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ABSTRACT 

The purpose of this project is to analyze bug damage data for 
aspen trees at the Free Air Carbon Dioxide and Ozone Enrichment 
experiment, in Rhinelander WI.  William Matson and his graduate assistant 
Anita Foss collected the data in the summers of 2000 and 2001.  The end 
result of this project is a better understanding of the numerous data sets 
collected.  In particular, this research centered on the percentage of 
damage done to aspen 259 trees by defoliation, stippling, and fungus.   

Introduction 

Directly and indirectly, people all over the world are contributing 
to global climate change.  During the past few years, concern over global 
climate warming has gained nearly universal legitimacy. Predictions are 
made that certain regions will experience warmer winters and hotter 
summers.  Other consequences of global climate change include, among 
other things, alterations to northern forest ecosystems.  In order for the 
public to better understand these changes, proper documentation about 
current changes and predictions of possible future scenarios must be made.   

Good mathematical models are valuable in aiding explanation and 
prediction of global climate change.  Mathematical models are created 
using observed data from carefully designed experiments. They also rely on 
knowledge developed within the larger scientific community.  The research 
done is preliminary to the larger goal of creating a mathematical model that 
simulates damage to aspen trees caused by viruses, fungi, insects, and other 
herbivores, within the context of elevated levels of O3 (ozone) and CO2 
(carbon dioxide) gases.   

The Free-air CO2 and O3 Enrichment (FACE) experiment located 
near Rhinelander, Wisconsin, will be beneficial in improving long-term 
understanding of how elevated levels of O3 and C02 affect northern forests. 
The purpose of this research is to analyze data collected by William Matson 
and Anita Foss (W. Matson and A. Foss, 2001) concerning damage done by 
insects, viruses, and fungi to aspen trees in the (FACE) experiment. The 
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objective of the present study is to identify possible relationships among 
damage done by insects and elevated levels of O3.    

Atmospheric O3 is largely confined to two distinct layers of the 
atmosphere: the troposphere and the stratosphere.  The troposphere is about 
0.1 percent of the Earth's diameter.  Most living things are in the lowest 5 
km (3 miles) of the troposphere.  The troposphere is where all released 
pollutants collect (R.E. Dickson, et. al, 2000)   

O3 is a form of oxygen that consists of a triple oxygen bond.  In the 
stratosphere O3 protects the earth by filtering ultraviolet rays from the sun, 
but at ground levels (in the troposphere) ozone is a pollutant.  “Ground 
level ozone is formed through a complex of chemical reactions between 
hydrocarbons, nitrogen oxide, and sunlight.  These hydrocarbons and 
nitrogen oxides are by products of industrial processes and the engine 
emissions of cars, buses, trucks, construction vehicles and boats.” (J.V. 
Rauff, 2003) 

Tropospheric O3 is harmful to plants.  O3 reduces the ability of 
trees and other plants to fight diseases; it interferes with the production and 
storage of starches within plants, stunting their growth; and it damages the 
quality and yield of commercial crops like corn, wheat and soybeans (R.E. 
Dickson, K.F. et. al., 2000).  

 

 
Figure 1: The Aspen FACE cite (http:://aspenface.mtu.edu) 
The Aspen FACE Experiment 
 

Increasing the level of CO2 concentration is a photosynthetic 
stimulation resulting in faster growth of plants (B. Gielen and R. 
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Ceulemans, 2001).  Insects can directly and indirectly alter energy flow and 
nutrient cycling, as major consumers in forests (B. Gielen, R. Ceulemans, 
2001). 

The Aspen FACE Experiment is located in Rhinelander WI.  It 
consists of 12 treatment rings, which are 30 meters in diameter, with 100 
meters between rings in order to minimize C02 and O3 drift from one ring 
to another.  A photograph of the experiment is shown in figure 1.A 
schematic of the site is shown in figure 2.  The experiment has a full-
factorial design, consisting of four different atmospheric conditions: 
ambient, CO2 enriched, O3 enriched, and CO2 and O3 enriched, with each 
atmospheric condition replicated three times.  Rings 1.1, 2.1, and 3.1 are 
known as the control rings since they do not have O3 and CO2 gasses 
artificially applied to them.  That is, they have ambient levels of O3 and 
CO2.  Rings 1.2, 2.2, and 3.2, the CO2 rings, receive elevated amounts of 
CO2 gases.  Rings 1.3, 2.3, 3.3, the O3 rings, receive elevated levels of O3 
gas.  The last three rings, 1.4, 2.4, and 3.4, Cozone rings, receive elevated 
levels of both CO2 and O3 gases. 

Each ring is divided into east and west half-regions, and the west 
half is divided further into north and south quadrants.  The eastern half 
contains five aspen clones known as 8L, 42E, 216, 259, and 271.  All trees 
of one colonel type are genetically identical. The northwest quadrant of 
each ring is planted (1 m x 1 m) with alternating sugar maple and aspen 
clone 216.  The southwest quadrant is planted (1 m x 1 m) with paper birch 
and aspen clone 216.  Aspen 216 is emphasized because it is known to be 
especially sensitive to O3. A photograph representative of each ring's 
subsections is shown in figure 3.  Each tree in the experiment can be 
identified based on number-letter coordinates within the rings and a unique 
identification number, as shown in figure 4 (R.E. Dickson et. al. 2000). 

Aspen clone 259 is the primary tree in this study. Time precluded 
work with other Aspen clones.  The data values were collected from the 
“sweet spot” in each ring. This is the area within a ring that gets the most 
uniformly applied gas concentrations.  The sweet spot is primarily located 
in the center of each ring, about six rows in from the edge, see (figure 4).  
There are about 21 clone 259 aspen trees within each sweet spot. 
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Figure 2:  The Aspen Face layout (http:aspenface.mtu.edu) 

 

 
Figure 3: A ring at the Aspen FACE site  
http://aspenface.mtu.edu 
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Methodology 
 

I received data sets from William Matson and Anita Foss via 
personal communication.  My advisor and I requested further details 
concerning the data they sent us.  We sought additional data sets from Anita 
and Bill and found the names and projects topics of additional groups also 
conducting research on pest and virus infestations at the FACE site, C. 
Amack, R. Lindroth, C. Callan, A. Hopkin, K. Kromroy, and A. 
Mamdouch.  My advisor e-mailed each of them, but got responses from 
only two of them, and as of yet not new data.  All the researchers seem 
busy collecting the 2003 summer data.  

I then worked on gaining an understanding of current knowledge of 
insect/virus infestations of aspen trees.  I collected papers of previous and 
related research that looked at possible effects of elevated levels of O3 on 
pest/tree interactions.  I then created an initial annotated bibliography and 
went to the NRRI library to see if there was any additional information on 
the effects of O3.  I also preformed a web search for additional journal 
papers or other relevant text.  In order to analyze data, it is often helpful to 
display the data graphically.  Especially in large data sets, it is easier to 
interpret trend and deviations in data from graphs rather than from tables.  
So I created graphs.  

I began by learning more about Excel.  I then placed various 
subsets of the data in Excel spreadsheet files.  For the first set of graphs, I 
found the averages of the specific damage done to the tree and graphed it 
according to position as shown in figure A.1. 

For the second set of graphs I familiarized myself with a statistic 
add on for Excel.  The additional Excel statistics capabilities allowed me to 
find the median, first quartile, third quartile, maximum, and minimum of 
the data for each type of damage within each ring.  I then made the box 
plots shown in figure A.2 in the appendix.     
 
Conclusions 
 

As shown in figure A.1, control ring 1.1 had the highest percentage 
of total damage compared to the rings geographically near it (i.e. replicate 1 
of the experiment).  It also has the highest percentage of total damage as 
compared to the other control rings. (O3 ring 1.3 also had high damage.) 

For replicate two, O3 ring 2.3 clearly had the highest percentage of 
damage.  The CO2 ring had the lowest. 

For replicate three the most damage occurred to O3 ring 3.3.  One 
of the data points for control ring 3.1 is an outlier (probably erroneous).   

Overall the data suggests that perhaps elevated O3 is associated 
with higher total damage, while elevated CO2 is associated with lower total 
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damage.  This seems plausible since, more generally, O3 tends to weaken 
trees, while CO2 strengthens them. 

The box plots are useful in understanding percent damage. 
However, I found that the box plots graphs I made cannot be compared as 
neatly as the graphs in figure A.1.  In order to observe trends in the data 
box plots, the data should be aggregated.  If time permitted, I would have 
aggregated data across positions to get a single box plot for each ring.  I 
then would display the box plots for each replicate on the same graph.  
Then, I would further aggregate all three control rings' data together to get a 
single control box plot.  Likewise, I would create one box plot for CO2, 
O3, and one for cozone.  Then, on a single graph I would display the box 
plots for control, CO2, O3 and cozone.  This would give me a direct 
comparison of damage for each treatment. I would similarly make line plots 
of the type in fig A.1 with aggregated data sets.  
 This investigation is the start of research leading towards modeling 
of herbivory damage to aspen trees in elevated CO2 and O3 environments.  
A next step would be to statistically analyze relationship between applied 
gasses and damage level suggested by the graphs.  In particular one would 
test for correlation between treatment and damage level for each of the four 
treatments. 
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