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PROJECT PURPOSE AND IMPLICATIONS 
 
Until recently, Dothistroma needle blight has been uncommon and of little concern in 
lodgepole pine (Pinus contorta var. latifolia) stands in western North America. During 
the past decade, however, prevalence of the disease has increased (Woods 2003, 
Bradshaw 2004). In particular, northwestern British Columbia has reported severe 
damage to managed and natural stands of lodgepole pine. For instance, recent low-level 
aerial surveys conducted over 40,000 ha of lodgepole-dominated managed stands showed 
92% to be suffering varying degrees of damage. The foliar disease is now so prevalent 
and chronic that entire plantations of lodgepole pine are failing, and the severity of the 
disease is such that mature pine trees are also succumbing (Woods 2003, Woods et. al. 
2005). 
 
The situation in British Columbia is unique. Dothistroma needle blight is internationally 
considered a serious forest pathogen only in exotic plantations in the Southern 
Hemisphere (Gibson 1972, Bradshaw et al. 2000). The damage being reported in British 
Columbia is an example of disease severity in the Northern Hemisphere, where hosts are 
native, and mature stands are affected. Historically, the most immediate effect of 
defoliation on native host trees is the reduction in growth, leading to substantial decline 
in tree vigour (Ades et al. 1992). Recently, however, this has dramatically changed in the 
northern temperate forests of British Columbia where high levels of mortality have been 
documented (Woods et al. 2005). It is imperative that these changes in the extent and 
nature of Dothistroma needle blight outbreaks be better understood to avoid future 
epidemics and to develop comprehensive strategies for management of lodgepole pine in 
British Columbia.  
        
The current outbreak of Dothistroma needle blight is larger and more severe than has 
previously been documented. Two principle factors appear to have played a role in the 
development of the epidemic: (1) increased host abundance on the landscape, and (2) a 
shift towards weather patterns that are more conducive for disease spread. Woods et al. 
2005 found that directional climate change towards an increased frequency of warm rain 
in the mid-to-late 1990s coincided with the sharp increase in the severity of the current 
epidemic. Peaks in mean summer precipitation were also shown to correspond to the 
timing of documented outbreaks of the disease. Establishing a causal relationship 
between host availability and disease is difficult. Extensive planting of lodgepole pine 
has increased host abundance in the area, starting since the early 1980s (Woods 2003, 
Woods et al. 2005). This increase may have allowed a build up of inoculum over time 
and, until now, had not reached epidemic levels because of unfavourable climate 
conditions. Although Dothistroma needle blight is considered native in the Northern 
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Hemisphere, little is known about the history or dynamics of the disease in northern 
temperate forests. A longer temporal and spatial perspective of Dothistroma needle blight 
outbreak patterns is needed to identify factors that control episodic trends of the disease.  
 
Dothistroma needle blight poses a significant threat to the growth and yield of lodgepole 
pine in northwestern British Columbia. Reconstructions of past Dothistroma needle blight 
outbreaks are needed to improve our understanding of this disturbance agent. The 
purpose of this research is to: 

(1) Determine the extent and nature of past Dothistroma needle blight outbreaks in 
the forests of northwestern British Columbia, and;  

(2) Document the relationship between historical Dothistroma needle blight outbreaks 
and climate variables conducive to disease spread and severity, and relate these to 
the observed regional outbreak patterns. 

 
PROJECT START DATE AND LENGTH 
 
The 2004/2005 year was the first year of the three-year project (2006/2007). 
 
METHODOLOGY OVERVIEW 
 
1. Geographical Area of Study 
 
This study was conducted in northwest British Columbia, across four forest districts: Fort 
St. James, Nadina, Skeena-Stikine, and Kalum. The study area included two 
biogeoclimatic zones: Interior Cedar Hemlock zone (ICH) and Sub-boreal Spruce zone 
(SBS). Sample areas were selected from three variants: ICHmc1, ICHmc2, and SBSmc2.  
 
2. Field Methods for Outbreak Reconstruction 
 
Site Selection: Reports from the Canadian Forest Service, Forest Insect and Disease 
Survey (FIDs) were used to identify stands in northwest British Columbia and the Prince 
George Forest District where Dothistroma needle blight had historically been observed. 
Five known historic Dothistroma needle blight outbreaks, with sufficient location 
information, were identified. Four were in the northwest and one in the Prince George 
Region. Two stands in close proximity located near Cinema, Prince George, were used to 
represent an outbreak recorded in the same year, giving a total of six known outbreak 
sites. 
 
In addition, a total of 19 sites were located within the Fort St. James, Nadina, Skeena-
Stikine, and Kalum Forest Districts to develop a long-term and widespread record of 
Dothistroma outbreaks in the area. 
 
Tree Selection: A total of 20 host and 20 spruce (non-host) increment cores were 
collected from each site (one core per tree). Trees were selected based on evidence of 
longevity and diameter (dbh >15cm). All trees were cored at 0.3m, unless the tree had 
substantial butt rot, in which case it was cored at 1.3m height. Where available, cross-
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sectional discs from standing fire-killed trees were sampled in order to extend the 
chronology back in time.  
 
3. Climate Records 
 
The closest weather stations with records extending the length of the outbreak 
reconstructions were chosen for comparison (i.e., the Fort St. James, Terrace, and 
Quesnel weather station data).  
 
4. Tree Ring Analysis 
 
 All cores and discs were mounted and sanded following the procedures of Stokes and 
Smiley (1968). Annual rings-widths have been measured to the nearest 0.001mm using 
the Velmex “TA” System in conjunction with MeasureJ2X (1999-2004).    
 
Live and dead materials from each site were cross-dated using the computer program 
COFECHA (Holmes 1983). This technique is use to detect measurement and visual 
cross-dating errors. COFECHA tests for errors by computing correlation coefficients 
between individual series for each species in a stand, ensuring that each ring width is 
placed in its proper time sequence. Cores containing such errors were corrected or 
removed from the data set.    
 
Cross-dated series were then standardized with the program ARSTAN (Cook and Holmes 
1984) to produce a master chronology for each species in each site.  
 
Tree Ring Analysis for Outbreak Reconstruction: To verify the observed reduced 
growth as periods of disease outbreak, climate variation contained in the host index series 
was removed (or “corrected”) through subtraction of the non-host index series. Without 
correcting for climate during analysis, a “false” (i.e. artifacts) interpretation of the 
outbreak periods may occur (Swetnam et al. 1985). The software program OUTBREAK 
automates the correction procedure (Holmes and Swetnam 1996). The corrected series in 
then normalized by subtracting the mean and dividing by the standard deviation. 
 
Because little was known about outbreak patterns of Dothistroma, the development of 
criteria was necessary to identify pre-record growth reductions as Dothistroma outbreaks. 
Each of the five known Dothistroma needle blight records was compared with the timing 
and duration of the ring-width pattern in the wood samples and in the corresponding six 
corrected chronologies. A characteristic ring-width pattern of suppressed growth 
associated with Dothistroma needle blight defoliation was determined based on the 
timing, duration, and magnitude of the ring-width reductions in the stands. Growth 
reduction values from the initiation of the current outbreak were also quantified. These 
were set as initial characteristic criteria to calibrate the OUTBREAK program. 
 
A regional time series of outbreaks was developed by summing the number of trees 
recording an outbreak as defined by the criteria for each year across all sites. The 
numbers of trees included in the reconstruction decreased with increasing time before the 

FSP Project Y051204, Lewis 



present, so we standardized the time series by computing the percentage of trees 
recording an outbreak for each year. This time series was used to examine the periodicity 
of the recorded outbreaks. The duration and return intervals of the inferred Dothistroma 
needle blight outbreaks at the site level were also calculated. 

 
5. Disease Dynamics and Climate: The coincidence of Dothistroma needle blight 
outbreaks and favourable climatic events was examined using a stepwise regression 
analysis with backwards elimination. The regional time series of disease outbreaks were 
compared with spring and summer temperature and precipitation variables to determine 
whether temporal changes in the outbreak patterns were related to favourable climate 
variations. 
 
PROJECT SCOPE AND REGIONAL APPLICABILITY 
 
The scope of this project link shifts in climate and the historical dynamics of Dothistroma 
needle blight for the purpose of forecasting forest responses to climate change. Another 
scope is to develop more comprehensive strategies for management of lodgepole pine in 
British Columbia.  
 
The regional applicability of the project would focus on those areas within the natural 
range of lodgepole pine, particularly wetter environments in central to northern British 
Columbia.  
 
CONCLUSIONS 
 
Dothistroma needle blight leaves a distinctive signature in the ring-width series of 
severely defoliated lodgepole pine trees. The consistent recurrence of the signature in 
association with historically documented outbreaks enabled us to identify 10 regional 
Dothistroma needle blight outbreak periods in northwest British Columbia, extending 
back to A.D. 1831. We used conservative criteria and eliminated other disturbance agents 
(i.e., insect defoliators and weaker foliar pathogens) and climate as possible causes of the 
ring-width pattern, therefore we are confident that the identified outbreaks were 
Dothistroma needle blight.  
  
A trend towards increased minimum temperatures appears to be the most important 
climate factor contributing to outbreaks of the disease; peaks in the outbreaks directly 
coincide with peaks in August minimum temperature. Woods (pers comm.) has also 
found a strong positive correlation between defoliation severity due to Dothistroma 
needle blight and changes in August minimum temperature between the 1920s and the 
1990s at 25 lodgepole pine provenance test sites across central British Columbia. It also 
appears that peaks in these warm periods correspond to increases in spring precipitation 
levels, and both show an increasing trend over the last ~40 years. Since precipitation has 
an important influence on the amount of disease, it seems likely that increases in spring 
rainfall played a role in the increased severity of the historical outbreak periods. This 
suggests that climate in northwest British Columbia has become increasingly warmer and 
wetter. The correspondence of outbreaks with periods of wet and warm conditions in our 
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study area suggests that regional climate is becoming more favourable for Dothistroma 
needle blight resulting in widespread, synchronous outbreaks. If this is due to climate 
change, as has been suggested, this has serious implications for the future extent of 
Dothistroma needle blight and the health of lodgepole pine in British Columbia.  
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