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INTROLUCTION

‘The conifer forests of the Californis mountaing are among the most
valuable in North America. The character of the free species form-
ing the stands, the large dimensions atteined by individual trees, the
hesvy yields, the extensive area occupied, and its comparative ac-
cessibility contribute to high values. _

These high values have been hitherto associated almost entirely
with virgin or old-growth stends. In recent years, however, second
growth has begun to assume importance in the general scheme of
%él?est. economy. It is true that second growth has a present-utiliza-
tion value in only rare instances of minor importance—the greater
values still lie in the future; but for this very reason it has become
desirable and is, indeed, becoming inereasingly necessary to be able
to forecast these values as accurately as possible.

Within the last 10 years two summaries of the forest situation,
national in dcope, have mvolved growth studies. In the management
of the national forests & knowledge of second-growth yields is im-
mediately useful in timber working-circle plans, in land exchange, in
fire pleans, in fire-damage appraisals, in cooperative fire-protection
sgreements with private iancﬁ)wners, and in other.ways. To the

. '* Majntatned in cooperation with the University of Onlifornia,
188707T° =1
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State, vield data are of present value in formalating e land-use policy
-and in organizing fire protection for aress outside the nstional foresis.
Private faimber owners may meke use of yield tebles in evaluating
cut-over lund for sale or exchange, in determining justifiable expendi-
tures for fire protection, or in plens for continuous forest production.
Such uses amply justify the attempt to put into convenient published
form the date af present aviilable, eVesi though'the ¢omplexity of
" wield-teble construction for mixed stands and the difficulty in finding
a sufficient number of adequate sample plots render these tables
wholly tentative and preliminary in character.

THE FOREST TYPES
COMPOSITION

The stands to which the following tables apply are compesed of
pondercsa pine {Pinus ponderosa Luws.), sugar pine (P. lambertiana
Dougl.), Douglas fir (Pseudotsuge toxifolia {Lam.) Bntt.), white fir
(Abies concolor Lindl. and Gord.), and red fir (4. magnificia A.
Murray). Incense cedar {(Libocedrus decurrens Torr.), slthough it
also i slmost Invariably present (rare exceptions being in true fir
stands) and frequently numerous, perticularly in the younger age
classes, rately makes up more than 5 to 10 per cent of the volume of
the stand.

The foregoing species appeer in the stands in incalculably varying
proportions, and yet, within clearly defined hmits of sltitude, lati-
tude, and aspect, several types may be easily recognized. The types
considered in this bulletin are shown i Table 1. The grouping of
species into types is based on the arbitrery assumption that a species
is a component of the type if it forms 20 per cent or more of the
total basal ares.

Tasis 1.—Cemposition of lypes, by species, in perceniage of lotal basal area

Pon-
i Sugar {Douglas] Whiie I
Bpasies gronp or type d;}'g:a pine fir fr oedar

Per cond| Per cent
Pondercso pine-fir - 3 30 20
Pondercsa pine-sugsr pine
Pundeross pine-sygar pine-fir
Bugor pine-—fir
White fr-Douglas fir
White Ar-red fit._

RANGE AND GCCURRENCE

The types here discussed cover the west slope of the Sierra Nevada
and Cascade Mountains from the Kern River st the south fo Mount
Shasta at the north, and extend along the northern inner coast ranges
from the Oregon line to centrsl Lake County. The east-siope sierra
and northeast plateau forests, where ponderosa and Jefirey pines
predominate, are not included in the dwscussion. The redwood and
other forests of the northern outer coast renges are also excluded.

_The altitudinal limits of commerciel stands vary with latitude and
aspect. In the southern sierrs good stands are rarely found below
3,000 feet, but in the northern mner cosst ranges stands occur at
elevations of 1,000 feet or less. The uﬁzper limit is sbhout 6,500 feet
in the south, and 5,000 feet in the north.
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At Jower elevationg and on southerly aspects at middle clevations,

pondeross pine -cecurs in pure stands or predorninates in mixtures,
E‘-oward the north, particularly in cenyon bottoms and on mnorth
aspects, Douglas fir is frequently the dominant species at lower eleva-
tions. The sugar and ponderosa pine mixtures predominsate on south

-slopes and benches between 4,000 and 5,500 feet. The sugar-pine
and fir type is rather closely, confined to north and northesst sspects
at elevations of 4,500 to 6,000 feet. Above 6,000 feet, true firs
usually predominate.

The best stands are found at elevations of 4,500 to 5,500 feet along
the middle west slopes of the sierra. Here occurs the most favorable
combinsation of precipiteiion and sessonal temperatures.

In relatively few sections of this large region are the stands uniform
im age. All age classes, however, are rarely present, as they would

.be in a true selection forest. Stands sre usually made up of small
even-aged groups, the ages of the groups differing by periods of 10 to
20 years or more. 'The limifed occurrence of extensive even-aged
stands renders the construction and application of yield tahles difficult.

CONDITIONS OF ESTABLISHMENT OF SECOND GROWTH

The occurrence of even-aged second-growth stands, within the limits
fixed by nature, 1s largely a result of human activities. During the
gold rush, beginming in 1849, heavy cuttings were made in the stands
accessible to the mines. Frequently burning followed cutting, by
accident or by design. The stands were rarely clear-cut at one time
over considerable aress, but #utting was repeated, and & source of
seed remained for some years. During sessons of heavy precipitation,
such as the winter of 186162, the establishment of seedlings was good.
The majority of the best even-aged second growth dates from the
decade 1861-1870. Since most of the mining activity was at lower
slevations, the greater portion of this second growth is ponderose
pine and Douglas fir.

During constrnction of the Southern Pacific Railroad through the
Sierra, 1862 to 1865, heavy cutting along the right of way was followed
by some excellent stands of second growth, varying in composition
from pure ponderosa pine to pure fir.

Followmng the gold rush, stock raising incressed rapidly, and range
burning became a common practice. Although these range fires
converted vast areas of forest into worthless brush, in many instances
where conditions were favorable, patches of even-aged second growth
were established.

With improved transportation the manufacture of lumber for the
general market became important. The cuttings were light, only
the more valuable pines being taken, as & rule. The resulting second
growth is irregular in age.

Light cufting continued generally until the advent of heavier
logging machinery and wider markets, beginning about 1900. From
1900 to ebout 1925, cutting -on private land became more intensive,
logging demage increased, and slash burning was more comunon.
'Tﬁguflrequenqy of fires, the failure of seed crops, and the generally
poor climatic conditions have resulted in irregular, scanty reproduc-
tion for the most part. On national forest selective cuttings since
1806, the second growth is naturally irregular in age. Since 1925,
privete cutting has generally been lighter, leaving the firs, cedar, and
smaller pines. Reproduction in these areas will not be eveun-uged.
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: . Thus the conditions favoring the establishment of larger areas of
-even-aged second growth have largely ceased to exist. Probably the
future tendency will be toward selection rather than even-aged

‘stands. _ On the private land heavily cut or burned between 1900 and
1925, with better fire protection and more abundant precipitation,
conaiderable even-aged reproduction mey be expected.

RELATIVE IMPORTANCE OF VIRGIN AND SECOND-GROWTH FOREST

The areas of various classes of forest land in the region, as shown
- by the type map being prepared by the California Forest and Range

Experiment Station, are given in Table 2. The area of virgin timber
constitutes about 41 per cent of the ares of all commercial timber in
Celifornia, including redwood.

TanLE 2.—Arecs of forested, restocking, and deforested lands in the California pine
region

Area of class within
mmfﬂ of forest land pioe region

" Acres

Virgin timber. 4,663, 400
B d growth 1,015, 200
Eestocking 869, 100
‘Deiorest:d §37, 100

The virgin stands are not even-aged. The second growth includes
all types of cut-over areas, and only a small percentage of it is even-
aged. Restocking areas include mostly brush fields lollowing early
fires when the reproduction tends to %e even-aged by groups and
stocking is very irregular.

The future of the old-growth forests is, of course, uncertain. The
pire ponderosa pine and the ponderosa pine-sugar pine types will
doubtless be cut out first because of high value and accessibility.
The comparatively small area of sugar pine-fir type will be culled
for the sugar pine rather early. Types with a heavier proportion
of Douglas fir and true firs will probably not be cut extensively
until the aveilable pine types are exhausted. It is to be expected
that the privately owned stands will be largely cut over by the end
of the century. They are more accessible, better stocked, and have
a larger proportion of pines than the public forests.

The treatment of the remaining virgin timber will determine the
future of second growth. So long as virgin timber is available, little
cutting of second growth is to be expected. No cutting of conse-

unence has occurred in young growth to date. Indications are that
the ponderosa pine stands established 60 to 70 years ago will be the
first second-growth utilized extensively.

THE DATA

The chief source of the material used in this study was & group of
224 plots measured by Dunning and Show (1912-1923), Permanent
semple plots established Iuter by the California Forest Experiment
Station and other plots measured by ¥. X. Schumacher, then of the
University of Californin, were siso used. The total number of
plots finally selected for the study was 311,
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- In seversl ways these plots were not entirely satisfactory. The
outstanding feature is the irregular distribution by age. (Table 4.)
The great preponderance of plots between the ages of 50 and 69, years
is due, as hids been shown, to the cuttings an‘zfirequent fires of the
gold-mining pericd. Stands of other. sge classes are of relatively
infrequent ctcurrence and hard to find. N

Then, again, truly normal stands were so rare that, to obtain a
sufficient number, & wider range of density of stockirig than would
ordinarily be permitted was unavoidable. ~Still further variation in
stocking was doubtless due to the great variation in composition,
w.lhich affected to some extent the judgment used in the selection of
plots,

The field techpic used when the earlier measurements were made
by Punnirg and Show differed in some details from the standard
technic of the present. Curves of height over dismeter were not
prepared, and the height used for site classification was the average
height of the dominant trees, rather than the beight corresponding
to the aversge diameter of the dominant and codominant trees. In
addition, some of the plots were rather small, containing less than
100 trees, the present accepteble minimum. Despite these deficien-
cies, however, the date were of enough value to Justify the con-
struction of yield tables. ~

METHGDS USED IN ANALYSIS OF DATA

The types themselves, in the relationship between component
species, present a complex problem not encountered in the pure
stands that are the basis of most of the recent work on second-growth
yield tables. Although Haig’s (5)° yield tables for western white
pine in the northern Rocky- Mountain region deal with & mixed-
species forest, the associated species introduce no great complications
since with Increasing age they tend to disappear. No such tendency
is noted in the Californis pine types, the component species of any
young stand having equal likelihood of predominance st maturity.

This tendency to maintain the original composition throughout
Iife requires, for the correct determination of site quality, an analysis
of the interrelationship between species. It also requires an evalua-
tion of the relative influence each species exerts upon guch stend
megsurements as basal area, number of trees, ete. Such an evalna-
tion, complicated by the endless varistions in the proportions of the
different species, ranging from slmost pure stands of each species
{except incense cedar) to any combination of two or more spectes, is
complicated further by variations in density of stocking which tend
to mask the effects of composition. Obviously, some method of
messuring, defining, and compensating for stand density must be
employed,

In general, the method of analysis consisted in assigning values
for density of stocking to each plot and then modifying the stand
measurements o represent the aeverage of well-stocked stands.
These modified values were used as & basis for constructing tables
for average stocking and composition by the standard technie e, 7.
The percentage deviations of the original individual plot values from
this average table were then correlated with density of stocking snd

# Itelic nurebers in parentheses refer to Literature Cited, p, 21,
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percentage composition by species. (Based on species distribution
of basal srea.) The resulting multiple regression equations gave the
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appropriate factors to epply to the average table for any conditions
of stocking and composition.

A detailed description of those particulars wherein the technic
differed from standard procedure is given in the appendix.
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YIELDS
AGE

The ages of the stands sampled were determined by ring counts
on borings, usually at breest height, of dominant and codominant
trees, corrected for the number of years required for the trees to
resch the height at which the borings were made. The average age
of the trees bored was taken as the age of the stand; uo allowance
was made for the period between the removal of the original stand
and the establishment of the new stand.

SITE INDEX {OR QUALYTY)

The classification of the sample plots according tc site uality is
based on the relationship between age and the average hei ci:xt of the
dominant trees. Ponderosa pine, white fir, red fir, and Dougles fir
heve essentially the same height-age relationship when growing in
mixed stands, and dominant trees of all the species named should be
.used as they are present.

Figure 1 and Table 3 show this relationship between age and height
of dominant trees. The various site qualities are denoted by a site
index expressed in height in feet attained at an age of 50 years.
Obviously, a complete series of 1-fout site indices cm?fd be given but,
for convenience, curves and tabular values are given only for even
10-foot intervals, from which intermediste values may be ascertained
by interpolation. The determination of site index is simple; the
sverage dominant height is plotted over the age on Figure 1, and the
site index taken either from the curve nearest to the plotted point
or from an interpolated index curve,

Tanre 3.—Total height in feet of average dominant tree 1 on oll ailes

Helght on—

Bitein- | Bltein- | Bite n-1 8ite Ir - ite in-f Site in- [Site jo-
dex 40 | dax 50 | dex 680 [ dex i, s 1 dex 100 (dex 110

i=1
&
5

)
4
L &
0

BESRRSENEBRERw
T 00 D D O O g € D O
ERBARzassRENnE
T O S 0 =00 e G0 1 S A B
FRIIRBRaRGEER,
O3 =l e B D et 0 G 00 i €
=t 2550 08 =1 &5 [
SRERRBRASE8ERE
(=3 T L Y- T T )

[y
BEEESEzsenaany
e G € B

214

! Based on dominant ponderssa pine, Douglas Ar, red fir, and white fr; ail foar species to be used when
present in the stand. )
Table 4 shows how the 311 sample plots used are distributed as to
age and site quality, and illustrates the preponderance of plots in the
50-59 year and 60-69 year age classes.
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TaBLE 4-—Distribution of plols by age and sile index

Number of plots on—

Bliein-| Bite in- { Bite in-
dices ; dices | dices
50-5 | 8068 m?o—m | 8089
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DENSITY Oi? STOCKING AND STAND-DENSITY INDEX

The criterion adopted for evaluating the density of the stand, or
stocking, js the relationship between the number of trees per acre
and their average diameter, shown by the solid line of Fligure 2.
This is a reference curve used for determining a stand-density index, 3
The series of broken-line curves parallel to the reference curve serve a
similar purpose to the curves in Figure 1 in supplying s ready means
of estimating stand-density index. The number of trees per acre
shown by each curve at an average diameter of 10 inches is the stand-
density index of that curve. For a given stand, the line lying nearest
the point defined by number of trees per acre plotted over average
diameter can be read as the stand-density index. For example, the
plotted point representing a stand with 350 trees per acre and an
average diameter by basal aree of 15 inches will fall nesrest the curve
representing a stand-density index of 700. By interpolating between
the curves, 8 more precise index of 670 may be obtained.

The stand-density indices of the sample plots of this study ranged
from 230 to 850, with an average value of 479. Tel.ing 800 asln%air
index for full stocking in these mixed-conifer stands, the 2Verage
stand-density index of 479 represents approximeately 60 per cent of full
stocking. Individual plots ranged from 29 to 106 per cent. The
distribution of the plots by stand-density index is given below:

Stand-density index:
200 to

) TOTAL BASAL AREA
Total basal area, or the sum of the breast-bigh cross-section areas

of all trees 2 inches and larger in diameter is shown in Table 5 and
Figure 3 for the average of well-stocked stands and average composi-

u:-t Rx}mnxz, L. H, PERFECTING i STAND-DENSITY INDEX FOR EVEN-AGED #TaWDA, {Unpublishad many.
script,
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tion, The modification of this table for any condition of stocking
and composition is effected by substituting the appropriate values in
the regression equation given ynder the table and applying the result-
g percentage to the values given in Table 5.
T
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Frevne 3.—Relationship between age, silo Indar, and totai tiasal area for average well-stacked
stands of average composition

For convenience, the percentage corrections for various stand-
density indices, by types, are given in Table 6. Minor differences
in composition from that given for these types will not change the
correction percentage appreciably.
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TasLe §.~—Total basal area, average stands t

Basal arce (square feat per acre) by site-index classes

Site Hite Site 8 Bita Site Sita
40 50 50 70 90 100

&

178
238
280
308
321
337
350
343
372
331
388
385
401

EREEEER

BEREE

i For specific stands, snbstliute in the followmg equation and a&pe]y resulting percentage to the tabolar
valuss: Total basal srea {In percantage of composite table) =2.0303 (percentage stocking)+0.1483 (ponderosa
pioe per cant)4-0.1645 {suger pine por cent)-0.0541 (Douglas Ar per cent}-H0.0850 %

white fir Der cent)
+-.1220 {incensa cedar per ceut)--0.1853 (red fir per cent)—8,3511.

TaBLE §.—Fercentage correction of values in Table § for different iypes!

Pander- | Ponder- 7
Ponder- i ‘White | 'Whita
Stand-density index osn pine— 5% Do (082 pirem | SMESE | r-Doug
i pine | piné-fir las oir

Pé: cent | Per cent | Per cend

43,33 48, 51 X
56, 07
¢8. B2
76,97

1 Aggregate deviation, Jess than 0.5 per esnt; average percentage deviation, 5.22 per cent,
NUMBER OF TREES PER ACEE

The number per acre of all trees 2 inches or more in breast-high
diameter is given in Table 7 and Figure 4 for average stocking and
composition. Modification for specific stocking and composition is
made as for fotal basal area. Table & gives the percentages for the
six types,
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Frguke 4.—Relatlonship between age, site index, and number of trees per acrefor average well-
ocked sr.ands of average composition
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=TastE 7.—Number of trees, average stands !

Number of trees per acre, by site index class

Age (years,
g0 (years) Elta Bita Bite Slta Sita
50 ] 1]

2,175
1,405
" 730
538
433

313 182 145

! For spacific stands, sibstitute in the following equation and DRy resulting percentage to the tabular
valoes: Number of treas (In pereentage of compoesite table) =2, 0058 (percentage of stocking)—0.3168 (pon-
derosa pine per cent)—(.2973 (sugar pio per cant)--.016¢ (Douglas fir per ceut)—0.1365 {whita fir per
cent)—(.1358 {incense cedsr rar cont}—0.0005 (red Ar per cent)--19,3572,

TamLE 8.—Porcenlage correclion of values in Table 7 for different types !

Ponder- | Ponder-
Ponder- el § ¢ ‘White ‘White
Stand-density Index 056 Hoe- nssaul.;g;e— msauggiﬂ_ psl'llfe‘?ﬁr fir-Doug-| fiv-rad
ir pine | piné-fir las fir iy

5

£

12y
g
-

Per cent Percent | Per cent | Per cent

41.78 35 83 42,07 48, 81
52,10 £9,94
82,13

7216

gRazdaag
BERBREERE

LA

62 13 . 3 182, 12

1 Aggregate devlation, Jess than 4.5 per cent; average percentage deviation, 18.4 per cent,
AYERAGE DIAMETER OF THE STAND

The average breast-high diameter of the stand is the diameter of
the tree of average basal area as determined by dividing total basal
area by numper of trees. Table 9 and Figure § give these values for
stands of average stocking and composition. For stands of other
than average stocking or composition, average bresst-high diameter
should be Eerived by dividing the corrected total basal area by the
corrected number of trees an(% converting the resultant average basal
area into its equivalent diameter,
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TasLE :QQL-Avemge Breast-kigh diameier in inches of average stands, by siie-inder
o S . clazses - :

Hite Bite |
b= B - bt

2
g
8

Bite
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o
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Site Bite
100 110

%

5.18

745

8,56
g |
4.0
180
7.7
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FlouRE §—Relntionship between age, site index, and average dinmeter per sore, for sverzge well-
. stociced stends of aversge composition

YOLUME PER ACRE IN CUBIC FEET

"Table 10 and Figure & show for stands of everage stocking end
composition the total cubicfoot wvolume inside bark, including
-stumnp and top,of all trees 2 inches and larger in diameter. Correction
percentages are given in Table 11 for the six types,
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FIQURE 8.—~The volumnes in cuble feat (inside bark, stump and lop included, for everage well-
stocked stands of nverage composition

Tanve 10.—Volume per acre in cubic feel, guerage stands 1

Volume in cuhie feat per aore on site Index—
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! For specifio stands, zubstituts in the following enuetlon and epply resulting parcentage to the tabular
values: ¥ohume in cubie fest {In psrcentege of composite tnbie) =1,525] (percentage of stoeki Y—D.7170
(ponderosa ‘pine per cent}—0.7740 {sugnr plne par eent) —0.U3U8 (Douglas fir per cent}—LO704 (white fic
Per-cent)—0.8427 (incense cedar per cent)—1,1996 (red fr per eent)--128,75653,
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‘TasLe 11.—Pereenlage correction of Table 10 for different types !

Btand dengity index osg G588 | pinesu- § B ﬂli-Dg;lgl
i 25

: Ponder-
| Ponaer- § Ponder- | " ooy White

- jrie—si1- 5
pine-8r p par pine—
gar ploe fir

| P cent
TH. 00

200
250
306
350
400

A50

500,
554

600
650

T00

) —
800

1 Aggregate devistion, lass than 0.5 per cent; averayrs percentspge deviation, 18.4 per cent.
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FiouRE 7.—The ratic of volume of stand in board feet to voluins in cubic feet, In relaiion to aversge

dinmeter of stand
RATIO OF BOARD FEET TO CURIC FEET

The ratio of board feet to cubic feet is closely correlated with
average diameter and is independent of age and site quality. In the
standard yield-table technic, this relationship is applied to the table
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-of yolume in cubic feet to obtain the table of volume in board feet.
. Teble 12 and Figure 7 give the board foot-cubic foot ratios used.

‘The values given are ratins of volume in board feet of trees 8 inches

.and larger to the volume in cubic feet of all trees 2 inches and larger.
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Fiourz B—~Volume in bonrd feet by the International ruls
{M-loch kerd), trees 8 inches and larger, averzgo of weil-stocked
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TasLE 12.—Board-fool conversion table
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YOLUME PER ACRE IN BOARD FEET

. Volumes in board feet of all trees 8 inches and larger in diameter,
for stands of average stocking and composition, are given in Table 13
and Figure 8. The log rule used is the International, %-inch kerf,
and the volume is of that part of the stem between a stump 1 foot

high and @ top diemeter inside bark of §inches. -~y .

TasLe 13.—Volume per acre in board feet (International rule, ¥-inck kerf), average
stands i

Board feet per aore on site Inder—
Lge (years)
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This table was constructed in the usual manner, by multiplying
cubic-foot volume for any sge and site index by the board foot-
cubic foot ratio corresponding to the aversge diameter for that age
and site index. .

This average table is corrected for specific stocking and composition
in & similer manner. The corrected average diameter is first deter-
mined, and the corresponding board foot-cubic foot ratio is then
multiplied by the corrected volume in cubic feet, giving the corrected
volume in board feet.

MEAN ANNUAL INCREMENT

Table 14 and Figure 9 show the mean annual increment in cubic
feet, for stands of average stocking and composition. These values
were derived by dividing the values in Table 10 by the corresponding
.-ager?: Mean annual increment culminates at 70 yeers for any site
quality.

TanLe 14.—Mean annual growlh in cubic feel per acre, average standa

Mean annual growth Jn cabie feet per acre on site index—
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Fi1GoRE 8.~Mean snpual incremant in cuble-foot volume culminates at 70 years on sl sites

Tebls 15 and Figure 10 show the mean annnal increment in board
feet. The age of culmination varies with site quality, from 85 years
for site index 110 to over 150 years for site index 30. For site index
70 the age of culmination is about 120 years.

TaBLE 15.—AMean ennual growlh in board feel per acre {(iniernalional rule, Y-tnch
kerf), averege stands

Meno annual! frowth in board feet per sere oo site Index—
Age {years)
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Froueg 10~Mean annual increment in bogrd feat cultinates at 95 years on the best sites and at 150
years snd more on tha poorest sites

SUMMARY

With the continued depletion of old-growth stands in the very
fmportant mixed conifer type of Californis there is increasing need
for adequate tables of the second-growth timber that is repidly
coming In on many cut-over areas in this region. The tables here
presented are based in the main on intensive studies of 311 sample
Plots which were selected as supplying reasonably representative,
although inevitably incomplete data. The position, range, and occur-
rence of the second-growth mixed conifer stands is described as well
as the conditions for their establishment and the relative importance
of virgin and second-growth forest in this type.

In view of the number of unusual features that were involved in
this yield study a careful explanation of the technic employed in the
preparation of the tables is included as an appendix.
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APPENDIX
SPECIAL TECHNIC USED IN THE PREFARATION OF THE TABLES
BITE INDEX

The mixed-conifer types present 2 problem in the determination of site guality
by reason of their variation in compoésition. If dominant trees of = given speciea
were invariably present, the height of trees of that species alope could be used
a8 the index of site quality. Since this is not the case, the relative height growths
of the various species must be compared, t¢ determine which species it I8 desir-
able to uee and to what extent the heighta of each depart from the beights of the
other species.

The actual analysis showed a simple solution for the protlem. The height of
the average dominant tree of each species on a plot was first determined, sing
"all plots for which such values could be determired for two or more gpecies, it
wes found that white fir was common to nearly all. Accordingly, dominant heighta
of other species on each plot were expressed ss a percenfage of the dominant
beight of white fir. The percentages so derived were then plotted over age, by
speciea. The resultant curves were horizontal straight lines and passed through
98 per cent for pondercsa pine and Douglas fir, 100 per cent for red fir, and 90
per cent for sugar pine. (No data were gvailable for incense cedar, rarely domi-
neat.) This is in close agreement with the values obtained by Schumacher {8)
and by Bruce {2).

Thesge results indicate that site index can be determined directly from white
fir, ponderosa pire, Douglas fir, and red fir, alone or in any combination. Natur-
ally, the use of as many of these species as ar¢ present will give a more accurate
value of site index.

BTAND-DENEITY INDEX

In any even-aged stand, the eurve of number of trees by breast-high diameter
clagses han & definite charaeteristie form, often approsching that of the normal
frequency curve (7, 4, §). Such a curve can be mathematically deseribed in
several ways, & deseription commonly used being the statement of the mean or
average diameter and the standard deviation (9). For even-aged stands, however,
the numerical value of the standard deviation is positively correlated with the
average diameter, Therefore, average diameter alone may be used to describe
atands of similar frequency-curve form where extreme accuraey is not needed.

If, then, & large number of stands of the same deseription, that is, of the same
average dinmeter, be compared as to number of trees per acre, it is obvious that
the stand with most trees is the most fully stosked. If this be taken to represent
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the maximum or complete stocking, the number of trees In each of these slands
expresseg as & percentage of this maximum will give the pércentage stocking of
the stand.

The number of trees per acre for complete stoeking varies with the average
diameter of the stand. 'The curve representing the relationship between number
of trees per acre and average diameter corresponds (8) to the formula

log nunber of trees= —1.605 log average diameter breast high-+&

where k is 8 constant varying with species. THis formula plots as a siraight line
on logarithmic graph paper &he solid lire of Figure 2}.

Since the constant k differs with species, it would be impractical to determine
its value for the innumersble mixtures of the mixed-conifer types, nor would
differences for the commen proporiions of those species be sufficiently great to
justify the attempt. For simplicity then, & wae taken as 4.605 to give 2 curve
passing through 1,000 troes per acre ab 10 inches average diameter. This curve
is used as a reference curve; its elevation is of no imporiance asiCe from the con-
verndence of its round-number coordinates (10, 1,000).

The reference curve, thus arbitrarily chosen, is somewhat high for the mixed-
conifer stands of this study, though it is not too high for stands of certain other
species. It was deemed more desirable, however, to refer stocking to a siardard
curve suitable for wany species than to a curve applicable only to the species of
this stady. Since this reference curve is higher than the curve representing maxi-
znum stocking for the mixed-conifer types, percentage stocking values based on
it will be higher than the true percentage stocking. Although this distortion could
be easily enved for in any computations involved, it would be soraewhat confusing
in making mentsl comparisons. For this reasom, the stand-densily Index was
devised.

Any curve representing & constant percentage of the reference curve will plot
&8 & gtraight line parallel to the reference curve. The curves corresponding to all
possible percentages thus constitute an infinite series of paraliel curves, Since
their slopes are identical, the position of any curve of the series may be defined
by any one ordinate and sbscissa. If the same abscissa be used for all curves,
each curve may be defined by ordinate slone. Accordingly, sn sbscissa of 10
inches average diameter was chosen, and the ordinate (pumber of irees per acre)
corresponding to this abscissa is termed ‘‘stand-depsity index.”

Stand-deneity index, as here conceived, is obviously independent of species
variation in elevation of the curve of maximum number of frees, since it is an
absolute, not & relative measure.

The effect of age and site guality on the relationship between number of irees
and average dizmeter is very small. Multiple correlation coefficients for various
species ranged from 0.14110.050 to 0.2514+0.0409. These are not significant.
The corresponding alienation coefficients were 0.990 and 0.908, respectively.
For all practical purposes, therefore, no correction need be made for age or site
quality.

ADJUSTMENT OF PLOT VALUES FOR STGCEING IN CONSTRUCTION OF TAELES FOR
AVERAGE BTCQUEING

Having a measure of stocking, it should be possible to eliminate the effects of
variation in stocking by converting individual plot values to s uniform-stocking
bssis, thus reducing the dispersion of the plotted points and eliminating the
effect of any irregular distribution of stocking. As a tesult $he required curves
of the various stand measures for average stocking and composition should be
well defined angd essily fitted.

The individual plot values for totsl basal area, number of trees, and cubie-
foot volume were accordingly modified by sfraight proportion between ploi
stand-density index and average stand-density index (479). Thus, the values for
a plot of stand-density index 700 were reduced by the proportion of 700 to 478,
and a plot of stand-density index 450 increased by the proportion 450 fo 479.
The ususl pairs of average curves (7} such as totsl basal area over age and per-
centage of average total bassl ares over site index, were fitted to the modified
values. As expected, the dispersion of the values thus derived was reduced
materially, and the trends of the curves were more consistent and better defined.

Since modification for stocking was effected by increasing or de¢reasing the
number of trees of a given average diameter, the average diamefer values of the
individual plots were not chenged. The average curves were based on these
original plot values of diameter and checked through the modified total basal
g.ll'ﬁa and modified number of tree curves; the agreement between them was very

OBC.
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The board-foot tables are derived from the cubic-foot tables and the curve of
board foot—cubie foot ratio; board-foot values, therefore, were not modified for
stocking.

ANALYSIS OF EFFECT OF COMPOSITION ANS B8TOCEING

‘By using the table of totsl basal area for stands of average stocking and compo-
sition, the tabular value corresponding {0 the age and site index of each sample
plot wag determined. Thke basal srea of each ploi was then expressed as a per-
centage of this tabular value. These percentages were used as the dependent-
rariable values in a multiple Linear eorrelation, with percentage stocking and
¢omposition by species as the independent variables. The resulting multiple-
regression eguation was—

Total basal area per cent
=2.0808 {stand-density index) +0.1493 (psnderosa pinc per cent)
+0.1545 {sugar pine per cent) +0.0541 {Douglas fir per cent) -+0.0880
(white fir per cent) +0.1228 (incense cedar per cent) --0.1883 (red
£r per cent) —8.1511.

The regression coefficients, in combination with the numericsl values of the
variables, indieate ihat voristions in stocking sceount for the greatest part of
the variation in basal area, the effect of composition being relatively small.

A siroilar correlation was made for number of trees per acre, resulting in the
regression equetion—

Number of trees per cent
=2.0058 (stand-density index) —0.3186 (pondeross pine per cent)
—0.2973 (supar pine per cent} —0.0159 (Dougles fir per cent) —0.1355
(white fir per cent) —0.1358 {incense cedar per cent) —0.0905 (red
fir per cent) 4+ 19.3572.

Here, alsc, the greatest effect is assignable to variation in stand density.

A third correlation was made, in & similar manner, for volume in cubic feet.
The resulting regression equation was—

Cubic-foot valume per cent
=1.5251 (stand-density index)} -—-0.717C (ponderosa pine per cent)
--0.7740 (sugar pine per cent) —(0.9398 {Douglas fir per cent} — 1.0704
(white fir per cent) —0.8427 (incense cedar per cent} —1.1996 (red
fir per cent) §128.7553.

STATISTICAL MEASURES

The various statistical measures employed in the computations are given in
Table 16.

TaBLE 16.—Statistical measures

Avergga pc!'mzitsga
Standard eviation

errer of
ayeragy From

Dwependent variable (per cent) t table and averaga

regTes table and
: Tegres-
equation Sion
combined 1
eguation
combined

Per cent
Total hasal ares. 0. 2486 0. 9680 - 5.22
Nuraber of trees . 6026 X . \ 7.8
Volume, ¢uble foet . 7442 680 2 . 16.4
Volume, board feet LT ) L 2.1

standard error.

1 Avezagn percentoge deviatlon= 1%
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