
Dimimica Sucecional y Implicancias de la Renovaci6n de un Bosque Montano
de Coniferas en los Apalaches Centrales, USA.

ABSTRACT: Central Appalachian montane red spruce (Picea rubens Sarg.) communities have been
greatly reduced in extent and functional quality over the past century. This community decline has put
several plant and animal species, such as the endangered Virginia northern flying squirrel (Glaucomys
sabrinus fuscus Shaw), at risk from habitat loss, and has resulted in the elimination of these forests as
a commercially important type. Where feasible, red spruce restoration efforts may help mitigate these
regional trends and provide valuable lessons for community restoration efforts elsewhere. In a pilot
study designed to better understand second-growth spruce structure, we inventoried trees and downed
coarse woody debris in an isolated montane red spruce forest in West Virginia, USA. We quantified
stand characteristics and compared them to structural characteristics of old-growth forest communities
of similar composition. At this relict forest, stand initiation occurred in the early 1920s following a
period of watershed-wide timber harvesting. Live tree basal area ~ 10 em dbh (44.5 m2 ha-l ) , snag
density ~ 10 em dbh (256 ha-I) , and total fallen log volume (86.2 m3 ha-I) were similar to old-growth
attributes. However, snag basal area ~ 10 cm dbh (4.6 m2 ha"), height of dominant and co-dominant
red spruce (24.7 m), and maximum red spruce dbh (48.0 cm) were significantly less than would be
expected in old-growth forests of similar composition. Red spruce comprised> 40% of dominant crown
class trees and often was a main canopy emergent. However, eastern hemlock (Tsuga canadensis [L.]
Carr.) had the highest relative importance value (51.7%), with red spruce (18.0%) and red maple (Acer
rubrum L.) (16.7%) representing lesser fractions. Stocking at 147% of threshold full stocking was
correlated with slow growth rates for red spruce and eastern hemlock. Growth and yield simulations
indicated current conditions would support a thinning in smaller size classes that could accelerate
individual tree growth rates and decrease time required to attain additional old-growth structural
characteristics.

RESUMEN: Las comunidades montanas de Picea rubens Sarg en los Apalaches Centrales han sido
altarnente reducidas en extension y en calidad durante el ultimo siglo. Esta disminucion de la comunidad
ha puesto a muchas especies de plantas y animales, tales como la Ardilla voladora del Norte de Virginia
(Glaucomys sabrinus fuscus Shaw), en riesgo de perdida de habitat, y ha resultado en la perdida de la
importancia comercial de este bosque. Donde es posible, los esfuerzos de renovacion de P. rubens

pueden ayudar a paliar esas tendencias regionales y proveer lecciones valiosas para los esfuerzos de
renovacion en otros lugares. En un estudio piloto, desarrollado para mejorar el entendimiento del
crecimiento secundario de P. rubens, inventariamos los arboles y los bastos troncos en descomposicion
en un bosque aislado de P. rubens en Virginia del Oeste, USA. Cuantificamos las caracterfsticas de los
arboles y las comparamos con las caracterfsticas de comunidades de bosques maduros de composici6n
similar. En este relicto de bosque, los arboles mas viejos son de la decada del 20, posteriores a un
perfodo de extraccion madedera. El area basal de los arboles vivos ~ 10 em dap (44.5 m2 ha-l ) , la
densidad de nudos ~ 10 em dap (256 ha-l ) , yel volumen total de madera caida (86.2 m3 ha') fueron
similares a los atributos de un bosque maduro. No obstante, el area basal de los arboles con nudo ~ 10
em dap (4.6 m2 ha"), la altura de P. rubens dominantes y co-dominantes (24.7 m) y el dap maximo de
la especie (48.0 em) fueron significativarnente menores que 10que se hubiese esperado de un bosque
maduro de composicion similar. P. rubens comprende >40 % de las copas dorninantes y a menudo fue
el emergente mas importante. No obstante Tsuga canadiensis [L.] Carr. tuvo el valor de importaneia
relativa mas alto (51.7%), con P. rubens (18.0%) y Acer rubrum L. (16.7%) representando los menores
porcentajes. El stock al 147% del umbral de stock Ileno fue correlacionado con las lentas tasas de
crecimiento de P. rubens y Tsuga canadiensis [L.] Carr. Simulaciones de crecimiento y produccion
indicaron que bajo las condiciones actuales se soportarfa una extraccion en las clases pequefias que
podrfa acelerar la tasa de crecimiento individual de los arboles y disminuir el tiempo requerido para
lograr las otras caracterfsticas estructurales de bosque maduro.
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INTRODUCTION

Central and southern Appalachian mon­
tane coniferous forest communities of red
spruce (Picea rubens Sarg.), eastern hem­
lock (Tsuga canadensis [L.] Carr.), Fraser

fir (Abies fraseri [Pursh] Poir.), and bal­
sam fir (A. balsamea [L.] Mill.) and com­
binations thereof are considered among
the most threatened forested ecosystems
in the United States (Noss et al. 1995,
Christensen et al. 1996). Most central
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Appalachian red spruce forests in the Al­
legheny Mountains subsection of Virginia
and West Virginia have never returned to
pre-exploitation conditions following the
railroad logging era and subsequent wide­
spread fires from 1880 to 1930 (Pielke
1981, Stephenson and Clovis 1983, White
and Cogbill 1992). Following exploitive
logging practices, livestock producers in
West Virginia often repeatedly burned cut­
over forest to create high-elevation sum­
mer range (Stephenson 1993). Repeated
fires degraded soil conditions by consum­
ing the ecologically critical humus layer
characteristic of montane and boreal coni­
fer ecosystems (Brooks 1908, Clarkson
1964). Degraded red spruce forests often
were converted to low-quality northern
hardwood forests or shrub-dominated
glades (Brooks 1911, Stephenson 1993).
In West Virginia, red spruce-dominated
montane forests have declined from >
200,000 ha at the time of the Civil War to
20,000 ha today (Stephenson and Clovis
1983, Stephenson 1993).

Currently, red spruce forest recovery in
the central and southern Appalachians is
being hindered by a variety of biotic and
abiotic factors. These include atmospheric
acidic deposition, hemlock adelgid (Adel­
ges tsugae Annand) and balsam woolly
adelgid (Adelges piceae Ratzeburg ) infes­
tations , excessive white-tailed deer
(Odocoileus virginianus Zimmerman) her­
bivory; surface mining, and recreationall
second-home development (Friedland et
al. 1984, Schroeder 1988, McLaughlin et
al. 1990, Battles et al. 1992, Micheal1992,
Mohnen 1992, White and Cogbill 1992,
McDonald 1993, Hollingsworth and Hain
1994, Fredrickson 1998, Jenkins et al.
1999,Parker et al. 1999, Odom et al. 2001).
Nonetheless, after approximately 100 years
of postfrre ecosystem processes, there are
indications that partial restoration in cen­
tral Appalachian red spruce forests is oc­
curring and could be accelerated by active
management. Red spruce can successfully
compete with associated hardwoods in
central Appalachian ecotones below ele­
vations believed optimal for red spruce
(Cogbill and White 1991). Moreover, the
elevation of this ecotone may be decreas­
ing (Adams et al. 1999). Red spruce also
may be stabilizing in some locations in the
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southernAppalachians (Busing et al. 1988).
Experimental thinning of dense second­
growth red spruce stands reversed decades­
long declines in individual tree vigor
(Hornbeck and Kochenderfer 1998). In
West Virginia, the presence of extensive
areas with low-quality northern hardwood
overstories and red spruce and eastern
hemlock understories, suggests that man­
agement efforts such as overstory thinning
to release the conifer-dominated understo­
ry could be used to accelerate montane red
spruce forest recovery.

Accelerating red spruce forest recovery in
the central Appalachians potentially could
lead to enhanced or increased habitat for
two federally listed species-Cheat Moun­
tain salamander (Plethodon nettingi Green)
and Virginia northern flying squirrel
(Odom et al. 2001). Several species of
concern such as the saw-whet owl (Ae­
golius acadicus Gmelin), northern gos­
hawk (Accipter gentiles L.), snowshoe hare
(Lepus americanus Erxleben), and fisher
(Martes pennanti Erxleben) also would
benefit from red spruce forest recovery
(Hall 1983, Smith 1993). Despite being
poorly surveyed by invertebrate ecologists,
regional red spruce forests harbor several
relict and endemic insect and spider spe­
cies, and are believed to host species that
are not yet described (Acciavatti et al.
1993).

Second-growth patches of red spruce or
mixed red spruce-eastem hemlock 0.1 ha
to > 1000 ha in size are present in the
Allegheny Mountains in West Virginia and
Virginia above approximately 900-1000
m (Bailey and Ware 1990, Cogbill and
White 1991, Stephenson 1993, Hornbeck
and Kochenderfer 1998). In West Virginia,
these small stands may represent viable
foci at which to begin restoration efforts
aimed at improving habitat quality for
special concern species and increasing the
extent of montane red spruce communities
on the 700,000 ha of land above 900 m
(DiGiovanni 1990). The existence of these
stands raises two questions. First, can sec­
ond-growth red spruce stands be "restored"
using active management to provide abet­
ter habitat for problematic or imperiled
flora and fauna? Second,can small, isolat­
ed patches of red spruce actually provide

functionally usable high-elevation mon­
tane habitat?

Before restoration plans can proceed, how­
ever, a better understanding of the struc­
tural and functional characteristics of ex­
tant montane red spruce forests is needed.
Accordingly, we evaluated characteristics
of an isolated second-growth red spruce­
eastern hemlock stand on the Mead-West­
vaco Ecosystem Research Forest (MW­
ERF). As a logical first step toward
restoration, we felt it was important to
document structural characteristics of sec­
ond-growth spruce forests, which consti­
tute most of the existing spruce forest in
the region. Previous work has focused on
the few remaining old-growth remnants
(Adams and Stephenson 1989), but sec­
ond-growth red spruce provides the op­
portunity for improving montane habitat
at wider landscape and regional scales. We
also modeled future stand development to
examine how management decisions are
likely to affect desired future structural
and functional characteristics such as red
spruce size and relative abundance,
amounts of downed coarse woody debris
(CWD), and overstory canopy structure.

METHODS

Site Description

The 3360-ha MWERF is located in the
UnglaciatedAllegheny Mountain and Pla­
teau physiographic province of West Vir­
ginia (Fenneman 1938) on the Rich Moun­
tain Massif in southwestern Randolph
County (N 38°42', W 80° 3'). Established
by Westvaco Corporation in 1994, the area
is reserved for the study of forest manage­
ment in central Appalachian ecosystems.
Oldest forests on the MWERF are second­
growth stands that were established by
natural regeneration following widespread
railroad logging that occurred in this por­
tion of West Virginia in the 1900s-1920s
(Clarkson 1993). Elevations range from
740 to 1200 m. Topography consists of
steep side slopes with broad, plateau-like
ridgetops and narrow valleys with small,
high-gradient streams. The climate is cool
and moist, with average annual precipita­
tion exceeding 155 em (Strausbaugh and
Core 1978). Area soils are acidic, well-
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drained Inceptisols that are considered frig­
id above 1000 m, particularly in sheltered
positions. Most forest cover on the MW­
ERF is primarily a northern hardwood type
dominated by American beech (Fagus
grandifolia Ehrh.), yellow birch (Betula
alleghaniensis Britton), sugar maple (Acer
saccharum Marsh.), red maple (A. rubrum
L.), black cherry (Prunus serotina Ehrh.),
Fraser magnolia (Magnolia fraseri Walt.),
and red spruce. Higher elevations (> 1000
m) and riparian areas are characterized by
increased dominance of red spruce and
eastern hemlock. Throughout, rosebay
rhododendron (Rhododendron maximum
L.) and striped maple (A. pensylvanicum
L.) form dense understory thickets. An
artifact of recent forest harvesting and
excessive white-tailed deer herbivory,
dense cover of hay-scented fern iDenns­
taedtia punctilobula [Michx.] Moore) oc­
curs where the shrub layer is absent and
the overstory canopy is not continuous
(Ford and Rodrigue 2001). Although the
bulk of montane red spruce in the Alle­
gheny Mountains occurs eastward on the
Cheat, Backbone, Allegheny, and Back
Allegheny Mountain ranges, several small
patches (0.5-5 ha) of red spruce and eastern
hemlock, and a disjunct, small population
of the Virginia northern flying squirrel,
occur on Rich Mountain at the MWERF
and neighboring Kumbrabow State Forest.

Data Collection

In September 1999, we located eight fixed­
area circular plots (0.04 ha) along transects
at 25-m intervals to sample vegetation and
coarse woody debris (CWD) in the "Spruce
Rocks" area of the MWERF. Plots were 25
m or more from the adjacent northern hard­
wood forest. We recorded tree species, di­
ameter at breast height (dbh; 1.3 m for trees
~ 10 em), and crown class. Our classifica­
tion of individual tree crowns consisted of
dominant, co-dominant, intermediate, over­
topped, or standing dead according to com­
monly used criteria (Smith et al. 1997).
Downed CWD sampling (> 2.54 em in di­
ameter) included piece length and endpoint
and midpoint diameters (Maser et ale 1979,
Barker 1997).An estimate of downedCWD
decay was recorded but is not reported here
becauseCWD exhibited minimalvariability
(most downed wood exhibited little decom-
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position). Within each main plot quadrant,
we randomly selected one red spruce and
oneeasternhemlockfor coring (consequent­
ly all crown classes were sampled) and sub­
sequent radial growth analysis (n =71). We
cored as close to ground level as practical to
better determine individual stem establish­
ment dates. Cores generally were removed
fromtrees perpendicular to surrounding ter­
rain slope to avoid sample compression.

Data Analysis

Weprepared tree cores for ring-width mea­
surements by sanding core surfaces with
sandpaper to enhance ring visibility under
magnification. We measured ring widths
using a Velmex measuring stage calibrated
to 0.01 mm inconjunctionwith MeasureJ2X
software (North Sandwich, N.H.) to record
tree-ringmeasurementfiles. Following tree­
ring measurement cross-dating using mark­
er years based on consistently narrow years
(e.g., 1988),we used COFECHA to statisti­
cally validate the cross-dating of ring-mea­
surementseriesfor individual species (Gris­
sino-Mayer et ale 1997).

Stem wood radial growth patterns and stem
establishment dates were used to assess
past stand dynamics (Lorimer and Frelich
1989). We distinguished past stand distur­
bances from climatic effects based on re­
lease periods. Drought effects in eastern
mesic forests have been shown to last only
for several years (Mcintyre and Schnur
1936, Cook and Jacoby 1977). Release
events signifying major canopy distur­
bances persist longer and often are mea­
sured as percent growth changes (%GC).
We used established methodology to cal­
culate annual %GC by comparing preced­
ing to superseding 10-year radial means
(McCarthy and Bailey 1996, Nowacki and
Abrams 1997, Schuler and Fajvan 1999).

We summarized plot vegetation data and
initial percent stocking using FlexFIBER
software (Thomas Brann, University of
Maine, Orono, pers. com.). Relative im­
portance value was calculated for each
species as the mean of relative density
(stems), relative dominance (basal area),
and relative frequency (Cottam and Curtis
1956).We used the Forest Vegetation Sim­
ulator (FVS) (Teck et al. 1996) with the

NE-TWIGS variant (Teck 1990) to project
stand growth and yield characteristics for
the next 50 years using different manage­
ment scenarios. We graphically depicted
individual tree and stand structure charac­
teristics using the Stand Visual System
(SVS) (McGaughey 2001).

We compared stand structure characteris­
tics from Spruce Rocks to old-growth for­
est attributes as compiled by Tyrrell et ale
(1998). Inventory characteristics at Spruce
Rocks were compared to live tree basal
area (n =25), snag density (n =13), dead
tree basal area (n =11), and maximum red
spruce dbh (n = 66) for montane and allied
spruce-fir old-growth study sites (Tyrrell
et ale 1998). Due to insufficient CWD data
associated with this forest type (n = 3),
Spruce Rocks CWD was compared to
CWD data from old-growth study sites
classified as conifer-northern hardwood
forests (n = 26) (Tyrrell et ale 1998). Nor­
mal probability plots were generated for
all variables to check for outlying obser­
vations and the assumption of normal dis­
tribution before proceeding with hypothe­
sis testing. Mid-range smoothers were used
to assess how closely plotted points fol­
lowed a line connecting the first and third
quartiles. One snag density observation
from Reiners and Lang (1979), which used
a smaller minimum dbh, appeared to be an
extreme value and was omitted from fur­
ther analysis. We used two-sample t-tests
not dependent on equal variances for hy­
pothesis testing (Montgomery 1991).

We evaluated different thinning strategies
to understand effects on future stand struc­
ture changes relative to no management.
Our simulated management scenarios for
the next 50 years represent a range of
management options and include two thin­
ning scenarios: a low-thinning regime and
a crown-thinning regime. We also project­
ed an uncut reference stand for the same
period. Both thinning scenarios reduced
tree numbers to the fewest that still could
utilize all of the growing space, otherwise
known as the "B-line stocking level" (Gin­
grich 1967). Thinnings were simulated to
occur immediately and then again after 30
years. Thinnings from below were limited
to trees > 12 em dbh to incorporate com­
mercial feasibility. Crown thinning re-
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Table 1. Inventory characteristics of a mixed red spruce and eastern hemlock forest at the Mead-Westvaco Ecosystem Research Forest, Randolph
County, West Virginia, 1999.

Relative Relative Relative Relative
Density Density Dominance Dominance Frequency Frequency Importance

Species (stems ha-') (%) (m2 ha-1) (%) (# plots) (%) (%)

Tsuga canadensis 931 71.2 26.4 58.4 8 24.2 51.3

Picea rubens 159 12.2 8.6 18.9 8 24.2 18.4

Acer rubrum 138 10.6 8.5 18.7 7 21.2 16.8

Betula alleghaniensis 62 4.7 1.3 3.0 6 18.2 8.6

Amelanchier arborea 9 0.7 0.2 0.3 2 6.1 2.4

/lex sp. 6 0.5 0.0 0.0 1 3.0 1.2

Prunus serotina 3 0.2 0.3 0.7 1 3.0 1.2

TOTALS 1,308 45.2 33

Figure 1. Inventoried diameter class distribution for tree species at Spruce Rocks, Randolph County,
West Virginia.
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em (SE = 1.3, n =44). Overall diameter
distribution of sampled trees formed a
unimodal size-class distribution typical of
single-cohort stands undergoing stem ex­
clusion.

Red spruce was often emergent above the
stand's upper continuous canopy. Red
spruce comprised 40% of dominant crown
class trees (Figure 2) and was consistently
the tallest dominant and codominant
species (mean height =24.7 m, SE =0.9,
n = 8; eastern hemlock: mean height =
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senting about equal lesser fractions (Table
1). The large importance value of eastern
hemlock was due to both high relative
density (stems) and high relative domi­
nance (basal area). Eastern hemlock was
present in most diameter classes and had a
mean dbh of 17.3 em (SE = 0.4, n = 300)
(Figure 1). Red spruce also was present
throughout most diameterclasses but trend­
ed larger (mean dbh =24.3 em, SE =1.4,
n = 51). Red maple, unlike associated co­
nifers, was not present in diameter classes
below 11 em and had a mean dbh of 26.6

RESULTS AND DISCUSSION

In terms of relative importance, the Spruce
Rocks area is dominated by eastern hem­
lock, with red spruce and red maple repre-

Current Conditions

moved the largest diameter trees in the
stand until stocking level criteria were
achieved. Species removal preferences
were red maple, eastern hemlock, and red
spruce, respectively,when trees of the same
dbh were incurred by the simulator's thin­
ning algorithm. The thinning from below
was designed to increase growth rates of
the stand's larger trees. The thinning from
above was designed to simulate removal
of the most valuable timber and fiber prod­
ucts. Applicable simulators such as FI­
BER and NEe..TWIGS have been calibrat­
ed for northeastern conifers and are based
on data from New England (Schuler et al.
1993). We are not aware of empirical sim­
ulators specifically calibrated for central
Appalachian high-elevation coniferous
forests. Furthermore, we do not suggest
our growth and yield simulations deter­
mine optimality for stand structure char­
acteristics. We compared widely different
thinning strategies to illustrate the impor­
tance of today's management decisions on
future conditions. We recognize that other
silviculture strategies might do more to
improve forest structure relative to the
needs of species such as the Virginia north­
ern flying squirrel.
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tributes (Table 2). Downed CWD mean
diameter at the largest end was 9.4 em (SE
= 0.60 n = 8); largest downed CWD diam­
eter at log's end and maximum downed
CWD length across all plots and all pieces
was 28.0 em and 13.0 m, respectively.
These piece sizes are indications that fall­
en log volume was a result of tree mortal­
ity in smaller size classes.

Figure 2. Relative distributions of tree species within five crown classes (1 =dominant, 2 =codominant,
3 =intermediate, 4 =overtopped,5 =dead) at Spruce Rocks, Randolph Country, West Virginia.

20.8 m, SE =0.5, n= 4; red maple: mean
height = 22.4 m, SE = 0.2, n = 3). From
our size sampling alone, it was unclear
whether this structural characteristic was
attributable to growth or age-related dif­
ferences among tree species present.

Structural characteristics for the Spruce
Rocks stand reflected both old-growth and
second-growth attributes, as compared to
published data from similar forest types.
Stand basal area of livestems greater than
10 em dbh did not differ significantly from
that of montane and allied spruce-fir old­
growth forests in the eastern United States

(Table 2). This stand exceeded full stock­
ing (147% of the B-line stocking) and
accordingly would be expected to exhibit
slow individual tree growth with high den­
sity-dependent mortality of overtopped and
intermediate crown class individuals. In­
deed, total standing snag density was high
and did not differ from old-growth forests
of similar composition (Table 2). Most
standing dead stems were eastern hemlock
(86%), with red spruce (8%), yellow birch
(3%), and. red maple (3%) at lesser frac­
tions. Downed CWD was prominent
throughout and did not differ in mean total
volume from old-growth structural at-

Not all structural characteristicsof the stand
were indicative of old-growth conditions.
In addition to overall live tree size class
distribution (Figure 1), maximum red
spruce dbh, and dead tree basal area were
indicative of second-growth time frames
for stand development (Table 2). In addi­
tion, mean height of dominant and codom­
inant red spruce was not indicative of old­
growth sites in the central Appalachians,
where red spruce can exceed 31·m in total
height (Adams and Stephenson 1989).
Dead tree basal area indicated that mortal­
ity was limited mostly to smaller trees.

Although stand structure exhibited both
old-growth and second-growth attributes,
it was clear from ages of cored trees that
Spruce Rocks was a second-growth stand
as suspected (Figure 3a). Most trees orig­
inated or were released after 1920, which
coincides with original watershed-wide
timber harvesting (ca. 1921) by the Moore­
Kleppel Company (Roger Sherman, Mead­
Westvaco, Rupert, W.Va.,pers. com.). Co­
hort recruitment during the stand-initiation
stage continued for approximately 30 years,
from 1920 to about 1950. No new signif-

Table 2. Comparison of truetural characteristics of Spruce Rocks red spruce-eastern hemlock forest at the Mead-Westvaco Ecosystem Research Forest,
Randolph County, West Virginia, and regional old-growth attributes of similar forest type.

Spruce Old·
Attribute Rocks Growth Method t df P

Live tree basal area (rrr' ha-l ) 44.5 39.3a Two-sample, separate variance -1.767 24.1 0.090

Snag density (stems ha') 256.0 211.0a Two-sample, separate variance -0.774 17.2 0.449

Downed CWD (m3 ha') 86.2 121.4b Two-sample, separate variance 1.972 12 0.072

Dead tree basal area (m2 ba") 4.6 1O.7a Two-sample, separate variance 3.119 14.4 0.007

Maximum red spruce dbh (em) 48.0c 62.9a One-sample 8.432 65 0.000

a Attribute from montane and allied spruce-fir old-growth forests (Tyrrell et al. 1998).

b Attribute from conifer-northern hardwood old-growth forests (Tyrrell et al. 1998).

C Observed maximum at Spruce Rocks study site, Randolph County, West Virginia.
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designed to reduce stocking levels so that
expected tree mortality over the simula­
tion period would be greatly reduced.
However, CWD could be increased by thin­
nings if selected trees were cut or dead­
ened by artificial means such as girdling
or herbicides but not removed from the
stand, as is done during precommercial
operations. If such an approach were used,
then crown thinning would maximize total
volume of CWD contributions during the
next 50 years (Table 3). Perhaps the most
striking difference in the future conditions
that we observed in our simulations was
the relative frequency of larger trees (e.g.,
dbh> 50 em) (Table 3). When we inven­
toried, we did not find any trees with a dbh
as large as 50 em; yet expected stand de­
velopment over the next five decades would
resultin about 37 trees ha' that exceed this
size. Furthermore, the low thinning dou­
bles larger tree density relative to the un­
managed reference stand. As predicted by
FVS and NE-TWIGS, size class distribu­
tion of trees in the year 2049 (as measured
by QMD) achieved by low thinning would
take an additional 50 years (2099) to attain
without active management. Of course,
the crown-thinning scenario prevents larg­
er trees from occupying the stand during
the simulation period.

The predicted structural differences in the
year 2049 among the three considered
options are apparent when they are graph­
ically depicted (Figure 4). Inventory con­
ditions in 1999 reflect structural charac­
teristics ofa single-cohort stand with mixed
species in the stem-exclusion stage (Fig­
ure 4a). Vertical stratification within and
among species is not yet well developed,
although dominant, codorninant, interme­
diate, and suppressed crown classes are
present. By 2049, without external influ­
ences such as thinning or a pest outbreak
(e.g., hemlock wooly adelgid), stand de­
velopment will remain in the stem-exclu­
sion stage, and species composition will
remain relatively constant (Figure 4b, Ta­
ble 3). Crown thinning effectively retards
stand development, and future conditions
approximate current conditions (Figure 4c).
However, the low-thinning regime is ex­
pected to cause substantial change in struc­
tural characteristics (Figure 4d). As simu­
lated, the second low thinning in 2029 to
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icant recruitment has occurred since. Red
spruce mean annual radial growth rates
peaked in 1922 and %growth change
(%GC) exceeded 100% from 1914 to 1922
(Figure 3b). Overall, red spruce radial
growth declined from about 1930 to 1990,
a decline which is typical of single-cohort
stands during the stem-exclusion stage.
Eastern hemlock growth rates were simi­
lar to those of red spruce and displayed the
same negative exponential trend (Figure
3c). For the past decade, eastern hemlock
and red' spruce growth rates have stabi­
lized, as indicated by recent trends in %GC
(Figure 3b and 3c).

Figure 3. Age, mean ring width, and percent growth change relationships for all cored (a) red spruce
and (b) eastern hemlock; age and diameter relationship for (c) all cored trees at Spruce Rocks, Randolph
County, West Virginia.
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Table 3. Current and alternative future conditions of Spruce Rocks red spruce-eastern hemlock forest at the Mead-Westvaco Ecosystem Research
Forest, Randolph County, West Virginia.

Downed Standing Harvested Gross
CWDa QMDb Live Trees Dead trees % RSc Volumed Volume Volume"

Year (m3 ha-1) (em) ~ 50.8 em ha-1 ~ 50.8 em ha-1 (IV) (m3ha-1) (m3ha-1) (m3ha-1)

1999 86 19.6 0 0 18.4 265.5 265.6

2049 with

no management 180 32.0 37.3 3.5 14.0 565.5 565.5

2 thinnings (below) 97 42.9 70.6 3.5 30.8 321.2 195.8 517.2

2 thinnings (above) 40 28.4 0 0 16.4 365.8 372.3 738.2

a CWD (coarse woody debris) in 2049 includes standing mortality projected from 2000 to 2049, excludes 1999 CWD, and does not account for decomposition
during the projection period.

b Quadratic mean stand diameter.

C Percent red spruce.

d Cubic volume includes all trees 12.7 em dbh and larger.

e Gross volume is the sum of standing volume and harvested volume.

about 30 rrr' ha' of residual basal area
creates canopy gaps that persist for at least
20 years (Figure 4d). Of course, actual
stand structure would depend on residual
tree spatial arrangement. Gaps could be
favored by removing trees in clumps rath­
er than evenly spacing residual trees. Such
gaps may lead to understory re-initiation
(caveat: understory re-initiation cannot be
empirically predicted by NE-TWIGS and
is not depicted in Figure 4). Oliver and
Larson (1996) refer to the understory re­
initiation stage as "transition old-growth"
and strongly suggest that many functional
"old-growth" forests fit this category.Struc­
tural attributes of such late-successional
stands, such as large CWD,_Jarge cavity
trees, and canopy heterogeneity, would
benefit the Virginia northern flying squir-

. rel (Urban 1988, Weigl et al. 1999). More­
over, because age limits of red spruce and
eastern hemlock are approximately 400
and 1000 years, respectively (Burns and
Honkala 1990), the transition old-growth
stage represents the most plausible desired
future condition.

CONCLUSIONS

Old-growth red spruce forests were once
widespread throughout the central Appa­
lachians. Currently, red spruce forests that
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display old-growth characteristics repre­
sent less than 1% of the remaining type
and are extremely isolated. Existing sec­
ond-growth red spruce forests may pro­
vide some characteristics of old-growth
structure and function, as suggested by the
regional persistence of rare, threatened, or
endangered species thought to prefer old­
growth structure. Our study at Spruce
Rocks, West Virginia, found that some el­
ements of old-growth forest structure, and
possibly habitat, are present but that oth­
ers, such as larger living and dead trees,
are lacking. Larger trees provide larger
snags and longer lasting cavity trees for
saw-whet owls (DeGraff and Yamasaki
2001), better drey nest sites for Virginia
northern flying squirrel (Jennifer Menzel,
West Virginia University, Morgantown,
pers. com.), larger canopy gaps following
windthrow and new recruitment in them,
greater variability ofvertical structure from
recruitment in gaps, and larger CWD.

Forest stands free of human disturbance
are rare, and some levels of human distur­
bance are compatible with old-growth con­
servation values (Hunter and White 1997).
The harvest of forest products and man­
agement for endangered species generally
areregarded as mutually exclusive resource
objectives. However, rare species habitat

protection and active stand management
are often without conflict when appropri­
ate mitigations are used (Kittredge 1996,
Schnepf et ale 1998, Stanturf et al. 1998).
Game management has long been a com­
ponent of silvicultural practice (Smith et
ale 1997), but management for nongame
species also is increasingly incorporated
(e.g., DeGraff and Shigo 1985, Kittredge
1996, Rudolph and Conner 1996, Schnepf
et ale 1998). Active management can ben­
efit both game and nongame species (Bend­
er et ale 1997, Healy 1997). Moreover, the
practice of improving forest health through
appropriate silviculture is gaining accep­
tance (Oliver et ale 1994, Kaufmann and
Regan 1995, Stone et ale 1999).

We propose that some stand manipula­
tions can be used to hasten the onset of
later successional red spruce forest at­
tributes that are poorly represented in the
central Appalachians. This strategy can be
incorporated into large-scale forest resto­
ration activities, which would include for­
est structure enhancement that leads to
better representation of rare conditions
(Keddy and Drummond 1996). Consistent
with our recommendations, thinning has
been used successfully in secondary red
spruce forests as long as no more than
one-fourth to one-half of the basal area is
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removed, thereby avoiding problems of
excessive windthrow (Frank and Bjork­
bom 1973, Frank and Blum 1978). Al­
though the precision of our simulations
should be viewed cautiously, predicted
patterns reflect robust forest successional
patterns. We further recommend adaptive
management procedures to test and refine
silvicultural treatments aimed at develop­
ing forest structure that more accurately
reflects old-growth conditions. Future re­
search efforts related to restoring montane
coniferous forests in the central Appala­
chians should incorporate the spatial con­
text of second-growth stands so that ef­
forts can be prioritized based on potential
use by species that are dependent on later
successional stages.
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