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AN ECOLOGICAL STUDY OF THE RELATION-
SHIP BETWEEN DIRECTION OF SLOPE, ELE-
VATION AND FOREST COVER IN BROWN
COUNTY, INDIANA ‘

By CarL R, McQUEENEY

The complexities of our deciduous forests, though constantly
under the scrutiny of investigators from various fields of botany,
present many problems which are poorly understood. Each area,
regardless of size, presents new problems which may or may not be
peculiar to the area in question. For this reason, it is imperative that
as problems arise, they be treated in a quantitative, comparative man-
ner. The primary object of this study is to illustrate the limits placed
upon various species of tall trees by environmental factors introduced
as a result of the direction and angle of the exposure, as well as the
elevation, with special reference to sugar maple.

The area considered herein lies near the northernmost tip of
unglaciated Indiana in the eastern part of Brown County. The phyto-
sociological balance is in a sensitive state, due at least in part to the
relationship of climate to physiography. "Extensive ecological studies
of this general region have been made by Friesner and Potzger, re-
sulting in a more thorough understanding of the vegetative complex

(11, 15, 18).
METHODS

The land on which this survey was made is owned by Mr. Joseph
DeWess and lies on the north side of state road 46, eight miles east of
Nashville. The terrain is cut by deep twisting valleys in such a way
that slopes facing all directions are available. Care was taken to
select slopes which faced directly east, north, south and west, re-
spectively. Each slope was divided into two areas consisting of lower
and upper elevations, the line of demarcation between upper and lower
areas 1s the approximate upper limit in this area for Acer saccharum,*
using the east-facing slope as a standard. The vertical elevation of

* The species Acer nigrum was included in all tabulations with Acer sac-
charum due to the similarity ol the two species.
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this line is 48 feet above the valley floor. The line of demarcation
for the west slope is 70 feet above the valley floor. The angle of
each slope was recorded.

Sampling was by means of 100 sq. meter quadrats which were
spaced 10 meters apart except where crowded conditions made this
impossible. Tabulations were made on the basis of 25 quadrats for
each area, except areas D and G where the slopes changed direction,
curtailing the available space to 20 quadrats each. All woody species
one meter or more in height were tabulated to illustrate reproduction
and those one inch or more D.B.H. were measured and tabulated. All
tabulations were made during the winter of 1948-49 while crown
cover was absent.

OBSERVATIONS

A total of 47 woody species was found in the combined areas
studied, 22 tall trees, 9 small trees and tall shrubs, and 16 small
shrubs including one liana. The species were not evenly distributed
on the four slopes, several of the total species being absent from each
(table IV). The upper elevation of the south-facing slope, Area F,
supported a total of 16 species, while on the north, east and west
exposures, the total species present ranged from 26 to 28 for upper
elevations and from 28 to 30 for lower elevations.

The most representative member of the dominant tall tree species
was Quercus alba which was present in significant numbers in all
areas, reaching its maximum development in the upper elevation of
the south-facing slope where, with Q. velutina, it controlled the crown
cover (table I1I). Carya glabra and Acer rubrum were also quite
well represented in all areas in comparison to other tall tree species.
The secondary layer was dominated overall by three major species,
Cornus florida, Ostrya virginiana and Sassafras albidum with excep-
tions as later described. Hamamelis virginiana, Smilax rotundifolia
and Viburnum acerifolium were the most widely distributed and
abundant shrubs.

On the east-facing slope, lower elevation, the following trees were
dominant: Acer saccharum, Fagus grandifolia, Quercus alba, and
Q. velutina. Quercus played a more important part in controlling
the crown cover, though the trend of succession appears to favor the
Acer-Fagus type of dominance. The secondary layer was controlled
by Ostrya virginiana and Sassafras albidum, and the shrub layer by
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Ostrya virginiana in the lower elevation, and by O. wirginiana, C.
florida and Sassafras albidum on the upper elevation. Viburnum
acerifolium and Swmilax rotundifoliec dominated the shrub layer in
both elevations. Rubus allegheniensts was also present in significant
numbers in several quadrats of the upper elevation (table I).

On all exposures, a correlation between elevation and the presence
of Acer saccharum and Fagus grandifolic was evident. This was
especially true of the south-facing slope where the habitat was more
xerophytic on the upper elevation. On this slope Acer saccharum and
Fagus grandifolia were both prominent on the lower elevation, while
F. grandifolia was completely absent, and A. saccharum was repre-
sented by only two stems on the upper elevation. A similar condition
was observed on the east-facing slope. On the north and west-facing
slopes, though this condition was present, the correlation was con-
siderably reduced (fig. 2).

The combined species of Quercus showed a correlation on north,
south and east-facing slopes, which was the reverse of the correlation
between elevation and Acer-Fagus. This was especially pronounced
on the south-facing slope where Quercus maintained exclusive con-
trol of the upper elevation (table I1I). The combined species of
Carya did not show this correlation but appeared to reach its maxi-
mum development in the transitional area between the most mesophy-
tic and more xerophytic types of habitat, hence being more prominent
on the lower elevations of east and south-facing slopes and the upper
elevations of north and west-facing slopes (table ITT). This apparent
tendency toward the preference of a habitat more mesophytic than
that best suited to the more xerophytic species of Quercus may be due
partially to selective cutting. VFaccinium stamineum var. neglectum,
a comparatively rare species found only in the unglaciated area (8),
. was found on the west-facing slope. Deam (8) lists this species as
being near its western limits. Another species of more or less in-
frequent occurrence, Carya tomentosa, was found on the upper ele-
vation of the west-facing slope. Deam (8) has listed no record of
this species from Brown County.

DISCUSSION

The student of modern plant ecology must base many of his con-
cepts upon the literature of those who have preceded him, and upon
the greatly disturbed remains of a vegetation which is no longer con-
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trolled by natural phenomenona alone. The complexities wrought by
nature are increased ten-fold by the destructive hand of man. A
forested area such as was studied for this paper can never give posi-
tive proof as to what associations might exist if there had been no
disturbance. The conditions that one finds in disturbed areas are
perhaps even more important than those found in forest primeval in
that they show the trend of succession.

Indiana, as described by Friesner (9), is a “critical botanical
area” in which many species are near their northern or western limits.
Hence, it follows that slight climatic, edaphic, or physiographic varia-
tions may be responsible for definite vegetative differences. This is
especially true where slopes are concerned since the presence of hills
makes variations of these factors a certainty.

Visher (22) in describing the dynamics of the slope concludes that
in Indiana four major climatic differences are significant on north
and south-facing slopes: (1) North-facing slopes remain snow-
covered longer and are thus protected from excessive run-off and
alternate freezing and thawing. (2) Alternate freezing and thawing
on south-facing slopes results in heaving of top soil and killing of
shallow roots, which in turn increases erosion. (3) “The rains of
Indiana come largely with southerly or southeasterly winds and beat
down slightly stronger and more abundantly on south-facing than
on north-facing slopes.” (4) Warm season temperatures are greater
on south-facing slopes, increasing evaporation (fig. 1).

There is some controversy as to whether southeasterly or south-
westerly surface winds accompany most rains. According to a report
by the United States Weather Bureau (20) southern Indiana “comes
under the influence of both northwest and southwest storms, and it
lies in the path of a considerable number of the latter which pass up
the Ohio Valley.” Monthly climatological reports for Indianapolis
(21) show that rains were accompanied by both southeasterly and
southwesterly winds to a similar degree during a period of two years.

The angle of inclination may also be of great importance in de-
termining the vegetative complex due to an increase in run-off.
Braun-Blanquet (1) states that the indirect effect of the angle of
inclination on vegetation is due to the influence on the water supply
and the shifting of the angle of incidence of the sun’s rays. The
nature of the underlying strata may also greatly affect water relation-
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ships (23). According to Logan (14) Brown County is within the
outcrop of Borden rocks.

The function of slopes in Indiana is thus to affect the vegetation
to a degree which is a direct result of the balance set up between
topography, edaphic factors and climate. This balance is affected
by the direction and angle of exposure, elevation, protection afforded
by terrain, soil type, intensity of rainfall, temperatures and evapora-
tion, plus other somewhat less obvious factors.

Friesner and Potzger (11) have shown that in this part of Indiana,
evaporation was higher and available soil moisture lower on south-
facing than on north-facing slopes during late spring and summer
seasons. In a study of microclimate in central Indiana, Potzger (16)
found that “surface soil had 30% and soil at six-inch depths 28%,
more moisture on the north than on the south slope.”

Potzger (15), in his studies of “Topography and Forest Types in
Indiana,” states, “‘the transition from beech-maple on the north-facing
slopes to oak-hickory on the south-facing slopes is not gradual but
abrupt and decisive.” In the present study this was found to be true
not only for the north and south-facing slopes but also for the upper
and lower elevation of the south-facing slope. Area E, the lower
elevation of the south-facing slope, was protected to a large degree by
a north-facing slope on the opposite side of a deep ravine. At the
point where the influence of the north-facing slope was no longer
apparent on the south-facing slope, the angle of inclination rapidly
changed from about 25° to 18° and the vegetation changed from the
“mixed mesophytic” community to an oak community in the space
of a few yards. The term “mixed mesophytic” was taken from
Braun (2). Such changes in vegetation are to be expected for as
Gleason (12) states, “abrupt transitions are in every case correlated
with abrupt differences in the immigrating plant population.” A
comparatively slight difference in vegetation was noted on the two
respective elevations for the north-facing slope where better protec-
tion from climatic conditions was present.

The east- and west-facing slopes were located on opposite sides
of a wide valley and hence were in no way protected. It is apparent
that the afternoon sun would in this case cause the west-facing slope
to be more xerophytic than the east-facing slope. Visher (22) points
out that in the United States, west-facing slopes become warmer than
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east-facing slopes. This difference in temperature may be partially
responsible for the fact that Acer saccharum was less prominent on
the west-facing slope. Costello (7) observed that corresponding as-
sociations were found higher on east-facing than west-facing slopes
along the Missouri River.

The marked zoning of species in relation to elevation as especially
illustrated in the case of 4. saccharum (fig. 2) is probably due pri-
marily to soil moisture conditions. Fagus grandifolia reacts to zoning
in a similar manner (fig. 2) and in many cases shows a greater sensi-
tivity to water relationships. There is considerable evidence that
other factors may be of importance, however, as may be seen on the
west-facing slope of this area. On this slope, Fagus was prominent
in both lower and upper elevations, while 4. saccharum was greatly
restricted. This might lead one to say that Fagus has a wider range of
habitat, concerning moisture conditions, than A4. saccharum if it were
not for the fact that, as Potzger (17) states, “A. saccharum may in-
vade and ecese in habitats which are too dry for Fagus.” When op-
posing conditions such as this are evident, it is obvious that factors
other than moisture conditions are active in determining the vegeta-
tive complex.

Friesner and Ek (10) in comparing microclimatic factors with
species distribution in an area of poor surface drainage, found that
Acer-Quercus-Fagus communities occurred on less compact, better
aerated soils than Quercus-Ulmus communities. This led Secor (19)
to attribute the failure of A. saccharum to successfully invade certain
areas of the Illinoian Drift Plain to drainage, soil aeration and surface
moisture factors. In areas where surface drainage is obviously rapid
and the direction of exposure determines to a large degree the amount
of evaporation, it is reasonable to expect that the soil on a south-facing
slope would be more compact and more poorly aerated than that of
a corresponding north-facing slope, due to a lack of humus in the
former. Thus poorer aeration of the soil in the areas under con-
sideration may be a factor which tends to prevent the invasion of
Acer saccharum on the dryer portions of south-facing slopes. This
factor probably is important in this area only when other factors are
sufficiently near the optimum to remove them from the role of limit-
ing factors. Another factor in favor of the soil structure theory lies
in the comparatively small number of sugar maple on the lower eleva-
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tion of the south-facing slope where the steepest places were covered
with less litter and fewer stems of sugar maple.

Acid soils may also be an important factor in the limiting of 4.
saccharum in certain areas, though the general trend of thought does
not favor this theory (10, 11, 19). No tests were made to determine
soil acidity; the abundance of Gaylussacia baccata and Vaccintum
vacillans, however, is an indication that the soil of the upper elevations
of the west-facing and south-facing slopes is acid. It has been well
established that these two species are indicators of acid soil (5, 24).
The hydrogen ion concentration may be due to what Gleason (12)
describes as the “environmental control of the physical factors by the
plant life itself.” ‘

In a study of a nearby area (18), it has been shown that the ex-
posure influences the number of species present. The authors found
that east and west-facing slopes appeared to support less species than
north and south-facing slopes. They attributed this partially to a
reduced number of quadrats from the former exposures. In the
DeWess area, however, the number of quadrats from each slope was
more nearly the same and opposite results were obtained. The total
species on each slope was as follows: east-facing, 35 species; west-
facing, 35 species; south-facing, 31 species; north-facing, 30 species.
This indicated that east and west-facing slopes may support a greater
variety of species, possibly due to greater competition on the north-
facing slope and more rigorous habitat on the south-facing slope. It
may, on the other hand, be due to disturbance. Cobbe (6) found a
larger number of species on northern slopes in southwestern Ohio.

Previous papers have shown that elevation has an indirect effect
upon the vegetation. Cain, Friesner and Potzger (4) described the
variations of vegetation as influenced by altitude on a river bluff.
They found that beech and maple were more frequent on the lower
levels while oak and hickory were more frequent on the upper levels.
A similar but somewhat accentuated condition was described by Little
(13) in Caddo County, Oklahoma, where relic colonies of 4. sac-
charum associated with other mesophytic species dominated the canyon
floor, and the more xerophytic canyon rims, 30 to 70 feet above, sup-
ported several species of Quercus and Juniperus virginiana. Braun
(3) observed that in the Cumberland Mountains, beech extended
about half the distance up the south and west-facing slopes and two-
thirds or more of the distance up the north and east-facing slopes.
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Each individual area of this study proved to be an isolated vegeta-
tive community surrounded by other communities of similar species
but of different composition. The forces of succession constantly
struggle toward a homogeneous forest association while the over-
powering microclimatic conditions repel each attempted invasion. Be-
yond a doubt, an unlimited number of sugar maple seeds germinate
above the 48-foot level of the south and east-facing slopes each year,
only to perish each summer. Hence, as Potzger (16) has pointed
out, the microclimate in central Indiana will remain stable as long as
there is no change in the macroclimate.

SUMMARY AND CONCLUSIONS

1. This study deals with the vegetative complex of north, south,
east, and west-facing slopes of an area in Brown County, Indiana.

2. Each slope was divided into upper and lower elevations to show
the indirect effect of elevation and studied by means of 100 sq. meter
quadrats.

3. TForty-seven woody species were encountered, 22 tall trees, 9
small trees and tall shrubs, and 16 small shrubs including 1 liana.

4. The dominant tall trees species were: Quercus alba, Fagus
grandifolia, Acer saccharum, Q. velutina, Q. borealis maxima, Carya
glabra, and A. rubrum. These species were represented in different
proportions for most areas.

5. The north-facing slope supported the most mesophytic and
the south-facing slope the most xerophytic species.

6. The upper elevations tended to support the more xerophytic
species and the lower elevations the more mesophytic species.

7. Acer saccharum was prominent on the lower elevations of the
east and south-facing slopes but dropped out abruptly at the 48-ft.
level. A similar correlation was observed for Fagus grandifolia.

ACKNOWLEDGMENTS

The writer wishes to express sincere appreciation to Dr. Ray C.
Friesner for his suggestion of the problem, helpful criticism, and
reading of the manuscript. Sincere thanks also to Dr, Friesner and
Chester Miller for aid in identification and laying out of quadrats,
and to Misses Johanna Jones and Joan Sheppard and Messrs. Estel
Barry, Arian Evans, Francis Madinger and Charles Scheffe for aid
in laying out quadrats. To Marie McQueeney thanks for her under-
standing, encouragement and typing of the final manuscript.

248



LITERATURE CITED

BrauN-Branquer, J. Plant Soeiology. Revised by Fuller, George D. and
Henry S. Conard. McGraw-Hill Book Co., Inc. 1932.

BraunN, E. Lucy. The physiographic ecology of the Cincinnati region.
Ohio Biol. Surv. Bul. 7. 1916.

Brauw, E. Lucy. Torests of the Cumberland Mountains. Ecol. Monog.
12:414-447. 1942,

CaIN, StanLeY A, Ray C. FrigsNer, aND Joun E. Potzcer, A compari-
son of strip and quadrat analysis of the woody plants on a central Indiana
river bluff. Butler Univ. Bot. Stud, 1:157-171. 1930.

CaiN, StanLEy A, anp Ray C. FriesNer.  Certain aspects of the H-ion
concentration of the soils of a central Indiana river bluff. Butler Univ,
Bot. Stud. 1:172-175. 1930.

CosBE, THOMAS J. Variations in the Cabin Run Forest, a climax. Amer.
Midland Nat. 29:89-105. 1943

CosteLLo, Davip F. Comparative study of river bluff succession on the
Iowa and Nebraska sides of the Missouri River. Bot. Gaz. 91:295-307. 1931.

8. Deam, Cuarces C. Flora of Indiana. Indiana Dept. Conservation. 1940

9. Friesner, Ray C. Indiana as a critical botanical area. Indiana Acad.

10.

11

12,

13.

14,

15.

16.

17. ——.
- 18.

Sci. Proe. 46:28-45. 1936.

anp CuarLes M. Exk. Correlation of microclimatic factors with
species distribution in Shenk’s Woods, Howard County, Indiana. Butler
Univ. Bot. Stud. 6:87-101. 1944.

anp J. E. Porzcer. Contrasts in certain physical factors in Fagus
Acer and Quercus-Carya eommunities in Brown and Bartholomew Counties,
Indiana. Butler Univ, Bot. Stud. 4:1-12. 1937.

GrEasoN, H. A. The individualistic concept of the plant association. Amer.
Midl. Nat, 21:92-110. 1939. .

Lurre, Eiserr L., Jr. The vegetation of the Caddo County canyons,
Oklahoma. Ecology. 20:1-13. 1939.

Locan, W. N. Sub-surface strata of Indiana. Indiana Dept. Conservation.
Pub. No. 108. 1931.

Porzcer, J. E. Topography and forest types in a central Indiana region.
Amer. Midland Nat. 16:212-229. 1935.

————  Microclimate and a notable case of its influence on a ridge in
central Indiana. Ecol. 20:29-37. 1939.

Forest types in the Versailles State Park area, Indiana (M.S.).

ANp Ray C, FriesNer. What is climax in central Indiana? A
five-inile quadrat study. Butler Univ. Bot. Stud. 4:181-195. 1940,

249



19.

20.

21,

22.
23.
24.

Secor, Jack B. A comparative ecological study of two forest stands in the
Illinoian drift plain area of southern Indiana. Butler Univ. Bot. Stud.
9:60-79. 1949,

U. S. Depr. AGricULTURE, WEATHER BUReaU. Climatic summary of the
United States. Section 67—Southern Indiana. 1930.

U. S. Derr. CoMmmeace, WEATHER BUREAU. Monthly climatological sum-
mary. (Monthly Meteorological Summary) October 1947-October 1949.

VisHEer, STEPHEN S. Climate of Indiana. Indiana University Press. 1944.
WarMiING, Euc. Qecology of Plants. Oxford Univ. Press. 1925.

WercH, Winona H. A contribution to the phytoecology of southern Indi-
ana with special reference to certain Ericaceae in a limestone area of the
Bloomington quadrangle. Indiana Acad. Sci. Proc. 38:65-83. 1928.

250



15¢

TABLE 1

Stems present in lower and upper elevations of each of the four slopes. Fast-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total . Basal Area
Species Area 1” 1-2 3-5 6-10 11-15 16-20 20" above 1” F. 1. sq. in.
Tall Trees A 15 6 10 6 22 44 319.7
B 32 14 17 2 33 72 268.6
@ 9 5 6 6 1 18 52 575.7
D 14 11 16 4 31 70 412.6
Acer
rubrum E 4 4 2 4 4 ) 14 44 681.7
F 44 57 11 68 96 179.1
G 28 3 7 3 13 45 223.8
H 105 13 12 7 ) 32 80 439.0
A 98 173 63 7 1 1 245 100 1740.7
B 16 5 2 7 24 228
C 70 125 44 6 4 1 1 181 00 20169
A D 29 46 28 6 1 81 90 1091.1
saccharum E 92 53 16 5 3 77 72 776.0
F 1 1 2 04 7.9
G 55 11 11 1 1 24 85 422.5
H 5 1 1 1 3 16 136.7




414

TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrafs each except (D) and (G).

Below Above Total Basal Area
Species Area 1 1-2 3-5 6-10 11-15 16-20 20" above 1” F. I sq. in.
A 1 4 1 5 08 116.8
B 1 1 04 63.6
Garen c 2 08
cordiformis E 1 1 1 08 50.3
G 1 05
H 2 A 08
A 13 14 20 4 38 68 440.6
B 52 52 24 3 1 80 92 5734
C 5 21 9 8 38 68 489.3
C D 13 13 14 5 32 70 480.7
glabra E 3 2 6 3 2 13 48 4524
F 26 70 13 83 92 221.5
G 13 11 7 2 - 20 65 201.4
H 87 19 24 6 49 84 511.9
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B); north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1” 1-2 3-5 6-10 11-15 16-20 20” above 1” F. L sq. in.
A 12 9 20 4 33 72 461.0
B 2 74 8 2 17 20 153.9
Cc 3 3 12 1_17.0
C. D 1 3 10 3 16 50 212.8
ovata E 17 23 28 6 2 59 76 830.0
F 2 2 4 1 7 24 91.9
G 2} 3 1 4 50 40.8
H 2 3 2 7 24 122.5
. o
tomentosa 5 3 3 04 S48
Celtis
occidentalis G 1 05
A 5 3 9 4 5 1 18 32 1882.6
B 1 04
Fagus
grandifolia © 12 57 16 7 7 2 3 92 96 3420.4
D 11 7 3 3 1 2 1 17 60 1395.7



1414

TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F) ; west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1 1-2 3-5 6-19 11-15 16-20 20” above 1” F.1. sq. in.
E 10 39 20 31 4 | 95 80 2624.0
F
a;‘fndi - G 1 5 9 21 9 1 45 80 26463
H 24 15 20 16 4 1 56 76 1760.8
A 3 2 9 6 1 18 40 445.3
B 5 1 1 16 7.1
C 10 8 6 2 16 52 181.4
B D 3 2 1 3 20 18.8
raxinus
americana E 35 9 6 2 17 64 201.4
F 7 24
G 7 2 2 30 18.1
H 1 04
F.
biltmoreana B 1 04
1 1 04 63.6
J “g;:";a C 1 2 3 08 121.0
e D 2 2 10 1272
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). AIll areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1” 1-2 3-5 6-10 11-15 16-20 20" above 17 F.I sq. in,
= il H 2 _ 2 04 1.6
Juniperus
virginiana B 1 04
var, crebra
A 1 1 2 08 120.2
€ 1 2 1 3 08 127.2
Liriodendron D 1 1 1 1 3 15 1524
tulipitera E 1 2 3 08 3880
G 4 1 1 15 3.1
A 3 6 3 12 28 225.7
B 3 3 3 16 94
C 1 6 1 7 20 26.7
Nyssa _ D 2 2 1 1 4 25 61.3
sylvatica E 5 3 3 12 24
F 4 6 6 24 7.1
G 9 3 1 4 20 14.1
H 20 2 1 3 24 11.0
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TABLE I—(Continued)
Stems present in lower and upper elevations of each of the four slopes. FEast-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F) ; west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1™ 1-2 3-5 6-10 11-15 16-20 20" above 1” F. I sq. in.
B 3 1 5 9 08 351.9
Populus. 1 1 05 12.6
grandidentata
H 1 2 2 4 12 93.5
A 2 3 7 1 11 32 3982
B 7 1 2 1 1 5 20 161.0
C 1 1 1 3 5 16 161.0
Prunus D 2 1 1 3 5 30 142.9
serotina E 7 4 1 2 7 28 97.4
G 5 2 2 10 16
H 1 04
A 4 4 11 19 1 1 36 60 1898.1
B 11 23 75 59 2 159 9 3767.6
C 2 6 9 3 1 19 56 346.4
Oiieteiis D 8 4 10 13 1 28 70 744.9
alba E 18 8 7 5 1 21 54 479.9
F 18 88 139 90 2 1 320 100 5771.9
G 8 4 13 20 7 44 55 20832
H 33 12 27 17 5 61 76 1671.1
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TABLE TI—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F) ; west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area

Species Area 1% 1-2 3-5 6-10 11-15 16-20 20" above 1” F. 1. sq. in.

C 1 1 04 132.7

0 D 1 1 4 3 1 10 35 1076.8

borealis var. E 1 1 2 1 4 12 523.1

A i 33 . 2 6 2 1 1 12 50 12881
H 1 ) 04

A 3 2 13 9 27 56 1756.2

B 1 3 5 20 10 2 40 76 2921.5

c 2 6 1 3 1 11 32 420.2

0. D 1 1 05 153.9

velutina E 2 5 3 4 1 15 24 923.6

F 2 7 10 12 1 1 31 56 2642.7

G 7 1 1 2 25 79.3

H 31 4 6 12 7 29 64 1584.9
A 5 12

Ulmus c . 1 1 04 113.1

americana E 2 2 3 1 6 24 96.6
G 9 15
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). AIll areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1* 1-2 3-5 6-10 11-15 16-20 20" above 1” F.IL sq. in.
A 25 1 1 6 8 44 293.0
u. B 12 25
rubra
G 14 1 1 15 19.6
Small Trees A 1 2 2 08 1.6
Tall Shrubs B 3 3 20 7.1
C 3 3 08 7.1
Amelanchier D 1 . 05
canadensis - s 5 12 86
G 13 10
H 1 1 04 0.8
Asimina )
triloba E 1 04
A 13 3 2 S 28 23.6
Carpinus
caroliniana C 11 7 1 ’ 8 . 48 149
D 13 7 2 9 35 26.7
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F) ; west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total E Basal Area
Species Area 14 1-2 3-5 6-10 11-15 16-20 20" above 1” F. I sq. in.
. E 7 1 1 24 0.7
Carpinus

caroliniana G 111 8 8 44 18.1
H 33 2 2 36 16
Cercis A 2 2 04 14.1
canadensis E 3 2 2 04 6.3
A 6 1 1 2 24 79
B 71 19 4 23 84 63.1
C 36 6 3 9 68 58.1
. D 31 14 7 2 23 90 173.6
florida E 40 18 3 | 22 60 88.3
F 15 12 12 36 21.2
G 60 11 11 70 18.1
H 43 3 5 8 68 53.7

Crataegus E 1 04

sp.?
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area

Species Area 17 1-2 3-5 6-10 11-15 16-20 20" above 1” F. L sq. in.
Morus rubra A 1 04

A 215 25 9 34 96 129.6

B 111 19 2 21 60 59.7

C 114 5 4 1 10 68 1155

Ostrya D 146 25 9 34 85 149.5

virginiana E 92 6 4 10 72 56.5

E 1 1 04 3.1

G 168 20 7 27 90 104.5

H 158 41 2 43 80 74.6

A 5 3 11 14 36 166.5

B 23 9 18 1 28 56 238.0

C 10 1 1 2 24 98.2

Sassafras D 5 2 9 2 13 64 191.6

albidum E 6 7 7 12 98.2

F 16 5 5 10 44 46.3
G 43 35

H 55 1 4 5 10 44 3228
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Ahove Total Basal Area
Species Area 1”7 1-2 35 6-10 11-15 16-20 20" above 1”7 F. 1 sq. in.
Shrubs
D 47 70
Co rylus E 24 32
americana
G 3 10
A 6 04
Dirca C 5 08
palustris D 1 05
E 1 04
Gaylussacia H %
baccata -
A 15 44
Hamamelis B 2l 28
virginiana C 5 20
D 16 40

* Stems of these species were present as indicated but were not tabulated.
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F): west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1” 1-2 3-5 6-10 11-15 16-20 20" above 1” F. 1. sq. in.
E 17 36
Hamamelis F 8 _ 08
virginiana G 16 0
H 11 24
Hydrangia A 1 04
arborescens B 1 04
| A 2 04
Lindera. Ie 15 ' 16
benzoin
E 59 40
Rubus E 1 04
allegheniensis G 52 15
B 1 04
R.
occidentalis G 1 05
H 10 04
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing : lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1~ 1-2 3-5 6-10 11-15 16-20 20” above 1” F. 1. sq. in.
Sambucus ) C 6 04
canadensis
A 1 04
Smilax B 3 08
glauca
F 11 _ _ 16
A 2 08
S. (& 5 12
hispida D 5 10
H 1 04
A 18 40,
B 1464 72
C 26 28
S, D 30 20
rotundifolia E 193 9
F 443 ) 88
G 36 20
H 286 64
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F); west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area
Species Area 1” 1-2 3-5 6-10 11-15 16-20 20" above 1” F. L sq. in.
Vaccinum
- stamineum var. H *
neglectum
I *
V.
vacillans G *
H *
A 30 44
B 67 60
C 46 44
Viburnum D 48 65
acerifolium E 7 12
F 29 28
G 261 80
H 289 ) 68

* Stems of these species were present as indicated but were not tabulated.
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TABLE I—(Continued)

Stems present in lower and upper elevations of each of the four slopes. East-facing: lower elevation (A), upper (B) ; north-
facing: lower elevation (C), upper (D) ; south-facing: lower elevation (E), upper (F) ; west-facing: lower elevation (G),
upper (H). All areas 25 quadrats each except (D) and (G).

Below Above Total Basal Area

Species Area 17 1-2 3-5 6-10 11-15 16-20 20" above 1” F. I sq. in.

A 5 16

B 16 44

C 4 12
Vitis sp.? D 4 20

E 5 16

F 5 20

G 1

05
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TABLE II

Relation of Elevation to Presence of Acer saccharum and Fagus grandifolia on East-, North-, South-, and West-facing Slopes.

. Area Elevation above Approx. angle Stems Stems Basal Area
Slope Direction  Species (Quads.) valley floor of slope below 1” above 1” F. 1. sq. in.
East-facing Acer A(25) Below 48 ft. 8.5° 98 245 100 1740.5
B(25) 48-75 ft. 15.0° 16 7 24 228
Fagus A(25) Below 48 ft. 8.5° 5 18 32 1882.6
B(25) 48-75 ft. 15.0°. 1 0 4 0
North-facing  Acer C(25) Below 48 ft. 28-34° 70 181 100 2016.9
D(20) Above 48 ft. 17.0° 29 81 90 1091.1
Fagus C(25) Below 48 {t. 28-34° 12 92 96 3420.4
D(20) Above 48 ft. 17.0° 11 17 60 1395.7
Southi-facing  Acer E(25) Below 48 ft. 25-31° 92 77 72 776.0
F(25) Above 48 ft. 18.0° 0 2 4 7.9
Fagus E(25) Below 48 ft. 25-31° 10 95 80 2224.0
F(25) Above 48 ft. 18.0° 0 0 0 0
West-facing  Acer G(20) Below 70 ft. 28.0° 55 24 85 442.6
H(25) 75-145 ft. 28.0° 5 3 16 136.7
Fagus G(20) Below 70 ft. 28.0° 11 45 80 2646.3

H(25) 75-145 ft. 28.0° 24 56 76 1760.8
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TABLE III

Relation of Elevation to Presence of Species of Carya and Quercus on East-, North-, South-, and West-facing Slopes

Slope Species Area Elevation above Approx. angle Total stems Total stems Combined basal
Direction of (Quads.) valley floor of slope below 1” above 17 areas—sq. in.
East-facing Quercus A(25) Below 48 ft. 8.5° 4 63 3654.2
(2 spp.) B (25) 48-75 ft. 15.0° 12 199 6689.0
Carya A(25) Below 48 ft. 8.5° 26 76 1018.4
(3 spp.) B(25) 48-75 ft. 15.0° 54 98 790.9
North-facing  Quercus C(25) Below 48 ft. 28-34° 4 31 899.3
(3 spp.) D(20) Above 48 ft. 17.0° 8 39 1975.6
Carya(3) C(25) Below 48 ft. 28-34° 7 41 606.3
(2 spp.) D(20) Above 48 ft. 17° 14 48 693.5
South-facing  Quercus(3) E(25) Below 48 ft. 25-31° 19 40 1926.6
(2 spp.) F(25) ' Above 48 ft. 18° 20 351 8414.6
Carya(3) E(25) Below 48 ft. ~  25-31° 21 72 1332.7
(2 spp.) F(25) Above 48 ft. 18° 28 90 3134
West-facing Quercus - G(20) Below 70 ft. 28° 48 58 3450.6
(3 spp.) H(25) 75-145 ft. 28° 65 90 3256.0
Carya G(20)  Below 70 ft. . 28° 35 24 2422

(4 spp.) H(25) 75-145 ft. 28° 94 59 668.2




TABLE IV

Distribution and Density of Species on All Slopes

Tall trees, small trees & tall shrubs

Shrubs

1. Only stem below 1” present 1. 1-10 stems present
2. 1-10 stems above 1" present 2. 11-20 stems present
3. 11-20 stems above 1” present 3. 21-50 stems present
4. 21-50 stems above 1” present 4. 51-100 stems present
5. Over 50 stems above 1” present 5. Over 100 stems present
*Stems present but not tabulated.

Exposure East North South West
Species A B C D E F G H
Tall Trees
Acer rubrum 4 4 3 4 3 5 3 4
A, saccharum 5 2 5 5 5 2 4 2
Carya cordiformis 2 2 1 2 1 1
C. glabra 4 5 4 4 3 5 3 4
C. ovata 4 3 2 3 5 2 2 2
C. tomentosa 2
Celtis occidentalis 1
Fagus grandifolia 3 1 S 3 5 4 5
Fraxinus americana 3 2 3 2 3 1 2 1
F. biltmoreana 1
Juglans cinera 2 2 2
J. nigra 2
Juniperus virginiana, var. crebra 1
Liriodendron tulipifera 2 2 2 2 2
Nyssa sylvatica 3 2 2 2 2 2 2 2
Populus grandidentata 2 1 2
Prunus serotina 3 2 2 2 2 2 1
Quercus alba 4 5 3 4 4 5 4 5
Q. borealis maxima 2 2 2 3 1
Q. velutina 4 4 3 2 3 4 2 3
Ulmus americana 1 2 2 1
U. rubra 2 1 2
Total number species for each

area 14 16 15 14 14 8 16 15
Small Trees and Tall Shrubs
Amelanchier canadensis 2 2 2 1 2 1 2
Asimina triloba 1
Carpinus caroliniana 2 2 2 2 2 2
Cercis canadensis 2 2
Cornus florida 2 4 2 4 4 3 3 2



TABLE IV—(Continued)

Distribution and Density of Species on All Slopes

Exposure East North South West
Species A B Cc D E F G H
Crataegus sp. 1
Morus rubra 1
Ostrya virginiana 4 4 2 4 2 2 4 4
Sassafras albidum 3 4 2 3 2 2 1 2
Total number species for each

area 7 4 S 5 8 3 5 5
Small Shrubs
Corylus americana 3 3 1
Dirca palustris 1 1 1 1
Gaylussacia baccata »
Hamamelis virginiana 2 3 1 2 2 1 2 2
Hydrangia arborescens ) RS |
Lindera benzoin 1 2 4
Rubus allegheniensis 1 4
R. occidentalis 1 1 i
Sambucus canadensis 1
Smilax glauca 1 1 2
S. hispida 1 1 1 1
S. rotundifolia 2 5 3 3 5 5 3 5
Vaccinium stamineum neglectum *
V. vacillans * * *
Viburnum acerifolium 3 4 3 3 1 3 5 5
Vitis sp.? 1 2 1 1 1 1 1
Total number species for each

area 9 7 8 7 8 5 8 8
Total number all woody species 30 27 28 26 30 16 29 28

269
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