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1. Dramatic changes are expected in the climates of the 
complex mountain, valley and plateau terrain of British 
Columbia (western Canada) over the next century.

2. Despite identifiable shifts in 
climate, forest composition is 
expected to have 
considerable inertia because 
trees are long-lived, have 
wide tolerances, and have 
dispersal limitations (Davis 
1989, Weber & Flannigan 
1997, Scheller & Mladenoff
2005).  What may be more 
important than changes in the 
abiotic environment are 
changes in the disturbance 
regime of forests (Flannigan & 
Van Wagner 1991, Flannigan 
et al. 1998, Fleming 2000, 
Dale et al. 2001).

3. While unambiguous changes in fire regime due to climatic shifts are difficult to 
demonstrate in western Canada (due in part to the confounding influence of fire 
suppression efforts), tree mortality due to insect and fungal attack is already on 
the rise.  These organisms are profoundly sensitive to differences in atmospheric 
temperature and humidity, and have much more rapid life cycles than trees.

A case in point is the degree to which the sub-boreal forests of central British 
Columbia are apparently becoming less suitable for lodgepole pine, Pinus
contorta var. latifolia.  Over the last 10 years, an outbreak of mountain pine beetle
(Dendroctonus ponderosae) has killed most mature pine trees (red trees in 
background photo) over an area of 8.7 million ha.

(data from B.C. Ministry of Forests and Range)
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4. The mountain pine beetle outbreak is clearly due to a reduced frequency of 
killing cold conditions during winter, and a forest age structure dominated by old, 
susceptible trees (Taylor et al. 2006).  As insect populations build, and as they 
run out of favoured food sources, however, these beetles are now attacking 
managed pine stands as young as 20-30 years old.

At the same time, there is growing evidence that fungal diseases are also 
becoming more abundant on juvenile lodgepole pine.  This is especially well 
documented for dothistroma needle blight, Dothistroma septosporum (Woods et 
al. 2005), and is related to more humid, warmer summers, at least in the western 
and northwestern portions of the sub-boreal zone.

Stalactiform blister rust on young lodgepole
pine, caused by Cronartium coleosporioides.

Dothistroma septosporum infection in a 
juvenile stand of lodgepole pine.

Rainfall at Ootsa Lake, west-central B.C., is 
increasing in early summer while it is 

decreasing in late summer (data from Canadian 
Climate Data Centre, Environment Canada)
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5. This loss of commercial timber is considered a disaster.  Yet pure lodgepole pine 
forests make up only 26% of the cumulative area affected by mountain pine beetle 
in British Columbia (Burton 2006), with other tree species likely to fill in where pine 
is dying.  Surveys reveal adequate stocking (>600 stems/ha) of non-pine 
regeneration in 48% of mature lodgepole pine stands.  The density and 
composition of that regeneration depends on biogeoclimatic subzone (see chart 
below), stand age, site moisture regime, and other factors.  This is the topic of 
ongoing sampling and modelling efforts.  

The insect outbreak is a “releasing disturbance” that accelerates 
succession to interior spruce (natural hybrids of Picea engelmannii and P. glauca) 
and subalpine fir (Abies lasiocarpa).  Combined with reductions in the extent of 
wildfire over previous decades (which had historically generated most even-aged 
pine stands), and the increased prevalence of fungal diseases on juvenile pine, it 
is clear that the climate is becoming more suitable for other tree species.

Spruce seedlings and saplings in the 
understory of a 100-yr old pine stand.

Combined data from 766 regeneration survey 
plots in  pine-dominated (>80% of basal area) 

stands in 5 subzones of central B.C.
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6. Widespread biotic disturbance, more universal 
than spot events such as fire, is facilitating the
adjustment of sub-boreal forests to the 
changing climate.  Rapid changes are likewise 
being detected in the circumboreal forest (Soja et 
al. in press).  We are clearly in the collapse or 
“release” phase of system dynamics (as per the 
panarchy model of Gunderson & Holling 2002, 
diagrammed below).  Considerable community 
reorganization will continue for centuries as 
species sort out compatible associations under a 
still-changing environment and agents of mortality.  
Although spruce and fir may represent the current 
successors to pine, long-term dominants may be 
western redcedar (Thuja plicata) or Douglas-fir 
(Pseudotsuga menziesii), depending on sub-
regional differences in future precipitation 
(Hamann & Wang in press).  Lodgepole pine may 
yet make a return if fire incidence increases in 
some drier months and locations.

(from Holling 2004)
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