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PRODUCTIVITY OF A MATURE DOUGLAS- FIR STAND 

by 

C a r l  M. ~ e r n t s e d l  

Records f r o m  a ma tu re  Douglas-fir s tand on the Mount Hood 
National F o r e s t  in northwestern Oregon indicate that ve ry  high r a t e s  
of g ross  growth a r e  maintained up to ages  a s  high a s  250 yea r s .  
Where such stands a r e  held in r e s e r v e  for  future  c l ea r  cutting, f o r -  
e s t  manage r s  have a n  opportunity to recapture  a l a rge  s h a r e  of this 
g ross  production by salvaging mor ta l i ty  a t  frequent intervals .  

PROCEDURE 

A 25-acre  study t r a c t  was established in 1947 in a dense 250- 
year-old stand nea r  T a r  Creek  in the Clackamas River  drainage.  
Elevation i s  1 ,  800 feet;  and  topography i s  modera te ly  s teep,  with 
occasional benches and abrupt  pitches.  Site index for  ~ o u g l a s - f i r  i s  
es t imated to be 150, o r  a high s i te  c l a s s  111. Douglas-fir  compr i se s  
80 percent  of the stand volume; wes tern  hemlock and wes tern  redcedar  
account for  the r ema inde r .  

The stand was inventoried through measu remen t  of 30 c i rcu-  
l a r  1 15-acre  plots systematical ly  dis t r ibuted over  the study a r e a .  
All  t r e e s  2. 6 inches d. b. h. and l a r g e r  were  m e a s u r e d  a t  the beginning 

1' Leader ,  Bend (Oreg. ) Resea rch  Center .  This study was 
made  while the author  was on the staff of the Corval l is  Resea rch  
Center ,  maintained in cooperation with the School of F o r e s t r y ,  
Oregon State College, Corval l is ,  Oreg.  



and end of a 10-year  period ending September 1958. T e r m s  used to 
expres s  growth and mor ta l i ty  a r e  defined a s  follows : 

Net increment .  - -Volume of live t r e e s  a t  end of measu remen t  
period minus volume of live t r e e s  a t  beginning of measurement  period. 

Mortali ty.  - - Volume of t r e e s  a t  beginning of measu remen t  
period that died during the period. 

Gross  increment .  - -Net increment  plus mortal i ty .  

Per iodic  annual increment  o r  mortal i ty .  - -Volume of growth 
o r  mor ta l i ty  fo r  the measu remen t  period divided by the number of 
yea r s  in the period. 

INCREMENT 

Gross  periodic annual increment ,  which approximates  the 
growth capacity of the stand, was 226 cubic feet  o r  1 ,  582 board f ee t  
pe r  a c r e  for  a l l  species  (table 1 ) .  These r a t e s ,  however, include 
heavy volumes of mortal i ty ,  which occurred  a t  the average  annual 
r a t e s  of 201 cubic feet  o r  1 , 1 5 6  board feet .  Because of this heavy 
mortal i ty ,  net  periodic annual increment  was only 25 cubic feet  o r  
426 board feet  per  a c r e .  

Distribution of periodic growth and mor ta l i ty  among species  
was closely related to the i r  proportion of stand volume. F o r  
example : Douglas - f i r ,  which compr ised  80 percent  of total  board-  
foot volume, contributed 82 percent  of the g ross  increment ,  83 pe r -  
cent of the net increment ,  and 81 percent  of the mor ta l i ty .  Western 
hemlock and wes tern  redcedar  contributed 1 5  and 3 percent  r e spec -  
tively of the g ross  increment .  

MORTALITY 

Mortali ty,  which averaged  1 , 1 5 6  board feet  per  a c r e  annually, 
was caused p r imar i ly  by ba rk  beet les  and windthrow (table 2). Wind- 
throw los ses  occurred  in s izable  amounts in a l l  spec ies ,  while b a r k  
beetle mor ta l i ty  was confined to  Douglas - f i r .  

SAMPLING PRECISION 

A standard e r r o r  of &172 fo r  g ross  periodic annual increment  
(table 1 )  indicates that  t rue  g r o s s  increment  i s  expected to fall  between 



Table 1.--Average p e r i o d i c  annual increment and m o r t a l i t y  

p e r  a c r e ,  1948-5d-/ 

VOLUME I N  BOARD FEET (SCRIBNER) 

: Douglas- : Western : Western : A l l  : Standard 
I tem f i r  : hemlock : redcedar  : s p e c i e s  : e r r o r  ( a l l  

: spec i e s )  

Stand volume, 
1958 77,180 14,357 4,612 96,149 - - 

Gross increment 1 ,291  24 1 50 1,582 +I72 
M o r t a l i t y  938 141 77 1,156 +270 

Net increment 353 100 -27 426 +328 

VOLUME I N  CUBIC FEET 

Gross increment 175 41  10 226 +22 
M o r t a l i t y  155 29 17 201 +4 3 

N e t  increment 20 12 -7 25 +50 

L! Board-foot volume (Sc r ibne r  r u l e )  i nc ludes  t r e e s  11 .5  inches  
d .b .h .  and l a r g e r  t o  an 8- inch top ;  cub ic - foo t  volume inc ludes  t r e e s  
2.6 inches  d e b o h .  and l a r g e r ,  e n t i r e  stem. 

1 / Table 2 . - -Per iod ic  annual  m o r t a l i t y  p e r  a c r e ,  by c a u s e ,  1948-58- 

( I n  board f e e t ,  Sc r ibne r  r u l e )  

: Douglas- : Western : Western 
Cause f i r  : hemlock : redcedar  : Tota l  

Bark b e e t l e s  
Windthrow 
Other 

T o t a l  

L/ Trees  11.5 inches  d.b.h.  and l a r g e r  t o  a n  8- inch top .  



1 ,410  and 1 , 7 5 4  board feet  pe r  a c r e  unless a 1 - in-3  chance happened 
in sampling. Sampling e r r o r  on a 1 -in-20 chance can be roughly 
approximated by doubling the s tandard e r r o r .  Thus,  t rue  g ross  per i -  
odic annual increment  under the l -in-20 level of probability would 
f a l l  between 1 ,  238 and 1 ,926  board feet  pe r  a c r e .  Sampling e r r o r  
f o r  other  i t ems  in table 1 can be developed in the s a m e  way. 

It should be noted that the s tandard e r r o r  of 328 board feet  f o r  
net periodic annual increment  i s  ve ry  la rge .  Using a 1 -in-20 chance, 
the sampling e r r o r  i s  656 board feet ,  which exceeds the est imated net  
periodic annual increment-  - 426 board feet .  Thus, tine stand m a y  
possibly have had a negative net increment  during the 10 yea r s  of 
study. 

CONCLUSION 

The occurrence  of l a rge  amounts of mor ta l i ty  and sma l l  but 
measurable  periodic annual i nc reases  in wood volume indicates this 
250-year-old Douglas - f i r  stand i s  s t i l l  highly productive. Bar r ing  
catastrophic  lo s ses ,  a final harves t  could reasonably be defer red  
many yea r s  without l o s s  of net volume, On tne other hand, salvage 
of mor ta l i ty  during the "holding" period could provide e a r l i e r  income 
without reduction of growing stock. Per iodic  salvage could a l s o  be  
expected to inc rease  total yields through the recovery  of wood m a t e r i a l  
that would otherwise de te r iora te  i f  left until tne t r a c t  i s  c lear  cut in 
a final harves t ,  


