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ABSTRACT —Two forested areas, Tocuted in East-Central Illinois and West-Ceniral
Indiuna, sustained ground fire in e spring and full of 1971, respectively. The spring
herbuceous stratum was sampled by 32 aquare meler plets in the burned and unburned
seclions of each study site. Significant changes in density were recorded for 8 of 11
wildllower cpecies in Lhe spring-burned tract; & of 10 wildllower species had significant

density difference: due to full burning. Frequency changes were significant for 1

-

and 6

species, respectively. Species characteristic of undisturbed forest conditions decreased
substantially in density and frequency; whercas, species commonly found on disturbance

forest sitea inercused markedly.

The role of fire as a modifier of
forest composition and succession
patterns has been documented by
numerous workers {Lemon 1949;
Buell and Cantlon 1953; Hodgkins
1958; Ahlgren 1960; Cocper 1960).
The voluminous forest fire literature
was reviewed by Ahlgren and Ahl-
gren (1960), and Cushwa (1968)
summarized more than 300 biblic-
graphic entries concerning five for
a 40-year period. Despite this con-
siderable interest in fire ecology, and
although deliberate or inadvertent
burning of eastern deciducus for-
ests occurs frequently, fow studies
have dealt specifically with the ef-
{ects of ground fires on spring wild-
flower populations of hardwood for-
est communities.

Fortuitous burning of {wo areas
in west-central Indiana and adjacent
Illinois provided the basis for this
study. A portion eof one forested
tract in Clark County, Illinois, was
burned by light ground fire on April
13, 1971. Similar burning occurred
in Vigo County, Indiana, in late
October of the same year. Neither
area had any evidence of previous
burning in the recent past. Since
both gites were similar, had similar
forest cover and were located only
8L% airline miles apart, the major
variable was {ime of burning.

T4

The aims of this study were as
foilows: 1) To examine the effects
of ground fire on the density, fre-
quency and diversity of spring wild-
flower populations occurring in ad-
jaccnt burmed and unburned areas;
2) To determine if the effects of
spring burning after most species
had vernalized was more sericus
than fall burning when herbaceous
species were dormant,

StupY SITES

The Vige County, Indiana, site
contains about 15 acres of upland
oak - hickory dominated hardwood
forest that has sustained only minor
disturbance during the past 30 to
40 years, Young trees (to 247 di-
ameter) create a nearly-closed can-
opy. The stand is located adjacent
te the Village of St. Mary’s of the
Woods in the N5, SWL4, Sect. 1,
Twp. 12 N, Range 10 W. The study
section occupies a northeast-facing
slope of 47%;.

About 14 acre of the arca was
burned by light ground fire in late
October, 1971. Apparvently a road-
side debris fire escaped and burned
into the woods belore it was extin-
guished naturally. Although mod-
crately moist conditions prevailed,
all leaf litter was burned and some
shrubs and tree reproduction were
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Tipxs 1.—Effects of fall burning on densities of spring wildflower populations at
St. Mary’s of the Woads, Vigo County, Tndiana. {Counts are based on 32 plots each 1
m,. Sampled May 2, 1972, Burned in late October 1971.)

Relative

Total % Change
Speci Drensity in Density Densily
oci _eneity An Uensily —  llensily

pecies U B U B
Claytonia virginica 216 179%% — 17 3. 32,
Fiola spp. 96 155%*% + 6l 15. 27, %%
Dentaria lnciniata 87 A% — 46 14. 8.3
Dicentra spp. T2 65 — 10 12. 11.
Galium apurine 57 2g*# — 51 9.1 4.9
Polygonatum pubescens 32 Jk S G4 31 0.4%
Renunculus aeris 26 FERR ~+ 69 41 7.7%
Galium concinnum 20 1la — 20 3.2 2.8
Podephyllum peliatum 12 gE¥ — 75 19 0.5
Anemonclln thalictroides 9 _3p%# +233 14 5.3%*
Total 627 569% — 9
X Density per plot 19.6 17.8

* Sipnificant at the .05 level.
#% Sjpnifiiznt at the 01 level,

gignificant decreases in the burnhed
area. Dicenira spp. (the two species
could not be positively separated in
vegetative stage) decreased only
slightly.

Frequency changes in response to
burning were not as pronounced as
those for density. Only Viela spp.
and A. thalictroides increased sig-
nificantly in frequency; Dentaria lo-
cintata Muhl., Polygonatum pube-
scens Willd., Podophyilum peltatum
L. and Galium concinnum T, & G.
all had significantly lower frequency
percentages (Fig. 1).

Five species other than spring
wildflowers appeared in the herba-
ceous stratum at 8t. Mary’s. These
species doubled the total density in
the unburned section and increased
the density by over 50%, in the
burned portion. When all species
were congidered, the iotal density
in the unburned area exceeded that
in the burned area by 334 (1294 va.
960). The herbaceous {ragile fern
{Cystopteris fragitis Bernh.) and

blue wood aster (Aster cordifolius
L.} had highly significant decreases
in the burned section; whereas the
woody Virginia creeper (Partheno-
cissus quinguefolia (L.) Planch.}
increased significantly. Common cin-
quefoil (Potentill simplex Michx,)
and round-leafed grecnbyviar (Smilax
rotundifolia F.}) were pregent in the
burned areas as infrequent species.

The Dennison, Illineis, herbaceous
community on the unburned sub-
strate was dominated by cut-leaf
toothwort  (Dentaric  laciniata),
may-apple (Podophylium peliatum)
and trout-lily (Eryihronium ameri-
canum Ker.} which totalled 729, of
stand density (Table 2). Major
ghifts in dominants occurred in the
burned section. Toothwort was still
the leading species, but Vieola spp.
and Jack-in-the-pulpil {Ariscema
atrorubens (Ait.) Blume) increased
greatly to become the second and
third dominants, These three species
totalled 659, of the relative density.
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Spring burning, which destroyed
the above-ground portions of most
gpecies, substantially retarded the
rate of vernalization in the herba-
ceous stralum during the year fol-
lowing burning. The early Dennison
count on April 14 revealed double
the total density in the unburned
area (1,328 ps. T13); the total spe-
cies in the herbacecus stratum was
reversed, however, with 8 in the
unburned and 14 species in the
burned portion of the tract. The
gsecond count (May 6} showed near-
Iy equal total densities {1,487 vs.
14700 and 11 versus 15 species.

Data for only the wildflower spe-
ciey are shown in Table 2. At the
second count, 8 of the 11 species
had signhificant or highly significant
density changes in the burned sec-
tion. Frequeney values were signifi-
cantly diffcrent for 7 species (Tig.
1). Five of the 11 species, Vicola spp.,
pretty bedstraw (G. concinnrum),
Jack-in-the-pulpit (A, atrorubens),
tall buttercup (R. acris), and rock
larkspur (Deiphinium tricorne
Michx.) increased gignificantly.
Jack-in-the-pulpit expericnced major
gaing in density as a result of ger-
mination of many seeds in the burn-
ed section. The three dominant spe-
cies all experienced significant de-
creases in density (Table 2), and
two of the three had significantly
lower frequencies (Fig. 1). The two
Dicentra species, G. aparine 1. and
P. pubescens, all experienced minor

density reductions. Three non-wild-
flower species recorded in the May
6 tally increased the total density
by over 40%, in each case to 1,487
and 1,470 in the unburned and burn-
ed areas, respectively. Virginia creep-
er was very common in the unburned
and nearly absent in the burned
area. Cicarweed (Pileg pumila (L.)
Gray) exhibited an opposite pattern.
Fragile fern was present in only the
burned area at a relatively high fre-
queney and density.

Diversity changes were minor as
indicated in Table 3. Fall burning at
the St. Mary’s area caused a slight
decrease in diversity. Spring burn-
ing at the Demmison {ract resulied
in increased diversity at the end of
a vyear following burning. Diversity
chariges resulted primarily from dif-
ferences in the equitability compon-
ent, as the species richness was iden-
tical in the burned and unburhed
sections at St. Mary's. Four addi-
tional species were found in the
burmed section at Dennison (not last-
ed in Table 2}, but each was repre-
sented by 10 or fewer individuals.

DISCUSSION

Although density and frequency
differences for some herbaceous spe-
cies may bhe due to chance, the
changes veported here follow expect-
ed trends subsequent to burning.
Three interesting patterns of change
occurred at both study sites (Tables
1 and 2): 1} Moust wildflower species

TspLe 3. Diversity indices for unburned and burned sections at the two study sites.

Diversity calcwdations foilow Simpson (1949),

Community

St. Mary's
tlohurned
Burned

Dennison
Tnburned
Burned

Biversity Index

187
.204

249
178
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“typical” of relatively undisturbed
forest areag had density declines of
about 20, in the burned sections.
Examples are Podophyllum pelta-
tum, Ervthronium americanum, Den-
taria iuciniate, Dicentra spp., Clay-
tonia virginica, and Galium aparine;
2) Species that commonly occur in
forested areas, but frequently occupy
less stabilized sifes increased in den-
sity by 60%, or more following fire.
Examples include the species of
Violu considered collectively {some
species may have actually declined,
while others increased proportional-
ly more), Renurnculus acris, Del-
phinium tricorne and Parthenocis-
sus guinquefolia; and 3) Species that
occwr in disturbance forest gites were
found only in the burned sections.
Examples ave Smilax rolundifolia
and Potentiila simplex.

Our resulis are similar to the few
earlier reports involving the eflects
of fire on understory species in com-
mon with our sites. Marked increases
in burned forest lands have been
reported for Viela (Ahlgren 1960},
Parthenocissus (Oosting 1944) and
Smilax (Lay 1956). Lemon (1949
reported increased diversity of for-
est herbs and lesser woody spocies.
We found that spring burning slight-
Iy increased diversity but that fall
burning did not (Table 3). Buell
and Cantlon {1953) and Hodgking
{1958y found that cover of forest
forbs increased during the first grow-
ing seasen flollowing fire. Although
we did not record cover, the “green-
ness” of burmed. sections was notice-
ably greater than in unburmed arcas.
This resulted largely irom substan-
tial dengity increases in Viele, Ra-
nuacilus, Arisaema and Delphin-
tum, and inereased Jushness of most
species following fertilizing action
of nutrients from the ash. Such
changes in species composition and
vitality control the nature of herb-
aceous succession following fire, but
dominance by increaser or invader

forbs may be short-lived as woody
and grass cover increase ¢{Qosting
1944; Hodgkins 1958).

Burning alse influenced the ratio
of non-flowering to flowering indivi-
duals for some gpecies. The sub-
stantial increase in Arisaema airo-
rubens resulted from widespread
germination of seeds after fire as
few mature flowering individuals oc-
curred in the burned area. Much of
the dengity represented by Dentaria
and Clavionia in the burned areas
was also comprised of small, non-
flowering individugls which probab-
ly represented first-year prowth.
Otherwise, density reductions in
these species due to burning would
have been greater. Incveased light,
mineralization of soil organie matter
and the removal of the litter layer
from the seedbed enhance germina-
tion of many forest species. Scari-
fication of hard seeds by fire may
improve germination success of
some specics. Little is known of the
time span of viability of most wild-
flower seeds In the forest litter or
soil. Burning gets back succession in
the sub-canopy strata, and the sur-
vival strategy of species characteris-
tic of earlier seral stages is rapid
invasion into disturbance sites.
Stimulated germination of stored
seeds and rapid growth [ollowing
burning would greatly favor such
species relative to herbs typical of
later stages.

On the other hand, perennial her-
baceous spocics representative of
more stabilized communities are
largely vegetatively reproduced and
would suffer recuctions unlesg their
reproduclive parts were resistant to
fire or well gheltered from fire by
sullicient soil. Regeneration would
then occur more slowly ags seeds
were hrought in from unburned
areas. Species with shallow corms
or rhizomes should be most suscep-
tible to fire, with corresponding re-
ductions in chaaces of recovery by
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vegetative reproduction. However, a
ground fire that moves rapidly
through dry litter probably does not
heat the scil substantially to very
deep levels for very long periods.
Heyward (1938} found that fireg in
the longleaf pine region heated the
upper inch of soil to only 175" F for
2-4 minutes. Moisture in the upper
layers of organic forest soils, how-
ever, may form steam during ground
fires. Such moist heat 1s more dam-
aging to living tissue than dry heat
from fires occurring on drier sites
{Ahlgren 19603, This relationship
may account for similar density and
frequency changes obgerved in this
study following both spring and fall
burning. Soils were more moist from
fall rains than was the case at the
time of the spring fire. Steam pro-
duced underground by the fall fires
could have killed even the dormant
herbs. Most of the species exper-
iencing the greatest density roduc-
tions al both sites have rather ghal-
low perennating structures except
Erythronium. Depletion of carbohy-
drate reserves due to spring burning
may have reduced the recouperative
capacity of surviving below-ground
structures in that species.

The paucity of data on the effects
of hurning on forest herbs of this re-
gion indicates a need for additional
study. Controlled burns of pre
sampled arcas, followed by relative-
ly long term post-fire succession stu-
dies would answer many questions.
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