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Preface

James W. McMinn and D. A. Crossley, Jr.

Conservation of biodiversity is emerging as a major goal in
the management of forest ecosystems. The implied
objective is the conservation of a full complement of native
species and communities within the forest ecosystem.
Effective implementation of conservation measures will
require a broader knowledge of the dimensions of
biodiversity, the contributions of various ecosystem
components to those dimensions, and the impact of
management practices.

In a workshop held in Athens, GA, October 18-20, 1993,
we focused on an ecosystem component, coarse woody
debris (CWD), and its impact on the biodiversity of
organisms in southern forests. Coarse woody debris is one
ecosystem element readily amenable to management. The
generation of CWD, its accumulation on forest floors, and
its distribution are functions of stand age and management
in the South. In contrast to other regions, comparatively
little is known about the importance of CWD in southern
forests. Harmon and others (1986) addressed CWD
dynamics, input, distribution, and importance for forested
ecosystems in general and North America in particular. In
that review the dearth of information on CWD in southern
forests, especially southern pine forests, was evident.
Conclusions about the impacts and of CWD based on
experience in the pacific Northwest are unlikely to be
appropriate for southern forests, because climate, growth
responses, CWD production and decomposition, and
management practices are dissimilar.

Biodiversity is a multidimensional concept for which many
definitions have been proposed. Concepts include some
aspect of preservation of diversity at the species level,
while acknowledging the need for preserving intraspecific
genetic diversity (Faulk 1990). Wilson (1988) eloquently
presented the need to preserve species richness, while
documenting the worldwide decline in numbers of species.
Ehrlich (1988) and Franklin (1988) have argued for habitat
preservation in contrast to the individual endangered
species approach. Solbrig (1991) introduced a hierarchical
view of biodiversity, ranging from molecular to genetic
components and species, to communities, to ecosystems.

Project Leader, U.S. Department of Agriculture, Forest Service, Southern
Research Station, Forestry Sciences Laboratory, 320 Green Street,
Athens, GA 30602-2044, and Research Professor of Ecology, Institute of
Ecology, University of Georgia, Athens, GA 30602-2602, respectively.

il

The effects of CWD on biodiversity depend upon
harvesting variables, distribution, and dynamics. This
proceedings addresses the current state of knowledge about
the influences of CWD on the biodiversity of various
groups of biota. Research priorities are identified for future
studies that should provide a basis for the conservation of
biodiversity when interacting with appropriate management
techniques.

We thank John Blake, USDA Forest Service, Savannah
River Forest Station, for encouragement and support
throughout the workshop process. The success of the
workshop is due in large part to the meticulous. attention
provided by Janice Sand, Institute of Ecology, University of
Georgia, Athens, GA.
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Accumulations of Coarse Woody Debris in Southern Forests

James W. McMinn and Richard A. Hardt

Abstract

Accumulations of coarse woody debris (CWD) were estimated from
Forest Inventory and Analysis information for Georgia and South
Carolina and from the literature covering detailed studies. Mean
accumulations by broad ownership class and forest type for Georgia and
South Carolina ranged from 2.2 to 10.7 mega grams per hectare (Mg/ha).
Accumulations in individual studies ranged from 0.4 Mg/ha in mature
pitch pine on poor sites to 91.2 Mg/ha in young cove hardwoods
regenerated by clearcutting. The information presented in this review
suggests that attempts to quantify CWD accumulations should account
for physiography, ownership, forest type, stand age, stand origin
(artificial vs. natural), and disturbance.

Introduction

In this paper are presented estimates of the accumulations
of coarse woody debris (CWD) in southern forests from
two perspectives. The first, a broad overview is derived
from information in Forest Inventory and Analysis (FIA)
publications. The second is from the literature covering
more detailed studies of CWD on a small scale.

The Broad Perspective

Coarse woody debris as such is not inventoried in the
periodic surveys conducted by USDA Forest Service FIA
(formerly known as “Forest Survey”) units. However, in
each survey, mortality is estimated for trees that are at least
12.7 cm in diameter at breast height (d.b.h.). The mortality
is reported as annual volume by various strata.
Publications with compatible information for estimating
recruitment and standing crop were limited to Georgia and
South Carolina. Compatible volume and area information
was available for three broad ownership classes and five
broad forest types in those two States (Anderson and others
1990; Brantley and others 1993; Tansey 1987; Thompson
1989). Ownership classes were public, nonindustrial
private forest lands (NIPF), and forest industry. Broad
forest types (called “broad management classes™ in FIA
publications) were pine plantation, natural pine, oak-pine,

Project Leader, USDA Forest Service, Southern Research Station, Athens,
GA 30602; and Research Assistant, University of Georgia, Daniel B.
Warnell School of Forest Resources, Athens, GA 30602, respectively.

upland hardwood, and lowland hardwood. The published
data consisted of total volumes for all species within each
combination of ownership class and forest type.

Volumes were converted to mass using an overall average
(0.525) of wood-specific gravities reported for Southern
species (Koch 1972, 1985). Standing crop mass was
derived using the single exponential decay model with a
k-value of 0.075; this value was derived from loblolly pine
data in the Piedmont of South Carolina (Barber and Van
Lear 1984). (This was the only exponential decay model
found in the literature for the geographic area of interest.)
Based on the descriptions by Barber and Van Lear (1984)
and FIA personnel,’ standing crop volume was assumed to
be 15 times the annual recruitment. However, all values
were considered low because all age classes with trees
meeting the minimum diameter limit were included in these
average estimates.

Mean CWD accumulations by ownership and state ranged
from 4.1 mega grams per hectare (Mg/ha) on forest
industry land in South Carolina to 7.7 Mg/ha on public
lands in South Carolina (table 1). Accumulations were
lower on forest industry land than on public or nonindustrial
private lands, and higher in South Carolina than in Georgia
on public and NIPF. Lower mortality would generally be
expected on forest industry land because the average stand
age is lower and the proportion of pine plantations is higher.
(The latter generally exhibit lower mortality from
intraspecific competition because initial density is
controlled.) This explanation is supported by the relatively
low accumulations for pine plantations (2.3 Mg/ha and 3.5
Mg/ha in Georgia and South Carolina, respectively)
compared to other forest types when averaged over all
ownerships (table 2). Natural pine and lowland hardwood
types exhibited the highest accumulations (> 8 Mg/ha),
while the oak-pine and upland hardwood types exhibited
intermediate accumulations.

Relative accumulations among the forest types were similar
for the two States when averaged over all ownerships, but
were dissimilar when broken out by ownership class. On

! Personal communication. 1993. Noel Cost, Project Leader, Southeastern
Forest Experiment Station, P.O. Box 2680, Asheville, NC 28802.




Table 1—Estimated mass and volume of coarse woody
debris over all forest management classes by ownership
and State

Table 2—Estimated mass and volume of coarse woody
debris over all ownerships by broad forest management
class and State

Mass Volume

Annual  Standing Annual Standing

Mass Volume

Annual  Standing Annual Standing

Ownership  input crop input crop Forest type input crop input crop
----Mglha - - - ~--m’/ha - - - ----Mg/ha--- ---m'/ha- - -
Georgia Georgia
Pine
Public 0410 5.667 0.781 11.715 plantation 0.169 2.336 0.322 4.830
NIPF* 0478  6.607 0911 13.665 Natural pine 0.643 8.888 1.225 18.375
Forest Oak-pine 0.344 4.755 0.656 9.840
industry 0327 4520 0.622 9.330 Upland
hardwood 0.386 5.336 0.736 11.040
South Carolina Lowland
hardwood 0.622 8.598 1.185 17.775
Public 0.555 7.672 1.057 15.855
NIPF* 0.551 17.616 1.050  15.750 South Carolina
Forest Pine
industry 0.300 4.147 0.570 8.550 plantation 0.254 3.511 0.484 7.260
Natural pine 0.612 8.460 1.165 17.475
Oak-pine 0.437 6.041 0.832 12.480
*Nonindustrial private forest land. Upland
hardwood 0.428 5916 0.815 12.225
Lowland
hardwood 0.635 8.778 1.209 18.135

public lands in Georgia, the upland hardwood type
exhibited the lowest accumulations at 2.2 Mg/ha; pine
plantation and oak-pine accumulations were somewhat
higher; and natural pine and lowland hardwood
accumulations were quite high (> 9 Mg/ha). In South
Carolina, only the pine plantation type exhibited low
accumulations while all other forest types had relatively
high accumulations; lowland hardwood exhibited the
highest accumulation at 10.7 Mg/ha (table 3). All data
were collected prior to Hurricane Hugo. Patterns among
types were more similar for the two States on NIPF, except
for pine plantations in South Carolina where 5.7 Mg/ha
accumulations were unusually high for the forest type
(table 4). On forest industry lands, the relative pattern
among types was generally similar for the two States;
however, higher accumulations in the natural pine, oak-
pine, and upland hardwood types were exhibited in
Georgia than in South Carolina (table 5).

Several parallels can be found between these values and
those in a more rigorous study designed to estimate snag

densities from FIA data in Florida (McComb and others
1986). In that study, snags (12.7-cm d.b.h. and 1.3-m tall)
were more abundant (1) in oak-hickory and oak-tupelo-
baldcypress than in longleaf or slash pine; (2) in natural
stands than in pine plantations; (3) on public than on
private lands; and (4) on stream margins and in deep
swamps than on flatwoods, rolling uplands, and sandhiils.

Detailed Studies

The more detailed studies define the CWD accumulations
expected under different conditions at various stages of
stand development. Accumulations of CWD-—snags and
logs—are quantified in the scientific literature by mass,
volume, or the number of pieces per unit area. Commonly,
accumulations have been reported by mass (Mg/ha) or
volume (m*/ha), and snags have been reported by number
(no./ha).




Table 3-—Estimated mass and volume of coarse woody
debris on public land by broad forest management class and
State

Mass Volume

Annual Standing Annual Standing

Table 4—Estimated mass and volume of coarse woody
debris on nonindustrial private land by broad forest type
and State

Mass Volume

Annual Standing Annual Standing

Forest type  input  crop input crop Forest type input  crop input crop
----Mg/ha--- ---mha - - - ----Mg/ha - - - ---m’ha - - -
Georgia Georgia

Pine Pine

plantation 0.275 3.801 0.524 7.860 plantation 0.162 2239 0.309 4.635
Natural pine  0.670  9.261 1.275 19.125 Natural pine 0.648 8.957 1.234 18.510
Oak-pine 0.263 3.635 0.502 7.530 Oak-pine 0372 5.142 0.708 10.620
Upland Upland

hardwood 0.160 2.212 0.306 4.590 hardwood 0.413  5.709 0.787 11.805
Lowland Lowland

hardwood 0.665 9.192 1.267 19.005 hardwood 0.646  8.930 1.231 18.465

South Carolina

Pine

plantation 0.177 2447 0.337 5.055
Natural pine  0.617 8.529 1.176 17.640
Oak-pine 0.629 8.695 1.197 17.955
Upland

hardwood 0.575 7.948 1.096 16.440
Lowland

hardwood 0.773 10.685 1.057 15.855

South Carolina

Pine

plantation 0412  5.695 0.784 11.760
Natural pine 0.647 8.943 1.232 18.480
Oak-pine 0464 6414 0.884 13.260
Upland

hardwood 0.448 6.193 0.854 12.810
Lowland

hardwood 0.656 9.068 1.250 18.750

Harmon and others (1986) and Spies and others (1988)
have postulated a U-shaped temporal pattern for logs
following disturbance. High log inputs produced by
disturbances, such as logging, fire, or insect attack, may
result in a large accumulation in the subsequent young
stand (Harmon 1980; Mattson and others 1987; Nicholas
and White 1984; Smith 1991). This accumulation largely
decays before inputs return to predisturbance levels,
resulting in low densities of logs in maturing second-
growth. Log accumulations slowly build with increasing
inputs, eventually reaching moderate to high levels in old-
growth stands (Harmon and others 1986; Hardt 1993;
Muller and Liu 1991). However, log accumulations in
young stands, dependent on the type of disturbance and
stand history, are highly variable (Hardt 1993; Harmon and
others 1986; Spies and others 1988). For example, short-
rotation harvesting can result in low accumulations of

CWD after several rotations (Gore and Patterson 1985; Spies
and Cline 1988; Spies and others 1988).

Accumulations of logs in southern forests vary widely with
forest type, stand age, and disturbance history (table 6).
The greatest accumulations of logs (> 90 Mg/ha) are
reported from stands immediately following disturbance
(Mattson and others 1987; Smith 1991). The smallest
accumulations of logs (as low as 0.4 Mg/ha) have been
reported from maturing stands on low productivity sites
(Harmon and others 1986; Smith 1991). Log masses
reported for old-growth stands in the Southern
Appalachians are generally higher than for younger stands,
ranging from 17 Mg/ha for a beech stand in Kentucky
(Muller and Liu 1991) to 29 Mg/ha for a beech-birch stand
in Tennessee (Harmon and others 1986). These




Table 5—Estimated mass and volume of coarse woody
debris on forest industry land by broad forest management
class and State

Mass Volume

Annual Standing Annual Standing

Forest type input crop input crop
----Mg/ha - - - ---m’ha---
Georgia

Pine

plantation 0.170 2.350 0.324  4.860
Natural pine 0.600 8.294 1.143 17.145
Oak-pine 0.258 3.566 0491 7.365
Upland

hardwood 0.385 5.322 0.734 11.010
Lowland

hardwood 0.553 7.644 1.053 15.795

South Carolina

Pine

plantation 0.168 2.322 0.320 4.800
Natural pine 0415 5.737 0.791 11.865
Oak-pine 0.183 2.530 0.348  5.220
Upland

hardwood 0.158 2.184 0.302  4.530
Lowland

hardwood 0.546 7.547 1.040 15.600

accumulations are comparable to masses reported from
other Eastern old-growth stands (Gore 1986; Lang and
Forman 1978; MacMillan 1981; Tyrrell 1991), but are an
order of magnitude lower than log masses reported for the
Douglas-fir region of the Pacific Northwest (Harmon and
others 1986). In a review of log accumulations in
temperate deciduous old-growth forests, Muller and Liu
(1991) found higher accumulations in cool forests and
speculated that higher accumulations resulted from slower
decomposition rates. In contrast, Mattson and others
(1987) found no significant relationship between elevation
and log decay; however, the range in elevation may have
been too small to substantially influence temperature.

Snag accumulations are presented in table 7. Snags are
commonly reported by the number per unit area, in part
because most snag studies are primarily related to animal
habitat (Conner 1978; Harlow and Guynn 1983; McComb

and Muller 1983; McComb and others 1986).
Accumulations of snags may also follow the same U-
shaped temporal pattern as logs where extremely high
accumulations follow types of disturbance. However, the
episodic nature of snag production may confound patterns
of snag accumulations that are associated with forest type
or stand condition. The effects of natural disturbances on
snag production are highly variable. For example, insects
and diseases that kill trees aboveground, such as southern
pine beetle, balsam woolly adelgid, Dutch elm disease, and
chestnut blight, produce high accumulations of snags
(Harmon and others 1986; Smith 1991). On the other hand,
diseases that attack trees at the base or belowground, such
as root and heart rots, are more likely to create logs directly
when weakened trees are windthrown (Harmon and others
1986; Matlack and others 1993).

Timber harvests generally leave stands with few snags
(Carmichael and Guynn 1983; Dickson and others 1983;
McComb and others 1986), but timber stand improvement
that includes girdling may increase snag accumulations
(Moriarty and McComb 1983). Regenerating stands may
have high accumulations of small snags, a result of density-
dependent tree mortality, but as the stands become older the
accumulation of larger snags increases. Total snag
densities may not differ between second-growth and old-
growth stands, but the size distribution will shift. McComb
and Muller (1983) reported no significant difference
between the densities of snags in Appalachian old-growth
and second-growth stands. However, in a survey of snag
densities in the pine, pine-hardwood, and hardwood stands
in Florida, McComb and others (1986) found that the
density of snags (> 12.7-cm d.b.h.) increased as stand age
increased. In the Southern Appalachians, Rosenberg and
others (1988) found a greater density, basal area, and mean
diameter of snags in old stands than in younger stands.
Hardt (1993), also working in the Southern Appalachians,
found significantly higher densities of large snags (>25-cm
d.b.h.) in old-growth than in second-growth stands.

Conclusions

Accumulations of CWD in individual stands are quite
variable and, in this review, range from 0.4 Mg/ha in
mature pitch pine on poor sites to 91.2 Mg/ha in young
cove hardwoods regenerated by clearcutting. However, the
influence of some factors associated with ownership and
forest type in Georgia and South Carolina is so strong that
relatively large differences (2.2 to 10.7 Mg/ha) exist in
mean accumulations. Generally, the information derived




Table 6—Log accumulations in some southern forest stands

Lower
diameter Log Log
Stand Age limit mass volume Source
Years cm Mg/ha  m’/ha
Cove hardwoods, mixed oak,
oak-pine; North Carolina 0 5 91.2 — Mattson and others 1987
1° 5 74.8 —
22 5 53.1 -
Sugar maple; Tennessee — 10 7.95 — Onega and Eickmeier 1991
Chestnut oak; Tennessee 40 7.5 11 — Harmon 1980, as cited in
Harmon and others 1986
Tulip-poplar; Tennessee 40 7.5 14 51 Harmon and others 1986
Pine; Tennessee 50+ 7.5 7 ~30 Harmon and others 1986
50+ 7.5 11 — Harmon 1980, as cited in
Harmon and others 1986
Pitch pine; North Carolina ~100 10 0.4 — Smith 1991
30 10 327 —_
8° 10 15.2 —
11° 10 12.7 —
16° 10 14.5 —
Mixed oak; North Carolina <5 10 — 102 Petranka and others
5-39 10 — 63 (unpublished manuscript)®
40-79 10 — 65
80-119 10 — 82
>120 10 — 102
Tulip-poplar; North
Carolina 30 20 — 22.40 Hardt 1993
30 20 — 91.55
Cove hardwoods, mixed
oak; North Carolina 70+ 20 — 45.00 Hardt 1993
70+ 20 — 83.32
White pine-white oak;
South Carolina 200+ 20 —_— 65.64 Hardt 1993
Sugar Maple; North Carolina 200+ 20 — 86.17 Hardt 1993
Beech-birch; Tennessee 200+ 7.5 29 82 Harmon and others 1986
Mixed-oak; Tennessee 200+ 7.5 24 94 Harmon and others 1986
Chestnut oak; Tennessee 200+ 7.5 21 132 Harmon and others 1986
Beech; Kentucky 200+ 20 17.0 54.8 Muller and Liu 1991
Sugar maple; Kentucky 200+ 20 27.1 63.8 Muller and Liu 1991
Chestnut oak-red maple;
Kentucky 200+ 20 27.1 78.9 Muller and Liu 1991

2 Following clearcut harvest.

® Following southern pine beetle attack.

¢ Petranka, J.W. (and others). Effects of timber harvesting on low elevation populations of Southern Appalachian
salamanders (unpublished manuscript).



Table 7—Snag accumulations in some southern forest stands

Lower
d.b.h. Snag Snag Snag
Stand Age limit density mass volume Source
Years cm No./ha Mg/ha Ms/ha
Pine; Florida 0-30 12.7 2.6 — — McComb and others 1986
31-60 12.7 7.2 — —
61+ 12.7 10.7 — —
Pine-hardwood;
Florida 0-30 12.7 1.4 —_ — McComb and others 1986
31-60 12.7 8.0 — —
Hardwood; Florida 0-30 12.7 7.1 —_ — McComb and others 1986
31-60 12.7 11.6 — —
61+ 12.7 13.5 — —
Bottomland hardwoods;
South Carolina 1-100 12.5 9.69 — — Harlow and Guynn 1983
Longleaf-loblolly pine;
South Carolina 1-100 12.5 348 — — Harlow and Guynn 1983
Pine plantation;
South Carolina 1-40+ 10.2 21.3 — —_— Carmichael and Guynn 1983
Pine-hardwoods;
South Carolina 20+ 10.2 31.2 — —_ Carmichael and Guynn 1983
Cove hardwoods;
South Carolina 40+ 10.2 37.3 — — Carmichael and Guynn 1983
Upland hardwoods;
South Carolina 40+ 10.2 50.3 — — Carmichael and Guynn 1983
Bottomland hardwoods;
Louisiana 45 10 3 — — McComb 1979, as cited in
80 10 11 —_ — McComb and others 1986
Pine-hardwoods;
Mississippi 85 10 6.4 — —_ McComb 1979, as cited in
McComb and others 1986
Mixed mesophytic;
Kentucky 60 10 14.8 Moriaty and McComb 1983
60? 10 18.0 — —
Pitch pine;
North Carolina ~100 10 25 —_ — Smith 1991
30 10 576 — —
8° 10 156 — —
11° 10 231 — —_
16° 10 231 — —
continued




Table 7—Snag accumulations in some southern forest stands (continued)

Lower
dbh Snag Snag Snag
Stand Age limit  density mass volume Source
Years cm No./ha  Mg/ha m’/ha
Sugar maple;
Tennessee — 10 — 1.92 — Onega and Eickmeier 1991
Chestnut oak,
Oak Hickory;
Virginia 60-79 10 62.2° — — Rosenberg and others
80-99 10 69.3¢ 1988
100+ 10 63.6° — —
Mixed mesophytic;
Kentucky 35 10 83.8 — — McComb and Muller 1983
200+ 10 42.8 — —
Mixed mesophytic;
Kentucky 200+ 20 12.19 5.2 12.0 Muller and Liu 1991
Tulip-poplar; North
Carolina 30 25 0 —_ — Hardt 1993
30 25 25 — —
Cove hardwoods,
mixed oak;
North Carolina 70+ 25 16.7 — — Hardt 1993
70+ 25 15.2 — —
White pine-white oak;
South Carolina 200+ 25 17.5 — — Hardt 1993
Sugar maple;
North Carolina 200+ 25 17.1 —_ - Hardt 1993

2 Following timber stand improvement.
® Following southern pine beetle attack.

© Snags greater than 10-cm d.b.h.




from inventory data and more detailed research suggests
that future studies of CWD accumulations should take into
account physiography, ownership, forest type, stand age,
stand origin (artificial vs. natural), and disturbance.
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Dynamics of Coarse Woody Debris
in Southern Forest Ecosystems

David H. Van Lear

Abstract

Coarse woody debris (CWD)—standing dead trees, fallen trees, and
decomposing large roots—serves a number of ecological functions.
CWD loadings are dynamic in response to inputs from tree breakage and
mortality and to losses from decomposition and fire. Two very different
natural processes, gap-phase dynamics and major episodic disturbances,
contribute to inputs, as well as forest management activities. Decay and
combustion, if complete, yield both CO, and H,0. However, neither is
usually complete, and the combustion process leaves some rapidly altered
CWD, whereas decay results in the gradual formation of humic
substances. Current forest management practices often contribute to low
loadings of CWD in southern forests. Although some data provide the
basis for very general estimates, there is a paucity of knowledge in the
South on almost every aspect of CWD dynamics and loading.

Introduction

Organic material in the form of standing dead trees (snags),
fallen trees, and decomposing large roots, all of which are
components of coarse woody debris (CWD), influences the
ecology of a site for decades or even centuries (Franklin
and Waring 1980). CWD functions as seed germination
sites, as reservoirs of moisture during droughts, as sites of
nutrient exchange for plant uptake, and as critical habitat
for forest organisms. During later stages of decomposition,
it promotes favorable soil structure (Harmon 1982; Harmon
and others 1986; Maser and others 1988). Dead root
systems have been neglected as a component of CWD.
However, decomposing roots contribute to the
heterogeneity of the soil, provide increased infiltration and
percolation of soil water, enhance gas diffusion throughout
the rooting zone, and provide habitat for soil-dwelling
organisms (Lutz and Chandler 1955).

Loadings of CWD are dynamic, i.e., constantly changing in
response to inputs from tree breakage and mortality and to
losses from decomposition and fire. This dynamic nature is
reflected in gradual or episodic changes in mass, density,
and volume of standing dead and fallen trees.

The term “coarse woody debris,” as used in this paper,
refers to any dead standing or fallen tree stem (or dead
root) at least 7.6 cm in diameter. This minimum diameter
was arbitrarily chosen, primarily because it corresponded to

Bowen Professor, Department of Forest Resources, Clemson University,
Clemson, SC 29643-1003.
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a measured size-class of forest fuels in a number of cited
studies in the South. For obvious reasons, the dynamics of
root biomass of dead trees has received little study.

The objectives of this paper are to describe the processes
that affect loadings of CWD within the terrestrial
ecosystems of southern forests and to identify gaps in our
knowledge of CWD dynamics. Because of the paucity of
information on loadings and dynamics of dead roots, that
topic will not be discussed. Suffice it to say that the below
ground dynamics of large dead roots represents a major gap
in our knowledge of CWD.

Inputs of Coarse Woody Debris

The flow of aboveground CWD within terrestrial
ecosystems is summarized in diagrammatic form (fig. 1), as
adapted from Harmon and others (1986). Within terrestrial
ecosystems, mortality and breakage of living trees add
CWD, while decay and fire remove or transform CWD
(Harmon and others 1986; Maser and others 1988). The
balance between inputs and losses of CWD within the
forest ecosystem represents the standing crop, or loading,
of CWD.

Inputs of CWD occur when living trees are killed by fire,
wind, lightning, insects, disease, ice storms, competition, or
humans. Disturbances may kill scattered individual trees,

MORTALITY
BREAKAGE

Figure |—Flow diagram of the dynamics of CWD in terrestrial
ecosystems.




groups of trees, entire stands, or even entire landscapes and
are now widely recognized as a natural part of the ecology
of the southern forest (Christensen 1991; Sharitz and others
1992; Skeen and others 1993). Major disturbances
contribute large quantities of CWD, which are added to
predisturbance CWD already accumulated in the stand. For
this reason, loadings of CWD are often highest soon after
major forest disturbances.

Gradual Inputs of Coarse Woody Debris
by Gap-Phase Dynamics

CWD inputs in southern forests from gradual gap-phase
dynamics, i.e., from the occasional death of individual trees
or groups of trees within the forest, are not well
documented. Large canopy gaps can contribute substantial
quantities of CWD. For example, Smith (1991) estimated
that canopy gaps created in pitch pine stands by pine
beetles in the Southern Appalachians contained 35.6 tons
per hectare (ha) of CWD. Loadings from insect damage in
more productive forest types could be much higher.

Some information on snag densities (numbers/area) and
recruitment rates is available from the wildlife literature.
Generalizations from published research include the
following:

(1) Snags are most common in hardwood stands and least
common in pure pine stands (Harlow and Guynn 1983;
McComb and others 1986b; Sabin 1991). (2) Snags are
more frequent in lowlands and riparian zones than on
upland sites. (3) Unmanaged private land and national
forests generally have higher densities of snags than lands
managed intensively for wood production (McComb and
others 1986a, 1986b).

The length of time that snags remain standing varies with
- species and size, although most snags fall within a decade
or less in southern forests (Dickenson and others 1983;
McComb and Rumsey 1983; Sabin 1991). However,
occasional American chestnut snags are still standing in
Southern Appalachian forests 70 years after the chestnut
blight. White pine and white oaks are generally longer
standing than snags of other pine and oak species
(Hassinger and Payne 1988). Large diameter snags stand
longer than smaller ones (Bull 1983; Raphael and Morrison
1987).

Snag densities in the relatively young forests of the South
vary widely. In the Appalachian deciduous forest, Carey
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(1983) found snag densities ranging from 11 to 55 snags
per ha. Sabin (1991) reported an overall snag density of
28.1 snags per ha in relatively young (20 to 60+ yrs) forest
types in the Piedmont and noted that snags were being lost
at an average rate of 0.52 snags per ha per year. Relatively
few areas and little acreage in the Southeast support over-
mature or old-growth forests where snag recruitment rates
and densities are unknown. Such information is needed to
serve as baseline data against which forests managed more
intensively could be compared.

Heavy Loading of Coarse Woody Debris
by Major Episodic Disturbances

In contrast to gap-phase disturbances, where natural
succession proceeds at a relatively gradual rate, large-scale
natural disturbances, such as catastrophic wildfires and
hurricanes, are episodic in nature and may kill trees over
large forest areas. As a result of these natural disturbances
and timber harvesting, few forest ecosystems in the
Southeastern United States succeed to a vegetative climax
condition or even develop undisturbed for as long as a
century.

Forest fires affect the loading of CWD in two ways. They
simultaneously add CWD by killing live trees and reduce
CWD by consuming dead trees. Fire regimes in the South
range from those where fire reoccurs infrequently (on the
order of several decades to perhaps a century or more) and
fuel loading is heavy, to those where fire occurs almost
annually and fuels are light. Sand pine and table mountain
pine regenerate after catastrophic stand-replacement fires,
which function to open serotinous cones, kill hardwood
understory competition, and prepare seedbeds (Della-
Bianca 1990; Outcalt and Balmer 1983), as well as
contribute a large pulse of CWD. At the other extreme, in
open longleaf pine-wiregrass stands, a regime of frequent
fire would prevent the buildup of fuels to levels where high
rates of fire-induced tree mortality would be expected.
Boyer (1979) reported an annual mortality of only one tree
per ha in mature longleaf pine stands throughout the
longleaf region.

Stand-replacement fires, which kill all aboveground
biomass, obviously make heavy contributions to CWD.
The author knows of no studies in the South where CWD
inputs have been estimated following stand-replacement
fires. However, estimates of aboveground living biomass
are available for some forest types and site conditions and,
when corrected for small branch and foliage components,
provide a rough approximation of potential CWD inputs.




About 70 to 80 percent of the aboveground biomass of
these forest types is above the minimum size class of CWD.
For loblolly pine, the most studied of the southern pines,
aboveground biomass ranges from about 100 tons per
hectare (t/ha) in thinned 41-year-old plantations on poor
sites (Van Lear and others 1983) to approximately 156 t/ha
for unthinned 16-year-old plantations on good sites (Wells
and Jorgensen 1975). Biomass of older pine stands on
good to excellent sites would be even higher. Aboveground
biomass of mixed hardwood stands averaged 178 and 175
t/ha at Coweeta Hydrologic Laboratory and Oak Ridge
National Laboratory, respectively (Mann and others 1988),
similar to the 164 t/ha estimate from forest survey data for
fully stocked stands of mature hardwoods in the Southeast
(Phillips and Sheffield 1984).

Hurricanes, tornadoes, and other strong winds are common
in the Southeastern United States and strongly influence
CWD dynamics. These strong winds create in a matter of
hours loadings of CWD that would never be achieved
during centuries of gap-phase natural succession (Hook and
others 1991). For example, Myers and others (1993)
measured loadings, after limited salvage, of almost 90 t/ha
of downed woody material and 16 t/ha of snags in mature,
uneven-aged pine stands 2 years after Hurricane Hugo.
Strong winds either snap stems of well-anchored species or
uproot shallow-rooted species. Although catastrophic
winds (probably category V-force winds) will destroy any
stand, such winds normally occur over only a relatively
small portion of the area affected by most hurricanes.

Forest damage from hurricanes and tornados has increased
in recent decades due to the regrowth of mature forests
following the extensive harvest of old-growth forests that
occurred between 1885-1930 (Hooper and McAdie 1993).
In addition to stand age, site (Crocker 1958; Foster 1988),
community type (Duever and McCollum 1993; Sharitz and
others 1993), species (Gresham and others 1991; Hook and
others 1991; Sharitz and others 1993; Touliatos and Roth
1971), and tree morphology (Gratkowski 1956; Nix and
Ruckelshaus 1991) markedly influence the damage (and
CWD loadings) to forests by strong winds.

Other environmental factors, e.g., insect and disease
outbreaks, ice storms, and mass movement of soils, can
dramatically increase loadings of CWD. Some native
insects, the southern pine beetle, for example, periodically
reach epidemic proportions and kill whole stands of various
pine species across large portions of the landscape.
Introduced insects like the gypsy moth continue to expand
their range southward and devastate hardwood stands over
extensive areas. Certain diseases, for example, fusiform
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rust, have become more prevalent in recent decades. Ice
storms periodically wreak havoc on forests in some
portions of the South, e.g., in the Sandhills region.

The quantity of CWD contributed to sites by all these
factors is a function of the proportion of the stand killed
(and consumed, in the case of fire) by these agents and the
proportion of the trees above the minimum CWD size class.
Contributions range from the mortality of scattered
individual trees killed in nonepisodic events to the mass
deaths of trees on thousands of hectares from major
episodic events, during which the loading of CWD across
the landscape is increased dramatically. Information on
CWD inputs from all types of catastrophic events is needed
to fully evaluate the environmental effects of these
disturbances.

Losses of Coarse Woody Debris

Within terrestrial ecosystems, CWD is lost through decay
and fire. Decay and combustion by fire are similar
processes in some respects, but also have important
differences. The relative importance of each process varies
by site—decay dominates on mesic sites, while fire is more
important on xeric sites (unless fire-suppression efforts are
effective). Although its natural role as a major ecological
factor has often been overlooked by ecologists and land
managers, fire has been a dominant factor shaping the
structure and composition of southern forest ecosystems for
millennia.

Decay

Decay of CWD is initiated by an invasion of white, brown,
and soft rot fungi, causing a loss of density (Kaarik 1974).
Insects are known to be important inoculators of these
decay microbes (Abbott and Crossley 1982). Toole (1965)
described the deterioration of unlopped hardwood logging
slash in Mississippi and found that, for most of the species
studied, small branches had disintegrated after 6 years and
only a small portion (< 15 percent) of the large branches
and bole had not settled on the ground. Twigs and small
branches decayed most readily, followed by the larger
sapwood and finally the heartwood. Decay may be
retarded when the bark sloughs off early, allowing the
surface of the sapwood to dry quickly and become
casehardened. Smith (1991) documented changes in
decomposer communities of pitch pine CWD during
decomposition. During early stages of decomposition, bark
beetles and blue-stain fungi dominated, although neither
had much effect on decomposition, i.e., wood density was




not markedly reduced. White rots, brown rots, ants, and
termites dominated later stages of decomposition. As the
wood structure is broken down, fragmentation becomes a
major mechanism of decay.

Fragmentation of CWD refers to a reduction of volume via
physical and biological forces during the decay process
(Harmon and others 1986; Maser and others 1988).
Fragmentation is normally preceded by a lag period during
which both density and mass of fresh CWD decrease but
volume remains constant. Snags fragment when portions
of the standing-dead tree or the entire tree break and fall to
the ground. Biological fragmentation of snags and fallen
logs is caused by both plants and animals. Invertebrates
use the dead wood as a food source, creating galleries that
serve as avenues for microbial colonization and further
decay. Bears, birds, and other animals shred the rotting
wood while foraging for insects. Plant roots grow into
fallen trees after initial stages of decay have been
completed and further fragment the partially decomposed
materials. During the entire decay process, the physical
forces of water and gravity relentlessly transport
fragmented materials from snags and fallen logs to the
forest floor, where they undergo further decomposition and
are ultimately converted to CO, or decay-resistant humus.
The final products of decay of CWD are fine woody debris,
humus, and CO, (Harmon and others 1986; Maser and
others 1979; Spies and Cline 1988).

Although perhaps not as good an index of decay as volume
diminution, changes in wood density have frequently been
used to measure initial stages of physical decay. Following
clearcutting of a mixed hardwood stand in the Southern
Appalachians of North Carolina, wood-density decay
coefficients varied widely, ranging from 0.18 per year for
species such as dogwood and persimmon, to 0.03 per year
for decay-resistant species like black locust and American
chestnut (Mattson and others 1987). Little information is
available regarding decay of pine CWD in the South.
Barber and Van Lear (1984) calculated a wood-density
decay coefficient of 0.075 per year for large loblolly pine
slash (excluding bark) following clearcutting in the South
Carolina Piedmont, while Smith (1991) found a decay
constant of 0.048 per year for pitch-pine CWD in the
Southern Appalachians.

In addition to species differences, other factors affect the
rate of decay of CWD (Barber and Van Lear 1984; Mattson
and others 1987). Aspect of the site is important—CWD
decays faster on north and northeastern aspects, probably
due to the generally greater availability of soil moisture.
Relative position of the fallen tree affects decay rates—
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CWD in contact with the ground decays faster than aerially
suspended CWD. Large woody debris decays slower than
small woody debris. In streams, saturated CWD decays at
extremely slow rates. Decomposition rates in the Southeast
are generally higher than those reported for other regions,
presumably because temperature and moisture conditions
are more favorable for microbes and invertebrates involved
in the decay process.

The chemical nature of CWD changes during
decomposition. Workers in the Pacific Northwest (Graham
and Cromack 1982; Sollins and others 1980) and elsewhere
have noted that the C/N ratio of CWD decreases, and the
concentration of lignin increases as decay progresses.
Concentrations of nitrogen and phosphorus increase in
large logging slash following harvest of loblolly pine
(Barber and Van Lear 1984) and in pitch pine CWD
following pine beetle attack (Smith 1991). However, after
initially being a sink for nutrients, CWD later becomes a
source when fragmentation dominates the decay process.

Long-term studies are underway that will better document
decay rates of CWD. However, more information is
needed concerning decay rates of different species under
different site conditions and management regimes. What is
the best method for measuring decay? Sampling wood
density in various states of decay is frequently used, but the
method becomes biased during mid to late stages of decay
when only the most resistant pieces of wood remain.
Adjustment of decay chronosequences for past
fragmentation is necessary, but often difficult, if mass
losses are to be estimated correctly (Harmon, personal
communication'). When does decaying wood become a
source, rather than a sink, for nutrients? What types of
decay models best describe the decay process? These and
many other questions reflect gaps in our knowledge of the
decay process.

Fire

Fire and decay are similar processes in that both, if
completed, are essentially oxidation reactions yielding as
final products CO, and H,0 (Brown and Davis 1973).
However, fire is the rapid oxidation, or combustion, of
fuels, while decay is a much more gradual oxidation of
organic materials. In neither process is oxidation generally
complete. In forest fires, complete combustion is obviously
uncommon, as evidenced by dead snags and downed trees
on burned sites. Decay is also generally incomplete, as

'Personal communication. 1993. Mark Harmon, Professor, Department
of Forest Science, Oregon State University.




evidenced by the presence of residual CWD and the
formation of humus.

Some of the effects of fire on CWD are similar to those of
decay, i.e., fire fragments large pieces of wood and bark
into smaller pieces and releases CO, and other gases into
the atmosphere. However, the two processes obviously
differ in reaction time and in the type of substrate produced
(charred vs. uncharred). Also important is the fact that the
decay process generally tends to mesify microsites because
of incorporation of humified products into the soil, while
fire tends to xerify microsites, at least in the short run, by
oxidizing humus from the forest floor and exposing the soil
surface to greater insolation.

Many deficiencies exist in our knowledge of the role of fire
in CWD losses. What is the effect of charring on decay?
Under what conditions can fire be used to minimize CWD
loss? Is fire compatible with management for snags? What
burning regimes are appropriate to achieve and maintain
desired loadings of CWD? This last deficiency assumes
that we eventually will have some concept of what desired
loadings are. Southern forests evolved in regimes of more
or less frequent fire. A major gap in our understanding of
CWD dynamics is the way this major environmental factor
influenced CWD loadings on a landscape scale.

Loadings of Coarse Woody Debris
in Southern Forest Ecosystems

Loadings of CWD at a given time reflect the balance
between inputs and losses. Although general temporal
patterns of loading may be apparent on some sites, e.g.,
gradually increasing CWD loadings on mesic sites as old-
growth conditions are approached, within these general
patterns are fluctuations of varying magnitude. On xeric
sites, temporal patterns may be even more difficult to
identify due to the chance occurrence of fire.

In the absence of major disturbances, natural succession in
forests may be dominated for extended periods by gap-
phase dynamics, during which CWD accumulates slowly.
During the development of a new stand following a major
disturbance, much of the predisturbance and disturbance-
contributed debris decays. Loadings of CWD would be
expected to decline during the early development and
midsuccessional periods because young trees dying from
competition are too small to contribute significantly to
CWD and because mortality rates during the
midsuccessional stage are low. As succession proceeds,

mortality of scattered senescent trees occurs and CWD
loadings would be expected to increase. In the later stages
of succession and old growth, increased mortality of large
overstory trees would add to the loading of CWD,
especially if these stages were dominated by large, long-
lived individuals.

This hypothetical pattern of CWD loading over time has
received little study in terrestrial forest ecosystems in the
South. However, Hedman (1992) has documented this U-
shaped pattern in a 300-year sere in small streams in the
Southern Appalachians (fig. 2). A similar scenario has
been well documented for Douglas-fir ecosystems in the
Pacific Northwest after catastrophic fires (Spies and others
1988). Muller and Liu (1991) found that the volume and
mass of CWD in an old-growth deciduous forest on the
Cumberland Plateau averaged 66.3 m®per ha and 21 t /ha,
respectively. Their work suggested that loadings of CWD
in old-growth forests in warmer regions are lower than
those in cooler regions.

There is relatively little data in the South concerning
loadings of CWD following major episodic disturbances or
through various stages of succession. Studies are needed to
more thoroughly characterize loadings of CWD in old-
growth forests. How do loadings vary in response to
different fire regimes? Are CWD loadings low for some
forest types because of rapid decay rates, or because fire is
a frequent visitor? How can management be modified to
enhance CWD loadings on both stand and landscape
scales? These types of questions must be answered so that
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Figure 2—Coarse woody debris loadings, excluding American chestnut,
in small Southern Appalachian streams.



managers will have guidelines relative to loadings of CWD
in managed stands versus those in stands that have not been
manipulated. As research further demonstrates the
ecological significance of CWD in southern forests, current
management strategies may need to be altered to achieve
certain levels of CWD.

Effects of Management

The effects of management on CWD have received little
direct study in the Southeast. However, a number of studies
have indirectly dealt with CWD, especially relative to site
preparation techniques. Morris and others (1983) found
that 14.1 t/ha of coarse woody logging slash were displaced
into windrows during mechanical site preparation of a
flatwoods site in Florida. While this windrowed material is
still on the site, its spatial distribution, and therefore its
functional qualities, is certainly not natural. Windrowing as
a method of forest site preparation is gradually being
phased out of forest operations in the South for a variety of
reasons. Other types of mechanical site preparation, while
having less effect on CWD than windrowing, still may
adversely affect the loading, distribution, and duration of
CWD.

The effects of broadcast burning or wildfire on CWD
depend upon the conditions (fuel moisture, weather, and
firing technique) under which the fire burns. Intense fires
in periods of extended drought are very severe and may
consume much of the CWD (Robichaud and Waldrop
1992). However, consumption of fallen logs by intense fire
is often minimal if the fire burns under conditions less
conducive to complete combustion, e.g., higher moisture
contents of large fuels. Sanders and Van Lear (1988) found
that CWD volume was reduced under the latter conditions
by less than 40 percent during intense broadcast fires in
pine-hardwood logging slash in the Southern Appalachians
following clearcutting.

Intensive management practices associated with plantation
forestry often result in decreases in CWD loading. Short
rotations are commonly used for pulpwood production.
Rotations of 30 years or less are too short to allow
significant quantities of CWD to accumulate. Thinning is
often used in longer rotations for sawtimber production,
and this removes trees that are most likely to be CWD
candidates. More complete utilization of harvested trees
minimizes the amount of CWD left after harvest. Whole-
tree harvesting or harvesting techniques that remove most
of the abovestump biomass from the site are now practiced
in many locals throughout the South.
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Conclusions

The ecological importance of CWD has only recently been
appreciated by foresters and other land managers in the
South. Based on the documented importance of CWD in
the Pacific Northwest and other areas, as well as on the
information presented at this workshop, it would be prudent
for land managers in the Southeast to recognize CWD as an
important structural and functional component of forest
ecosystems rather than as a hindrance that must be removed
at a high cost.

Managing for CWD will certainly not be a primary
objective on all forest lands in the South. The South is
obviously an important timber producer for the Nation and
the world, and many of the South’s forests will be managed
primarily for timber. However, managers should be aware
of the important functions of CWD and should use this
information as they strive to achieve balance between
commodity production and environmental values across the
landscape.
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Dynamics of Coarse Woody Debris—A Simulation
Study for Two Southeastern Forest Ecosystems

Thomas A. Waldrop

Abstract

The FORCAT gap model was used to simulate formation and
decomposition of coarse woody debris (CWD) for two forest ecosystems
on the Cumberland Plateau in east Tennessee. Simulations were
conducted for 200 years after clearcutting on a total of 100 plots, 1/12 ha
in size. Model results showed a decrease in CWD loads in early years as
logging slash decomposed. After year 32, CWD loads increased rapidly
and peaked around year 90. Coarse woody debris loads in older stands
gradually decreased through the remainder of the simulation period. The
assumed decomposition rate strongly influenced CWD loading. Model
results correspond closely to observed loadings in old-growth stands on
the Cumberland Plateau.

Introduction

While exact effects are not well documented, few doubt the
ecological importance of coarse woody debris (CWD) in
Southeastern ecosystems. Little is known, however, about
the changes in CWD loads that might be expected over long
periods, such as through succession. Most studies in the
Southeast have provided short-term “snapshots” of CWD
for specific successional stages and have looked at old-
growth stands (MacMillan 1988; Muller and Liu 1991;
Smith and Boring 1990).

Coarse woody debris dynamics are difficult to predict
because inputs and losses are affected by many biotic and
abiotic factors. Inputs are determined by species compo-
sition, site quality, and sizes and types of disturbance.
Losses of CWD are affected by management strategies
and decomposition rates. Several studies show that
decomposition rates depend on multiple factors
including species (Harmon 1982), climate (Muller and Liu
1991), site (Abbott and Crossley 1982), size of material
(Mattson and others 1987), and contact with the ground
(Barber and Van Lear 1984).

Van Lear (1996) discusses current research on CWD
dynamics in the Southeast elsewhere in these proceedings,
so I cite only a few studies here. A study conducted in
western Oregon and Washington provides the most
complete description of long-term CWD dynamics to date.
Spies and others (1988) and Spies and Cline (1988)

Research Forester, USDA Forest Service, Southern Research Station, 239
Lehotsky Hall, Clemson, SC 29634-1003.
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described CWD loading in 196 Douglas-fir, Pseudotsuga
menziesii (Mirb.) Franco, stands across a chronosequence
ranging from 40 to 900 years since disturbance. This work
serves as a comparison for my simulation study, so I will
provide its results in some detail.

Loading of CWD over the 900-year chronosequence was
described for five successional stages: stand initiation, stem
exclusion, understory reinitiation, old growth, and climax.
During the stand initiation stage (lasting 20 to 30 years),
accumulation of CWD was slow (fig. 1). Even though tree
mortality was high during this period, most trees were too
small to be considered CWD. Coarse woody debris inputs
began during the stem exclusion period (lasting 10 to 30
years) as the canopy closed and mortality of larger trees
began. Input rates were relatively low during this period
because many dying trees were small. Canopy dominance
diminished during the understory reinitiation stage (lasting
100 to 150 years), allowing understory herbs, shrubs, and
trees to become established. Mortality of some large trees
began during this period and CWD accumulated rapidly.

Coarse woody debris continued to accumulate rapidly
during the old-growth stage (lasting 500 to 800 years) as
natural disturbances such as windthrow, diseases, and
insects increased mortality rates of large trees (fig. 1).
Much of the mortality during this period was among
dominant shade-intolerant species, which were replaced by
shade-tolerant species. The shade-tolerant species were
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Figure 1—Accumulation of coarse woody debris across a 900-year
chronosequence for ecosystems of western Oregon and Washington (Spies
and Cline 1988).




relatively long lived and contributed little CWD during
the later years of the old-growth stage. Late in the old-
growth stage, decomposition began to exceed inputs and
CWD loading decreased.

The climax stage was reached when all shade-intolerant
species were replaced by shade-tolerant species (fig. 1).
This stage had less CWD than the old-growth stage because
it lacked the original overstory dominants. Coarse woody
debris dynamics during this stage were difficult to describe
because few of these stands existed. Usually, by this time,
either natural or anthropogenic disturbance had reinitiated
succession.

A lack of similar information about long-term CWD
dynamics in Southeastern ecosystems prompted the
simulation study described in this paper. I used a
previously developed model of forest succession to simulate
stand dynamics, and I estimated CWD loading from
predicted tree mortality. My objectives were to provide
basic information on long-term CWD dynamics in
Southeastern ecosystems and to identify information gaps.

Methods
Description of the Model

The model used for this study was FORCAT (FORests of
the CAToosa Wildlife Management Area), which was
developed for mixed-species forests on the Cumberland
Plateau in east Tennessee (Waldrop and others 1986).
Although the major reason for selecting FORCAT was my
familiarity with the model, it is one of only a few existing
models capable of simulating long-term stand dynamics for
managed, mixed-species stands (Waldrop and others 1989).

FORCAT is a member of a family of models based on the
widely used FORET model (Shugart and West 1977).
FORET is described by Shugart (1984) as a spatial gap
model that simulates stand dynamics for the forests of east
Tennessee. Gap models are a special case of single-tree
models and have demonstrated adaptability over a wide
range of forest types. Simulated gaps range from 0.04 to
0.08 ha in size (Shugart and West 1979), approximating the
area opened by the death or removal of an individual
canopy tree (Shugart and West 1980). These models
generally use simple equations, with parameters that are
easily obtained, to approximate the mechanisms that cause a
forest to change on a small plot of land. Such changes are
simulated through the birth, growth, and death of individual
trees as controlled by various measures of competition and
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other environmental stress factors. Variables used in gap
models as environmental stress factors include shade, stand
basal area, soil moisture, and ambient temperature.

The FORCAT model was developed through numerous
modifications to FORET, making it more specific to
managed sites on the Cumberland Plateau (Waldrop and
others 1986). The model simulates stand dynamics on a
0.08-ha plot using 30 hardwood and 3 pine species
commonly found in the region. Simulation begins with a
mature stand, which is immediately clearcut. After
clearcutting, sprouts and seedlings are stochastically added
to simulated plots based on silvical characteristics of each
species. Diameter and height growth are calculated each
year for each tree as a function of site, species, competition,
and environmental stress. Trees are killed stochastically
each year based on age, species, and current growth rates.

Some of the more significant changes to FORET that were
included in FORCAT were: (1) beginning the simulation
with natural regeneration found in clearcuts instead of bare
ground, (2) basing growth rates on site quality and local
climate, (3) basing seed availability and sprouting habit on
species-specific characteristics, and (4) simulating periodic
clearcutting and prescribed burning. FORCAT was
developed and tested for a xeric hardwood site and
validated with data from a nearby mesic oak site.

Many of the growth and mortality equations used in
FORCAT and FORET were adapted from the JABOWA
model for northern hardwoods (Botkin and others 1972).
Shugart and West (1977), Shugart (1984), and Botkin
(1993) described those equations in detail. Shugart (1984)
also discussed gap models at length. Waldrop (1983) and
Waldrop and others (1986) described development and
validation of FORCAT.

Modeling Coarse Woody Debris Dynamics

Few changes to FORCAT were required to predict CWD
loading. In FORCAT, the diameter at breast height (d.b.h.)
of each tree on the simulated plot (up to 1,200 trees in
young clearcuts) is updated each year according to growth
calculations and then stored in an array. If a tree dies in
any year, the d.b.h. of that tree is removed from the storage
array. At that point, the dead tree was considered CWD and
its biomass was estimated. Biomass was estimated for both
stems and crowns using d.b.h. as the independent variable
in regression equations given by Clark and others (1986).
To account for limbs too small to be considered CWD
(diameter less than 10 cm), estimated crown biomass was
reduced by 20 percent.




The total biomass of dead stems and crowns on a plot was
calculated for each year. This amount was added to the
total CWD remaining from the previous year, and the new
sum was reduced by a constant rate to allow for
decomposition. Decomposition rates of 6 percent, 8
percent, and 10 percent were used to examine the
differences these rates caused in CWD accumulation.
These decomposition rates roughly follow those reported
by Harmon (1982) for hardwood species.

Stand dynamics and CWD accumulation were simulated for
the two site types (xeric and mesic) that were used to
develop and validate FORCAT. The results of these
simulations should give some insight into the effect of site
productivity on CWD accumulation. Model input for the
xeric site was data from a stand with a basal area of 19.3
m%*ha and dominated by post oak (Quercus stellata
Wangenh.), southern red oak (Q. falcata Michx.), and
scarlet oak (Q. coccinea Muenchh.) (table 1). The xeric
site was characterized by thin, acidic soils and moderate
topography. It had a site index of 18 m for upland oaks
(base age 50). For the mesic site, basal area of commercial-
sized trees was 17.6 m?/ha and species composition was
mostly chestnut oak (Prinus L.), white oak (Q. alba L.),
northern red oak (0. rubra L.), and yellow-poplar

Table 1—Species composition for xeric and mesic sites
used as input to FORCAT

Species Xeric site Mesic site
Total basal area (pct)
Black oak 10.6 4.5
Chestnut oak - 24.6
Northern red oak - 18.6
Post oak 27.0 -
Scarlet oak 27.2 --
Southern red oak 13.5 -
White oak 4.0 22.1
Other oaks 14 -
Hickories 3.1 11.8
White ash - 3.9
Yellow-poplar -- 11.6
Other hardwoods 7.0 2.9
Virginia pine 6.2 -

20

(Liriodendron tulipifera L.). The mesic site had a northern
aspect, moderate to steep slopes, and a site index of 31 m
for yellow-poplar (base age 50).

Simulations began with mature stands, which were
immediately clearcut. No artificial regeneration or site
preparation was allowed. A simulation period of 200 years
after clearcutting was used for each of 100 simulated 1/12-
ha plots. Due to the stochastic nature of the growth and
mortality calculations, no two simulated plots were
identical. Shugart and West (1979) suggested including
100 plots in simulations to account for the variability found
in most Southeastern forest types.

Several limitations to this approach of modeling CWD
accumulation are recognized. By defining CWD as dead
trees, standing CWD cannot be distinguished from down
CWD. Also, CWD estimates are likely to be low because
inputs from limbs that die and fall to the ground are not
included. Another limitation is that decomposition rates are
assumed to be the same for all species and size classes of
CWD and across all successional stages. Published
decomposition rates were not available for the species and
types of sites that FORCAT simulates. The simulations do
not include CWD inputs from natural disturbances or from
anthropogenic disturbances, other than the initial clearcut.

Results and Discussion
Coarse Woody Debris Dynamics After Clearcutting

On the xeric site, simulated regeneration was dominated by
sprouts of oak species (39 percent of all stems) that were
abundant in the preharvest stand. Understory hardwoods
that sprout prolifically, such as dogwood (Cornus florida
L.) and sourwood (Oxydendron arboreum L.), made up
another 30 percent of the regeneration. Pine seedlings
represented less than 1 percent of the regeneration.
Throughout the simulation period, understory hardwoods
gradually declined in importance while scarlet oak, post
oak, and southern red oak eventually dominated the stand.

For the mesic site, simulated regeneration was dominated
by northern red oak, white oak, hickories (Carya sp.), white
ash (Fraxinus americana L.), and blackgum (Nyssa
sylvatica Marsh.). No pine regeneration was predicted. By
the end of the simulation, the stand was dominated by
northern red oak, chestnut oak, white oak, and yellow-poplar.
The patterns of CWD accumulation predicted by FORCAT
(fig. 2) for xeric and mesic sites (using a 6-percent
decomposition rate for both sites) were similar to the curve




proposed by Spies and Cline (1988) for western Oregon
and Washington (fig. 1). In all three systems, this pattern
resembled a bell-shaped curve that peaked during the first
half of their respective periods (100 years for simulated
xeric and mesic sites, 450 years for measured Douglas-fir
stands). Later, CWD in each system gradually decreased
until a point, late in succession, where an equilibrium
between inputs and decomposition may have been reached.

Coarse woody debris accumulation on both simulated sites
remained low for 30 to 40 years as trees grew to the
minimum size for CWD (10 cm), even though there was
significant mortality during this period (fig. 2). Between
years 30 and 75 CWD increased rapidly for both simulated
sites. FORCAT predicted decreases in stand basal area
during this period as crown closure occurred and a few
large trees began to die. On the xeric site, for example,
predicted stand basal area decreased from 19.3 m? per ha at
year 50 to 15.9 m2 per ha at year 100.
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Figure 2—Accumulation of coarse woody debris for xeric and mesic sites
as predicted by FORCAT (6-percent decomposition rate for both sites).

The period of rapid CWD accumulation on the xeric site
lasted until the stand was about 70 years old (fig. 2) when
CWD was 30.6 Mega grams per hectare (Mg/ha). Coarse
woody debris continued to accumulate, but at a slower rate,
to a maximum of 32.5 Mg/ha at year 91. For the remainder
of the 200-year simulation period, decomposition slightly
exceeded inputs and CWD loads gradually decreased.

Tree growth on the simulated mesic site exceeded that on
the xeric site, producing a more rapid rate of CWD
accumulation (fig. 2). On this site, CWD accumulated
rapidly from years 30 through 75, reaching a total of 49.3
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Mg/ha. Maximum CWD loading during the simulation
period was 51.4 Mg/ha in year 89. Between years 90 and
200, CWD loading decreased much more rapidly than on
the xeric site. Species on the mesic site were longer lived
than those on the xeric site and the trees continued to grow.
Mortality was higher on the xeric site during this period
due to moisture stress. Therefore, CWD inputs were less
on the mesic site than on the xeric site.

FORCAT predictions for CWD accumulation in older
stands were similar to the ranges observed by Muller and
Liu (1991) for old-growth stands on the Cumberland
Plateau. Between years 90 and 200 (roughly equivalent to
the age of old-growth stands), CWD loads on the
simulated xeric site ranged from 22.8 to 32.5 Mg/ha (fig.
2). Muller and Liu (1991) reported accumulations ranging
from 22 to 32 Mg/ha on dry sites including ridgetops,
upper slopes, and south-facing and west-facing midslopes.
Older stands on the simulated mesic site had CWD loads
ranging from 30.0 (year 200) to 51.4 Mg/ha (year 90).
Muller and Liu (1991) found CWD loads ranging from 34
to 49 Mg/ha on moist midslopes with a north or east
aspect.

Even though FORCAT accurately predicted more CWD
input on the mesic site than on the xeric site, the periods of
accumulation (years 30 through 90) were nearly identical.
This may indicate a failure of the model. Iexpected CWD
loading to peak higher and later on the mesic site than on
the xeric site because the species on the mesic site grow
larger and are longer lived. A common problem among
mixed-species models is an inability to simulate
competition of differeiit species across sites of varying
quality. Since FORCAT development was based on
xeric sites, its growth parameters for mesic sites may
not be as accurate.

Logging Debris

An important, but so far neglected, component of CWD
dynamics in managed stands is logging debris. For
example, Sanders and Van Lear (1988) found that CWD
after clearcutting in the Southern Appalachians can be as
much as 90 Mg/ha. This debris provides regenerating
stands with a structure that can be important habitat for
small mammals (Evans and others 1991; Loeb 1996) as
well as a source of nutrients (Mattson and others 1987).

Logging slash was added to model projections of CWD
inputs immediately after simulated clearcutting. Total
CWD loading at that time was assumed to equal the
biomass of crowns from harvested trees. Crown biomass




was estimated by using the d.b.h. of each harvested tree
(xeric and mesic sites) as the independent variable in
regression equations given by Clark and others (1986).
These estimates were reduced by 20 percent to account for
the portions of crowns too small to be considered CWD

(< 10 cm in diameter).

The estimated CWD load immediately after clearcutting
was 49 Mg/ha on the xeric site and 69 Mg/ha on the mesic
site (fig. 3). On both sites, these levels were higher than at
any other time during the 200-year simulation period.
Figure 3 illustrates the importance of selecting site-
preparation techniques that leave some CWD. Logging
debris decomposes rapidly in clearcuts, but it provides
some CWD during a period when there is little input. In
my model, decomposition exceeded inputs through year 32.
At that time CWD, totaled 16.9 Mg/ha on the xeric site and
18.3 Mg/ha on the mesic site (assuming a uniform
decomposition rate of 6 percent). By year 32, all logging
slash had decomposed. Therefore, after year 32 these
curves were identical to those without logging slash (fig. 2).

Variable Decomposition Rates

An assumption used until now is that decomposition rates
were uniform across site types. The work of Abbott and
Crossley (1982) indicates that decomposition rates are
higher on moist sites. By assuming a decomposition rate of
8 percent on the mesic site and 6 percent on the xeric site,
the difference in simulated CWD loads between sites was
greatly reduced (fig. 4). Even though CWD loading was
much higher on the mesic site in year 1, it decomposed to a
smaller amount than the xeric site by year 32 (12.3 present
vs. 16.9 Mg/ha). By year 75, CWD was again greater on
the mesic site. Beyond that point, however, the lines
converged. During the last 50 years of the simulation,
CWD loads on the two simulated sites were nearly
identical.

This comparison (fig. 4) illustrates the observation of
Abbott and Crossley (1982) that differences in
decomposition rates between sites can be more important
than differences in sizes of CWD. Even though the mesic
site produced far more CWD biomass than the xeric site,
the relatively small difference in decomposition rates (8 vs.
6 percent) produced similar CWD loading throughout the
200-year simulation. If the difference in decomposition
rate is larger (10 percent vs. 6 percent), CWD loading
can be greater on the xeric site for most of the simulation
period (table 2).
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Muller and Liu (1991) suggested that CWD loading was a
function of regional temperature patterns. Their
measurements on dry sites correlated well with published
estimates from warm Temperate Zone deciduous forests.
Likewise, their CWD measurements on moist sites
correlated well with published estimates from cool forests.
Muller and Liu (1991) observed higher CWD loads on cool
(moist) sites than on warm (dry) sites, suggesting that
decomposition rates were not higher on moist sites or that
higher productivity on moist sites compensated for higher
decomposition rates. Broad-scale relationships, such as
this, are oversimplified because CWD decomposition on
any given site is controlled by a combination of moisture,
temperature, soil fertility, species, size, and any number of
other factors.
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Figure 3—Dynamics of coarse woody debris after clearcutting xeric and
mesic sites (predicted by FORCAT using a 6-percent decomposition rate
for both sites).
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Figure 4—FORCAT projections of coarse woody debris loads by site type
and decomposition rate.




Table 2—Coarse woody debris accumulation by site and
decomposition rate as predicted by FORCAT

Decomposition rate

Site 6 pct 8pct 10 pet
—————————— Mg/ha ----------
Xeric
Year 1 (after clearcutting) 49.0 49.0 49.0
Year 32 (minimum CWD load) 16.9 11.8 8.5
Year 91 (maximum CWD load) 32.5 24.5 19.6
Year 200 (end of simulation)  22.8 16.5 12.9
Mesic
Year 1 (after clearcutting) 68.9 68.9 68.9
Year 32 (minimum CWD load) 18.3 12.3 8.9
Year 89 (maximum CWD load) 51.4 39.8 323
Year 200 (end of simulation)  30.0 224 17.9

Conclusions

The FORCAT gap model worked well for this preliminary
attempt to simulate CWD dynamics in two types of
Southeastern ecosystems. Model results were similar to
those of two field studies. The pattern of CWD
accumulation predicted by FORCAT was similar to that
observed in Western ecosystems (Spies and Cline 1988).
Also, the predicted CWD loads were nearly equal to those
reported by Muller and Liu (1991) for ecosystems similar
to those simulated by FORCAT.

Results of this study show general trends of CWD
accumulation over seral stages for the two Southeastern
forest ecosystems used in the study. The result of this study
shows the importance of leaving CWD after harvesting and
emphasize that differences in decomposition rates (possibly
due to differences in site productivity) can significantly
affect CWD loading. Due to a number of limitations,
however, model projections should not be considered
accurate predictions of CWD loading at any given age.

A major limitation found in this study was the lack of
information on inputs and decomposition rates for different
tree species, sizes of CWD, and types of sites. Other
knowledge gaps were discussed by Van Lear (1995) at this
workshop, including the relationship of CWD inputs to
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natural and anthropogenic disturbance. Some of this
missing information could be supplied by additional
research and a broader modeling effort. For example, CWD
dynamics after natural disturbances such as tornados or ice
storms could be predicted by gap models if the return
frequency of those disturbances was known. Also, CWD
inputs from management activities such as thinnings or
selection harvests could be predicted. This effort would
allow managers to use model projections to help determine
how to alter the level or timing of their activities to better
meet their goals for CWD.
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Coarse Woody Debris in Forest Ecosystems:
An Overview of Biodiversity Issues and Concepts

C. Ronald Carroll

Abstract

A central question is, “Why are there so many species?” Attempts to
answer the question have generally followed the broad themes of (1)
explaining via historical, biogeographical processes, and (2) examining
local patterns of diversity in the context of random/stochastic events,
primary productivity levels, competitive interactions, or processes that
prevent equilibrium. Since general, implied hypotheses are difficult to
formulate as testable null hypotheses, examinations of biodiversity
processes have relied on several different measures of community
structure. The coarse woody debris-biodiversity relationship is amenable
to rigorous experimental approaches because coarse woody debris occurs
in discrete, quantifiable units that can be easily manipulated.

Introduction

A central question that has preoccupied the thinking of
ecologists is, “Why are there so many species?” In recent
years, this biodiversity question has expanded to include
both finer levels of resolution (genetic diversity) and higher
patterns (beta and gamma diversity). Attempts to
understand the factors that influence biodiversity have
generally followed two broad themes: (1) Explanations for
regional patterns of biodiversity rely on historical,
biogeographic processes, (2) Explanations for local patterns
of biodiversity most likely evoke some combination of
random, stochastic events; levels of primary productivity;
the outcome of equilibrial competitive interactions; or,
conversely, processes that prevent population densities from
reaching equilibrium levels. The most common
explanations for biodiversity patterns are presented, and
briefly described, in table 1. For a more complete
discussion of biodiversity concepts and patterns, see

Orians (1994).

To varying degrees, these hypotheses suffer from problems
of validation. Although they are presented as hypotheses,
they are extremely difficult to formulate as testable null
hypotheses that can, at least in principle, be rejected or
accepted based on experimentation. The only recourse, in
most cases, has been to search for patterns that are
consistent with particular hypotheses. For example, in
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animal communities little empirical evidence exists to
support the hypothesis that environments with high primary
productivity support more species than less productive
environments. Indeed, some very productive environments,
(e.g., estuaries and eutrophic lakes), are notably
depauperate in animal species. Thus, the ascendancy of any
particular hypothesis is strongly influenced by the weight of
evidence favoring it rather than by the outcome of critical
experiments or analysis.

Because direct experimental examination has proven to be
difficult, most attempts to examine biodiversity processes

relied on indirect measures of community structure. Some
common examples include the following:

1. The existence of morphological character displacement
where two species co-occur is used as presumptive
evidence that competition was an important evolutionary
factor in the community.

2. Species-area relationships are sometimes used to draw
inferences about the extent to which particular habitats have
reached their equilibrium number of species or as estimates
of the total number of species that are expected to be
present. This approach is burdened by many assumptions
that are generally not made explicit. Among those are
responses of biodiversity to increases in sample area or to
changes in some resource density or pattern.

3. Habitats that can be arrayed by increased species
diversity due to the addition of new species, rather than

by replacement of species, are referred to as exhibiting
nested subsets. It is unclear what ecological mechanisms
are responsible for nested subset behavior, but two
conclusions seem reasonable. First, nested subset behavior
suggests that local biodiversity is not strongly influenced
by species interactions. Second, the absence of the nested
subsets could be due to many factors.

4. Recurrent groups are clusters of species that characterize
a habitat type. Under particular circumstances, other
species may be added, but the recurrent groups will be
relatively constant. The concept was introduced by Fager
(1957), who identified a central recurrent group of 23
invertebrates in decaying oak wood with 10 smaller groups
that occurred under particular circumstances. The extent to




Table 1-—A synoptic list of the more common hypotheses evoked to explain patterns of biodiversity

Regional Biodiversity

Biogeographic Constraints. Regional biotic patterns are determined by such geological processes as (1) the
formation/disappearance of land bridges due to changes in sea level, and (2) the formation of mountains and other
barriers and the isolation of continents through large tectonic plate movements. Global climate change can also isolate
biotas through the creation of climatic barriers, e.g., isolating biota on mountain tops during periods of warming
temperature. :

Stability Hypothesis: Relatively constant environments permit finer evolutionary niche partitioning, more
specialization, and hence, greater species packing in communities. This hypothesis has been evoked to explain the
relatively rich diversity of deep marine benthic communities.

Local Biodiversity

Productivity Hypothesis: Habitats with high-primary productivity support more species than habitats with low-
primary productivity. Clearly, very low productive environments, such as very arid deserts, have low species diversity;
however, there seems to be no consistent relationship between primary productivity and local species diversity. An
apparent exception is the general relationship between increasing levels of potential evapotranspiration and plant
species diversity.

Structural Hypothesis: Habitats that are structurally more complex support more species than habitats with simple
structure. Physical complexity produces more potential microclimates, substrates, and refugia from predators; hence,
more physical niches for species. For example, the addition of inert physical structures, such as glass plates, into
experimental ponds provides more substrate for algae and diatoms, thereby increasing species diversity.

Competitive/Predation Hypothesis: In ecological time, competitive displacement reduces species diversity while
predation may either increase or decrease species diversity. The extent to which natural communities are structured by
competition is still an open question despite decades of field and theoretical work premised on the importance of
competition in nature. In competitively structured communities, predation on the competitively dominant species can
prevent competitive displacement, thereby helping to maintain local diversity. The classic example is predation by
starfish on competitively dominant mussels in the Pacific Northwest, giving rise to the notion of “keystone predators”
(Paine 1966). Of course, predation can also simplify communities by exterminating prey species.

Intermediate Disturbance Hypothesis: Habitats with very low or very high levels of disturbance have fewer species
than habitats with intermediate levels of disturbance. In very constant environments, populations reach densities at
which competitive displacement removes species. Habitats that undergo constant disturbance contain only species with
high colonization abilities. This hypothesis emphasizes the importance of the interplay of equilibrial (generally
competition) and nonequilibrial (stochastic disturbances) processes to explain local patterns of biodiversity. An
example may be the role of treefall disturbances in tropical forests that maintain colonizing tree species and provide the
light resources to permit growth of young noncolonizing tree species.

Time Hypothesis: Species diversity increases over time. Some habitats are too new to have accumulated a full
complement of species, e.g., land exposed by a retreating glacier, landslides, changes in river courses, etc.
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which recurrent groups exist is an empirical question that
warrants additional fieldwork. But, when recurrent groups
are found, what does it mean? Several explanations seem
plausible. The presence of recurrent groups could simply
indicate a cluster of particularly good colonizing species.
Conversely, recurrent groups could represent species that
are highly adapted to the particular habitat or resource.
The latter seems far more likely and suggests that the
existence of recurrent groups should be an important focus
of research.

5. Species do not seem to be added to habitats at random;
rather, a sequence is followed, albeit very loosely in many
cases. The extent to which such sequences can be predicted
suggests that “assembly rules” are important for explaining
succession or species richness. Most commonly, assembly
rules are used to imply that the successful establishment of
later species is dependent on the prior presence of
particular earlier species. That is, the earlier species
“condition” the habitat and influence subsequent patterns of
species establishment. Assembly rules have most
commonly been used to explain the temporal process of
island colonization.

Biodiversity Concepts: The Potential
Contribution from Coarse Woody Debris
Communities

Biodiversity studies of coarse woody debris (CWD)
communities have a number of advantages over other
systems:

o CWD comes in discrete units (stems and logs).

® CWD can be experimentally manipulated (stems and
logs can be moved).

e CWD comes in different volumes (sizes from small
stems to large logs).

e CWD comes in different ages (freshly fallen to decayed).

o CWD comes in different resource qualities (species and
decomposition stage).

Potential Manipulation Experiments

Because CWD can be readily manipulated in field
experimental designs, some biodiversity hypotheses can be
tested in more rigorous ways.
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Productivity Hypothesis

How are numbers of individuals or total species biomass
related to diversity of CWD organisms? Does the form of
the productivity/diversity relationship change as a function
of CWD size or tree species?

Structural Hypothesis

Do mixed-sized classes of CWD support more species than
patches made up of single-sized classes? Are large diameter
logs more structurally diverse than smaller diameter logs?
That is, at what diameter class do species begin to show
physical niche separation in the log? How important is tree
species diversity of CWD to the biodiversity of the CWD
communities? What about topographic heterogeneity, e.g.,
do areas with both wet and dry sites support more CWD
species than areas that are either generally dry or

generally wet?

Competition/Predation Hypothesis

Do predators increase or decrease species diversity? Do
larger logs provide more prey refugia? How do prey refugia
change as a function of the stage of CWD decomposition?

Intermediate Disturbance Hypothesis

How do periodic fires influence the long-term average
species diversity of CWD communities?

Stability Hypothesis

How is CWD half-life related to species richness? Is there a
rate of CWD decomposition that maximizes biodiversity?
Over the entire process of decay, does CWD with long
half-times of decay support more or fewer species than
CWD with short half-times? Are rates of decay and
biodiversity influenced more by the temporal variance or
the mean temperature or moisture?

Structure of Biotic Communities

Although the most important feature of CWD is its
suitability for experimentation, various indirect community
structure questions can be addressed as well.




Species “Area” Relationship

Is there a constant species-CWD volume relationship?
How does the slope (Z value) of this function compare to
the slopes found in historical studies of mainland or island
communities? What determines levels of beta-diversity in
CWD organisms, e.g., is the value of beta greater in CWD
patches made up of mixed tree species? How do the beta
values for CWD organisms compare to aboveground
vegetation beta values?

Assembly Rules

How important are early colonizing decay fungi to
subsequent patterns of diversity and rates of species
change? If the early colonizing fungi are white rot versus
blue stain, does the difference influence subsequent
diversity patterns and processes in more than the short
term? Do biogeographic faunal/fungal differences influence
the patterns and processes of biodiversity in CWD? For
example, does the absence of large passalid beetles in the
Pacific Northwest influence CWD colonization by affecting
the distribution of tunnel diameters? Does the absence of
strong assembly rules suggest a large degree of functional
redundancy in the CWD faunae?

Nested Subsets

How common are nested subset patterns in different CWD
communities? What determines the addition of satellite
groups? What do recurrent groups suggest about functional
redundancy in CWD decay communities? If strong patterns
of recurrent groups are found, should they be treated as a
kind of aggregate “keystone species complex”?

Some Concluding Thoughts

The analysis of biodiversity in CWD communities should
emphasize experimentation. In particular, a “common
garden” approach wherein CWD is translocated into
different environments will be important. Such an approach
would make it possible to sort out confounding factors such
as differences in tree species, stand history, and local
climate. For example, fallen logs of longleaf pine (Pinus
palustris) appear to have relatively depauperate decay
communities. Is this due to physical/chemical properties of
this pine, such as its large amount of pitch resin, or, to the
variable moisture levels in sandy coastal plain soils, or to
the fact that high-fire frequency lowers CWD faunal
diversity at the regional level?
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There is also a need to consider landscape scale effects on
biodiversity. For example, the extraction of turpentine,
gums, and resins used to be a major forest industry in the
southern pine region. During that period, the turpentine
borer (Buprestis apricans) was the most serious pest, often
limiting production and subjecting the tunnel-ridden trees
to wind breakage (Baker 1972; Beal 1932). Because the
beetle is strongly attracted to the slashes for resin extraction
points and oviposits in these entry points, management
practices for the extraction of naval stores clearly
contributed to the enormous populations of this borer and,
consequently, to large-scale patterns of CWD production.
After World War II, the industry declined and pine orchards
managed for naval stores largely disappeared.
Subsequently, the turpentine borer has greatly declined in
abundance. The production practices for naval stores that
occurred throughout the Southeastern pine lands greatly
altered CWD production over vast areas. Similarly, other
regionwide management practices such as prescribed
burning, low-tree density plantations for timber versus
higher tree-density plantations for pulp production, and
mixed hardwood/conifer production for wildlife will also
have large-scale effects on CWD production and, hence, on
its associated biodiversity.
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Coarse Woody Debris and Woody Seedling Recruitment in
Southeastern Forests

Rebecca R. Sharitz

Abstract

Few studies have examined the role of coarse woody debris (CWD) in
woody seedling recruitment in Southeastern forests. Elevated substrates
formed by logs, stumps, and other CWD appear to provide sites for seed
trapping, germination, and seedling establishment in wetland forests that
are frequently flooded during all or a portion of the growing season.
Although their importance to the regeneration of the canopy dominant
species may be limited, they may enhance the diversity of these forest
systems by enabling the establishment of a variety of woody species. The
chief value of CWD to seedling recruitment may be in providing an array
of microhabitats on the forest floor and increasing environmental
heterogeneity, thus providing regeneration niches for a mixture of
species.

Introduction

The ecological significance of coarse woody debris (CWD)
in forests is becoming recognized, partly as a result of
increased research in recent years (Harmon and others
1986). Abundant in many natural forest ecosystems, CWD
functions in energy flow and nutrient cycling, influences
soil movement, and serves as habitat for numerous
organisms. It includes a wide variety of types and sizes of
decaying woody materials: standing snags, fallen logs and
branches, and stumps. The input of this material to the
forest floor—whether through small-scale events such as
individual treefalls or through larger-scale phenomena such
as wind storms that cause numerous tree blowdowns—
increases the heterogeneity of substrates and results in a
variety of microsites. The availability of a range of
microsites creates numerous regeneration niches for
seedlings of different species whose adults may be
ecologically similar (Grubb 1977).

Microsites are important to the biological diversity in
forests. Species richness in plant communities may be
maintained by a heterogeneous environment acting on a
series of stages in the reproduction of plants (Grubb 1977).
The stages include seed production, dispersal, germination,
seedling establishment, and the survival and growth of
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juvenile plants to reproductive adults. The importance of
microsites caused by treefalls as new colonization sites for
tree seedlings in temperate forests has been shown (e.g.,
Collins 1990; Collins and Pickett 1982; Hutnik 1952;
Schaetz] and others 1989; Webb 1988). Most studies,
however, have examined seedling establishment on soil
substrates such as pits and mounds associated with
uprooted trees, rather than on the decaying woody material.
Less information exists about the potential role of logs,
stumps, or other woody debris in forest seedling
recruitment. Nevertheless, several studies have specifically
examined woody seedling establishment on decaying logs
in forests of the United States. Growth of Picea
Engelmannii and Abies lasiocarpa seedlings on rotting logs
in a Colorado spruce-fir forest was described by
McCullough (1948). Christy and Mack (1984) reported
that 98 percent of the Tsuga heterophylla seedlings in an
old-growth Pseudotsuga menziesii-Tsuga heterophylla
forest in Oregon were rooted on rotten wood that covered
only 6 percent of the forest floor. Similarly, in a Picea
sitchensis-Tsuga heterophylla forest of the Northwest
Coast, McKee and others (1982) found that 94 to 98
percent of the tree seedlings were growing on CWD, which
constituted 6 to 11 percent of the forest floor. In
experimental studies, survival and growth of seedlings on
decaying logs in this forest type increased as litter and
humus accumulations increased (Harmon 1987).

Harmon (1989) suggested that rotting wood may be more
important as a seedbed in forests of the Pacific Northwest
because it covers more of the forest floor there (6 to 25
percent) than in other regions of the United States (1.6 to 4
percent). Seedling survival in these forests is initially low
on the forest floor because of severe competition with
mosses and herbs, and “nurse logs” serve as safe sites for
early establishment. He noted, however, that long-term
seedling survival on nurse logs is often low because of
competition among seedlings and fragmentation of the
wood substrate (Harmon 1989). In addition, unless the
surviving tree saplings send roots down into the mineral
soil, they are prone to toppling from logs.




Southeastern Forests

Few studies have focused on the importance of woody
debris to seedling regeneration in the forests of the
Southeastern United States. Most reports of seedling
recruitment on nurse logs or stumps are anecdotal. Ina
study of large woody debris in riparian zones of Southern
Appalachian forests, Hedman (1992) used seedling ages to
estimate the minimum residence time of nurse logs. Of the
six seedling species, the most common were Betula lenta
and B. alleghaniensis (64 percent), as well as Tsuga spp.
(25 percent). Other species were Magnolia fraseri,
Liriodendron tulipifera, and Quercus spp. He noted that
the abundance of Betula seedlings on CWD was not
unexpected since these species are often found in canopy
gaps in riparian systems. The most common species of
nurse logs were Castanea dentata (39 percent) and Tsuga
spp., both of which are relatively resistant to decay and
therefore remain in place for long periods of time.

Several current studies are examining seedling recruitment
in sites of abundant CWD input following major
Southeastern windstorms. Myers and others (1993) have
measured CWD and regeneration layer vegetation on Pinus
spp.-hardwood plots on the Santee Experimental Forest in
the South Carolina Coastal Plain following Hurricane
Hugo. Imm and McLeod' are comparing seedling
regeneration following a tornado on timber-salvaged and
unsalvaged bottomland hardwood plots on the Savannah
River Site in South Carolina. Conner (1993) has reported
very little natural regeneration of woody species during the
first two growing seasons following Hurricane Hugo in
low-lying forest areas on Hobcaw Barony, SC. He did note
occasional establishment of Persea borbonia, Myrica
cerifera, Lyonia lucida, and Acer rubrum on old stumps,
baldcypress buttresses and knees, and other areas raised
above the water.

Elevated microsites formed by CWD may allow growth of
certain plants and may be important in maintaining species
diversity in swamps and wetland forests where the soil
substrate of the forest floor is covered with water during all
or a portion of the growing season. Floating log and stump
communities in the Blue Girth Swamp of Alabama were
described by Hall and Penfound (1943), who noted that
they contained wetland and terrestrial plant species not
found on the forest floor. In a study of the Santee Swamp

'Imm, Donald W. [and others]. 1994. Manuscript: Tornado induced
changes in composition and successive differences during recovery due to
treatment effects. Savannah River Ecology Laboratory, Aiken, SC.
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of South Carolina, Dennis and Batson (1974) listed eight
woody species (among 24 total species) that were abundant
on stumps and floating logs, and Irwin (1975) described
similar communities on stumps in the Savannah River
floodplain; A. rubrum was the most common woody
seedling in both cases. It should be noted that the wood of
baldcypress, Taxodium distichum, a common canopy tree in
these Southeastern swamp forests, is relatively resistant to
decay. Thus, some CWD probably persists for long periods
in these wetland systems.

Seedling Recruitment on CWD in
Floodplain Forests

Studies of woody seedling recruitment in riverine swamp
systems have shown that CWD and microtopography
associated with CWD provide sites for early seedling
establishment (fig. 1). In a Taxodium distichum-Nyssa
aquatica swamp on the floodplain of the Savannah River in
South Carolina, Huenneke and Sharitz (1986) examined the
distribution of woody seedlings across 16 distinct types of
microsites, including forms of woody debris (stumps, logs,
branches, and twigs), living wood (tree and shrub bases,
baldcypress knees, mats of fine roots), sediment adjacent to
dead or living woody substrates, and open sediment at low
and higher elevations. They found seedlings of six trees (7.
distichum, N. aquatica, Planera aquatica, A. rubrum,
Fraxinus caroliniana, and Quercus spp.), two shrubs (Itea
virginica and Cephalanthus occidentalis), and five woody
vines (Smilax laurifolia, Vitis spp., Ampelopsis arborea,
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Figure 1—Distribution of microsites and woody seedlings in floodplain
swamps in South Carolina and Florida. Coarse woody debris = logs,
stumps, branches, and twigs; living wood = tree and shrub bases,
baldcypress knees, and fine root mats; soil near wood = soil within 5 cm
of woody debris or living wood; elevated soil is typically not submerged
during growing season; low soil is typically submerged (Huenneke and
Sharitz 1986; Titus 1990).




Rhus radicans, and Berchemia scandens) growing on
microsites that were elevated above the level of the
surrounding forest floor. Approximately 75 percent of the
woody seedlings occurred on woody debris, living wood
substrates (especially root mats), or in soil adjacent to
woody microsites (fig. 1). Given the low abundance of
CWD, these decomposing wood microsites support a
disproportionally large percentage of seedlings. The
canopy dominant species, T. distichum and N. aquatica,
constituted approximately 32 percent of all woody
seedlings.

Similarly, in the broadleaf deciduous forest of the Welaka
swamp on the St. Johns River floodplain in Florida, Titus
(1990) examined the distribution of woody seedlings in
relation to different microtopographic features. He also
found that most seedlings occurred on elevated substrates;
however, in contrast to the Savannah River swamp, raised
soil areas that were rarely submerged provided microsites
for more than 57 percent of the seedling recruitment (fig.
1). Approximately 31 percent of the woody seedlings in the
Welaka swamp occurred on woody debris, living wood
substrates, or in soil adjacent to wood. The canopy

dominant species, F. caroliniana and Nyssa sylvatica var.
biflora, accounted for only 3 percent of the seedlings;
common species on CWD substrates were A. rubrum,
Persea palustris, Sabal palmetto, and Vaccinium elliotti.

To compare seedling-microsite associations between
locations, distribution indices (DI) were calculated to
express a species’ occurrence on a given microsite type,
weighted by the abundance of that microsite (table 1). In
general, larger or more stable forms of CWD (stumps and
logs) supported proportionally greater numbers of
seedlings (DI values greater than 1.0), whereas smaller
debris (branches and twigs) supported proportionally fewer
(DI less than 1.0). Woody seedlings in both swamps
showed stronger association with stumps than with any
other form of CWD. The higher DI values for woody
species in general than for the canopy dominants on stumps
and logs in the Savannah River swamp suggest that these
CWD substrates may be important in maintaining species
richness in this system. Interestingly, few seedlings of the
canopy dominants grew on soil adjacent to large woody
debris in the Savannah River swamp, aithough such
microsites were far more significant for seedling

Table 1 — Distribution index (DI") values for selected tree species on coarse woody
debris and related microsites in two Southeastern swamps

Microsite All! Taxodium! Nyssa' Acer? Quercus?
species distichum aquatica  rubrum laurifolia
Coarse woody debris
Stump 17.0 6.1 23 3.8 1.3
Log 7.7 5.5 0.7 1.5 1.0
Branch 1.1 1.1 0.2 0.1 0.0
Twig 0.0 0.2 0.1 0.1 1.8
Soil near wood
Near stump 0.5 0.0 0.8 2.7 0.0
Near log 0.5 0.0 0.8 0.3 1.1
Near branch 0.2 0.0 0.5 4.2 5.2
Near tree 1.7 2.5 29 2.8 43
Near knee 5.8 11.9 10.7 18.0 0.0

* DI = (percent seedlings on a microsite)/(percent area covered by microsite).
! Savannah River swamp, SC (Huenneke and Sharitz 1986).

? Welaka swamp, FL (Titus 1990).
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recruitment in the Welaka swamp. In both systems,
seedlings also were strongly associated with elevated soil
surrounding clusters of baldcypress knees (highest DI
values) and with soil adjacent to tree bases (table 1).

Elevation above the water and physical stability are two
features of these microsites that are critical to their function
as safe sites for seedling establishment. The Savannah
River swamp is a deep-water system with high-energy
floods typically occurring during winter months that may
erode sediment adjacent to woody structures, whereas the
Welaka swamp is a relatively low-energy, shallow-water
system. Areas of unflooded soil are more common in the
Welaka swamp and provide the most favorable substrate for
seed germination and the rooting of seedlings; unflooded
soil is not common during the growing season in the
Savannah River swamp.

Differences in seedling densities among microsite types in
swamps may arise in several ways. First, different densities
of seeds may be dispersed to or be trapped by different
microsites. In swamps, the seeds of many species are
dispersed by water (hydrochory) during periods of
inundation, and the process of seed trapping and retention
may be particularly important. Schneider and Sharitz
(1988) found that seeds of T. distichum and fruits of N.
aquatica were trapped chiefly by logs and knees (fig. 2);
very few water-dispersed seeds remained in open areas not
associated with emergent substrates. Similarly, seeds were
retained and incorporated into the sediment (seed bank)
primarily adjacent to logs, knees, and the bases of trees.
Second, germination percentages may differ in the
environments of different substrates. For example, both T.
distichum and N. aquatica are known to require aerated
sites not covered by standing water for germination
(Demaree 1932; Shunk 1939). In a deep-water swamp, the
importance of emergent microsites may lie chiefly in
providing germination and seedling establishment sites
above summer water levels. Third, seedling survival and
growth rates undoubtedly differ among microsites. Rotting
wood has lower concentrations of the nutrients required for
plant growth than most mineral and organic soils (Harmon
and others 1986), thus growth can be slower on woody
microsites than on elevated soil microsites. Nevertheless,
erosion may limit seedling survival on soil substrates,
especially during high-energy floods.

Stability of the rooting medium is a major component of
microsite suitability for swamp tree seedlings. Huenneke
and Sharitz (1990) examined the physical properties of
several swamp substrate types and their influence on N.
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Figure 2—Distribution of Taxodium distichum and Nyssa aquatica seeds
and seedlings on woody microsites (debris and living wood) in a
floodplain swamp in South Carolina. Values for each woody microsite
include seeds or seedlings in soil within 5 cm of the woody structure
(e.g., +NS = near stump) (Schneider and Sharitz 1988).

aquatica performance in the Savannah River floodplain.
They focused on the stability of the rooting zone and the
relative permanence of various substrate types over a winter
flood period. No trees or live knees disappeared during the
floods and only one dead stump (out of 22) was lost despite
the small size and/or advanced state of decomposition of
some stumps. Approximately 10 percent of the logs were
completely lost from the study site, and 80 percent had
moved downstream or showed signs of having moved or
shifted position; small branches and twigs were quite
impermanent. It is therefore not surprising that the highest
numbers of N. aquatica seedlings occurred in association
with the more permanent sites of knees and tree bases (fig.
2) and stumps (table 1).

Emergent CWD microsites may play a role in maintaining
woody species diversity in areas that typically are under
water during all or a portion of the growing season. In the
Congaree Swamp in South Carolina, Putz and Sharitz
(1991) observed that CWD microsites enabled less flood-
tolerant species such as Liquidambar styraciflua and A.
rubrum to become established and persist in deep-water
Taxodium-Nyssa sloughs, thus increasing the species
richness of the forest. Similarly, Dennis and Batson (1974)
noted the diversity of woody seedling species on stumps
and floating logs in the Santee Swamp. The long-term
importance of these sites to recruitment of canopy species




is less certain. Most CWD may be poor substrates for long-
term seedling survival and growth. Trees that show rooting
patterns indicative of having become established on wood
that later decayed are commonly seen in Southeastern
swamp forests, but they account for a small percentage of
the overall stems. Furthermore, such root systems may be
less stable than normally formed roots, and these trees may
be more susceptible to uprooting. For example, following
Hurricane Hugo, Putz and Sharitz (1991) noted that trees
that had rooted on decaying stumps and logs in deep-water
areas of the Congaree swamp were more likely to have
been uprooted than were trees rooted directly in the
sediment.

Even in deep-water Taxodium-Nyssa forests, natural
variations in water level, especially prolonged periods of
low water during the growing season that expose the soil on
the forest floor, appear to be required for successful
regeneration of the forest canopy trees. In most mixed
bottomland forests along river floodplains of the Southeast,
seedlings and small saplings (advance regeneration) occur
on the forest floor across a variety of microsites. In such
forests that are not flooded for prolonged periods during the
growing season, small differences in elevation may be
correlated with germination and survival of different
species (Jones and others 1994) and woody debris may be
most important in contributing to the overall environmental
heterogeneity of the site, rather than serving as an
important substrate for recruitment.

Conclusions

The role of CWD in Southeastern forests may have
received less attention than in other parts of the country for
several reasons. Most of the original forests of the
Southeast were logged in the 1700’s and 1800’s, and few
natural stands of large trees remain today; this is especially
true in the Piedmont. In the moist temperate climate of the
Southeast, wood decomposition occurs rapidly and many of
the native tree species are not especially decay-resistant.
Furthermore, forest management techniques that have been
used historically throughout this region have seldom
resulted in significant amounts of CWD scattered across the
forest floor. Although approaches to forest management
that consider ecological principles are being adopted in the
Southeast (Sharitz and others 1992), and awareness of the
potential value of CWD is increasing, there may typically
be less rotting wood in Southeastern forests than in forests
elsewhere.
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The importance of woody debris to regeneration in
Southeastern forests is not known, although studies have
documented the occurrence of woody seedlings on CWD,
especially in wetland forests. Woody debris may be
important in building up structure and sediment to form
microsites that are not flooded; this is especially likely in
wetland systems with low-energy flood waters and less
erosive force. The increased heterogeneity and availability
of substrates on the forest floor, interacting with increased
light in canopy gaps, no doubt provides an array of
regeneration niches for different species and may increase
the overall richness of the forest community. Even if
seedlings are not rooted directly on the CWD, this material
influences microenvironmental conditions such as light,
moisture, and nutrient availability and results in a greater
array of microsites. Further study of seedling
establishment, survival, and growth to reproductive
maturity in forests with woody debris left intact is needed
to evaluate the ecological significance of CWD in the
regeneration of Southeastern forests.
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Diversity of Lignicolous Basidiomycetes
in Coarse Woody Debris

Karen K. Nakasone

Abstract

Basidiomycetes are the most conspicuous fungi on wood and are the main
decomposers. Lignicolous basidiomycetes include white-rotters that
remove both lignin and cellulose, and brown-rotters that remove only the
cellulose and hemicellulose. The South is a region of diverse lignicolous
basidiomycetes because it is the northern limit for many tropical and
subtropical taxa and the southern limit for many north temperate taxa.
Niches for various taxa are defined by host, substrate, size, and degree of
decay. Hence, diversity of these fungi can be enhanced by a mixture
of woody angiosperm and gymnosperm debris of different decay and
size classes.

Introduction

Southern forests support a species-rich flora of lignicolous
fungi. This diversity has its basis in the favorable climatic
conditions of the region and the variety of woody plant
hosts. The warm temperatures and abundant precipitation
are ideal conditions for many species of fungi. Most
filamentous fungi that inhabit woody debris are
ascomycetes, deuteromycetes, and basidiomycetes. This
discussion will be limited to basidiomycetes, which are the
most conspicuous fungi on wood and are the major
decomposers.

Lignicolous basidiomycetes are divided into two groups
based on the type of decay they cause. Fungi that remove
both the lignin and cellulose from wood are called
white-rotters. The decayed wood is often bleached, with a
spongy or stringy texture. Most lignicolous basidiomycetes
are associated with a white-rot decay. Fungi that selectively
remove the cellulose and hemicellulose, leaving the lignin
behind, are referred to as brown-rotters. The woody
residues are characteristically dark brown and crumbly, and
fall apart in cubes. Only about 6 percent of lignicolous
basidiomycetes are known to be associated with brown-rot
decay (Gilbertson 1980). There are at least 125 species of
brown-rot basidiomycetes, which are classified in four
orders: Aphyllophorales (Corticiaceae, Coniophoraceae,
Fistulinaceae, Polyporaceae), Agaricales, Tremellales, and
Dacrymycetales. A majority of the brown-rot species (70
percent) are members of the Polyporaceae (Gilbertson
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1981). About 85 percent of brown-rot fungi are associated
with gymnospermous hosts (Gilbertson 1980; Nobles
1958). In some regions, cubical brown-rot residues are the
major component in the soils (Harvey and others 1976a;
McFee and Stone 1966) and the primary site of
ectomycorrhizal root development (Harvey and others 1976b).

The Southern United States hosts the most diverse mycota
of lignicolous basidiomycetes in the country. This area is
the northern limit for many tropical and subtropical
lignicolous basidiomycetes such as Aleurodiscus mirabilis
and Gloeodontia discolor. Similarly, many north temperate
species have their most southern distribution in the
southeast; Veluticeps ambigua and Phlebia acerina are
examples. Other taxa, such as Inonotus ludovicianus and
Resinicium meridionalis are endemic to the Southern
United States. In the last 13 years, a number of new species
of lignicolous basidiomycetes have been described from
this region (Adaskaveg and Gilbertson 1988; Burdsall and
Nakasone 1981, 1983; Burdsall and others 1981; Gilbertson
and Blackwell 1984, 1985, 1987, 1988; Larsen and
Nakasone 1984; Nakasone 1983, 1984). Nevertheless, the
lignicolous mycota of the Southern United States is still
poorly known, and many new species are yet to be
described.

Host and substrate are important biotic factors that
contribute to diversity of fungi on wood. Most species of
lignicolous fungi are somewhat host specific. For example,
Aleurodiscus mirabilis is found on branches of
rhododendron, where as Phlebia hydnoidea typically occurs
on American chestnut and occasionally on oak. Other
species are found exclusively or preferentially on
gymnospermous or angiospermous hosts. Auriculariopsis
albomellea and most Resinicium species, for example,
prefer gymnospermous hosts, whereas P. albida and most
Stereum species occur on woody angiosperms. Other
species are omnivorous and have no host preference;
Phanerochaete chrysorhizon and Subulicystidium
longisporum are examples of these taxa.

Fungi often display preferences in substrates. Some species
colonize only live plants and may be pathogenic or
nonpathogenic. Although species such as Armillaria
tabescens and Heterobasidion annosum are aggressive
pathogens, many other species are nonpathogenic on living
tissue. For example, nonpathogenic fungal endophytes that




colonize living limbs are also the first ones to decay the
dead limbs (Chapela 1989; Chapela and Boddy 1988). Most
endophytes are ascomycetes or deuteromycetes. Some
basidiomycetes, such as Dendrothele, fruit only on bark of
living trees. Other species, such as A. mirabilis and
Dendrophora versiformis, fruit primarily on bark of dead
branches. Decorticated wood is the preferred substrate for
some taxa; however, most species are found on bark and
woody tissue. Species of Resinicium fruit on decorticated
wood, but Phlebiella vaga and Phlebia chrysocreas,
common and widely distributed species, develop sporocarps
on bark and wood.

The size of the substrate is also important. Typically, large
fruiting bodies are associated with logs, stumps, and snags.
For example, Laetiporus sulphureus develops fruiting
bodies on logs and stumps, and Armillaria tabescens is
associated with stumps and roots of trees. Other species are
specific to branches and twigs. Stereum striatum is
frequently found on small-diameter twigs and branches of
Carpinus.

The degree of decay of the woody substrate can also
influence fungal diversity. Some lignicolous fungi are
associated only with well-rotted wood. These are often
fragile or ephemereal species such as Trechispora
farinacea. Amphinema byssoides and other mycorrhizal
corticioid species also develop fruiting bodies on
well-rotted wood. In contrast, Cryptoporus volvatus
commonly fruits within a year after death of its conifer tree
host before being replaced by other lignicolous fungi
(Gilbertson and Ryvarden 1986).

Some lignicolous fungi also prey on nematodes that inhabit
wood. Because nitrogen is in limited supply in woody
substrates, many species use nematodes and microbes as
nitrogen sources. These fungi have developed several
mechanisms to capture nematodes (Thorn and Barron
1984). Specialized cells called stephanocysts produced in
some species of Hyphoderma become attached to the
nematodes and eventually invade the host (Liou and Tzean
1992). Species of Hoehnbuehelia produce adhesive cells to
catch their prey whereas Pleurotus ostreatus produces a
toxin that inactivates nematodes. Pleurotus ostreatus and
other species of lignicolous fungi also utilize bacteria as a
nutrient source (Barron 1988; Blanchette and Shaw 1978).

To examine the diversity of lignicolous fungi in more
detail, species associated with sweetgum (Liquidambar
styraciflua L..) and loblolly pine (Pinus taeda 1..) will be
considered. A list of lignicolous basidiomycetes recorded
on these hosts is shown in the appendix. Most records were
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taken from Fungi on Plants and Plant Products (Farr and
others 1989); other records are from the Forest Products
Laboratory. The list is not exhaustive. At least 73 species of
lignicolous basidiomycetes are associated with loblolly
pine and 120 species with sweetgum, compared to 228
species reported for ponderosa pine (Gilbertson 1974) and
260 for aspen (Lindsey and Gilbertson 1978). The taxa are
distributed in five orders, with most species classified in the
order Aphyllophorales (table 1). Within the Aphyllophorales,
the majority of species are classified into two families: the
Corticiaceae, which consist of many white-spored genera
that have a primarily resupinate habit, and the Polyporaceae,
which include most of the poroid genera. Fifty-two and 80
genera have been reported on loblolly pine and sweetgum,
respectively, representing a total of 103 different genera. A
few genera are represented by four or more species:
Pleurotus, Hyphoderma, Phanerochaete, Phlebia,
Phellinus, and Stereum.

Table 1-—Distribution of lignicolous basidiomycetes on
loblolly pine and sweetgum by order

Order Loblolly pine Sweetgum

Agaricales 5 17
Aphyllophorales
Corticiaceae
Hymenochaetaceae
Lachnocladiaceae
Polyporaceae
Stereaceae
All other families
Auriculariales
Dacrymycetales
Tremellales
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Table 2—Lignicolous basidiomycetes common to both
sweetgum and loblolly pine

Laxitextum bicolor
Nigroporus vinosus
Phanerochaete burtii

Armillaria tabescens
Auricularia auricula
Dacryopinax spathularia
Diplomitoporus overholtsii  Phanerochaete chrysorhizon
Gloeophyllum sepiarium Phanerochaete flavido-alba
Hyphoderma praetermissum Phlebiella vaga
Hyphoderma puberum Schizophyllum commune
Hyphoderma setigerum Subulicystidium longisporum




No representatives of the Stereaceae have been reported on
loblolly pine. In North America, Stereum, a common and
widespread genus, occurs primarily on angiospermous
hosts; Stereum sanguinolentum is the only species that
occurs on conifers, but it has not been recorded on loblolly
pine. Similarly, most species in the Hymenochaetaceae and
Lachnocladiaceae are associated with angiospermous hosts.

Of the 193 taxa reported on both sweetgum and loblolly
pine, only 16 species (9 percent) are common to both hosts
(table 2). Most of these taxa are common and widely
distributed throughout North America. Five species of
brown-rot fungi have been reported on sweetgum compared
to 14 species on loblolly pine (table 3). This represents

Table 3—Brown-rot decay fungi on loblolly pine and
sweetgum

Loblolly pine Sweetgum

Antrodia radiculosa
Antrodia serialis
Antrodia xantha
Coniophora olivascens
Dacrymyces stillatus
Dacryopinax spathularia
Fomitopsis palustris
Gloeophyllum carbonarium
Gloeophyllum sepiarium
Laetiporus persicinus
Phaeolus schweinitzii
Postia caesia

Postia guttulata
Wolfiporia cocos

Dacrymyces minor
Dacryopinax spathularia
Fomitopsis spraguei
Gloeophyllum sepiarium
Gloeophyllum trabeum

Table 4—Sibling fungal species on loblolly pine and
sweetgum

Loblolly pine Sweetgum

Dacrymyces minor
Inonotus ludovicianus
Ganoderma lucidum

Dacrymyces stillatus
Inonotus circinatus
Ganoderma meredithae
Junghuhnia luteoalba Junghuhnia nitida
Meruliopsis ambiguus Meruliopsis corium
Peniophora pini subsp. duplex Peniophora violaceolivida
Perenniporia subacida Perenniporia tenuis
Scytinostroma galactinum Scytinostroma protrusum

about 4 percent and 19 percent, respectively, of all the fungi
reported from these hosts. These values are similar to that
found for other gymnospermous and angiospermous hosts
(Gilbertson 1980, 1981).

Several sibling species occur on loblolly pine and
sweetgum (table 4). These species are morphologically
similar and often share a similar habit, but one taxon occurs
primarily or exclusively on angiospermous wood whereas
the other prefers gymnospermous wood. For example, fruit
bodies of Scytinostroma galactinum and S. protrusum are
morphologically identical but can be distinguished by
isozymes and cultural morphology (Nakasone and Micales
1988). In addition, S. galactinum occurs exclusively on
gymnosperms, whereas S. protrusum is known only on
woody angiosperms.

Accurate totals of species of lignicolous fungi have become
available only recently. Ginns and Lefebvre (1993)
included 1,163 species of lignicolous, corticioid
basidiomycetes (including the jelly fungi) from Canada and
the United States. Gilbertson and Ryvarden (1986-87)
described 411 species of polypores from North America.
Added to the approximately 620 species of Agaricales
(Gilbertson 1980) that occur on wood, the total number of
lignicolous basidiomycetes reported from North America is
2,194. Therefore, the 177 unique species on sweetgum and
loblolly pine represent 8.1 percent of the total mycota of
lignicolous basidiomycetes from North America.

As an example of the potential diversity in the Southern
United States, we can examine the fungi reported from
different habitats and hosts from this region. Jung (1987)
described 130 species of wood-rotting Aphyllophorales
from the spruce fir forest of the Southern Appalachians.
Only 38 species (29 percent) are also reported on sweetgum
and loblolly pine; 92 species (71 percent), representing 25
genera, are not reported. Similarly, Gilbertson and
Blackwell (1985, 1987) described 51 taxa of lignicolous
fungi on juniper in the Gulf Coast region, of which 41
species do not occur on loblolly pine or sweetgum, or in the
spruce fir forest.

These examples can be used to obtain a rough estimate of
the number of species of lignicolous basidiomycetes that
occur in the Southern United States. A total of 300
different lignicolous species are reported on loblolly pine,
sweetgum, and juniper, and from the spruce fir forest
region. A conservative estimate for this region is 600
species; an optimistic estimate is 1,000 species. It is
important to remember that this entire discussion has
focused on fungi that produce fruiting bodies. There are




probably many species living in woody tissue that rarely or
never produce fruiting bodies because the environmental
conditions are not optimal. Although many of these species
can be cultured, they often cannot be identified. Thus, by
relying on sporocarps to evaluate fungal diversity, we are
sampling just a part of the mycota.

In summary, the diversity of lignicolous basidiomycetes in
the southern forests is directly related to the quality and
quantity of the coarse woody debris. Diversity of these
fungi can be enhanced by a mixture of woody angiosperm

and gymnosperm debris of different decay and size classes.
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