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VEGETATION OF ROAN MOUNTAIN: A PHYTOSOCIOLOGICAL
AND SUCCESSIONAL STUDY!

INTRODUCTION

On cool, moist summits of the higher Southern
Appalachians there exists a vegetation more like that
of the northeastern United States and Canada than
ot the surrounding country. Roan Mountain, located
in the midst of these southern mountains and rising
more than 4,000 feet above the country about it,
presents a unique condition to anyone interested in
its vegetation. For more than a century it has been
considered by many peéople to be the most beautiful
and interesting mountain east of the Rockies, and
thus has attracted botanists from hoth this country
and abroad. André Michaux, who was sent te this
country by Franee, was perhaps the first white man
to explore the mountain. He was soon followed by
suehk men as Nuttall, the younger Michanx (son of
André Michaux), Fraser, Gray, Curtiss, Sargent,
Harshberger, Seribner, Lamson, Small, Heller, and
others including present-day botanists. Earlier bot-
anists werve primarily interested in systematie studies
rather than the sociological aspects of the vegetation.

This study represents obhservations of the vegetation
on Roan Mountain which have been made at intervals
from 1926 to the present. A detailed survey of the
vegetation was hegun in 1934 and continued during
the summers of 1936 and 1937.

American ecologists have, in the past, been chiefly
voneerned in determining vegetational changes while
Europeans have, in the main, been content merely to
Dresent -a statie pieture of the vegetation. No study
of the vegetation is ecomplete that does not take into
aceount hoth its structural and developmental aspeets.
'I:he aim of this study was twofold. First, it was de-
sired to obtain an adequate description of the present
Vewetation of Roan Mountain, and second, to con-
Sider the dynamies of the vegetation in rveference to
tme and space. The first was accomplished by mak-
I a detailed statistical study of the various plant
‘ommunities within the area, while the second was
determined by several lines of evidence relative to
“10':5‘55inu:ll trends of the eommunities under consid-
vralon,

Sinee there lie within the area under study the
Most beantiful and most easily aceessible mountain
s of chododendeon in the country, such a study
“i"'“hl prove of practical value in formulating a
Miture conservational poliey for these natural gar-
dens, whether they be nnder private or publie control,
It should alsn prove of interest to ceologists in that
2 supplies data from an unusual portion, of the

“ithern A ppalachians.
. The writor wishes to acknowledge his indehtedness
Dy 1T Oosting for adviee and eriticism throngh-
M the study ;s to Dr. 8. A Cain for adviee pertaining
: ”'f‘ stutistiful surveys; to his wife, Thelma, for
. “I: i rull.t-c-lh!n and preservation of plants and for
el assistaners and to those who helped in tax-

onomiec matters. The writer, however, assumes re-
sponsibility for any errors which may he present.

THE AREA

\
LocaTioN

The Southern Appalachians may be divided into
two major mountain masses, the Unaka Mountains to
the west and the Blue Ridge Mountains to the east,
each of which extends northeasterly. Southward
from the Unakas, trending toward the Blue Ridge,
extend various eross ranges of which Roan is the
highest. 1t is located along the northern portion of
the North Carolina-Tennessee state line at latitude
82° west and longitude 36° north. An automohile
road extends from the town of Roan Mountain, Ten-
nesseée, some 12 miles to the summit. The arvea of
Roan Mountain proper is abount 12 square miles, but
if the total area represented by the entire mountain
mass is consideved, the area is approximately 50
square miles.

TOPOGRAPHY

The Roan Mountain mass rises from a broad hase
of ahout 2,500 feet altitude to a rounded summit of
6,285 feet. The area in Tennessee is drained by the
Doe River while the area in North Carolina is drained
by the Toe River, hoth of which flow into the Ten-
nessee River. The summit of Roan forms a broad
and rounded divide about 5 miles in extent along the
state line, ranging from an altitude of 5,500 feet at
Carvers Gap to 6,285 feet at Roun High Knob. Many
rounded spurs extend on either side of this divide,
alternating with broad “V” shaped vallevs. Details
of topography are shown in Figure 1.

GeoLocIcAL HISTORY

The rock formations are Pre-Cambrian, being
igneous and metamorphic rocks of the Archean and
consisting of Roan_gneiss and Cranbewry granite
(Keith, 1907). (Gneiss caps the mountain and is
underlain by granite,

The history of the area may well have hegun with
the formation of Cavolina gneiss, oldest known forma-
tion of the Appalachian provinee. This was followed
by uplift and voleanie action in the Archean when
the Roan gneiss ent through the Cavolina gneiss in
great dyvkes and formed thin shecets over the latter.
Base-leveling and submergence in eavly Cambrian
times was followed hy four great eveles of sedimenta-
tion which ended with the close ot the Cavhoniferous
when a great uplift stopped deposition. A long
peviod of evosion Followed, which, by the end of the
Cretaceons, had vedueed the provinee to nearly a
featureless peneplain, the Cumberland or Cretaceous

LA thesis submitted in purtinl fullillment of  requivements

for the degree of Doctor of Philosophy in the Gradoate School
of Arts il Seienees of Duke University, 1908,
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F1e. 1. Map of summit of Roan Mountain showing major portion of the area under investigation. (Based
on U. 8. Geol. SBurvey, North Carolina-Tennessee, Bakersville, and Carvers Gap Quadrangles, 1934.)

peneplain. A final uplift of the region resulted in
a warped surface and an irregular topography. Since
this last uplift, erosion has greatly affected the peaks
and ridges, resulting in the rounded present-day
appearance.

SorLs

Marbut (1935) has shown the area as helonging to
the Gray-Brown Podsolic Soils, but no soil survey
has vet been made. Parent material of the summit,
and that extending down the slopes to about 4,000
feet, is Roan gneiss composed chiefly of hovnhlende,
eneiss, and schist, with a little diorite. Based on
Marbut’s soil map (1935) and the writer’s limited
ohservation while studying the vegetation, the soils
appear to helong to the Chester series which is char-
acterized by a parent material of ancient erystalline
origin producing a yellowish or grayish C horizon
upon decay.

Soils of torested slopes are fertile, rocky to sandy,
loams with medium to high acidity and poorly devel-
oped profiles. They vary in depth from a few inches
over large howlders and roek outerops to several feet
in the lower coves. Soils of zently rolling halds vary
from a thin, gray, gravelly mineral material an inch
or so thick to a black fertile Joam 1 to 3 feet deep.
More than 95 peveent of the soil surface of hoth
forest and balds is eovered with vegetation.

CrLiMATE

Climate of the Southern Appalachians in general
is eharanctevized by a lower temperature, greater
preeipitation, and higher wind veloeity than the sur-
rounding country.  Available weather data for the

area nnder study are confined to a three-year precip-
itation reeord and to some brief notes kept at eamp
during the summers of 1934 and 1936 with regard to
temperature, showers, and relative amounts of sun-
shine. Precipitation data were obtained by a self-
recording rain gauge established on Cloudland Jan-
nary 3, 1935, by the Tennessee Valley Authority.
Data from a 30-year record at Banner Elk, North
Carolina, were used since its climate more nearly
approaches that of the area under study than any
other United States Weather Bureau station in the
region. Banner Elk is located about 15 miles east-
ward on a high rolling plateau at 3,750 feet altitude.
Data are also presented from a 23-year record at
Johnson City, Tennessee, since it is the seecond closest
station with a continuous record. This station is
located ahout 18 miles northward at an altitude of
1,575 feet. Mean monthly temperature and preeip-
itation for the stations outside the area are presented
in Figures 2 and 3, while mean weekly and monthly
preeipitation for the summit of Roan Mountain is
shown in Figure 4.

TEMPERATURE

The annual mean for Johnson City is 57.1° F.
while that for Banner BElk is 51.4° F. By interpola-
tion, hased on altitudinal differences, the mean anpual
The highest temperature record in 30 years for Ban-
ner Elk was 95° F. in July and the lowest temperature
was -21° F. in Deeember, an extreme vange-of 116° F.
while the mean monthly range was 33.2° F. Edson
(1894) repovts -30° F. as the lowest temperature on
Roan Mountain for the winters 1892 and 1893, The
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FIGURE 2

Fi6. 2. Mean monthly temperatures of two nearby
U. S. Weather Burean stations. The mean monthly tem-
peratures for Johnson City, Tennessee, are based on a
M-year- period (1911-1930) while those for Banner Elk
are based on a 30-year period (1908-1937).

A. Mean monthly temperatures for Johnson City,
Tennessee,

B. Mean monthly temperatures for Banner Elk, North
Carolina.

(. Mean monthly temperature predicted for Roan
Mountain, North Carolina-Tennessee.

lowest July temperature for Banner Elk was 353° F,,
an extreme range of 60° F. for July, although the
mean range was only 21.9° F. The average frostless
season for Banner Elk is 147 days, the shortest re-
ported for North Carolina, but it varies from ST to
178 days. Sinee Roan Mountain rises 2,535 feet
ahove the station at Banner Elk it has greater ex-
tremes in temperature and a shorter growing season,
as would he expeeted.

PRECIPITATION

Mean anuual precipitation for Johnson City is
+£39 inches, for Banner Elk 53.62 inches. Jlean
annual precipitation for Cloudland during 1935, 1936,
and 1937 was 55 inches as compared to 6049 inches
at Banner BIK for the same period, a reversal of
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FIGURL 3

y Mean amonthly precipitation for Banver Elk

f|f'l'ii!il.I1I:l-'Jf)lmm" City (B). Based on n 30-yenr record

1931 94T for Banner Blk and o A5-yenr period (1896
) Eor Jolinson City.

Fig, 3.
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what might he expected. JMean annual snowfall at
Banner Elk is 39 inches, the second highest in the
state of North Carolina. Precipitation for this area
is fairly well distvibuted throughout the vear with
the lowest monthly mean of 2.78 inches in November
and the highest monthly mean of 6.43 inches in July.
The highest monthly precipitation on rveeord for
Banner Elk was 24.06 inches in July, 1916, and the
lowest for the same station was 0.31 inches in August,
1925. Annual precipitation ranges from 36.05 inches
in 1925 to 72.95 inches in 1908. For the 3-year
period (1935-1937) on Roan Mountain, rain fell each
week. The lowest monthly amount was 3.22 inches
in June and highest in July, 9.33 inches. There seem
to he no dangerously dry periods although there was
a nineteen-day period in June, 1936, with only 0.1
inch preeipitation which was serious enough to kill
as high as 20 percent of the grass clumps in some
areas of the grassy hald.

SUNSHINE, CLOUDS, AND FOG

Based on eamp records. less than 10 percent of the
days of summer have continuous sunshine and less
than half of them have as much as 75 percent sun-
shine. The 3-year record for Cloudland shows that
rain fell on ahout half of the days of summer with
July having greatest number of rainy days and June
having fewest. Edson (1894), in veferring to winter
conditions at the summit, says: “The clouds here
usually float about level with the summit, though they
sometimes rise as much as 500 feet above it, or sink
2,000 feet, below; so that it may he said to lie in the
track of the clouds.” These prevailing conditions
gave rise to the name “Cloudland” for the mountain
summit.

WIND

In the mountains, the diveetion of prevailing winds
is influenced hy general topography of the region.
Winds tend to follow courses of the valleys, being
deflected by the mountains. The writer's observations
for several reecent summer seasons indieate that the
prevailing winds for most of the avea are from the
north, coming from the extensive Doe River Valley.
Oceasionally the wind is from the south, coming from
the valley of the Toe. Tn strongly exposed areas, as
in the grassy balds, wind 1s almost continuous and
varies from brisk to strong.

VegeETATIONAL HISTORY
OWNERSHIP

The aven has heen in private ownevship sinee the
recion was fivst settled.  The laverest single traet, eon-
taining about 2,700 acres, extends along the mountain
summit for a distance of about 5 miles and includes
most of the area under study above 5,000 feet alti-
tude, The traet sunports essentially all of the spruece-
fir forest and heath-hald vegetation on the monutain,
mosk of the grassy and alder halds, and some of the
beeeh-maple vegetation of the upper slopes. Very
little land above 4000 feet has heen cleared tov
enltivation.
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Fi16. 4. Mean precipitation on the summit of Roan Mountain by weeks for a three-year period. Based on
daily readings as recorded by Tennessee Valley Authority for 1935, 1936, and 1937. Also mean monthly pre-

cipitation of Banner Elk and Roan Mountain shown for comparison.
A. Mean monthly precipitation for Banner Elk.
B. Mean monthly precipitation for Roan Mountain.
. Mean weekly precipitation for Roan Mountain, 1936,
D. Mean weekly preeipitation for Roan Mountain, 1937,
E. Mean weekly precipitation for Roan Mountain, 1935,

GRAZING

The grassy balds have doubtless been grazed sinece
the days of the first white settlers. Mitehell (1835)
deseribed this mountain meadow more than a century
ago as the summer pasture ground for young horses
of the whole eountry about it. No attempt was ever
made to restriet grazing until the first hotel was huilt
in 1877. A renewed attempt was made in 1936 by the
Roan Mountain Secenic Highway Company but the
area has been grazed continuously regardless of re-
strictions. Most of the grazing in recent years has
been by cattle and sheep. There is no evidence of
overgrazing at present.

LUMBERING

The first major cutting was done from 1883 to
1886 when the cherry of the upper slopes, principally
on the sounth side, was eut. From observations of old
stumps and logs, it is evident that some of the larger
hirch and maple trees were also eut about the same
time. The next major cutting was hegun in 1929
and finished in 1937. This eutting was very destrue-
tive sinee it vemoved all sound spruee and fir trees
ahove 6 inches d.bh. So far as can be determined
from human ov vegetational records, this was the first
major disturbanee of the spruee-fir forest, although
there had heen light loeal enttings when two hotels
were built—one in 1877 and another in 1884, Fuel
for summer use in these hotels was obtained prin-
eipally from the neav-hy coniferous Porest but was
supplemented by some beech from Carvers Gap. Most
of the hardwood belt has heen ent over lightly from

time to time during the past 50 years. In all except
the recent spruce-fir eutting, only the larger trees of
the more desirable species were removed.

FIRES

So far as can be learned no forest fires have oec-
curred above 4,000 feet altitude, but the settlers have
frequently burned the grassy balds in late fall or
early spring to improve grazing. Two mountaineers
of the region who are more than 70 years of age told
of having seen fires set to the grass periodically for
the past 50 years, saying, “mean fo’ks done it.” This
was confirmed by the presence of ring scars of beech
trees at the edge of the grassy balds.

OTHER DISTURBANCES

It is reported that 30 or 40 years ago a train load
of rhododendron was shipped north to a hotanieal
gavden. Between the years 1927 and 1935 a dozen
or more truck loads of this shrub have been removed
from the mountain. Many small clumps and eanes
of vhododendron are removed anuually by numerous
tourists and natives who visit the rhododendron aveas
each season. Root and herb collectors have heen
active in the region for many years, hut it appears
that they have disturbed the vegetation very little at
higher altitudes; however, in 1937 more than a dozen
cherry trees were noted which had bheen ent and
stripped of their bark. Rarly in 1938 many sugur
maple saplings on the north slope were also stripped.
Least conspicuous but perhaps most signifieant ave
effeets produeed by the loeal ¢limate. The eavly
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summer drought of 1936 killed about one fourth of
the grass clumps on the northern slopes of Round
Bald. In spite of minor disturbances, the summit
vewetation appears to be in a relatively virgin state
except for the recent spruce-fir cutting.

TERMINOLOGY

Terminology used in this study is essentially as de-
fined by Braun-Blanquet (1928). Reference is also
made to Cain (1932) who has conveniently summar-
ized fundamental European concepts for American
workers. In some instances the original meanings
of terms have been slightly modified in order to
describe more adequately the points in guestion. To
avoid misunderstanding, the major concepts avre here
defined in the sense that they are used in this paper.

Commamity. In spite of the work of the Sixth In-
ternational Botanical Congress, the “association” con-
cept is not vet standardized. The term “community”
is used in this paper primarily in the sense of the
“assoeiation” as used by Nichols (1929), and Toumey
and Korstian (1937). In this study plant communities
are characterized by a distinet physiognomy and a
definite flovistic eomposition.

Frequeney has to do with homogeneity (the uni-
formity of distribution of species throughout a com-
munity) (Braun-Blanquet, 1928, p. 39). It is the
ratio of number of quadrats (sample plots) contain-
ing a given species to number of quadrats surveyed,
expressed as a percentage (frequency index).

The relative homogeneity of stands and communities
may he ecompared graphieally by frequeney diagrams,
provided quadrats of the same size be employed.
These diagrams show percentage of species belonging
to each frequency eclass. The five frequency classes
here used are as follows:

Class A—species in 0-20 percent of quadrats.

Class B—species in 20-40 percent of quadrats.

Class C—species in 40-60 percent of quadrats.

Class D—species in 60-80 percent of quadrats.

Class E—species in 80-100 percent of quadrats.

Density is the number (abundance) of individuals
O a unit area basis. The numbers of individuals
recorded from the actual area surveyed were reduced
vither to o meter or an acre basis.

Corer deals with the-surface covered by individuals
of each species. The five-point seale of Braun-Blan-
‘Inet (1928, p. 32) was further subdivided. Class 1
Wias divided into two elasses: Class 0, representing
“breies with less than 1 percent coverage, and Class

s representing species eovering 1 to 5 peveent of the
surfuee.  This proved very satisfactory sinee sueh a
Atz number of speeies ocenrrved in ench community
With eoverages less than 1 pereent.  The six-point
“'“T‘l' as used in this study follows:

Clasg O—speeies covering less than 1 pereent of
the mround surface.

Class I=species eovering 1 to 5 peveent of the
ronnd surfaee,

o sy 2—species eovering 5 to 25 pereent of the
sround suriee.
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Class 3—species covering 25 to 50 pereent of the
ground surface.

Class 4—species covering 50 to 75 percent of the
ground surface.

Class 5—species covering 75 to 100 percent of the
ground surface,

Basal area is a concept of foresters and is the total
cross-seetional area in square feet of the stems of a
species based on diameters at 4.5 feet above the
ground (d.b.h.). This is a convenient way to show
physiological dominance of tree species, since there
is probably a close correlation between basal area and
the surface or volume of tree erowns.

METHODS

To obtain a clear and accurate picture of the or-
ganization of the plant communities of Roan Moun-
tain, reliable analytical data were essential. Such
data were obtained by the quadrat method. To ob-
tain adequate data for a quantitative analysis of the
vegetation, more than a thousand quadrats were em-
ployed. Within individual stands these were random-
ized somewhat after the Latin square method.

MixiyaL ArRea

Since the size of sample plots has been shown by
Gleason (1929), Cain (1932, 1934) and others, to
affect the concept of frequency, it is desirable to
employ a suitable size for each layer of each com-
munity. Sizes employed for the forest communities
were suggested by Cain (in conference in 1934) based
on his experience with similar ecommunities in the
Great Smoky Mountains. Due to a marked difference
between the physiognomy of the bald eommunities of
Roan Mountain and the Great Smokies, it seemed ad-
visable to determine the minimal area experimentally.
This was done aceording to the method deseribed by
Cain (1932). Size of quadrats used in each com-
munity and type of data obtained from each ave
shown in Table 1.

TABLE 1. Sizes of quadrats used for the respective

layers of the various communities and kind of data
secured from each.

(.\g:l::m) Layer Community Kind of Data Obtained
1x1 ...| Herb and | Brach-Maple | Covernge by closses; frequency.
ground Spruce-Fir
1 x2 _..| Herb and | Grasay Bald | Coverage by clasies; frequeney.
ground
1x2 .. | Shrub, Alder Bald Density of height closses for
herb, woody speeies; frequency.
and Coverage by classes for species
grouncl of each layer; frequency.
2x2 ., | Shrub, Heath Bald | Density by height classes for
herb, woudy species; [requency.
and Coverage by classes for specics
ground of ecach lnyer; frequency,
4x4 ...| Shrub Beach-Maple | Density by height classes; fre-
quency.
3x3 .| Shrub Spruce-Fir Density by height classes; fre-
quency.
10 x1)...| Tree Beech-Maple | Density by d.bh.h. elnnsses; fre-
queney, stratifiention estimnted.
10 x 20 Tree Spruece-Fir Density by ol buh. elasses; fre-
|| queney,; stratificution estimnted,
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In laying out quadrats, compass lines were main-
tained for control. A steel tape was used for tree
and shrub quadrats and standard meter sticks for the
other quadrats. The d.h.h. eclasses of trees weve de-
termined with a steel diameter tape. ITeight classes
of woody species were determined by measuring, if
less than 6 feer tall, and hy estimating, if of zreater
height. Coverages for species of the herb layer and
for the ground laver as a whole were recorded aceord-
ing to the six-point secale previously deseribed.

DISTRIBUTION OF QUADRATS

As shown in Table 1, three kinds of quadrats (herb
and ground, shrub, and tree) were employed in forest
communities. A base line was first laid out aeross
one end of a stand. Confrol lines were established at
vight angles to the hase line. Spaeing of gquadrats
along and between control lines was adjusted to size
of the stand in order to insure hroad sampling and
even distribution.  Shrob and tree guadrats were
nsually spaced at 50-meter intervals, each shrub quad-
rat heing located in the corner of the tree quadrat
adjacent to control line and neavest hase line. Herb
quadrats were spaced along control lines at distances
one fifth of intervals between tree and shrub quad-
rats. Only one size of guadrat was employed for
each hald eommunity as shown in Table 1. These
quadrats were distributed in the same manner as were
the herb quadrats of forest communities. Corners of
each stand were marked with wooden stakes or pieces
of 0.5 inch painted iron pipe.

QRuadrat data concerning the spruce-fir commuuity
were -obtained during Juune and July, 1934, and for
the beech-maple community in July and August, 1937,
Heath balds and alder bhalds were surveved during
July and Angust, 1934, and geassy halds in Jaly and
August, 1936,

The nomenelature follows Sudworth (1927) for
trees, (iray's New JMannal of Botany (7th edition)
for shrubs and herbs except a few found in Smali
(1933), and Blomquist (1934) for ptevidophytes.

A eomplete collection representing speeies involved
in this study has been deposited in the Herbarvium
of Duke University, Durham, Novth Carolina.

CoLLECTION nF SUCeESSIONAL Data

During the three summers spent on Roan Mountain,
ohservations were made in order to discover suceces-
sional trends. In 1937 a concentrated attempt was

“made to discover evidence tending townvd an px-

planation of this problem. Notes were made in the
field as a result of such observation and thinking,
and numerous photographs along eeotones were made
for future study. In addition, certain statistieal
methods were employed, ineluding bhelt transects, strip
samples, and chart quadrats.  Aveas thus investigated
were permanently marked for futuve study.

RELT TRANSECTS
Three helt transeets weve established acvoss the
ccotone hetween the erassy bald eommunity and the
spruee-liv commnuity,  Ouly individuals of woody
speeies amd wmoss mats were mapped, other species
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heing listed hy coverage classes for each square meter
of the 1-meter strip and for each 4 square meters of
the 2-meter strip. The two l-meter belt transeects
were on Cloudland, 6,100 feet altitude, and the
2-meter transect was at Carvers Gap, 5,500 feet
altitude.

STRIP SAMPLES

A set of strip samples was used on Round Bald,
largest grassy bald arvea of the mountain. This set
consisted of 355 econtiguons 2 by 2 meter quadrats
along a novth-south line which extends aeross the
erest of the bhald and into the beech-maple on either
side.  Two similav sets of samples were employed on
Roan Hgh Knob to determine the velative importance
of alder, heath, and conifers. The first set consisted
of 37 quadrats 2 by 2 meters spaced along a line
extend’ng from the highest point of the mountain to
the edge of the spruee-fir forest to the north.2 The
other set consisted of 25 quadrats of the same size
and spacing along a line extending from the same
point on the knob to a poeint southward within the
grassy bald.

CHART QUADRATS

Two permanent chaxt quadrats, 2 hy 2 meters each.
were established on mineral soil at 6,100 and 6,200
feet altitude, respectively, in order to study establish-
ment of herbs, shrubs, and eonifers.  Another per-
manent chart quadrat, 4 by 4 meters, was established
in the grassy bald immediately west of Carvers Gap
to study invasion of woody speeies, especially conifers.

A number of other miscellaneous samples were
faken aceross transition lines and in ent-over spruce-

v, but space does not allow their treatment.

VEGETATION

Following Schimper (1903), the vegetation would
be divided into fovest and grassland, but since certain
shrubs are dominant in the grassland area as “thicket
ecommunities,” it seems preferable to rvefer to treeless
areas as halds.® Three forest communities ave pres-
ent on Roan Mountain and they are zoned altitudi-
nally as follows: (1) oak-chestnut eommunity, gen-
erally below an altitude of 3,500 feet hut extending
up some of the ridges to 4000 Ffeet; (2) heech-
maple eommunity hetween 3,500 and 5,000 feet, by
far the most extensive of the area; and (3) spruee-fir
community, above 5,000 feet. Most of the original
area of the oak-chestnut eommunity has been eleared
for eultivation. Praectically all trees of any size have
heen vemoved tor lumber.  Most of the chestnut was
killed or seriously injured by blight hefore it was ent.
This ecommunity is now too poorly vepresented to
justily its analysis or further deseription,

The halds oceur on long, hroad vidges above 5,500
feet altitude and, aceording to most estimates, cover

2 Phe heginning point was n omarker of the [United States
tivolocienl Survey embeddind in o bnge bowller on the summit.

S Rarly  settlers donbtless wnmed  these areas “halds™  since

el is o soeronnded by forest vegertntion and, at o distunes, ape
penes ke n bald spot on o mun's e,
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an area of more than 1,000 aeres, mostly with a
wuthern exposure. Three major communifies are
loeated approximately as follows: (1) rhododendron
halds, above 6,000 feet altitude and west of Carvers
fiap; (2) alder balds, in moister areas of southern
slopes east of Carvers Gap; and (3) grassy balds,
vecurring throughout the full extent of the bald area
hut with best development in the vicinity of Carvers
(iap.

. BeECH-MAPLE COMMUNITY

Three stands were located in which no fires have
heen known or cutfings made except half a century
ago. Stands A and B are each approximately 5 acres,
Stand C, 6.25 aeres.

Location of Stands.

Stand A is located on the north slope at an alti-
tude of approximately 4,600 feet, and nearly a mile
novtheast of Round Bald (Fig. 1). Tt is approxi-
mately 50 yards from a small stream on the east and
extends westward over the erest of a gently sloping
ridge. The soil surface is rolling with an average
slope of about 14 degrees toward the northeast.
Stand B is on the south slope, one-half mile south
of Carvers Gap at 4,800 feet altitude. It extends
over a broad ridge and faces south with an average
slope of abhout 10 degrees. Stand C is located at the
same altitude one mile eastward, and faces south with
a slope of approximately 8 degrees. In all stands
=oil is relatively free from surface rocks and outerops.
Stand C is loeated on what might be termed a
“shelf.”  Soil is move productive in this stand due,
perhaps, to its greater depth.

Ntratification.

In the beech-maple community, four layers can be
reeognized : (1) tree layer, usually consisting of supe-
vior and inferior layers; (2) shrub layer, consisting
9f shrubs and tree saplings (designated by Cain
(1932) as “transgressives”); (3) herb layer, com-
posel of herbs and scedlings of trees and shrubs;
“’}‘1 (4) moss or ground layer, consisting principally
of Mmosses and lichens. The approximate average
“ertical location of ench of these layers and ifs cover-
Azt eluss is shown graphieally in Figure 5. On the
whole, there is no clear-cut separation of layers hut
f‘“]_"."r much overlapping. This is especially true of
adividuals of tree speeies which dominate the shrub
AT as well as hoth tree layers.

TREE LAYER

% Tl::."i'"-‘}“'ll'-‘l'iul' tree I.El}'l!!’ ranges from 40 to 60 feet
o “‘: .Ef :ll’l{l‘f'l'{!:ll le_ tn.!l{} pereent eoverage, with
ae "t'l'lglsn hu:g“ht of 50 feet and an: averuge eover-
inFeriog 1‘. 'ut 0 percent (Figs. ki a‘nd _r}. fI'-he
bt iy ver ranges from 10 to 30 ttfat in height
ool thmm-u folinge between 20 to 30 feet. In
ik, n; ¢ eanopy is qtlutv lrregulzu': sinee 1t repre-
ot fhe l! ll:l‘l..i‘.'\’t'.n-tlgt"tl uux::d stand of trees. A .t’uw
“f T l'l-:tl EL_'I‘ trees, uccnsmnaily‘1‘utu:hmg i _hm,-.l;}it
o stand above the superior laver as “domii-
decording  to the erown  elassifieation  of

BT
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F:G\. 5. A combination of coverage class data and

stratification for the beech-maple community. (Based on
coverage data and recorded from the quadrats and
stratifieation diagrams made in the ficld at each tree
quadrat.)

A. Trees of superior layer overtopping forest canopy.
Mostly dcer saccharwm.

B. Superior tree layer of Fagus grandifolia, Acer
saecharum, and Betula lutea.

C. Upper inferior tree layer of Fagus grandifolia and
Aeer saccharum.

D. Lower inferior tree layer of Fagus grandifolia,
Acer saccharum, 4. spicatum, and 4. peansylvanicum.

E. Shrub layer of Fagus grandifolia, Acer saccharum,
Viburnum alnifolium, and Rubus canadensis.

F. Herb layer dominated by Dryopteris, Eupatorium,
and Impatiens.

G. Moss layer consisting of various mosses and lichens.

Frequency.

In Table 2 is presented a complete list of species
ocewrring in the beech-maple community, as deter-
mined by quadrvat data. The frequency index (fre-
quency percentage) for each species is shown for
separate stands as well as for the community as a
whole.

Fugus grandifolia, with a frequency of 95 percent

for the stand on north slope and 100 percent for each
stand on south slope, is most frequent tree species.
The one quadvat of the north slope in which this
species did not oceur was in an outwash which was
very moist and was dominated by Betula nigra and
Betula lenta. Aeer saccharum ranks second, with a
frequency of 75 percent for north slope, 55 percent
and 95 percent, vespectively, for south slope stands,
and with an average of 75 pereent for the ecommu-
nity. desenlus octandra aml Betula lutea each show
the sume frequeney for the community, 11.7 pereent,
with slight differences as to stands. Fach of the
remaining 8 species has a frequeney below 10 pereent,
and it may be noted that leer pennsylvanicnm oceurs
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in all three stands, that Amelanchier laevis occurs in
two stands, and each of the other 7 species oceurs in

but one stand.

The important trees of this community are Fagus
grandifolia, Acer saccharum, Betulu lutea, Aesculus
octandra, and Amelanchier laevis as superior or
“overstory” species, and Acer spicatum and Acer
pennsylvranicum as inferior or “mnderstory” species.
Picea rubra is an aceidental intrnder from the spruce-
fir forest above, and Crataegus sp. is a rvare intrnder
from the higher ridges and balds.

Density.

Densities of woody species above 1 foot high by
stands and for the community as a whole are shown

TABLE 2. Frequency and coverage data for species
oceurring in the beech-maple community. (July and

August, 1937.)

.11. No. 1
TaBLE 2 (Continued)

Floristic list Frequency percent Distribution
of coverage
Com- | classes for the
Brands . evmeveeeics ks A B C |muoity| community
Altitude:. ... ... 40004, 8004 800
Exposures- ... ol e NE | 8 2
Slope:. 14° | 10° | 8° vee (O L2345
Trees?
Acer pennasylvanicum. . _. ) 1n 5 6.7 i
Acer snccharum.........| 75 35 95 | 75.0 sobivla
Aecer spicatum. ., ....... 11 PR R 2 1 gbl| w2
Aesculus octandra....... 10 15 10| 11.7 . ’
Amelanchier laevis, . ... . 10 15 {.. 8.3 |. ! ey [
Betula lenln. .. ..., .. R I | PR e 1 T PRTR PR PR
Betula nmigra. . .. ....... 5 wabaatas 1.7 e
Betula lutea. . .......... 15 a 15 | 11.7 '
Cralaegus 8p.......... 5 1.7
Fagus grandifolia. ... _..| 95 | 100 [100 | 98.2 ‘ .
Picearubra.....covnuusennes 5 leeens] 1.7 . N
Prunus serotina. . ...... e 7 T 1. 5 v
Shrubs?
Cornus alternifolia. .. ... B leonion] s 1.7 . Fi e
Ribes rotundifolium. . ... | Fo) (R 5.0 - " (8
Rubus canadenais. . .. ... 10 W feuns 6.7 |. ol
Sambucus canadensis. .. . -] PR B S T (S P R 9
Viburnaum alnifolium....| 30 10 |isasa 13.3
Pteridophytes?
Athyrium thelypteroides, 3 1l Py — .3 L i ateq
Dryopleris dilatata. .. ...| 46 2 1] 17.0 [1124614) 1 "
Polypodium virgénianum, 3 o ol 1.0 : 1 B 1 TV .
Polystichum
acrostichoides, . ... ....| 10 [ oooleeins] 3.3 1 6] 3
Lycopodium lucidulum ..| 27 § ol R 9.3 [10/13] 3} 2
Herbs?
Actaes alba . . .......... B Vi 4| 4.0 |3 5 4 i
Allfum tricoccum. . . . ... | R 2.5 |33k
Arisaema triphyllum. . ., 20 6| 47| 3.0 (vehel. ) )c)
Aster divaricatus........| 5% 20 16 | 33.0 |67p00 2
Aster weuminatus. . ,....| 10 ], S 3.8 al 41
Carex leptafea ... .. i } Ol (TEPO TR 3 i Lvis
Carex lucorumi . .. ....... 16 02 S| 277 [15[2123418) 6
Chelone Lyoni. .. ....... Tl x| 23 3| 3] 1]..]--]-
Clematis Vierna. ., ..... Litisisalasig .3 | N T
Clintonia umbellulata . , ., | FORRE e 1.3 21 3.1, =
Cimicifuga racemosa. .. .| 12 P 4.0 A 4 &
Circaen alpina . . .. .. o ! | T 1l..] Y. 5
Danthonin compressa . ., . 1 ot %, 1 I |
Divscorea villosn var,
{7, £11 0 ST e N [oepey T 2 3:0 7l 2|- A
Diphylleia cymose. .. ... . S T it |sel 2hasbsslsilss
Eupeatorinm roanennia. . .| 22 34 32 1 27.0  [4TF[34 5] 5] ..

Flonstic list Frequency vercent Distribution
of coverage
Com- | classes for the

Stand:....... T A B C !munity| community
Altitude: .. ... .. ... 4,00014, 80004, 8000 ..
EXposures. . ...uoeaeen] SE| 8 B
BlOPE: s irronn ain e ie mmniyian 14° | 10° | 8° Dje|2|13|4|5
Galium (riflorum. . .. ... 6 1 1 2.7 | 4] 4] r
Heuchera villosa. . . ... .. O [EEET S 1.3 | 4. o
Impatiens biflora. . . . ... 40 2 3| 15.0 [19]20] 4] 3} 1
Empatiens pallida. . . ... ! B 3 2.3 a 3. %
Tsopyrum biternatum. ... R | [ -, Tl VN I |
Maianthemum canadense.| 13 B [P 3.3 8 8|.
Melanthium pareiflorum 11 9 1 7.0 11201 .
Mitella diphylla . . . .. ... 2 Lol .7 1] 1j.
Monotropa uniflora. . . .. 2 aasad| eaks oy g 11 2
Nabalus cylindricus. ....|..... i 2 T 2| 2
Ozalis acetosella. . . .. .. : I focdian o] i o 24, )
Podophyllum peltatum .. |.... .]..... F 7 28 -
Prenanthes altisyima . . . . 2 e (. T 11 &
Sazifraga

leucanthemifolia. . . .. 2 T 1] H: g
Sedum ternatum. . ... ’ 1 o | 1. b
Smilacina racemoaa . . . 4 4 4 +.0 11 1
Solidago squarresa. . ... v 1 4 6| 3.7 |8 21
Stellaria pubera. .. .....| 50 ] 5| 21.0 3028 &..]..].-
Streplopus roseus. .. .. .. { B} Foplyes weus| AT |32 oo
Trawlretteria

carolinensis. ......... Bl FErs 7| 30 | 8.
Urtica dioica, ......... | 12 2 5| 6.3 oy 5 3 1f..]..
Veronica officinalis. . .. .. 1 . wam .3 | ) S (PO e
Viola cucullata ......... P lawslanesa] 800 | 758 2
Viola canndensis. .. ..... B e merelenis T 2 e (O DU e
Moass and lichen cover 32 11 10 | 17.6 111720 3} 1 1

1Based on 60 quadrats 10 by 10 meters, 20 in each atand.

2Basei] on 60 quadrats 4 by 4 meters, 20 in each stand. .

1:AII h:jrhncl.'oua data based on 300 quadrats 1 by 1 meter, 100 in o
each stand.
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F16. 6. Frequency class diagrams of the forest com-
munities.
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Stand A, beech-maple community.

Stand B, beceh-maple.

Stand C, beech-maple, .
The beech-maple community as a whole.

Stand A, spruce-fir community,

Stand B, spruce-fir,

The spruece-fir community as a whole.

Raunkiner's *“normal.’’

Kenoyer’s *fnormal.”’?

in Table 3. Of fhe total individuals of tree species,
73 pereent helong to Fugus grandifolia, 22 pereent to

Adeer

suecharim, 2.7 pereent to cdeer spicatum, 1 per-

fi
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Fio. 7. Beechomaple forest of the north slope as
viswed from Roan High Bluff, altitude 6,267 feet. Nofe
presence of spruce and fir at the higher altitudes. The
elenred fields below are at an altitude of about 3,500 feet.

cent to deer pennsylvanicum, and 1.3 percent to the
other 9 speeies. The north slope supports higher
densities than the south slope. This is especially
noticeable for dcer spicatum and Acer pennsylvani-
¢uin, 99 percent of which oceur on the north slope.

Densities of tree species by five size classes are
shown in Table 4. Only two species, Fagus grandi-
folia and Acer saccharum, oceur in all classes. This
indicates that these species are maintaining them-
selves. The mortality of Acer saccharum in the early
stages is high as compared to Fagus grandifolia, since
more than 95 percent of seedlings die before reaching
a height of 1 foot. The 67 individuals under 1 foot
high recorded for Fagus grandifolia represent seed-
lings and this number does not inelude the numerous
root suckers. dcer spicatum and Acer pennsylvani-
cum are not important trees, since they do not reach
a dh.h. of more than 3 inches. About 90 percent of
the former and 66 percent of the latter die before
they reach a height of 1 foot. Prunus serotina, Fraz-
inug sp., and Quercus velutina ave less than 1 inch

“ll}n““' 8. Winter aspect of beeeliamaple forest com-
¥ showing something of density and size elasses.

Sortly iy : 35 ;
unry, ];l:’lf'* at 4,800 feet altitude.  Photographed Jun-

TapLe 3. Number per acre of woody individuals 1
foot high and over oceurring in different stands of the
beech-maple community.* Stand A is on north slope and
stands B and C are on south slope.

Individuals per acre
Species
Stand A | Stand B | Stand C | Community

Trees
Fagus grandifolia. ... ....| 4,688 4,072 3,040 4,233
Acer saccharum . .. .. .....| 1,906 262 1,316 1,262
Acer spicalum, . . ........ 474 =2 o St 158
Acer pennsylvanicum . ... . 194 4 2 67
Aesculus oclandra. - ...... 6 80 16 34
Betula luten. .. ..., —— 22 28 10 20
Befula nigra. .. .. ....ouu. 30 10
Prunus serofing. .. ... waow] s 14 » 3
g LD R A— 12 s%w 4
TG 8D o svwive wivwssiesn 12 aray T 4
Amnelanchier laevis T 4 6 PPy 3
Betula lenta. . . ........ i 6 2
Picea rubra TG Frds 2 1
Total trees......., 7,342 5,680 4,382 5,802

Shrubs
Viburrum alnifolivm. . ... TR2 a0 oo 272
Rubus canadensis. . .. .. s 488 88 ’ 192
Ribes rotundifolium. ...... 88 au i s 29
Sambucus racemesa. . . .., 12 TR V +
Total shrubs. . .......| 1,350 138 496
Total trees and shrubs.| 8,602 5,818 4,382 6,208

IThe basic figures for individunls 1 ineh d.b.h. or larger were ob-
tained from 20 quadrats 10 by 10 meters for each stand: the basie
figures for those under 1 inch d.b.h. were obtained from 20 quadrats
4 by 4 meters for ench stand and multiplied by proper factor to make
them equivalent to ns many 10 by 10 meter quadrats. These values were
then combined and their sums multiplicd by 2 to change to an acee basis,

TABLE 4, Density per acre of tree species by five size
classes as represented in the beech-maple community.*
(Based on 60 quadrats 10 by 10 meters.)

Up to |1 ft. to 10 in.
Species 1 ft. lin. | 1-3in. | 4-9in. | and | Total
high | d.b.h. | dbh | d.b.h. | over
Acer saccharum. . .|18,052 | 1,096 132 25 8| 20,213
Fagus grandifolia. G7 | 3,758 272 147 56 4,300
Acer spicatum, ., .| 1,387 146 11 ol 1,545
Betula lutea. .. ... 203 13| s ] 6 313
Prunus serotina. . 320 4 : ) [BFEIN Rt 325
Acer
pennaylvanicum 186 63 & |rewiaa |l 253
Betwla lenla, .. ... U R | B | avais 82
Frarinus
americana. . . . 67 L 7 EEPTR — s 71l
Aescwlus oclandra.| ... .. 25 a5 3 1 34
Quercus velulina .yl [[FE el T e 27
Betula nigra... ... VR || 8 1 1 10
Amelanchier lneetal ..... | <. A 1 3 4
Pirea rubra. .. .. ror il (= 1 | mewnss ewes 1
Total . ... ... 21,379 | 5,109 434 181 75 | 27,178
Number Percent
five cloases. . 2 14.3
Number and pereentage of ‘fnur classes. .. 2 14.3
speeits oceurring in. ... 4 three elasses. . - 4 28.6
lt.wo clsses . |, 3 21.4
one elnss, ... 3 21.4
| E L O, 14 100.0

Wpsie figitees for sizes umider 1ineh d.b.h. were taken from the 4
hy 4 mweter quidennes and multiplied by the figure necessary to make
total dinsity enuivaleat to [ nere. Busie figures for sizea wbhove 1inch
d.boh, were redueed to nnoaere hisis
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d.b.h except one Prunus which was 10 inches d.b.h.
These oceurred on the south slope and indications are
that they would never be expected to play an im-
portant role in tree layer. Quercus, present in the
quadrats only as seedlings, is a tree rarely found on
Roan Mountain, although a few large speeimens were
ohserved on ridges of south slopes between 4,500 and
5,000 feet altitude.

Basal Area.

Basal area data for trees of the beech-maple eommu-
nity are shown in Table 5. Basal area per acre for all
trees by stands varies from 127.64 square feet in
Stand A to 174.82 square feet in Stand C. But sinee

TapLe 5. Basal area and density per acre of trees of
the beech-muaple community. The upper figure of each
pair represents basal avea and the lower one, density,
(Based on 20 quadrats, 10 by 10 meters, in each stand.)

Baosal arca in square feet l
Averace
Percent | basal
Stands: A B C | Com- | of total | area per
muni- | basal stem
ty aren (sq. ft.)

Fagus grandifolia 87.10{106.94|108.35|100.81| 65.90 .212
400.00{306 . 001428 _00O474.0T

Acer saccharum .., .| 14.82| 34.02| 27.10] 25.31] 16.67 .152
106.00| 30.00[340.00/785.34

Betula lutea. .... ... 15.64| 1.84| 33.30| 16.93| 11.16 2.309
10.00| 2.00{ 10.00] 7.33

Amelanchier lnevis 2.20] 6.14)...... 2.78] 1.83 .834
4.00 6.00(...... 1.3

Aesculus octandra., . . 2121 3.00[ 4.98] 2.50| 1.58 .257
6.00] 18.00| 4.00f 0.33

Betula nigra. .. .. ... [ e RN | e  H B8 .136
30.000. . ....)e0 .. 1000

Acer spicatum. ... .., 200] . v in s NiT .44 053
<1501 | (R F—

Crataegus 5P i ivisfawisws]|viasss 1.64) .53 .30 .410
.......... 4,001 1.33

Betulalenta. .......] 1.800...... ] icine a3 =35 L2687
L H e ERSR T 2,00

Prunus serotinag. .., |......| 1.30}...... -4 .28 630
..... 2.00...... 67

Acer pennaylvanicum 08 .26 .02 12 .08 030
G.00] 4.000 2.000 4.00

Picea rubra....ovou]ee v R —— 1] § [— .010
...... 2.001.. ias MY

Tot,,],:{msni area: (12764153, 54(174.82{152.00{100.00

Density:. .. 60600650 . (0755 .00/691 .30

the density inereases in about the same ratio as basal
area the sizes of trees average about the same for all
stands. The relative importance of each species in
the community is best shown by the percentage each
represents of total basal area of all speeies present.
Fagus grandifoliv ranks first with 65.99 percent, fol-
lowed in ovder by Acer succharum with 16.67 percent,
Betulu lutew with 11.16 percent, Amelunchier laevis
with 1.83 perveent, Aesenlus octandre with 1.58 per-
cent, and the remaining 8 speecies with less than 1
pereent each. Average hasal area per stem for each
of the three important trvees is: Fugus grandifolia,
0.212 square feet; deer saechariom, 0.152 squave feet;
and Betula Ditea, 2,300 squave feet.  This means that
the stems of Betnla liutea average much lavger than
any other speeies,

Ecological Monographs
Vol. 11. No. |

TaBLE 6. A comparison of basal area per aere of treey
1 inch and above, of the beech-maple community by

three size classes. (Based on 60 quadrats 10 by 10
meters. )

Basal area per acre
Species 2 i :

1-3 in. +-9 in. 10 in.
.b.h. d.b.h. and over Total
Fagus grandifelia. . . . 7.15 39.71 33.05 100.81
Acer saccharum. ., ... 3.51 4.15 17.63 25.31
Betula lutea. . ... .... .02 .18 16.73 16.93
Amelanchier laecia, ... oy s .29 2.49 2.78
Aesculus octandra. . .. 13 .43 1.84 2.40
Betula nigra. . ... ... 23 .29 .82 1.36
Acer spicatum . . . .. .. L4l .25 s .66
Crataegus Sp......... -1 44 33
Betula lenla. . ....... e .93 Mgt 53
Prunua geroling. .. ... e e 44 44
Acer pennayleanicum . «J2 R wo o
Picea rubra. .....,... 01 .01
TR oo it srena 11.81 45.94 04,36 151.91

!Basic figures from 60 qundrats 10 by 10 meters were multiplied
by 23 to reducce them to an acre basis.

A comparison of basal avea by size classes is shown
in Table 6. Acer saccharwm has a higher percentage
of its total basal area in the 1- to 3-inch eclass than
does Fagus grandifolia, which may indicate a future
trend toward move Acer saccharum. On the other
hand, Betula lutea shows essentially all of its hasal
area in the 10-inch class and above, indieating its
deterioration in the community. But the mortality of
Betulu lutea is lowest of any species within the com-
munity due to its unusual ability to withstand wind-
fall and heart rot.

Phytographs.

Five of the more important species of trees are
presented graphically in Figure 9 by means of phy-
tographs (Lutz, 1930). Four axes of phytographs

o o
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FAGUS GRANDIFOLIA
aA ¥

o o
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BETULA LUTEA
aa r BA ¥
ac ac

ALACULUS OCTANDAA

ACER SACCHARUM

AMELANCHIER LAEVIS

Fra. 9. Phytographs of the more important tree species
of the beech-maple community. Construeted from dats
shown in Table 7.

Legend:

D, pereentage of total density, 10 inehes A.bh. and over.

B, frequency pereentagre, 1ineh dubhe and over.

SC, representation in the different size classes.

BA, pereentage of total hasal aren.
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herein emploved are percentage expressions of (1)
abundanee of stems 10 inches d.b.h. or over, (2) fre-
quency of stems 1 inch d.b.h. or over, (3) number of
size classes in which the species is found, and (4)
basal area. Data for construetion of the phytographs
are shown in Tahle 7.

Tasre 7. Data for construction of phytographs: 5

species. (Based on data from tables—Values on per-
centage of total basis.)

Radius 1; | Radius 2; | Radius ;
¢ Abundanes|Frequeney| Number
Species above 10 | above 1 of size | Radius 4;
in. d.b.h. | in. d.boh, elussrs | basal area
Fagus grandifolia. . . . 4.7 98.2 100 664
Acer saccharum . . . . 10.7 75.0 100 16.7
Betula lutea. ... ., .. 8.0 11.7 S0 11.2
Aesculus oclandra . . | 1.3 1.7 80 1.6
Amelanchier laeris .., 4.0 8.3 40 1.8

Fagus grandifolia is the most important tree of
the community, the first dominant, and is followed
by deer saccharum as codominant. The more impor-
tant associates are Betula lutea, Aesculus octandra,
and Amelanchier laevis.

SHRUB LAYER
Frequency.

Only 6 species of shrubs were recorded in the
heech-maple eommunity, with 5 appearing in Stand
A, 3 in Stand B and none in Stand C (Table 2).
Viburnum alnifolium, frequency 11.7 percent, ranks
first, with Rubus canadensis, frequency 6.7 percent,
oceurring in open places, and Ribes rotundifolium,
frequency 5 percent, in moist sites. Bach of the
other three species, Cornus alternifolia, Sambucus
ranadensis, and Sambucus racemosa, has a frequency
of 1.7 percent.

Density.

Viburnum alnifolinm shows the greatest density of
any shrub, with 94 pereent of the total count appear-
ng on the north slope in Stand A, 6 pereent on the
south slope in Stand B, and none in Stand C. Rubus
canadensis ranks second with 85 percent of the plants
heing on the north slope and 15 percent on the south
n;lnpe in Stand B, The total density of all shrubs 1
fout high or more is 744 as compared to 5,109 tree
stems 1 foot high to 1 ineh d.b.h. Basie figures for
the ahove percentages are presented in Tahble 2.

Densities of woody species of the shrub layer by
height elasses are shown in Table 8. Shrub species
represent only 9 pereent of total density of all speeies
L to 12 feet high (shrub layer). Thus it is seen that
the sheuh lnyer is dominated by transgressives. Of
these, 85 pereent arve Fagus grandifolia and Adeer
“echarum and at least three fourths of the total in-
dividuals are Fagus grundifolia.

HERB LAYER

Pteridophytes and herbs (inelnding grasses and
“edges) are ineluded in the herb lnver.  Sewedlings of
th trees and shrnbs are tempovarily present in this
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TasLE 8. Density per acre of the woody species, up to
12 feet high, by three height classes as represented in
the beech-maple community. (Based on 60 quadrats,
4 by 4 meters, 0.24 acre.)?

Species Up to 1 ft.| 1 ft-3 ft. | 3 ft-12 ft. Total
Trees
Acer saccharum . . ., 18,050 479 617 20,046
Fagus grandifolia . 67 2,333 1,425 3,825
Acer spicatum . . . ... 1,388 121 25 1,534
Prunus seroting. .. ... 321 [ T 325
Betula lufea. . . .. ... 292 3| s 305
Acer pennapyleanicion 188 58 4 250
Crataegus 8p.. ....... 02 | s | Eeeees 92
Betula lenta. . ....., T | e | e 79
Fraztnussp......... 67 4 ey 71
Aesculus octandra. .. .| ... .. 21 4 23
Tl spiiices ciinda]  swanih 4 palay s 4
Shrubs
Viburnum afaifolium . 7 08 63 350
Rubus canadensia. . . . 67 154 48 259
Ribes rotundifolium 092 29 vaa b 121
Sambucus canadensis T + Yo 4
Sambucus racemosa. .| ... .. + P +
Cornus alternifolia .. irahie 4 arevs 4
Total ..........| 21,082 3,440 2,176 27,208

1Basic figures for reproduction under 6 inches were taken from 300
quadrats 1 by 1 meter and changed to an acre basis. Trees 1 inch d.b.h.
and over were not included.
layer but are not considered at this point since they
belong to superior layers when mature.

Frequency.

The only fern oﬁjmportance is Dryopteris dilatata,
which is confin'ed almost exelusively to the north slope
and has a frequeney of 17 percent for the community.
The other three species encountered, namely, Poly-
stichum acrostichoides, Polypodium virginiunum, and
Asplenium acrostichoides are confined exclusively to
the north slope where they show frequencies of 10
percent, 3 percent, and 1 percent, respectively, for
the stands. Lyecopodium lucidulum is confined essen-
tially to the north slope where it shows a frequency
of 27 percent as compared to 0.5 percent for the south
slope.

Of the 40 species of herbs, ouly 11 species oceur
in all these stands, and 6 of these show a frequency
above 10 percent for the community. These arve:
Aster divaricatus, 33 percent, Arisaema triphyllion,
31 percent, Carex lucorum, 27.7 percent, Eupatorium
roanensis, 27 pevcent, Stelluria pubera, 21 percent,
and I'mpatiens biflora, 15 percent. The others are:
Galium triflorum, 2.7 percent, Melanthium parviflo-
rum, 7 peveent; Smilacing racemosa, 4 percent, Soli-
dago squarrosa, 3.7 pevcent, and Urtica divica, 6.3
percent. These 11 species ave rveasonahly well dis-
tributed in all three stands of the eommunity, with
the exeeption of Carez lucorim, which oceurs with a
frequeney of 5 percent and 62 pereent, respectively,
for stands of the southern slope, as eompaved to 16
percent for the stand on northern slope.  Impations
hiflore and Stellariv pubere ave 6 to 8 times more
trequent on the north slope than on the south slope.
Forty-two of the 45 species of the herh layer oceur
on north slope, while only 20 speecies are found on
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south slope with 13 species in Stand B and 18 species
in Stand C. The most characteristic species of the
herb layer ave: Adctaca alba, Lycopodiwm luciduluwm,
Cimicifuga racemosa. Eupatorivm roanensis, Maian-
themiom canadense, Smilacing racemosa, Urtica diviea,
Arisaema triphyltum, Melanthinm parviflorwm, Im-
patiens biflora, Carex lucorum, and Stellaria pubera.

Coverage.

Coverage classes for all species present in the herb
layer ave shown in Table 2. Carex lucorum, with an
average coverage of elass 2 for the commumity, is
highest for any species in the herb layer and its high-
est eoverage is in Stand B of south slope. This
species covers approximately 15 percent of total
quadrat area although a variation of from 1 to 75
percent oceurs among individual guadrats. It is most
abundant where eanopy is relatively open, as along
the broad ridges of upper slopes. Only three species
show a eoverage of class 1, namely, Dryopteris dila-
tata, Ewpatorium roanensis, and Impatiens biflora.
The other 41 species of the eommunity are present
with a eoverage less than 1 percent; however, a few
of them, as Cimicifuga racemosa and Urtica dinica,
show a coverage of class 1 in Stand A. Total cover-
age of all herbs is only class 2 for the community,
which means that less than 25 percent of total ground
surface is shaded by plants of herb layer.

Woody seedlings.

Quadrat data show 19,452 seedlings (under 1 foot
high) per acre for the eommunity. Of these, 18,027
belong to Acer saceharum which shows a frequeney
of 90 percent, while only 67 belong to Fagus grandi-
folia which shows a frequency of 1.3 percent. But
it must be remembered that Acer reproduces mostly
seedlings while Fagus commonly reproduces hy root
suckers. Prunus serotina, Betula Iutea, and Acer
pennsylvanicum show a combined total of 786 indi-
viduals per aere and ave the only other woody species
with more than 100 seedlings each per neve. The
shrubs, Ribes rotundifolivm and Viburnum alnifolium
show 03 individuals each per aerve. The north slope
supports practically all the shrub seedlings recorded
for the community, indieating that the north slope is
more mesie than the sonth slope.

MOSS LAYER

No attempt was made to consider the different
species of mosses and lichens, but they were recorded
as a layer and eoverage indicated if the layer was
present. In general, when moss occurred lichens
were present also.  Frequencies fov this layer were
as follows: Stand A, 32 pereent; Stand B, 11 percent;
and Stand €, 10 pereent. The average for the eom-
munity was 17.6 percent.  Coverage for the ecom-
munity was ¢lass 1, and was mueh higher on the north
slope than on the south slope.

BEECH-MAPLE COMMUNITY AS A WHOLE
The tollowing four layers were recognized: tree
layer, shrab layer, herb layer, and ground layer. The
tree Tayer conslsts of 12 species and is dominated by

Ecological Monographs
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Fi16. 10. Interior view of beech-maple forest as it oc-
curs in Stand A of the north slope, Note unevened age
condition of trees. Dryopteris, Smilacina, Cimicifuga,
and Alllum may be seen in the herb layer.

beech and maple but vellow birch becomes more im-
portant with increased altitude until it forms “econ-
sociations” at upper limits of this hardwood zone.
The shrub layer consists of 6 species only and these
represent only 9 pereent of woody individuals from
1 to 12 feet high. The remaining 91 percent is repre-
sented by tree transgressives which dominate the
shrub layer. Hobble bush (Viburnum alnifolium) is.
most important shrub present. Of 41 species present
in the herb layer, only four (Carez lucorum, Dry-
opteris dilatata, Eupatorinm roanensis, and Impatiens:
biflora) eover as much as elass 1 (1 to 5 percent of
the surface). One species, Carer lucorum, covers
elass 2 (5 to 25 percent of the surface). A light
around eover of mosses and lichens covered less than
5 percent of the surface.

As indicated by basal area data, this forest com-
munity shows a better development of trees on south-
ern slopes than on northern slopes of Roan Mountain.
Frequeney and coverage data show a better develop-
ment of shrubs, herhs, and mosses on northern slopes,
exeept fot Carex licorum, which shows its hest devel-
opment on southern slopes. As evidenced by the
vigorous distribution of trees of all sizes and ages,
it appears that the dominants of this community are
being maintained.

SPRUCE-FIR COMMUNITY

Location of Stands.

Fortunately a virgin area was located and two
stands studied before cutting began.t Stand A was
sampled by laying ont 20 tree and 20 shrub quadrats
distributed at 50-meter intervals according to the
Latin squarve method and by 100 herb quadrats located
at 10-meter intervals along control lines. Stand B
was sampled by laying out 12 tree and 12 shrub
quadrats accompanied by 60 herb quadrats distributed
at 10-meter intervals along contrvol lines. Stand A
was loeated about oune-half mile north of the United

4 This community wus studied early in the summer of 1904
Ry the time quadrnt work was eompleted, more than half the

area luul heen cut. Trees were ent from a few gquudeat arees
in less than an hour after they hwd heen studied,

o
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Fre. 11. Upper limit of hardwood forest as seen from
Jane Bald, 6,000 feet altitude, looking west toward Roan
High Knob (distant center). Note sharp margin of
Fagns hordering grassy bald on the south slope (left)
and orchard condition of Aesculus on the north slope
(right). Alnus thicket appears in the foreground.

States Geological Survey marker on Roan High Bluff
(6,267 feet altitude) at an altitude of 5400 feet.
Stand B was located about half way between Stand
A and the geologiéal marker at 5,800 feet altitude.
Topography of the area immediately north and west
of Roan High Bluff in which these stands were lo-
eated is the most rugged part of the mountain. The
slope ranges from 10 degrees to vertical cliffs 10 to
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50 feet high. Topography is also quite irregular,
with slopes facing all points of compass except south,
but the main exposure is northwest. Soil is moist and
fertile and usually shallow, except in small depres-
sions and “zhelves” at heads of coves. AAbout 10
percent of area is exposed rock, mostly outerop,
whieh is usually covered with mosses, lichens, and
ferns.

Windfall seems to have been a most important
single natural factor affecting vegetation, and has
been miore zevere on heavily exposed ridges. In one
small area, 13 trees above 10 inches d.b.h. were
counted which had been blown down at different times.
Near the summit on the north slope, a landslide had
oceurred which left about 200 square meters of ex-
posed rock. A few fir trees on the higher spurs had
been killed by lightning. So far as could bhe learned
no disturbance had been caused by man or his domes-
tic animals within the area sampled.

Stratification.
In this eommunity four major layers oecur which
are hetter differentiated than those of the beech-

TasrLe 9. Frequency and coverage data for species
occurring in the spruce-fir comwmunity. (June and July,
1924.)

Floristie lizt Frequeney percent Distribution
of coverare
el B | Commuaity | classes for the
18,4003, 500) i rommunity
JNW | NW NW
20° | 30° oj1|2]3]|41{5
Trees!
Abies Fraseri. ...... .... 95 100 97.5
Acer apicatum. .. ....... 2|7 50
Acaenlus octandra . ... 5| 8.3 6.7
Betutw intea. .. ... ...... 80 | 81.7 85.8
Fayus grandifalia. .. ..... ... 5
Picea rubra. ..........., 100 |100 100. 2
Prunus pennsyleanicu. ., . ) R 2.5
Sorbuy americana..,....| 15| 25 20
Shrubs?
Cornus alternifolia. . .. ... 20| 8.3 14.2
Hydrangea arborescens . . . 3 2.5 =
Lonicera canadensis & savea 2.5
Rhododendron catawhiense| 20| 50 35
Ribes rotundifolium. . ... 5 |83 G.7
Rubus canadensia, .. .. ... c0uas 16.7] 8.4
Samburus racemosa . ., . .. B [ae v 2.5
Vaceinium erythrocarpum.| 35| 36.7 45.9
Viburnum alnifoltum. .. .. G0 | 25 37.5
Pteridophytes ¥
Dryopteriy dilatata . , . . .. 80 | 8.3 B4.1 3a]. . 18117 2] 4
Athyrium wsplenioides. . . |..... 30 15 ..| 6] 8 3] 1
Polystichum
acrastichoides. . ..., .. r | Ry 1 PR L PR L (P
Polypodivm rirgininnum 25 | 16.4 20.8 2A17) 9] 5]..]..
Lyropodium lucidulum . .| 33 | 30 3.5 alol 71 21..1..
Herba 2
Aproatia hyemalis ... .. {00, 3:3 1t |
Agrostis perennana ... ) e 3 o L B R R
ngelica Curtingi ..o .. | N PR 0.5 o B B | B
Arisaema triphyllum . . ., 13 1.6 .4 1{L1] 2} 2.
Aster aewminaiun .., 10 |15 17 20( 3| 4 1.
Aater ivaricatus, ., .. a2 | 40 R 7127(17] 4| 1]..
Cardumine Clesmatitis, .. 5 3.3 +.2 2] Alysfoatai] £
Carer gracillimn .., ., | LG 5.8 e R

Wy
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TABLE 9 (Confinued)

Floristic list Frequeney percent Distribution
of coverage
Stand: .. ........-.....| A B | Community | clasees for the
Altitude:. .. ..o 340015, 500 g cOMMURILY
Exposure:..............| NW | NW NW
Slope:....... IS o ] 181 A oj1j2|a|4!35
Carex trisperma. .. ... .. eiws| RO 0.8 .. 4
Carex leptalea.. .. ....... 1] 11,6 6.3 a %
Chelone Lyont. . ... ..... 18 | 20 19 (10| 5.
Cimicifuga racemosa. .. . 8 Yareiu 2.5 3] 31 -2f,
Circaea alpina. . ........ 25| 10 17.5 H24| 2} 1,
Clintonia borealis.. ... .. 9| 23.3 16.2 4113] 5 1
Eupatorium roanensis, .. .|..... 1.6 0.8 11..] 3.
Galium triflorum. . ...... 1 1] [1— 7.5 115] .
Houstonia serpyllifolia. . . '] e 4.3 117 11
Hypericum graveolens . ., 1 ) s, 0.5 1f.
Impatiens pallida. .. ... 9| 6.6 7.8 1 1]l { O DS
Tsopyrum biternatum. . ... 8 1.6 4.8 1 .. 8- r
Juncoides echinatum . .. .. = T8 YRR 2.5 Bliel. o iliacy
Maianthemum canadense . 2 1.6 1.8 A1 -
Ozalis acetosella . . . .....| 89 | 96,6 2.8 119j46G{27)1a) 2
Prenanthes altissima .. .. {1 O et 4.5 € 1] 2
Sarifraga
leucanthemifolia .. ., ... 8 1.6 4.8 81
Solidago glomeraia. .. . 23.3 13.2 1| 3| 6| 5| 2
Streptopus roseus. ... ... 2| 16.6 9.3 4 3| 2.
Tiarella eordifolia . ... .. 47 | 46.6 46.8 2H50{181 3 2
Trauwlvelterin carolinensis. ] [P 1.5 velas] B =
LUrtica dioiea. .. ........ 3 1.5 2 1.
Veratrum viride. . ... ... 1 i 0.5 .
Veronica offictnalrs, . . . .. I Viess. 0.5 1i..
Vielaspp.. ....oocvunn. 4 3.3 3.2 al..l. -
Zizia Bebbii. .. ......... | G S 0.5 .t | e : 1 WRIL] ) S
Moss and lichen cover. .| 94 | 06.6 04.8 20P20AT 4 16

- ‘gaﬁmi on 32 quadrats 10 by 20 meters, 20 in Stand A and 12 in
otan .
s :‘?nﬁmd on 32 quadrats 5 by 3 meters, 20 in Stand A and 12 in
ta S
3Pteridophytes and herb data based on 160 quadrats 1 by 1 meter,
100 in Stand A and 60 in Stand B.

maple. The stratifiecation-coverage diagrams (Fig.
12) show the approximate vertical extent of each
layer as well as surface extent (coverage). The
understory and shrub layers show less coverage in
Stand A than in Stand B, while the herb and ground
layers are similar in both stands.

TREE LAYER

As shown in the stratification-coverage diagrams
for the spruece-fir community (Fig. 12) the superior
tree layer reaches a height of 80 feet in Stand A and
only 60 feet in Stand B with about equal coverage
for each stand. The superior layer is dominuated by
Picea rubra and Abies Fraseri at lower altitudes and
by Picea rubra, Abies Fraseri, and Betula lutea at
higher altitudes. In Stand A the inferior tree layver
veanches a height of about 40 feet and covers about
one fonrth of the avea. In Stand B this layer reaches
a height of about 20 feet but covers approximutely
half the avea.

Frequency.

Of the § tree species composing the spruce-fir com-
munity, Picea rubra, Lbivs Frasevi, and Betula Intea
show frequencies of 80 perecent or above for either
stand, the fivst two runuing above 95 pereent for the
ecommunity (Table 9).  _leer spicatum, [regueney
500 pereent, and  Sorbus amervicnun,  frequency 20
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percent, are more frequent at the upper altitudes,
Aesenlus oetundra, frequency 6.2 percent, helongs to
the beech-maple community, while Prunus pennsyl.
vanica, frequency 2.5 percent, is a secondary sucees-
sional species.  Six of the 8 species oceur in both
stands, -

Species chavacteristic of the tree laver, in order of
frequency, are Picea rubra, Abies Fraseri, Betula
lutea, Acer spieatum, and Sorbus americana. The
first three are overstory speecies while the last two are
understory species, althongh Betula Tutea may oceur
in either layer.

Tasre 10, Comparison of basal area and density of
trees in two stands of the spruce-fir community. The
upper number represents basal area and the lower rep-
resents number of trees per aere above 1 ineh d.bh.
(Based on 32 quadrats 10 by 10 meters, 20 in Stand
A and 12 in Stand B. Both stands on the north slope
but Stand A is approximately 400 feet higher than
Stand B.)

Basal area per acre: Density Average
Percent | basal
of total | aren per
Stands: A B Com- atem
munity
Picea rubra. .. .. ..., 181.04 | 100.38 | 141.26 57.5 .63
303.00 | 155.00 | 229.00 | 26.9
Ables Fraseri , .. ....| 50.84 64.37 37.62 23.5 .11
319.00 | 325.00 | 337.00 | 62.3
Betula lutea .. .. .. oo| 22,4 63.31 42.68 17.4 .81
51.00 85.00 53.00 6.2
Acer spicatum. .. .. .. 1.78 2.40 2.0 .0 07
21.00 | 38.00 | 20.00 3.1
Fagua grandifolia. 1.51 TR .76 .3 .38
3.00 | i, 2.00 .2
Sorbus umericana . | .. .28 .87 .58 o 07
4.00 13.00 8.00 1.0
Aesculus octandra. . .01 .02 .46 .2 .23
1.00 2.00 2.00 -
Prunus pernsyleanica %1 [N .01 .0 .01
1.00 st 1.00 .1
Totals. ... ...| 258.46 | 232.45 | 245.45 | 100.00
933.00 | 789.00 | 961.00 | 100.00
Density.

Stand A shows a total density per acre of 933 as
compared o 789 trees in Stand B (Table 10), The
species showing higher densities at the higher alti-
tudes are Betula lutea, Acer spicatum and Sorbus
americana, while those with higher densities at the
lower altitudes are Picea rubra and :bies Fraseri.
OFf the total individuals in the community, 62.3 per-
eent helong to Abies and 26.9 pereent belong to Pieea.
All other speeies eompose only 10.8 pereent of indi-
viduals, Betula Intea heing highest with 6.2 pereent.

Four of the species, sAbies Fraseri, Picea rubra,
Betula lutea, and Acer spicatum, are represented in
all five size classes as shown in Table 11. Sorbus
americana oceurs in four classes while euch of the
other three species oceurs in only one or two size
classes.  As Sorbus americana is usually a small tree,
it would not he expeeted to appear in the large elass
of 10 inches d.hh. or over. Since it appears in all
other size elasses, it is included as one of the four
species which maiutain themselves in the community.
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Taste 11, Density per acre of tree speeies by five
size classes as represented in the spruce-fiv community.
(Trees above 1 ineh d.b.h. based on 32 quadrats 10 by
20 meters; trees below 1 inch d.b.h. based on 32 quad-
rats 5 by 3 meters.)

Number of individuals per acre
Speries
- 1 ft. .
Up to | high- i 10 in.
Tk lin. |1-3in. |4-9in. | and | Total
high | d.bh. | db.h, | d.bh. | over | density
MAhiez Fraseri . ... 832 | 1,040 399 112 24 2,407
Pieea subra. .. .., UL 375 101 af 71 1,067
Retida Iutea, ., 0 354 230 18 s 26 GGG
Aeer anicatunm . ... 16 240 24 4 1 103
Surhur americana . 40 135 G 2 203
Fugus gramdifolia. | .. ... | ..... 11 ..... 1 2
Aerewlus actanedra,| ..., | .. .s 1 R 1 2
Mruuns
penmaylranica | ..., . b 3l [ — 1
Tarals, i 1,836 | 2,040 451 : 182 124 | 4,733
i T

Tables 11 and 12 show eclearly that most of the large
trees helong to Picea rubra hut Abies Fraseri is move
important than Pice« rubra in the 4 to 9 inch d.b.h.
class. Tt is quite common to find Abies appearing in
almost pure “pole” stands less than 4 inches d.b.h.
which aceounts for its relatively high basal area in
this size elass. Due to heavy density of these stands,
they may  better withstand high wind veloeities.
Betuly Tuteq is most important as a larger tree, often
reaching a d.b.h. of more than 24 inches.

Famte 120 A comparison of basal arca per aere of
frevs (1 ineh bbb and above) of the spruce-fir com-
mtnity by three size elasses. (Based on 32 quadrats
H0 by 30 meters. )t

Basal area per acre
Spevies

1-3 in. 4-0 in. 10 in.
d.b.h. d.b.h. and over Total
Seowribem,vooiind e 1466 | 123.38 | 141.%6
‘“._-m Frageri. ., o0... 13.86 20.69 24.07 57.62
@l luten, s 42 2.82 30.44 42,68
Aoer agiontum. .. .. .80 6 .33 2.00
Faruigrandifotia, | ... .14 62 .76
‘:""“‘ﬂ"micnu-:, - 32 - |1 T L. .98
e aetandrg, Esas || cawee T A6
smuE pennsyliasicn, A1 LiGar | erilE 0
Torals T sicin
Wl iec| 18063 30.53 | I87.30 | 245.46

“"hiage of total.
7.6 12.0 80.4 100.

* feures from 32 quadeats L0 by 20 meters were used to de-
$imal actual husal areas for cach size class, These numbers were re-
Y an acee husis,

Bl e,

'\_‘_rf'“"h hetter idea of degree of dominnnee may
T“h‘;:“itl')ll :"‘.". veforring to the lirst set of figures in
S il tl':\hlcrh I‘f;i:l't.':it:llt:-i hasal aren. Stand A h_:l.s
Stund B ‘h:"““.tlj‘f 238,46 squave. feet per aeve while

15 28245 squarve Feet poer aere, Tt appears

Y Dy : )
"im-.,—n hetter site than Stand 3 For Pieca rabiva, but
% My ot ys wood For lbies Fraseri as Standd

ey »
Ma luten shows ahout three times as wreat n
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basal area in Stand B as in Stand A. Tolerance of
Picea to strong winds is one important explanation
since wind action is more severe on the higher slopes.
Of the total basal avea, Picea rubra rvepresents 57.5
pereent, Abies Fraseri, 23.5 percent, Betula lutea,
174 percent, and all other species less than 1 per-
cent each. Betula lutea shows the largest average
stem size with a mean basal avea of 0.81 square feet.
Picea rubra ranks second with 0.63 square feet per
stem while Abies Fraseri ranks third with only 0.11
square feef per stem.

o a
BA @ | B‘ |
sC ag
PICCA BUBWA ABIES FRASERI
o 2
.‘ @ | ﬂ‘ '
scC 5C
BETULA LUTEA ACER SPICATUM

F1e. 13. Phytographs of the important tree species of
the spruce-fir community. Constructed from data pre-
sented in Table 14. Legend is the same as for Fig. 8.

Phytographs.

Phytographs (Fig. 13) show graphically relative
value of the four most important trees of this ecom-
munity. Picea rubra ranks highest in the number of

TasrLE 13. Data upon which phytographs in Figure
13 are based. (All values are on a pereentage basis and
are taken from Tables 10, 11, and 12.)

Radius 1: | Radius 2: | Radius 3:
Density  |Frequeney| Number .
Spueies in d.b.bfl in, d.b.h.| of size | Radius 4:

and over | and over closses Basal area

Prcen rubhrm, oooiiii. T3 1 100 av.a
Abiex Frasert ... ... 19.4 96.8 160 23.5
Betula lutert. .o .. ... 21.0 843 100 17.4
Acer spicatum. , . ... .9 43.7 100 0

large trees, in frequency pereentage of trees, and in
hasal avea. Abies Fraseri ranks second but has fewer
trees ahove 10 inches d.b.h. than Betula Ditea, which
oeeupies third place. leer splcatum ranks lowest,
representing only 0.9 percent of the trees 10 inches
d.h.h. or over and has an insignificant hasal area.
However, sinee it shows high frequeney and is present
in all size elasses, it is an important speeies in the
cotnmunity,
SHRUB LAYER

Frequeney.

As shown in Table 9 the three shrubs with highest
frequencies ave Vacetwium erythrocarpion, 4548 per-
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cent; Viburnum aluifolium, 37.5 percent, and Rho-
dodendron catawbiense, 35 percent. Viburnum is
more frequent at lower altitudes while the other two
are more frequent at higher altitudes.

All other species have a frequency below 10 per-
cent except Cornus alternifolia, 14.2 percent. All
species ocenrred in Stand A except Rubus canadensis
which is usually confined to openings. Hydrangea
arborescens, Sumbucus racemosa, and Lonicera cana-
densis are rare shrubs of this area and ave confined
to upper altitudes.

TABLE 14. Density of woody species under 12 feet
high by three height classcs as found in the spruce-fir
community. (Based on 32 quadrats 5 by 5 meters each.)?,

Number per acre
Species Coverage
i Claas
0-1 ft. | 1-3 ft. |4-12Fft. Toral
Trees
Abtes Fraseri . .,oocecncnnyas 832 300/ 0 1,872 1
Picearubra. .....ovoueennn.. 464 195 =0 730 1
Betula lulea. .....cconsneaien 384 50 180 614 1
Al APReaiom . wisnw nisiciesis 136 65| 175] 376 1
Sarbus americana. , .. ..., ... 40 25 15 80 1
Shrubs
Rhododendron catawbiense. .. .. 145 145 145 435 1
Vaccinium erythrocarpum. . . . 100 120 i3 263 1
Viburnum alnifolium .. .. ... 10 70 1080 180 1
Rubus canadensis. ........... 25 L 11] PR ha 0
Cornus alternifolia. . .. .....,. 10 35| ...... 45 0
Ribes rotundifolium .. .. ...... r— B5]seana 33 0
Lonicera canadensis. . ........ 10 L |1 [ 25 ]
Hydrangea arborescens. . . .... P g1 10 0
Total tree individuals.. ... ...| 1,836 835 990 3,681
Total shrub individuals. . . . .. 300 470 290 1,060
Total woody individuals .. ... 2,156 1,305 1,280] 4,741
1The basic figures for lings under 6 inches were taken from 160

quadrats 1 by 1 meter and reduced to acre basis,

Density.

Of 4,741 woody individuals less than 12 feet high
(Table 14), oceurring in the shrub layer, 3,681 or
77.6 percent ave individuals of tree species. These
transgressives inelude 1,872 Abies Fraseri, 739 Picea
rubra, and 614 Betula lutea. The density per acre
for each of the more eommon shrub species is as fol-
lows: Rhododendron catawbiense, 435; Vaeccinium
erythrocarpum, 265; and Vidburnum alnifolium, 180.
The other 5 shrub species are represented by a total
of only 180 individuals.

Frequency, coverage, and density data show that
Rhododendron catawbiense, Vaccinium erythrocar-
pum, Viburnum alnifolium, Cornus alternifolia and
Ribes rotundifolium are the more important species
oceurring in the shrub layer of the spruce-fir eom-
munity.

HERB LAYER
Frequencyy.

OF the 5 pteridophytes present in the herb layer,
ouly 3 may he consideved characteristie.  They are
Dryopteris dilutate, frequency 84.1 pereent, Lyeo-
podivm  lucidulum,  trequency 315 pereent, and
Polypodium  rirginimmon, frequeney 208 pereent.

Ecological Monographs
Vol. 11. No. 1
Athyrium asplenoides is confined to moister sites of
the upper slopes while Polystichum uerostichoides,
an aceidental species, belongs to the beech-maple and
oak-chestnut communities of lower altitudes.

Of the 39 -species occurring in the herb layer,
Ouwalis acetosella is the most frequent herb and is
present in 92.8 percent of the quadrats. Other of
the more frequent species arve: Tiarella cordifolia,
46.8 percent; -Aster divaricatus, 36 percent; Chelone
Lyoni, 19 percent; Circaea alpina, 17.5 percent;
Aster acuminatus, 17 percent; Clintonfia borealis, 16.2
percent; and Solidago glomerata, 13.2 percent. These
oceur in each stand and are the most characteristie
herb species of the community. All of the other 26
species have frequency indices below 10, and 7 are
helow 1.

Coverage.

The distribution of coverage elasses for each species
of the herb layer is shown in Table 9. Dryopteris
dilatata and Oxzalis acetosella belong to coverage elass
2. They cover ahout 50 percent of the stand which
is a greater coverage than that of all other speeies
of the herb layer combined. No other species shows
more than 6 percent coverage. dster acuminatus and
Aster divaricatus oceur with coverages up to elass 3
and 4, respectively, but more frequently oeceur with
coverages of elass 1 or 0. As might he expected,
species with high frequeney indices show greater dis-
tribution in the coverage classes. There also appears
a positive correlation between frequeney index and
total coverage of species which emphasizes the value
of frequency data in describing the organization and
structure of a community.

Woody Seedlings.

_ All seedlings of woody species taken together eover
about 3 percent of the total area sampled. .Abies
Fraseri and Picea rubra were more frequent than all
other species combined but neither species eovered
more than 25 percent of any quadrat. Vibwraum
alnifolium and Sorbus americana were each recorded
once for class 3; however, seedlings of either were
rarely seen. As would be expeeted, no coniferous
seedlings were observed in heavy shade. Seedlings
of the two dominants, Abies and Picea, are most fre-
quent, showing 18.7 percent and 15 percent, respee-
tively.
MOSS LAYER

Table 9 shows that mosses and lichens occur in
94.8 percent of the herb plots under the coniferous
forest and cover about 65 percent of total ground
arean. Moss often covers tree trunks to a height of
a yard or two and Usnea sp. is commonly seen hang-
ing from the limbs of trees.

COMMUNITY AS A WHOLE
This forest community, which ecomntonly oecurs in
the Southern Appalachians above 4,500 fect, is classi-
fied by the Soeicty of American Forvesters (1932) as
Fovest Cover Type 19, ved spruce-southern balsam fiv.
Tt is further deservibed as commonly having yellow
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Fig. 14, TInterior view of spruce-fir forest as repre-
sented by Stand B. Note large spruce trees with long
<trnight boles and abundant reproduction of both spruce
and fir.  Viburnum and Dryopteris are seen in fore-
ground.

hirch and hemlock associated with the dominants,
especially at the lower portions of its range. No
hemloek was observed on Roan Mountain above 4,000
fect, spruce and fir being the only conifers present
in the area under study. From basal area studies
vellow birch is about three times as important at
1500-5,900 feet as at an altitude 500 feet lower.
Frequency class diagrams (¥'ig. 6) show the spruce-
fir community to be more homogeneous than the
beech-maple community, since the former has more
of its species in the higher frequency classes. The
upper portion of the spruce-fir community (Stand B)
shows greater homogeneity than the lower portion
(Stand A). Both frequeney class curves (histograms)
fompare favorably with the “normals” of Raunkiaer
and Kenoyer (Cain, 1932). When the two stands
Sre combined, there appears less homogeneity than
when they are viewed separately. Only 38 species
ceur in Stand B as compared to 50 species for Stand
A Most of the extra species in Stand A are acei-
denta] species from other communities, as Fagus
grandifolia, Polystichum acrostichoides, and Cimici-
:::f!.'ﬂ racemosa from the heech-maple forest below and
“romica officinalis and Houstonia serpyllifolia from
the 2rassy balds above. Prunus pennsylvanica, Sam-
s racemosa and H ypericnwm graveolens are sec-
“tdary suceessional species. This variation in flo-
omposition is reflected in the frequency class
Hagrams,
by ;”"‘ spruce-fir community is characterized by four
P IS, & tree layer, u shrub layer, an herb layer, and
‘_E'-;-"l'llulful layer, The tree layer may be further di-
‘_:l lntu.m.lpm'im' and inferior layers. The tree
r..},:' ‘:“nﬁlﬁtlftg of 8 sp{'(:ies, is dominated hy Picea
”"; and Abies Fraseri in the superior layer, and by
b “ lutoa und .leer spicatum in the inferior layer,
mitml“l.’l‘l'ﬂl'lllg as one of the dominants at higher
s thn(h'. The superior tr:ue layer eovers abhout (.6
ot stand and the interior layer covers about 0.4,
e layver us a whole eovers about 0.9. The
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shrub layer,”consisting of 9 species, is dominated by
Rhododendron catawbiense, Vaeccinium erythrocar-
pum, and Viburnum alnifolium and covers about one
half of the ground area. The herb layer, which covers
about three fourths of the ground surface, consists
of 39 species. It is dominated by Dryopteris dilatata
in the upper stratum and by Ouxalis acetosella nearest
the ground. Important associated species in order of
frequency are: Tiarella cordifolia, Aster divaricatus,
Adster acuminatus, Clintonia borealis, Solidago glome-
rata, Lycopodium lucidulum, and Polypodium vir-
ginianum. The ground layer is carpeted with mosses
and closely associated with them is Oxalis of the herb
layer. Usnea which hangs from limbs of many trees
throughout the eommunity gives evidence of a con-
stantly humid atmosphere under the spruce-fir eanopy.

Bawp CoMyuNITIES

More or less extensive bald areas are charaeteristic
of higher summits of the Southern Appalachians.
They have heen mentioned or briefly deseribed by
botanists since the days of Michaux and Gray. In
more recent years plant ecologists have become much
interested in these “sub-alpine” areas as indieated by
the writings of Harshberger (1903), Cain (1930),
Davis (1930), Camp (1931) and Wells (1932, 1937).
Most of the recent interest, however, has been shown
in an attempt to explain the orvigin rather than to
determine the structure and composition of such com-
munities, The present study deals with both interests,
since each helps to explain the other. '

In order to present an adequate picture of the
strueture and composition of the high bald communi-
ties of Roan Mountain, data were recorded from 450
quadrats loecated in 16 different stands. The stands
were well distributed throughout the full extent of
the areas occupied by these communities. The dy-
namics of the eommunities will later be discussed
under “Sueccession.”

A grassy bald eommunity occupies about one half
of the total hald area on Roan Mountain, and is con-
sidered by Wells (1937) to be perhaps the largest
high mountain grassy bald of the Southern Appalach-
ians. On the remaining portion, the rhododendron
bald community is somewhat more extensive than the
alder bald community. In certain protected aveas of
the Round Bald, dwarfed trees appear in the grass
area in an “orchard” condition, Crataegus and Aescu-
lus appearving on the southwest slope and Aesculus
on the northeast slope. A dense stand of browsed
beech often borders the lower margin of this com-
munity on Round Bald, while rhododendron thicket
or spruce-fir fovest border the grassy stretches on the
mountain summit.

(GrASSY Banp CoaumuNITY

Location and Description of Stunds,

By fur the hest development of the grassy bald
community is on Round Bald, a dome-shaped summit
immediately east of Carvers Gap. This community
is often veferved to as “mountain meadow or “suhb-

.
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1. 15. Round Bald (grass) as it appears from west
side. Carvers Gap is seen in front center. Stands A, B,
and C were located on this exposure. Note dwarfed
Crataegus above and to the south (right) of Carvers
Gap and the pateh of Alnug to the upper right imme-
diately above the Fagus.

alpine meadow.” Stands A, B, C, D, and E were
located on this bald hetween 3,500 and 5,700 feet
altitude. The exposures of these stands were as fol-
lows: Stand A, northwest; Stand B, southwest; Stand
C, west; Stand D, north; and Stand E, southeast.
Stand F was about 1.25 miles east of Carvers Gap
on the northeast slope of Jane Bald at an altitude
of about 5,700 feet. Stand G was approximately 2

F16. 16. Looking east across Stand E which iy located
on the southeast slope of Round Bald. This represcnts
best development of Danthouin on Roan Mountain,
August, 1936,

miles west of Carvers Gap and 250 yards southwest
of Cloudland Lodge at 6,150 feet. These stands were
located on areas varying from almost level in Stand
G to as much as a 30 degree slope in the steeper por-
tion ot Stand E. The average slope for the ¢om-
munity is about 10 degrees,

Wind veloeities ave medium to strong in all stands,
heing strongest in Stand D, which is fully exposad
to the prevailing novtheely winds, and lightest in
Stand (i, whieh is hest protected.

Ecological Monographs
Vol. 11. No. 1
HERB LAYER
Frequency.

The frequency percentage and mean coverage class
for each speeies vecorded from the gquadrats arve
shown in Table 15. The three species belonging to
Class E (8 to 100 percent) for the community ave
Danthoita compressa, Rumer acetosella, and Lgrostis
hyemalis.  Danthonia oceurred in every quadrat of
every stand except in Stand D of the north slope
wheve it was absent from 2 quadrats. The mean
community frequeney for this species is 994 percent.
Rumer acetosella varies from 72 pereent frequeney
in Stand F to 98 percent frequency in Stand C and
shows a mean frequeney of 90.3 percent. _lgrostis
hyemalis ranges from 60 percent in Stand E to 100
pereent in Stand D, averaging 874 pereent frequeney
for the community. Frageria virginiana, frequency
5.1 percent, is the only species in Class D, and ranges
from 10 pereent in Stand C to 100 percent in Stand
E. The mean community frequeney percentages for
species of Class C ave: Houstonia serpyllifolia, 418
pereent, and Carew flexnosa, 411 pereent. Class B
is represented by 4 speeies: Juncus tenuis, 40 per-
cent; Viola blanda, 33.8 percent; Poteatilla canaden-
sis, 26.3 percent; and Curex glaucodea, 22.9 percent.
Of the 20 species in Class A, only two are above 10
pereent, Poa pratensis, 11.6 percent, and Veronica
officinalis, 14 percent.

The 7 species present in all 7 stands ave: Danthonia
compressa, Rumer acetosella, Agrostis hyemalis, Fra-
garia virgintana, Carex fleenosa, Carex glancoden,
and Veronica officinalis.  The 4 species oceurring in
6 of the T stands ave: Agrostis wlba, Houstonia
serpyllifolin, Poa pratensis, and Potentilla canadensis.

Coverage.

The distribution of eoverage classes for ench speeies
is shown in Table 15. Theve is only one dominant
species in the herb layver, Danthonin compressa, which
eoyers from 50 to 75 perveent of the total avea. It
rarely covers less than 25 percent of the surface of
any quadvat and frequently covers more than 73
pereent of the surface of some quadrats, especially in
areas of hetter development where it often attains a
height of 2 feet. OFf the other 29 species present in
the herh layer, only 5 cover as much as 5 percent of
the surface, These are Rumex aeetosella, Fragaria
virginiann, Cavew fleenosa, C. lucorum, and A grostis
hapemalis,

Woaody Seedlings.

As previously indicated, there ave no trees or
shrubs present in typieal grassy bald aveas. None
taller than a foot were seen within the houndaries of
the 7 stands studied. Seedlings veeorded from the
250 quadrats wre as follows: 8 Rhododendron catawhi-
ense, 2 to 4 inches highy 6 Pieea rubra, 2 to 10 inches
high; and 1 Faccininm erythrocarpum, 4 inches high-
Of these 15 scedlings, 12 weve present in Stand G
which is bounded on either end by Rhododendron
catawhivnse ad s within 100 meters of the eontfevous
forest which serves as a wind-break to the aved.
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TasLE 15. Frequency and coverage data for species of the grassy
Where two numbers oceur opposite a species, the
upper number represents frequeney percentage and the lower num-
ber represents coverage class. (Based on 250 quadrats, 1 by 2 meters,

pald community.

August, 1936.)

Floristic list

Frequeney pereent and coverage class

[ Distribution

g:m:' of1 cover?ge
a % classes for
g 0 25 | 30 | 30 | 25 | 25 | 25 | 230 | the community
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i-j:pmnre: A AN W wW i SE | NE| 8 [
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hyemalis. . . .. 0 0 1 0 1 0|1
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Heavy migration of seeds from nearby
parvent plants and protection against high
wind velocities best explain presence of
woody seedlings in this stand.

GROUND LAYER

The ground layer is composed of sev-

eral mosses and lichens, but is dominated
by Polytrichum commune which covers
movre than ten times the combined areas
shaded by all other species present in
this layer.

Moss is not conspicuous in the area
except as oceasional “hummocks,” but the
study shows that Polytrichum commune
is present in every stand and shows a
frequency of 92.4 percent for the com-
munity. The frequency is above 80 per-
cent for all stands except Stand E, on the
southeast slope, which shows only 40 per-
cent frequency but has the best develop-
ment of Danthonia compressa of any
stand. This better development of Dan-
thonia may indicate a drier site, which
is less favorable to the mesie Polytrichum.
It is closely interwoven between bases of
grass and sedge culms, and is so uniform
in its distribution that high frequencies
would result even though quadrats were
very small.

The highest coverage for Polytrichum
is in Stand A where it covers 25 to 50
percent of the surface (class 3). The
average for the community is about 10
percent (class 2).

Lichens and mosses other than Poly-
trichum occurred in 4 of the 7 stands
with a mean frequency of 4.6 percent.
Average coverage for all such plants is
less than 1 percent for the community,
and did not exceed 3 percent for any
quadrat.

COMMUNITY AS A WHOLE

An examination of the Frequency Class
Diagrams (Fig. 17) shows that the grassy
bald community is much more homoge-
neous floristically than either of the forest
eommunities studied (Fig. 6). The indi-
vidual stands show even greater homoge-
neity. There ure 30 speeies listed for the
herb layer of this eommunity, hut not
more than 18 oceur in any one of the 7
stands. The species with high frequencies
also tend to he present in all stands
while the species with low frequencies
tend to he present in few of the stands.
About half of the flovistie list vepresents
species. which have heen introduced into
the area, principally hy grazing animals.
These speeivs hecome loeally established
and usually  show low Frequeneies and
coverages,  (Rumex, of high frequency,
is i notable exeeption.)  On the other
haud, the native speeiess tend to show
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Fic. 17. Frequency class diagram for bald eommuni-
ties of Roan Mountain.
Stand A of grassy bald.
Stand B, same.
Stand C, same.
Stand D, same.
Stand E, same.
Stand F, same,
Stand G, same,
Community as a whole.
Rhododendron bald community.
Alder bald community.
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uniformity of distribution throughout the community.
A rather uniform physiognomy results, except for
oceasional small areas dominated by moss hummocks.

Characteristie species are Houstonia serpyllifolia,
Carex flexnosa, Carex glancodea, Potentilla tridentata,
and Viola blanda.

Conspicuous introduced species present in the com-
munity are: dechillea millefolium, Agrostis alba,
Carex brunnescens, Cerastium semidecandrum, Hiera-
cium Gronovid, Holcus lanatus, Phlewm pratensis,
Phytolacca decandra, Poa pratensis, Trifolium hy-
bridum, Veronica serphyllifolia, and Veronica offi-
cinalis.

RuopopENDRON BaLp CoMMUNITY

The rhododendron bald community of Roan Moun-
tain, known to the general public as the “Rhododen-
dron Gardens,” has been reported as covering about
600 aeres—a prohable overestimate.” The best de-
velopment of this community oecurs along the flat-
tened summit hetween Cloudland and Roun High Bluff
at 6,000 to 6,150 feet altitude. DMost of the area
occupied by the eommunity is on the southeast side
of the divide (Fig. 19). This community is almost
surrounded by the spruce-fir forest and is interrupted
by patehes of grassland of varying extent.

Locution of Stands.

Four aveas were selected as stunds located as fol-
lows: Stands A and B at the northwest end of area

A No attewpt has heen mnde to determine the exuet aren cov-
ered by this community, It based on general estimates, there
appears to he fess than 200 geves,  The 600-uere estimate was
nutde  for wdvertisine  purposes, I[f the totul aren in which
rhododendron oecars i considerad, ineluding the spruce-fie fores
est, the G0pere estimnle ix nok too high,
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immediately south of the divide and with a south-
eastern exposure (Fig. 19) ; Stand C about 400 meters
northeast of Stand A and about 300 meters south of
the divide, with a southern exposure; Stand D im-
mediately across the divide from Stand B and with
a northwest exposure. Each of these stands was at
approximately 6,100 feet altitude and on land that
varied in slope from 2 to 10 degrees. Wind velocities
were medium to strong in Stand D but mild to brisk
in other stands, being lowest in Stand B.
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Fra. 18. Cover-stratifieation diagram for heath bald
eonmmunity,

A, Tree layer of Picea, Abies, and Sorbus.

B. Shrub layer, an almost pure stand of Rhododendron
catawbiense,

C. Herb layer, suppressed Dryopteris, Houstonia,
Viola, and Carex.

D. Ground layer of mosses and lichens,

LAYERS

Shrub, herb, and ground layers are represented in
the rhododendron hald community (Fig. 18), but only
the shrub layer shows more than 5 percent coverage-
A few individuals of Picea rubre and Sorbus ameri-
cana overtop the shrub ecanopy, suggesting a tree
layer (Fig. 18). Due to the heavy opaque nature
and arrangement of rhododendron leaves which shade
more than 95 peveent of the surface, very little light
reaches the ground. This factor, added to the faet that
Rhododendron catawbiense produces a network of
feeder voots in the upper 2 inches of soil, excludes
many individuals which might otherwise be present
in the herh layer. A laver of dead leaves not veb
decaved eovers the ground and retards development
of moss.  For practieal purposes, and upon supet-
fietul examination, one might say that theve is 1o
herh layer aud only a very weak ground Jayer. Thus
the rvhododendron bald is essentially a one-layered
community.
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SHRUB LAYER
Frequency.

Frequenecy and coverage data ave presented in
Table 16. Rhododendron catawbiense shows a fre-
quency of 100 percent in each stand. Alnus alno-
petula ranks second, showing a frequemey of 13
percent for the community and was present in 3 of
the 4 stands. Picea rubra, usnally a “transgressive,”
ranks next with 8 percent frequency and was present
in all stands. Ribes rotundifolium was in 3 stands and
shows 3 peveent frequency. Leiophyllum Lyoni,
Sumbueus racemose, and Vaceinium erythrocarpum
were present in half the stands and each shows a
frequency of 5 percent or less. Bach of the remain-
ing 5 species was present in only one quadrat of one
stand, thus showing a frequency of 1 percent each.

TanLe 16. Frequeney and coverage data for species
present in the rhododendron bald eommunity. Where two
numbers oceur opposite a speeies, the upper number rep-
resents frequency percentage and the lower number rep-
resents coverage elass.  (August, 1934.)

Floristic list Frequeney percent and coverage Distribution
Com- of coverage
el sesaseavsd A B C munity classes for
No, of samples:. . .| 25 | 25 | 25 | 25 100 ~ | the community
ltirnde: .., .. |6,03016, 10016, 15014, 100 e
Exposure:. ... 4 SE | 8E 5 | NW
o enn Bt R C I I R .o |of1]2(s|4(5
Trees |
Abies Frasert. ... livess]ianea 4., { S O Y O i ] R
..... i 0 |piusa 1]
Picet rubra, . ... 4 8 4 16 & 2120 1] 2] 1
0 1 0 1 1
Sueby americana,|., . [ ) [T ve 1 | 1.
..... 0 Jicuse|eauais 0
Shruhs
Alnus alnobetula . . 1 24 B 20 13 |..|' " 3. -
Vi 1 0 1 1
Lewuhylluom tyoni.| 4| 4 |... - 2 | 1] 1. .
0 O eaiivaleiiins 1]
Menziesin pilosa. , !l PRV g, 1 1.+ =
LB S ik Pas 0
Purax melanocarpal , . .. "l |[— o ) [ 1. .
£tk O | coges s 0
Bhdtendron 100 | 100 [ 100 | 100 | 100 1| tloo
falaubiense.....| 3 5 5 3 5
Rites gl i) & 3 [ 11
_rtundifolivm...| 0].....] 0| o0 0
Sambucus A I | D 5 3| 2
Jaemednston] 0] Bl 0
Farcinium vl B 1 | I
rerymbasum. ., |, ... (1} Pe T 1
Facczzum awmil Rl 8 Thves 3 el
mthrocarpum, |, 0| o ]
p"‘ﬁ“l'lllhytc:
4’_‘:"{"** O L 48 44 |y 2 !
: datg, 1] 1 vis i) 0
epuslium LR D i 8 A AP
gl 0
b L S| (e AEar
P L | e P O (5
............... % 0 i}
t “"fhn
3,
SR & 12 e B |8 :
i ETRTR COD ol o] o 0
Umiaatun )L i U 0 + 2 IO =
v : 1/ PR JERRE (4]
e Herung, wl owe ] 72 oes| s &l o))
g [} | 1] 1 i H]
—
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TABLE 16 (Continued)

Floristie list Frequency percent and coverage Distribution
Com- of coverage
Stapd:. . ........] A C D |munity|  classes for
No. of sampless...| 25 | 25 | 25 | 25 | 1 the community
Altitude:. ... ....|0,050{6, 100{6, 15006, 100 ...
Exposure:,.......| SE | 3E S | NW
Blope:: . sumanas s | 8= 5° ™ g of 1] 2| 3| 4| 35
Carex laxiflora. , .. 4 Bileivss | 3 al.. sl
4] 0| wsawil]senn 0
Carez leptalea _...|..... 16 s cmese 4 4. Fo
..... 07 | wateamll s 0
Circaca alpine....| 24 | 16 4 |.. 13 | 9f uifes 4
0 11| PP 1
Danthonia - I e 8 4 4 4.
compressa. .. ... 0]..... 0 0 0
Deschampsia 28 8 24 24 21 |21 AN
Hexuosg. ... ... 0 0 0 0 0
Erechtites " T (A 1 14- =
hieracifolia. .. .. Dl sassilonianitivnss 0
Eupatorium 4 1 1. o o e
TOGMENSIE. . . o .. T eI RO 0 0
Galium trijftorum .. 4 el (TReR 1 1}. .
i 8 AP (RPIR [NFISR 0
Houstonia T [N RS (R 1 1] :
PUrpured . . . ... 1] [P i e e 0
Houstonin ()] 44 52 24 45 [41] 4. ]
serpyllifolia. . .. 0 0 1] o] 0
Juncoides 28| 24 25 8 22 121 Y. |oo|ee =
echinatum. . .. .. 0 0 0 0 0
Matanthemum 12 + 24 52 23 |23
canadense. . ..., 0 a 0 0 0
Phytolacca 16 4 3] R 6 6. S
decandro. .. .... 0 1] B Lo 0
Rumez acetosella. |, ... 8 v [ 3 | 8. ek
23 [b] 0 ¥ 0
Steironemo 8P vvafoivn o]oacaic] i nns 4 1 1]: N
M A, Py \] 0
Traulretteria B2 liwscn|orasn 12 16 [15) 1
carolinensis. . - D lecoc: T 0 0
Veroniewa  |..... S 2 2 vi|es
officirealis . .. ._.|..... o 0
Violasp..........|] 28 10 37 |43] 21 1] 1 e
0 ] ]
Miscellancous
Moss and lichen oG S0 84 84 86 |63(21] 1| 1}..
BOVEE 4 oo w00 1 i ] 1
Coverage.

Rhododendron catawbiense shows a mean coverage
of class 5 for the community. Except for occasional
small openings between clumps, this species eom-
pletely shades the ground. Picca and Alnus are the
only other species that cover more than 1 percent of
the surface, these two speeies covering about 2 per-
cent of the surface, respectively (elass 1).

Density.

0Of the 314 woody plants on 400 squure meters
actually sampled, 242, or 77.1 pereent, were Rho-
dodendron, Move than half of the remaining indi-
viduals were Alnus, Ribes, and Picea (Table 17). Of
the 5,142 eanes present, 5,021, or 97.6 percent, were
Rhododendron eanes.  The spacing between cunes of
this species averaged 28 eentimeters (11 inches). The
average dizmeter of the eanes at 1 foot above ground
wis slightly less than 1 ineh.  So dense is the thieket
produced by these eanes that it is possible to move
through a typieal stand ounly with difficulty. There
were 17 times as many elumps of Rhododendvon as
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Fre. 19. A portion of ‘‘rhododendron garden,’’ look-
ing westward. Stands A and B were located in aren
beyond first group of conifers. Note that conifers pierce
shrub canopy. A Sorbus americana appears to the right.
Altitude, 6,100 feet. June 23, 1935,

of Alnus and 80 times as many canes of the former
as of the latter. The average distance between Alnus
clumps was approximately 5 meters (14 feet). Ribes
clumps showed ahont the same spacing as Alnus. The
other 6 shrub species show very low densities.

Woody Seedlings.

Table 17 shows 617 Rhododendron seedlings under
G inches high present on the 400 square meters sam-
pled. Tt is interesting to note that no Alnus seedlings
were reeorded from the same area. Ribes seedlings
were more numerous than all other shrub seedlings.
Of the tree seedlings, Sorbus americana was most
abundant, showing an average spacing of 1.8 meters
(7.3 feet). Twelve Picea seedlings were recorded as
compared to 7 individuals of this species which had
pushed through the shrub eanopy. This most signif-
icant dynamic indieation will be discussed later.

HERB LAYER
Frequency.

The herb layer is represented by 3 pteridophytes
and 21 herbs. The one fern present, Dryopteris
dilatata, frequency 44 percent, occurred in 3 of the 4
stands. The 2 club mosses, Lycopodium lucidulim
and L. selago, were present only on the north slope
(Stand D), with a frequency of 8 pereent and 4
pereent, respectively.

OFf the 21 herbs, Carex flexuosa and Houstonia
serpyllifolia were the most frequent, showing 54 per-
cent and 45 pereent, respectively, heing the only 2
species in Class C. Class B is vepresented by 4 species
as follows: Viola blandu, 37 peveent; Maianthemum
canadense, 23 percent; Juncoides echinatum, 22 per-
cent; and Deschampsia flexuosa, 21 percent. These 6
herb species are rather uniformly distributed within
the different stands. It is an interesting coineidence
that these 6 speeies are the only herb speeies present
in all 4 stands. The species which oeeuarred in only
3 stands were Trautvetteria carolinensis, frequency
16 peveent; Circuea alpina, frequeney 11 pereent;
Phytolurea  decandra, frequency 6 pereent; Rumex

Ecological Monographs
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TapLe 17, Density by height classes of woody species
present in the rhododendron bald eommunity. (Based
on 100 quadrats, 2 by 2 meters. August, 1934.)

5 Height in feet: number of canes g
g ga =3
3| EE| o 4| 1| 2 3 4| 5] 5—7—[3—!9— £s
DIOE| |1 [2(3|4(|5]|6|7 8B
Shrub species T
Rhododendron
calawbiense . . .. [242 21 GLT]1B028025310573306005TIRG] 6f, 5021
Alnus
alnobetula.....| 14 &...|....] 18 4w 7 7...n8..|..| 63
Ribes
rotundifolium O aes] T Laoidecilena] Tacliclaates] 18
Pyrus
melanocarpa. ..| M. ._ . |.. |....}... '4 e FEA PN G % o] 1]
Sombucus
racemosa. .. ..., B... 18 Weodeoderides I Yoi]ooes] B
Vaceinium
corymbosum . . [} | (NN (TN MY MR | AT U N S OO o L (o 4
Vaccinium
erythrocarpum .| 3l....1... Hoitesitessbinsherstemagosbesin 3
Letophylium
AT S 2 e 2
Mensiesia
pilosm. .. ...... 1 1 1
Tree species
Picea
Tubra. ... .... 13 12 A 4 7 13
Sorbus
americana. , ... 4] ... (130 Rewal Hoeohiullalivilitasl 3l %
Acer
saocharum, ;. dsaifovas| Mezedkiadie o duis]vaslvesfialilsnlisss
Abiea
Praseei o, o0 oibiodi ) B8 cdiealosils stz vl bl sl sad sviin
Betula
lutea .. .. .. ... G ; VN Ry | [RSEN [RN (YIRS, SEUN) JIPSIT) Jeangd YPITR A0 O B | 1
Totals. .....[314].. ..|H7l 1905 52‘.!154537I 337 G-‘i:l:i.’»&i‘]‘)l 6B 9142

acetosella, frequency 5 percent; and Danthonia com-
pressa, frequency 4 percent. Bach of the remaining
11 species occurred in only 1 or 2 stands and show
less than 5 percent frequeney.

Coverage.

No species of the herb layer showed as much as
class 1 eoverage for any single stand or for the com-
munity (Table 16). There is a very poor distvibution
of species among the coverage classes. Only 8 species
showed morve than 1 pereent coverage each in any
quadrat (Table 16). Only 1 species, Viola blunda,
showed more than 5 percent coverage in any quadrat,
showing as high as elass 3 (25 to 50 pereent eoverage)
in one quadrat. No species showed as much as 1
percent coverage, unless it was present in an open
area or at the edge of an opening.

GROUND LAYER

Mosses and lichens, prineipally mosses, show 2
frequency of 86 pereent for the community. Poly-
trichum commune, characteristic of grassy balds, 15
common in the small openings and at the edge of
openings while mosses charvacteristic of the spruee-
fir forest are common on_the bases of Rhododendron
clumps and on the lower trunks of the few trees pres
ent.  The distribution of eovernge classes runges up
to eliss 3, but more quadets show eluss 0. The
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highest coverages are for quadrats loeated under the
shade of conifers.

COMMUNITY AS A WHOLE

Sinee the rhododendron bald eommunity eonsists of
a practically pure stand of Rhododendron catawhi-
ense, it shows an extremely uwniform physiognomy
(Fig. 19). Based on data presented in Tables 16
and 17, there is only one dominant for this community,
Riwdodendran catawbiense, which shows 100 percent
frequeney, presence in all stands, elass 5 (75 to 100
percent) coverage, and 97.8 percent of the total den-
sitv. There ave a number of associated speeies in the
herb layer which show low frequency, eoverage, and
density. .

The community appears to be somewhat unstable,
sinee the heavy and almost pure stand of Rhododen-
ilron shades a rather suppressed and depauperate
herh layer and sinee the community is susceptible
to invasion by eonifers which break through the shrub
fayer and survive as a potential tree layer. There
seem to be no strietly characteristic species of the
herh layer in the sense of “exclusive” species. No
speeies exeept Fiola blande shows sufficient vitality
to reproduce itself under the shrub layer. Speeies of
the herb layer thus appear to be ephemeral invaders
trom the grassy bald or from the spruce-fir forest.

So far as could be determined, this community
represents the most interesting, unique, and extensive
stand of Rhododendron catawbiense in existence. The
speeies was discovered on Roan Mountain near the
end of the eighteenth century by Fraser, who at
that time was working for the Russian government
(Givay, 1842). The presence of this profusely flow-
ering shruh is perhaps the principal reason why Red-
field (1879) wrote the following: “Dr. Gray has well
said that it is the most beautiful mountain east of
the Rockies.”

ALDER Bawp CoMMUNITY

The alder bald community extends along the sum-
mit of Roan Mountain for a distance of about 5
miles, interrupted at intervals by stretches of moun-
tain meadow. It is much less extensive westward,
~eeurring in disconnected patehes where soil moisture
*ems to be above average. Although alder is dis-
F‘nhutcd throughout the bald area, it oceurs in pure
*tauds only to the east of Carvers Gap.

Location of Stands.

m‘::::ﬂf"thu best t’lc\'ulupmv.nt of the alder bald eom-
3 e ¥ I.Lppe:u-u{l in thc‘rvgu{n uf‘ ‘_I“_“'-* Buld, 4 of the
the n"‘_"h were loeated in this vieinity: Stand A on

im::lti‘mﬁt slope of Jane Bald at 5,800 feet; Stand
By, l;[:'lmt"'IJ'_Mst\\'ard on & northwest slope of BElk-
of ;m‘.l t,l o 3,80(_} feet; «':':taml C on the south slope
""l-llh“-:h? Bald R}(lgﬂ at 5,900 feet; Stand D on the
and thtlﬁlt‘r;)c of Grassy Bald Ridge at 5,800 feet;

ald ntn-l' }‘: on Lthe southwestern exposure of Round
Matniel ‘_.":"“" feet.  The degree of slope for these
a}lhut I-"d.llf.'ll fl‘ﬂ'ﬂl about 8 d"gl’l‘l'h‘ in Stand At

3 degrees in Stands D and .
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Fie. 20. Cover-stratifieation diagram for alder bald

community.
A. Shrub layer of dlnus alnobetula in pure stand.
B. Herb layer of Carex, Danthonia, and Rumex.
C. Moss layer of Polytrichum.

Wind velocity ranges from medium to strong, being
strongest in Stand A and lightest in Stand D. Cer-
tain areas in Stand D were characterized by a high
soil moisture as indicated hy the presence of Sphag-
num sp. which was not present in any other stands
of the area.® The largest and tallest elumps of Alnus
occurred in this stand.

Stratification.

This shrub or “thicket” ecommunity is echaracterized
by three layers: (1) a shrub layer, reaching a max-
imum height of 6 feet; (2) an herb layer, 0.5 to 1.5
feet high; and (3) a ground or moss layer, less than
6 inches high (Fig. 20). Only one tree species was
reeovded from the 100 quadrats, it being a Sorbus
americana seedling 6 inches high; however, 3 more
were seen outside the quadrats, a Picea rubra 6 feet
high in Stand B and 2 Sorbus americana about 10
feet high in Stand D.

SHRUB LAYER
Frequency. ’

The floristie list for the alder bald community is
presented in Tuble 18 with frequeney and coverage
data for each species. Since Alnus alnobetuln was
present in every quadrat analyzed exeept one in
Stand E, its frequency is 99 percent. Ribes rotundi-
folinm ocenveed only onee in each of the 3 stands,
showing a wommunity frequency of 3 percent. The
other woody species, Menziesia pilosa, Rhododendron
catwwhionse, and Smilue glawea oecurred only in Stand
A, cach being present in only one quadrat. The stand
frequeney for each is 5 pereent while the community

A Splugnwn dees oveur, however, in wet places in the im-
medinte vicinity of the Willer Spring at 6,100 feet.
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frequency is only 1 percent. Thus the shrub layer
has only one species, dinus alnobetula, which shows
high frequency.

Density.

In Table 19 note that of the 149 plants present, 143
or 95.9 pereent are Alnus, and of the 2,305 canes
present, 2,288 or 99.3 percent are Alnus canes. There
is an average of 16 canes per elump. These canes
vary in height from 6 inches to 8 feet, averaging
approximately 3.5 feet for the community. The
clumps are uniformly spaced at an average of 1.3
meters (44 feet) apart. In areas of better develop-
ment where clumps ave taller and more dense, it he-
comes difficult to force one’s way through this thicket
community. Rhododendron ranks second with only
two plants present on the 200 square meters surveyed.

Tarng 18, Frequency and coverage data for speeies
of the alder bald community. Where two nambers occur
opposite a species, the upper number represents frequency
pereent and the lower number represents coverage class.
(August, 1936.)

Floristie list Frequency percent and coverage
Distribution
Com-| of coverage
muni- classes for the
Btaods, . cieanes| A B | C | D|E | 1y | community
No. of samples: 20 | 20 | 20 | 20 § 20 | 100
Altitude:, .. .... |5, 80005, 500/5,9005, 80015, 730, . . .
Exposure: i NE|[NW| 8 |[SW|SW | ...
Slupe: A &° |10= | 12°|15° ] 15°| ... |0o|1i}2]3 -i|5
Woody specieal
Alnus alnobetula | 100 | 100 | 100 | 100 | 100 | 100 |, | 2] 32044124
3 + 4 4 4 4
Menziesia pilesa. . £ g SRR YT FEROn Foert 1. 1 -
W lesmiilesmms] usalen L4 n
Rhododendron - S ST RS 1:|. 2 IR
catawbiense. . . . (] (AR Iy ) [m— a
Ribes T e 3 h 3119 P
rotundifolium ., 15 ) [PNs e 0 0 0
Smilazx glauea. . .. 51... sies]éie % o P g |
B N piiasininhn i vaivi]
Sorbus americana, 5 |eivsa Hismsidesag I EA =
L1 1) O P Ao LT 0
Pteridophytes
Dryopteris dilatatal 75 0| To| 45| 20 53 @3oa) 5. .. ).
0 (i} o 0 0 (1]
Polypodium b H| PR (P SRR 4131 wolus
rirgintanum . ., 1 [ (ST, - SR (—. 0
Herbs
Agrostis hyemalis.| 45| 45| 4C | 80| 80| 58 (53 4] 1 b
1] 0 0 0 0 0
Arisaema P Ry (TSN ey ) — 1} Y.
triphpllum. ... Joeiefosann]ioane 1] - 1]
Auster acuminatus.|.. ... o | 10 live s 3|91
weens] O 0 o (V]
Aster divaricatus, B |aaceiafisaad Rt FORTE ¢ I B { PER 551 SRR
Carex nestivalis. ..|,. . ifeaurs ven] I8 esne 3/y11
o T P (R |5 0 J
Carez flexunsa, .. 5] 20| 30 65 )..... 23 | uiLa 2..0,.0.-
0 i} 0 LY — 0
Carezx glaucodea . .| ..o ]oeoedoen. i1 5 213, o
..... o ws | 0 0 0
Carex  |i.... 10| 15| 50 (. 15 | 9] 4| 2 3
intumescend....|..... 0 0 O Lo 0
Carez {ucorum o0 | 65 85| 65| 05| 80 [ESEMIG 2
3 2 b1 2 2 2
Danthoma 5| 40| 75| 83 (F}] 53 |1010] 5 o 2.
compressu., .. . 0 1 2 1 1 i
Erechtites i V= 1)1 I
hierncifolic . . . .| . codoe .. 0. - 4
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TaBLE 18 (Continued)

Floristie list Frequency percent and coverage
Distribution
Com-| of coverage
- |muni< cl for the
Staidy: i cuiiiasa) A B C D | E | tv | community
No. of samples:. .| 20 20 20| 20 | 20 | 100
Altitude:. .. .. .. .15,500[5, 5005, 90005 8005 750, ..
Exposure;.......] NE | NW| 8 | S5W|a3W | ...
Slope:...........| 8° | 10° | 12°| 15| 15° | ... fo[1[2[3[4(5
Heuchera villosa . .|.....|...., 3 (T AT 1 |1..} ¥
el B O Lok aniin ]
Houstonia al 25| 40| 65| 20| 40 35 I 3
serpyllifolia . . . . 0 0 o ] 0
Tsopyrum e SRSV [ — 3 s ol 4 | 8 o 51
biternatum .. ...} .. .. T | e veras| 8 Q
Juncoides 5| 25 3 71131
echinafum. <« o oo ceacfaniins 0 0 0 o
Juncus effusus. . |..... cewaiteaens) 15| 20 1131
.......... e 0 1] [}
Juncus lenuia. . _.f..... aiisaelpauanl AS] S 5 | 6l.. alsi
............... 0 0 (1]
Lilium AN PRI, 8 b bl i - 8 7
philadelphicum {.....|.....}J,. ... Bt 0
Maianthemum  |..... Fof] I [ ST 1|1, 1
canadense. ... .. |oooiifieaas O evecddivess] B
Polygonum consafressiloncia] 8 fees 1] 1. )
hydropiperoides J.. ... |ievii]oeias {1 i P 0
Potentilla SRR PR [ P 1|1, -
canadensis. ... .|..... Rt pcr Qitlemieny 0
Potentilla |... o ]eeenn 3 P = “
monapeliensia .|, . oo i i fissaafiaans 0 i}
Rumer acetosella a5 935 a5 83 75 89 [3227 M e]a
1 1 1] 0 0 ¥ 7
Sazifraga lencan- | 10| 10|.....] 3| 20| 9|8 3. |||
themifolia ... .. 0 L1 3 R ] ] 0
Trautvelieria 25 Liwcnaferuaafreis ¢ cvaate] & | dlaq .4
carolinensis ., . i [ PEASESTEN | e i wd o
Trifolium  |..... A E et | [REAST 5 111 B o
sexvealn. ol vaeafes ol i ] 0
Veratrum tiride . . 5 .. 10 10 . 1 | s
0 0 0l.. 0
Veronica  |..... v h I Y i P 111 .
officinalis ... ... .... A O kel @
Viola dlande. ....| S0 a0 05 | 100 | 90 | 91 181 9 1. :
Miscellaneous
Moss and lichen
cover®. .. ..., 70| 90| 80| 70| 95| 81 |IS151817) ﬂ] 4

LSeedlings included., g ’
2xphagnum sp. was present in 3 quadrats in Stand D, coverage 2in
each quadeat.

A few Rhododendron clumps were seen outside the
quadrats within the area of the stands, and, since all
appeared to be in a most vigorous condition, their
presence brings up the question of dynamic trends
which will be treated later.

Coverage. ;

There is only one dominant in the shrub layer,
Alnus alnobetula, which covers about 65 percent of
the total area (elass 4). Rarely do Alnus clumps
produce a closed canopy. There are numerous small
openings which constitute about one third of the total
arvea,

HERB LAYER
Frequency.

Only two species of the herb layer belong to Fre-
quency Class B, Viola blunda, 91 pevcent frequencys
and Rumes aeetoselln, 8) percent frequency. There
is only one species in Class D, Cares lucorum, fre-
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TaBLE 19. Density by height classes of woody species
present in the alder bald community. (Based on 100
quadrats 1 by 2 meters.)

Height in feet: number of canes
Canes
Species  [Clumps| per e .| .| Total
(plants) |clumpli-1{1-212-3|3—414-5|5~-610~7|7-5| canes
Alnus
alnobetula. .| 143 16 71174|784|80:3(265/140 0| 2,288
Rhododendron
catauwbiense. 2 PN (] S § " ) PRSP PP [T R B 7
Menzsiesia
pilesa , - ... 1 i i . | SEFON CREOE] 3
Ribes
rotundifolinm 1 sl Pl B 2 H
Smilar
glauca. . ... 1 PO R TN p o (BT RN [RL e 1
Sorbus
americana
seodlings .. 1 =T | 2 Lici] vaalionstonali]aes 1
Totals....| 149 16 B{182|780806)|265|140(.. .| 9| 2,305

yueney S0 percent.  Three species belong to Class C:
Agrostis hyemalis, 58 percent; Danthonia compressa,
A3 pereent; and Dryopteris dilatata, 53 percent. Class
B is represented by two species, Houstonia serpylli-
folin, 30 percent, and Curex flornosa, 23 pereent. Of
the 23 species in Class A, Carex intbwmeseens ranks
first with a frequency of 15 percent, followed by
Soxifraga  lewcanthemifolia, 9 peveent; Juncoides
rehinatum, 7 pereent, and Juncus tenuis, 6 percent.
Each of the remaining 1S speeies shows 5 pereent
frequency or less.

Species of the herb layer present in all 5 stands
arve: Carex lucorum, Dryopteris dilatata, Adgrostis
hyemolis, Danthonia compressa, Houstonia serpylli-
folia, Rumex acetosella, and Violw blanda. Carex
{hmmxa and Saxifraga leucanthemifolia were present
In 4 stands. Of the remaining 22 species, only 8
ovcurred in more than one stand. Thus it is seen
that ahout one fourth of the species of the herb layer
are widely distributed throughout the community
while the yemaining species tend to he present loeally
only, Of these widely distributed specics, Viola
Munda, Rume:x acetosella, and Carex lucorum are most
frequent, while such species as Carex aestivalis, Aster
dctiminatus, Jineus effusus, and J. tenuis best repre-
sent locally established species.

Coverage.

The 3 species which eover more than 1 pereent of
the surfaee sampled ave: Carex Dwornm, eclass 25
Jmaﬂmnm compressa, elass 1; and Rumex acetosellu,
class ‘1_ The combined coverage of all the other species
ol this layer is less than 5 [Jui't:t'rlt of the total surtace.
s Carer weorum is dominunt in the herh layer
::ﬂ"] fo.nﬂumin COmpressa and Rumer acetoselln as
¥ Im‘“l'!mmts. :.\ll speeies ‘nt’ the herh I:l_\'m-‘ cover
'uv..},.""u |ul_|f of total surfaee and show their hest
pment in the open areas hetween alder ehimps.

% GROUND LAYER
“0sses and lichens oecurved in every stand with an

Ay, re -
erage frequency of 81 percent for the ecommunity,
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ranging from 70 to 90 percent in each of the stands.
Polytrichwm commune is the dominant ground species.
There is a uniform distribution of the moss and lichen
cover throughout the community as indieated by ifs
high frequeney. Degree of cover varies from less
than 1 percent in some quadrats to more than 75
pereent in others as shown by its distribution in all
the coverage classes (Table 18) while the average
eoverage for the community is approximately 15 per-
cent (class 2). Sphagnwm sp. was present in 3 quad-
rats in Stand D and covered about 15 percent of the
area of each quadrat.

‘ COMMUNITY AS A WHOLE

This shrub community is dominated by only one
species, Alnus alnobetula, a species with a limited
distribution in this country, probably showing its best
development on Roan Mountain. This shrub grows
in almost pure stands 3 to 4 feet high and covers
ahout 65 pereent of the total surface (Fig. 23). Ina
few places the covernge is almost complete. but
throughout the greater extent of the community
small openings of 2 or 3 square meters between
elumps are common. These openings are usnally
dominated by Carex flexuose, Danthonia compressa,
and Rwmez acetosella, Carex flexuosa being most im-
portant. The moss laver covers less than one fourth
of the surface and is dominated by Polytrichum
commune.

SUCCESSION
BeecH-MAPLE CoMMUNITY

The heech-maple community is elimax for the alti-
tudinal zone (3,500-5,000 feet) in which it occurs.
In general, as indicated by reproduction and survival
of dominants, the community appears to be maintain-
ing itself within the deeiduous zone. In the extreme
npper limits of this zone, yellow bhirch is dominant
and in plaees gives way to conifers. A good example
of such invasion is in Carvers Gap where there are
several large rvelic birches, some of which are dead.
Hataya (1933) found a similar condition to be true
on Mt. Fuji and says that its bireh forest is being
replaced by conifers.

Seruce-Fir CoadIUNITY

The spruce-fir forest is elimax at the higher alti-
tudes (5,500 feet to the summit). There is no sign
of natural decadence of this community within the
avea under study, but there is most convincing ev-
idence that it is a vigorous, aggressive community.
This is supported by statistical data recorded in the
phytographs (Fig. 13) which show that the important
trees are represented in the five different size classes.
No avea was found in which conifers were giving way
to any other speeies.

Secondary suceession in the spruce-fiv community
was determined hy rvepeated ohservations made each
sununer within the cut-over aveas.  All stages were
ohserved from immediate cutting to those nine years
old, and in a few instances to some half a cen-
tury old.  These observations were supplemented by
statistical data veeovded from 25 quadrats 2 by 2
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meters located at the head of a eove on the south-
western slope immediately below Wilder Spring. 1In
this area, whieh in general is representative of the
higher cut-over conifer lands, sedges, especially
Carew fleruosa, heeame established rapidly and soon
covered 10 to 15 percent of the ground surface,
Rumea: acetosella soon appeared with a cover as great
as the sedges. The first shrubs were mountain hlack-
berry  (Rubus canadensis) and ved berrvied elder
(Sambitcus racemosa) with a cover of 10 to 25 per-
cent. Pin cherry ( Priunus peansylvanica) was usually
associated with these shrubs in varyving proportions
but was leéss important in the arvea sampled thgn in
most ent-over areas on the mountain. The thicket
stage was replaced by conifers which became estab-
lished in the shade. They finally push through the
thicket eanopy and become the climax dominants. TIn
some places econifers appear dirvectly without the
usunl intermediate herb and shrb stages.

Koratian (1937) deseribes in detail seeondary sue-
cession for the spruce lands of the Southern Appa-
lachinns. Some of the data were taken from Unaka
Mountain, Unicoi, Tennessee, which is within twenty-
five miles of Roan Mountain. His studies show that
vellow bireh ( Betule Tutea) and shrmbs for a time
often dominate an aven from which conifers have
been vemoved by logging. This is in aceord with
conditions in the lower portion of the ent-over conifer
zone of Roan Mountain.

BaLps

Careful observations have been made throughout
the tull extent of the balds to determine sueeessional
trends. Along ceotones, a number of detailed statis-
tieal samples were taken, ineluding 5 helt transeets,
3 sets of “intermittent strip samples,”” and 3 per-
manent chart quadvats. In addition, a total of 100
quadrats was tallied in four widely different situa-
tions of the grassy bald eommnuity. In this diseus-
sion, it seems desivable to present only the significant
results of these studies, supplemented hy eertain dia-
erams and photographs.  Tension lines between eom-
munities are definitely changing. This shifting of
tension lines hetween any fwo eommunities is always
in the same diveetion and signifies that suecession is
now taking place at such points.

(rrassy Barp CoumsoNiry

The grassy bald is being invaded by rhododendron,
conifers, and alder. The best examples of invasion

Fio. 21,

Imvasion of grassy bald hy conifers, Conifers
in background have invaded the aren they now oeeupy

within the past half eentury. Immediately west of Car-
vers Gap, looking westward, Altitude, 5500 feet. August,
1047,
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of the grassy bald by rhododendron are found along
the summit west of Roan High Knob. Good ex-
amples of grassy bald invasion by eonifers are found
along the margin of the balds from 35,500 to 6,200
feet altitude (Figs. 21 and 25). Invasion of these
halds by alder is less conspienous and is best seen
on the eastern end of Grassy Bald Ridge.

INVASION BY RHODODENDRON

By mass invasion rthododendron (Rhodedendron
catiehionse ) appears to be replacing the grassy hald
community. An example of such invasion is to he
found along the southern margin of the grassy hald
immediately southwest of Roan High Enob (Fig. 24).
A belt transeet study (2 by 100 meters) made in this
area shows an abundant supply of rhododendron
seedlings, even as many as 20 per square meter in
some areas. The greatest density oceurs in partial
shade of older elumps, but it was not uncommon to
find seedlings in an open grassy bald several meters
from a rhododendron ¢lump. Seeds either germinate
directly in the grass or in moss clumps, there heing
a slightly higher percentage of germination in moss
elumps.  Survival of seedlings seems to be high, sinee
very few dead ones were observed in the transeet or
clsewhere within the grassy bald. That this invasion
is positive and of a permanent nature is evidenced
by a vigorous representation of rhododendron across
the ecotone, ranging from seedlings in the open area,
to plants 75 years of age within the rhododendron
bald community. It is most unusual to see a dead
elump of rhododendron anywhere in the treeless area.

Detailed observation of other areas reveals the
same general condition deseribed ahove. More rapid
invasion 15 usually along depressions while slower
invasion is alongz the more elevated portions of the
grassy hald, a eondition which might be explained by
an adequate soil moisture study. The rate of in-
vasion, sinee it vavied for each particular location,
was not determined; but it is safe to say that, in
some places, rhododendron advances into the grassy
bald as mueh as a meter a year.

INVASION BY CONIFERS

In certain aress, as along the ecotone between the
grassy bald community and the spruce-fir forest, co-
nifers (Abies Fraseri and Picea rubra) invade the
grassy hald divectly, Such invasion is more rapid
along the northern marein of the grassy balds than
elsewhere on the mountain. A splendid example of
this condition may be seen on the northeast slope of
the ridge immediately west of Carvers Gap (Fig. 21).
A transeet (2 by 114 meters) was run aeross the
ceotone at this station and the general condition is
shown in Figure 25, Seedling conifers usually estab-
lish themselves in small moss elumps ov by the edge
of rocks, but they very often hecome estahlished
diveetly in the gruss. An examination of seedlings
that survive in grass showed that some moss was
usunlly present where they beeame established. The
statistienl study of the grassy balds shows that moess
plants ocenr thronghout the whole aven and, when
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not in “huminocks,” are closely associated with grass
culms.

Between the edge of the grassy bald and the ad-
vancing coniferous forest there is often a zone of
moss (Polytrichum commune) 1 to 5 meters wide ap-
pearing as a solid “moss carpet” 6 to 12 inches deep
{Fig. 26). Such growth also occurs in certain open-
ings just back of the forest margin. The mountain
oat grass (Danthonia compressa) does not thrive in
this dense earpet of moss as evidenced by many dead
bunches found within it. The moss earpet advances
slightly ahead of the coniferous forest, maintaining
about the same width as it encroaches upon the grassy
bald. Its appearance may be due to the rapid growth
and development of moss plants which, previously
suppressed in the slightly xerie grassy bald, become
dominant when a more mesie condition oecurs. Since
such a moss earpet does not oceur except in areas
within a few feet of conifers, it appears that the
forest is either producing a more mesic condition ovr
that it is invading areas becoming more mesic due to
other causes. As Toumey and Korstian (1937) have
shown, site affects vegetation, and vegetation affects
site whiech in turn is reflected in vegetation. This
reietion coneept helps explain the above situation.

The conifers produce a more mesie condition by
shading and redueing wind velocity. The moss earpet
then develops and affords a better condition for the
wermination of seedlings than exists in grass. Ob-
servations revealed that coniferous seedlings become
freely established in this moss carpet and show
high survival value. Seeds which had lodged between
moss plants germinated far more readily than those
which lodged between gruss eulms. Upon germina-
tion, the radiele grows downward rapidly between the
oss plants to regions of greater moisture. Kxam-
mation of seedlings 2 to 5 years of age revealed that
I most cases the tap root turns at a depth of 3 to 6
ches and grows in a horizontal position. When
the conifer canopy shades the area, the moss is sup-
prissed and the heavy earpet disappears,

The cffcet of trampling is indigated in certain areas
frazed by eattle and sheep where many small eo-
"‘f"ﬂjus seedlings die.  The numerous dead seedlings
“Hamined revealed a sear at ground level such as
wight be made by the hoof of an animal.

' Examination of spruee and fir trees growing in the
=155y hald and within the spruce-fir forest showed a
:::'I]]: eontrast hetween growth forms. Trees srowing
o e epen develop pyramidal evowns extending to
il;;"_'.‘:}t:n_mtl and short, ?mntty, tapm:ing holes Wi‘ti‘l
._M.\‘ “ throughout their length (Fig. 28A), while
bm-linz'fu.\\'mg under forest eanopy d{l-,w.l(}p short
Fia f‘:q (L‘!'ans and clear holes '.3_[} to 60 Feet m'leugth
f”n\"t *';”';u]- In. the upper portion of the coniferons
frumi] mn[::; Sm;:!l'ltl. trees of the former type were
T f a fovest of the latter type. .Smmr such
o, s uf: knut‘t_\-'tn have been split for pulp
oW o ‘-.\‘ \u-rfs Iut‘t in the ent-over avea, and are

) MEpieuons ohjects on the landseape, standing

A5 they onee did in a one-time trecless avea

l‘--"‘a
Fig. ¢ /
H). Some of them are located as far as 100
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meters back of the forest margin. Evidently such
trees became established in the grassy bald direetly.
One finds very few dead coniferous logs near the
upper limit of the forest zone as compared to lower
portions of this zone, indieating that the upper mar-
ginal portion of the forest is little if any older than
the oldest trees now within it. Many coniferous
stumps with 300 to 350 annual rings oceur near the
middle of the spruce-fir zone while very few stumps
with more than 150 annual rings oecur within 350
meters of its upper margin. Upon this basis, an area
of more than 100 acres now supports a forest which
is apparently less than a century old. Thus the
spruce-fir forest of Roan Mountain is relatively
young, especially along the upper and eastern limits,
and has not reached a maximum development in more
than half of the area occupied by it. Neither has it
yet covered its total potential area as evidenced by
its present advance into the halds.

A 72-year-old native of the southern slope of Roan
Mountain, Cane Freeman, remembers the time when
a spring, located on the north slope about 100 meters
within the forest, was at the margin of what was then
a grassy bald along this ridge. The present-day
vegetation supports his statement. Evidently the
balds were once more extensive than they are now
and, from present indications, they are and have been
slowly giving way to northern coniferous forest.

INVASION BY ALDER
In a few places along Roan Mountain, as in the
vieinity of Jane Bald (Fig. 22), a vigorous growth

Fic. 22. Looking east from the eust slope of Round
Bald towards Grassy Ridge Bald. The alder bald com-
munity has its best development neiar the crest of the
ridge which appears at the horizon. The first rounded
peak (eenter) is Jane Bald. Note the physiognomy of
the pgrassy bald community in the foreground. A small
island of wonifers appears at the southeastern end
(right) of Grassy Ridge Bald. September, 1937.

of alder (Alnus alnobetula) appears to be slowly en-
eroaching upon the grassy bald. Cane Freeman,
previously ecited, says there is more alder in this
vieinity than when he was a boy. Jane Bald was
so named beeause an old gray mave, once owned by a
woman named Jane, preferved to grvaze on this spot.
At present this arven is not suitable for erazing.
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Fig. 23. A good development of the alder bald as it
appears on the extreme western end of Grassy Ridge
Bald. Mountain alder (Alnus alnobefule) ravely oceurs
this densely on Roan Mountain and appears to be un-
common elsewhere.  August, 1937,

RuopopENDRON BaLp CoMMUNITY

Rhododendron oecurs in almost pure stands on the
western summit of the mountain, The quadrat data
(Table 6) veveal that conifer seedlings frequently
oeeur under the shade of vhododendron, and that in
places they break through the shrub canopy and
survive.

There are abundant examples of such invasion of
the rhododendron bald. Figure 24 shows a condition

e T Tl

T16. 24, Diagram showing double invasion. Rhododen-
dron invades the grassy bald and conifers invade the
rhododendron bald. R, Rhododendron; A, Abies; P,
Picea. The dots represent rhododendron seedlings and
the shaded pyramids repruwmt coniferous  seedlings.
(Based on a transeet, 2 by 100 meters located immedi-
ately southwest of Ilmm High Knob.)

existing immediately southwest of Roan High Knob
which is typical of rhododendron halds of the area
under study. Coniferous seedlings hecome established
hoth in the open and under the shade of rhododendron
plants. The number of eonifers that germinate and
survive in the vhododendron bald seems to depend
primarily upon two factors, the amount of soil mois-
ture and a suitable seed supply. Good survival is

Fra. 25, Diagram showing invision of the grassy bald
by conifers. A, Abies; P, Picen. The shaded pyramids
represent conifer seedlings under 1 foot high,  Betula
seedlings under 1 foot high are vepresented by the small
open eireles,

Ecoioslcul }lonnzru'pha

1.11. No. 1
evidenced by the presence of seedlings and trees of
different sizes and ages. Conifers frequently be-
come established in secattered rhododendron elumps
where they soon overtop the elump and eventually
“choke™ it out. These conifers often serve as parent
trees for another wave of invasion, either direetly into
the grassy bald area (IFig. 20) or into other rho-
dodendron clumps.

Additional evidence explaining the dynamies of this
community was obtained by making a ecomparative
study of the growth forms of rhododendron plants
present in shade and in the open. Many different
stages of invasion were studied, ranging from estab-
lishment of seedlings under rhododendron to elimina-
tion of rhododendron by a dense canopy of conifers.

1-:4 ﬂ".-..l -k ..&-3-.«’

F16. 26. View of moss carpet which is being invaded
by conifers. Immediately west of Carvers Gap. August,
1937.

Rhododendron plants growing in the open become
hemisphevical in shape, mueh resembling shoeks of
hay or wheat (Figs. 20 and 27A). This is obviously
an adaptation which permits a maximum exposure of
leaf surface with a minimum rate of transpiration.
The height of a plant growing in the open ravely
exceeds 4 feet, which is usnally less than the diameter
of its erown. As the clumps within an area become
more elosely spaced, following invasion, the height
inereases with a corresponding deerease in diameter.
Sinee light is now veceived chiefly from above, the
elumps assume an ob-eonical or corymbose shape
(Tig. 27B), a condition typieal of clumps in better
developed areis of the rhododendron hald community.
The maximnm height of clumps ohserved in such
areas was 9 feet. By this time invading conifers
have pushed through the eanopy in eertnin more
favorable places (Fig. 27C). The rhododendron
canes under dense shade of eonifers begin to die
while the eanes in partinl shade grow rapidly in
length, resulting in plants less branched and morve
slender than those of the open avea (Figs. 27D and
27E). Before this time the rhododendron under

~whieh the frst eonifer heeame established has long

sinee heen dewd, but its eanes, not yet deenyed, def-
initely show that its growth form was determined in
the open.  Other elumps not so close to the first eo-
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F16. 27. Diagrams showing successive changes in
yrowth form of Rhododendron catawbiense as it becomes
imvaded by conifers.

A. Conical shape of plants growing in open.

B. Corymbose shape assumed by plants in a normal
stand of rhododendron. Clonifers establish themselves
uder the shrub eanopy.

_U. Heavily shaded branches die (dotted lines) while
lightly shaded ones lengthen.

D. Two dead plants which onee grew without shading
from nbove and two other plants in which all recent
growth has been toward light with dying of heavily
shinled branches,

E. Typical rhododendron plant as it oceurs under for-
est canopy, .

uifers that invaded, survive by an adaptation in which
the plant branches less than in the open and grows
very tall, often exceeding 12 feet in height. Finally
these ave eliminated by the inereased crown density
of the invading forest (Fig. 30).
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A
a.F:::'; 23-_ Dingrams showing growth forms of conifers
tight fg'l‘mm{-d by light, A, growing in the open with
Jrom above and all sides to the gromud level, 1,

ST ¥
9 “‘iltl:g i shrub hald with light from above and sides
';’““"'-lilit 6 to 10 feet of ground, € growing within the

forest with light principally from above,

Fi6. 29. A late stage of invasion by conifers in which
rhododenidron has been almost completely smothered out.
Note numerous seedlings which have established them-
s%lg'es in the grassy bald near the parent tree. August,
1937.

An excellent example of invasion of rhododendron
bald on a large scale is to be found at the south-
western limit of what is now known as the rhododen-
dron garden. The forest along the western border
of this area has recently replaced 25 to 50 acves of
rhododendron and is still advaneing, not only from
the west, but also from the north and the south (Fig.
30). Most of the trees of this fovest area have short,
tapering and knotty holes with but few hranches be-
low 6 feet (Figs. 28B and 33), showing that they
became established under rhododendron. Ring counts
show the averuge age to be less than 40 years and
the maximum age less than 65 years.

The growth forms of rhododendron plants and
coniferous trees, the presence of large, dead rhododen-
dron stems, the absence of dead tree trunks, and the
abundance of coniferous reproduetion provide strik-
ing evidence of the youthful and aggressive condition
of that portion of the spruce-fir forest deseribed
above.

From the foregoing it becomes c¢lear that the rho-
dodendron bald community in the area under study is
sub-climax, giving way to the spruce-fir climax forest
community.

ALpEr Bawp CoMMUNITY

Successionul trends are less conspicuous in the
alder bald community than in the other bald com-
munities of the area hut alder is invading in some
places and is heing invaded in others. In areas of
hetter development, as on the northwest slope imme-
diately cast of Jane Bald (Fig. 23), the growth of
alder is quite vigorous and is apparently maintaining
itself. TIn areas of weaker development, as along the
western and extreme castern limits, alder appears to
ive way to rhododendron and eonifers.

Two sites were observed where rhododendron ap-
pears to he invading the alder. The first example is
within a small sedge bald about one fonrth of a mile
west of Carvers Gap along the main divide. Here
alder and rhododendron were found growing with
eanes intevtwined.  Ring counts of a number of eanes
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of each species showed that alder invaded the area
many vears ahead of rhododendron. The other site
is on the southwest end of Grassy Bald Ridge where
several dozen small, vigorous clumps of rhododendron
were present. By counting 50 clumps of alder at ran-
dom, it was found that 12 of them were dead. No
dead elumps of rhododendron were observed here.
Thus, it seems that rhododendron suceeeds where alder
fails. This condition is typical of many acres on this
end of the mountain. The cause is unknown, but
since five has oceurred within the balds, it has prob-
ably been the chief factor in elimination of alder.
Damage to alder has also been caused by defoliating
insects. Rhododendron seems to be more tolerant of
fire and insects than alder.

Based on data from 37 quadrats 2 hy 2 meters
which were taken along a line extending from Roan
High Knob northeastward to the margin of the co-
niferous fovest, rhododendron appears three times as
important as alder, the two species forming a very
dense and tangled thicket. A comparison of the two
species as to ring counts, dead wood, reproduction,
relative tolerance under conifers, and sociological
dominance, shows that alder is slowly giving way

Fis. 30, Young spruce-fir forest which has recently
invaded and mplaccg what was onece a rhododendron
bald. Many trees had reached sufficient size to have been
cut for pulpwool. This area extends to Roan High Bluff
and contains more than 50 acres. Fromn southwest end
of rhododendron garden, looking southwest. May, 1938.

to rhododendron. Harshberger (1903) in deserihing
the vegetation of the summit of Roan (evidently the
area deseribed above) says, “Alnus alnobetnlu elings
to the north slopes, here forming u pure growth on
the steeper inclines (Alnus Association), with Sorbus
americana below it, but associated with Rhododendron
catawhiense on the upper slopes of the dome” At
present there is no pure growth of alder in this
vieinity, but as just revealed there is more rhododen-
dron than alder. Evidently there has been a definite
change in the florvistic composition of this partieular
avea immediately novth of Roan High Knobh within
the past 35 years.

The presence of conifers (Fig. 31) whiceh show high
survival value, indicates that at this station alder will
eventually give way to the conifevous forest elimax.

Ecological Monographs
Vol. 11, No. L
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Fic. 31. Looking west from Roan High Kneb. In-
vasion of the mixed alder-rhododendron thicket com-
munity by conifers shown in foreground. August, 1937.

A few advanced stages of invasion of alder by co-
nifers were observed on the extreme eastern end of
Grassy Bald Ridge where conifers have formed a
voung closed stand. Thus, alder appears to be sub-
climax and may be replaced hy eonifers directly or
by rhododendron and then by conifers.

HISTORICAL VIEWS BEARING UPON
BALD SUCCESSION

Mitchell (1835) perhaps first mentioned the treeless
condition on the summif of Roan Mountain. He
wrote, “With the exception of a bhody of rocks look-
ing like the ruins of an old castle, near the south-
western extremity, the top of Roan may he described
as a vast meadow, without a tree to obstruet the
prospect; where a person may gallop his horse for a
mile or two, with Carolina at his feet on one side
and Tennessee on the other.” This statement appears
significant sinee it emphasizes the existence, at that
time, of large stretches of grassy bhald. Evidently
this author was describing the area extending from
Roan High Knob to Roan High Bluff, all of which
now supports too many shrubs and trees to allow
one to gallop a horse for more than a quarter of a
mile in any direction.

Gray (1842), in a letfer to Sir William Hooker,
described a collecting trip to Roan Mountain in 1841
and quoted Mitchell’s desceription given above. This
indicates that Gray was also impressed by the great
expanse of mountain meadow. In deseribing his col-
leeting on the rounded bald of the southwestern sum-
mit, he says, “The only tree is bies Fraseri, a few
dwarfed specimens of which extend into the open
ground of the summit.” He did not commit himself
as to the ovigin or trends; but apparently what he
then deseribed as a grassy bald being invaded by
Abies Fraseri is now a forested avea (Fig. 30).

Redficlid (1879), in deseribing the last trip of Asa
Gray and party to Roan Mountain, mentioned the
balds of the mountain. Tle savs, “Much of the sum-
mit praivie flova has been doubtless destroyed by the
large herds of eattle, horses, and sheep, which every
summer are sent to the mountain for pasture” This




e

e e

¥

S T o

January, 1941

Fig, 32.
found under spruce-fir canopy. Knots at base of the
clump near the center indicate that this plant became
established and lived for some time in an open area.
Must of the dead twigs on the ground are those which
‘dropped from the lower portion of this elump and other

Growth forms of rhododendron plants as

similar clumps. The tall slender dead canes of this
clump show thut they developed in shade after the area
ame invaded by conifers. May, 1938,

“"lte‘:uent indicates that he considered the native
¥peeles of the grassy balds to have once been more
mportant than at the time of his visit. Another
“tatement of his in which he says, “There is some
Tason to helieve that the forest of spruce-fir has been
“feroaching upon the bald portion of the summit, but
L s now being cut for firewood and fencing, any
Sich encroachment is likely to be checked, perhaps too
fﬂ_""f““"." /' shows that he believed the area was pass-
8 from a “mountain meadow” to a spruce-fir elimax.
['f:”:’.“lfhe"}-ﬁ‘r (1903) tl_micrihml the balds ‘uf Roan
] ]n A as a Ysub-alpine trecless formation” and
St the first attempt to explain the eause of the
i“j:::‘_h-? -:?!-’ihg that they were the 1'f:suit of iee-storm
off 3;1'1 ¢ ilb-:SlltIl('(l.lll‘llt frozen twigs were snapped
“atim: trees thus uInnm:ttml‘ to he 1‘(-1?1::{1«1 by veg-
i l';]f_nnnthm:‘ type. His conelusion was based
'“"I'il[llndi : Upor Edson's study {189-%] in \\'ilil-ﬂl] she
“"f'\'n: IF‘M forms on Roan Mountain, She did not,
o ‘“"'-‘l euss the effeet of snow and ice on trees
,u;'?"°“t the eause of the halds,

WOO1930) considers the grassy balds of the
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Mount Mitehell region as of natural origin. He says
there is no legezd of Indian occupaney or of fire.
Relative to the zeath balds he states: “These heath
balds seem to be encroaching upon the grassy balds
but there is no =dication of the development toward
a forest type. Neither fire nor cut-over seems to
explain their orizin. They are hest consideved as
physiographie-eZzphie elimaxes.” =
Cain (1930), vho made a statistical study of the
heath bhalds of ze Great Smokies, deseribes them as
having been derived from forested types by the elim-
ination of tree :pecies and considers them as “post-
climax ‘islands” in the econtiguous coniferous and
broad-leaf forme-ions.” In deseribing the grassy balds
in the following vear (1931) he says, “. . . in all
probability thes: balds are natural phenomena. . . .
It is sufficient to mention that soil profiles show from
a few inches to = foot or more of homogeneous black
soil of grassland type, which is far too deep to have
developed sinee the advent of the white man. . . .”
Camp (1931) says, “The grassy balds were orig-
inally meadows vontaining numerons clumps of low
shrubs, predomizantly erieaceous, with higher shrubs
at the margin.™ e holds that the grassy balds of
the southwester— portion of Gregory Bald, located in
the Great Smokies, ave natural phenomena, probably

 Fre. 33
established und: - shade of rhododendron as indicated
by absence of l=imehes lower thun 5 feet, This tree is
lpeated at the :-esent sonthern margin of grassy bhald
immediately wess of Cloudland Lodge.  May, 1938,

A warent spruce which evidently beeame
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Fi6. 34, A parent tree which probably became estab-
lished in the grassy bald. This tree was far too knotty
to have been used for pulp wood. May, 1938.

produced by oceasional desicecating southwesterly
winds. “In midsummer,” he says, “there are occa-
sional periods of exeessive drought, and it is this
extreme that limits the character of the bald rather
than the general climatie mean.”

Fink (19381) does not helieve these balds to he of
Indian origin beeause it would have been too great a
task for the early Indians to have cleared the balds
since they lacked both tools and energy.

The foregoing authors have either assumed a theory
of natural origin of balds or else have suggested no
explanation. Wells (1932, 1936, 1937) has recently
proposed a theory of Indian origin to explain the
presence of the grassy balds of the Southern Appa-
lachians. Based on a study of 23 grassy balds, he
concludes that these balds were initiated by human
interferenee at soil level which destroyed fovest veg-
etation and resulted in the development of grassy
balds. His assumption is that this disturbance was
due principally to tramping of Tndian feet, perhaps
supplemented by tvamping of their horses and ecut-
ting of trees for firewood. Fle imagines that the
Cherokees spent much time on the summits of our
higher mountaing, eongregating theve in large num-
hevs during the warmer months for hunting, camp-
ing, ov perhaps warfare. “A grass hald,” he says,
“is in a sense an expanded trail”  Wells (1937)

Ecological Monographs

Vol. 11, No, 1
deseribes the summit of Round Bald as having been
the original Indian bald on Roan Mountain.

DISCUSSION
ProgaBLE ORIGIN OF BALDS

These writers have suggested only three caunsal fac-
tors to explain the presence of the balds. Harsh-
herger’s ice-storm theory and Camp’s theory of
desiccating summer winds both suggest the factor of
local climate. The “physiographic-edaphic” factor of
Davis is a concept of the Cowles school.

The Indian theory of Wells is one of mechanical
disturbance of the vegetation at soil level. This
theory is not in aceord with the facts revealed by the
vegetation itself within the area under study. In the
first place, the writer ean find no evidence that In-
dians ever spent enough time on this mountain to
have produced even slight changes in the vegetation.
Artifacts have been searched for throughout the whole
area, especially on the summit of Round Bald and in
the vieinity of the two large springs at Carvers Gap,
but nothing has yet been found. Inquiries have heen
made of older citizens, but none have heard of Indians
having lived or ecamped on Roan Mountain. Judge
S. C. Williams, historvian for the State of Tennessee,
and a resident of Johnson City, Tennessee, has de-
voted much time to study and writings concerning

SPRUCE FIR CLIMAX

f \
RHODODENDRON
BALD COMMUNITY

RHODODENDRON
BALD COMMUNITY

ALDER BALD
COMMUNITY

7

GRASSY BALD COMMUNITY
L

MOSS COMMUNITY
POLYTRICHUM

T

ROCK MOSSES AND LICHENS

T

BARE ROCK

Fla. 35. Probable course of succession on the summit
of Roan Mountain,
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this East Tennessee country. Recently he said that
it was not the custom of the Cherokees to frequent
hich mountains except to cross them in moving to a
new location. He does not believe the Indians had
anything to do with the origin of the balds and con-
siders such an idea absurd.

The following excerpts from a letter received from
M. . Stirling, Chief, Bureau of American Ethnology,
Smithsonian Institution, further discounts the theory
of Indian origin of grassy balds: “. . . the historic
sites of the Cherokee are southwest of Roan Moun-
tain. At an earlier date they probably lived in the
neighhorhood, but we do not know what their customs
may have been at this early time. ... It seems un-
likely that a mountain summit would be cleared for
any purpose, unless under very exceptional eondi-
tions.”

Even though one does assume that Indians eamped
along mountain summits, it wounld appear more logical
that they did so because attracted by pre-existing
halds rvather than that their presence initiated the
development of the balds. Even if Indians had made
extensive trails, there is no evidence from this study
that such trails would have hecome expanded into
balds. On the other hand, theve is abundant evidence
that trails on Roan Mountain tend to close up rather
than to expand. The present day sheep trails on
Alder Bald are usually less than a foot wide and arve
worn down to a depth of more than 6 inches in places.
Alder canes overlap the trail and after more than a
century of use these trails, more than a mile in ex-
tent, have not expanded. Another old trail is the
one leading from the southwestern end of the present
rhododendvon garden to Roan High Bluff. This trail
has heen used extensively by both man and beast
for more than a century, and even though it leads
Ehrnugh grass, shrub, and forest communities, there
15 0o sign of expansion.

The locations of old horse and eaftle trails, ahan-
'[(_’HEII more than half a century ago, were determined
within the present pure stand of rhododendron. This
observation indieates that the trails were made within
Srassy areas whieh have since heen replaced by rho-
dodendron. Rather than trails producing grassy halds
by theiy expansion, grassy balds may even contract
and eliminate previous truils within their aren by an
nvasion of shrubs or trees or both.

On the northeast slope of Round Bald there is a
"ommunity of buckeye (Adesculus octandra) existing
Han orchard eondition. The growth forms of the
'Tees indicate that they were not produced within a
f"""“'-t but wather in open aveas. Sinee dead trees
""‘l'l' frequent and reproduction wenlk, it appears that
Juse trees ave on the deeline.  Five, gruzing und

FOwsing, and some eutting to improve grazing have
¢ T appavently responsible for this decline. No trees
S on the very summit of this bald, Perhaps wind-
"";,“tlll-"x heen an .impu:'hmt Eaetor in the elimination
= l"'f‘-‘i from this summit. Ineveased transpivation

U deerensed soil moistuve of the heavily exposed

L. i " .
= Meshaped snnmit may huve heen Faetors of greater
Emifiennea,
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An exeellent example showing the effect of windfall
in the elimination of trees and their subsequent re-
placement by grass, is a grassy bald area about 15
by 40 meters extending as a “peninsula” into the
hardwoods of the southwest slope of Round Bald.
Many old logs with long, straight boles are located
in this grassy spot which is bordered by trees with
clear boles 30 to 40 feet, showing that the area was
once forested.

Another example of grassy bald having replaced
hardwoods is at Carvers Gap where a forest “isthmus”
once eonneeted the hardwood forest area of the south
slope with that of the north slope. Natives who have
known the area for more than half a century told the
writer that a cabin once stood in the gap and that
hardwoods were cut to supply firewood for this eabin
as well as for the hotel at Clondland. Several small
buckeye, hawthorne, beech and a few birch trees still
stand as reliecs. A number of large, dead trees, ev-
idently uprooted by wind, show the dangers of wind-
throw subsequent to opening this forest by cutting.

In both cases, the grassy bald has replaced the
trees and appears to he maintaining itself. Whether
or not hardwoods will eventually invade this avea re-
mains to be secen. There is no indieation at any place
along the ccotone between grassy hald and hardwoods
that, under natural conditions, either community is
giving way to the other, save the tornado case cited
ahove.

SPrUCE-FIR ADVANCES BETWEEN GRASSLAXD
Axn Harpwoobp

It appears signifieant that the spruee-fir forest has
been slowly advancing eastward from an original cen-
ter of distribution in the vieinity of the southwestern
summit. Parallel invasions have oecurred on the two
slopes of the divide, north and south, in which the
coniferous forest advances as a “wedge” along the
ecotone hetween the grassy bald and the hardwoods.
This forest spreads by mass invasion into the bald
areas, there heing very little advance into the hard-
woods. A small “island” of conifers oceurs on the
southeastern end of Grassy Bald Ridge. Below, these
conifers are bordered by hardwoods (bireh, beech, and
maple) and ahove, hy alder and rhododendron which
thev invade. There are no eonifers or rhododendrons
within many miles of this avea except on Roan Moun-
tain to the west of Carvers Gap, a distance of 2 miles
or more. Sinee migration of rhododendron and eo-
nifers is essentially by wind, and since the prevailing
winds are from the north (sometimes from the south
but rarvely from the east or from the west), this
“igland” of eomifers and rhododendron appears to be
a new or secondary center of distribution for these
species on that portion of Roan east of .Jane Bald.
Tt is probable that this “island” originated hy rho-
dodendron having bhecome established in what was
onee a grassy or alder hald and which subsequently
heeame invaded by eonifers.

Grigees (1934), in o earvelnl study of the timber ling
in Alaska, has shown that fovest theve has been enn-
tinuously advaucing novthward into new tereitory. Ile
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obtained most reliable evidenece from the growth forms
of old parent trees located some distanee back trom
the forest edge. He explains that old trees with large
branches all along the boles indieate that they devel-
oped in the open bhefore a elosed forest condition had
-vet heen veached. The picture presented by the
growth forms of rhododendron and eonifers in the
area under study, as previously deseribed, is in aecord
with Griges’ findings,

Is Our Crryatre CHANGING?

The only adequate explanation of the dynamie
trends in the vegetation on Roan Mountain seems to,
lie in the concept of elimatie change. Unless it is
agreed that for the first time in the vegetational his-
tory of this area, the grassy balds have come to the
end of their long sustained sub-elimax stage and are
gradually giving way to a fovest, the first to oceupy
the area in question, it must be assumed that climate
has changed recently or is now changing, and that
such changes are heing veflected in the vegetation.

May not climatie change and plant migration be in
progress at the present time? The common general-
ization that any factor which has operated throughont
the vast ages of the past has had suffieient time to
have long since produced stabilization, needs re-
thinking. Griggs (1937) has pointed out that vast
changes, due to changes in elimate, have taken place
within the past 1,000 years or so. Among them he
cites the following examples: (1) Syria is beeoming
too arid for agriculture; (2) the old Novse eolonies
in Greenland which once thrived on dairying, now lie
buried in the ground perpetually frozen; and (3)
plant migrations are now in progress as in the past.
He also concludes that the recent advance of fovest
in Alaska is due to elimatic change,

As a result of this phase of the study dealing with
suceession, it appears to the writer that insufficient
soil moisture, at times eritieal to woody seedlings,
hest explains the long period during which the balds
have apparently mainfained themselves as a sub-
climax. As Cox (1933) has stated, it is not the
average hut the extreme eonditions which happen
only oceasionally that are most important in deter-
mining vegetational changes. The mild drought of
June, 1936, was responsible for the death of some
eonifers that had become established in the grassy
bald in the vicinity of Carvers Gap. Should snch a
condition rveeur only onee every few vears, invasion
of the grassy bald by eoniferons forest would be re-
tavded or perhaps stopped completely, Thus, it ap-
pears that the present and recent advanee of shruhs
and eonifers into the wrassy avea has been due pri-
marily to a shortening of dry periods at ervitieal times.
The precipitation mean need not have changed sinee
theve is an abundance of rainfall within the area if
properly distributed as to time, The halance between
precipitation and vegetational change at extremely
eritieal times is most delieate, even so sensitive that
the appearanee of a shower ov even a elondy or fogoy
day just before the erncinl period is veached, may
vesult in the survival of seedlings which otherwise

Monographs

would have perished. The factor of grazing, and
subsequent oceasional fires set to improve grazing,
have served merely to check normal trends in sue-
cession rather than to have caused them. Such fae-
tors tend to maintain the grassy balds for a slightly
longer period than wonld have been expected under
natural conditions,

The problem of “bald origin” is not vet solved, but
it is felf that this study represents a closer approach
to the true explanation than has appeared hitherto.
Before a solution is finally veached, further study of
certain edaphie faectors, particularly soil moisture,
seems advisable.

SUMMARY

1. A statistical study wns made of the plant com-
munifies of Roan Mountain during the growing sea-
sons of 1934, 1036, and 1937,

2, The area under study is the major portion of
Roan Mountain, altitude 6,285 feet, located along the
northern portion of the Tennessee-North Carolina
state line. As compared to the surrounding country,
the climate of this avea is characterized by lower tem-
peratures, higher precipitation, higher wind velocities,
less sunshine, and a shorter growing season.

3. The vegetation is considered to helong to either
a forest or grassland type. Altitudinal zonations of
the forest communities are: (1) beech-maple, 3,500 to
5,500 feet; and (2) spruee-fir, above 5,500 feet.
(irassland eommunities (ineluding shrub balds) oceur
from 5500 feet to the summit.

4. The beech-maple community is eomposed of a
superior tree layer consisting of beech, maple, and
birech with some buckeye and service berry; an in-
ferior tree layer of mountain maple and striped
maple; a shrob layer dominated by hobble bush,
gooseberry, and hlackberry; an herb laver dominated
by Eupatorium roanensis, Impatiens biflora, and Dry-
opteris dilatata; and a ground layer represented by 2
light eover of certain speeies of mosses and lichens.

5. The spruce-fir community contains a tree layver
dominated by spruee and fir with an addition of yel-
low hireh at higher altitudes; a shrub layer dominated
by purple rhododendron, biueherry, and hobble bush:
an herb layer dominated by Dryopteris dilatata and
Oxalis acetoselle; and a ground layer heavily ear-
peted by mosses.

6. The balds, located along the linear summifs of

the mountain, eover approximately 1,000 aeres. They
are represented by three communities: (1) grassy
balds, most extensive and found throughout the full
extent of the bald area; (2) alder balds, eonfined
essentially to the eastern end; and (3) rhododendron
balds, confined principally to the western end of the
summit.
7. The grassy hald vepresents the most homogt-
neous eommunity, flovistically, within the arvea :itlll.]'
ied. Tt is dominated hy only one species, Dantloni?!
compressa (monntain oat grass).  Other frequent
species  are Rumrew aectoscellie,  Agrostis hapemnliss
Fragaria  vivgiviona, Honstonia  sevpyllifolic, ot
Curer flevuosa,
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8. In the rhododendron bald, the shrub layer is
dominated by an almost pure closed stand of purple
rhododendron with only a light expression of species
in herb and ground layers.

9. The alder bald consists of a shrub layer dom-
inated by mountain alder and an herb layer of Carex
lucorum, Danthonia compressa, and Rumex acetosella.
These herbs find their best expression in the small
openings between alder clumps.

10. The beech-maple community appears as an
old and well stabilized climax for the zone it occupies,
except in certain portions at the upper margin of its
range where the spruce-fir appears to be gradually
replacing vellow birch.

11. The theory of Indian origin of the grassy balds
is disecounted and the theory of natural origin sus-
tained.

12. The grassy balds were once more extensive
along the summit of Roan JMountain than at present,
having given way to shrub and forest communities.

13. The spruce-fir forest community is elimax for
most of the area above 5,500 feet. It appears that
under natural conditions the balds will eventually
zive way to this forest elimax.

14 The recent advance of the coniferous forest
into the grassy bald aveas may possibly he caused by
a change in climate, resulting in a less xerie condition
for seedlings at critical times. Such climatie change
is assumed to have been recent or is now in progress.
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