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Current and simulated future
range of black spruce, from
Lenihan and Neilson 1995.

300 mile shift is equal to

distance moved in ~ 2000
/ years in paleorecord



NE MN Tree response to warmer climate:

Decrease in abundance: jack pine, red pine,
black spruce, white spruce, paper birch,
aspen, balsam poplar, tamarack

Increase in abundance:

sugar maple, red maple, white pine,
basswood, red oak, bur oak, green ash,
yellow birch, red maple

Migrate In:

Hemlock, white oak, black cherry
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Doppler radar image (above)
July 4, 1999, and damage
swath (below)



Before and after the big blowdown
of 1999



More events like the July 4, 1999 derecho in northern MN are likely

with a warmer climate

From: R.H. Johns and J.S. Evans: www.spc.noaa.gov/misc/AbtDerechos

Number of summertime derechos
observed in 22 years

Solution: wind resistant species
such as birch, maple, cedar and
oak, and multi-aged stand
structure




Mortality probability

DBH cm
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Early successional species
Spire-formed conifers
Late-successional species

After Rich, Frelich and Reich, 2007,
Journal of Ecology 95: 1261-1273







Changes in fire frequency will
occur (or possibly have started
to occur??)

Late successional Pine forest
forest

Savannas

Low Medium
Fire frequency



200 year old red pine forest before and after 1999 blow down



The same forest as previous slide
after 2002 prescribed burn and
as of July 2007



Eastern larch beetle, a native
Insect that has caused heavy
mortality in 54,000 acres in MN,
due to greater survivorship and
mild winters from 2000-2006
(Jana Albers, MNDNR, Personal
Communication).

Steve Katovich-USDA Forest Service

Darren Blackford, USDA Forest Service



Exotic tree pests and diseases will reinforce warming
Impacts and vice versa

Dutch elm disease
Butternut canker

Sudden oak death
Hemlock wooly adelgid
Emerald ash borer

Asian long-horned beetle
Etc., etc.

Emerald ash borer

Possible solution: manage for high tree diversity at the stand
and landscape level so that other species can fill niche of
species that disappear



Expect divergence in border lakes forests



Strategies for forests in a warming climate

Resistance
Eliminate multiple stresses
Deer management
Drought mitigation--irrigation
Invasive disease management
Fire management
Triage
Resiliency
Multi-aged multi species stands for wind,
disease and insects
Facilitation
Assisted migration (colonization), local and regional



Can or should we:

Resist change by keeping southerly species (e.g. maples
In the boreal forest) out?

Resist change by managing natural selection through
frequent fire, causing species like jack pine to adapt to
warmer temperatures?



Should we respond to species loss
with replacement species such as
Tsuga diversifolia (northern
Japanese hemlock)?



Respond and realign ecosystems by following future ranges
and establishing neo-native populations—this may be especially
Important for TES species

MI DNR
Kirtland’s warbler

Potential future hemlock range (blue)
In N. MN (from lverson)



Expect mesic forest types such as northern hardwoods to

contract their niche

Loamy sand

Loam

Silt loam

Solution: adapt and realign ecosystem classification and habitat

typing guides; bring in drought resistant species on drier sites



Respond by realignment of ecosystem and forest type
classification, and range of natural variability guidelines

Learn from analogs further
south on similar geomorpho-
logical settings

MN DNR



Slide: Connie Millar
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Solution:
Accept reality

Wind followed by fire
transforms boreal forest



Fragmentation can limit
seed dispersal among forests

Well dispersed:
Oaks, aspens, birches

Moderately well dispersed:
Maples, pines, spruce, fir

Blue jays and red oak
basswood

Photos Courtesy of Carter Johnson

Poorly dispersed:
Forest wildflowers, walnut



Fragmentation will impede northward migration of native species
with global warming

Mosses and lichens
such as Lobaria pulmonaria
and forest herbs

Solution: more natural areas with assisted migration program



The entire boreal forest
biome is predicted to move
north by 300 miles

(from Lenihan and Neilson
1995, Climate Change)



Losers

U.S. Endangered Species Program

Ruth Sullivan

Parks Canada

Peter Mirejovsky
U.S. Fish and Wildlife Service

winners

Accept what can and
cannot be done



Finland versus Minnesota, USA with global warming

Minnesota: most likely warmer and drier
More abrupt transitions
More insect and disease problems
More storm and fire effects
Mostly less productive
Finland: most likely warmer and wetter
Gradual transition to more southerly species
Mostly more productive
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