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I N  THINNED WEST V I R G I N I A  CHERRY-MAPLE STANDS 
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Abs t rac t .  Previously unmanaged 60-year-old, even-aged 
s t ands  of  cherry-maple i n  West Virg in ia  were thinned us ing  
t h e  Allegheny hardwoods s tocking  guide. A marked cu t  was 
computed f o r  75, 60, and 45 percent  of f u l l  s tock ing ;  no 
t r e e s  sma l l e r  than  17.8. cm dbh were marked f o r  commercial 
removal. '  Thirrning w a s  done with e i t h e r  a truck-mounted 
c rane  o r  a rubber - t i red  sk idder .  In  s t ands  thinned wi th  
t h e  truck-mounted c rane ,  4 ,  2,  and 5 percent  of t h e  
r e s i d u a l  dominant and codominant t r e e s  (17.8 cm dbh p lus)  
were s e r i o u s l y  abraded (with 650 cm2 o r  more of  exposed 
sapwood) i n  t h e  75, 60, and 45 percent  t r ea tmen t s ,  
r e spec t ive ly .  In  t h inn ing  wi th  t h e  sk idde r ,  7 ,  13 ,  and 22 
percent  of t h e  r e s i d u a l  dominant and codominant t r e e s  were 
s e r i o u s l y  abraded i n  t h e  75, 60, and 45 percent  t r ea tmen t s ,  
r e spec t ive ly .  

Keywords: Logging damage, th inning ,  Prunus s e r o t i n a  Ehrh.,  
Acer rubrum L. 

INTRODUCTION 

Each time t h e  f o r e s t  i s  c u t ,  some r e s i d u a l  t r e e s  a r e  u sua l ly  damaged. 
Damage may be  complete d e s t r u c t i o n  of a p o t e n t i a l  crop t r e e  o r  l i m i t e d  t o  
broken branches o r  a small a r e a  of  exposed sapwood. An important  ques t ion  
i n  t h inn ing  even-aged s t ands  i s :  Should an allowance be made f o r  logging  
damage t o  dominant and codominant r e s i d u a l  stems when marking t h e  s t and?  
This paper r e p o r t s  damage t o  dominant and codominant r e s i d u a l  t r e e s  r e s u l t -  
i n g  from th inn ing  even-aged cherry-maple (Prunus s e r o t i n a  Ehrh.-Acer rubrum 
L.) s t ands  i n  West Vi rg in i a  t o  t h r e e  l e v e l s  of r e s i d u a l  s tocking  us ing  e i t h e r  
a wheeled-skidder o r  t;uck-mounted crane.  

Sur face  a r e a  of exposed sapwood seems t o  be  a good i n d i c a t o r  of t h e  
p o t e n t i a l  f o r  decay. I n  a s tudy  of sugar  maple (Acer saccharum Marsh.) i n  
t h e  Lake S t a t e s  20 yea r s  a f t e r  logging  wi th  a c rawler  t r a c t o r ,  Hes te rberg  
(1975) found t h a t  sapwood-exposed wounds up t o  10.2 cm wide r e s u l t e d  i n  
minor decay. The amount of decay increased  wi th  increased  width of t h e  
wound. In  t r e e s  wi th  wounds 25.4 cm o r  wider ,  he  concluded t h a t  a f t e r  20 
yea r s  d e f e c t  deduct ion i n  l a r g e  t r e e s  amounted t o  about 0.12 cubic meters ,  
wh i l e  small trees were o f t e n  c u l l e d  because of decay. Hesterberg a l s o  ob- 
served t h a t  about 50 percent  of t h e  t r e e s  wi th  stem wounds exceeding 970 cm2 
of exposed sapwood developed decay w i t h i n  10  years .  I n  s tudying  yellow b i r c h  
(Betu la  a l l e g h a n i e n s i s  B r i t t o n )  i n  t h e  Lake S t a t e s ,  Laval lee  and L o r t i e  (1968) 
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usua l ly  found decay a s soc i a t ed  wi th  20-year-old wounds where a t  l e a s t  
580 cm2 of wood s u r f a c e  were exposed. Using t r e e  l eng th  skidding d a t a  
from Nyland e t  a l .  (1976), Wendel and Kochenderfer (1978) es t imated  t h a t  
20 t o  30 percent  of t h e  r e s i d u a l  t r e e s  l a r g e r  than  15.2 t o  20.3 cm were 
damaged when using wheeled-skidders. Kochenderfer and Wendel (1980) a l s o  
eva lua ted  a truck-mounted c rane  used t o  yard an average of 56 cubic meters 
per  h e c t a r e  from a second-growth, c e n t r a l  Appalachian hardwood s t and .  
About 3 percent  o f  a l l  stems over  12.7 cm dbh ( t o t a l  o f  111 t r e e s  per  
hec t a re )  had exposed sapwood. 

THE STUDY AREA 

The s tudy a r e a  w a s  l oca t ed  i n  t h e  Middle Mountain a r e a  of  t h e  
Monongahela National  Fores t  i n  West Vi rg in ia .  Treated s tands  were pre- 
v ious ly  unmanaged, even-aged cherry-maple s t ands  about 60 years  o l d .  The 
s tudy a r e a  is r e p r e s e n t a t i v e  of about 30,000 h e c t a r e s  of  commercial f o r e s t  
i n  n o r t h  c e n t r a l  West Vi rg in ia  and resembles t h e  Allegheny hardwood f o r e s t s  
of northwestern Pennsylvania.  

DATA 

Data f o r  t h i s  s tudy came from a l a r g e  th inn ing  s tudy  used t o  t e s t  
t h e  a p p l i c a b i l i t y  of t h e  Allegheny hardwoods s tocking  guide i n  t h e s e  West 
V i rg in i a  cherry-maple s t ands  (Roach 1977).  I n  t h e  main th inn ing  s tudy ,  
0.8-hectare t rea tment  a r e a s  wi th  0.2-hectare measurement p l o t s  l oca t ed  
w i t h i n  t h e  i n d i v i d u a l  t reatment  a r e a s  were eva lua ted .  A l l  t r e e s  2.5 cm dbh 
and l a r g e r  w i th in  t h e  0.2-hectare measurement p l o t s , w e r e  permanently tagged 
and measured. Before logging,  each t r e e  w i t h i n  t h e  0.2-hectare a r e a  t h a t  
w a s  no t  marked f o r  c u t t i n g  was examined c lose ly .  Species ,  dbh, crown c l a s s ,  
and stem-condition remarks were recorded. . 

The marked c u t  f o r  each 0.8-hectare t rea tment  p l o t  was ca l cu la t ed  
according t o  t h e  Allegheny hardwoods s tock ing  guide. Because 17.8 cm dbh 
is t h e  cormnercial s i z e  l i m i t  i n  t h i s  l o c a l e ,  only t r e e s  a t  l e a s t  17 .8  cm dbh 
were marked f o r  commercial removal. Trees smaller than 17.8 cm dbh were 
not  marked f o r  removal even though they  were used i n  computing t h e  marked 
c u t .  

The Allegheny hardwoods s tocking  guide reconrmends th inning  immature 
cherry-maple s t a n d s  t o  t h e  B-line o r  60 percent  r e s i d u a l  s tocking .  To 
bracke t  t h i s  recommended l e v e l ,  t h e  p l o t s  were randomly thinned t o  t h r e e  
l e v e l s  of percent  stocking--75, 60, and 45. A t o t a l  o f , 1 2  p l o t s ,  4 i n  
each th inning  l e v e l  were included i n  t h i s  s tudy .  

Af te r  logging,  a l l  p l o t s  were r e inven to r i ed .  A l l  unmarked r e s i d u a l  
t r e e s  were accounted f o r  and c a r e f u l l y  examined t o  d i s c l o s e  t h e  ex t en t  of 
logging damage. The l eng th  and width of exposed sapwood were eva lua ted  t o  
determine damage. Other types of  logging damage were minimal and w i l l  no t  
be  discussed he re .  Any t r e e  t h a t  had exposed sapwood was t a l l i e d  as an  
abraded t r e e .  I n  t h i s  s tudy ,  a l l  abraded t r e e s  with more than 650 cm2 of  
exposed sapwood were c l a s sed  a s  h igh- r i sk ,  sapwood-exposed t r e e s .  Abraded 
t r e e s  wi th  l e s s  than  650 cm2 of exposed sapwood were c l a s sed  a s  low-risk,  
sapwood-exposed t r e e s .  
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In  t h e  f a l l  of 1981, two p l o t s  a t  each of t h r e e  l e v e l s  of r e s i d u a l  
s tock ing  were thinned us ing  a truck-mounted crane.  In  t h e  s p r i n g  of 1982, 
aga in  two p l o t s  a t  each of t h r e e  th inning  l e v e l s  were thinned us ing  a 
rubber - t i red  sk idder .  The p l o t s  thinned us ing  t h e  truck-mounted c rane  were 
on a 5 t o  10 percent  s l o p e ,  wh i l e  t h e  skidder- thinned p l o t s  were on a r e l a -  
t i v e l y  f l a t  t e r r a i n .  For t h e  truck-mounted crane,  1 .0 cm cab le  w i th  two 
o r  t h r e e  s l i d i n g  chokers w a s  used. With t h e  sk idde r ,  a maximum of n i n e  
chokers was used f o r  one load ,  and t h e  sk idde r  ope ra to r  was permi t ted  t o  
run throughout a p l o t .  For a l l  p l o t s ,  f e l l i n g  and skidding s t a r t e d  i n  t h e  
back of each p l o t  and worked toward t h e  road o r  l o g  deck. Log l eng th  was 
not  l i m i t e d  and i n  most i n s t a n c e s ,  t r e e s  were skidded t r e e  l eng th  wi th  
t r e e s  topped f o r  a minimum of 10.2 cm diameter i n s i d e  bark.  Our r e s u l t s  
r e f e r  t o  t h e  logging damage t o  r e s i d u a l  dominant and codominant t r e e s  on 
t h e s e  1 2  p l o t s .  

RESULTS 

Trees Marked f o r  Cut 

Only t r e e s  a t  l e a s t  17.8 cm dbh were marked t o  b e  removed by logging .  
An average of 138, 259, and 324 stems per  h e c t a r e  were cu t  i n  t h e  75, 60, 
and 45 percent  p l o t s ,  r e s p e c t i v e l y  (Table 1 ) .  This  represented  8, 12 ,  and 
17  percent  of a l l  stems a t  l e a s t  2.5 cm dbh, r e s p e c t i v e l y .  Basal  a r e a  p e r  
h e c t a r e  i n  t r e e s  marked f o r  c u t  averaged 6 ,  12 ,  and 16 m2 f o r  t h e  75, 60, 
and 45 percent  p l o t s .  This w a s  about  16,  33, and 43 percent  of t h e  b a s a l  
a r e a  i n  t r e e s  a t  l e a s t  2.5 cm dbh, r e spec t ive ly .  

Table 1. Stand c h a r a c t e r i s t i c s  of thinned p l o t s  a t  75, 60, and 45 
percent  of r e s i d u a l  s tock ing .  

Logging Number sjtems pgr  h e c t a r e  Basal  grea  peT h e c t a r e  
c~luiprnrdnt initialLi cutL' Res i d u a l  initialLi cutL1 Residual  . - - - - - - .- - -- --- - - -- -- - - - - - -- - - -. - - - - -- - -- 

75 PERCENT RESIDUAL STOCKING 

Truck crane  
Skidder 
A l l  p l o t s  
Percent  

Truck crane 
Ski(  .der 
A l l  p l o t s  
Per( en t  

Truck crane  
Skidder 
A l l  p l o t s  
Percent  

60 PERCENT RESIDUAL STOCKING 

45 PERCENT RESIDUAL STOCKING 

. . -. . - . -. - - - -. - . . -. . . - . . . , . . . -. - - - - -. - -. - - . - - - - - -. -, - - - . - . -- - - - - - - 
i' 2.5 cm dbh and l a r g e r .  

17.0 cm dbh and l a r g e r .  
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Stand Damage 

Destroyed t r e e s  

Before c u t t i n g ,  9,350 t r e e s  a t  l e a s t  2.5 cm dbh were inven to r i ed  on 
t h e  12  measurement p l o t s .  Of t h e s e ,  only 946 (10 percent )  were a c c i d e n t a l l y  
destroyed dur ing  t h e  logging ope ra t ions .  A l l  of t h e s e  destroyed t r e e s  were 
sma l l e r  than  17.8 cm dbh and overtopped o r  i n t e rmed ia t e  i n  crown c l a s s .  
Although t h e  l o s s  of t h e  destroyed t r e e s  reduced t h e  r e s i d u a l  s t a n d  s tock ing  
by about 2 pe rcen t ,  t h e  l o s s  probably w i l l  no t  s i g n i f i c a n t l y  e f f e c t  t h e  
growth of t h e  r e s i d u a l  dominant and codominant t r e e s .  

Abraded dominant and codominant t r e e s  

The dominant and codominant r e s i d u a l  t r e e s  a r e  t h e  most important  
component of t h e s e  thinned 60-year-old, even-aged s t ands .  None of  t h e s e  
t r e e s  were a c c i d e n t a l l y  c u t  o r  destroyed dur ing  logging. However, f e l l i n g  
and sk idding  wounded a number of t h e  dominant and codominant r e s i d u a l  stems - 

r e s u l t i n g  i n  exposed sapwood. 

75 percent  r e s i d u a l  s tocking .  I n  t h e  75 percent  r e s i d u a l  s tock ing  
p l o t s  logged wi th  a truck-mounted c rane ,  284 of 346 r e s i d u a l  dominant and 
codominant s t e m s  pe r  h e c t a r e  were not  abraded (Table 2 ) .  Of t h e  62 abraded 
t r e e s  pe r  h e c t a r e ,  only 12  were c l a s sed  a s  h igh- r i sk ,  sapwood-exposed t r e e s .  

Table 2. Number of dominant and codominant r e s i d u a l  stems pe r  
h e c t a r e  damaged us ing  e i t h e r  a truck-mounted c rane  o r  
sk idde r  f o r  t h r e e  l e v e l s  of th inning .  

- - - -- - - - - -- - 

Damaged High-risk Percent  of 
Stocking (sapwood damage (26 50 cm r e s i d u a l s  
l e v e l  Residual  exposed) sapwood exposed) h igh- r i sk  

TRUCK-MOUNTED CRANE 

SKIDDER 

Of t h e  267 dominant and codominant r e s i d u a l  t r e e s  pe r  hec t a re ,72  (27 
percent )  were abraded dur ing  logging  ope ra t ions  by t h e  sk idder  (Table 2 ) .  
Of t h e s e ,  only 20 pe r  h e c t a r e  (7 percent )  were c l a s sed  a s  h igh - r i sk ,  sapwood- 
exposed t r e e s .  
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60 percent  r e s i d u a l  s tocking .  In  t h e  60 percent  r e s i d u a l  s tock ing  p l o t s  
logged wi th  t h e  truck-mounted c rane ,  64 of 250 r e s i d u a l  dominant and codomi- 
nanE t r e e s  per  h e c t a r e  were abraded-  (Table 2 ) .  Of t h e s e  64 per  h e c t a r e ,  
only 5 per  h e c t a r e  were c l a s sed  a s  h igh- r i sk ,  sapwood-exposed t r e e s .  

For t h e  same th inn ing  l e v e l ,  logging wi th  t h e  sk idde r  abraded 84 of t h e  
250 r e s i d u a l  dominant and codominant t r e e s  pe r  hec t a re .  Of t h e s e  84 abraded 
t r e e s  pe r  h e c t a r e ,  32 per  h e c t a r e  (13 percent )  were c l a s sed  a s  h igh- r i sk ,  
sapwood-exposed t r e e s .  

45 percent  r e s i d u a l  s tocking .  In  t h e  45 percent  r e s i d u a l  s tock ing  p l o t s ,  
logging wi th  t h e  truck-mounted c rane  abraded 49 percent  ( 7 7  of 156 pe r  h e c t a r e )  
of - t h e  r e s i d u a l  *dominant and codominant t r e e s  (Table 2 ) .  However, only 7 
per  h e c t a r e  ( 5  percent )  were c l a s sed  as h igh- r i sk ,  sapwood-exposed t r e e s .  

Logging wi th  t h e  sk idde r  abraded 101  of 200 r e s i d u a l  dominant and codom- 
i n a n t  t r e e s  per  h e c t a r e  (51  pe rcen t ) .  Of t h e s e  101  abraded t r e e s  pe r  h e c t a r e ,  
44 per  h e c t a r e  (22 percent )  were c l a s sed  a s  h igh- r i sk ,  sapwood-exposed t r e e s .  

DISCUSS I O N  

The number of damaged r e s i d u a l  dominant and codominant t r e e s  w i t h  sap- 
wood exposed increased  as th inn ing  i n t e n s i t y  increased .  This w a s  because 
more t r e e s  w e r e  cu t  and skidded i n  t h e  more heav i ly  thinned s t a n d s .  

Thinning wi th  a  rubber - t i red  sk idde r  damaged more r e s i d u a l  dominant and 
codominant stems than  th inn ing  wi th  a  truck-mounted c rane .  Not only were 
more r e s i d u a l  stems damaged by us ing  t h e  sk idde r ,  bu t  t h e  damage w a s  more 
s e r i o u s ,  t h a t  is ,  more t r e e s  were c l a s sed  a s  h igh- r i sk  r e s i d u a l s .  Residual  
s tand  damage was much g r e a t e r  on p l o t s  logged wi th  t h e  sk idde r ,  and damage 
w a s  d i r e c t l y  r e l a t e d  t o  i n t e n s i t y  of c u t t i n g .  Residual s t a n d  damage when 
us ing  t h e  t r u c k  crane ,  however, w a s  no t  r e l a t e d  t o  t h inn ing  l e v e l s .  

I n  o u r  opin ion ,  t h e  t ime of t h e  year  of t h e  th inn ing  a l s o  inf luenced  
t h e s e  r e s u l t s ,  bu t  t h i s  v a r i a b l e  was not  t e s t e d .  The p l o t s  thinned wi th  t h e  
truck-mounted c rane  were thinned i n  t h e  f a l l ,  whi le  t h o s e  thinned wi th  t h e  
sk idde r  were thinned i n  t h e  s p r i n g  when t h e  bark  was s l i p p i n g .  Also, t h e  
s t ands  thinned with t h e  t r u c k  c rane  were on a  5 t o  10 percent  s l o p e ,  which 
permit ted d i r e c t i o n a l  f e l l i n g ,  thus  f a c i l i t a t i n g  sk idding .  Those p l o t s  
thinned us ing  t h e  sk idde r  were on nea r ly  l e v e l  t e r r a i n  where t r e e s  could not  
be  d i r e c t i o n a l l y  f e l l e d  and no dozed sk id  roads were used. 

I n  terms of reduced damage t o  r e s i d u a l  stems, t h e  t r u c k  crane would b e  
more f avo rab le  than  t h e  sk idde r  on even s t e e p e r  t e r r a i n .  I f  road spac ing  
was 75 meters o r  l e s s ,  both increased  l i f t  and o p e r a t o r  c o n t r o l  of  l o g s  
would have improved (Kochenderfer and Wendel 1980),  t hus  reducing r e s i d u a l  
s t and  damage. Also, on s t e e p e r  ground, g r e a t e r  than  30 pe rcen t ,  s k i d d e r s  
a r e  r e s t r i c t e d  t o  roads  which occupy 10 percent  of t h e  logged a r e a s  
(Kochenderfer 1977).  So, i f  t h e  s lopes  had been s t e e p ,  s t and  damage us ing  
t h e  sk idder  would have been equal  t o  t h e  10 percent  l o s s  due t o  roads ,  p l u s  
damage t o  r e s i d u a l  stems. 
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Moreover, i n  us ing  t h e  sk idde r  two o r  t h r e e  well-defined nonbulldozed 
sk id  t r a i l s  developed i n  each p l o t .  Damage w a s  concent ra ted  along t h e s e  
sk id  t r a i l s .  The truck-mounted c rane  was moved f r equen t ly  along a  t r u c k  
hau l  road above t h e  p l o t s ,  thus  sk id  t r a i l s  d id  not  develop. 

I n  t h e  truck-mounted c rane  ope ra t ion ,  4 ,  2,  and 5 , p e r c e n t  of t h e  
r e s i d u a l  dominant and codominant t r e e s  were c l a s sed  as h igh- r i sk  f o r  t h e  
r e s p e c t i v e  75, 60, and 45 percent  t h inn ing  t rea tments .  However, i n  t h e  
p l o t s  thinned us ing  t h e  sk idder ,  t h e  po r t ion  of r e s i d u a l  dominant and 
codominant t r e e s  c l a s sed  a s  high r i s k  was about 7 ,  13 ,  and 22 percent  of 
t h e  number of stems f o r  t h e  75, 60, and 45 percent  of f u l l  s tock ing  t r e a t -  
ments, r e spec t ive ly .  The p l o t s  thinned us ing  t h e  sk idde r  i n  t h e  s p r i n g  
of t h e  year  r e s u l t e d  i n  t h e  maximum amount of r e s i d u a l  s t and  damage t h a t  
could be  expected from any th inn ing  ope ra t ions ,  I n  t h e  60 percent  p l o t s ,  
t h e r e  were 247 r e s i d u a l  dominant and codominant t r e e s  p e r  hec t a re .  A s  
mentioned, on ly  32 pe r  h e c t a r e  (13 percent )  were c l a s sed  as h igh - r i sk  
t r e e s  l i k e l y  t o  develop s i g n i f i c a n t  decay. The normal t h inn ing  schedule 
f o r  t h e s e  s t a n d s  recommends a  second th inn ing  i n  1 5  t o  20 yea r s ,  and i t  i s  
l i k e l y  t h a t  49 t o  62 dominant and codominant trees per  h e c t a r e  w i l l  need 
t o  b e  removed a t  t h a t  t ime t o  t h i n  t h e  s tand  t o  60 percent  of f u l l  s tocking .  
I f  a l l  t h e  32 h igh- r i sk  t r e e s  per  h e c t a r e  were a l i v e  a t  t h e  second th inn ing ,  
they  would n a t u r a l l y  be  among those  t r e e s  removed. Therefore,  i t  appears  
t h a t  h igh- r i sk  damaged t r e e s  amount t o  about 60 percent  of t h e  a n t i c i p a t e d  
c u t  dur ing  t h e  second th inning .  

CONCLUSIONS 

Post logging d a t a  i n d i c a t e  t h a t  when th inn ing  previous ly  unmanaged 
cherry-maple s t ands  i n  West Virg in ia  t o  60 percent  of f u l l  s tock ing  us ing  
t h e  Allegheny hardwoods s tocking  guide,  i t  i s  not  necessary t o  a l low f o r  
damage t o  r e s i d u a l  dominant and codominant t r e e s  when marking t h e  s t and .  

Residual s t and  damage was much g r e a t e r  on p l o t s  logged wi th  a  wheeled 
sk idde r  than  on p l o t s  logged wi th  a  t r u c k  crane .  

Residual s t a n d  damage us ing  t h e  t r u c k  crane  was not  r e l a t e d  t o  i n t e n s i t y  
of c u t t i n g ;  rubber - t i red  sk idde r  damage was r e l a t e d  t o  i n t e n s i t y  of c u t .  
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