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The development and persistence of functioning tree islands in 
wetland ecosystems is a result of self-organizing feedback 
mechanisms involving biomass production, fluxes of water and 
nutrients, and soil formation (accretion). 

Adapted from Fig. 4 Larsen et al., 2011 Crit Rev Environ Sci Technol. 41 (S1):344-381
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• Understand processes that lead to tree island “self-organization” 
with the potential to inform successful restoration. 

• To test the hypothesis that hydrologic conditions (RWD) influence 
tree island components, we used data collected between 2009-
2016 (starting nominally 2 years after tree planting in 2006 and 
2007) and compared higher elevation tree island centers (“drier”) 
to lower elevation tree island edges. 

• We hypothesized that there would be a directional response 
between tree island components and RWD and that the 
establishment and strength of these interactions would vary 
through time. Therefore, when possible data were grouped into 
the early development stage (2009-2012) and a later  
establishment stage (2013-2016). 
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Relationships between Variables
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• We developed a conceptual model of emerging tree island behavior 
based on observed relationships among tree island hydrology, 
vegetation dynamics, biogeochemistry, and soil development.  Our 
model suggests that hydrologic conditions leads to preferential tree 
growth at higher elevations. Transpiration by the developing tree 
canopy increases groundwater and nutrient uptake, and ion 
exclusion. Through tree growth, nutrients are immobilized in plant 
biomass, some of which is deposited as litter or root production, 
adding to the surface soil, increasing soil organic matter and nutrient 
content, and tree island elevation through soil accretion.

• The model that arises from this analysis supports the establishment 
of feedback mechanisms within a decade of initial tree growth and 
development. Fully coupled hydro-biogeochemical feedbacks may 
take centuries or more to form, but we showed that within the first 
decade of tree island establishment, the biota, groundwater 
chemistry, and surface soil accretion and physicochemistry show 
quantifiable “self-organization”.
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