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A SITE CLASSIFICATION FOR THE MIXED-CONIFER SELECTION FORESTS

OF THE SIERRA NEVADA

INTRODUCTICON

Purpose

The slte-class curves presented here as flgure 1 fox the ir-
regular pine-flr forests of California were Iirst prepared in con=-
nection with a yield-predicting procedure (1) &f developed in 1933.
The original curves were designed principally for adminfistrative use
of vhe Forest Service 1n Reglon 5. Since they liave now come to be
accepted by other sgencies and for general purpcses, this research
note has besn prepared to make the curves more readily aveilable and
to desceribe their peculier features sufficlently to enable corrsct
gpplication. It 1Is hoped that this action may contribute to the
esteblishment of a single criterion of site for the reglon as nearly
as possible like that most commonly used in volume surveys, growth
forecasting, snd cther forestry work,

Basils

The height-age relationshilp here used as e basls for site
classification, though widely accepted, 1s subjéct o numerous
veristions in practice. Adoption of standard metheds of classifyln
Torest sites was recommended in 1923 by & committee of the Society of
American Foresters (2) under the chalrmanship of W. N, Sparhawk, but
this admonition has been rather gensrally lgnored. Methods will
probsbly never become widely standardized, Uniformity between
reglons having specles in common, though much to be deslred, appears
to be lmpracticable. Within this region, where interdependent
veolume, taper, and yield tables are employed, a constent routine is
necessary to prevent discrepancies betiween crulses, appraisals, ané
working plans,

Earlier Classificaticns

It is nstural to Inguire whether any site classification scheme
already existed that might be acceptable. At least 7 site classifica-
tions had been developed for specles in the territory prior to 1933,
and there ares now sbout 12, in addlition to the present one., Most of
these classifications are useful under special conditions rather than
for the region as a whole. All but one divide the territory according
to scales based on the helght of a single species, ususlly growing in
young, even-gged stands., The single exception (33 for mixtures is
limited to young, even-sged stands.

1/ Numbers in parentheses refer to Literature Cited, p. 20.
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Of the old-growth standards, only one has been used to such an
extent as to affect s substential body of records and plans. This
schere probauly originated with Bruce's (4) proposed clessification for
white fir volume tables., Modifications in use by the Forest Service
adapted the scale to other species, Following the introductlon of
the site class volume tasble by Bruce In 1921, many forestry records
cams to be grouped by site-cless., In the present Instance, the alm
has been to avoid invalidating these expensive volume and yield
tables, working plans, and other records by retaining the essential
features of the two existing old-growth and young-growth classifi-
catlions for mixed stands,

The Propossd Classification in Erief

The curves define the midlines of six slte-class zones; are
haromontzed to lntercept 25-foof intervals in & height range of 75
to 200 Teet at a reference age of 300 years; end are besed on 20-
year age-class avereget Iin the total helght of dominant trees of ons
or more of the speciss sugar pine (Pinus lambertiana), ponderosa pine
(P. ponderosa), Douglas fir (Pseudotsuga taxifolis], exd white fir
(Ruies concolor).

FIELD AND OFFICE PROCEDURE

Data

Records collected for other purposes were used as the basis for
the site-class curves. Neturslly these messurements are not an ideal
sempla of the wide rangs of conditions in the California pine region.
From numerous data collected between 1902 and 1929, those groups have
been selected that seemed most representatlive of the site range in the
commercelal timber helt, giving greatest welght to the measurements on
which our princlpsl voluwe and yield tables are besed.

Second growth

The principal secorst growth measurements came from 220 sample
plots taXen for the 1933 yleld tables in mixed, even-sged stends.
These plots were small, averaging szbout ons<fifth of an scre in sreg,
They represented stands of Lthe three upper slle classes with ages
ranging from hO to 125 years., Ninelr percent of the plots were less
than 80 yesrs old. The stands were characteristic of the better por-
tiens of the western slope of the Slerra, the majority belng located
in the Feather and Yuba River drainages. Types represented six of the
commonly occurring mixtures of ponderdsm pine, sugar pine, Douglas fir,
white fir, red rir (Ables megnifica), end incense ceder (Libocodrus
decurrens). T
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Old-growth

Reliance was placed mainly on the old-growth or virgin forest
records included in the seven groups described in table 1,

Taree of these groups of measurements--those from Cow Crezk,
Westwood E/, and Lemon Canyon--are of special interest because they
defined the three principal guide curves for the system.

The groups of old growth tree measurements came from &ress
differing considerably in size, suggesting the possibility of grester
slte variation within some groups than others, Most of the field
notes give locations only to the nearest land ssction, whereas dis-
tribution of the trees may have been limited to tracts as small &s
quarter sections or even 40 acres. To be remembered also is the
tendency for sugar pine end white fir to predominate on northerly
slopes and bottoms, whereas ponderosa pine would be encountered more
frequently on the comparatively poorer southerly slcpes and ridges,
Of the specles considered here, all four were present in only one
group. Ponderosa pine was best represented in number of trees. Few
records were available for the best and the poorest site classes.,
Personal knowledge of the several localities and the records leads
me to believe that ncne of the chosen groups embraces & range of
variaetions in excess of the regionel cencept of a site class,

Methods

Field measurementsa

The cld-growth trees were measured as felled in leogging. Traes
with abnormal tops or incomplete height records were rejected, Ages
were determined from ring counts made on the stumps, with the uniform
addition of T years as an allowance for time to reach stump height.
This uniform allowence seemed justlfled by stem analyses indlcaiing
that truly deminant seedlings vary but little with site in the time
required to reach stump height. In preparing the guide curves, iree
measurements were rejected where stump rot or fire scars necessitated
additions of more than 5 years to the number of rings visible. The
trees ranged in age from Th to 660 years, but only esbout 6 percent of
the 3,047 used were less than 100 years old. The form of the curves
for young trees offered the most difficulty, and numerous supplementary
measurements from permenent sample plots and other sources were used
to ald ip reaching decisions.

2/ Made availsble by M. B. Pratt, State Forester of California.



Table 1,--0ld-growth data used in preparing
site~class curves of Tigure L,

oy

e

Site :Trees: Specles $ Location tDate
1 247 Ponderosa plne, sugar pinsa, Cow Creek, Stanislaus 1924
white fir N.F»
I 535 Ponderosz pine, sugar pine, Shearing Cr., 1929
white fir Stanislisus N.F.
II 513 Suger plne, white Tir Granlte Basin, 1924

Flumas N,F,

II-I1T 283 Ponderosz pine, sugar pine, Masseck, Plumss N,F, 1912
Douglas-fir, white fir

IIT T55 Ponderosa pine, Jeffrey Westwood 3/, Lassen 1913
pine N «Fa

III-IV 132 Pondercsa pine Lasco, Lassen N,F, 1925

v 561 Ponderosa pine, Jeffrey Lemon Canyon, Tahoe  132h
pine, white Tir N.F.

é/ Made availsble by M.B. Pratt, State Forester of (alifornla.

Censtructicn of curves

In constructing the system, the uppermost cwrve was derived
from the gulde curve Tor Site I by anamcrphoesis (5). For 8ite 1I,
several groups of data producsd wldely differing curves, The finel
curve for Site I1 is a free hand compromlze bebween the two silghtly
differing curves derived by anemorphaeils from the Site I and Slte IIT
gulde curves. The SBite V curve wos derived from the gulde curve for
Site IV,

Croice of the Site Scale

Slte range

Chelce of the site range fer the reglon was neceszarily &
somewhat arbitrary procsdure based on practices already proved to be
convenient and useful, but probable future requirements were not com-
pletely fgnored. The prevalling concept of siie renge has been strongly
influenced by cutting practlees in old-growih stands on natlonal forest
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lands since sbout 1906. The best sites, however, are in private ownen
ship, and the very creem of the private old-growth tinmber doubtless

was logged prior to 1906. More recent studles of yield and messurements
of plling in second-growth that followved logging between 1860 and 1880
show clearly that there is much forest land better than that we now
designate as Site I, Increasing activity in these second growih areas;
a5 well as greater interest In forest pracfices In the better private
old-growth, make it desirable to start the site scale at a higher level
than the present standard, 175 feet at 300 years. A falrly definite
reference point at the top of the range is the m=xwimum height thus far
measured--2L6 feet for sugar pine. The average for the upper limit
should be placed enough lower than this gbsolute maximum to insure
inclusion of a reascnsble portion of the territory in the first class,
This average has been set at 200 feet at 300 years. A new site class
thus is intreduced. %t the lewer extreme the generally accepted poorsst
site limit of TO to 80 feet for commercial timber sesms 10 be about
right., The average for the lowest class, therefore, has been left st
T5 Teet,

Number and size of classzes

Classes previously used. The number end size of the classes
into which the site range is divided also reflect deference to leocally
established practicas., In the first working plan for the region,
Bexrington Moore (6), in 1913, considered only three site classes
necessary for the Plumas Working Circle. Show (7), in 1925, for the
Eastern Lassen Working Cirecle;, recognized Iive sites defined by 20-
foot intervals in a range of 70 to 170 feest in the meximm height of
old-growth pondercsa pilne, In more recent yield tables for second
growth, as many as 10 site-index classes are recognized, usually based
on 10-foot helght intervals st 50 or 100 years. Ino national-forest
timber mansgement, {ive slte classes, based on 25-foot intervals, have
become rather Tirmly established, perhaps because seven of a proposed
regional series of volume tables (8) prepared between 1921 and 1925
were related to this scale,

Effects on existing site-class volume tables, The relation be-
twzen tree form end slte, which suggested the site-class volume tables,
Is not as simple and direct as expected. Partly for this reason,
tebles for the poorer siie classes were never constructed to complete
the regional series; but a new series, range-wide in scope, was con-
structed in 1928, under Bruce's direction, for ponderosa pine. The
slte range in this series was divided on the basis of merchantable
length in 16 foot logs, Unfortunately, the intervals were not readily
adapted t£o locel work, and the new tszbles for the better sites were
not genesrally asccepted, the loeal ones continuing in use. The nesd of
tables for the poorer site classes graduglly became critical and, as
an expedient, the Site IV and Site V ponderosa plne tables of the 1928
range-wide series were adopted for local Forest Service timber surveys

(9).




Range wide site-class volume tables also were prepared for
Douglas-fir by Meyer (10) in 1932, No consistent relation between
form and slte was apparent in the extensive Douglas.fir records,
which included some 7,000 trees frem 85 locations, As & conseguence,
Meyer made separate tsbles for only two divisions of the Douglas-fir
range~-the Cascade Range and the coast reglon of the Pacific Northwest,
combinirg Sites T, TI, and IIT; and the more irland distridbution of the
Sierra Nevads, the Blue Mountains, and the Rocky Mountains, embracing
Sites IV, V, and ¥I. The Californla records all fell in Site IV, The
gite-class scale in this case was the one previously used by McArdle and
Meyer (11) for second-growth Douglas-fir--30.foot intervals in the aver
age height of the dominant and codominarnt trees at 100 years. This
scale, alsc, was at variance wish Californis custom, end local practi-
ticners contlnued to use sn esxlier favorite, a general California
Table constructed in 1511,

Use of one teble for all sites also remalns the rule for old-
growth incense cedar, red fir, and scme other specles. Adding to the
eonfusion, mumerous tables have been preparad and used for second-
growth of all species without reference to site. There are in the
region approximately 90 volume tables for varlous specles, age classes,
products, end standsrds of utilization that are still considered of
some utility, Also, thers are nurerous teper tavles, some prepared
without regard for volume tables derived from the sems measurements, so
that volumss caleulated from the ftapers differ from the volumes computed
from the tablsa,

The confusicn prevaillng in the volums fable sltuvation 1s a
natursl consequence of much uncoordlnaned work by numerous persons and
egencles. Work on volume tehles, even though uncerrelated; probably
will continue; one reason being that apprajral methods require more
properly related volume and taper tables, The attainment of some
semblance of order is a remote possibility contlingen®, on support Tor
8 comprehensive fundamental study of tree form, Until genersl revi«
sions based on some unity of prineciple can be uwndertaken, further con~
fusion will be avolded by maiataining the present site-class scale.

Relatlon to yleld; even-eged stands. Yield and growth properly
should determine the slte scale, The presumed form-site relation was
able to usurp this prerogative becaume, urtil recently yleld tables
were vased on young even-aged, normsl stande., There being little of
such timber in California, and only miner use of what exists, the
tables and site scales received little attention. Growth records are
now avallsble for the more characterisgle undsrastocked forestis with
greas range in composltion and age.

Felatlon to growth; selectisn stands, Records in such stands
eovering a perlod of 20 ysars show Lhe usunl strong correlation be-
tween anmual growth in board feet and site qualiiby, ample Jjustifyling
distinction of several site classes. By chance, these records support
revaining the size of the classes alrendy used in connection with




volume tables, for they show that differences in growth are not
significanty for intervals smaller than 25 feet st 300 years. The
growth records for selection stands obviously do not cover the entire
site range, and 1t has been necessary to rely on the more comprehensive
height dsta In fixing the number of classes at six,

Relation between young- .and ¢old-growth scales

The pcssibility of easy cross-reference between young- and ¢ld-
growth sites is an important consideration in selecting & site-class
scale, Unfortunately, the curves ¢f a slte-cless system are not sc
glmply related as fo permlt direct reference by graduated intervals
from one index ege to ancother. The difficulties, as encountered in
young plantations, were discussed by 3ull (12) in 1931. The present
curves, adjusted tc a constant intervel of 25 feet at 300 years, inter-
cept intervals varying from 16 to 21 fest at 100 years, and 10 to 17
feet 8% 50 years. Conversely, if adjustment is made to the most com-
menly accepted interval of 10 feet at 50 or 100 years, the intercepls
vary at maturity.

Perhaps & desirable ultimate sclution of the difficulty would
be to abandon the equal interval, Presumably the most logical objec-
tive of site dfstinction is to group lands into equal classes of
yleld capacity. Sparhavk's committee recommended equal subdivisions
¢ the mean mnnual growth range at age of culmination. Usually this
would megn lettipng the height intervels vary. The prevalling practice
of grouping yleld plots asccording to a uniform height scale impeses
unequal differences in tabular ylelds for even-aged stands, In such
stends, a glven increase in site Index 1s accompanied by a greater
increase in yleld near the middle of the range than in either the
upper or lower porticns, In our mixed selectlon stands,; however,
periocdic annual growbth in board feet per acre fortunately does show
an essentially streight-line progreasicn with change in site, a
circumstance admi{ting equal intercepts for both growth and height
scales.

Site class versus site index

The tendency to favor equel helght intervals probably is a
consequence of adhering to the principle of the site index in pref-
erencs Lo the site class, Equal spacing cf the curves simplifies
reading & site-Index scale in feet. But acceptance of the index
principle tacitly invites site distinctions to the nearest foot
vith the implicatvion thet such fine subdivisions are practical and
useful. At best, site determination by helghi indicators is the
result of s series of approximstions based on perscnal Judgment,
and neither great accuracy nor censistency is to be expected. Al-
though small differences in average height can be detected by in-
creasing the Iintensity of sampling, the greater cost invelved is
not Justified by a commensurate gain in accuracy cf the growth
Tforecasts, Tor the reeson that height index explains only 18 per-
cent of the varlation in growth in thess selection stands. For
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most present-day forestry purposes, classes corresponding to about
10 feet at 50 years, 15 feet at 100 years, and 25 feet at 300 years
mey be small encugh. The scales proposed ners probably comes as
near as can be expected to providing such classes.

Beasons for the 300-yesy refersnce age

t]

Disadvantages of tallest tenth as rsference, The i{ndex age of
300 years has peen agopted for & number of reasons. The former
eriterion for old-growth was the aversge height of the tallest 10
percent of any trees messured. This was based on the assumptions

that the trees of the upper btenth would be dominants; that they would
be mature, or beyond the age of appreclable helght growth; that 10
percent would be encugh for & good averazgs; and that the uppsr tenth
would be a fair sample, Experience has brought cut the need for &
more discriminating seslection of dominants, notably Tor culled or cub-
over stands. Also, the taller trees automatically selected varled in
age from gbout 200 to over 600 years, and in this age rangs the height
increass is enough to ¢cause errors of a site class. As to reliability
of the sample averasge, 10 percent of whebever number of tr2£s heppenzd
Lo be availeble might be enough, top few, or 1ou many, witn accordiagiy
undesirable variation In the reliabllity of the site determinations.
Finally, selection of the upper tenth always results in classifying the
site too high becausze the sample includes only the exceptional trees
growing in the most favorable situations--lowsr slopes, Tlats, ard
depressions--not representetive of the entire Lract. The tallest

tenth criterion, therefors; was avandoned in Tevor of the average
dominant of determined age.

)

i

Curve position shiftad te middle of zone. Whils maxing this
changz, it was important to retain the familiar concapt of the site
classes and to avoid revising volume end otner fablszs. When zge-
helght furves wers drawn for the dominant tree=s on which the volums
tables are based, it was found that these curves intercepted approx-
imately the recognized site-class 1limits of 75, 10D, 125, 150, and
175 feet at about 300 years, Comparstively minor changes were n2ces-
sary to adjuat the sel of curves of these intercepts exastly. It should
ke noted bthat the change in reference {ram the tallest tenth bo averesgs
height at 300 years resglted in shifting the aversges for the zite-class
zeonzs a helf class dewaward. Thus, Slte 11, instead

of lying bLetween
150 and 175 Teet at maximum ages, with average about 162, now lies be-
tween 137 and 162 au 300 years, with average sbout 150 feet.

Mature dominants less varlables chan young. The 300 ysar refersnes

age 8ls¢ was [avored vegause ¢f the Tact that helght age curves zre
extremely varlable ir forp through the early age classes ineluding 50
and LOO ye=ars, Domibant irezes of 50 or 100 yrars that have growm under
gptimum stocking are much neaver their predestined ultimete helght than
those that have experienced more competiticon. e upper site index
curves derived exelusively from young dominant trees, espscizlly from
even-oged optlmum stands commonly chosen oy yleld tanles; spparently

1
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show absurd trenda towards lmpossible heights at older ages.

Certaln groups of trees in the present data that fall in s single
site cless on the basis of domlnsnt helghts at 300 years or older
would fell in three sites on the basls of the 100-year dominants

and in four sites with reference t¢ the 50-year dominants, Com-
parisons of the height deviations by age classes show that the
within group variation 1s no grester for the younger than for the
older dominents, The iInconsistencles could result from inelusion
of more than one site class in & group with the age-class distribu-
tlon restricted by silte--a very lmpreobsble tolncidence not supported
by cobservation, as mentioned before. The vagaries in form of the
lower ssetlons of the curves apparsntly rerflscet betwsen group varias-
tion in stocking and competition. In the limited instances where
yield fables for even-sged stands can be applied, the specilal site-
index curves on which the tebles are based should be followed with-
out attempting to translate one Scale into another. 1In the more
frequently encountered irregular stands, the cholce of older trees
near the 300-year reference age should sveid the larger, between-
group variatlons,

Disadvantages of high reference age can be gvercome. Dlgad-
vantages of the higher reference age are the scarciiy of well-formsd
older donminants, especially in cut-over stands, wlth the chances in
favor of their becoming even fewer, and the dirficulties of deter-
mining the ages of large trees. Although selecting sample trees near
the 300-year age class where possible will result in classifying sites
most nearly in harmony with present concepts, where only younger domi-
nants asre aveilsble, no greater errors should result in seleciion
stands from use of these curves than from curves referenced to 50 or
100 years. As cld-growth declines in importance, concepts of site
doubtless will change under the inf'luence of Increasing [familisxrity
with ylelds at the lower rotations, whereupon currently used tables,
as well as site graphs may be abandoned.

Where practicable, the site class should be determined while
felling 1s 1n progress s¢ that age counts on the stumps and the cor-
responding height measuremenis on the larger trees can be made with-
out having to use elther the increment borer or the hypscmeter. A
land subdivision record of sll site determinutions, perhsps on a key
map,; would prevent discrepancles arising from the personzsl variable
or cutting and other stand changes and would Insure constancy of the
old-growth detum,

Designations validate existing titles

The designations decided upon for the site classes require ex-
planation. Consistency In the endeavor to avoid confusion with re-
spect to existing tables and records requires that titles and terminol-
ogy ve msintained in effect, The newly introduced highest site class,
therefore, has been designated "Site A" in order to retaln the present
significance of Sites I to V. Both the Romen numeral and the sverage
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heights corresponding tc the classes nave comé into conmon use.

Since neither one alone is sufficiently deseriptive, it is suggested
that both be ineluded. Thus, from best tc pocrest, the ¢lasses be-
come Site A-200, Site 1I-175, . » » Site V-75. Sample averages should
not be reported to the nearest foot but should be glven rthe site
designation of the curve nearest along the ordinate for the ags, 4if-
ferences of less tnan 2slf & sive class belng ignored in application,

APPLICATION
The characteristics of the data and the methods of construction
as deseribed abeve should be relled upon mainly as a guide to applica-
tion of the curves., Scmething additicnal needs %o be sald respecting
limitations of territory, iypes, stands, snd sampling procedure.

Territory Covered

Although these curves are foumied mailnly on fr=es that grew on
the west slopz of thz Sierra Nevada; they should bes applicable to other
sextions of the s¢-called pins region such a3 the esst slope of the
Slerra; the Warner Mounlains; the voleanic plateau in northesstern
California; the Cascade System south of the California border; and the
northern inner Coast Ranges. The numid coastal redwodd réglon and Lhe
boreal spruce-{ir types of the northwest coast contain Dougles-fir, but
the trees theres grow on & grand scale not mebched on sites of the inte-
rior,

Forest Types

In epplylng thris size c¢lassificarion the term "mixed conifer”
in the tltle is to be lnterpreted Treely to intlude the multiple
combinations of ponderosa pine, Jeffrey pine (Pinns ég{freyi), sygar
pine, white fir, Douglas-fivr, and incense-cedsr, and the limitesd,
nearly pure stands formed by some of these species,

Cheracter of Stands

welectlon and even-aged

The curvis are intended primerily for the so-called selgotion
stands wherein the age classes are usuzlly represented by tree groups
cf varylng size, For extenslve general surveys and comparisons they
should be sultable glso for the sven-aged stands sneounteresd. True
even-agad standg are gomparatively rare and are usually of smell ex-
tent. For the more important of these excepticnal stands, special
yleld, volume, and site-index tables are avallable and should bz used.

fCut-over stands

Zome rather mesger records support the beliel that curves based
on dominents reserved after light or moderate cuttings will have the

o



sazme form and will yield the same site-class values as curves based
on the original stand. This apparently is not true where cutting was
heavy and the reserve 1s less than 20 percent of the original volume.

Density of stocking

Density of stocking in relation to site determinstion merits
careful consideration. Height growth is normal in moderately stocked
stands and is spprecisbly subnormal in both extremely dense and very
OpEn sStanas (l13J). COmMpLeLE dependence On uhe LELERL INQEX UNAvOLJabLy

results in confusing, to some extent, variations in stocklng with
changes in site quality. This probably explains, in part, ‘the anomaly
apparent in normal yleld tables-«the progressive increase In number of
trees to the asere for a given age cless as site guality dsescreases.

Safe 1imits in the range of normal stocklng for site determination can-
uot be specified for selection forests. The only normal density indi-
¢ces available are for even-aged stands and, as suggested above, these
indices themselves are dependent on the height scale., Also, the degree
Lo which extremes in density affect height growth is not Xnown, even

approximately, for any of cur specles. Furthermore, it 1s often not

enough to know age end density at the moment of site determination--
the history of stand treatment azlsc is Important, TFor example, thinly
spaced dominant trees, isclated but & short time by cutting; provide
satisfactory lndlcator samples, whereazs long isolated or naturally
sparse trees do not.

Thus success in selecting heilght samples that are reasonably
free from the influence of sbnormal density depends mainly on ilndivid-
ual experience and interpretatlon., Extremely dense, stagnated stands
as well as extremely thin orchardlike stands can be evoided. The
younger groups snd stands in the throes of competition are perheps
most sensitive to overstoccking, are most variable, and hence, least
relisble, Sampling several sge groups 1s desirable and, when dis-
parities are ohvicus, the site indiecated by the older groups is o
be preferred.

Sampling
Importance

Obtaining sample indicators that are satisfactory for sub-
dividing land into site classes deserves more thought and planning
than are commonly devoted to the procedure. Errors and inconsisten-
cles are prevalent and of seriocus proportions. Adherence to the
long recognized fundamental principles of sampling would prevent
the more serious mistakes: Beyond thils, few specisl procedures can
be recommended for the reascon that the Torm of distribution of site
quality and the factors contrelliing it are not well known. Two
aspects of the sampling problem are discernible-~the one having to
d¢ with size, shape, and other characteristics of the land sub-
divisions,; or getting good averages for the site qualities; the
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other concerned with behavior of the indicator specles within s given
site quality. Less 1s kuown about the land especls--scmewhat more
ebout the trees.

Preseribed conditicns

Par larger tracts, it f{regueatly happens that the nature of the
subdivisions for which site ravings must be made {8 unknown until after
an extensive survey is completed., Type, age class, snd other bound-
aries may be Tixed by mapping as the survey progresses, or may not be
determined until after the notes are compiled. In such crulses, the
site indicator measursments are taken concurrently with the stock and
othar data. With these prescriptions, the best that can be done by
way of plenning is 1o lnsure encugh records of zdeguate distribution
for the mest exatting of reasonable subdivision schemes.

8mall plot work introduces the simpler problems in size deter-
mination. Here the land aspect merges with the indlcator phase about
whicn mest is knoown, for there is little chance of a small plot's cen=
taining more than one site quelity, end sge ¢lasses and {ypes are re-
stricied. It 15 necessary only to sample the indfcator trees. These
are the condltlons representaed by our basiec data, A study of varla-
tion therein serves as a guide to tne number of trees that should be
messurad, With due ellowance for height-age regression, 5 1o 15 trees
are enough t¢ detsrmine the site correctly 19 times out of 0.

rezl unit of sampling

4 sampling procedurs is suggested by the simplest case of the
small plct. If we can ggree upon ibe dimensions of some small plot
to use es & stendard, or sampling unlt of site gquality, the indlicator
can be sampled within thesz unlts by taking 5 to 15 trees in each, es
noted above,

The sampling unih_should te skall encugh to svoid including
t0¢ Iregquently more then one site. Too small a unit ln gpen stands
freguently wculd not include the minimum of 5 Indlcaztor trees. Very
smzll plats also would muliiply excessively ths nunber of troe samples
required, Experience in plot work shaws that suyuare trzcts up Lo 10
acres in eres, with slte range less then & ¢lass intervel, =2re of com-
mon occurranes even on variehls topogravhy. Twenty- to 40-zcre plotfs
are feirly eazsy $0 Tind on the more uniform northeastern lava platesu,
Twenty acres is the smallesl unit for whieh it would be praciicable
t¢ keep sSeparate notes in cruilsing by the usual 10-percent coverage.
The long, narrow shape & such 20-acre rlots is not idsal, but it
would seem better Lo scoept this unfavorable feature than the large
size of 40 atres, the first ¢onvenlsnt square, Units of 20 acres can
be combined exacstly for most subdivisions conforming to public Lend
lines; and with compensating nonconformities for irregular subdivi-
slons., It 15 suggested, therefors, that the 10 x 20 chain, ZC-acre
tract be accepted as the arcal sampling unit for site quallty and that
the Indicatar sample he selected on the 1 x 2D chain strip in 2ach unit,
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Selecting areal end indicator samples

The ordinary timber cruise 1s a systematic survey, The ed-
vantages in economy and accuracy of systematic strip sampling have
been demonstrated for determining volume (1L) and area of irregular
types (15), and by inference, the same system should be satisfactory
for collecting the areal, or site quality sample units. With regard
to the indicator sample, eny routine asdopted should favor randomness
with respect to age classes and species as well as uniform distribu-
tion along the strip. These conditlens probably would be satisfied
approximately if the one most sultsble tree nearest the compess line
were selected in each li-chain interval of a strip. Schumacher and
Chapman (16) cmll attention to the bias in favor of open-grown trees
introduced by this method of salection. For present objectives, the
averages probably would not be affected sppreciably. The tendency
would be counterbalianced to some extent by suggested precautlons to
insure dominance and moderate stocking,

Cholce of true dominants

The sample trees should be true dominants (17) relative to
gther {rees of the sams sge class, If the Reglon § tree classifica-
tion (18) is followed, the trees should be from classes 1, 3, or 5.
The term "dominents" should not be construed to include codominants,
&s scmetimes is the practice. The zdmission of codominants was

favored by Sparhawk's committe#, The inclusion of codominant trees

incurs the additional obligation of insurlng representation ol the two

crown clssses in the sample in the same proportlon as they occur In

the stand on the sample area. It is not practicable to do this con-

currently with cruising mixed, group-selection stands where the pro-
portion changes rapldly with age, composition, and stocking. For
crulses made with the intention of using the loecally developed growth-
predicting mechenism, only the dominants need be distinguished in the
records} hence reliance on this c¢rown class for site indicetors
avolds & speclal tally. The dominants are usually easy to recognlze,
whereas the admission of codominants is conducive to quibbling over
marginal trees and leads to inconsistencies in site classification.
Since the codominants compensate in no way for thelr disadvanteges,
nothing is lost by their exclusicn, Dscision as t¢ dominsnce Is
simplified by picking the trees from groups. Here the crown-class
relation g most obvicus and there 1s apt to be evidence indiceting
whether dominence and moderate stocking have presvailed from the
beginnling.

Age determination

Determining ages of the sample trees can be reduced to a simple
procedure practicable even for most cruising, This iz true because
relatively large errors in age of 12 to 30 perceni introduce small
risk of missing the site class; consequently the oumber and length of
borings for ring counts can be reduced considerably by resorting to
partial or caorplete age estimates.
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Permissible errors., The range of error in age admissible with-
out missing the site ¢lass increases with increasing sge end wilth de-
craasing site quallty, Because of the form and relation of the cQurves,
negative or low estimates of age are more to be guarded sgainst than
positive errors. As a rough gulde, the maximum allowable negatlve
depertures fram certain sge-class averages are shown in table 2.

Age from borings at breest height, For trees 100 years old or
younger, where ring counts will usually be necessary, the redil will fell
within the span of the incrament borer except on the best sites. For
the larger trees, counts from the longest corss atuainable msy be supple-
mented with sstimatess for the remalning sectlons of radlus. This will
involve attention to such detalls as measuring dismeter, single bark
thickness, and core; calculating the remalning sectlon of radlus; esti-
mating the rings therein; and adding estimetes and core count.

fge counts from borings et breast height must be converted to
total ages by adding the number of years reguired to grow to the heignt
of k.5 fest. The time vearies from about 6 1o 16 years eccording to site,
but to make & variadble edjustment would reguire an undesireble prelimin-
ary estimate of site quality inself, It would scem least prejudiecisl to
the final estlmate if & constent conversion factor, such as 10 years,
were added,

Age estimates, Wnen refinements are not advisable, where the
timber ls very large; or for olher reascns estimstes of age must be
relied upon entirely, indlcstior trees should be Tavored that are near
the referance age of 300 years where errors of 20 to 50 percent are
permissible. If clrcumstancss reguire using the average height et the
estimated mean ege for a whole tree class, clsss 3 or class 5 iIs to be
preferred. 1t 1s sometimes the practics to enter the curves wiith ths
average helght of the class 3 trees at the 30C-y=ar upper limit instead
of the average age. This mey result in missing the site c¢lass if the
quallty is high. In one instance of rscord whers tres classifications
and ege determinatlons were made indspendently on the same large treeg,
32 class-3 plnes averaged 251 years old, end 158 class-5 plues averaged
348 years. Wnen resorting to estimates of age, it i1z well to remesber
that ponderdsa pine and suger plne are less deceptive than white Tir
and Douglas-{ir, Errors were compensating for the plnes but tended to
be positive for the otaer specles,

Specles indicators compared

All four specles aspparently may be used safely, without distinc-
tion, as site indieaters. It should be noted that thls conclusion is
centrary to earlier recommendations. Schumacher (19) in hls study of
wnite Tir ylelds, conecluded that sugar pine domlnentz {n even-gged
stands 43 to 150 yeers old were shorter than dominants of the other
speclies by 2 to & percent. The earller study (3) of mixed, aven-aged
second growth, besed partly on Schumacher's plots, apperently affirmed
this conelusion, disparities belng reported as large as 10 percent.
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Table 2,--Maximum negative departures {rom age-class averages
allowable withoul errcr in site determination

Agez nlass, years

s

50 ; 100 : 200 i 300

% ss 4 &5 m%

Site class Negative dspartures, years
A - 200 6 16 35 65
I~ 175 & 15 Lo 70
IT - 150 6 15 Lo T5
IIT - 125 6 16 L5 90
IV - 100 T 16 50 110
Vo 75 g 20 T0 150

Results of the present old-growth study, more recent information from
permanent plots, and review of the earlier second-growth records lead
me to believe that the conclusion is incompetlble with behavicr of the
species and that a distinction between them is not Justified.

The records for the older timber used in this study show that
sugar pine is, 1f anything slightly taller than the other species at
comparable ages, but the differences between the four species are not
large or conslstent enough to be aceepted as significant or important,

Regular observations of numbersd Lrees over long pericds indlcete
that sugar pine, once behind in the race with fir, centinues to deecline
if unassisted. Superior trees in older stands usually have been domi-
nant from the Tirst or were released sarly in 1life, If 1s well estsb-
lished by thousands of measurements that sugar pine in mature milxtures
does attain maximum heights above any of its common associates, This
fact is not to be interpreted as preoving its sbility to ocubstrip other
trees in fair competition, for the tallest sugar plnes exceed in sge
the tallest trees of the other specles from a few to as much as 140
Yeoers,

The inferences that might be drawn from uncritical comparison of
the second-growth and old-growth records have importent management im-
plicetions. If it wers ftrus that sugsar pine, sven though subordinate
in young stands, could improve iis positicn, eventually becoming domi-
nant by surpassing in height growth such competitors as the more {ol-
erant white fir, out whole concept of mixed-stand silviculture would
have to be revised. The unnaturalness of the conclusicn that the
comparatively intclerant pine could be consistently shorter than fir
end still be dominant suggested some fiction in the ¢rown classifica-
tion, This suggestion was supported by the recollecticn that the
dominants were to be the tallest trees by specificetion; hence, an

1%



impartially selected fraction of them could not logically average 10-
percent shorter than the whole. For these reasons, instead of adopting
the simple expedient of omitting suger pine from the site sample, the
second-growth records were reviewed.

This review indicated that the apparent disparity in height be-
twean the species resulted from an inadvertent bias in the fisld
m2thncds used in the mived sscond-growth study. This blas entered
through unintentional shifting of the criterion of dominance betwsen
the species. The intention was to measure heights for the dominants of
average diameter. Unfortunately, in practice the diameter of the aver-
age domlnant was taken independently for esach specles rather than for
zll on the plot as a whole., This procedure operated to the disadvan-
tage of suger pine, because this species was nearly always a minor
component of the stands &nd, in the 50 to 60 year age-class where most
of the plots were concentrated, was begimning to suffer severely from
competition with fir, Thus, sugar pine was poorly represented in the
upper range of diamsters. As a2 consequence, falling sugar pines of
smaller sverage dizmeter were pitied against larger firs higher in the
scale of dominance. When a comparison was made for 61 plots represen-
ting age classes of from 45 to 125 years, where helghts of all species
were measured at the same points in the range according to the criterion
of equivalent diameters, sugar pine domlnants averaged §7.0; ponderosa
pine, 86.2; Douglas-tir, 83.2; and white fir, 84,7 fesct. These dif-
ferences are not largs engugh to exclte serlous concern in making the
rather general site distinctions contemplated, Evidently the species
may be averaged together provided the definiiion of domlnances is sp-
plied impartizlly.

Incense cedsr, an almost constant asscelate of the four speciles
discussed here, often exceeds the others in numbers but is always in-
ferior %o them In stature. On cut-over land where defective cedars
are sometimes the only remaining trees, ons should not plsce dependence
on this species as a site indicator.

Accuracy of measurements

Height measurements should be madse within ressonshls limits of
Instrumental error--perhaps about 2 percent. This can be accomplished
easily wlth the Abney lsvel and tapes

Indicator trees to be of normal Torm

Trees with normal undamaged tops should be selected for the
sample height measurements. The cholce need not be restricted to tress
with polnted crowns., Older round or flat-topped trees sre admlssible
where {he condltion results from naturel decline in helight growth

rether than from forking, breskage, or mlstletoe and insect damege.,
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Number of indicaior trees required

The pumpers of Sample trees pecessary for averages of ospecified
reliacility are zpproximately equal for the several site classes,
with respect ro age, beczuse of varying width of the siteclass bands,
the pumbers required decrsgse rapidly from 50 1o 150 years and are
then fairly conszant to higher age clagsses. Thke Tlgures in table 3
fer Site 1175 and Site II1--125 are indicative of the numbers of
trees necessary for all sites at various ages to insure averages that
will fell ia the proper site-class zemes 13 out of 20 timss, These
numbers are 1o be considered as mirims where ages are known within
limits of 1 vo § yeers,

Caleulating the indicator sverage

In combining messurements for a general site indicator, deci-
zion as to the site c¢lass will be expedited if weighted asverages are
used instead of curves plotted from +the sample trees, Welghting
should be accomplished through reference tc figure 1 by multiplying
the heighy in feenv of the nearest curve at refersnce age 300 by the
rumber of trzes in the site-class zone. The combined indicator
should be reported by the designaticn of the nsarest sitew~class

urve rather than by the actual average in feet. For example: If
the eges end heights of the sample trees on & 20-chaln strip were
100 years x 80 feet, 210 x 122, 200 x 127, 255 x 112, end 105 x 90,
the indicatsr average would be '

(b x 123) +« {1 x 130) eor
5

130 feet, and the site class would b2 reported as TIT-125,

Merchanteble length not a substitute for toital height

Merchantsble length, or height to a Tixed top diameter, is
requently used erronecusly in computing site indicalors, A coummon
fault is to convert the number of 1lé-foot logs to Teet, add some
number for the average length of top sbove the fixed diameter, and
use the sum for reference to site-~class curves based ¢n totsl height.
The troutls with this procedure is that proper average additions for
top lenguh are practically indetermirate, The top section varies with
species, tcp diameter, merctantaple height, sage, dlamster at breast
heignt, and with the obJect of estimete--slte qualivy, The attenpied
correction therefore impliss & prejudicizsl advance estimaze of site,
A related mistske is Lo use interchangeatly slte-class scales in
equal intervals of merchantable lengtr and sgual intervals of total
height.
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Table 3.--Number of sample trezes required for height averages
indlcating the correct site class 19 times in 20

Age cless, years

- . . -
- - - . =

Slte : 50 : 100 : 150 1200 : 250 & 300 : 40O : 500 : 600
e == m == === Number of LIr2€s = = = = = = = = = = -

I-175 1k 11 8 7 7 é 6 5 5
IIT - 125 18 10 9 6 5 5 5 - b

It may be supposed that one could prepare merchantable height
curves intercepting variable intervals ab the reference asge &nd so
correlsated with the egual-interval total height curves as 2ot to
change the concept of site in terms of predicated ylelds. Q(ne obJjection
to this propessl is thaet for mixed stands more than ¢me set of curves,
perhaps one for each specles, would be necassery.

The use of merchanteble height for site reference in any manner
is probebly et verliance wlth the height-indicator principle. Resort
to the utilization standard implies a shift in the biological concept
of crown c¢lass and fpvolves g departure from the definition of dominance.
Regardless of popparent convenlence; converting one standerd to terms of
the other is an unscund procedure., In the long run, it will be feound
more efTlelant, more consistent, snd more nearly accurate 1o measurs the
total heights in the Tileld especially for site determlnallon,

Site Classification is Justified as = Speciml Project

In truth, where land is nct alreedy well classified, making site
determinatlon a speclzal undertaking will pay dividends in better forest
menagement. Sharp distincticn of the mors productlve areas will eid in
correcting the pravailing almost indiscriminate distribution of afTyrt
to the good; the poor, end the indifferent sclls alike which charschera
izes the pcor rmanegement of pilcnear forestry. Dlsparsel of forcsse-g
little everywhere but nowhere 2ncugh--cennot stem the tlde of draln
from fire, insecis, disease; orush invasicn, and lrprovident cuttlng,
Intensification of forestry can be accomplished at no greater cost by
localizing the effort. Site classification will show where.

SUMMARY

Site classification curves are presentsd (figure 1) for the
rixed-conifer selectlon forests of the Califorala pine region, with
enough description of data and methods of preparation to snabls correct
epplication. The cbject 15 1o establish = single criterion of site as
nearly as possible llke the one now i{n use for volume swrveys; Erowtd
forecasting, snd other foresiry work.
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The clessification is based on the helght-age relation for
dominant trees of one or more of the four specles, pcnderosa pine,
suger pine, Douglsg-fir, and white fir.

The site range is divided into six classes represented by
25-foot intervals of averasge totel helght of true dominents at &
reference age of 300 years. This scale dlvides the range in pro-
duction ¢apacity by squal intervels of periodic annual growth.

The site classes are designated, from best to poorest, A-200,
I-175, &« + » V=75, The curves define the midlines of the site-class
zones,

The territory covered includes the Slerra Nevada, the lava
plateau in northesstern California, the Warner Mountains, the Cascade
System south of the California border, and the northern imner Coast
Ranges, but not the redwood or northwest coastal sectlions.,

Types for which the curves are adapted include varying com-
tinations of ponderosa pine, Jeffrey plne, sugar pine, white fir,
Dougles-fir, and lncense-cedar, and the limited, nearly pure stands
formed by some of these species.

The classification 1s Intended primarily for the irregular,
grouped selection forests but for general plans and surveys may be
applied to the occasiocnal even-zged stands encountered, It is un-
gultable for extremsly dense stands or stands that have always been
extiremely cpen. It can be used on cut-over land with mederate to
heavy reserves where some true domlnants are left.

To obtaln the general site tlass for a large tract it is
suggested that areal sempling units not larger thasn 20 scres be taken
systematically. A minimum sample ¢f 5 trees, obtained by measuring
one well-formed dominant nesr the reference age for each 4 chains of
strip, apparently would give the correct site class for the mreal
unit 19 times in 20.

The number of sample trees of determined age per areal unit
required for height averages in the right site class 19 out of 20
times varies from 15 at 50 years to 5 st 300 years. Heights should
be measured with an Abney level and tape. ARges should be determined
to the nearest 5 years if the trees are around 50 years old, but
errors as large es 60 years are permissible If the trees sre 300
years old or clder.

Merchantable heights te & fixed top dilameter cannot be con-
verted satisfactorily for reference ¢ this site classificetion.

Site clsessificaiion, by showlng where to localize effort,

contributes to intensification and gresater efficiency in forest
management,
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