


ABSTRACT 

A lodgepole pine Zeve 2s-of-growing-stock study showed t h a t  t r e e s  
growing a t  Zower stand d e n s i t i e s  had longer crowns and grew more rap- 
i d l y  i n  diameter b u t  d id  not  grow s ign i f i can tZy  fas ter  i n  he igh t .  
Gross cubic-uolwne increment decreased wi th  decreasing stand dens i ty .  
The decrease was small per u n i t  o f  dens i t y  a t  the  higher d e n s i t i e s  
bu t  much greater  a t  the  Zower d e x s i t i e s .  However, a t  the  Zower den- 
s i t i e s  more wood i s  being added t o  the  Larger t r e e s  t h a t  can reach 
usable s i z e .  S o i l  moisture wi thdrma2 was reduced a t  the  lower stand 
d e n s i t i e s .  Unders toq  vege ta t ion  did no t  develop s trongly  even a t  
the  Zow stand d e n s i t i e s .  T h i s  fac t  may have been par t l y  responsible  
for t h e  sharply increased diameter growth r a t e  and reduced evapotran- 
s p i r a t i o n  drain on s tored s o i l  water a t  Zow d e n s i t i e s .  

Keywords: soi 2 moisture,  stand dens i ty ,  lodgepole pine, 
fores t  measurement. 
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INTRODUCTION 

Reward f rom thinning lodge pole pine ( Pinus contorta Dougl. ) may 
be grea te r  than that f r o m  thinning most  other species. Only a smal l  
portion of the wood produced in natural  stands i s  on merchantable t r ee s ,  
and in many especially dense stands only an occasional merchantable 
t r e e  i s  grown. The unusable t r e e s  die o r  a r e  knocked down a t  the t ime 
of logging t o  become a residue problem (fig. 1). 

Figure ].-A major portion of the total wood 
produced by dense natural lodgepole pine 
stands ends up as unused residues that are 
costly to dispose of. 

Results of the levels-of- growing- stock study reported in this paper 
indicate that fo res te rs  can capture mos t  of the total wood production 
on usable-sized t r e e s  by controlling stand density. Fur thermore ,  the 
low density that looked best  for  t imber  production up to  the present 
stand age also withdrew l e s s  water  f rom the soil. 

STUDY AREA 

The Twin Lakes levels-of-growing- stock study i s  located on the 
Deschutes National Fo re s t  near  Twin Lakes and Wickiup Reservoir.  
I t  i s  about 1 0  miles  west of the Pr ingle  Fal ls  Experimental  Fo re s t  and 
about 45 miles  southwest of Bend a t  an elevation of approximately 
4, 300 feet. 

Topography of the study a r e a  i s  very gently sloping toward a 
bowl- shaped depression with one end open. There  i s  good wate r  
drainage. 



The present  young stand that originated following a f i r e  in 1934 
i s  p r imar i ly  lodgepole pine in the lower a reas .  Ponderosa pine 
( Pinus ponderosa Laws. ) tends to  increase with only a very  slight r i se  
above the depression floor, and a r i s e  of only a few feet completes 
the transit ion f rom lodgepole to  ponderosa pine in most  places. 
However, stumps of mature  ponderosa pine a r e  numerous throughout 
the a r e a  presently occupied by lodgepole pine,  indicating that the s i te  
i s  capable of supporting either.  

Cold a i r  drainage into the lower portions of the a r e a  probably 
accounts for presence of lodgepole pine t he r e  ra ther  than ponderosa 
pine. Berntsen (1 967) demonstrated that, of the two pines, lodgepole 
i s  considerably more  tole rant of freezing tempera tures  during the 
f i r s t  spring af ter  germination. He concluded that this g rea te r  f ro s t  
tolerance of lodgepole pine accounts for  i t s  presence in many low-lying 
cold flats in central  Oregon. Fil tering in of ponderosa pine seedlings 
under an existing lodgepole pine canopy in a manner  described by 
Cochran et  al. (1967) could easily account for the  old-growth ponderosa 
pines that existed in the  lodgepole pine portions of the present  study 
a rea .  An unusually f ros t - f ree  spring could a l so  have permitted 
ponderosa pine establishment. 

Understory vegetation makeup var ies  with position on the slope 
even though elevation changes amount to  only a few feet, In the lower 
a r e a s  occupied predominantly by lodgepole pine, predominant plants 
a r e  bi t terbrush (Purshia t r identata  ) , squaw currant  (Ribes cerem ), 
s t rawber ry  (Frageria cuneifoZia), needlegrass (S t ipa  occidentaZis), 
and Ross sedge (Carex rossi'). Occasionally dogbane (Apocynwn 
androsaerrtifoZiwn) and princespine (Chimaphila unzbeZZatcl) were  a lso 
found. Snowbrush (Ceanothus ve~u t inus )  i s  sparse ly  represen ted .  
However, where even a slight slope was encountered, snowbrush 
tended t o  become the dominant understory shrub. Thus vegetation on 
the lower portion closely resembled the lodgepole pinelbit terbrush- 
cur ran t  community of Youngberg and Dahms (1 970) and that on the 
more  sloping portions, the ,  Pinus ponderosa/Ceanothus ueZutinus-Purshia 
t r identata  community of Dyrness  and Youngberg (1 966), 

Soil belongs to the Lapine ser ieseL1 I t  was developed f r o m  dacite 
pumice deposited during the eruption of Mount Mazama approximately 
6, 500 yea r s  ago. Total  pumice depth ranged f rom 25 t o  51 inches and 
averaged 37 inches a t  the 37 locations sampled. Plot-to-plot variation 

' ~e r sona l  communication with Patrick H. Cochran, soil scientist, Pacific Northwest Forest and Range 
Experiment Station, Bend, Oregon. 



was surprisingly smal l  and could easily be accounted for on the basis  
of variation among sampling points within plots. 

The pumice overlays an older, predominantly sandy loam soil. 
The older soil  profile averages 15 inches in depth to  a compacted layer  
s imi lar  in texture to the soil  above it. This  layer  defines the lower 
l imit  of rooting depth (fig. 2). Total depth of soil, both pumice and 
buried sandy loam, ranged f rom 42 t o  62 inches and averaged 52 inches 
a t  the 12 locations sampled. 

Site index for the study a r e a  a s  a whole averages 72 feet at age 50 
yea r s  for  the tallest  lodgepole pine t r e e  per  one-fifth-acre plot ( read 
f rom Dahms (1 964) s i te  index curves?-/).  Actual ta l lest  t r e e  height at 

4/  age 35 yea r s  averaged 52. 5 feet, ranging f rom 49. 5 to 56.2 feet.- 
These heights a r e  considerably above averages for  central  Oregon 
lodgepole pine at  35 years .  

?igure 2. -Roots of this windthro wn ponder- 
osa pine tree abruptly stopped their down- 
ward penetration when they encountered 
the compacted soil layer. This tree had been 
growing immediately adjacent to -the lodge- 
pole pine thinning area, on similar soil. 

2 ~ o s t  o f  the sampling points consisted of auger holes drilled to accommodate access tubes for 
measuring soil moisture with the neutron probe. Pumice depth measurements were taken in the holes 
used for each o f  the first three tubes installed on each of the original 10 plots. Other depth-of-pumice 
measurements came from a large soil pit and from several smaller ones dug in 1970. 

3 ~ i t e  index 7 2  is substantially higher than that reported by Dahms (1967) because an average o f  three 
tallest trees per plot was used to estimate 1959 site index. This was done to strengthen comparisons 
between plots in a very young stand. Had the single tallest tree per plot approach been followed in 1959, 
the answer would have been site index 70. Use of the single tallest tree per one-fifth acre is the only valid 
way to estimate site index for use with the gross yield table. 

4 ~ g e  35 years was used because the tallest trees probably originated the first year after the 1934 fire 
even though stand age averages only 32 years. Site index is extremely sensitive to small errors in age in 
young stands. 



THE EXPERIMENT 

The experiment i s  a levels-of-growing-stock study designed fo r  
thinning at  frequent intervals.  Three  thinnings have been made to  

date, the initial one in 1959, followed by rethinnings in 1964 and 1969. 
Rethinnings were  a t  the same 5-year interval used for measuring 
growth and were done in the fall after all  t r e e s  had been remeasured. 

Growing-stock levels initially chosen for testing were  7, 500; 
51  12, 500; 17, 500; 22, 500; and 27, 500 square feet of bole a r e a  per acre., 

Density on plots selected fo r  the two highest levels was not high enough 
to meet  specifications in 1959. After the 1964 remeasurement,  4, 000; 
8, 000; 12, 000; 16,000; and 20, 000 square feet of bole a r e a  were select- 
ed a s  the new density definitions. The change was made because 20,000 
square feet seemed enough to fully occupy the s i te  at one end and be- 
cause density had not been reduced enough a t  the low end to clearly 
reduce cubic-volume increment. 

The 1969 thinning was made to  the same bole a r e a  specifications 
a s  the 1964 thinning. Basal a reas  corresponding to the densities of 
4,000, 8000, 12,000, 16,000, and 20,000 square feet of bole a r e a  
pe r  a c r e  in 1964 were 26.8, 45. 3 ,  63.8, 78.8, and 95.0 square feet 
per  acre ,  respectively (table 1). Well- stocked portions of the un- 
thinned stand in 1964 contained 125 to 130 square feet of basal a r e a  
per  acre.  Figures 3 ,  4, and 5 provide further help in visualizing the 
t reatments  applied. 

Excess t r e e s  cut to  achieve the desired densities were mainly the 
diseased and small  individuals. However, a t  the two lower densities, 
some excellent t r e e s  were cut to  reach the desired level. At the two 
higher densities,  not al l  diseased o r  low vigor t r ees  could be eliminated. 
Spacing was also a factor in choosing t r ees  to  be cut. 

Limbs were lopped f r o m  the fallen t r ees ,  and many s tems were 
cut into several  lengths. Consequently, s lash exerted only a minor 
understory suppressing effect (figs. 3 ,  4, and 5). 

The experiment i s  a completely randomized design with two plots 
randomly assigned to each of the five levels of growing stock. Origi- 
nally plots were  0.1 ac re  in size, the largest  reasonably homogeneous 
plot a r eas  that could be found if the highest density t reatment  were to 
be applied. At the t ime of the 1964 thinning when density definitions 
for  al l  t reatments  were lowered, i t  became apparent that not enough 
t r e e s  would be left on 0. l-acre plots a t  the lower densities. Conse- 
quently, size of plots a t  the lowest density was increased to 0.4 ac re  
and at  the next higher density to  0. 2 acre.  Most of the a r e a  added 

 ole area is a close estimate o f  the cambium area o f  the tree stem. Lexen (1943) more fully describes 
bole area as a measure o f  stand density. 



Table  1.--Stand s t a t i s t i c s  per acre a f ter  the 1959 thinning 

and before and a f t e r  the 1964 and 1969 thinnings. 

Feet Inches Fee --Square feet--- 

Af te r  t h e  1959 th inn ing :  

1 ( lowes t )  405 10 .4  4.2 26.0 41.7 7,330 
2  610 8 .4  4.4 28.2 70.0 12,454 
3  925 6.9 4.0 27.2 85.3 16 ,538 
4  1 ,345  5.7 3.4 24.6 92.4 19,305 
5 ( h i g h e s t )  1 ,705 5 . 1  3.0 22.8 93.6 20,248 

Bole 
a r e a  

Crown 
compet i t ion  
f a c t o r  

I 

Growing- Number 
s t o c k  of 
l e v e l  i 

Before  19 64 t h inn ing  : 

T o t a l  
4  / v o l u m ~  

1 / Af te r  1964 th inn ing  and p l o t  en largement- - indiv idual  p l o t  equations:-  

1 114 19.5  6.5 37.3 26.8 4,264 
2  2  60 12.9 5.6 35.8 45.3 8,050 
3  400 10.4 5 .3  36.5 63.8 12,352 
4  675 8.0 4.5 33.5 78.8 16 ,131 

5  2l  
1 ,065 6.4 4.0 30.4 95.0 20,255 

Spacing- 85 22.6 7.9 41.7 29.6 3,982 

Basa l  
a r e a  

Before  1969 th inn ing - - a f t e r  a d d i t i o n a l  climbed t r e e s  added: 

Heighcl/ s p a c i n g 1  

A f t e r  1969 th inn ing  and p l o t  a d d i t i o n s :  

31  ~ . b  .h.- 

1 7 1 24.8 7.9 44.4 25.1 3,917 
2 170 16.0 6 .8  42.9 43.4 8,059 
3  265 12 .8  6.4 43.8 60 .1  11 ,991 
4  4  7  8  9 .5  5.2 39.7 72.3 16,015 

21 
7  50 7.6 4.4 35.8 84.7 19,936 

Spacing-  8  5  22.6 9 . 1  46.4 38.8 5 ,491  

Cubic feet  

Volume and b o l e  a r e a  f i g u r e s  d i f f e r  from t h o s e  p rev ious ly  publ i shed because  i n d i v i d u a l  
formulas  were s u b s t i t u t e d .  Other f i g u r e s  d i f f e r  because  of p l o t  enlargements.  However, pub- 
l i s h e d  number of t r e e s  f o r  1964 a f t e r  t h inn ing  was found t o  b e  s l i g h t l y  i n  e r r o r  on  t r e a t m e n t s  
3  and 5.  

- 21 ' h o  p l o t s  added i n  1963 i n  r e l a t i v e l y  open p o r t i o n s  of t h e  s t a n d .  
- 31 Ar i thme t i c  average .  

T o t a l  pee led  volume inc lud ing  t i p s  and stumps. 
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came f rom the 112-chain buffer s t r ip  surrounding each plot. Size of 
the remaining six plots was increased to 0. 2 a c r e  at  the t ime of the 
1969 thinning. Small holes that had seemed too large in the 22-year- 
old stand in 1959 were  mostly occupied by the l a rge r  32-year-old t r e e s  
in 1969 and therefore acceptable for inclusion within a plot. 

Random assignment of t reatments  to plots after a l l  had been chosen 
meant that a l l  plots had to come f rom the denser  portions of the ori-  
ginal stand to be satisfactory for the highest density treatment.  Con- 
sequently, there were no low density plots in portions of the stand 
that had s tar ted out at  a low density. To remedy this situation, two 
additional 0. 2-acre low density plots were installed in 1963. These 
plots were put in portions of the stand that had grown up under open 
conditions with good individual t r e e  development. These plots were  
thinned again in 1964 to  meet  the new treatment  definitions but no 
further  thinnings a r e  planned. Consequently, they a r e  designated 
spacing plots. Because these plots were not a part  of the original 
random selection, they cannot be included in most  t e s t s  of significance 
between treatments.  However, it i s  legitimate to  make comparisons 
to  the extent that we believe differences at  the t ime of plot installation 
really s tem f rom accidents of seedling establishment ra ther  than rea l  
growing site differences. 

MEASUREMENTS 

Measurements of t r ees  and soil moisture were  made during the 
10-year  period f r o m  the fall of 1959 through the fall of 1969. Crown 

density of understory vegetation was measured during the 1970 growing 
season. 

T r e e  measurements  of the following kinds were made: 

1. Diameter,  height, and height-to-live-crown were measured 
on each t r ee  in 1959, 1964, and 1969. Diameters were meas-  
ured with a tape to  the nearest  0.1 inch. Heights and height- 
to-live-crowns were  measured with a sectioned pole and re-  
corded to the neares t  0. 1 foot. 

Detailed measurements  were made on a sample of t r ees  to 
provide the basis  for calculation of volume and bole a r e a  of 
each of these individuals. F o r  this purpose caliper meas-  
urements outside bark were made at  1 .0- ,  4. 5-, 10. 0-, 
20.0-, and such additional even 10-foot distances up the 
t r ee  a s  could be reached by climbing. Initially bark thick- 
ness  was measured at  each calipered point. La ter  it was 
measured only at  1 . 0  foot above the ground and at  breas t  

height (b. h. ). At higher points it was calculated on the 
assumption that bark constituted the same percentage of 
diameter outside bark a s  i t  did a t  breas t  height. 



Five t r e e s  per  plot, chosen on the basis  of diameter ,  con- 
stituted the detailed measurement sample in 1959. These 
same t r e e s  were remeasured in 1964 before thinning. 
After thinning, enough additional t r ees  were  measured t o  
bring the total number of standing climbed t r e e s  to  10 per  
plot. Because some of the original five climbed t r e e s  were 
were  removed by thinning, it was necessary  to add more  
than five t r e e s  on most plots to  bring the total to 10. In 
1969 the same 10 climbed t r e e s  left f rom 1964 were  com- 
pletely remeasured before thinning and enough t r e e s  added 
af te r  thinning to again bring the total of standing climbed 
t r ees  to 10 per  plot. 

Diameters of crowns were measured on a sample of t rees .  
All t r ees  at the lowest densities were  measured,  but at  
higher densities only every second, third, o r  fifth t r e e  
was measured,  depending on the number of t r e e s  in the 
plot. A total of 305 crown widths were measured on all  
1 2  plots. Diameters were measured in two directions 
a s  nearly a t  right angles to each other as  could be deter-  
mined by eye. Measurements were made with the aid of 
a plumb bob rigged on a pole. Tip of the pole was held 
a t  the outside of the crown and the plumb bob dropped to 
the ground. Actual crown diameters  were measured 
between plumb bob points on the ground. These meas-  
urements  were made only in the fall  of 1969. 

4. Diameters  were measured to the nearest  0. 01 inch with 
a tape to determine seasonal progress  of diameter growth 
on the same sample t r e e s  used for  crown width measure-  
ments during the 1969 growing season. 

Soil moisture was measured with a neutron probe beginning in 1961. 
At f i r s t ,  frequent measurements  were made during the growing season 
beginning immediately after snowmelt. Later ,  a s  it became apparent 
that the soil was fully charged each spring and that the seasonal pattern 
of withdrawal was s imilar ,  measurements  were made only a t  the end 
of the growing season. 

Four mechanically located access  tubes, each 5 feet long, were  
used a s  sampling points on each plot. Readings for each tube were 
taken at  1-foot intervals beginning 1 foot below the soil surface. P robe  
readings were  converted to percent moisture by volume using a cali- 
bration curve developed by Bar  ret t  (1 970). 

Understory vegetation crown cover was estimated in 1970 by sys-  
tematically sampling eachplot with approximately 100 points using 
methods described by Heady et al. (1 959). Snowbrush, other shrubs, 
g ra s ses  and sedges, and herbs  were  the c lasses  of vegetation recog- 
nized. No vegetation measurements  were  taken pr ior  to 1970. 



CALCULATIONS 

Volume of individual t r e e s  was calculated using Smalian'  s formula 
for  the main part  of the bole. Volume of the 1-foot stump was calcu- 
lated a s  a cylinder, and volume of the t ip  was obtained on the assump- 
tion that the c ros s -  sectioned a r e a  at  the half-length point would be half 
that a t  the base. 

Bole a r e a  of individual t r e e s  was obtained by calculating surface 
a r e a  of the same sections used for  volurne calculations and summing 
them to total  bole a r e a  for the t ree .  Each section was t rea ted  a s  a 
cylinder, with circumference obtained f rom the c i rc le  of average 
cross-sect ional  a rea .  Bole a r e a  a s  calculated under bark was approxi- 
mately equal t o  cambium a r e a  of the main stem. 

All diameter  values used for  calculating volume and bole a r e a  of 
individual t r e e s  were  based on cal iper  measurements .  This included 
measurements  a t  b. h. 

Initially, volume and bole a r e a  of each completely measured t r e e  
were  calculated inside bark. However, inspection of the data revealed 
that measurements  made in 1 964 showed consistently thicker bark  than 
in either 1959 o r  1969. Measurements  made in 1959 and 1969 were  
very s imilar .  Therefore,  volumes we r e  al l  calculated outside bark. 
Inside bark volume f rom the 1959 and 1969 measurements  combined 
averaged 87.18 percent of outside bark volume. A comparison of re-  
gressions of volume D2g for  inside and outside bark showed there  
were  no consistent t rends  of different percentages with t r e e  s ize  within 
the range of t r e e  s izes  encountered. Therefore,  inside bark volume 
fo r  a l l  th ree  dates  was obtained by f i r s t  calculating outside bark vol- 
ume and then multiplying by 0. 871 8. 

An attempt was made to s imi la r ly  adjust bole a r e a  for  bark meas-  
urement  discrepancies.  However, t rends associated with t r e e  s ize 
complicated the process  to the point that unadjusted values were  used. 

Volume and bole a r e a  for  the climbed t r e e s  were expressed a s  
functions of diameter  and height. Diameter  breas t  high determined by 
diameter  tape was used for  this purpose to  be consistent with the 
diameter  tape measurements  made on the unclimbed t r e e s  to which the 
equations were  to  be applied. One volume and one bole a r e a  equation 
were  developed for  a l l  climbed t r e e s  on al l  plots in 1959 and the same 
t r e e s  in 1964. Volume and volume increment figures contained in 
Dahms (1 967) were  based on these equations. 

Individual volume and bole a r e a  equations were developed f o r  each 
plot af ter  the additional climbed t r e e s  were  added. Because the indi- 
vidual plot regressions for  volume and bole a r e a  did not differ greatly 



f rom the single experiment-wide ones, the individual ones were used 
a s  the basis  for  computing both the ending volumes and bole a r e a s  for  
the 1960-64 period and the beginning values for  the 1965-69 period. 

Volume and bole a r e a  equations for  each plot in 1969 were  based 
on al l  climbed t r e e s  available, including those added a s  replacements 
for  the ones cut in the 1969 thinning. These equations were a l so  used 
to  calculate volume and bole a r e a  figures that served a s  ending values 
for  the 1965-69 period and beginning values for  the 1970-74 period. 

The switch to  individual plot volume and bole a r e a  equations, with 
the attendant requirement of many more  climbed t r e e s  and the much 
g rea t e r  calculation load, was made possible by computer calculations. 
Hand calculator computations had been envisioned when this study was 
in the design stage. 

RESUL 7s 
Crown 

Crowns were  both wider and longer at the lower stand densities in 

1969 (fig. 6). These conclusions were reached f rom the 100 t r e e s  of 
la rges t  diameter  per  acre .  Consequently, the large number of smal l  
t r e e s  present  only a t  the higher densities did not affect conclusions. 

Crowns of the 100 la rges t  t r e e s  were  increasing in length at  a l l  
densities.  That i s ,  t r e e s  were growing more  rapidly in height than the 
lower par t  of the crown was receding through branch death. However, 
ra te  of increase was significantly grea te r  a t  the lower densities. 

Height growth of the la rges t  t r e e s  averaged 13.4 feet during the 
10-year  period f rom 1959 through 1969 and was not significantly affected 
by stand density. Minor differences f rom one t reatment  t o  another 
could easi ly  be accounted for by variations between plots t rea ted  alike. 

Rate of crown recession f rom death to lower branches was defini- 
t e ly  fas te r  at  the higher densities. Following i s  the average number of 
feet of crown lost over the 10-year  period f rom 1959 through 1969 by 
density level: 

Density Zeve Crown recession (feet)  

1 (lowest) 
2 
3 
4 
5 (highest) 

Differences in amount of crown lost between density levels a r e  highly 
significant in a s ta t is t ical  sense. 
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1 
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Figure 6. -Crown size of 100 largest trees per acre in I95 9 and 1969 by density treat- 
ment. Crown widths for 1959 were estimated from 1969 regressions of crown width 
on diameter, 1959 crowns are shown as dotted lines. 

Crown width increased  steadily a s  t r e e  d iameter  increased  a c r o s s  
the  en t i re  range of d iameters .  Regressions of crown width on s t e m  
d iameter  b r ea s t  high within each of the  density levels  we re  a l l  highly 
significant-in a s ta t i s t i ca l  sense.  However, diffe rences  in slope of 
regress ions  between density levels  we re  smal l  and did not approach 
s ta t is t ical  significance. 

Crowns a l so  tended t o  be wider  a t  comparable  d i ame te r s  fo r  t r e e s  
growing a t  the  lower densit ies.  Following i s  a comparison of crown 
widths among density levels before and a f te r  adjustment fo r  d iameter  
differences:  

Growing - 
stock 
ZeveZ 

spacingZ/ ((lowest) 
1 
2 
3 
4 
5 (highest) 

Average 
diameter 
(Inches) 

Average 
crown width 

(Feet) 

Adjusted 
6 /  crmn  width- 

(Feet) 

6 ~ r o w n  width adjusted to a tree diameter of 6 .3  inches, the average diameter o f  the 305 trees on 
which crown width was measured. 

7 ~ h e  spacing plots were the ones selected later in the less dense portions o f  the original stand. They 
could not be included in figure 6 because no 1959 information was available. 



A covariance analysis  showed the re  we re  s ta t is t ical ly  significant dif- 
fe rences  in crown widths between density levels  a f te r  adjustment t o  
one average  diameter .  Evidently crown widths on t r e e s  of a l l  s i z e s  
have been increasing relatively m o r e  rapidly than s t e m  d iameter  a t  
the  low stand densit ies than a t  the high densit ies.  Because of the longer 
crowns, branches on t r e e s  growing a t  lower densi t ies  have m o r e  y e a r s  
t o  grow. T h e r e  i s  a l so  a distinct possibil i ty that branches on t r e e s  with 
m o r e  growing space may a l so  grow m o r e  rapidly. 

Diameter 

Diameter  growth was mos t  rapid a t  the lowest level of growing 
stock and slowest a t  the highest levels  during both periods (fig. 7). 
These  differences in d iameter  growth r a t e  between growing stock levels 
we r e  s ta t is t ical ly  highly significant. 

The re  was some tendency f o r  d iameter  growth of a l l  t r e e s  a s  a 
group t o  slow f r o m  the f i r s t  period t o  the second a t  equivalent densit ies.  
T h e r e  we re  a l so  some d iameter  growth i nc r ea se s  in response t o  addi- 
t ional growing space. F o r  example,  a t  the lowest density where the 
1959 thinning left 7, 300 square  feet  of bole a r e a  per  a c r e  but the 1964 
thinning reduced i t  t o  4, 300 square  feet ,  d iameter  growth increased  
f r o m  an annual ra te  of 0. 20 inch t o  0. 24. 

Diameter  increase  of the 100 l a rges t  t r e e s  pe r  a c r e  was slightly 
m o r e  rapid than d iameter  growth of a l l  t r e e s  during both periods 
(figs. 7 and 8). The genera l  t rend  of increasing diameter  growth with 
decreasing stand density held f o r  l a rge s t  t r e e s  in about the s ame  way 
a s  f o r  a l l  t r e e s .  Differences  between levels we re  s ta t is t ical ly  signifi- 
cant during both growing periods.  

Diameter  growth was only weakly re la ted t o  initial d iameter  a t  the 
higher  densi t ies ,  and a lmos t  no relationship existed a t  the lower end 
of the density scale .  A regress ion  of d iameter  growth on d iameter  a t  
the beginning of the period was s ta t is t ical ly  significant on each of the 
four  plots a t  the two higher  density levels  and on one plot a t  the lowest 
density level. However, s im i l a r  regress ions  we re  not significant on 
seven other  plots,  a l l  a t  the  low and medium density levels.  The 
relationship between d iameter  and d iameter  growth in this  young 
lodgepole stand was too weak and uncertain to  be of any pract ical  value. 

Diameter  growth during the second period was closely re la ted t o  
d iameter  growth during the f i r s t .  Regressions of second period 
d iameter  growth on f i r s t  period growth for  individual plots we re  a l l  
highly significant. They accounted for  f r o m  39 t o  69 percent  of the  total  
variation. Thus past  performance a s  indicated by growth during the 
f i r s t  period was a good guide to  future performance. However, past  

per formance  a s  indicated by beginning d iameter  in the 27-year- old 



Figure 7. -Periodic annual diameter increment by period and stand density. 
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Figure 8.-Periodic annual diameter increment of 100 Iargest trees per acre by period 
and stand density. 
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Twin Lakes stand was not a good est imator  of future performance. 
Although diameter  i s  almost certainly a good integrator of average 
growing conditions during the life of a t ree ,  i t  i s  not necessar i ly  a 
good indicator of current  growing conditions. This may be especially 
t rue  when the competitive status of individual t r e e s  i s  modified by 
thinning. 

Diameter growth was more  strongly related to  crown s ize  than to  
initial diameter ,  but even this bet ter  relationship was not strong enough 
to be really useful. &/ Crown width, crown length, and width x length 
were  the th ree  c r i t e r i a  of crown size used a s  diameter  growth predic- 
t o r s  in regression equations. All of these equations, one for  each of 
the s ix  thinning t reatments ,  proved to  be significant in a s ta t is t ical  
sense. However, percent of total variation accounted for  by regression 
was low. It ranged f rom 9. 5 to 32.4 percent of total  variation in diam- 
ete r growth. Fur thermore ,  none of the th ree  independent variables 
proved clear ly superior  to  the others.  Each proved best  in two of the 
s ix  equations. Thus the prospect of predicting growth ra tes  of lodgepole 
pine f rom crown size i s  not encouraging. 

The combination of increased growth of t r e e s  on the low density 
plots and increased average diameter  resulting f rom removal of 
smal le r  t r e e s  has  raised average diameter  of t r e e s  at  the lowest 
density level 3 .  5 inches above that a t  the highest level (table 1). Most 
of the difference, 3 .  2 inches, has  developed during the past 10 years .  
Fas t e r  growth a t  the lowest density accounts for  1. 5 inches, o r  about 
half of the total. 

Diameter growth was most  rapid during la te  spring and ear ly  
summer  (fig. 9). Substantial growth did not begin until af ter  May 22  
on the one plot where ea r l i e r  measurements  were  made. As the summer  
advanced, growth gradually slowed; and by late August o r  ear ly  
September,  i t  had nearly stopped. 

There was no general  tendency for  growth to stop sooner on high 
density than on low density plots. However, t he re  were  unexplained 
aberrat ions,  principally on the high density plots, that cannot be dis- 
missed  a s  measurement  inaccuracies on a few t r e e s  because the t rends  
were  common to most t r ee s .  An example i s  the shrinkage of t r e e s  in 
the 12,000- and 20,000- foot plots in la te  August and ear ly  September. 

Height growth of a l l  t r e e s  ranged f rom a high of 7. 7 feet on one 
plot to a low of 4.1 feet on another and averaged 5.8 feet during 
1965-69. There  was some tendency for  grea te r  growth at  the lower 

 h he analyses relating diameter growth to crown size and to diameter at the beginning o f  the period 
were both done with data from the 1965-69 period only. Crown width was measured only in 1969. 
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Figure 9 .  -Seasonal progress of diameter 
growth during 1969 by stand density. 

densities;  however, it could easily be accounted for  by variation among 
plots t rea ted  alike. Height growth during the second 5-year period 
was very s imi la r  to that during the f i rs t .  

Height increase  of the 100 la rges t  t r e e s  pe r  a c r e  was only slightly 
bet ter  than that for  a l l  t r ee s .  Height increase of these l a rge r  t r e e s  
averaged 6.4 feet and ranged f rom an average of 5.4 feet on one plot 
t o  8. 0 on another. 

Basal Area 

Basal  a r e a  increment averaged 4. 2 square feet per  a c r e  annually 
during 1960-64 but fell to  2. 7 square feet during 1965-69.91 The drop 
represents  mainly the normal  decrease  with increasing age, but lower 
densities a t  mos t  levels during the second period were almost  certainly 
partly responsible (fig. 1 0). 

These figures are for the original 10 plots only during both periods. 
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Figure 10. -Periodic annual basal area increment by period and stand density. 

There  was a highly significant t rend of increasing basal  a r e a  
increment with increasing basal  a r e a  during the second period- (fig. 11 ). 
Variation among plots t rea ted  alike was too great  to support a curved 
regression over a straight line. However, common sense strongly 
suggests a curve fo rm that would pass  through the origin,, a s  ze ro  
basa l  a r e a  must produce ze ro  basal  a r e a  increment af ter  t r e e s  have 
exceeded 4. 5 feet  in height. 

There was almost  no t rend of increasing basal  a r e a  increment 
with increasing bole a r e a  during the f i r s t  period. Slope of a regression 
of basal  a r e a  increment on bole a r e a  did not come close to  being 

- 

significant. 

Volume Increment 

Volume increment tended to decline f r o m  the f i r s t  period to  the 
second at  comparable bole a r e a  levels (fig. 12). However, the t rend 
was not completely consistent. 

Volume increment a l so  had a tendency to increase  with increasing 
bole a r e a  during both periods (fig. 12). During the f i r s t  period, the 
relationship was weak. A regression of volume increment on logarithm 
of bole a r e a  was barely significant a t  the 5-percent level. However, 
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during the second period, a s imi la r  regression accounted for  88.0 
percent of a l l  variation and was significant f a r  beyound the 1 -percent  
level (fig. 13). 

The s t ronger  relationship during the second period i s  partly the 
resul t  of a grea te r  range of densities. The lowest level was substan- 
ially lower during the second period and therefore produced much l e s s  
wood. Consequently, the range in volume increment f rom high to  low 
was much grea te r  and contrasted more  strongly with the random var-  
iability among plots t rea ted  alike. There  was a l so  a tendency for  plots 
t rea ted  alike to  produce more  nearly alike duning the second period. 

Regressions of volume increment on logari thm of basal  a r e a  
(fig. 14) and on logarithm of crown competition factor (CCF) (fig. 15) 
a r e  very  s imi la r  to the bole a r e a  regression. The bole a r e a  regression 
accounted for slightly more  variation with the Twin Lakes data. 
However, the range was only f rom a low of 85.5 percent with the CCF 
regression to a high of 88.0 percent with the bole a r e a  regression. 

Figure 13.-Regression of periodic annual gross volume increment on log of bole area, 
1965-69. 
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The area-occupied concept of crown competition factor can be 
examined in the light of actual production records.  At a CCF of 
33-1 13, the regression estimate of volume increment i s  51.8 cubic feet 
pe r  a c r e  annually (fig. 15). Theoretically a t  this density t r e e s  with 
crowns the s ize of those possessed by open grown t r e e s  would f o r m  
only one-third of a complete crown canopy. However, if we assume 

t r e e s  growing a t  this density a r e  using only one-third of the site,  we 
a r r ive  a t  a full site capacity of 155.4 cubic feet per  a c r e  annually. 
Actual production a t  the higher densities (figs. 12 and 15) suggests the 
upper limit i s  somewhere in the range of 120 to 130 cubic feet pe r  a c r e  
annually. Similarly a regression est imate of volume increment fo r  
CCF 100 i s  only 1 01.8 cubic feet per  a c r e  annually, seemingly some- 
what below the full potential of the site. Thus at  very  low densities, 
lodgepole pine t r e e s  at  Twin Lakes actually occupied more  than the 
a r e a  indicated by the CCF equation; but a t  higher densities, they did 
not occupy as  much a r e a  a s  estimated if we accept wood production a s  
evidence of s i te  use. 

Volume increase of the 100 largest  t r e e s  per  ac re  was definitely 
greater  during the second period than during the first .  There was also 
a t rend of more  rapid increase at  the lower densities than at the higher 
ones (fig. 16). This means that growth capacity is  being t r ans fe r r ed  to 
the la rger ,  more  useful t r e e s  with the passage of t ime and that the 
process is taking place more  rapidly at  the lower densities. 

Volume increment was much more  sensitive to changes in stand 
density than was basal a r e a  increment. Fo r  example, during the f i r s t  

BOLE AREA (THOUSANDS OF SQUARE FEET PER ACRE) 
Figure 16.-Periodic annual volume increment of 100 largest trees per acre as related to 

stand density. 



period, a regression of basal  a r e a  increment on logarithm of basal a rea  
did not approach significance. However, a regression of volume 
increment on logarithm of bole a r e a  was significant. Similarly, during 
the second period, a regression of basal a r e a  increment on logarithm 
of basal  a r e a  accounted for  only 52. 2 percent of all  variation. But, a 
regression of volume increment on logarithm of bole a r e a  accounted 
for 88 percent of al l  variation. The closer  relationship between stand 
density and volume increment suggests that more  precise results can 
be achieved by measuring volume increment directly than by using 
separate est imates  of basal a r ea  increment and height increment to  
predict volume increment.  

Bole Area 
Bole a r e a  was initially chosen as  the measure  of stand density 

to  be used with lodgepole pine levels-of-growing-stock studies fo r  
the following two reasons. 

1. Bole a r e a  closely approximates cambium a r e a  on the main 
stem. Thus average thickness of the annual sheath of 
wood added each year  t imes  bole a r e a  equals cubic volume 
increment. This relationship can be useful on either an 
individual t r e e  basis  o r  an a r e a  basis.  

It i s  believed that a given bole a rea  level will represent  a 
nearly constant level of competition for most of the life of 
a stand once peak annual volume increment i s  achieved. 
If a constant bole a r e a  does mean a constant level of compe- 
tition, the average thickness of the annual sheath of wood 
laid on each year  would decline with increasing age in direct 
proportion to the decline in gross  cubic volume increment 
per  unit of area.  

Trends that have taken place in the Twin Lakes study suggest 
that a constant bole a r e a  level means declining levels of basal a r e a  
and CCF. However, a 32-year-old thinning study at  Pringle Fal ls  
has  shown that a nearly constant bole a r e a  means a rising level of 
basal  a r e a  o r  that basal  a r e a  r i s e s  more  rapidly than bole a r e a  in 
relative t e rms .  Also, CCF tended to change nearly in direct  propor- 
tion to bole a r e a  on some plots but not al l  (Dahms 1971). Failure to  
measure  bark thickness accurately a t  Twin Lakes in 1964 may be 
causing some false apparent t rends there. 

The idea that a constant bole a r e a  over t ime may represent  a 
nearly constant level of competition receives support f rom the 
Pringle Falls lodgepole pine thinning study (Dahms 1971) and the 
Twin Lakes study considered together. Twelve thousand square feet 
of bole a r e a  per  a c r e  seems almost enough for the s i te  at  Twin Lakes. 



At Pringle Fal ls ,  t r e e s  on the heavily thinned plot that had grown back 
to  12, 587 square feet of bole a r e a  per  a c r e  by 1966 produced almost 
exactly a s  much gross  increment a s  the unthinned check plot during 
the decade f rom 1957 through 1966. Stand age went f rom 78 to 87 
yea r s  during this  period. Thus preliminary indications a r e  that a 
given level of bole a r e a  has s imi lar  stand density implications over 
a broad age range. 

Others have thought of bole a r e a  a s  one of the best  tools for 
controlling stand density for research  purposes. Smith (1 962, p. 102) 
s tates  "The most logical parameter ,  bole surface a r e a  per  acre ,  was 
proposed by Lexen (1 943). Once good stand density regimes a r e  
worked out in bole a r e a  t e r m s ,  they can be t ranslated into more  
easily used measures  of stand density. 

Predicted Increment 

Predicted increment figures obtained f rom the gross  yield table 
(Dahms 1964) agree  closely with actual yields obtained during the past 
10 years .  Entering the gross  yield table increment equation with a 
CCF (density) value of 166, which i s  the average for  the two plots of 
highest density just before thinning in 1969, gives an estimated per- 
ac re  increment of 11 8. 7 compared with an actual of 1 14. 9. 

If we enter  the gross  yield table equation with a CCF value of 
189, which i s  the average density of 32-year-old stands used to develop 
the equation, the estimated increment figure is  136.1 cubic feet per  
acre .  If we assume that a higher density for the Twin Lakes plots 
would not increase actual increment,  predicted volume increment is  
21. 2 cubic feet higher than actual. However, if we assume that actual 
volume increment would increase with increasing density a s  indicated 
by extrapolating the volume increment on log of CCF equation (fig. 15), 
actual increment would r i se  to  130. 7 cubic feet per  ac re  o r  5.4 short  
of predicted. Difference between actual and predicted volume incre-  
ment ranged f rom 3.8 t o  21.2 cubic feet per  a c r e  per  year ,  depending 
on what assumptions we r e  made, a reasonably good correspondence. 

Close correspondence between predicted increment f igures f r o m  
the gross  yield table and actual growth figures f rom the present Twin 
Lakes study and f rom the Pringle Fal ls  thinning study (Dahms 1971) 
leads to the conclusion that managed stand yields can be approximated 
f rom a combination of thinning study results and the gross  yield table. 
As an example, a thinning schedule was developed based on the idea 
that thinning to 12, 000 square feet of bole a r e a  per  a c r e  every 10 years  
will produce 85 percent of the gross  yield table cubic volume increment 
estimate. 101 Currently, confidence in such schedules i s  low. However, 

' O ~ h i s  unpublished thinning schedule is on file at the Silviculture Laboratory, Pacific Northwest 
Forest and Range Experiment Station, in Bend, Oreg. It was developed at the request o f  the Winema 
National Forest and the Station's produclion economics project. 



a s  m o r e  data become available f rom existing studies, stand models that 
will permi t  comparisons between various management alternatives should 
be possible. 

Understory Vegetation 

Understory vegetation did not develop vigorously on the Twin 
Lakes plots (fig. 17). Amount of ground covered in 1970, 11 growing 
seasons af ter  the f i r s t  thinning, ranged f r o m  a low of 3 percent on one 
plot t o  a high of 27 on another and averaged 17. 3 percent. If there  

were  any effect of thinning-established t r e e  density regimes on under- 
s tory  vegetation, i t  was small  and completely masked by differences 
that existed p r io r  to  thinning. 

Snowbrush, other shrubs,  g ra s ses  and sedges, and forbs ranked 
in that order  in amount of crown cover. Snowbrush was recorded on 
only three  of the 12 plots, but on one i t  covered 21 percent of the 
ground. 

Soil Moisture 
Average annual soil  moisture withdrawal was grea te r  a t  the 

higher density levels over the period 1961-70 (fig. 18). Differences 
between levels were  significant a t  the 95-percent confidence level. 
This  i s  the kind of resul t  that generally i s  to be expected where fo re s t  
vegetation density i s  reduced (Packer  and Laycock 1969). 



LEVEL OF GROWING STOCK 
Figure 18.-Periodic annual soil moisture with- 

drawal by gro wing-stock level, 1961- 70. 

Growing-stock level did not affect soi l  mois ture  withdrawal 
consistently every  y e a r  (fig. 19). I n  1 961, differences between levels 
we re  s ta t is t ical ly  significant. However, by 1962, crowns and roots 
had expanded and soil  mois ture  withdrawal a t  the lower densit ies had 
increased  re la t ive  to  that a t  the  higher ones. Consequently, differ-  
ences  we re  no longer significant. This  situation continued until 
a f t e r  the thinning in the  fall  of 1964. During 1965, differences in 
soi l  mois ture  withdrawal we re  again significant and continued through 
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Figure 19.-Inches of water withdrawn from 60 inches of soil at the highest and lowest 
densities, by years. 

1969. Crowns and root systems of the l e s s e r  number of t r e e s  remain- 
ing at  the lower densities,  af ter  the more  dras t ic  1964 growing-stock 
reductions, were  not able to  expand enough to  make full use of the 
available soil  moisture before the thinning at' the end of the 1969 
growing season. This tendency for  growing-stock levels to  affect 
soi l  moisture use differently f rom yea r  t o  year  was significant well 
beyond the 99-percent confidence level. 

Soil moisture was withdrawn largely f rom the upper par t  of the 
soil  during the ear ly  par t  of the season (fig. 20). However, a s  the 
summer  advanced and most  of the water  in the upper portion of the 
soi l  had been used, soil moisture f rom the deeper  layers  was required 
for  t ranspirat ion demands. F o r  example, f rom May 4 to  June 16 
severa l  t imes  m o r e  water  was withdrawn f rom the upper foot of soil  
than f rom the deepest measured  foot. However, f rom July 2 4  to  
September 1 9 substantially more  was withdrawn f rom the deepest 
foot (fig. 20). 
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Figure 20.-Average soil moisture percent by volume during the growing season for all 
treatments, 1961- 70. 

Stored  soi l  m o i s t u r e  plus precipi ta t ion appeared  t o  be adequate 
t o  m e e t  the evapotranspira t ion demand during the  growing season.  
Th is  conclusion i s  based  p r i m a r i l y  on the c lose  agreement  between 
the exce s s of e s t imated  evapotranspiratio&/over precipitat ion and 
actual  soi l  m o i s t u r e  withdrawal (fig. 21) .  Ability of the  t r e e s  t o  
obtain w a t e r  a t  an  undiminished r a t e  through July  and into August i s  
f u r t h e r  evidence in  support  of the  conclusion tha t  t h e r e  w a s  enough 
w a t e r  t o  m e e t  the evapotranspira t ion demand. 

1 1  Potential evapotranspiration was obtained from Johnsgard (1963). His calculation was based on 
weather records from the Fall River fish hatchery and on the Thornthwaite-Matherprocedure. The Fall 
River weather station is approximately 10 miles from Twin Lakes. 
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Figure 21 .-Seasonal progress of soil moisture withdrawal, compared with potential 
evapotranspiration, from top 60 inches of soil during 1961 and 1962. 

Smal l  d i f ferences  between actual  soi l  m o i s t u r e  withdrawal and 
that  predic ted a s  the di f ference between potential  evapotranspira t ion 
and precipi ta t ion a r e  the  resu l t  of s m a l l  c l imat ic  d i f ferences  between 
F a l l  R i v e r  and Twin Lakes  ( s e e  footnote 1 l ) ,  and seasona l  var ia t ions .  
The l a s t  snow normal ly  m e l t s  a week o r  1 0  days  l a t e r  a t  Twin Lakes  
than a t  F a l l  River .  Hence actual  soi l  m o i s t u r e  withdrawal a t  Twin 
Lakes  w a s  s lower  in s t a r t ing  than the  es t imated  potential a t  F a l l  
R iver .  A ra iny,  cloudy per iod between August 9 and 28 in  1961 
accounts fo r  the s h a r p  d r o p  in soi l  m o i s t u r e  withdrawal during that  
period.  



DISCUSSION 
Stand density control has been effective in t ransferr ing wood 

production f rom the many small  useless  s tems to  a l e s s e r  number of 
more  valuable ones. During the 10-year period of the Twin Lakes 
study, approximately twice a s  much wood has been added to the 100 
la rges t  t r ees  a t  the lowest density level a s  a t  the highest. Even though 
this comparison would s e e m  to imply that no more  than 100 t r ees  can 
reach usable s ize,  i t  i s  reasonably useful because by f a r  the la rges t  
part  of the usable volume i s  contained in the 100 largest  t r ees .  

One might also visualize the process of t ransferr ing wood pro- 
duction onto usable-sized t r ees  by starting with the 85- t rees-per -acre  
spacing treatment.  Total cubic volume production i s  only about 
one-third of that a t  the highest density. However, the t r e e  of average 
diameter  (9.1 inches) has already reached usable size. Consequently, 
all  wood produced i s  on t r ees  that now a r e  o r  very soon will be m e r -  ', 
chantable. Fur thermore ,  the rapidly increasing stand density (bole- 
a rea ,  basal-area,  etc. increases with t r e e  s ize)  means volume 
increment will be increasing rapidly relative to the high density 
treatment.  

Although 85 t r e e s  per  ac re  may be below the optimum stand 
density, all  t r ees  will be well above minimum usable s ize before any 
more  thinnings a r e  needed. The current  annual production of 42 
cubic feet per  a c r e  on t r e e s  that a r e  o r  will be usable s ize i s  f a r  
above the merchantable wood growth obtained in natural stands. If 
wood growth could be continued at  this  rate  until t r e e s  reached an 
average diameter  of 14 to  15  inches (which i s  likely), annual 
board-foot production would amount to  approximately 21 0 board feet 
per  acre .  

Understory vegetation did not develop a s  rapidly a t  Twin Lakes 
a s  it did on the Pringle Fa l l s  ponderosa pine spacing study. At 
Pringle Fal ls  there  was a definite t rend of increasing understory 
crown density with decreasing number of t r e e s  and with the passage 
of t ime since thinning. Understory crown density reached a high of 
47 percent at  125 t r e e s  per  a c r e  9 yea r s  af ter  the thinning (Barret t  
1970). In contrast,  understory vegetation at Twin Lakes showed no 
relationship to  t r e e  spacing and reached an average crown density of 
only 17 percent in 1970, 11 years  af ter  the f i r s t  thinning. 

Nontree understory vegetation may have had a slightly better 
opportunity to  develop on the Pringle Fa l l s  study because the under- 
s tory sapling stand was thinned very soon after the old-growth pine 
overstory was removed. Consequently, a large amount of new grow- 
ing space, that the newly thinned suppressed sapling stand was incap- 
able of using immediately, was made available. Because the Twin 



Lakes lodgepole pine stand was in  a vigorous growing condition, t r e e s  
lef t  a f t e r  thinning were  probably in a be t te r  position t o  compete with 
unders tory vegetation fo r  the new growing space than the Pr ing le  
Fa l l s  t r e e s .  

Other  fac tors  a l so  appear  t o  be influencing differences in 
unders tory development between the Twin Lakes levels-of- growing- 
stock study a r e a  and the Pr ing le  Fa l l s  spacing study. Differences in 
environment implied by unders tory species  dif ferences  between the 
two a r e a s  a r e  a lmos t  cer ta inly  involved. Observation shows that 
unders tory vegetation in the ponderosa pine stand surrounding the 
lodgepole pine study a r e a  i s  much denser .  The ponderosa pine 
originated following the s a m e  1934 f i r e  that gave r i s e  to  the lodgepole 
pine stand and was thinned in 1957 only 2 y e a r s  before the  lodgepole 
study a r e a  was thinned. The  ponderosa pine i s  growing in  the s a m e  
Pinus ponderosa/Ceanothus ve Zutinus-Purshia tpidentata community 
found on the Pr ing le  Fa l l s  spacing study a r e a .  Sloping topography 
charac te r izes  the ponderosa pine a r e a s  both at  Pr ing le  Fa l l s  and at  
Twin Lakes in contras t  with the low-lying f la t  a r e a  occupied by the 
Twin Lakes lodgepole pine study. 

Size  of the  difference in soi l  mois ture  withdrawal between low 
and high density plots a t  Twin Lakes may have been substantially 
increased  by lack of unders tory  development. Ba r r e t t  (1 970) reported 
that  l e s s  soil  mois ture  was  withdrawn where unders tory had been 
removed than where  i t  had been allowed t o  develop naturally.  He 
fur ther  reported that  a s  crowns and roots of both t r e e s  and unders tory  
developed with the passage of t ime ,  an increasing amount of soil  
mois ture  was withdrawn. Thus fa i lure  of the unders tory  to expand 
and substantially replace t he  t ransp i r ing  needle sur face  of cut t r e e s  
probably explains the l a rge  difference in  soi l  mois ture  withdrawal 
between stands.  

Reduction in amounts of snow and rain  intercepted by t r e e  crowns 
and result ing i nc r ea se s  in snow s tored  on the ground a r e  other  effects  
of thinning discussed by Goodell (1 952) .  Under the c i rcumstances  of 
re la t ively high precipitation where  Goodell c a r r i e d  out h i s  studies,  
the  resu l t  was  g r ea t e r  wate r  yield. However,  where  soil  wate r  
s to rage  capacity tends t o  be  g r ea t e r  than precipitation, the resul t  
could be m o r e  wa te r  f o r  t r e e  growth. No effort was made to  a s s e s s  
effect  of thinning on t r e e  crown interception of ra in  and snow o r  on 
snow s torage  a t  Twin Lakes.  

Reasoning suggests that  differences in unders tory  vegetation 
density between the Twin Lakes and Pr ing le  Fa l l s  s i t es  may  account 
f o r  dif ferences  in t r e e  growth. B a r r e t t  (1 970) reported that  where  
unders tory vegetation was allowed to  develop naturally,  the 6 2  "best" 
t r e e s  pe r  a c r e  out of 1, 000 present  grew a lmos t  a s  well a s  the 62 



t r e e s  left af ter  removing a l l  others.  However, when understory 
vegetation was removed the 6 2  t r e e s  by themselves grew much more  
rapidly than the 6 2  "best. I t  At Twin Lakes both diameter  growth and 
volume increment of the 100 la rges t  t r e e s  per  a c r e  increased steadily 
a s  t r e e  density decreased despite the presence of understory. Dif- 
ferences in understory competitiveness may well be the resul t  of 
differences in  quantity of understory. 

Differences in environment implied by differences in vegetation 
may be the principal reason for  variations in understory response to  
thinning between Twin Lakes and Pringle  Falls.  If this i s  t rue ,  i t  
will be necessary  to  a s s e s s  response of understory vegetation to  
thinning and i ts  effect on t r e e  growth and soil  moisture depletion 
separately f o r  each of the many soi l  vegetation types. 

Increasing susceptibility of lodgepole pine t r e e s  to mountain 
pine beetle attack with increasing t r e e  s ize  i s  another factor  that may 
have a bearing on the best  stand density regime. Amman (1 9 6 9 )  and 
Roe and Amman (1 9 7 0 )  point out that large t r e e s  with thick phloem 
a r e  the most  likely to  be attacked in natural stands. In the stands 
investigated, age and t r e e  s ize were  correlated (Roe and Amman 
1 970). Consequently, the question, how susceptible a r e  fas t  growing 
young t r e e s  of l a rge r  s ize  in managed stands, i s  s t i l l  unanswered. 

The effect of stand density on soil  moisture withdrawal and 
wood production at  Twin Lakes and on understory forage production 
a t  other study s i tes  (McConnell and Smith 1970) clear ly points t o  an 
opportunity for manipulation of fores t  land output to  obtain the 
products most  desired. Very young forests  present  the best  manipu- 
lation opportunities, A precomrnercial thinning may often substantially 
increase  usable wood production and a t  the s ame  t ime increase  both 
water  and forage production. However, a s  t r e e s  grow in s ize and 
near ly  a l l  wood produced i s  being added to  usable-sized t r e e s ,  the 
stand density reduction required to  increase forage and water  out- 
puts would be a t  the cost of reduced wood growth. 

The main conclusions that have been reached f r o m  the Twin 
Lakes study are :  

1. The excellent growth response of young lodgepole pine to 
thinning means most of the total possible wood producing 
capacity, can be t ransfer red  to the relatively smal l  number 
of t r e e s  that can reach usable size.  

2.  Understory vegetation did not develop a s  vigorously a t  Twin 
Lakes a s  Ba r re t t  reported at Pr ingle  Falls.  Reasoning f rom 
B a r r e t t ' s  Pr ingle  Fal ls  resul ts  suggests that differences in 
vegetation development will affect t r e e  growth. Consequently, 
different understory responses to  thinning f rom one soil 



vegetation type to  another may  t r i gge r  different t r e e  growth 
and soil  mois ture  withdrawal responses .  

3. The  low stand density that fos te red  rapid individual t r e e  
growth and reduced evapotranspiration drain  on soil  mois ture  
favored merchantable  t imbe r  production and may have in- 
c r ea sed  wate r  yield a s  well a t  Twin Lakes.  However, a s  
t r e e s  begin to  reach  usable s ize  and t he r e  i s  a de s i r e  to 
keep t hem in full possession of the  s i t e ,  the  goal of n e a r  
maximum wood production i s  not compatible with reducing 
t ranspirat ion dra in  on soi l  wate r  by reducing t r e e  density. 
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The mission o f  the PACIFIC NORTHWEST FOREST 
A N D  RANGE EXPERIMENT STATION is t o  provide the  
knowledge, technology, and alternatives fo r  present and 
future protection, management, and use o f  forest, range, and 
related environments. 

With in this overall mission, the Station conducts and 
stimulates research t o  faci l i tate and t o  accelerate progress 
toward the  fo l lowing goals: 

1. Providing safe and eff icient technology f o r  inventory, 
protection, and use o f  resources. 

2. Development and evaluation o f  alternative methods 
and levels o f  resource management. 

3. Achievement o f  op t imum sustained resource produc- 
t i v i t y  consistent w i t h  maintaining a high qual i ty  forest 
environment. 

The area o f  research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the  Nation. Results o f  the research w i l l  be made 
available prompt ly .  Project headquarters are at: 

Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Roseburg, Oregon 
Bend, Oregon Olympia, Washington 
Corvall is, Oregon Seattle, Washington 
L a  Grande, Oregon Wenatchee, Washington 
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