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Mountain Hemlock Growth Dynamics on Vancouver lsland

lntroduction

Mountain hemlock (Tsugo ntertensiotlu) tees are
a major component of the Mountain Hernlock
biogeoclimatic zone in the coasti,t l  mountains of
British Columbia. These stands lrre under increas
ing pressure as timber harvesting extends upwards
into the montane zone. and their successful man-
agement requires an understanding of how thcy
will respond to future climatic changes (e.g.
Craurnlich and Brubaker 1986: Woodwold et al.
1994). This paper summarizes resealch designed
b describe the radial grorvth of mountarD hem
lock trees at tbur sites in Strathcona Provincial
Park on Vancouvel Island (Figure 1). We chosc
to focus on these stands as previous research shows
climate pla)'s an important role in liniting tree
growth and establishment within thrs zone in
coastal Brit ish Columbia (Brooke et al. 1970).

Methodology

A mounlain hcmlock tree-ring chronology wns
developed from 15 8 increment-core samples ( I 08
trees). which werc asscsscd usin-q acomputerized
WinDENDROT\r  '  Vcr .  L l .2 r  imrge-pr , ' .e . . ing
trce-dng measurement system (Guay et al. 1992).
The cores wele crossdated and verif ied using thc
software program COFECHA (Holmes 1992). The
age-growth lrcnds inherent within each tree-ring
scrics wcrc removed using a double detrending
proccdure within ARSTAN (Holrnes 1992).

Fritts (1976) and others have established a
mcthodological frurervork that uses statistical
tcchniques to i'actor out the climatic inlluences
on this radial gro\\,th. In this instance the soft-
wirre prognrn PRECONK (Ver. 5.1) developed
by Fritts (199.1) was used. PRECONK invokcs a
principal component analysis to maximize thc cli-
matic signal within a tree ring series (Fritts et al.
1971) and calculates a response lunction to iden
tity the climatic variables most I imiting to glowth
(Blasing et al. 198:l). The climatic data requifed
1br the analysis were dedved from the Comox
clinatestation (1945 1995.), locatedapproxinratcly
35 km east of the study site (Figure 1).

Besults

Our analyscs of increment cores led to the devel
opment ofa crcss-dabd chronology extending from
1500 to 199.1A.D. (scries correlation 0.531.1. As
shown by Figurc 2, the chronology indicates that
cnhtrnced radial growth cheffacterizes thel530s-
1580s.  1750- lE l0s  and 1870-1940s.  Notab le  in -
tervals \\, ith suppressed radial growth include 1500-
I 530s, I 7 | 0- I 750s. and lE20-1870s (Figule 2).

The PRECONK analysis showed that moun-
ttin hernlock radial growth was significantly cor-
reiated (rr = 0.621.1 to both af temperature (posi-
tive) in July and precipitation (snowlall) (ncgative)
in the preceding winter (Novembcr and January).
Whi le  the  po ' i t i r  e  r . :uc i r l  i t \n  bc l \ \  cen  m,  'unr r  in
hemlock growth and air temperature is a reflec-
tion of how warm glowiDg season tempcratures
enhance conifer metabolic processes (Owens and
Blake 1985), the negative relationship to wintcr
snorvlall is usually assumed to be a rcflcction of
the impofiant physiological role ofdeep seasonal
snowpacks (Fonda and Bliss 1969: Brooke et al.
1970). To illustrate the intcrplay ofthese two vari-
ables, a response sulface (cf Graumlich and
Brubaker 1986) was constructed which exprcssed
tree growth (195,+-199,1) as a function of thc av-
cragc July temperature and seasonal snowpack
(April I ) recorded at thc nearby Forbidden Pla
teau snow sufvey station (No. 3B01 BC Ministry
ofEnvironment; Figure 1). This analysis revealed
lh r t .  o \  c r  the  40  )  e  .o l re (orJ .  IhcgrcJ le \ t  in -
crements ol radial growth occuned dudlg cool
summers that began with a shallow snowpack,
while the least amount of radial growth occured
during seasons that began with below normal snow
prck '  lnd  erdcd u  i th  \en  \  i l ' l n \ummerJ i r lem-
pcratures (Figure 3). Significantly, our analyses
denonsffated that when thc scasonal snovpacks
excccdcd 4 m in depth, rrdial growth was
s ipn i l i c rn t l l  rcduced.  regard le ' .  o f  thc  g rou  ing-
season tcmpcrature (Figure 3).

Like manv biogeoclirnatic zones in the Pa-
cific No hwesl. thc climate ofthe Vancouver Is
l i rn , . i  mont rne  zone is  in f lueneeJ b1  r ' . cur r ing
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Figurr '  l .  Loc.r t ion mrp of thc sanpl ing s i tes and c l imrre \ tat ions.
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Figure l. \'Iountarn hcn)lock chrulologr md historical fecofd of El Nino evenls corrpilcd b\' Quirn and Nerl (1992). A !$enry
five-lertf mnning mean ras urcd to srrooth bolh rccords to highlight the inherenr lo.g tcnn lrcnd\.
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Figure 3 A fesponse sudrce e\pressjng thc rcladdship bet$een the rnnu.rl mountain hemlock radirl growth indice. r|efage
Jul,"" rir lcnpcrature Lrnd Apfil I sno$ depth. Due ro nonlincarit) in fie clim.rtic vari.rble\. the :10 data poinls uscd $ere
\moothed heforc nodclling usirS second degfee pol!nolllirl equatio s. Thc ligurc indicates that be$'een 195.1 and
199.1 enhrnced fadial gro$rh occurrcd duing cool sunmers th.Lt began \\'ith shallor $intcr srowp.rck\, or during
$armcr than nonnrl sumnefs thrt beg.rn u iih moderatelv decp sno$packs (<,lln).
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El Nino record
(Quinn and Neal 1992)
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climatic events occurring rt several ditTerent
tinrescales (Brubrker 1986: Wall 1992). It is in-
teresting to note that. at the interannual/decadal
scale. El Niiro rvintcrs gcncrally correspond to
long-term intervals of enhanccd radial growth
within thcsc stands of mountain henrlock trees
(Figure 2). Based on the climate-growth relation-
ships described. these intervals are interyreted as
consisting of a series of cool summers that began
u i th  r  .h r r l l ,  ru  \no$p i rck , ' r r .e r ie \o l - re r1  $ l r tn
summers thrt began v ith deep spring snowpacks.

Summary

Our lesealch sho$'s that the fadial growth of
nrountain henrlock trees growing at high eleva-
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l ion on Vancouver Island are sensitive to chang
ing climates and probably respond to common
forcing mcchanisms. While this behavior was
shown to be correlatcd with the temperature of
the growing season and the accunrulated winter
snowfall depth. a longcr tenn perspective shows
that it also retlects a response to global climatic
l i ' r .  ing  me\h i rn i .n r .  ruch  r '  E l  N i i c .
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