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Summary of Proposed Work
Acidification of terrestrial ecosystems continues to affect soil, water, and vegetation communities in the eastern US, despite regulation of key pollutants and subsequent reductions in acid deposition.  In acidified soil, plants preferentially uptake toxic aluminum ions instead of the nutrient calcium, and seedling mortality is increased.  The general decline of red spruce (Picea rubens) and scattered decline of sugar maple (Acer saccharum) have been controversially attributed to acid deposition.
The Appalachian Trail (AT) corridor is particularly vulnerable to acidification due to its geographic location, high elevation, and thin soils.  The impact on Appalachian trees is disputed and the impact on understory communities is unknown.  Broadly, I seek to answer the question, how are plant communities along the length of the Appalachian Trail affected by acid deposition?  I plan to approach this question from two directions:  first, identifying the drivers of understory community composition, and second, focusing on decline and regeneration of red spruce and sugar maple.  I hypothesize that sites highly impacted by acidification (as compared with moderate impact sites) will have lower understory diversity, greater presence of acid-adapted understory species, and higher mortality rates for red spruce and sugar maple seedlings and adults.  
This work is a collaboration with the U.S. Geological Survey (USGS, host organization for this internship) and several other agencies, as part of the AT Mega-Transect Atmospheric Deposition Effects Study.  My collaborators are collecting data on soil and water chemistry and on-site acid deposition measurements.  The end goal is to combine these data to establish the acidification status of the entire AT corridor.
Narrative of Work Completed
The 10 sites measured in summer 2011 (new sites) are in addition to the 20 sites I measured in 2010 (old sites).  The southernmost sites are in southern North Carolina and the northernmost are in north-central Maine.  The first half of the field season (May to June) was spent setting up iButton climate sensors (see Figure 1) and revisiting old sites.  At the old sites, I collected tree cores, and also filled in data gaps from last year.  
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Figure 1: iButton mounted on a tree.  The sensor is shielded by the PVC cap.
The second part of the field season (July-August) was spent taking measurements on the 10 new sites.  Primarily, I measured understory and overstory vegetation.  At each site, there are nine plots, each of which has three subplots for a total of 27 subplots (see Figure 2).  Overstory measurements were made at each plot using the quarterplot method.  Small diameter, large diameter, and dead trees were identified, and diameter and vigor class were recorded.  Understory measurements were made within the 1x1 meter subplots (see Figure 3).  First, the total cover of each cover type was recorded (cover types are herbs, shrubs, seedlings, grasses, moss, ferns, lichen, rock, bare soil, and coarse woody debris).  Then, total cover for each species of herb, shrub, fern, and seedling was recorded.  Also, for all seedlings within the plot, I recorded species and height.  Finally I noted the percentage of woody stems in the subplot showing evidence of herbivory.
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Figure 2:  The setup of the 9 plots (circles) and 27 subplots (squares) at each site.
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Figure 3:  A subplot in Gulf Hagas, Maine.


In addition to vegetation, I measured certain environmental variables.  At each plot, slope and aspect were measured.  I took hemispherical canopy photos with a fisheye lens, which will be used to determine light availability and canopy openness (Figure 4).  Soil cores were also collected, and will be used to characterize the soil chemistry of each site (Figure 5).
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Figure 4: Hemispherical canopy photo for light analysis.
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Figure 5:  Soil core and equipment.



Preliminary Results and Discussion
Data analysis thus far has focused on differences among forest types, as determined by dominant overstory species.  The sites fall into three categories based on high basal area of particular species: northern hardwood, typified by sugar maple and American beech (Fagus grandifolia); dry oak, dominated by chestnut oak (Quercus prinus) and white oak (Q. alba); and spruce-fir, distinguished by red spruce or balsam fir (Abies balsamea).   These characterizations of forest type are important for several reasons: 1) part of the selection criteria for the vegetation sites is that they would fall under one of these forest types; 2) we are interested in drivers of understory community composition, and dominant overstory species will influence that; and 3) a forest type can serve as a proxy for the environmental conditions that produce it.
Understory community composition is clearly influenced by which trees dominate in the overstory.  The three overstory types have distinct understory community assemblages, characterized by indicator species.  The best indicator species are those that occur in all sites of a given forest type, and none of the other forest types.  For our dry oak type, the best indicators are northern red oak (Q. rubra), red maple (Acer rubra), and chestnut oak.  Spruce-fir is indicated by red spruce, mountain ash (Sorbus americana), and shining firmoss (Huperzia lucidula).  Northern hardwood forests are indicated by sugar maple, American beech, and the wildflower sessile-leaved bellwort (Uvularia sessilifolia).
The change in latitude from South to North across these widely dispersed sites is accompanied by a decrease in elevation and temperature, and an increase in precipitation – all of which influence plant communities.  Herbivory levels are roughly the same in the northern hardwood and dry oak sites, but the spruce-fir sites have lower levels of herbivory.  This makes sense in light of the lower diversity at spruce-fir sites, and the unpalatability of red spruce and balsam fir seedlings.   Spruce-fir sites also have more moss cover than the others, and high moss cover is a relatively good predictor of low understory species richness.
Future Work	
	Now that all of the data have been collected, the next steps are to exchange information with my collaborators and continue with analysis.  Once I have the information about soil and water chemistry, I can rerun the understory community composition analyses with the sites grouped by acidification impacts.  I will also analyze the age distribution of red spruce and sugar maple, and see if it conforms to the expected pattern of healthy regeneration.  I will model site diversity using multiple linear regression.  I am also interested in the effects of ericaceous shrubs, which can lower the nutrient content of the soil they inhabit, and the distribution of calciphilic and acidiphilic understory plants.  With these analyses, I will be able to address the project objectives.
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