Konza Prairie from
1983 to 1987.

1983 1984 1985 1986 1987
Species Ind. Cap. Ind. Cap. Ind. Cap. Ind. Cap. Ind. Cap.
Short-tailed Shrew
Males 2 3 40 66 103 209 162 311 114 148
Females 4 11 48 76 116 250 158 268 103 123

Least Shrew
Males 0 0 1 1

17 49 5 6 4 4
Females 0 0 11 12 3

20 48 8 8 4

Note.--Sex was not recorded in 1983 for three individuals and
three captures of short-tailed shrews and for three individuals and
four captures of least shrews.

Trap mortality was high for short-tailed shrews; 29.8% of all
individuals died in traps on their first capture. Similar numbers
of females (125 of 408 individuals) and males (115 of 395) died
in traps during the first capture (G = 0.22, df. =1, P > 0.10); 138
short-tailed shrews also died in traps on subsequent captures (65,
71, and 2 individuals for females, males, and sex unknown,
respectively). In addition to those dying in traps on their first
capture, 168 females and 146 males were captured only during a
single trap period. When only shrews captured during more than
one trap period were considered, residency time did not differ
between females and males (X2 approx. = 0.1, d.f. =1, P > 0.10;
females: median = 58 days, range = 12-555 days; males: median
=51 days, range = 11-400 days). Additionally, 113 of 283
females and 130 of 280 males captured in more than one trap
period were classified as residents during the 5 years; this pattern
did not differ between males and females (G=2.4,d./ =1, P>
0.10). Proportions of females and males that overwintered on the
grid did not differ for any winter (G < 1.19,df. =1, P > 0.10) or
for all years combined (females: n=21; males: n=24; G =
0.37,d.f.=1, P> 0.10; Table 2).

For least shrews, trap mortality during the first capture was
8.7%; this pattern did not differ significantly between females (4
of 40 individuals) and males (2 of 26; G=0.11,df =1, P>
0.10). Six additional individuals died in traps on subsequent
captures. Furthermore, 26 females and 19 males were captured
only in a single trap period. Residency time did not differ
between males and females when only individuals captured in
more than one trap period were considered (X* approx. = 0.0, d./.
=1, P>0.10; females: median = 39 days, range = 14-378 days;
males: median = 49 days, range 24-395 days). Across all years,
similar proportions of females (13 of 36) and males (7 of 24)
established residency on the study area (G =0.16,df. =1, P>
0.10). Only three least shrews, two females and one male,
overwintered on the study area.
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Table 2. Overwinter persistence of Elliot’s short-tailed shrews
on Konza Prairie.!

Table 4. Numbers of captures of least shrews in three topo-
graphic sites on Konza Prairie.

Years Females  Males Total Year Category Upland Breaks Lowland G P

1983-1984 1983 Observed 0 3 0 nt
#in 1983 4 2 6 Expected' 0.8 0.9 1.3
# survived to 1984 0 0 0 1984 Observed 3 3 4 0.6 >0.10
% overwintered 0 0 0 Expected 3.9 4.2 3.9

1984-1985 1985 Observed 30 17 5 183  <0.001
#in 1984 20 21 41 Expected 17.0 18.3 16.7
# survived to 1985 4 4 8 1986 Observed 10 3 0 125 <0.01
% overwintered 20.0 19.0 19.5 Expected 4.2 4.6 4.2

1985-1986 1987 Observed 5 2 0 56  >0.05
#in 1985 78 71 149 Expected 2.3 2.5 2.2
# survived to 1986 92 6 15 Total Observed 50 28 9 295 <0.001
% overwintered 11.5 85 10.1 Expected  28.4 307 27.9

1986-1987
#in 1986 92 93 185 'Expected values calculated by using proportion of study area in
# survived to 1987 9 14 23 each topographic class.
% overwintered 9.8 1501 12.4

Total
before winter 194 187 381 Home range size was significantly larger for male than female
after winter 21 24 45 short-tailed shrews (F = 5.1, d.f. = 1, P <0.05; Table 5). Home
% overwintered 10.8 12.8 11.8 range size was not influenced by year (F=0.6,d.f. =2, P> 0.10)

'Numbers do not include animals that died in traps.
Includes an individual captured in 1984 and recaptured in 1986.

Short-tailed shrews consistently used lowlands more and
uplands less than expected by chance; use of breaks on hillsides
did not difffer from random expectation (Table 3). No differ-
ences in habitat use were evident among years for females (G =
6.9,df. =8, P>0.10) or males (G=17.8,df =8, P>0.10) or
between females and males for all years pooled (G = 0.6, d.f. = 2,
P >0.10). In contrast, least shrews were more abundant in
upland compared to lowland prairie (Table 4). No differences
were noted in use of topographic sites among years for females
(G=17.8,df =6, P>0.10) or males (G=4.2,df.= 6, P>0.10)
or between females and males for all years pooled (G = 1.67, d.f.
=2, P>0.10).

Table 3. Numbers of captures of Elliot’s short-tailed shrew in
three topographic sites on Konza Prairie.

Year Category Upland Breaks Lowland G P

1983 Observed 2 6 4 0.3 >0.10
Expected' 3.1 3.7 5.3

1984 Observed 24 36 52 11.6 <0.01
Expected  36.6 39.5 36.0

1985 Observed 71 97 112 10.0 <0.01
Expected 91.4 98.7 89.9

1986 Observed 114 125 143 5.0 > 0.05
Expected 124.7 1346 1227

1987 Observed 67 89 81 2.1 >0.10
Expected 77.4 83.5 76.1

Total Observed 278 353 392 21.8 <0.001
Expected 333.9 360.5 328.6

Expected values calculated by using proportion of study area in
each topographic class.

or interaction between sex and year (F =0.5,d.f. =2, P> 0.10).
Similarly, male least shrews had significantly larger home ranges
than females in 1985 (F =25.5, df. = 1, P <0.01); home range
size could not be calculated for other years because of insufficient
captures.

Table 5. Mean home range sizes (ha) for Elliot’s short-tailed
shrew and least shrew on Konza Prairie.

1984 1985 1986

Species 0%/ 18E w0 X 0 8E. . b X SE

Short-tailed Shrew

Males 1 0.44 8 029 0.09 13 022 0.05

Females 1 0.20 13 0.13 002 8 0.15 0.06
Least Shrew

Males 6 0.56 0.05

Females 3 023 0.01

Estimated densities of short-tailed shrews were greater in
unburned than burned prairie during 27 of 36 trap periods in
years following spring fires (1983, 1984, and 1987) on a portion
of the grid (Z, = 2.83, P <0.01). This fire-negative response
persisted for several years after a fire. Density of short-tailed
shrews was greater for the area left unburned the longest when
compared to the most recently burned portion of the study area
during 45 of 66 trap periods in which shrews were captured
during the 5 years (Z, = 2.83, P <0.01). In contrast, least shrews
did not exhibit a response to fire; densities were similar between
burned and unburned prairie during the year of a fire (Z = 0.27,
P > 0.10) and between more recently and less recently burned
prairie (Z, = 1.28, P > 0.10).
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Discussion

Short-tailed shrews vary markedly in abundance, from about 2
to 121 individuals/ha (Getz 1989, Jackson 1961, Platt 1968,
Williams 1936). We also documented year-to-year variation in
numbers of Elliot’s short-tailed shrews; however, maximum
estimated density (ca. 25 individuals/ha) on Konza Prairie was
less than that recorded elsewhere. Howell (1954) estimated a
density of 1.7 least shrews/ha in old-field habitats, but suggested
that 5.0 shrews/ha was a more realistic value. Although we
recorded lower values during 4 of 5 years, our range of densities
probably does not represent significantly lower numbers,
especially because our trapping methodology was not designed
specifically to catch shrews.

We were surprised by the high frequency of trap mortality on
the first capture (29.8%) and subsequent captures (24.4%) of
Elliot’s short-tailed shrews. However, Getz (1989) reported
similar values (28.6% and 20.4% mortality on first and subse-
quent captures, respectively) for northern short-tailed shrews (B.
brevicauda) in Illinois. Even though trap mortality was high in
both studies, it did not differ between sexes or seasons. Trap
mortality was markedly less for least shrews (8.7% and 9.5%
mortality on first and subsequent captures, respectively). Given
the high metabolic rate of least shrews (McNab 1991, Whitaker
1974), a higher incidence of trap mortality was expected,
especially because we checked traps only once per day.

Average residency time of Elliot’s short-tailed shrews was
about 2 months and did not differ between sexes. Getz (1989)
documented similar results for northern short-tailed shrews in
Illinois. Maximum longevity in the wild was reported as 18
months or less (see Getz 1989, Manville 1949, Pearson 1945),
similar to the maximum time between first and last captures for
an individual during our study (18-19 months).

Average residency time on the study area did not differ
between males and females for least shrews and averaged
between 1 and 2 months; maximum time spent on our study area
was 12-13 months. Pfeiffer and Gass (1963) documented that a
captive least shrew lived for 21 months, and Mock (1982)
reported a maximum survival time in captivity was 30 months.

Previous studies concerning northern short-tailed shrews have
reported greater than 90% winter mortality (Barbehenn 1958,
Gottschang 1965, Jackson 1961, Pearson 1945). The 11.8%
overwinter persistence documented for Elliot’s short-tailed
shrews during our study was consistent with these results. Only
3 of 69 least shrews overwintered on the study area.

Mean home range size was significantly greater for male (0.26
ha) than female (0.14 ha) Elliot’s short-tailed shrews on Konza
Prairie. These values were less than the average home range size
(2.5 ha) reported for northern short-tailed shrews (Blair 1940).
Although Elliot’s short-tailed shrew is somewhat smaller (13-16
g) than the northern short-tailed shrew (20-30 g; Jones et al.
1985), this alone probably does not account for differences in
sizes of home ranges between the two species. Smaller home
ranges for short-tailed shrews on Konza Prairie may be due, at
least in part, to the restricted distribution and high plant produc-
tivity of lowlands (Abrams and Hulbert 1987; Abrams et al.
1986; Anderson and Fly 1955; Clark 1989; Gibson and Hulbert
1987; Hulbert 1986). Shallow, xeric, and poorly developed soils
in uplands and along hillsides influence plant species composi-
tion, as well as reduce plant productivity and litter accumulation
(see Abrams and Hulbert 1987; Abrams et al. 1986; Anderson
and Fly 1955; Clark 1989; Gibson and Hulbert 1987; Hulbert
1986). Rate of accumulation and depth of plant litter are greatest
in lowland habitats; therefore, greater abundance of Elliot’s
short-tailed shrew in lowlands compared to either uplands or
hillsides was expected.

Female least shrews on Konza Prairie had home ranges similar
in size to that reported by Howell (1954) for a single female;
however, home range size for male least shrews on Konza Prairie
was more than 300% greater than that reported for a single male
by Howell (1954).

The fire-negative response exhibited by Elliot’s short-tailed
shrew was expected, because previous studies have documented
that this species prefers habitats with a dense groundcover
(Choate and Fleharty 1975; Clark 1989; Kaufman et al. 1989).
Elsewhere on Konza Prairie, this shrew was more abundant on
unburned than burned habitats (Clark et al. 1989; Finck et al.
1986; Kaufman ef al. 1990). Additionally, northern short-tailed
shrews in Illinois were impacted negatively by fire (Schramm
1970; Schramm and Wilcutts 1983; Springer and Schramm 1972).
Greater abundance in lowland habitats on Konza Prairie is
consistent with use of unburned over burned sites.

We were surprised by the lack of a fire-negative response by
least shrews, especially given their preference for habitats with a
well-developed ground cover (Davis and Joeris 1945). However,
we captured few least shrews during years when prescribed fires
burned large portions of the study area (1983, 1984, and 1987),
and this may account for lack of a detectable fire response. Most
least shrews (50% of the females; 65% of the males) were
captured in 1985 (1 or 2 years after prescribed fires on the two
main watersheds of the study area). Sufficient ground cover
probably had accumulated by 1985 to provide their preferred
habitat.
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Feral Pigs, Sus Scrofa, in Kansas
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Kansas Cooperative Fish and Wildlife
Research Unit, Kansas State University, Manhattan, Kansas 66506
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Abstract. A population of feral pigs, Sus scrofa, was documented
on Fort Riley Army Base, Kansas during summer 1993. Repro-
duction occurred during spring 1993 and winter 1993-94. The
population probably has existed for more than five years. Thirty-
nine pigs were removed from November 1993 through February
1994, A minimum of six pigs remained in April 1994,

Key Words. Army base, feral pigs, prairie, Kansas.

Introduction

More than two million wild pigs, Sus scrofa, were distributed
in 23 states in 1993 (Miller, 1993), and about half of them in
Texas (Taylor 1993). In 1992, wild pigs were found throughout
Texas, except for extreme western and northwestern regions of
the state (Taylor 1993). In Oklahoma, wild pigs have occurred
for many years in forested eastern and southern counties, and
recently they were reported in western counties near the border
with Kansas (Wagner 1995). Mr. Bill Hlavachick, Supervisor of
the Wildlife Management Division of the Kansas Department of
Wildlife and Parks, advised the first author that he received
reports in 1985 of a group of six or seven wild pigs killed south
of Lake Perry in eastern Kansas. This paper is the first docu-
mented report of wild pigs in Kansas.

Study Area

This study was conducted on Fort Riley, a 44,500 ha army base
in northeastern Kansas. Most of the base is typical of tallgrass
prairies found in the Kansas Flint Hills. Uplands are dominated
by prairie grasses including big bluestem, Andropogon gerardii;
little bluestem, 4. scoparius; switch grass, Panicum virgatum,
and Indian grass, Sorgastrum nutans. Hardwood forests occur in
the lowlands and are dominated by bur oak, Quercus
macrocarpa; green ash, Fraxinus pennsylvanica; hackberry,
Celtis occidentalis; walnut, Juglans nigra; and woody shrubs.

Methods

Wild pigs were collected using three methods: live traps, sport
hunting, and shooting by the study team. Distribution of pigs,
population structure, and use of habitats were determined from
observations of pigs and from field signs observed by the study
team as well as reports by hunters, farmers, and military
personnel.

Ages of pigs were estimated from tooth eruption and replace-
ment (Matschke 1967). Females were considered adults if
second molar teeth were present, they were pregnant or nursing,
or if the teats were enlarged indicating they had nursed in the
past. Wild female pigs reach puberty at about 10 months of age
(Sweeney et al. 1979), and the second molar teeth erupt at 12 -
14 months (Matschke 1967). Males were considered adults if
permanent canines were present. Wild male pigs reach puberty
at five to seven months, and their adult canine teeth erupt at
seven to eleven months.

Pigs were considered immature if they had developed third
lower deciduous premolars and had not yet developed canines
(males) or showed no signs of reproduction and had not yet
developed second molars (females). Wild pigs develop third
lower deciduous premolars at 23 - 33 days.

Results and Discussion

Tracks of adults and small pigs were observed together on
several occasions during summer and early fall 1993. Reproduc-
tion was confirmed when three pregnant females and two litters
of piglets less than one month old were trapped during fall 1993
and winter 1993-94.

Thirty-nine feral pigs were removed from November 1993
through February 1994: by trapping - 31, by sport hunting - six,
and by shooting by the study team - two. Age was estimated for
32 pigs from tooth eruption and replacement (Matschke 1967):
10 adults (five males, five females), nine immatures (six males,
three females), and 13 piglets less than one month old. The
largest pig taken was a male, probably at least five years old.
This pig weighed 117 kg and had well developed, permanent,
third molars. Matschke (1967) reported that third molars were
not completely erupted in four-year-old pigs raised in captivity.

Locations where pigs were killed or sighted and fresh field
signs were plotted on a map (Figure 1). The pigs were concen-
trated in a 45 km? area near the northeastern border of Fort Riley.
Most signs were found in riparian forests along Wildcat Creek
and along the northern and eastern edges of a large impact arca
that is off limits to human entry. Reports of pigs were received
occasionally from other sections of the base. Signs of rooting
and rubs on brush were discovered on private lands adjacent to
Fort Riley, showing that pigs made forays off the base.
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Feral Swine Activity

Fort Riley Military Reservation

Unconfirmed
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Natural Resources Division,

Directorate of Environment and Safety,
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FIG. 1. Locations of feral pigs on Fort Riley Army Base, Kansas. Confirmed sightings were made by members of the study team.
Unconfirmed sightings were reports by farmers or hunters, but not direct observations by members of the study team. Other evidence
included the lower jaw of a mature male pig found by a surveying team working on a road construction project and a pig struck by an

automobile. Arrows indicate trails used by pigs moving into and out of the impact area.




The status of the population is unknown, but tracks observed
during April 1994 indicated at least six adult pigs were present.
Katahira et al. (1993) noted that a high percentage of a feral pig
population would have to be killed each year for several years in
order to eradicate the population. Hone and Robards (1980)
calculated that, with a 70% reduction once each year, about nine
years probably would be required to eradicate an established
population of 1,000 wild pigs. Assuming the Fort Riley
population numbered 45 to 50 animals prior to initiation of
control and that six remained after control, we achieved an 86% -
88% reduction.

The Fort Riley population possibly could be eliminated in
another two to three years, if 80% or more of the pigs were killed
each year. However, elimination of the population is confounded
by the presence of a large impact area that provides a refuge for
pigs (Figure 1). There is also a possibility that substantially
more than six pigs remained on Fort Riley, but we were unable to
detect their presence.

A long-term strategy for managing or eradicating this pig
population is needed.
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Effect of Topography on the Distribution of Small Mammals
on the Konza Prairie Research Natural Area, Kansas

Glennis A. Kaufman, Donald W. Kaufman, Dennis E. Brillhart, and Elmer J. Finck'

Abstract. Long-term research on small mammals was initiated on
the Konza Prairie Research Natural Area in autumn, 1981.
Twenty-eight permanent traplines (20 stations per line) were
established in fire treatments that were burned at 1- to 20-year
intervals in the spring. Small mammals were trapped in summer
during 1981-1987 and spring and autumn during 1981-1991. A
total of 12 species of rodents and 2 species of shrews was
recorded from our prairie sites during the study period. Eight
species were sufficiently common with wide distributions across
Konza Prairie to warrant analyses of their use of upland,
limestone-breaks, and lowland prairie. Five of eight common
species were not distributed randomly across topography in
burned and unburned sites on Konza Prairie. For example, deer
mice (Peromyscus maniculatus) and thirteen-lined ground
squirrels (Spermophilus tridecemlineatus) used more stations in
limestone-breaks than in lowland and upland prairie, whereas
western harvest mice (Reithrodontomys megalotis), white-footed
mice (P. leucopus), and hispid cotton rats (Sigmodon hispidus)
used more stations in lowland than in upland and breaks prairie.
Fewer species were captured per trap station in upland than
lowland and breaks prairie, although plant species richness and
diversity are greater on uplands than lowlands on Konza Prairie.

Key words: small mammals, rodents, shrews, topography, fire,
tallgrass prairie

Introduction

Although habitat distribution and use have been studied for
small mammals, little information is available on the effect of
local differences in topography on the distribution of small
mammals. This lack of knowledge is conspicuous within the
grassland biome, because a topographically rugged landscape is a
prominent feature of most unplowed native prairie, including
tallgrass prairie. Recent short-term studies of habitat selection
of small mammals on the Konza Prairie Research Natural Area
near Manhattan, Kansas suggest that topography has an effect on
small mammals. For example, deer mice (Peromyscus
maniculatus) selected limestone breaks (Kaufman et al. 1988) or
burned uplands (Peterson et al. 1985), whereas western harvest
mice (Reithrodontomys megalotis) selected unburned lowlands
(Kaufman et al. 1988; Peterson et al. 1985). In contrast to these
small mammals, hispid cotton rats (Sigmodon hispidus) were not
affected by fire treatments, but selected lowland over upland
prairie (Peterson et al. 1985). Topographic effects for other
species of small mammals are poorly known.

Studies of vegetation on Konza Prairie suggest differences
relative to time since fire and topography. For example, live
plant biomass is greater on lowland than on upland prairie
(Abrams ef al. 1986). Plant biomass also was greater on annually
burned than unburned lowland prairie, whereas no burning
response was found on upland. Additionally, species richness
(number of species per plot) was greater on upland than on
lowland prairie in both annually burned and unburned sites
(Abrams and Hulbert 1987). Differences in plant biomass,
composition, and species richness likely influence spatial

distributions of small mammals on Konza Prairie and, more
broadly, spatial distributions of small mammals in tallgrass
prairie in the Flint Hills.

During 10 years (1981-1991) of sampling small mammals
along 580 traplines in prairie on the Konza Prairie, 12 species of
rodents and 2 species of shrews were recorded. The common
species (> 1% of the community of small mammals) were the
deer mouse (4.8 individuals per trapline); western harvest mouse
(2.1); Elliot’s short-tailed shrew (Blarina hylophaga, 1.6); white-
footed mouse (P. leucopus, 0.89); prairie vole (Microtus
ochrogaster, 0.55); thirteen-lined ground squirrel (Spermophilus
tridecemlineatus, 0.33); hispid cotton rat (0.23); and southern bog
lemming (Synaptomys cooperi, 0.11). Rare species (< 0.5% of
the community of small mammals) included the hispid pocket
mouse (Chaetodipus hispidus, 0.040 individuals per trapline);
eastern woodrat (Neotoma floridana, 0.028); house mouse (Mus
musculus, 0.024); plains harvest mouse (R. montanus, 0.021);
least shrew (Cryptotis parva, 0.012); and meadow jumping
mouse (Zapus hudsonius, 0.0034).

Our primary objective was to examine the effect of topography
on the distributions of small mammals on Konza Prairie using a
10-year data set (1981-1991). Specific objectives were to
determine (1) if one topographic position (upland, limestone-
breaks, or lowland prairie) had more species present on average
than others; (2) if the eight common species showed repeated
patterns of use across burned and unburned prairie that were
related to topography; and (3) if the six rare species showed any
observable patterns that were related to topography.

Methods

Long-term research on small mammals was initiated on the
Konza Prairie Research Natural Area south of Manhattan, Kansas
in autumn, 1981. Konza Prairie is located within the Flint Hills
and is characterized by steep-sided hills with wide valleys and
flat ridges (for more detailed description, see Kaufman et al.
1988). Konza Prairie is divided into areas with prescribed
burning treatments that vary from 1 to 20 years between spring
fires (for more details on the Konza Prairie and location of
treatment sites, see Zimmerman 1993). Our study utilized a total
of 14 treatment sites with three experiencing annual fire for
various lengths of time (1A since 1972, 1D since 1978, and N1B
since 1988). Eleven treatment sites had periodic fires that were
preceded and followed by various lengths of time with no fire
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(2C and 2D burned every other year since 1977 and 1978,
respectively; 4B, 4D, 4F, 4G, and N4D burned once every 4 years
since 1979, 1974, 1981, 1980, and 1988, respectively; and 10A
and 10D burned once every 10 years since 1981 and 1986,
respectively). Two treatments (20B and N20B) were not burned
between 1981 and 1991, but differed in length of time with no
fire in that N20B was burned in an accidental fire in 1980,
whereas 20B was unburned since 1973. All study sites were
ungrazed by large mammalian herbivores during our study.

Each experimental fire treatment had two permanent traplines
(20 traps per station per line). Each station had two large
Sherman live traps (7.6 by 8.9 by 22.9 c¢m) placed within 1 m of
the permanent station marker. For more details on traplines,
stations, and trapping procedures, see Kaufman et al. (1988).
Because of the extensive topographical relief, we attempted to
place the two traplines within an experimental treatment such
that 40% of the stations would occur in upland, 20% in lime-
stone-breaks, and 40% in lowland prairie. These percentages
were attempted in our initial placement of traplines to try to
standardize the number of stations in different topographic
categories for the many fire treatment sites. All stations within a
treatment site were categorized as occurring in either upland,
breaks, or lowland prairie (for more description of topographic
positions, see Kaufman er al. 1988).

Spring and autumn data for small mammal traplines were
accumulated for 10 years from autumn 1981 to spring 1991,
whereas summer data were accumulated from 1981 to 1987.
These data were divided into four data sets, annual burns,
periodic burns (first year after fire with more than 1 year since
fire), short-term unburns (2-4 years without fire), and long-term
unburns (5-20 years without fire). Some experimental fire
treatments appeared in only one data set (e.g., 1D), whereas
others appeared in a maximum of three data sets (e.g., N1B,
Table 1). The parameter that was evaluated for each data set was
the presence/absence of a species at each station during each
sampling period. A value of | was recorded if a species was
present at a station, whereas a value of 0 was recorded if a
species was absent.

Table 1. Number of times a treatment site appeared in data sets
for annual burns, periodic burns (2-20 year interval), short-term
unburns (2-4 years), and long-term unburns (5-20 years) in
summer (SU), autumn (AU), and spring (SP) on Konza Prairie
Research Natural Area, Kansas.
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A log-likelihood ratio test (G-test) was used to test whether
proportions of stations with and without a particular species
present were equal across topographic positions within each of
the four data sets. G-statistics that were greater than the critical
test statistic (P = 0.05) were partitioned to determine which
topographic positions differed in use by each species. Results
from the four data sets then were compared to look for common-
ality of topographic patterns among burned and unburned
treatments. G-tests also were used to assess the effect of
topography on the number of species present at a station. The
maximum number of species that possibly could occur at a station
was eight (two traps set for four consecutive nights) within each
trapping period.

ANNUAL
400 [

300 f

200 f

100

PERIODIC

SHORT

NUMBER OF STATIONS
°

LONG

01 2 3+ 0 1 2 3+ 0 1 2 3+
UPLAND BREAKS LOWLAND

NUMBER OF SPECIES

FIG. 1. Observed number of stations with zero, one, two, and
three or more species present in upland, limestone-breaks, and
lowland prairie in annual burns, periodic burns, short-term
unburns (2-4 years), and long-term unburns (5-20 years) on the
Konza Prairie Research Natural Area. Dotted lines on bars
indicate the expected frequency for each category given a random
distribution.
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Table 2. Number of stations and number of stations used by small mammals in upland (U), limestone breaks (B), and lowland (L) in
annual burns, periodic burns (first year after fire with 2-20 years unburned), short-term unburns (2-4 years), and long-term unburns (5-

20 years) on the Konza Prairie Research Natural Area, Kansas.

Annual Periodic Short Long

Category U B L U B L 0] B L U B L
Stations 458 342 760 606 350 804 1336 952 1992 1088 658 2174
Deer mouse 131 180 286 201 186 277 264: . 315,256 210 229 199
Western harvest mouse 15 4 37 40 22 57 78 78 289 72 47 268
Elliot’s short-tailed shrew 14 14 23 24 15 46 73 61 144 81 54 217
White-footed mouse 2 2 20 18 25 83 22 33 116 25 22 120
Prairie vole 13 4 21 9 3 13 52 32 30 34 27, 56
Thirteen-lined ground squirrel 7 12 6 8 17 23 24 27 9 25 30 26
Hispid cotton rat 7 0 13 5 10 30 2 2 14 3 0 4
Southern bog lemming 1 0 2 0 1 0 7 5 16 7 3 20

Results Western harvest mice selectively used topographic sites in

A total of 14 species of small mammals was captured at 11,520
stations from 1981 to 1991 on the Konza Prairie. In descending
order of the number of stations used, these species were the deer
mouse (2,734 stations), western harvest mouse (1,007), Elliot’s
short-tailed shrew (766), white-footed mouse (488), prairie vole
(294), thirteen-lined ground squirrel (214), hispid cotton rat (90),
southern bog lemming (62), hispid pocket mouse (24), eastern
woodrat (20), house mouse (15), plains harvest mouse (12), least
shrew (7), and meadow jumping mouse (2). Statistical analyses
were made for the eight common species, whereas these tests
were not possible for the six rare species because of a lack of
available data.

The number of species present at a station ranged from zero to
five. The maximum number of species present at a station was
three in upland, and five in both limestone-breaks and lowland
prairie. In both burned and unburned treatments, the proportion
of stations with zero, one, two and > three species of small
mammals was not equal across the three topographic positions
(annual burn: G =41.7, d.f. =6, P <0.01; periodic burn: G =
52.9, d.f. =6, P <0.01; short-term unburn: G = 55.0,d.f. =6, P <
0.01; long-term unburn: G =62.3, d.f. =6, P <0.01). In both
burned treatments (annual and periodic), upland was overrepre-
sented in stations with no species present, breaks in stations with
one species present, and lowland prairie in stations with two and
three or more species (Fig. 1). Short-term unburned sites
mirrored results for burned sites, whereas in long-term unburned
sites, lowland was overrepresented in stations with no species
present and limestone-breaks prairie in stations with one or two
species present (Fig. 1).

Deer mice did not use topographic positions randomly in either
burned or unburned prairie (Table 2; annual: G = 47.9, periodic:
G = 44.3, short-term unburn: G = 159.7, long-term unburn: G =
233.9; all d.f. =2 and all P <0.01). In both burned and unburned
prairie, deer mice selected breaks over upland and lowland,
although relative use of breaks was lower in unburned than in
burned prairie (Fig. 2). Use of lowland was greater than that of
upland in annually burned prairie, whereas upland was used more
than lowland in unburned prairie. Upland and lowland were not
used differentially in periodic burns.

annually burned and unburned prairie (Table 2; annual: G =11.2,
short-term unburn: G = 72.8, long-term unburn: G = 34.3; all d.f.
=2 and all P < 0.01), but not in periodic burns (G = 0.3, d.f. =2,
P > 0.05). In short- and long-term unburns, western harvest mice
selected lowland over upland and limestone-breaks prairie (Fig.
2). For annual burns, they also used lowland more than lime-
stone-breaks, but not significantly more than upland.

White-footed mice also did not use topographic positions
randomly in either burned or unburned prairie (Table 2; annual:
G = 12.7, periodic: G = 31.0, short-term unburn: G = 40.5, long-
term unburn: G = 21.5; all d.f. =2 and all P < 0.01). White-
footed mice used lowland more than upland and breaks in both
burned and unburned prairies, except that lowland was not used
more than breaks in periodic burns (Fig. 2). Additionally, white-
footed mice used breaks over upland in periodic burns and short-
term unburns.

Thirteen-lined ground squirrels differentially used topographic
sites in all four types of burned and unburned prairie (Table 2;
annual: G = 9.8, periodic: G = 10.5, short-term unburn: G = 30.0,
long-term unburn: G = 25.0; all d.f. =2 and all P < 0.01).
Ground squirrels selected limestone breaks over lowland except
in periodic burns (Fig. 2). Additionally, breaks was selected over
upland prairie in periodic burns and long-term unburns.

Cotton rats selectively used topographic positions in burned
and short-term unburned prairie (Table 2; annual: G = 10.0,
periodic: G = 13.9, short-term unburn: G = 7.5, long-term unburn:
too few stations used to test statistically; d.f. =2 and P < 0.01 for
burn treatments and P < 0.05 for short-term unburns). Lowland
was selected over upland by cotton rats in periodic burns and
short-term unburns, but not in annual burns (Fig. 2). In contrast,
lowland was selected over breaks in annual burns, but not in
periodic burns or short-term unburns.

Other common species (Elliot’s short-tailed shrews, prairie
voles, and southern bog lemmings) tended to use the topographic
positions according to the frequency of availability (Table 2).
Exceptions to this random pattern were shrews in long-term
unburns (G = 6.4, d.f. = 2, P <0.05) and voles in short-term
unburns (G = 20.7, d.f. = 2, P < 0.01). In these situations, short-
tailed shrews selected lowland over upland, whereas prairie voles
selected upland and breaks over lowland (Fig. 2).
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Table 3. Mean percentage of stations used in upland, limestone-
breaks, and lowland prairie by rare species on Konza Prairie
Research Natural Area, Kansas.

Species Upland Breaks Lowland

Hispid pocket mouse 0.09 (0.08) 0.61 (0.06) 0.13 (0.05)
Eastern woodrat 0.09 (0.11) 0.36 (0.31) 0.10 (0.07)
House mouse 0.06 (0.05) 0.10 (0.08) 0.22 (0.08)
Plains harvest mouse = 0.14 (0.10) 0.15 (0.18) 0.08 (0.03)
Least shrew 0.12 (0.06) 0.03 (0.03) 0.03 (0.04)
Meadow jumping mouse 0.02 (0.02) -- 0.03 (0.04)

Standard errors are given in parentheses.

Of the rare species, hispid pocket mice were observed in
limestone-breaks prairie proportionally more than in upland or
lowland prairie, although variability (SE) of use of stations was
similar between topographical positions (Table 3). Similarly,
eastern woodrats used breaks stations more frequently than those
in upland and lowland, but use of breaks also had the greatest
variability. The house mouse, a nonnative species, was the only
rare species that was observed in lowland more frequently than
upland or breaks. Variability in use by house mice was similar
across upland, breaks, and lowland prairie. Least shrews were
observed more in upland than in breaks and lowland with similar
levels of variability. The plains harvest mouse was the only rare
species that showed similar use of two topographic positions
(upland and breaks) with a slightly lower use of lowland prairie.
Meadow jumping mice were observed once each in upland and
lowland, but never in limestone breaks.

Deer mouse Western harvest mouse
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FIG. 2. Percentage of stations used in upland (U), limestone-breaks (B), and lowland (L) prairie in annual and periodic burns and
short-term (2-4 years) and long-term (5-20 years) unburns by eight common small mammal species on the Konza Prairie Research
Natural Area. Letters above bars within each fire treatment that are not the same indicate significant differences.




EFFECT OF TOPOGRAPHY ON THE DISTRIBUTION OF SMALL MAMMALS ON THE KONZA PRAIRIE 101

Discussion

When we initiated our long-term study of small mammals in
tallgrass prairie, we expected unique species-specific patterns in
use of local topographic conditions because of major differences
in the natural history of rodents and shrews found in eastern
Kansas (Bee et al. 1981). Our results support this general
expectation for common species such as deer mice and thirteen-
lined ground squirrels, which selectively used the limestone
breaks, and western harvest mice, white-footed mice, and hispid
cotton rats, which selectively used lowland. However, differen-
tial use was statistically nonsignificant for Elliot’s short-tailed
shrews, prairie voles, and southern bog lemmings. Differential
association with topographic position was suggested by patterns
of station use for rare species, but abundance and station use
were too low to test statistically.

Lowland prairie was selected more than other habitats by
western harvest mice, white-footed mice, and hispid cotton rats.
Harvest mice used lowland prairie at a landscape scale (our
study) and at a microscale (Peterson ef al. 1985), although
Brillhart et al. (this volume) failed to demonstrate differential
use of lowland and upland on small experimental plots. Selective
use of lowlands by cotton rats was evident at a microscale in
small experimental patches (Brillhart er al. this volume, Peterson
et al. 1985) and at a landscape scale on Konza Prairie (our
study). However, cotton rats may select upland over lowland
prairie in summer (Brillhart et al. this volume). Our pattern for
cotton rats primarily represents autumn use, because 81% of the
stations used by cotton rats occurred during autumn sampling
periods. Selective use of lowland by white-footed mice likely
was due to wooded ravine habitats, which they prefer (Clark et
al. 1987), being spatially closer to lowland than upland and
breaks. Use of trap stations in our study also suggested greater
use of lowland over upland and breaks by house mice. This
species, which is most common around human habitation
(Kaufman and Kaufman 1990), may use ravines and nearby
lowland as dispersal corridors more frequently than other
topographic features.

Limestone-breaks prairie was used selectively more than other
habitats by deer mice and thirteen-lined ground squirrels.
Kaufman et al. (1988) reported that deer mice selected limestone
breaks in unburned prairie, but exhibited no differential use of
topography during the first year after fire. In contrast to results
reported in the 1-year study by Kaufman et al. (1988), deer mice
selected breaks over upland and lowland prairie in both annually
and periodically burned prairie in our 10-year study. When only
upland and lowland prairie were available in small experimental
patches, deer mice used upland over lowland stations (Brillhart et
al. this volume, Peterson et al. 1985). The overall pattern of
habitat use for deer mice is selection of limestone-breaks habitat
over uplands or lowlands, regardless of the burn history of the
site. However, the change from secondary use of lowlands in the
first year after fire to secondary use of uplands in years following
the first year postburn likely reflects the deterioration of the
lowlands from a habitat of high productivity and no litter in the
first year after fire (Abrams et al. 1986, Kaufman et al. 1988) to
a habitat with standing dead vegetation and an increasing amount
of litter present on the soil surface (Kaufman et al. 1988). Our
results for thirteen-lined ground squirrels were similar to results
from a 13-ha grid on Konza Prairie (Clark et al. 1990) where
ground squirrels selected limestone breaks and avoided lowland
prairie.

Use of trap stations also suggested greater use of limestone
breaks over other habitats by hispid pocket mice and eastern
woodrats. Pocket mice likely used breaks because of the lack of
litter and the large amount of exposed soil surface (Kaufman et
al. 1988). Higher use of limestone breaks by woodrats probably
reflects availability of the rocky outcrop and shrubs that provide
the resources for dens.

Prairie voles differentially used upland over lowland in short-
term unburned prairie; however, no preferences were shown on
burned sites or long-term unburns in our study. Selection of
upland by voles also was shown on a 13-ha grid on Konza Prairie
following 2-4 years after a fire (Bixler and Kaufman 1995). Use
of trap stations also suggested greater use of upland over other
habitats by least shrews. Least shrews were associated with
upland communities in tallgrass (Clark et al. this volume) and
mixed grass prairie (Choate and Fleharty 1975).

Elliot’s short-tailed shrews and southern bog lemmings
showed little differential use of upland, limestone-breaks, and
lowland prairie. Elliot’s short-tailed shrews were shown to select
lowland and avoid upland prairie on a sit