Herbaceous vegetation response to Holocene climate dynamics in south-central

Abstract:

This study examined the carbon isotopic composition of charred vegetation (Poaceae) epidermis preserved in Holocene deposits within Kimble Pond and Sharkey
Lake in south-central Minnesota. Kimble Pond and Sharkey Lake lay in a critical location along the current prairie-forest ecotone. As such, Poaceae fossils preserved in
the sediments of these lakes provide outstanding records to test the hypothesis regarding changes in vegetation community composition associated with climatically
driven longitudinal shifts in this boundary throughout the Holocene. Preliminary results indicate a mixed C3/C4 grass community from 10,000 years before present (yr
BP) to present with bulk 813C values ranging from -17 to -24 %o. Surprisingly, an approximate 1000-year periodicity is evident in these results within shifts from more
C3 (-24 %o0) to more Cy4 (-17 %o0) grasses in the surrounding landscape occurring about every 500 years. These carbon isotopic shifts mirror closely changes in total
charcoal influx to the community composition or reflect differential flammability of grass species biomass, with C3 species only burning extensively during periods of
increased fire intensity. Ongoing work seeks to clarify the cause of our observed Holocne shifts in charred grass carbon isotopic composition in these lakes.

Introduction:

Vegetation community compostion can change over time due to natural i.e. climatic, or
anthropogenic causes. In Minnesota, a prairie-forest ecotone exists more or less along a NW - SE
axis. This ecotone separates tall grass prairie from the mixed deciduous hardwood forest of
Minnesota. Throughout the Holocene, previous studies have documented significant climate
change that influenced the location of this boundary. What is unclear, however, is how within a
particular ecosystem, the community composition may have changed in response to climate.
To investigate this, we analyzed the 813C of charred epidermis preserved in the sediments of
two lakes, Kimble Pond and Sharkey Lake. Using morphological criteria, we selected charred
epidermis from only herbaceous vegetation, not arboreal. Presumably the isotopic signature in
these charred plant fossils reflects the composite vegetation on the surrounding landscape at
various points within the Holocene. Most plants utilize one of two photosynthetic pathways
and as a result, are catagorized as either C3 or C4 plants. Because of differences in the way in
which carbon is harvested, these two types of plants have different carbon isotopic signatures
with C3 plant tissue having 513C values between -23%o and -31%o while C4 plants having 513C
values between -10%o0 and -16%o0. Most plants that use the C3
pathway tend to live in cooler and drier habitats while C4
plants grow in warmer and moister habitats. In the upper
Midwest, sufficient spring moisture is necessary for C3 grasses
to grow. However, in exteme aridity, C4 plants perish and C3
herbs, such as ragweed and wormwood (Artemisia) can persist.
We utilized these isotopic and ecological differences to
reconstruct plant community composition along the prarie-
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Throughout most of the Holocene, herbaceous vegetation surrounding the lakes is a mixture of C3 and C4 plants. The mean 513C values in both
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records is about -20%eo.

The Late Holocene, which began
about 5,000 yr BP and continues to
the present time, began to experi-
ence an increase in moisture rela-
tive to the mid-Holocene. In both
Kimble Pond and Sharkey Lake, the
513C values of the charred epider-
mis began to switch over towards a
more C3 dominated vegetation
type community.

Age (year BP)

Although Typha angustifoliaand T.
latifolia are similar in physical ap-
pearance, they differ in ecology. T.
angustifolia grows best in deeper
water (0.2-1.0 m). T.latifolia, how-
ever,does much better in shal-
lower water (<0.2 m).
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The Middle Holocene lasted from
8,000 yr BP to 5,000 yr BP. Despite the
proximity of these two lakes, the veg-
etation response to climate parameters
was quite different.

In Sharkey Lake, there seems to be more
rapid fluctuations than Kimble Pond.
This could be due to its increased het-
erogeneity such as having a bigger lake
area and size. Its surrounding vegeta-
tion may also influence the fluctuations.
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Mid-Holocene fluctuations in the 6
13C values of charred epidermis
closely match the relative abun-
dance of T.angustifolia. When T. an-
gustifolia increases, surrounding
herbaceous vegetation has a greater
C4 component. At first glance, this
correlation would suggest that T. an-
gustifolia increases in abundance
with increasing aridity, as C4 plants
dominate in drier environments.
However, T. angustifolia is a suppe-
rior competitor in deep water envi-
ronments (> .5 m). We attribute
these results to periodic changes in
seasonality of precipitation within
this interval. Clearly, periods of high
T.angustifolia requires a positive P:E
ratio that keeps water within the
lake basin. If that moisture falls
during the summer, and not spring,
C4 grasses would expect to benefit.
Drought in spring causes the cool-
season C3 grasses to suffer and
hence decline in relative abundance.
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