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Shrublands  

• Cover 31 – 51% of 
the Earth’s surface; 
42% of the U.S. 

• Ecosystem services: 
– Soil stabilization 

and retention 
– Water capture, 

storage, and release 
– Habitat 

maintenance 
– Carbon Storage 

 blm.gov 



Shrublands of Intermountain West • Semi-arid 
• Cold desert 
• SB most widely distr woody plant spp NA 
• Pics; maps 
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Shrublands of Intermountain West 

Semi-arid (100-400 mm ppt y-1) 
 
Low – high elevation (500-2500 m) 
 
Cold desert – most ppt during fall-spring 
months 
 



Climate Change in western North America 

• Temperature  ~2-5 oC (mean annual) 
• Precipitation  

– Annual amount ~same 
– Increased variability (stochastically, annually, seasonality) 
– Some evidence for changes in seasonality 
– Decreased snowpack (amount, duration, rain vs snow) mid-

elevations 
DJF 

JJA 

courtesy of John Abatzoglou 

Nov-Mar 



How will plants and ecosystems 
respond to these changes in climate? 

• As a reference…the three A’s of plant response 
– Acclimation (short term, physiological response) 
– Adaptation (long-term, genetic response) 
– Assembly changes (short- to long-term changes in structure 

and community assembly) 
 

• Different time scales + studied in isolation 
 
 

• Using this approach as a model to understand plant 
responses to changing climate, let’s look at two 
manipulative experiments… 
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Experiment 1: Experimental warming 
and snowpack removal in a subalpine 

meadow 



Climate Change in western N.A. 
• Reduced snowpack 

totals 
• Earlier snowmelt in 

the spring 



Study Site 



Climate Treatments 

CONTROL SNOWPACK REMOVAL 
(~15% of 2014-2015 SWE) 

WARMING (+1-3 0C) SNOWPACK REMOVAL + WARMING 

n = 3 



Acclimation: gas exchange 

Curran et al., in prep 



Gas exchange 
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Assembly: xylem architecture 

Curran et al., in prep 



Stem Elongation 

Curran et al., in prep 



Inflorescences 

Curran et al., in prep 



Experiment #2: 
Desert Ecohydrological 

Experiment 
• Started in 1993 
• Sagebrush steppe; cold desert 
• 72 8m X 8m plots 
 

45
0 

m
 



Two vegetation covers 
Crested wheatgrass (Agropyron 
cristatum) monocultures 

Native sagebrush-steppe mix 
(Artemisia tridentata dominant) 



Three Precipitation Treatments 
 • AMBient (ave ~200 mm/yr) 

• WINter (+200 mm in plant 
dormancy) 

• SUMmer (+200 mm in 4 
applications in June-July) 



Results after 20+ years of manipulation… 
leaf-level photosynthesis 

McAbee et al., in prep 



Acclimation: leaf-level photosynthesis 

McAbee et al., in prep 



NEE (Net Ecosystem Exchange) 

• dasd 
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Assembly: 20 years’ effects on plant 
growth and ecosystem structure 
Ambient Summer Winter 



Greater shrub cover in WIN plots only 

WIN 
Germino and Reinhardt, J Ecol 2014 



• No differences in shrub 
density (#shrubs/plot) 

 
• WIN results in larger 

shrubs (except in shallow-soil plots) 

– @ individual scale 
 
 
 

– @ population scale 

Germino and Reinhardt, J Ecol 2014 



Hydraulic paramater 
adjustments 

Adjustments in 
Areacrown:Areabasal 
 
Awater_loss:Awater_pipes 
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Conclusions  
1) (Well, there are LOTS of take-home messages) 
2) For both modest and strong experimental 

treatments, 
a) Few changes in leaf-level gas exchange (C gain) 
b) Relatively greater changes in shrub morphology and 

tissue structure 
 

3) Is leaf-level gas exchange the least 
sensitive/appropriate process to monitor? 
 

d) How do plants respond to changing climate? 
a) One idea—photosynthesis strongly conserved 
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Conclusions—focusing on the three A’s  
1) For both modest and strong experimental 

treatments, 
a) Little evidence of physiological Acclimation 

a) No changes in leaf-level gas exchange (C gain) or respiration 
b) Relatively greater changes in Assembly 

a) shrub morphology and tissue structure 
 

2) It’s not just about photosynthesis! 
1) Handful of studies demonstrate that many plant 

processes compensate to maintain C flux (keep 
photosynthesis 

2) Remember the three A’s when planning msts! 
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Děkuji 



Cumulative NEE (across growing season) 

McAbee et al., in prep 



Soil respiration 
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Soil respiration 

McAbee et al., in prep 



Nearly 3x as much carbon in winter plots!! 
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