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INTRODUCTION 

This study is part of a longterm research project designed to 

assess the effects of whole tree harvesting with sky-line cable logging 

on the productivity of the Appalachian Oak Forest Ecosystem in the 

Ridge and Valley Province of Virginia. Other study components of this 

project include: (1) soil relations, (2) biomass and nutrient levels 

in understory vegetation, (3) browse productivity, and (4) small mammal 

and avian dynamics. 

The primary objective of this thesis is to elucidate structural 

patterns within and among the common vegetation types occurring on the 

Potts Mountain study site in south-central Virginia. These data com-

prise a portion of the pre-harvest baseline inventory and will be used 

in conjunction with continued research following the harvest, which is 

scheduled to commence in the 1978 growing season. 
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LITERATURE REVIEW 

An integral component of forest ecosystems is the arrangement of 

vegetation in space. Since the advent of ecological investigations in 

forest stands, structural measures have enabled the ecologist to eluci-

date patterns of vegetation distribution and development through time. 

Quantitative measures used to describe the structure of vegetation 

contribute ultimately to the classification of stands within a physio-

graphic region (Lindsay, 1956). More recently, interest has been 

directed at changes in stand structure due to habitat modification from 

forest management. Hence, structural data are of value in applied 

forestry as well as wildlife management, soil conservation, and land-

use planning (Lemmon, 1956). 

The structure of a forest stand is generally defined by two com-

ponents: (1) the vertical arrangement of individuals and their foliage, 

and (2) the horizontal arrangement or spatial distribution of stems 

(Klichler, 1972; Tuxen et ~., 1970). Kershaw (1973) added a third 

component to structure, i.e., species abundance. Although species 

abundance is not, in the strictest sense, a structural parameter, it 

does influence structure from the standpoint that areas which differ 

structurallyusually differ in species abundances, particularly in sub-

ordinate strata. 

A number of investigators have demonstrated the ir.iportance of 

stand structural parameters to plant and wildlife ecology. Horn (1971, 

1975) observed relationships between structural development and suc-

cession. Whittaker (1956), Mowbray and Oosting (1968), and Whittaker 
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and Woodwell (1969) noted structural and compositional changes in 

vegetation along a moisture gradient. The importance of shrub species 

was found to increase from mesic to xeric sites in these studies. 

Whittaker (1966) demonstrated a relationship between stand structure 

and forest production in the Great Smoky Mountains of Tennessee. 

Shrub production was higher on xeric sites than on mesic sites, ranging 

from 20-145 percent of tree production. MacArthur and MacArthur (1961) 

and James and Shugart (1970) described the importance of vegetation 

structure in defining certain niche requirements of bird species. 

These studies provide ample evidence of the importance of vege-

tative structure to the characterization of forest ecosystems. The 

present study attempts to add to our existing knowledge of forest 

ecosystems through structural analysis of major vegetation types in the 

Appalachian Oak Forest Region of Virginia. 



DESCRIPTION OF STUDY SITE 

The study site is situated on the southeast slope of Potts Moun-

tain in Craig County, Virginia. The site falls within the Oak-Chestnut -i 
Region of Braun (1950), which is nearly coincident with the Appalachian 

Oak Forest Region described by Kuchler (1964). More specifically, the 

study area is located in the south-central Ridge and Valley Section of _J 

the Oak-Chestnut Region of Braun (1950) (Figure 1). The entire section 

extends from southern Tennessee, northeastward to eastern Pennsylvania 

and lies between the Appalachian Plateau to the west and the Blue 

Ridge to the east. From approximately 80 miles at its widest point in 

central Pennsylvania, the section narrows southward to Tennessee where 

it is approximately 40 miles wide (Braun, 1950). 

The forests of the northeast-southwest oriented ridges are variable 

throughout the section. Factors such as slope exposure and steepness, 

the nature of the soil, and the ridge induced microclimate influence 

vegetation (Braun, 1950). Dominant species include chestnut oak 

(Quercus nrinus), scarlet oak (Quercus coccinea), black oak (Quercus 

velutina), and pitch pine (Pinus rigida). 

The study site encompasses four non-contiguous harvesting compart-

ments which extend across 5.2 km of midslope at approximately 730 m 

elevation (Figure 2). The compartments range in size from 7.5-17.3 ha 

and are separated by an average 0.4 km. The boundaries are contoured, 

creating a substantial amount of edge. Slopes within compartments vary 

from 8 to 45 percent, while aspect varies from east to southwest. 

4 
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f\ 

-~&.:----..Potts Mountain 
study site 

Figure 1. The Ridge and Valley Section (cross-hatch) of the Oak-
Chestnut Region (outline) of Braun (1950). 



Figure 2. The location of study areas (A-I) within the four noncontiguous harvesting compartments 
on the southeast slopes of Potts Mountain in Craig County, Virginia. 
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The soils of the area are derived mainly from orthoquartzite 

sandstone with interbedded shale outcropping on some spur ridges. The 

sites range from dry and infertile on main slopes and spur ridges to 

relatively fertile and mesic in coves. 

Forest stands are generally even-aged and vary in composition 

and structure from mesophytic hardwoods of coves to nearly pure stands 

of pine on spur ridges of southwest aspect. Four major vegetation 

types have been recognized on the study site. These include, in order 

from mesic to xeric: (1) cove hardwoods with heath (ericaceous) under-

story mostly absent, (2) mixed oak with light to moderate heath under-

story, (3) mixed oak-pine with moderate to heavy heath understory, 

(4) mixed pine with heavy heath understory. Types 2 and 3 occupy a 

majority of the study site, while the more limited type 1 appears to 

account for a disproportionally high amount of tree phytomass and pro-

ductivity. 



METHODS 

Study Area Selection 

A preliminary reconnaissance of the site in August, 1976 resulted 

in the selection of 21 potential study areas. In September, a subset 

of 9 permanent study areas was established and clearly defined on the 

ground (Figure 2). A minimum of 2 areas was established within each 

of harvesting compartments 1, 3 and 4 to represent the two most exten-

sive vegetation types (mixed oak and mixed oak-pine) (Table 1). Com-

partment 3 contains the sole example of the cove hardwood type on the 

most mesic area (Area D). A single non-harvest sample area (Area G) is 

located between compartments 3 and 4. 

The .16 ha (= 0.4 a) sample areas are 40 m along each side and 

oriented with the top and bottom perpendicular to the slope (Figure 3). 

The maximum size of sample areas was dictated by changes in topography 

and its effect on composition and structure of vegetation. Sample 

plots within areas were established on the basis of a nested design to 

accommodate measures of vegetation by height strata. The size and 

number of plots by stratum are given in Figure 3. 

Structural Measures 

Vegetation sampling began in the fall of 1976. Table 2 gives 

the size and type of sample and structural measurements recorded 

by stratum for the 9 study areas. The methods employed to obtain 

canopy coverage, foliage density profiles, and photographs of gross 
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Table 1. Study areas arranged along a presumed moisture gradient 
from mesic to xeric, indicating vegetation type and 
dominant tree species as determined from preliminary 
reconnaissance. 

Area 

D 

A 
I 

F 
c 
G 
E 
H 

B 

Vegetation Type 

cove hardwoods with ericaceous 
understory mostly absent 

mixed oak with light to moderate 
ericaceous understory 

mixed oak-pine with moderate to 
heavy ericaceous understory* 

mixed pine with heavy ericaceous 
understory 

Dominant Tree Species 

Acer rubrur:i 
~yssa syl vat ica 

Quercus prinus 
Carya glabra 

Quercus coccinea 
Quercus prinus 
Quercus velutina 
Pinus rigida 

Pinus rigida 
Quercus coccinea 

* The study areas associated with this type range from predomi-
nately mixed oak with some pine and moderate ericaceous under-
story (Area F) to predominantly mixed pine with some oak and 
heavy ericaceous understory (Area H). 



Row 

10 

Column 

0 ".o~~~~~~~"-~~------~-.... ~------~3._ ________ ~ 
~Tree 
t Stratum 
~ Plot 
;1 10 x 10 m 
' Cl-Rl 

l~,~~~~-.J.-~--,-~~-t-~~~~-t-~~~~. 

~ Shrub 
~ 

t
~, Stratum 
~ Plot 
H 5 X 5 ffi 

ij C2.0-R2.0 

2 ~~~~~~-~~~...L.~~4-,.~-,-i-r.-r-r1r-~~~~-f 
t 

4 IL---------..1---------.1----------""---------' 

Height 
Stratum 

Plot 
size (m) 

Number of plots Percent of Type of 

Tree (> 5.0 m) 
Shrub (1.0-5.0 m) 
Herb (0-1.0 m) 

10 x 10 
5 x 5 
1 x 1 

per area area sample 

16 100 Complete 
32* 50 Rank set 
80 5 Stratified 

random 

* Exceptions to this number are Area A, with 63 plots, and Area F 
with 25 plots. 

Figure 3. Plot design for vegetation sampling in study areas. Each 
study area is 40 x 40 m or 1600 m2 (= .16 ha) (= 0.4 a). 
Location of plots and vegetation within is given by column 
and row of the grid. 
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Table 2. Structural measures recorded by stratum for each of the 
9 study areas. 

Stratum Measure (units) Type of Sample Sample Size 

Tree Diameter (cm) at 1. 5 m Complete 16 
Diameter (cm) at 30 cm 
Total height (m) 
Crown Length (m) 

Shrub Diameter (cm) at 1.5 a Rank set 32° m 
Diameter (cm) at 15 cm 
Total height (m) 

(%{ Vegetative cover 

Foliage density (m2/m3)d Stratified-random 24 

Herb Vegetative cover (%)e Stratified-random 80 
Stratum height (cm)f 

Foliage density (m2/m3)g Stratified 24 

a If scaffold branches above 1.5 m 
b Exceptions to this are Area A with 63 plots, and Area F with 25 

plots 

c In 5 x 5 d t b . m qua ra s y species 

d At 2.5 m and 5.0 m above ground 

e In 1 x 1 d t b · m qua ra y species 
f Average of 5 tallest individuals 

g At 0.1 m, 0.5 m, and 1.0 m above ground 
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structure are elaborated upon below. 

Canopy coverage in the tree stratum was estimated ocularly with 

the aid of a spherical densiometer (Lemmon, 1956). This technique 

estimates the relative area of crown coverage by a vertical crown pro-

jection. A total of 4 readings was taken from the center in each of 

16, 10 x 10 m cells in each of the 40 x 40 m study areas. 

Foliage density profiles were constructed for each of the study 

areas utilizing a method originally described by MacArthur and ~lacArthur 

(1961). A density board (20 x 50 cm, painted white and marked in a 

2 x 2 cm grid) is moved horizontally away from an observer until one-

half of its surface is silhouetted by foliage. This is done at a 

sequence of heights above the ground. The distance (D) between the 

observer and the board is measured and the foliage density (K) at that 

height is estimated from the first term of a Poisson distribution, 

where 

-KD e = 1/2 or K = loo~ 2/D "'e (1) 

This relationship states that the further a board (of any size) must 

be moved away from an observer to obscure one-half of its surface, 

the less the foliage density is across that distance. The area of 

leaf silhouette against the board is nA, where A is the area of the 

board and n is the leaf silhouette per unit of board area. The volume 

of space in which the foliage lies is DA, so the leaf silhouette per 

unit volume of space is, 
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nA = ~ = K 
DA D 

From (2) it is evident that the size of the board is unimportant 

(2) 

because the As cancel out. However, a larger board will give an aver-

age over more vegetation (MacArthur and MacArthur, 1961). Since one-

half of the board will be covered at a variable distance, 

-n e = 1/2 

and from (2) and (3), if 

n 
= K D then 

or n = log 2 e 

K = log 2/D e 

The method assumes that the distribution of foliage is random. 

(3) 

(4) 

Although this assumption is not completely true, the authors note that 

the method provides satisfactory results as a relative index of foliage 

density by strata (MacArthur, personal communication). The relation-

ship of foliage density (K) to distance (D) is graphically portrayed 

in Figure 4. 

In each sample area, 24 measures of foliage density were averaged 

at each of the following heights: 0.1 m, 0.5 m, 1.0 m, 2.5 m and 5.0 

m. The first three profiles (0.1, 0.5 and 1.0 m) were sampled syste-

matically around the edge of each study area. At a given height, the 

observer's line of sight was perpendicular to the surface of the board. 

For profiles at 2.5 and 5.0 m this necessitated elevating both the 

board and observer. The board was raised to the appropriate height 

with an aluminum pruning pole. Trees were selected randomly within the 
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50 

40 

D 30 

20 I 

10 

.10 .20 .30 .40 
K 

Figure 4. Relationship of distance (D), in meters, between observer 
and density board when one-half its surface is occuluded 
by foliage, to index of foliage density (K). The units 
of K are m2 of leaf silhouette per m3 of space (after 
MacArthur and MacArthur, 1961). 
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sample area and scaled by the observer to the appropriate height. 

This made upper strata profiles difficult and virtually impossible 

above 5.0 m. In two of the areas, the upper strata were estimated from 

the ground to see if a relationship exists between horizontal distance 

and ground distance from an oblique line of sight to the board. If a 

relationship existed, it would facilitate the measure of foliage den-

sity in profiles above eye level. 

Photos of the gross structure of the study areas have been com-

pleted to qualitatively assess landscape dynamics resulting from the 

harvest. In each corner of a study area, one photo was taken at eye 

level looking diagonally across the area. A second photo was taken 

from approximately 1 m above the ground viewing down into the corner 

of the area. These site photos will serve to record visual changes 

resulting from harvest and stand regeneration. The photos are in slide 

form and will remain on file in the Forest Biology Section, Department 

of Forestry and Forest Products, at Virginia Polytechnic Institute and 

State University. 



RESULTS AND DISCUSSION 

The means and standard errors for the structural parameters are 

given by study area and stratum in Table 3. To compare patterns of 

structure across areas, the parameters have been standardized to a 

mean of zero and either a positive or negative deviation (Sokal and 

Rohlf, 1969). The standardized deviates are represented in histograms 

accompanying the foliage density profiles in Figure 5. 

A comparison of the foliage profiles across areas revealed five 

empirical groupings of sites with similar profiles in subordinate strata 

(Figure 5). These are: (1) B and E; (2) C and G; (3) A, F and I; 

(4) D; and (5) H. Areas B, C, E, and G showed a characteristic increase 

in foliage density at 0.5 m. However, B and E exhibited greater foli-

age density in all profiles when co@pared to areas C and G. Areas A, 

F, and I appeared similar both in magnitude of foliage and shape of 

the curves. Area D, the cove site, though similar to A, F, and I in 

shapes, exhibited a unique profile due to the paucity of foliage between 

ground level and 5.0 m. Area H appeared unique with two drastic 

increases at 1.0 m and above 2.5 m. 

Of the four major vegetation types identified on the study site, 

areas F and I were originally classified as mixed oak-pine and mixed 

oak, respectively, with moderate ericaceous understory. Both areas 

exhibited positive deviations of tree stratum parameters while sub-

ordinate strata exhibited negative deviations (Figure 5). Ecologically, 

this would seem to indicate that on these areas most of the available 

resources (i.e., light, moisture, nutrients, and space) are apparently 

16 



Table 3. 

Stratur.i 

--------· 
TREE STRATm 

Canopy coveraiC 
(percent) 

Total hei&ht (m) 

Crown length (ci} 

Basal area of ste::ns 
(sqm/ha) 

Stem density 
(no./ha) 

SHRUS STr-~TU'.·I 

Vee,etative covera£e 
(percent) 

Basal area of ste::;.s 
(•q~/ha) 

Total height (m) 

Stem density 
(no./ha) 

Foliai,e density at 
2. s In 

Foliage denisty at 
5.0 • 

HERB STRATl.r.~ 

Veae-tative covcrat,e 
(perc•nt) 

Total h•izht (•) 

Foliage density at 
0.1 • 

Folia&e den:sity at 
0.5 • 

folia£e dcn:slty at 
1.0 • 

Dcn:sity of tree 
nt"d1 inzs 
(no./ha) 

Means and standard errors of tl1e vegetative structural parameters 
measured in the 9 study areas. 

-------
~---~~!~ 

A I c 0 E F c H 

93.7 ! 0.97 86.l!l.38 88.1!0.66 98.2 ! 0.22 90.2 ! 1.33 95.0 ! 0.63 92.0•0.7 91.6 • 0.66 94.6 • 0.65 

II. I ! .497 8.4 •. 278 10.5 ! .291 12.0 ! .420 10.2 ! .291 10. 7 ! .316 8.6 ! .146 8.8 ! .291 12.0 ! .549 

4.72 ! 0.35 4.09 ! 0.19 5.14 ! .257 C.65 + .286 4.58 ! .221 4. 85 •. 202 3.74!.119 3.80 •• 164 4.80 •. 236 

27.3 ! 5.8 20.2 ! 1.6 20.8 ! 1.8 27.6. 2.9 21.1. 2.1 23.9 ! 3.4 22.6. 1.2 19.0 • 1.6 24. 5 • 2. 3 

912 • 84 938 • 72 1106 ! 72 1181 ! 73 1106 ! 108 981 • 76 1175 ! 75 1062 • 58 944 + 82 

13.1. 1.60 39.1 ! 2.59 20.5 ! 0.96 9.S • 1.72 39.6 • 2.29 22.4 • 1.95 20.2. 2.15 35. 7 • 2. 95 20.0+2.0'.\ 

1.26 ! 0.2 3.26 ! 0.4 1.28 ! 0.2 0.54!0.l 2.53 • 0.2 0.53. 0.1 0.99 + 0.1 2.37 • 0.3 0.61 ! 0.1 

I. 96 •. 092 1.83 ! .042 1.58 ! 0.047 2.48 •. 186 1.82 •. 058 1.45 •. 054 I. 78 ! .072 1.65 •. 047 1.59 •. 059 

1744 ! 221 5081 ! 436 4388 ~ 343 1156 • 272 4975 • 322 2320 • 405 1838 • 240 5206 • 639 1850 • 266 

.0570 •. 0046 .1186 ~ .0104 .O.t6S + .0032 .O.B6 + .0023 .0991 •. 0070 . 0345 •. 0034 .0473 •. 0034 .0494 •. 0040 .0345 + • 00.H 

. 0658 •. 0039 . 0832 •. 0080 .0537 ! .0029 . 0365 •. 0012 .0767 •. 0066 .0451 ! .00-12 .0644 •. 0037 . 0973 •. 0086 .0483 ~ .0044 

12.8 ! 2.48 9.5 ! .578 11.4 ! 1.26 9.6 ! 1.60 13.3 ! 1.12 9.8 •• 972 12.9!1.10 10.2 •. 793 I0.6!.707 

.321 ! .016 .510 •. 017 . 500 ! .021 .270 •. 029 .504 ! .019 .434 •. 022 .404 • .0\5 .430 •. 012 .399 •• 021 

.1403 ! .0134 .1666 ! .0212 .1162 ! . 0062 .1013 ! .0174 .1424 ! . 0104 .1049 ! . 0082 .1212 •. 0095 .1435 •. 0109 .1302 •. 0112 

.0897 ! .0199 .1918 ! .0148 .1505 ! .0211 . 0466 •. 0062 .1546 : . • 0132 . 0895 •. 0078 .1463!.0lM .1339 •. 0095 . 0770 •• 0056 

.0664 ! .01'1 .1388 ! .0153 .0716 ! .0052 . 0307 ! . 0029 . 09:.6 ! . 0085 . 0622 •. 0070 . 0159 ! . 0070 .1377 •. 0184 .0575 •. 0052 

1650 ! 296 725 • 103 1220 ! 104 20"14 • 209 1306 ! 257 3450 • HO 1662 ! 164 838 ! 77 2506 • 3. 04 

--~-~-

...... 
--..) 
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Figure 5. Foliage density height profiles and standardized deviations 

of structural variables for the 9 study areas. The units 

of foliage density (K) are m2 of leaf silhouette per m3 

of space. Variables in the histograms are: a, canopy 

coverage; b, crown length; c, basal area of trees; d, stand 

height; e, tree density; f, shrub vegetative cover; g, basal 

area of shrubs; h, shrub height; i, shrub density; j, foliage 

density at 2.5 m; k, foliage density at 5.0 m; 1, herb vege-

tative cover; m, herb height; n, foliage density at 0.1 m; 

o, foliage density at 0.5 m; p, foliage density at 1.0 m; 

q, density of tree seedlings. Tree stratum variables 

in the histograms are cross-hatched, shrub stratum variables 

are dotted, and herb stratum variables are solid. The 

species names next to the foliage density height profiles 

indicate dominants in those strata based on species 

importance values. 
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being utilized by an overstory of trees. In contrast, areas B and H 

exhibited negative deviations in the tree stratum and positive devia-

tions in subordinate strata, thus suggesting a proportionally higher 

utilization of resources by subordinate strata. 

These results are in agreement with the reports of \fuittaker and 

Woodwell (1969) in oak-pine forests at Brookhaven, New York. Shrub 

coverage was highest on xeric sites while tree coverage was highest 

on mesic sites. Whittaker (1956) observed a number of changes in vege-

tation structure along moisture gradients in the Great Smoky Mountains 

of Tennessee. For example, tree coverage and canopy density decreased 

along a moisture gradient from mesic coves to xeric spur ridges. Shrub 

coverage increased from mesic to xerio sites and herb coverage exhibited 

the inverse. Height and dominance of canopy trees decreased from mesic 

to xeric sites while density of trees increased. 

A comparison of area D with area B (Figure 5) demonstrates the 

differences in vegetation structure which \\nittaker and others (Ander-

son, 1963; Horn, 1971; Mcintosh, 1959; Mowbray and Oosting, 1968) have 

attributed to a moisture gradient. Area D is a mesic, cove hardwood 

stand with very little understory while B represents a xeric spur 

ridge with mixed pine in the tree stratum and a heavy ericaceous under-

story. These areas are believed to define the two extremes in moisture 

on the study site. This is evident by the magnitude of the deviations 

in the histograms as well as the magnitude and shape of the foliage 

profiles. Areas A, F, and I represent submesic sites of mixed oak with 

a light to moderate ericaceous understory (Figure 5). Areas C, E, and 
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G are mixed oak-pine sites with moderate ericaceous understory and 

occur near the middle of the moisture gradient. Area His xeri~but 

exhibits an increase in foliage at 1.0 m, unlike the other dry sites. 

This may be related to the presence of Rhododendron nudiflorum and the 

rather dense crown created by this species at 1.0 m. 

To determine if the intuitive groupings mentioned above could be 

formed objectively, a cluster analysis (Barr~~·· 1976) of the 

foliage density profiles was employed. The analysis, as performed 

here, clusters areas based on the similarities and differences in their 

foliage profiles. The cluster pattern in Figure 6 reveals five distinct 

clusters of areas, which are in close agreement with the empirical 

groupings made on visual inspection. It is interesting to note that 

area D, the cove, remains distinct until the final stage of the proce-

dure is reached. 

If foliage density is an integrator of community structure, a 

cluster analysis of the other structural parameters should exhibit a 

similar pattern. Figure 7 represents a clustering of areas based on 

the variables in the histograms, exclusive of foliage density. The 

pattern is different and, in some clusters, unexpected. Areas A and 

G, though an unlikely coupling based on stand structure and composition, 

combine apparently because of similar structure in the shrub and herb 

strata. The cluster listing of variables for Figure 7 is given in 

Appendix 2. Shrub height and density, herb coverage, and density of 

tree seedlings have similar values in A and G. Though the foliage 

density profiles of these areas are quite different, the similarity 
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Number of Area 

Clusters A F I c G D B E J-1 

9 * * * * * * * * * 
8 * * * ****** * * * * 
7 * ****** ****** * * * * 
6 *********** ****** * * * * 
5 *********** ****** * ****** * 
4 ********************* * ****** * 
3 ********************* * *********** 
2 ************************** *********** 
1 ***************************************** 

Figure 6. Cluster map of study areas using the variables; foliage 
density at 0.1 m, 0.5 m, 1.0 m, 2.5 m, and 5.0 m above 
ground. Note the 5 clusters composed of A, F, and I; C 
and G; D; B and E; and J-1. The distance matrix and cluster 
listing are included in Appendix 1. Clusters were determined 
on the basis of the ratio of distances within a cluster that 
were less than the maximum to the total number of distances 
less than the maximum. 
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:\umber of Area 
Clusters A G D F I B H E c 

9 * * * * * * * * * 
8 * * * * * ****** * * 
7 ****** * * * ****** * * 
6 ****** * * * *********** * 
5 ****** * ****** *********** * 
4 *********** ****** *********** * 
3 *********** ****** **************** 
2 ********************* **************** 
1 ***************************************** 

Figure 7. Cluster map of study areas using the variables; canopy 
coverage, basal area of trees, tree height, crown length, 
tree density, basal area of shrubs, shrub height, shrub 
density, shrub vegetative cover, herb vegetative cover, 
herb height, and density of tree seedlings. Ti1e distance 
matrix and cluster listing of variables are included in 
Appendix 2. Clusters were determined on the basis of the 
ratio of distances within a cluster that were less than the 
maximum to the total number of distances less than the maxi-
mum. 
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of some of the variables in subordinate strata would lead one to 

conclude that the areas have similar vegetative structure. This may 

be an artifact of sampling within arbitrarily designated strata. If 

the shrub stratum had been defined on the basis of minimum diameter, 

instead of height, areas A and G probably would not have combined. 

To explore this, two variables which depend heavily upon height strata 

designation (i.e., shrub height and shrub density) were removed from 

the analysis. Figure 8 reveals a clustering which is probably a truer 

reflection of the actual vegetative structure of the areas. Note that 

area C clusters with G, and area A with D. The other clusters are 

expected and in agreement with those based on foliage profiles (Figure 

6). 

To more fully understand what is being measured with foliage den-

sity profiles, a stepwise regression (maximum R-square improvement; Barr 

et al., 1976) was performed on the data. Each foliage profile was 

regressed in a stepwise fashion on the other structural variables with-

out calculating an intercept. This was justified on the basis that if 

an independent variable was zero (i.e., no vegetation) then the depen-

dent variable (foliage density) would be zero. The results in Table 4 

indicate that foliage density is strongly influenced by tree and shrub 

coverage. The regression coefficients arc small primarily because the 

response variation in foliage density is small. That foliage density 

is influenced by tree and shrub coverage is meaningful from the stand-

point that foliage density is a measure of leaf area. The exact nature 

of this relationship needs to be explored more fully; however, the 
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Number of Area 

Clusters A D c G F I B H E 

9 
8 
7 
6 
s 
4 
3 
2 
1 

Figure 8. 

* * * * * * * * * 
* * ****** * * * * * 
* * ****** * * ****** * 
****** ****** * * ****** * 
****** ****** * * *********** 
****** ****** ****** *********** 
**************** ****** *********** 
************************** *********** 
***************************************** 

Cluster map of study areas with same variables as those 
in Figure 7 exclusive of shrub height and shrub density. 
Note the similarity of clusters with Figure 6. The 
distance matrix and cluster listing of variables are 
included in Appendix 3. Clusters were determined on the 
basis of the ratio of distances within a cluster that 
were less than the maximum to the total number of dis-
tances less than the maximum. 
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Table 4. Stepwise regression (maximum R-square improvement) 
of foliage density at specified heights above the 
ground on all other structural variables. The 
models represent best two variables with R-square 
> 0.7. 

Dependent 
Variable 

Foliage density 
at 0.1 m 

Foliage density 
at 0.5 m 

Foliage density 
at 1. 0 m 

Foliage density 
at 2.5 m 

Foliage density 
at 5.0 m 

Independent Variable 

Canopy coverage 
Shrub coverage 

All variables a 

Canopy coverage 
Shrub coverage 

All variables 

Shrub coverage 
Ratio of crown length 
to total height 

All variables 

Basal area of shrubs 
Herb height 

All variables 

Canopy coverage 
Shrub density 

All variables 

*Significant at a= 0.01 
** Significant at a = 0.05 

B-value 

. OOll * 

.0013* 

. OOll * 

. OOll ** 

. 0017* 

.0878* 

1. 3767* 
.0897* 

.0004* 

.0006* 

R-square 

0.85 

0.86 

0.70 

0.73 

0.70 

0.73 

0.78 

0.80 

0.84 

0.86 

a Includes other variables in the histograms accompanying the 
foliage density profiles (Figure 5). 
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results indicate that a dense canopy in the overstory will decrease the 

amount of foliage in subordinate strata. 

At 2.5 m foliage density is influenced by basal area of the shrub 

stratum and height of the herb stratum (Table 4). On dry sites, the 

basal area of the shrub stratum is high due in part to the density of 

tree species (particularly Nyssa sylvatica) less than 5 m tall. The 

densest portion of the crown of these individuals occurs between 2.0 m 

and 5.0 m. Herb stratum height on these sites is greater due to the 

high abundance of stems within clones of Kalmia latifolia which are 

slightly less than 1.0 m in height. It appears that foliage density at 

2.5 m may be a good indicator of typically dry sites. This relation-

ship needs to be explored further. 

The utility of foliage profiles in characterizing the vegetation 

structure on a site depends upon the sampling efficiency. The lower 

strata profiles (0.1 - 1.0 m) can be obtained very quickly with a two 

man crew, a density board, and a steel tape. The upper strata profiles 

are more time consuming. MacArthur (personal communication) estimated 

profiles, above eye level, from the ground without a board. This 

seems spurious as he proposes to use an estimate of an estimate. Some 

increase in efficiency would be obtained if the observer could estimate 

coverage, on the board at the appropriate height, from the ground. 

The oblique projection of foliage on the board may be related to the 

actual projection at that height. 

An attempt was made to determine if ground observations of the 

elevated board, along an oblique line of sight, were related to horizon-
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tal observations in the upper height strata. In two of the areas (B 

and I), ground estimates of the density board elevated at 2.5 m, 5.0 m, 

and 7.5 m were recorded. Foliage density, from the horizontal distance 

between the observer and the board, was regressed on foliage density, 

estimated from the planar ground distance between the point of observa-

tion and the plane of the density board (Figure 9). The model in 

Table 5 is significant (a= .0001), although only 24 percent of the 

total variation is accounted for. The low R-square may result in part 

from the narrow range of response variation in foliage density because 

all values are less than one. However, the poor fit of the data may 

also result from the necessity of observing through subordinate strata. 

This would decrease the distance (X) (i.e., increase foliage density) 

where the actual measure at that height (Y) would show a relatively 

low foliage density. It appears that the significance of the regres-

sion model in Table 5 could be associated with factors that may not be 

related to foliage density. As the angle (8) between the planar 

ground distance and the line of sight increased, the projection of the 

surface area of the board would decrease (Figure 9). Hence, the planar 

ground distance, when one-half of the board is obscured by foliage, is 

influenced by the height of the board above the observer, independent 

of foliage density. Because of these interactions, ground observations 

of the elevated board do not appear feasible for predicting foliage 

density as measured from the horizontal at various heights above the 

ground. 
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j Obser~v~e~'~~~~.._!;.;..___ 

density board 

/ 
/ 

/ 

Figure 9, Relationship bct"cen horizontal and oblique determinations ~f foliage den~ity at a specified height above the ground. 
Tne strength ot this relationship is tested in a re"ressJon 
model in Table S. Planar ground distance (X) was r:corded 
>n the field and Utilized in the regression modeJ to repre-sent the Oblique sighting. 



Table 5. Foliage density, from the horizontal distance between the observer and 
the board (Y), regressed on foliage density, estimated from the planar 
ground distance between the point of observation and the plane of the 
density board (X). Sec Figure 9 for the determinations made in the 
field. 

------------

Dependent variable (Y) - foliage density from horizontal distance 

Source DF Sum of Squares !\lean Square F PR > F 

Model 
Error 
Corrected total 

1 
142 
143 

----------------------

Parameter 
-----------

Intercept 

0.07446 
0.23592 
0.31038 

Estimate 

0.0422 
Foliage density from 
planar ground distance (X) 0.2476 

0.07446 
0.07446 

4'1. 8 0.0001 

-- ----

T (II : µ == 0) 
0 

7 .11 

6.69 

PR > T 

0.0001 

0.0001 

R-squarc 

0.24 

STD ERR 

0.00594 

0.03698 

(.N 
0 



CONCLUsro;.;-s 

Foliage density profiles are a measure of the stratification of 

foliage on a site. They may represent a generalized integrated measure 

of the vegetation structure within a community. At this time, the 

value of foliage profiles lie in assessing the relative utilization of 

resources by different strata. Unfortunately, these relationships can 

only be inferred from the work completed thus far. However, from these 

inferred relationships, hypotheses can be generated more logically and 

tested more efficiently. 

The results reported herein present a number of interesting 

questions, the primary of which are: what is the influence of site on 

the stratification of vegetation, and should the designation of strata 

in ecological studies be an a posteriori decision dependent on site? 

An arbitrary definition of strata may restrict the ecological importance 

of the stratification of vegetation. It has been documented that 

factors which contribute to the formation of subordinate strata vary 

between sites, perhaps the designation of strata should vary also. 

The use of foliage profiles may constitute a means of establishing 

strata designations dependent upon the way individuals are stratified 

in the community. 

In the Potts Mountain study, foliage profiles can be used after 

the harvest to measure the development of stands. A set of profiles 

completed yearly for the next four years should reveal discrete patterns 

of stratification dependent on the site. The use of foliage profiles 

will be unrestricted by the presence of logging debris and sampling 

31 
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should be rapid due to the height of vegetation. It is recommended 

that other sites be chosen for sampling to increase the number of 

replications for hypothesis testing. Supportive information which 

should be obtained are moisture data, preferably plant moisture stress 

and soil water. With these data, the presumed influence of moisture on 

the stratification of vegetation can be tested. 

Another relationship which may exist is between foliage profiles 

and the stratification of phytomass. It is possible that site speci-

fic regression equations can be developed to predict phytomass on an 

area. The use of foliage density in this instance would greatly 

facilitate the collection of these data. 

The utility of foliage profiles for assessing habitat in wildlife 

studies is well documented. On Potts Mountain, changes in foliage 

density after the harvest may be related to changes in the utilization 

of an area by mammalian and avian species. This type of information 

could be extremely helpful in assessing the impact of whole-tree harvest-

ing on game populations. 
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APPENDIX 1. Cluster analysis, distance matrix, and cluster listing 
of variables for Figure 6. 
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Appendix 1 - Table 1. Cluster analysis. 

Number of Maximum Distance 
Clusters Within a Cluster 

9 0.00000000 

8 0. 03773133 

7 0.17918336 

6 0.47587013 

5 0.91736925 

4 1. 28606510 

3 1. 91296768 

2 2. 87613106 

1 10.00848389 
---------

------------------- --------------

Number of Distances 
Within < ~laxirnurn 

0 

1 

2 

4 

5 

11 

13 

18 

36 

Number of Distanc~s 
in all <Maximum 

0 

1 

2 

4 

ll 

17 

22 

28 

36 

Ratio 

0.00000 

1.00000 

1.00000 

1.00000 
v-1 

0.45455 Q\ 

0.64706 

0.59091 

0.64286 

1.00000 



Appcn<lix 1 - Table 2. Distances within and between clusters; maximum/average/minimum. 

Number of 
Points Cluster 1 2 3 4 5 

------------

3 1 0.47587013 1. 28606510 1.30733776 6.33440018 2.68584728 
0.30126156 1. 015 74402 0.83444677 3.94975057 2.34553973 
0.00000000 o. 80833113 0.56519461 1.49827480 1.74345303 

2 2 1.28606510 0. 03773133 2. 87613106 3.19517231 1.57129765 
1.01574402 0. 03773133 2.85621071 1.97598468 1.38444090 
0.80833113 0.00000000 2.83629036 0. 80713558 1.19758415 

1 3 1. 30733776 2.87613106 0.00000000 10.00848389 5.34395313 V-1 
-.._,] 

0.83444677 2.85621071 0.00000000 7.53354692 5.34395313 
0.56519461 2.83629036 0.00000000 5.05860996 5.34395313 

2 4 6.33440018 3.19517231 10.00848389 0.91736925 1.91296768 
3.94975058 1.97598468 7.53354692 0.91736925 1.50594378 
1.49827480 0.80713558 5.058609% 0.00000000 1.09891987 

1 5 2.68584728 1. 57129765 5. 34395313 1.91296768 0.00000000 
2.34553973 1.38444090 5.34395313 1.50594378 0.00000000 
1.74345303 1.1975815 S.34395313 1. 09891987 0.00000000 

---------------------



Appendix 1 - Table 3. Cluster Listing 

----------

Cluster Area Pl P2 P3 P4 PS 
---

1 A 0.14032 0.08974 0.06644 0.05704 0.06578 
1 F 0.10tl91 0.08954 0.06224 0.03448 0.04510 
1 I 0.13025 0.07704 0.05748 0.03453 0.04833 

1 Mean 0.12516 0.0854ti 0.06205 0.04202 0.05307 

2 c 0.11623 0.15052 0.07163 0.04646 0.05374 
2 G 0.12120 0. H630 0.07590 0.04730 0.06440 

(J-1 
00 

2 Mean 0.11871 0.14841 0.07376 0.04688 0.05907 

3 D 0.10131 0.04659 0.03070 0.03363 0.03650 

4 B 0.16660 0.19183 0.13877 0.11860 0.08325 
4 E 0.14240 0. 15459 0.09561 0.09914 0.07670 

4 Mean 0.15450 0.17321 0.11719 0.10887 0.07997 

5 II 0.14350 0.13390 0.13770 0.04940 0.09730 
----- ·------- - ----------- -----



APPENDIX 2. Cluster analysis, distance matrix, and cluster listing 
of variables for Figure 7. 
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Appendix 2 - Table 1. Cluster analysis. 

Number of Maximum Distance Number of Distances Number of Distances 
Clusters Within a Cluster Within < Maximum in all < Maximum Ratio 

-- -
9 0.00000000 0 0 0.00000 

8 0.10440117 1 1 1.00000 

7 0.15431255 2 3 0.66667 

6 0.16291940 4 4 1.00000 
""'" 0 

5 0.26767409 5 7 0.71429 

4 0.53660399 7 10 0.70000 

3 o. 96778'188 10 14 0.71429 

2 1.15740681 16 16 1.00000 

1 6.17373753 36 36 1.00000 



Appendix 2 - Table 2. Distances 1vithin and bet1vcen clusters; maximum/average/minimum. 

---- ---- --- --------- ------------------

Number of 
Points Cluster 1 2 3 4 5 

------ -------

2 1 0.15431255 0.53660399 1.02033997 tl. 3 6 9 3 77 14 1.81707478 
o. 151i31255 0.38295409 0. 59484071 3.69878785 1.68610668 
0.00000000 0. 2293Qt1.19 0. 22762728 3.09473705 1.55513859 

1 2 0.53660399 0.00000000 1.15740681 6.17373753 3. 01160622 
0.38295109 0.00000000 0.80380890 5. 8196~)634 3. 01160622 
0. 22930419 0.00000000 0. 115021099 5.61295415 3.01160622 _.,. 

>-' 

2 3 1.02033997 1.15740681 o. 26767 1io9 11. 18782997 2.19946289 
0. 59484071 0.80380390 0. 267671io9 3. 77381531 2.06151199 
0. 22762728 0. 45021099 0.00000000 3.36345482 1. 92356110 

3 4 4.36937714 6.17373753 4. 18782997 0. 16291940 0. 96778488 
3.69878785 5.81963634 3.77381531 0.13181655 0. 87609710 
3.09473705 5.61295414 3.36345482 0.00000000 o. 7'1237728 

1 5 1.81707478 3.01160622 2.1994689 0.96778488 0.00000000 
1.68610668 3.01160622 2. 06151199 0.87609710 0.00000000 
l. 55513859 3. 01160622 1. 92356110 0. 7'1237728 0.00000000 

-------------·-- -----------



Appendjx 2 - Table 3. Cluster listing. 

--------

Cluster Arca CAN DEN TREEDO:·I TREEllT CRHT TREE DEN SIIRUBD01'1 

------

1 A 93.6750 0.27294 11.0812 4. 72500 9. 1250 0.01255 
1 G 91. 9750 0.22575 8.6062 3.74375 11. 7500 0.00992 

1 Mean 92.8250 0.24934 9.8437 4.23437 10.4375 0. 01123 

2 D 98.1812 0.27575 12.0375 4.68125 11.8125 0.005-14 

3 F 94.9562 0.23931 10.6750 4.85000 9.8125 0.00531 ..,. 
3 I 94.5937 0.24462 12.0062 4.8'1375 9.4375 0.00656 N 

3 Mean 94. 7750 0.24197 11. 3406 4.84687 9.6250 0.00593 

4 B 86.0875 0. 20237 8.4375 4.09375 9.3750 0.03261 
4 II 91.5875 0.19031 8.7687 3.78750 10.6250 0.02368 
4 E 90.1875 0.21100 10.1937 4.58125 11.0625 0.02527 

4 ~lean 89.2875 0.20123 9.1333 4.151117 10.3542 0.02719 

5 c 88.0562 0.20856 10.5187 5.13750 11. 0625 0.01281 



Appendix 2 - Table 3. Cluster listing. (Continued) 

------------

Cluster Area SllRUBIIT SIIRUI3DEN SHRUBCOV HERBCOV IIERI3IIT SEEDL>JG 
------------------

1 A 1. 95625 17.4375 13.1062 12.8500 0.32075 16.5000 
1 G 1.78125 18.3750 20.2500 12.9500 0. 40387 16.6250 

1 Mean 1. 86875 17.9063 16.6781 12.9000 0.36231 16.5625 

2 D 2.47500 11.5625 9.5000 9.6000 0.26987 20.4375 

3 F 1. 45000 23.1875 22.3875 9. 7750 0. 43-112 34.5000 
3 I 1.59375 18.5000 20.0313 10. 6500 0.39900 25.0625 ""' (J.l 

3 Mean 1.52187 20.8438 21. 2094 10.2125 0.41656 29.7813 

4 B 1.82500 50.8125 39.0625 9.5125 0.51000 7.2500 
4 H 1.65000 52.0625 35.7188 10.2312 0.43037 8.3750 
4 E 1.81875 49.7500 39.6563 13.3125 0.50456 13. 0625 

4 ~lean 1.76458 50.8750 39.1458 11.0187 0.48165 9.5625 

5 c 1.58125 43.8750 20.5313 11. 4250 0.50012 12.1875 
--------------- ----------------------------------



, 
APPENDIX 3. Cluster analysis, distance matrix, and cluster listing 

of variables for Figure 8. 
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J\ppcndix 3 - Table 1. Cluster analysis. 

Number of Maximum Distance Number of Dj st<rnccs Numhcr of Distances 
Clust crs Within a Cluster l~i thin < ~laximum in al 1 < ~bximum Ratio 

------~------------ --

9 0.00000000 0 0 0.00000 

' 8 0.22681206 1 1 1. 00000 

7 0.2343G797 2 2 1. 00000 

6 0. 35176641 3 4 0.75000 
.jO. 
tn 

5 0 . 3 7 2 8 0 19 ,j 5 6 0. 8333~) 

4 0.50759405 6 7 0.85714 

3 1.55635166 10 15 0.66667 

2 2.88261890 18 25 0. 72000 

1 6.32179165 3G 36 1.00000 

-·---- ---- -- ------ ---- -~---- - - ----



Appendix 3 - Table 2. Distances within and between clusters; maximum/average/minimum. 

Number of 
Points Cluster 1 2 3 4 5 

2 1 0.35176641 1. 55635166 2.19807148 0.79167032 6.32179165 
0.35176641 0.87367964 2.08939362 o. 72908509 4.61498038 
0.00000000 0.35394239 1. 980715 75 0.66649985 3. 11055565 

2 2 1.55635166 0.22681206 2.88261890 1. 11650562 2.57410717 
0.87367964 0.22681206 2.35905600 0.82266665 1. 93581327 
0.35394239 0.00000000 1. 83549309 0.52882767 1.37629795 

.!'> 

°' 
1 3 2.19807148 2.88261890 0.00000000 0.50759405 5.75751686 

2.08939362 2.35905600 0.00000000 0.50759405 4.82301521 
1.98071575 1.83549309 0.00000000 0.50759405 4.14133549 

1 4 0.79167032 1.11650562 0.50759405 0.00000000 3.99304962 
o. 72908509 0.82266665 0.50759405 0.00000000 3.25596682 
0.66649985 0.52882767 0.50759405 0.00000000 2. 84872341 

3 5 6.32179165 2.57410717 5.75751686 3. 99304962 o. 37280494 
4.61498038 l. 93581327 4.82301521 3. 25596682 0.29232820 
3. lJ 055565 1.37629795 4.14133549 2. 84872341 0.00000000 



Appendix 3 - Table 3. Cluster listing. 

Cluster Area CAN DEN TREE DOM TREE!IT CRIIT TREE DEN 
----------

1 A 93.6750 0.27294 11.0812 4. 72500 9.1250 
1 D 98.1812 0.27575 12.0375 4.68125 11.8125 

1 Mean 95.9281 0.27434 11.5594 4.70312 10.4688 

2 c 88.0562 0.20856 10.5187 5.13750 11. 0625 
2 G 91.9750 0.22575 8.6062 3.74375 11. 7500 

.j::o. 

2 Mean 90.0156 0.21716 9.5625 4.44062 11.4063 '.] 

3 F 94.9562 0.23931 10.6750 4.85000 9.8125 

4 I 94.5937 0.24462 12.0062 4.84375 9.4375 

5 B 86.0875 0.20237 8.4375 4.09375 9.3750 
5 H 91.5875 0.19031 8.7687 3.78750 10.6250 
5 E 90.1875 0.21100 10.1937 4.58125 11.0625 

5 Mean 89.2875 0.20123 9 .1333 4.15417 10.3452 



Appendix 3 - Table 3. Cluster ljsting. (Continued) 

Cluster Area SllRUBD0~1 SllRUBCOV HERBCOV HERBl!T SEED LNG 

--

1 A 0.01255 13. 1062 12.8500 0.32075 16.5000 
1 D 0.00544 9.5000 9.6000 0.26987 20.4375 

1 Mean 0.00900 11.3031 11. 2250 0.29531 18.4688 

2 c 0.01281 20. 5313 11.4250 0.50012 12.1875 
2 G 0.00992 20. 2500 12.9500 0.40387 16.6250 

2 Mean 0.01136 20.3906 12.1875 0.45200 14.4063 ~ 
CJ) 

3 F 0.00531 22.3875 9.7750 0.43412 34.5000 

4 I 0.00656 20.0313 10.6500 0.39900 25.0625 

5 B 0.03261 39.0625 9.5125 0.51000 7.2500 
5 H 0.02368 35.7188 10.2312 0.43037 8.3750 
5 E 0.02527 39.6563 13.3125 0.50456 13.0625 

5 Mean 0.02719 38.1458 11. 0187 0.48165 9.5625 
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Nine .16 ha study areas were established in Appalachian oak 

forests on Potts :>lountain in Craig County, Virginia to assess vegeta-

tion structure and its relationship to differences in site. A number 

of structural parameters were measured by height strata to determine 

vertical stratification patterns. Foliage density was used in sub-

ordinate strata (< 5.0 m) as a comparative measure of vegetative 

structure. The results indicate that the contribution of shrubs to 

vegetation structure is much higher on xeric than mesic sites, while 

trees are of greater significance on mesic sites. This suggests a 

proportionally higher utilization of site resources by subordinate 

strata on xeric sites. A cluster analysis of the study areas based on 

several structural parameters indicated that differences in stand 

structure may be associated with differences in available moisture. 

Foliage density in subordinate strata appeared to have some value as 

an integrator of vegetative structure on the study areas. 
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