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Introduction

Mountain hemlock (Tsuga mertensiana) trees are
a major component of the Mountain Hemlock
biogeoclimatic zone in the coastal mountains of
British Columbia. These stands are under increas-
ing pressure as timber harvesting extends upwards
into the montane zone, and their successful man-
agement requires an understanding of how they
will respond to future climatic changes (e.g.
Graumlich and Brubaker 1986; Woodword et al.
1994). This paper summarizes research designed
to describe the radial growth of mountain hem-
lock trees at four sites in Strathcona Provincial
Park on Vancouver Island (Figure 1). We chose
to focus on these stands as previous research shows
climate plays an important role in limiting tree
growth and establishment within this zone in
coastal British Columbia (Brooke et al. 1970).

Methodology

A mountain hemlock tree-ring chronology was
developed from 158 increment-core samples (108
trees), which were assessed using a computerized
WinDENDROTM (Ver. 4.1.2) image-processing
tree-ring measurement system (Guay et al. 1992).
The cores were crossdated and verified using the
software program COFECHA (Holmes 1992). The
age-growth trends inherent within each tree-ring
series were removed using a double detrending
procedure within ARSTAN (Holmes 1992).

Fritts (1976) and others have established a
methodological framework that uses statistical
techniques to factor out the climatic influences
on this radial growth. In this instance the soft-
ware program PRECONK (Ver. 5.1) developed
by Fritts (1994) was used. PRECONK invokes a
principal component analysis to maximize the cli-
matic signal within a tree-ring series (Fritts et al.
1971) and calculates a response function to iden-
tify the climatic variables most limiting to growth
(Blasing et al. 1984). The climatic data required
for the analysis were derived from the Comox
climate station (1945-1995), located approximately
35 km east of the study site (Figure 1).

Results

Our analyses of increment cores led to the devel-
opment of a cross-dated chronology extending from
1500 to 1994 A.D. (series correlation 0.531). As
shown by Figure 2, the chronology indicates that
enhanced radial growth characterizes the1530s-
1580s, 1750-1810s and 1870-1940s. Notable in-
tervals with suppressed radial growth include 1500-
1530s,1710-1750s, and 1820-1870s (Figure 2).

The PRECONK analysis showed that moun-
tain hemlock radial growth was significantly cor-
related (r2 = 0.621) to both air temperature (posi-
tive) in July and precipitation (snowfall) (negative)
in the preceding winter (November and January).
While the positive association between mountain
hemlock growth and air temperature is a reflec-
tion of how warm growing-season temperatures
enhance conifer metabolic processes (Owens and
Blake 1985), the negative relationship to winter
snowfall is usually assumed to be a reflection of
the important physiological role of deep seasonal
snowpacks (Fonda and Bliss 1969; Brooke et al.
1970). To illustrate the interplay of these two vari-
ables, a response surface (cf. Graumlich and
Brubaker 1986) was constructed which expressed
tree growth (1954-1994) as a function of the av-
erage July temperature and seasonal snowpack
(April 1) recorded at the nearby Forbidden Pla-
teau snow survey station (No. 3B01 BC Ministry
of Environment; Figure 1). This analysis revealed
that, over the 40 years of record, the greatest in-
crements of radial growth occurred during cool
summers that began with a shallow snowpack,
while the least amount of radial growth occurred
during seasons that began with below normal snow-
packs and ended with very warm summer air tem-
peratures (Figure 3). Significantly, our analyses
demonstrated that when the seasonal snowpacks
exceeded 4 m in depth, radial growth was
significantly reduced, regardless of the growing-
season temperature (Figure 3).

Like many biogeoclimatic zones in the Pa-
cific Northwest, the climate of the Vancouver Is-
land montane zone is influenced by recurring
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Figure 1. Location map of the sampling sites and climate stations.
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Figure 2. Mountain hemlock chronology and historical record of El Niño events compiled by Quinn and Neal (1992). A twenty-
five-year running mean was used to smooth both records to highlight the inherent long-term trends.

Figure 3. A response surface expressing the relationship between the annual mountain hemlock radial growth indice, average
July air temperature and April 1 snow depth. Due to nonlinearity in the climatic variables, the 40 data points used were
smoothed before modelling using second-degree polynomial equations. The figure indicates that between 1954 and
1994 enhanced radial growth occurred during cool summers that began with shallow winter snowpacks, or during
warmer-than-normal summers that began with moderately deep snowpacks (< 4m).
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climatic events occurring at several different
timescales (Brubaker 1986; Wall 1992). It is in-
teresting to note that, at the interannual/decadal
scale, El Niño winters generally correspond to
long-term intervals of enhanced radial growth
within these stands of mountain hemlock trees
(Figure 2). Based on the climate-growth relation-
ships described, these intervals are interpreted as
consisting of a series of cool summers that began
with a shallow snowpack or a series of very warm
summers that began with deep spring snowpacks.

Summary

Our research shows that the radial growth of
mountain hemlock trees growing at high eleva-

tion on Vancouver Island are sensitive to chang-
ing climates and probably respond to common
forcing mechanisms. While this behavior was
shown to be correlated with the temperature of
the growing season and the accumulated winter
snowfall depth, a longer term perspective shows
that it also reflects a response to global climatic
forcing mechanisms such as El Niño.

Acknowledgements

The research described in this paper was supported
by grants from NSERC, FRBC and the Univer-
sity of Victoria awarded to D. Smith. Permission
to collect samples in Strathcona Provincial Park
was granted by BC Parks.

Literature Cited

Blasing, T.J., D.N. Duvick, and D.C. West. 1984.
Dendroclimatic calibration and verification using re-
gionally averaged and single station precipitation data.
Tree-Ring Bulletin 41: 37-43.

Brooke, R.C., E.B. Peterson, and R.J. Krajina. 1970. The sub-
alpine mountain hemlock zone. In V.J. Krajina (ed.).
Ecology of Western North America. Department of
Botany, University of British Columbia, Vancouver,
BC. Pp.147-349.

Brubaker, L.B. 1986. Responses of tree populations to cli-
matic change. Vegetation 67: 119-130.

Fonda, R.W. and L.C. Bliss. 1969. Forest vegetation on the
montane and subalpine zones, Olympic Mountains,
Washington. Ecol. Monogr. 39: 271-301.

Fritts, H.C. 1976. Tree rings and climate. Academic Press,
London.

———. 1994. Quick help for PRECONK now called
PRECONKK Version 4.0. Dendrochronology Mod-
elling, Tucson, Arizona. Version 4.0, February 1, 1994.

Fritts, H.C., T.J. Blasing, B.P. Hayden, and J..E. Kutzbach.
1971. Multivariate techniques for specifying tree-
growth and climate relationships and for reconstruct-
ing anomalies in paleoclimate. J. Appl. Meteorol. 10:
845-864.

Graumlich, L.J. and L.B. Brubaker. 1986. Reconstruction of
annual temperature (1590-1979) for Longmire, Wash-
ington, derived from tree rings. Quaternary Research
25: 223-234.

Guay, R., R. Gagnon, H. Morin. 1992. MacDendro, a new
automatic and interactive tree-ring measurement sys-
tem based on image processing. In T.S. Bartholin, B.E.
Berglund, D. Eckstein, F.H. Schweingruber, and O.
Eggertsson (eds.). Tree Rings and Environment: Pro-
ceedings of the International Symposium, Ystad, South
Sweden, 3-9 September, 1990, Lund University, De-
partment of Quaternary Geology. Lundqua Report 34:
128-131.

Holmes, R.W. 1992. Dendrochronology Program Library,
Instruction and Program Manual (January 1992 up-
date). Laboratory of Tree-Ring Research, University
of Arizona, Tucson.

Owens, J.N. and M.D. Blake. 1985. Forest tree seed produc-
tivity. Canadian Forest Service, Petawawa National
Forestry Institute, Information Report PI-X-53.

Quinn, W.H. and V.T. Neal. 1992. The historical record of El
Niño events. In R.S. Bradley and P.D. Jones (eds.).
Climate Since A.D. 1500. Routledge, London and New
York. Pp. 623-648.

Wall, G. (ed.). 1992. Implications of climate change for Pa-
cific Northwest forest management. Department of
Geography Publication Series, Occasional Paper No.
15, University of Waterloo, Waterloo.

Woodward, A., D.G. Silsbee, E.G. Schreiner, and J.E. Means.
1994. Influence of climate on radial growth and cone
production in subalpine fir (Abies lasiocarpa) and
mountain hemlock (Tsuga mertensiana). Can. J. For.
Res. 24: 1133-1143.

20-Smith 11/20/98, 10:17 AM70

Black


