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Abstract:

This project advanced our understanding of plants’ key physiological and ecological processes that are
essential to the survival, success, and carbon cycling of plants from the boreal-temperate forest ecotone
in the future climate. A primary goal of the project was to test the effect of warming and water
limitation on plants from the Boreal-Temperate Ecotone using a realistic outdoor long-term experiment.
Plant at this ecotone are predicted to be particularly sensitive to future climate since the ecotone
represents a relatively sharp boundary between many temperate species to the south and boreal
species to the north. This work was important, as there was and still is a significant uncertainty
surrounding the mechanisms of future climate effects on vegetation compositional and carbon cycling
change, especially in forests mostly due to lack of experimental examination of response to warming
and limited water availibility. Consequently, we tested our central objective, that was to assess the
potential for projected climate to alter tree species composition and carbon cycling at the southern
boreal-temperate forest ecotone by experimentally warming forest plots and documenting effects on
establishment and juvenile performance for tree species near their warmer (boreal species) and colder
(temperate species) range limits in northern Minnesota.

To accomplish our goals, we designed and built a successful highly manipulative experiment that
implemented vegetation-soil warming and rainfall removal in both understory and open habitats at two
sites in northern Minnesota (MN). The sites lie at different distances to the north of the ecotone
between the southern boreal and northern temperate forest biomes. We focused on ten target species,
all of which are near their warmer (Pinus banksiana, Picea glauca, Abies balsamea, Populus tremuloides,
Betula papyrifera) or colder (Pinus strobus, Quercus macrocarpa, Quercus rubra, Acer rubrum, Acer
saccharum) range edge in northern MN; we also studied other species such as a woody invader and
native herbs and shrubs. Three temperature treatments (ambient, +1.7°C, +3.4°C) were imposed using
infra-red heating lamps augmented with soil heating cables to simultaneously control soil and
vegetation temperatures, enabling assessment of non-linear responses. These temperatures bracket the
range of anticipated warming in the region during the next 75-100 years. In addition, we implemented
summer rain removal treatment mimicking predicted distribution in precipitation patterns by future
climate where we actively removed ~40% of rainfall. Measurements included germinant establishment,
plant growth, phenology, physiology and survival; soil, plant and air temperature, soil moisture and
nutrient status. These measures enabled us to assess how germination, growth and survival at the



establishment stage are influenced by direct climate effects and/or indirect effects of warming, soil
resources such as water and nutrients availibility or other environmental variables that either directly or
indirectly influence plant performance.

Project Activities Summary:

This research significantly increased our general understanding of the mechanisms by which future
climatic change in a form of warming and soil water availibility might affect tree species performance,
survival, carbon cycling physiology, growth and overall success and whether climatic changes will result
in range shifts of species near their range boundaries. Our findings advance both specific projections
about the impacts of future climate on the composition of southern boreal forest biome and improved
understanding of carbon cycling physiology that can improve global land surface modeling. The full list
of publications is provided below.
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