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Woody Plant Invasion

Proposed Mechanisms
— CO0, enrichment
— Fire suppression
— Intensive grazing
— Seed distribution
— Climatic shifts
— Interactive effects




Climate Change Summary

Increased
Greenhouse Gases
'
Increased
Global Warming
Increase in Increase in
Temperature Evaporation

Increase in Atmospheric Increase in
Water-Holding Capacity Actual Moisture Content

l

Increased Global Precipitation

Increased |— Reduced |— Altered
Intensity Frequency Seasonality

Climate Change Controversy
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Regional GCM Projections

Temperature Change - 20th & 21st Centuries

n Model

Observed 20th Canadi

The observed
changes in air tem-
perature for the
Great Plains over
the 20th century
indicate a greater
warming in the
north than in the
south on average.

Precipitation aver-
ages over the 20th
century indicate a
decrease in precipi-
tation to the east of
the Rockies.
Saeveral areas, most
notably Texas, had
precipitation
increases.

Hadley Model

The model scenarios indi-
cate additional 5...F (Hadley
model) to 12...F (Canadian
model) increases over the
21st century for much of the
Plains.

Tha Canadian model projects
decreases in precipitation in
the southern Plains and
increases in the north. The
Hadley model projects
increases over almost the
entire region, but some
decreases are also evident
east of the Rockies.

Documented Climate Change Patterns
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Primary Research Questions

How will the following climate change
scenario affect a C4 grass and juniper growth,
photosynthesis and competition?

oL arger, but less frequent rainfall events
+Shift from summer to spring and autumn
precipitation

«Constant warming

What are the implications for climate change
on C4 grasses and juniper in the Great Plains?

Factorial Experimental Design

< Five species mixtures (three
monocultures and two tree-grass
combinations)

< Two precipitation patterns
(redistributed and control)

« Two warming treatments
(+1.5 °C warmed and control)

Precipitation 5 A S
Control :
Redistributed

Warming
Control [
Warmed [l

Fight rainfall exclusion shelters (9 x
18 m) and two “open” controls

4 replicate
shelters each




Tree-grass Species Combinations
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Precipitation Redistribution Intensifies Summer
Drought
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Warming Increases Canopy and Soil
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Tiller Growth Reduced in Juniper-grass
DtS

Tiller mass density (+SE), May 2006
Plant basis (kg m-2) = tiller mass x tiller density
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Mean tiller mass (g) did not differ among treatment combinations
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Juniper Growth Response to
Warming
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Photosynthetic Response to Rainfall and
Warming
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Juniper showed reduced rates with
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Summary: Precipitation Redistribution

Juniper (-15%) growth was reduced more than little bluestem
plant mass.

Leaf-level photosynthesis in summer was reduced in juniper,
especially when grown with little bluestem (-20%).

Little bluestem showed a modest response with the exception of a
30% decrease in reproductive tillers.

Summary: Warming

Juniper growth enhanced by warming (+13, +16) and little
bluestem had reduced aboveground mass (-30%) when grown
with juniper.

Leaf net photosynthesis did not differ between warming
treatments in either grass or juniper.

Why did juniper growth increase even though photosynthesis
did not?

4 grass not show a positive response to warming?
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Summary: Competitive Interactions

¢ Competition effects alone were of equal or greater importance
than either precipitation or warming effects.

¢ Grass-juniper interactions varied between competition during
the summer and grass facilitation of juniper growth in the spring.

¢ Juniper growth negated the competitive effects of grass by third
growing season.

Implications for Juniper Invasion

* Photosynthesis, growth and
competitive ability of C4 grass may
show modest declining in
response to intensified drought,
but will persist.

¢ Growth and competitive ability of
juniper may increase because
positive response to warming
exceeds negative response to
intensified drought.

* In the absence of fire and if
regeneration can continue, juniper
will likely increase in warmer, drier
climates of the future.
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AnKuaL PReciPitaTioN TRENDS
Trend % per decade 1951 - 2003 contribution from very wet days
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Figure T5.10. (Top) Observed trends (% per decada] over the period 1851 to 2003 in the to total annual fon from
very wed days (e, comesponding to the 35th percentile and above). White land areas have data for trend

(Battom} Anomafies (%) of the global freglons with data shown in top paned) annual time seres of very wet days (with respect to 1961~
1950) defined as the hange frarm the base period avermge [22.5%). The smooth omnge curve shaws decadal varistions fsee
Appandic 3 A), (Figurs 3,39
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