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Abstract

We used an unconventional combination of data transformation and multivariate analyses to reduce subjectivity i n
identification of ecosystem units in a mountainous region of western North Carolina, USA. Vegetative cover and
environmental variables were measured on 79 stratified, randomly located, 0.1 ha sample plots in a 4000 ha watershed. Binary
transformation of percent cover followed by direct and indirect ordination indicated the 185 inventoried species were
associated primarily with soil A-horizon thickness, soil base saturation, and aspect. Redundant cluster analyses, consisting of
divisive and agglomerative methods for multivariate classification of core plots, followed by selective discriminant analysis of
remaining non-core plots, indicated that the continuum of vegetation and environment could be grouped into five ecosystem
units. Approximately 20 herbaceous, shrubs, and tree species and several soil and topographic variables were highly
significant discriminators of ecosystem units. We also demonstrated that redundant cluster analysis may be used to subdivide
ecosystem units into subunits of uniform understory composition and associated environment. Validation and refinement of
classification units, linkage with fauna1 biological components, and arrangement into landscape areas suitable for resource
management is needed before field application. 0 1999 Elsevier Science B.V. All rights reserved.

Keywords: Presence-absence transformation; TWINSPAN; Detrended correspondence analysis; Canonical correspondence analysis;
CANOCO; Discriminant analysis

1. Introduction

The Wine Spring Creek watershed, located in the
Nantahala National Forest of western North Carolina,
is the focus of intensive investigations to gain a better
understanding of ecological relationships for purposes
of ecosystem management. The Wine Spring Creek
ecosystem management project was begun in 1993 to
establish a scientific basis for management of physical
- -

*Corresponding author.

and biological resources (Swank et al., 1994). Work-
ing in the nearby Great Smoky Mountains National
Park, Whittaker (1956) established that vegetation
patterns in this region consist of species responding
individually to a complex of temperature and moisture
gradients associated primarily with elevation and
landform. Classification of this continuum of vegeta-
tion and environment into ecosystem units - “units
that can be distinguished by major differences in
physiography, soils, and vegetation” (Barnes et al.,
1982) and recur in a predictable pattern on the land-

0378-l 127/99/$  - see front matter ‘cm 1999 Elsevier Science B.V. All rights reserved
PII: SO37X- 1127(98)00371-5
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scape - is needed for planning and resource manage-
ment guidelines (Kimmins, 1991).

Others have studied selected portions of the Wine
Spring Creek drainage to determine vegetation and
environment relationships. DeLapp (1978) described
the extent and characteristics of high elevation north-
ern red oak (Quercus rubru) stands. Hedman and
VanLear  (1995) reported that riparian vegetation in
the vicinity intergraded between mixed mesophytic
and eastern hemlock (Tsuga  canadensis)  forests with
understories typically dominated by rhododendron
(Rhododendron maximum). In unpublished reports,
Hedman (1993) qualitatively described riparian vege-
tation along major streams and Baker and VanLear
(Undtd) characterized stream-side areas dominated by
rhododendron. In a preliminary reconnaissance-type
classification, based only on arborescent vegetation
and topographic variables, McNab and Browning
(1993) identified six ecological types associated with
three perceived moisture regimes in each of two
altitudinal zones. Using this preliminary classification,
Elliott and Hewitt (1997) reported on species diversity
in the ecological-types characterized by vegetative
communities dominated by an overstory of northern
red oak and shrub understory of flame azalea (Rho-
dodendron calendulaceum). Additional investigation
should extend vegetation-site relationships to include
all flora and soil variables.

Several classification studies using all flora and soil
variables have also been conducted within a 70 km
radius of the study area (Gattis, 1992; Moffat, 1993;
Patterson, 1994),  where climate, geology, soils, land-
forms, vegetation and disturbance mechanisms are
generally similar. Classification units identified in
these studies varied from 6 to 10, and only about half
of the units agreed in composition among studies, even
though field and analytical methodologies were simi-
lar. Since classification is primarily a subjective pro-
cess (Sokal, 1974) it is uncertain if the unique units
identified in each study are real, represent artifacts of
the field data set resulting from sample plot location
and techniques, or resulted from arbitrary decisions
made during the analysis. Researchers are faced with
many subjective decisions when conducting classifi-
cation studies, beginning with field location of sample
plots and method of quantifying vegetation. Data
analysis brings a host of other decisions concerning
not only the choice of legacy or contemporary multi-

variate techniques, but also seemingly mundane ques-
tions of rare species retention or exclusion (including
definition of rare), recognition (and deletion) of outlier
samples, and input data order (Tausch  et al., 1995).
These and other subjective decisions may cause other
researchers using the same dataset to arrive at different
results when conducting similar classification studies.

The primary objective of our study was to group the
biological and physical components of the study area
into relatively homogeneous ecosystem units based on
widely used methods of multivariate analysis. Since
the results of this study will probably provide a basis
for hypothesis testing by researchers and may be
applied to resource management by managers, we
used conservative methodology for identifying eco-
system units. The risk in this approach is that a minor
but real ecosystem unit may have been sampled but
not detected in the analysis. However, we also reduce
the possibility of identifying a false unit that is pri-
marily an artifact of the dataset. A principal focus of
this paper is the exploratory and unconventional use of
a combination of multivariate classification methods
to achieve objective, reproducible results for identify-
ing portions of landscapes with similar ecological
potential.

2. Site description and methods

2.1. Site description

The majority of this study was conducted in the
Wine Spring Creek watershed (35”l l’OO”N,
83”36’3O”W)  and the remainder in the adjacent White
Oak Creek watersheds of the Wayah Ranger District,
Nantahala National Forest, NC. These watersheds
cover about 4000 ha of the southern Nantahala Range.
Altitudes range from 915 m, where the principal
stream (Wine Spring Creek) enters Nantahala Lake,
to 1655 m at Wine Spring Bald. Slope gradient
averages 12% between Nantahala Lake and Wine
Spring Bald, a horizontal distance of 6100 m. Land-
forms consist of broadly rounded ridges, valleys with
steeply sloping sides and long connecting slopes.

Soil parent material primarily consists of meta-
sedimentary and metamorphic rocks. The Wehutty
and Copperhill Formations - metagraywacke, mica
schist, and metaconglomerate - form the lower
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one-third of the study area from 915 to about 1250 m
elevation. Geologic substrate of the upper two-third of
the study area primarily consists of an unnamed
metamorphic formation of biotite gneiss interlayered
with biotite, granite, garnet gneiss, and amphibolite
(Yurkovich and Wilson, undtd.). Soils on both geolo-
gic formations and below about 1450 m elevation are
50-90 cm deep and mapped as complexes classified as
coarse-loamy, mixed, mesic Typic Dystrochrepts
(Thomas, 1996). At elevations above about 1450 m
soil solums are 50-125 cm deep and classified as
coarse-loamy, mixed, frigid Typic Haplumbrepts.

Precipitation averages about 1800 mm annually,
with a monthly minimum (100 mm) in October and
maximum (200 mm) in March. Mean monthly tem-
perature ranges from 0.5”C in January to 21.3”C
during July (Swift, 1993). The predominant overstory
canopy averages >25 m in height and consists of cold-
deciduous, broadleaf arborescent species dominated
by oaks (Quercus spp.).

The USDA Forest Service acquired the watershed
beginning in 1912 after it had been commercially
logged (W. Culpepper, pers. commun., 1995). Pre-
vious settlement, cultivation, and land clearing were
restricted on small areas at low elevations and on
gentle slopes near Nantahala Lake (Ayres and Ashe,
1905). Human-caused disturbances to the timber
stands since 1912 have resulted from salvage of
American chestnut (Custunea dentuta) killed by blight
(Woods and Shanks, 1959) and regeneration activities
by the USDA Forest Service.

2.2. Sampling and methods

The study area was sampled by stratification of the
two principal environmental factors that we hypothe-
sized most affected vegetation: elevation and soil
properties. Elevation was stratified into four zones:
(1) ~1,067  m, (2) 1067-1282 m, (3) 1282-1466 m,
and (4) >1466  m; the number of plots in each zone was
proportional to the strata areas: 5, 39, 45, and ll%,
respectively. Soil mapping units were stratified into
seven groups: soils formed in colluvium derived from
(1) granite/gneiss,  or (2) metasediments; soils formed
in residuum from (3) granite/gneiss or (4) metasedi-
ments; and three single series consisting of (5) Porters,
a widespread metasedimentary-derived soil, (6) Plott,
a common gneiss/granite-derived soil, and (7) Wayah,

a prevalent, high elevation-soil characterized by frigid
temperature regime. Thomas (1996) describes proper-
ties of soils in the study area. The number of plots
allocated to each soil group was also proportional to its
area: 12, 4, 24, 12, 26, 10, and lo%, respectively.

Forest stands were grouped by age based on timber
inventory records; only those greater than 80 years
were eligible for sampling. Sample sites were located
by overlaying a 200 x200-dot grid on a l/24,000-scale
topographic map of the study area. Potential sample
sites occurred on the map at the intersection of a row
and column selected from a table of random numbers.
The potential sample site was retained if the combina-
tion of elevation zone, soil group, and stand age was
needed to satisfy the number of plots allocated to each
stratum.

Each selected site was located in the field and
sampled using a 0.1 ha (20x50 m) plot-oriented par-
allel with the contour and subdivided into ten 0.01 ha
(10x 10 m) modules. Environmental conditions were
described by topography, soils, and geology. Topo-
graphic variables measured on each plot included:
elevation (m), aspect (degrees azimuth), gradient
(%), slope position, landform  index, and terrain shape
index. Thickness of the soil A-horizon was determined
to the nearest inch (2.54 cm) and solum depth, usually
to a maximum of 48 in (122 cm), was determined
for taxonomic classification to the series level. A
composite sample of the upper 6 in (15 cm) of the
A-horizon was collected and analyzed by the North
Carolina Soils Test Laboratory for humic matter (%),
bulk density (g/cm3), acidity factors (meq.000 cm”),
pH, base saturation (%), cation exchange capacity
(CEC) (meq./lOO cm3),  cation concentrations of Ca
and Mg (expressed as % of CEC), and concentrations
of P, K, Mn, Zn, and Cu (expressed as index values
that range from 0 to 166). Geologic substrate was
classified as gneiss/granite or metasedimentary from
detailed geologic maps (Yurkovich and Wilson,
undtd.). Logarithmic transformation was used for
cation concentration (Palmer, 1993); aspect was trans-
formed using the relationship of Beers et al. (1966).
Values of pH were treated as if measured on an interval
scale.

Vegetation at each sample site was measured using
modified methods established by the Vegetation Sur-
vey of North Carolina (Peet et al., undtd.). All vegeta-
tions were identified to species, and abundance was
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estimated by growth form on four modules of the main
0.1 ha plot. Trees (arborescent species) >4 in (10 cm)
diameter at breast height (dbh) were measured for dbh
to the nearest 0.1 in (0.25 cm) and average crown
width to the nearest 5 ft (1.5 m) within the main 0.1 ha
plot. Saplings (arborescent species 0.14 in (0.25-
10 cm) dbh) and tall seedlings (arborescent species
l-4.5 ft (0.3-1.4 m) height) were counted by species
and size classes on four l/l00  ac (0.0025 ha) plots
located along the long axis of the main plot at interior
intersections of 10x 10 m modules. Small seedlings
(arborescent species <l ft (0.3 m) height) were
counted by species and size class on four l/1000 ac
(0.00025 ha) plots nested within each l/100 ac
(0.0025 ha) plot. Other vegetation growth forms (club-
mosses, ferns, herbs, shrubs, sedges, and vines) were
inventoried by crown cover recorded in 10 classes: 1
(trace), 2 (O-l%), 3 (l-2%),  4 (2-5%)  5 (5-lo%),  6
(lo-25%),  7 (25-50%), 8 (50-75%)  9 (75-95%), and
10 (95-100%). An inventory of saplings, tall seed-
lings, and small seedlings by abundance was done to
provide information on tree regeneration for forest
management purposes. Vegetation nomenclature fol-
lows Radford et al. (1968).

Quantitative cover and abundance data were trans-
formed to qualitative presence-absence values for
multivariate classification analysis. Rarely reported
in ecological literature of North America, this proce-
dure has often produced results comparable with or
superior to those obtained from cover-abundance
values (Frenkel and Harrison, 1974; S. Jones, pers.
commun., 1997). In a lone citation found for the
southern Appalachian region, Moffat (1993) used
binary transformation of cover data when detrended
correspondence analysis indicated excessive beta
diversity on the first axis. Although described in
consulted ecological texts, situations calling for pre-
sence-absence transformation were omitted. Our rea-
sons for using presence-absence follow:

1. Classification studies that establish relationship of
species with environment do not require a measure
of relative abundance;

2. Timing, severity, and effects of disturbance can
create transitional conditions that may help or harm
a few species and for which recovery time is
unknown, such as historical gathering of ginseng
(Punax  quinquefoZium)  and ramps (AZZium  tricoc-

cum), and response of vegetation released by
American chestnut mortality;
Uniform weighting of all species can be achieved
when comparing species with typically low num-
bers and small foliage area, such as pink lady
slipper (Cypripedium acaule) and pipsissewa (Chi-
maphila maculatu)  to the relatively large crown
area and abundance of most trees and shrubs;
Difficulties associated with combining arborescent
seedling-sapling abundance data with cover of
other vegetation growth forms can be avoided;
Conservative classification results are provided by
reducing the likelihood of identifying a false eco-
system unit.

Williams et al. (1973) stated that “The qualitative/
quantitative choice [for floristic data collection] has
attracted much attention but little general
agreement. .” and applied both methods to complex
rain-forest communities of >130  tree species with
varying results. Strahler (1977) evaluated both con-
tinuous and binary methods in forests of Maryland,
USA, and reported about the same results for identify-
ing species associated with site factors.

2.3. Data analysis

The relationship between species and environmen-
tal variables was investigated by redundant indirect
and direct ordinations to corroborate the importance of
the major axes, as suggested by Ter Braak (1988).
Detrended correspondence analysis (DCA) is perhaps
the most widely used method of indirect vegetation
ordination (Kent and Coker, 1995) and has been used
in similar studies in this region of North Carolina and
Georgia (Gattis, 1992; Moffat, 1993; Patterson, 1994).
Direct ordination of species and environment was
achieved with canonical correspondence analysis
(CCA). CCA is a relatively new method in which
the axes of a vegetative ordination are restricted to
linear groupings of environmental variables. Direct
ordination has several advantages over the older form
of indirect ordination and is robust even when assump-
tions of multivariate normal data structure are violated
(Palmer, 1993). Multiple regression was used to deter-
mine the proportion of variation of each ordination
axis explained by environmental variables. Both DCA
and CCA were made using CANOCO software (Ter
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Braak, 1988). No sample plots were omitted from the
analysis as outlier observations, no species were
eliminated because of rarity, and a single order of
data input was used.

To simplify the continuum of vegetation composi-
tion present in the study area and to aid our under-
standing of vegetation and environment relationships,
plots with generally similar vegetation were classified
into a few groups. Cluster analysis was used to reduce
subjectivity associated with combining species
responding individually to environment into discrete
groups of plots that would partially define ecosystem
units based on vegetation. Two types of hierarchical
cluster analysis, TWINSPAN  (Hill, 1979) and PROC
CLUSTER (SAS, 198.5)  were used in redundant
analyses of the same dataset to define core (Golden,
1981) clusters consisting of similarly classified plots.
TWINSPAN  uses a divisive method of cluster analysis
that Gauch and Whittaker (198 1) found widely useful.
In PROC CLUSTER, Ward’s method, also known as
minimum variance clustering, was selected to com-
pute distance between clusters. Ward’s method is a
widely used type of agglomerative cluster analysis
reported as effective in several studies (Kent and
Coker, 1995). Although many multivariate techniques
are controversial, including DCA and TWINSPAN, it
was beyond the scope of this study to compare various
ordination and classification methods, which has been
done elsewhere (Kent and Coker, 1995).

Since strengths and weaknesses are associated with
each type of cluster analysis (Jongman et al., 1987),
similarly classified plots by the two redundant ana-
lyses should define core clusters with a greater like-
lihood of including species that respond similarly to an
associated set of environmental conditions. The stop-
ping point of cluster formation was based on experi-
ence and set at the third level for TWINSPAN, which
could produce up to eight clusters. An equivalent
level for Ward’s method was semi-partial R-squared
of about 0.03. Plots not placed in the same core
cluster by TWINSPAN  and PROC CLUSTER were
assigned to an existing cluster based on discriminant
analysis of the environmental variables from the
successfully classified core plots. No plots in the
vegetation-based core clusters were reclassified even
when the discriminant analysis based on environmen-
tal factors indicated a high probability of misclassi-
fication.

Fig. 1. Framework of analysis methodology used for the Wine
Spring Creek study. Items on the right side of the vertical dotted
line are relevant to management implications of results from this
study and are not addressed. Activity boxes and arrows identified
by dashed lines are associated with an unplanned division of an
ecosystem unit into two subunits.

Groups consist of plots whose membership was
based entirely on vegetation (cluster analysis) and
other plots that were based only on environmental
variables (discriminant analysis). PROC STEPDISC
(SAS, 1985) was used to determine species and
environmental variables significantly associated with
the groups and the relative importance of these
variables within each group. PROC DISCRIM
(SAS, 1985) was used to determine the relative impor-
tance of each species and environmental variable for
group identification and discrimination. PROC
LOGISTIC (SAS, 1985) was used to develop a logistic
response surface of the probability of occurrence of
selected species based on significant environmental
variables. The analysis framework is outlined in
Fig. 1.

3. Results

Seventy-nine sample plots were established and 185
species were recorded in seven growth forms: 110
herbs, 32 trees, 17 shrubs, 12 ferns, six grasses, five
vines, and three sedges. Red maple (Acer rubrum)  was
the most widespread species, occurring on 89% of all
plots, followed by northern red oak (8 l%),  rhododen-
dron (77%),  New York fern (Thelypteris novebora-
censis)  (75%),  downy serviceberry (Amelanchier
arborea) (72%), eastern hemlock (Tsuga  canadensis)
(67%), and fancy fern (Dryopteris intermedia) (66%).
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Fig. 2. DCA ordination of species occurring on >25% of sample plots in the Wine Spring Creek study area. Axes scale units are multiples of
standard deviation. Species names are abbreviated by the first letter of the generic name and first three letters of the specific name as follows:
Acer pensylvanicum,  Apen; A. rubrum,  Arub;  A. saccharum, Asac;  Amelanchier arborea,  Aarb; Amianthum muscaetoxicum,  Amus; Aster
divaricatus, Adiu: Betula  allegheniensis,  Ball; B. lenta,  Blen; Caren digitalis, Cdig; Calya tomentosa,  Ctom; Castanea  dentata,  Cden;
Clintonia  borealis, Cbor; Dioscorea  quaternata,  Dqua; Dryopteris  intermedia, Dint; Epigea repens,  Erep; Eupatorium  rugosum,  Erug;  Fagus
grandifoliu,  Fgra; Fraxinus  americana, Fame; Gaylussacia  ursina,  Gurs;  Goodyera  pubescens,  Gpub; Halesia  Carolina, Hear;  Kalmia  latifolia,
Klat;  Lysimachia quadrifolia,  Lqua; M a g n o l i a  acuminata,  Macu;  Medeola  virginiana,  Mvir;  Osmunda  cinnamomea,  Ocin;  Osmorhiza

longistylis,  Olon; Oxydendrum  arboreum,  Oarb;  Panicum  clandestrinum,  Pcla; Polystichum acrostichiodes,  Pacr;  Potentilla  canadensis,  Pcan;
Pmnus  serotina,  Pser; Pyrularia  pubera,  Ppub; Quercus alba,  Qalb; Q. coccinia,  Qcoc; Q. montana,  Qmon; Q. rubra. Qrub;  Q. velutina,  Qvel;
Rhodendron  calendulaceum,  Real:  R. maximum, Rmax; Robinia pseudoacacia, Rpse; Rubus  spp, Rspp; Sasafras  albidum, Salb;  Smilacina
racemosa,  Srac;  Smilax  rotundifolia,  Srot;  Solidago  curtsii, Scur;  Solidago  spp, Sida; Thelypteris noveboracensis,  Tnov; Tsuga canadensis,
Tcan;  Uvularia  pudica, Upud; Vaccinium etythrocarpum,  Very; Viola hastata,  Vhas; v spp., Vspp. Plotting location of some species codes
(Cden,  Klat,  Pcan,  Salb,  Srac.  Vspp) was adjusted slightly to avoid overprinting.

Thirty-nine species (21%), mostly herbs, occurred
only once in the dataset and 21 of these species
occurred on a single plot.

3.1. DCA and CCA ordinations

In the DCA ordination, axis 2 was systematically
related to axis 1 (r=-0.56, p<O.OOOl)  and was
omitted from interpretation (Hill, 1973). A satisfac-
tory ordination of species was obtained with axes 1
and 3, which were uncorelated (r=-0.05, p<O.68)
(Fig. 2). Axis 1 (horizontal) was interpreted primarily
as a moisture gradient based on Whittaker’s (1956)
association of trees with implied-moisture regimes:
species associated with xeric  conditions, such as pitch

pine (Pinus  rigidu),  scarlet oak (Q.  coccinea), and
blackgum (Nyssa  sylvatica), are placed on the left end
and species associated with mesic sites, such as buck-
eye (AesculusJlava) and basswood (Tilia heterophyla)
on the right end. Length of the first DCA axis for site
scores (not shown) is slightly over 3 s.d., suggesting
that sample sites at each end of the ordination will
share some species (Jongman et al., 1987). Aspect and
all soil variables except bulk density, pH, P, Cu, and
solum thickness are highly correlated Q~0.01) with
axis 1 (Table 1). All topographic variables except
slope position are significantly (p<O.Ol)  associated
with axis 3. Eigenvalues for the four DCA axes are
0.368 for axis 1,0.260 for axis 2,0. I3 1 for axis 3, and
0.100 for axis 4.
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Table 1
Correlations (r) between axes of species and environmental
variables from the detrended correspondence analysis (DCA) of
data from Wine Spring Creek study  area

Variable Axis 1 Axis 2 Axis 3

Humic matter 0.38 -0.20 0.04
Bulk density -0.01 -0.04 -0.15
Cation exchange capacity 0.36 -0.39 0.21
Base saturation 0.36 0.14 0.04
Acidity content 0.21 -0.36 0.18

PH -0.02 0.17 -0.24
P -0.12 0.07 0.20
K 0.34 -0.18 0.01
Ca 0.37 0.12 0.04

Mg 0.34 0.12 0.16
Mn 0.42 -0.13 -0.01
Zn 0.22 0.12 0.36
c u 0.16 -0.15 0.17
A-horizon thickness 0.68 -0.5 1 -0.01
Solum thickness 0.19 -0.10 0.17
Elevation 0.25 -0.46 -0.37
Slope position 0.01 0.14 0.05
Aspect 0.47 -0.53 0.20
Gradient 0.10 -0.05 0.36
Landform Index 0.20 0.17 0.50
Terrain shape index -0.04 -0.01 0.21

In the CCA ordination displaying species occurring
on >25% of the total plots (Fig. 3), some of Whitta-
ker’s (Whittaker, 1956, p. 45) xerophytic species
(Quercus coccinia, Epigea repens, Q. velutina) are
located at the lower left and mesophytic species (Acer
saccharum,  Betula allegheniensis, Fugus grandifolia)
at the upper right. The inset in Fig. 3 displays plotting
points of all species and vectors of environmental
variables. The point identified by the arrow consists
of 2 1 species that occurred only once on samples in the
study area and all on the same plot. An ordination of
sample sites (not shown) in relation to axes 1 and 2
placed the subject plot at about the same position. As
indicated by the direction and length of arrows labeled
with environmental variables (Ter Braak, 1988),  A-
horizon thickness is strongly associated with species
ordination. Axis 1 is closely (~~0.01)  correlated with
concentrations of many soil cations, particularly Ca
and Mg, and axis 2 is strongly correlated (~~0.01)  with
A-horizon thickness and aspect (Table 2). Axis 3 (not
shown in Fig. 3) is associated with elevation. The
proportions of variance in species location accounted
for by the three primary axes were 94%, 83%, and

Table 2
Correlations (r) between axes of species and environmental
variables from the canonical correspondence analysis (CCA) of
data from Wine Spring Creek study area

Variable Axis 1 Axis 2 Axis 3

Humic matter 0.23 0.28 -0.15
Bulk density 0.09 -0.01 -0.08
Cation exchange capacity -0.12 0.45 0.02
Base saturation 0.79 -0.04 0.12
Acidity content -0.37 0.37 -0.04

PH 0.19 -0.13 -0.24
P-index -0.26 -0.07 0.16
K-index 0.28 0.18 0.04
Ca 0.59 0.08 0.23

Mg 0.60 0.08 0.27
Mn 0.38 0.25 -0.03
Zn 0.33 -0.01 0.54
c u 0.08 0.06 0.13
A-horizon thickness 0.28 0.67 -0.25
Solum thickness 0.17 0.22 0.08
Rock-type 0.18 -0.16 0.36
Elevation -0.28 0.33 -0.53
Slope position 0.30 -0.17 -0.02
Aspect -0.01 0.61 0.06
Gradient -0.11 0.22 0.23
Landform Index -0.39 0.08 0.55
Terrain shape index -0.04 0.04 0.27

83%, respectively. The eigenvalues of the first four
axes were 0.325 for axis 1, 0.284 for axis 2, 0.155 for
axis 3, and 0.104 for axis 4. In both ordinations, no
distinctive clustering of species occurred that would
allow objective grouping by environmental preference
without benefit of multivariate analysis.

3.2. Classification

The redundant cluster analyses using binary trans-
formed data’ indicated that the 79 sample plots could
be combined into five groups of similar vegetative
composition (Fig. 4). Classification of 59 plots (77%)
agreed between the two cluster methods and formed
the core plots. Since vegetative composition of the
other 20 plots was assumed to be nondistinctive, these

‘In an unplanned comparison of TWINSPAN  classification using
untransformed data and informal assessment of results, five
primary clusters were also formed and membership of 52 (66%)
of the plots agreed with that of core clusters formed with the binary
transformed data.
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Fig. 3. CCA ordination of relatively abundant species occurring on >257c  of sample plots in the Wine Spring Creek study area. Species codes
are the same as used in Fig. 2. Plotting location of some species codes (Cden, Fame, Gpub,  Lsup,  Macu,  Pcan,  Real,  Rpse, Sida, Tnov, Tcan,
Very, Vhas, Vspp) was adjusted slightly to avoid overprinting. Inset is ordination of all 185 species in relation to axes one and two with
selected vectors of environmental variables represented by arrows. The plotting point identified by the arrow is explained in the text.

plots were not placed in a common group. Instead, the
plots were assigned to one of the five existing core
groups using discriminant models based on the 22
measured environmental variables from the 59 core
plots. The discriminant analysis also indicated a high
probability that 15 of the original vegetation-classified
plots were misclassified when based on soil and
topographic variables, but their group assignment
was not changed. The proportion of correctly classi-
fied plots (i.e. those in core groups and those that
remained in the same cluster based on discriminant
analysis) was about the same for CLUSTER (82%)
and TWINSPAN  (80%).

Twenty of the 185 species were significantly
(~~0.01)  associated with the five groups (Table 3).
Listed in descending order of discriminating signifi-
cance, average squared cumulative canonical correla-
tion among species ranged from 0.14 for bloodroot

(Sunguinaria  canaderzsis)  alone to 0.80 for all highly
significant species including rhododendron. Cumula-
tive canonical correlation approached 0.99 when 46
species of lesser significance (~~0.05)  were included.
Relative contribution to discriminating probability of
each species among groups ranged from very high
(coded as ++) when present, high (+), having little
discriminating effect whether present or absent (0) to
high (-) and very high (--) when absent. For
example, presence of wood-nettle (Laportea  cunu-
dense) strongly increases the probability that a plot
is a member of group 4, its presence or absence has
little effect for membership in group 1, and its absence
increases the probability that the plot is not a member
of group 5. Although a large number of species were
inventoried, the presence or absence of relatively few
are adequate for discrimination among classification
groups based only on vegetation. For example, correct
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Fig. 4. Dendrograms of major divisions and similar classification groups formed by two methods of cluster analyses on 79 sample plots in the
Wine Spring Creek study area

membership of 75% of the 79 sample plots among the
five classification groups is attained using discrimi-
nant functions based on inventory of only the first five
species listed in Table 3; the level of success will
likely be lower if the same functions are applied to an
independent validation dataset or in the field. Average
values of environmental variables were determined for
each of the five groups (Table 4).

3.3. Ecosystem unit descriptions

The five groups of plots are considered ecosystem
units as defined by Barnes et al. (1982) and may be
characterized by combining their mean (&SD)  envir-
onmental features with predominant species and per-
cent constancy (proportion of sample plots within a
group in which a species occurred):

1. Plots sampled in this ecosystem unit occurred at
low to high elevations (950-1600 m), at mid-slope
positions, and on all aspects. Soils were char-

2.

acterized by average base saturation (14L5.8%)
and intermediate A-horizon thickness
(20510  cm). Herbaceous species with highest
constancy were blue-bead lily (Clintonia borealis)
(38%),  downy rattlesnake orchid (Goodyera pub-
escens) (41%),  Curtis’ goldenrod (Solidago  curt-
sii) (34%),  and heart-leaved aster ( A s t e r
divaricatus) (34%). Two ferns - fancy fern
(Dryopteris intermedia) (55%) and New York fern
(Thelypteris noveboracensis) (55%) - were com-
mon. Rhododendron (93%), mountain laurel
(76%),  and buffalo nut (Pyrularia puberu) (66%)
were shrubs with highest constancy. Red maple
(96%),  northern red oak (90%),  and chestnut oak
(83%) were common trees. Pitch pine was the
most restricted tree species, occurring in only two
plots in this unit. This ecosystem unit occurred on
37% (29) of the sampled plots.
Plots in this unit were found at moderate (1200 m)
to high elevations (1609 m), at mid slope positions,
and on all aspects. Soils have average base satura-
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Table 3

B! Hem-j McNab  et al. /Forest Ecology and Management 114 (1999) 405420

Significant discriminating species among five classification units (codes explained in text), growth form (G), cumulative canonical correlation
squared (Cc’), F-statistic (F), constancy (C%),  and cumulative proportion correctly classified (PC%) of 79 plots in the Wine Spring Creek
study area

Species G; 1 2 3 4 5 cc’ Fb C% PC%

Sanguinario  canudensis H + + + 0 + +
Quercus  montana T 0 0 0
Vaccinium pallidurn S _ + +
Laportea  canadense H 0 + + +
Osmorhiza  longistylis H _ + 0 + +
Oxydendrum  arboreum T + + + + _

Arisaema  triphyllum H 0 0 + + ++
Cimicifuga  americana H + + + + +
Oxalis  montana H 0 + + + + _

Lycopodium lucid&m C + + _ _

Tilia  heterophylla T 0 + + + + + +
Uwlaria  pudica H _ +
Solidugo  spp. H + + + + +
Melampyrum  lineare H 0 + + + + +
Aster spp. H + + ++ + ++
Dryopteris  intermedia F + + 0 0 +
Galium  latifolium H 0 + + +
Luzula  multiflora H _ _ + _

Stellaria  corei H + + + + + + +
Rhododendron maximum S it + + + +

“C=clubmoss, F=fem, H=herbaceous, S=shrub,  T=tree.
‘Probability of >F=<O.Ol  for species listed.

Table 4
Mean (*SD) values of environmental variables by classification group of 79 sample plots in Wine Spring Creek study area

0.14 23.0 5 4
0.26 19.2 61 38
0.36 14.3 1 1 59
0.44 12.6 8 67
0.52 9.4 34 75
0.55 6.8 44 77
0.58 5.6 24 78
0.60 5.8 5 80
0.64 8.6 11 82
0.66 4.3 10 84
0.68 4.2 14 86
0.69 4.0 37 89
0.71 3.9 33 9 1
0.73 3.6 23 91
0.75 6.0 16 94
0.76 3.7 66 95
0.77 3.2 6 96
0.78 2.9 6 97
0.79 4.1 9 97
0.80 3.6 77 97

Variable 1 (29)” 2 (18) 3 (17) 4 (11) 5 (4)

Humic  matter
Bulk density
CEC
Base saturation
Acidity content

PH
P
K
Ca

Mg
Mn
Zn
c u
A-thickness
Solum thickness
Elevation
Slope position
Aspect
Gradient
Landform index
Terrain shape

1.8 (1.1) 2.3 (1.2) 1.2 (0.4) 3.0 (1.5) 2.2 (0.5
0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.7 (0.1) 0.7 (0.1)
6.5 (1.2) 6.8 (1.0) 5.6 (0.6) 8.9 (2.0) 5.8 (1.5)

14.0 (5.8) 10.9 (2.0) 14.7 (3.9) 18.0 (7) 35.5 (18.7)
5.6 (1.1) 6.1 (0.9) 4.7 (0.5) 7.2 (1.6) 3.8 (1.5)
4.5 (0.2) 4.6 (0.1) 4.6 (0.2) 4.2 (0.3) 5.0 (0.2)
5.2 (5.8) 2.2 (1.7) 4.5 (3.8) 6.3 (6.4) 4.2 (2.4)

39.4 (10.3) 38.7 (10.4) 34.9 (6.1) 46.7 (14.6) 50.8 (5.0)
7.4 (4.3) 5.2 (1.3) 8.5 (4.0) 11.4 (5.7) 23.6 (15.5)
3.6 (1.2) 2.8 (0.4) 3.2 (0.6) 3.9 (1.2) 7.2 (2.8)

151.1 (128) 158.0 (92) 151.6 (99) 247.2 (159) 395.5 (147)
59.8 (23.5) 43.1 (11.6) 42.6 (10.4) 69.8 (46.8) 54.0 (28.8)
38.4 (15.5) 34.2 (19.4) 35.3 (18.3) 45.1 (33.0) 38.0 (15.0)
19.9 (10.4) 27.1 (7.2) 14.6 (8.0) 32.2 (4.5) 31.2 (6.2)

107.1 (20) 113.1 (13) 111.4 (16) 119.9 (12) 126.2 (18)
1243.5 (161) 1423.7 (101) 1209.9 (98) 1346.8 (152) 1131.5 (149)

46.5 (22.6) 34.2 (21.7) 48.7 (28.3) 41.7 (24.3) 61 .O (23.0)
0.88 (0.66) 1.20 (0.58) 0.52 (0.58) 1.62 (0.55) 0.88 (0.98)

30.9 (16.9) 20.9 (9.8) 30.5 (13.3) 33.3 (8.7) 40.5 (11)
0.27 (0.14) 0.18 (0.09) 0.26 (0.11) 0.31 (0.16) 0.38 (0.08)

-0.07 (0.09) -0.10 (0.03) -0.09 (0.06) -0.05  (0.09) -0.12 (0.03)

“Number of sample plots in each classification group



W Henry  McNab  et al. /Forest Ecology and Management 114  (1999) 405-420 415

tion (11*2%)  and moderately thick A-horizon
(271-7  cm). Three herbs are common in this unit:
heart-leaved aster, Indian cucumber root (Medeola
virginiana), and anise root (Osmorhiza  longistylis),
all with 78% constancy. An unidentified sedge
(Curex spp) attained the highest constancy (78%)
for a sedge in the unit. Fancy fern occurred in every
sample (100%) and New York fern also had very
high (94%) constancy. Rhododendron had the
highest constancy (78%) of the shrubs. Trees with
100% constancy included red maple, downy servi-
ceberry (Amelanchier arborea),  and northern red
oak, followed by American chestnut (94%). This
ecosystem unit made up 23% (18 plots) of the field
samples and was similar in vegetation and site
characteristics to the areas at high elevation that
DeLapp (1978) found dominated by northern red
oak vegetative communities.

3. Sites associated with this ecosystem unit occurred
at low to moderate elevations (1100 to 1400 m), at
mid-slope positions, and on all aspects. Soils are
relatively thin (14~t8 cm) and are characterized by
average base saturation (14.7*3.9%).  Three herbs
_ Indian cucumber root (94%),  galax (Galax
uphyllu)  (82%),  and an unidentified violet (Viola
spp)  (82%) - and New York fern (88%) were
common. Greenbrier (Smilax rotundifolia)
(88%),  followed by mountain laurel (82%) and
rhododendron (82%) were common shrubs. Trees
with high constancy included red maple (lOO%),
northern red oak (94%),  and white oak (Q. alba)
(88%). This unit occurred on 22% (17) of the
sample sites.

4. This unit is present at moderate to high elevations
(1000-1500 m), on mid-to-upper slopes, and on
northerly aspects. Base saturation averages
8.9*7.0%  and the A-horizon is thicker than aver-
age (32~t4.5 cm). Herbs with the highest constancy
included mountain foamflower (Tiarella cordifo-
ha) (54%), wood-nettle (54%),  and white wood
sorrel (O&is  montana)  (54%). Fancy fern (91%)
was the fern with highest constancy and a species
of blackberry (Rubus  spp) (54%) was the most
common species in the shrub layer. Trees with
highest constancy were yellow birch (Betula alle-
gheniensis) (9 1%) and striped maple (Acer pensyl-
vanicum) (82%). Eleven plots (14%) were present
in this ecosystem unit.

5. This ecosystem unit occurred at low-to-moderate
elevations (950-1200 m), at lower slope positions,
and on all aspects. Soils are characterized by higher
than average base saturation (35.5*18.7%)  and A-
horizon thickness (3 1.256.2  cm). Five herbs
occurred with 100% constancy in this unit: jack
in the pulpit (Arisaema triphyllum), Indian cucum-
ber root, common Solomon’s seal (Polygonatum
biflorum),  false spikenard (Smilacina racemosa),
and perfoliate bellwort (Uvularia  sessilifolia).
Deertongue grass (Panicum clandestrinum) was
present with high constancy (100%) and constancy
of three ferns was 100%: fancy fern, Christmas fern
(Polystichum acrostichiodes), and New York fem.
Buffalo nut and common greengrier were the most
prevalent shrubs, both with 75% constancy. Trees
occurring with 100% constancy included red
maple, yellow birch, white ash (Fruxinus  ameri-
cana),  and Canada hemlock. This unit was repre-
sented by 5% (4) of the sample sites.

Soil variables were the most significant environ-
mental discriminators and included A-horizon thick-
ness, Mg, and pH, followed by geologic rock-type
(Table 5); elevation was the most important topo-
graphic variable.

3.4. Subdivision of ecosystem units

An unplanned subdivision of ecosystem unit 2,
represented by 18 plots, was attempted for several
purposes: (1) to determine if relatively homogeneous
primary units could be partitioned into smaller
subunits of greater species and environmental
uniformity; (2) to test redundant cluster analysis
methods; and (3) to compare with findings pre-
sented by DeLapp (1978). TWINSPAN  and CLUS-
TER identified two groups consisting of four and
12 core plots each; two non-core plots were omitted
from further evaluation. Vegetative and environ-
mental characteristics of the two subdivided ecosys-
tem units, both dominated by northern red oak
overstory, follow:

2A Four north-facing plots that generally lack a
shrub understory, but have a herbaceous layer of white
snakeroot (Eupatorium rugosum). DeLapp (1978)
described this vegetative community as the mixed
herb phase of northern red oak stands and inventoried
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Table 5
Significant soil and topographic variables associated with five
ecosystem units in the Wine Spring Creek study area

Variable F-Statistic Prob > F

A-horizon thickness 20.03 0.0001
Mg 14.19 0.0001
PH 14.78 0.000 1
Rock-type 4.07 0.0050
Mn 3.49 0.0117
Elevation 3.92 0.0063
Cation exchange capacity 3.16 0.0206
Zn 2.35 0.0626
Ca 2.30 0.0674
Base saturation 1.91 0.1192
Azimuth 1.85 0. I284
Humic  matter 1.79 0.1432
P 1.37 0.2549
Gradient 1.04 0.3944
Solum thickness 1.10 0.3620
Bulk density 1.07 0.3781
Landform index 0.52 0.7242
Terrain shape index 0.64 0.6355
Acidity factors 0.46 0.763 1
K 0.84 0.5044
Slope position 0.78 0.5446
c u 0.07 0.99 18

several plots of similar species composition in the
vicinity of Wine Spring Bald.

2B twelve southeasterly-facing plots with a shrub
understory of rhododendron, mountain laurel, and
flame azalea present in these plots and lacking in
the 2A plots, are a group of herbaceous species
including blue-bead lily, Indian cucumber-root,
anise-root, and cinnamon fern (Osmunda cinnamo-
mea). These plots correspond to the Kulmia  latifolia
and Rhododendron maximum phases of the high ele-
vation northern red oak community described by
DeLapp (1978).

DeLapp (1978) reported seven characteristic
understory vegetation-types occurring beneath north-
ern red oak stands and suggested that each is
“responding to subtly different environmental condi-
tions.” However, environmental data were not pre-
sented to support his observations. Ecological
significance of these subunits cannot be inferred
due to small number of plots in the study. However,
the main difference in these two sets of plots appears
to be aspect and concentration of Cu, which was
greater (521t33  meq./lOO cm”) in 2A than in 2B
(29~tll  meq./lOO cm’).

4. Discussion

Study results produced a logical classification of
major ecosystem units in the Wine Spring Creek
project area and suggest that vegetation provides a
suitable means for identifying ecosystem units. No
single species was diagnostic for any classification
unit, however, field inventory of less than 20 species
(Table 3) allows satisfactory identification of ecosys-
tem units. As with vegetation, no particular environ-
mental variable is associated with any ecosystem unit
(Table 4). The broad range of values of most soil and
topographic variables within a classification unit sug-
gests that different magnitudes of variables may com-
bine to form similar environmental conditions suitable
for one or more species. A key based on presence of
significant species and characteristics of significant
soil variables, for example A-horizon thickness
(Table 5), will be helpful for consistent field identi-
fication of ecosystem units.

Many widely distributed species, including red
maple, northern red oak, and rhododendron were
located near the center of both ordinations, suggesting
their wide distribution in the study area resulted from
lack of a clear preference for specific environmental
conditions. Both DCA and CCA ordinations indicated
that the distribution of species is mainly associated
with two variables: thickness of the A-horizon and soil
cation levels. In a study area conducted about 60 km
southeast of Wine Springs Creek, Mowbray and Oost-
ing (1968) reported that distribution of arborescent
vegetation was strongly associated with moisture
availability, which itself was highly correlated with
soil texture, thickness of the solum, and somewhat
with A horizon thickness. Although total solum thick-
ness was not always determined in our study, espe-
cially where it was >122  cm, it was significantly
correlated (r=0.42,  p<O.OOOl)  with A horizon thick-
ness, as Mowbray and Oosting (1968) also reported.
Results of other classification studies conducted in this
region also suggested that moisture regimes within
elevation zones are primarily responsible for the
distribution of species (Gattis, 1992; Moffat, 1993;
Patterson, 1994).

Concentration of soil cations is considered an indi-
cation of site fertility status (Mowbray and Oosting,
1968). The strong association of fertility with distri-
bution of species in the Wine Spring Creek study area
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primarily results from the influence of the single
sample plot identified in Fig. 3.* Although this plot
met all selection criteria when vegetation and site data
were collected, subsequent field examination indi-
cated that it had probably been cultivated prior to
Forest Service acquisition (Ayres and Ashe,  1905).
Twenty-one species’ inventoried in the study area
occurred only on this plot, but their affinity with soils
of high fertility status, or disturbance regime, is
unknown. Quantities of Ca and Mg on this plot were
almost twice the amounts measured on any other plot.
High levels of Ca and Mg in the A-horizon of this plot
may be attributed in part to leaf fall from species of the
dominant arborescent vegetation (>75% of basal area
consisted of yellow-poplar, hickory (&~a S~JZJ), and
black cherry (Prunus  serotina))  that have above-aver-
age foliar concentrations of these elements (Cotrufo,
1977). In support of this hypothesis, Kalisz (1986)
reported that high soil Ca content of abandoned
Appalachian old fields was primarily due to accumu-
lation resulting from yellow-poplar leaf fall.

Distribution of ecosystem units in the Wine Spring
Creek study area logically parallels the relationship of
species and was associated mainly with soil variables
and to a lesser extent with aspect and elevation. Except
for fertility as expressed directly by soil cation con-
centrations, this study did not relate other environ-
mental variables, such as site moisture and
temperature regimes to factors directly affecting phy-
siological processes of vegetation. However, results of
another study in this region indicate that soil moisture
regime and fertility are associated with A-horizon
thickness, and that temperature regime and soil moist-

‘In an unplanned CCA analysis, deletion of the subject plot from
the dataset resulted in: (1) much diminished importance of all
variables associated with soil fertility and their disassociation with
axis 1. (2) increased importance of A horizon thickness and aspect,
and their association with axis 1, and (3) increased importance of
elevation and landform index (equal to that of the A-horizon), and
their association with axis 2.

‘Andropogon  scoparius,  Antennaria plantaginifolia,  Aster pre-
nanthoides, Carex  pennsylvanica,  Cypripedium acaule,  C. pub-
escens,  Drsmodium  nudtJorum.  Euonymus  americanus.  Fragaria
virginiana,  Galium  pilosum.  Lindera  benzoin.  Lipark  lilifolia,
Melanthium  hybridurn.  Oxalis  grandis.  Parthenocissus  quinquefo-
lia, Platanaceae  clavellata.  Polygonurn  convolvulus.  Prunella
vulgaris,  Rhus toxicodendron.  Thalictrum thalictroides.  Trades-
cantia  ohiensis.

ure are correlated with aspect through solar radiation
received (Mowbray and Oosting, 1968).

Geologic formation exerted little apparent influence
on overall vegetation distribution; however, it was a
significant discriminating variable for ecosystem unit.
One explanation of this relationship is that rock-type is
associated with elevation in the study area, and thus,
discriminates between ecosystem units at predomi-
nately low elevation units (3 and 5) from those units
generally occurring at high elevation (2 and 4). How-
ever, Graves and Monk (1985) reported that herbac-
eous and shrub cover and species were significantly
different over schist and marble at the same elevation
in northeastern Georgia.

Our results differed significantly from an earlier
study of vegetation-site relationships in the Wine
Spring basin. The earlier study indicated that topo-
graphic factors are important discriminating variables,
especially elevation and landform (McNab and
Browning, 1993). Gattis (1992) and Moffat (1993)
also reported that topographic variables were gener-
ally more important than soil properties for discrimi-
nating classification units. However, we found that
while soil and topographic variables were individually
correlated with ordination axes, soil properties dis-
criminated among ecosystem units better than topo-
graphic variables. One explanation is that topography
accounts for edaphic characteristics in the absence of
soils, but when both types of variables are present,
soils assume major importance.

Fewer classification units were identified in the
Wine Spring study area than in other nearby moun-
tainous regions, although additional minor units might
be represented by one or more non-core groups
(Fig. 4). From 6 to 10 classification units were
reported by Gattis (1992)  Patterson (1994)  Moffat
(1993),  and Elliott et al., 1997 (unpublished report).
Explanations include: (1) sensitivity of classification
based on binary transformation is lacking; (2) the
stratified-random sampling design did not include
an occurring ecosystem unit; or (3) simply that no
other units are present in the Wine Spring Creek study
area. However, a classification unit dominated by
white oak (Q. albu), identified in our previous classi-
fication (McNab and Browning, 1993) and reported by
others (Whittaker, 1956; Gattis, 1992; Patterson,
1994) was not classified in our study, even though
we sampled two plots with high proportions (>50%
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basal area) of this species. Closer examination of data
from these two plots, which were classified in different
ecosystem units, indicated that the plots were compo-
sitionally and environmentally more similar to other
ecosystem units than to one another. Simply posses-
sing an abundance of one arborescent species did not
cause these plots to be classified as a unique ecosystem
unit.

We demonstrated, as DeLapp (1978) reported, that
ecosystem units occurring at high elevation and domi-
nated by northern red oaks can be subdivided into
smaller units of homogeneous understory composi-
tion. However, we did not encounter the following five
understory species reported on sample plots he
installed 20 years earlier within our study area on
Wayah and Wine Spring Balds: Viburnum cassinoides,
Mix humilis,  Rhododendron viscosum, R. arbores-
tens, and Lyonia  ligustrina. This observation suggests
that strict adherence to a statistically sound, objective
sampling strategy may produce an incomplete inven-
tory of species and perhaps influence classification
results. Or, perhaps species with certain disturbance-
related regeneration requirements can disappear from
permanent plots during successive 20-year inventory
intervals (Elliott et al., 1997, unpublished report).

The distribution and abundance of several tree and
shrub species in the study area may be partly attributed
to the occurrence of or lack of two types of distur-
bance: loss of American chestnut as a canopy species
and fire. Woods and Shanks (1959) found tree species
benefiting most from American chestnut death were
chestnut oak, northern red oak, and red maple; ben-
efiting shrubs include mountain laurel and rhododen-
dron (Monk et al., 1985). Fire occurrence in the
watershed has been infrequent since European settle-
ment (Ayres and Ashe, 1905) compared to probable
prehistoric occurrence (Van Lear and Waldrop, 1989).
Lack of fire partially accounts for the low frequency of
occurrence of pitch pine (Barden and Woods, 1976;
Elliott et al., 1997, unpublished report).

Our efforts to reduce subjectivity in classification of
ecosystem units in the study area have been a quali-
fied, although untested, success. Using binary data
transformation, redundant clustering analyses, and
discriminant functions we developed a conservative,
logical classification of primary ecosystem units.
Testing of other data transformations, such as impor-
tance values, and other classification methods will be

done in subsequent studies using the Wine Spring
Creek dataset to evaluate and extend results reported
here. Summarization of species cover-abundance data
will be necessary for subsequent detailed descriptions
of vegetation associated with the ecosystem units and
likely response to disturbance resulting from resource
management activities.

5. Implications for management

Classification units are not necessarily management
units because response to disturbance, productivity,
and other considerations have not been established.
Further evaluation will determine if ecosystem units
identified can be grouped for resource management
into site units. Site units are mappable areas that have
“( 1) similar silvicultural potential (such as choice of
species, cultural treatments); (2) similar risks of
damage from insects, diseases, or windthrow; and
(3) similar growth and yield of forest trees” (Barnes
et al., 1982). For example, average site indexes of
upland oaks (Olson, 1959) in the ecosystem units
described are 18.8 m for unit 1, 19.9 m for unit 2,
18.4 m for unit 3, 12.4 m for unit 4, and 20.4 m for unit
5. These indexes suggest differences in potential
productivity of timber resources.

Ecological relationships derived in this study may
be used for other forest management related purposes,
such as regeneration of desirable tree species. For
example, occurrence of mountain laurel, an evergreen
shrub that may hinder tree regeneration (Monk et al.,
1985),  was significantly correlated with A-horizon
thickness (0.56, p<O.OOOl)  and aspect (0.38,
p<O.O005),  and several other variables. A logistic
regression model was developed to estimate probabil-
ity of occurrence of mountain laurel in the study area
as a function A-horizon thickness and transformed
aspect (Fig. 5). The model indicates that probability of
occurrence of this species decreases with increasing
A-horizon thickness and changes little in relation to
aspect. Cover and abundance data for this species
would also be desirable for regeneration prescriptions.

With additional study, some ecosystem units may
be subdivided into smaller, more uniform subunits
(such as demonstrated for unit 2) for assessment of
management requirements, such as maintenance of
biological diversity. In 11 replications of an classifica-
tion unit identified in a preliminary study (McNab  and
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Fig. 5. Probability of occurrence of mountain laurel (K&tin
/at(fofolia)  as a function of transformed aspect (O.O=  southwest, 2.0=
northeast) and A-horizon thickness in the Wine Spring Creek study
area.

Browning, 1993),  Elliott and Hewitt (1997) found that
species diversity can differ considerably. As Boyce
and McNab (1994)  suggest, knowledge gained in
similar studies will be most useful when linked with
models of vegetative response to disturbance (Loftis,
1990; Clinton et al., 1994) and other fauna1 ecosystem
components. The combined information can then be
applied to planning and on-the-ground resource man-
agement projects to predict the interrelated effects of
purposeful manipulation of vegetation in specific site
units.
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