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(ABSTRACT)

Ecological thebry states that forest succession is
largely environmentally determined. Many investigators have
suggesﬁed, however, that stochastic processes can frequently
alter successional pathways. In particular, the colonization
phase is thought to be very stochastic. This study utilizes
a unigue series of 6 naturally replicated sites on Brush
Mountain (Montgomery Co., VA) to determine whether forest
structure and species composition is primarily deterministic
or stochastic in nature. Although the canopy stratum of the
mature forest at these environmentally similar sites was very
similar in structure and species composition (p>0.05), the
composition of the subcanopy strata vegetation differed
significantly among sites (p<0.05). This indicated that
stochastic events (e.g. low intensity ground fires, deer
browsing, cattle grazing) were were important‘factors during
the development of understory and groundlayer vegetation.

Site-to-site differences in subcanopy species
composition remained apparent during the first 2 years
following disturbance (removal of canopy cover) of 4 sites.

Brush Mountain lacked a significant seed bank (< 1 seed/m2),



and the dominant subcanopy species reproduced largely by
vegetative sprouting. Postdisturbance colonization of the
sites was very stochastic, but had relatively little
immediate effect on vegetation structure and composition. In
the future, however, as colonist species feproduce and
increase in density, 'stochastic colonization events may
become an important aspect of forest déveiopment at some of

the sites.
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I. INTRODUCTION

Ecological theory states that su;cession is largely a
deterministic process, strongly dependent upon environmental
factors such as climate, topography, soils, and disturbance
(Clements 1916, Gleason 1927, Drury and Nisbet 1873, Mueller-.
.Dombois and Ellenberg 1974, Pickett et al. 1988). Therefore,
when sites have similar environments, they should support
similar biotic communities (Clements 1916, Daubenmire 19686,
Drury and Nisbet 1973. Boerner 1985, McCune and Allen 1985a,
Halpern 1988). This concept is basic to our understanding of
community ecology. Field studies frequently view vegetation
with similar environments as statistical replicates (Austin
1977, Hurlbert 1984, Abrams et al. 1985, Boerner 1985, Inouye
and Tilman 1988) or in temporal sequzances (Billings 1938,
Stearns 1958, Olson 1958, Christensen and Peet 1984,
Christensen 1989). In addition the assumption that similar
vegetation develops at environmentally similar sites is the
basis for some simulation models of succession (Shugart et
al. 1973, Johnson and Sharpe 1878, Johnson 1977). Management
of natural areas is also typically based on this assumption
(White 1988).

Some investigators, however, argue that succession is
not a predictable process and that vastly different

communities can become established on environmentally similar



sites (Gleason 1927, 1939, Horn 1974, 1981, Connell and
Slatyer 1977, May 1977, Matthews 1979, White 1979, Glenn-
Lewin 1980 Noble and Slatyer 1980, Malanson 1980, Grimm 1884,
Abrams et al. 1985, McCune and Allen 1985a, Peterken and
Jones 1987, Walker and Chapin 1987). Apparent causes of
divergence of successional pathways vary, ranging from small
differences in sensitive abiotic environmental variables to
differential biotic responses to past disturbances.

Abiotic factors affecting vegetation development are
typically those associated with climate and topography.
Connell and Sousa (1983) state that "when alternate or
multiple stable étates are postulated to exist. it is
essential to establish that any relevent conditions of the
abiotic environment are similar (in average and in
variance).” Since these parameters can often be measured
accurately, studies of relationships between vegetation and
the physical environment dominate the literature (Daubenmire
1966, Whittaker 1967, White 1979, McEvoy et al. 1980,
Stephenson 1982, Adams and Stephenson 1983, Meiners et al.
1983, Leopold and Parker 1985, Harrisonret al. 1989, Lipscomb
18986). |

In contrast, identification of specific cause and effect
relationships between biotic environmental factors (e.g. soil
processes, herbivory, seed flux, human disturbance) and

vegetation composition can be more difficult. Biotic



processes are diverse, complex and can be hard to detect and

control in field studies (Quinn and Dunham 1983, Strong 1983,
Weatherhead 1986). ©Still, if the mix of past and present
abiotic factors affecting forest development on several sites
is similar, then the theory suggests that processes affecting
these sites should also be similar.

When community composition varies among otherwise
similar sites, the variability is frequently attributed to
stochasticity (= chance) (Palmgren 1929, Gleason 1939,
Whittaker 1953, Terborgh 1973, Strong 1983, Christensen and
Peet 1984, Grimm 1984, Abrams et al. 1985, Schafale and
Christensen 1986, Walker et al. 1986, Riokiefs 1987, Walker
and Chapin 1987, Robinson and Edgemon 1988, Wildi 1988,
Halpern 1989). In this context a stochastic event is any
occurrence for which there is no apparent ecological cause or
explanation. Differential low frequency seed inputs or
undetectable localized past disturbances are biotic processes
that can result in measurable site-to-site differences in
forest composition and may, therefore, be termed stochastic.
Since identification and guantification of many biotic
parameters can be difficult and expensive, the concept of
stochasticity '"can be made a “rubbish heap” on which any
phenomenon of distribution that is difficult to explain may

easily be thrown"” (Palmgren 1929).



To isolate and estimate the effects of stochastic
processes on forest vegetation patterns and development, all
other factors that may influence forest species composition
must be as strictly Qontrolled as possible, and repiication
of sites is necessary (Poole. 1974, Austin 1977, Rahel et al.
1984, Hurlbert 1984, Walker and Chapin 1987, Robinson and
Edgemon 1988). Given the great temporal and spatial
heterogeneity of biotic and abiotic processes, adequate
replication in community-level experiments in natural
environments is particularly difficult (Quinn and Dunham
1983, Strong 1983).

This study utilizes a series of naturélly replicated
sites in the southern Appalachian Mountains to test an
important tenet of ecological theory: Forest vegetation of
similar community structure and composition develops at
enviropmentally similar sites. The unusual degree of
environmental similarity of these replicate sites provides an
ideal framework for separating the effects of environment
from stochasticity in the development of forest communities.
Failure to reject the hypothesis would support this long-held
ecological tenet by suggesting that environmental factors,
rather than stochastic processes, dominate forest structure
and community composition. If the hypothesis is rejected,
however, and the replicate sites support differing

vegetations, then this divergence should be directly



attributable to stochastic processes. In addition,
replication allows for quantitative estimation of the effects
of stochasticity on forest vegetation.

Since some biotic'factors affecting the development of
vegetation are only loosely coupled to the physical
environment, identification of causes of site-to-site
differences in community structure and composition can still
be difficult. For example, postdisturbance regeneration is
frequently dependent upon seed dispersal and recruitment from
the buried seed bank. Yet, dispersal of propagules in a
landscape is patchy (Gadgil 1971, Smith 1975. Johnson et al.
1981, McDonnell and Stiles 1983, McClanahan 1986, Walker et
al. 1986), and viable seeds hidden in the soil frequently
have heterogeneous distributions (Keever 1983, Bigwood and
Inouye 1988). Therefore, seed availability can be highly
variable, and these differences are often not readily
detectable. Variation in community structure and composition
among environmentally similar sites are frequently attributed
to chance colonizations (Palmgren 1928, Gleason 1839,
Whittaker 1953, Drury and Nisbet 1973, Tergborgh 1973, Conner
and Simberloff 1979, Christensen and Peet 1879, Grieg-Smith
1979, Schafale and Christensen 19886, Wood and del Moral 18987,
Robinson and Edgemon 1988, Halpern 19889).

Early stages of community development may be the most

sensitive to stochastic processes (Egler 1954, Connell and



Slatyer 1977, Boerner 1985, McCune and Allen 1985, Walker and
Chapin 1987, Halpern 1989). After decades of growth and
change, however, initial causes of variability among sites
may no longer be apparent in mature forests. To estimate the
importance of stochastic processes early in succession, this
project included an analysis of plant recruitment during the
first 2 years of regrowth following a disturbance (killing of
canopy trees). If postdisturbance regeneration is largely
driven by environmental processes, then communiﬁy structure
and composition at the recently disturbed., environmentally
replicated sites should be similar. If, however, stochastic
colonizatibn events are important determinants of vegetation
early in its development, then significant differences in the
composition and structure of the regenerating vegetation

should be apparent among sites.



I1. METHODS

A. Study Area

Brush Mountain is a 40 km long ridge in southwestern
Virginia. Part of the Ridge and Valley physiographic
province, Brush Mountain is mostly contained within Jefferson
National Forest. Along its crest, elevation ranges from 855
to 915 m a.s.1. A parallel—running array of spur-ridges
extends perpendicularly and to the northwest from the main
ridge (Figure 1). The parallel spur-ridges, each with nearly
identical environments, were the units of study. They
provide environmental replication necessary for community-
level experimentation.

The spur-ridges have steep northeast and west-facing
slopes. The soils, which are rocky and formed from Devonian
and Mississippian shale and sandstone residuum, are
classified as loamy-skeletal, mesic Typic Dystrochrepts and
loamy-skeletal mixed, mesic Lithic Dystrochrepts (Creggar et
al. 1985). Precipitation averages 103 cm annually (Creggar
et al. 1885). Summers are warm and and winters relatively
cool. The average daily temperature is 10.8c C (Creggar et
al. 1885).

Oak forest (Quercusg prinus, Q. coccinea; all
nomenclature follows Radford et al. 1968) dominates the

northeast-facing slopes of the spur-ridges. The more xeric



Figure 1. View of the northwest slope of Brush Mountain
(Montgomery Co., VA). Note the parallel spur-ridges
extending perpendicularly from the main ridge.



west-facing slopes support pines (Pinus pungens, P. rigida).
Ericaceous understory shrubs (Yagninium vacillans,
Gavlussacia baccata, Kalmia latifolia) occur beneath both
canopy types (Lipscomb 1986). Although a detailed account of
the disturbance history of Brush Mountain is not available,
it is known that logging and forest fires early in the 20th
century were the last major disturbances in the area (E.
Leonard, personal communication). Because of the steep
slopes, low site quality and poor form of the trees. these
spur-ridge forests are not managed for commercial timber

production.

B. Environmental Sampling and Site Selection

The goal of site selection was to identify the most
environmentally similar subset of spur-ridge sites at which
experiments could later be conducted. By examining a variety
of environmental parameters at each potential research site,
the vegetation survey could be restricted to only thgse sites
with measurably similar topography, soil, and disturbance
history. Furthermore, to avoid biasipg the vegetation
survey, only environmental variables thought to affect
vegetation composition and structure were measured during
site selection. Direct analysis of forest species
composition was purposely excluded from the selection

process.
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The initial step in site selection involved an
examination of topographic maps, soil maps, and aerial
photographs (1953, 1962, 1971, 1975, 1979) of Brush Mountain.
Eight adjacent spur-ridges ("A, B, C, D, E, F, G, H") in
Montgomery County, Virginia (37c 18°N, 80c 24°W) were chosen
for detailed on-site environmental sampling. These spur-
ridges spanned a distance of 3.2 km.

In the summer of 1986, single 30 X 30 m (0.09 ha)
quadrats were established at midslope (elevation 730 m) on
‘the northeast-facing slopes of the 8 spur-ridges (Figufe 2).
Each quadrat was subdivided into five 6 X 30 m belts, and a
stratified random design was used to collect topographic data
and surface soil samples. Slope and aspect (degrees)
measurements were made at 2 random points along each belt
with a hand-held clinometer and compass, respectively.
Samples of the surface 10 cm of soil (approximately 275 cm3)
were also collected at these points.

Concentration (ppm) of nitrogen (ammonium) was
determined for 10 g subsamples of each soil sample using an
Orion ammonia ionization electrode (model 95-10) and Orion
digital pH/millivolt meter (model 811). Available
phosphorus, potassium, calcium and magnesium concentrations
and pH were determined by the Virginia Cooperative Extension
Soil Testing Laboratory (Blacksburg, Virginia) using methods

descibed by Donohue and Friedericks (1984).
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Although the disturbance histories of the spur-ridge
sites was not well known, the sites are located very near one
another, so it is likely that all experienced the same large-—
scale disturbances in the past. Charcoal on the forest floor
and in the surface soil, and the presence of fire—scérred
trees were evidence that each site had burned. The absence
of open-grown trees also suggested that these sites had
experienced similar canopy disturbances. No evidence of
agricultural use or recent tree cutting was found at any of
the spur-ridge sites.

Because detailed information about site history was
unavailable, canopy tree age structure distributions were
developed to assist in determining whether time since
disturbance was similar among éites;. To compile these
distributions, DBH measurements of 50 randomly selected
canopy trees (> 5 cm DBH) were collected from each spur-ridge
quadrat. These data were tabulated without regard to
species. .

The most similar spur-ridge sites were identified by
comparing topographic, soil, and canopy DBH data collected at
each spur-ridge. A variety of univariate and multivariate
statistical tests and analyses (Ray 1982) were used for this
purpose. Only sites exhibiting consistent similarity for all
measured environmental parameters were selected for later

vegetation study.
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Because of Qlear environmental differences, sites F and
G were excluded from the vegetation study. Analysis of
variance indicated that the pH and the concentrations of
calcium and magnesium in the soil at site F were
significantly greater than at the other sites (p<0.00l1). In
addition, site G had a significantly more east-facing aspect
than the other sites (p<0.001). These and other findings
associated with site selection are detailed in the following
results section. Because of the clear environmental
differences at sites F and G, they were excluded from the

vegetation study.

C. Predisturbance Vegetation Survey

The vegetation of the most similar sites (A, B, C, D, E,
and H) was divided into 3 relatively distinct vertical
strata: canopy (> 5 em DBH), understory (< 5 cm DBH and > 30
cm high), and groundlayer (£ 30 cm high). Since plants in
different forest strata differ in size and vary in abundance
at different spatial scales (Mueller-Dombois and Ellenberg
1974), the composition and structure of vegetation in each
stratum was quantified and analyzed separately. To sample
canopy trees, each 0.09 ha spur-ridge research quadrat was
sectioned into 4 square 225 m2 plots, and DBH for all canopy
trees in the plots was measured. Average density and basal

area by species was calculated for each quadrat. Understory
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and groundlayer vegetation was sampled within circular,
permanently marked 7.1 m2 and 1.0 m2 plots, respectively.
Three understory plots and 12 groundlayer plots were
positioned at random in each of three 6 X 30 m belts in the
spur-ridge quadrats. Species density and percent cover
(cover classes: 0-10, 11-25, 26-50, 51-75, 76-100%; cover was
estimated visually) Qere determined for the plots. From
these data, average understory and groundlayer species
density and cover were estimated.

Analysis of variance was used to determine whether these
environmentally similar sites supported similar vegetation.
In addition, Sorensen’s index of similarity (IS) was used to
make pairwise comparisons of vegetation density among sites
(IS=2w/a+b, where a=total relative density for the species at
one site, b=total relative.density for the species at anoiher
site, and w=sum of lower relative densities for the species
found at both sites; Sorensen 1948 as cited in Curtis 1959).
Comparisons of species composition and richness were also

made among sites.

D. Seed Bank Sampling

To characterize the potential flora stored in the buried
seed banks of the sites, separate samples of leaf litter (L
and F layers), humus layer (H), and surface soil (to 5 cm)

were collected within circular 28.2 cm2 plots. Twelve seed


















































































































































































































