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Early work in 
freshwater systems

• Aquatic invertebrates 
(Chironomidae)

• 1940s-NARL’s Laurence Irving & Per 
Sholander

• 1970s- Mac Butler
• Phenology
• Life-cycles



1970s Tundra Biome Project
The International Biological Program (IBP) Tundra Ponds 
(John Hobbie, Alexander, McRoy, Stanley, Miller, Tiezen)

Early 1970s



40+ years



How are thaw ponds changing over the past 50 years?



Resampling of “IBP” Tundra Ponds starting in 2008 

1972 2010

Vanessa Lougheed, Univ. Texas at El PasoJohn Hobbie



Data rescue by Dr. Vanessa Lougheed (UTEP)

IBP Tundra Ponds Data Rescue



Increase in temp, nutrients and algal biomass

Lougheed et al. 2011

(Early August)
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p=0.0094 Trends hold up over season, and 
with 3 more summers of data.
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SEASONAL changes in nutrients and algal biomass



Higher CO2 emissions from freshwater systems
• Streams and ponds have highest CO2

• Associated to DOC mineralization



What are the impacts of increased 
nutrients on primary producers?
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Change from P limitation (1970s) to 
NP co-limitation (2010s)

Shift associated to long-term increase in available P

Lougheed et al,  2015



Further Change at Lower Trophic Levels

Larger & more abundant daphnia Earlier PEAK ABUDANCE



How is the morphology of ponds changing?



Ponds are shrinking and disappearing

Andresen & Lougheed (2015) JGR-Biogeosciencs

Number of ponds change

Area change



Distance from west edge of polygon (m)
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Increased water temperature  Thermal erosion 

Active layer depth increased
No change in water depth



Why are ponds disappearing?

• Potential ET increase (?)
• Permafrost thaw

- Lateral drainage (?)
- Nutrient release (Heikoop et al., 2015,       

Reyes and Lougheed 2014)

• Vegetation encroachment
- Increased cover and density 

(Andresen et al 2017, Villarreal et al 
2012)

- Implications for energy and 
carbon fluxes (e.g. Methane)

Summer Temperature

Summer Precipitation 

Andresen & Lougheed (2015) JGR-Biogeosciences



Biomass & Cover have increased 
Arctophila fulva Carex aquatilis

Andresen et al, 2015, 2016



Andresen et al, 2016



Methane Production in Arctic wetlands will 
increased atmospheric warming

Carex aquatilis
Arctophila fulva

Decomposition 
of organic matter

CH4

Anoxic

Oxic (O2)CH4 & CO2

CH4

CH4

Aerenchyma

Diffusion

Throckmorton et al. 2015

Aerenchyma



What is happening at a regional scale?
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Summary



Thank you
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