
The Relationship of Site Index to Synoptic Estimates of Soil Moisture
and Nutrients for Western Redcedar (Thuja plicatal in Southern Coastal
Brit ish Columbia

Abstract
\\t describcd lhc paltcln ol ne.rn \ite index and the associalcd \uriadon ir site index of westem rcdccdar (Irrl.//l.dln Dorn. ex
ll.I)on.lr rclalion tu calegorical lariables olsoil mojsturc and nulrienr\ irs identified b! the ilcld procedures ofthe biogeoclinraiic
ecoslslcn chssilicution. Additi()nally. !le conrparcd the site index of \\'estern redcedar 1() rhal of wesrern hemlock (7ru(.1
,.../r/r)/l.r {R.rL) Sarg.). \!t \ampled 105 pkns lion *rnds having $'estefn redcedar as lhc najor tree species. The plot\ wcre
drstribulcd $ilhin elch of t$'o climates. a drier alrd a $crrcr cool mesothefnral climate in soulh coaslal British Columbia. Sixt]
three plols had bolh weslem redcedaf and western hemlock a!ailable fbr comparisons. Heights and agcs were neasured on fivc
dolllinani rees o a 0.0:+ h,t plol, and ihe heighr aI a base age of 50 ycars !r'as calculated to g;ve site indcr. The highesr wesrern
redcedar !ite indc\ occurcd on sites identified as havins no moisture deficit of excess and high nitrogen a!,tilabilit). Site index
decreased on \itcs idcntilied b)_ fleld procedures as being oulsidc lhis optimun moislure and nutricnr conditid. The mean siie
rndcx r"as signiiictrnllr grerter in the drier cool esolhcrnal climate rhan the \l etter coo l mcsothcrmal clinate on sires idenijficd
i5 ha!ing sinilar soil moistufe.rnd nutrient condidons. Climrte appears to hare a large ciiicl on site index. therefore. on similar
soil conditions the \ite index ofwesrern rcdccdar lnr) be highef in the \ourhern ponion olits range iD the United Srarest and lower
irr nor|h coastrl B.C. lLnd southeastern Alaska. Or sites \i here both \iestern redcedar and $cnem hemlock $ere sampled. thc site
indc\ ol $ crtcm rcdcedru u as consisrently lo$'er Bascd on a notthwrud tfend. \\'e nrav predicl thar in southea(efn Alaska thc sitc
index \'alucs mr\ be larger fir u estem redcedar comparcd 1() western hemlock. while in \\ashinglon uDd Oreson there may bc an
e\,en grearer srre iidcr of weslern hemlock oler r\estern redccd& rhan repofied hefe.
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Introduction

Where tinbcr production is the management ob-
jective, knowledge of the rclationship between
the potential productivity ofpossible tuee specics
t , ,  r  r r i ,  ru .  l c r  e l .  n i  l i gh t .  heat .  nu t r ien t .  n r ,  ' i . tu re
and aeration is ncccssary tbr decision making on
a species and site-specific basis (Klinka and Feller
198:l). For erample, lbreste$ need to decide which
t rce  .pec ic r  I i ,  u \e  J \  f i !ene la t ion  lo r  r  p l r t ieu-
lar haNested area to obtrin maximun sustain
ablc procluctivity. Sirnilarly, when naking deci-
sions whether to apply various silvicultural
treatmenls such as spacing or fetilizing, foresr
ers need to decide rvhcther the potential produc
tivity of a particular site warranls the cost.

In British Columbia. site indcx (height ofspeci-
fied dominant hees at a ret-eretce age. and fic
most wideLy accepted indirect cstimate ofpoten-
tial foresl productivity; Mader 1963; Tesch 1981),
is used to develop ploductivity relationships with
site units derivcd f'I1)m the biogeoclimatic eco-
sl,stem classification (BEC) (Pdar et al. l987).
This classitication is curently used as an eco-
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logical tbundation for all si lvicultural activit ies.
and the categorical measures of soil nutrient and
moisture conditions have been used to describe
and predict site index fir Douglas fir(.Pseudotsuga
mcn:le-sii) (Klinka and Carter 1990), westcrn hern-
lock (Tsuga heteropft-rllc) (Kayahara and Pearson
l996) and Sitka spruce (Pirc.r sitchensis)
(Kayahara and Pearson 1996). These investiga-
tions provide a description of mean site index,
infening potential tinrber productivity, and asso-
ciated variation in site index fol various combi-
nations of soil moisture and soil nutdent condi-
tions. This papcr reports the results for wcstern
rcd,cedar (Thuja plicala Donn. ex D. Don.).

The objectives of this study were to (l) de
scribe the pattem of mean site index and the as-
sociated variation in sitc index of westem redcedar
in relation to soil moisture and nutdent classes
as identif ied by thc field-procedures of the
biogeoclimatic ecosystcm classif ication: (2) com-
pare the site index trends tbr western redcedar
betwcen a drier and $'etter cool mcsothernal cli
mate: and (3) compare the sile index ot western
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redcedrr to that of western henlock (Isa3n
hereroplrI Ia (Raf.) Sarg.)

Methods

Study Area

Thc sLudy sites were located in southern coastal
Brit ish Columbia (latitude .19"20 N. longitudc
122"35'ro 123"05'W, clcvation 160 to 295 n).
Plots *ere located in dry marit ime and wet mari-
t ime cool mcsothennal clinlates as delineated by
ihe Dr)'Madtine andVery Wet Maritimc Coastal
Western Hcmlock subzones (CWHdn and
CWHvm respectively) of the biogeocli matic eco-
system classitication (Klinka et al. 1991). Thc
cli lrate ol the tw(r areas in this study is charac
tcrized by cool $,et summers rnd mild wet win-
ters, although hot clry spclls arc more frequent in
the ddef area (CWHdm) (Meidinger and Pojar
1991). Mean annual prccipiLation is 1827 mm lbr
the dricr area (CWHdm) and 2787 mm 1br the
wetter area (CWHvrn); the mean rnnual tempera-
ture is 9.E"C for thc dricr area and 8.2'C for the
wettcr area (Environment Canada 1982). The
stands jn both subzones originated l iom logging
during the early 1900's tbllorved by tlres. The
Datural regeneration that followed resulted in rela
tively cxtcnsive areas of even-aged \l 'estern
redcedar stands witb a minor component of Dou-
glas-tlr and $estern hemlock. Natural regenera
tion of a large conponeDt of western redcedar
aftel l lre is unusual f irr coastal Brit ish Columbia
whcrc post-l ire regeneratiou includes prinrrri ly
DouSl i rs - l i r . rn , l / , ' r  ! \  \ ' : l c r  n  hcn t lo (k .

Samp ng and Statistica Ana yses

The population sampled consists of all naturally
established. unmanaged. imnature. even-aged
\ l : lnd .  \ \  i l h  ue ' te rn  re t l ie , l . r r . r .  i r  L l , ' rn i | l . r r l l  :pe-
cies rvhich arc accessible (500 n on each side of
access loads with a 20 m bufltr strip adjacent to
roads). PotcnLial candidate stands were previously
idcnLified b,"' ar established map tor the dlier area
(Klinka and Krajina 1986.) or by a prc-sample
reconnrissancc firr the $etlerarca. The study st,nds
ranged rvidely in age (Table I ) and were uniformly
stocked * ith a rclativcly unilbmr. single tree layer
which l-eatured dominants of onc or both study
species. ln ordcr to avoid observer bias jn choos-
ing sample plots. we rvalked through the candi-
date stalds. and the first plot nlccling the criteda
1or site index dctcrmination (lelatively unifbrm

T,\BLF L Rangc and ean of srand age ar brea\t herght
(yexr\ ) . rnd s i te index ( |n rLt  50 yerfs bfeast  height
age) 0f the stud) slands.

Species
Chafacleri\tic R. rre

\\estern redcedar
Srand agc 0ears)
Sire index (m adl  50

) er |s D.n.  rgel

\\'estern hemlock
Stand agc (ycars)

Si te index (m @ 50

( n  =  t 05 )
t7  88

t3  0 ,33 .8

(n  =  6 l )
. 10  l l 2

19 .1  36 .5

in soil, untlerstory vegetation. and tree la,verchar
acters. unifbrml)' stocked without a history of
damage or suppression) was chosen 1br sampling.
Results thus apply to the population of all plots
mccting the critelia fol site index with westem
redcedar as the dominant species within 500 m
of either side ol access roads in thcsc lwo par-
ticular areas.

One hundred and five sarrple plots 0.04 ha in
area (20 m x 20 m) wcrc cstablished in thc candi-
date standsi .12 plots had rvestern redcedar onll
and 63 plots had in addition to wesleru redcedar
a component ofwestem hernlock suitable tbr site
index estimates. The distribution and sample size
of the plots is givcn in Table 2. Topographl. un-
derstory vegetatiol'r, and soils ofeach sample plot
u,ere describecl using thc site diaglosis procedure
outlined in Green and Klinkii ( 199.1). Sites were
iJent i i ie t l  t , ' , ,nc , \ l  \ c \cn  'o i l  r ro is lu re  |ep i rnc .
(SMR) classes framed along a soil moisture
gradient ranging fiorn sites having a prolonged
water deficit (very clry.) to silcs having no walcr
delicit (fresh) to sites having a \\"ate[ excess (wet)

ancl one of f ive soil nutricnt rcgines (SNR)
classes framed along a soil nutrient gradient rrnging
from sites hrving low amounls of available ni-
trogen (\'ery poor) to sites having high amounts

TABLE 2.  Di \ l r ibut ion and st t lnple s i reofstudy stands by
species.rnd bioscoclin]alic subzonc.

Sper ie\
Suhzone

CWHdn C\\H\n T0lr l

70 l i)5

.1.1 63

35
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ol available nitrogen (r'ery rich). The combina-
tion of SMR and SNR fbrms a cell on an edatopic
grid (see Table 3 tbr aD example). ldentillcation
of SMR and SNR rvas bascd on a heuristic syn-
thesis oftopographic and soil morphological prop-
efi ies, alrgn]ented by inclicator plant rnalysis
(Klinka et al. 1989).

In each sample plot. the l lvc largest diameter
trees of each of the study species *ith no obvi-
ous evidence of grorvth abnorrnalit ies and dam-
age were nreasured fbr age at breast height, us-
ing an increment borer. and hci-qht, using a
clinometer. Site index was taken from height
growth tablcs of Kuruczr repofied in Mitchell and
Polsson (1988) for western rcdccdar and Wiley
( 1978) fbr rvestern hernlock.

For western redcedar. the mean.95% confi-
dence intervals tbr the mcan, standard deviation,
and 957r confidence intervals tbr the standard
deviation (using a Xr slalistic) were calculated fbr
each subzone and each combination of the SMR
tlnd SNR. and sunrmarized on an edatopic grid.
Fol comparison of thc two subzones. the mean
site index ofthe plots having the same SMR/SNR
cotnbination. \^crc tc.lcJ l ' , 'r '  t l i l ' t 'erenLes usinS .r
I-test. A comparisorr of site index between west-
ern redcedal and westem hemlock uti l ized the
subset of 63 plots \\"here both species were mea-
surcd on the sltme plot. The Pearson conelation
was used to relatc thc site index of the two spe-
cies and a paired comparison I test was uscd to
lest for diilcrcnces betu,een the nreans. The dif
ference in site jndex ofeach species oD the samc
p lo t  u  l s  c l l cu lu t r r l  rn r l  .u  r r rmi r i t  eJ .

Besults

In both subzones. the maxinrum site index oc-
curred on sites identilied by field procedures as
having no moisture dclicit or excess and high
nitrogen availabil ity (rnoist/rich sites). Site index
decreased on sites identif ied as having ( 1 ) either
an interred noisture def-rcit (very, moderately, or
slightly dry SMR) or moisture excess (very moist,
wet. and very wel SMR). and (2) inf'erred less
nitrogen availabil ity (r 'ery poor. poor medium
SNR) (Tables 3 and;1). The estimated population
variation in site index associated with various
cor.nbinations of SMRS and SNRs indicated that
. r l thuugh the  e \ t imated  . t i l ndr rd  der i r t ion  ur .
small. the contidence inten'als u'ere lalge lbr nost
cells on the edatopic -urid. The mean site index

was significantly greater (/r < 0.05) in the CWHdm
subzone compared to the CWHvn subzone on
most sites with the same SMR/SNR combination
(slightly dry/medium, tiesh/rnedium. rnoist/me
diunr, moist/rich). Signilicant differenccs were
not detected on the vcry moist/rich combination.

Comparisons of the site index of western
redcedar and western hcmlock growing on the
same plot showed: (l) the Pearson correlation
coefficient was 0.82; (2) the mean site index for
western redcedar q'as 26.3 m and for wcstern
hemlock 28.8 n, and the means were signitlcantly
dift 'erent (p < 0.001); and (3) on only onc of the
63 plots thc site index ofthe two species was the
same. and on only seven of the plots the site in
dex of westem redcedar was greater than west-
em hemlock (Figure 1).

Discussion

Due to a small sample size. the results reponcd
here should be considercd as prelimin;ry until a
larger data base is collected. However, in the
meantime unti l such a data base is generatcd.
operational needs must be addressed. Thus 1br
operational use we prgsent estimates ofnean and
standard deviation. and respectivc 957r contidence
inteNals ofmeasured site index tbrvanous com-
binations of SMR and SNR fbr tu'o subzones
(Tables 3 and:1). Forpreliminary use in areas south
and north ofthe vicinity ofvancouver. usels should
consider the influencc of even a small difference
in climate on the site index of western rcdcedar
growing on the same soil conditions. Therefore,
on similar soil conditions site index of wcstcrn
redcedar  mr1  bc  h igher  in  lhe  .ou lhem pon iun
ofits range in the United Statcs and considerably
lower in north coastal B.C. and southeastern
Alaska.

A larger sample sizc is necessary in sone cases
to gain a more precise estimate of the population
mean.  rnd  in  most  ea :c :  Io  Fr in  a  more  prec i5e
estimate of the population standarcl deviation.
Howcvcr. extensive gven-aged stands of wcstern
redcedar are rare in British Columbia. Where the
. . rmf le  . i /e  i \  l l r  e  o r  g  rea tc r .  the  mc i rn  e \ l  i rnJ l ( \
are relatively prccise. the mean conlidence inter-
vals being generally less than one mctet with a
1e$'exceptions. Howevcr. f irr sample sizes less
than five there is a dramatic loss of prccision with
relatively large confidence inteNals. Although
estimates ofthe population standard deviation were

Western Rcdee,irLr Site Index 169



Actual soil

moisture regime

Soil nutrient regime

very poor poor medium rich very dch

very dry
r3.4+5.4

0 .6
0 .3  -  19 .1

moderately dry
22.2+7 .2

0 .8
0.4 - 25.5

slightly dry
24.4+0.6

0 .5
0.3 - 1.4

n = 5

26.7 +7.4
0 .9

0.5 - 3.4
n = 4

fresh
29.7!0.8

1 .0
0 .7  -  1 .9

n = 9

morst
30.3+2.7

1 . 1
0.6 - 6.9

32.2+3.5
l-.4

0.7  -  8 .8

29.0

I

very molst
29.1+7.5

0 .6
0 .3  -  3 .8

n = 3

wet
16 .5

I

9 <  ^

TABLE 3. N{ean sile index (m @ 50 )ears bfeast heieht age). 19591 contjdcncc i cnal 0n). standard deviatron (m). 95t
conlidence i erlal lbr the standard derialion 0r). and sample size for each conrbination oi SN{R and SNR t'of
|!cstcm rcdcedar in the dry lnalitilne Coa\trl $'estern Hemlock (CWHdm) subzone.
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Actual soil

moisture reg'ime

Soil nutrient regime

very poor poor medium rich very rich

very dry

moderately dry

slightly dry
20.9

- - 1

22.0+6.3
0 .7

0.3 -  22.3
n  = 2

24.8+0.5
0 .2

0 .1  -  1 .3
n = 3

fresh
23.010.6

0 .5
0 .3  -  1 .4

24.7x0.8
0 .8

0.5 - 2.0
n = 6

26.2t0.7
0 .8

0 .5  -  1 .8

moist
26.3+0.6

0 .5
0 .3  -  1 .4

n = 5

28.3r0.5
1 . 0

t r_  /  -  r . i )

n =  1 6

very moist
21.8 27.9t7.6

1 t 7

1 . 1 -  3 . 7

27.5!0.6
0 .5

0 .3  -  1 .4
n = 5

wet
17.8+1.9

2 , I
r.4 - 4.6

22.5+0.5
0 .2

0 .1  -  1 .3
n = 3

26.2

TABLE '1. N{ean site index (m @r 50 }ears breast heisht age). 195-q. contidence interval (nt. staDdard deviation (m),95%

confidcnce intcrval fbr the standard deriation (nr). and samDle siTe ibr eac| co bination of SMR and SNR ibr
western redcedar sampled in the very $'eI maritime CoastalWtstern Hemlock (CWHvnt subzone.
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^ 3 6

'd  28

12 16 20 24 28 32 36 40

western redcedar site index (m)

Fisure L Site index conpafr$ns bet\{een \r'estenr redccdar
and $estern hemlock (n = 63).  The dashed l ine rep
resents a l ine ofequal  s i te index.

generallv less than 1.5 m, and all less than 2.0 m
(Tables 3 and 4), the upper confidence interval
showed that the population variation could be much
more. and again espccially where the sampJe size
is less than tive. At present if users wish to know
the consistency of the estimate of site index on
an individual site basis. the upperconfidence value
on the estimate ofthe population standard devia-
tion may make such an inquiry less reliable.

A shortfall of this study l ies in the identif lca-
tion of SMR and SNR tiom field measurable prop-
efiies rather than direcdy with soil chemical mea-
sures. However. during the development and
refinenent of the edatopic grid concept. SNR
classes were derived fiom actual soil chenical
measures (Coufiin etal. 1984: Kabzems and Klinka
1987; Klinka and Carter 1 9901. and SMR classes
were derived lrom a water balance nodcl (Klinka
and Carter 1990; Wang and Klinka 1996). Fur-
ther. Klinka et al. (199,+) have demonstrated a
relationship between the field derived SNRs rvith

Notes

Kurucz. J.F. 1985. Nlerric siteindex ublcs lirrrcdcedLrsrllllds.
N1acl\{ilhn Bloedel l-td.. \Voodland Scrr. Di!.. \amimo. B.C.
Unpubl .  Rep.
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measures of soil nitrogen in the central intcrior
of Brit ish Columbia.

For fbrest management sccnarios where tim
ber production is the prinary objective. practi-
t ioners may consider that the sitc index of west
ern redcedar was consistently less than western
hemlock for wcstern redcedff values fron 13.8
lr \ .r I .6 n r. Hr '$ e\ er. u nlikc intra.pe(il lc L., 'mnJri-
\ r ,n \  , ' [  \ i te  inder .  in te r ' .p rc i l - i c  e r r rnp . r r i sonr  can
not be extmpolated to comparisons of productiv
ity. The values are to be uscd in a growth and
yield model to generate comparative productiv
ity between the two species. Thcconsistently lower
site index for wcstem redcedrn compaled to westcn
hemlock diff'ers t}om that ofthe Queen Charlotte
Islands in B.C. (53'N latitude). wherc Green ( 1989)
fbund the site index of westcrn reclcedar to be
greater than western hemlock at site index val
ues between I I and 19 m. and thc same between
19 and 24 m. Based on this nofthward trend, we
may predict that in southeastern Alaska the site
index values will be larger 1br western redcedar
over rvestern hemlock, u,hile in Washington and
Oregon the site index of westcrn hemlock wil l
be largerthan westem redcedal by an amount even
-qreater than repo{ed here.
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