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FOREST EDGES AND TREE GROWTH RATES IN THE
NORTH CAROLINA PIEDMONT
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Abstract. Forest fragmentation is a common process in forests worldwide, with im-
plications for tree species composition and abundance. In particular, the effects of forest—
non-forest edges on microclimate are often profound, usually resulting in increased light
available to plants along the forest—non-forest edge. Using dendrochronological techniques,
we assessed the effect of edges on the growth rates of four overstory species common in
the North Carolina Piedmont: Acer rubrum, Liriodendron tulipifera, Liquidambar styra-
ciflua, and Pinus taeda. Transects from the edge into the forest interior were established
on 62 edges of varying aspect and ages in the Duke Forest (Durham, North Carolina, USA).
Within a transect, all stems >10 cm in diameter were cored, and their spatial positions
relative to the edge were recorded. Along each transect, a set of environmental and edaphic
variables was measured including soil texture, soil concentrations of plant nutrients, and
percentage of canopy closure. All transects were geo-referenced, and land cover data clas-
sified from a time-series of Thematic Mapper images were used to assess the age of each
edge. Two species, P. taeda and L. tulipifera, had significant increases in growth rates
within 5 m of an edge relative to the forest interior. However, edges explain a substantially
smaller portion of the variance in growth rate than soil texture, soil nutrients, and topo-
graphically derived variables. Possible interactions between soil texture and effects of edges
on tree growth rate for P. taeda were found, although the interaction was opposite from
our hypothesis that increased water availability would increase the positive effect of edges
on growth rates. Although the edge effect on tree growth rate is small, as forest fragmen-
tation becomes more prevalent worldwide, even small responses to edge effects by indi-
vidual trees could have profound effects on regional patternsin carbon fixation and species

composition over time.
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INTRODUCTION

Forest fragmentation, in which a continuous forested
matrix is subdivided successively into discrete patches,
is a widespread phenomenon occurring worldwide
(Harrison and Bruna 1999). Effects of fragmentation
on plant community dynamics can be quite profound
in some cases (e.g., Saunders et al. 1991, Bowers and
Dooley 1999), and so there is a clear need to further
understand the ecological effects of this phenomenon.
Edge effects, in which conditions near the forest—non-
forest edge differ from the forest interior, have the po-
tential to be important because a high proportion of
forest habitat is near an edge. For example, in the con-
terminous United States, 44% of trees are estimated to
be <90 m from an edge (Riitters et al. 2002). While
some research has been performed on abiotic effects
of forest edges (e.g., Chen et al. 1999), little work has
been done on the effects of forest edges on vital de-
mographic processes of trees, such as tree growth rates
(cf. B. S. Pedersen and J. L. Howard, unpublished man-
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uscript). An understanding of such vital demographic
rates is crucial for predicting the response over time
of forest communities to edges. This paper presents
dendrochronological datathat quantifies effects of edg-
es on growth rates for four common tree species in the
North Carolina Piedmont.

A growing body of literature has begun to explore
the effects of forest fragmentation. These effects are
generally divided conceptually into three categories
(Sharpe et al. 1981, Saunders et al. 1991, Caley et al.
2001): the reduction in total forest area, the increase
in distance between forest patches, and the alteration
of physical characteristics of remnant patches due to
changes in abiotic and biotic processes. This alteration
of characteristicsisusually more severe near edgesthan
in the interior (Chen et al. 1999), and is often referred
to as an ‘‘edge effect.” We chose to focus on only the
edge effect component of forest fragmentation in this
study, as it seemed likely to have the greatest effect on
tree growth rates.

Numerous abiotic changes occur near edges. Solar
radiation increases near an edge as the reduction in
canopy closure allows more light into the forest com-
pared to the interior (Mourelle et al. 2001, Dighan and
Bren 2003). The horizontal distance from an edge at
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which solar radiation remains elevated depends on its
latitude and aspect (Ranney et al. 1981). Daytime tem-
perature usually increases near an edge compared to
the interior due to increased solar radiation (Chen et
al. 1999), but nighttime temperatures can be lower near
an edge because the reduced forest canopy cover ab-
sorbs less outgoing thermal radiation (Running et al.
1987, Chen et al. 1993, Bonan 2002, Klaassen et al.
2002, Redding et al. 2003). As both daytime temper-
ature and solar radiation are increased near edges, po-
tential evapotranspiration also significantly increases
(Chen et al. 1999, Cienciala et al. 2002). This suggests
that soil moisture levels should also vary at edges,
modified by factors affecting soil water-holding ca-
pacity (e.g., soil texture).

Changes in the biotic system near edges can also be
varied and significant. Established trees tend to in-
crease in diameter and leaf area after a forest edge is
created, sealing off the interior of the forest from el-
evated light levels after a number of years have passed
since the creation of an edge (Laurence et al. 2001).
In general, shade-intolerant species with a fast maxi-
mum photosynthetic rate seem more capable of taking
advantage of increased light levels near edges (Chen
et al. 1999). The effect of this asymmetry leads to the
hypothesisthat, all else being equal, distanceto an edge
isan analogue for successional time: Near aforest edge,
early-successional species will dominate, while in the
forest interior later successional species will dominate
(Ranney et al. 1981).

The potential response of forest communitiesto edge
effects, and forest fragmentation generally, is not well
understood because it involves the complex integration
of many of the abiotic and biotic factors discussed. As
one step toward understanding dynamic changes that
occur around edges over time, this paper examines
growth rates of canopy trees near edges in the North
Carolina Piedmont. The specific objectives of thisstudy
were to: (1) estimate edge effects on growth rates for
several dominant species of varying levels of shade
tolerance, and (2) determine how environmental con-
ditions affect the magnitude of the edge effect on
growth rate. We measured average annual ring incre-
ment as a proxy for growth rate for a large number of
trees on 62 edges. In closed-canopy forests, average
growth increment is negatively related to stand density
and stand basal area (e.g., Peet and Christensen 1980).
After controlling for these two trends, we hypothesized
that shade-intolerant species would have a larger re-
sponse to increased light availability near edges than
shade-tolerant species (Ranney et al. 1981). Finally,
we also hypothesized that sites with more soil moisture,
either because of edaphic or topographic conditions,
would have a larger response to the increased light
available near edges than sites with less soil moisture.

METHODS
Study area

The forest edges studied are located in the Duke
Forest, North Carolina, USA (36.0° N, 79.0° W, 100—
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170 m elevation), which has been extensively examined
for over 70 years (Billings 1938, Oosting 1942, Keever
1950, Peet and Christensen 1980, McDonald et al.
2002). Average temperatures range from a mean daily
maximum of 31.5°C in July to a mean daily minimum
of —1.2°Cin January, with amean annual precipitation
of 1052 mm (North Carolina Climate Office 2003).
Soilsvary from sandy Triassic Basin sedimentsto plas-
tic soils containing montmorillonite formed from dia-
base intrusions (Bain 1966), and topography is typi-
cally gentle, with rolling hills. Pinus taeda is a shade-
intolerant, early-successional species that is dominant
in abandoned agricultural fields (Bormann 1953). Sites
that were not clear-cut are dominated by awide variety
of hardwood species depending on edaphic conditions
and site history (Christensen and Peet 1984, McDonald
et al. 2002). We focused on three species common in
the North Carolina Piedmont: Acer rubrum, a slow-
growing, shade-tolerant tree that has dramatically in-
creased in abundance in recent years; Liriodendron tu-
lipifera, a fast-growing, moderately shade-intolerant
tree that prefers mesic soils; and Liquidambar styra-
ciflua, amoderately fast-growing, shade-intolerant tree
that often establishesin recently disturbed areas (Burns
and Honkala 1990).

Data collection

In the summers of 2001 and 2002, 62 edges of vary-
ing edge orientation (the direction in which an edge
faces), edge age, and forest composition (pine vs. hard-
wood dominance) were selected using aerial photos and
satellite imagery. Selected edges had not had recent
logging (within 10 years) or other management activity
within the remaining forest, and bordered forest stands
that ranged in age from 20 years (i.e., young pine
stands) to >200 years (i.e., relict hardwood stands).
Each edge was defined as the farthest horizontal ex-
tension of canopy trees over the non-forest area (i.e.,
the canopy dripline). We selected a random point along
each edge and placed one 30-m transect perpendicular
to the edge into the forest interior. All trees >1 cm
diameter at breast height (dbh) and within 5 m of the
transect were tallied by species, and their distance to
the edge was recorded. Cores were taken on all trees
larger than 10 cm dbh. Trends in species composition
relative to distance to edge are discussed in a com-
panion paper (R. I. McDonald and D. L. Urban, un-
published manuscript).

Canopy closure was measured using a hemispherical
densiometer at each edge and every 5 m along each
transect. At each measurement point, four readings
were taken in the four cardinal directions, and the av-
erage canopy closure was calculated. In each transect,
we measured edge orientation using a compass. As pri-
or research has shown that forest composition and pro-
ductivity respond to soil texture and chemistry (Coile
1933, Billings 1938, Applequist 1941), we wished to
include information on soils as likely correlates with
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(a) Percentage of canopy closure as a function of distance from edge at seven different distances from the edge.

Within a box plot, the white line is the median value of canopy closure within that distance class. The middle 50% of values
are within the shaded box, and the middle 95% of values are within the error bars. Individual lines represent outliers. (b)
The log of the average tree growth increment (originally measured in mm) as a function of distance to edge (m). The white
line in the box plots is the median value of log(growth rate) within that distance class. The middle 50% of values are within
the shaded box, and the middle 95% of values are within the error bars. Individual lines represent outliers. Note the small
difference between the mean growth rate in the first distance class and the second.

tree growth rate. Accordingly, we took a composite soil
sample for each transect by combining the soil col-
lected at five randomly located points along each tran-
sect. Soil samples were analyzed for plant nutrients
using a Mehlic |11 extractant, and summarized here as
extractable N, soluble S, available P, B, Fe, Mn, Cu,
Zn (each measured as ppm), and base saturation (per-

centage). Soil texture was measured using standard flo-
tation techniques, and is expressed as clay and silt frac-
tions (percentage). Using digital elevation modelsfrom
the Shuttle Radar Topography Mission database
(USGS, public communication), a topographic conver-
gence index (TCI, Beven and Kirkby 1979, Wolock
and McCabe 1995) was calculated for each site as a
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Log(growth rate)

FiG. 2. The relationship between the log of
the average tree growth increment (originally
measured in mm) and the dbh (originally mea-
sured in cm) of the tree. The line is an OLS
regression line to display the general trend (R?
= 0.08, P < 0.001).

1.0 1.2 1 f4 1.6
Log(dbh)

proxy for soil moisture. Moore et al. (1990) review the
use of terrain-based proxies in hydrological and eco-
logical applications. TCl ranges in value from —0.2
(extremely dry, steep ridges) to 20 (flat flood plains)
for our study area. Slope aspect was transformed (Beers
et al. 1966) to reflect differences in solar radiation and
evapotranspiration on different slope facets. Thistrans-
formation aligns the index in a NE-SW axis, reflecting
maximum radiation loading on SW-facing slopes
(Lookinghill and Urban 2003). Edge orientation was
similarly transformed.

Anthropogenic disturbance along an edge can have
significant effects on forest composition and structure
(Ranney et al. 1981). Accordingly, the type of man-
agement at the edge was summarized by describing the
edge state as: (1) ‘“expanding,” if there was evidence
apparent to an observer that the forest was expanding
into the non-forested area (e.g., a lot of young stems
recently established near the edge); (2) ‘‘stationary,”
if the edge appeared to be spatially stationary over
time; or (3) ‘‘contracting’ if there was evidence ap-
parent to an observer that the non-forested area was

1.8

expanding into the forested area over time (cf. Ranney
et al. 1981). Stand age was determined from Duke For-
est management records and from the cores of dominant
canopy trees. The age of each edge was determined
(within 5-10 years) using Duke Forest management
records, aerial photographs, and satellite images. Fi-
nally, total basal area (square meters per hectare) of all
tree species was calculated for each site, as a measure
of competition to be accounted for before examining
edge effects on growth rates.

Tree ring widths were recorded (within 0.001 mm),
and average growth rate from 1996 to 2000 was cal-
culated. A 5-year interval was chosen, as it was long
enough to give meaningful averages yet short enough
for the explanatory variables to be relatively constant.
In afew cases with an unreadable year in thisinterval
due to abreak in the core, the average of the remaining
four years of growth was used instead.

Satistical analysis

We log-transformed the average growth rate, which
improved the normality of the data as well as the lin-

Log(growth rate)

Fic. 3. The relationship between the log of
the average tree growth increment (originally
measured in mm) and the percentage of base
saturation of the soil. The line is an OLS re-
gression line to display the general trend (R? =
0.04, P < 0.001).

Base saturation (%)

100
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TaBLE 1. ANOVA results from the dummy-variable ANOVA.

Species and
variable df ss MS F P

Pinus taeda (R? = 0.71)
Log(dbh) 1 19.3830 19.3830 95.45 <0.001
Edge 1 3.4444 3.4444 16.96 <0.001
Transect 52 176.1823 3.38812 16.68 <0.001
Residual 423 85.8952 0.20306

Liriodendron tulipifera (R?2 = 0.59)
Log(dbh) 1 2.82209 2.822094 5.993738 0.018
Edge 1 2.9145 2.914537 6.190073 0.016
Transect 31 31.81992 1.026449 2.180036 0.007
Residual 51 24.01286 0.470840

Liquidambar styraciflua (R? = 0.60)
Log(dbh) 1 2.64546 2.645461 10.51106 0.002
Edge 1 0.04044 0.040443 0.16069 0.689
Transect 40 43.13691 1.078423 4.28484 <0.001
Residual 121 30.45370 0.251683

Acer rubrum (R? = 0.58)
Log(dbh) 1 0.27833 0.278330 0.820640 0.368
Edge 1 0.11585 0.115848 0.341570 0.561
Transect 33 36.42089 1.103663 3.254084 <0.001
Residual 79 27.13300 0.339163

earity of the relationship between this variable and sev-
eral explanatory variables. Box-plots of effects of dis-
tance-to-edge on growth rate suggested that the growth
effect occurred within 5 m of the edge, and thus the
data were reclassified into two categorical groups:
within 5 m of an edge, and beyond 5 m from an edge.
A log-transformation of dbh and stand age was used
to make the relationship between these two variables
and log(growth rate) linear.

For each species, two ANOVAswere performed (So-
kal and Rohlf 1981). The first had log(growth rate) as
the response variable, distance-to-edge and a dummy
transect variable as fixed effects, and dbh and transect-
level basal area as covariates. This set of ““dummy-
variable”” ANOVASs was designed to clearly show the
effect of distance-to-edge on growth rate. The second
set of **environmental”” ANOVASs replaced the transect
dummy-variable with the other soil and site variables
in an attempt to explain some of the transect-level var-
iation in a more ecologically meaningful way. An in-
teraction term between the distance-to-edge effect and
TCI was included to test the hypothesis that the in-
crease in growth rate near edges is less on dry sites
than on wet sites. Since there were many potential ex-
planatory variables, backward stepwise regression was
used to eliminate unnecessary variables from the mod-
el. The assumption of normality of residuals was
checked by graphically comparing the expected distri-
bution of residuals with the actual. Residuals from all
ANOVAs were examined for evidence of heterosce-
dasticity and spatial autocorrelation, and to confirm that
the assumptions of ANOVA were met.

REsuLTS

Average percentage of canopy closure was mono-
tonically related to distance from the edge (Fig. 1a).

When canopy closure was measured at the edge, clo-
sure averaged 70%. Between 0-5 m from an edge, av-
erage canopy closure was slightly (5%) lower than the
average in the forest interior. The graph of average
growth increment as a function of distance to edge is
similar (Fig. 1b). Within 5 m of the edge, mean growth
rate averaged over all species appears elevated, but is
relatively constant thereafter.

The relationship of dbh to growth rate appears linear
inlog—log space (Fig. 2), although thereis considerable
scatter, which implies a power-law relationship of the
form growth = e*dbh®, where o and B are the intercept
and slope from a log-linear model. The ordinary |east-
squares (OLS) linear regression line implies that, av-
eraging across all species and locations, for every 10%
increase in dbh, the mean growth rate increases by
2.7%. We did not observe a decrease with increasing
dbh as would be expected due to geometric constraints
on growth in larger trees, possibly because most trees
sampled were small relative to their maximum size.
Soil macro- and micronutrients were generally posi-
tively correlated with average growth rate; one highly
significant relationship was between percentage of base
saturation and log(growth rate) (Fig. 3). The OLS line
implies that, on average, with a 10% increase in per-
centage of base saturation, there is a 1.2 mm increase
in average growth increment, although there is consid-
erable scatter around the trend line.

Dummy-variable ANOVA

Distance-to-edge was significant for two of the four
species tested, P. taeda and L. tulipifera (Table 1), and
in both cases, individual s on the edge grew significantly
faster than in the forest interior (Fig. 4). Individuals of
larger dbh had more of an edge response in absolute
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Liriodendron tulipifera

1548
—— 0-5 m from forest edge

>5 m from forest edge

Average growth rate (mm/yr)

154 b

20 30
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Fic. 4. Predicted growth rates (mm) near an edge and in the forest interior for two species: (a) P. taeda and (b) L.

tulipifera.

terms, and L. tulipifera had a greater response than P.
taeda. L. tulipifera has a faster average growth rate
than P. taeda, but an examination of the data indicates
it occurs on fewer, generally more mesic sites. There
was a significant dbh term for all species except A.
rubrum, although the small sample size may limit the
power to detect such arelationship. In all three species
with a significant coefficient for log(dbh), the coeffi-
cient was >1, implying that average growth rate in-
creases slower than linearly with increase in dbh.

Environmental ANOVA

When soils and other site variables were included to
ecologically account for the transect effect above, the
major results did not change (Table 2). Distance to edge
was significant only for P. taeda and L. tulipifera, and
dbh was significant for every species except A. rubrum.
Most soil ions, except Fe and S, were positively related
to growth rates. For example, percentage of base sat-
uration was positively related to average growth rate
for P. taedaand L. tulipifera, although it was negatively
related to A. rubrum growth rates. Soil texture variables
were also important for three species, with P. taeda
and L. tulipifera growing faster on sites with a greater
percentage of silt, and A. rubrum growing faster on
sites with a greater percentage of clay. Edge type was
significant for every species except L. styraciflua, and
inall cases, thetreesin ‘‘contracting’’ edges grew fast-
er than trees in “stationary’” or ‘“‘expanding’’ edges.

Several of the geospatial variables were significant
aswell. In particular, for all speciesexcept L. tulipifera,
there was a significant positive relationship between

TCI and growth rates (i.e., wetter sites have faster
growth rates). The interaction term between TCI and
distance to edge was significant only for P. taeda, al-
though the term is of the opposite sign of what we
hypothesized: On wet edges, there was less of an in-
crease in growth rates than on dry edges. Finally, for
all species except L. styraciflua, older stands had lower
growth rates. Overall, the environmental variables ex-
plained 67% of the variance accounted for by the tran-
sect factor in the dummy-variable ANOVA, suggesting
some residual effect at the transect scale that is un-
accounted for by the measured variables.

Discussion

Enhancement of growth rates near forest edges was
found for two of four species examined. However, the
edge effect explainsless of the variation in growth rates
than topographic and edaphic factors. The magnitude
of edge effects for any given species may be viewed
as its realized response in growth rates after its max-
imum potential response has been reduced by other
resource limitations. Other studies in different regions
with a larger proportional increase in solar radiation
near edges, such as sites at higher latitudes (Ranney et
al. 1981), are expected to have a larger potential re-
sponse in growth rates near edges. Similarly, regions
with less severe edaphic conditions than the North Car-
olina Piedmont may have the maximum potential edge
effect on growth rate reduced less by other resource
limitations, and the edge effect may explain a larger
portion of the variance in growth rates than in our study
area.
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TaBLE 2. ANOVA results from the environmental ANOVA.

Species and variable df ss MS F P(F)

Pinus taeda (R? = 0.54)
Log(dbh) 1 12.465 12.465 43.945 0.000
Distance-to-edge 1 3.141 3.141 11.073  0.001
S 1 10.691  10.691 37.693  0.000
B 1 34.463 34463 121.503 0.000
Cu 1 0.794 0.794 2.800 0.095
Base saturation (%) 1 0.247 0.247 0.872 0.351
Silt 1 11.956  11.956 42.152  0.000
Edge type 2 2.337 1.169 4120 0.017
Log(stand age) 1 66.752  66.752  235.338  0.000
Transformed slope aspect 1 5.961 5.961 21.016  0.000
Topographic convergence index (TCl) 1 2.675 2.675 9.429  0.002
TCI: edge interaction 1 1.814 1.814 6.394 0.012
Residuals 464  131.609 0.284

Liriodendron tulipifera (R? = 0.40)
Log(dbh) 1 2.285 2.285 4505 0.037
Distance-to-edge 1 2.729 2.729 5379 0.023
N 1 0.010 0.010 0.019 0.890
Cu 1 5.531 5.531 10.902  0.001
Zn 1 1.248 1.248 2461 0.121
Base saturation (%) 1 2.377 2.377 4685 0.034
Silt 1 4.753 4.753 9.369 0.003
Edge type 2 2.893 1.446 2.851  0.064
Log(stand age) 1 0.988 0.988 1.947 0.167
Slope 1 1.721 1.721 3.393 0.070
Residuals 73 37.035 0.507

Liquidambar styraciflua (R = 0.3)
Log(dbh) 1 2.412 2.412 7.069  0.009
B 1 2.095 2.095 6.139 0.014
Cu 1 1.077 1.077 3.157 0.078
Edge age 1 2.886 2.886 8.456  0.004
Slope 1 0.242 0.242 0.708  0.401
Transformed slope aspect 1 7.388 7.388 21.651  0.000
TCI 1 6.943 6.943 20.345  0.000
Residuals 156 53.234 0.341

Acer rubrum (R? = 0.45)
Log(dbh) 1 0.278 0.278 0.807 0.371
N 1 4.125 4.125 11.955 0.001
Fe 1 0.528 0.528 1.530 0.219
Cu 1 1.180 1.180 3.419 0.067
Base saturation (%) 1 3.468 3.468 10.051  0.002
Clay 1 3.720 3.720 10.782  0.001
Edge type 2 1.900 0.950 2.753  0.068
Log(stand age) 1 3.442 3.442 9.975 0.002
Slope 1 4.664 4.664 13.517  0.000
Transformed slope aspect 1 0.163 0.163 0.473  0.493
TCI 1 1.707 1.707 4.947 0.028
Transformed edge aspect 1 3.581 3.581 10.379  0.002
Residuals 102 35.193 0.345

Our results provide some support for our hypothesis
that early-successional species with high maximum
photosynthetic rates would take advantage of increased
light levels near edges (Ranney et al. 1981). The two
most shade-intolerant species showed an increase in
growth rates near edges, while two species that are
more shade-tolerant showed no edge effect. P. taeda
is often the pioneer species in old fields in the North
Carolina Piedmont (e.g., Oosting 1942) and displays
both a high maximum photosynthetic rate as well as
greater drought tolerance than most other speciesin the
region (Burns and Honkala 1990); either of these traits
could prove advantageous along edges. L. tulipiferais

also arelatively fast-growing, shade-intolerant species
that is less drought tolerant than P. taeda (Burns and
Honkala 1990). It is possible that, since L. tulipifera
is limited in occurrence to mesic sites, the increased
evapotranspiration near edges (Bonan 2002) is not lim-
iting. In contrast, L. styraciflua did not show an in-
crease in growth rate near edges, which is surprising
since it is a relatively fast-growing, shade-intolerant
species (Burns and Honkala 1990). One possibility is
that on the xeric sites where L. styraciflua occurs, it is
very sensitive to increased evapotranspiration near
edges, just as it is sensitive to drought stress in old
fields (Bormann 1953). Finally, A. rubrum shows no
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increase in growth rates near edges, likely as a result
of its shade tolerance, although this finding is inter-
esting in comparison with the general trend of increase
in red maple populationsin forests of the Eastern Unit-
ed States (Lorimer 1984, Abrams 1998, McDonald et
al. 2002, 2003). The fact that our data show that tree
growth rates are faster near edges for some species
supports the assertion that light is a limiting resource
even for some canopy and sub-canopy trees, although
other factors that differ near an edge could also be
important.

We hypothesized that there would be a positive in-
teraction between soil moisture and tree growth rates
near edges, with wetter edges more conducive to in-
creased growth rates. Our results do not support this
hypothesis; most species lack any significant interac-
tion term between TCI and edge effect. Only P. taeda
had an interaction term, and the interaction is opposite
from what we hypothesized. This result could be a
statistical artifact as the interaction term has a small
effect size. Alternatively, at high TCI, P. taeda may
already be growing near its optimum rate, and so an
increase in light may not result in an increase in growth
rates as much as on adrier site. Overall, given the lack
of interactions in Table 2, light and water appear to act
independently as resources. However, factorsrelated to
water availability explain a greater proportion of the
total R?in growth rates than the distance-to-edge effect,
suggesting that many of the trees sampled are more
limited by water availability than light availability.

The interpretation of our results is limited by the
scale mismatch between our measured environmental
variables (plot level) and our measured response var-
iable (treelevel). Thisdiscordancein scalesiscommon
in many forest ecology studies because of the financial
and logistical difficulties in measuring at each tree a
large suite of potentially relevant variables. In addition,
it is often difficult to know the appropriate spatial scale
for ameasurement. One of the main effects of the scale
mismatch between our environmental variables and our
response variable is that any variation in the environ-
ment at scales smaller than the plot level is missing
from our analysis. This missing variability reduces our
overall explanatory power, potentially explaining why
many of the effects we found, while highly statistically
significant, accounted for only a small proportion of
the total variance in growth rates. Future studies of
edge effects should aim to measure environmental con-
ditions at spatial scalesrelevant to trees, whenever pos-
sible.

Nevertheless, we find that knowledge of growth rates
near edges isimportant for understanding the dynamics
of these forest communities. For a 30-cm P. taeda tree
over one year, a tree near an edge would grow 0.18 cm
more than a tree in the forest interior, while for a 30-
cm L. tulipifera tree, the difference is 0.32 cm. The
trend becomes more pronounced over time. For ex-
ample, over 20 years, the same P. taeda tree would
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grow 5.2 cm more than a tree in the forest interior,
while the difference for L. tulipiferais 8.0 cm. Overall,
the increase in growth rates at edges is of the same
order of magnitude as increases in growth rates due to
CO, fertilization (e.g., Oren et a. 2001). Classified
Thematic Mapper imagery of this region (R. . Mc-
Donald, unpublished data) shows that slightly >50%
of forested pixels are within 30 m of an edge, the min-
imum resolution of the images. This implies a non-
trivial portion of the landscape may have (on average)
elevated growth rates due to edge effects. Clearly, edge
effects can have significant effects on growth rates for
some species and thus forest community dynamics.
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