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Greetings from Bryn Mawr! 
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Phragmites in a changing world 



Global Change Threats 
• N Eutrophication 

 
 

Galloway et al 2004 



Global Change Threats 
• N Eutrophication 
• Rising CO2 

 
 

Source: https://scripps.ucsd.edu/programs/keelingcurve/ 



Global Change Threats 
• N Eutrophication 
• Rising CO2 
• Invasive species 

 
 



   What is driving the change in plant 
communities in wetlands? 

Recent invasion of Phragmites australis 
– Interdisciplinary investigations from ecophysiological 

and ecosystem perspective 
– How are native & introduced Phragmites lineages 

affected by global change 

 
 



Cryptic Invasion of Phragmites 

Non-native lineage of 
Phragmites has been 
introduced into North 
America 
– 27+ types word wide 
– 11 types native to North 

America 
 

 

Native 

Introduced - Eurasia 
Saltonstall 2002 PNAS 



Cryptic Invasion of Phragmites 

• Prior to 1910, very 
few introduced 
populations found in 
North America 

 
 

• After 1960, introduced 
lineage spreading 
rapidly south and west 

    

Saltonstall 2002 PNAS 

Native Introduced 



Introduced   
Phragmites 

Camden, NJ 1876 

Smithsonian - 
National Museum of 

Natural History 



Native          
Phragmites  

Introduced 
Phragmites 



What makes the introduced lineage 
so successful? 

•Field Study 
•Ecophysiology & traits 

•Greenhouse study 
•Ecophysiology 

•Chamber study 
•Global Change 
•Construction Costs 
•Methane emissions 
 



Field Study 
•2005 & 2006 
•King’s Creek Marsh 
38° 46’N,  75° 58’W 



 

Measured photosynthetic rates for two years  



 



Introduced has 30-44% greater PS rate 
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Introduced has 50% greater canopy 
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Mozdzer & Zieman 2010 Journal of Ecology 



 



Mozdzer et al 2013 AoB Plants 

Introduced has greater Density & is Taller 

Native Introduced
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Native Introduced
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•Introduced has 83% greater PS rate per plant 

•Introduced has 112% greater rate per m2 

Per Plant 

83% 

Per m2 marsh 

112% 

Mozdzer et al 2013 AoB Plants 



Introduced demands 4 × more N 
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N Uptake 
Experiment 

• Stable isotopes 15N NH4
+ 

• Different [N] 
concentrations 

• Model N uptake 

http://www.personal-drones.net/wp-content/uploads/2013/10/University_of_Virginia_Rotunda_20061.jpeg 



Introduced better under higher [N] 
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Effects of Global Change 

Galloway et al 2004  Saltonstall 2002 

Atmospheric N deposition 
1860 

1990 



CO2 concentrations are increasing 

http://www.esrl.noaa.gov/gmd/ccgg/trends/ 



Thomas Mozdzer1,2 

Jay Zieman1 
 
 
 

1University of Virginia 
 

2Smithsonian Environmental Research Center 

How may Phragmites respond in 
the coming century to changes in 
CO2 and N pollution? 



Chamber Study 
•2009 
•SERC 
•38° 53’N,  76° 33’W 

Chamber Experiment 
 

• Native & Introduced Phragmites 
•2 N levels  

•Ambient & Eutrophied 
•2 CO2 levels 

•Ambient Elevated 



Thanks to  Laura Meyerson for providing plants! 



Effects of CO2 & N on Phragmites 
Introduced Native 
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Differential belowground response 

Introduced Native 



Effects of Predicted Global Change 

Type p<0.0001  Mozdzer & Megonigal. 2012 PLoS ONE 
 



Introduced greater response to N  
~ 150% 

stimulation 

N p<0.001; Type×N p= 0.0239 Mozdzer & Megonigal. 2012 PLoS ONE 
 



Introduced 3X response to CO2+N 
~300% 

stimulation 

CO2×N p=0.0476; Type×CO2×N p= 0.0239 Mozdzer & Megonigal. 2012 PLoS ONE 
 



CO2 response muted if N not available 

a,b 

~45% 
stimulation 

CO2 p=0.0004 Mozdzer & Megonigal. 2012 PLoS One 
 



Introduced has greater NP – better at ↓ N 

Mozdzer & Megonigal. 2012 PLoS One 
 

G p<0.0001, CO2 p<0.0001, N p=0.142, G×N p=0.032 
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Construction costs 

• Energy needed to synthesize biomass  
•  g glucose per g tissue 
•  Estimated from [C], [N] and [ash]  

–  High cost: lignin, protein 
–  Low cost:  starch 

• Pioneered by Penning De Vries 1974 
– See http://www.science.poorter.eu/HS33_index.html for 

more info 

• Associated with longevity & payback time 
• Usually measured in leaves 

 
 

http://www.science.poorter.eu/HS33_index.html


 



Leaf Construction Costs Do NOT among differ 
among lineages 
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Construction Costs Differ in 
Rhizomes 

Native Introduced
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Lower CC facilitate introduced 
Phragmites invasion 
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What are the consequences of 
introduced Phragmites invasion on 

trace gas emissions? 

• C-source or C-sink? 



Thanks to student 
intern David 
Gonzalez! 
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y=0.93x+7.51

R2=0.191

p=0.032

y=0.539x+4.50

R2=0.436

p<0.001

Differences in root 
mass and plant 
density are 
correlated with 
increased methane 
emissions 
 
 

Mozdzer & Megonigal. 2013 Wetlands 
 



Summary of Global Change on 
Phragmites lineages 

• Both lineages will likely increase 
productivity in response to both CO2 and N 
– However, the introduced is more vigorous & 

has a greater response to both global change 
factors 

– N is driver for Phragmites invasion 
• Expansion of introduced is likely due to: 

– greater N uptake rates, greater photosynthetic 
rates, RGRs, and all are influenced by ↑ N 
availability 

 



Summary of Global Change on 
Phragmites lineages 

• Lower rhizome construction costs facilitate 
expansion of the introduced lineage when 
compared to native lineage due to the 
already high returns aboveground 

• Species shift to introduced Phragmites 
and enhanced productivity with global 
change may increase methane 
emissions 

 



Summary of Global Change on 
Phragmites lineages 

• Management options: 
• We can’t do anything about CO2  

• Limiting N availability can limit current and 
future invasions 
 



Current Research 
• How will global change (↑ CO2 & N) affect 

Phragmites invasion in situ:  
– Elevated CO2 ×N study to investigate global 

change effects on ecophysiology, 
biogeochemistry, surface elevation, and 
invasion processes 



Smithsonian Global Change  
Research Wetland 

Photo: Chuck Gallegos, aerial support by LightHawk 

World’s longest running  
elevated CO2 experiment 

  CO2 × N 
experiment 

CO2 × N × RSLS  
experiment 

CO2 × N × Invasive Species 
 experiment 



Smithsonian Global Change  
Research Wetland 

Photo: Chuck Gallegos, aerial support by LightHawk 

World’s longest running  
elevated CO2 experiment 

  CO2 × N 
experiment 

CO2 × N × RSLS experiment 



Smithsonian Global Change  
Research Wetland 

Photo: Chuck Gallegos, aerial support by LightHawk 

World’s longest running  
elevated CO2 experiment 

  CO2 × N 
experiment 

CO2 × N × Invasive Species experiment 
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Great Lakes Phragmites Collaborative: www.greatlakesphragmites.net 

 email: phragmites@glc.org  
Twitter:  GLPhragCollaborative (@GLPhrag) 

 Facebook:  Great Lakes Phragmites Collaborative 
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