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Should 80-year-old stands of ponderosa pine on sites of low 
to medium quality in the eastside pine type be thinned? To 
answer this question, demonstration areas were established on 
the Lassen National Forest, in northern California, to quantify 
the effect of thinning to reduce tree losses caused by insects and 
disease. One of these areas was established in 1980 at Poison 

Lake. Common toall areas were four levels of stocking density: 
40, 55, and 70 percent of normal basal area (NBA) and an 
unthinnedcontrol. Results from such levels help to demonstrate 
the biological and economical alternatives available to forest 
managers. 

Stand composition was mostly pole-size ponderosapine with 
lesser amounts of incense-cedar. Viually no understory vege- 
tation was present. Stand age ranged from 70 to 90 years. Site 
quality ranged from medium to low with dominant and codomi- 
nant trees expected to average from 40 to 100 feet (12 to 31 m) 
of height in 50 years. 

In the untreated control, mortality of commercial trees aver- 
aged 2.1 trees per acre (5.2/ha) per year from 1980 through 
1987. Thmning reduced this mortality by 86 to 100 percent 
with the reduction increasing as basal area of remaining trees 
decreased. Five years after thinning, stand growth of control 
trees averaged 16 ft3 per acre (1 m3/ha) per year and five times 
this amount in thinned areas. 
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INTRODUCTION STUDY LOCATION 
AND ENVIRONMENT 

oss of trees to insect and disease pests is a serious problem Id In unmanaged, young-growth stands in the eastside pine 
type in northeastern California (McCambridge and Stevens 
1982). In 1976and 1977,thesoftwoodvolumeofgrowingstock 
in California on all ownerships amounted to 45,975 million ft3 
(1,379 million m3). During this same period, mortality of this 
growing stock resulted in a loss of 137,700,000 ft3 (4,131,000 
m3) (U.S. Dept. Agric. Forest Sew. 1982). Insects and diseases 
caused about one-third of this mortality (California Department 
of Forestry 1979). These lossesdoth in tree growth and 
mortality-likely result from thestress placed on the trees from 
insects and diseases. In many instances, this stress is a direct 
consequence of overstocking. Stand density, therefore, has an 
important bearing on ambient temperature and moisture condi- 
tions and, when manipulated, can lead toimproved growth rates 
and discourage the attack of certain insects--especially bark 
beetles. Research on bark beetles in the western United States 
indicates that silviculhual practice, particularly thinning, has 
significantly reduced theimpactoftheseinsectson foreststands 
(Hall and Davies 1968). 

In young stands of eastsideponderosapine (Pinusponderosa 
Dougl. ex Laws. var.ponderosa), thinning reduced competition 
to the extent that outbreaks of the mountain pine beetle were 
prevented (Sartwell and Stevens 1975, Sartwell and Dolph 
1976). Barrett and Roth (1985) found that wide spacing after 
thinning ponderosa pine stands on average sites allowed the 
released trees to produce healthy crowns and an acceptable rate 
of growth, despite heavy dwarf-mistletoe infestation. 

The Western Forest Insect Issues Study (U.S. Dept. Agric. 
Forestsew. 1977) acknowledgedtheimportanceofsilvicultural 
treatmentto minimizelossescausedby forestinsectsandrecom- 

This study,atPoisonLake, is part of aForest ServiceRegional 
Adminisaative Study on commercial thinning begun in 1974 on 
several National Forests in northern California Poison Lake is 
located in northeastern California on the Eagle Lake District of 
the Lassen National Forest. 

The climate of the study area, which is located at an elevation 
of about 5600 feet (1702 m), is characterized by hot, dry 
summers and cold, moist winters. Temperatures range from as 
lowas-30Tto110T(-34'Cto43%)withameanof50~ (10 
%). The growing season is about 120 days. Most precipitation 
is in the form of snow and averages about 20 inches (508 mm) 
per year. 

The soils in the study area are part of the De Masterspatio 
Families. These families consist of moderately deep to deep, 
well-drained soils formed from weathered rhyolite, basalt, and 
andesite. The area is relatively flat and uniform in terms of 
aspect, slope,andvegetation, which is primarily ponderosapine, 
with an occasional incensecedar(LibocedrusdecumensTo~.). 
Conifer age ranges from 70 to 90 years. Understory vegetation 
is sparseand composed of scatteredgeenleaf manzanita (Arcto- 
staphylospatula Greene)andrabbitbrush (Chrysothmusspp.). 

METHODS 

This study, begun in summer 1980, includes data recorded 
annually through the 1987 growing season. The total study 
leneth is at least 10 vears. ~~~~ -~ - ~~~ ~~~-~ ~,~~ ~ 

mended developing the technology required for forest manage- Thesilviculturalprescriptionwascommercialthinning. Stand 
ment and protection through silvicultural treatments: characteristics before and after thinning for each thinning treat- 

?hc study team believes the most i m p o a t  action needcd to prevent 
intolerablelorsos caused by inseetr,prLnarily bark bectlcs, in the future 
is to provide the necessary silvicultural treatment to young stands to 
minimize their sureeptibility to attack. To do this. the Forest Service 
shauld accelerate its current dfon to provide ihe necesssry silvicultunl 
treatment to the 1.9 million acres (8W.WO ha) of pole-size lodgepole 
and pondcross pine stsnds growing on sites which produce 85 ft' per 
acre or more (6 maha) per year. 

This paper describes the effectiveness of three levels of 
thinning relative to an uncutcontrol inan overstocked 70- to 90- 
year-old ponderosa pine stand in northern California. 

ment and the control were recorded (fable 1). Stands to be 
treated were thinned in summer and fall by removing obviously 
injured, diseased,andslow-growingtreesas well as trees of poor 
form. In general, only themore vigorous dominant and codomi- 
nant trees were considered as reserve trees. In a few instances, 
intermediate trees of good growth and form were marked as 
leave trees to prevent creating large holes in the treated stands. 
Trees that would not yield a commercial log (at least 8 feet long 
1244 cml and 6 inches [15 cm] in diameter inside bark at the 
small end) were removed, as were trees with mechanical injury 
and damage from animals. All suppressed, most intermediate, 
and codominant and dominant trees with symptoms of pest 
damage were also removed. Healthy dominants and codomi- 

USDA Forest Service Res. Paper PSW-194. 1989. 



Table 1-Averate number ofpondcrosa pine lrccsper acre, basal oreo, and 
c&ic faor uolwne, before and rifler rhinning, Poison Lokc, California, 1987 

/ lPcrl I BeforcIAfter 1 Before After Normal I Before After1 
Treaments 

where jJ equals the difference between treatment means, and w 
equals the half-width oftheconfidenceinterval, werecalculated 
by the Tukey method based on the analysis of variance model 
(Steel andTonie 1960). The confidence interval can be used to 
present thebest information on the rangeof values within which 
the expected difference is estimated (with 95 percent confi- 
dence) to lie. Because information is gathered from permanent 
plots measured each year, the data are not m l y  independent 
The type I errors given for various tests apply to each measure- 
ment and year separately. The overall error a t e  could increase 
by asmuch as thegiven amount foreach measured variableeach 
Year. 

'Trees that willnot yield a uxnmcrcial log at least 8 fect long and 6 inches 
in diameter inside bark at the small end. 

Trees 

RESULTS 

Basal area 1 volume 

nants were removed if necessary to attain the target basal areas. 
A general rule was that spacing was considered secondary to 
leaving vigorous crop trees. 

The objective of this study was to create treated units thinned 
to 40,55, and 70 percent of normal stocking and an unthinned 
control. Normalstockingindicatescompleteoccupancy ofasite 
by the trees. The normal values for the stands in this study were 
based on those reported by Meyer (1938). Each of these four 
treatments, including the control, had three replications. 

Leave-wee marking and special logging methods were used to 
minimize injury to pines. Marking the leave trees results in less 
damage to the residual stand because the trees to beprotectedare 
identified with bands of paint, making them readily visible 
during the harvestingoperation (Ahoandothers 1983a). Special 
logging considerations included directional felling, limited size 
and type of logging equipment, s!raight-line skid trails, endlin- 
ing of logs, limited log lengths, and no tree-length logging. AU 
harvested trees were scaled to determine the volume removed. 
To minimizeinsectbuildup,logging slash wasloppedtoa3-inch 
(8-cm) top and scattered to a maximum height of 18 inches (46 
cm) above ground. 

To determine the smicture of the stands before and after 
ueatment, all trees 1 inch (2.54 cm) in diameter at breast height 
(d.b.h.) and larger were measured for basal area, cubic foot 
volume, and crown class. Trees were also classified as mer- 
chantable or unmerchantable. Stocking of trees less than 1 inch 
d.b.h. was estimated from one-fortieth acre (0.01 ha) plots. 
Sampling intensity was ten randomly selected plots in each 
replication. One percent of the dominant and codominant trees 
were measured by dendrometer to determine stand volume, and 
then remeasured at the end of the fifth growing season to 
determine growth. 

Mortality of all conifers in every replication was recorded 
annually and classified by d.b.h., crown class, and associated 
pests. 

The experimental design was completely randomized with 
one-way treatment structure. Confidence intervals for the dif- 
ference between any two treatments, designated by (& w), 

Merch Submerch' I I 

After treatment, the number of reserve trees differed among 
thinned levels and control (fig. I), and the amount of tree 
mortality after thinning was reduced from 86 to 100 percent as 
compared to the unthinned stands (table 2). Mountain pine 
beetles and annosus root disease were the most common causes 
of tree mortality fig. 2).  Most of the trees in the treated areas 
thatdied were in theintermediatecrownclass,ofsmalldiameter, 
and had been unsuccessfully attacked by bark beetles before 
treatment. As noted earlier, these trees were left because of 
spacing considerations and to prevent large unstocked holes in 
the stand. Most of the trees that died were diagnosed as having 
annosus root disease that was undetected before thinning. 

Beforetreatment,analysis of varianceindicatedno significant 
diiferencein treemortality @>0.05). After treaunentthethined 
areas differed significantly in mortality (pc0.01) from the con- 
trol regardless of thinning level (table 3). No indication of a 
significant difference in tree mortality among thinning levels 
was found @>0.05). 

Afactorthat cancausepest-induced mortality totreesis injury 
from the thinning operation. The mortality and loss of tree 
volume that result from decay initiated by mechanical injuries 
during standmanagementactivitiescan be substantial (Aho and 
others 198312). particularly in the spring when the bark is easily 
dislodged. This was not the case at Poison Lake, however, as 
these losses were minimized through the use of improved 
logging methods. 

Growth in the treated areas over the 5-year measurement 
period ranged from 54 ft3 to 102 ft3peracre (4 m3 to 7 m3/ha) per 
year (table 4). Growth in the conirol was only 16 ft3 peracre (1 
m3/ha) per year. The thinning level that produced the most 
growth, an increaseof 638 percent of control, was 70 percentof 
normal. Thelevel thatproduced the leastgrowth was 55percent 
of normal (338 percent of control). The 40 percent level 
produced an intermediate amount of growth (475 percent). 
Taken together, growth of thinned stands increased an average 
of 503 percent over that in the control. Such a response was not 
expected. Thinned stands of this age usually do not show an 
increase in gowth-maintenanceof current growth is the norm. 

2 USDA Forest Snvice Rcr. Pspcr PSW-194. 1989. 



Figure 1-Treabnent levels at Poison Lake, hssen National Forest, (0) 55 permntof normal basal area. (C) 70 permnt of normal 
immediately after thinning in 1980: (A) 40 permnt of normal basal area. and (D) unbeated control. 
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Figure 1, continued 
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70 Dercent level and more mortalitv than the 40 Dercent level, 

DISCUSSION 

Thinning significantly reduced ponderosa pine mortality in 
comparison to unthinned controls in a70- to 90-year-old stand 
of eastside pine. Unthinned plots lost more than 2 commercial 
trees per acre (5/ha) per year. Thinned plots lost only 0.1 to 0.3 
tree per acre (0.3 to 0.7/ha) per year. These trees were of the 
intermediatecrown class. After they died, most werediagnosed 
as having annosus root disease. No tree mortality occurred at 
stand basal areasof less than 95 ft2(9 m2) (a value that is slightly 
less than 55 percent of normal) per acre. This value agrees well 
with that froman earlierstudyby Oliver(1979) whoshowedthat 
the optimum stocking level was about 110 ft2 per acre (11 m2), 
implying that mortality below this level of stocking was mini- 
mal. 

The three levels of thinning tested in this study reduced 
mortality and affected growth of theponderosapines. Thinning 
the stand to 40 percent of normal resulted in no mortality, but 
harvesting someof the thrifty dominant and codominant trees in 
order to reach the desired basal area level probably caused this 
level to beintermediate in growth response. Stands cut to the70 
percent level experienced some mortality, which seemed to be 
a consequence of having to leave less-thrifty trees as crop trees 
in order to reach the required stocking level. No thrifty trees 
were removed in the stands left at the 70 percent level, and this 
full complement of rapidly growing trees contributed to volume 
growth-the reason for highest growth performance at this 
level. The 55 percent level experienced less mortality than the 

. 
and ranked intermediate in volume growth. 

Although overall tree mortality in the neated stands was low, 
a pattern between cause and timing was evident: If the causal 
agent was bark beetles, the trees died within 2 years of logging; 
if root disease followed by bark beetle attack was the cause, the 
trees died several years later. 

Because of the low incidence of annosus root rot before 
thinning, no preventative measures were applied in thinned 
stands in this study. Amanagercontemplating thinning in stands 
inwhich this disease is prevalent should consider using borax as 
a means of preventing new infections. 

Thinning not only reduces stand mortality and increases 
growth, but it also yields a positive return to the landowner. 
Timber sale budget data from theUSDA Forest Service Pacific 
SouthwestRegion show thattheaveragebid price forpineof this 
size and form class is $22 per cunit (1 cunit = 100 cubic feet or 
3 m3). Timber management costs for salelayout andadministra- 
tionare$ll percunit. Consequently, netrevenues realized from 
thinning stands similar to those in this study amount to $1 1 per 
cunit. Data from these plots indicate that a typical acre of well- 
stocked eastside pine thinned to 55 percent of normal basal area 
will yield 800 ft3 (56 m3/ha) (fig. 3). Fifty-five percent was 
selected for two reasons: (1) It is a thinning standard recom- 
mendedforeastsidepine by theForest Service inCalifornia, and 
(2) itprovidesaconservativeestimate of thegain from thinning. 
Multiplying 8 cunits times $11 equals $88 per acre ($217/ha)- 
the net yield per acre from thinning. 

Thataveragegrowth of thinned stands.70 to90 yearsold, was 
500 percent of growth in the control has strong implications for 
managers. It could mean that the manager can apply an addi- 
tional thinning which would increase the total yield of the stand 

Flgure 3-Yield of 800 cubic feet from one awe cut to 55 percent of 
normal basal area, Poison Lake, Lassen National Forest, California. 

USDA Forest Sewice Rer. Paper PSW-194. 1989 



during the rotation. When applied to the tens of thousands of 
acres of stands of this age in California, the increase in yield 
could be. substantial. 

CONCLUSIONS 

Results from this study provide land managers with three 
management options. They can thin to the 40 percent level and 
end up with fewer but larger trees at rotation age, thin to the 70 

level and have mire but smaller trees;or select the 55 
percent level and have an intermediate number of trees and tree 
sizes. A variety of tree sizes provides a wider range of markets 
which often leads to higher realized prices. Regardless of the 
thinning level selected, mortality will be. reduced significantly 
over the untreated stand. 

REFERENCES 

- - - 

Aho, P.; Fiddler. G.; Filip, G.M. 19834. How to reduce injuries to residual 
trees during stand aaivltles. Gm. Tech. Rep. PNW-156. Panland. OR: 
Pacific Nanhwest Forwt and Range Experiment Station, Forest Service, 
U.S. Depamncnt of Agricultun; 17 p. 

Aho, P.E.; Fiddler, G.O.; Srago, M. 1983b Logging damage in thinned 
gwnggrowth true flr stands in California and recommendations for 
prevenUon. Rer. Paper PNW-304. Ponland, OR: PacificNorthwest Forest 

and Range Experiment Station. Forest Service, U.S. Depsnmentof AgricuE 
tun: 8 o. . . 

Bamtt,Jamcr W.;Rah. LewisF. 1985. Respspanseofdwe~mlsUclue.ln~c\Lcd 
~ondeross ~ l n e  to thinnine: I. Sanllne growth. Res. P31)cr I1\W-330. - . - -  
Portland, OR: Pacitic Northrvest Forest and Range Eaperimcnt Station. 
Forest Service, U.S. Depanment of Agriculture; 15 p. 

W o m i a  Depmnent of Forery. 1979. California's forest resources - 
preliminary assesment. Forest Resources Assessment and Analysis. 
Sacramento, CA: State of W o m i a :  5M) p. 

Hall, R.C.; Devics. G.R. 1968. Mountain pine heet!e epldernlc s t  Joseph 
Creek Basin, Modoc National Forest. San Francisco, CA: Forert Service, 
Region 5, U.S. Depamnent of Agriculture. Office Report: 21 p. 

McCembridge, W.F.; Stevens, R.E. 1982. Eflectiveness of thinning ponder. 
osn plne stands in reduclng mountain pine beetle-caused tree loses In 
the Black Hills . preliminary observations. Res. Nate RM-414. Ft. 
Collins, CO: Rocky Mountain Forest and Range Experiment Station. Forert 
Service, U.S. Depamncnt of Agriculture: 3 p. 

Mcyer, Walter H. 1938. Yield ofeven-aged stnnds orponderosa pine. Tech. 
Bull. 630. Washington, DC: U.S. Depamcnt of Agriculture. Forest 
Service;59 p. 

Oliver, William W. 1979. Flfleen-year growth patterns alter thinning a 
pondeross-Jeffrey pine plantation in northeastern Califomla. Rer. 
Paper PSW-141. Berkdcy, CA: PacificSouthwest Forest andRangcExperi- 
ment Station. Foren Service. U.S. Depanment of Agriculture: 10 p. 

Sanwell. C.: Stevens, R.E. 1975. Mountain pine beetle in ponderosa pine-- 
~msoects ior silvicultural control in second growth stands. Joumal of 
k0rek-y 73(3): 136-140. 

- 
SanweU. C.: Dol~h. R.E. Jr. 1976. Sllvlcullural and direct control of . .  . 

mountain pine beetleinsecond growlhponderosaplne. Rw. NacPhW- 
269. Podand.OR: PacificSanhwcrt ForestandRangcExpe&cnt Suum. 

~ - 

Forest %~iCe. U.S. Depnmcnt of Agriculture: 7 p. 
Sted,R.G.D.;Tonie.J.H. 1960.Prlnclpiesnndproeeduresofrtatisties. New 

York, NY: McGraw-Hi Bmk Co.: 581 p. 
U.S. Depamncnt of Agriculture, Forert Sewice. 1977. Western forest insect 

issues study report. Washington, DC, 20 p. 
U.S. Depmnent of Agriculture, Forest Service. 1982 An analysis of the 

tlmber situation in the United States 1952-2030. For. Res. Rep. 23. 
Washington. DC 499 p. 

USDA Forest Service Rcr. Paper PSW-194.1989. I 

.,.,,,,,. ,.,. 



The Forest Service, U. S. Department of Agriculture, is responsible for Federal leadership in forestry. 
It carries out this role through four main activities: 
e Protection and management of resources on 191 million acres of National Forest System land. 
e Cooperation with State and local governments, forest industries, and private landowners to help 

protect and manage non-Federal forest and associated range and watershed lands 
0 Participation with other agencies in human resource and camunity assistance programs to 

improve living conditions in rural areas 
8 Research on all aspects of forestry, rangeland managemenL and forest resources utilization. 

The Pacific Southwest Forest and Range Experiment Station 
0 Represents theresearch branch of the Forest Service in California, Hawaii. American Samoa 

and the western Pacific. 

Penonr of any race, color, national origin. sex, age. religion, or with my handicaming - . - .. - 
conditions a n  welcome to use and enjoy all facilities, programs, aad services of the US.  
Dc~ament of Agriculture. Discrimination in any form is striuly against agency policy. 
an2 should be rekned to h e  Secretary of ~ ~ r i c i t u r e ,  ~ a s h i n g k n ; ~ ~  2M50.. 


	DOC194.PDF
	DOC194000.PDF
	DOC194001.PDF
	DOC194002.PDF
	DOC194003.PDF
	DOC194004.PDF
	DOC194005.PDF
	DOC194006.PDF
	DOC194007.PDF
	DOC194008.PDF
	DOC194009.PDF



