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1.0 INTRODUCTION 

In the United States, a large proportion of mature whitebark pine (Pinus albicaulis) were 
killed by mountain pine beetle during the 1940s and the 1980s when mountain pine beetle 
(Dendroctonus ponderosae) epidemics spread from low elevation lodgepole pine (Pinus 
contorta) forests upward into whitebark pine forests (Ciesla & Furniss, 1975).  The effects of 
mountain pine beetle outbreaks on whitebark pine forests in British Columbia are poorly 
understood, but the potential for a major, negative impact is clear.  Considering the extent of the 
current outbreak in low elevation lodgepole pine forests, we can expect that a massive decline of 
whitebark pine in British Columbia is imminent. Although mountain pine beetle outbreaks are 
natural disturbances in pine forests of western North America, the cumulative effects of a number 
of anthropogenic factors are putting whitebark pine at greater risk from beetles than ever before. 
Warming climates are expanding the geographic range of mountain pine beetle in British 
Columbia (Carroll et al., 2004), and probably creating more suitable habitat for the beetle at 
higher elevations (Amman, 1973).  In addition, many whitebark pine forests throughout British 
Columbia are heavily infected by the exotic fungus white pine blister rust (Cronartium ribicola) 
(Campbell & Antos, 2000), which makes them more susceptible to attack by mountain pine 
beetle.  Moreover, fire suppression activities over the last century have contributed to an increase 
in the extent of susceptible lodgepole pine over landscapes in BC, creating more “sources” of 
beetles at low elevations (Taylor and Carroll, 2004). 

Considered a “keystone” species, whitebark pine is a functionally important component of 
many high-elevation ecosystems in western North America and the consequences of its decline 
are numerous. In upper subalpine ecosystems, where harsh conditions limit the growth of other 
tree species, whitebark pine strongly influences patterns of snow accumulation and snowmelt.  Its 
continued decline may alter watershed hydrology affecting slope stability and the timing, levels, 
and quality of stream flow. In these same harsh environments, whitebark pine also moderates 
microenvironments and facilitates the recruitment and growth of other plants. Whitebark pine is 
inexorably linked to Clark’s nutcracker (Nucifraga columbiana), which has evolved to exploit the 
highly nutritious seed of whitebark pine (Lanner, 1996). The pine is, in turn, entirely dependant 
on the nutcracker for seed dispersal and subsequent recruitment.  The seed is also an important 
source of dietary fat for other animals such as red squirrels (Tamiasciurus hudsonicus) and 
grizzly bears (Ursus arctos L.), which have increased reproductive success in years of abundant 
seed production (Mattson & Jonkel, 1990).  Any disruption of the symbiotic relationship between 
the bird and whitebark pine will have cascading effects, impacting many basic ecosystem 
processes and compromising the biological diversity of these communities (Tomback & Kendall, 
2001).  Expanding outbreaks of mountain pine beetle due to warming climate conditions, or other 
factors like the more abundant and susceptible lodgepole pine in landscapes, pose just this sort of 
threat.  Indeed, it has been hypothesized that the current distribution of whitebark pine resulted 
from the inability of this species to ward off attacks by insects and pathogens that occur on pines 
in more climatically benign environments (Logan & Powell, 2001).   

Declining whitebark pine represent a strong indicator of the effects that climate change, 
human land-use activities, and exotic species invasions can have on the biological diversity and 
functional integrity of forest ecosystems.  It is generally agreed among scientists, forest and 
wildlife managers, and high-mountain recreationists that development of a conservation strategy 
to offset human influences on the decline of whitebark pine should receive high priority 
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(Tomback et al., 2001).  Fundamental to this is an assessment and quantification of the factors 
contributing to the decline - and how the influence of these factors has changed over time. We 
conducted a study that assesses and quantifies past and current impacts of beetle outbreaks and 
uses simulation models to predict the threat of future mountain pine beetle outbreaks to whitebark 
pine in British Columbia. The initial objectives of the project were:  

 
1. To map climatically suitable habitat for mountain pine beetle over the range of whitebark 

pine in BC and assess the potential impacts of climate change.  
2. To describe stand structure and reconstruct disturbance history and stand dynamics 

(including whitebark pine population dynamics). 
3. To assess natality, mortality and voltinism of mountain pine beetle on whitebark pine.  
 
Because we had the opportunity to do so, we also initiated a study of whitebark pine beetle 

defences to beetle attack. The results of this work are included in the report.  
 

 
 
2.0 METHODS 
 
2.1 Modelling the potential impacts of climate change on the climatic suitability of beetle 
habitats in whitebark pine forests  
 
2.1.1 Landscape-wide projections of climatically suitable habitat in whitebark pine ecosystems. 

 Using empirical relationships of the direct and indirect influences of climate on mountain 
pine beetle (Safranyik et al., 1975) in combination with a spatially explicit, climate-driven 
simulation tool (see Carroll et al. 2004) produced landscape-wide projections of climatically 
suitable beetle habitat.  Six variables describe climatic thresholds for beetle survival, 
development, and dispersal as well as host susceptibility, in 64 ha grid cells covering British 
Columbia: i) presence of 833 degree days above 5.5˚C ii) presence of minimum winter 
temperatures greater than -40˚C; iii) presence of August temperatures ≥ 18 ˚C; iv) presence of 
greater than average April-June precipitation; v) variability in growing season precipitation; and 
vi) an index of aridity (Carroll et al. 2006). The climate suitability indices produced from these 
variables were calculated for each grid cell and assigned to one of five climate suitability classes 
(CSC) indicating very low, low, moderate, high and extreme risk of a beetle outbreak.  Historical 
weather records were used to project climate suitability from 1931-2000, and a climate change 
scenario assuming a doubling of atmospheric CO2 by 2100 (Flato et al., 2001) was used to project 
climate suitability from 2001 to 2070.  The projections were mapped (based on 30-year climate 
normals) in ten-year increments from 1931-60 to 2041-70 (Fig. 1).  These projections were used 
to assess changes in the distribution of suitable beetle habitat within the range of whitebark pine 
through time, and formed the basis for assessing the potential impacts of climate change. 
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Figure 1.  An example of a landscape-wide projection of climatically suitable habitat for mountain pine beetle 
between 1981 and 2010 in British Columbia. 

 

 Arc/Info GIS was used to query the BC provincial forest inventory database for all stands 
containing whitebark pine. The resulting map describing geographic range of whitebark pine in 
BC was intersected with each of the 12 maps projecting climate suitability.  The intersection of 
these files produced a database that classified the entire range of whitebark pine according to past 
and future risk of beetle outbreak.  The percentage of whitebark pine’s range covered by each of 
these climate suitability classes in each time step was summarized from this database.  

 

2.1.2 Past expansion of beetle into previously hostile environments 

 From 1959 to present, annual aerial surveys of forest insect and disease conditions have been 
mapped and digitized by the Canadian Forest Service and the BC Forest Service.  To quantify 
beetle expansion during the past 30 years, we intersected digitized map files of: i) the map 
representing the historic distribution climatic suitability of beetle habitats (i.e., for the climate 
normal period 1941-1970); ii) aerial survey polygons, and iii) the range of whitebark pine 
obtained form forest inventory maps. For each year, these intersections indicated how many 
infestations occurred in each climate suitability class for 1941 to 1970.  To determine if beetles 
had expanded into previously hostile environments (i.e., very low, low, and moderate climate 
suitability between 1941 and 1970), the number of infestations each year were combined for all 
these classes and graphed.  
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2.1.3 Historical trends in model parameters describing beetle habitat suitability 
 

To determine what beetle-climate relationships had the greatest effect on the expansion of 
beetle outbreak into whitebark pine forests, historical weather station data were used to calculate 
annual values for each of the variables delineating suitable beetle habitat (see Table 1). Because 
snow may insulate beetle from cold winter temperatures, we also assessed the trend in snow 
depth over the last several decades. Weather and snow course data from at least three nearby 
stations (i.e., within 50 km), were used to calculate annual values for each of the parameters in 
the beetle climate suitability model at three study sites (Tweedsmuir, Cranbrook and Lillooet).  
Annual weather data were averaged over all climate stations, after adjusting temperature data for 
the normal adiabatic lapse rate (0.65˚C/100 m) to more accurately reflect high elevation stand 
conditions (Lookingbill & Urban, 2003).  Model parameters describing the climatic suitability of 
mountain pine beetle habitat (Carroll et al., 2003) were calculated for each year from weather 
station data and graphed. 
 
 
 
Table 1. Description of climate variables used to construct models of climatically suitable 

mountain pine beetle habitat (adapted from Safranyik et al., 1975). 

Variable Variable description Critical population process  
P

1
> 305 degree-days 
above 5.5°C from Aug. 
1 to end of growing 
season (Boughner 
1964), and >833 
degree-days from 
August 1 to July 31  

A univoltine life cycles synchronized with critical seasonal events is essential 
for MPB survival. 305 degree-days is the minimum heat requirement from 
peak flight to 50% egg hatch, and 833 degree-days is the minimum required 
for a population to be univoltine.  

P
2

Minimum winter 
temperatures >-40°C  

Under-bark temperatures at or below -40°C causes 100% mortality within a 
population. 
  

P
3

Mean maximum 
August temperatures 
≥18.3°C  

The lower threshold for MPB flight is ≈18.3°C It is assumed that when the 
frequency of maximum daily temperatures ≥18.3°C is ≤5% during August, the 
peak of MPB emergence and flight will be protracted and mass attack success 
reduced. 

P
4

Sum of precipitation 
from April to June < 
long-term average  

Significant increases in MPB populations have been correlated with periods of 
two or more consecutive years of below-average precipitation over large areas 
of western Canada.  
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2.2 Field studies of stand dynamics, beetle outbreak impacts, and beetle population biology 
 
 Ten field sites over a broad geographic range of whitebark pine stands in British Columbia 
were surveyed (Fig. 2) to; i) describe stand structure and dynamics; ii) assess the impact of 
current mountain pine beetle infestations; iii) reconstruct the history past stand disturbances; 
particularly beetle outbreaks; and iv) determines levels of beetle natality, mortality and voltinism.   
 

Arc/Info was used to query provincial forest inventory for whitebark pine stands with an 
age class of 8 or 9, or greater (i.e., ~ 175 years old or greater).  Among this population of stands 
we selected nine stands with an active beetle infestation (or a mapped history of disturbance by 
beetle outbreaks) where whitebark pine is the dominant species.  Sampling trips were made to 
these sites in July and September of 2006 and 2007. 

 
 

 
Figure 2. Map showing location of 9 field study sites in British Columbia.  

 
 

2.2.1 Reconstructing stand disturbance history and whitebark pine/stand dynamics 
 

Two of the nine stands surveyed (i.e., Tweedsmuir, Cranbrook) were chosen to conduct 
detailed stand dynamics studies that included tree age determinations through coring, and 
mapping of each tree taller than 1.3 m.  Stand dynamics in other stands were inferred from tree 
diameter class distributions. In each stand, we recorded the breast height diameter (1.3 m) in a 25 
m x 50 m sub-plot.  Saplings (<1.3 m tall) were also counted and if abundant, were counted in 
five 5m2 plots (located on the corners and centre of the 25 m x 50 m plot) and averaged to get a 
value for the stand.  In a 50 m x 100 m plot, we survey all whitebark pine for mountain pine 
beetle infestations and blister rust infections.  
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All increment cores collected in the field were prepared in the BC Forest Service Glyn 

Road laboratory following standard dendroecological techniques (Stokes & Smiley, 1968).  Tree-
rings were measured using WinDendro and the dates assigned to each ring were verified using 
standard cross-dating methods (Holmes, 1983).  Tree-ring patterns of growth release helped to 
determine the timing of past disturbances, including mountain pine beetle outbreaks. The 
historical occurrence of beetle outbreaks was identified from frequency distributions of the death 
dates of dead trees (especially dead trees with evidence of infestation on the bole) and from 
periods of growth release in surviving trees of all species in the stand.   

 
 
2.2.2 Quantifying natality, mortality and voltinism of mountain pine beetle on whitebark pine 
 

For greater than 10 whitebark pine trees attacked each year, we recorded attack densities, 
stages of beetle development, and the size of populations emerging from the north and south 
sides of whitebark pine trees. Bark samples were also taken back to the laboratory at the 
Canadian Forest Service in Victoria to verify attack densities, measure the timing and size of 
emerging populations, assess survivorship by developmental stage, identify causes of beetle 
mortality, measure egg gallery length and larval gallery abundance/female fecundity.  

 
Prediction of the dynamics and subsequent impacts of mountain pine beetle in whitebark 

pine stands requires an understanding of the factors that affect rates of natality/mortality in that 
system.  Although evidence from laboratory studies suggests that brood production is much 
greater for mountain pine beetle developing in whitebark versus lodgepole pine (Amman 1982), 
to date no studies of the interaction of whitebark pine and the mountain pine beetle have been 
conducted in situ.  Therefore, we assessed the population levels, natality (i.e., fecundity and 
development), mortality and voltinism (i.e., life cycle duration) of mountain pine beetle within 
each stand at each study site during 2006 and 2007. 

 
During early spring 2006, infested whitebark pine were sampled in 50 m x 100 m plots at 

the centre of each of the eight stands.  All trees in each plot were assessed for mountain pine 
beetle attacks.  Currently attacked trees (i.e., those attacked in 2005) were identified and attack 
densities, brood totals and population levels quantified from 6” bark samples using established 
techniques (Safranyik, 1988).  At the same time, overwintering mortality, mortality agents 
[identified from cadavers (Langor, 1989)], and the developmental stage of survivors were 
recorded in both years. 

 
In September of 2006 and 2007, the plots were revisited.  The size of the emerging beetle 

population was determined by assessing the density of emergence holes from the trees attacked in 
the previous year, and additional bark samples were taken to determine summer mortality, 
mortality agents and whether all beetles had completed development and emerged (i.e., univoltine 
versus semivoltine life cycles).  Each plot was also assessed for trees attacked since that 
summer’s field visit.  Bark samples were taken from these trees to determine attack densities, egg 
gallery lengths and female fecundity.  From these data we quantified the mountain pine beetle 
populations within each stand, determined the major sources of mortality, and established the 
capacity for brood production.   
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When investigating mountain pine beetle population dynamics, attack and brood success, 

temperature is a critical factor in determining the voltinism of the beetle’s life cycle, as well as 
timing of mass flight.  With this in mind, all population data was collected from both the north 
and south aspects of attacked whitebark pine trees. 

 
 

2.3 Study of whitebark pine defenses to mountain pine beetle attack  
 

2.3.1 Constitutive monoterpene content of whitebark pine phloem  
 

 Some aspects of bark beetle activity (e.g., host selection/beetle arrival rates at host trees) 
have been more strongly associated with the constitutive monoterpene composition of phloem 
tissues than reaction phloem chemistry that is induced by initial beetle attacks (Wallin & Raffa, 
2003).  Thus, understanding variability in the constitutive monoterpene profiles among species 
and populations of the same species provides insight into variability in the expression of 
resistance mechanisms associated with host attractiveness. Variability in the abundance of some 
monoterpenes controlling host attractiveness to beetle (α-pinene, ß-pinene, limonene myrcene, 3-
carene, sabinene, and ß-phellandrene) is under genetic control (Smith 2000).  

 
We undertook preliminary work to examine variation in phloem monoterpene profiles 

among whitebark pine and lodgepole pine trees prior to beetle attack (i.e., constitutive 
monoterpene content).  These monoterpene profiles will be compared to samples from attacked 
trees over the next year or so.  From three of the ten whitebark pine stands we studied in British 
Columbia (i.e, the Thynne, Tweedsmuir and Angus Creek stands), at least ten whitebark pine 
unattacked by beetle were sampled to characterize xylem resin monoterpene profiles.  Two bark 
punches were taken from each whitebark  pine sample (one from the north and one from the 
south side of the tree) at about breast height (1.3 m) using a 1.5 cm bit.  All trees sampled were at 
least 30 cm in diameter at breast height.  Bark punches were put into paper envelopes, labeled 
and immediately put on dry ice.  The bit used to remove bark punches was sterilized with alcohol 
between collections from each tree.   

 
Upon returning to the laboratory, samples were stored in a freezer until they were 

analyzed for monoterpene content by the British Columbia Ministry of Forest chemical 
laboratory.  Phloem samples weighing between 0.1 and 0.2 grams were ground, placed in a 4 ml 
vile with 4 ml of extracting solution (250 ppm pentadecane in hexane) and stored in a cool dark 
place for  48 hours. The samples were inverted to mix, allowed to settle for 24 hours and then 0.5 
ml of sample was transferred to a 2 ml autosampler vial for gas chromatograph analysis.  The 
amount of component monoterpenes in each sample collected were normalized, that is, expressed 
as a percentage of the total monoterpenes in the sample. 

 
Monoterpene profiles from among unattacked trees were compared among sites sampled 

and to the profiles of unattacked lodgepole pine from another study conducted in British 
Columbia (A. Yanchuk, unpub. data).  Seventy lodgepole pine samples were randomly selected 
from a larger pool of 2610. All lodgepole pine phloem samples were analyzed by the BC 
Ministry of Forests laboratory using the same analytical procedures described for monoterpene 
extraction and detection in whitebark pine. 
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2.3.2 Induced defences: pitchouts and hypersensitive bark reactions  

 When beetles bore into host trees, they may encounter resin ducts and initiate resin flow 
that is strong enough to overcome the boring beetles.  This process is called “pitching out” and is 
one of the most important defences a tree has against bark beetles and the blue stain fungus that 
they carry.  In the field this pitching out is very easy to recognize as copious amounts of resin are 
exuded from beetle boring holes on trees.  During our beetle surveys, we noted the location of 
trees resisting attack to beetle through pitchout. To ensure this resistance mechanism was 
successful, we peeled back the bark of the tree around entry holes to look for: a hypersensitive 
bark reaction (which colours the inner bark and wood with a brown stain), the presence of dead 
beetles, and the absence of bluestain fungus.  
 
 
3 RESULTS AND DISCUSSION 
 
3.1 Modelling the potential impacts of climate change on the climatic suitability of beetle 
habitats in whitebark pine forests  
 

3.1.1. Landscape-wide projections of climatically suitable habitat in whitebark pine ecosystems. 
 

We found substantial temporal changes in the risk of mountain pine beetle outbreaks in 
high-elevation whitebark pine ecosystems (Fig. 3).  Warming climates are and will continue to 
increase the risk of mountain pine beetle outbreaks throughout the geographic range of whitebark 
pine in British Columbia. The greatest changes occur in the percentage of whitebark pine’s range 
at low, high, and extreme risk to beetle outbreaks.  The area of whitebark pine’s range at very low 
risk to beetle outbreaks was projected to decrease by about one third from 1981 to 2010, and then 
again by another third by 2070.  Even more significant was the shift in the percentage of 
whitebark pine’s range at high and extreme risk to beetle outbreaks. The percentage of whitebark 
pine’s range at high risk to beetle outbreaks was projected to double between 1981and 2010, and 
then double again between 2001 and 2070.  Projected changes in the percentage of whitebark 
pine’s range at low to moderate risk to beetle outbreaks was less dramatic. 
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Figure 3. Temporal changes in the percentage of whitebark pine`s geographic range at very low, low, moderate, high 
and extreme risk to beetle outbreaks.   
 

3.1.2. Expansion of beetle into previously hostile environments 

 A GIS intersection of aerial survey data of beetle outbreaks, the range of whitebark pine in 
BC (obtained from forest inventory data), and climate suitability projections for the normal 
period indicated a very substantial change in the suitability of beetle habitats since 1964. As of 
2007, the number infestations in previously unsuitable whitebark pine ecosystems was 3 times 
greater than during the outbreak in the 1980s (Fig. 4).  This suggests that the climate for beetle 
persistence at high elevations has improved substantially.  

 

 
 
Figure 4.  Number of infestations per year in parts of the whitebark pine previously considered climatically 
unsuitable (very low, low, and moderate climate suitability classes).  Aerial survey data from 1960 to present were 
overlaid with the distribution of climatically unsuitable habitat for the climate normal periods: 1941-1970.  
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3.1.3 Historical trends in parameters describing beetle habitat suitability 
 
Below is an example of changes in climate suitability parameters for the Angus Creek 

study sites sampled for beetle impacts in the field (Fig. 5).  At this site 30% of the whitebark pine 
trees had been killed by the current beetle infestation as of 2007.  Large mature whitebark pine 
greater than 20 cm in diameter are abundant in this stand, suggesting beetle outbreaks have had 
little impact on this stand until very recently.  

 
We found changes in the many parameters that would suggest increasingly suitable 

climates for beetle to complete its life cycle and survive at this site. The number of degree days 
needed to for beetle to have a univoltine live cycle increased steadily but still remained under 
threshold levels suggesting an improvement in conditions might increase the level of 1-year life 
cycles but that two-year life cycles might still predominate.  The frequency of -40˚C under bark 
temperatures indicate a fairly dramatic change indicating that winters have been warming 
significantly at the Angus Creek site over the last 60 years. The percentage of days in August 
with maximum daily temperatures greater than 18.3˚C changed very little but was always much 
greater than 5% providing good conditions for mass attack (as opposed to a protracted emergence 
and flight which would reduce the propensity for mass attacks). The sum of precipitation from 
April to June is mostly above the long term average but it is difficult to say if this amount of 
precipitation is still insufficient causing drought stress that would make tree more susceptible to 
beetle. No substantial decrease in snow depth occurred.  

 
Overall, major changes in temperature at this site, particularly degree day thresholds and 

under bark temperatures may explain changes in the climatic suitability of habitats at this site.  
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Figure 5.  Trends in climate parameters describing the climatic suitability of beetle habitat at Angus Creek.    
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3.2 Field Studies  
 
 3.2.1 Lakit Mountain 
 
i. Site description - The Lakit Mountain study site is located east of Cranbrook on a steep (50%) 
scree slope with a northerly aspect (Fig. 6).  Climate normals for the period 1971-2000 from the 
Wasa climate station (49˚ 49’ N, 115˚ 38’ W, 930 m) indicate the mean temperature of the 
coldest month is -7.3˚C, the warmest month is 17.9˚C and the average total annual precipitation is 
439.1 mm, with 99.8 mm of that falling as snow (Environment Canada 2008).   

 

 
Figure 6. Lakit Mountain study site. 
 
ii.  Stand structure, dynamics and disturbance history – The diameter of all tree species were 
surveyed in a 25 m x 50 m subplot (i.e., 0.125 ha). The total number of living trees in the plot 
was 336 (i.e., 2688 stems/ha). Whitebark pine was the dominant tree species, with large trees 
forming the main forest canopy of very open stands on this dry site.  On these sites, small 
whitebark pine were more abundant than larger trees (Fig. 7) but many of the smaller trees were 
infected by blister rust.  Small sub-alpine fir (Abies lasiocarpa) were very abundant and small 
subalpine larch (Larix lyalli) were scattered throughout the site (Fig. 7).  Small subalpine fir were 
about twice as abundant as small whitebark pine and much more abundant than alpine larch.  
Dead whitebark pine of all sizes were much more common than dead subalpine fir or larch at this 
study site (Fig. 7).   
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Figure 7.  Diameter class distribution by species counted in a 25 m x 50 m plot at Lakit mountain. Whitebark pine = 
Pa, subalpine fir = Bl and subalpine larch = La. 

 
The health of all whitebark pine was surveyed in a larger half hectare plot (50 m x 100 

m).  Although most low elevation lodgepole pine stands were already killed by mountain pine 
beetle, the beetle outbreak in high elevation stands where whitebark pine occurred was on-going.  
The outbreak began at this site in 2004, with 17% of whitebark pine attacked that year, and 
another 19% the following year (2005).  A colder than usual summer delayed peak beetle flight 
and only 1% of whitebark pine were attacked by beetle at the time of summer sampling in July 
2006.  Thirty-seven percent of whitebark pine (n=81) in the plot had been recently attacked by 
mountain pine beetle (living green trees), and were either dead or dying (red foliage) from beetle 
attacks in previous years. The dead trees killed by unknown causes had been dead for some time 
and no evidence of beetle infestation (i.e., beetle galleries were not evident on the bole). Cores 
from these trees were taken to determine death dates but the samples did not cross-date well with 
cores taken from live samples.  Tree ring series developed from dead trees must be re-examined 
to determine what protocols, if any could improve cross-dating procedures for these trees.  

  
Beetle attacks occurred on various sized trees at this site, including trees of small diameter 

(0-10 cm), which are often thought to escape beetle attack (Fig. 8). More than half of all 
whitebark in the largest diameter classes had been attacked by beetle as of July 2006.  Host trees 
exuded some pitch upon attack by beetle, but not enough to prevent any trees from being 
colonized by beetle or the blue stain fungi they carry. White pine blister rust infections were 
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documented only on the smallest whitebark pine trees on this site (Fig. 8). 

 
Figure 8. Diameter of whitebark pine trees recently attacked by mountain beetle (MPB), but still living and infected 
by white pine blister rust (BR) . 
 

Although no age data were collected across all sizes of trees, tree diameter distribution 
data suggests that whitebark pine colonized sites first followed by subalpine fir and scattered 
subalpine larch. By creating microsites for species less tolerant to hard conditions, such as those 
found on this site, whitebark pine is thought to facilitate the colonization of other plant species 
(Schottle et al., 2004).  The presence of whitebark pine in all diameters suggests continual 
recruitment, which would be expected in open stands like this one because Clark’s nutcracker is 
thought to prefer open sites for caching seeds (Tomback, 1982) and because the moderately 
shade-intolerant whitebark pine is faced with little competition from shade-tolerant species. The 
old age of most large trees suggests this stand escaped beetle infestations during the last 
province-wide beetle outbreaks in the 1980s and 1940s.  However, over 35% of the whitebark 
pine at this study site were killed by mountain pine beetle or were dying due to the current beetle 
outbreak.  Almost all mature trees were infested or already killed by beetle, which means the on-
site seed sources for whitebark pine have virtually been eliminated. Whitebark pine regeneration 
is quite abundant, and only 17% of it is currently infected by blister rust.  If some of these can 
grow to maturity before being killed by blister rust, whitebark pine could maintain itself on this 
site, albeit in lower numbers than in the past. 

 
 

iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In July 2006, 
6” bark peels were collected to assess beetle development and voltinism (Fig. 9). Average attack 
density of whitebark pine in 2006 falls in the mid-range of all sites, with an average of 2 attacks 
on each aspect of a tree.  Main galleries are more numerous the north aspects of whitebark, but 
larval galleries are twice as numerous on southern aspects, as are pupal chambers (Appendix 1). 
Ratios of larval galleries initiated to pupal chambers present, indicate ~1% (north side) and ~20% 
(south side) of larvae survived to the pupal stage. 
 
 In July 2006, most beetles occurred in later stages of development. However, beetles were 
distributed throughout in all developmental stages, suggesting a prolonged period of beetle and a 
semi-voltine life-cycle whereby late attackers will likely over winter twice. Because early instar 
larvae are highly susceptible to cold, semi-voltine life-cycles suggest high beetle mortality on this 
site. However, even if a large proportion of beetles attacking these trees are killed by cold 
temperatures, the blue stain fungi carried by the beetle infected all trees, and tree death might 
result more from than just beetle damage.  
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Figure 9.  Proportion of beetles in each developmental stage (L1-L4 are the first to fourth larval instar stages).  
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3.2.2 Angus Creek 
 
i. Site description – This study site is located northwest of Cranbrook in southeastern British 
Columbia. The site occurs on a 28% slope and faces southwest (Fig. 10). Climate normals for the 
period 1971-2000 from the Cranbrook Airport (49˚ 37’ N, 115˚ 47’ W, 940 m) indicate mean 
temperature of the coldest month is -7.5˚C, the warmest month is  18.3˚C and the average total 
annual precipitation is 383.4 mm, with 270.7 mm of that falling as snow (Environment Canada 
2008).   
 

 
 

 
Figure 10. View of whitebark pine dominated forest with abundant subalpine fir in the understory.  
 
ii. Stand structure, dynamics and disturbance history – Whitebark pine was the canopy 
dominant species with scattered Engelmann spruce (Fig.11 and Fig. 12.). Subalpine fir was 
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abundant in the understory.  The total number of living trees taller than 1.3 m in the 25 m x 50 m 
plot was 369 (i.e., 2952 stems/ha).  Subalpine fir was the most abundant species, forming a dense 
subcanopy with most trees less than 10 cm in diameter. Large whitebark pine were more 
abundant than large subalpine fir or Engelmann spruce. Most of the large whitebark pine had 
recently been killed.  Low numbers of whitebark pine in the smallest diameter classes suggest 
poor recruitment of whitebark pine in the understory.    

 
 
Figure 11. Diameter class distribution of living and dead trees in a 25 m x 50 m plot. Whitebark pine = Pa, subalpine 
fir = Bl, and Engelmann spruce = Se. 
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Figure 12.   Map of whitebark pine surveyed for stand dynamics study in s 25 x 50 m plot. 

 
Tree rings were counted on increment cores to determine tree ages.  These age data were 

used to construct age-class distributions (Fig. 13).  Most whitebark pine in the stand are between 
250 and 300 years old, indicating a major period of recruitment at this time.  Trees between 151 
and 175 years old were also abundant indicating a second pulse in recruitment at this time.  
Although pulses of recruitment occurred, whitebark pine continuously recruited into the stand as 
indicated by the presence of trees in all age classes.  Most subalpine fir were between 100 and 
200 years old indicating a strong period of recruitment at this time, about 50 years after most 
whitebark pine occupied the site.  Recruitment of subalpine fir over the last 100 years has been 
relatively low.  Most Engelmann spruce were between 200 and 275 year old, indicating that this 
species abundantly occupied disturbed sites before subalpine fir and about 25 years after 
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whitebark pine established.  Only small amounts of Engelmann spruce have recruited into the 
subcanopy over the last 200 years.  Dead whitebark pine of all ages occurred in the stand. 
Presumably, many young trees were killed due to competition or blister rust.  Deaths of older 
whitebark pine could have resulted from any combination of causes, including blister rust, beetle 
outbreaks, or heart rot associated with old age. 

 

 
Figure 13. Age class distribution of whitebark pine (Pa), subalpine fir (Bl) and Engelmann spruce (Se).  

 
 
In a 50 m x 100 m plot, 229 large whitebark pine trees were surveyed for mountain pine 

beetle infestations and blister rust infections in 2006 and 2007 (Fig. 14).  Trees with fading 
foliage observed before summer beetle flight indicated that the beetle outbreak in this stand 
started in 2005 with 7 trees infested during this year. By the fall of 2006, and additional 26 trees 
were infested and by the end of 2007, a total of 68 whitebark pine trees in the plot (i.e., 30%) had 
been attacked by mountain pine beetle.  Removing many of the dominant old whitebark pine in 
the stand, and given the abundance of subalpine fir in the understory, this beetle outbreak is likely 
to accelerate the process of succession in this stand.  No trees with blister rust infections were 
observed on the whitebark pine in this stand. 
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Figure 14.  Survey of mountain pine beetle infestations on whitebark pine in a 50 m x100 m plot. 
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Given the age class distribution of whitebark pine, a seral species that colonizes relatively 
quickly after fire (Campbell and Antos 2003), a stand replacing fire likely initiated this stand 
about 300 years ago.  The program JOLTS (Holmes, 1999) was used to detect growth releases 
caused by subsequent standwide disturbances (Fig. 15). Growth releases associated with a period 
of whitebark pine recruitment suggest a standwide disturbance between 1825 and 1858. 
Consistent periods of growth release among all species occurred between 1890-1910, in the 
1950s and from the late 1970s to late 1990s.  The presence of beetle galleries and pupal chambers 
on the boles of some long dead whitebark pine (some remained standing in the stand) provide 
clear evidence of past beetle infestation in this stand.  Cross-dating dead trees with live trees was 
undertaken but all death dates correlated to the late 1800s, which is highly improbable given 
many of trees were still standing or lying on the ground with relatively small amounts of 
decomposition.  The cross-dating procedures must be re-examined.  It is more probable that these 
trees died during the last province wide beetle outbreak (1970s) or the one previous in the 1950s.   

 

 
Figure 15.  Frequency of trees showing 25% release in growth among living trees a) whitebark pine, b) subalpine fir 
c) Engelmann spruce. 
 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – Bark peels to 
assess beetle population dynamics were taken in July and September of 2006 and 2007. There 
was no significant difference in beetle behaviour (i.e., density of emergence holes, number of 
attacks, galleries, gallery length, larval gallery and pupal chambers density) among the north and 
south sides of whitebark pine trees, suggesting temperature affects mediated by aspect play little 
role in beetle development at this site (Appendices 1 and 2).  Differences among years were also 
not significant among years sampled (i.e., 2006 and 2007, Appendices 1 & 2).  Ratios of the 
average number of larval galleries initiated to the number of pupal chambers was recorded from 
bark samples and indicated ~14% larval survival to pupae in 2006 and ~17% larval survival to 
pupae in 2007.  Exit hole counts in the fall indicated between 50 - 100% survival of pupae to 
adults. Both insect and bird predators of beetle larvae were observed in this stand. 
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Beetle attack density was less than at the D’Arcy or Manning park sites, which are 
warmer and drier, but about the same at all other sites (Appendix 1 & 2).  Similar patterns were 
found for the number of larval galleries initiated and the number of pupal chambers present. 
Differences in climate probably account for these findings.  
  

Beetles were sampled from bark peels in July, prior to peak flight. At this time, almost all 
beetles were fourth larval instars or pupae but some teneral adults occurred (Fig. 16).  This 
distribution of beetles in the later developmental stages during July is more indicative of a 
univoltine life cycle than might be expected at this elevation. 
  

 
Figure 16.  Proportion of beetles in each developmental stage at Angus Creek (L1-L4 are first to fourth larval instar 
stages).  
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3.2.3 Murphy Mountain 
 
i. Site description - The Murphy Mountain study site is located on a north east facing rocky talus 
slope  northwest of Cranbrook (49˚ 40’12”N, 116˚ 12’45”W, 2050 m) (Fig. 17).   The site occurs 
on 30% slope that faces northeast. Mean temperature of the coldest month is -7.6˚C, the warmest 
month is 17.2˚C and the average total annual precipitation is 451.9 mm, with 187.4 mm of that 
falling as snow (Environment Canada 2008).   
 

 
Figure 17. Murphy Mountain study site. 
 
ii. Stand structure, dynamics and disturbance history – A scattered open forest similar to the 
one at Lakit Mountain occurred on this site. The total number of living trees taller than 1.3 m in 
the 25 m x 50 m plot was 889 (i.e., 7112 stems/ha) (Fig. 18). Although whitebark pine were the 
most abundant largest tree, it occurred in all diameter classes suggesting continual recruitment on 
this site. Small subalpine fir (0-10cm d.b.h.) were abundant on this site and no large trees 
occurred suggesting this species colonized sites after whitebark pine as at the Lakit Mountain 
study site. Small amounts of Engelmann spruce and mountain hemlock occurred and given their 
diameter scatter across the site, it is likely that they colonized sites after whitebark pine. The 
oldest whitebark pine on this site were just over 200 years old.  
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Figure 18. Diameter class distribution of trees sampled in a 25 m x 50 m plot at Murphy Mountain.  
Whitebark pine = Pa, subalpine fir = Bl, Engelmann spruce = Se, and mountain hemlock = Hm. 
 
  In a 50 m x 100 m plot, 105 whitebark pine trees were surveyed for mountain pine beetle 
infestations and blister rust infections in 2006.  About 15 % of whitebark pine had active beetle 
infestations and 10% had already been killed by mountain pine beetle.   Trees attacked by beetle 
were of various sizes; 50% of trees 31-40 cm d.b.h.were infested, 25% of trees 11-20 cm d.b.h.,  
about 1% of trees in the 0-10cm d.b.h. class.  The largest whitebark pine were attacked by beetle 
first.  Blister rust infections were found on 18% of whitebark pine surveyed.  Blister rust 
infection levels for each of the 0-10 cm, 11-20 cm and 31-40 cm diameter classes were 19%, 30% 
and 20%, respectively.  Some standing dead whitebark pine on the site had been dead for some 
time but no evidence of beetle infestations were obvious on the bole.  Cores were taken from 12 
of these trees to determine if they were killed within the same period of time but the tree-ring 
series from dead trees did not cross-date well with cores taken from live samples and death dates 
could not be determined with certainty.    
 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In July and 
September of 2006, 6” bark peels were taken to assess beetle behavior, population dynamics and 
voltinism. Except for significantly more attacks on the southern side of whitebark pine trees, 
there were no other differences in beetle activity (i.e., density of emergence holes, galleries, 
gallery length, larval gallery and pupal chambers density) among the north and south sides of 
whitebark pine trees, suggesting temperature affects mediated by aspect play no role at this site 
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(Appendices 1 and 2).  Larval galleries were abundant and larval feeding consumed 30 to 60% of 
the phloem.  Ratios of the average number of larval galleries initiated to the number of pupal 
chambers present indicated ~34% survival of larvae to the pupal stage. While only 5% of pupae 
survived to emerge as adults from the north side of the tree, 50% of pupae survived on the south 
side of trees.  
 

At the time of sampling in July 2006, beetles were documented in three developmental 
stages: third and fourth instar larvae and pupae; third instar larvae were 2-3 times more abundant.  
This variation in developmental stages may mean beetle life cycles at this site are semi-voltine, as 
seems to be the case at both of the other sites sampled near Cranbrook (i.e., Lakit and Angus 
Creek). 
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3.2.4 Stein Provincial Park 
 
i. Site description - The Stein Provincial Park study site is located southwest of Lillooet (50˚ 
21’22”N, 122˚ 6’12”W, 2025 m) (Fig. 19). The site occurs on a 25% slope that faces southeast. 
Climate normals for the period 1971-2000 from the Lillooet Seton BCHPA climate station 
indicate  mean temperature of the coldest month is -3.6˚C, the warmest month is 21.4˚C and the 
average total annual precipitation is 329.5 mm, with 32.4 mm of that falling as snow 
(Environment Canada 2008).  Due to the substantial elevation difference between this station and 
the study site, the mean the mean temperature is probably much colder, and the percentage of 
precipitation falling as snow higher.   
 

 
Figure 19.  Stein Provincial Park study site. Dead whitebark pine trees in the foreground were killed by past beetle 
infestations and blister rust infections.  
 
ii. Stand structure, dynamics and disturbance history – This site had a closed canopy forest 
similar to the stand at Angus Creek study site but somewhat more open. The total number of 
living trees taller than 1.3 m in the 25x50 m plot was 762 (i.e., 5584 stems/ha) (Fig. 20).  
Whitebark was the dominant overstory tree.  It occurred in all diameter classes suggesting 
continual recruitment at this site.  However, nearly as many dead trees as live trees occurred in 
the 0-10 cm and 11-20 cm diameter classes. About 10% and 20% of trees in larger diameter 
classes were dead.  Sub-alpine fir was most abundant in the understory but scattered trees also 
occurred in larger diameter classes.  Engelmann spruce were scattered through out the stand.  The 
greater abundance of large whitebark pine suggests this species colonized sites before subalpine 
fir or Engelmann spruce.  The oldest living whitebark pines in this stand established in the mid 
1700s, suggesting a stand replacing disturbance occurred at this time, probably fire.  
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Figure 20.  Diameter class distribution of trees in a 25 m x 50 m subplot at Stein Provincial Park for whitebark pine 
(Pa), subalpine fir (Bl) and Engelmann spruce (Se). 
 
 In July 2006, a 50 m x 100 m plot was established and 101 whitebark pine trees in this 
plot were surveyed for mountain pine beetle infestations and blister rust infections.  The current 
province-wide beetle outbreak was just reaching these stands in 2006.  About 10 % of whitebark 
pine had beetle infestations but no trees had yet been killed by the current beetle outbreak.  Trees 
attacked by beetle were of various sizes; 50% of trees 31-40 cm d.b.h. were infested, 25% of trees 
11-20 cm d.b.h.., about 1% of trees in the 0-10cm d.b.h. class. Blister rust infections were found 
on 18% of whitebark pine surveyed.  In contrast to beetle infestations, blister rust infections were 
most common on trees 11-20 cm.   

 
Beetle galleries and pupal chambers on the wood of old large dead trees indicated 

previous beetle infestations had occurred in this stand.  Cores were taken from dead trees to 
determine death dates, assuming synchronous tree deaths would indicate a past outbreak.  
However, many tree-ring series did not cross-date well with core samples from live trees but two 
deaths were dated, on in about 1940, and another in the 1970s.  The program JOLTS (Holmes, 
1999) was used to detect synchronous growth release that could be attributed to standwide 
disturbances like a beetle outbreak (Fig. 21).  We found that greater than 30% of whitebark pine 
had a 25% increase in growth between 1840 and 1860, around 1920, 1950, and in the 1970s.  
This information, combined with documentary archives of beetle infestations (i.e., aerial survey 
data) indicate beetle outbreaks occurred at least two previous times at this study site.  
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Figure 21. Percentage of living whitebark pine at Stein Provincial Park having a 25% increase in mean annual 
growth 
 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – Bark samples 
were taken from infested whitebark pine trees to examine beetle behavior and population 
dynamics.  Attack density did not significantly differ from that found at other sites (Appendices 1 
and 2).  Ratios of larval galleries to pupal chambers indicated ~7% larval survival to pupal stage 
on either the north or south sides of trees.  Pupal survival rates were much higher, from 60% to 
100%.  Data on the distribution of developmental stages at sampling time were not obtained for 
this site as beetle were reared from disks in the laboratory, and the stand was not revisited in the 
following year.  
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 3.2.5  D’Arcy Tower 
 
i. Site description - The D’Arcy Tower study site is located west of Lillooet.  Site slope was 
20% and eastward facing. Climate normals for the period 1971-2000 from the Lillooet Seton 
BCHPA climate station (50˚ 40’ N, 121˚ 55’ W, 198 m) indicated mean temperature of the 
coldest month is -3.6˚C, the warmest month was 21.4˚C and the average total annual precipitation 
was 329.5 mm, with 32.4 mm of that falling as snow (Environment Canada 2008).  Due to the 
substantial elevation difference between this station and the study site, it is likely that the actual 
mean temperatures are colder, and the percentage of precipitation falling as snow higher.   
 
ii. Stand structure, dynamics and disturbance history – This site had a closed canopy forest 
similar to the stand at Angus Creek but denser. A total of 645 living trees were counted in a 25 m 
x 50 m plot on this site (i.e., 5160 stems/ha).  In this stand, whitebark pine had a bimodal 
distribution among diameter classes, with trees occurring only in the 41-51 cm d.b.h. class and 
the 11-20 cm d.b.h.. class (Fig. 22).  This pattern has been found in other studies with dense 
forest canopies (Campbell and Antos 2003) and probably occurs because relatively shade-
intolerant whitebark pine are unable to establish during the later successional stages of these 
stands.  Dead whitebark pine occurred only in the 11-20 cm d.b.h. class. Subalpine fir was just as 
common in the overstory as whitebark pine but it was the most abundant species in the 
understory.  The distribution of subalpine fir among diameter classes resembled the classic 
negative exponential trend expected for very shade-tolerant species.  Scattered dead fir occurred 
in all diameter classes. Engelmann spruce and mountain hemlock occurred as scattered trees in 
various diameter classes.  

 
Figure 22. Diameter class distribution of trees sampled in a 25 m x 50 m subplot at D’Arcy Tower. Pa = whitebark 
pine, Bl = subalpine fir, Se = Engelmann spruce, Hm= mountain hemlock.  
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All whitebark pine at this study site were attacked by beetle the autumn of 2006, even 
trees in the smallest diameter class. In autumn, beetle surveys were done on 18 of the widely 
scattered trees infested by beetle.  Among the trees surveyed, one was attacked in 2004, 10 in 
2005, 4 in 2006, and 4 in both 2005 and 2006.  One Engelmann spruce was also attacked.  
Seventeen of the 18 trees surveyed also had signs of blister rust infection.  This stand was not 
revisited in 2007 because all whitebark pine were infested and would by dead by the summer of 
2007. Essentially, this last beetle outbreak has caused the extirpation of whitebark pine from mid-
elevation forests at this site.  Whitebark pine still occurs at higher elevations at D’Arcy Tower, 
but many of the smaller timberline trees have been killed by blister rust infections 
  

Some very old dead trees occurred in the stand but none of them had signs of past beetle 
infestation. Ten dead whitebark pine trees were cored to determine timing of death when cross-
dated with collections of cores from live trees. Of the ten trees sampled, eight had evidence of 
past beetle infestation (i.e., bluestain or pupal galleries).  Although beetles likely caused these 
trees deaths, it was not possible to determine death dates from the tree ring series gathered.  
However, growth release data were also examined in order to determine the timing of standwide 
disturbance events in the past. The program JOLTS (Holmes, 1999) was used to detect 25% 
increases in radial growth of living trees that occurred synchronously across the stand (Fig. 23).  
Periods in during which >30% of trees had a 25% increase in growth occurred in the early 1800s, 
the late 1930s and between 1960 and 1970.  

 
Figure 23. Percentage of whitebark pine at D’Arcy Tower with 25% increase in growth. 
 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In July 2006, 
6” bark peels were sampled to assess beetle population dynamics and voltinism (Appendices 1 & 
2). Except for the number of pupae and emerging beetles, there were no differences in attack 
density, maternal gallery length and number, or average number of larval galleries and feeding 
activity (amount phloem used) on the north or sound sides of whitebark pine trees. Ratios of the 
number of larval galleries initiated to the number of pupal chambers observed indicated that  3% 
of larvae survived to pupae on the north side of trees and 22% survived on the south side of trees. 
Differences in survivorship among the north and south sides of trees suggest that temperature 
plays a role. No pupae survived and emerged on the north side of trees and only 20% on the south 
side of trees.  The average number of attacks is significantly greater than at all other sites except 
Manning Provincial Park.   
 
 Beetles occur through all developmental stages on whitebark pine at D’Arcy tower, 
suggesting a somewhat prolonged period of attack (Fig. 24). However, most beetles occur as 
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third instar larvae suggesting a predominantly univoltine life-cycle, as might be expected on 
whitebark pine at this elevation.    

 
Figure 24.  Proportion of beetles in each developmental stage at Darcy Tower in 2006 (L1-L4=are first to fourth 
larval instar stages).  
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3.2.6 Tweedsmuir Provincial Park 
 
i. Site description - The Tweedsmuir Park study site is located approximately 50 kms west of 
Anahim Lake (52˚ 31’15”N, 125˚ 59’40”W, 1521 m).  The site is located on a level bench beside 
the Rainbow Ridge trail (Fig. 25).  Climate normals for the period 1971-2000 from the Stuie 
Tweedsmuir Lodge climate station (52˚ 22’ N, 126˚ 4’ W, 162 m) show that that mean 
temperature of the coldest month is -2.4˚C, the warmest month is 18.3˚C and the average total 
annual precipitation is 799.9 mm, with 155.6 mm of that falling as snow (Environment Canada 
2008).  Due to the substantial elevation difference between this station and the study site, it is 
likely that the actual mean temperatures are colder, and the percentage of precipitation falling as 
snow higher.   
 

 
Figure 25. Photo of the Tweedmuir study site with fading whitebark pine attacked by mountain pine beetle in the 
background.  
 
 
ii. Stand structure, dynamics and disturbance history – This site had large trees but they were 
scattered in the stand generating a much more open forest than at the Angus Creek or Darcy 
Tower sites. A total of 1618 living trees were counted in a 25 m x 50 m plot on this site (i.e., total 
tree density = 12, 944 stems/ha).  Large (>30cm d.b.h..) whitebark pine were slightly more 
abundant than large lodgepole pine.  No large subalpine pine fir occurred (Fig. 26). The presence 
of whitebark pine in all diameter classes indicated continual recruitment into these stands, 
presumably because they are open enough to attract seed caching by the Clark’s nutcrackers and 
because competition for light is not intense in this open stand. The absence of lodgepole pine in 
the 11-20 cm class suggests this species did not recruit continually into the stand. Small diameter 
whitebark pine were more abundant than small lodgepole pine but much less abundant than small 
subalpine fir.  
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Figure 26. Diameter class distributions, by species, in a 25 m x 50 m plot sampled at Tweedsmuir Park.  
 

Due to time constraints during field sampling, increment cores were only taken from trees 
in half of a stand dynamics plot (Fig. 27). Tree ages were determined from ring counts and 
plotted as age-class frequency distributions. Whitebark pine and subalpine fir were the oldest 
living trees on the site (Fig. 27). While diameter data suggest continuous recruitment of 
whitebark pine, age data indicate a gap in recruitment between 151 and 175 years ago.  Similarly, 
a gap in lodgepole pine recruitment seems to have occurred 126 to 150 years ago. The age of the 
oldest living trees suggest a major disturbance occurred about 250 years ago.  Dead trees of all 
age-classes occurred in the stand, probably due to the combined effects of blister rust infections, 
beetle infestations and heart rot associated with old age. Dead lodgepole pine and subalpine fir 
occurred only in the oldest age classes suggesting causes of death related to old age.   

 
Figure 27. Age-class distribution of whitebark pine (Pa), subalpine fir (Bl) and lodgepole pine (Pl) taken from a 
subsample of trees in a 25 m x 25 m plot at Tweedsmuir Park.  Ages of dead trees are ages at the time of death.  
 

 35



The health of 98 whitebark pine were surveyed in a 50 m x 100 m plot (Fig. 28). The 
current mountain pine beetle outbreak in this stand started in 2005 (Fig. 28) and the largest 
whitebark pine trees were preferentially attacked. As of 2006, 20% of whitebark were attacked by 
beetle and by 2007, 38% were dead or dying from the current beetle outbreak.  Other dead trees 
occurred in the stand but the cause of death could not be determined. Some small trees were 
infected by blister rust.  

 

 

2005 

2005 

Figure 28. Map of whitebark pine health at the Tweedsmuir Park. 
 
 
Several large and long dead whitebark pine occurred in the stand. None of them had 

visible evidence of beetle attack infestation but several were cored to determine death dates, 
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which if synchronous, could provide information about the timing of past standwide disturbances.  
However, growth pattern variability between individual whitebark pine in this stand precluded 
the development of tree ring chronologies that could be used to definitively determine tree death 
dates. We also used the program JOLTS to detect synchronous releases in growth of live trees 
that could indicate standwide disturbance (Fig. 29). We found that the frequency of growth 
releases oscillates quite regularly below 30% in both whitebark pine and subalpine fir, probably 
due to decadal oscillations in climate.  However, between 1820 and 1850, the frequency of 
growth releases among whitebark pine and subalpine fir was over 30%.  Combined with the age 
distributions of live trees, which suggest a major pulse in pine recruitment about 150 years ago, 
growth release data suggest a major canopy disturbance during the mid 1800s.  Given that a fire 
would have burned fir, and probably caused a gap in balsam fir age class distributions, this 
disturbance is likely to have been species specific, like an insect outbreak.     

 

 
Figure 29. Percentage of trees, by species with a 25% increase in growth at Tweedsmuir Park. a) living whitebark 
pine b) living subalpine fir, and c) living lodgepole pine. 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In September 
of 2006, and July and September of 2007, bark peels were taken to examine beetle activity,  
population dynamics and voltinism (Appendices  1 & 2). The average number of larval galleries 
and phloem used were significantly more abundant on the south sides of trees sampled in the fall 
of 2006, suggesting temperature, mediated by aspect, could play a role in beetle behavior and 
development.  However, no such differences were found among trees sampled in July 2007 
(Appendix 2). Ratios of the number of larval galleries initiated to the number of pupal chambers 
formed, indicates only ~2% survival of larvae to the pupal stage in 2006.  Higher survival rates 
(~19% ) were found in 2007.  Ratios of the number of pupal chambers to the number of 
emergence holes indicate a much higher survival of pupae to adulthood: approaching 100% in 
2006 and ~43% in 2007.  
 

The developmental stages of beetle were recorded in October 2006 and July 2007 (Fig. 30 
and 31). In October 2006 beetles were distributed throughout all developmental stages but third 
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instar larvae were most common.  This suggests a prolonged period of beetle attack, where late-
attackers would likely require more than one year to complete their life-cycle, if they could 
survive the winter.  Thus, some beetles at this site likely had a semi-voltine life-cycle.   However, 
in July 2007, beetles also occurred in various developmental stages but fourth instar larvae and 
pupae were most abundant.  This distribution of beetle developmental stages is more indicative of 
a univoltine life-cycle at this site.   

 
Figure 30.  Proportion of beetles in each developmental stage at Tweedsmuir in October, 2006 (L1-L4 are first to 
fourth larval instar stages); (n=10 trees). 
 

 
Figure 31.  Proportion of beetles in each developmental stage at Tweedmuir in July, 2007 (L1-L4 are first to fourth 
larval instar stages) (n=20 trees)   
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3.2.7 Manning Provincial Park 
 
i. Site description - The Manning Park study site is located southeast of Hope (48˚ 59’25”N, 
120˚ 47’59”W, 1901 m). The site has a 30% slope that faces southwest. Climate normals for the 
period 1971-2000 from the Similkameen Mine climate station indicate a that mean temperature of 
the coldest month is -6.1˚C, the warmest month is 16.9˚C and the average total annual 
precipitation is 453.8 mm, with 169 mm of that falling as snow (Environment Canada 2008).   
  

 
ii. Stand structure, dynamics and disturbance history – This forest is open like those sampled 
at Lakit Mt., Murphy Mt., and Apex Mt.  A total of 654 living trees were counted in a 25 m x 50 
m plot (i.e., 5232 stems/ha). Subalpine fir is now the dominant canopy species as all larger 
whitebark pine at this site are now dead (Fig. 32).  Living whitebark pine occur in only the 0-10 
cm and 11-20 cm diameter classes.  Subalpine fir occur in all diameter classes indicating 
continuous recruitment on this site.  Small dead fir are more abundant than large ones, but this is 
not because of competition for light as the stand is open. Engelmann spruce of various sizes are 
scattered throughout the stand. Diameter class distributions suggest post-disturbance sites were 
first colonized by whitebark pine and subalpine fir, then Engelmann spruce 

 

 
Figure 32. Diameter class distribution of whitebark pine (Pa), subalpine fir (Bl), and Engelmann spruce (Se) in a 25 
m x 50 m plot sampled at Manning Provincial Park.  

 
 
In October, 2006, 127 standing living or dead whitebark pine were assessed in a 50 m x 

100 m plot for past or present beetle infestations, or blister rust infection.  Of the 127 trees 
assessed, only 29% were healthy, the other 71% were: i) long dead (35%), ii) recently killed or 
currently infested by beetle (8% and 15%, respectively), and iii) recently killed or infected by 
blister rust (3% and 10%, respectively).  All but 2, mature whitebark pine on the site are are dead.  
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Thus, local seed sources have been virtually been eliminated.  The remaining living trees were 
0.5-2 cm in diameter at breast height, or seedlings and saplings less than 1.3 m tall.    
 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In October, 
2006, 6 x 6 inch bark peels were taken from whitebark pine infested by beetle and several aspects 
of beetle activity, population dynamics were measured (Appendix 1).  The attack density on 
whitebark pine at Manning Park was significantly higher than at all sites except the D’Arcy site, 
which has a similarly warm and dry regional climate. The average number of larval galleries 
initiated and the average percentage of phloem used by larvae was significantly greater on the 
north sides of sampled trees. No other differences in other beetle activity occurred on different 
sides of trees. Ratios of the number of larval galleries initiated to the number of pupal chambers 
formed indicate a low rate of larval survival; ~7% on the north side of trees and 14% on the south 
side of trees.  
 

In October 2006, beetles were distributed quite evenly through out all developmental 
stages (except adults) (Fig. 33), suggesting a prolonged period of attack, where late-season 
attackers would likely require more than one year to complete their life-cycle, if they could 
survive the winter.  Thus, this profile of beetle stage development suggests a predominantly 
semivoltine life-cycle at Manning park.  
 
 

 
Figure 33.  Proportion of beetles in each developmental stage at Manning provincial park in October, 2006 (L1-L4 
are first to fourth larval instar stages) (n=19 trees). 
 

 40



3.2.8. Apex Mountain 
 
i. Site description - The Apex Mountain study site is located west of Penticton (49˚ 22’30”N, 
119˚ 54’50”W, 2091 m).  The site is on a 30% slope which faces east (Fig. 34). Climate normals 
for the period 1971-2000 from the Hedley climate station (49˚ 22’ N, 120˚ 05’ W, 517 m) 
indicate mean temperature of the coldest month is -4˚C, the warmest month is 19.9˚C and the 
average total annual precipitation is 376.8 mm, with 79.3 mm of that falling as snow 
(Environment Canada 2008).  Due to the substantial elevation difference between this station and 
the study site, it is likely that the actual mean temperatures are colder, and the percentage of 
precipitation falling as snow higher.   
 

 
Figure 34.  Photo of Apex mountain study area showing the typical growth of whitebark pine at this site. 
 
ii. Stand structure, dynamics and disturbance history – This site is is dominated by widely 
spaced groups of whitebark pine characteristic of high-elevation parklands (Fig. 25).  However, 
this site has been heavily modified by recreation activities, so a 25 m x 50 m plot was not 
established at this site to reconstruct stand dynamics and historical natural disturbances.    
 
 In September 2007, a 50 m x 100 m plot was established to assess the health of all 
whitebark pine. Of the 227 trees surveyed, 80 (35%) were already dead and another 16 (7% ) 
were currently infested by beetle (trees with red/fading foliage) (Fig. 35).  For dead and living 
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trees combined, 30 (13%) had been attacked by mountain pine beetle. Except for trees 0-10 cm 
d.b.h.., beetle attacks occurred on trees of all diameter (Fig. 35). Blister rust infections occurred 
on 24 (11%) of whitebark pine and were predominant on smaller trees (0-10 cm).  
 

 
 
Figure 35.  Health of whitebark pine at Apex Mountain by diameter class (top graph) and by mountain pine beetle 
attack (MPB) and with blister rust (BR) (bottom graph). 
 
 
 Three whitebark pine at this site resisted attack by beetle.  This resistance was 
characterized by healthy looking crowns and hypersensitivity bark reaction that generates copious 
amounts of resins, pitching out or compartmentalizing beetles and the blue stain fungus they 
carry.  
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In July 2007, 
6 x 6 inch bark peels were taken from whitebark pine infested by beetle and several aspects of 
beetle activity measured (Appendix 2).  There was no significant difference in beetle activity 
(i.e., attack density, average number larval galleries initiated, etc.) on the north or south sides of 
trees. Ratios of the average number of larval galleries initiated to the average number of pupal 
chambers indicates 12% and 13% of larval survived to the pupal stage on the north and south 
sides of trees, respectively.  In September 2007, emergence holes were counted on a 6” x 6” bark  
peel above the one taken in July.  Assuming similar larval and pupal densities, an average of 4 
emergence holes on each of the north and south sides of trees, suggests a 57% and 50 % survival 
of pupae to adults. Except for the D’Arcy sites, which had more, the average number of beetle 
attacks on whitebark pine (indicated by beetle entrance holes) did not significantly differ among 
sites sampled in July 2006.  
 

In July 2007, beetles were distributed throughout 4 developmental stages but occurred 
most abundantly as pupae and teneral adults (Fig. 36). While presence of such variation in life 
cycles indicates a prolonged period of beetle attack, the abundance of pupae and teneral adults 
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suggests a predominantly univoltine life-cycle at this site. Some of the L3 and L4 larvae present 
in July may over-winter again generating a 2-year (i.e., semivoltine) life-cycle.    

 
Figure 36.  Proportion of beetles in each developmental stage at Apex Mountain in July, 2007 (L1-L4 are first to 
fourth larval instar stages) (n=19 trees). 
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3.2.9 Thynne Mountain 
 
i. Site description -  The Thynne Mountain study site is located south of Merritt, (49˚ 44’0”N, 
120˚ 54’58”W, 1689 m).  The site has a 10% slope that faces to the west (Fig. 37). Climate 
normals for the period 1971-2000 from the Merritt STP climate station (50˚ 7’ N, 120˚ 48’ W, 
609 m ) indicate that mean temperature of the coldest month is -4.5˚C, the warmest month is 
18.4˚C and the average total annual precipitation is 322.2 mm, with 83.3 mm of that falling as 
snow (Environment Canada 2008).  Due to the substantial elevation difference between this 
station and the study site, it is likely that the actual mean temperatures are colder, and the 
percentage of precipitation falling as snow higher.  
 
 

 
Figure 37. Thynne Mountain study site. 
 
ii. Stand structure, dynamics and disturbance history – This is a closed canopy forest in 
which whitebark pine is the dominant canopy tree with scattered Engelmann spruce.  The 
understory was dominated by subalpine fir.  No whitebark pine occurred in the understory of this 
stand. Because this site was heavily disturbed by nearby salvage logging, free range cattle and 
other ranching activities, a 25 m x 50 m stand dynamics plot was not established here. Rather, 
this stand was used largely to assess the impact of beetle on whitebark pine health and beetle 
population processes on whitebark pine.  
 
 In a 50 m x 100 m plot, 110 whitebark pine were surveyed for mountain pine beetle 
infestations and blister rust infections (Fig. 38). Of these, 55% were standing dead trees.   
Mountain pine beetle had infested or killed 36% of the whitebark pine in this stand. Twenty-five 
percent of beetle attacks occurred within the last three years; 1 tree was attacked in 2005, 18 in 
2006, and another 8 in 2007.  All whitebark pine in this stand were larger than 20 cm d.b.h.. and 
beetle attacks occurred on trees of all diameter classes above this size. There was no evidence of 
blister rust infection on any whitebark pine.   
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Figure 38.  Whitebark pine health by diameter class in a 50 m x 100 m plot sampled at Thynne Mountain.  Pa = 
whitebark pine, MPB = mountain pine beetle, BR = blister rust. 
 
iii. Natality, mortality and voltinism of mountain pine beetle on whitebark pine – In July 2007, 
6” x 6” bark peels were taken from whitebark pine infested by beetle and several aspects of beetle 
activity measured (Appendix 2).  There was no significant difference in beetle activity (i.e., 
attack density, average number larval galleries initiated, etc.) on the north or south sides of trees. 
Attack densities were not significantly different from most sites, except the D’Arcy Tower and 
Manning Park sites, which had much more.  Ratios of the average number of larval galleries 
initiated to the average number of pupal chambers indicate that 24% of larvae survived to the 
pupal stage on the north and south sides of trees.  Dipteran parasitism of larvae seems to play a 
key role in larval survival at this site (Fig. 39).  It was the only site survey where extensive 
parasitism occurred (~80%).  In September 2007, emergence holes were counted on a 6 “ x 6” 
peel above the one taken in July.  Assuming similar larval and pupal densities, an average of 4 
emergence holes on each of the north and south sides of trees, suggests a 27% survival of pupae 
to adults.   
 

All beetles were collected from 6“ x 6” bark peels July 2007.  At this time, beetles were 
most abundant in the pupal stage (Fig. 40). However, beetles were also present in the L3 and L4 
larval stages, as well as teneral adults.  The presence of such variation in life cycle stages suggest 
a prolonged period of beetle attack.  In this case it is possible that beetles currently in the L3 or 
L4 stage will over-winter again, generating a 2-year life-cycle.    
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Figure 39.  Photo of a 6” bark peel at the Thynne Mountain study site.  Almost all larvae on this sample are being 
parasitized (small white larvae beside the larger beetle larvae). 
 

 
Figure 40.  Proportion of beetles in each developmental stage at Thynne Mountain in July, 2007 (L1-L4 are first to 
fourth larval instar stages) (n=17 trees). 
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3.3 Surveys of whitebark pine defenses to mountain pine beetle attack  
 

Monoterpenes are a major component of the resins produced by pines and these 
compounds may play an important role in mediating the resistance of pine to species to attack by 
bark beetles (Bentz et al. 2005).  While volatile monoterpenes emitted from trees attract beetles 
to suitable hosts, they also attract the beetle’s predators, facilitate the production of aggregation 
pheromones and, at high concentrations, are toxic to bark beetles (Parker & Davis 1971; Smith 
2000, Ergilgin et al., 2003; Seybold et al., 2006).   

 
Using the analytical procedures of the time, Mirov (1961) reported that monoterpenes of 

whitebark pine were almost all 3-carene and limonene while the monoterpene content of the other 
Eurasian stone pines (P. sibirica, P. cembrea, P. pumila, P. koraiensis) were largely α-pinene and 
ß-pinene. More recent studies of whitebark pine monoterpenes, which were located in Oregon 
and northern California, report 3-carene (40-80%) as the dominant whitebark pine monoterpene, 
with lesser amounts of myrcene (5-28%), α-pinene (1-25%), limonene (1-3%), terpinoline (~7%) 
and trace amounts of ß-phellandrene and ß-pinene (Smith, 2000).  Our results indicate a 
somewhat different monoterpene profile for whitebark pine (Fig. 41).  ß-phellandrene and 3-
carene were the most abundant monoterpenes in the whitebark pine phloem we tested, 
comprising 17% and 12% of all monoterpenes, respectively. Limonene myrcene, α-pinene and 
terpineol comprised 5-10% of all whitebark pine monoterpenes.  All other terpenes occurred in 
trace amounts (<5%).   
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Figure 41.  Percent composition of total average terpene concentrations in whitebark pine (n=70)  and lodgepole 
pine (n=70). 
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Lodgepole pine had a substantially different monoterpene profile than whitebark pine 

(Fig. 41).  First of all, ß-phellandrene was significantly more abundant in lodgepole pine 
(p<0.000).  Similarly high levels of ß-phellandrene in lodgepole pine have been reported in the 
literature (Smith, 2000).   Whitebark pine had significantly greater myrcene, limonene, linalol, 
and terpineol (p<0.0000).   

 
Trapping experiments show that several monoterpenes, when combined with the 

aggregation pheromones trans-verbenol and axo-brevicomin aggregation pheromones, make pine 
trees more attractive to beetles.  Myrcene, terpinolene, 3-carene, and α-pinene have the strongest 
effects while ß-pinene, g-terpinene, camphene and dipentene have lesser effects (Billings et al., 
1971, Borden et al., 1987, Miller & Borden, 2000, Miller & Lindgren, 2000).  Among the 
monoterpenes with the strongest attractant effects in trapping experiments (myrcene, terpinolene, 
3-carene, and α-pinene) only myrcene content was significantly different in whitebark pine and 
lodgepole pine.  The higher concentrations of myrcene suggest that this monoterpene could play a 
key role in differences in host attractiveness to beetle attack.  The greater attractiveness of 
whitebark pine mediated by myrcene, which is needed for beetle pheromone production, may 
have an historical role in how the species is distributed geographically. It has been hypothesized 
that the current distribution of whitebark pine resulted from the inability of this species to ward 
off attacks by insects and pathogens that occur on pines in more climatically benign 
environments (Logan & Powell, 2001).  Given that ß-phellandrene is very abundant in lodgepole 
pine, and seems to act as an attractant even in the absence of aggregation pheromones (Borden & 
Pureswaran, 2006), we might assume that lodgepole pine is more attractive to beetle than 
whitebark pine.  However, the myrcene seems to be a more potent beetle attractant (Pureswaran, 
2003).  Moreover, ß-phellandrene, which is more abundant in lodgepole pine, also acts as an 
attractant for the bark beetle predators Lasconotus complex and Corticeus sp. (Parker & Davis, 
1971).   

 
Analysis of variance indicated that the monoterpene content of whitebark pine phloem 

significantly varied among the three stands we sampled.  Whitebark pine at the Tweedsmuir site 
had significantly more ß-phellandrene (p<0.000) than the Thynne or Cranbrook sites (Fig. 42).  
Terpineol was much more abundant among whitebark pine at Cranbrook than at the Tweedsmuir 
and Thynne study sites (p<0.0000).  Smith (2000) also found substantial geographic variation, ß-
pinene, 3-carene, myrcene, and limonene to be highly variable between stands of whitebark pine.   
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Figure 42. Differences the monoterpene content of whitebark pine phloem by site type  (n=70).  Only site 
differences among monoterpenes comprising >5% of all monoterpenes were tested.  

 
 
3.3.2 Induced defences 
 

Bark beetles use olfactory, gustatory, and visual signals to locate suitable hosts.  Once the 
beetle locates a host, they may begin boring into the tree or decide it is an unsuitable host and 
take flight in search of another.  While a beetle is boring in a tree, it may encounter a resin duct 
and if the resin flow is strong enough the beetle will be overcome by resin and die. “Pitching out” 
is one of the most important defences a tree has against bark beetles and the blue stain fungus that 
they carry.    

 
We found successful pitch outs of beetle attacks on about 3% of the whitebark pine 

surveyed.  Mechanical resistance occurred over the range of whitebark pine in all stands. These 
pitch outs were associated with a classic hypersensitivity reaction (Fig. 43), compartmentalized 
the attack and prevented the introduction of bluestain fungi into the host tree.  
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Figure 43.  Whitebark pine resistant to beetle attack at Apex Mountain.  Copious pitchouts and hypersensitivity bark 
reaction (brown area on inner bark and wood) compartmentalized boring beetles and blue stain fungi.  
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4.0 CONCLUSIONS 
 
 Mountain pine beetle is currently killing a large proportion of all the whitebark pine in the 
stand we sampled.  In dense stands where understory regeneration is low, the beetle outbreak is 
or will accelerate the successional process and eliminate whitebark pine from these sites. On 
more open sites, where regeneration less susceptible to beetle is more prevalent, whitebark pine is 
unlikely to be eliminated from the site.  However, major reductions may still have important 
negative impacts as whitebark pine populations below a certain point mean that the main 
disperser of whitebark pine seed, Clark’s nutcracker moves on to other regions where seed is 
more abundant.  Thus, a reduction in the seed dispersers may occur. Moreover, many small 
whitebark pine are infected by blister rust.  On the positive side, a small proportion of whitebark 
pine were able to resist beetle infestations.  
 
 Model projections indicate that the suitability of whitebark pine has increased 
substantially over the last 6 decades with beetle outbreaks expanding into what were previously 
hostile climatic conditions for development.  Increases in degree days necessary for the 
production of univoltine life cycles and winter under bark temperatures seem to play an important 
role at one site we sampled (Cranbrook).  
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7.0 APPENDICES 
 
APPENDIX 1.  Measure of beetle behavior and brood success taken from 6” x 6” bark peels 
sampled in July 2006 and October 2006. Site 1 = Lakit Mt., Site 2=Angus Creek, Site 3 = 
Murphy Mt., Site 6 = Stein provincial park, Site 7 = Tweedsmuir Provincial Park, Site 8 = 
Manning Provincial Park. Number of galleries and gallery length refers to the main maternal 
gallery. Sites 1-6 were sampled in July, while sites 7 & 8 were sampled in early October. 
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APPENDIX 2. Attack density, beetle behavior, and emergence at sites sampled during July of 
2007. Site 2 = Angus Creek, Site 7 = Tweedsmuir Provincial Park, Site 9 = Apex Mt., Site 10 = 
Thynne Mt. Number of galleries and gallery length refers to the main maternal gallery.  

 

 55


