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ABSTRACT 

Damage from t r a c t o r  l o g g i n g  and s l a s h  burn ing  i n  a D o u g l a s - f i r  s t a n d  
on g e n t l e  t e r r a i n  was measured f o r  t h r e e  d i f f e r e n t  t y p e s  o f  t i m b e r  h a r v e s t -  
i n g .  Logging damage was l i g h t  i n  t h e  s e l e c t i o n - c u t  and unders tory-removal  
c u t t i n g  u n i t s .  I n  t h e  overs tory - remova l  u n i t ,  abou t  11 percen t  o f  t h e  
l e a v e  trees were  k i l l B d  b y  l o g g i n g .  L i t t l e  damage from burn ing  was i n c u r r e d  
i n  t h e  s e l e c t i o n - c u t  and unders tory-removal  u n i t s ,  b u t  i n  t h e  o v e r s t o r y  
removal u n i t  an a d d i t i o n a l  56 percen t  was k i l l e d  b y  burn ing .  . 

KEYWORDS: logging damage, prescribed burning, t r e e  wound 

S i l v i c u l t u r a l  needs and fo res t  management object ives  a r e  sometimes bes t  achieved by the  
p a r t i a l  c u t t i n g  of timber stands.  The success of p a r t i a l  harvesting depends i n  pa r t  on the  
extent  of damage t o  res idual  o r  "leave" t r e e s .  

In a study begun recent ly  a t  the  Lubrecht Experimental  ores st^ eas t  of Missoula, Mont ., 
researchers a r e  evaluating physical and biological  e f f e c t s  of  several  harvesting methods and 
postharvest treatments. Objectives a r e  t o  compare e f f e c t  of harvesting techniques on popula- 
t i o n s  of western spruce budworm ( ~ h o r i s t o n e u r a  o c c i d e n t a l i s  Freeman) a common pes t  i n  the area,  
and t o  achieve more species d ive r s i ty .  This research note r epor t s  i n i t i a l  damage incurred t o  
leave t r e e s  from logging operations and prescribed burning. Subsequent change from disease,  
insec t s ,  o r  wind may be assessed i n  fu tu re  s tudies .  

STAND CONDITIONS AND HARVESTING OPERATIONS 

The study s i t e  i s  on a gently r o l l i n g  area  i n  a stand of primarily Douglas-fir (Pseudotsuga 
m e n z e i s i i )  , with some western larch ( ~ a r i x  o c c i d e n t a l i s )  , ponderosa pine  ( p i n u s  ponderpsa)  , and 
lodgepole pine ( p i n u s  c o n t o r t a )  mixed i n .  The a rea  had been cu t  over i n  t h e  pas t ,  r e su l t ing  i n  
patches of large  and small t r e e s ,  with occasional two-storied stands of several  ages. The 
area  i s  primarily Douglas-fir/dwarf huckleberry hab i t a t  type (Pseudotsuga m e n z e i s i i / V a c c i n i u m  
c a e s p i t o s u m ) ,  a s  c l a s s i f i e d  by P f i s t e r  and others  (1977). 

l ~ e s e a r c h  f o r e s t e r  s ta t ioned a t  the  Intermountain S ta t ion ' s  Forestry Sciences Laboratory, 
Missoula, Mont. 

2 ~ h i s  is  a cooperative study between the  Intermountain Forest and Range Experiment Sta t ion 
and the  Universi ty of Montana School of Forestry. Complete plans of a l l  phases of study a r e  on 
f i l e  a t  t h e  Forestry Sciences Laboratory, Missoula, Mont., and the  School of Forestry. 



Four c u t t i n g  u n i t s  were included i n  t he  o v e r a l l  s tudy .  One u n i t  was c l e a r c u t  and only t h e  
t h r e e  u n i t s  t h a t  were p a r t i a l l y  cu t  a r e  discussed here .  One unig was s e l e c t i o n  c u t  t o  remove 
suppressed and d e f e c t i v e  t r e e s  and acllievc d e s i r a b l e  spacing f o r  t h c  remaining t r e e s ,  fol lowing 
t h e  gu ide l ines  o f  t h e  Montana Department of Natural  Resources, Division of Fores t ry .  In t he  
o t h e r  u n i t s ,  t h e  o b j e c t i v e s  were t o  i n t e r r u p t  t h e  spruce budworm l i f e  cyc l e .  On one u n i t  t h e  
ove r s to ry  was c u t  t o  rerliove l a r g e r  t r e e s  where t h e  bud worn^ overwintcrs  and from which l a rvae  
a r e  d ispersed .  On another  u n i t  the  unders tory  was c u t  t o  remove smal le r  t r e e s  on which d i s -  
persed l a rvae  l i g h t  and begin feeding.  Were poss ib l e ,  ponderosa p ine ,  western l a r c h ,  and 
lodgepolc p ine  were r e t a ined  t o  improve spec i e s  d i v e r s i t y .  

The s p e c i f i c  t r ea tmen t s  were: 

Se l ec t ion  c u t t i n g  - About ha l f  t h e  sawtimber and po le - s i ze  stcms were harves ted .  Residue 
was t r a c t o r - p i l e d  f o r  burning. 

Understory removal - Vigorous young sawtimher and a  few po le s  were marked f o r  leave .  
Defect ivc and o lde r  sawtimber t r e e s  were cu t  and a l l  t r e e s  under 
5 inches d .b .h .  were c u t .  

Overstory removal - A l l  t r e e s  over 9 inches d .b .h .  were cu t ,  and a l l  Douglas-f i r  over 
5 inches d.b.h. were c u t  t o  meet t h e  o b j e c t i v e s  s t a t e d  above. Remain- 
ing  stems were th inned .  

Trees were f e l l e d  and bucked convent iona l ly  using chainsaws and were yarded with a  crawler  
t r a c t o r .  Where r e s idues  were removed from t h e  s i t e ,  small  stems were bundled p r i o r  t o  yarding.  
Merchantable stcms were skidded whole-tree t o  t h e  landing f o r  limbing. Harvest ing began i n  
J u l y  1977 and was completed October 1977, The logger  was thoroughly b r i e f e d  on s tudy ob jec t -  
i ve s .  Research personnel  were u sua l ly  present  t o  provide advice and t o  i n su re  c lo se  adherence 
t o  logging and u t i l i z a t i o n  s p e c i f i c a t i o n s .  The number of  stems before  and a f t e r  logging a r e  
summarized i n  t a b l e  1. 

Burning was done i n  l a t e  summer o f  1978 a f t e r  1 year  of  cur ing .  The ove r s to ry  rcmoval 
u n i t  was burned under rnoderate-to-hot burning cond i t i ons  and t h e  f i r e  was h ighly  successfu l  i n  
reducing f u e l  volumes. The unders tory  removal u n i t  was burned under more moist condi t ions ;  
f i n e  f u e l s  were consumed, but l a r g e r  f u e l s  were reduced only by about one - th i rd  (S t ce l e  i n  
p r e s s ) .  

Table 1.--Number o f  live g r e e n  trees per  a c r e ,  pre-  and p o s t h a r v e s t ,  b y  d i a m e t e r  f o r  e a c h  c u t t i n g  
and r e s i d u e  t r e a t m e n t ,  Lubrech t  E x p e r i m e n t a l  Forest, 1977 

Diameter c l a s s ,  l i v e  green t r e e s  
Cut t ing  and r e s i d u e  1.0-4.9 inches 5,O-8.9 inches  9 .0+  inches Total  Tota l  

t rea tment  Pr e Post Pre Post Pre  Post  Pre post- Pre Post  
- - - - - - - - - -  - - Number p e r  a c r e  - - - - - - - - - - Number per  

h e c t a r e  

Se l ec t  ion cu t  
Residue p i l e d  and burned 319 4 6 134 48 87 54 540 148 1334 365 

Overstory removal 
Residue l e f t  
Residue burned 
Res iduc  removed 

Understory removal 
Residue l e f t  800 0 138 38 49 25 987 63 2438 156 
Residue burned 560 0 214 3 3 8 2 25 856 58 2114 143 
Residue removed 220 0 42 19 104 45 366 64 904 158 

l ~ r e c n  s eed l i ngs  under  1 inch  d.b.h.  a r e  not included because they  a r e  no t  involved i n  t he  damage 
a na ly s i s .  Complete s tand  t a b l e s  a r e  on f i l e  a t  t h e  Fo re s t ry  Sc iences  Laboratory,  Missoula,  Mont. 

2 ~ h e  apparent  i nc r ea se  i n  t r e e s  p e r  a c r e  i s  due t o  preharves t  sampling e r r o r .  



DAMAGE FROM LOGGING 

Logging damage was eva lua ted  by measuring and v i s u a l l y  e s t ima t ing  s c a r s  and crown breakage 
on marked leave  t r e e s  t a l l i e d  on l / lO th -ac re  f i x e d  p l o t s .  Evaluat ion was begun fo l lowing  log- 
ging,  but  i n  some u n i t s  was no t  completed u n t i l  t h e  fol lowing summer. The assessment included 
a r e a  and l o c a t i o n  of s c a r s ,  and t h e  number and s tub - l eng th  o f  broken green branches,  These 
i n j u r i e s  can i n f luence  t h e  s u s c e p t i b i l i t y  of  t h e  t r e e  t o  en t r ance  of  pathogens. No at tempt  was 
made t o  d e t e c t  p resence  o r  absence o f  pathogens a t  t h i s  t ime.  By t h e  summer fo l lowing  logging,  
most s c a r s  were 80 t o  90 percent  covered wi th  p i t c h ,  except  f o r  s c a r s  on small t r e e s  o f  low- 
v igor ,  p a r t i c u l a r l y  i n  t h e  ove r s to ry  removal u n i t .  

The darnage t o  marked leave  t r e e s  i s  summarized i n  t a b l e  2 .  Addi t iona l  t r e e s  i n  t h e  over-  
s t o r y  removal and s e l e c t i o n  u n i t s  were no t  c u t ,  bu t  t h c s e  were no t  inc luded  i n  t h e  damage 
assessment because t h e r e  was no i n t e n t  t o  p r o t e c t  them. 

Table 2 . - - L o g g i n g  damage t o  leave trees i n  p a r t i a l  c u t t i n g  u n i t s ,  Lubrecht F o r e s t ,  1977 

Logging damage l 

C u t t i n g  and Number markcd Broken  ole^ stump2 
r e s i d u e  t r e a t n ~ c g "  _ lcavv t r e c s  None branch o r  t o p  s c a r  s c a r  K i l l e d  

P e r  acre P e r  ha - - - - - - - - - - p e r c e n t  - - - - - - - - - - 

S e l e c t  i o n  
Residue p i l e d  and burned 6 4 158 8 1 6 4 8 < 1 

Overstory removal 
Residue l e f t  
Residue burned 
Residue removed 

Understory removal 
Rcsidue l e f t  
Residuc burned 
Residue removed 

'A  few t r c e s  had two t y p e s  o f  damage. Damage shown h e r e  i s  most s e r i o u s  damage i n c u r r e d .  
2 ~ c a r s  1 f o o t  o r  l e s s  above ground were c a l l e d  stump s c a r s ;  over  1 f o o t  above ground, b o l e  s c a r s .  

Trees Ki l led  o r  Missing 

Tn t h e  ove r s to ry  removal u n i t ,  from 6 t o  11 pe rcen t  o f  t h e  marked leave  t r e e s  were k i l l e d  
o r  were missing.  These were v i r t u a l l y  a l l  uprooted o r  f l a t t e n e d .  The unders tory  removal u n i t  
had no dead o r  missing leave  t r e e s ,  and i n  t h e  s e l e c t i o n  c u t  l e s s  than  1 percent  were k i l l e d .  

Bolc Damage 

Damage t o  t h e  stump ( 1  f o o t  o r  l e s s  above ground) o r  bo l e  of t h e  t r e e  (over 1 f o o t  above 
ground) was t h e  most common i n j u r y  i n  v i r t u a l l y  a l l  t rea tments  ( t a b l e  2 ) .  I n  gene ra l ,  t h e  
p a t t c r n  was a s  might be expected; sma l l - s i ze  leave  t r e e s  su s t a ined  more f requent  damage. In 
t h e  unders tory  removal u n i t ,  from 1 t o  10 percent  o f  t h e  l e ave  t r e e s  had b o l e  o r  stump s c a r s ,  
and i n  t h e  s e l e c t i o n  c u t  12 percent  had s c a r s ,  bu t  i n  t h e  ove r s to ry  removal u n i t  bo l e  o r  stump 
s c a r  damage occur red  on up t o  26 percent  o f  t h e  leave  t r e e s .  

The frequency o f  bo le  damage d i d  no t  appear t o  be r e l a t e d  t o  t h e  type  o f  r e s idue  t rea tment ,  
even though t h e  " r e s idue  removedll t rea tment  r equ i r ed  yarding o f  more s tems.  One p o s s i b l e  reason 
i s  t h a t  most of t h e  r e s i d u e  was small stems, l e s s  l i k e l y  t o  cause damage i n  f e l l i n g  and skidding 
than l a r g e r  r e s i d u e s  such a s  snags o r  l a r g e  down m a t e r i a l .  There was very  l i t t l e  l a r g e  dead o r  
c u l l  ma te r i a l  on t h e  s i t e .  Also, a s  mentioned e a r l i e r  logging s p e c i f i c a t i o n s  were c l o s e l y  
followed. 



Large s c a r s  t h a t  occur c l o s e  t o  t h e  ground usua l ly  have t h e  g r e a t e s t  p o t e n t i a l  f o r  i n f e c t i o n  
because o f  warmer and mois te r  cond i t i ons .  In a l l  c u t t i n g  u n i t s ,  h a l f  o r  more of t h e  t r e e s  t h a t  
were s ca r r ed  had stump s c a r s ,  and most o f  t h e  bole s c a r s  were l e s s  than 2 f e e t  above ground 
( t a b l e  3 ) .  

Table 3 . - - p e r c e n t a g e  of l e a v e  t r e e s  w i t h  s tump  or bole s c a r s  b y  h e i g h t  o f  scar above ground and 
s i z e  of s c a r ,  Lubrech t  Exper imen ta l  F o r e s t ,  1977 

---. 

-- Height of s c a r  ( f t )  
Cut t in2  

d 

met hod- < 1 1-2 2-3 3-5 > 5  Tota l  
- P e r c e n t a g e  o f  l e a v e  t r e e s  - - - - - - - - - - 

Se lec t ion  cu t  
Overstory removal 
Understory removal 

S i ze  of s c a r  ( i n2 )  

Se l ec t ion  cu t  
Overstory removal 
Understory removal 

1-10 11 -30 31-50 51+ Total  

- - - - - - - - - -  - P e r c e n t a g e  of l e a v e  t r e e s  - - - - - - - - - - 

In t h e  unders tory  removal u n i t  where only  smal le r  t r e e s  remained, most of  t h e  s c a r s  were 
under 10 i n 2  i n  s i z e  ( t a b l e  3 ) .  In t h e  understory removal u n i t  where leave  t r e e s  were l a r g e r ,  
nea r ly  h a l f  t h e  damaged t r e e s  had s c a r s  11 t o  30 i n 2  i n  s i z e .  In t h c  s e l e c t i o n  u n i t  nea r ly  one- 
t h i r d  o f  a l l  t h e  t r c e s  damaged had s c a r s  exceeding 50 i n 2  i n  s i z e .  The l a r g e r  s c a r s  i n  t h e  
s e l e c t i o n  cu t  were probably because s l a s h  was machine p i l e d ,  which made l a r g e  s c a r s  more l i k e l y ;  
but  no at tempt was made t o  determine whether t h e  damage was from yarding logs  o r  p i l i n g  s l a sh .  

Broken branches and broken tops  do not  u sua l ly  s e r i o u s l y  damage young t r e e s ,  provided t h e  
damage is  not  ex tens ive  on any one t r e e .  Most leave  t r e e s  had no crown damage o r  only a  few 
broken l i v e  branches ( t a b l e  2 ) .  Leave t r e e s  i n  t h e  overs tory  removal u n i t  had t h e  most crown 
damage, but no t  s u b s t a n t i a l l y  g r e a t e r  than i n  t h e  s e l e c t i o n  and understory removal u n i t s .  

Stub length  can be a  f a c t o r  i n  d i s e a s e  e n t r y  because long s t u b s  do no t  hea l  r a p i d l y ,  thus  
al lowing g r e a t e r  time f o r  access  o f  pathogens. Stub length  on a l l  t r e e s  with broken branches 
was a s  fo l lows:  

Stub length  Percentage 

1 inch o r  l e s s  7 7 
2-4 inches 17  
5 inches o r  more 

In  gene ra l ,  crown damage was l e s s  common than damage t o  t h e  bole a s  shown i n  t a b l e  2,  even 
i n  t h e  overs tory  removal t reatment  where r e s idue  was removed. 

Tree S i ze  and Logging Damage 

General ly smal le r  t r e e s  seem more suscep t ib l e  t o  logging damage than l a r g e r  t r e e s ,  a l though 
comparisons i n  t h i s  s tudy a r e  l im i t ed  because s i z e  o f  markod leave t r e e s  d i f f e r e d  among t h e  
t h r e e  c u t t i n g  u n i t s .  



A l l  o f  t h e  leave  t r e e s  k i l l e d  i n  logging were 1 . 0  t o  5 ipches d .b .h . ,  except i n  t h e  ove r s to ry  
removal u n i t  where a  small number of 5- inch t o  %inch  leave  t r e e s  were k i l l e d ,  In add i t i on ,  b a l e  
and stump damage i n  t h e  ovc r s to ry  removal u n i t  was more f requent  on smal lc r  t r e e s :  

Lcavc t r e c s  wi th  stump 
Residue t rea tment  and b o l e  s c a r s  

1 .0-4.9 inches  
--A - S.O+ inches -- - - - - - - P e r c e n t  - - - - - - 

Residue l e f t  
yesidue burned 
~ e s i d u c  removed 

Trces 1-5 inches  d .b .h .  i n  t h e  ove r s to ry  removal u n i t  a l s o  suf fe red  crown damage more f r e -  
quent ly  than  l a r g e r  t r e e s .  Crown damage averaged 20 percent  o f  t h c  leave  t r e e s , l - 5  inches ,  bu t  
only I 1  percent  o f  t h c  l a r g e r  t r e e s  had crown damage. 

DAMAGE FROM PRESCRTBFD BURNING OF RESIUlJES 

Logging r e s idues  i n  t h e  unders tory  and ovc r s to ry  removal u n i t s  were broadcast  burned i n  1978 
a f t e r  one season o f  cu r ing .  Some minor arrangement o f  f u e l s  were made t o  p r o t e c t  l eave  t r e e s  and 
provide uniform f u e l  cond i t i ons ,  but  o therwise  f u e l s  were l e f t  from t h c  logging opera t ion .  Damage 
from burning t h e  ove r s to ry  and unders tory  removal u n i t s  was eva lua ted  i n  1979. No app ra i s a l  was 
made i n  t h e  s e l e c t i o n  cu t  because p i l i n g  f u e l s  v i r t u a l l y  e l imina ted  damage t o  leave t r e e s .  

In t h c  unders tory  removal u n i t ,  t h e r e  was r e l a t i v e l y  l i t t l e  damage from burning,  but  i n  
t h e  ove r s to ry  removal u n i t  67 percent  of  t h e  marked leave  t r c e s  were dead o r  missing fo l lowing  
burning; on ly  10.6 percent  had been k i l l e d  i n  t h e  logging ope ra t i on ,  s o  over  h a l f  t h e  leave  
t r c e s  were appa ren t ly  k i l l e d  by t h e  burning.  Damage from burning i s  summarized i n  t a b l e  4 .  

Table 4. --Damage f r o m  p r e s c r i b e d  b r o a d c a s t  b u r n i n g  i n  o v e l s t o r y  r e m v a l  and u n d e r s t o r y  r e m o v a l  
units, L u b r e c h t  E x p e r i m e n t a l  F o r e s t ,  1 9 7 8  

-- 
Overstory unders tory  

removal u n i t  removal u n i t  
(96 leave  t r e e s  (58 leave  t r e e s  

Item -- j)Er a c r e )  
-" p e r  ac r e )  

- - - - - a  - P e r c e n t  o f  Leave trees - - - - - - - - - 

Killed i n  loggi.ng 
Kil led by burn 

Live wi th  bo le  scorched 
Live wi th  crown scorched 
No damage from burn 

Most of t h e  t r e e s  k i l l e d  by burning had both crown scorch  and bole  char  o r  scorching.  Tn 
t h e  unders tory  removal u n i t ,  bo le  scorch was more f requent  than crown scorch .  In t h e  ove r s to ry  
removal u n i t ,  crown scorch was somewhat more common, bu t  t h e r e  were so few l i v e  t r e e s  remaining 
t h e  type  o f  damage probably has l i t t l e  s i g n i f i c a n c e .  

The e x t e n t  of crown scorch,  bo l e  scorch,  and cha r  was a l s o  es t imated ,  bu t  aga in ,  so few 
t r e e s  were damaged i n  t h e  unders tory  removal u n i t ,  and s o  few l i v e  t r e e s  remaincd i n  t h e  over-  
s t o r y  removal u n i t ,  d e t a i l e d  breakdown o f  damage was no t  warranted.  

The ove r s to ry  removal u n i t  was burncd under  cond i t i ons  t h a t  were somewhat "hot te r"  than 
d e s i r e d ;  i n  a d d i t i o n ,  t h e  leave  t r e e s  t h a t  remained i n  t h i s  u n i t  were of  poor q u a l i t y  and low 
v igo r .  This  was due p a r t l y  t o  t h e i r  p o s i t i o n  i n  t h e  crown canopy, and a l s o  because of heavy 
pas t  budworm d e f o l i a t i o n .  Many o f  t h e  crowns were very s p a r s e ,  wi th  a  high propor t ion  o f  dead 
flammable m a t e r i a l .  

S  



DISCUSSION 

Logging damage t o  marked leave  t r e e s  i n  t h e  s e l e c t i o n - c u t  u n i t  and i n  t h e  unders tory  removal 
u n i t  was minor, wi th  v i r t u a l l y  no t r e e s  being k i l l e d ,  and only  l i g h t  crown breakage o r  s c a r r i n g  
of t h e  main stem. In t h e  ove r s to ry  removal u n i t ,  one - th i rd  t o  one-half  t h e  leave  t r e e s  had some 
damage, but  it d i d  no t  appear  t h a t  logging damage a lone  would s eve re ly  impair  f u tu r e  s tand  devc l -  
opment . 

This  assessment was based on f i r s t - y e a r  assessment o f  phys ica l  i n j u r y  on ly ,  and t h e  suscep- 
t i b i l i t y  o f  t h e  l e ave  t r e e s  t o  i n s e c t ,  d i s e a s e ,  o r  wea ther - re la ted  damage w i l l  no t  be  known f o r  
s eve ra l  years .  

Prescr ibed  burning d i d  have a  severe  impact i n  t h e  ove r s to ry  removal u n i t .  Over h a l f  t h e  
leave  t r e e s  were k i l l e d ,  and t h e r e  was f i r e  damage i n  add i t i on  t o  t h e  i n i t i a l  (logging damage. 
l'he t r e e s  remaining i n  t h e  ove r s to ry  removal u n i t  were g e n e r a l l y  of  poor v i g o r ,  and s eve ra l  years  
w i l l  be needed be fo re  su rv iva l  of t h e  leave  t r e e s  i n  t h e  burned t rea tment  can be compared with 
those  i n  t h e  u n i t s  with r e s i d u e  removed o r  r e s i d u e  l e f t  i n  p l ace .  

Based on i n i t i a l  obse rva t i ons ,  a l l  t h r e e  t ypes  of  c u t t i n g  can be done wi th  an acceptab le  
l e v e l  of damage, even where r e s idues  axe removed. However, t r e a t i n g  s l a s h  hy burning i n  t h e  
ove r s to ry  removal u n i t ,  where mostly small  t r e e s  remained, des t royed  o r  damaged most of t h e  leave  
t r e e s .  D i f f e r en t  f u e l  arrangement,  d i f f e r e n t  burning cond i t i ons ,  o r  both a r e  apparen t ly  needed 
when broadcast  burning i n  t h i s  type  of  s i t u a t i o n .  

In t h e  understory-removal and s e l ec t i on -cu t  u n i t s ,  both logging damage and burning damage 
were minor. Because t h e  number o f  l eave  t r e e s  and t h e i r  s i z e  i s  s i m i l a r  i n  both c u t t i n g  u n i t s ,  
f u t u r e  s tand  development can he compared among t h e  f o u r  r e s idue  t r ea tmen t s .  
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The Intermountain Station, headquartered in Ogden, 
Utah, is one of eight regional experiment stations charged 
with providing scientific knowledge to help resource 
managers meet human needs and protect forest and range 
ecosystems. 

The Intermountain Station includes the States of 
Montana, Idaho, Utah, Nevada, and western Wyoming. 
About 23 1 million acres, or 85 percent, of  the land area in the 
Station territory are classified as forest and rangeland. These 
lands include grasslands, deserts, shrublands, alpine areas, 
and well-stocked forests. They supply fiber for forest in- 
dustries; minerals for energy and industrial development; and 
water for domestic and industrial consumption. They also 
provide recreation opportunities for millions of visitors each 
year. 

Field programs and research work units of the Station 
are maintained in: 

Boise, Idaho 

Bozeman, Montana (in cooperation with Montana 
State University) 

Logan, Utah (in cooperation with Utah State 
University) 

Missoula, Montana (in cooperation with the 
University of Montana) 

Moscow, Idaho (in cooperation with the Univer- 
sity of Idaho) 

Provo, Utah (in cooperation with Brigham Young 
University) 

Reno, Nevada (in cooperation with the University 
of Nevada) 




