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Abstract 

Dwarf mistletoes i n  t h e  P a c i f i c  N o r t h w e s t  
i n f e c t  t r u e  f i r s .  l a r c h .  pine.  Douglas- f i r ,  
and  hemlock . For ty- one  percent o f  a l l  
s t a n d s  eas t  o f  t h e  crest  of t h e  Cascade  
Range and 1 0  percent of w e s t- s i d e  s t a n d s  
a re  i n f e c t e d  . General c h a r a c t e r i s t i c s  of 
dwarf  mistletoe are  d i s c u s s e d .  i n c l u d i n g  
m o r t a l i t y  and g r o w t h  losses. rate of s p r e a d  
w i t h i n  a t r e e  and w i t h i n  s t ands .  r e la t ion  
o f  s i t e  class and  g r o w t h  loss. and  t h e  
e f f e c t  o f  management a c t i v i t i e s  . 
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Introduction 

Dwarf mistletoes1 are paras i tes  of conif- 
erous species, primarily of the family 
Pinaceae. The group has many common fea- 
tures,  and t h u s  some general principles 
useful t o  fores t  management can be stated.  

The important common biological features 
for dwarf mistletoes i n  the Pacific 
Northwest are that they a l l :  

are flowering paras i tes  that  remove and 
use organic and inorganic nutr ients  and 
water from host t rees.  
produce st icky seeds i n  the f a l l  and 
shoot them through the a i r .  Some of 
the seeds s t i ck  t o  the branches of 
t r ees  on which they were produced or on 
branches of nearby trees.  
are somewhat host specif ic .  That is, 
each kind of dwarf mistletoe (eight i n  
the Pacif ic  Northwest) can paras i t ize  
only a ce r ta in  s e t  of coniferous 
species. 

I n  one sense, dwarf mistletoe should be 
re la t ively  easy t o  control  because survival 
depends on l iving t rees ;  removing t rees  
destroys the mistletoe. The association of 
western conifers  and dwarf mistletoe is an 
ancient one, however, dating a t  l e a s t  back 
t o  the Pleistocene. Since then, the dwarf 
mistletoes have spread throughout the West 
and adapted t o  the i r  hosts; currently 
40  percent of a l l  stands eas t  of the c r e s t  
of the Cascade Range are infected, and 
1 0  percent of west-side stands are infected. 

Management a c t i v i t i e s  have a l so  influenced 
dis t r ibut ion of dwarf mistletoe. For many 
years, stands were thinned t o  12-foot 
spacing--almost the optimum spacing for  
mistletoe spread from t ree  t o  tree.  Thus,  
previous management choices have probably 

exacerbated the problems i n  second-growth 
stands, which w i l l  require additional 
management i n  the next 20 years. Seriously 
infected stand's often produce only two 
th i rds  of thei r  potent ia l  volume. We can 
minimize these problems by basing current 
management prescriptions on the best infor- 
mation available on the biology of dwarf 
m istletoe . 
These are general statements about dwarf 
mistletoe. I f ,  a f t e r  reading t h i s  report, 
you need more speci f ic  advice, we recommend 
that  you contact the Division of Forest 
Insect and Disease Management a t  Region 6 
headquarters i n  Portland, Oregon. 
Additional information useful t o  f i e ld  
managers is  a lso  available i n  a report by 
Scharpf and Parmeter (1978). 

Field personnel working i n  the infested 
stands are b e s t  able t o  confirm or modify 
the general principles we have stated about 
dwarf mistletoe. We encourage a l l  readers 
t o  t e l l  u s  how t o  improve them. 

k c i e n t i f i c  names of a l l  plants  mentioned 
are  i n  appendix table 6. 



Reproduction, 
Seed Characteristics 
and Effects of Broom 
Dwarf mistletoe spreads by s e e d s  p r o d u c e d  
o n  f e m a l e  p l a n t s .  P o l l e n  from male p l a n t s  
i s  t r a n s f e r r e d  by wind a n d  by i n s e c t s  t o  
f e m a l e  f l o w e r s  ( P e n f i e l d  e t  a l .  1 9 7 6 ) .  
Seed  m a t u r a t i o n  t akes  t w o  s e a s o n s .  S e e d s  
r i p e n  i n  Augus t  a n d  Sep tember  a n d  a re  
e x p l o s i v e l y  c a s t  i n t o  t h e  a i r ;  t h e y  have  a 
s t i c k y  c o a t i n g  ( v i s c i n )  t h a t  c a n  h o l d  them 
t o  almost a n y  s u r f a c e  t h e y  s t r i k e .  S e e d s  
t h a t  a d h e r e  t o  s u s c e p t i b l e  h o s t  t rees  
o v e r w i n t e r  t h e r e  and  c a n  i n f e c t  t h e  wood 
when g r o w t h  b e g i n s  i n  s p r i n g .  T y p i c a l l y ,  
s e e d s  l a n d  o n  n e e d l e s  a n d ,  when wet ted by 
w i n t e r  r a i n s ,  s l i d e  down t o  t h e  twig .  
Mistletoe s e e d s  c a n n o t  i n f e c t  n e e d l e s  or 
o lder  t w i g s  t h a t  h a v e  t h i c k  bark.  The 
p r o b a b i l i t y  of i n f e c t i o n  of a g i v e n  seed i s  
l o w ;  less  t h a n  5 p e r c e n t  of a l l  mistletoe 
s e e d s  o n  p o n d e r o s a  p i n e  i n  A r i z o n a ,  
N e w  Mexico ,  and C o l o r a d o  a c t u a l l y  s u r v i v e d ,  
i n f e c t e d ,  and  p r o d u c e d  new p l a n t s  ( H a w k s-  
w o r t h  1 9 6 1 ) .  D w a r f  mist letoe seeds a r e  
f r e q u e n t l y  e a t e n  by i n s e c t s ,  k i l l e d  by 
f u n g i ,  or simply removed by snow, r a i n ,  or 
wind ( W i c k e r  1967)  . 
Dwarf mist letoes o f t e n  s t i m u l a t e  adven-  
t i t i o u s  budd ing  of h o s t  trees. These  buds  
p r o d u c e  a d e n s e  g r o w t h  c a l l e d  a w i t c h e s '  
broom, which  r e d u c e s  t ree  g r o w t h  a n d  
v i g o r .  I n  h e a v i l y  i n f e c t e d  p o n d e r o s a  p i n e ,  
brooms c a u s e d  more r e d u c t i o n  i n  d i a m e t e r  
g r o w t h  t h a n  b r a n c h  i n f e c t i o n s  (broomy 
t rees :  59  p e r c e n t  r e d u c t i o n ;  nonbroomy 
t rees :  1 4  p e r c e n t  r e d u c t i o n ) :  no  d i f -  
f e r e n c e  was n o t e d  i n  l i g h t l y  i n f e c t e d  t rees  
(Hawksworth 1 9 6 9 ) .  I n  a n o t h e r  repor t ,  t h e  
diameter g r o w t h  of a D o u g l a s- f i r  i n c r e a s e d  
a f t e r  a l a rge  broom was removed (Weir 
1 9 1 6 ) .  I n  l o d g e p o l e  p i n e ,  heavy brooming 
d i d  n o t  a f f e c t  g r o w t h  more t h a n  a com- 
p a r a b l e  d e g r e e  of i n d i v i d u a l  b r a n c h  
i n f e c t i o n s  (Baranyay  a n d  S a f r a n y i k  1 9 7 0 ) .  

Common Hosts Important To 
Forest Managers 

The common h o s t s  i m p o r t a n t  t o  fo r e s t  
m a n a g e r s  i n  t h e  Pacif ic  N o r t h w e s t  are 
l a r c h ,  p o n d e r o s a  p i n e ,  lodgepole p i n e ,  
Douglas- f  i r ,  w e s t e r n  hemlock,  m o u n t a i n  
hemlock,  a n d  t h e  t r u e  f i r s  ( t a b l e  1) .  

D w a r f  mistletoes a r e  l a r g e l y  specific t o  
o n e  or t w o  h o s t s .  I n f e c t i o n s  of o t h e r  
h o s t s  a r e  c a l l e d  c r o s s - i n f e c t i o n s .  C r o s s -  
i n f e c t i o n s  c a n  be l o c a l l y  severe, b u t  are 
n o t  u s u a l l y  a management problem. 

Locally severe c r o s s - i n f e c t i o n s  h a v e  been  
n o t e d  i n  t h e  f o l l o w i n g  l o c a t i o n s :  

H e m l o c k  dwarf mistletoe o n  s h o r e  p i n e  i n  
B r i t i s h  Columbia  ( S m i t h ,  1 9 7 6 ) .  

H e m l o c k  dwarf mistletoe o n  t h e  t r u e  f i r s  
i n  t h e  C a s c a d e  M o u n t a i n s  of Oregon and  
Wash ing ton ,  p r i n c i p a l l y  i n  t h e  W i l l a m -  
e t t e ,  M t .  Hood, Gi f ford  P i n c h o t ,  M t .  
B a k e r ,  S n o q u a l m i e ,  a n d  Olympic  N a t i o n a l  
F o r e s t s  ( p e r s o n a l  communica t ion ,  J. 
Hadf ie ld ,  USDA For. Serv . ,  P o r t l a n d ,  
O r e g . ) .  The mistletoe c a u s e s  l i t t l e  
damage t o  t h e  t r u e  f i r  b u t  r e a d i l y  moves 
back t o  t h e  hemlock u n d e r s t o r y .  

L a r c h  dwarf  mistletoe i n f e c t s  g r a n d  f i r ,  
s u b a l p i n e  f i r ,  a n d  lodgepole p i n e ,  pro- 
d u c e s  v i a b l e  seed, a n d  r e i n f e c t s  l a r c h  i n  
t h e  C o l v i l l e  N a t i o n a l  Forest, Wash ing ton  
( p e r s o n a l  communica t ion ,  0. D o o l i n g ,  USDA 
For. S e r v .  , M i s s o u l a ,  Mont.)  . 

O t h e r  l o c a l l y  severe c r o s s - i n f e c t i o n s  may 
o c c u r .  Managers  s h o u l d  r e m a i n  a l e r t  t o  t h e  
p o t e n t i a l  for s u c h  i n f e c t i o n s  i n  t h e i r  
d i s t r i c t s  . 
Genera  o f  t h e  C u p p r e s s a c e a e  ( i n  N o r t h  
America) and  T a x o d i a c e a e  a re  e n t i r e l y  
immune: C h a m a e c y p a r i s ,  C u p p r e s s u s ,  
J u n i p e r u s ,  L i b o c e d r u s ,  T h u j a ,  and  S e q u o i a .  
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T a b l e  1--Species o f  dwarf  mistletoe and  the i r  common and i n f r e q u e n t  h o s t s  i n  t h e  
P a c i f i c  N o r t h w e s t  (adapted from Hawksworth and  Wiens 1972)  

Hosts 
D w a r f  mistletoe 

Common I n f r e q u e n t  

Douglas- f i r  

H e m l o c k  

L a r c h  

Douglas- f i r  

W e s t e r n  and  m o u n t a i n  hemlock 

W e s t e r n  l a r c h  

Lodgepole  p i n e  Jack and l o d g e p o l e  p i n e  

Red f i r  

S u g a r  p i n e  

W e  s tern  

W h i t e  f i r  

C a l i f o r n i a  red f i r  
( n o b l e  fir)!/ 

S u g a r  p i n e  

J e f f r e y ,  knobcone ,  and  
p o n d e r o s a  p i n e  

Grand and  w h i t e  f i r  

Grand and  s u b a l p i n e  f i r  

Grand,  n o b l e ,  Pacific s i l v e r ,  
and  s u b a l p i n e  f i r ;  Brewer 
s p r u c e ;  l o d g e p o l e ,  w e s t e r n  
w h i t e ,  and  w h i t e  b a r k  p i n e  

S u b a l p i n e  f i r ;  Englemann 
s p r u c e ;  l o d g e p o l e ,  p o n d e r o s a ,  
and  w h i t e  bark p i n e ;  m o u n t a i n  
hemlock 

Limber,  p o n d e r o s a ,  and  w h i t e  
b a r k  p i n e  

None 

Brewer s p r u c e  and  w e s t e r n  
w h i t e  p i n e  

Lodgepole  p i n e  

Pacif ic  s i l v e r  and  
s u b a l p i n e  f i r  

& / D e s i g n a t i o n  i n  q u e s t i o n .  
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istribution and 
olume Losses 

Distribution and Frequency 

The dwarf mistletoes are  w i d e l y  d i s t r i b u t e d  
i n  W e s t e r n  N o r t h  America from Gua temala  (on  
p i n e )  t o  A l a s k a  ( o n  h e m l o c k ) .  S i x  species 
a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  P a c i f i c  
N o r t h w e s t  ( f i g .  1). D w a r f  mistletoe was 
f o u n d  o n  23  p e r c e n t  of almost 17 ,000  fo r e s t  
i n v e n t o r y  p l o t s  i n  Oregon,  Wash ing ton ,  and  
C a l i f o r n i a  ( B o l s i n g e r  1 9 7 8 ) .  I n  Oregon a n d  
Wash ing ton ,  4 1  p e r c e n t  of t h e  s t a n d s  e a s t  
of t h e  C a s c a d e  c res t  a n d  1 0  p e r c e n t  of 
t h o s e  west of t h e  C a s c a d e  crest  were f o u n d  
t o  be i n f e c t e d .  

D o u g l a s- f i r  s t a n d s  were t h e  most f r e q u e n t l y  
i n f e c t e d  among types of c o n i f e r  s t a n d s  i n  
t h e  t h r e e  west coast s t a t e s  ( t a b l e  2 ) .  The 
p e r c e n t a g e  of t h i s  f o re s t  type a c t u a l l y  
i n f e c t e d  was lowest however ,  b e c a u s e  t h e  
D o u g l a s- f i r  fo res t s  w e s t  of t h e  Cascade  
c res t  a re  l a r g e l y  f ree  of dwarf  mist letoe 
( T i n n i n  a n d  Knu t son  1 9 7 3 ) .  

F i g u r e  1 .- - Genera l  d i s t r i b u t i o n  of the s i x  
p r i n c i p a l  d w a r f  mis t le toe  s p e c i e s  f o u n d  i n  
the P a c i f i c  N o r t h w e s t  ( a d a p t e d  f r o m  Hawks- 
w o r t h  and Wiens 1 9 7 2 ) .  O u t l i n e  map u s e d  
w i t h  p e r m i s s i o n  o f  the Denoyer- Gepper t  
Company, C h i c a g o .  

T a b l e  2- - Percen tage  o f  commercial f o r e s t  i n f e c t e d  w i t h  dwar f  mistletoe i n  C a l i f o r n i a ,  
Oregon ,  a n d  Wash ing ton  (adapted from B o l s i n g e r  1978)  

Host 
Area i n f e s t e d  

w i t h  dwarf mistletoe 
P o r t i o n  o f  forest  type 

w i t h  i n f e c t e d  t rees  

M i l l i o n  acres 

Doug l a  s-f i r 3 .6  
F i r s ,  t r u e  1.9 
H e m l o c k ,  m o u n t a i n  a n d  w e s t e r n  1 .3  
Larch  , w e s t e r n  1 . 0  
P i n e ,  J e f f r e y  a n d  p o n d e r o s a  3.2 
P i n e ,  lodgepole 1 .5  

P e r c e n t  

1 3  
21  
2 1  
47 
26  
42 
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Volume Reductions Mortality 

Volume losses can be large. S m i t h  (1969) 
estimated a volume loss of 37 percent over 
a 2-year period for  western hemlock. 
Because yield reductions resul t  from a 
complex of interact ing fac tors ,  however, 
precise predictions are  d i f f i cu l t .  Growth 
reductions are  infiuenced by amount of 
infection, how long a t ree  has been 
infected, location of infections i n  the 
crown, age of the t ree ,  the s i t e ,  and stand 
density. The longer a t r e e  is infected, 
for  example, the greater i t s  volume is 
reduced compared w i t h  a healthy t ree  ( f ig .  
2) 

100 

90 

80 

I' 70 

.2 60 

- 50 

a a 

L2 
3 
0 
W 

Y- 

- z  
3 40 
8 

30 

20 

10 

0 

WESTERN HEMLOCK 

5 10 15 20 25 
DlAMETER (inside bark) AT 4 FEET (inches) 

F i g u r e  2 . - - V o l u m e  l o s s  f r o m  dwar f  m i s t l e t o e  
i n c r e a s e d  w i t h  the d u r a t i o n  of infect ion 
( S m i t h  1969)  . Data f r o m  V a n c o u v e r  I s l a n d ,  
B r i t i s h  Columbia. 

Mortality is higher i n  infested stands. 
Forest survey data from the Okanogan 
National Forest showed tha t  over a period 
of 1 0  years Douglas-fir on infested plots  
had a mortality ra te  1 0  percent higher than 
on uninfested plots  (Knutson, unpublished 
data on f i l e  a t  the Forestry Sciences 
Laboratory, Corvallis,  Oregon 97331) . 
Mortality i n  infested lodgepole pine stands 
i n  Alberta ranged from 0 to  26 percent 
higher than i n  healthy stands, depending 
upon stand age, level  and duration of 
infection, and s i t e  (Baranyay and Safranyik 
1970) . 
Mortality ra tes  are related t o  severity of 
infection; severely infected t rees  are  most 
l ike ly  t o  d ie  ( table  3 ) .  Higher mortality 
is associated w i t h  low vigor t r ees  
( table  4 ) .  After dwarf mistletoe has caused 
a general decline i n  host vigor, death is 
often caused by Armillaria mellea root rot  
or bark beetle infestat ions (Knutson, 
unpublished data on f i l e  a t  the Forestry 
Sciences Laboratory, Corvallis,  Oregon 
97331) . 

5 



Table  3- - Percent  o f  d e a d  p o n d e r o s a  p i n e  
a n d  D o u g l a s- f i r  i n  N e w  Mexico by i n f e c t i o n  
classes ( f r o m  Hawksworth and  L u s h e r  1956)  

D w a r f  
m i s t  l e  toe P o n d e r o s a  
r a t i n g  p i n e  D o u g l a s- f i r  

P e r c e n t  

0 ( n o  i n f e c t i o n )  1 
1 1 
2 2 
3 4 
4 9 
5 1 2  
6 (severe 

i n f e c t  i o n )  38  

1 
1 
4 
8 

13 
24 

45 

T a b l e  4 - -Mor ta l i ty  of p o n d e r o s a  p i n e  o v e r  
a 40- year  period i n  C a l i f o r n i a  a s  re la ted  
t o  t r ee  v i g o r  ( f r o m  Wagener 1961)  

T r e e  v i g o r  Mortality 

P e r c e n t  

Spread Of Infection 
Within A Tree 

Rate of Vertical Spread 

N e w  mistletoe i n f e c t i o n s  d e v e l o p  upward i n  
a t ree  a t  r a t e s  o f  a b o u t  1- 2  f ee t  or less 
per y e a r  ( t a b l e  5 ) .  If t ree  h e i g h t  g r o w t h  
e x c e e d s  t h e  r a t e  o f  s p r e a d  of t h e  mistle-  
toe, a r e l a t i v e l y  i n f e c t i o n - f r e e  crown c a n  
d e v e l o p  i n  t i m e .  

T a b l e  5--Average ra tes  o f  v e r t i c a l  spread 
of dwar f  mistletoe 

Ve r t ical 
d i s t a n c  e /yea r Species Ref e re n c  e 

F e e t  

W e s t e r n  hemlock R i c h a r d s o n  
( B r i t i s h  Columbia)  and  

Dense s t a n d  Van d e r  
(304  trees/acre) 1 . 0  Kamp (1972)  

Open s t a n d  
(101 trees/acre) 2 .1  

S c h a r p f  and  C a l i f o r n i a  red f i r  
( C a l i f o r n i a )  < 0 . 3  Parmeter 

(1976)  

V i g o r o u s  
T h r i f t y  
Moderate 
Poor 

0 
5 

4 2  
100 

Potential for Infection 
of Upper Crown 

Mistletoe p l a n t s  i n  t h e  u p p e r  crown of 
hemlock p r o d u c e  t h e  most a e r i a l  s h o o t s  
( S m i t h  1969)  and  a r e  i n  a p o s i t i o n  fo r  good 
s e e d  p r o d u c t i o n  ( R i c h a r d s o n  a n d  Van d e r  Kamp 
1972)  a n d  d i s t r i b u t i o n .  S e e d s  p r o d u c e d  i n  
t h e  upper  c rown t h u s  h a v e  a h i g h  p o t e n t i a l  
t o  p r o d u c e  o t h e r  i n f e c t  i o n s .  
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Spread Of Infection 
Through Stands 

From Stand Boundaries 

I n f e c t i o n  from r e s i d u a l  s t a n d s  i n t o  regen-  
erated c l e a r c u t t i n g s  of t h e  same species 
c a n  o c c u r  many f e e t  from t h e  s t a n d  m a r g i n  
( f i g .  3)  . D w a r f  mistletoe s e e d s  have  been  
f o u n d  1 4 5  f e e t  from t h e  e d g e  of t h e  

( S c h a r p f  and  Parmeter 1 9 6 7 )  . The a v e r a g e  
ra te  of spread t h r o u g h  young,  even- aged 
s t a n d s  was 1 . 2  f e e t  per y e a r  i n  v e r y  d e n s e  
s t a n d s ,  a n d  1 . 7  f ee t  per y e a r  i n  o p e n  
s t a n d s  (Hawksworth 1958 ,  1961)  b e c a u s e  of 
t h e  s c r e e n i n g  e f f e c t  of t h e  t ree c rowns  i n  
r e d u c i n g  seed movement. When t h e  f o l i a g e  
of p o n d e r o s a  p i n e  trees is 8-15 fee t  apar t ,  
s p a c i n g  is optimum for t r a n s f e r  of dwarf  
mistletoe seed from tree t o  t ree ( S t r a n d  
1974)  . 

stand, but  20 to 40 feet  i s usua l  

Uneven crown h e i g h t  ( f i g .  4) h a s  a n  e f f e c t  
s imi lar  to  r e d u c e d  crown d e n s i t y ,  a l l o w i n g  
movement o f  mistletoe seeds from tree to  
t ree (Hadf i e l d  a n d  R u s s e l l  1978 ,  P a r m e t e r  
1978)  . 

To Understory From Overstory 

I n f e c t i o n  of u n d e r s t o r y  from o v e r s t o r y  
t rees o c c u r s  whenever  s u s c e p t i b l e  young 
t rees  grow u n d e r  i n f e c t e d  trees. T h i s  
process is e s p e c i a l l y  i m p o r t a n t  t o  forest  
m a n a g e r s  when i n f e c t e d  trees remain  a f t e r  
h a r v e s t .  P r e d i c t a b l y ,  t h e  d e n s i t y  of dwarf 
mistletoe seeds drops rapidly  w i t h  d i s t a n c e  
from t h e s e  s o u r c e  t rees ( f i g s .  5 and  6)  I as  
does t h e  number of mistletoe p l a n t s  i n  t h e  
u n d e r s t o r y  t h a t  r e s u l t  from t h e  o v e r s t o r y  
seed s o u r c e  ( S m i t h  a n d  Baranyay  1 9 7 0 ) .  

Figure 3.--Infection of regenerating 
clearcuttings from infected trees along 
the boundary . 

Figure 4.--Infection of trees on slopes and 
in uneven-aged stands. 
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F i g u r e  5 . - - D e n s i t y  o f  d i s p e r s e d  s e e d s  o f  
s o u t h w e s t e r n  dwar f  m i s t l e t o e  r e l a t i v e  t o  
d i s t a n c e  f r o m  the s o u r c e  tree (Hawksworth  
1 9 6 1 ) .  Data  f r o m  C o l o r a d o .  
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F i g u r e  6 . - - D e n s i t y  o f  d i s p e r s e d  s e e d s  o f  
h e m l o c k  d w a r f  m i s t l e t o e  r e l a t i v e  t o  
d i s t a n c e  f r o m  the s o u r c e  tree ( S m i t h  1 9 7 3 ) .  
Data f r o m  B r i t i s h  C o l u m b i a .  

I n  the presence of an infected overstory, 
the percentage of understory t rees  infected 
increases w i t h  the i r  height and diameter 
( f i g s .  7 and 8) . The larger the t ree ,  the 
greater i s  the chance of i t s  being infected 
because it is more l ikely t o  be struck by a 
dwarf mistletoe seed. Also, large t rees  
tend t o  be older and t h u s  exposed for a 
longer t ime. 
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Latent infections 
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p i n e  i n  the u n d e r s t o r y  r e l a t e d  t o  d i a m e t e r  
c l a s s  (Shea  1 9 6 4 ) .  Data f r o m  Oregon.  

By Animals 

Animals ,  e s p e c i a l l y  b i r d s ,  a re  i m p o r t a n t  i n  
l o n g- d i s t a n c e  s p r e a d  o f  dwar f  mistletoe 
seeds ( H u d l e r  1976 ,  Z i l k a  a n d  T i n n i n  1 9 7 6 ) ,  
b u t  i n f r e q u e n t l y .  Reducing dwarf mistletoe 
s e e d  p r o d u c t i o n  w i l l  r e d u c e  t h e  p r o b a b i l i t y  
o f  spread by a n i m a l s .  

Many mistletoe seeds t h a t  i n f e c t  h o s t  t rees  
do n o t  r e a d i l y  p r o d u c e  a e r i a l  s h o o t s .  
These  u n d e v e l o p e d  s i t e s  are  c a l l e d  l a t e n t  
i n f e c t i o n s .  The c a u s e  o f  t h i s  phenomenon 
is unknown. W e  d o  know t h a t  t h e  more 
a d v a n c e  f o r m s ,  s u c h  a s  dwar f  mistletoe of 
D o u g l a s- f i r ,  are t h e  l eas t  l i k e l y  t o  
p r o d u c e  a e r i a l  s h o o t s .  L a t e n t  i n f e c t i o n s

  -- 
s e v e r e l y  s t r e s s e d ,  s u c h  a s  t h o s e  i n  d e n s e ,  
s u p p r e s s e d  s t a n d s  or t rees  t h a t  a l r e a d y  
h a v e  many mistletoe p l a n t s .  F o r  example ,  
a n  a p p a r e n t l y  u n i n f e c t e d ,  s u p p r e s s e d  
D o u g l a s- f i r  tree may have  s e v e r a l  l a t e n t  
i n f e c t i o n s ,  or a small ,  s u p p r e s s e d  
p o n d e r o s a  p i n e  may h a v e  1 0  o b v i o u s  mistletoe 
p l a n t s  b u t  a c t u a l l y  have  20 i n f e c t i o n s .  
About a t h i r d  of a l l  i n f e c t i o n s  are l a t e n t  
i n  u n t h i n n e d ,  i n f e s t e d  s t a n d s .  I f  300 
a p p a r e n t l y  i n f e c t e d  t rees  o c c u r  per acre, 
t h e  a c t u a l  number i n f e c t e d  w i l l  be a b o u t  
450 i n  s t a n d  d e n s i t i e s  f rom 500 t o  3 ,000  
stems per acre ( C h i l d s  1963 ,  Shea  1964)  . 
L a t e n t  i n f e c t i o n s  may r e m a i n  h i d d e n  for  
y e a r s  or become a c t i v e  w i t h i n  a y e a r ;  t h e y  
p r o d u c e  a e r i a l  s h o o t s  i f  g rowing  c o n d i t i o n s  
o f  t h e  t ree  improve ,  a s  w i t h  t h i n n i n g .  
Shea  (1964)  t h i n n e d  s u p p r e s s e d ,  s t a g n a n t  
p o n d e r o s a  p i n e  s a p l i n g s  a n d  attempted t o  
p r u n e  o u t  a l l  mistletoe i n f e c t i o n s .  F i f t y  
p e r c e n t  o f  t h e  l e a v e  trees r e q u i r e d  addi-  
t i o n a l  p r u n i n g .  The more open  t h e  s t a n d ,  
t h e  less l i k e l y  were l a t e n t  i n f e c t i o n s .

a r e  m o s t  l i k e l y  t o  o c c u r  o n  t r e e   t h a t  a r e  
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Site Characteristics 

The more h e a v i l y  i n f e c t e d  a n  i n d i v i d u a l  
t r e e ,  t h e  more l i k e l y  it w i l l  h a v e  l a t e n t  
i n f e c t i o n s  ( C h i l d s  1 9 6 3 ) .  To d e t e r m i n e  
w h e t h e r  u n d e r s t o r y  t rees  a re  i n f e c t e d ,  look 
f o r  a e r i a l  s h o o t s ,  b e c a u s e  p r o m i n e n t  brooms 
o f t e n  do n o t  d e v e l o p  i n  young trees. The 
more s u p p r e s s e d  t h e  s t a n d ,  t h e  f e w e r  a e r i a l  
s h o o t s  w i l l  b e  p r o d u c e d .  Some commercial 
species i n  t h e  P a c i f i c  N o r t h w e s t  n a t u r a l l y  
p r o d u c e  a e r i a l  s h o o t s  more r e a d i l y  t h a n  
o t h e r s ,  w h e t h e r  or n o t  t r e e s  are  
s u p p r e s s e d .  T r u e  f i r  a n d  hemlock dwar f  
mist letoe a re  t h e  most l i k e l y  t o  h a v e  
a e r i a l  s h o o t s :  p o n d e r o s a  p i n e ,  w e s t e r n  
l a r c h  a n d  lodgepole p i n e  a re  i n t e r m e d i a t e  
i n  a e r i a l  s h o o t  p r o d u c t i o n .  Douglas-f i r  
dwar f  mist letoe o f t e n  p r o d u c e s  v e r y  f e w  
a e r i a l  s h o o t s .  

A f t e r  t h i n n i n g ,  90 p e r c e n t  of a l l  l a t e n t  
i n f e c t i o n s  w i l l  appear w i t h i n  5 
y e a r s- - u s u a l l y  w i t h i n  3 y e a r s  ( S h e a  1 9 6 4 ) .  
A t  a s e c o n d  t h i n n i n g  be tween  5 a n d  10  y e a r s  
a f t e r  t h e  f i r s t ,  i n f e c t e d  t rees  w i l l  become 
i d e n t i f i a b l e  a n d  c a n  b e  removed. 

I n f e c t i o n  o f  h o s t s  by d w a r f  mist letoe 
p r o d u c e s  s t ress ,  which  c a n  combine  w i t h  
s i t e - r e l a t e d  s t resses ,  s u c h  a s  a v a i l a b i l i t y  
o f  m o i s t u r e  a n d  s o i l  n u t r i e n t s  or  s e v e r e  
w i n t e r  c o n d i t i o n s .  Some known e f f e c t s  o f  
dwarf mist letoe o n  t r e e s  are :  

.  Reduced root  g r o w t h  ( K n u t s o n  a n d  T o e v s  
1 9 7 3 ) .  

. H i g h e r  metabol ic  r a t e s  i n  i n f e c t e d  t r e e  
l i m b s  ( C l a r k  a n d  Bonga 1 9 7 0 ) .  

. Movement o f  c a r b o h y d r a t e s  t o  t h e  
i n f e c t i o n  s i t e s  ( H u l l  a n d  L e o n a r d  1 9 6 4 ) .  

.  R e d u c t i o n  of s t o r e d  c a r b o h y d r a t e s  
( s u g a r s  a n d  s t a r c h e s )  i n  h o s t  t r ees  
( H u l l  a n d  Leonard  1 9 6 4 ) .  

.  I n c r e a s e d  water s t ress  o f  t h e  h o s t .  
Mist letoe c a n  o b t a i n  water f r o m  t h e  
t r e e ,  e v e n  when t h e  h o s t  xylem is u n d e r  
h i g h  water s t r e s s  (Mark a n d  R e i d  1 9 7 1 ) .  

The e f f e c t  of m i s t l e t o e - i n d u c e d  s t resses  o n  
t rees  d e p e n d s  o n  t h e  g e n e t i c  v a r i a t i o n  i n  
t h e  t r e e ' s  t o l e r a n c e  t o  i n f e c t i o n  and  t h e  
number of v i s i b l e  a n d  l a t e n t  i n f e c t i o n s  per 
u n i t  o f  crown.  The i n t e r a c t i o n s  of s i t e  
s t r e s se s  a n d  dwarf mis t le toe  s t r e s s e s  a re  
u n p r e d i c t a b l e  a n d  c a u s e  c o n s i d e r a b l e  
v a r i a t i o n  f r o m  o n e  a rea  t o  a n o t h e r  i n  t h e  
amount  of damage t o  t h e  h o s t .  
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The vigor of the paras i te  is correlated 
w i t h  host vigor: mistletoe growth is 
greater on healthier t rees.  I n  Colorado, 
for example, dwarf mistletoe of ponderosa 
pine had larger,  more robust a e r i a l  shoots 
and produced more seed on vigorous 
ponderosa pine than on low-vigor trees.  
Similarly, the growth ra te  of i t s  
endophytic system ( tha t  part  of the mistle- 
toe plant  i n  the phloem t issue  of tne t ree j  
i s  nearly twice a s  rapid i n  the main stems 
of dominant a s  i n  suppressed trees.  Broom 
s ize  increased most on the most vigorous 
t rees  (Hawksworth 1961 )  . Similarly, true 
f i r s  a t  h i g h  elevation w i t h  short-growing 
seasons had smaller dwarf mistletoe plants  
w i t h  fewer seeds than a t  comparable lower 
elevation s i t e s .  T h i s  linkage of t ree  and 
paras i te  vigor can a lso  be seen w i t h i n  a 
s ingle t ree ,  where established dwarf mistle- 
toe plants  grow best and produce most seed 
a t  s i t e s  of highest nut r i t ion  ( t w i g  t i p s  
and near crown apex) and poorest i n  the 
lower crown and on the oldest  l i m b  wood. 

Dwarf mistletoe reduces t r e e  growth most on 
good s i t e s ,  assuming the same sized t ree  
and the same number of mistletoe plants  per 
u n i t  of t r ee  crown. 
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Heavily infected t rees  on good s i t e s  may 
grow bet ter  than uninfected t rees  on poor 
s i t e s .  Generally growth measurements 
(height,  diameter, or volume) of infected 
t rees  are about 25 percent lower on good 
s i t e s  and about 10 percent lower on poor 
s i t e s  than comparable uninfected trees.  
The e f fec t  of dwarf mistletoe infection on 
t r e e    growth on di f ferent  s i t e s  is shown i n  
f i g .  Y for  Douglas-fir i n  Montana (Pierce 
1 9 6 0 ) .  Management pract ices can have the 
e f fec t  of improving s i t e  quali ty.  Fe r t i l i z
i n g ,  watering, and reducing stocking 
improve growth of mistletoe plants  already 
established i n  the tree.  Conversely, 
i n f e r t i l e  soils,  h i g h  moisture s t r e s s ,  and 
dense stands decrease the vigor of mistle- 
toe plants.  These conditions influence 
t ree  and mistletoe a l ike;  a f t e r  a drought 
s t r e s s ,  infected lodgepole pine were l ess  
able t o  recover than were uninfected t rees  
(Baranyay and Safranyik 1 9 7 0 ) .  
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Figure 9.--Dwarf mistletoe reduced growth of Douglas-fir more on good s i t e s  than on 
poor s i t e s .  Data from western Montana (Pierce 1 9 6 0 ) .  Solid l ine  = uninfected t rees ;  
broken l ine  = infected trees.  
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Dynamic Relations With 
Host Trees 

Al though  t h i n n i n g  or f e r t i l i z i n g  may 
promote g r o w t h  o f  e s t a b l i s h e d  mistletoe 
p l a n t s ,  e s t a b l i s h m e n t  of new i n f e c t i o n  
d e p e n d s  o n  f o l i a r  c h a r a c t e r i s t i c s  o f  t h e  
t r ee .  I f  f o l i a g e  i s  t h i n ,  mistletoe s e e d s  
c a n  t r a v e l  e a s i l y  t h r o u g h  t h e  crown,  
i n f e c t i n g  l i m b s  w i t h i n  t h e  t r ee  and  many 
s e e d s  l a n d  o n  n e i g h b o r i n g  t rees .  

If t r ee  f o l i a g e  is d e n s e ,  mistletoe s e e d s  
a r e  o f t e n  t r a p p e d  by n e e d l e s  n e a r  t h e  
s o u r c e  ( f i g .  1 0 )  . T h i s  r e d u c e s  t h e  r a t e  o f  
new i n f e c t i o n  i n  t h e  d i s t a n t  p a r t  o f  t h e  
crown. T r e e s  w i t h  s u f f i c i e n t l y  d e n s e  
c rowns  c a n  grow away f rom t h e  mistletoe,  
e s p e c i a l l y  if crown c l o s u r e  o c c u r s  and  t h e  
lower, i n f e c t e d  l i m b s  become s h a d e d .  
Mistletoe s e e d  p r o d u c t i o n  i s  r e d u c e d  and  
e v e n t u a l l y  t h e  s h a d e d  l imbs d i e .  

F i g u r e  10.--Dense c r o w n s  c a n  i m p e d e  the 
movement of d w a r f  m i s t l e t o e  s e e d s  upward.  

I n  a n y  n a t u r a l  s t a n d ,  t h e  t rees  and  
mistletoe a re  r e l a t e d  i n  a t y p e  o f  dynamic  
e q u i l i b r i um, w h i c h  fo re s t  management 
a c t i v i t i e s ,  s u c h  a s  t h i n n i n g  or p a r t i a l  
h a r v e s t i n g ,  modi fy .  The v i g o r  o f  t h e  
p a r a s i t e  i s  l i n k e d  t o  h o s t  v i g o r :  mistle- 
toe g r o w t h  i s  g r e a t e r  o n  h e a l t h i e r  trees.  
Management p rac t i ces  c a n  i n d i r e c t l y  improve 
t h e  g r o w t h  o f  mistletoe,  so care m u s t  be  
t a k e n  t o  a v o i d  t h a t .  

Management Favoring Trees 

A c t i v i t i e s  t h a t  f a v o r  t r e e s  and  a re  d e l e -  
t e r i o u s  t o  dwar f  mist letoe i n c l u d e :  

. Removing i n f e c t e d  o v e r s t o r y  f rom d e n s e  
u n d e r s t o r y  a n d  t h i n n i n g  t h e  u n d e r s t o r y ,  
l e a v i n g  t h e  most m i s t l e t o e - f r e e  t r ee s  
w i t h  good  c r o w n s  f o r  crop t rees .  

. M a i n t a i n i n g  m i x e d- s p e c i e s  s t a n d s- -  
w h e t h e r  or n o t  c r o s s - i n f e c t i o n s  o c c u r .  

.  F a v o r i n g  t r ee  species t h a t  a re  immune 
when t h i n n i n g  mixed s t a n d s ,  or f a v o r i n g  
species w i t h  t h e  l e a s t  amount of dwar f  
mistletoe. For  example ,  t r u e  f i r s  may 
grow w e l l  when r e l e a s e d ,  e v e n  w i t h  many 
i n f e c t i o n s  t h r o u g h o u t  t h e  crown ( S c h a r p f  
and  P a r m e t e r  1 9 7 6 ,  S c h a r p f  1 9 7 8 ) .  Some 
species or some a g e  classes ( s u c h  a s  
w e s t e r n  hemlock i n  s o u t h w e s t e r n  Oregon)  
d o  n o t  r e s p o n d  w e l l  t o  release w i t h  or  
w i t h o u t  dwarf  mistletoe,  a n d  t h e y  are 
poor c h o i c e s  f o r  crop t rees .  

. P l a n t i n g  D o u g l a s - f i r  u n d e r  i n f e c t e d  
o v e r s t o r i e s  o f  a n y  o t h e r  t r e e  species, 
D o u g l a s- f i r  is  immune t o  a l l  o t h e r  
mistletoes, and  Douglas- f  i r  mistletoe 
i s  n e v e r  a s e r i o u s  p r o b l e m  o n  a n y  o t h e r  
t ree  species. 

l e a v e  t rees ,  t h o s e  w i t h o u t  i n f e c t i o n s  
i n  t h e  u p p e r  h a l f  of t h e  crown.  Note 
t h a t  d e t e r m i n i n g  w h e t h e r  mistletoe 
i n f e c t i o n s  a re  p r e s e n t  h i g h  i n  t h e  
crown i s  v e r y  d i f f i c u l t  e s p e c i a l l y  i n  
species t h a t  d o  n o t  a l w a y s  d e v e l o p  
p r o m i n e n t  brooms-- such a s  hemlock,  t r u e  
f i r  a n d ,  sometimes p o n d e r o s a  p i n e .  

. F a v o r i n g ,  among i n f e c t e d  s h e l t e r w o o d  



e M a i n t a i n i n g  t i g h t l y  closed c a n o p i e s  i n  
w e s t e r n  hemlock s t a n d s .  T h i s  c a u s e s  
d e a t h  o f  lower b r a n c h e s ,  wh ich  are 
u s u a l l y  t h e  most h e a v i l y  i n f e c t e d .  
I n f e c t e d  trees of a l l  species are d i s-  
a d v a n t a g e d  and  w i l l  b e  e l i m i n a t e d  f rom 
s t a n d s  u n d e r  c o n d i t i o n s  o f  h i g h  com- 
p e t i t i o n .  I n f e c t e d  t rees have  p o o r l y  
d e v e l o p e d  root s y s t e m s  and  impaired 
p h o t o s y n t h e t i c  a p p a r a t u s  compared w i t h  
u n i n f e c t e d  trees. 

.  Top- pruning ,  which  allows i n f e c t i o n -  
f r e e  c rowns  to  d e v e l o p  (Knu t son  1 9 7 5 ) .  
The p r u n i n g  p r o c e d u r e  is  as  f o l l o w s  
( f i g .  11): 
1. Remove a l l  l i m b s  f rom t h e  top 10-15 
feet  o f  crown. The b r a n c h e s  t h a t  r ema in  
may be i n f e c t e d  ( f i g .  l l a )  . 

a b c 2. I n  time, a new treetop d e v e l o p s .  
Mistletoe s e e d s  s h o t  f rom t h e  lower 
crown h a v e  a l o w  p r o b a b i l i t y  of h i t t i n g  Figure 11. --Top-pruning t o  control d w a r f  
t h e  small t a r g e t  o f  new top f o l i a g e  mistletoe: A ,  remove a l l  branches from 
( f i g .  l l b ) .  top 10-15 f e e t  of bole; B ,  allow new top 
3.  A f t e r  s u f f i c i e n t  top h a s  d e v e l o p e d ,  growth to develop; and C, remove a l l  o l d  
remove t h e  r e m a i n i n g  lower b r a n c h e s .  branches. 
The r e s u l t  is a t ree  w i t h  v e r y  l i t t l e  
mistletoe a n d  h e a l t h y  fo l iage ( f i g .  
l l c )  

Management Favoring 
Dwarf Mistletoe 

T r a d i t i o n a l  p r u n i n g  is a l so  h e l p f u l  b u t  
o f t e n  l e a v e s  i n f e c t e d  l imbs h i g h  i n  t h e  
crown,  whe re  t h e y  are a p t  t o  c a u s e  o t h e r  i n c l u d e :  
i n f e c t i o n s  a n d  damage t h e  h o s t .  

A c t i v i t i e s  f a v o r a b l e  t o  dwar f  mistletoe 

.  P a r t i a l l y  removing t h e  i n f e c t e d  m a t u r e  
o v e r s t o r y .  Mistletoe seed p r o d u c t i o n  
w i l l  i n c r e a s e  w i t h  improved  n u t r i t i o n  
o f  t h e  i n f e c t e d  l e a v e  trees. The open  
s t a n d  w i l l  promote r e g e n e r a t i o n ,  and  
t h e  new trees--if o f  t h e  same species-- 
c a n  become i n f e c t e d  by t h e  dwarf  mistle- 
toe seeds. I n  a d d i t i o n ,  i n c r e a s e d  
m o r t a l i t y  c a n  o c c u r  i n  t h e  r e m a i n i n g  
o v e r s t o r y  trees; some h e a v i l y  i n f e c t e d  
trees seem u n a b l e  t o  a d j u s t  to  release 
f rom c o m p e t i t i o n .  

h i g h  i n  t h e  crown. T h e s e  p l a n t s  w i l l  
p r o d u c e  many s e e d s  s i t u a t e d  f o r  
e f f i c i e n t  d i s t r i b u t i o n .  I n  a d d i t i o n ,  
young t h i n n e d  trees w i t h  mistletoe 
p l a n t s  w i t h i n  2 f e e t  of t h e  apical  
shoot o f  t h e  t ree t e n d  t o  h a v e  a h i g h  
ra te  of m o r t a l i t y .  

.  Leaving  trees w i t h  mistletoe p l a n t s  
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. Spacing t r ees  for optimum spread of 
mistletoe seeds between adjacent 
t rees .  "Step-laddering" ( f ig .  1 2 )  is 
slower i n  mixed-species stands. Hawks- 
worth (1961 )  proposed a hypothetical 
relat ion between stand density and ra te  
of spread of southwestern dwarf 
mistletoe ( f i g .  1 3 ) .  Although the posi- 
t ion of the curve w i l l  vary from 
species t o  species, the shape of the 
curve should be approximately correct  
fo r  other t ree-m i s t l e  toe combinations. 
For ponderosa pine i n  Oregon, the 
highest probability of infection occurs 
when a mistletoe plant  on one t r ee  and 
fol iage on another t ree  are 1 2  f e e t  
apart (Strand 1974)  . 

Our statements about the dwarf mistletoes 
are a compromise between generality and 
precision. We have stressed generality a t  
the expense of precision, because pre- 
c is ion  i s  both d i f f i c u l t  t o  obtain and-- 
although desirable-- is not necessary for  
improved management of most infested 
stands. Research i s  continuing t o  obtain 
more and bet ter  information o n  the biology 
of dwarf mistletoes and on management of 
infested stands. 

We encourage f i e l d  managers t o  help u s  add 
t o  and improve the accuracy of these 
general principles.  

. .  . . ,  . e .  

F i g u r e  1 2 . - - C e r t a i n  s t a n d  d e n s i t i e s  c a n  
f a v o r  the  v e r t i c a l  r a t e  o f  s p r e a d  of 
d w a r f  m i s t l e t o e .  

AVERAGE DISTANCE BETWEEN TREES (feet) 

F i g u r e  1 3 .  - - H y p o t h e t i c a l  r e l a t i o n  o f  s t a n d  
d e n s i t y  t o  r a t e  o f  s p r e a d  o f  d w a r f  m i s t l e t o e  
i n  p o n d e r o s a  p i n e  (Hawksworth  1 9 6 1 ) .  T h e  
c u r v e  w i l l  s h i f t  t o  the l e f t  f o r  y o u n g e r  
s t a n d s  and t o  the r i g h t  f o r  o l d e r  s t a n d s .  

14 
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Appendix 

T a b l e  6--Common and s c i en t i f i c  names of trees and dwarf mistletoes 

Common name S c i e n t i f i c  name 

Douglas- f  i r  

F i r  
Grand 
Noble 
Red, C a l i f o r n i a  
S i l v e r ,  P a c i f i c  
Su ba l p  i n e  
W h i t e  

Hemlock 
M o  un t a i n 
Wes te rn  

L a r c h  
Western 

P i n e  
J a c k  
J e f f r e y  
Knobcone 
Limber 
Lodgepole 
Pond e rosa 
S h o r e  
Sugar 
Wh i t e  , western 
Whi tebar k 

Spruce 
Brewer  
Engelmann 

Douglas- f i r  
Hemlock 
L a r c h  
Lodgepo le  p ine  
Red f i r  

S o u t h w e s t e r n  

Sugar pine 
Western 
W h i t e  f i r  

TREES 
P s e u d o t s u q a  m e n z i e s i i  (Mirb.) F r a n c o  

Abies q r a n d i s  (Dougl .  ex D. Don) L i n d l .  
A. Drocera Rehd. 
A. m a q n i f i c a  A. Murr.  
A. amabil is  (Dougl . )  ex F o r b e s  
A. lasiocarpa (Hook.) N u t t .  
A. concolor (Gord. & Glend.)  L i n d l .  ex H i l d e b r .  

Tsuqa mertensiana (Bong . ) C a r r .  
T. h e t e r o p h y l l a  ( R a f . )  Sarg. 

L a r i x  occidentalis  N u t t .  

DWARF MISTLETOES 

P i n u s  b a n k s i a n a  Lamb. 
P. jef f r e y i  Grev. & Balf . 
P. a t t enua ta  Lemm. 
P. f l e x i l i s  James 
P. contorta Dougl.  ex Loud. var .  l a t i f o l i a  Engelm. 
P. ponderosa Dougl.  ex Laws. 
P. contorta Dougl .  ex Loud. var.  contorta 
P. lambertiana Dougl .  
P. monticola D o u g l .  ex D. Don 
P. a l b i c a u l i s  Engelm. 

P i c e a  brewerana Wats. 
P. e n q e l m a n n i i  P a r r y  ex Engelm. 

Arceu thob ium doug las i i  Engelm. 
A. t s u g e n s e  ( R o s e n d a h l )  G. N. Jones 
A. l a r i c i s  ( P i p e r )  S t .  J o h n  
A. americanum N u t t .  ex Engelm. 
A. a b i e t i n u m  Engelm. ex Munz f .  sp. 

m a g n i f i c a e  Hawksworth & Wiens 
A. vaginatum subsp. cryptopodum 

(Engelm.) Hawksworth & W i e n s  
A. cal ifornicum Hawksworth & Wiens 
A. campylopodum Engelm. 
A. a b i e t i n u m  Engelm. ex Munz f .  sp. 

concoloris Hawksworth & Wiens 
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The Forest Service of the U.S. Department of 
Agriculture is dedicated to the principle of multiple 
use management of the Nation’s forest resources 
for sustained yields of wood, water, forage, wildlife, 
and recreation. Through forestry research, 
cooperation with the States and private forest 
owners, and management of the National Forests 
and National Grasslands, it strives - as directed by 
Congress - to provide increasingly greater service 
to a growing Nation. 

The U.S. Department of Agriculture is an Equal 
Opportunity Employer. Applicants for all Department 
programs will be given equal consideration without 
regard to age, race, color, sex, religion, or national 
origin. 
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