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Boup of trees ki l led by Douglas-fir beetle. h?mtality 
is typic& of tMt occurring on some 4,800,000 acres in 
we~tern Oregon and southwestern Washington since 1951. 
!I!k rate of Ckterioration of this timber i s  of prime con- 
cern to owners sad land managers. 
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SUWrkARY 

x fn 1952 and 1953 cooperative research was conduc- by ths hc f f i c  
&x-bbmst Foreet Experiment Station an& thef Re 
ntnt ai" Weyerhamser Timber Ccmpany to o b a n  fnformation casacuPing the 
rate of deterioration of beetle-killed Douglas-f ir . !Ibe &uw- was pram&- 
ed by an outbreak af the Dou@~~-Sir beetle that deyel~p& is 1951 and 
has since killed aa estimated nearly 2 blllion b 
an area of some 4,800, s in western Orcgo 
Xn order to salvage a amount oS .the ins@ 
industry W d s  t o  Urn har long the Bimber w i l l  remain 

By -ping dated beetle-killed trees on stndy pl&s 
fairly reliable asta on the salvage period of the ki 
secured. Tbey are presented i n  the following acpa% 

t ion studies are still in progreas and a, more complete? re 
upan their ccmpletiaa. Highlights of the find fi4 date are as 
I 

1. VoZum~! loss  from w& decay is considerab Y Q W  t 
because at the greater ra t io  of sapwood i s 

2. When killell. is salvaged far pulp, a 'hi&= x%~ovev 
result %baa end product is lwonbey . 

3. Mter  2 paxs sapwood %of beetle-killed trees 98 gener 
deteriorated t o  where it is no longer m.~itabZc PQT haiber 
recovery of the sapwood for pulp may be p s a i b l e  
yeape . 

4. By the fourth year Bfter kill, deterioration &@udlly begins to  
penetrate the heax%wuud and by the sixth year to 50 pe%d& 
of the tree volum,xl-Ll be lost, depending on and sis@ of 
the trees and &her fae-tors. 

5. ~eteriomtion of the sapvood iiegtr~ye s W ~ ' ~ W W B  of thdt 
high tgpJ3.W the tree, and is ~&@Z%?.$@Z%? ,- 8311t CQPC~ 
elderation in pxl salvage of beetLe-lril2ed t 

6 .  Once t b ~  teapucmd has deteriorated, breakage wkn fa&& beetle- 
a 

ki l led  timber is much greater than in peen t * 

7. Progress af wood.-boring inaects for  at least the' ..first 6 or 7 
~ 8 x 8  is U e c t l $  related t o  the advance d.f 

8. The rate of &e%eriaratian appears tc be d2~eckQ x+e*M to t* 
"tensity af t b  beetle attack. 

C' 
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DETESiIOWDN OF BEETLE-KILLED DOUGLAS-FIR TlXBER 

Ernest Wright, Pathologist, and K. H. Wright, Entomologist 
Pacific Northwest Forest and Range Experbent mat ion  

The Douglas-f Fr beetle  endro roc tonus pseudot sugsie Hopk . ) i s  continu- 
ing2; t o  cause widespread k i l l i n g  of Douglas-fir timber i n  western Oregon 
and WashingLon. An estimated 2 b i l l ion  board f e e t  aP tirnher has been 
k i l led  since the first year of ep ideac  outbreak i n  1951. The epidemic 
has reached its peak and w i l l  probably gradually subside. However, the  
problem of salvaging the great volume of k i l led  timber i n  the region 
before it is l o s t  through deterioration i s  of major concern t o  timber 
cwt~ers. It is highly desirable, theref ore, t o  make available the known 
information on the deterioration of beetle-killed timbe~. 

In  recognition of the seriousness of t h i s  probleu and the urgency 
of obtaining usable infomation, deterioration studies were s tar ted i n  
1952. A preliminary report released i n  1952 S v e  the findings for 
one local i ty .  This report covers data gathered during the 1952 and 
1953 f i e l d  seasons, inc ludiw information from 3 additional l o c a l i t i e s  
aad data from the 01d local i ty .  A t o t a l  of 100 beetle-killed t r e e s  
have been aaalyzed t o  date, and additioaal. snalyses ell be made a s  
time since the death of t r ees  elapses. 

This study i s  a aooperative undertaking by the  Divisions of Forest 
Disease Research and Forest Insect Research of the  Pacific Xorthwest 
Forest and Range Bxperiment Station, the Weyerhaeuser Timber Company, 
ma the GifPord Pinchot National Forest. Special ax3knuwZedgement for 
help i n  collecting the data reported here i s  due P. G. Lau%erbach, H. C. 
fh-r, and J. E. Zodewick of the  Company f o r  t h e i r  assistance i n  the  
prodect. Dr. La41ewick, a u t i l i za t ion  special is t ,  was especially helpful 
i n  evaluating the usabi l i ty  of the k i l led  timber; Mr. bu-kerbach provided 
several of the i l lu s t r a t ions  i n  the  report. 

1 / i o r a t i o n  of' beetle-killed Douglas-f ir i n  the Millicoma area of 
COOS Bay, wgon. Wright, E.  and Wright, K. H. kc. 1, 1952. -0- 
gress report. Nultilithed. 



Obtaining a supply of beetle-killed t rees  for awilyis1,~ ma dif f icul t .  
1% was desirable t o  examine t rees  %hat had been ki l led  in different years 
and over as long a period of t i m e  as  records permitted. Btmmer, e p i M c s  
by the Douglas-fir beetle are very sporadic, with the most recent major out- 
break dsting back only unt i l  1951. Accordingly, t r e e s  dead only 2 years 
were ebval.1Lable inmost crrtses. I n  a f e w  instames trees %ha5 had been killed 
by the beetle on various research plots  over a period of 6 or more years 
were available am3 the exact year of k i l l  known. The trees fe l led  f o r  Y- 
s ls  were from 4 different l o ca l i t i e~ l  as follgws : 

1. Millicoma (coos county) Oregon - Weyerhaeuser nt Etatian 
mortality plats.  

2. hther1i.n (~ou-a county) Oregon - Weyerhaaser logging operation. 

3 Wind River (~bamania county) Washington - Giffard Plnchot B. F. 
*i&w sale area. 

4. St. Helens (hwis county) Washington - Weyerhaeuser thinning plots .  

of the beetle-ldlled trees analyzed were fe l l ed  specifically for 
use in t h i s  study but so= were trees fe l led  and bucked i n  the course of 
logging operations. Examinations were mde at each log cut, which were 
usually a% 32-foot intervals. Additional cuts were frequ&ly made when 
the pattern of decay was inconsistent. 

In recording the data, the Average depth of both ad. and decay 
measured to allox camputation of sapwood, heartwoad, snd decay volumes 

sepsrately. Incipierrt decay and s ta in  were noted but am 
decay volumes. These fe~ctoye, however, are import& i n  
t o  be taken i n w  ccollr~tidera%io~ when the logs are t o  be 
Obsemrations on the intensity of beetle attack and the p doae by wood- 
boring Wac were also made (fig . 1) * 

The tree measwli?1$13~%sand rot data collected i n  t W  f i e l d  were plotted 
on U. 6. Forest &mice Fam 5 5 8 ~  2-/, and the volumes were computed by 
planimter  i n  cubic feet. Gross volumes were  taken from a 2-foot stump 
bef ght to an 8 - i ~ h  top diameter ' (outside bark) . , Board f 00% vol-s We- 
c q u % e d  by the ECcribner Decfmal C scale. 

The determinations of species of ro t s  present i n  the beetle-killed 
trees were based orx bath visual  and cultural  i d e n t i f i ~ a t i a n s ~  

-this graph the abscissa values are plotted i n  terms of t r e e  height 
while the ordinate values are i n  % e m  of diameter based an cross &ec- 
tian measurements at the smaLl end of the log. 

-2- 



Figure 1. Deterioration ~ y s i s  of beetle-killed Douglas-fir 

RESULTS 

Progressive Deterioration By Areas 

The progressive annual r a t e  of deterioration a f t e r  beet le-ki l l  f o r  
the 4 areas studied i s  shown i n  !Tables 1 and 2 which follow. The study 
t r ees  show a defini te  yearly increase i n  r a t e  of decay. A t  tlie end of' 
the f i r s t  year following k i l l  the principal loss  is from sapstain. After 
tha t  the r o t  advances at an increased ra t e  through the sapwood and pene- 
t r a t e s  the heartwood quite appreciably by the f i f t h  year. From that tfme 
on, heartwood deterioration progresses so rapidly tha t  after 8 years the 
beetle-killed t r e e  i s  frequently of very l i t t l e  commercial value, especial- 
l y  if decay has been accelerated by the top breaking out. 



Table 1. - Board-foot deterioration of beetle-killed Douglas-fir on four areas 
i n  Oregon and Washington 

Area and age Years Trees Gross Decay 
of stand dead analyzed Volume Volume Decay 

M L U C O M A  No. No. Ed. Ft. Bd. Ft. PC*. 
(180-200 years old) 1 7 13,750 390 3 

2 20 44,360 8,720 20 
3 7 3,930 760 20 
4 9 7 9  770 1,350 17 
5 10 15,490 5,220 34 
6 5 5,210 1,580 30 
7 6 8,600 3,560 41 

!m!rHERLIM 
(250-300 years old) 2 12 70,110 11,390 16 

WIND RIVER 
(100-110 years old) 1 11 8,220 330 4 

2 14 10,240 2,930 29 
ST. KEms 

(100-110 years old) 5 4 3,370 960 28 
8 4 1,500 1,360 91 
9 2 5,200 3, 950 . 76 

Table 2. Cubic-foot deterioration of beetle-killed Douglas-fir on four areas 
i n  OFegon and Washington 

k e a  and age Years Trees Gross R C ~ Y  
of stand dead analyzed Volume Volume Decay 

M I U C O M A  NO* NO • CU. Fto CU. Ft. Pet. 
(180-200 years old) 1 7 zsw 38.6 2 

2 20 7,323 3 870 5 12 
3 7 861.2 74.7 9 
4 9 1,803.2 2 9 . 7  17 
5 10 2,53803 696 05 27 
6 4 884 .o 217.6 25 

(250-300 years old) 2 12 9,977.6 1,0&.3 10 
WrPbD RIVER 

(100-110 years old) 1 11 1,500.8 14 .4 1 
2 14 2,047.2 389 7 19 

@J?. HEUWS 
(100-uo years old) 5 4 557.3 55.5 10 

8 4 271.8 203.2 75 
9 2 82.7 41 .4 50 
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The number of years covered by the analyses i s  variable from area t o  
area as  would be expected when varying years of k i l l  are represented i n  the . 
t r ees  available f o r  study. The most complete data are f o r  the 180-200 year- 
old stand i n  the Millicoma area, where "datedtt t r ees  were available f o r  each 
of the past 7 years (fig.2).  However, since information on the r a t e  of de- 
te r iora t ion  i s  urgently needed throughout the beet le-ki l l  azea it seemed 
advisable t o  present a l l  data collected, even though so= t r e e s  had been 
dead only 2 y e a s .  

I n  many cases, and especially i n  the t r ees  dead 2 years or mre ,  sporo- 
phores of the red be l t  f u n k s ,  ~olnes pinicola (~chwartz)  Cke., were d i rec t ly  
associated with the decay. Cultural isolations have shown that t h i s  brown- 
cubical r o t  penetrates beetle-killed t r ees  extremely fa s t ;  i n  t r ees  dead 
only 2 years the r o t  was isolated a t  depths of 1 inch or more and had fre- 
quently penetrated through the sapwood. 

Larvae of wood-boring beetles, which a lso  contribute materially t o  loss  
of merchantability i n  dead t rees ,  were found i n  abundance but i n  only a few 
cases had advanced beyond the zone of decay. Experience with f i re -k i l led  
timber, however, indicates tha t  borers can be expected t o  extend t h e i r  g a l e -  
pies in to  the heartwood more rapidly i n  the l a t t e r  stages of deterioration. 
Populations of vaxious species of borers w i l l  undoubtedly increase considerab- 
l y  i n  the areas of heavy timber mortality because of the large amount of fa- 
vorable breeding material. I n  short, borers can be expected t o  become increas- 
ingly important as agents of deterioration as time passeso 

The cumulative r a t e  of deterioration f o r  the Mil l icam area is shawn 
graphically i n  Figure 2. (See page 6) .  



Fig. 2. Relation of Cubicr Feet t o  Board Feet 
Deterioration Losses in Beetle-Killed huglas Fir 

1 2 3 h 5 6 7 8 
Pears After K i l l .  



On a board foot basis, pract ical ly a l l  the usable sapwood i s  destroyed 
by the end of the second year a f t e r  the t r e e  has been k i l l ed  by the beetles. 
On a cubic foot bas is ,  however, when the log i s  used f a r  chips or pulp, it 
takes about 4 years t o  reach a similar degree of deterioration. The deterio- 
rat ion i s  progressively more important when the  log is t o  be used f o r  lumber 
as i s  shown i n  photographs of typical  beetle-killed t r e e s  from the NIillicoma 
area (plate  I). 

Variation i n  Percent of Sa- wood i n  Study Trees 

It i s  generally knawn tha t  the sapwood of Douglas-fir is much more 
subject t o  decay than the  heartwood. Accordingly, the percentage of sap- 
wood w i l l  determine t o  a large measure the ear ly losses resul t ing from 
decay. On similar sites the percentage of sapwood varies  d i rec t ly  with 
the age of the stand---the youngest t r ees  have the highest percentage of 
sapwood ( table  3).  

Table 3.--%pwood volume by age c lass  

A&$? of No. Total hpwood 
Area Trees Trees Volume Volume Sapwuod 

Years Cu. Ft .  Cu. I%. Percent 
Wind River and 

St. Relens 100-110 29 4,881 1,503 30.8 

I n  t h i s  study, early deterioration w a s  greatest  i n  the youngest stancls, 
which had the  most sapwood. Two years a f t e r  death the trees a t  Wind River 
were 19 percent decayed, those at Millicoma 12 percent, and those a t  Sutherlin 
only 10 percent. EJb examinations were made at St. &lens 2 years af'ter death. 
% correlation of r a t e  of decay with thickness of sapwood and t r e e  age points 
up the importance of giving highest p r io r i ty  t o  prompt salvage of the y o w e s t  
age classes.  

Indicators of Deterioration i n  S t d i n g  Trees 

Standing beetle-killed Douglas-fir exhibit several indicators tha t  w i l l  
give the  forester  some idea of the length of time the t r e e  has been dead and 
the p r o p s s  of deterioration. If the foliage of the t r e e  has faded t o  yellow 
or red, the t r e e  has been ki l led  within the past year. When beetles attack 
i n  the spring, fading may sometimes take place i n  the f a l l  of the  year. h- 
quently, however, and part icular ly at higher elevations i n  the Cascades, the 
k i l led  t r ees  overwinter with green foliage and turn  color the  next sprin@; or  
e ~ l y  summer. Trees of these types w i l l  contain sapstain and perhaps so= 
superFPcial decay.of the sapwood. 

-7- 
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Progress of deterioration i n  t r ees  k i l l ed  1 t o  6 years ago 

2 YEARS 

4 YEARS 



I f  the k i l led  t r ees  k v e  l o s t  t h e i r  foliage but s t i l l  re ta in  even the 
smallest branches, they may have been dead anywhere f r o m 1  t o  3 yeus-ode- 
pending largely on whether they went through the first winter &ter  death 
a s  green or  red-topped trees .  I f  the foliage has faded by f a l l ,  the winter 
s t o m  w i l l  invariably remove the dead needles and the  t r e e  w i l l  appear as 
a s m g  the next spring. As a general rule, t r ees  that have l o s t  t h e i r  fo- 
liage, but s t i l l  have all the f ine  branches w i l l  contain at l eas t  serious 
deterioration of the sapwood. The frontispiece shows a typical  example of 
the condilion of the . c rom on t r ees  which have been dead f o r  2 years. 

After t rees  have been dead f o r  several years and the small branches 
have fal len,  it is difficult; t o  use exter ior  indicators fo r  determining 
the  length of time the tree has been dead or the amount of de-berioration 
tha t  has taken place. It i s  then usually necessary t o  make sonre examina- 
t i o n  of the bole of the t r ee .  Chopping in to  the bark a t  the base of the 
t ree,  however, i s  often misleading, since the beetle at tacks and the  decay 
frequently do not extend t o  the  ground. It i s  preferable t h a t  chopping 
be done at 10 f e e t  or  higher above the ground. This frequently w i l l  re- 
veal the typical  beetle gal ler ies  and the associated blue s t a i n  or  r o t  
(plate  11, A and B) . If the t r ees  have been dead f o r  several years, some 
idea of the extent of decay can thus be determined. TPle p i m i p a l  d i f f i -  
cul ty with t h i s  type of samgling i s  i ts  limited nature. h r q l i n g  by chopp- 
ing a t  intervals  along the trunk a f t e r  the t r e e  is fel led,  is preferable 
and gives a much bet ter  indication of the degree of deterioration. 

Frequently t r ees  k i l l ed  1 year previously by beetles will bear an 
abundance of sporophores of t h e  pouch fungus, Polyporus volvatus Pk . 
( p h t e  11, B and C) . This i s  a small, whitish t o  buff -colored, somewhat 
globose sporophore. The undersurface is covered with a leathery membrane 
containing a small hole through which beetles and other insects pass t o  
the pore surface and thus a s s i s t  i n  dis tr ibut ing the spores. mese sporo- 
phores indicate a shallow r o t  of the sapwood. 

On t r ees  k i l led  2 years or longer, the rudimentary sporophores of the 
red be l t  fungus (~omes pinicola) are common (plate  11, D) . These young 
sporophores are f a in t ly  yellowish i n  color and of i r regular  shape, appearing. 
i n  the bark crevices. When cut, they reveal a sol id yellowish context. Later 
they may develop in to  the more familiar red be l t  bracket, or  hoof-shaped sporo- 
phore with a reddish margin. The presence of these sporopbores indicates an 
advanced stage of r o t  i n  which the sapwood i s  destroyed ant3 %he heartwood may 
be invaded. 



boughs-fir beetle work and associated fungi 

A. Wood-staining fungi associated Be Strip killing of cambium by 
with Douglas-fir beetle gaJleries. Douglas-fir beetle. Note 

Polyporus volvatus sporo- 
phores at bottom of photo. 

G o  Heavy f ~ i t i n g  of P. vclv~turr D.  Sporophores of F-rc - pinicola 
on frees kil led 1 year praaw- on tree killed 2 yesrdr pre- 
ly by beetles  

-10- ~ i 0 ~ 8 l y  by beeths .  



DI SCUSSLON 

AssocEation of Beetle Attacks with Decay 

In  these studies it has been found tha t  ga l le r ies  of the  I)ou&rts-fir 
beetle are closely associated with the sapwood decay on f a i r l y  recently 
k i l l ed  t rees .  n i s  constant association strongly indicates tha t  beetles 
introduce the ro t s  a t  the time they infest  the t ree .  For t h i s  reason, 
when the beetles k i l l  only s t r i p s  of cambium i n  a t r e e  (plate  11, B) r o t  
development frequently is localized. More intensive sampling i s  needed 

8 

i n  these t r ees  t o  determine the ext;ent of the deterioration. 

The degree of deterioration fo r  the f i r s t  year or  two depends t o  a 
large extent upon the time of the  year when the i n i t i a l  beetle at tack took 
pie. Rot advances most rapidly during the wamn season of the year and 
m~ch more slowly during the colder months. Beetle attacks ear ly i n  the 
spring give about 2-1/2 months more f o r  the  r o t  t o  develop than at tacks 
late i n  the summer of the same year. Therefore a t r e e  dead 2 years may 
have essent ia l ly  e i t h e ~  2 or 3 seasons f o r  growth af rat, depending upon 
the t i m e  of the attack. In comparing ra t e s  of deterioration between loca- 
lities, or even within a single local i ty ,  the season a3 well as the y e  
of at tack should be taken in to  consideration. 

Effect of Deterioration on Log Qpality 

Trees dead f o r  2 years or l e s s  often do not produce logs of grades 
coqpxable t o  those shown by a cruise. The fast deterioration of sapwood 
leaves only a core of sound wood containing many knots that are not v is ib le  
on the exberior of the t ree .  Even when decay i s  not w e l l  advanced there 
w i l l  be considerable degrade due t o  sapstain. Depending on the length of 
t i m e  the t r ees  have been dead, it may be necessary i n  timber estimating t o  
lower the log grades both as t o  volume and quality. If the timber is t o  
be used f o r  chips or pulp, however, these factors  are of l e s s  importance. 

Effect of Deterioration on Breakage 

Breakage i n  f e l l i n g  increases d i rec t ly  with tirae since death of the 
beetle-killed t ree .  When the sapwood i s  destroyed by decay, mch of the 
resi l ience or e l a s t i c i t y  of the t r ee  i s  l o s t .  Furthermore, l o s s  of the 
green crown reduces the cushioning effect when fa l l ing .  Breakage losses 
when f a l l i n g  dead t i m b e r  are therefore much heavier than i n  green timber. 
Ih one loca l i ty  where the t r ees  were  k i l led  by b e e t b s  2 years previously, 
f a l l e r s  e s t i m t e d  w 25 percent increase i n  breakage. 



In stands k i l led  by beetles 5 years or more previously, a.n increasing 
number of tops is broken off by the wind. This breakage, too, i s  directly 
related t o  resilience of the wood. Broken-topped trees, when l e f t  for seve- 
ral years, show an appreciably fas te r  r a t e  of decay because of the  entrance 
of top rots .  Consequently, salvage operations i n  timber k i l led  several years 
ago should f i r s t  remove the broken-top t rees  if losses due t o  deterioration 
are t o  be kept *to a m i d m u m .  

C 

Fire  Hazard Caused by Beetle-Killed Trees 

The tremendous number of beetle-killed trees i n  the region caused by 
the recent infestation bas greatly increased fire hazards. This hazard w i l l  
continue t o  increase as deterioration takes place and the snags become "pnk.f. 
1% further emphasizes the need f o r  prompt salvage of the beetle-killed 4Amber. 




