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ABSTRACT 

I n  n o r t h  c e n t r a l  West V i rg in i a ,  unmanaged 53-year-old, mixed oak-cove hardwood 
s t ands  were thinned t o  75, 60, and 45 percent  r e s i d u a l  s tocking .  Cut t r e e s  
were skidded t ree- length  wi th  a  rubber - t i red  sk idder .  Logging destroyed o r  
s eve re ly  bent 26, 29, and 34 percent  of t h e  unmarked stems i n  t h e  75, 60, and 
45 percent  s tocking  p l o t s ,  r e s p e c t i v e l y .  Because 94 percent  o f  t h e  destroyed 
and bent  t r e e s  were l e s s  t han  5.0 inches  dbh, t h e  e f f e c t  on b a s a l  a r e a  and 
r e s i d u a l  s tocking  was s l i g h t .  Damage reduced t h e  s tocking  by 6 ,  4 ,  and 5 
percent  i n  t h e  75, 60, and 45 percent  s tocking  p l o t s ,  r e s p e c t i v e l y .  Al l  p l o t s  
combined, 14 percent  of t h e  r e s i d u a l  stems sus ta ined  broken t o p s ,  which 
a f f e c t e d  only  3 percent  of t h e  r e s i d u a l  basa l  a r ea .  Less t han  10 percent  of 
t h e  r e s i d u a l  stems rece ived  wounds t h a t  r e s u l t e d  i n  exposed sapwood. Study 
r e s u l t s  i n d i c a t e  t h a t  marking gu ide l ines  i n  t h e  merchantable p o r t i o n  of t h e  
s tand  do no t  need t o  be  ad jus t ed  t o  account f o r  logging  damage. 

INTRODUCTION 

In tens ive  f o r e s t  management i n  hardwood s tands  involves  a  series of p a r t i a l  
c u t s  i n  both even-aged and uneven-aged systems. These p a r t i a l  c u t s  damage some 
r e s i d u a l  t r e e s  dur ing  t h e  logging  opera t ion .  Damage may i n c l u d e  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  i t  may be  l imi t ed  t o  broken branches o r  a skinned 
stem. An important  ques t ion  i n  t h inn ing  even-aged s t a n d s  is :  Should t h e  
marked c u t  be  ad jus t ed  t o  account  f o r  logging damage t o  r e s i d u a l  stems? W e  
s t ud ied  t h e  e f f e c t  of logging  damage on r e s i d u a l  s tand  d e n s i t y  i n  mixed oak- 
cove hardwood s t a n d s  thinned t o  t h r e e  l e v e l s  of r e s i d u a l  s tock ing  wi th  a  
rubber - t i red  sk idder .  

In te rmedia te  c u t t i n g s  i n  hardwood s t ands  can be c o n t r o l l e d  by q u a n t i t a t i v e  
s tocking  guides developed f o r  major e a s t e r n  f o r e s t  types.  The c u r r e n t  re-  
commendation f o r  t h inn ing  oak s t a n d s  i s  a r e s i d u a l  s tand  d e n s i t y  of about 60 
percent  of f u l l  s tock ing  (Gingrich 1967). However, some s t u d i e s  i n d i c a t e  t h a t  
a d d i t i o n a l  s tand  growth may be  achieved a t  d e n s i t i e s  lower t h a n  t h e  recommended 
l e v e l  (Leak 1981; Dale 1972).  As p a r t  of a  s tudy 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  upland oaks s tocking  guide  (Gingrich 1967) i n  West V i r g i n i a ,  p l o t s  were 
thinned t o  75, 60, and 45 pe rcen t  r e s i d u a l  s tocking.  In  a d d i t i o n  t o  growth 
and y i e l d  informat ion ,  t h e  p l o t s  provided d a t a  on logging  damage a s soc i a t ed  
wi th  each l e v e l  of th inning .  

THE STUDY AREA 

The s tudy  a r e a  was loca t ed  on t h e  West V i rg in i a  Univers i ty  F o r e s t  i n  no r th  
c e n t r a l  West V i rg in i a .  Thinning t rea tments  were app l i ed  i n  t h e  mixed oak- 
cove hardwood type  on g e n e r a l l y  n o r t h e a s t  f ac ing  s lopes .  The s t and  was 



53 y e a r s  o l d  wi th  a s i t e  index of 70 f o r  oak at t h e  t ime t h e  t rea tments  were 
a p p l i e d .  The t e r r a i n  was g e n t l e  r o l l i n g  h i l l s  wi th  s lopes  genera l ly  l e s s  t han  
10 pe rcen t .  

For t r e e s  a t  l e a s t  1 .0  inch dbh, t h e  s t a n d s  averaged 431 t r e e s  pe r  a c r e  w i t h  a  
b a s a l  area of 145 f t 2  per  ac re ,  a  cubic-foot  volume of 3,125 f t 3  f o r  t r e e s  a t  
l e a s t  5 .0 inches  dbh, and a  board-foot volume ( I n t e r n a t i o n a l )  of 13,951 fbm per  
a c r e  f o r  t r e e s  a t  l e a s t  11.0 inches dbh. The s t ands  were 129  percent  s tocked  
p r i o r  t o  t rea tment  (Gingrich 1967). 

DATA 

F i f t e e n  3-acre p l o t s ,  5  a t  each th inn ing  l e v e l ,  were included i n  t h i s  p o r t i o n  
of t h e  s tudy .  Within each 3-acre p l o t ,  a 1/2-acre observa t ion  p l o t  w a s  i n s t a l l e d .  
Af te r  t h e  3-acre p l o t s  were marked f o r  t h inn ing ,  a l l  r e s i d u a l  t r e e s  a t  least 
1.0 i n c h  dbh on t h e  observa t ion  p l o t s  were permanently i d e n t i f i e d .  Each t r e e  
was c a r e f u l l y  examined f o r  wounds r e s u l t i n g  from n a t u r a l  causes be fo re  logging .  
Species ,  d iameter ,  crown c l a s s ,  and cond i t i on  remarks a l s o  were recorded b e f o r e  
logging.  

The p l o t s  were logged by a  commercial crew us ing  cha in  saws and a  rubber - t i red  
sk idder .  Crew s i z e  va r i ed  from 2 t o  3 men, depending on t h e  circumstances.  
Merchantable l o g s  were skidded t ree- length  t o  t h e  decking area .  Trees 3.6 
inches  dbh and l a r g e r  were marked, bu t  t hose  less than  7.0 inches dbh w e r e  c u t  
and l e f t  i n  t h e  woods. Up t o  4 chokers were used per  h i t c h  and t h e  s k i d d e r  was 
permi t ted  t o  run  throughout t h e  p l o t .  Trees from one 3-acre p l o t  were no t  
skidded through o t h e r  p l o t s .  F e l l i n g  and skidding s t a r t e d  a t  t h e  back of each 
p l o t  and proceeded toward t h e  main s k i d  road o r  deck. Trees were d i r e c t i o n a l l y  
f e l l e d  whenever p o s s i b l e ,  though t h e  t e r r a i n  and s tand  d e n s i t y  made t h i s  d i f f i -  
c u l t  i n  some l o c a t i o n s .  The logging ope ra t ions  were done 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  and logging damage t o  r e s i d u a l  trees could be expected t o  
be g r e a t e s t .  Af te r  logging,  each r e s i d u a l  t r e e  on t h e  measurement p l o t s  w a s  
c a r e f u l l y  examined f o r  four  logging i n j u r i e s :  1) completely des t royed;  2) bent  
o r  s e v e r e l y  l ean ing ;  3)  exposed sapwood; 4)  broken tops .  The l eng th  and width  
of each sapwood-exposed wound were measured. 

Data from t h e  112-acre measurement p l o t s  provided information r e l a t i n g  t o  logging  
damage i n  only  a p o r t i o n  of t h e  r e s i d u a l  s tand .  Because t h e  logging c o n t r a c t o r  
w a s  n o t . p e r m i t t e d  t o  l o c a t e  sk id  roads  nea r  t h e  growth p l o t s ,  t h e  d a t a  do n o t  
r e p r e s e n t  t h e  type  of damage sus t a ined  a long  s k i d  roads.  I n  Appalachia, s k i d  
roads ,  h a u l  roads ,  and landings  occupy about  10 percent  of t h e  a r e a  logged wi th  
wheeled sk idde r s  (Kochenderfer 1977). Probably another  5  percent  of t h e  t o t a l  
a r e a  logged s u s t a i n s  damage t h a t  is  no t  represented  by t h e  1/2-acre p l o t  d a t a .  
A s  a r e s u l t ,  t h e  logging damage r epor t ed  h e r e  r e p r e s e n t s  t h e  a r e a  between roads  
and l and ings ,  roughly 85 percent  of t h e  t o t a l  a r e a  logged, 

RESULTS 

Two types  of damage,destroyed t r e e s  and bent  o r  s eve re ly  leaning  trees, reduced 
t h e  number of r e s i d u a l  t r e e s  and lowered t h e  r e s i d u a l  s tand  s tocking  below t h e  
d e s i r e d  l e v e l .  I n  t h e  fol lowing d i scuss ions ,  t h e s e  types  of damage are expressed 
a s  a percentage  of t h e  unmarked p o r t i o n  of t h e  s tand .  Conversely, damage involv-  
i n g  exposed sapwood and broken tops  a f f e c t e d  only  t h e  q u a l i t y  of t h e  r e s i d u a l  
trees and d i d  no t  a f f e c t  s tand  s tocking .  These types of damage a r e  expressed a s  



a percentage of t h e  n e t  r e s i d u a l  stand--the unmarked s t and  minus destroyed and 
bent o r  s eve re ly  l e a n i n g  stems. 

Destroyed 

For t h e  75, 60, and 45 percent  r e s i d u a l  s tocking  p l o t s ,  14,  20, and 27 pe rcen t ,  
r e spec t ive ly ,  of t h e  unmarked t r e e s  were destroyed by logging .  Because most of 
t h e  destroyed trees (94 percent )  were less than  5.0 inches  dbh, r e s i d u a l  b a s a l  
a r e a  was n o t  s e r i o u s l y  reduced. Only 4 ,  2,  and 5 percent  of t h e  unmarked b a s a l  
a r ea  was destroyed by logging  i n  t h e  75, 60, and 45 percent  s tock ing  p l o t s ,  re- 
spec t ive ly  (Tables 1, 2 ,  3 ) .  One sawtimber-size tree pe r  a c r e  was destroyed i n  
each of t h e  75 and 45 percent  s tocking  p l o t s .  No sawtimber-size t r e e s  were 
destroyed i n  t h e  60 percent  s tocking  p l o t s .  

Bent o r  Severely Leaning 

For t h e  75, 60, and 45 percent  s tocking  l e v e l s ,  a t o t a l  of 41,  22, and 15 stems 
per  a c r e ,  r e s p e c t i v e l y ,  were bent  o r  l e f t  l ean ing  a f t e r  logging .  Ninety-two 
percent  of t h e s e  t r e e s  were l e s s  than 5.0 inches  dbh. This  form of damage 
amounted t o  9 percent  of t h e  unmarked stems and about 2 pe rcen t  of t h e  unmarked 
b a s a l  a r e a  (Tables  1, 2, 3 ) .  Although t h i s  type  of i n j u r y  d i d  n o t  k i l l  t h e  
t r e e s ,  damage of t h i s  t y p e  a s soc i a t ed  wi th  snow and i c e  o f t e n  r e s u l t s  i n  dead 
t r e e s  i n  t h e  near  f u t u r e .  

E f fec t  on Residual  Stocking 

The p l o t s  were marked according t o  t h e  s tocking  guide f o r  upland oaks (Gingrich 
1967) without  making al lowances f o r  logging damage t o  t h e  r e s i d u a l  s tand .  In  
computing r e s i d u a l  s tocking ,  t r e e s  t h a t  were bent  and t r e e s  t h a t  were destroyed 
were not  considered p a r t  of t h e  r e s i d u a l  s tand .  A s  a r e s u l t  of logging  damage, 
a c t u a l  r e s i d u a l  s t and  s tocking  was 69, 56, and 40 percent  i n  t h e  75, 60, and 45 
percent  r e s i d u a l  s tock ing  p l o t s ,  r e spec t ive ly  (Tables  1, 2 ,  3). 

Some of t h e  t r e e s  t h a t  surv ived  t h e  logging ope ra t ion  s u f f e r e d  skinned stems o r  
broken tops .  These i n j u r i e s  d i d  not  a f f e c t  r e s i d u a l  s t and  s tock ing .  

Exposed Sapwood 

In  t h e  75 percent  r e s i d u a l  s tocking  p l o t s ,  5 percent  of t h e  r e s i d u a l  stems and 
3  percent  of t h e  r e s i d u a l  b a s a l  a r ea  had exposed sapwood damage (Table 1). I n  
t h e  60 percent  r e s i d u a l  s tocking  p l o t s ,  9 percent  of t h e  r e s i d u a l  s t e m s  and 11 
percent  of t h e  r e s i d u a l  b a s a l  a r e a  had exposed sapwood (Table 2 ) .  Sapwood dam- 
age w a s  most s eve re  i n  t h e  45 percent  r e s i d u a l  s tocking  p l o t s .  Eighteen percent  
of t h e  r e s i d u a l  stems and 16 percent  of t h e  r e s i d u a l  b a s a l  area had exposed sap- 
wood i n  t h e  heavy th inn ing  t reatment  (Table 3 ) .  Thus, exposed sapyood was 
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 thinning--as t h e  number of stems and b a s a l  a r e a  
removed inc reased ,  a g r e a t e r  percentage of t h e  r e s i d u a l  s t a n d  s u f f e r e d  exposed 
sapwood wounds. 

An important f a c t o r  i n  sapwood damage i s  t h e  s i z e  of t h e  tree s u f f e r i n g  t h e  
wound. I n  t h i s  s tudy ,  t h e  percentage of r e s i d u a l  t r e e s  w i t h  exposed sapwood 
increased  wi th  heav ie r  t h inn ing ,  However, t h e  d i s t r i b u t i o n  of sapwood damage 
among s i z e  c l a s s e s  remained about t h e  same i n  each t rea tment .  For a l l  t r e a t -  
ments combined, about 53 percent  of t h e  wounded t r e e s  were less than  5.0 inches  dhh 



Table I .  S m r y  of logging damage i n  p l o t s  chinned co 75 parcant  r e s idua l  scocking 

b m r d  rnn. - - - - - - - - - 
b b e r  of stems Basal area.  f t ' l a c r e  Cubic-foot volume volume ( In t )  Percent 

ICm 1.0-4.9 5.0-10.9 1 1 . w  Tocal 1.0-4.9 5.0-10.9 11.0+ Total  5.0-10.9 11.M. Tocal 11.W r t ock ing  

INITIAL STAND 

I n i t i a l  
Marked c u t  
Unurked scand 

LOCGINC DAMAGE 

Bcnc o r  l ean ing  39 
Dercroyed 46 
Percenc 35  
Nct r e s idua l2  157 
kposed  sapwod  7 
~ e r c e n c '  4 
Broken top 28 
percent' 18 

'percent  of unmarked scand. ' ~ e t  r e s idur lu - rked  stand-bmt o r  leaning-destroyed.  'Percent of net  r e s idua l  scand. 

Table 2. Surmvry of logging dlnage i n  p l o t s  thinned t o  60 percent  r e s i d u s l  s tockinp.  

b b a r  of s t m s  
Item 1.0-4.9 5.0-10.9 11.0+ Total  

Board toot  
&MI area,  f t ' l a c r e  Cubic-foot volume volume ( In t )  Percanc 

1 . 0 4 . 9  5.0-10.9 L1.w Tocal 5.0-10.9 LI.O+ Total  11.W stocking 

INITIAL STAND 

6.9 51.8 
2.3 33.4 
4 . 6  18.4 

LOCGING D N E  

0.5 0.9 
1.1 0.4 

I n i t i a l  
Marked c u t  
Vnnarked stand 

BmC o r  l ean ing  
Destroyed 
Percmc '  
Net r e s idua l2  
Exposed sapwod 
Percenc' 
Broknn Cop 
~ e r c m t '  

' ~ e r c e n t  of unmarked stand.  'Net r e s idua l  - unmarked stand-bmt o r  l ean ingdes t royad .  Pe rcen t  of n e t  r e s f d u d  stand. 

Table 3. Sumnary of logging dsmage i n  p l o t s  Chinned t o  45 percent  r ea idua l  scocking. 

Board foot 
Number of stems Basal a rea ,  f t 2 / a c r a  Cubic-foot volume vo l lnc  ( I n t )  Percent 

I t m  1.0-4.9 5.0-10.9 1 I . w  Total  1.0-5.9 5.0-10.9 11.W Total  5.0-10.9 11.W Total  11.W s tock ing  

III i t iAl  
Market cue 
Urmarked stand 

Bent o r  l ean ing  
Destroyed 
~ e r c m t '  
Nec rea idus l '  
Erposed sapmod 
~ e r c e n t '  
Broken cop 
p e r c m t '  

' ~ e r c e n c  of -rked scand. 'Net rasidud-u-rkad stand-bent o r  lun ing-des t royed .  'Earcmt of nee r e s idua l  s tand.  



and 80 percent  were l e s s  than 11.0 inches  dbh. 

Broken Tops 

A few r e s i d u a l  trees su f f e red  broken t o p s  during logging  (Tables  1, 2, 3 ) .  The 
most damage occurred  i n  t h e  heavi ly  thinned p l o t s  (45 percent  r e s i d u a l  s t o c k i n g ) ,  
where 21 percent  of t h e  r e s i d u a l  t r e e s  s u f f e r e d  broken tops .  I n  t h e  60 and 75 
percent  r e s i d u a l  p l o t s ,  12 and 11 percent  of r e s i d u a l  t r e e s ,  r e s p e c t i v e l y ,  
su f f e red  broken tops .  Nearly a l l  t r e e s  (93 pe rcen t )  with t h i s  type  of i n j u r y  
were l e s s  t han  5.0 inches  dbh. A s  a r e s u l t ,  a very  small  po r t ion  of t h e  r e s i d u a l  
b a s a l  a r e a  was a f f e c t e d  by top  damage. 

I n j u r i e s  t o  P o t e n t i a l  Crop Trees 

Trees i n  a dominant o r  codominant p o s i t i o n  a f t e r  t h inn ing  a r e  t h e  most l i k e l y  
crop t r e e s  of f u t u r e  ha rves t s .  The s t and  was marked t o  favor  t h e s e  t r e e s  so  
t h a t  growth would b e  concentrated on t h e  b e s t  t r e e s  i n  t h e  stand--a major ob- 
j e c t i v e  of t h inn ing .  We examined dominants and codominants t o  determine t h e  
e x t e n t  of logging  damage t o  t h e  crop t r e e s  of t h e  f u t u r e .  

A t  t h e  60 percent  r e s i d u a l  s tocking  l e v e l ,  t h e  c u r r e n t  recommended th inn ing  
t rea tment ,  68 dominant and codominant stems pe r  a c r e  were l e f t  i n  t h e  s tand .  
One t r e e  pe r  a c r e  w a s  severe ly  bent  and had t o  be  e l imina ted  from t h e  n e t  re- 
s i d u a l  s tand .  Of t h e  remaining 67 dominant and codominant t r e e s  pe r  a c r e ,  7 
t r e e s  (10 pe rcen t )  s u f f e r e d  exposed sapwood wounds, Only t h r e e  of t h e  wounded 
crop t r e e s  ( 4  pe rcen t )  su f f e red  severe  wounds g r e a t e r  than  100 i n 2  of exposed 
sapwood. 

A t  t h e  45 percent  r e s i d u a l  s tocking l e v e l ,  57 dominant and codominant stems pe r  
a c r e  w e r e  l e f t  i n  t h e  s tand .  One t r e e  pe r  a c r e  was des t royed ,  and two t r e e s  p e r  
a c r e  were s e v e r e l y  bent  and el iminated from t h e  n e t  r e s i d u a l  s t and .  Of t h e  re- 
maining 54 dominant and codominant t r e e s  per  a c r e ,  15  t r e e s  (28 percent )  s u f f e r e d  
exposed sapwood wounds. Only one of t h e  wounded crop  t r e e s  (2 percent )  s u f f e r e d  
severe  wounds g r e a t e r  than  100 i n 2  of exposed sapwood. 

DISCUSSION 

The r e s u l t s  of t h i s  s tudy  a r e  s i m i l a r  t o  o t h e r  s t u d i e s  of logging damage i n  up- 
land  hardwood s t ands .  I n  p a r t i a l  c u t s ,  when us ing  a rubber- t i red sk idde r  o r  
c rawler  t r a c t o r  w i t h  a rubber - t i red  a r c h  and sk idding  t ree- length ,  logging  
damage e l imina ted  less than 10 percent  of t h e  r e s i d u a l  b a s a l  a r e a  i n  t h e  s t and .  
Moreover, t h i s  damage was concentrated i n  t h e  lower diameter c l a s s e s  (Weitzman 
and Holcomb 1952; Herr ick  and Deitschman 1956; Nyland and Gabr ie l  1972).  I n  
our  s tudy ,  damage and d e s t r u c t i o n  of r e s i d u a l  stems reduced s tocking  by 6 ,  4 ,  
and 5 percent  i n  t h e  75, 60, and 45 percent  s tock ing  t r ea tmen t s ,  r e s p e c t i v e l y .  
Because of t h e  l o s s e s  occurred i n  t r e e s  l e s s  than  5.0 inches  dbh, competi t ion 
f o r  l i g h t  among dominant, codominant, and in t e rmed ia t e  t r e e s  was n o t  i n f luenced  
by logging  damage. 

S i ze  of exposed sapwood wounds i s  an important  f a c t o r  i n  a s se s s ing  logging  damage. 
Hesterberg (1957) s tud ied  wounds on sugar  maple and concluded t h a t  t h e  amount of 
c u l l  l o s s  from a logging  i n j u r y  depends on t h e  wid th  of t h e  wound and t h e  l e n g t h  
of t ime fo l lowing  t h e  i n j u r y .  H i s  s tudy  showed t h a t  about 10  percent  of t h e  g ros s  
volume i n  wounded t r e e s  was degraded bo th  10 and 20 yea r s  a f t e r  t h e  i n j u r y  occurred.  



Apparently,  narrow wounds a r e  covered wi th  c a l l o u s  t i s s u e  w i t h i n  t h e  f i r s t  1 0  
y e a r s ,  and no f u r t h e r  degrading occurs  i n  t h e  next  10  years .  V~ lume  l o s s e s ,  
however, were h igher  on t r e e s  w i th  20-year-old wounds. For  example, 4-inch- 
wide s c a r s  caused about  3 board f e e t  of c u l l  a f t e r  10 yea r s  and 11 board f e e t  
of c u l l  a f t e r  20 y e a r s  (Hesterberg 1957). Wounds 8 inches  wide can l e a d  t o  
c u l l  deduct ions of 20 and 35 board f e e t  10 and 20 y e a r s ,  r e s p e c t i v e l y ,  a f t e r  
t h e  i n j u r y  occurs .  A s  c u l l  deductions inc rease  w i t h  t ime,  f u r t h e r  degrading 
w i l l  occur ,  and va lue  l o s s e s  w i l l  i nc rease  r ap id ly .  

I n  t h i s  s tudy ,  wounds on dominant and codominant s tems averaged 5.5 inches wide. 
However, only 10 pe rcen t  of t h e  dominant and codominant s t e m s  s u f f e r e d  any wound 
a t  a l l .  The o t h e r  90 percent  were n o t  damaged. I n  o t h e r  words, i t  seems t h a t  
most of t h e  sapwood wounds on p o t e n t i a l  crop t r e e s  a r e  sma l l  enough t o  h e a l  w i th  
l i t t l e  danger of sapwood decay. Also, many of t h e  t r e e s  w i t h  l a r g e  sapwood ex- 
posed wounds can b e  removed i n  f u t u r e  th innings  b e f o r e  s e r i o u s  c u l l  l o s s e s  occur.  

CONCLUSIONS 

Logging damage a s s o c i a t e d  wi th  t h e  rubber - t i red  sk idde r  was concent ra ted  i n  
t r e e s  l e s s  than  5.0 inches  dbh. 

A t  t h e  60 pe rcen t  s tock ing  l e v e l ,  t h e  cu r r en t  recommended th inn ing  t rea tment ,  
logging damage reduced r e s i d u a l  s tocking  by only  4 pe rcen t .  

e Damage t o  r e s i d u a l  dominant and codominant c rop  t r e e s  was no t  severe .  
Only one t r e e  p e r  a c r e  (1.5 percent )  was des t royed .  

9 Ten percent  of t h e  r e s i d u a l  dominant and codominant crop t r e e s  s u f f e r e d  
sapwood-exposed wounds. Only 4 percent  s u f f e r e d  wounds l a r g e r  than  
100 i n 2 .  

RECOMMENDATIONS 

Marking g u i d e l i n e s  i n  t r e e s  over 5.0 inches  dbh do n o t  need t o  be ad jus ted  
t o  account f o r  logging  damage. 
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