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ABSTRACT 

Because rare alleles provide a means for adaptation to environmental change they are often 
considered important to long-term forest health. Through the selective removal of trees (and genes), 
silvicultural management may alter the genetic structure of forests, with rare alleles perhaps being 
uniquely vulnerable to manipulation due to their low frequencies or associations between rare alleles 
and harvest selection criteria. We tested this possibility in two ways. First we evaluated the influence of 
long-term management on the genetics of an eastern hemlock (Tsuga canadensis (1.) Carr.) forest 
within the Penobscot Experimental Forest in Maine. Plots received one of three treatments: 1) a 
selection cut in which small and poor form trees were preferentially removed in 1957 and 1977, 2) a 
diameter limit cut in which the largest trees in each diameter class were removed in 1952, 1973 and 
1994, and 3) an unmanaged control. Results from isozyme analysis indicated that the number of rare 
alleles decreased in the selection cut relative to the control. In contrast, rare alleles increased in 
frequency within diameter limit plots as poor quality trees were preferentially retained. As a separate 
test, we conducted simulated computer-based harvests within a genetically mapped forest that included 
isozyme data for 220 eastern white pines (Pinus sfrobus L.) growing in central Vermont. Most harvest 
scenarios had no discemable impact on stand genetics. However, due to an unequal distribution of rare 
alleles among tree age and crown classes, harvests that used these parameters as selection criteria 
altered the frequency of rare alleles relative to random harvests of equal intensity. Similar to the 
hemlock study, rare alleles either increased or decreased in frequency depending on the selection 
criteria used. The loss of rare alleles could diminish the potential of populations to successfully adapt to 
and survive ongoing environmental change, whereas an increase in rare alleles could reduce current 
stand fitness. 

INTRODUCTION 

Genetic diversity is essential to the long-term health and survival of biological populations because 
this diversity is critical for the physiological plasticity and adaptation needed to survive natural and man- 
made environmental change. This is particularly true for forest trees, which have limited mobility and 

' are likely to encounter environmental change throughout their long life spans. Considering the 
fundamental importance of genetic diversity to the continued adaptation, health, and long-term 

' productivity of tree populations, a loss of genetic diversity (whatever the cause) can be a serious threat 
to forest ecosystems and the many products and services they provide. This generalized threat is 
particularly serious today as a result of escalating human activity which has not only initiated pervasive 
and sometimes dramatic changes in the earth's environment but has also led to measurable declines in 
the genetic diversity of at least some tree populations. Although many human influences may work to 
reduce the genetic diversity within forests stands (e.g., land conversion and forest fragmentation, 
pollution exposure, climate change, etc.), another factor that could alter the gene pools of woodland 
ecosystems is intensive forest management. 

Forest management represents an anthropogenic force in which sometimes large numbers of trees 
(and the genes they contain) can be removed from a natural system within a relatively short period of 
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