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SUCCESSION AND FIRE SEASON IN EXPERIMENTAL
PRAIRIE PLANTINGS!
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Biological Sciences (M/C 066), University of Illinois at Chicago,
845 W. Taylor Street, Chicago, Illinois 60607 USA

Abstract.  Fire season influenced the cover of species and flowering guilds of plants
in replicated grass and forb plantings of tallgrass prairie species in Wisconsin. Over two
burn cycles at 3-yr intervals, cover increased in the rhizomatous perennials Andropogon
gerardii, Aster simplex and Solidago altissima in plots burned in spring, or summer, or left
unburned, but cover showed dramatic positive or negative responses to spring or summer
burns in Agropyron repens, Erigeron annuus, Panicum virgatum, Phalaris arundinacea,
and Rudbeckia hirta. Aggregate response of flowering guilds was stronger. By the last
(1993) census, the phenological guild flowering before mid-July (summed cover values for
nine species) accounted for 4% cover in unburned plots and <2% cover in plots burned
in early spring, but 32% cover in plots burned in midsummer. The late-flowering guild
(summed values for 21 species) accounted for 93% cover in unburned plots and 97% cover
in plots burned in early spring, but 66% cover in plots burned in midsummer. Remaining
space was taken by a mid-season guild (11 species), only one of which (E. annuus) was
common enough for individual statistical analysis.

These results have implications for succession of prairie vegetation under different
seasonal fire regimes. Over 8 yr, summer fires that simulated the timing of lightning fires
retarded progression to dominance of large, late-flowering C, grasses, allowing early-flow-
ering species eliminated in other treatments to persist or even prosper. Primaeval lightning
fires in midsummer may have produced quite different communities than anthropogenic

fires, which are rarely set during the middle of the growing season.
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INTRODUCTION

Fire maintains tallgrass prairies by suppressing
woody vegetation and stimulating grasses and forbs
(Hulbert 1986, Anderson 1990). The season of burning
is of interest because tallgrass remnants, now <1% of
grasslands that once covered 570,000 km? of central
North America, are maintained by anthropogenic burns
set in fall, winter, or spring (e.g., Ehrenreich and Aik-
man 1963, Rock 1981, McClain 1986). As a conse-
quence, most scientific insights concerning ungrazed
American tallgrass vegetation are derived from com-
munities maintained by burns outside of the growing
season (e.g., Hulburt 1969, 1986, 1988, Risser et al.
1981, Collins and Wallace 1990). It is becoming clear,
however, that midsummer burns caused by lightning
fires are possible (Bragg 1982, Ewing and Engle 1988)
and common on large prairie tracts when not sup-
pressed (Komarek 1968, Vogl 1974, Higgins 1984).
Most prairie fires ignited by lightning occur in July and
August (Higgins 1984). Moreover, prescribed summer
burns that simulate the timing of midsummer lightning
fires may influence flowering, recruitment, and species
composition in prairies (Steuter 1987, Biondini et al.
1989, Glenn-Lewin et al. 1990, Steuter et al. 1990,

! Manuscript received 6 June 1994; revised 25 November
1994; accepted 6 December 1994; final version received 3
January 1995.

Howe 1994a, b). This paper explores the impact of
spring and summer burns, compared with unburned
replicates, on cover of species and flowering guilds in
21 tallgrass plots planted in 1986.

Most studies of prescribed burning consider fire it-
self “the treatment.”” Here, I test alternative hypotheses
concerning fire season in the context of succession of
prairie restorations. First, I test the hypothesis that con-
ventional early spring fires favor late-flowering grasses
and forbs. Second, I test the hypothesis that midsummer
fires simulating the timing of lightning ignition favor
early-flowering grasses and forbs. Changes in species
and guild cover after two cycles of spring and summer
fire at 3-yr intervals are compared with each other and
with replicated unburned plots that offer a standard of
early successional change without fire.

Extending a detailed evaluation of before and after
effects of one burn cycle (Howe 1994a), 1 focus on
succession of species and flowering guilds under dif-
ferent seasonal burn regimes over 8 yr. The key as-
sumption of this study is that fires in the spring and
summer impact early and late species differently by
killing aboveground plant parts at different phenolog-
ical stages. More subtle effects of clearing 10-40 cm
of litter are alluded to in general terms, but detailed
analysis of the causes of idiosyncratic responses by
particular species to such effects is outside the scope
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of this study. Species incidence, richness, and turnover
will be discussed elsewhere.

METHODS
Site

- Twenty-one 12 X 15 m plots were planted in an
abandoned cornfield in the Driftless (unglaciated) Re-
gion of southwestern Wisconsin (Webster Township,
43°32' N, 90°20" W) in 1986, using standard restoration
techniques (Rock 1981; see Howe 1994a for details).
In southwestern Wisconsin, mean annual precipitation
from 1983-1992 ranged from 57.7 to 103.1 cm, overall
(mean * 1 SE) 84.6 = 4.4 cm/yr (NOAA 1983-1992).
Precipitation in the planting year (1986) and subse-
quent year was close to the overall mean. In Viroqua,
20 km from the site, July precipitation in burn years
1989 and 1992 was within 0.5 cm of the 30-yr mean
(missing data for some months in some years preclude
use of Viroqua data for summaries). Precipitation in
1993 was the heaviest on record, but NOAA data were
not yet compiled at the time of writing.

Plantings are in sandy loam on a floodplain of Elk
Run; water puddles after heavy rains throughout the
growing season, making this a ‘‘wet-mesic’’ prairie res-
toration (Rock 1981). History of the site, specifics of
field preparation and planting, surrounding vegetation,
and other details are discussed in Howe (1994a).

Plants

Plant species discussed here include native prairie
species planted in 1986, in a roughly lognormal abun-
dance distribution, and volunteer species that appeared
over the course of the study (Howe 1994a: Appendices
1-3). Of the 73 native species planted, 28 were abun-
dant enough to be sampled (100 cm?, contiguous), and
21 were still present in 1993 following the second burn
cycle in 1992. Fifteen of the 35 ‘“‘volunteer’ species
disappeared by the 1993 census.

I avoid the difficulty of quantitative community stud-
ies in which most species are too uncommon for in-
dividual analysis (e.g., see Magurran 1988, Howe
1990) by summing cover values for species into phe-
nological guilds that indicate whether they are likely
to flower before, during, or after the July and August
peak of lightning-caused grassland fires in central
North America (see Higgins 1984). Those that com-
plete flowering and most seeding before mid-July are
termed ‘‘early-season,” those that flower from June to
August, ‘“‘mid-season,”” and those that flower and seed
after mid-July, ‘“‘late-season.”

Common early species included Agropyron repens*,
Phalaris arundinacea*, and Rudbeckia hirta, with spe-
cies too infrequent for individual analysis: Bromus
inermis*, Carex. spp.*, Penstemon digitalis, Poa pra-
tensis*, Stellaria media*, and Tradescantia ohiensis
(* volunteers). Most were invaders in plantings that, as
is usual in tallgrass restorations, overrepresented mid-
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season and late-season species. Only one mid-season
species, Erigeron annuus*, remained common enough
for individual statistical analysis; its guild included
Achillea millefolium*, Asclepias incarnata, Asclepias
syriaca*, Echinacea purpurea, Lactuca spp.*, Monar-
da fistulosa, Oenothera biennis, Potentilla arguta, Tri-
Sfolium spp.*, and Verbascum thapsis*. Common late-
season species included Andropogon gerardii, Aster
simplex*, Panicum virgatum, and Solidago altissima*,
with less common species too infrequent for individual
ANOVA analysis: Aster novae-angliae, A. ericoides,
A. laevis, A. pilosus, A. prenanthoides*, A. puniceus*,
Bouteloua curtipendula, Elymus canadensis, Heliopsis
helianthoides, Napea dioecia, Ratibidia pinnata, Rud-
beckia subtomentosa, Schizachyrium scoparium, Sil-
phium integrifolium, Solidago rigida, Sorghastrum nu-
tans, and Verbena hastata. In older literature, six of
the eight common species discussed in depth here are
routinely associated with wet-mesic prairies in Illinois
and Wisconsin (Sampson 1921, Curtis 1959). A. repens
and E. annuus are clearly weedy opportunists. No-
menclature follows Mohlenbrock (1986).

Burns

Burns in early spring were accomplished as the ear-
liest species emerged; summer burns in mid-July were
at the height of the growing season of late-season spe-
cies. The first spring burns on 31 March 1989 reduced
all aboveground plant biomass to ash in seven plots;
fire engulfed each 15 X 18 m plot in 3-5 min, with
flames 1.5 m high. The first summer burn on 15 July
1989 killed 85-100% (96 = 2%, mean * 1 SE) of
aboveground shoots, reducing 10-60% (34 *= 8%) to
ash. The rapidly moving fire, with flames 0.8 m high,
consumed each plot within 15-30 min. Remaining
aboveground shoots (66%) were left standing dead. The
second set of spring burns on 2 April 1992 reduced
20-70% (45 = 7%) of the dry vegetation to ash in the
same plots burned in early 1989; fires engulfed plots
in 10—15 min with flames 0.5 m high, leaving patches
of moist litter 1-5 cm deep. The second summer burn
on 19 July 1992 killed 87-100% (97 = 2%) of the
aboveground vegetation in the seven summer burn
plots; a fire with flames 0.1 m high crept through litter
among the standing plants for 30-60 min in each 15
X 18 m plot. These July 1992 fires consumed virtually
all ground litter, but left upright vegetation standing
dead. In both 1989 and 1992, the same seven plots left
unburned in 1989 remained unburned in 1992, with an
accumulation of 10-40 cm litter by 1993.

No two burns are identical, and burns between years
at the same season and between seasons in the same
year are almost sure to differ in behavior and intensity.
This is particularly true of seasonal differences: most
aboveground plant biomass in early spring is dead and
often dry, while in midsummer it is live, green, and
moist. Converting Van Wagner’s (1965) definition of
fire intensity (/) to standard metric units,



