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ABSTRACT

The vegetation of Wilson Mountain, part of Little Brushy
Mountain, Morgan County, Tennessee, has been investigated. Five
widespread community types occurred; these were dominated by
shortleaf pine on south ridges, tulip poplar in most north draws,
northern red oak on the highest north slopes, white oak on most
Tow elevation slopes but also dominating certain high slopes; and
chestnut oak which was the dominant on most middle north and upper
south facing slopes. Plots were placed on a two axis array using
elevation on the vertical axis and aspect slope position-slope
angle and A horizon thickness on the X axis. Basal area decreased
47 percent, diversity decreased 40 percent and density increased
31 percent across the mesic to xeric axis. Species distributed
along a continuum index axis exhibit distinct peaks. Other
characteristics of species and communities are discussed.

‘This.is a paper from the Botanical Laboratory of The
University of Tennessee-Knoxville, N.S. 398.
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INTRODUCTION

. This reports several of the characteristics of the forest
vegetation, soils and sites of Wilson Mountain. The need for such
information has arisen since the publication of accounts of similar
vegetation in Kentucky (Braun 1935, 1942, 1950), since the
development of various comparative procedures (cf. Whittaker 1956,
Curtis and McIntosh 1951, see also Shimwell 1971, and
Mueller-Dombois and Ellenberg 1974) and as an aid in management
of this diverse forest area.

Of particular use, since the time of Humbolt (1805) are
diagramatic schemes representing distribution of landscape
vegetation features. Lifezone distribution was shown on the San
Francisco Mountains by Merriam (1890). Diagrams have been
popularized in western mountains by Whittaker (1960) and Whittaker
and Niering (1965) and in Southern Appalachian mountain vegetation
(Whittaker 1956).

The writers acknowledge the assistance of the late Mr. J.S.
Kring, Mr. R.L. Duncan and Mr. Bob Kelly in the field and the
computer programming of Ms. Virginia Patterson. The work received
support from the University of Tennessee Departments of Forestry
and Botany and the Graduate Program in Ecology.
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Wilson Mountain is the western end of Little Brushy Mountain,
Camp Austin and Petros Quadrangles, Morgan County, Tennessee, at
849 30' west longitude and 369 2' 30" north latitude. It lies at
the southern end of the Cumberland Mountain portion of the
Appalachian Plateau Province (Fenneman 1938), 40 km (25 mi)
southwest of the Pine Mountain overthrust block which has mountains
to 1263 m (4145 ft) and within the Wartburg Basin with peaks to
1006 m (3300 ft) (Wilson and Stearns 1958).

The mountain here is a ridge with the long axis extending
northwest-southeast to elevation over 671 m (2200 ft), 244 m
(800 ft) above valley floors. Comparable ridges lie three km
(two mi ) north and about 2.4 km (1.5 mi) south and southwest.
The mountain, an erosional feature produced by the Obed River,
is underlain by horizontal Pennsylvanian rocks of the Pottsville
series composed of fine-grained sandstone layeralternatingwith
beds of shale, siltstone and coal (Wilson, et al., 1956; Wilson
and Stearns 1958). Soils have been reconnaissance mapped as
Muskinghum but the deeper 1.1-1.5 m (3.5-5 ft) silt Toam A, silty
clay loam B profiles on slopes are usually Shelocta, and the
shallower, ridge position, sandy-loam to loam A, sandy loam to
light sandy clay loam B profiles are usually mapped as DeKalb
(Springer 1966). .

Climatic data fall into the humid mesothermal type with little
or no water deficiency in any season and thermal efficiency normal
(B3B'prb3) in the system of Thornthwaite (1948). Local temperature
variations near Knoxville as seen on opposing slopes of a small
valley produced mean variations of 1.7 C {3 F) equivalent to 290 m
(950 ftg of elevation and 322 km (200 mi) latitude (Shanks and
Norris 1950). Orographic precipitation and temperature changes
on large nearby mountains are typical (Shanks 1954; Smallshaw
1953), and similar climatic effects of aspect and elevation on
Wilson Mountain, while probable, have not been measured directly.
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Settlement by European people, mainly of Swiss and German
extraction, occurred in Morgan County in the early 1800's (Freytag
and Ott 1971). However, population levels in general have remained
Tow--only 70 persons per square km (27 persons per square mi) in
1960 (Bureau of the Census, 1961). Farming operations have been
carried out on the valley bottoms and in small plots on mountain
benches and crests. Probably scattered timber cutting on the
study area occurred until the early 1900's when the Bryn Mawr
Mining and Land Company acquired ‘the land. Some timber was removed
until 1937, and again by the University in 1948 when the present
University Forestry Department management policy policies went
into effect. Between 1953 and 1957 coal beds at 488 m (1600 ft),
548 m (1800 ft) and 579 m (1900 ft ) were stripped (Anonymous
1950). Some benches and outslopes have been planted to Pinus
taeda plots. In 1953 a forest fire damaged the northwest corner
of the mountain outside the study area (Kring 1966) and some
evidence of ground fire was seen on the plots established at
Tower elevations in the study area. '

The vegetation of the Cumberland Mountains of Tennessee
was first described by Breazeale (1842) who said:

n
.

. .Dense groves of large and towering pine, poplar,
chesnut, hickory and oak, cover the ridges, and highlands;
and along the margin of the rivers and large creeks,
beech, maple and sugar-tree are sometimes found; and in

~many places groves of buckeye, linn and birch; but the
principal growth along ‘the margin of the streams, is
tall white, and spruce pine, with dense laurel thickets,
and sometimes a narrow cane-brake, as an undergrowth."

~ Implicit in this are ‘the upland pine and oak communities so
prevalent in Southern Appalachian descriptions (cf. Cooper and
Hardin 1970, Whittaker 1956, Braun 1950, Martin 1971), and the
ravine mixed mesophytic forest segregates--some with hemlock (Braun
1950). His recognition of swamp forest is suggested by his mention
of cane. Of this area Killebrew and Safford ?1874) note "a grove
of walnut timber...six feet in diameter...thickly set upon the soil,
in company with massive white oaks." Later Killebrew (1877)
reported pine and black oak near Wartburg and extensive white oak
'stands there. Northward he notes, "walnut in coves, poplars on
north slopes...also buckeye and ash...and in bottoms...beech."
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Little ecological work on the Cumberlands appeared until the
work of Braun in Kentucky (Braun 1935, et seg.) who described
extensive cove and north slope mixed mesophytic forests, extensive
upper north slope and south slope oak forests and pine and oak-pine
stands on shallow soils chiefly with south and southwest aspect.
The vegetation of this area is placed by Braun (1950) in the Cliff
Section of the Cumberland Plateau Section of the Mixed Mesophytic
Forest Region although in 1942 Braun granted outlier status to the
mountains to the east and south of the Pine Mountain overthrust
block (the main Mixed Mesophytic Forest area). They were treated
in 1950 as more nearly similar to plateau vegetation.

Two studies have recently been made within the Wartburg Basin.
One is that of Cabrera (1969) who worked in a virgin northeast to
northwest to southwest facing deciduous stand on Ash Log Mountain,
567-989 m (1860 to 3240 ft) elevation 32 km (20 mi) northeast of
Wilson Mountain. On Ash Log Cabrera reports mixed mesophytic
segregates sugar maple-tuliptree-basswood-buckeye in north-facing
draws, a sugar maple-red oak-tuliptree-black locust segregate on
north and west leads, and west and northwest draws and flats. Low
density of seedling and saplings of locust suggested its only
temporary dominance. A chestnut oak-black Tocust forest dominated
Teads and draws of west and southwest aspect. Martin (1966) first
described the Wilson Mountain forests. The forest reproduction
portion of this study has already appeared (Thor, Martin, Deselm
1969). The area has also recently been used in remote sensing
research (Krumpe, DeSelm and Amundsen 1971 and DeSelm, Amundsen
and Krumpe 1972) and in loblolly pine planting trials (Thor and
Kring 1964).

METHODS

Transects extended from the base (elevation 415-429 m, 1360
ft) to the top .of Wilson Mountain (elevation 693 m, 2260 ft) on
ridges and in draws on northeast and southwest exposures. Twenty
transects were established--five each on ridges and draws on each
exposure., On each transect an average of ten sample plots .08l ha
(0.2 A) in size were established; these were separated by distances
allowing 24-30 m (80-100 ft) rise in elevation. Areas within 30 m
(100 ft) of the road and strip mine area were excluded (488, 548,
579 m; 1600, 1800, 1900 ft contours). In all, 199 sample locations
were selected, 102 on the northeast and 97 on the southwest
exposure. The total sample was five percent of the forested area.
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: At each plot all trees over 12.7 c¢cm (5 in) dbh were recorded
by 5.1 cm (2 in) diameter class and selected soil and site
characteristics were measured. Aspect was determined by hand

~ compass to the nearest few degrees; slope position by reference to
the topographic map and use of an altimeter; slope angle was
determined by clinometer and this value was used in adjusting

plot size following a method described by Bryan (1956). Soil
properties determined in the field were type and thickness of the
0 tayer, thickness of the A horizon, depth to rock, and stone
volume; soil texture was estimated by "feel" (Soil Survey Staff,
1951); soil samples analyzed for pH values were a composite of
three samples collected from the surface 15 cm (6).

Field determinations of tree taxa were aided by use of keys
by Shanks and Sharp (1950} but taxonomic nomenclature follows
Fernald (1950).

Relative density and basal area was calculated for all
taxa over 12.7 cm (5 in) dbh by plot; these were summed for an
importance value (I.V.) of 200 for each plot. The taxa >100
were designated leading dominants or codominants.

RESULTS AND DISCUSSION

Community Distribution

Two methods were used to represent the vegetation
diagramatically. The first (Figure 1) shows plot distribution on
elevation on the ordinate (here a probable climatic differential,
and also representing topographic change. The large draws of the
lTower slopes dissipate into small ones above, and flat slopes,
infrequent below, increase in area above). The abscissa represents
aspect and topography but within each of the four cells is a
- repeating slope angle X thickness of .the A rating totalling 1-60,
with flat and thick to steep and thin angles and hor1zons
appear1ng left to right.
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Figure 1. E]eyatjon-topography diagram of Wilson Mountain.

Dashed lines, 3nd1cate the location of the main plant communities.
Heavy curved Tines and numbers refer to the importance value

and frequency in its zones of importance of the species indicated.
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~ Points are the location of each plot; communities indicated
(dashed 1ines) are dominated by Tuliptree (Li tu), White oak (Qu al),
Chestnut oak (Qu pr), Pine (Pi ec) and Northern red oak (Qu ru) as
determined by leading dominant. The Tuliptree type area chiefly
"tulip cove" vegetation included 12 plots dominated by other taxa,
Quercus prinus (4), Acer rubrum (4), Fraxinus americana (2), Tilia
(1), Fagus (I); the type area is then about two-thirds "“pure".
The lower White oak type is about 55 percent pure, the area also
containing plots dominated by Acer rubrum (3), Quercus prinus (2),
Pinus strobus (1), Liquid (1), Pinus echinata (1), Fagus (1),
and Carya ovalis (1). The Pine type is 69 percent pure, also
containing plots dominated by Quercus prinus (5), Quercus alba (3),
Pinus virginiana (1), and Carya tomentosa (I). The high White
oak area is without other type plots, as indicated. The
Northern red oak type (14 plots) only includes six plots of that
dominant; Liriodendron (3), Robinia (1), Fraxinus (1), Q. prinus
(1), Tilia (I) and Carya ovalis (1) plots are also include%. The
most widespread type, Chestnut oak,is 84 percent "pure",other plots are
dominated by Acer rubrum (5), Quercus coccinea (3), Q. velutina
(2), Q. rubra (1), Carya tomentosa (1), C. ovalis (1), Liriodendron
(1), Q. alba (1), Pinus echinata (1), P. strobus (1) and Liquidambar
(1). "WhiTe the absoTute Tocation of type boundaries (Figure 2)
was subjective, the lines were drawn to include the greatest
concentration of the leading important dominant. The purity of a
schematically shown type, here from 43 to 100 percent (considering
high White oak as a type) averaged 70 percent in this chiefly
secondary vegetation. Whittaker (1956) indicated, in primary
Smoky Mountain vegetation, a 90 percent expectancy in such a
scheme.

A second method of {1lustrating vegetation relationships
schematically (Figure 2) was obtained by deriving a Continuum
Index Number for each plot and placing its locations at the
intersection of the plots' elevation and Index Number. The latter
was obtained by summing the product of each species Importance
Value by the species adaptation number, see Curtis and McIntosh
1951, and Cabrera (1969). The plot position and community
arrangement in Figure 2 is similar to that of Figure 1. Lateral
plot Tocation suggests that the most xeric communities (index
number ca. 200) occur here, but that the most mesic forest (numbers
>1700), doubtless present regionally, are absent from the study
area. Braun's assertion (1950) that mixed mesophytic forests may,
when cut, be followed by much less mesic ones may be illustrated
here. The hiatus between the Tuliptree and Chestnut oak '
communities suggests that more environments (as east facing) occur
than were actually sampled. ' ‘
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Community characters (solid lines and numbers, Figure 2)
grade continuously across the diagram. Per acre density and basal
area are more or less inversely related, density, in more or less
homogeneous areas, increases from 111.5 to 161.5 trees per acre
and basal area in distinct but related areas decrease from 107.0
to 63 square feet per acre. These general data levels have been
reported before (Tennessee Valley Authority 1973) and the inverse
relationship is commonly seen. Diversity as indicated by numbers
of overstory taxa per plot decreases from 9.3 to 5.6 across
approximately the same axis, a decrease of 40 percent, the same
percent decrease reported in overstory taxa from mesic to xeric
forest types at the Marshall Forest (Lipps and DeSelm 1969).

Species Behavior

Comparison of the "distribution" of taxa on the schematic
background is of interest (Figures 1,2,3). A series of quite
different patterns of importance are suggested for the mesophyte
Tilia, the submesophytes Pinus strobus, Liriodendron, Quercus
alba, and Q. rubra, and the xerophytes Quercus prinus and Pinus
echinata. These diagrams and those of other faxa suggest no
interspecific dependence but instead a strong interaction with
the microenvironment.

The bimodal nature of the importance of Quercus alba, found
by Whittaker (1956) in the Great Smoky Mountains, is suggested
here also. While not absent between the high and low areas of
concentration, frequency and density are Tow at middle elevations.
This phenomenon, occurring here on 244 m (800 ft) of topography,
but to the east occurring on a 1372 m (4500 ft) axis is
reminiscent of the downward distribution of 1ife zones on low
mountains shown by Merriam (1890). Another possibility is
expression of two ecotypes with optimum development in different
sites although this phenomenon was not seen by Baranski (1975).

Species distribution across the environmental (direct
gradient) versus vegetation axes (indirect gradient) (Figures
1 and 2) are similar and no good basis other than subjective
choice has been found to justify one scheme over another. However,
from the standpoint of illustrating probable cause mechanisms,
the former is preferred. It is noted here that vertical and
horizontal banding occurs on both north and south aspects,
although, on large scale topography in the Smokies, summer
temperature banding is vertical on south-facing slopes and more
nearly horizontal on north-facing slopes (Tanner, 1963).
Environmental factors in addition to temperature are in operation.
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The slope or left to right upward "lean of importance value
lines of Quercus alba of about one aspect-topographic unit in a
vertical 46 m (150 ft) (Figure 2) and of Q. prinus (Figure 3) of
about two units per 122 m ?400 ft) and of the Tower part of the
right line of Liriodendron (Figure 2) of two units per 152 m
(500 ft) all average about two units, or one north-south aspect
change, per 122 m (400 ft). Such an aspect change is equivalent to
about 1.7C (3F) (Cantlon 1953, Shanks and Norris 1950) but Shanks
(1954) and Dickson (1959) indicate an elevation gradient of
0.61-0.62C (1.10 and 1.12F) per 122 m (400 ft). If the slope
indicated here has reality it suggests that these taxa are
responding non-linearly to elevation, that is, with the
environmental gradients associated with elevation.

Another scheme used for arraying the tree taxa was that
devised by Curtis and McIntosh (1951) in which the importance
value of each is plotted against the Continuum Index. The data
has been compared to that of Whittaker (1951, 1956) and certain
taxa peak in more mesic (+), or more xeric sites (~) here than in
the Smokies: Cornus +, Acer rubrum-, Quercus prinus-, Quercus
coccinea-, Lirjodendron, Oxydendron, Quercus alba, and Pinus
strobus are unchanged. The figures also exhibit positions for 14
taxa not noted above. In addition tentative positions appear:
1400-1600 Carya ovata, C. cordiformis, Magnolia acuminata;
1400-1200 Aesculus octandra, Carpinus. Betula Tenta; 1200-1000
Amelanchier arborea; 800-1000 UTmus alata and Diospyros;

600-800 Prunus serotina; 400-600 Pinus virginiana and Carya
tomentosa. These taxa were of low frequency and both their climax
adaptation numbers and thus positions of their peaks on the
continuum index is preliminary.

While the use of the vegetation axis in the above two methods
is informative the methods are based upon climax adaptation numbers
which were subjectively estimated. While the above numbers are
intended to represent drought tolerance, other attributes appear
on the same axis, tolerance to shade and temperature extremes,
fertility requirements, pH tolerance and others but unfortunately
sufficient information is lacking which would provide weightings
to separate the presumed drought tolerance axis from others.

- The detailed information concerning species attributes and
stand character make the above method less useful than vegetation
typing from the standpoint of simple and early generalizations in
little known vegetation and would make if difficult to use small
scale remotely sensed imagery to characterize and map the vegetation.
On the other hand multiple axes are convenient ways to express the
relative behavior of many taxa along gradients justified by
physiological information or a large background of ecological
observations over diverse climatic and edaphic scales.
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