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Effects of fire frequency on plant species in
oak savanna in east-central Minnesota!
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Effects of fire frequency on plant species in oak savanna in east-central Minnesota. Bull. Torrey Bot. Club 123:
304-308. 1996.—From 1964 through 1984, nine forest sites, ranging in size from 2.6 to 27.5 ha, were each
burned from two to 19 times. Percent cover of 13 of 14 true-prairie grasses was positively correlated with burn
frequency. Of these, eight have C4 and six have C3 photosynthetic pathways. Cover of 34 of 39 true-prairie
forbs, and of Amorpha canescens, increased with frequency of burning. All except Asier oolentangiensis are C3
species. Cover of six of seven native, not prairie, species, all C3, decreased with increasing burn frequency.
These data suggest that the adaptation of true-prairie species to repeated burning outweighs the effects of their

photosynthetic pathways.
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The role of fire in maintenance of tallgrass
prairie and savanna ecosystems is well docu-
mented (reviewed in Collins and Wallace 1990;
Hulbert 1986; Johnson 1993). In general, fire
suppresses shrubs and trees and favors native
prairie species. Responses of plant species to
burning, however, are related to season of burn-
ing (Howe 1994a, 1994b), intensity and fre-
quency of fires (Gibson 1988; Tester 1989;
White 1986). However, plant species respond in
an indivdualistic manner. Thus, use of pre-
scribed burning by resource managers must be
based on knowledge of how individual species
will respond to the treatment. This paper reports
on the response of certain plant species over a
20-year period to a program of prescribed fires
that was implemented in 1964 at the Cedar
Creek Natural History Area to restore oak sa-
vanna from oak forest.

Methods. In 1964, nine forest sites, ranging
in size from 2.6 to 27.5 ha, were established and
randomly assigned for the application of differ-
ent frequencies of prescribed burns (Irving
1970). The number of burns at a given site for
the 20-year period ranged from two to 19. Dates,
characteristics of burns, and design limitations
are given in Tester (1989). Unfortunately, no
data were collected on these nine sites prior to
initiation of the burning regimen in 1964,

These sites plus three unburned sites in adja-
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cent oak forest believed to be typical of the en-
tire study area were used for the present study.
All 12 sites are within a 320-ha block and have
similar topography. In 1984, percent cover of
litter, bare ground, and each shrub and herb spe-
cies was visually estimated in 24 1.0-m X 0.5-m
quadrats, spaced uniformly in the sample area,
following Inouye et al. (1987). Each species was
placed in one of three categories; (1) typically
occurring in true (tallgrass) prairie, (2) native to
North America but not typically found in prairie,
or (3) introduced from another continent, using
data from Gleason and Cronquist (1963), Curtis
(1959), and personal communications with E.
Cushing, B. Delaney, and T. Morley. Species
also were categorized by photosynthetic path-
ways following Waller and Lewis (1979) and E.
Wardenaar (pers. comm.). Nomenclature follows
Ownbey and Morley (1991). Regression analy-
ses were performed with number of burns as the
independent variable and average of percent
cover as the dependent variable. No a priori cri-
teria were available to identify outliers; there-
fore, all data points were included for all spe-
cies.

Results and Discussion. Litter comprised
from 28.9 to 85.0 percent of the cover in the 12
plots and bare ground varied from <1.0 to 38.5
percent. A total of 104 shrub and herb species
were identified on the study area. Cover esti-
mates of 13 °of 14 true-prairie grasses were pos-
itively correlated with burn frequency (Table 1),
with the highest significance levels noted for
Panicum praecocious, Sorghastrum nutans (Fig.
1), Stipa spartea, Bouteloua hirsuta, Schiza-
chyrium scoparius, Panicum virgatum, and An-
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Linear regressions showing effect of number of burns on percent cover of Aster oolenrangiensis,

Sorghastrum nutans, Corylus americana, and Vaccinium angustifolia.

dropogon gerardi. Six have C3 and eight have
C4 photosynthetic pathways.

Increase in C4 grasses has been reported from
numerous studies (Gibson 1989; Hadley and
Kieckhefer 1963; Svedarsky et al. 1986; and
others). However, increased cover of C3 grasses
is somewhat surprising. Anderson et al. (1970),
Gibson and Hulbert (1987), and Glenn-Lewin et
al. (1990) stated that C3 grasses generally de-
creased after spring fire, and Howe (1994a,
1994b) emphasized that spring bums are likely
to suppress C3 and favor C4 species. Anderson
and Bailey (1980) reported that annual burning
for 24 years reduced cover of Stipa spartea, a
C3 species, in Alberta.

Cover of two introduced grasses, Poa praten-
sis (C3) and Setaria lutescens (C4), showed in-
creases in cover with burn frequency and two

other introduced species, Agropyron repens (C3)
and Bromus inermus (C3), showed decreases.
However, none of the P-values were less than
0.23.

Linear regressions showing the effect of num-
ber of fires on percent cover of Corylus ameri-
cana and Vaccinium angustifolia are shown in
Fig. 1. Cover estimates of six of the seven na-
tive, non-prairie species with P < 0.10, includ-
ing the above, were negatively correlated with
burn frequency. This result is not surprising
since these species are typical of Minnesota for-
ests where fire would have been less frequent
(Tester 1995). I cannot explain the one excep-
tion, Parthenocissus vitacea, which significantly
increased with burn frequency. All native, non-
prairie species in Table 1 have C3 photosyn-
thetic pathways.






