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ABSTRACT

VEGETATION ANALYSIS OF NORTH AND SOUTH EDGES
IN A MATURE OAK-HICKORY FOREST

Bruce A. Wargs?
Department of Botany, Rutgers—The State University, New Brunswick, New lersey

TABLE 0F CONTENTS

The north and south edges of a mature oak-hickory forest on the New Jersey FPiedmont
are characterized by local-scale vegetation gradients. These gradients are determined hy both
exposure-induced microclimatic influences and historical factors, The north edge has been
relatively undisturbed since establishment. A narrow vegetative transition is associated with.
the relatively narraw microclimatic transition within the edge. A low thicket of tree growth
(Cornus florida, Prunus avium, Viburnum prunifolium) mingled with woody vines and herbs
is found exterior to the original edge. The old edge ends about 10 m within the forest and
is characterized by increased densities and basal areas (compared to center} for Quercus
spp. and Prunus avium. :

The original south edge is found about 20 m within the present forest, It is characterized
by increased densities and basal areas of Querens spp. and Vibwrnum prunifolium. Agri-
cultural ahandonment about 1900 accounts for reforestation in front of the old edge. The
area immediately in front of the original edge is an open stand in which both Prunus avium
and Viburnum prunifolium have increased densities. Exterior to this is a dense strip of
medium-sized trees which is characterized by increased densities of Quercnus spp. and
Prunus avium. The remaining area is composed of small trees (Quercus velurina, Prunus
avinm) with clumps of woody vines between and upon them. The wide microclimatic transi-
tion at one time within the original south edge was transferred to the present edge with the
development of a closed canopy within the reforested strip. Few edge effects are found now
beyond 20 m within the stand.

The segregation of species within and between the edges is more subtle than that between
north and south slopes in the region. Species characterized by shade intolerance or goad
vegetative reproduction, ar both, are prevalent at the edges. Many of these species also are
assaciated with secondary succession in forest gaps, but edge responses are stronger than
gap responses for most species. These include Fravinus americana, Prunus avium, P, serating,
Sassafras atbidum, and Viburnum prunifolium. Among canopy dominants Quercus velutina

shows a stronger edge response than Q. alba or Q. rubra. Carya ovalis shows no significant

edge respanse, whereas C. ouata displays a strong one. Relatively tolerant species such as
Fagus grandifolia, Acer saccharum, and A. platanoides display no edge response. Most tree
distributions are more localized than those of their reproductive size classes, presumably as a
result of environmental selection acting upon seedlings and saplings within different forest
microhahitats such as edges, gaps, and well-stratified areas of the stand.

Although the techniques are different, this study represents a local-scale example of
direct gradient analysis in that plots (amenable to analysis of variance) are used as micro-
locational indices of the environmental complex and are maiched to known microclimatic
gradients.

1 Received February 12, 1971; accepted January 10, 1972,

.2 Present address: Depariment of Biological Sciences, University of California, Santa Barbara, Calif. 93106.
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INTRODUCTION

In forested regions a border between a forest
stand apd an adjacent field, cleared by man and
maintained by his agriculture, is both a miero-
climatic and a vegetational transition zone. Since
the edge of the forest acts as an escarpment, the
direction of exposure is paramount in determining
the nature of the microclimatic transition (Geiger
1965). On north and south forest edges the ef-
fective width of the transition is different for each
microclimatic element at a given boundary. The
effective transition width for any one element is
different at the two boundaries and, at a given
boundary, varies with the seasons (Wales 1967).

Given this complexity of environmental variation,
the abjective of this study was to examine the vari-
ation in the plant distributions in a forest center
and on its north and south edges and to describe
and interpret the vegetational transitions. The
variation in the distribution of each of several plant
species was partitioned into components attributable
to various sources, each source representing a differ-
ent type of distribution into or along the edges of the
stand, or both. Individual species distributions and
vegetation gradients are interpreted in the light of
the known physiclogy of the species and their re-
sponses within forests on level terrain and on north
and south slopes, which represent exposure-induced
microenvironments similar to the ones dealt with
here.

Most of the literature dealing with forest edges
is concerned with the prairie-forest margin in the
United States ar elsewhere. Bath the regional pat-
tern in the prairie-forest margin and the old field-
ferest border in the eastern United States are prob-
lems involving variation in the distributions of plants
and their associated environments. The two situations
differ primarily with respect to scale. For example,
mappers of continental vegetation types (Shantz
and Zon 1924, Kitchler 1964) drew lines repre-
senting the first-order ecotones {Carpenter 1935)
or intergradations (Allee et al. 1949) between great
bodies of vegetation such as deciduous forest and
grassland. Several workers studied the individual
stands within such broad-scale transitions (Dauben-
mire 1936, Buell and Cantlon 1951). Other in-
vestigators, notably Weaver and his associates {and
others reviewed extensively in Weaver 1954), ex-
amined the border zones hetween the individual
stands of forest and grassland.

Microclimatic and ecological studies of old feld-
forest margins are difficult to find. Only scattered
microclimatic observations are reported in Geiger’s
(1965) treatise on microclimatology. Ecological
studies of edge vegetation include those of Qosting
and Kramer (1946), who investigated the establish-
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ment of pine in the edges of mixed pine-hardwood
forests in the Southeast, and Trimble and Tryon
(1966), who documented canopy changes in old
growth adjacent to gaps cut in Appalachian hard-
waood stands,

STUDY AREA

Forest history

The study was conducted in Hutcheson Memorial
Forest, known also as Mettler's Waods. The 26.3-
ha mature oak forest (Buell 1957) is situated about
1.6 km east of Fast Millstone (40°30'N, 74°34W)
on the Piedmont in New Jersey. It was subjected to
periodic burning befere 1711 by the Lenape Indians,
but has not been burned over since that time (Day
1953, Buell, Buell, and Small 1954). The land was
settled in 1701 by Buropeans and was acquired as
a natural area by Rutgers University in 1955. Much
of the forest, particularly the eastern part, never
has been cut and cleared, although prier to 1950
fallen trees offen were salvaged for firewood (Buell
1957}.

In Nevember 1950 a severe storm toppled or
broke more than 300 canopy trees (Monk 1957).
This catastrophic natural event (Buell 1957} c¢an
be thought of as a *natural harvest” (Reiners and
Reiners 1965), but the activity of loggers associated
with the removal of the damaged trees represenis
man's preatest disruptive influence in recent time.
Since 1950, management has been designed to
minimize man's influence.

Forest structure and function

In the upland portion, where the edge study was
carried out, the forest shows a distinet vertical
stratification into four layers (Mank 1961a)}. White
oak (Quercus alba), black oak (Q. velutina), red
oak (Q. rubra), and red hickory (Carya ovalis)
make up the main canopy, which reaches heights of
29 m. A pronounced understory of flowering dog-
wood (Cornus flovida) reaches heights of 11 m.
The shrub layer, averaging 1 m in height, is dom-
inated by maple-leaved vihurnum (Viburnuem aceri-
folium). The herb layer is best developed in spring
when May-apple (Podophylium peltatum) is abun-
dant.

(Gaps associated with windthrows and other dis-
turbances represent areas of localized secondary suc-
cession within the stand. Although old-field species
and woady adventives play a temporary role in the
reestablishment of typical forest structure, gap
clesure itself is a function of forest trees. Red
maple (Acer rubrum) and white ash (Fraxinus
americana) fill the gaps more often than the oaks
and hickories (Monk 1961a).

Several woody alien species in the upland part
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of the stand were investigated by Ambler (1965).
Norway maple (Acer platancides) and sweet cherry
(Prunus avium) have members in the canopy, but
tree-of-heaven (Ailanthus gitissima) is present only
in the sapling size class. Japanese honeysuckle
{Lonicera japonica) has a wide distribution (Ambler
1965) and has spread extensively since 1950 (M.F.
Buell, personal communication). All of these species
except Norway maple are assaciated with the forest
marging, with windthrows, or with other openings
in the stand.

In a taxonemic study of the forest and its edges,
Frei and Fairbrothers (1963) reported 312 species
of vascular plants: 779 in the forest, 379, along the
edges, and 349 in both places. Thirteen per cent
of the species were trees, 129, were shrubs, and
the remaining 75% were herbaceous plants.

Bard (1952} concluded that Hutcheson Me-
morial Forest could be considered as a climax
community because the low oak reproduction might
well represent an amount sufficient te restock the
stand. Monk (1961a) classed the forest as a variant
of the oak-hickory forest type common to the Pied-
mont, but stated that it did not have the climax
status which this community exhibits on the Pied-
mont in the southeastern United States. A trend
toward more maple was suggested because of the
low survival of oak saplings and the successful
introduction of Norway maple and sugar maple
(Acer saccharum).

The interrelated factors of wind, drought, and
disease bave influenced the stand significantly. A
1963 survey of all dead trees in the eastern section
showed that on the well-drained portion 69.5 trees
per hectare with a basal area of 972 sq dm (47%
of living basal area) were harvested naturally in
recent vears (Reiners and Reiners 1965). Over 809
were caks and hickories. Windthrows and wind-
snaps accounted for over half of the trees. Disease
accounted for about one-third, and the remainder
were cut. The drought of 1957 caused dramatic
changes in the seasonal radial growth curves of
trees in Hutcheson Memorial Forest (Buell et al.
1961). The 1957 and 1958 surveys by Small (1961)
indicated that many trees of many species were
damaged or killed. He suggested that the interacting
factors of root-system injury by the root-rot fungus
Armillaria melea and stress caused by drought ac-
counted for the increased injury and kill observed
during his second survey.

Habitat variation _

The gently rolling Piedmant is underlain by Tri-
assic red shale of the Brunswick Formation {(Kim-
mel 1940). The Wisconsin glacial terminal moraine
ig located a few kilometers north of the forest, and
Salishury (1902) postulates that gravel scattered

VEGETATION ANALYSIS OF FOREST EDGES

453

aver the area represents fluvial material deposited
by a river flowing south from the glacier. The soil
in the upland section of the forest is ¢lassed as a
deep, well-drained silt loam. Although gravel is
occasionally observed throughout the profile, the
major influence is that of the shale (Ugclini 1964).

The advective climate of New Jersey is controlled
largely by continental polar air masses with noerth-
west and north winds in winter, and by maritime
tropical air masses with southwest and south winds
in summer. At New Brunswick, 13 km east of the
forest, the mean daily maximum and minimum
temperatures for July and January are 29°C and
17°C, and 4°C and —6°C respectively. Ahsolute
extremes are 41°C and —27°C. The length of the
growing season is 240 days (Biel 1958). At New
Brunswick the average July precipitation is [15
mm, and the corresponding wvalue in January is
85 mm (Dunlap 1959). The period between Sep-
tember 1961 and September 1966 was the longest
and most severe drought to occur in the last 100
years (D. V. Dunlap, state climatologist, personal
communication). Droughts of this type might be
expected to occur only once every 200 years (Horo-
witz, Dunlap, and Shulman 1963),

In a microclimatic study Sparkes and Buell
(1955) found that air and scil temperatures within
the stand showed a smaller annual range than those
in an adjacent 40-year-old field. The annual tem-
perature extremes in the forest ranged from 32°C
to —19°C at 5 cm above the litter, and from 23°C
to —2°C at 4 cm in the soil below,

MeTHoDs

Rationale of experiment

Within the environmental complex, relief, parent
material, and microclimate represent three inter-
acting groups of factors which have the potential
to act differently upon vegetation in different places,
such as the north and south boundaries and within
the stand. The rationale of this experiment is to
minimize the effects of the first two groups and
to examine the effects of the third.

Within the upland maple-leaved viburnum shrub-
type forest (Fig. 1), areas found on level or at
most gently rolling, deep well-drained or at least mod-
erately well-drained soils, derived from Brunswick
shale, were identified. This was accomplished by
superimposing Ugolini's {1964) soils map on Monk's
{1957) vegetation map of the forest. By taking
samples only in the identified area, dissimilar in-
fluences of relief and parent material were min-
imized,

Nothing could be found in the history of the
forest to cast doubt upon the assumption that all
the forest edges were established shortly after the
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arrival of the European settlers in 170] or perhaps
even before that time. The edges can be ftraced
definitely to the early 1800°s an an old map in the
possession of a former owner. Although it can be
established safely that all of the margins are very
old, the age of forest gaps is uncontrollable in a
natural stand. :

The degree of recent man-made disturbance was
taken into account in the selection of sampling
sites. Areas of severe disturbance associated with the
lagging activity, especially areas in the center part
of the stand now dominated by Japanese honey-
suckle, were avoided, Also, old logging trails and
an old wagon road, both now paths, were aveoided
to some extent. Otherwise, the sampling units were
selected arbitrarily with respect -to the vegetation
fusually in some convenient relationship to per-
manent hectare stakes), so that gaps were sampled
along with well-stratified sections of the stand.

In a forest climax region. old forest edges are
maintained by man's continued use of adjacent
flelds. At the time of the study all fields adjacent to
sampling sites were in ecarly stages of. secondary
succession. Previous use of the fields along each
edge was fatrly uniform. bur evidence indicates
that land-use histary cannot be eliminated as a dis-
similar influence between north and south sides.

A. WALES
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Unavoidably, land-use histery joins microclimate as
are independent variable in this study.

Experimental design

Nine 60- by 30-m sampling areas, referred to
hereafter as units, were established in the forest
(Fig. [}. At the forest margins the edge of each
unit was placed at the end of the tree branches,
which represents an arbitrary but fairly easily
recagnized position within most field-forest transi-
tions (Fig. 2). Each unit is comprised aof three
columns {ry. rs, #y) perpendicular to the forest
boundary and six rows (R, R.....R;) running
parallel with the boundary from the edge toward
the interior af the stand. At the forest center (FC)
the rows were urbitrarily numbered 1 to & from
north to south, the direction of numbering pre-
sumed to be meaningless therc. The three columns
are considered as replicates in each unit. Thus, each
unit is comprised of eighteen §- by 20-m quadrats
which form the six rows and three columns in the
umit,

Ré M m—;

s f GAP 3 s
4 Nons” P

" F o] R E |[s T o3
R2 a2t
Ll e —— :jg-
T Fi *r—z—H""_ L]
WETERYS
T % F H E L D
Fig. 2. Typical unit. R, row; r, column; « , shrub
line transect; - - - -, end of tree branches. *Seedling quad-

rats in same row combined prior to ANOVA,

This arrangement of quadrats represents a de-
sign. for a three-factor analysis of wvariance
(ANOVA) with replication. In this design there are
three levels (narth, center, south) of the first fac-
tar, position (P); six levels of the second factor,
row (R); and three levels (west, middle, east) of
the third factor, unit (&/}. Trees were sampled an
the 5- by 20-m quadrats which fallow this 3 X 6 % 3
design. The same design was employed for sapling
and seedling quadrats and shrub line transects, ex-
cept that for the saplings and seedlings there are
12 rows and for the shrubs there are 10 (Fig. 2}.

The ANOVA was used to partition the total
varjation in each of many data sets into mean
squares which are associated with .the three factors
(main effects) and_the interactions between them.
The F-ratio was employed to determine the relatjve
importance of these sources of variation by de-
termining which main effects or interactions, or
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hoth, have significantly greater wvariation (mean
squares) than the random wvariation inherent in the
error term (within replicates mean square). A 59
probability level has been used throughaout.

A ponsignificant main effect or interaction is
taken as evidence supporting the null hypothesis
that no variation, other than that due to chance,
exists for that source of variation. On the other
hand, a significant main effect or interaction sup-
ports the belief that variation greater than chance
variation exists. For example, a significant position
main effect (response to position) indicates that at
least one mean is significantly different from the
means for the other two positions. In similar fash-
ion, significant main effects of row or unit indicate
that at least one mean is significantly different from
the others among the six or three means, respec-
tively. When their interactions are significant, main
effects have little meaning as such.

A sigpificant interaction shows that the factors
fajl to act independently. Thus, the interpretation
of a significant P » R interaction is that the row-
to-row variation js different, depending upon
whether one starts at the center or the north or
south sides of the stand. This can he seen in Fig.
3 and 4 where the rows for each position are shown
for several species, The interpretation of a significant
P X U interaction is that the unit-to-unit variatien
is different along the north and south edges and
down the center of the stand, from west to east in
each case (Fig. 6). The R X U/ interaction has ne
biologically meaningful interpretation in this design.

A significant three-factor interaction is the most
difficult to interpret. It is interpreted as a failure of
pasition and row to act independently of unit. The
row-to-row variation is different on the north,
center, and south depending upon where, in terms
of units, one starts in the stand (Fig. 5).

Because the objective of this experiment is to
evaluate variation within and along the edges com-
pared to that within the stand, the strategy em-
ployed has been (a) to accept the center mean and
its 959 confidence interval (CI) as representative
of the population within the forest center, and (h)
to use this mean with appropriate interactions to de-
termine which row eor unit means, or both, are sig-

nificantly different than that for the population in.

the center, Thus, failure of a point to fall within the
959, CI of the center mean is taken as evidence that
the point is representative of a population different
than that in the center with a 59, significance level.

Because of known microclimatic and historical
differences between the north and south margins
and the forest center, significant P R and P ¥ R
X U interactions, taken to mean significant variation
of one sort or another into the different edges, were
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anticipated. A significant P X U interaction, taken
to mean significant variation along the edges or
within the stand, or both, is not mutvally exclusive
of a P X R interaction. However, either a P X U/ in-
teraction or a P X R interaction may be further
elucidated by a P X R x U interaction. For ex-
ample, the high densities of sweet cherry in certain
units on the north and south in Fig. 6 are accounted
for by the high amounts (clumps) of sweet cherry
in rows near the edge in those units (Fig. 5).

Analyses of variance were performed on the
following categories of data: tree, sapling, and seed-
ling densities, tree basal areas, shrub cover, and
vegelative traits relating to reproduction (stump
sprouts) and structure, The analyses were performed
in all cases where an individual vegetational char-
acteristic showed a frequency of at least 109.

When data consist of small numbers, and especial-
ly when zeros are present, they often follow the
Poisson distribution in which the mean and vari-
ance are equal (Steel and Torrie 1960). Because
this violates assumptions underlying the ANOVA,
transformations recommended by Bartlett (1947)
were evaluated. On computer runs with tree densities,
basal areas, and shrub cover, neither v X + 0.0001
nor v X + 0.5 gave results at the 59 significance
level which would lead to different conclusions than
those with the original data. Since this was the case,
the transformations were discarded and all data
were used in their original form.

Sampling techniques

Size-class definitions similar to those used by
many investigators (Buell and Cantlon 1950, Cant-
lon 1953, Monk 19614) in the Middle Atlantic States
were employed. This method avoids splitting data
for Cornus florida into two meaningless categories.

Trees were defined as stems equal to or greater
than 2.5 em (1 inch) dbh. On each of the 162
5- by 20-m quadrats the number of stems of each
species, their diameter at breast height, and origin
were determined. Diameter at breast height was
measured to the nearest one-tenth inch with a
diameter tape, for later conversion to basal area.
Origin refers to the presence of tree-sized stump
sprouts. A count by species was made of standing
dead trees. A tree with numerous suckers forming
a pseudo-canopy was taken as alive, Dead trees
were- characterized by a few suckers, more com-
menly none at all, and peeled bark or broken limbs,
ar bath.

Saplings were defined as stems less than 2.5 em
dbh and equal to or greater than 30 cm (1 ft) in
height (to terminal bud). On each !- by 20-m.
sapling quadrat, two per tree quadrat (Fig. 2), the
number of stems of each species and the origin of
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the stems were determined. Two types of sapling-
sized stump sprouts w.:re observed and tabulated
separately: (a)} those obviously originating from
the roots of a living or dead standing tree, and (b)
those not so associated which were usually of about
equal size suggesting that they originated as the
result of damage to a single young stem.

Seedlings were defined as stems less than 30 cm
in height (to terminal bud) and more than 1 year
ald as evidenced by the presence of a terminal bud
scar. On each 4- by 5-m seedling quadrat, four
per tree quadrat (Fig. 2), the number of stems of
each species and the origin of the stems were de-
termined. Origin was defined by the same criteria
described for saplings. In addition, root sprouts and
stems originating from occasional rhizomes were
noted,

Shrub cover was measured on 20-m line transects
(Fig. 2). The cover measured includes that con-
tributed by the following: shrub species such as
maple-leaved viburnum regardless of height, high-
growing woody vines such as poisen ivy (Rhus
radicans) equal to or greater than 30 cm in height
and all Japanese honeysuckle, tree saplings which
were all considered to be in the shrub layer, branches
of trees where the faliage was equal te or less than
1.5 m above the ground, and unoccupied space.

The cover contributed by Japanese honeysuckle
was placed into two classes based on density. In
class 1 runners are relatively few, and the ground is
visible aver at least half or usually more of the
total area influenced by the plant. Individual runners
climb saplings and seedlings. In class 2, a dense mat
obscures more than half of the ground, or usually
all of the area influenced by the plant. Numerous
runners climb saplings and seedlings. Often, the
litter layer is not well defined under class 2 honey-
suckle,

Cover contributed by May-apple was measured
on the same 20-m line transects used for shrubs.
The first and third 5-m segments of these transects
were used later to sample the cover contributed by
the following categories of vegetation: summer-
and early fall-flowering herbs regardless of height,
low-growing woody vines such as poison ivy less
than 30 cm in height and all Virginia creeper
( Parthenocissus quinguefolia), tree seedlings, which
were all considered to be in the herh layer, and un-
occupied space. :

Because the presence of canopy gaps and as-
sociated wvegetation (Monk 19614, Ambler 1963)
represented a potential source of varjation super-
imposed upon the forest center and the edge pattern,
gap areas were located in several units and de-
limited in advance in order to carry out subsam-
pling of the vegetation within them. Old logging trails
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R
and a wagon road, now paths, which represent
“noise” {n the stand similar to gaps, were delimited
also. From measurements in the forest, gap maps
were constructed for six of the nine units. During
the growing season transects were sampled in 1967
and quadrats in 1968 on a permanent grid system.
Nomenclature follows Fernald (1950).

ANALYsIS OF EDGES

Individual species distributions

Tree species—The means and confidence in-
tervals for structural properties of the major tree
species (Table 1) represent the yardstick by which
variation in the distribution of each species or
vegetative trait is measured. The species referred
te as transgressives are potential canepy species
presently represented by small trees with heights
ranging from below the understory to within the
canopy. Present canopy species are seldom found
as small trees.

The pattern of significant interactions and main
effects (Table 2) shows that the distribution of
transgressives is different from that of the canopy
trees, understory trees, and vegetative traits in the
forest center and edges. Two of the three trans-
gressives show significant P X R ¥ U interactions
for density, and all three species lack the pre-
dominance of P X R interactions or R main effects
so apparent for the ather groups. Thus, transgressives
generally show significant variation both into and
along the edges or within the stand, or beth, whereas
the canopy and understory trees and vegetative traits
generally show significant variation into the edges
of the stand. The precise nature of the distribution
for each species can be elucidated further only by
inspection of the appropriate significant interactions
and main effects.

The P ¢ R interactions of density and basal area
for all species upon which the ANOVA was per-
formed (Fig. 3 and 4) show which of the six rows
at each of the three positions have means significant-
Iy greater or less than the center means given in
Table 1. The predominance of significantly different
values near the edges on both sides of the forest
clearly demonstrates edge responses for most species.
As a result, the community composition at the
edges is different from that in the center.

Campared to the F-ratio, the confidence interval
is slightly more [iberal in declaring values signif-
icantly different from the center mean, For example,
neither red hickory nar red maple show biclogically
meaningful, significant interactions or main effects
involving rows (Table 2), yet the confidence interval
declares means near the edges significantly different
from the center mean for both species (Fig. 3 and
4). Similarly, the F-ratio indicates merely a re-
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TaBLE [. Structure of tree layer in forest center

Density Basal area
Upper and Upper and  Percentage of
Species or vegetative trait Number /100 m® lower CLs Cm?*f100 m?* lower CL basal area
17.68 1,763
Total tree 14 .85 2,415 100.0
12.02 1,068
Understary
14.65 689
Cornus flovida 12.22 569 21.5
9.79 454
Amelanchier arborea 0.02 2 0.1
Canopy
1.66 2,908
Total oak 0.96 1,607 66.6
a.27 316
1.19 2,062
Quercus alha 0.59 1,059 43.9
.00 56
0.66 1,171
Q. veluting 0.26 399 16.3
—=0.00 —0
0.53 548
Q. rubra and coccinea 0.11 149 6.2
—0.00 —{}
0.40 427
Carya ovalis 0.11 139 5.8
—-3.00 —0
Fagus grandifolia 0.06 39 1.6
TFransgressived
0.81 111
Acer rubrusm 0.35 16 1.5
—-0.00 -0
1.29 179
Fraxinus americana 0.78 13 0.5
0.27 -0
Acer platanoides 0.19 4 0.2
Acer saccharum 0.11 2 0.1
Sassafras albidum 0.04 1 <01
0.54 197
Prunus avium 0.02 <1 0.1
—0.00 -0
Yegetative traits
Number of branches ’ 1.42
= breast height 0.54 — -
—0.00
Tree-sized Cornus florida 2.99
stump sprouts 1,65 — -
0.31

=Canfidence limits (CL} are applicable to PxR lnteractions in Flg, 3 and 4 only.
SPatential canopy species with heights ranging from below understary to within canopy.

spense to row rather than row by position for
both red oak and white oak density, Since both the
F-ratio and confidence interval are based on prob-
abilities, such inconsistencies occasionally arise.

Since black oak and the two vegetative traits are
characterized solely by P X R interactions among
the interactions (Table 2), their distributions are
described completely, within the capabilities of this
design, by Fig, 3 and 4. The description is essentially
one of row varjation by position unifermly in (inde-
pendently of) the various units.

For species characterized by P X R X U inter-

actions, Fig. 3 and 4 give an {Rcompléte picture in
that the variation associated With units iz ignored.
The row means are derived from all three units as
a whole, and it is impossible to determine where
{which units) along the row the known significant
variation in density or basal area occurs. This type
of variation is seen best by comsidering the trans-
gressives,

The significant P ¥ R X U interaction for sweet
cherry density shows that significantly greater densi-
ties occur only in the edge rows of certain units on
both sides of the fdrest (Fig. 5). These clumps of
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TapLg 2. Summary of interactions and main effects for density and basal area, by species or vegetative trait, in
the tree layer of forest center and edges {X = significant}
Density Basal area
P R PxR  PxU RxU PxRxU Species or vegetative trait U PR Pzl Rzl PxRxiJ
X x X X Tatal tree .
Understary
X X X X Carnus forida x X X X X X
Canop);'
X X X X X Tatal cak X x
b4 Ouercus altha X
X 3. velutina X X
x X x X Q. rubra and coccinea X X X X X X
Carya ovalls x
Transgressive
X X X b4 x Prunus avium X .4
X X X X Fraxinus americana .4 X x
X X X Acer rubrum b4 X
Vagetative traits
MHumber of hranches
x X X < hreast height Mot applicable
Tree-sized Corsns Aaride
X stutp sprouts Mot applicable
. AT
e 1 2 Y s ol T el s Y 2 B s 2 (PR . s M,
Tatal reaa - = e = Sm Di:ilur:nmm
NDE RS TORY RO
s tloride e mes e =) M a02icI- 00 aaT]
ATt ot w - @ el
E om LT ]
Owercus afba L3 [ - Y] Frazinus americana
HEM 20078 €1 o= 11167
Q. valytina - - - W o o - - -
£, rybra B gagtinia -n - ]
E - -
Cares awlis - EASAI_. AREA
P ranas avam - on o= B A S
L.
Frazinug americans [ s Iy g I e | [
A cubrum = .i -
EsETAIIVE TeATS e st
vy b - n M -
Sy o = = comistioia  E -
- M3 57, C1n 162 16 TA0]
Fra. 3. Density per gquadrat (100 m?) in the tree " - - o™
layer by rows at the three positions (P » R interaction) = oo o

compared to the center mean. Shaded and open bars
indicate values significantly greater and less than center
mean (as shown in Table 1), respectively.

SPECIES OR NAATH CENTER I SOUTH
WEGETATWETRAIT| ¢ 2 3 4 & el1 2 3 4 5 E[& & 4 3 2 I
Taral tree [mm ] [ —_
UNOERSTORY
Catnus flarids 1] OO
CANOPY
Tatgl cak —1 . - am |
Ouercws aflba £ - —
a. velutina L L]
Qoubta B caceinen - .
Carye avalis
TAANSGAESSIVES
Prunus ovlum L] Ll
Frazings americans Wl -
heer rubeam L} |

Fig. 4. Basal area (cm2) per quadrat {100 m?2) in
the tree layer by rows at the three positions (P X R
interaction} compared to the center mean. Shaded and
open bars indicate values significantly greater and less
than center mean {as shown in Table 1), respectively.

Figa. 5. Density and basal area per 100-m® quadrat
of selected species in the tree layer by position, row,
and unit (P X R X U interaction) compared to the
center mean. Shaded and open bars indicate values sig-
nificantly greater and less than center mean, respec-
tively. W, west: M, middle; E, east. CM, center mean;
Cl, confidence interval.

trees at the edges account for the significantly greater
number of trees in the units where they occur
(Fig. 6}. For sweet cherry basal area, the non-
significant P % R X U interaction {Table 2) indi-
cates that there is less unit-to-unit variation in the
response te P X R than is observed for density.
Furthermore, as is the case with density, the vari-
ation between replicates is so great that the F-ratio
distinguishes merely an R main effect rather than
a P ¥ R interaction.

Red maple shaws a tendency to clump in the
edge units, but in contrast to sweet cherry, the
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Fig. 6. Significant P % U interactions of density and
basal area for trees of transgressive species. W, west;
M, middle: E, east. CI, confidence inferval,

clumping is independent of row (Tahle 2 and Fig. 6).

As indicated by significant P X R X I/ interactions
for both density and basal area and a significant row
main effect for basal area (Table 1), white ash is
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Fra. 7. Significant P % U interactions of density and
basal area for canopy and understory trees, W, west,
M, middle; E, east. CI, confidence interval.

tntermediate between sweet cherry and red maple
in its response at the edge. In Fig. § several rows
both in the center and at the edges have densities
significantly greater than the center mean, but basal
area is significantly greater than the center mean on
only two rows near the edge where the density is
high. Thus, there are clumps of trees both in the
stand and along the edges, but only at the edges
are there large trees. The heterogeneity of the white
ash distribution both in the center and at the edges
is indicated further in Fig. 6. Only the units which
have the clumps fall within or abave the confidence
interval of the center mean,

Among canapy species, red oak is the only oak
which shows significant variation along as well as
into the edge (Tabie 2, Fig. 7). For basal area,
the response to P R from unit to unit is variable
enough sa that the P R X U/ interaction is sig-
nificant. Clumping in rows at both edges (Fig. 5)
accounts for this significance and also the high hasal
arez in the SE unit (Fig. 7).

Flowering dogwoad has perhdps the most com-
plex distribuition. In the center, one of the six row
values in the significant P % R interaction for density
falls outside the confidence interval of the center .
mean (Fig. 3}, Moreover, the same is true of two
of the three center values in the significant P % £7.
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interactions for both density and hasal area (Fig. 7}.
This is taken as evidence that the flowering dogwood
distribution lacks homogeneity, such as that demon-
strated by the cak distributions in the center. As
seen ip Fig. 7, the variation along the edges is as
great or greater than that within the stand. For
basal area, the response to P X R from unit to
unit is variable enough so that the P X R X U/ inter-
action is significant (Table 2). Clumping near the
edge an the south primarily accounts for this sig-
nificance (Fig. 5) and primarily accounts for the
high basal area an the SW unit (Fig. 7).

The density of tree-sized flowering dogwood
stump sprouts is significantly greater than in the
forest center (FC) an N! and significantly les than
in the forest center on S1 and N6 (Fig. 3). Since
the number of stump sprouts is a function of the
number of past or present trees, or both, it is also
meaningful to determine what propertion of the
total number of existing stems is eof sprout origin.
For the center mean, N1, §1, and N& the values are
13%, 55%, 0%, and 24%, respectively.

Reproductive size classes—The species found as
seedling- and sapling-sized stems in the forest center
are shown in Tahle 3. The paucity of oak reprodue-
tion noted by Monk (1961a) is readily apparent;
white ash and flowering dogwood account for over
802, of both the seedling- and sapling-sized stems,

The stems tabulated in Table 3 include those of
seedling- and sapling-sized stump sprouts not as-
sociated with tree-sized stems and occasional root
sprouts for a few species. For seedlings, the sprout
categories are comparatively unimportant (average
approximately 109 of the stems). Ameng saplings
for the most numerous transgressives, and especially
for flowering dogwood, stump sprouts account for
cne-third to two-thirds of the total stems in each
case. Furthermore, for flowering dogwaod, seedling-
and sapling-sized sprouts from the bases of living
and dead trees account for an additional 3¢ stems
pet quadrat.

The sparse oak reproduction made an ANOVA
of their distributions inappropriate. However, mean-
ingful trends are seen hy plotting diagrams of the
scattered reproduction which was found. Although
total oak seedlings bear no particular relationship
to row or unit and the number is comparatively
small (1.85 seedlings per quadrat), over three times
as many were found at the south pasition as in the
center or north edge, White oak, black oak (not
found in the center), and red oak account for 40%,
209, and 40, of the total seedlings, respectively.
For tatal oak saplings, both pasition and row ap-
pear important, Although only ane sapling (white
oak) was recorded in the center, three saplings (red
oak) were found all in row 2 on the north, and

BRUCE A. WALES

Ecological Manographs
Vol. 42, No. 4
TapLE 3. Density per quadrat (100 m?2) in the forest
center of stems jin the seedling and sapling size
classes (density per hectare — value per quadrat X
102)

Species or species group Seedling Sapling
Total stem 98.15 34 58
Understory

Carnus fovida 13.34 15.96

Cancpy

Total oak .56 0.05
Quercus alha .19 0.05
Q. rubra and eoccinen 0.37

Carya ovalis 1.85 0.2
Fagus grandifolia 0.14

Transgressive

Fraxinus americana 58.70 13.80
Acer rubrim 1.85 1.44
Acer platanoides 0.19
Acer saccharium Q.09
Sass fras albidum 0.37 .05
Prunis avivm 4,82 .37
Viburnum purnifolium 4,63 1.57
Prunus serating 1 .48 0.23
Celtis oecidentalis 0.37 0.19
Carya ovata o .09
Ulmius americana 0.09
Morus atba 0.09
Crataegus spp. 0.05
Juniperus virginiana 0.19

aar e avalis seadlings contain some C. avara.

sever, saplings {six black oak and one red cak) were
encountered all in row | on the south.

Significant interactions and main effects for the
densities of hoth seedling- and sapling-sized stems
of species abundant enough to perform a meaning-
ful ANOVA are summarized in Table 4. For seed-
lings, all species except black haw show only sig-
nificant P X I/ interactions among the interaction
terms. For saplings, all species except red maple
show significant P x I/ interactions. However, in
this case, sweet cherry and the composite total
show significant P X R » U interactions, and sweet
cherry and black haw show significant P X R
interactions.

The interaction pattern increases in complexity
from seedlings to trees for flowering dogwood, sweet
cherry, and white ash (Tables 2 and 4). These
species are characterized by only P X U interactions
as seedlings, This type of variation is also significant
for saplings and trees, but additional sources of
variation also are significant in the older size classes.
For sweet cherry, interactions involving rows are
significant for both saplings (P X R X U, PXR)
and trees (P x R x U). For white ash and flower-
ing dogwood, significant row interactions occur for
trees,

Trends described eatlier for the oaks show a
similar increased complexity of interaction pattern



Fall 1972

VEGETATION ANALYSIS OF FOREST EDGES

461

TapLE 4. Summary of interactions and main effects for density, by species or species group, for seedling and

sapling size classes (X = significant)

Seedlings

BxR PxlJ  RxlJ  PxRxU

Species ar species group p R N)

Saplings

PxR PxU  R:U  PxRxU

X Total stem

Understary

P
S
=

Transgressive
Prunus avium

X Acer rubrpm

X

MR K AN
A -

Carnus forida

Fibipnum peomifolinmm
Fraxinus americana

Sassafras albidums

X x

kS
»

E A 4
o A
A

aSassafras and black haw analyzed far seedlings and saplings althaugh tres samples were tao small far meaninagful ANGVA,

by size class. For seedlings a position effect is
noteworthy. For saplings, both position and row are
important. As trees (Table 2}, all three species
show interactions or main effects involving rows.
Thus, increased complexity of interaction by size
class from seedlings to trees appears to be char-
acteristic of canopy trees as well as flowering dog-
wood and the transgressives.

The nature of this increased complexity is il-
fustrated best by sweet cherry, Figure 8§ describes
completely, within the capabilities of this design,
the comparatively simple seedling distribution. This
interaction changes little by size class (Fig. 8§ and
Fig. 6). However, the significant P X R ¥ U inter-
action (Fig. 9) is needed to describe the more com-
plex distribution of saplings. Clumps of saplings are
found in rows near the edges only in certain units
an bath sides of the stand. Comparison of the sweet
cherry sapling and tree P X R X U interactions
(Fig. 9 and Fig. 5) reveals that the clumps of
sweet cherry extend farther into the stand as sap-
lings than as trees. Not only different types of
interactions, but also the different nature of the
same types for different size classes are effective in
describing the changes in distributions by size class.

Several species not abundant enough to study by
ANOVA were investigaied by merely plotting their
distributions by size class on quadrat maps. Three
species found only as seedlings and saplings in the
center were found in all three size classes at both
stand edges. These include black cherry ( Prunus
seroting), shagbark hickory (Carya ovata), and
black haw. In the tree size class black cherry was
found maore often an the north and shagbark hickory
more often on the south. Tree-sized black haw was
found in abundance in row 1 of all northern units
and in rows 3-6 of the SM and SE units. As in the
case of sweet cherry (Fig. 9 and Fig. 5), black haw
extends farther into the stand at the edges as sap-
lings than as trees. [t displays the same trend of
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FiG. 8. Significant P x ¥/ interaction of density for
sweet cherry seedlings and saplings, W, west; M, middle;
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Fic. 9. Sweet cherry sapling density per quadrat by
position, row, and unit (P X R X I/ interaction) com-
pared to the center mean. Shaded bars indicate values
significantly greater thap center mean. Center mean,
0.37; upper CL, 13.88; lower CL, —0. W, wesl, M,
middle; E, east.

increased complexity of interaction by size class
demonsirated by several other species.

Shrubs and herbs.—Although this study em-
phasizes tree species, analyses of the distributions of
the principal shrubs and herbs are included to pro-
vide additional evidence for delimiting and character-
izing the edges of the stand. On an average 20-m
shrub transect in the center, there are 13 m (66%)
of plant caver (Table 3). Unoccupied space extends
9 m, er 45%. Thus, there are approximately 2 m
(119) of overlap between species. Most of the
plant cover is almost equally divided among maple-
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TaRLE 5. Cover (expressed as meters per 20-m transect
and as percentage) for the shrub and herb lavers in
the farest center

Upper
Mean and
Species or species graup (m} tower CLt  Parcentage
Shrub
Taotal plant caver 13.2 45.4
Cverlap 2.2 11.2
6.3
Viburnum acerifolinm 4.8 241
1.3
Lenicera faponica
4.9
€1} less dense 3.2 15.9
1.5
1.7
(2} dense mat 0.6 3.2
—0.0
Carnus florida
Sapling 2.0 2.8
Sprout a.§ -]
Frakinug americana 0.4 2.8
£.0
Brapches < 1.5 m high 0.3 1.4
—0.0
Acer rubrum 9.2 1.9
a.5
Rubus allegheniensis 3.2 [0
—0.4
Viburnum prunifalium a.l 0.8
Lindzrg benzain 0.1 0.5
Fiburnuns dentacum Th 4.2
Twelve other species 0.3 I.4
Unaceupied space 9.4 45.4
Hech
9.8
Padaphyllum peftatum 7.5 K
5.2

+Confdence limits (CL) ave applicable to PxR interactians in Fig. 10
anly.
8T = Trace.

leaved viburnum, Japanese honeysuckle (mostly less
dense class 1), and sapling-sized stems of three tree
species: flowering dogwood, white ash, and red
maple.

© All the shrub categories listed in Table 6 show
significant P X R X U interactions except Rubus
allegheniensis. More interactions, especially P X R
X U interactions, are significant for the shruhs
than for the trees or their reproductive size classes
{Tables 2, 4, and 6). Thus, the shrub distributions
are. quite complex, more complex than most of the
tree distributions. In contrast, the distribution of
May-apple shows a meaningful response only to
P > R among the interaction terms,

The significant P X R interactions for the various
shrub categaries and May-apple are summarized in
Fig. 10. It should be realized from the figure head-
ings that the first five shrub transects represent a
distance of only two tree rows, while the second
five represent the remaining four rows, Farest spe-
cies (maple-leaved viburnum, May-apple) show sig-
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TABLE 6. Summary of interactions and main effects for

cover of principal components of shrub layer (ex-

clusive of tree reproduction) and herb layer (X =
significant }

Caover
Species ar
species group P R U PxR PxU RxUJ PxRxU
Shrub
Viburnums acerifalinm X X X X X X - 4
Lanicera japonica
(i} less dense x X X x X X
(1) dense mat X X X X X X X
Rhus radicans X X X X X X X
Branches £ 1. S mhigh ¥ X x X X X
Rubus alleghentensis X X X x
Heth
Padaphyllum peltatum X X X X X

SPECIES AR
SPEGRAUP
sHAUR
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Bionches S1.9m by Rl K L L ]
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HERB
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Fig. 10. Cover per 20-m tramsect of principal com-
ponments in the shrub and herb layers by rows at the
three positions (P> R interaction) compared to the
center mean. Shaded and open bars indicate wvalues
significantly greater and less than center mean {as
shown in Table 3}, respectively.

nificantly less cover ‘at the immediate edge on bath
sides in comparison to the forest center., Conversely,
poison ivy and tree branches show significantly
mare cover at the immediate edge on both sides, but
Rubus allegheniensis and class 2 Japanese honey-
suckle show this condition anly on the south. In
terms of forest composition, it is evident that tree
branches and shade-intolerant shrubs with excellent
capabilities of vegetative reproduction are more
important than typical forest-center shrubs and herbs
at both stand edges,

Figure 10 is limited, of course, in its depiction of
the varjation within the distributions of the various
categories. It shows the overall contribution of
each category by row at each position, but it gives
no indication of hew or where along the row the
contribution is made. The existence of significant
PR X U or P X U interactions, or both, indicates
that considerable variation within rows and be-
tween units is to be expected, except in the dis-
tribution of May-apple (Table 6). Detailed analysis
of this variation is beyond the scope of this work,

Communiry structure at the edges

The total number of values significantly different
from the center mean by position and row (P X R
interaction) in the tree, shrub, and herb layers is
summarized in Table 7 (Fig. 3, 4, and 10). The high
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TapLe 7. Total number of values significantly different from the center mean in the tree, shrub, and herb layers
by position and row (P R interaction) (sumamary of vertical additions by row in Fig. 3, 4, and 10)

MNaorth © Center South
Layer I 2 3 4 5 & .21 4 5 & § 5 4 3 2 1
Tree depsity {Fig. 1) 4 [ 2 2 a ) 0 0 0 0 a 1 2 k) 4 4 7 8
Tree basal arsa (Fig. 4) 4 8 L 4] q ] ] ] ] ] a (] L ] 5 2 4 4
Shrub-herb cover (Fig. 10) 5 2 1 i} 2 1 0 0 ¢ ¢ ¢ 1 2 2 2 3 3 5
Total 13 Lé 4 2 4 3 i} a a a (] 2 5 5 L 9 14 17

values characteristic of N1, N2, and Sl through 84
show the magnitude and inward extent of the
combined edge response of all species at each
boundary. They also show that the north edge is
narrower than the south.

At this scale of varjation, the problem of deriv-
ing an actual compositional gradient from the indi-
vidual species distributions or patterns is not solved
easily. Arranging the species together, such as in
Fig. 3, 4, and 10, represents a middle ground be-
tween the more illustrative means of presentation
available for each individua! species (Pidgeon and
Ashby 1942, Ashby 1948) and the further investiga-
tion of species assemblages through association mea-
sures. A subjective assessment of the significant inter-
actions of the various species in the figures, supple-
menfed by reconnaissance notes and other data
not easily subjected to ANOVA, is used below to
describe the structure of the edges.

The rows N2 and 84 mark the inner limits of
the high numbers of sigpificantly different values
{Table 7}. These two rows display many similarities
in both horizontal and vertical structure. On both
rows, the presence of large trees is indicated by a
total tree density typical of the center paired with a
significantly larger basal area. The distinguishing
feature is the high basal area, contributed by the
oaks on the south apd by the oaks, sweet cherry,
and white ash on the notrth, The bottom branches
of the canopy trees occcur at low levels on the boles
and extend over and into the lowered understory of
the rows exterior to bath N2 and S4.

The areas exterior to N2 apnd S4 are different in
hoth structure and extent. The north edge is not
only narrower, but also less complex than the south
edge.

N1 is essentially a low thicket of arborescent
growth mingled in places with clumps of poison
ivy from the shrub layer. The most distinguishing
feature is the low canopy of the understory and
transgressives. This is represented by significant in-
creases (compared to center) in both the number of
low branches and their cover. Most of the branches
are contributed by flowering dogwood which is
represented by a significantly higher number of
stump sprouts than in the center., These sprouts

comprise 359 of the total Cornus florida stems on
NL. The higher number of small trees compared to
the center is contributed not only by flowering dog-
wood, but also by higher densities of black haw
and sweet cherry, the latter oceurring in <lumps.
Scattered black cherry and an occasional shagbark
hickory, not found in the center, are abserved also.
In the shrub layer peison ivy and tree branches
dominate rather than maple-leaved viburnum and
class 1 Japanese honeysuckle. Sapling-sized stems of
sweet cherry in the vicinity of the tree clumps and
black haw extend from N1 toward the interjor.
Herb-sized poison ivy, Virginia creeper, and various
grasses characteristic of abandoned fields are found
i the herb layer rather than May-apple.

Important features of N2 include significantly
higher (than in the center) densities for each oak
species and sweet cherry. These species {except white
oak) and white ash also contribute significantly
higher basal areas. The sweet cherry and white
ash accur in clumps along the edge, and red oak
shows a tendency to clump also. As on N1, scattered
black cherry and shagbark hickory are observed.
May-apple cover i3 significantly lower than the
center,

On S1 scattered, small frees contribute total
density and basal area significantly less than in the
center. After flowering dogwood, less important
because of significantly lower values of both density
apd basal area, sweet cherry {in clumps} and black
oak, both showing density values significantly greater
than the center, are most important. Clumps of
poison ivy and class 2 Japanese honeysuckle in
addition to Rubus allegheniensis, all contributing
significantly higher cover values than in the center,
form a. dense growth between and upon the trees.
Class 2 Japanese honeysuckle is replaced by the
less dense class 1 immediately under the lowered
canopy of the understory and transgressives. The
low canopy is represented by significantly higher
values than the center for both the number of low
branches and their cover. Sapling-sized stems of
sweet cherry associated with the tree clumps ex-
tend from 51 toward the inferior. May-apple cover
is significantly less than in the center. The herb layer
is composed of poison ivy and grasses character-
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- istic of old fields, It is spotty because of the dense
shrub layer.

On 52 a total tree basal area typical of the center
is contributed by a significantly higher density of
trees. The high density is associated with significantly
higher values of white oak, red oak, and sweet
cherry (in clumps}, in addition to flowering dogwood
which shews a value higher than the other edge
rows, but not significantly different from the center.
Scattered shaghark hickory and an occasioral black
cherry, not found in the center, are observed. Basal
areas significantly greater than the center are con-
tributed in a clumped fashion by flowering dog-
wood, red oak, and white ash in addition to sweet
cherry. In the shrub layer a significantly lower value
of maple-leaved viburnum is associated with sig-
nificantly higher values of poison ivy and class 1
or class 2 Japanese honeysuckle, or both, all con-
tributed in clumps at various locations along the
row. In the herb layer a significantly lower value of
May-apple is associated with high values of the
shrubs above or of herb-sized poison ivy.

On both S1 and 52 the intermingling of tree
branches and woaody vines in the shrub zone, all
represented by values significantly higher than in
the center, gives a thicket-like appearance to the
two rows. This is especially true in 82 because of
the high density of trees.

On 83 a total tree basal area typical of the
center is contributed by a significantly lower num-
ber of trees. The low density is associated with
significantly Tower values for both white ash and
flowering dogwood. Despite its low density, flower-
ing dogwoad is still the most numerous tree. Tt is
followed by equal numbers of sweet cherry (in
clumps} and black haw, both represented by values
higher than the center for hoth density and basal
area. The black haw is found only in the SM and
SE units. In contrast, more flowering dogwood oc-
curs in the SW unit. The lack of poison ivy, class
2 Yapanese honeysuckle, and tree branches near the
ground gives 83 a forestlike appesrance. How-
ever. both maple-leaved viburnum and class 1
Tapanese honeysuckle are characterized by cover
values significantly lower than in the center. May-
apple, with a cover value significantly greater than
the center. covers approximately three-fourths of
the row,

On S4 black oak and black haw (in the SM and
SE units) have densities higher than the center.
These species and white oak possess significantly
higher basal areas than the center. Both flowering
dogwood and white ash are represented by densities
significantly less than in the center, In the shrub layer
maple-leaved viburnum exhibits cover values typical
of the center. Sapling-sized stems of sweet cherry
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in the vicinity of the tree clumps noted earlier
terminate their inward extension.

The areas interior te both N2 and §4 are similar
in that they are characterized by comparatively few
values significantly different than the center. Vertical
structure appears similar to that within the stand,
Values of flowering dogwood are consistently lower
than in the center on these rows as they are on
most others at both edges. On N3 through N6
sapling-sized stems of sweet cherry in the vicinity
of tree clumps extend through row 4. On the south,
higher densities of both tree- and sapling-sized
black haw extend from row 4 through row 6. Also,
the significantly higher cover of May-apple and the
significantly lower cover value of class 1 Fapanege
honeysuckle noted in S3 both extend through S6.

Phenclogical observations conducted during sev-
eral periods between 1963 and 1968 indicate that
differences in the timing of vegetative processes
between the two edges and hetween the edges and
the center are not very striking. The differences
which do occur are found primarily during spring
and fall in the herb layer, the vegetative layer
closest to the climatolagically active surface at those
times of year (Wales 1967). During fall, defoliation
tends to oceur slightly earlier for all tree species at
the edges than at the center.

The tree layer at the edges is distinct from the
center in spring not because of differences in the
timing of vegetative processes of the same species,
but because many species characteristic of the edges
as opposed to the center flower or leaf out, or bath,
earlier in spring. These indicater species include
sweet cherry, black cherry, and black haw.

Discussion

Role of land history ar the edges

When the woods adjacent to the present forest
were clear-cut and the land converted to agricultural
use, the north and south edges undoubtedly were
well defined. This study attempts to evaluate the
changes which have occurred over the years in
vegetation within these two exposure-induced micro-
environments established by man. However, in a
forest-climax region edges are maintained in their
original positions only by continued use of the ad-
jacent land. An edge maintained at its original posi-
tion may be thought of as a stabilized edge. In
contrast. abandonment leads to reforestation in
frent of an established edge. In this situation the
edge may be thought of as an unstabilized one he-
cause both the original position of the edge and
its microclimate have changed gradually. Thus, the
nature and width of established forest edges are
determined not only by microclimatic gradients with-
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in the edges, but also by man’s continued use or
disuse of the adjacent land.

Several converging lines of evidence lead to the
belief that N2 and S$4 are the original edges of
the stand. The evidence is gathered from the vegeta-
tion itself, from scars in the vegetation left by man’s
activity, and from the history of the land as found
in documents and the memories of both past and
present owners.

In terms of present vegetation, the total number
of significant differences for all layers is high and
variable exterior to both N2 and S§4, and relatively
low and constant to the interior (Table 7). As de-
scribed above, the three oak species contribute
heavily to the high qumber of significant differences
in the two rows, both in terms of density and
especially basal area. Except for red oak, diameters
at breast height for caks are smaller than the
center exterior to the two rows but equal to or
greater than the center within these rows (unpub-
Yished dara). Perhaps the most striking similarities
are the lowness of the branches on the boles, their
predominance on the field sides of the trees, and
the lean of the boles toward the adjacent field. These
characteristics are especially pronounced on the
sauth.

The actual cutting date which established N2
and 84 as the original edges appears to be lost, but
evidence indicates that the date was during or be-
fore settlement by Europeans. Many of the present
oaks, concentrated around the 38-cm-dbh size class,
were established during Colonjal times when the
open conditions in the lower layers, caused by
frequent pre-Colonial fires, probably were still in
existence (Monk 19618). Growing under these
conditions when the original edges were established,
oaks in the vicinity of the edges and their progeny
were influenced by the microclimatic transition zones
created there.

Literature concerning the nature of wvegetation
within edges is difficult to find. However, the sim-
ilarities between the oaks found in N2 and 84 are
the same as characteristics noted by foresters in
recent time for oaks released from competition by
various thinning and cutting practices. For ex-
ample, the vertical structure of the two edges is
similar to, but more pronounced than, that de-
scribed for red oak (and yellow-poplar) at edges of
hole cuttings in poletimber stands of Appalachian
hardwoads (Trimble and Tryon 1966). The in-
creased diameter growth of white oak at the south
edge is typical of that observed for over-topped
trees once released (Minckler 1956 and others) and
trees with unobstructed crowns. Since black oak
fails under dense canopies (Fowells 1963}, its
presence and increased density and diameter growth
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at bath N2 and S84 are difficult to explain in terms
other than an edge effect. If N2 and S4 are the
ariginal edges, surely the origin of rows exterior to
them can be found in the history of the edges.

Since EBurapean settlement, the fields adjacent to
the north edge have been under the same ownership
as the forest. A slight mound in row 1 under the
branches of the understory trees, but in front of
their boles, represents an old furrow slice which
commonly accumulates along the sides of agri-
cultural fields. This, plus barbed wire embedded in
trees positioned in row 2 in two of the three units
(Fig. 1}, establishes that the north boundary has
remained stabilized through the years. The sig-
nificantly higher number of tree-sized flowering dog-
wood stump sprouts in row | indicates that the edge
was trimmed from time to time, a rational act of a
farmer owning both forest and field and seeking
maximum use of the field.

In 1905 the Mettler family sold the field south
of fields § and é to John Schnidt (Fig. 1}, but
permitted the new owner to farm flelds 5 and 6 while
warking his newly acquired land. This arrangement
was never changed even after Rutgers University
acquired the land. Thus, although the forest and
adjacent fields on the south have remained under
the same ownership, the fields have not been farmed
by the owner of the forest. According to a member
of the Schnidt family in residence since 1912, it was
a family policy not to farm close to the forest (Mrs.
Frank Finch, persona communication), Partial
abandonment, then, accounts for the advancement
of the forest beyond 84. Growth-ring counts of
several of the larger trees in S1 and 82 showed
them to be approximately 50 years old. This coin-
cides rather well with the initiation of the manage-
ment policy described above and also the introduc-
tion of tractors, which would place a man higher
and provide inducement to remain away from the
low branches near the edge of the stand.

Comparison of the south edge studied here with
another part of the south boundary to the west (Fig.
1) vyields additional evidence indicating that forest
advancement on the south is due to land use. On
the south boundary to the west, the property line
and forest edge coincide, and the owner of the field
has plowed to his line for over 40 years (F. Rogo-
zinski, personal communication}. The similarities
and differences between this area and the north
boundary are documented elsewhere (Wales 1967),
The width of the south boundary on the west is
more similar to the north boundary than to the
adjacent boundary on the south. The southwest
boundary differs from the north in composition
rather than jn width and shows similarities to the -
adjacent boundary on the south.
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Fram land histery ane learns that a low thicket
(N1} has grown up in frent of the relatively stab-
ilized north edge, but that approximately 15 m of
forest (81-83) have become established in front of
the south edge which became relatively unstabilized
shartly after 1900. The most interesting feature of
the newly established forest strip is the structure
of §2. The formation of a new edge is evidenced by
cak densities significantly higher than those in the
center. Although typical of values in the center,
the basal area of these trees is low compared to
the original edges because the trees are still young.

Role of microclimate

Two analogies concerning the microclimatic and
vegetational transitions are evident from the study
of the variation within both the edges and center
of the stand. Just as the transition zone for each
microclimatic element at a single, given boundary is
different, the vegetative transition for each species
at that boundary is different. For several species the
presence or absence of an edge response at all
(white ash) or the width of the edge (sweet cherry,
black haw)} varies by size class for the species, Just
as the transition for any one microclimatic element
is different at the north and south boundaries, the
vegetative transition for each species differs at the
two boundaries. One would hardly expect otherwise,
since the various species, each possessing a given
genetic potential, interact with other species within
the microclimatic transitions.

Interpretation of the segregation of species within
the edges and in the ceater is dependent upor the
recognitien of four different, expesure-induced mi-
crohabitats: (1) north edge, (2) south edge, (3)
well-stratified areas, and (4) gaps associated with
windthrows or other disturbances within the stand.

Edge versus gap effects—Reconnaissance and a
pilot study verified that many of the shade-intolerant
species (sassafras, sweet cherry, white ash) known
to oceur within forest gaps were also prevalent at
the edges of the stand. Gaps, varying in size, shape,
age, and hence vegetative campositicn, are found
both in the center and at the edges, thus repre-
senting, to a greater or lesser degree, noise super-
imposed upon the edge gradient into an otherwise
well-stratified stand. Since the relative importance
of the gaps and edges was unknown, it was thought
initially that so much variation might he introduced
between replicates by the gaps that few significant
differences would be found at the edges of the stand.
(Since the replicates contain hoth gap and non-gap
areas, variation associated with gaps is incorporated
in the error mean square, against which all other
sources of variation are compared.) Presumably,
this would apply to the dominant oaks and especially
to the shade-intolerant transgressives, since elim-
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ination of one or two oak trees is followed by
establishment of several individuals of the transgres-
sive species.

Gaps were identified and subsampled for analysis
in the event that gap influences masked the edge
effect. As the number of significant differences in
Table 7 clearly shows, this did not oceur. Gap in-
fluences are evident in the results to some extent,
and it is best that they be described briefly before
proceeding. :

One interesting feature of the data is the relatively
wide 95% confidence intervals leading te a —0.00
lower confidence limit for many species. This is in
part a consequence of the increased variation within
the error mean square associated with gap in-
fluence. Thus, the absence of a given species in a
given quadrat is expected.

A number of cases (sweet cherry and others)
have heen noted where an edge effect in certain
units, indicated hy a significant P X R X U inter-
action, also is reflected in a significant P X I7 inter-
action because of the large contribution of the edge
rows in those units. For a species represented by
large numbers of individuals in gaps, such as white
ash, significantly higher densities than in the cenier
are noted pot only in edge rows in cerfain units at
the boundaries, but also in one row at the interior
of a boundary unit and in several rows within one
unit in the center (Fig. 5). These rows all were
shown to be high in gap area on the gap maps.

Species segregation at the edges—A comparison,
of the distributions of the various species and their
reproductive size classes clearly shows a segregation
amang species and hetween size classes at the edges
and within the stand. These findings are especially
Interesting when interpreted in the light of findings
concerning the physiological capabilities of the
various species when available and their responses
within forests on level terrain and on north and
south slopes, exposure-induced microhabitats similar
to the ones examined in this study.

Evidence has been presented to show that despite
the elimination of numerous individuals by wind-
throw and disease (Reiners and Reiners 1965),
each species of the nonreproducing (Tahle 3 and
Menk 19618), dominant oaks is characterized by a
homaogeneous distribution in the forest center (Tabie
2 and Fig. 7). Black oak shows the strongest re-
sponse at the edges. It is described as mare
drought resistant and less shade tolerant than the
ather two species (Fowells 1965) and is especially
prevalent on the south. Nat only are its values for
bath density and basal area significantly higher than
the center in the original edge (S4), hut also it is
the dominant oak at the leading edge of the forest
strip (Fig. 3, 4).
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Oak seedlings were sparse, and most of them
were encountered throughout the southern units
where direct light penetrates through the side of
the stand, where the understory is poorly developed
(Fig. 7), and where the litter layer is fairly thin
over much of the area (urpublished data). Over
909 of the small number of saplings were found in
N2 and S! where their crowns are exposed to the
more favorable light regime. Both black oak and
red oak are more pumerous at the edges than white
oak, and black oak dominates on the south.

Scattered individuals of shagbark hickory were
encountered only at the immediate edge on both
sides, especially on the south. Although evidence
indicating an edge response for red hickory was
inconclusive, this species is found throughout the
stand. Therefore, it may be inferred that red hickory
is more shade tolerant than shagbark. This in-
ference is supported by Monk's (19615} sapling-
height growth data which show more height growth
for red hickory than shagbark hickory in dense and
intermediate shade (5-35% full sunlight).

American beech (Fagus grandifolia) was en-
countered ip areas peripheral to its main distribu-
tion described by Haines' (1965) map. As shown
by the map, the distribution of American beech
displays no edge effect. The species possesses a
low compensation point (Burns 1923) and is
classed as very tolerant (Baker 1949). Its presence
in the forest is correlated with an increase in the
clay fraction of the soil (Haines 1965} rather than
the exposure-induced microclimatic effects associ-
ated with edges and gaps studied here.

Several features of the complicated distribution of
flowering dogwood are of interest. On N1 the high
number of small trees, which is the only density
on the north not significantly lower than the center,
is explained by the fact that over one-half of the
stems are of stump-sprout origin. The low density
of trees in 81 is a result not unexpected in a sjtuation
where a pew forest is becoming established within
an abandoned strip. The real problems t¢ account
for are the high density on $2, which is not sig-
nificantly different from the center, and the signif-
icantly lower densities found in rows interior to
both §2 and NI. Alse, interior to §4 and N2, the
original edges, these trees are larger in diameter
than those observed in the center. Thus, somewhere
heyond row & on both sides of the stand, flowering
dogwood grades (o a more dense population of
smaller trees.

As a common understory component in both the
southern and northern Piedmont (QOosting 1942,
Mopk 1961a), flowering dogwood is considered to
be very shade tolerant (Baker 1949). It sprouts
abundantly, and taller, more numercus sprouts
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have been observed after winter cuttings than after
midsummer cuttings in North Carolina (Buell 194Q).
Also, in North Carolina, soil moisture was the
most important factor in seedling survival (Ferrell
1953). Flowering dogwoad is susceptible to drought
fMay 1552},

Low reproduction in the edges compared to the
center and large numbers of damaged and dead
standing trees, observed especially on the south, are
factors influencing the flowering dogwood distribu-
tion which appears to be related to the recent severe
apd prolonged drought. Its ability to sprout pro-
lifically and the fact that flowering degwood is a
promipeni member in gap closure are additional
factors influencing the present distribution. A full
interpretation of this distribution is dependent upon
future evaluation of these various factors.

In virgin stands black cherry is associated with
disturbance, usually windthrow (Fowells 1965).
Within Hutcheson Memaorial Forest naturalized
sweet cherry is more numerous within such areas
than the native black cherry. In the center both
species are represented as seedlings, but there are
fewer black cherry saplings and only sweet cherry
is represented by trees. These trees are invariably
associated with disturbance, uswally windthrow.

Just as the more mesic north and east slopes are
more favorable for black cherry than south and west
slapes in the Middle Atlantic States (Hough 1953),
the north boundary is more favorable for black
cherry than the south boundary., Although scattered
trees occur at the immediate edges on both sides,
there is five times more black cherry on the north.

Sweet cherry is represented by clumps of trees
along both edges. It is found within both the thicket-
like N1 and original edge N2 on the north and the
full width of the forest strip (S1-83) on the south,
Scattered larger trees are found interior to the
clumps in both edges. Thus, sweet cherry extends
farther into the edges than black cherry on both
sides. From their responses both within the forest
and at its edges, ope may infer that sweet cherry
is slightly more shade tolerant than the native
species.

Sweet cherry seed dissemination by gravity from
seed trees mostly occurring in clumps and successful
seedling establishment are the logical factors ac-
counting for the similarity of the P X U interactions
for seedlings and trees. Since in the center the trees
found in gaps usually are not large enough to pro-
duce seed, bird dissemination must account for
mast of the seedlings established within the stand.
Presumably, limited dissemination as well as com-
petitive interactions among species prominent in
gap closure account for the Jlimited number of sweet
cherry trees in gaps in the stand.
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As factors such as low light intensity and root
competition for moisture take their toll among the
larger seedling populations near tree clumps in
both edges, a sapling distribution develops which
indicates that sweet cherry penetrates both edges
farther as saplings than as trees. Most of the sap-
ling-sized stems interior to the trees are multiple-
stemmed sapling sprouts. Apparently adverse fac-
tors are limiting the advance of sweet cherry farther
into the stand, since the sapling sprouts leaf out
early and show growth in the spring, but are leafless
and often die back by summer. In contrast, sapling
populations not significantly different from the
center produce significantly higher tree populations
under the higher light regime near the edge, as
shown on NE! (Fig. 5, 9).

White ash, shade tolerant in vouth but increas-
ingly intolerant with age (Guenther 1951}, is a
major component of second-growth forests in the
Nertheast and is consistently found in small num-
“bers in virgin stands, where it owes its existence to
disturbance, usually windthrow (Cope 1948). The
hetercgeneity shown in the density distribution in
this study is related to a tendency to clump in rows
both at the edges and within the center in certain
units, However, clumping of basal area occurs only
at the edges,

Further investigation is needed to ascertain to
what extent the increased basal area in the edges is
due to increased diameter growth at the edges com-
pared to the center per se, and to what extent it is
due merely to the uneven age of the white ash trees.
Several obviously clder trees contribute greatly to
the increased basal areas in N2 and §2. In contrast,
the population within the stand is comprised pri-
marily of young trees, established since the canopy
was opened considerably in 1950.

Sugar maple has a low compensation point (Burns
1923} and is classed as very tolerant (Baker 1949).
It shows a strong response to release after several
years of suppression (Conover and Ralston 1959).
Height growth of sugar maple saplings in dense
shade (1-69 full sunlight) was greater than that
of other species studied in Hutcheson Memorial
Forest {(Monk 19615). Growth of Norway maple,
which was studied only in intermediate shade (304,
full sunlight), approached that of sugar maple. In-
creased importance with time of sugar maple and
possibly Norway maple in the stand was suggested
by Monk (19615) hecause of the low survival of
oak saplings and the successful introduction of both
maples. Cessation of Indian fires and the subsequent
development of a dense shrub_layer were seen as the
causative factors presently favoring the more fire-
sensitive, shade-tolerant maples over the less fire-
sensitive, shade-intolerant oaks.

BRUCE A. WALES

Ecalagical Monographs
Val. 42, MNo. 4
Although the data are not directly comparable,
it is evident that 10 years after Monk's (19615}
sampling, both sugar maple and Norway maple are
important components of the stand. Seedling and
sapling populations of both species are associated
primarily with the local presence of young seed
trees. Norway maple in all size classes was found
in the plots of all three positions, except that no
seedlings were found in the center plots. Trees and
saplings of sugar maple were found throughout
center and north units, but seedlings were found
only an the north. No sugar maple was encounterad
in southern plots. The distributions of both species
show no relationship to rows at either edge of the
stand.

Red maple is considered as a major component
in gap closure by Monk (1961a). In this study its
distribution shows clumping along the north edge
(Fig. 6), but no significant variation into either edge
(Tables 2, 4, and 6). Tt is classed as tolerant by
Baker (1949) and showed less sapling height
growth than sugar maple in dense (about 82, full
sunlight) shade, and less growth than either sugar
maple or Norway maple in intermediate (about 359
full sunlight) shade (Monk 19614).

Sassafras was found infrequently in gaps as small
trees in the forest center, but it is locally important
in the SW unit where several trees measuring over
20 ¢em dbh were observed in rows 2, 3, and 4. Tree-
sized sassafras also oceur in ather southern wunits,
but oot in porthern anes. The local concentration
in the SW forest strip probably represents a remnant
of the secondary succession within the area, since
Bard (1952) reports this species as prominent in
60-year fields. A number of dead, overtopped trees
indicates that suppression leads to elimination.

Monk (1957) saw such a strong relationship
between open canapy conditions and the presence of
black haw that he used the species as an indicator
for disturbance and classed one narrow section of
the forest characterized by much side light and
many blowdowns as the black haw shrub type.
Similar results were obtained in this study. Al-
though encountered only as seedling- and sapling-
sized stems in the center, tree-sized black haw is a
consistent component of the thicket-like N1 where
individuals with their crowns exposed to the more
favorable light intensity are quite vigorous. '

A number of features noted interior to row 3 in
the SM unit and especially in the SE unit are the
same as features described for Monk’s (1957)
black haw shrub type, and it may be that this area
was overlooked in his study. These features include
the increased densities compared to the center of
black haw and sweet cherry in both the tree and
sapling size classes, the significantly decreased den-
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sity compared to the center of flowering dogwood,
and the increased number of white ash compared to
the other unit on the south.

A general relationship which applies to most
species 1§ an increasing complexity in their dis-
tributions from seedlings to trees. Seed dispersal,
germination, and seedling establishment and survival
al] influence the seedling distributions, usually repre-
sented only by significant P X U interactions. As
time passes, the seedlings of the various species
interact with other species within the different micro-
habitats, including gaps and well-stratified areas in
the stand and the north and south edges. Certain
species are favored over others in the different areas,
resulting in local concentrations and hence more
complex distributions for many species, represented
by larger numbers of significant interactions, As the
process continues among saplings, free distributions
are developed, characterized by a sfill greater com-
plexity as indicated by still higher numbers of sig-
nificant interactions, especially PX R X U inter-
actions. When the significant interactions are in-
vestigated, it is apparent that no two species are
distributed and thus segregated in exactly the
same way.

The ANOVA has identified the shrub distributions
as opposed te those of the trees or their repro-
ductive size classes as the most complex distribu-
tions, by virtue of their high rumber of significant
interactions, especially P X R X U interacticns. The
fact that shrubs are sensitive. indicators of habitat
conditions has heen used by a number of in-
vestigators to classify different forest types (Qosting
and Billings 1939, Daubenmire 1952, Monk 1957).
The great value of shrubs as indicators of edge effect
within a single forest type is shown in Fig. 10.

Future studies should be devoted te the -deter-
mination of the physiological bases for the segre-
gations of species described above. Partly as a
result of the soil moisture vs. light controversy,
there is considerable literature concerning competi-
tive interactions between pines and hardwoods in-
volving such factors as light, water, and minerals.
However, literature concerning similar interactions
between the hardwoods themselves or. the hardwoods
and various shrub components is found much less
easily. Moreover, the possible roles of chemical
interactions (auto-intoxication, synergism, allelo-
pathy) aod of animals  during establishment of
dominance and pattern have been investigated very
little thus far in eastern deciduous forests.

A pronounced segregation of species is observed
on ‘the relatively steep north-south slopes of the
central Appalachian Mountains (Smith 1966 and
others). A more subtle segregation of species oc-
curs on the north and south slopes of hills ‘on the
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New Jersey Piedmont. For example, Cantlon {1953),
working on 2 hill 180 m high near my study area,
described an ocak-hickory forest in which northern
hardwood members are more important on the
north slope. Among oaks and hickories, red oak is
more important on the north slape, and black oak
and hickories are more important on the south.
My analysis shows a similar, yet even more subtle
segregation of species over short distances -within
edges of forests on level terrain.

The edges share with forest gaps bhoth a vertical
and a horizontal structuré intermediate between that
of the well-stratified forest and adjacent old fields.
Species prevalent in the later stages of secondary
succession, especially shade-intolerant species and
species characterized by good vegetative reproduc-
tion, are the ones prevalent within the edges and
gaps of the stand.

Although the species composition vafies some-
what ‘with latitude, the border zones between indi-
vidual stands of forest and grassland within the
prairie-forest margin bear a resemblance to those
examined in this study.  There is usually a’ thicket-
like low tree zane or a shrub thicket, or both,
between forest and grassland proper (Weaver 1954},
As within old field-forest edges, shade-intolerant
species ard species characterized by good vegeta-
tive reproduction are prominent among the species
found in these zones. For example, species of Rhus,
Rubus, Prunus, Amelanchier, and others are listed
as representative members. ' '

Intervelationships between history, microclimate,
and vegetation.—As the thicket-like N1 grew up
over the years, it gradually modified the micro-
climate to which it was responding at the original
edge. The effective width of the microclimatic tran-
sition zone is harrower on the north boundary than
on the south. The light regime of the north edge
is dominated by diffuse light except for short
periads each day during summer when direct light is
incident upon the edge. Thus, the penetration of
light into the north side is negligible. The advective
influences of wind and precipitation, most active
on the north during the dormant season, have the
greatest penetration into the stand, The thermal
regime during the growing season is not dissimilar
from that in the center of the stand (Wales 1967).

In view of its history of stabilization and narrow
microclimatic transition, especially during the grow-
ing season, it is not surprising to find that the north
houndary -is characterized by a narrow vegetational
trapsition, the inner limit of which, for practical
purposes, is found in the original edge N2. Only
an increased density of depauperate sweet cherry
sapling sprouts and a decreased density of flowering
dogwood trees represent edge influences beyond N2.
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Reforestation of the abandoned strip in front of
the original south houndary complicates the situation
in terms of the width of microclimatic and vege-
tative transition zones. As the forest grew up within
the original field periphery, the microclimate and
vegetation within the original edge and field periph-
ery were changed.

Direct light dominates the light regime of the
present south edge. Not only the duration of sun-
shine and the total amount of solar energy, but also
the depth of light penetration into the side of the
stand, are greater on the south than on the north.
Prevajling winds during the growing season are
incident upon and penetrate into the south edge.
The south is usually the warmest margin of the
stand. Daily maximum temperatures 11°C warmer
than the north have been abserved at 5 cm above
the litter during every season of the year. For mast
elements the microclimatic transition zone is wider
on the south than on the north, especially during the
growing season (Wales 1967).

Microclimatic conditions similar to those de-
scribed above prabably existed within the original
forest edge. As the new forest grew up within the
abandoned strip, the associated microclimate must
have had similarities to that described for old
fields (Sparkes and Buell 1955). With the coales-
cence of individual crowns to form a closed canopy
and associated forest microclimate, many properties
of the microclimate at the original edge were trans-
ferred to the new edge in the forest strip.

The general sequence of vegetation development
in the forest strip may have been similar to that
described in old fields (Bard 1952). After the crowns
coalesced to form a canopy and a forest micro-
climate developed, many properties of the vegetation
in the original edge were lost in the lower layers of
the stand.

In view of its recent history of instability and its
wide microclimatic transition, especially during the
growing season, it is not surprising to find that the
south boundary is characterized by a wide vegeta-
tional transition. The present inner limits, for prac-
tical purposes, are less well defined than on the
north. The decreased density of flowering dogwood
and increased density of both tree- and sapling-
sized black haw (on twe units) may be remnants
related to microclimatic conditions once existent
within the original edge.

The use of the ANOVA is subject ta the same
statistical disadvantages as most measures of pattern.
In this case, [ had the opportunity to match my plots
to known microclimatic gradients, thereby making
biological interpretations more meaningful. In quan-
tifying the species distributions and assessing vege-
tation gradients along, into, and aleng and into the
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edges and inside the stand, the positions, units, and
rows of the ANOVA were used as locational in-
dices of the environmental complex. Although the
actual techniques and the scale of variation are
different, the similarity of approach between this
work and Whittaker's (1967) direct gradient anal-
ysis has led him {personal communication) to term
individual farest edges “microecoclines.”
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