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Precipitation and landform shape the savanna ecotone 
in Texas

Cover (%)

Oak cover



Savannas are changing: tree encroachment

How will intensified summer drought and climate 
warming affect the savanna ecotone?

Post oak-juniper woodland in central Texas



Modeled geographic distribution of oak 
savanna/woodlands (National Assessment 
Synthesis team 2001).

Canadian

HadleyCurrent

Savanna/Woodland

• Climate warming
• Intensification of 

precipitation event size
• Shift from summer to 

winter rainfall and 
prolonged summer 
drought

Climate change and savanna woodlands



Post oak seedlings

Post oak saplings

Little bluestem

Juniper seedlings

Juniper saplings

Will climate change alter tree establishment?

Texas Warming and Rainfall Manipulation Experiment (WaRM)
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Precipitation

Warmed
Control

Control
Redistributed

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

Treatments began in March 2004

• 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)

4 replicate 
shelters each

Texas Warming and Rainfall Manipulation Experiment 
(WaRM)



2 m
0.4 m

Tree-grass species mixtures

Little bluestem Post oak Juniper

Grass-oak mixture

Grass-juniper mixture
2 m

Quercus stellata Juniperus virginianaSchizachyrium scoparium

Competitive matrix

Tree

Grass



Precipitation redistribution intensifies summer drought

Summer 
decrease

(-40%)

Control 
pattern

Spring 
increase

Redistributed 
pattern

Autumn 
increase

Total annual precipitation (1018 mm) 
and the number and frequency of 
events are identical between the two 
rainfall regimes.

Rainfall exclusion shelter with overhead 
irrigation

barrier



IR lamp
100 W m-2

Warming treatment increases canopy and soil temperature

+1.5 °C at canopy (100 cm)

+0.5 °C at soil surface (3 cm)

Warmed plots are heated 24 hrs per day.

Soil surface temperature increase
(3 cm depth)



Will climate change differentially alter oak and juniper 
establishment in a drier, warmer future?

Drought

Warming**

-15% (p=0.09)

-11% (p=0.11)

+13%
+16% (p=0.03)

-19% (p=0.07)

-9%
-7%
-15%

Post oak seedlings

Juniper seedlings
Drought*

Warming*

Height
Diameter

Percent change in growth rate, 3-year study period

Competition**
-44% (p<0.001)

-27% (p=0.02)

Competition*

-15% (p=0.10)

-3%
Height
Diameter



Seasonal shift between competition and facilitation in 
juniper-grass plots

Juniper
seedlings

Mean ratio of height relative growth rate (±SE)

Juniper
saplings

Spring photosynthesis
+12%



• Juniper height growth was reduced more 
(-15%) than post oak (-7% ns) in 
response to increased summer drought.

• Juniper growth was enhanced (diameter 
+16%) by warming, post oak shows a 
negative response (height, -19%).

• Grass competition effects were greater 
for post oak than juniper, as little 
bluestem presence facilitated juniper 
growth in Spring.

Summary



• Post oak establishment may be 
suppressed to a greater extent 
than juniper in response to 
climate warming and/or 
intensified drought.

• In the absence of fire, and if 
regeneration continues, juniper 
will likely increase in dominance 
in warmer, drier climates of the 
future.

Implications for post oak savanna

Post oak-juniper woodland in central Texas



Knowledge gaps and opportunities

• Are there bottlenecks in tree 
establishment in retreating range 
margins of oak in Texas?

• Is there evidence of increased 
drought stress and growth declines 
in mature forest trees?

• Are there important interactions with 
other disturbance factors, such as 
fire, grazing, and forest 
fragmentation?



Texas Warming and Rainfall Manipulation Experiment (WaRM)
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Texas hill country, Edwards plateau
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