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Abstract
Trbuhr and mulrirariare !naL!.es uring suLiets of 1299 iarrples of alpnre. suhalpine. montane. and subrroutare. arhl. ( linax
r r 'g r ' ta t i i rn re l r1 te r l i l a r : r j sh landre fnen len to l t

a r r l  n ro r l i f t r l  | v  s r rbs(Not  r ro rkers .  Thc  rv jsh  conser rc i l  the  er is t ing  lour  b iogroc l imr r ic  zores  (Coa l ta l  Doug las  l i r .  Coas t l l

\\ rstr:n HemLock. llountair Hemlocl. and llpine Tundra) but nrcrea-.ed the nunrber of -{rbzone! fron trlo to te! nr th. (i,asrul

\\.sr, rr li.rnrlocl, zone. fion nm to four in the lfountair Henrlock zone and reduced the nurnber of drbzone! froDr two t,) on.i
i n  r h . O , r s l u l

l n n g ] h l . , l ' ] . 5 r . d \ ! 1 l r n r s . C 1 i r l a t n ' d a t a s r g

t i re r ta l i t \ .  l ) f t f  i t ) ; la t io . .  0d  t , r r t r . f  r tu r . .

Introduction

Iliogeoclimatic ecosvstem classilication (BEC).

recenll \  rcvic cd bl.  I ' jojar er al.  ( i987). is uscd
both as a rcscarch and fole,(t managemeni tool in
Brit ish (blrurrbia. This papel i i rcuses on zonal
classif icaLion oi thr: IJEC slslcm. aL which eco-
srstcms alc organizcd ilto bioElcoclimatic subzones
and zones a( 'ofding Lo sirni lar i t ies in legional
dnnatc.

\'lanl ecologicd classiiications hale orgalized
ecosvsLems dccor(l ing lo regiorral cl imatc. Solre
classif ical ions arc blscd on thc lcsults of cl imatic
nrrnlvsis (e.g.. Rauschel l9l l4. vl ln (;roener\,oud

1984,. I)cnton anrl Barncs 19BB) r, ;hi lc othcrs havt:
aclc,pted the zonal or cl i lnatic cl ima\ concept to
dcl incatc lcgiolal cl irnates (e.g.. Kraj i la 1965.
Daubenrni le l96l l .  Damman 1979. Bai ler 191t8).
In thc lr t tcr appr-oach. vcgctat ion is uscd as a sul '
logate Ibl climate. The BEO s_rstem uses the zonal
concel)t  and the \egeLatiorl  of zonal cl inrax er.o-
slslcms lo franrr: biogcoclimatic subzoncs - classcs
of ecos\slenrs each presuned Lo be inf luenced bv
roughlv the -sarne ciimate. Zonal ecosrstems :rre
those  i r r  wh i ch  Lhe  i nLeg ra led  i n f l ue r r ce  o l c l i r naLc
on lef(etation. soil. rnd other ecosystern com
ponents is rnosl -rlrongll erpressed. (llitrate inllrr-
edces ecosvslems mosl stfonglr i l ' i ts effccts arr:
modif icr l  as l j t t lc as possiblc bl r l istulbancc. local
topograph\. ancl lrhrsical and chernical l)roperl ies
of thc soil. Zonai ciirnax ecoslsterns must feature
(i) i rrLerrnediaLe topographic and eriaplr ic concl i t iorrs

in rclation to thc cxisting cxtremes and (ii) the near-
t l imax or dirnar sLage ofvegclal ion dcvclopment
\op. crt. l .

The original zonal classif ical ion for coastal
tsr i t ish Columbio, developed bv Kraj ina (1959.

1965, 1969, 1972) was based rno-qlh on disser-
tal ion dlrta from Lhe soLrLh roasL ( l \{cMinn 1957.
\ ' lucl lcr-Dombois 1959, Archer I96l l .  Orloci
1964. Cordes 1972. Brookc et al.  l9?0. Koj ima
I97l).  From 1975 to 1985. frrrthel sarnpl ing las
caff icd ouL l l troLrgltoLrt thc coast br thc Ecological
I'roglam StalT of the British (lolurnbia Foresr Ser-
vice. l iol l  lxt to high ele, 'aLions and across thc
range of cl inaLrs (Figurc J). 

' l 'hc 
ner,".clata indi-

catecl thrt the origin:rl biogeoclirnatic subzones
lcre loo gcncr-al (scc Tablc 1.) and that the subse-
r l r r r r t  r n ' , r l i f i r  a t i , , r r .  " - r '  l , . . r l  : r n ' l  i n ,  un - i . t en t
rcvisions of thc zondl classi{ication (e.g., Packee
197,1; Kl inka et at.  \9i9. 1981).

Jn Lhe r,estern l lni tcd Statcs. ccological zones
of habitat t_"-.pc classification (l'lister and Arno
lqu t t :  F r . r r r L l i l  p t  a l .  l q8$  u r  \ ,  p ,  l J l i un  ronp -
of plant communitv classilication {Franklin and
Dlrness 1973) occupv a similar place in tbe
classification hierarchy as biogeoclirratic zorres do
in the BEC s\sLem (see Ferguson er ol.  1989).
ILrwever. the r-rsul lanl zoncs arc not the same in
coastal l l r i t ish Columbia and l laska-[ 'ashingLon-
!rregon.

Tjre aim of this stud] i- .  to present Lhe rcsult
of a refinccl zonal clilssfication rhich combines and
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sr . r rn  ( ,x )  h .  t r t ra l .  a rd .ou th)  a .  app l ied  in  zonr  r ' lass i l l cu t io r r  in  (1 , !s ta l  t s r i t i sh  Co lu tnb i ! .
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I . A l 3 L E l ' I 3 i r l g r u ' l n n a t i c z o h ' s u n d s u l r z o n e s l , | . (

rh ..ologi.al aDrs ol habitar tr2r' rtassificariu.

I te \ i se , l  un i rs Krajma (196.r) Corresl!,xlins ecolosnial zones
ol habitat Lylr (lassificalion lo
hn,g.ochnalic zoni,s

Coastal l)ouHlas-fir (Cl)1,)
I ' lo isr  Mor i r ime al lF {CDt-nrn ' )

C.astal  Western H.nr lock tC\ \H)
\ l ' ,  r  Hl 'pts lnar i t ih.  C\ \H (C$H{hl
\en \ \ . r  t l lpermar i t in, ,  CtrJH rctr 'H\hl

\ -er l  Dr\  Nler i r ine atr 'H (C\\ rHxmt
DrI  Xlar i r i r r  C$JH {C$ H, lm)
X' lo isr  N{f j l inre ( :S 'H l l t \ \  mnr)
tr'et lfaritimr- Ctr'H rC\\ Hrvm)
\ en tri.t N'laririnre CX H {C\\ Hrnt

Dr\  - (L,hn,df i r inre C\\  H 1C\\Hi ls t
I ' Io ist  Suhrrrr i t ime CXJH ( l \ \  l lmsr
\ \ ' . t  Suhn)ujr j 'x .  CWH tC$ Hivsl

\lorurtain Hcmlork tN'lH)
ParllarrJ Hrpernraritimr. ['l1l l]lH1,hj
Foresr, r l  l l rperme!f i r in,  UH tX' lHl l j )

Par l larr l  Nlar l t r re I IH lNl  l lpnr l
I . ' ( ,e- . red t r lu iL im. l tH lNt lHl l )

Alp ine Tundra lATt
\ ' l l f i tnne I l  (ATm)

Co$ta l  l ) i rF las- f tu  ( ( i l )  l . )
Dr ie r  CI ) [  ICDFa)

Coa*a l  \ ies te rn  H.n , l , ' ck  (CWH)

\ \  ( i r r ,  r  CtrH tCSHbr
S'et te '  ( l \ \ 'H (CXHb)

\ !ef ler  CI)F lCDFbt,  Dr icr  C\ \ ' l t  tC$H!) .
Dr ier  as H 1c\ \ 'Har
\ieref C$ H (Ctr'HLl
N euer { l$ H (CWHhl
\ t  er ter  C\ \ 'H aC$Hb)

Drier {i\\ H lCMal
Wetter  Cl  H (C$ Hb)
U ef ler  CSH {C\VHb)

frtountain H.nlock (IH)
Parkhn.t \rH (]fHb)
Forest NIH lltlHal

PAIUADd NjH i['IHb]
l i rest  ] IH { \ {Hut

Alpine Tundra (AT)
Grstal .{T lA Io)

Pseulot.suy ncnzierii

Cluu nettp ons D@ 1 k u tetL\ic

l\uga |Letenryhyllal

Cha nn ettp un s no t kt et sis)

'The lo\ ! .n us,r  s! ! rbol \  Lrscd l l r  subzones t |  s ign:r te pre. i t i rur ion (x rer !drv-d-dN.n uois l .w ler .  r - ! . rv*er l . . , , , r ineD
ral i tv  rh l , ! l ) ,  rnrar i rnne.  h-nl r i rnne.  s { ,bnrornime).  ard phvsiogromv t l ) -parktand.  f - l i , r fsre i l t .

anallzes al l  thc coaslal zonal ve€ietal ion data
a!ai l l tblc to date. Thc tabular method t ' :rs used to
classili zonal climax ecosrstems add multi\.a ale
rnetho.ls wclc used to analvze l lor ist ic relat ion-
ships. The rtsults includc di.rgno-sti. vegdation and
sclccted cl imalic charactef isl ics ol biogeocl imatic
zoncs and subzoncs aDd en cval l lat ion of f lodstic
lelat ionships.

Materials and Methods

The complete dala sct included 1299 sarnple plots
selected. f lom over 5000 plots using the ropo-
graphic and cdaphic r,r i tcr ia giren in Pojar et al.
(1987. p. J27). to feprcscnt zonal. l i l tc-seral
er:oslstcm-. (usuallr mature forests older than 200
vcars). The datl l  \{ele 0btaincd lrrrm disscrtat ions
(\{cl \{ inn 1957: Orloci 1961. 196,1: Archer 1963:
B rooke  e r  a l .  1970 ;  Ko j ima  l 97 l ;  Co rdes  1972 :
Roe rne r  1972 ;  K l i nka  1976 :  Beese  l 98 l :  Rov

1984; Kabzr:ms 1985). rcscarch reports (Lewis
1982. 1985). and lrom unpubli-<hed sun,er results
on f i lc t ' i th the B.C. I 'oresL Scrvice.

Wc har.e used thc same rnethods of sampling
and legeLaLion descrjpt ion as outl ined in Brookc
et aL. (I97O). At cach 0.04 ha plot.  chosen tcr
rcprcsent a relativclv unif(rrm commLrnitt. all planL
species prcscnt i1t the Lrcc. shrub. hcro. ano rnoss
straLa rr.cre identified {nd their covcr'.wa-s estimated
using the Domin-Kraj ina scaie of spccies signif i-
clrncc (! luel ler-IJombois and Ellenberg 197,1). In
addit ion" thc enr, ironrncnt of each sample plol rras
described. l iLh cmphasis on site feaLurcs \rhich
could be feasibiv rneasurcd lBrooke et al. 1970).
In this papet. Domenclature for vascular-plants
fol lols ' favlor 

and l ' lacBrvde {1977); for brro-
phvtes Ireland et eL. (.1987) and Srorlef and
Crandall  Stot ler (1977): and for l ichens Ha.le and
(lulberson (1970).

;1,1 Klinka. Pojar'. and X{eidinger



Thc r.cgr:tation classificrtion itrllowed the
rneLhods . lescri l ied hy Pojar et aL. \ I9Bi.).
Rcciprocrl  avcraging (Cauch 1977) las used Lo
group llolisticaliv sirnilar sarnple plots. 

'l 
hc Braun-

Bla qLret tabLrlaf method was used to identi f '
diagnostic conrbinal ions of species ( including
dillirentialr ancl dominant-dilIi:rential'z species) that
lrcrc cxclusivc' for cach gr-oup oi plots (Pojal et
al. 1987).

Dist inguished zonal. r ' l i rnaLic cl imar plant
ossociat ions lcrc uscd to clcf ine lr iogcocl irnati t '
-uLrone.. Jlrd tLe di. tr ibution oI lheie Ji iocr.r lrun:
on zonlr l  si tes del i l reated the geoglaphical extent
ofthe subzones. !loristicallv simiiar subzoncs ucre
groupcd into zoncs. Each zonc was defined bv a
plant order cilcumscribing all zonal plant associa-
t ions in thtrt  zonc. Nomcnclalurr:  of zones lol lowcd
Kraj ina (1965 et req.);  subzoncs r lcrc ndnrcd b\.
addirrg tro or three adjecLi,'es indicative of regional
ol inrate or vrgeLalion phrsiognonrr '(see Table l) .

To eranrirre f lol ist ic, r 'elat ionships among the
h inge ' , c l i n r r t i r  znn " - , r nJ  - ' r hz . r ' e - .  1 l e  rege l . r l i on
data lcrc submittcd to principal t trnponents
anallses (PCAs). PCA. Lrsing r leduced number'
of plots anrJ mid-point pcrcr:nt corcr ol diagnostic
species {see footnote 3 in Tablr 2), tts pcrlormcd
clrr a correlalion matrix lNot-Xleir and ['hittaker
1977 ) .  Thc  p lo t  r cduc t i on .  r l ue  Lo  ou r .once rn  o l '
olef lafge \ ariat ion in sarnple size. ir 'a-s done ran
domh to a muiimum of50 plots pcl biogcocl irnatic
subzone (zonal lr lanL associat ion). Thu-s f iom a tot:
numbcr o{ 1299 onl_r 633 plots r,ere sLrbrniLted
to P(i\. The selective species reduction to diag-
nostic, species (Tables 2 and,XJ were shorr.n by
Klinka et al.  (19851 und Court in er 41. (1989) Lo

r , , r r I t  f , ' r '  l l r F  ! f - J l c - l  ' a r ' ah : l i t r  i n  r eg . t ; r t i " r r
data.

Ovcrall cigcnstmcturc and significancc of axes
extraded bv PCA rrere e,ralLrated b! tests ()1

variable indcpcnden(e and erlLri(ofrelaLion (NI{)r-

r ison 1976). Relat ionship-. betlccn thc principrl
components and \ 'egetRtion \\ ,as examined bv cor
relat ing component scores t i th individual spccics
valLres [ ' r 'ornponenL (]rfelal ion. '  Pimenlel (1979)1.

To avoid cluttering the l'CA ordination rith a largc
numbcr of pJols, zones and sLrbzl)nes u'ere rep-
resented bv centroids and 950/o conficlcncc cllipscs
of the lir-st tr o P(l-A a-:ris scoles (Orren and
Chmielewski 19{}5). Location. orienlat ion. and
overlap of confidence cilipscs in thc trro-dirncn-
sional space were used kr assess alf ini t ies among
and variabilitv $,ithin zones and subzores.

Climate is used in zonal classif icat ion onlv as
an accessorv characteristic. l-ach recognized
biogeoclirnatic unit l as clirnaticall,y characterized.
using selecLcd cl irnatic pararneters (Trerrartha

lQo8 r .  t o  . r . - r r r '  i t .  e ,  u l og i , . r l  . r gn i f i ,  . r r r c " .  i . e . .
lo shol correspoldence bet\reen zonal c,limar
ccosvstcrns and clirnatc. Climatic clata lr'crc ob-
lained irom sho - al ld long-term stat ions operated
bl the Atmospheric Unvilonmental SeNice. Envi-
ronrnenL Canacla (Anonvmous 1982). and shorL-
term stations in thc nctrrork ol thc Wastc Nlanage-
ment Branch. B.C. \{inistn of Unvironment. Due
L{) lhe poor representatjon ol monlane. subalpine.
and alpine climrtes. prcdictions $cre made for
areas outside the networks using isorh\ thmic maps
cornpiled by the Waste Management Branch or
parameler-elevation lclaLionships. The laLter in-
volved extrapolating clirnatic data liom selected
base stations to predict values at cerlain ele\'atiolls
l , ihcrc d;matic staLions afe non-exislent. as;n alpinc
and some montane and subabine areas.

Results and Discussion

B ogeocl matic Zones

S'hen r:ompaled to Kraj ina (1959). the rerisiorr
consencd al l  four coastal zoncs (Tablc l) .  rrhich
are $ell sepirepiated floristicallv (l'able 2). The CDF
ancl CWH zones are clifferenLiatecl from other zones
bv the presence cf'l'huja Stlican ana Va.r:inirlnr
panifuliunt. Abies 67ant1.is, HolotlisuLs d.iscolor,
MahonitL nen:ostt, Rostt g\tttnocarptL. Ru6rr.s rrnirur,
and, Ttientalis Lotifttlia are the Jrrorninent dilfercn-
tial species for thc CDI' zonc- Zsu{{(r heterophlla
1or the (lS'H zone. Iszga merrensiana 1or the I'lH
ntne. an,-l Cossiope mertetLsiotn. Phlllodoce empe-
tiJlnnis, and Luethea pectinata fbr the AT zone.

-(eries irr habitat L\pe classif icat ion repfesent
aggregations of plant associations. r,".hich in prac-
lice in the r,!esten l-lnited States represent groap-
ings of plant associat ions r, ' i th Lhc sarre dominant
climax tree species (l'frster and Arno I980.
Frankl in et nl.  l9t]8). A'habitat t lpe'zone is thc
land area lhere a sin€ile sedes is dolninant under
stablc or-cl irnax condit ions (Flankl in et ol.  1988.
p. i : i0): i .e..  the land area with the -\ame dominanl
cl imax Lree species. Accrrrding to Lhis svstrm. zones
recognizcd in thc coastal forcsts of rrcstcrn North
Arnerica include the ltseutLotsugtt ntenziesii, Tsuga
heterophllla, Thuja plicuta, Pitea sitchertsis^ Abies
nt ' ,ohl i , .  4he' lu- ' t ' "  or7', ' .  (han'r ' ,e11'ni.  ur, ' t-
Aatensx, und Tsugo mertensianu zoncs. Ihese

Rerision of Biogeocl irnatic l , lni ts of Coastal B.C. :J5



Tl l t l . l i  2 .  I ) iugnos t ic  ( , ,nh i i i l t i d rs  o f  spec les  1or  zoncs  o l  coarLr l  Ur i t i sh  Co lumbia .
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'Spcr i rs r l i rgrost i r  rahts:  r l  d i l ferent ia l .  dd dominant l i l lcr .nt ia l .  ( l  .onsrant  dorninanr.  c coni tanr (Pojar  d o l .  198;) .
: t ' r .scncc r tasscs us percert  of  f requenc-r ' :  I  = l -20.  11 :  2 l - '10.  l l l  = . l l  60.  IV = 6L i j0.  \ '  = 8 l  100.
r S q x t i e s  s i g r i f i r a n c e  c l a s s  m n l p o n r r  p . r ( ,  n r  i o r ( i .  u , r 1  . , r g e :  +  =  0 . 2  r 0 . L  0 . 3 ) .  I  : 0 . 7  i 0 . 4 - 1 . 0 1 . 2  =  1 . 6  ( l . l - 2 . 1 ) -  3 : 3 . 6

{ 2 . 2 ; . 0 r . . 1  = ; . 5  ( 5 . 1 1 0 . 0 1 . ; :  l ; . 0  ( 1 0 . 1 - 2 0 . 0 ) . 6  =  2 6 . ;  ( 2 0 . 1 3 3 . 0 1 . ;  :  1 1 . 5  ( l l l ' } . 1 - i 0 . 0 J . 8 : 6 0 . 0  ( ; 0 . 1 - : 0 . 0 ) . 9
=  8 i . 0  t 7 0 .  |  1 0 0 1 .
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zones correspond on\ roughl,r to biogeoclim.rtit:
zones ( ' l 'able 1), lhich rcprcscnt land ar-eas on
which clirnatic clilnax \.ef{etation (vcgclalion ol
zonal si tes) is r | l l rsel l-  related but does not
necessnih h$.c thc samc rlorr inanL <l irnax tree

' lhe 
f irst t to I 'CA axcs accounlecl ior.tr l9r o{

thc lolal variance, arrd al l  2{3 diagnostic species
(Table 2) tere found to be signilicantl_-v corrclatecl
l  iLh rhc f irst.  of second. or both l ' ( lA ues. The
spccics diagnostic ior thr CDF zr)ne \\ere lnost
stronglr and positivelr corrclatcd tith thc first aris.
*heleas the species diagnostic fbr the Al '  lcrc
most stronpl lr  and posit ivclr corrclaLcd uiLh Lhe
sccond axis. The spccies diagnosLic icrr the \'1H and

CSif{ zones were most stronglv and negativel,v cor-
related r,rith the lirst and second aris, rcspcdir.elr.

The 95o/o confidence ellipses obtained fiorn the
PCA ordinaLion of 6133 sample plots -shored that
the CDI'zone \{as almost cornplctcly scparrtcd
lrom the C$'H, N'IH. and AT zones along the f irst
PCA axis: along the second PCA uxis thc AT zonc
tas almosl complelelr sepa.ated irom the l\'llI arrd
CS'H zones but the \{H and C\IiH
hppcd (Figurc 2). Considrr irrg Lhe joinL distr iLu-
t ion of species and zoncs (Tablc 2) and cl imatic
c l r . i r : , i  t e r i . l i c .  tTah le  3 t .  t l ' e  l i r . t  l ' ( i \  c r i -  r ep re -
scnts a precipiLation gradient (b; ' isolat ing the driest
CDF zone), and the second PCA ariis a temperature
gradient. Thcsc rcsults can be interprelecl as

l'igure 2. Ordination ol pli)rs rlons {h(i lirsr tvo !\.is oi I'(iA o! dilgnosri. lpeciei ihorrnrg centroids ond 95oo confidence eLllpses

lb r  thc  AT.  N lH.  CI ) l .  rn r l  C \ \H z r r rs .

Revision of Biogeocl imatic I lni ts of Coastal B.C. l l7
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dcrnonstr-rt ing that thc CDI'zone is a discrete
legional ecos\siern. rvhi le Lhe AT. NlH. and C\\ H
zones repre-.elt flolisticall,t-defined -.egments of an
alt i tucl inal cl irrrat ic gradient.

ln the I'acific Northr,est. the same gradients
hRle been inter[)reLed or identi f iecl as Llre prirnalv
enrir-onnrr:nlal gracl icnts undcrh' ing thc varlatrorl
in zonal legetation (e.g.. Franklin trnd Dvlness
| 97i1. Dr rness et ol.  1971',7,obcl et ul.  1976- Llcl
\ ' loral and \[ 'atson 1978. Agee and Kert is 1987).
Tcmpcralurc appcar-s to bc lnolr important m scp-
r r . r l i ng  he t r '  " en  \  cgc l , r l i '  ' r ,  z '  " r c - .  r  he |e " -  n rn i - t u  | e
lends Lo be rnorr: usr:ful in r i i l fclcntiat ing t i thin
sulrnonlanc anrl montanc zonc-; (Zobtl  et ol.
I  q i a ' r .  Th .  c r ra r  , , f  z , , r r , r l  r l i r n . ' ,  1 ,1 : r r r r  a - -o ,  i a t i , , r r -
in lhc ll o-Iaclor- orclination in l-igurc 2 plcncrallv
colresponds to lhe o|dinations p|esented br Zobel
e, dl.  (1976. l  igure 7) antl  Agee and Kert is (1987.

Figure 2).

From thc suitc of avai lablr cl irnatic charactcr-
ist ics. le choo-.e to emph*ize the cl i l lerences in
ternper:rture and precipitat ion. \r i th temperalufe-
rrlatcd variablcs uppcarin€i to brst sumlnarizc thc
di l ierences arnong the zones (Table 13)- Plecipita-
tion-rcl.rtrd variables -.eE(regated the Cf)[' zone

from the C\\ 'H zone the 1olmer associated r, i lh
a dr1 cool mcsothcrmal (Csb) climate. the lattef
rdth a rvct cool mesotherma.i (Cfb) climate (Tre-

lartha l968). At approximatel l  l0 'C. mean
annual r i lnge ol lernperature ( i .e..  thc mcan tem
perature of the r! 'armest month mirus that of thc
colr icst month) in thc CD['and CWH zones is the
smallest for fegionai cl imaLes in Canada {Schaefer
1978). I'lean annual tempelatures in the CDF zonc
lu-c among thc highest in Canadtr. and heav\' pre-
cipitat ion makcs the C\\H and MH zones and
\ ' lar iLirne AT subzonc bv {ar thc r{ettest part oI
Canada.

Thc CDI'.  CWH. \{H, and,{T zones manil 'esl
J l , r . r l ' l  \ ' r : . l J r i un  ,  h rny r .  t h . r t  o , .  u r  i r r  l e - l nn -e
t , ,  a l r l r r I l  , l i r ne t i ,  ch r r rg . -  i r r  .  uJ - l r l  mu l r l . r i r , - .
At eievatiors above approxirnatel l  1500 m. scat-
tered clurnp-s ol trees give war to krurnrnholz. lol
shrub. and heath (clrrar'I evergreen shrLrb) com-
rnun iLies undcr the inf lucncc of alpine tundra (ET)
cl irnate. Belor 1500 rn and abovc approximateiv
J000 m and \\ , i th clecreasing elevation. scattered
elunps of trees rncrgc rvith morc continuou-s foresl
undel the inf luence ol rnariLirre subalpinc boreal
(Dlc) cl imate rvith deep snow cover. Heaw snow-
packs insulate frlH soils from frosL. The \'lH zone
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is lhe ctrrc rlistribtrtional arca ol Tsuga mertettsion.
Snol depth in the AT zone is generallr: les-s than
irr Lhe MII zone. T,ouer Lernperatures- h()u'e\,er.
rctar-d thc melting latc of snorr in alpinc .'coslstcms
so that snolr duration cTiticallv inlluences a$ine
vegetaL;on. Sihcrr t l re subalpirre cl irnate hecornes
more crontinental an(l soils lieeze belbre deep snow
accumulafcs. Tsugo nteftensitrLu rntl Abies orna-
6i1is are relrlacerl br Pieo engeLnLannii ancl Abies
lasiocaryo, and thc \'lH zonc is rr-'placed b1 Lhe
Engelmann Spluce Subalpine l'ir IESS}) zone.

-qnol dcpth lrrrd duration havc lcss influcnct:
on ihe \'egeteli.rl at ele\alions belo\r approximatei!
1000 rn (Brookc ct ul. I97O). Thcsc lolcr clcva-
t ions feature a \\  el c ool rnrsothelmal (ClJ)) cl inr lrLe
rvhich coincides r{ith the core distributional area
of crrastal Prerrr/oi.sngn nLetEiesii- Thuja pLit:ala- ̂ nA
Tsugu heterophflh. Tsu1yL heterophllla is ncarly ab-
.en t  i r  t he  ( "DF  zo r re .  \ i l l r  l l r e  I nc l l r  p re ,  i p i t . r t i on
of the driest n]o th o[sL[nner 5iJ0 rnrr.  where-
as in thc C\\ H zonc. l i th a mcan prccipitat ion of
Lhe driest rnonth of sunrmcr ) 30 rnrn. this shade-
tolerant species has the potential to dolninate the
Lree sLralum on zonal siLcs. Inlancl f lorrr the cole

clistlibrrLional area crf Trugo heterophtlLo. ttith ir't-

creasin:i continenta.Lit! and decrea-sing telnperature
andkrr precipitat ion. the CSrH zone is replaced br.
intcrior or cr)nt incnlal biogcocl imatic zoncs east ol
the (loast-{lascade \'lountains.

Coasta Douglas f r Subzone

We lrave retained onlv one subzone-the l \Toisl
N{arjtirrc CDF (CDFmm) subzonc (formcrl-v the
Drier CDF subzone) within the ( lDF zone and
analgamated Lhe folrnel SreLLel CDF subzone and
thc Vancouvcr Island port ion of thc forncr Drier
( lWH subzone into:r Very Drv l lar i t i rne CS'H
(CSHxm) subzonr (Tablc l) .  A comparison of
these lalter lwo oni ls sholed high f lor ist i t :
similaritics (cxcmplificd b.-v vidcsprcad occurrence
o[ Rlntidiade[pltus breus and TsugrL heterqthlllal
and dirnaLic similari t ies (a relat ivel l  uniform. lct
cool mcsothcrmal climatc) (see Table ,1): the
original Drier CDF sLrbzone. however. has cl ist inct
zondl vcgctltion (Tablc 2), dnd r dr'\ cool
mesothermal cl irnate (Table 3). The diagnosis of
thc Clll mm subzone is based on 82 sarnples flom
the Saarrich Peninsula (Roerner 1972). r, ;hich
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lbrrn thc zontLI I'seurLotsuga-ilfahonia plat
assoclat lol l .

This rcvision resllicts Lhe CDF zonc to the driest
parl oi Vancouler Islancl, thc Cull Islands. ancl the
southern rnainland coast. in the lain shadol ofthc
Ohmpic and Vancourer Jslancl X' lounrarn-": r .e..  ro
the area $herc coastal Douglas-f ir  is a modcralclr
- [ 1 ] -  t o l e r , r n r  t f r -  r r , l  1 r -  t h p  l . t c  r t i a l  t , , , l i , n F
inl lLc lhc trce st latLlm on zonal si lcs. ' l 'his are:r ex-
lcnds south thlough S'ashington ( in the Puget
Sound r-ain sharlow. of the Olvrnpic \'Lruntains) ancl
Oregon (Si i l l tmette Vallel arrcl f l rrpqua and
Rogue Vallers) (Frankl in and Dvrness 19713). I i
our -"arr lr l ing. dassif icat ion. and analvsis includcd
thc entire area inf lucnccd bl a dn cool rneso-
thernal cl imate. rnole CDF subzoncs lould l ikelv
be recognized in rcsponsc to l lor ist ic and cl irnatic
rariaLions aLong a ht i trrdinal gradicnt.

Coasta Western Hem ock Subzones

Our irritial tabulu anal,r'-"is of Cs.II subzoncs iailed
to cl i f lercntialc cach zonal plant associat ion (sub'
zone) Ir()rn the othcrs. except at the cl irnal ic cx-
trcmes ol the data srt.  Thc lrnalvsis sug€iested Lhat
the cl i f fercntir t ion could be more succcssful and
clealer vegeLation-cl irnate relat ionshi lrs could bc
sholn i f  subzone-s u'ere subsd into more inclusi\e
groups. ' lhelefore. l 'e inLerpolatcd t lo cateplories
bel*een subzone and zone categorits,

Thc tr,;o intercalalr <'aLegorics hclped dilli:ren-
l ieLe Len zondl plant associat ions. r:ach clcl ineatinpl
a subzone (tabular drta avai lable i iom Lhe auLhors
orr rcqucst).  Al l  the-se associat iotrs belong to the
Tsttga lrcterophtlkrRhrtitlinde[phut lorea.r plant
orcler. The len proposcd C\\ 'H subzones [com-
paled to the frrrrrcr clr icr and \retter sLrbzones
(l(r l j ina 1965)l lesLrl terl  fronr r combination ol lhe
l l r f ' .  , , , n l l r ,  r r l . r l i t \  - t " r t J  { l r \ l r  f m . r f i t i n r p .  n  r r ' -
lirne. and subrnnritinle slraLa or sLtbzoncs) and [i!e
rclat i le pre. i l ) iLation st l .at l l  Lver! dn. dr ' t  (dricr
stralurn or subzones) and moist" \rct.  and \,er ' \  \reL
(i{el ler sLralum or , .ubzone-")] .  The f irst {more
inclusi lel  inLercalarr categon related subzonr:s to
the three.onl incnlai i t !  , . trata. and the second 0css-
inclusi le) categorr rclalcd subzones to t lo general
prccipitat ion strata (df;er and rrctter).

This large increase in Lhc number ol proposed
C\\ 'H subzoncs can bc erplained hr Lhe largc in-
crcasc in the data Lasc. 

' lhc 
lbrmer drier and wct-

ier subzonrs were based orr dala obtained onh
l i n n r  t h .  - o u t l r n r r r  m a r i l i r n '  l r o l t i o r r  " i  r h .  r . U  H
zone. Sie now have a lhirlr crrmplclc sampling over'

the broad range of flolistic and climatic varialion
included in the Ctr H, oul lalgesl c,oastal zone.

Jlari t ime subzones that rcpresent the central
concept of lhe CWH zone are Nithoul diagnostic
species. r 'hich is permissible for onc unit in rela-
t ion to other units ol thc sdme rank and circurn
-c r i 1 , t i , ' r r  lPu j . r r  . ,  o / .  l qB7 r .  B le ,h t run . . p i r nn t .
Coptis ctspleniy'blit Listera cordrta. Rhizomniunt
glubrestcns, I)icea sitt:hensis, and. St:apanitL
bol o u t l ,  i  r . ,  l : .rgnLr-t i ,  "peeie- l i r  l . r ' rrmrri t  ime
strllzones; CLintonia uniflnrct ()rthilio :tecunda, ancl
P[eurozitLrn schreberi are cliagnoslic species for sLrb-
rnar- i t ime subzones.

S'ithin each continentalitv stlatum. a diagnostic
combination of species was iclenti l icd fol each pre-
cipitat ion shatum. For cxample. rvi thin Lhe mari-
Lime and subrnarit ime streLa. thc rctter (nloist to
r,ct or ver-\ '$etJ subzoncs arr segregated lrom the
d l i e r  ( ' " '  d r r  t , , , l n r - u h z o r e -  l ' \  . r  1 ' n ' m i r r e n r
l)resencc of lbies anabil|s. Comus canadensit"
Vacciniun akLsltaense, dn,J V. oxalifoLiutn. Pseuda
t . t '  p , t  t t  t , " ,  z t  cs t  i  i -  t  he  o r r l r  d i : r yn t , . t i e . pc . i e . , , 'm -
nlon to the drier-subzoncs. With the cxccption of
CatLkheritt shallon. dilferenccs bet\reen the Sict
and Vcn'$, 'et Hlperrnarit imc C['H subzonc arc
not strong (esscnliullr shol,ing Lrencls in signili-
cance of diagnostic species); sirnil.rr di{li'rences are
apparent 1;r \leLLef sLrbrnaritime subzones (labular
claLa avai lable from the authors on request).

Thc first tl'o P(lA axes accounted Ior' 28oh cf
the total rariance. and ai l  .13 diagnosLic spccies
u'ere signilicantlr correlatecl rr,ith thc flrst. the scc-
ond" or both l ' ( lA ares. The spccies diagnostic for
the drier srrbzorrcs lcrc negativelr correlatccl t'ith
the f irsL axis, $hereas the specics diagnostic frrr-
the lretter subz{)nes \,;crc postivelv corrrlatcd.'fhis
suggcsts that the gleatesl proport ion of,,ariancc
' r r  - r , e ,  i e - . i Fn i f i ,  r r r ' ,  ,  o . r ' e i de -  s i r l r  I ' r , .  i p i t r t i nn .
ancl that the ( lS'H srrbzoncs are prirnarih srpa-
rutcd br precipitaLio n (T)vmcss et al.  I97 4. | / ,obel
et al.  1976.). Thc second aris appcared to be
relalcd lo a lelnpelatLrre (conl incntal i tr)  grad;ent.

Thc PtiA orclination ol CS'H sample plots r,;as
fLrrthcr cramined bv calculat ing 950/o conl iclence
ell ipses for lhc three continental i t l  and t i to pre-
cipitat ion straLa anri lhc subzones *i thin cach con-
l incntal i tv stratunl.  The locations ol the Lhr-ee con-
t inenlal iLv sLrata in the ordination inrl icatcd thx the
rnaritime subzones cncrnrpass most of thc'vatiation
in thc data set lhi le the hvpcnnarit i rne and sub-
rrari l i rnc subzones rei ir  Lo spcci l ic regions within
the tolal variat ion (Figure 3). \ \r i thin Lhc
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fo  the  h lpennar i t imr :  (h ) .  m l f i t im. r  ( r r ) .  and submar i t imr :  l s t  C l l  H  subzoncs .

hypermarit i rnc slralum" thc confir lcnce el l ipsr:s lor
the rvet and ven' lvet subzones near1.-v cornplctcll
overlapped. tr i thin the mariLime stralunr lhe \erl
dn. dry, and lnoist slrbzoncs lrcrc disl incl fron
the rel and lerr $et s(r l lz l)nes. rr lr ich sholed a
ncarlr complctc orcrlap (Iigurc 4). \I,'ithin thc sub-
marit i rne slratum. al l  lhree sobzones appeared to
forrn r l ist inct groups.

Climatic data cornpi lcd l 'or contincnlal i l l  sLrata
manifcst dccleasing precipitation (most epparrnt
in the mean precipitation data oi the \\,ettest rrinter
monLh), decrcasing lemperalLlrc of the coldest
month. and increasing index of continentalit,l alonpJ

tl te longiLucl inal gladienL (Table 4). FLrrthcrrrorc.
markcd diffcrcnccs bchfccn thc dricr and rretter
precipitat ion stratr in both plecipitat ion arrd
lcmpcralurc relatcd paramelcrs arc cvidcnt in thc
cl irnatic surnmar\.

' I he fe  
l l r e  f f onounee , l  , l i i h r " r ' . " .  i r '  1 ' r ec ip i t a -

l ion bet\reen the r. iel  and the ver! u'et h\pef-
rnari t ime subzones (Table 4). The forrner is localct l
on Lhe leeward side oi the Quren Charlottc lslands,
thc httcr ocous on thc lindwald sidc ofthc Queen
(lhallotte l-slancls. the outel central mainland coast,
add the ouler \ !esL coast of \ancoLrver Tsland. In
relative terms. the $,et h,r'permaritirne sLlbzone is

R . r i - i , , r r  o i  B i , ' ge , '  l ima t i ,  I  r r i t .  , , f  C , ' : r . t r l  B .C . 4 l
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t rn )  C\ \  H  s r rbzon ls .

dricr ancl coolr:r than Lhe verr net hr pelrnal i t i rne
subzone. Rainr and cloudl sumnrcr. rrct firll. rairrr
wirter l i th relaLi lel\  lo\r snorr{al l  and ephemeral
snor{pack. and equablc tcrnpcralurc rrir lhe
characlcrisl ic cl irnaLic leatures ol the hvper-
rnari t ime -rubzones.

The verl drr and drv malitime subzones arc
drier anrl  ua|rner than Lhe oLhef merit ime subzones

Ilablc, l) .  Thc lol grol ing-scason preci lr iLaLion of
the moisl mafi l i rr le subzone ( located on the $' ind-
lrald side of Vancouvcr lsland) anrl lhr: cool l irrter-
Lemperature olthe \\ 'eL mari l ime sobzone ( located

on the Dorther'n coastal mainlancl) scgrcgatc thern
ffom lhe verv \ret maritirne subz.ne. Oolsidering
the rncdn tcmpcr-al lr lc of thc coldcst monlh, lhc
rnoisl and lhe 1\et marit ime -\ubz.nes appear to
have a let cool tempcratc climatc lDib) which is
suggesLire of art e(1)tone Letleen Lhe weL cool
nlesothcrnlal and rnontanc or subalpinc borcal
clnnates,

Submaritirne subzoles dillered finm each other'
mdinlr in lcrnperi l luftr  charatler- isLics-lhe dn sub-
zone beirg r\,anner than the moi-st and the rret -sub-
zone-" ( l  ablc 4). I 'hc r, ;ct submr l imc slrbzonc.
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located at higher latitudes. is the ()olest In \flntcr.
All submalitime subzones aLso appear Lo haver a wct
cool ternpelate cJirnaLc. Considering indices oI r'on-
t inental i t l .  the submari l ime belL (scc l igurc 1) is
likelv dorrinaterl b1 a mild cool temperate ciimare.

As latitude increascs" tcrnper-ature decreirses an.1
the rain shador of the \ancouvcr lsland Ralges
disappears this is recognizeci in lhc prcsence of
thc'cooler ' let rnari t i rne anrl lel  subrna t ime sub,
zones (Tablc, l)  and the absence oi drier suLzones
alonpJ the central and norlhcrn coast. (llimatic

changcs tlong the lorgitudinal gflrdient arc com-
pJicated br the prcscncc of tt'o successire large-
scale moonlain barricrs aligned in a north\lesl to
southeast direcLion - Quecn Chiulotte lsland I'loun-
tainsA':rncourer Islarrcl Rangcs and Coast [!oun-
tains. \'hen the ail i-q forceci up thc r,;cst-facing
slopes of these mountains. rreather svstems cefried
b_-r'prevailing rresterlr linds aloft drop considerable
moislurer on the easteln slopes. the air-dcsccnds
and is heatcd br cornpression. cLrusirrg Lhe clouds
to dissipate (Schacfcr 1978). A-s a result.  the wind-
r\,a-rd slopes are al\\,ars $cttel and the leelvarcl
Jope -  a re  a , "  a r  -  d . i . r  r r r ' , 1  l ' .  "m .  n ro fp .on t i r r r r r -
Lal lith increasing distarxre from the Pacific Occan.
Thus. drier subzoncs. lrith a prorninenl cornponrnt
rtf PseudotsuE:a rnen:lesii, arc locatr:rl at lorr elevl,
t ions on lhe lcctard side oi co:rstal mounLains ( lhr:
very clr l  and cln rnari t ime subzones in the rain
shadol ol the Olrmpic Nlountains and \rancour,er
lsland Ranges: and thc cln submali t ime subzone
in thc rail sh:rdor of the Coast i\'lorurrurls;.

Wetlcr subzones. 1\ i th a prominenL componcnt
ol Pi,cea sitchettsit Ltr Abies u,mrLbilis. are located
on thc lccward side of the Queerr Charlottc Xl loun-
Lains ( lhc \ret hlpelrnari t i rne subzonr) and Von-
couver Tsland ltanges (the moi.qt maritime sul)zonc)
and arr r lr icr and sonlewhat continenLal comparcd
to their r, , indlarcl (ountcr?ar1 (Table 5).

[,4ounta]n Hemlock Subzones

Bl intcrpolat ing a categor\ beLween thc zonc and
subzonc calcgories. it was po-ssible to segr-egalc lour
zonal plant associations corresponding kr four sub-
zones [r:ornparcrl to thc former parkland and ftrr'-
cstcd subzones {Kraj irra 1965)] l ' fablcs 1 and 5).
All forrr associations belong Lo tl.r' Tsu.ga mer-
teruiana planL order. Rclat ionships betr, ;een sub-
zoncs and continental ih of a suba[ine borea]
cl imate r, ;crc inferred f loln lhe crlnLinental; t l  strdt[
characLerized for a cool mesolhermal dirnatc
(CWH zone). This. hol 'ever. cannot be orrrf ir ' rncd

l i thout on-site cl imatic data (extrapolat ion ofdata
from submontane stations uas avoidcd).

Atlcmpts to differentiate between maritime and
subrnaritime subalpine stfata shon'cd primaril\ an
increase in the prescncc and cover of ,46ies
la"i",  ' t ryu :rni J dc.rel-c in Ch,tnut* lpai,  t ta' t-
,4atensis. As a resull, lour proposed \'lH subzoncs
rrcrc formed bv a comLrination of rnerelv two con-
tiDentalil\ strata (h,lpcrmaritime and rnariLimc) and
tlo phvsiognomic strata (palkland ancl forested)
(Table 5). \'linor floristic variations along thc
lo r rp i t u , l i r r r l  F r i Ld i -o t .  ! r r e .u rn - rb I  r e f l  - c t i ng  r  u r i . r -
tions in continent:rlitv. $'ere used to distinguish
tindl'ard (rnorc madtime) and leewarcl (less mari-
time) variants lbr each of thc four subzone-". It mal
be that in zonal cl ima\ \ .egetation the l lor ist ic con,
trast (and perhap-s the cl i lnal ic contrast) between
marit ime aDd submarit imc strata diminishes t i th
increasing al l i ludc, ol i t  ma,v be thaL our pr-csent
data base does not adequalelv r-cpre-sent the sub-
rnarit ine stralum of the MH zone. The recognit ion
of addit ional subzones agrin ref lects erpanded
sampling throughout the lange of the zone. The
lbnner parkland and forcstcd subzones were based
on samples lrom thc southern maritirne portion of
thr l lH zone.

T l r ' , l i i f ' . n  n t i . r l i on  o [  \ 4H  -uLz t , r r r '  i '  r r u t  r en
. t r nng .  p r ' , ha l , l r  r ' . f l , ,  t i nE  . r  l os  - J rn f l i r g  i r l . n - i
11. espccialf  in parkland subzones (1'able 5).
Hypermarit ime subzoncs are dist inguished bl the
r l , r - l l un - l J r l l  1 ' 1e -e6 re  o I  B lq  h r t t t n  sp i ra t ' t .
ChanaectptLtis nooLlte.terri\ Coptis asp leniy'iiia.
Hrlocomiunt splentlen s, Picea sitcheuis, RlLrtirl.itt-
de[phu lorew, and Tlsuga hetenpl4llo-species
that occur mainlv within t 'ct cool mesolhermal
dirratcs. N{ari t ime subzones. which rcpresent the
central concepl of thc ['lH zone. are dilfercntiated
l* Abies amabilis and Vol:itiurn nrembranacetun.
the latter spe.ies rnorc tr'pical ofcontinental borcal

In addit ion to thc phvsiognornic dif lercnces
(discontinuous versus conl inuous forest cover),
diagnostic cornbinations ofspecies for the par-kland
subzones inclrrde alp;ne elcmcnts, such as P/rlllo-
/r,,ce spJr. anrl Crusiope spp.. rvhile Lhe intcrmediate
prr-'scncc oi Tiuga /reterrpln lla is characteristic for
the lo\r,er pofl ion of l trrcstcd subzones (Table 5).
The lacl.r of dilfcrcntial species irr the parkland
h 'p '  r n r . r r i l rme .u l , zo r r  i -  r t l r i l ' u r ,  d  t o  i n .nn - i . t Fn -
cies in the ninc samples col leded on thc Queen
Challotte Islands-
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TltlLE 5. Diegnostic , onbinatioD! of specn,s l,r subzones of rhe X'lounrain H(nrloch tX'lHl zone.
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The f irst t lo PCA a\es accounted 1br ,15 pcr-

cent of the total \ .ar iancc and al l  24 diagnostic

species (Table 5) tere found lo be significandv cor'-
related tith thc fimt. the second. or both }'CA axcs.
The spccics cliagnostic frrr the h,vpermaritimc sub-
zones \rcrc correlated positivell rrith the first aris,
where$ thc spccies diagnostic 1or the parkland ancl
forested rnaritimc subzoncs rere colrelated ncga-
tivel,v. This suggests thal thc fifst axis reveals con-
l r r - l -  i n  con l r r ,  r l J l i t r .  T l r .  - ecohd  J \ i -  J f p '  J r :
to bc rclatcd lo a temperature €gadient.

The PCA ordination of -\{H sample plots using
950/o confidcncc ellipses for the four subzones com-
plements the corclat ion patlern described lor
( l iagnostic sfecies (Figure 5). The ovc ap ol thc
confrdcncc tllipses lor the parkland and fbrested
subzones indicates a graclual f lor ist ic ehange along
an altituclinal graclient in the MH zone.

Scattcrcd lrcc cover and l)ersistent snor\,pack
trc Lhe rnost obvious characteristics of parkland
sullzones. 

'l'r'ccs gror, largely dr organic mounds
that are l iee of snol,r lor more than approximalel)

PmL

\ , f h  _ - - - , , , - - -

F i g u r e 5 . 0 r r l i n r t i o n o | . p l o t " a l o l g L h e l i r s t n r o a r e . . o f P ( ] ' \ r r n i l g l l l s l i

for rhe parlland. hrpcrnraritine (phl. fore-.red hlpermaritim. (n,). r,lrkilnd maritime lpm). and forested maritinre iln)
IIH suba,ncs.
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thrcc monlhs. lleath. lor shmb. glaminoid, or forlr
communit ies inf lucnccd bv rnofe persistent
sno\rfack covel much of thc Icmaining area of

1 ' : r r l . l a r r ' l  - r r l ' 2 , ' n - - .  I n  c o n t r J . l .  i u r ,  - l  , , , \ - r  . -
largelr conLinuoLrs in iorested subzoncs i lnd the
cl imatc is sl ightlv \ farrner. Sno$ depth :rnd dura-
t ion are less than in the parkldnd subzones.
result ing in a longer g|orf ing season and the
establ ishment of colnplcx forcsl cornrnLrnit ies
(Blrxrke er al.  I9i l)) .

Alpine Tund ra Subzone

Thcrc are irrsLrl f icient clata to dif ierentiatc thc
coNtal por-t ion of lhc AT zone betond one
subzone the I'laritimc AT (ATn) sLrbzone (Tables

t and 2). Thi,. subzonc is rliagnoscd ll ,10 samples
that I;r'm the zotal Cassiopc-Ph1lL,:'doce plant
r lssociat ion (Archcr'1963) in lhr s{)Lrlhern port ion

Footnotes

L D i l l i r ( , , l i d  spcr i | s  u r t  r l ' a r I  l sso . ia led  \ tL lh  one o f

nro fe  thon o fc  r rn i t  in  r  h ic runh i r  p resere  c lass  > l l l  and

! l  . r \ t  l { r )  l ) r ' \ f . c f  . l l sses  grea le r  lhar  in  o the f  un l l s  o l  lh .

iarre citegor\ a!.1 rilcnnN(riplion.

2 .  Domnrant  d i l fe ren t la lsp . (  i . !  i l , )  , i , )L  In . . t  th .  t ) reser ie
cr i re r ia  abore  bu t  shor r  c  la r  i lo r r inanr  l  i r r  u t  o r  nore  than
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