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ABSTRACT

Reproduction was observed on 199 samplq plots and cpq\posi-
tion and density were related to soil and site chqractemucs as
well as overstory species. Some species were restnctod‘ to north
or south exposures, but two of the most common species, chest-
nut oak and red maple, were relatively evenly distributed.
Sweetgum, bitternut hickory and beech mproduce\nbuantly
by root sprouts; these three species also had thg highest intra-
specific overstory-understory correlation coefficients i\‘or den-
sites. Neither yellow-poplar nor red maple showed any smniﬁcqnt
relationship between densities of overstory and understory. Five
site variables, thickness of the A horizon, slope direction, per-
cent slope, slope position and the pH of the soil were found to
be significantly correlated wtih species density in the understory.
However, only a small proportion of the variation in desities
of individual species could be accounted for by multiple regres-
sion equations.

A Continuous Forest Inventory (CFI) was estab-
lished in 1962 to aid in the management of the Uni-
versity forests in the Cumberland Mountains. In addi-
tion to standard mensurational data, information was
obtained for a large number of site characteristics. Re-
generation data from the original survey indicated that
most of the understory was made up of undesirable
species. Due to the large variation in species composi-
tion among sites additional study to determine the

relationship between site and species composition was
initiated in 1965.

STUDY AREA

One part of the University forest, Wilson Mountain
in Morgan County, was selected for this study. Wilson
Mountain is at the southern end of the Cumberland
Mountain section of the Appalachian Plateau Province
described by Fenneman (1938). The soils, all derived
from sandstone and shale, have been mapped as mem-
bers of the Muskingum series which here have a
grayish-brown silt loam A horizon and yellowish-brown
silty clay loam B horizon. The mean annual tempera-
ture is 55° F, but summer temperatures as high as
102° F have been recorded. In general, the mean
annual precipitation of 55 inches is well distributed
throughout the year with least amounts occurring in
the autumn.

The Wilson Mountain tract, containing 1,202 acres,
was deeded to the University in 1937. Timber has
been sold both before and after this time, but lumbering
on a large scale was halted in 1949. The only known
fire in the study area occurred in 1953 and it was
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restricted to the northwest end of the mountain. The
CFI data obtained in 1962 indicate that the sawtimber
volume was 4,073 board feet and the pulpwood volume

288 cubic feet per acre, much better than the average
for the county.

METHODS

Transects were established from the base (elevation
1360-1400) to the top of Wilson Mountain (elevation
2260 feet) both on ridges and in draws on northeast
and southwest exposures. Twenty transects were estab-
lished, five each on ridges and in draws on each ex-
posure. On each transact an average of ten sample plots
were established; these were separated by distances
allowing 80-100 feet rise in elevation. No plots were
located within 100 feet of road and strip mine areas
(1600 and 1800-1900 contours). In all, 199 sample
locations were selected, 102 on the northeast exposure
and 97 on the southwest exposure.

At each location two concentric circular plots were
established. On 1/5-acre plots, trees larger than §
inches d.b.h. were counted by species. On 1/100-acre
plots reproduction with stems smaller than 5 inches
d.b.h. and taller than 3 feet was counted by species.
No distinction was made between seedlings and seed-
ling sprouts; if a group of sprouts indicated growth
from a common base, only the largest sprout was
counted.

Reproduction was counted by four height classes:
3-10, 10-20, 20-30 and 30-40 feet. However, height
classes did not prove to be a significant factor in the
initial analysis so all sizes were pooled for further
statistical treatment. Sixty-eight percent of the repro-
duction was in the 3 to 10 foot class, while 17, 8 and 7
percent were in the three successive classes.

Data were analyzed by IBM 7040 computer using
programs prepared by The University of Tennessee
Computing Center. Statistical analysis included nested
analysis of variance, correlation, and linear (simple)
and stepwise multiple regression.

COMPOSITION AND DENSITY OF UNDERSTORY

Species composition of the understory was expressed
as frequency (percent of plots on which a species
occurred) relative to exposure and topography (Table
I). Few species were uniformly distributed; seventeen
were found only on north or south-facing exposures,
eight were restricted to draws and four to ridges.

Yellow buckeye and umbrella magnolia appear to
be restricted to the cool north draws while blackjack
oak is found only on the hot, dry, south ridges. Under-




e Cumberland Mountains

ites in th
Natural Reproduction on Upland Sites | 0
ber of potentig] ¢
bout the same num p al ¢
..an hornbeam, bitternut hickory, all:zs:nt as reproduction on both exposureg. = fregy
story trees of American Oll’fl a bu::kthorn were fou{ld Following adjustment for understory speci
American chestnut and Ca;gtﬁ] ridges and draws, while —ain about 1,500 stems of timber species leg they
only on north exposures, i raws on the e However, the numbe . Teprog
inged elm was restricted to ridges and d hite tion per acre. HOW > . T varjgg U
:‘cl)lt?tglf exposures. No reproduction of beech or W among the main timber species (Table I ea

: ile mulberry
pine was found in the south draws wrttlllle exposares,

i On no
was absent from south ridges. ¢ ot
no shortleaf pine was found on the ridges or scar

than half of this reproduction is accounteq for 1., Morg
relatively undesirable species; chestnut oak, pe N
and blackgum. In comparison the most degic Map),

. bl : able
oak in the draws. roduction consisting of shortleaf pine, . © I
The mean number of understory trees ffjr :iltle zorthel’n red oak, white oak, black oak, yell(l,11 tf' Ping,
sampled area was 2,500 per acre. The lowest )enan(}; sweetgum and white ash accounts for aboy; 30 POplg,
was found on south ridges (2,000 trees per acte ) of all potential timber trees. On an average thpement
the highest on north draws (3,200 trees P i 470 desirable trees per acre which may b:a ere' an
The greater number of trees on north exposu;:isosz < advance Tepro Jiction. classif ¥
: . i
probably due to the better soil moisture con o Two of the most common less desirable .. .
which enhance survival of such shade tolerant unde hestnut 0ak and red maple, are relativel SPecieg
story species as dogwood. When the densities of species chestn P €ly evenly ¢
. : d tributed on both exposures and in draws and g o, %
which may develop into overstory trees are compare ¢ the blackgum occurs on th 0 ridgeg
between exposures it is found that 73 percent of those Most o ek , galmost one i ef dry south Tidgey
on south exposure but only 55 percent of those on Wh?l'e .lt.mal es tp b eertt B di 1 10 5}11 reproduction,
north exposure are potential timber trees. Thus, there while it 1s almost absen € cool moist north drawg
TABIE 1. FREQUENCY OF UNDERSTORY TREE SPECIES BY EXPOSURE AND TOPOGRAPHY?
—_—
S ot £ b North North South South Total T ——
Scientific Name Ridge Drawr Ridge T . Common Name
Acer rubrum 73 78 77 63 71 Red maple
Cornus florida 76 89 L3 65 66 Flowering dogwood
ercus prinus Sl 52 57 67 57 Chestnut oak
Noyssa sylvatica 52 L1 78 65 56 Blackgum
e T .
39 7 1 0 ; :
Taxinus americana 23 27 h2 53 g% ﬁgnut Lickory
Quercus rubra 29 33 o6 33 30 1te ash
Robinia pseudoacacia i3 1 L3 L8 28 Northern red oz
Prunus serotina o1 30 4 & 2 Black locust
Quercus alba 13 13 > 21 Black cherry
Quercus velutina 18 5 h; L8 2l White oak
Carya ovalis 21 30 10 30 23 Black oak
Tiricdendron tulipifera 20 28 L 2 18 Sweet pignut hickory
Sassafras albidum 23 30 17 17 Yellow-poplar
%gerr':us coceinea 20 0 2)2 2 15 Sassafras
Cl‘lu:.dambar styracifiua 7 ol 10 1 15 Scarlet oak
A;:ga t}c;rpentosa ‘ 11 L % %.5 1L Sweetgun
agu:n;r:;fl iggggzea 12 290 10 g ig Mockernut hiclgoriy
: 20 Downy serviceber
arsm:nzzraoeﬁg t 25 2 % 0 10 American beech
= a-,# 13 i 0 g 9 Eastern white pine
us ec zata 2 g L 22 o Anerican chestmt
Carya cordiformis ; : 18 2 { Wanged eln
ST Iy — 11 1 o - y Shortleaf pineé
e A
us carolinian 0
Aesculus octandra : g 1 0 8 g oy hornléﬁz’:n
Magnolia Tripetala 16 Carolina buck
Betula IGE;L 8 13 8 g L Yellow buckey®
8rcus marilandica 0 7 0 0 3 Unbrella magnot?
- 0 8 g 2 Sweet birChak
ierc_:ent of plots on which Species occurreq, ° Blackject ¢
- ddltlona:!. species found had . ; ed.
7oSPyros virginiana, Magnoli roquencies of less thap

i ac
Tsuga canadensis, Ulmus amerig e ate dminate, Que
———— T

two Percent in the

a1t
total area: Acer sacchalz
Sarya ovata, otal area: Acer 2oy,

Juglans mgra, Tilia heter



98 Journal of The Tennessee Academy of Science

TABLE IT. DISTRIBUTION OF REPRODUCTION OF SELECTED SPECIES
RELATED TO EXPOSURE AND TOPOGRAPHY
Mean Percent of Total Number

Species Number North North South South
Per Acre Ridge Draw Ridge Draw

Shortleaf pine 3L 0 50 L7 ' 3
Eastern white pine 26 88 L - 8 0
Northern red oak 60 33 32 1L 21
Scarlet oak 25 L7 2 39 12
White oak 70 22 5 27 L6
Black oak L1 29 1 L8 22
Chestnut oak 255 25 32 20 23
Red maple 25) 33 27 21 19
Yellow-poplar 55 51 27 2 20
Sweetgum 68 L L6 20 30
Blackgum 292 17 6 53 2l
White ash 119 17 67 0 16
Sweet pignut hickory L0 51 32 12 5
Mockernut hickory 18 26 6 Lo - 28
American beech L1 26 72 2 0
Pignvt hickory 92 32 22 29 17

Desirable species were observed on all sites, but
several species had very uneven distribution. Most of
the white pine and yellow-poplar reproduction was
concentrated on north ridges. White oak was common
in the south draws, but almost absent in north draws.
Black oak also was seldom found in the north draws
while it was common on south ridges. Large numbers
of sweetgum and white ash in reproductive stages were
observed in north draws; however, sweetgum density
was low on north ridges while white ash density was
low on south ridges.

Effects of exposure and topography on density of
the various species were tested by analysis of variance.
Density of white pine, white oak, red maple, yellow-
poplar, blackgum and pignut hickory was significantly
different (at the 5 percent level) between exposures.
Topographic effects were not as pronounced; density
of only white pine and pignut hickory was significantly
different between ridges and draws.

OVERSTORY-UNDERSTORY CORRELATION

The significant intraspecific correlation coefficients
(Table III) for species such as white oak, sweetgum,
bitternut hickory and beech suggest a relationship be-
tween reproduction and an overstory seed source. How-
ever, it is well known (Fowells 1965) that sweetgum,
bitternut hickory and beech reproduce abundantly
from older trees by root sprouts. These three species
also have the highest overstory-understory correlation
coefficients for absolute densities indicating that, when

an overstory of these species is present, vegetative
reproduction may be of major importance in determin-
ing the density of reproduction.

TABLE ITT. HIGHLY SIGNIFICANT CORRELATIONS BETWEEN ABSOLUTE
DENSITIES OF OVERSTORY AND UNDERSTORY SPECIES )

. Simple .
Species Correlation Coefficients (r)
Eastern white pine .28
Scarlet oak .20
White oak L8
Chestnut oak .26
Sweetgum 61
Blackgum .20
Sweet pignut hickory .27
Mockernut hickory .29
Bitternut hickory .50
American beech .57

Neither yellow-poplar (intolerant) nor red mgple
(tolerant) showed any significant intraspecific relation-
ship between densities of overstory aqd l_md?rstory.
Vegetative reproduction of the two species 1s ViIgorous
from stumps (Fowells 1965) but root sprouts are not
common. The reproduction of these two species 1S
probably of seed origin since no significant cutting
had occurred in the study area for many years, a_nd
both produce large a.mounts.of seed which are carried
by wind for considerable distances.

The lack of significant correlation between overstory
and understory density of desirable species such as
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shortleaf pine, northern red oak, black oak, and
yellow-poplar indicates that conditions other than prox-
imity to a source of reproducing overstory trees may
be of great importance for the establishment of abun-
dant reproduction. Tryon and Carvell (19§8) found
that although there was some agreement with amount
of white oak in the overstory and the number of Wh_lte
oak seedlings no close relationship existed. They point
out (Carvell and Tryon 1961) that only thropgh
favorable environmental conditions can oak seedllpgs
persist and build up advance reproduction; one im-
portant environmental factor is percent of sunlight or
the interaction of percent of sunlight with exposure.
No direct measurement of insolation was made in the
study of Wilson Mountain, but observations on canopy
closure, and density and basal area of overstory stems
were recorded. However, no significant simple correla-
tions were found between any of these variables and
density of a species in reproductive stages.

The total density of all species in the understory
was positively related to the presence of northern red
oak, red maple, yellow-poplar and sweet pignut hickory
in the overstory; while a negative relationship was
found between total understory density and overstory
density of shortleaf pine, scarlet oak, black oak, and
chestnut oak. These relationships, however, are pri-
marily the result of site; the overstory species related to
high total density in the understory were all most
abundant on north slopes while the overstory species
related to low understory density were found on dry
south exposures.

UNDERSTORY-SITE RELATIONSHIPS

Five site variables: thickness of the A-horizon,
slope direction, percent slope, slope position and the
pH of the soil were found to be significantly correlated
with density of timber species found in the understory
(Table IV). The first three variables were coded in
such a manner that higher values were given for more

T ———
severe site conditions; thinner A-horizons, southerp
exposures and steep slopes were given high valyes
mainly due to the relatively low soil moisture availapje,
The pH obtained from the top six inches of the soj
was recorded as the actual reading, and slope position
was coded as a percent of the distance from the ridge
to the bottom.

High densities of scarlet oak, black oak and black-
gum were associated with thinner and more acid soil
in the A-horizon. Bitternut hickory, on the other hand,
was more abundant on sites with a thicker and fes
acid A-horizon. On the cooler north and east slopes
reproduction of white pine, northern red oak, yellow-
poplar, sweet pignut hickory and beech was favored
while the warmer south and west slopes had higher
densities of black oak and blackgum. Steep slopes
were usually characterized by chestnut oak reproduc-
tion; but white pine, sweetgum and beech were abun-
dant on gentle slopes. Slope position was the only sig-
nificant site factor effective in determining density of
white oak reproduction; more white oak was found on
the upper slope positions. In contrast, the moisture-
demanding sweetgum and beech were usually found
near the bottom of the slopes. )

A multiple regression analysis using 12 soil and
site characteristics as independent variables and density
of reproduction as the dependent variable was employed
to construct predictive equations for understory density.
Slope direction was the most important varjable 1n
determining total density, accounting for 17 percent
of the variation. By adding texture of B-horizon and
percent shrub cover a total of 30 percent of the vari-
tion in understory density was accounted for by th¢
multiple regression equation. ..

Only a small proportion of the variation in denSI‘m;:
of individual species could be explained by multiP
regression equations. The best equation was obtaine
for beech (R? = 21): Y = 2.01 - .104X - 337%s ¢
142X, where X, = slope direction; X3 = P
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slope and X; = position on slope.'ln other words,
maximum density of beech reprod!.lctlon was found on
gentle lower slopes on the north side of the mountain.
The white oak equation explained only 11 percent of
the variation: Y = .967 =+ .226X, - .239)(_4; larger
amounts of reproduction was present on sites with
shallow A-horizons and on upper slopes.

CONCLUSIONS

Although statistically significant relationshipg of site
properties with species distribution and density were
observed, most of the variation is unaccounted fgr.
Some of the failure to account for more of the varia-
tion may be due to unsuccessful selection of vargab_les
or statistical design. However, much genetic vanan?n
of the species concerned or insufficient time since dis-
turbance for establishment of site-related patterns may
also be important factors.

Some species, such as red maple and chestnut oak,
were rather uniformly distributed over the various
sites encountered. On the other hand, ash, black oak
and beech reproduction was absent on some sites,
{Although some rather clear-cut differences among
species were found with regard to frequency (occur-
rence) of reproduction on specific exposures and topog-
raphy, the effort to construct meaningful predictive
equations for density (number of stems) of the various
species met with only limited success.

The advance desirable reproduction observed (470
stems per acre) is probably adequate for the estab-
lishment of a new stand following a clearcut operation;
this is especially true since reproduction of yellow-
poplar originating from seed stored in the duff (Clark

and Boyce 1964) may become established after a clear-
cut.

Small seedlings of oak cannot compete with the dense
reproduction of intolerant species which usually follows
clearcutting (Merz and Boyce 1958). Sander (1966)
found that areas with large amounts of established oak
advance reproduction had large numbers of oaks in
the new stand regardless of how the old stand was cut.
The oaks that developed in the new stand were the
ones that were there before any cutting was done, plus
stump sprouts, On Wilson Mountain northern red oak,
white oak, and black oak are considered desirable oak
species, and on the average 170 stems per acre of these
three species were present as established reproduction.
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