Clones are very common in aspen stands, which will allow us to isolate environmental
effects when studying them. (Callahan 2013). Because we are able to compare individuals that
are genotypically identical, we can determine how much a tree’s ability to defend itself depends
on its genes and how much it depends on the tree’s environment. We will also be able to see if
certain clones are more resistant to leaf damage than others.
Another unique quality of aspen trees is their high frequency of triploidy, where each cell
has three copies of each chromosome (Mock, 2012). This property makes them an interesting
specimen for this study because triploidy is another dimension of differences among clones.
Clones with triploidy may exhibit different patterns of resistance than their diploid neighbors.
The clonality of aspen trees, their triploidy, and their pattern of chemical resistance lead
us to the following questions:
1. Is there a certain point in an aspen tree’s life when it is most resistant to predation by animals,
insects, and disease? Is there a pattern of resistance throughout an aspen’s life?
2. Does triploidy affect the tree’s resistance?
3. Is tree resistance correlated with clonality does it differ among clones?
Expected Outcomes:
We had two main hypotheses. 1) Either there is no statistically significant correlation
between age and amount of leaf damage which would imply that a tree’s age has no effect on
its resistance to damage, or 2) there is a correlation between a tree’s age and its resistance. We
have a myriad of possible hypotheses about the increase and decrease of leaf damage
compared to age so we broke up the age of the tree into 3 stages:

STAGE 1 (birthmiddle years)
In stage 1 the tree is young and more susceptible to land animals at a low height and
diseases which can all be categorized as the “survival of the fittest” effect. The young tree will
also allocate more of its resources to growth and development. However after the survival of the
fittest has run its course the tree will transition into stage 2

STAGE 2 (middle years)
In stage 2 the tree will be in its healthiest state (least damage) where we believe that
A) damage will plateau (leaf damage is the same/constant) or

B) damage will decrease (regeneration of new healthy leaves). After this middle age we
transition into what we call the 3rd stage.

STAGE 3 (middle years death)
In stage 3 the tree will reach the end of the prime years and begin the transition into old
age and death. During this time we predict that the resistance will decrease either rapidly or
slowly. Its chemical defense mechanisms may be deteriorating at this stage.
Methods:
Leaves were gathered from an aspen stand surrounding Silver Lake. The damage of
each leaf was rated on a scale from 0 to 3. The rating was as follows:
0 no damage
1minimal damage
2damaged, but doesn’t hinder length/width measurements
3 damaged to the point of no return (no measurements can be made)
We then used this data to find the average amount of damage for each tree.
We found the approximate age of each tree using the equation: growth factor x
(circumference cm/ (2.54 cm x pi)) = 2 x (circumference cm/ (2.54 cm x pi)) = Age of Tree (Nix,
2013). Leaf samples were genotyped, allowing us to define clonal boundaries and ploidy.
We plotted the data on multiple graphs in R. We also performed further analysis of the
data using ANOVA (analysis of variance).

Results:
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Analysis of Variance Table
Response: damage
Df Sum Sq Mean Sq F value Pr(>F)
age

1 0.4643 0.46428 6.0760 0.01711 *

age:clone 7 0.6261 0.08945 1.1706 0.33602
Residuals 51 3.8970 0.07641

Data Analysis:
The three graphs above show the relationship between age and damage for every tree in
our sample. There is an interesting pattern in the data. Instead of a “golden age”, as mentioned in
our hypothesis, the data generally falls below a line with negative slope that the trees do not
cross. Because there are so many more young trees than old ones, the data implies that, as
time goes on, the trees that have sustained a large amount of damage die leaving behind only
those individuals that have little damage. The line of regression also shows the average
decrease in damage as age increases. In addition, the clone graphs compare triploidy and
diploidy. There is no apparent difference between the defense pattern of triploid and diploid
clones.
The graphs appears to show a pattern, and the data after running a nested ANOVA
seems to verify this. ANOVA gave a p value of .017 for the effect of age on damage. When a
nested ANOVA is performed to determine the effect of age on damage within clones, it returns a
p value of .336. So, within clones, age doesn’t have any discernable effect. When considering
the entire population, however, there is a clear correlation between how much damage a tree
has incurred and how old it is.
It is difficult to tell, however, why the older trees survived as long as they did. It could be
because they grew out of reach of herbivores faster or they had superior chemical defenses, but
none of our data specifically explains it. A one way ANOVA test on the impact of clonality on
damage returned a p value of 21.6%. So, according to this data, the average leaf damage does
not differ significantly between the clones, implying that they have roughly the same resistance to
leaf damage.
Conclusion:
Although the ANOVA test showed that age and damage are correlated, the graph did not
match our expectations at all. We were anticipating a graph that peaked, but our graph more
closely resembled a straight line of negative slope than any kind of curve. This may be because
an individual aspen tree can live up to 100 years (NPS 2013), yet our oldest tree was only 48
years old. With a larger sample size and a wider range of ages, it may still be possible to find a
different correlation between age and damage. It would also be interesting to go into further detail
with the types of damage on leaves. Are younger trees more likely to be attacked by insects than
fungi, do trees near the end of their lives show more damage? These could be extremely
interesting studies to pursue.
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