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ABSTRACT 

Tree losses resulting from in fes ta t ion  by the mountain pine 
beet le  (Dendroctonus ponderosae Hopkins) were measured i n  
tuo stands of lodgepole pine (Pinus c o n t o r t a  Dougl.) where 
the beet le  population had previously been epidemic. Measure- 
ment data showed that  larger diameter trees were inyested 
and k i l l ed  f i r s t .  Tree losses ranged from 1 percent of trees 
4 inches (d.b.h.) t o  87 percent of those 16 inches and greater 
d.b.h. Numbers of adult beet le  emergence holes averaged 1.3 
per square foot of bark area i n  trees 7 inches d.b.h. and 62 
i n  trees 28 inches and greater d.b.h. The observations indi-  
cate,that large in fes ta t ions  of mountain pine beet le  depend 
on the presence o f  large diameter trees within a stand o f  
lodgepoAle pine, thus &lying that  beet le  population gro;th 
i s  food-limited. 

The i n f e s t a t i o n  by t h e  mountain p i n e  b e e t l e  (Dendroctonus ponderosae Hopkins), t h a t  
s t a r t e d  i n  t h e  e a r l y  1960's  i n  western Wyoming and e a s t e r n  Idaho, has destroyed over 
3 mi l l ion  lodgepole p i n e  (Pinus contorta Dougl.) t r e e s  i n  t h a t  a rea .  A s  a r e s u l t ,  
s t u d i e s  were conducted t o  determine i f  a  r e l a t i o n s h i p  e x i s t s  between b e e t l e  popula t ions  
and t h e  s i z e s  of t h e  t r e e s  t h a t  a r e  i n f e s t e d .  S p e c i f i c a l l y ,  t h e  ob jec t ives  were t o  
(1) v e r i f y  t h e  r e l a t i o n s h i p  between i n f e s t a t i o n s  of  t h e  mountain p ine  b e e t l e  and t h e  
diameter of lodgepole p i n e  w i t h i n  l a r g e  s t a n d s ,  and (2)  demonstrate t h e  r e l a t i o n s h i p  
between diameter of lodgepole p i n e  and numbers of emergence holes  made by brood a d u l t s .  

Gibson (1943) observed t h a t  t h e  mountain p ine  b e e t l e  a t t acked  a g r e a t e r  propor t ion 
of l a r g e  r a t h e r  than smal l  diameter lodgepole p i n e  t r e e s .  Hopping and Beal l  (1948) 
found a d i r e c t  r e l a t i o n s h i p  between t r e e  d iameter  and percentage of t r e e s  i n f e s t e d  by 
t h e  mountain p ine  b e e t l e .  Bedard (1938, 1939) found i n  western white p ine  t h a t  more 
mountain p ine  b e e t l e s  developed t o  m a t u r i t y  p e r  square  f o o t  of  bark i n  t h e  l a r g e r  
diameter t r e e s .  Reid (1963) r e p o r t e d  s i m i l a r  f ind ings  f o r  t h e  mountain p ine  b e e t l e  i n  
lodgepole p i n e .  Shepherd (1966) i n d i c a t e d  t h a t  t h e  b e e t l e  has evolved a searching 
image ( l a r g e  dark o b j e c t s  a g a i n s t  a l i g h t  background) f o r  l a r g e  diameter t r e e s .  The 
evolut ion of  such behavior should be  advantageous when t h e  g r e a t e r  su rv iva l  of b e e t l e s  
i n  t r e e s  of l a r g e  diameter i s  considered.  

This file was created by scanning the printed publication. 
Errors identified by the software have been corrected; 

however, some errors may remain. 

 



METHODS 

Two stands of lodgepole p ine  were s e l e c t e d  i n  which t h e  mountain p ine  b e e t l e  
population had r i s e n  t o  epidemic l e v e l  f o r  s e v e r a l  yea rs  but  r e c e n t l y  has decl ined t o  
a  r e l a t i v e l y  low l e v e l .  These were loca ted  i n  t h e  Teton National Fores t  and Teton 
National Park i n  northwestern Wyoming. Twenty l / lO-acre  nonvar iable  p l o t s  were located 
i n  a  g r i d  p a t t e r n  wi thin  a  2-mile-square u n i t  wi thin  each of t h e  two s t a n d s .  A l l  
t r e e s  t h a t  were 4  inches and l a r g e r  i n  diameter were measured and the  year  of death 
f o r  each t r e e  was determined wi thin  t h e s e  p l o t s .  

The following c h a r a c t e r i s t i c s  were used t o  determine t h e  year  i n  which t h e  t r e e  
was k i l l e d :  (1) f o l i a g e  green,  f r e s h  boring f r a s s ,  eggs o r  l a rvae  p r e s e n t - - t r e e  k i l l e d  
i n  cur ren t  year;  (2) f o l i a g e  b r i g h t  orange t o  s t raw c o l o r - - t r e e  k i l l e d  i n  previous 
year ;  (3) f o l i a g e  d u l l  orange and most r e t a i n e d - - t r e e  k i l l e d  i n  second year  p a s t ;  
(4) f o l i a g e  d u l l  orange t o  gray and most l o s t - - t r e e  k i l l e d  i n  t h i r d  year  p a s t ;  (5) no 
f o l i a g e ,  most small  twigs l o s t  which had supported needle  f a s c i c l e s - - t r e e  k i l l e d  i n  
f o u r t h  year  p a s t ;  (6) bark pee l ing- - t ree  dead f o r  5  o r  more y e a r s .  

I n  t h e  p l o t s  wi thin  one 2-mile-square u n i t ,  t h e  numbers of emergence ho les  were 
counted on two 6-inch-square a reas  of bark s e l e c t e d  a t  random a t  diameter b r e a s t  
height  (d .b .h . )  on each t r e e  t h a t  had been k i l l e d  by t h e  mountain pine  b e e t l e .  

RESULTS AND DISCUSSION 

Sizes  of t r e e s  ki l led . - -The r e s u l t s  demonstrate t h a t  t h e  mountain p ine  b e e t l e  
s t rong ly  favors t h e  t r e e s  of l a r g e r  diameter each y e a r , a s  well  a s  over t h e  l i f e  of t h e  
i n f e s t a t i o n ,  and v e r i f y  t h e  observat ions  of Gibson (1943) and Hopping and Beall  (1948). 
A s  the  l a r g e r  diameter t r e e s  a r e  k i l l e d ,  t h e  b e e t l e s  i n f e s t  t h e  r e s i d u a l  smal le r  
diameter t r e e s  o r  poss ib ly  migrate i n  search o f  t h e  l a r g e r  t r e e s  i n  adjoining a r e a s .  

Estimates of t h e  average diameter of t r e e s  k i l l e d  by t h e  b e e t l e  pe r  year  gave 
s tandard e r r o r s  t h a t  were usua l ly  l e s s  than 10 percent  of t h e  mean. The p ropor t ions  
of t r e e s  k i l l e d  i n  the  va r ious  diameter c l a s s e s  i n  t h e  two u n i t s  were remarkably 
s i m i l a r  and var ied  from 1.1 percent  i n  t h e  4-inch-diameter c l a s s  t o  87.5 percent  i n  
t h e  16-inch-and-greater c l a s s  ( f i g .  1 ) .  Cor re la t ions  between diameters of t r e e s  
k i l l e d  and year  of k i l l  were h igh ly  s i g n i f i c a n t  ( r  = 0.46 and 0.58, P < O.Ol), wi th  
t h e  l a r g e r  t r e e s  being s e l e c t e d  by t h e  b e e t l e  i n  t h e  e a r l y  years  of t h e  i n f e s t a t i o n  
( f i g .  2 ) .  In t h e  l a t t e r  s t a g e s  of t h e  i n f e s t a t i o n  ( b e e t l e  and i n f e s t e d  t r e e  popula- 
t i o n s  decreasing) t h e  b e e t l e s  were working i n  t h e  s m a l l e r  diameter t r e e s .  This is n o t  
t o  i n f e r  t h a t  a l l  nonsurviving t r e e s  were k i l l e d  by t h e  mountain p ine  b e e t l e .  The 
propor t ion of lodgepole t r e e s  k i l l e d  by t h e  b e e t l e  is  shown i n  t a b l e  1. 

The p a t t e r n  of i n f e s t a t i o n ,  i . e . ,  average d i a q e t e r  k i l l e d  by percent  of t r e e s  k i l l e d  
over years of i n f e s t a t i o n ,  i s  shown i n  f i g u r e  3. Again, t h e  preference of t h e  b e e t l e  
f o r  the  l a r g e r  diameter t r e e s  by year  i s  ev iden t .  

The i n f e s t a t i o n s  r o s e  from approximately 0.5 t o  5  t r e e s  pe r  a c r e  i n  1962 t o  a  
peak of 26 t o  31 t r e e s  p e r  ac re  i n  1964. They then decl ined t o  2  t o  3.5 t r e e s  p e r  
ac re  by 1967, when most of t h e  l a r g e r  diameter t r e e s  had been k i l l e d .  The i n t e n s e  
per iod of t h e  i n f e s t a t i o n  was r e l a t i v e l y  s h o r t ,  l a s t i n g  approximately 6  y e a r s  ( f i g .  4) .  
The d a t a  of Gibson (1943) f o r  an i n f e s t a t i o n  occur r ing  during t h e  1930's i n d i c a t e  a  
comparable per iod of time. The s i m i l a r i t y  i n  t h e  t h r e e  curves dep ic t ing  t h e  pe r -  
centages of t r e e s  k i l l e d  by year  f o r  t h e s e  p l o t s  suppor ts  t h e  accuracy of our 
determination of t h e  year  of t r e e  k i l l .  



Figure 1.--Proportion o f  
lodgepole pine t r e e s  
k i l l e d  & t h i n  t h e  
combined study stands,  
by diameter c l a s s ,  
1962-67. 

I n  t h e  two s t ands ,  155 t r e e s ,  o r  68 p e r c e n t ,  and 192 t r e e s ,  o r  71 pe rcen t ,  of  those 
t r e e s  t h a t  were 4 inches and g r e a t e r  i n  d iameter  were s t i l l  l i v i n g  i n  1967. Survival  
v a r i e d  from 100 percent  i n  t h e  4-inch-diameter c l a s s  of  t r e e s  t o  12.5 pe rcen t  i n  t h e  
16-inch-and-greater  c l a s s .  

Not a l l  dead t r e e s  i n  t h e  s tudy  a reas  were k i l l e d  by t h e  mountain p ine  b e e t l e .  
I t  i s  evident  t h a t  Ips  s p e c i e s  i n f e s t e d  and k i l l e d  some of t h e  smal le r  diameter t r e e s  
( t a b l e  1 ) .  I t  is a l s o  assumed t h a t  a r e l a t i o n s h i p  e x i s t s  between t h e  mountain p ine  
b e e t l e  and I p s ;  t h a t  i s ,  t h e  Ips alone might not  have caused a s  high a l o s s  as  i t  
appears .  I p s  i n f e s t  t h e  t r e e s  above t h e  p a r t  i n f e s t e d  by t h e  mountain p i n e  b e e t l e .  

Figure 2.--CorreLation between 
diameters o f  Lodgepole pine 
t r e e s  k i l l e d  by t h e  
mountain pine b e e t l e ,  
and year o f  k i l l ;  
for example, w i t h i n  
s tudy stand 2, 1962-67. 



Table 1.--Proportion of lodgepole pinc trecs by diameter class killed 
per acre by thc mountain pine beetle, 1962-67 

Number of trees/acre . 
Diameter Killed Killed by Percent 
class Surviving by other Total killed by 

(inches) MPB causes1 MPB 

PACIFIC CREEK - TETON NATIONAL FOREST 

Stand 1 

Totals 155.0 

Stand 2 

68.0 5.0 228.0 29.8 

PILGRIM CREEK - TETON NATIONAL PARK 

~~~ - - - -  ~~~~~ 

Tot a1 s 192.0 67.0 10.5 269.5 24.9 

'Most killed by Ips species. 

4 



Figure 3. --Proportion and 
average diameter o f  - I- 

ZodgepoZe pine t r e e s  5 
k i l l e d ,  by year o a 
o f  i n f e s t a t i o n ;  w 5 
for e x q t e ,  w i t h i n  
study stand 2, 2 
1962-67. J 
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Figure 4 .  --Comparison o f  
percents o f  t r e e s  
kiZZed by t h e  
mountain pine b e e t l e  
i n  stands 1 and 2 
during 1962-67 
w i t h  those reported 
by Gibson (1943) 
for an i n f e s t a t i o n  
during t h e  1930's.  
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Relat ion  o f  b e e t l e  popula t ion  t o  diameter .--The number of emergence ho les  made by 
brood a d u l t s  which completed development and l e f t  t h e  t r e e  was u s u a l l y  g r e a t e r  i n  t h e  
l a r g e r  diameter  t r e e s .  Average numbers o f  emergence h o l e s  v a r i e d  from 1.3  p e r  square  
foo t  of bark  a rea  f o r  t r e e s  7 inches  d . b . h .  t o  62 f o r  t r e e s  18 inches  and g r e a t e r  i n  
d .b .h .  ( f i g .  5 ) .  Reid (1963) observed t h a t  b e e t l e  s u r v i v a l  inc reased  with diameter  of 
t r e e .  Amman1 a l s o  noted t h a t  t h e  number emerging p e r  ho le  i n c r e a s e s  a s  t h e  d e n s i t y  of 
b e e t l e s  i n c r e a s e s  pe r  u n i t  a r e a  o f  bark .  Therefore,  t h e  number o f  b e e t l e s  emerging 
from l a r g e  diameter t r e e s  would be much g r e a t e r  than i n d i c a t e d  by emergence h o l e s .  

l ~ n ~ u b l i s h e d  d a t a ,  au thors  ' f i l e s .  



Figure 5.--Average number 
of emergence holes per 
square foot of bark, - 
by diameter class. d > 

Q 

Large t r e e s  produce not only more b e e t l e s  p e r  u n i t  a r e a  of  bark ,  bu t  a l s o  more p e r  
t r e e  because of t h e i r  g r e a t e r  s u r f a c e  a rea .  C a h i l l  (1960) observed t h a t  t h e  bo les  of 
lodgepole p ines  of d i f f e r e n t  diameter were i n f e s t e d  t o  d i f f e r e n t  he igh t s  by t h e  moun- 
t a i n  p ine  b e e t l e .  The f igures  by C a h i l l  f o r  i n f e s t a t i o n  height  and our  f igures  on 
b e e t l e  emergence were used t o  c a l c u l a t e  t h e  popula t ions  of  b e e t l e s  produced i n  t r e e s .  
These showed b e e t l e  production could vary from 300 f o r  t r e e s  8 t o  9 inches d .b .h .  t o  
more than 15,000 f o r  t r e e s  18 inches  d.b.h.  

Assuming an i n f e s t a t i o n  r a t e  of 12 female b e e t l e s  per  square foot  of bark s u r f a c e ,  
t h e  r a t e  commonly observed i n  t h e  f i e l d ,  and a 1:l sex r a t i o ,  24 b e e t l e s  per  square  
foot  would be s u f f i c i e n t  t o  i n f e s t  and k i l l  a  t r e e .  Thus, a t r e e  8 t o  9 inches d .b .h .  
would produce only one- th i rd  enough b e e t l e s  t o  i n f e s t  and k i l l  a  green t r e e  ( f i g .  6 ) .  
Only when t h e  i n f e s t e d  t r e e s  a r e  12 t o  13 inches  d . b . h .  do they produce a su rp lus  of 
b e e t l e s .  And i f  we assume t h a t  one- th i rd  t o  one-half  of  t h e  b e e t l e s  t h a t  emerge a r e  
k i l l e d  i n  f l i g h t  ( a  conservat ive  assumption), then only t r e e s  14 inches o r  l a r g e r  
d .b .h .  would produce enough b e e t l e s  t o  inc rease  t h e  i n f e s t a t i o n  o r  maintain it a t  
the  previous y e a r ' s  l e v e l .  

CONCLUSIONS 

The conclusions der ived from t h i s  s tudy  fol low:  (1) The b e e t l e  s t r o n g l y  favors 
t h e  l a r g e r  diameter t r e e s  each y e a r ,  a s  w e l l  as  over t h e  l i f e  of t h e  i n f e s t a t i o n ;  and 
(2) i f  only t r e e s  14 inches and g r e a t e r  i n  d iameter  produce enough b e e t l e s  t o  maintain 
o r  inc rease  t h e  i n f e s t a t i o n  and i f ,  i n  f a c t ,  t h e  b e e t l e  p rogress ive ly  des t roys  i t s  
pre fe rab le  food supply, then t h i s  i n s e c t  i s  apparen t ly  food-limited i n  i ts  popula t ion 
growth wi thin  a given a r e a .  Such a decrease  i n  food supply could be a s t imulus  f o r  
sea rch .  I t  then follows t h a t  t h e  searching c a p a b i l i t i e s  of t h e  i n s e c t  may a l s o  be a L . f a c t o r  l imi t ing  popula t ion growth. 



Figure 6 . - -A  comparison of 
the number of beetles 14 
that  emerged from trees, 
by diameter cZass, 
with the number of 
beetles suf f ic ient  t o  12 

i n f e s t  a tree 
within a corresponding 
diameter class. 10 
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