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Abstract

Watershed 7, a southwest-facing watershed in the Coweeta Basin, western North Carolina, USA, was clearcut in 1977.
Twenty-four permanent plots were inventoried in 1974 before cutting and in1977, 1979, 1984, and 1993 after clearcutting.
This study evaluates changes in species d:versnydunngeaﬁysuceessxonaﬂercleaxmmnganddiﬁ'm in overstory tree
and ground flora response to disturbance by clearcutting and their interaction with previous distarbances and subsequent
stand development. To quantify species diversity, we computed Shannon-Weaver’s index of divessity (H') and Pielou’s
evenness index (J'). Woody species diversity remained relatively stable; however, woody species richness increased in the
cove-hardwoods and hardwood-pines, hut remained relatively consult in the mixed-oak hardwoods. Althdugh revegetation
was rapid, forest composition has changed through succession. Opportunistic species, such as Liriodendron tulipifera,
Robinia pseudoacacia, and Acer rubrum, increased in abundance, whereas Quercus velutina, Carya spp., and Q. rubra
decreased. Ground flora diversity declined in the cove-hardwoods and mixed-oak hardwoods communities, but the decrease
in the hardwood-pines was not significant. The abundance (g hiomass m~?2) of ground flora was much lower in 1993 than in.
1984; 79% less in the cove-hardwoods, 90% less in the mixed-oak hardwoods, and 79% less in the hardwood-&es.
Watershed 7 is apparently in a transition state between early and late successional species abundance. Early successional,
shade-intolerant species, such as Erechtites, Solidago, Eupatorium, Panicum, and Aster, have declined, whereas late

successional, shade-tolerant species, such as Viola, Galium, Sanguinaria, Uvularia, and Veratrum are not yet well
established. .
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1. Introduction etal., 1986; Hunter,1990; Burton €t al.,1992), with

special emphasis on understanding the role ‘of vari-
Maintenance of species diversity has become an ous species in the recovery of forest structure and

important topic iii forest management studies (Norse processes (Boring et al., 1981; Schoonmaker and
McK ee, 1988; McMinn, 1991; Huston, 1994). The

effects of human-induced distur bancesin “forested
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tivity, and diversity vary with frequency, intensity,
and scale of disturbance (Runkle, 1985, Petraitis et
d., 1989; Huston, 1994). Although no single generd-
ization prevalls for describing changes in species
richness and diversity through succession, eastern
forest systems tend to increase in both measures after
forest harvesting then decline as forests mature (Bi-
cknell, 1979; Hibbs, 1983, Reiners, 1992, Roberts,
1992, Wang and Nyland, 1993).

Huston and Smith (1987) described succession as

a sequential change in the relative abundances of the
dominant species in a community. During early suc-
cession, physiological characteristics, such as stress
tolerance, rapid growth rate, or high nutrient acquisi-
tion, May influence Species abundance. Later in suc-
cession, size and shade tolerance may emerge as the
physologicd characteristics that affect species abun-
dance. Species are aso capable of changing their
competitive ability when conditions change, but they
are unable to adapt to all successional stages or
environmental conditions (Huston and Smith, 1987).
This description implies that certain species or groups
of species will lose dominance unless a disturbance
O environmental change interferes. Thus, some suc-
cessional stages may have more species, as well as
different sets of species, than others (Hunter, 1990).
However, forests are always changing owing to natu-
ral disturbances, such as wind, fire, drought, or
single or multiple tree mortality, that may create
canopy gaps with earlier stages of succession. There-
fore, competitive equiliium or Seady date rardy
occurs (Huston, 1979).

Many generalizations for successional change
have been inferred fxom analysis of chronosequences
of stands different ages (Peet and
Loucks, 1977; Finegan, 1984; Roberts and Chris-
tensen, 1988). However, variation anong forest
standsalongachronosequencecananseﬁ'ommter
acting sources including historical factors (eg dis
turbance, variaions in seed rain), Ste environment
(e.g. climate, slope, aspect, and soil variables), and
autogenic successional change. The most direct and
unambiguous method of documenting succession in-
volves measming changes in asngle Ste through
time. Because the time scale is long,’ few studies
have used this approach (eg. Peet and Christensen,
1980; Hibbs, 1933; Hartnett and Krofta, 1989, Rein-
ers, -1992; Fain et al, 1994).

For the past severa decades, experimental
clearcuts have provided an opportunity to examine
how these large-scale forest disturbances influence
various processes, such as stream hydrology (Swank
and Helvey, 1970; Likens et d., 1977; Swank € al.,
1988), soil erosion (Hewlett, 1979; Van Lear et 4.,
19851, nutrient cycling (Johnson and Swank, 1973;
Bormann € d., 1974, Bormann € d., 1977; Likens
et al,, 1977; Gholz e d., 1985; Boring et d., 1988;
Waide et d., 1988; Reiners, 1992), and vegetation
diversity and successiona patterns (Parker and
Swank, 1982; Gholz et al., 1985; Hornbeck €t al.,
1987, Boxing et al.,, 1988; Reiners, 1992; Gove ¢ d.,
1992; Elliott and Swank, 1994a). In a regeneration
project conducted in a clearcut Watershed in the
Coweeta Basin, southwestem North Caroling, studies
were conducted 1.3, and 8years after disturbance
(Boring, 1979; Boring et d., 1981, Boring et 4.,
1988; Boring and Swank, 1986). These studies ex-
amined the role of dominant earty successona
Species in forest recovery and ecosystem processes,
but did not address longer-term species patterns,
diversity, and richness. In this study, we andyze
successional patterns in composition and diversity of
herbaceous and woody species in the same clearcut
watershed to age 17 years. Qur objectives were to
describe changes in species diversity during early
succession after clearcutting, and evaluate differ-
ences in overstory and ground flora vegetation re-
sponse to disturbance by clearcutting.

2 Methods
2.1. Site description

The study Site, a 59ha watershed (WS7), is lo-
cated in the Coweeta Hydrologic Laboratory
(35°04"30"N, 83°26'W) near Franklin, NC. The
Coweeta Basin is in the Nantahala Mountains—part
of the Blue Ridge province in the Southern Ap-
palachians. Watershed 7 has a south-facing aspect
and ranges in elevation from 720 to 1065 m. Slopes
range from 23 to 81%. Parent rocks of schist and
gneiss have weathered to form deep soils with rock
outcrops present on steep dopes a high eevations
(Hatcher, 1974). At lower elevations, the dominant
soil seriesisthe Tusquitee, a member of the fine-
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loamy, mixed, mesic family of Humic Hapludults.
The ridge and dope soils are dominated by the
Chandler Series, a member of the coarse-loamy, mi-
caceous, mesic family of Typic Dystrochrepts
(Thomas, 1996). The mean annual temperature IS
13°C, and average temperatures are 6.7°C in the
dormant season and 18.5°C in the growing season.
Mean annud precipitation is 183cm (Swift et al.,
1988).

The land-use higtory in the Coweeta Basn in-
cludes sHective logging, woodland grazing, and
burning. Before 1842, Cherokees burned semi-an-
nualy to improve forage for livestock. Between
1842 and 1900, European seftlers moving into the
area aso burned and grazed the basin. A few hectares
in WS7 were probably cultivated around 1901. Be-

tween 1900 and 1923, logging operations occurred
over the entire basin, but cutting was heaviest on the

lower dopes, valeys, and accessible coves. Since

1924, human disturbances have been restricted to
experimental Studies (see Douglass and Hoover
(1988) for a complete description of the history of
the Coweeta Basin). I a woodland grazing experi-
ment in WS7 between 1941 and 1952, six bead of
cattle were used to assess the impact of woodland
grazing on a portion of the watershed. Short-range
effects were limited primarily to soil compaction and
overgrazing in the cove area adjacent to the stream
(Johnson, 1952; Williams, 1954).

Watershed 7 Was clearcut in 1977 &s part of an
interdisciplinary study of the physical, chemical, and
biological effects on both terrestrial and aguitic

Coweeta
Watershed 7

é Plots

AV 100 ft Contours
K\J‘Streams"

Fig. 1. Topographic map of plot locations including streams in Watershed 7, Coweeta Basm, western North Carolina, USA.
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components of the ecosystem (Swank and Caskey,
1982). Harvedting, begun in- January 1977, was com-
pleted in June. Tractor skidding was used on dlopes
less than 20% (about 91ha), and yarding with a
mobile cable system on the remaning area. In the
cutting operation, marketable timber was removed by
cable logging. Most of the ridgetops and xeric dopes
were cut, but were not cable logged because the
volume of marketable timber was insufficient. All
stems of 2.5¢m or more dbh (diameter at breast
height) were cut and logging debris was left in place
with no further Ste preparation. This. harvest tech-
nique minimizes S0il compaction and other structural
disturbances of the forest floor and plant roots.

2.2. Sampling procedures

Before clearcutting, vegetation was inventoried
from 142 plots of 20 m X 40m systematically located
over WS7. Based on previous studies (Williams,
1954, Day et al., 1988), three community types were
identified iIn WS7: (1) cove-hardwoods found at
lower eevations and aong ravines a intermediate
eevations, (2) mixed-oak hardwoods on mesic
southeast-facing and north-facing dopes a interme-
diate elevations; (3) hardwood-pines ou xeric south-
west- and south-facing Slopes & intermediate to up-
per eevations and ridgetops. Plots were classified
into community types based on detrended correspon-
dence andyss (DCA) (Gauch, 1982) that used pre-
cut Wood vegetation data from 1974 for 24 perma
nently marked plots. The cove-hardwoods commu-
nity had high numbers of Rhododendron maximum,
Hamamelis virginiana, Liriodendron tulipifera and
Betula lenta, with some mesic species such as Tii
heterophylla and Aesculus octandra. The mixed-oak
hardwoods commumty had high numbers of diverse

oak-species, Liriodendron tulipifera, Cornus florida
and no or low dengties of understory ericaceous
shrubs, such as Rhododendron maximum or Kalmia
latifolia. The hardwood-pines community hed high
numbers of Quercus prinus, Q. coccinea and K.
latifolia, and scattered Pinus rigida and Prunus
serotina (Fig. 1).

After cutting in 1977, 18 of the 142 plots were
sampled for regrowth: eight in the cove-hardwoods,
five in the mixed-oak hardwoods, and five in the
hardwood-pines. In 1978, five plots from the 18

were dropped and 11 plots from the remaining 124
were added to total 24 permanently marked plots.
Sample sizes were increased to reflect relative areal
coverage of each community within the watershed.
Seven plots represented the cove-hardwoods, five the
mixed-oak hardwoods, and 12 the xeric hardwood-
pines (Fig. 2). The 24 plots were remeasured in
subsequent years (1979, 1984 and 1993) to observe
the changes in vegetation compostion through suc-
cession.

Two quadrats were located in opposite comers of
each 0.08ha plot. Hardwood sprouts were sampled
in 7m X 7m subplots and seedlings were sampled in
3m X 3m subplots; values were pooled for each
par. To understand the mode of reproduction, each
woody stem was classified into one of two cate-
gories. sprout, if it originated from a previously
established stump or root system; seedling, if it
originated from seed Since clearcutting Or was a
single stem from advance Tegeneration. This differ-
entiation may overestimate seed origin reproduction, -
pamcularlybecansemotsproutsaredlfﬁcultto dis-
tinguish from seed origin without partial exposure of
the root ‘systems and because many established small
root systems may send up single sprouts. Robinia
pseudoacacia sprouts were diginguished by ther,
attachment to lateral roots.

At the end of each growing season, densities of
sprouts and seedlings were recorded separately by
species and diameter class on each sample quadrat.
Diameter classes were designated by 0.5 cm intervals
up to a maximum of 3 cm in the first year (1977) and
by 1.0cm intervas up to amaximum of 8 cm for
years 1979 and 1984. Different Species were mea-
sured at 3 and 40cm from ground level depending
on the species? potential growth rates. The 3cm
measurement gave the best fit for coupling bionass
regression equations for ow-growing species; 40cm
was best for fast-growing species (Boring et dl.,
1981). In 1993, woody stems with a dbh of 1.0¢m or
more were measured to the nearest 0.1cm at 1.37m
from ground level. Stems with less than 1.0cm doh
were measured to the nearest 0.1 cm at 3 and 40cm
from ground level.

Mid-point values of each diameter class ‘multi-
plied by the number of stems in that class were used
to calculate basd area for years 1977-1984. Basd
area of saplings estimated from diameters at 3cm
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from the base would overestimaie basal area. Be-
cause sapling basal areas (years 1977, 1979, and
1984) were estimated entirely from diameters mea-
sured at 3 and 40cm from the base, the values were
exaggerated compared with tree basal areas of stems
of more than lcm dbh measured & conventiona
bresst height (1.37 m).

After clearcutting, &l herbaceous vegetation was
harvested in August each year (1977-1993) from
one randomly placed 1.0m? subplot within each
quadrat. \ egetation was separated by species and
oven-dried to constant weight a 70°C. All species
identification follow@ nomenclature comsistent with
Radford et a. (1968).

A woodland grazing experiment conducted from
1941 to 1952 (Williams, 1954) furnished the only

data available on herbaceous species presence and
abundance in WS7 before clearcutting. Williams a0
provided ingights into the impact of traditiona land-
use activity on specks diversity. Data collected in
1952 from 17 ungrazed, fenced plots containing two
4.04m? subplots provided information on understory
plants 30years after recovery from the selective log-
ging that occurred from. 1900 to 1923 and before the
large-scale clearcutting in 1977. This data allowed a
qualitative comparison of herbaceous species

ence and abundance before and after clearcutting.

2.3. Data analysis

To evaluate Species diversity, Shannon-Weaver's
in&x of diversty (H') (Shanon and Weaver, 1949)

054
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Fig.Z.-Den'endedmpondenceanalysxsofthe24permanentplotsalongthcﬁrsttwoordmanonmwnhlocanonofspecxesalong
ordinations. M, Cove-hardwoods; @, mixed-oak hardwoods; A, hardwood-pines. Species codes: LIRTUL, Liriodendron tulipifera;
ACERUB, Acer rubrum;, KALLAT, Kalmia latifolia; RHOMAZX, Rhododendron maxinum; QUECOC,. Quercus coccinea; QUEPRI,
Quercus prinus; QUERUB, Quercus rubra; CORFLO, Cornus florida; AESOCT, Aesculus octandra, HAMVIR, Hamamelis virginiana;
BETLEN, Betula lenta; FAGGRA, Fagus grandifolia; NYSSYL, Nyssa sylvatica; ROBPSE, Rabmzapseudaacacxa‘CARSPP Carya spp.;
TILHET, Tilia heterophylla; PINRIG, Pinus rigida; PRUSER, Prunus seroting. :

~
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and Pielou’s evenness index (J) (Pielou, 1966) were
computed. Shannon—-Weaver’s index is a smple
quantitative expression that incorporates both species
richness and the evenness of species abundance.
Because the calculated value of H’ alone does not
show the degree to which each factor contributes to
diversity, a separate measure of evenness (J') was
caculated. Diversty was caculated on the bass of
-stem basal area per hectare for woody species and
biomass per square meter for herbaceous species.
H'= —3p,n p, where p; isthe proportion of total
basal area of species i. Species evenness was calcu-
lated &s J' = H'/H,., where H.__ is the maximum
level of diversty possible within a given population,
which equals In(number of species). We used pair-
wise t-tests (Magurran, 1988) to examine the differ-
ences in diversity between sampling years from 1974
t0 1993. No statistical tests were performed for 1952
because ground flora measurements were based on
density rather than biomass.

3. Reallts

3.1. Changes in woody Species

In each community, more than 15 tree Species
regenerated after clearcutting. Shade-tolerant species
were Acer rubrum, Nyssa sylvatica, Fagus grandi-
folia, Cornus florida, Tsuga canadensis, Oxyden-
drum arboreum, Amelanchier arborea, and
Hamamelis virginiana. Species with intermediate
shade tolerance included Carya spp., Fraxinus amer-
icana, Quercus prinus, Q. rubra, and Q. velutina.
Shade-intolerant species included Liriodendron
tulipifera, Betula lenta, Robinia pseudoacacia, and
Q. coccinea (Burns and. Honkala, 1990). Species
regenerating infrequently were Tilia heterophylla,
Diospyros virginiana, Sassafras albidum, Symplocos
tinctoria, Prunus serotina, and A. pensylvanicum.

In 1974, Carya spp., Q. rubra, and L. tulipifera
were the three most abnndant tree speciesin the
cove-hardwoods community (Table 1). After
dearcutting in 1977, C. florida, A. rubrum, and L.
tulipifera became the most dominant tree species.
The woody vine, Vii Spp, was more dominant than
L. wlipifera. By 1984, Vii spp. began to lose its
dominant postion in the community, and R. maxi-
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mum became the most abundant species. By 1993, L.
tulipifera was the leading dominant species at 22%
of the total basal area.

In the mixed-oak hardwoodS COommunity before
cutting, Q. velutina, L, tulipifera, and Carya spp.
were the most abundant species, occupying 56% of
the total basal area. After cutting in 1977, C. florida,
Vii spp., and L. rulipifera made up 64% of the
basal area C. florida remainedthe leading dominant
to 1984. L. tulipifera regained its dominance by
1993 with 44% of the total basal area, and R.
pseudoacacia became increasingly more important in
the community. Q. wvelutina did not regan its domi-
nant position and made up less than 1% of the totd
basal area from 1977 through 1993,

In the hardwood-pines community before cutting,
Q. prinus, K. latifolia, and Q. coccinea were the
three most abundant species with 63% of the basal
area. Vitis spp. became important after disturbance
but declined rapidly. K. Iatifolia remained dominant
after cutting and increased in importance through
succession. A. rubrum increased in importance
2years after cutting and remained dominant to 1993
(Table 1). C. florida and R pseudoacacia were
more abundant immediately after clearcutting, but
began to decline by 1979. With 60% of the tota
basal area, K latifolia, Q. prinus, and A. rubrum
were the leading dominants in 1993:

Some woody species were present after clearcut-
ting, but not recorded in the overstory woody mea-
surements Defore clearcutting. Most of these Species
were shrubs and vines. Because only stems with dbh
of 2.5¢m or more were recorded in 1974, small
stemmed shrubs and vines, such as C. florida, E.
americanus, P. pubera, and Vitis 8pp., were proba-
bly not recorded because they were small, not ab-
sent.

In 1974, stem dengity in the hardwood-pines com-
munity was more than two times greater than.in the
other two communities (Table 2). This higher density
was attributed primarily t0 K. latifolia, which grows
on the upper slopes and ridges of the watershed. K.
latifolia contributed 62% of the density and 19% of
the basal area in the hardwood-pines (Table 1)-
Without XK. latifolia, slem dendity in the hardwood-
pines community would have been 1523 stems, and
basal area 22.25m? ha’, which would have been
lower than the other two communities.
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Densityincreased substantially inall communities
following harvest, with 2446 timesmor e stemsper
hectarein 1977 than in the pre-cut forest. By- 1993,
densities were gtill 69 times greater than in the
pre-cut forest. The17-year -ol dforest (1993) of WS7

Table 1

Leading dominant woody species (more than 2% of basal area in -

any year) ordered by sequence of maximum percentage contribu-
tion to basal area in 1974

Species Year
Pleat Post-cut
1974 1977 1979 1984 1993

Cove-hardwoods

Carya spp. - 18.0 14 13 19 0.9
Quercus rubra ) 5.1 62 43 4.0 5.7
Liriodendron wlipifera  12.0 107 111 6.4 216
Betula lenta 78 02 50 75 120
Rhododendron maximum 1.8 6.6 9.4 209 112
Tilia heterophylla 6.8 03 08 03 0.6
Quercus prinus 6.3 02 0.4 03 0.7
Acer rubrum 6.0 149 117 98 5.7
Quercus alba 9.0 01 01 04 001
Aesculus octandra - 38 00 01 0.0 0.04
Cornus florida 28 184 51 115 6.6
Tsuga canadensis 23 22 15 23 75
Fagus grandifolia 19 24 17 10 14
Vitis spp. 00 120 124 61 11
Hamamelis virginiana 04 37 58 6.6 33
Fraxinus americana 0.2 3s 22 15 38
Kalmia latifolia 0.2 51 41 4.6 1.5
Amelanchier arborea 0.0 23 16 10 03
Nyssa sylvatica - 06 22 25 13 0.02

Robinia pseudoacacia 0.0 18 32 15 095
Oxydendrum arboreum 09 17 13 01 27

Total 979 959 9.1 890 96.8
Mixed-oak hardwoods

Quercus velutina 203 01 03 05 06
Liriodendron wlipifera 185 147 131 711 437
Carya spp. 16.7 6.2 12 14 05
Quercus prinus 125 35 10 23 21
Acer rubrum 83 63 43 88 82
Cornus florida Wl 83 212 298 318 125
Nyssa sylvatica ~ 57 24 131 41 11
Oxydendrum arboreum 3.3 04 15 20 13
Quercus rubra 2.4 51 32 31 3.6
Robinia pseudoacacia 19 64 95 101 213
Vitis spp. 00 219 110 60 LO
Castanea dentata 0.6 33 06 28 0.0
Kalmia latifolia 0.0 00 19 39 0.2
Sassafras albidum 00 06 62 60 13
Rhododendron 0.04 0.0 13 32 01
calendulaceum

Total 993 981 980 931 976

Table | (continued)
species o Year

Pre-cut Post-cut

1974 1977 1979 1984 1993
Hardwood-pines
Quercus prinus 26.0 60 64 56 222
Kalmia latifolia 188 205 371 3471 233
Quercus coccinea 18.0 09 57 48 8.0
Acer rubrum 6.8 69 129 117 142
Oxydendrum arboreum 5.5 59 25 10 25
Quercus velutina - 41 00 03 02 02
Nyssa sylvatica - 3.2 50 59 48 26
Carya spp. 27 13 17 14 16
Quercus alba 26 00 06 04 07
Cornus florida 2.6 99 40 51 17
Pinus rigida 22 00 00 002 01

Robinia pseudoacacia 18 80 22 23 34
Liriodendron tulipifera 18 11 13 177 62

Castanea dentata 10 56 36 33 28
Vitis spp. 0.0 210 39 2.5 02
Quercus rubra 0.7 24 01 06 0.88
Symplocos tinctoria 0.0 16 21 22 03
Sassafras albidan 0.2 1.5 22 20 14
Rhododendron maximum 0.8 00 18 63 48
Pyrularia pubera 0.0 0.0 0.7 31 01
Total: . 98.8 975 94.9 95.7 97.1

Sample yegrs begin in 1974 (before clearcutting) through succes-

sional time (after clearcutting in 1977) for three in
W57, Coweeta Basin. In 1977, number of sample plots was eight
in the cove-hardwoods, five in the mixed-oak hardwoods, and five
in the hardwood-pines. In 1974, 1979, 1984, and 1993, mumber of
sample plots was seven in the cove-hardwoods community, five in
the mixed-oak hardwoods, and 12 in the hardwood-pines. In1974
and 1993, woody stemns with a dbh of 1.0cm or more were
measured at 1.37cm from the base, and stems with a dbh of less
than 1.0cm were measured at 3 and 40cm from the base (Boring
et al., 1981). In 1977, 1979 and 1984, all woody stems were

measured at 3 and 40cm from the base (Boring et 4l, 1981).

Species nomenclature follows Radford et al. (1968).

is gtill aggrading, with most woody stems in smaller
size classes (Fig. 3). In the cove-hardwoods, 58% of
the density and 12% of the basal area were from .
stems of less than 2.5cm dbh; in the mixed-oak
hardwoods, 35% of the density ‘and 3% of the basal
area were from stems of less than 2.5 cm dbh; in the
hardwood-pines, 89% of the density and 33% of the
basal area were from stems of less than 2.5cm dbh.
Densities of stems with dbh greaterthan 5.0cm were
2609ha~?, 2405ha~!, and 1811ha~?, occupying
1824 m? ha“ 1957m? ha', and 11.47m? ha™!
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basal area in the cove-hardwoods, mixed-0ak hard-
woods, and hardwood-pines, respectively.

Although the number of woody Species present
increased in the cove-hardwoods and hardwood-pines
communities after clearcutting, differences in diver-
Sty were NOt significant (H'; P < 0.10, based ‘on
pairwise #-statistics) among years. In the mixed-oak
hardwoods, the number of species decreased imme-
diately after clearcutting (Table 2), but the difference
in H' was not sgnificant. However, a significant
decline i H' (based on a pairwise -statistic;
Magnrxan (1988) (tdf,.za, P <005 = 2.059)) did occur
in the mixed-oak hardwoods community from 1984
to 1993. This decline was attributed primarily to the
increased dominance of two species, L. wdipifera
and R. pseudoacacia, which occupied 65% of the
total basal area in 1993, and the reduced hasd area
of Q. prinus.

3.2. Origin of woody species reproduction

In the cove-hardwoods, 58% of stems originated
from seedlings in 1977; however, by 1979 seedling

Table 2

K.J. Elliots et al, / Forest Ecology and Management 92 (1997) 67-85

and sprout reproduction were about equal, probably a
result of heavy mortality of seedlings. In the mixed-
oak hardwoods, seedling and sprout reproduction
were about equal in 1977, but by 1979 sprouts
accounted for 69% of the reproduction. In the hard-
wood-pines type, sprout reproduction was higher
than seedling reproduction, with 64% and 82% of the
dems originating from Sprouts in 1977 and 1979,
respectively.

Community type often affected a species primary
mode of reproduction. Species that regenerated pri-
marily by sprouting in dl three communities were
Castanea dentata, C. florida, N, sylvatica, 0. ar-
boreum, and R pseudoacacia. Carya spp. and Q.
prinus regenerated primarily by Sprouting in the
mixed-0&k hardwoods and hardwood-pines types.
Rhododendron maximum and K latifolia regener-
ated almost entirdy by sprouting in the cove-
hardwoods and hardwood-pines. A. rubrum regenmer-
ated primarily by seed germination in the cove-
hardwoods, seedling and sprout reproduction were
about equal in the mixed-oak hardwoods, and the
dominant mode of regeneration in the hardwood-

[

Average density, basal area, diversity (H'; basedonbasalnea)mdevemss(f)ofwoodyspmfordmewmmummmww

Coweeta Basin, for sample yems 1974, 1977, 1979, 1984, and1993

Community Year F G § Basalarea i ' Variance of Clof J
(mmsba"') (m?ha™") w H

Cove-hardwoods 1974 12 13 14 1566 23.67 252 0.017 40,056 0.804
1977 20 23 28 72507 457 264 0.134 f0.138 0.784

1979 20 24 32 65979 7.91. 2.713 0.017 +0.046 0.781

1984 23 w 36 70294 13.68 2.75 0.032 +0.055 0.756

1993 21 27 36 . 13267 24.85 2.57 0.022 +0.050 0717

Mixed-oak hardwoods 1974 16 21 26 ‘1762 24.87 213 0.015 +0.063 0.752
1977 14 17 20 76236 5.26 212 0.017 +0.067 0.748

1979 11 14 19 55685 7.34 2.22 0.044 +0.098 0741

e ~.. 1984 15 18 22 ‘43593 9.21 247 0.058 +0.101 0.777
Ty 1993 13 14 22 9993 23.78 1.76 0.050 +0.099 0569

Hardwood-pines 1974 13 16 19 3970 27.47 2.28 0.035 +0.077 0708
1977 13 15 19 ‘93416 6.05 241 0.161 40.030 0.804

1979 15 19 25 93551 9.23 2.37 0.099 +£0127 0727

1984 20 24 30 98189 16.33 249 0.066 +0.091 0.718

1993 19 25 36 35573 20.50 235 0.038 +0.062 0.637

Tn 1977, 1979, and 1984, basal area was calculated from diameter measurements at 3 or 40cm above ground line depending on species
potential growth rates (Boring et al., 1981). In 1993, diameters of trees with dbh of 1.0cm or more were measured at 1.37 m above ground
line and samplings with dbh of less than 1.0cm were measured as in 1977, 1979, and 1984,

F, Total number of families present in each commnnity; G, total sumber of genera in each community; S, total sumber of species present in

each mity,

* Sampling in 1974 included woody species with dbh of 2.5 cm or more; diameter was measured at 1.37m above ground line.
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pines was sprouting. A. arborea, Q. coccinea, and hardwoods and hardwood-pines communities, regen-
L. tulipifera regenerated primarily from seed in all erated predominantly from seed in the cove-
three communities. B. lenta, absent in the mixed-oak hardwoods. Q. velutina, a dominant species in the
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Fig. 3. Size class distributions of stems (1.0.cm or more dbh) in three communities in Watershed 7, Coweeta Basin for years 1974 and 1993:
(a) cove-hardwoods; (b) mixed-oak hardwoods; (¢) hardwood-pines. Diameters were measured at 1.37m above ground line. :
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Table 3

Lea&ngdonnnaMgmnndﬂomspm(Z%ormmofmulbwmassmanyyeaﬂmdemdbyseqnenceofmnnmmpmnmgecmm’bunon
to biomass through successional time, after clearcutting in 1977, for three commmmmities in WS7, Cowesta Basin

Species Density Biomass (%)

1952 1977 1979 1984, 1 9 9 3
Cove-hardwoods
Parthenaocissus quinquefolia 124 192 34 0.2 0.3
Asters (divaricatus, acuminatus, and undulatus) 41 118 83 56 03
Viola cucullata 225 113 01 24 03
Erechtitis hieracifolia 0.0 7.7 0.2 0.0 0.0
Solidago spp. (mostly odora and curtisii) w 72 11 6.8 16
Panicum spp. ) 11 6.5 19.0 0.0 0.0
Acalypha rhomboidea 0.0 44 0.0 0.0 0.0
Smilax rotundifolia 34 35 21 192 784
Potentilla canadensis 30 32 6.2 09 00
Eupatorium rugosum : 0.0 30 16 0.0 00
Botrychium virginianum 0.7 2.2 47 a7 0.0
Polystichum acrostichoides : 00 20 00 34 146
Tiarella cordifolia 0.0 17 18 0.0 0.0
Rubus spp. (mostly allegheniensis) - 0.0 08 30.0 46.6 01
Houstonia purpurea ' 0.7 0.0 7.7 05 00
Desmodium nudiflorion 18.0 0.0 0.2 16 0.0
Monarda clinopodia - . 34 00 02 00 0.01
Cimicifuga racemosa a7 0.0 00 32 0.0
Poa spp. 00 00 0.0 31 00
Galium circaezans 131 0.0 0.0 0.0 0.0
Sanguinaria canadensis 52 0.0 0.0 00 0.04
Unidentifiable Coll 134 ¥ 15 36 0.04
Total 91.3 979 979 97.8 96.5
Bﬁxed-oakha:dwoods
Solidago spp. (mostly odora and curtisii) 12 54.0 46 6.4 85
Eupatorium rugosum 00 157 6.7 23 103
Viola cucullata - 23 6.7 00 00 23
Asters (divaricatus, undulatus, and acuminatus) 12 4.7 65 42 17
Galiwm latifolium 00 4.7 0.0 00 00
Potentilla canadensis _ 23 00 03 00 0.0
Panicum spp. ' 44 0.0 ‘82 00 00
Rubus spp. (mostly allegheniensis) . 00 0.0 304 311 00
Clematis virginiana 00 0.0 27A 00 00
Monarda clblapadia 00 00 49 0. 0 00
Desmodium nudiflorum - 20 0.0 L1 0’2 00
Cimicifuga racemosa’ ., 00 00 06 115 00
Vaccinium vacillans ~ _ D 202 00 03 00 00
Polystichum acrostichoides ‘ 0.0 0.0 0.0 283 0.0
Smilax glauca ' 83 0.0 00 11 66
Epigaea repens 8.0 0.0 00 00 0.0
Chimaphila maculata 32 0.0 0.0 0.0 . 0.0
Hampu’amm 25 0.0 0.0 0.0 0.0
Ruellia ciliosa 20 0.0 00 0.0 0.0
Uvularia pudica 23 0.0 00 0.0 0.0

Vaccinhun stamineum : ) 10.0 00 0.0 0.0 0.0
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Table 3 (continued)
Species Density Biomass(%)

1952 1977 1979 1984 1993
Veratrum parviflorum 23 0.0 00 00 00
Unidentifiable 06 7.0 09 06 03
Total 796 96.9 96.6 9.9 95.4
Hard i ,
Solidago-spp. (mostly odora and curtisii) 13 M1 0.04 09 06
Parthenacissus quinquefolia 00 16.2 00 0.05 00
Smilax rotundifolia 01 92 196 498 335
Eupatorium rugosum 02 7.8 0.04 0.0 0.3
Vaceinium vacillans 332 3.7 139 00 21
Asters (divaricatus, undulatus, and acuminatus) 0.4 28 0.4 02 00
Panicum spp. 20 2.6 230 0.5 0.1
‘Potentilla canadensis 07 25 46 00 01
Viola cucullata 0.7 2.2 03 0.66 13.1
Rubus spp. (mostly allegheniensis) 01 0.8 134 234 46
Helianthus microcephalus 00 0.0 66 00 05
Epigaea repens 6.0 0.0 30 16 04
Galax aphylla 190 0.0 22 65 14.8
Coreopsis major 0.0 0.0 22 02 0.0
Smilax glauca 121 0.0 04 06 13
Preridium aquilinum 0.2 0.0 0.0 73 00
Chimaphila maculata 43 0.0 00 00 01
Unidenté‘iable 09 68 24 28 0.01

813 95.7 96.1 %1 96.3

In 1952 (before clearcutting), domnantspecxuwerebawdonz%ormoreofmtaldcnsuy Inl952,numherofsampleqnadratswasfonrfor
the cove-hardwoods cwemsssmit, 14 for the mixed-oak hardwoods, and 16 for the Hardwood-pines, with a sample area of 4.0m? per quadrat.
In 1977, number of sample quadrats was eight in the cove-haniwoods, five in the mixed-oak hardwoods, and five in the hardwood-pines,
thhasamplemaoftwo(l.ﬂmz)quadmts In 1979, 1984, and 1993, number of sample quadrats was seven for the cove-hardwoods
community, ﬁveforﬂzennxed-oakhaxdwoods,andlZforthshaxdwood-pmc,wnhasampleoftwo(lOmz)quadms Species

nomenclature follows Radford et al. (1968)

mixed-oak hardwoods community before cutting, re-
produced only by seed germination.

3.3. Changes in Woo& + herbaceous ground flora

In 1952, the three Most abundant herbaceous taxa
were. Viola cucullata, Desmodium nudiflorum, and
Galium circaezans inthe cove-bar dwoodsAftercut-
ting in 1977, Parthenocissus quinquefolia, V. cucul-
lata, and Species within the Asteraceae family were
the most abundant, In the mixed-oak hardwoods,
Vaccinium spp. (vacillans and stamineum), Smilax
glauca, and Epigaea repens were the most abundant
species in 1952. Oneyear after clearcutting, Sol-
i& Qo spp., Eupatorium rugosum, V. cucullata, and
Aster spp. Were the most dominant. In the hard-
wood-pines, Vaccinium spp., Galax aphylla, and S.

glauca made up 64% of the density in 1952. In 1977,
Solidago spp., P. quinquefolia, S. rotundifolia, and
E. rugosum were the most abundant specks and
accounted for 74% of thetotal biomass. G.aphylla
began to recover by 1993 in the har dwood-pines
community(Table 3). In 1979 and 1984, Rubus spp.
was the most abundant species in all three communi-
ties. However, by 1993, it had declined tolessthan
1.0% of thetotal groundflora biomassin thecove-
hardwoods, 0% in the mixed-oak hardwoods, and
5% in the hardwood-pines, and P. quinquefolia dom-
inated in the mixed-oak hardwoods.
Changesinground florathough succession were
attributed to species that established or disappeared
after disturbance or species that were short-lived or
transitory. Speciesestablished after clearcutting in-
cluded . Polystichum acrostichoides in the cove-
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hardwoods, and E. rugosum and P. quinquefolia in
the mixed-oak hardwoods. Short-lived or transitory
species included Erechtites hieracifolia, Acalypha
rhomboid& E. rugoswm, Tiarella cordifolia, and
Rubus spp. in the cove-hardwoods; Botrychium yir-
giniana, G. latifolia, Rubus spp., Clematis virgini-
ana, Monarda clinopodia, Cimicifuga racemosa, and
P. acrostichoides in the mixed-oak; P, qumquefolza,
Helianthus microcephalus, and Coreopsis major in
the hardwood-pines (Table 3).

Less common species in 1952 not found after
clearcutting included Agrimonia parvifiora, Aris-
tolochia macrophylla, Triphora trianthophora, and
Veratrum parviflorurn in the cove-hardwoods, An-
gelica venenosa, Clintonia wumbellata, Erigeron pul-
chellus, Lilium michauxii, Linum striesuw Lyonia
ligustrina, Persicaria hydropiperoides, Phryma lep-
tostachy, Pilea pumila, T. cordifolia, and T. tri-
anthophora in the mixed-oak hardwoods, Campan-
ula divaricata, Erythronium americanum, Habenaria
ciliaris, Menziesia . pilosa, Polygonatum biflorum,
Smilacina racemosa, and Trillium spp. in the hard-
wood-pines.

Ground flora biomass peaked in 1979 in each
community type then declined substantially by 1993.
Currently, ground flora biomass in the cove-
hardwoods, mixed-oak hardwoods, and hardwood-

Table 4
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pines is only 8.0%, 2.0%, and 8.0%, respectively, of
the peak biomass in 1979 (Table 4).

In contrast to the pattern for woody species, many
more ground flora species were present in afl com-
munities in 1952 than in the years after clearcutting
(Table 4). In addition to the species level changes
within - communities, family distributions (including
woody species) have also changed since clearcutting
(Tables 2 and 4). In the cove-hardwoods, the number
of families present increased from 24 in 1952 to 29
in 1977 and 1979, and to more than 30 in following
years. However, in the mixed-oak hardwoods, there
were many’ more families represented before
clearcutting; 39 families were present in 1952, re-
duced to only 21 families in 1977, then increased to
22 by 1993. In the hardwood-pines, 31 families were
present in 1952 compared with only 22 families
immediately after cutting, which then increased to 34
families by 1984 (Tables 2 and 4). Although most
families were represented by only one or two genera,
families that were well represented by several genera
were the Asteraceae, Ericaceae, Rosaceae, Fabaceae,
and Liliacese. For example, in the bardwood-pines,
11 genera were found within the Liliaceae family in
1952 Affer clearcutting in 1977, only Smilax re-
mained, in 1979 Lilium was found, and in 1984
Medeola and Uvularia were sampled. Families that

Average abundance (mumber Of plants m™2 in 1952 g massm~? inall otheryears), diversity (H', Shannon~Weaver’sindex), and evenness
(', Pielou’s index) of ground flora species for three community types in ws7. Coweeta Basin

Community Year F G S  Abumdance (m™>) A Variamceof #'  Clof H 7
cove-hardwoods 1952* 12 17 27 165 252 0.054 +0.092 0.763
1977 12 17 19 333 . 249 0.014 +0.057 0846
1979 12 20 22 978 219 0.010 +0.043 0689
1984 16 19 21 376 1.85  0.040 #0002  0.608
. - 1993 4 19 20 8.0 0.82  0.137 0.274
Mixed-0ak pravicode™ . 49 114 314 0.038 +0.055 0.807
1% 2:? 3% S10 203 155 0.057 10168 0673
1979 12 17 18 849 204 6.013 +0.056  0.706
1984 § 12 13 208 173 0.040 f0.116 0.674
1993 12 16 16 2.1 132 0.008 +0.047 0.476
Hardwood-pines 1952 18 42 45 132 240 0.107 40099  0.630
1977 10 15 16 430 139 0.028 +0.089 0718
1979 12 22 25 469 228 0.018 +0.056 0.708
1984 6 21 24 115 165  0.085 £0.125 0519
1993 6 25 27 37 190 0.141 f0.152 0.576

F,Tobalnmnberoffamiliespresentineachcommnnity;G,mm!numberofgencrapmemmeachcommxmityzs.mtalnumberofspe&es

present in each community.
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Table §

T-Statistics for ground flora species diversity (H') for pairwise

comparisons among years within each community in WS7,
Coweeta  Basin

Community Comparison ¢ value d T P value

Cove-hardwoods 1977 vs. 1979 1.90s 84 0.10
1977 vs. 1984 2744 61 0.01
1977 vs. 1993 4293 10 0.002
1979 v 1984 1525 58 s
1979 vs. 1993 3575 9 0.01
1984 vs. 1993 2448 13 0.05

Mixed-oak hardwoods 1977 vs. 1979 2872 30 0.01

1977v.1984 ~0578 4 0 ns
1977vS.1993 0.902’22 s

1979 vs. 1984 1337 35 ps
1979 vs. 1993 5.006 14 0.0001
1984 vs. 1993 1.860 22 0.10

Hardwood-pines 1977 vs. 1979 -1.352 84 s
1977vs. 1984 1.011 30 ns
1977 v. 1993 0.219 5 s
1979 vs. 1984 1934 25 ‘0.10
1979 vs. 1993 0933 5 s

1984 vs. 1993 0527. 9 ms

L]

T-Statistics and calculations for requisite degrees of freedom
follow Magurran (1988); ns, not significant.

were shared by woody aud ground flora Species were
the Ericaceae, Fabaceae, and Rosaceae.

In the cove-hardwoods community, H Was SQ-
nificantly higher in 1977 than in dl subsequent
years. The difference in H' between 1979 and 1984
was not Sgnificant. Diversity declined Sgnificantly
in 1993 (Tables 4 and 5). Two species (S. rotundifo-
lia and P. acrostichoides) representing 93% of the
total biomass accounted, for the low J* in 1993
(Table 4). In the mixed-oak-hardwoods community,
H' increased significantly from 1977 to 1979, began
to decline in 1984, and wes significantly ‘lower by
1993. H' in 1993 ‘was Sgnificantly lower than. in
1979’ or 1984:(Tables 4 and 5). Differences in H'
were not significant between 1977 and 1984 or 1993,
In the hardwood-pines, the differencein H' was
sgnificant between 1979 and 1984, but differences
were not significant between other years (Table 5).
Although no dtatistical tests were performed between
1952 and post-clearcut years because abundance
measures differed, H' based on density was higher
in 1952 in the mixed-oak hardwoods and hardwood-
pines communities than H' based on hiomass in the
years after clearcutting.

79
4. Discuassion

4.1. Woody SPECIES responses '

The diversity of woody species was relaively
dable in WS7; how&r, tree species richness in-
creased through siccession. This trend in diversity,
gmilar to that found in other eastern hardwood
forests (Reimers, 1992, Wang and Nyland, 1993),
was aso found after clearcutting in a nearby water-
shed within the Coweeta Basin (Elliott and Swank,
1994a). These successional changes are somewhat
different from those found in northeastern deciduous
forests. For example, Gove et a. (1992) showed a
declii hl tree diverSty 10years after clearcutting
whereas Reiners (1992) found a ‘gradual decline in
diversity and an increase in -richness after clearcut-
ting and herbiciding. TWO years. after clearcutting,
Reiners’ data (Reiners, 1992) suggested a trend in
secondary succession with a mixed component Of
‘relay floristics and “initial composition’. Although
most species in his undistributed reference forest
eventualy regenerated in the clearcutting Site, most
woody hiomass in the latter was produced by two
specie$ uncommon in-the former forest (P. pensyl-
vanica aud B. papyrifera). Phillips and Shure (1990)
found that species composition Changed after
clearcutting small (2.0ha size patch) mesic, mixed-
hardwood sites in the Southern Appaachiaus. In
their study, L. tulipifera remained dominant 2 years
after cuttiug whereas Q. rubra and Carya 3. de-
clined in relaive biomass, and R. pseudoacacia, C.
florida, aud A. rubrum increased. Beck and Hooper
(1986) found that clearcutting a mixed-hardwood
forest dominated mostly by oak resulted in a20-
year-old Stand dominated by L. mulipifera, R psei-
doacacia, and A. rubrum. In our study, C. florida
and R. pseudoacacia also increased in relative domi-
nance. However, 17years after cutting (1993), C.
florida began to decline in dominance. The substan-
tial -decline in C, florida from 1984 to 1993 Was
probably ttributed to disease. Dogwood - anthrac-
nose, caused by Discula destructiva Redlin., had an
average incidence Of infection Of 87% in C. florida
for 1990 in the Coweeta Basin (Chellemi € 4.,
1992). . In ‘contrast, R pseudoacacia_continued to
increase. Q. rubra also decreased. in our-cove-
hardwood plots and A. rubrum, important 2years
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after cutting, had returned tO pre-cut levdsin the
community.

Hardwood forests in tbe Southern Appalachians
revegetate quickly after disturbance because many
species reproduce and grow rapidly. Although reveg-
etation Was relaively rapid in WS7, the composition
of the forest changed. For example, Carya Sp., the
leading dominant in the cove-hardwoods community
before harvest, currently makes up less than 1% of
the total basal area in these comrmmities. Species
such as Carya spp. Will probably. not become a
significant component of the stand for many decades
because they disperse seed and grow Slowly. Mean-
while, istic species such as L. tulipifera, R
pseudoacacia, and A.- rubrum: have increased. Be-
cause L. tulipifera and R. pseudoacacia ‘Sprout
quickly and grow faster than.other specxes,.they
attain. early dominance. Acer rubrum, although ‘a
shade-tolerant Species; produced 5000 9000
seedlingsha™". the first year after cutting ‘in the
cove-hardwoods and mixed-oak hardwoods, and over
MOO seedlingsha™! in the hardwood-pines 2 years
after cutting. Acer rubrum was also one of the most

prolific sprouting Species, with 1800-6300 |,

sprouts ha™?, depending on ¢commumity type. Its abil-
1tytoestabhshbybothsexualandasexualrepmdn
ﬁ% may explam its successful regeneranon foIIovv
Sprouts play a major rdein the revegetanon
process of these hardwood forests. The revegetation
process on WS7 was similar to that in other eastern
hardwood forests, where Sprouts and sackers domi-
nate vegetation after clearcutting (Ross €t al., 1936;
Phillips.and Shure, 1990; White, 1991; Crow ¢ al.,
1991; Brown, 1994). In the first year after clearcut-
ting, seedling and sprout reproduction Was about
.equal, except in the hardwood-pines where sprout
reproduction was Higher. By 1979, the pmpomon of
stems originating from sprouts increased in all com-
munities. [N the hardwood-pines, the high percentage
of stems originating from sprouts (81%) probably
occurred .because seed propagules were scarce -and
the xeric forest& or microclimate along the south-
west-facing  slopes' and ridges (Swank and Vose,
1988) produced a high mortdity rate of seedlings;
In southern Appalachian forests, mode .of repro-
duction aone does not guarantee success., Comparing
two species that reproduced primarily by- seed, L.
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tulipifera and Q. velutina, in the cove-hardwoods
and mixed-0ak hardwoods communities provides a
striking contrast. Q. veluting, a leading dominant in
the mixed-oak hardwoods before clearcutting, repro-
duced only from seed germination or advance
seedling growth. Although stumps Of Q. velutina
sprout less frequently than Q. rubra, Q. prims, and
Q. coccinea, the mgority of the reproduction after
harvest is usually from stump sprouting (Burns and
Honkala, 1990). Because seedlings established after
harvest grow too dowly to complete with sprouts Of
other tree species and other Vvegetation, they usualy
die after a few years (Burns and Honkala, 1990). In
our dtudy, the low basal area for this species after
disturbance may be the result of a combination Of
factors, including low dispersd of seed in the large
opening, low survival of seedlings, Jow growth of
seedlings, and lack of sprouting. Before cutting, 30%
of the Q. velutina stems were of greater than 23 cm
dbh, which probably limited sprouting; likewise, the-
high percentage (53%) of Q. velutina stems Of less
than Scm dbhalsohmtedspmuung Stump sprout-
ing from large stumps of old trees is less than from
small stumps of young trees (Kays et d., 1988 Kays
and Canham, 1992). :

In contra& L.: mlzpy’era established successfull
in both the cove-hardwoods and mixed-oak hard-
woods communities after clearcutting. In 1993; it
was the leading dominant species, occupying 22%
and 44% of the total basal area in the cove-hardwoods
and mixed&k hardwoods types, respectively. A
combination of factors, including prolific Seed pro-
duction, extended seed viability in the forest floor,

survival of new germinants, relatively fast growth,

and some stump sprouting, are responsible for this
success. L. tulipifera was a copious seeder, with
800010000 seedlingsha™! produced during the first
year after cutting, whereas Q velutina seedlings
totaled 300-700 seedlmgsha" with many present’
before harvesting. g

Ealy and copious pmducuon of light, wind-d+
persed seeds is generally correlated with the ability
to respond to large disturbances (Canham and Marks,
1985). Small-seeded and less shade-tolerant species
such as- L. tulipifera and B. lenta exhibit minimal
delay between dispersal and germination and often
release seeds from autumn until spring (Canham and

Marks, 1985). However, B. lenta seedling produc-



K.J. Elliote et diForest Ecology and Management 92 (1997} 67-85

tion was low in the cove-hardwoods until 2 years
after clearcumng, when the species produced 2774
seedlingsha™!.

The stem excluson stage of stand devehpment
(Oliver and Larson, 1990) was most dramatic during
the 9year period between 1984 and 1993. Although
WS7 Is a young forest with most stems in small size
classes, the stem exclusion Stage has begun, as indi-
cated by the decrease in stem density by 81%, 77%,
and 64% for the cove-bardwoods, mixed-oak hard-
woods, and hardwood-pines, respectively. Density of
gemsof 5.0cm or moreis less than in a nearby
30-year-old clearcut water& d, whereas basal area
of stems with dbh of 5.0cm or more is much higher

than values reported for this same watershed (Elliott
and Swank 1994a).

4.2. Ground flora responses

In general, ground flora diversity declined from
1977 to 1993 in the cove-hardwoods and mixed-oak
hardwoods communities, but did not decrease signif-
icantly in har dwood-pines. In every community, more
species were present in 1952 than in the years after
clearcutting. This pattern parallels results reported by
Gove €t al. (1992), where diversity of all plant
species (overstory and ‘ground flora combined) de-
creased 10years after clearcutting in New Hamp-
shire. Nixon and Brooks (1991) found that herba-
ceous species diversity peaked in Year 3 after
clearcutting a deciduous forest in east Texas then
subsided to Year 9. ‘

The abundance (.e. g biomassm™2) of ground
flora was aso lower in 1993 compared with 1984:
.79% lessin the cove-hardwoods, 90% lessin the
mixed-oak hardwoods, and 79% less in the hard-
wood-pines. with growth of overstory trees aid
canopy closure, the number of early successional,
shade-intolerant Species, such as Erechtites, Sob
i&go, Eupatorium, Panicum, and Aster, has de-
clined. Late successiond  shade-tolerant species, such
as Viola, Galium, Sanguinaria, Uvularia, and Vera-
trum, are not well established in the watershed, even
though they are common in other areas within the
Coweeta Basin. Watershed 7 is apparently in a tran-
gtion state between early and late successona
species abundance. The timing of measurements pre-
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vented examining the response of spring ephemerals,
such as Trillium, Anemone, and Claytonia, after
clearcutting. Because Spring ephemerals respond toO
changes in temperature and light (Callins e 4.,
1985), clearcutting may have triggered changesin
seasond  phenology, growth, and reproductwe poten-
tiad of these species.

Total numbers of species in each community were
lower after clearcutting in 1977 than in 1952 How-
ever, to quantitatively compare species ‘richness and
diversity in 1952 with years after harvest is difficult
because data on ground flora immediately before
1977 are lacking, and plot sizes and locations differ.
The 25 years of succession between 1952 and 1977,
and cumulative effects of land-use history (i.e. graz-
ing and fire suppression), prevent interpretation of
the effects of clearcutting alone.

Ground flora species diversity and richness in
WS7 were lower in the cove-hardwoods and mixed-
oak hardwoods and higher in the hardwood-pines
when compared with a nearby 30-year-old clearcut
watershed (WS13) with the same community types
(K.J. Elliott, personal observation, 1991). The lower
ground flora H' in two of the community types in
ws7 may be the result of severd factors, including
(1) the larger spatiad scde of disturbance in WS/
(57ha cut in WS7 vs. 16ha cut in 'WS13); 2)
southwest-fachlg aspect of W87, which receives
higher solar radiation than the east-facing aspect of
WS13; (3) totd tree removal in WS7 whereas trees
were CUt and left in place in wsl3.

4.3. Influences of complex disturbances

Large forest openings significantly change the
forest floor microclimate for al resdud biota, in-
cluding woody seedlings and late successional herba-
ceous Species (Phillips and Shure, 1990). Other in-
vestigators at Coweeta have found tbat clearcutting
on WS7 increased mean monthly temperatures at the
litter-s0il boundary for the period May-October by
8-11°C the first year after cutting; reduced forest
door litter moisture, increased soil moisture (Swank
and Vose, 1988), altered microarthropod activity in
the litter (Seastedt and Crossley, 1981, Seastedt et
d., 1983), and reduced first-year decomposition of
woody litter, especially on xeric south-facing slopes
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(Abbott and Crossley, 1982). The increase in woody
leef area index by the third year after clearcutting
resulted in forest floor shading, amelioration of the
dtered forest floor-microclimate, and dampening of
environmental effects of forest floor biota and their
processes. Although seedling and ground flora may
have been affected by high mortality immediately
after clearcutting,- canopy closure within 3 years a-
lowed a subsequent rapid recovery of structural and
functional forest processes.

. Both anthropogenic (€.0. chestaut blight fire ex-
clusion, and cattle grazing) and natural disturbances
(e.g. drought) shaped forest composition in WS7
before cleatcutting. The composition of southern
Appalachian forests has been significantly atered by
the loss of American chestnut (C. dentata) (Woods
and Shanks, 1959; Arends, 1981; Day e d., 1988;
Busing, 1989). Chestnut blight had a maor impact in
the Coweeta Basin, because chestnut made up am
estimated 35-40% of the basd area of some forest
stands (Day et al, 1988). Fire excluson in the
Southern Appalachians has favored the expansion of
evergreen shrubs (Day and Monk, 1974; Monk et al,
1985; Lipscomb and Nilsen, 1990) and has reduced
regeneration success of many Quercus Species (Phil-
lips and Murdy, 1985 Van Lear, 1991). Rho&&t-
&cm often dominates. understory canopy layers in

riparian Stands, and adversely. affects development .

and richness. Of herbaceous and understory Strata
(Baker, 1994; Hedman and van Lear;1995). Heavy
cattle grazing can also have a dramatic effect on
species richness and diversity. For example, Williams
(1954) found a loss of 31 species in the cove-
hardwoods community of WS7 ‘during a- 12 year
period (1940-1952) of heavy grazing; however, the
mixed-oak and hardwood-pines types showed little
to no loss of species on dopes and ridges, where
<cattle were |ess fikely to travel. -In. addition, severe
droughts have caused substantial tree mortdlity in.the
Southern USA (Hursh and Haasis, 1931; Tainter et
al., 1984; Stringer e al, 1989; Starkey e, al., 1989,
Smith, 1991; Clinton et al., 1993, Elliott and Swank,
1994b). The combined impacts of these sequential
and simultaneous disturbances on plant diversity be-
fore clearcutting in 1977 would be impossile to sort
out, yet their cumulative effects are probably no-
table.
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5. Conclusion

The response of plant conimuuities t0 clearcutting
‘varied in a Southern Appalachian watershed Woody
species richness increased in the cove-hardwoods

and hardwood-pines immediately after clearcutting

and through 17 years of successon but remained
relatively comstant in the mixed-oak hardwoods com-
munity. Woody species diversity decreased in the
mixed-oak hardwoods but remained relatively con-
stant -in the cove-hardwood and- hardwood-pines
communities. L. tulipifera increased in dominance in
all three communities. In addition, R. maximum in-
creased in the cove-hardwoods, R. pseudoacacia
increased in the mixed-oak hardwoods, and K. latifo-
lia and A. rubrum increased in the hardwood-pines.
Carya spp. declined in dominance after clearcutting
in the cove-harawoods, Q. velutina and Carya spp.
declined in the mixed-oak hardwoods, and Q: coc-
cinea and Q. veluting declined in the hardwood-
pines.

Ground flora was in a trandtional State between
ealy and late successional species, 17years after
clearcutting. Early successiona Aster, Solidago, and
Eupatorium Species have declined in abundance be-
cause woody species have grown rapidly and the
canopy has closed. Late successional Species have
not become abundantly established, which has caused
a significant decline in ground flora diversty in the
cove-hardwoods and mixed-oak hardwoods. Total
number of plant species present (woody + ground
flora) increased in all three communities during the
first 3years after cutting. Total species remained
relatively congtant in . the cove-hardwoods and
mixed-oak hardwoods from 1979 to 1993, however,
total species continued 10 increase to 1993 in the
hardwood-pines.

Clearcutting faVOrs shade-intolerant pioneering
specks, such as L. tulipifera and R. pseudoacacia,
and shade-tolerant understory species. such as R.
maximum and K, latifolia. The postive responses to
clearcutting by these two markedly different groups
of plants strongly indicates that retention of species
of Quercus and other hard-mast producing species
that have criticd ecosystem functions will reguire
additional management measures.

In addition to the altered microclimatic influences
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of clearcutting, past disturbances such as sdlective
logging, chestnut blight, fire Suppression, and wood-
land grazing have aso shaped the current conditions
in ' WS7. Although separating the cumulative effects
on vegetation dynamics is difficult, this complex of
disturbances is typicd of conditions throughout much
of the Southen  Appalachians. The cumulative vege-
tation responses to clearcutting and other distur-
bances found here are indicative of regiond re-
sponses of forests since the early twentieth century.
Other influences of regionad amospheric pollution
and climate change may dso have an undefined

influence on species richness and community com-
position
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