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Oak mortality in sand savannas following
drought in east-central Minnesota!
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ABSTRACT

FABER-LANGENDOEN, D. AND J. R. TESTER. (Department of Ecology, Evolution and Behavior,
University of Minnesota, Minneapolis, MN 55455). Oak mortality in sand savannas following
drought at Cedar Creek, Minnesota. Bull. Torrey Bot. Club 120: 248-256. 1993.—Savanna
plots that were established and sampled in 1984 at Cedar Creek Natural History Area in east-
central Minnesota were resampled in 1989, towards the end of a major drought period. Tree
diameter was measured and mortality was assessed for all stems =10 cm dbh in eleven 50 x
75 m plots. Quercus ellipsoidalis E. J. Hill (northern pin oak) and Q. macrocarpa Michx. (bur
oak) dominate the savannas, accounting for >95% of all stems =10 cm dbh. In 1984, diameter
distributions and species composition were significantly different on different soil types. Zim-
merman soils had a larger proportion of stems in the 10-25 ¢cm dbh size classes (62%) than
did the Sartell soils (36-60%), and a significantly larger proportion overall of Q. ellipsoidalis
stems (93%) than did the Sartells (51-84%). Plots burned during the previous 20 years had
fewer stems in the 10-25 cm dbh size class (45%) compared to unburmed plots (589%). These
differences were not changed by mortality over the 1984-1989 period, nor did diameter dis-
tributions within a plot change significantly over this period. Average five-year mortality rates
per plot from 1984-1989 for Q. ellipsoidalis (21.4%, range 0.0-60.0%) were significantly higher
than for Q. macrocarpa (6.1%, range 0.0-33.3%). Five-year mortality rates of Q. ellipsoidalis
declined from 60% to 15% with higher total stem basal area and density. Drought or large
moisture changes may have been primary factors responsible for oak mortality. Other factors,
such as percent organic matter, depth to water table, and fire frequency were not correlated
with mortality rates. The inverse relation between mortality and stand density suggests that the
possible effects of drought varied with stand structure. Closed savannas or woodlands had lower
mortality rates than open savannas. These findings emphasize the role of climate in maintaining

sand savannas in the prairie-forest border region.
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Variations in recruitment, growth and mor-
tality of trees along the prairie-forest border of
the upper Midwest of the U.S. are of interest in
understanding the origin and maintenance of oak
savannas or barrens. At the regional level such
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variation is in part dependent on interactions
between climate, topography and fire regimes
(Grimm 1984; Sharpe et al. 1987; Clark 1990).
European settlement led to reductions in fire fre-
quency, causing oak savannas to rapidly change
to oak woodland (Cottam 1949; Grimm 1984).
Conversely, heavily logged and burned sites fur-
ther east of the border favored oak establishment
(Nowacki et al. 1990). These newly formed
woodlands appear to be relatively stable, at least
in the short term, even in the presence of re-
introduced fire regimes, particularly for trees
>20-25 cm dbh (White 1983). However, their
long term stability seems doubtful, as older oak
woodland stands elsewhere are dominated by red
and sugar maple in the understory, a pattern
thought to be related as much to climatic change
as disturbance (Kline and Cottam 1979; Crow
1988; Abrams 1992).

These observations raise important questions
about how savannas can be restored, as well as
how they might have originated. For example,
Grimm (1984) and others (Transeau 1935; An-
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