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ABSTRACT

The spread of beech bark disease (BBD) through
eastern North America has had a strong impact on the
structure and function of the forest ecosystem, beginning
some time after the introduction of the beech scale,
Cryptococcus fagisuga Lind. (Homoptera:Eriococcidae),
in 1890. Stands infected by beech scale and by one

or more associated species of the ascomycete genus
Neonectria typically exhibit adult tree mortality
approaching 50% within the first 10 years post-infection
(Houston 2005). Despite early predictions that beech
(Fagus grandifolia Ehrh.) would be removed from

the forest canopy, the species has maintained a strong
presence throughout most of its range and has even
increased in basal area in some stands (Leak 2006).

A long-standing hypothesis that BBD enhances the
production, growth rate, and/or survival of root sprouts
provides a plausible mechanism for the persistence of
the species (Held 1983, Houston 1975). We used Forest
Inventory and Analysis (FIA) data to examine how

the spread of BBD may interact with tree reproductive
strategy to alter the size and age structure of forest
stands. We analyzed stand trajectory over time with
respect to expectations from the self-thinning curve
(Fig. 1) and tested how the direction of change with
respect to the mean size and density of trees differed

in the presence versus absence of BBD, relative to the
proportion of beech in the stand.

We parameterized thinning curves for each state and for
all states combined using log, -transformed estimates
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Figure 1. Theoretical representation of a self-thinning
curve, showing alternate stand trajectories over time.

of mean diameter and stem density at the first measured
cycle, limiting our dataset to all plots containing >1%
beech basal area that were sampled two or more times in
the past 25 years. We used the regression line estimate for
the 95" quantile as the thinning curve boundary (slope =
-0.33 £ 0.04; Cade and Guo 2000, Cade and Noon 2003,
Koenker 2005). Boundary slopes did not differ among 20
of 22 states and approximated the theoretical expectation
of -4/9 (corrected from -4/3 to reflect a linear measure

on the Y-axis), widely cited in studies of self-thinning in
plants (White and Harper 1970, Yoda et al. 1963). Normal
stand maturation corresponds to movement either toward
the thinning curve boundary (tree growth/increased mean
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diameter) or along the boundary in the direction of fewer,
larger stems (tree growth plus self-thinning, or a decrease
in stem density due to competition for light or nutrients
in a closed canopy). “Stand regression” was defined as
movement along the same boundary line in the opposite
direction, corresponding to a reduction in mean tree size
and/or an increase in the number of stems over time.

We calculated stand trajectory as the Euclidean distance
between matched plots at time, and time, relative to the
thinning curve boundary, assigning a positive value to

stand maturation and a negative value to stand regression.

To our knowledge, this is the first analysis of forest
dynamics in eastern North America that takes advantage
of the spatially extensive and scientifically selected study
sites in FIA data. A surprising general result was that
stands closest to the thinning curve boundary at time,
were significantly more likely to move in the direction of
stand regression. Because this is opposite the predicted
pattern of tree growth and self-thinning in the absence

of disturbance, it implies that forest disturbance of
various kinds may be more widespread than expected.
Mechanisms that could be contributing to this pattern
include pests and pathogens, harvesting of mature and
overmature stands, and changes in biogeochemistry (e.g.,
nitrogen deposition and calcium depletion) that tend

to produce mortality of large trees in relatively mature
stands.

Results were consistent with the a priori prediction that
a greater proportion of stands in BBD-infected forests
moved in the direction of stand regression. That is,
within regions with a relatively long history of BBD,
but not in regions that have lacked BBD, there was a
significant increase in the variance in stand trajectory
as % beech basal increase. The statistical support was
that the slopes of forest maturation by BBD basal area
increased from the 10th to the 90th quantiles (Koenker
2005) where BBD was present (BBD-present: F = 10.7,
df =1,1719, P = 0.001) but not where BBD was absent
(F=0.9,df =1,3235, P =10.33). In the spring of 2007,

I will seek to conduct additional tests by including
another FIA cycle in the analyses, and by explicitly
considering effect of latitude and year of scale insect
establishment on variation in stand trajectory. These
data provide strong initial support for the role of BBD in

dramatically altering the size and age structure of stands
throughout its range.
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