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Abstract: Traditional silvicultural practices focus on manipulating forest vegetation structure for commodity produc- 
tion. Structural features important to wildlife, such as snags, trees with decay, and cavity trees are also affected by for- 
est management, but these effects are often not quantified. This study measured the effects of different thinning 
intensities (45, 60, and 75% residual relative densities and uncut controls), heartwood decay resistance (resistant, 
slight), and age (formed pre- or post-treatment) on the density and volume of snags and decayed wood in an Appala- 
chian hardwood stand. Cavity trees considered useful to local woodpecker species were also measured. Results indi- 
cated that snags and decayed wood were two to four times more abundant in controls compared with heavily thinned 
(45% residual density) treatments. Most snags were small-diameter, decay-resistant sassafras (Sassafras albidurn (Nutt.) 
Nees) and black cherry (Prunus serotina Ehrh.) that died early in stand development. Large-diameter (230 cm diameter 
at breast height) snags and cavity trees were uncommon in both thinned treatments and controls. 

R6sumb : Les pratiques sylvicoles traditionnelles cherchent avant tout a manipuler la structure de la vegetation fores- 
tibre dans le but de produire de la matibre premibre. Les caractCrktiques structurales importantes pour la faune, telles 
que les chicots, les arbres caries et les arbres avec des cavitb, sont egalement influencees par l'amenagement forestier 
mais ces effets ne sont gtn6ralement pas quantifies. Cette etude visait a mesurer les effets de differentes intensites 
d'kclaircie (45, 60, 75% de densite relative residuelle et un temoin non Qlairci), de la resistance du bois de coeur A la 
carie (resistant et peu resistant) et de l'lge (form6 avant ou aprhs le traitement) sur la densite et le volume des chicots 
et du bois cariC dans un peuplement feuillu des Appalaches. Les arbres avec des cavites utiles pour les esphces locales 
de pic-bois ont Cgalement Btd mesures. Les resultats montrent que les chicots et les bois caries sont deux Zi quatre fois 
plus abondants dans le traitement ttmoin comparativement 1 I'dclaircie forte (45% densite relative). La plupart des chi- 
cots etaient des cerisiers noirs (Prunus serotina Ehrh.) et des sassafras officinal (Sassafras albidurn (Nutt.) Nees), resis- 
tants ?i la carie et de petit diambtre, qui meurent t6t dans le developpement du peuplement. Les chicots et les arbres 
avec des cavites de fort diamhtre (230 cm au diambtre a hauteur de poitrine) Ctaient rares autant dans le traitement td- 
moin que dans les Bclaircies. 

[Traduit par la Redaction] 

Introduction life species (such as primary cavity nesting birds) that de- 

Traditional silvicultural practices focus on manipulating 
forest vegetation structure for commodity production. Forest 
managers attempt to minimize decay and mortality of live 
trees to reduce risks of insect and disease outbreaks or fire 
and to maximize the space available to superior growing 
stock (N yland 1996). However, silvicultural treatments can 
reduce habitat features important to nongame species. The 
formation rate of habitats, such as feeding substrate and 
nesting sites, can also be altered. Removal of dead or defec- 
tive trees in silvicultural operations negatively impacts wild- 
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pend on these trees for food and shelter (Conner et al. 1975; 
McComb and Noble 1980; Hunter 1990). 

Silvicultural thinnings are procedures used to improve the 
quality, growth, and survival of residual trees. The type of 
thinning method influences the structural qualities of the re- 
sidual stand. In low thinning, trees in overtopped, intermedi- 
ate, or codominant (Smith et al. 1997) crown positions can 
be cut, which indirectly benefits trees in dominant or strong 
codominant crown positions. Trees that are defective or 
likely to die are minimized in the residual stand. In contrast, 
crown thinning removes primarily low-quality codominant 
and dominant trees in the canopy that interfere with the 
growth of more desirable codominant or dominant associates 
(crop trees). Defective or subcanopy trees are retained in the 
stand if they do not compete with designated crop trees. 

Recent changes in forest management priorities have 
emphasized maintenance of natural plant and animal com- 
munities, rather than maximization of wood production. Pro- 
cesses such as tree decay and mortality are now seen as vital 
components of healthy forests (Hagan and Grove 1999). Re- 
search conducted within the past 20 years has consistently 
illustrated the critical role of dead wood in forest ecosystems 
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(Bormann and Likens 1979; Harmon et al. 1986; McMinn 
and Crossley 1996). Hence, snags and other dead woody 
structures are important stand attributes deserving consider- 
ation in silvicultural prescriptions. 

The length of time that dead trees remain standing, and 
consequently have the potential to serve as feeding and cav- 
ity nesting sites, is largely a hnction of  wood durability. 
Panshin and DeZeeuw (1980) presented classifications of  
species heartwood decay resistance for lumber and other 
"wood in service," which are supported by field studies of 
snag decay (Harmon 1982; McPeek 1985; Dickson et al. 
1995; Moorman et  al. 1999). 

The first objective of this study was to compare the den- 
sity and volume of  snags and decayed trees among different 
thinning intensities. Because snag age and wood decay char- 
acteristics also influence snag size and abundance, the ef- 
fects of snag .age (formed prei or  post-thinning), and degree 
of  species heartwood decay resistance were also examined. 
The second objective was to describe how thinning influ- 
enced woodpecker habitat. 

Methods 

Study area  
The study area is located on the 3 100-ha West Virginia Univer- 

sity Forest, 13 km east of Morgantown, W.V. Forest cover types 
are described as Appalachian mixed hardwood and oak-hickory 
(Burns 1983). The study area consists of a 24.3-ha stand (39'39'43"N, 
79'4528"W) located on a ridgetop at an elevation of 640 m, with 
northeast slopes ranging from 0 to 23%. The soils are moderately 
to extremely well drained and are characterized as Dekalb series on 
hill slopes and ridgetops, and deeper Ernest series on concave 
slopes bordering streams (USDA 1959). 

Similar to most stands in the region, the study area has under- 
gone many disturbances during the past 150 years: periodic partial 
cuttings, fires, and chestnut blight (Hicks 1998). On mesic lower 
slopes the current second growth forest consists of yellow-poplar 
(Liriodendron tulipifera L.), northern red oak (Quercus rubra L.), 
and black cherry (Prunus semtina Ehrh.) with lesser amounts of 
red maple (Acer rubrum L.) and sweet birch (Betula lenta L.). 
Drier ridgetops are dominated by chestnut oak (Quercus prinus L.) 
and scarlet oak (Quercus coccinea Muenchh.), with smaller 
amounts of red maple. In 1998, the stand was approximately 
68 years old, with site indices (base age 50) of 24.4 m for yellow- 
poplar and 21.3 m for northern red oak (Carmean et al. 1989). 

Experimental design 
Treatments were established as part of a cooperative study be- 

tween the USDA Forest Service, Parsons, W.V., and the West Vir- 
ginia University, Division of Forestry (Miller et al. 1984; Brock et 
al. 1986). In 1982, the 52-year-old stand averaged 37.1 m2ha basal 
area and 618 treeslha for trees 210 cm diameter at breast height 
(DBH). The stand was divided into twenty, 1.2-ha experimental 
units (1 10.2 m x 110.2 m). At the center of each experimental unit, 
a 0.2-ha permanent plot was established, where all live trees 
22.54 cm were marked with numbered metal tags prior to treat- 
ment. Variables measured for each tree prior to logging included 
species; DBH (to the nearest 0.25 cm); crown class (dominant, 
codominant, intermediate, overtopped); and remarks noting defects 
such as skinned stem, broken or dead top, bend or lean, presence 
of grapevines (Vitis sp.), or flat-topped crown. Trees that were dead 
at plot establishment were gouged with a wood scribe so that they 
could be distinguished from tagged trees during future measure- 
ments. Snags were cut only if they contained salvageable lumber or 
if they presented hazards during logging. 

Three thinning treatments and an uncut control were randomly 
assigned to the experimental units, resulting in five replications 
of each treatment. The thinnings consisted of cutting to 75, 60, 
or 45% relative density (RD) according to the upland hardwood 
stocking guide (Gingrich 1967). The thinning procedure selected 
two thirds of the "cut" trees from below mean stand diameter and 
one third above mean diameter. High-value species such as yellow- 
poplar, red oaks, and white oaks were favored as residual trees, 
while lower value species such as red maple and sassafras (Sassa- 
fras albidum (Nutt.) Nees) were preferentially removed (Table I). 
During the spring of 1983, the stand was conventionally logged by 
a commercial logging contractor using chainsaws and rubber-tired 
skidders. Trees were not skidded through adjacent treatment plots. 
The plots were remeasured by the same USDA Forest Service crew 
in 1988, 1993, and 1998. During each measurement period, in- 
growth trees 22.54 cm DBH were measured and tagged with a new 
number series. 

Field procedures 

Live tree measurements 
In 1998, all live trees 212.7 cm DBH were searched for signs of 

defect or decay. Only trees with an estimated 210% volume loss 
due to defect or decay were measured; less than 10% decay was 
considered useless to woodpeckers. Trees were searched from at 
least two sides using binoculars. Outwardly visible defects that can 
indicate heart rot include fire scars, branch stubs, seams, and bro- 
ken tops (Hepting et al. 1940; Berry and Beaton 1972). The per- 
cent volume loss was estimated based on the number and type of 
defects, pnd the height of the tree to the nearest half log (2.4 m), 
using tables presented by Tubbs et al. (1986) (after Zillgitt and 
Gevorkiantz (1946)). 

Snag measurements 
During the spring of 1998, each plot was censused for snags. In 

this study, a "snag" was defined as a self-supporting, standing dead 
tree 210.0 cm DBH (with or without bark) and 21.5 m tall. Snags 
that did not meet all these criteria were considered to have "fallen." 
Each snag was labeled with a permanent tag. 

The snag measurements had two primary phases: (i) detennine 
the current status (standing or fallen) of all trees 210 cm DBH that 
had died since treatment and (ii) measure the snags currently found 
on the plots (i.e., a mixture of snags formed before and after treat- 
ment). All trees 210 cm DBH that died after logging (1983-1998) 
were successfully located and their standing or fallen status deter- 
mined. Snags that had been marked by gouging, or that no longer 
showed gouge marks due to advanced decay, were considered to 
have died before plot establishment. Snags were identified to spe- 
cies using bark and wood characteristics. Six snags could not be 
identified to species and were classified as unknown. 

Snag DBH was measured to the nearest 0.25 cm using a diame- 
ter tape. The diameter at the snag base (0.3 m above ground level) 
was measured, or was visually estimated if swollen. Total height 
(to the nearest 0.3 m), height to a 5.0 cm or larger top, and upper 
stem diameter (nearest 2.54 cm) was visually estimated or mea- 
sured using a height pole, clinometer, or relascope. The percentage 
of the snag that was hollow was visually estimated, and was later 
subtracted from the total snag volume. Each snag species was clas- 
sified as having either "resistant" or "slight" heartwood decay re- 
sistance based on ratings presented by Panshin and DeZeeuw 
(1980, p. 353). Snags of unknown species were grouped in the 
"slight" category. 

Cavity tree measurements 
All live trees and snags 210 cm DBH were searched during the 

spring of 1998 (before leaf out) for woodpecker-excavated cavities. 
Trees were searched from the ground using binoculars, similar to 
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Table 1. Mean number of live trees and snags per hectare and the ratio of live trees to snags by thinning treatment and 
species group. 

Heavily thinned (45 and 60%) Lightly thinned - unthinnedP(75% and control) 

Pre-cut Post-cut Currentb Current Pre-cut Post-cut Current Current 
Species groupa live live live snag RatioC live live live snag Ratio 

Yellow-poplar 163 63 5 8 1 58: 1 97 83 74 5 15:l 
Red oaks 98 65 69 3 23:l 174 153 136 15 9: 1 
White oaks 94 39 42 2 21:l 115 91 75 15 5: 1 
Black cherry 50 1 22 9 2: 1 41 18 10 13 0.8: 1 
Red maple 119 24 82 0 - 117 71 109 2 55: 1 
Sassafras 73 2 1 23 0.1:l 32 13 6 47 0.1:l 
Other" 28 7 3 8 8 5: 1 37 20 32 12 3: 1 
Total 624 202 312 47 7:l 612 450 44 1 110 4: 1 

"Species groups (species in decreasing order of abundance): yellow-poplar (Liriodendron tulipifera), red oaks (Quercus ruhra, Quercus 
coccinea, Quercus velutina Lam.), white oaks (Quercus prinus, Quercu.~ alba L.), black cheny (Pnmus serotina), red maple (Acer rubrum), 
sassafras (Sassajras albidum). 

'Current, 1998 measurement. 
aatio = livc trees pcr hcctare (1998)Isnags per hectare (1998). 
"Other live trees (species in decreasing order of abundance): Betula lenta, Nyssa sylvatica Marsh., Magnolia acuminata L., Populus 

grandidentata Michx., Acer sacchanrm Marsh., Fraxinus americana L., Carya cordijormis (Wagcnh.) K. Koch, Carya ovata (Mill.) K.  
Koch, Cornus florida L., Betula alleghaniensis Britton, Castanea dentata Marsh., Pnrnus pensylvanrca L .  f.; other snags: Rohinra 
pseudoacacia L., Betula lenta, unknown, Populus grandidentata, Casfanea dentata, Fraxinus americana, Magnolia acuminafa. 

methods suggested by Healy et al. (1989); however, trees were not 
climbed to verify suspected cavities because of constraints of time 
and manpower. A cavity was measured if it met all of the follow- 
ing criteria: (i) entrance diameter 23.9 cm; (ii) cavity depth 
25.0 cm; (iii) cavity was sheltered from weather; and (iv) subjec- 
tive assessment of cavity usefulness as a woodpecker nest or roost 
site (e.g., cavity entrance intact). Cavity entrance dimensions, di- 
ameter outside bark at the cavity, and cavity height were measured 
using a relascope. 

Data analyses 
Stem density (treesha) was calculated for live trees during the 

pre-treatment (1983), post-treatment (1983), and current (1998) 
stand conditions. Snag stem density and basal area were summa- 
rized for the current (1998) stand. Snag volume, however, is not 
well represented by standard volume tables or equations, because 
many snags do not have intact upper boles or crowns. Therefore, 
snag volume was estimated using the equation for the frustum of a 
cone (Hicks 1995; Hale 1996): 

effects of thinning treatment (45, 60, and 75% RD, control), heart- 
wood decay resistance (resistant, slight), and defect type (branch, 
seam, other) on decayed wood volume (m3/ha). 

Measurements of snag stem density, snag volume, and decayed 
wood volume were square-root transformed to normalize the data 
and equalize variances (Goodbum and Lorimer 1998; Moorman et 
al. 1999). Means and standard errors presented in the text, tables, 
and figure were derived from untransformed data in original units 
for ease of interpretation. Means were separated using Fisher's 
least significant difference (LSD) (Tables 5 and 6) and Scheffd's 
test (Fig. 1, Table 4). 

Mean DBH was compared between cavity trees and non-cavity 
trees using Student's t test. Mean DBH, height, diameter at cavity, 
and cavity height were compared between live and dead cavity 
trees using Student's t test for each variable. When tests for homo- 
geneity of variances were rejected, P values for means with un- 
equal variances were presented. A x2 test was used to determine 
whether the number of cavity trees varied by thinning treatment. 
All statistical tests were considered significant at the a 1 0.05 
level, and were performed using the SAS program (SAS Instititute 
Inc. 1990). 

where V is snag volume (m3), h is height to a 5.0 cm diameter or ResultS 
larger top (m), A,, is cross-sectional area at base (mZ), and A,, is 
cross-sectional area at top (mZ) (Husch et al. 1982). The total iol- 
ume of each decayed or defective live tree was computed using a Snag characteristics 
cubic foot volume equation developed by the USDA Forest Service A descriptive summary of snag characteristics is presented 
for use at the Femow Ex~erimental Forest. near Parsons. W.V. (un- in Table 2. Mean DBH and volume generally decreased as 
published data). The voiume of decayed wood for each tree ;as snags aged, reflecting both the fragmentation of snags over 
then approximated by multiplying the total tree volume (m3) by the time and the large number of small snags that died early in 
percentage of defective volume to produce the volume of decayed stand development. Most of the larger diameter snags were 
wood per tree. These values were then expanded to a per-hectare formed within the ~ a s t  0-10 vears. 
basis. Decay-resistant species formed the majority of  snags sam- 

A three-way analysis of variance (ANOVA) was used to mea- pled but comprised the minority of trees that died since 
sure the effects thinning (45? 75% RD, 'On- treament. Slightly resistant snags were much larger than re- 
trol), snag age (formed pre- or post-thinning), heartwood decay 
resistance (resistant, slight), and their interactions on snag charac- ''stant snags in both diameter and 67% 
teristics. The analysis was performed using two dependent vari- trees 230 cm DBH. These differences were due the 
ables: snag stem density (snagsha) and snag volume (m3/ha). dominance of  small-diameter sassafras and black cherry in 

The volume of decayed wood in live trees was analyzed in a the resistant group and much larger yellow-poplar and oaks 
similar fashion. A three-way ANOVA was used to determine the in the slightly resistant group. 
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Table 2. Snag characteristics by thinning treatment, age, and heartwood decay resistance. 

Thinning treatment Age  year^)^ Decay resistanceb 

45% 60% 75% Control 0-5 5-10 10-15 >15 Resistant SlightL 
Snags measured (n) 51 45 89 134 39 37 30 213 245 74 
Mortality trees 1983-1998 (n) 26 18 27 152 44 62 117 - 8 1 142 
Mortality trees that are currently snags (%) 31 44 52 50 89 60 26 - 56 43 
Snag characteristics 

Mean DBH (cm) 14.9 16.2 16.2 15.8 19.9 21.6 17.3 13.9 14.5 20.1 
Mean height (m) 3.8 5.4 4.7 4.4 6.1 3.5 4.6 4.6 4.7 4.0 
Mean volume (m3) 0.45 0.54 0.50 0.57 1.10 0.93 0.77 0.31 0.41 0.91 
Basal area (m2/ha) 0.95 1.07 2.25 2.95 0.35 0.40 0.20 0.85 1.10 0.71 

Stem density" (snagsha) 
10.0-19.9 cm DBH 45 36 73 108 5 4 5 50 55 1 1  
20.0-29.9 cm DBH 5 6 12 20 4 3 2 2 5 6 
230.0 cm DBH 1 3 3 5 <1 2 < I  <1 1 2 - 

"Snags aged 0-5, 5-10, or 1G15 years formed after thinning; snags aged >15 years formed before thinning. 
*Decay resistance groups (species and number sampled): resistant (Sassafras albidum (143), Prunus serotina (46), white oaks (Quercus prinus (3 l ) ,  

Quercus alba (3)), Robinia pseudoacacia ( 1  9), Castanea dentata (3)); slight (red oaks (Quercus rubra (30), Quercus coccinea (7)), Liriodendron tulipifera 
(13), Betula lenta (7), unknown (6) .  Acer rubrum ( 5 ) ,  Populus grandidentata (3) ,  Fraxinus americana (2). Magnolia acuminata (1)). 

'Stem densities (snagslha) presented are subdivisions o f  the total snagsha in Table 4;  grand totals may not be equal because o f  rounding. 

Table 3. Three-way ANOVA results for the effects of thinning 
treatment, age, and heartwood decay resistance on snag stem 
density (snagslha) and volume (m3/ha). 

- 

Snag stem density Snag volume 

Source of variation df MS P MS P 

Treatment (T) 
Error (Plot(T)) 
Resistance (R) 
Age (A) 
T x R 
T x A  
R x A  
T x R x A  
Remainder 
Total 

Snag stem density and volume 
A total of 319 snags were measured. The ratio of live 

trees to snags decreased from heavily thinned to lightly 
thinned treatments for all species groups except sassafras 
(Table 1). Snag stem density differed significantly among 
treatments, between heartwood resistance groups, and by 
snag age in the overall ANOVA (Table 3). Uncut controls 
had 2.6 times as many snags as 45% RD thinnings and 
3 times as many snags as 60% RD thinnings. Snags with 
decay-resistant heartwood were over three times more com- 
mon than snags with slightly resistant heartwood (Table 4). 

The interactions of treatment x age and resistance x age 
were also significant in the ANOVA (Table 3). Snags formed 
from decay-resistant species that died prior to treatment 
were very common, while slightly resistant snags formed be- 
fore treatment were uncommon (Table 5). In addition, most 
of the decay-resistant snags formed prior to thinning in the 
thinned treatments. The control plots contained 9.5 times as 
many snags formed since 1983 than did the 45 or 60% RD 
thinnings (Table 6). 

Trends in snag volume were similar to those observed for 

stem density. Control plots had approximately three times 
more snag volume than 45 and 60% RD thinnings, and 
decay-resistant species contributed more volume than 
slightly resistant species (Table 4). The treatment x age in- 
teraction was significant and the resistance x age interaction 
was highly significant (Table 3). Control plots showed more 
snag volume formed post-treatment because of recent mor- 
tality (Table 6). Snag volumes in the pre-treatment resistant 
and post-treatment slightly resistant categories was highest, 
followed by post-treatment resistant and pre-treatment 
slightly resistant (Table 5). 

Live trees: decayed wood volume 
Defects were measured on 187 of 1524 live trees. The 

volume of decayed wood was significantly influenced by 
treatment (P  10.02 14) and heartwood decay resistance ( P  I 
0.0006). Decayed wood volume was 4.7 times more abun- 
dant in controls compared with 45% RD thinnings, and 
slightly resistant species comprised 69% of decayed wood 
volume (Fig. 1). The decay resistance x defect interaction 
was significant (P I0.0328), showing higher amounts of de- 
cayed wood in the slightly.resistant "limb" and "other" cate- 
gories. 

Cavity tree and cavity characteristics 
The low number of cavity trees encountered (n = 13) lim- 

ited the statistical analyses possible. Cavity trees appeared to 
be more common (n = 9) in 75% RD thinnings and controls 
compared with heavily thinned treatments (n = 4), but the 
difference was not statistically significant (x2 = 1.923, df = 
1, P 1 0.1660). Cavities were found in four tree species: 
yellow-poplar (6), sassafras (5), scarlet oak ( l ) ,  and sweet 
birch (1). 

Live cavity trees were significantly (P  1 0.0139) larger 
than live trees without cavities (38.1 rt 3.6 vs. 26.2 * 0.4 cm 
DBH; mean It SE). Size did not differ between snags with 
and without cavities ( P  10.6197). Live cavity trees were sig- 
nificantly ( P  1 0.0005) larger in diameter (38.1 rt 3.6 vs. 
17.2 rt 1.5 cm DBH) and taller (P  1 0.0001, 26.8 rt 1.7 vs. 
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Table 4. Mean snag stem density and volume by thinning treatment, age, and heartwood decay resistance. 

Thinning treatment Age Decay resistancea 

45% 60% 75% Control Pre-treatment Post-treatment Resistant Slight 
Stem density (snagsfha) 50b 45b 88ab 132a 53 26 6 1 18 

Standard error 16 17 33 28 1 1  8 12 4 
Volume '(m3/ha) 22.49b 24.22b 43.86ab 7 5 . 1 4 ~  16.57 24.85 24.80 16.63 

Standard error 7.22 4.35 17.50 6.67 3.69 5.44 4.39 3.64 

Note: Means followed by the same letter are not significantly different ( a  5 0.05) using Scheffk's procedure. 
"Decay resistance groups (species in decreasing order of abundance): resistant (Sassafas albidurn, Prunus serotina, white oaks (Quercus 

prinus, Quercus alba), Robinia pseudoacacia, Castanea dentata); slight (red oaks (Quercus rubra, Quercus coccinea), Liriodendron 
tulipifera, Betula lenta, unknown, Acer rubrum, Papulus grandidentata, Fraxinus americana, Magnolia acuminata). 

Table 5. Mean snag stem density and volume 
by heartwood decay resistance and age. 

Decay resistance ' 

Resistant Slight 
Snag stem density (snagsiha) 
Pre-treatment 4 9 . 4 ~  3.2b 
Post-treatment 11.16 15.lb 
Snag volume (m3/ha) 
Pre-treatment 15.79a 0 . 7 8 ~  
Post-treatment 9.01b 15.85a 

Note: Means with the same letter are not 
significantly different ( a  10.05) using Fisher's LSD. 

Table 6. Mean snag stem density and volume by thinning treat- 
ment and age. 

Thinning treatment 

Age 45% 60% 75% Control 
Snag stem density (snagslha) 
Pre-treatment 42.5ab 3 6 . 6 ~ 6  74.  lab 37.3ab 
Post-treatment 7.9b 7.9b 13.8ab 7 5 . 1 ~  
Snag volume (m3/ha) 

Note: Within densities or volumes, means with the same letter arc not 
significantly different (a 10.05) using Fisher's LSD. 

8.1 * 1.9 m) than dead cavity trees. Cavity height (P I 
0.2419) and cavity entrance size (P  10.1990) did not signifi- 
cantly differ between live and dead cavity trees. Similar to 
DBH, live cavity trees were significantly (P  10.0001) larger 
in diameter (28.6 * 1.6 vs. 12.3 -+. 2.2 cm DBH) at the cavity 
height than were dead trees. 

Discussion 

Thinning treatment 
Existing studies report that managed forests generally 

have reduced snag abundance and quality compared to un- 
managed forests (McComb and Noble 1980; Harlow and 
Guynn 1983; Harmon et al. 1986; McCarthy and Bailey 
1994; Goodburn and Lorimer 1998). in this study, snag stem 
density and volume decreased as much as threefold from un- 
cut controls to heavily thinned treatments. 

Snags were less common in heavily thinned treatments for 
several reasons. Mortality in heavily thinned plots was lower 

Fig. 1. Mean decayed wood volume by thinning treatment, heart- 
wood decay resistance, and defect type. Error bars = 1 standard 
error. Means with the same letter arc not significantly different at 
P I 0.05 using Scheffb's procedure. 

LP Total 1 4 1  o t h e M  

$ # g "  $ G ,n 
, S F 2  v. s 

E 5 2  
'j; m 2 l g o  8 d 

Thinning Treatment Decay Resistance Defect Type 

than 75% RD thinnings and controls because of decreased 
competition for site resources and removal of potential mor- 
tality trees during the harvest. Thinning efforts focused on 
defective trees in subordinate crown positions, which were 
those trees most likely to die from competition. A lower per- 
centage of trees that died since thinning remained standing 
as snags in heavily thinned treatments, which suggests that 
snags fell more quickly in heavily thinned plots, possibly be- 
cause of blowdown caused by decreased overstory protec- 
tion. Alternatively, snags present at thinning may have been 
knocked down during logging in heavily thinned plots. 

Decay resistance 
It is common practice to group species by silvical char- 

acteristics (e.g., shade tolerance) when measuring live tree dy- 
namics. Once dead, the rate at which trees decay and fragment 
is a function of wood properties, such as heartwood decay 
resistance (Harmon et al. 1986). For example, yellow-poplar, 
black cherry, and sassafras are classified as shade intolerant 
and exhibit similar growth dynamics when living. However, 
black cherry and sassafras have decay-resistant heartwood, 
while yellow-poplar has unresistant heartwood. Conse- 
quently, yellow-poplar decays more rapidly than its previous 
associates. 
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Snags can be utilized as estimates of past mortality rates, 
by cross-dating dead trees with live trees to determine the 
year of death for each snag (Henry and Swan 1974; Oliver 
and Stephens 1977; Pederson 1998). Past mortality rates can 
also be estimated by comparing the current number of live 
and dead trees for each species to estimate relative mortality 
rates (McComb and Muller 1983). However, the latter 
method may not be appropriate for stands containing a large 
component of decay-resistant species. In 1998, 77% of snags 
occurring on sample plots were classified as having decay- 
resistant heartwood. However, mortality from 1983 to 1998 
(e.g., Table 2, mortality trees) consisted of only 36% decay- 
resistant species. Species with decay-resistant heartwood oc- 
curred frequently as snags because of their slower decay 
rates rather than higher mortality rates. If this method is to 
be used with species of varying decay resistance, differences 
in snag longevity among species (e.g., Dickson et al. 1995; 
Moorman et al. 1999) must be incorporated. 

Similarly, the species composition of live trees and snags 
contrasted because of differences in both mortality rates and 
decay resistance. Species with unresistant heartwood, such 
as red maple and yellow-poplar, were rarely found as snags, 
although they comprised a large proportion of the overstory. 
Decay-resistant species, such as sassafras and black cherry, 
were more common as snags than as live trees in 75% RD 
thinnings and controls. 

Age 
Snag age alone did not significantly affect snag stem den- 

sity or volume. The significant interaction of age x decay 
resistance helps explain why this study had higher snag den- 
sities compared with other studies in similar forest types 
(e.g., McComb and Muller 1983; Muller and Liu 1991). An 
abundance of small, decay-resistant snags, formed 15+ years 
ago, dominated all treatments. Of these, 94% were sassafras 
and black cherry snags that occurred in single-species 
clumps. Both of these species are shade intolerant, repro- 
duce vegetatively (Griggs 1990; Marquis 1990), and proba- 
bly regenerated as stump sprouts and root suckers after the 
heavy cuttings and fire that initiated the stand. The resultant 
snag clumps were created by the early mortality of these 
sprouts as stand development progressed. 

The relationship between thinning treatment and age helps 
explain why the percentage of snag volume formed since 
thinning was lower (ranging from 34 to 56%) in thinned 
treatments, compared with controls (81%). Thinning greatly 
reduced mortality of large-diameter yellow-poplars and oaks 
and removed small diameter stems that would have likely 
formed snags, which consequently reduced total snag volume. 

Impact of thinning on woodpecker habitat 
Snag stem densities ranged from 45 snagslha in 60% 

thinnings to 132 snagslha in uncut controls (Table 4). The 
majority of snags were small-diameter (10-20 cm DBH) sas- 
safras and black cherry that had been dead 15 or more years 
(Table 2). Large-diameter snags (230 cm DBH) were un- 
common in both thinned treatments and controls. 

Live trees containing decayed wood are also used by 
woodpeckers for both foraging and cavity excavation. De- 
cayed wood volume was 4.7 times higher in control plots 
compared with 45% RD thinnings, reflecting the preferential 

removal of defective and decayed trees during thinning 
(Marquis et al. 1992). In the thinned treatments, much of the 
existing decay consisted of dead branches and seams formed 
on scarlet and northern red oaks. Yellow-poplars containing 
heartrot, which were preferred for woodpecker excavation, 
were more common in the unthinned treatments (Schroeder 
1983; Sousa 1987). 

Woodpecker-excavated cavities were uncommon in all 
treatments. Characteristics of cavities and cavity trees were 
within ranges reported by earlier studies (Conner et al. 1975; 
Brawn et al. 1984; Runde and Capen 1987), with a strong 
preference shown for trees of larger than average diameter. 
Live trees with decay were preferred (62%) over snags for 
cavity excavation, which suggests that, even though snags 
were abundant, decay-resistant snag species were too hard or 
dry for cavity excavation (Conner et al. 1994). 

Management implications 
This study found that many small snags (120 cm DBH) 

were formed by early successional species during stand de- 
velopment. Existing silvicultural guidelines for intermediate 
treatments in Appalachian hardwoods suggest cutting non- 
commercial species such a sassafras (Allen and Marquis 
1970; Marquis et al. 1992). However, such short-lived spe- 
cies would not appreciably decrease the growth or value of 
crop trees and would increase snag abundance in thinned 
stands. Thinning also reduced thc potential number of large- 
diameter (230 cm DBH) snags and live trees with decay that 
are necessary for woodpecker cavities. Silvicultural efforts 
aimed at increasing the quality of snags and other wildlife 
features should focus on retention and (or) creation of large 
snags and decayed trees of preferred species, which are un- 
common in both managed and unmanaged second-growth 
stands. 

Acknowledgements 

Petra Wood shared information on woodpeckers and their 
habitat requirements. Edwin Townsend provided advice on 
statistical analysis. James T. Anderson, David W. McGill, 
and three anonymous reviewers provided helpful comments 
on earlier versions of the manuscript. Published with the ap- 
proval of the director of the West Virginia Agricultural and 
Forestry Experiment Station. This research was supported 
with funds appropriated under the Mclntire-Stennis Forestry 
Research Act. 

References 

Allen, R.H., Jr., and Marquis, D.A. 1970. Effect of thinning on 
height and diameter growth of oak and yellow-poplar seedlings. 
USDA For. Serv. Res. Pap. NE-173. 

Berry, F.H., and Beaton, J.A. 1972. Decay in oak in the central 
hardwood region. USDA For. Sew. Res. Pap. NE-242. 

Bomann, F.H., and Likens, G.E. 1979. Pattern and process in a 
forested ecosystem. Springer-Verlag, New York. 

Brawn, J.D., Tannenbaum, B., and Evans, K.E. 1984. Nest site 
characteristics of cavity nesting birds in central Missouri. USDA 
For. Sew. Res. Note NC-3 14. 

Brock, S.M., Jones, K.D., and Miller, G.W. 1986. Felling and skid- 
ding costs associated with thinning a commercial Appalachian 

O 2000 NRC Canada 

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box



Can. J. For. Res. Vol. 30, 2000 

hardwood stand in northern West Virginia. North. J. Appl. For. 
3: 159-163. 

Bums, R.M. 1983. Silvicultural systems for the major forest types 
of the United States. U.S. Dep. Agric. Agric. Handb. 445. 

Carmean, W.H., Hahn, J.T., and Jacobs, R.D. 1989. Site index 
curves for forest tree species in the eastern United States. USDA 
For. Sew. Gen. Tech. Rep. NC-128. 

Conner, R.N., Hooper, R.G., Crawford, H.S., and Mosby, H.S. 
1975. Woodpecker nesting habitat in cut and uncut woodlands in 
Virginia. J. Wildl. Manage. 39: 144-150. 

Conner, R.N., Jones, S.D., and Jones, G.D. 1994. Snag condition 
and woodpecker foraging ecology in a bottomland hardwood 
forest. Wilson Bull. 106: 242-257. 

Dickson, J.G., Williamson, J.H., and Conner, R.N. 1995. Longevity 
and bird use of hardwood snags created by herbicides. Proc. Annu. 
Conf. Southeast. Assoc. Fish. Wildl. Agencies, 49: 332-339. 

Gingrich, S.F. 1967. Measuring and evaluating stocking and stand 
density in upland hardwood forests in the central states. For. Sci. 
13: 38-53. 

Goodbum, J.M., and Lorimer, C.G. 1998. Cavity trees and coarse 
woody debris in old-growth and managed northern hardwood for- 
ests in Wisconsin and Michigan. Can. J. For. Res. 28: 427-438. 

Griggs, M. M. 1990. Sassafras (Sassafra.~ albidum (Nutt.) Nees). In 
Silvics of North America. Vol. 2. Hardwoods. Technical coordi- 
nators: R.M. Bums and B.H. Honkala. U.S. Dep. Agric. Agric. 
Handb. 654. pp. 773-777. 

Hagan, J.M., and Grove, S.L. 1999. Coarse woody debris: humans 
and nature competing for trees. J. For. 97: 6-1 1. 

Hale, C.M. 1996. Comparison of structural and compositional 
characteristics and coarse woody debris dynamics in old-growth 
versus mature hardwood forests of Minnesota, USA. M.S. the- 
sis, University of Minnesota, St. Paul. 

Harlow, R.F., and Guynn, D.C., Jr. 1983. Snag densities in man- 
aged stands of the South Carolina coastal plain. South. I. Appl. 
For. 7: 224-229. 

Harmon, M.E. 1982. Decomposition of standing dead trees in the 
southern Appalachian mountains. Oecologia, 52: 214 215. 

Harmon, M.E., Franklin, J.F., Swanson, F.J., Sollins, P., Gregory, 
S.V., Lattin, J.D., Anderson, N.H., Cline, S.P., Aumen, N.G., 
Sedell, J.R., Lienkaemper, G.W., Cromack, K., Jr., and 
Cummins, K.W. 1986. Ecology of coarse woody debris in tem- 
perate ecosystems. Adv. Ecol. Res. 15. pp. 133-302. 

Healy, W.M., Brooks, R.T., and DeGraaf, R.M. 1989. Cavity trees 
in sawtimber-size oak stands in central Massachusetts. North. J. 
Appl. For. 6: 6145 .  

Henry, J.D., and Swan, J.M.A. 1974. Reconstructing forest history 
from live and dead plant material-an approach to the study of 
forest succession in southwest New Hampshire. Ecology, 55: 
772-783. 

Hepting, G.H., Garren, K.H., and Warlick, P.W. 1940. External fea- 
tures correlated with top rot in Appalachian oaks. J. For. 38: 
873-876. 

Hicks, R.R., Jr. 1998. Ecology and management of central hard- 
wood forests. John Wiley & Sons, New York. 

Hicks, W.T., 111. 1995. Tree mortality, coarse woody debris and the 
equilibrium status of an old-growth Fagus-Acer forest in south- 
western Ohio. M.S. thesis, Miami University, Oxford, Ohio. 

Hunter, M.L., Jr. 1990. Dying, dead, and down trees. In Wildlife, 
forests, and forestry: principles of managing forests for biological 
diversity. Prentice-Hall, Englewood Cliffs, N.J. pp. 157-1 80. 

Husch, B., Miller, C.I., and Beers, T.W. 1982. Forest mensuration. 
John Wiley & Sons, New York. 

Marquis, D.A. 1990. Black cherty (Prunus serotina Ehrh.). In 
Silvics of North America. Vol. 2 Hardwoods. Technical coordi- 

nators: R.M. Burns and B.H. Honkala. U.S. Dep. Agric. Agric. 
Handb. 654. pp. 594-604. 

Marquis, D.A., Ernst, R.L., and Stout, S.L. 1992. Prescribing sil- 
vicultural treatments in hardwood stands in the Alleghenies (re- 
vised). USDA For. Sew. Gen. Tech. Rep. NE-96. 

McCarthy, B.C., and Bailey, R.R. 1994. Distribution and abun- 
dance of coarse woody debris in a managed forest landscape of 
the central Appalachians. Can. J. For. Res. 24: 1317-1329. 

McComb, W.C., and Muller, R.N. 1983. Snag densities in old- 
growth and second-growth Appalachian forests. J. Wildl. Man- 
age. 47: 376-382. 

McComb, W.C., and Noble, R.E. 1980. Effects of single-tree selec- 
tion cutting upon snag and natural cavity characteristics in Con- 
necticut. Trans. Northeast Sect. Wildl. Soc. 37: 50-57. 

McMinn, J.W., and Crossley, D.C., Jr. (Editors). 1996. Biodiversity 
and coarse woody debris in southern forests. USDA For. Sew. 
Gen. Tech. Rep. SE-94. 

McPeek, G.A. 1985. Decay patterns and bird use of snags created 
with herbicide injections and tree topping. M.S. thesis, Univer- 
sity of Kentucky, Lexington. 

Miller, G.W., Lamson, N.I., and Brock, S.M. 1984. Logging dam- 
age associated with thinning central Appalachian hardwood 
stands with a wheeled skidder. In Proceedings, Symposium on 
Mountain Logging, 5-7 June 1984, Morgantown, W.V. Edited 
by P.A. Peters and J. Luchok. West Virginia University, 
Morgantown. pp. 125-13 1.  

Moorman, C.E., Russell, K.R., Sabin, G.R., and Guynn, D.C., Jr. 
1999. Snag dfiamics and cavity occurrence in the South 
Carolina Piedmont. For. Ecol. Manage. 118: 37-48. 

Muller, R.N., and Liu, Y. 1991. Coarse woody debris in an old- 
growth deciduous forest on the Cumberland Plateau, southeast- 
em Kentucky. Can. J. For. Res. 21: 1567-1572. 

Nyland, R.D. 1996. Silviculture: concepts and applications. 
McGraw-Hill, New York. 

Oliver, C.D., and Stephens, E.P. 1977. Reconstruction of a mixed- 
species forest in central New England. Ecology, 58: 562-572. 

Panshin, A.J., and DeZeeuw, C. 1980. Textbook of wood technol- 
ogy. McGraw-Hill, New York. 

Pederson, B.S. 1998. The role of stress in the mortality of mid- 
western oaks as indicated by growth prior to death. Ecology, 79: 
79-93. 

Runde, D.E., and Capen, D.E. 1987. Characteristics of northern 
hardwood trees used by cavity-nesting birds. J. Wildl. Manage. 
51: 217-223. 

SAS Institute Inc. 1990. SASISTAT user's guide, version 6 edition. 
SAS Institute Inc., Cary, N.C. 

Schroeder, R.L. 1983. Habitat suitability index models: downy wood- 
pecker. USDI Fish Wildl. Sew. Rep. FWSIOBS-82110.38. 

Smith, D.M., Larson, B.C., Kelty, M.J., and Ashton, P.M.S. 1997. 
The practice of silviculture: applied forest ecology. John 
Wiley & Sons, New York. 

Sousa, P.J. 1987. Habitat suitability index models: hairy wood- 
pecker. USDI Fish Wildl. Sew. Biol. Rep. 82(10.146). 

Tubbs, C.H., DeGraaf, R.M., Yamasaki, M., and Healy, W.M. 
1986. Guide to wildlife tree management in New England north- 
em hardwoods. USDA For. Sew. Gen. Tech. Rep. NE-118. 

U.S. Department of Agriculture (USDA). 1959. Soil Survey-Pres- 
ton County, West Virginia. USDA Soil Conservation Sewice, 
West Virginia University Agricultural Experimental Station, 
Morgantown. 

Zillgitt, W.M., and Gevorkiantz, S.R. 1946. Estimating cull in 
northern hardwoods. USDA For. Serv. Lake States Exp. Stn. 
Stn. Pap. 3. 

O 2000 NRC Canada 

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box

ryoung
Text Box




