uuuuuuuuuuuuuuuuu

Loyola University Chicago

Loyola eCommons
Master's Theses Theses and Dissertations
1979

The Effect of Fire on a Prairie in Northeastern lllinois

Thomas Kevin Shaughnessy
Loyola University Chicago

Follow this and additional works at: https://ecommons.luc.edu/luc_theses

6‘ Part of the Biology Commons

Recommended Citation

Shaughnessy, Thomas Kevin, "The Effect of Fire on a Prairie in Northeastern lllinois" (1979). Master's
Theses. 3058.

https://ecommons.luc.edu/luc_theses/3058

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more
information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1979 Thomas Kevin Shaughnessy


https://ecommons.luc.edu/
https://ecommons.luc.edu/luc_theses
https://ecommons.luc.edu/td
https://ecommons.luc.edu/luc_theses?utm_source=ecommons.luc.edu%2Fluc_theses%2F3058&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=ecommons.luc.edu%2Fluc_theses%2F3058&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ecommons.luc.edu/luc_theses/3058?utm_source=ecommons.luc.edu%2Fluc_theses%2F3058&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ecommons@luc.edu
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/

THE EFFECT OF FIRE
ON A PRAIRIE IN
NORTHEASTERN ILLINOIS

by

Thomas Shaughnessy

A Thesis Submitted to the Faculty of the Graduate School
of Loyola University of Chicago in Partial Fulfillment
of the Requirements for the Degree of
Master of Science
May
1979



ACKNOWLEDGMENTS

Firstly, the author would like to express his sincere
thanks to Dr. Daniel E. Wivagg, his Thesis Director, and to
the members of his committee-- Dr., William C. Cordes and Dr.
Jan L. Savitz-- for tgeir encouragement and assistance
throughout the extent of this study.

Thanks also go to Dr., G. Funk, Dr, F. Nussbaum, and
the Loyola Data Center for their aid in sorting out the
statistics in this study.

Finally, the author would like to thank Mr,., Jack
Shouba of the "Save the Prairie Society" for the invaluable

information needed to begin this study.

ii



VITA

The author, Thomas Kevin Shaughnessy, was born on
September 3, 1953, in Chicago, Illinois,

His elementary education was obtained in the parochial
school of Westchester, Illinois, and secondary education at
St. Joseph High School in Westchester, Illinois, where he
graduated in 1971,

In September, 1971, he entered Loyola University of
Chicago, and in June, 1975, received the degree of Bachelor
of Science with a major in biology.

In September, 1975, he entered DePaul University of
Chicago, and was granted an assistantship in biology. While
at Depaul, his research centered around fetal chick endo-
crinology.

In February, 1977, he entered the Graduate School at
Loyola University of Chicago as a candidate for the Degree
of Master of Science with a major in biology. At Loyola

his work centered around burning effects on the Illinois

prairie.

iii



TABLE OF CONTENTS

Page
ACKNOWLEDGEP”IENTS.......lQ....l'I..Ol."'.l'..........'.Dlii

VITAueuuosnsonoenasoosnncnsonssnrsnconssnssnsansensensssiil
LIST OF ILLUSTRATIONS..usssssovsoonssosssnsasnssonsosassssV
INTRODUCTION. ¢ s s sensoenssonsenssonsssecnnsonnsennssanssansl
REVIEW OF RELATED LITERATURE...susesceoncecconsonsosesoness
METHODS s 4 v o v eenesnsenssnsonssassssssasnsssconssnssenssnsssd
RESULTS . v sasesssnsosssnsenssnssssssssnssassnsssssnssnssesld
DISCUSSIONs svusseveosnsssnsosssensssnscnsssnssansconnsess50
REFERENCES + ¢ v s vsvovasecssssonsssosessscassnsssssnnsonesssS?

APPENDIX A.....'.I‘.."....0.'....l'....'..l..l...l'.....'60

iv



LIST OF ILLUSTRATIONS

Figure

Page

1- Map o.f WOlf ROad Prairie, 1977..0..0000.000000--.-10
2, Map of Wolf Road Prairie, 1978..cccecccesccncsssssll
3. Photograph: The prairie, April, 1977.cvcecesvsesesrsl3

4, Photograph: Close-up of burned area, 1977...4.00..13
5. Photograph: The prairie, May, 1977 ccecessessessssllf
prairie, July, 1977.ceseccecssesssll
in A. ericoideS.csiesecsvsoesssseselb-37

6. Photograph:

7A-F Differences
8A-F Differences
9A-F Differences
10A-F Differences
11A~F Differences

Table

The

in
in
in
in

C.

canadenSisoooooooconooo-ooo.38‘h0

tripteris...................QI-QB

carolina....-......0.......3‘"}4-46

C.
R,
Se

giganteaO........I....'.....47-I+9

1, List of species studieGeeeescroessvsesscsossesssssl’
2. Relative Coverage Values for 1977 and 1978........32
3. Relative Density Values for 1977 and 1978.¢cseveee33
4, Importance Values for 1977 and 1978.ccecesccesses o3l



INTRODUCTION

The word "prairie" means different things to differ-
ent people. To those in the western United States, prairie
is the grass-covered foothills of the Sierra Nevada range.

To the average suburban dweller, prairie is the undeveloped
weed field across the street. To the ancient Romans, prai-
rie was the park-like clearings interspersed between forest
groves, But to some Midwesterners, as well as to many botan-
ists and ecologists, prairies mean a complex grassland com-
munity that at one time covered all of the Midwest farmlands,
but is now almost completely destroyed.

There are many factors that can have an effect on
prairie maintenance and preservation, Winds, the amount of
moisture available for a season, man, and fire have all had
an effect on species diversity and importance in the prairie.

Although no one particular factor has been found to
control prairie maintenance completely, fire has been found
to have a definite effect on the prairie in many studies.

The prairie is composed of a wide variety of peren-
nial forbs, grasses, and shrubs which are affected by fire in

various ways, The burr oaks, among other shrub-like trees,

1
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are able to survive prairie fires due to the fact that they

have a thick, corky bark that is fire resistant. The vast
majority of shrubs are not able to resist fires and all or
most of the plant is destroyed. However, the native prairie
plants are dormant in early spring and late autumn when
most fires occur and are practically uneffected. Even if

a fire does occur during the growing season, only one
year's growth is destroyed, as opposed to several years
growth lost by shrubs. In this way it is postulated that
the prairie grasses and forbs are maintained in areas with
soil and moisture conditions that would normally be forested
if not for the éffect of fire,

The purpose of this study is to determine the effects
of fire on a portion of Wolf Road Prairie-- a disturbed, me-
sic prairie just outside of Chicago, Illinois. Many of the
native plants in the prairie are endangered by development,
as well as the wildlife that depends on them,

The study area is located in northeastern Illinois,
Cook County, Hinsdale Quadrangle, Township 39 North, Range
12 East. The prairie is known locally as Wolf Road Prairie.

It is located at the corner of Wolf Road and 31ist Street in
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Westchester, eight miles from the City of Chicago. The site

is approximately a thirty-two hectare remnant of disturbed
mesic prairie,

The vegetation history of the area shows that prairie
vegetation advanced into the area immediately behind the
conifers due to a xerothermic era between two glacial eras.
At the conclusion of this hot, dry era, another glacier ad-
vanced, and with it's retreat, deciduous forest claimed the
area, In the historical past, fires were set by Indians
annually to drive game into the forests. Due to the pre-
vailing westerlies, these fires halted forest growth on the
west side of streams and created open, park-like forests,
which eventually became praries, The fires also caused
the formation of barrens--groves of scrub oak, hazel, and
plum--which resisted fire and became part of the prairie.
As soon as fires in Illinois ceased to become a factor,
due to Indian removal around 1860, the growth of forest
once more increased (Gleason, 1923).

In 1820, most settlers were living in the forested
region of southern Illinois. The prairies were the last

areas to be inhabited, the smaller before the larger. With



the establishment of railroads and the invention of the
John Deere plow in 1837, the prairies were rapidly settled
(Beecher, 1969; Anderson, 1970).

The first known resident of the area now comprising
the town of Westchester was Aaron Parsell, who homesteaded
in 1832, All land records of the area before 1871 were de-
stroyed in the Chicago Fire. In 1924 Samuel Insull bought
2200 acres of land which he called Westchester., Charles
Hough owned the land now comprising Wolf Road Prairie, In
1925 the land was subdivided and sewers, streets, sidewalks,
and trees were put in.

After the depression of 1929, most of the properties
became delinguent and the prairie, although disturbed, was
allow to return to it's natural state. Although development
&n most of Westchester was resumed by 1940, Wolf Road Prairie
remained undeveloped and unused, except for an occasional
ball game in the early years, until the present. Recently,

a movement has begun to turn the prairie into a housing de-
velopment. At the time of this writing, the conflict remains

unresolved (Nelson, 1943; Hanson, 1975; Vierling, 1976).



REVIEW OF RELATED LITERATURE

Various studies have been performed around the world
on the effect of fire on grasslands and prairies.

Keeley and Johnson (1977) found fire to be an inte-
gral part of systems in California and Mediterranean areas.
Fires were found to occur regularly--two to three times a
century in California., These fires are difficult to con-
trol, burning large areas and inducing the growth of fire
annuals,

Lloyd (1972) found that English grasslands do not burn
as completely as prairies do, but fire does cause an in-
creased frequency of annuals and biennials,

In Louisiana, Delcourt (1976) showed that fire and cul-
tivation produced prairies on edaphicallyrfavorable sites.
The prairie is not the only community that seems to be main-
tained by fire. The longleaf pine forest is a fire subecli-
max, Burning will also regenerate black spruce stands if
there are sufficient seeds available and sufficient fuel for
a deep, hot fire (Chrosciewicz, 1976).

Kilburn (1959) found that the effects of fire on a
5



forest-prairie ecotone were not conclusive.

The four prominent stages in grassland succession as
shown by Booth (1941) are pioneer weed (2-3 yr.), annual
grass (9-13 yr.), bunch grass (up to 40 yr.), and finally
the tall prairie climax.

Various other ideas have been postulated in regards to
grassland succession, Mentzer (1950) showed that rapidly
degenerating prairie would soon be dominated again by native
grasses if left undisturbed except for autumnal mowing.
Bluegrass and other weeds, which bloomed after a drought,
would be replaced completely by native prairie forbs. The
lack of moisture can have a definite effect on prairie in-
vasion., Weaver (1954) found that many of the prairie plants
died as a result of an extensive drought in 1940, and that
they were replaced by bluegrass, Within a few years, how-
ever, with adequate moisture, the prairie plants returned to
their natural state. The grasses returned first and the
forbs followed. Bluegrass, a strong invader, could also be
maintained in check by burning., Curtis and Partch (1948)
showed that, as a result of burning a prairie, there was a
very great reduction in density of bluegrass. Only one

species of prairie plant, Brauneria purpurea, was definitely
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harmed by the fire. Ehrenreich (1959) found that the time

of the year that the prairie is burned affected restriction
of bluegrass, Burning by the 1lst of March had no adverse
effects on prairie plants but inhibited Kentucky bluegrass.
Autumn seemed to be the best time of year for prairie fires.
Shelford and Winterringer (1959) felt that drainage,
fire, and grazing were important in determining whether an
- area be forest or prairie, Two main invasions of forest
into the prairie were by scattered growth of shrubs in grass
and by invasion of grass by edge shrubs., The invasion of
the prairie was largely due to lowering of the water table
and weakening of the grasses. Animals and birds helped to
disperse tree seeds and helped to accelerate the invasion.
Anderson and Valkenburg (1977) found that woodland
plants decreased most greatly after burning and annuals and
legumes increased, Besides reducing the amount of invading
shrubs, burning was found to stimulate dry matter production
and flowering, remove the accumulation of surface litter
and standing dead vegetation, and result in a 2-3 fold in-
crease in production and a tenfold increase in flowering

(old, 1969). Hulbert (1969) also found that with the



absence of litter, burning does not result in increased
yield. The major effect of short-term fires is because of
litter removal, rather than heat or nutrient changes., Early
in the season unburned areas were found to reflect much more
radiation than burned areas, Soil temperatures were con-
sistently warmer in burned areas, as well as an increase in
standing biomass (Peet, et, al., 1975). The study by Hul-
bert was in contrast to an earlier study by Kucera and Eh-
renreich (1962), in which they found that released plant
nutrients after a burn acted as a growth stimulus., However,
both Kucera and Ehrenreich, as well as Hadley and Kieckhefer
(1963) agreed that burning caused an increase of living
shoot biomass, a more rapid growth and development, and an
increased flowering stalk production. The effects of fire
can also be determined by looking at the density, frequency,
and coverage of prairie plants and invaders in burned areas
and similar controls that are unburned. This may possibly
show a different aspect of the effect of burning and is the

purpose of this study.



METHODS

The study site is located along the southeastern edge
of Wolf Road Prairie with frontage along Wolf Road. This
particular area was selected in May of 1977 because a sur-
face fire had occurred on the site in February of the same
year (See Figures 1,2,3, and 4). The study site measures
approximately 120m., X 180m. with the burned area roughly
centered between unburned areas of similar vegetation. The
study area is disturbed prairie interspersed with patches of
shrubs and trees, specifically along a small creek bed and
along the edge of the studj site (Figures 5 and 6).

The site was divided into burned and unburned regions
and further subdivided into burned with or without shrubs
and unburned with or without shrubs. The area was mapped
and a grid was superimposed on the map. Study plots were
determined by selecting areas on the grid using a table of
random numbers (Darnell, 1971). The plots measured 7.05 m.
X 1.42 m., giving a total area per plot of 10m2. The long
axes of the study plots all extended in an east-west direc-

tion. Two plots in each of the above subdivided areas
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(burned with shrubs, burned without shrubs, unburned with
shrubs, unburned without shrubs) were determined randomly

in September, 1977 for a total of eight plots, In September
1978, 20 plots (five in each subdivision) were sampled to
see if differences were still apparent after a year had
passed and to also provide data for statistical analyses.

Twelve species composed of a mixture of prairie forbs,
grasses, weeds, and shrubs were chosen to be studied because
of preliminary sample plots to determine the plants present
in the area. In most of the burned areas some of these
species were the only plants present (Table 1),

Using the procedure from Darnell (1977) and from
Brower and Zar (1977), the density of each species in each
plot was calculated by the following formula:

D; = n;/A (1)
where Di is the density for species i, ng is the total num-
ber of individuals counted for species i, and A is the total
area sampled,

Then the frequency of each species in each plot was

determined by the formula:
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Figure 3 Photograph: Burned area in background,
unburned in foreground, April, 1977.

Figure 4 Photograph: Close-up of burned area

showing young S. gigantea and C., canadensis, April, 1977




Figure 5 Photograph: Burned area in background,
unburned in foreground, May, 1977.

Figure 6 Photograph: Burned area in background,
unburned in foreground, July, 1977.

14



Aster ericoildes

Aster laevis

Aster novae-anglicae
Calamagrostis canadensis
Cirsium discolor
Coreopsis tripteris
Cornus racemosa

Gentiana andrewsii
Pycnanthemum virginiana
Rosa carolina

Silphium terebinthinaceun
Solidago gigantea

Table 1: List of species studied.

15
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£ = §;/k (2)
where fi is the frequency of species i, ji is the number of
samples in which species 1 occurs, and k is the total number
of samples taken.
The coverage or dominance was determined for each

species in each plot by the formula:
C; = a,/A (3)

where Ci ig the total coverage for species i, as is the tot-
al area covered by species i, and A is the total habitat
area sampled,

To calculate the area of species that were shrubs or
forbs, the floral or foliage area (depending on the species)
was used. For the grasses, the clumps were measured by di-
ameter and the basal area was determined (Brower and Zar,
1977).

Once density, frequency, and coverage was determined,
the relative density, relative frequency, and relative cov-
erage, respectively, were determined by the following for-
mulae:

Relative density = density of species i X 100 (&)
total density of all species
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Relative Frequency = frequency of species 1 X 100 (5)
. total frequency of all species

Relative Coverage = coverage of species i X 100 (6)
total coverage of all species

From these calculations an index of importance, the
importance value (IV) was determined for each species by
the following formula:

IV = RD + RF + RC ‘ (7)
3

where RD is the relative density, RF is the relative fre-

guency, and RC is the relative coverage (Darnell, 1971).

Statistical Analyses

Statistical analyses were run on the 1978 data with
the aid of the Health Sciences Computing Facility, UCLA at
the Data Center of Loyola University of Chicago. A univar-
iate analysis of variance, Package BMDO8V, was utilized on

all species in all four subdivisions except Cornus racemosa.

C. racemosa, being the deciding factor as to whether or not

the area contained shrubs, was simply compared in burned and

unburned areas with shrubs,
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Package BMD12V - Multivariate Analysis of Variance
and Covariance of the Health Sciences Computing Facility,
UCLA, at the Data Center of Loyola University of Chicago
was run on all 1978 density and coverage values.

Chi-square tests were calculated from the frequencies
of the four study subdivisions (burned with shrubs, burned
without shrubs, unburned with shrubs, unburned without

shrubs) for 1978 values to determine significance.



RESULTS

The number of species in burned plots was found to be
lower than in unburned plots, In 1977 three species were
found to have higher importance values in burned areas with-
out shrubs than in unburned areas without shrubs. Five
species showed a decidedly lower importance value in burned
areas without shrubs and four species were not present in
the plots sampled,

In burned areas with shrubs, four species were found
to have higher importance values than in unburned areas
with shrubs, Six species had lower importance values in
burned areas with shrubs, and two species were nbt present
in the sample plots.

In 1978 four species had higher importance values in
burned areas without shrubs than in unburned areas without
shrubs, six species had lower importance values in burned
areas without shrubs, and two species were not present in
the study plots, Three species had higher importance values
in burned areas with shrubs than in unburned areas with

shrubs, eight species showed a lower importance value for

19
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burned areas with shrubs, and one species was not present

in any of the plots.
With the variation seen between species, the results

from each species will be presented individually.

Aster ericoides (heath aster)., A, ericoides was found

to have higher densities, coverages, and importance values
in burned areas with shrubs and in unburned areas without
shrubs for 1977 and 1978.

Specifically, the importance values for 1977 and 1978
for burned areas with shrubs were higher than those in un-
burned areas with shrubs., For both years the importance
values in burned areas without shrubs were lewer than in un-
burned areas without shrubs. From 1977 to 1978 there was no
change of importance values in unburned areas with shrubs,
and there were lower values in 1978 in burned areas with
shrubs, and all areas without shrubs (See Fig. 7A&B).

The changes in coverage were all identical to the a-
bove changes in importance values (See Fig. 7C&D).

The density values for 1977 and 1978 for burned areas
with shrubs were higher than those in unburned areas with

shrubs, For both years the density values in burned areas
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without shrubs were lower than in unburned areas without
shrubs. From 1977 to 1978 unburned areas with shrubs, and
burned areas without shrubs had lower values the second year,
no change in burned areas with shrubs, and higher values the
second year in unburned areas without shrubs (See Fig. 7E&F).
The F~values from the univariate analysis of variance

on A. ericoides were insignificant for burning or presence

of shrubs, but were significant for the interaction factor

(Coverage--.975¢(p{.99;: Density--.95¢p<.975).0f the two.

Aster laevis (smooth aster). A. laevis was not present

in any burned plots with or without shrubs. With the ex-
ception of unburned areas with shrubs in which the densities
were higher in 1978 than in 1977, all other unburned areas
had higher importance values, coverage, and densities in
1977. The coverage and density values showed no signifi-

cance when treated statistically.

Aster novae-anglicae (New England aster). A. novae-

anglicae was not present in most study plots and showed no

significance in any statistical tests.,
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Calamagrostis canadensis (bluejoint grass)}. C. can-

adensis was found to have higher importance values and den-
sities in unburned areas with shrubs than in burned areas
with shrubs and to have lower values in unburned areas with-
out shrubs than in burned areas without shrubs.

The importance values were lower in burned areas with
shrubs than in unburned areas with shrubs in 1977 and 1978.
The importance values were lower in unburned areas without
shrubs than in burned areas without shrubs for both years.
The importance values for unburned areas with shrubs, un-
burned areas without shrubs, and burned areas with shrubs
were lower in 1978 than in 1977. The importance values were
approximately the same in burned areas without shrubs for
both years (Fig. 8A&B).

The coverage values for C. canadensis were higher in

burned areas with shrubs than in unburned areas with shrubs
in 1977. The coverage values were approximately the same in
burned and unburned areas with shrubs in 1978, The coverage
values were higher in burned areas without shrubs than in
unburned areas without shrubs in 1977 and 1978. The burned

areas and the unburned areas with shrubs had higher coverage
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values in 1977 than in 1978. There was no change in the

coverage values in unburned areas without shrubs (See Fig.

8C&D).

The density values of C. canadensis were lower in

burned areas with shrubs than in unburned areas with shrubs
for 1977 and 1978. The density values were higher in burned
areas without shrubs than in unburned areas without shrubs
for 1977 and 1978. The density values were lower in unburned
areas with shrubs, burned areas with shrubs, and unburned
areas without shrubs in 1978 than in 1977. The density
values in burned areas without shrubs were approximately
the same in 1978 as in 1977 (Fig. BE&F).

The F-values from the univariate analysis of variance
on the coverage values for 1978 showed significance of p).995
for burning, presence of shrubs, and interaction. The den-
sity values were significant for burning, presence of shrubs

and the interaction factor for 1978 (.95¢p{.975).

Cirsium discolor (field thistle). €. discolor was not

present in any areas that were burned. The importance values

coverage and density values were all higher in unburned areas
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with shrubs in 1977 than in 1978, Unburned areas without

shrubs had higher coverage and density values in 1977 than

in 1978, C. discolor showed no significance in any statis-

tical tests.

Coreopsis tripteris (tall coreopsis)., C. tripteris

showed higher importance values, coverage, and density val-
ues in unburned areas than in burned areas.

The importance values for both years had higher values
in unburnéd areas than in burned areas. The values for
burned areas, with or without shrubs, and unburned areas
without shrubs were lower in 1977 than in 1978. There were
no changes between seasons in unburned areas with shrubs
(Fig. 9A&B).

The coverage values for unburned areas with shrubs
and burned areas with shrubs were approximately the same for
1977 and 1978. The coverage values of unburned areas with-
out shrubs were higher than the values of burned areas with-
out shrubs in 1977 and 1978. All coverage values were high-
er in 1978 than in 1977 (Fig. 9C&D).

The density values for unburned areas with shrubs were
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higher than the values for burned areas with shrubs in 1977.
These values were approximately the same in 1978, The den-
sity values for unburned areas without shrubs were higher
than the burned areas without shrubs in 1977 and 1978. Den--
sity values in unburned areas with shrubs were higher in
1977 than 1978. Burned areas with shrubs and unburned areas
without shrubs had lower values in 1977 than in 1978,

Burned areas without shrubs showed no change between the two
seasons. (Fig. 9E&F).

The F-values from the univariate analysis of variance
showed significance in the presence of shrubs and for the
interaction factor (.90<p(.95) and due to burning (.95{p<.975)
for the coverage values of 1978, There were no significant

statistical results for density values,

Cornus racemosa (gray dogwood), C. racemosa, being a

shrub, was only present in areas with shrubs. Data will
therefore only refer to areas containing shrubs.

The importance values were lower in burned areas than
in unburned areas in 1977 and 1978, and the burned and un-

burned values were lower in 1977 than in 1978.
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The coverage values were lower in the burned than in
the unburned for 1977 and 1978, and the values of the burned
and unburned areas were lower in 1978 than in 1977.

The density values were lower in the burned than in
the unburned for 1977 and 1978, and the density values were
lower in both burned and unburned in 1977 than in 1978.

The univariate analysis of variance was run as a one-
way analysis on burned and unburned shrubs only for C. ra-
cemosa, There was no significant statistical results for

the density or the coverage values,

Gentiana andrewsii (closed gentian). G. andrewsii

was found to be present in very few sample plots and there

was no statistical significance in this study.

Pycnanthemum virginiana (Virginia mountain-mint),.

P, virginiana was not present in unburned areas in 1977.

The importance values were approximately the same in burned
and unburned area with shrubs for 1978. The importance
values were approximately the same in burned areas with

shrubs for 1977 and 1978. In general, P. virginiana showed

the same results in data on coverage and density, but was
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not present in enough plots to make any other comparisons.
The statistical analyses of coverage and density showed the

data to be insignificant.

Rosa carolinaz (wild rose). The importance values for

unburned areas with shrubs were higher than the values for
burned areas with shrubs for 1977. The importance values
for unburned areas with shrubs were lower than the values
for burned areas with shrubs for 1978. Unburned areas without
shrubs had lower importance values than burned areas without
shrubs in 1977 and 1978. Burned areas with shrubs had lower
importance values in 1977 than in 1978. The importance val-
ues were lower in the unburned areas with shrubs and the
burned areas without shrubs in 1978 than in 1977. The im-
portance values were approximately the same in burned areas
without shrubs for 1977 and 1978 (Fig. 10A&B).

The coverage values for R. carolina in unburned areas

with shrubs were higher than in burned areas with shrubs in
1977 and 1978, The coverage values in unburned areas with-
out shrubs were lower than in burned areas without shrubs
for 1977 and 1978. There were higher values in unburned

areas without shrubs and burned areas with shrubs in 1978
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than in 1977. There were lower coverage values in burned
areas without shrubs in 1978 than in 1977. The values were
appreximately the same in unburned areas with shrubs (Fig.
10 C&D),

The density values were lower in unburned areas with
shrubs than in burned areas with shrubs in 1977, but higher
in 1978, The density values were approximately the same
in unburned and burned areas in 1977 and 1978. Unburned
areas with shrubs and burned areas without shrubs had higher
density values in 1977 than in 1978, burned areas with shrubs
had lower values in 1977, and unburned areas without shrubs
had values approximately the same (Fig. 10 E&F).

The univariate analysis of variance showed no sig-

nificant results for coverage or density for R. carolina.

Silphium terebinthinaceum (prairie dock). S, tere-

binthinaceum was not present in areas with shrubs in 1977,

nor was it present in burned areas with shrubs in 1978.
The importance values were higher in unburned areas and in
1977 than in burned areas or 1978, These results were, in

general, the same for coverage and density. This species
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was not present in sufficient numbers to make any further

comparisons, S. terebinthinaceum showed no statistical

significance for density or coverage.

Solidago gigantea (late goldenrod). The importance

values, coverage, and densities of all burned areas except
areas with shrubs in 1977, were higher than in unburned areas.

The importance values were higher in burned areas with
shrubs than in unburned areas with shrubs in 1977. The im-
portance values were lower in burned areas with shrubs than
in unburned areas with shrubs in 1978. The importance val-
ues were higher in burned areas without shrubs than in un-
burned areas without shrubs in 1977 and 1978. The values
for unburned areas and burned areas without shrubs were
higher in 1978 than in 1977. Burned areas with shrubs had
higher values in 1977 than in 1978 (Fig. 11 A&B).

The coverage values were higher in burned areas with
shrubs than in unburned areas with shrubs in 1977. The cov-
erage values were lower in burned areas with shrubs than in
unburned areas with shrubs in 1978, The coverage values

were higher in burned areas without shrubs than in unburned
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areas without shrubs in 1977 and 1978, The values for un-
burned areas and burned areas without shrubs were higher
in 1978 than in 1977. Burned areas with shrubs had higher
values in 1977 than in 1978 (Fig. 11 C&D),.

The density values were higher in burned areas with
shrubs than in unburned areas with shrubs in 1977. The
density values for unburned areas with shrubs were approx-
imately the same as burned areas with shrubs in 1978. The
densities were higher in burned areas without shrubs than
in unburned areas without shrubs in 1977 and 1978. The
values for unburned and burned areas without shrubs were
higher in 1978 than in 1977. Burned areas with shrubs had
higher values in 1977 than in 1978 (Fig., 11 E&F).

The F-values from the univariate analysis of variance

of S, gigantea for coverage in 1978 were significant for

burning (.99{p{.995), presence of shrubs, and interaction
factor (p).995). The F-values for densities in 1978 were
significant for presence of shrubs (.99<b<3995) and for
the interaction factor (.975(p<.99). Burning was found to

be insignificant.
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The results of the multivariate analysis of variance
are as follows: The effect of burning on the coverage values
of all species during 1978 were significant (.975¢(p{.99),
as well as the effect of the presence of shrubs (.95(p{(.975)
and the interaction factor between the two (.975¢(p{(.99).

The effect of burning, presence of shrubs, and interaction
factor on the densities of all species during 1978 was
statistically insignificant.

The results of the chi-square tests calculated on the
frequencies of the 1978 sample plots are as follows: In
burned areas without shrubs, chi-square = 29.02, 11 degrees
of freedom (0.0i(p(0.00l)g in unburned, areas without shrubs
chi-square = 10,09, 11 degrees of freedom (p<0.20); in
burned areas with shrubs, chi-square = 19,00, 11 degrees of
freedom (0.05{p{0.01); in unburned areas with shrubs, chi-
square = 10.07, 11 degrees of freedom (p{0.20),

Tables 2,3, and 4 give a summary of relative coverage,

relative density, and importance value data for 1977 and

1978,
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RELATIVE COVERAGE (%)

Unburned plots
Shrub Non-shrub
areas areas
Species Name 1977 1978 1977 1978
Aster ericoides 0.02 0.76 23.00 8,92
Aster laevis 8.87 0.16 | 44,10 3.08
Aster novae-anglicae 0.00 0.00 0.00 0.96
Calamagrostis canadensis | 5.02 1.52 3.59 3.68
Cirsium discolor 8.91 2.88 0.00 2.04
Coreopsis tripteris 1.27 3.92 8.26 | 24,76
Cornus racemosa 64,99 61.96 0.00 0.00
Gentiana andrewsii 0.00 0.08 3.81 0.00
Pycnanthemum virginiana 0.00 2.72 0.00 6.78
Rosa carolina 9.88 10,50 1.27 3.10
Silphium terebinthinaceum | 0,00 0,06 7.3k 0.00
Solidago gigantea 1.00 15.48 8.60 | 46,64
Burned plots
Shrub Non-shrub
areas areas
Species Name 1977 1978 1977 19738

Aster ericoides 19.07 7. 74 7.09 0.00
Aster laevis 0.00 0.00 0.00 0.00
Aster novae-anglicae 1.50 0.00 0.00 0.00
Calamagrostis canadensis | 9.18 2.24 | 33,66 | 28,66
Cirsium discolor 0.00 0.25 0.00 0.00
Coreopsis tripteris 0.22 3.12 1.86 L,74
Cornus racemosa 42.72 60.78 0.00 0.00
Gentiana andrewsii 0.00 0.00 0.00 0.00
Pycnanthemum virginiana 3.16 I, 1k 0.11 | 00,00
Rosa carolina 5.43 18.50 27.21 14.84
Silphium terebinthinaceum | 0.00 0.00 0,04 0.02
Solidago gigantea 18.67 3,20 | 29,99 51,72

Table 2

Relative Coverage Values for 1977 and 1978
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RELATIVE DENSITY (%)
Unburned plots
Shrub ~ Non-shrub
areas areas
Species Name 1977 1978 1977 1978
Aster ericoides 0.81 2,36 11,72 16.42
Aster laevis 19.67 0.14 | 39.50 9.74
Aster novae-anglicae 0,00 0.00 0.00 h,34
Calamagrostis canadensis [39.34 21.88 | 32.71 7 .40
Cirsium discolor 4,09 0.38 0.00 1.06
Coreopsis tripteris 8.19 2,72 3.70 12.20
Cornus racemosa 13.11 38,10 0.00 0.00
Gentiana andrewsii 0.00 0.26 1.85 0.00
Pycnanthemum virginiana 0.00 1.00 0.00 1.70
Rosa carolina 6.55 L,32 0.61 1.32
Silphium terebinthinaceum | 0,00 4,06 1.85 0.58
Solidago gigantea 8.19 24 .74 8.02 | 45,24
Burned plots
Shrub Non-shrub
areas areas
Species Name 1977 1978 1977 1978

Aster ericoides 21.37 21.38 4,03 0,00
Aster laevis 0.00 0.00 0.00 0.00
Aster novae-anglicae 0,76 0.00 0.00 0.00
Calamagrostis canadensis 20,61 12,76 | 42,33 | 41,68
Cirsium discolor 10.00 0.28 0,00 0.00
Coreopsis tripteris 0.38 2.82 1.61 1.12
Cornus racemosa 8.39 22,90 0,00 0.00
Gentiana andrewsii 0.00 0.00 0,00 0.00
Pycnanthemum virginiana 1.14 2.34 0.40 0.00
Rosa carolina 2.29 13.38 14,11 2,46
Silphium terebinthinaceum | 0.00 0.00 0.80 0.30
Solidago gigantea 45,03 24,10 136.69 1 54.40

Table 3

Relative Density Values for 1977 and 1978
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IMPORTANCE VALUES (%)

Unburned plots

Shrub Non-shrub
areas areas
Species Name 1977 1978 1977 1978
Aster ericoides 4,72 4,17 16.33 11.88
Aster laevis 13.96 1.13 | 32.63 8.87
Aster novae-anglicae 0.00 0.00 0.00 2.90
Calamagrostis canadensis [19.23 10.93 | 16.86 7.13
Cirsium discolor 6.55 3.19 0.00 4,47
Coreopsis tripteris 7.60 7.41 8.74 18.05
Cornus racemosa 30.47 38.55 0,00 0,00
Gentiana andrewsii 0.00 1.15 4,27 0.00
Pycnanthemum virginiana 0.00 k,37 0.00 5.13
Rosa carolina 9.92 7.04 3.01 2.60
Silphium terebinthinaceum | 0.00 3.47 7.82 2.49
Solidago gigantea 7.50 18.61 | 10,30! 36,36
Burned plots
Shrub Non-shrub
areas areas
Species Name 1977 1978 1977 1978
Aster ericoldes 16.81 14,04 7 .04 0,00
Aster laevis 0.00 0.00 0.00 0.00
Aster novae-anglicae L, 09 0,00 0.00 0.00
Calamagrostis canadensis (13,26 7.90 31.99 | 32.71
Cirsium discolor 0.00 0.18 0.00 0.00
Coreopsis tripteris 3.53 6.31 L. b9 7.52
Cornus racemosa 23,70 35.13 0.00 0.00
Gentiana andrewsii 0.00 0.00 0.00 0.00
Pyenanthemum virginiana L,77 5.06 3.50 0.00
Rosa carolina 5.91 14,96 20,44 13.17
Silphium terebinthinaceum | 0.00 0.00 3.61 1,97
Solidago gigantea '27.90 16,33 | 28.89 | 44 64

Table 4 Importance Values for 1977 and 1978
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DISCUSSION

The variety of responses to fire by various prairie
species in this study indicates that fire is not beneficial
to all prairie plants, and therefore the hypothesis that
fire promotes prairie vegetation must be accepted only with
some alterations., In the long run, prairie vegetation is
probably favored by periodic fires, but in the short run,
species diversity in the prairie is reduced by fire. The
one shrub and one weed included in this study were set back
by fire but not killed. Some prairie plants are enhanced
by fire, some are hindered by fire, and yet others are ap-
parently unaffected by fire.

Since there is much variation among the species stud-
ied, they will be discussed first according to similar fire
responses,

Aster ericoides, Aster laevis, and Aster novae-angli-

cae were seen extensively in areas of the prairie that were
unburned, especially in areas without shrubs. Although fire
reduces the asters present in areas without shrubs, they are

not reduced as extensively as Cornus racemosa in areas with

50
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shrubs, It seems possible that the asters are intermediate
between prairie plants, such as grasses, and shrubs in com-
petitive and fire-resisting abilities.

On the other hand, since asters are found in wetter
regions of mesic prairies (Vierling, 1976), and since the
study site is in one of the wetter regions of Wolf Road
Prairie, moisture and drainage may play a part in conjunc-
tion with fire in affecting aster populations.

Calamagrostis canadensis seemed to increase as a re-

sult of burning. The largest increase was found in areas
without shrubs, and the removal of litter, shrubs, weeds,
and some forbs probably enabled it to spread vegetatively.
Cooper (1961) feels that grasses are better adapted to Qith-
stand fire than are woody plants because the growing point
of dormant grasses is below ground and only one year's
growth will be removed by burning.

In unburned areas with shrubs, the amount of C. cana-
densis decreased by the second season, probably due to the
same reasons it increased in burned areas-- the presence of

shrubs, increased amounts of litter, and competition with
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taller woody plants tending to shade it out.
Since some prairies have been described as being main-
tained for years without burning (Betz and Cole, 1969), it

would seem that in areas without shrubs, C. canadensis did

increase without the effects of fire, although the increases
were not as great as those in burned areas,
Although some species seemed to level off their in-

creases by the second year, C. canadensis was even more vig-

orous the second season, producing many flowers and seeds.
Duringlthe first season no flower production was observed,
It might prove interesting to see if, in future seasons,

this flower production would have any effect in increasing

or maintaining C. canadensis levels in the area,

Cirsium discolor was the one alien species studied

and it was only found in areas that were unburned. How-
ever, it appeared in amounts too insignificant to say that
fire was the sole cause of it's disappearance, although it
was probably a factor,

Cornus racemosa, although by no means dominant through-

out the prairie, was the only noteworthy shrub in the study
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area, The amount of coverage was much more reduced after
burning than the amount of density due to the fact that

most plants were burned back by the fire rather than being
completely killed., By the second season many of the shrubs
had resprouted, although they were much less extensive than
in the unburned areas. Figures 3 and 5 give a good idea of
what the burned area looked like two and four months after
the fire, respectively. The burned shrubs can be seen in
the background. These shrubs resprouted later in the season,
Further studies could possibly be done to compare the ef-
fects of fire on the burr oak, a prairie tree, and some in-
vading shrubs. These burr oak trees, which were able to re-
sist fires in the historical past, are unique today in Wolf
Road Prairie in Illinois, although they were present through-
out much of the area and able to support forbs and grasses

under their canopy (Kilburn, 1959).

Coreopsis tripteris is a prairie plant that seems to

do better on a short term basis in unburned areas, and, to
a lesser extent, in areas without shrubs. This species is

a prolific blooming plant and seed producer, as well as be-
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ing able to reproduce by underground runners (Wivagg, per-
sonal communication). It would seem to be a strong com-
petitor for sunlight, and able to colonize vegetatively in
all the study areas; it's higher importance values in 1978

attested to this, C. tripteris would perhaps benefit in

the long term from a burn due to the easier colonization
possibilities that would result.

Gentiana andrewsii, Pycnanthemum virginiana, and Sil-

phium terebinthinaceum appeared in such small numbers that

it is more difficult to determine any effects due to burning.
None of these species were present in the burned areas. It
would be interesting to see how other areas in the prairie

containing more of Silphium terebinthinaceum are affected

by fire.

Rosa carolina seemed to be unaffected by burning.

It was present in all the plots that were sampled. This
may suggest that factors other than burning, such as the
amount of moisture or drainage, may figure into the compet-
ition of this species,

The most dramatic effects of burning seen in this

study were on Solidago gigantea. This species was much
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more prominent and had higher importance values in areas

that were burned, even more so inareas originally without
shrubs, However, by the second season, the importance values
in burned areas with shrubs decreased, due to the probable
increased competition from resprouting shrubs. All other

areas had larger amounts of S. gigantea the second season,

"In burned areas there were no more than three or four dom-

inant species to be found. S. gigantea was probably the

most important species, and Calamagrostis canadensis the

second most important.

Since Solidago sp. have been found to increase in
large amounts in burned prairies the first year after a
fire, and one particular species, S. rigida, showed a need
for a fire for maintainence and establishment in other stud-
ies, the results above correlate with earlier works (Shel-
ford, 1959: Dix and Butler, 1954; Curtis and Partch, 1948;
Zimmerman and Kucera, 1977).

Taking the effects of fire on the prairie as a whole,
it can be seen that many plants are doing different things

simultaneously and that burning affects no two species in
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exactly the same way. Connell (1978) suggests that at climax
species diversity is lower and that communities such as the
tropical rain forest and coral reefs (with high diversity)
are kept at non-equilibrium by various disturbances, Assum-~
ing the fire to be the disturbance in the prairie, this
view tends to contradict what is seen here. These results
show a lower species diversity as a result of the fire dis-
turbance., The length of time after the disturbance is prob-
ably critical, For the short term effects on the prairie,
fire reduces species diversity, but it may be that in the
long term, fire enables species diversity to increase by
giving more space for other prairie species to colonize.
Litter removal by burning enables plants and seeds to get
a 2-3 week headstart over plants in unburned areas (Ehren-
reich, 1959).

Indeed, the mature prairie has a high species diver-
sity:; there are over 130 native plants in the Wolf Road
Prairie alone (Save the Prairie Society pamphelet), not to
mention many alein plants. It may be that fire acts, in
part, as the disturbance that keeps the prairie from turning

into a forest.
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RELATIVE FREQUENCY (%)

Unburned plots

Shrub Non~-shrub
areas areas
Species Name 1977 1978 1977 1978
Aster ericoides 13.33 9.40 | 14.28 | 10.30
Aster laevis 13.33 3.10 14,28 13.80
Aster novae-anglicae 0.00 0.00 0.00 3.40
Calamagrostis canadensis 13.33 9.40 | 14,28 10.30
Cirsium discolor 6.66 6.30 0.00 10.30
Coreopsis tripteris 13.33 15,60 14,28 17.20
Cornus racemosa 13.33 15.60 0.00 0.00
Gentiana andrewsii 0,00 3.10 7.14 0,00
Pycnanthemum virginiana 0.00 9.40 0.00 6.90
Rosa carolina 13.33 6.30 7.14 3.40
Silphium terebinthinaceum 0.00 6,30 14,28 6.90
Solidago gigantea 13.33 15,60 14,28 17.20
Burned plots
Shrub Non-shrub
areas areas
Species Name 1977 1978 1977 1978
Aster ericoides 10.00 13.00 10.00 0.00
Aster laevis 0,00 0.00 0.00 0.00
Aster novae-anglicae 10,00 0.00 0.00 0.00
Calamagrostis canadensis 10.00 8.70 20.00 27.80
Cirsium discolor 0.00 0.00 0.00 0.00
Coreopsis tripteris 10,00 13,00 10,00 16.70
Cornus racemosa 20,00 21,70 0.00 0.00
Gentiana andrewsii 0.00 0.00 0.00 0.00
Pycnanthemum virginiana 10.00 8,70 10,00 0.00
Rosa carelina 10.00 13.00 20,00 22,20
Silphium terebinthinaceum | 0.00 0.00 | 10,00 5.60
Solidago gigantea 20,00 21,70 20,00 27.80

Relative Frequency

Values for 1977 and 1978
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