
FSP Project Y051204, Lewis -1- 

Annual Technical Report 
 
TITLE: Relationships between climate, forest practices and incidence of Dothistroma 
septospora 
 
FSP PROJECT NUMBER: Y051204 
 
ABSTRACT: 
Dothistroma needle blight is an economically important forest disease which causes serious 
defoliation of many coniferous trees, particularly pine when planted out of their native range. 
The fungus responsible for the disease, Dothistroma septospora (Dorog.) Morelet infects the 
needles, leading to necrotic lesions, needle death and reduced wood yield. Until recently, 
Dothistroma needle blight has been uncommon and of little concern in lodgepole pine stands in 
western North America. During the past decade, however, prevalence of the disease has 
increased especially in northwestern British Columbia where severe damaged to managed and 
natural stands of lodgepole pine has been reported. The current outbreak of Dothistroma needle 
blight is much larger than what has been observed in the recorded past and is thought to be due 
in part to weather patterns that have been more conducive to the spread of the fungus: mild 
summer temperatures and prolonged periods of high humidity or leaf surface water films. 
Changes in weather conditions towards more frequent events of warm rains could be the 
principal cause of the current disease event. However, there are no studies investigating the 
history of Dothistroma outbreaks and its relationship with pre-recorded climate. More numerous 
and longer reconstructions of past Dothistroma are clearly needed to improve our understanding 
of this disturbance agent. The purpose of this research is to compare the influence of climate on 
the extent and nature of past Dothistroma outbreaks to understand the spatial and temporal 
variations of the disease in forests of northwestern British Columbia.  
 
Trees from approximately 30 sites will be sampled in subzones of the Sub-boreal Spruce and 
Interior Cedar Hemlock Zones to obtain cores and discs for tree ring analyses. A 
dendrochronological signal of the outbreak will be developed and compared with climate 
reconstructions at each site. Comparisons of outbreak frequency and duration, and weather 
patterns will be made between sites. 
 
INTRODUCTION 
 
Dothistroma needle blight is an economically important forest disease which causes serious 
defoliation of many coniferous trees, particularly pine when planted out of their native range 
(Bradshaw et al. 2000). The fungus responsible for the disease, Dothistroma septospora (Dorog.) 
Morelet infects the needles, leading to necrotic lesions, needle death and reduced wood yield 
(Bradshaw et al. 1997). Premature defoliation caused by this fungus has resulted in complete 
failure of many exotic pine plantings in New Zealand, South Africa and South America 
(Bradshaw et al. 1997).  
 
Two schools of thought predominate on the origin of D. septospora in affected countries: (1) the 
species was introduced through the transportation of its pine host (Evans 1984; Bradshaw et al. 
2000); and (2) the pathogen is native to many regions reporting epidemics (Gibson 1972; Evan 
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1984). The main arguments in support of D. septospora’s indigenous origin include the prompt 
and widespread appearance of the disease (Bingham et al. 1971). It has been suggested that the 
disease was probably present in many of the affected countries for several years before it became 
a problem, but was masked by the presence of other common foliar pathogens (Gilmour 1967). 
However, evidence in support D. septospora’s exotic origin includes its change from obscurity to 
notoriety during the 1960s, which coincides with the importation and planting of the susceptible 
host species Pinus radiata in Africa, Australasia, America and Europe (Gibson 1972; Bradshaw 
2004).  Although controversy over disease origin is still unresolved, a shift in landscape structure 
to extensive plantings of even-aged, susceptible species is now generally agreed to be a principal 
cause of current D. septospora epidemics. The uniform nature and long rotational periods of 
these forests carry great risk of serious outbreak (Gibson 1972).  
  
Climate is most frequently the primary driving force for successful host/pathogen interactions 
(Coakley 1999). Indeed, D. septospora epidemics are largely influenced by the interaction of 
humidity and temperature. These factors may influence germination, formation, release and 
survival of spores as well as mycelial development, and each process may have a different 
optimum combination of temperature and humidity (Whipps and Budge 2000). Therefore, 
epidemic levels of the D. septospora can only occur when weather patterns are favourable to 
disease development, indicating that disease may be largely determined by weather conditions. 
For instance, moisture appears to be essential for stromata (fruiting bodies) development as well 
as the “splash dispersal” mechanism of conidia (asexual spores) (Gibson 1972). Consequently, 
any shift in weather patterns more conducive for disease development and dispersal may alter 
outbreak periodicity, longevity, and severity. For example, in a study conducted by Gadgil 
(1974) it was shown that the pre-reproduction period (the time elapsed from inoculation to 
appearance of conidia on stromata) decreased significantly with a warmer temperature regime 
(24/16°C) and longer leaf wetness periods. Therefore, a shift towards conditions that increase 
development and infection rates will ultimately create larger and more severe outbreaks. Precise 
information on the influence of climate on the natural spatial and temporal variability of 
Dothistroma outbreaks will be of value for locating high-risk areas.  
 
Until recently, Dothistroma needle blight has been uncommon and of little concern in lodgepole 
pine stands in western North America. During the past decade, however, prevalence of the 
disease has increased and is affecting pine species in their native ranges in addition to those 
planted as exotics (Bradshaw 2004). In particular, northwestern British Columbia has reported 
severe damaged to managed and natural stands of lodgepole pine. In a 2002 aerial survey, over 
90% of lodgepole-dominated managed stands in the Kispiox Timber Supply Area (TSA) were 
observed to be suffering varying degrees of D. septospora damage (Woods unpub.). The foliar 
disease is now so prevalent and chronic that entire plantations of lodgepole pine are failing 
(Woods 2003). Many argue that these outbreak levels are largely a consequence of forest 
management policies and practices in the area. Over the last two to three decades management 
policies have attempted to convert a landscape comprised primarily of western hemlock and true 
firs to one dominated by interior spruce and lodgepole pine (Woods 2003). For instance, prior to 
1975 lodgepole pine represented <10% of the landbase in northwest B.C. compared to the 
current 40%. In other words there is roughly four times the amount of lodgepole pine there was 
in the past (Woods unpub.). This increase in host availability has undoubtedly played a role in 
triggering the spread of the disease. 
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D. septospora damage is recorded as most severe in the Interior Cedar Hemlock zone (ICH) east 
of the coast range in northwestern British Columbia where climate is characterized by a warm 
and humid coastal weather system. The current outbreak of Dothistroma needle blight is much 
larger than what has been observed in the recorded past and is thought to be due in part to 
weather patterns that have been more conducive to the spread of the fungus: mild summer 
temperatures and prolonged periods of high humidity or leaf surface water films. D. septospora 
disease development and subsequent effects are highly dependent on weather conditions and 
more specifically on timing of weather conditions suitable for disease development. A review of 
past Canadian Forest Service, Forest Insect and Disease Survey (FIDs) annual reports and aerial 
surveys conducted by Woods (2003) indicate an increasing trend in the severity of reoccurring 
outbreaks. The FIDs reports first identified D. septospora in the area in 1963. A small but intense 
outbreak at Kisgegas Canyon was later identified in their 1984 report, but by 1986 the disease 
was recorded as subsiding in the area. In the last survey report in 1995, no more records of 
disease in the area were identified (FIDs 1963, 1984, 1986, 1995). In 2000 and 2002, results of 
aerial surveys in the Kispiox TSA suggested a successive increase in the extent and severity of 
the Dothistroma in lodgepole-leading stands. Of the assessed area, 76% of lodgepole pine in 
2000 exhibited obvious signs of the disease compared to 93% in 2002 (Woods 2003). In 
addition, evidence of a 55-year-old natural stand of lodgepole pine during the survey were also 
observed to have >20% tree mortality as a result of Dothistroma (Woods 2003). In a recent low-
level flight many areas previously identified as affected show no signs of the disease subsiding, 
as well as new identified areas of infection. Local weather data for Smithers, B.C. from 
Environment Canada indicate that since 1997 there has been a significant increase in the number 
of consecutive warmer and wetter days during the summer months (Woods unpub.). This trend 
towards more conducive weather conditions could explain the current magnitude and 
intensification of Dothistroma in the area. Thus, weather conditions during the growing season 
may be a major catalyst for the current epidemic (Woods unpub.).  
 
The situation in British Columbia is unique. D. septospora is internationally considered a serious 
forest pathogen only in exotic plantations in the southern hemisphere (Gibson 1972; Bradshaw et 
al. 2000). However, 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. In 
addition, the most serious impacts have been usually associated with the retardation of growth 
due to the defoliation of needles, rather than to mortality (Bradshaw 2004). In northwestern 
British Columbia, however, high levels of mortality have been recorded. It is imperative that 
changes in the extent and nature of Dothistroma outbreaks be determined to avoid future 
epidemics and develop comprehensive strategies for management of lodgepole pine in British 
Columbia. 
 
Dothistroma needle blight poses a significant threat to the growth and yield of lodgepole pine 
(Pinus contorta var. latifolia) in northwestern British Columbia. Reports suggest that the current 
outbreak is much larger than what has been observed in the recorded past. Changes in weather 
conditions towards more frequent events of warm rains could be the principal cause of the 
current disease event. However, there are no studies investigating the history of Dothistroma 
outbreaks and its relationship with pre-recorded climate. More numerous and longer 
reconstructions of past Dothistroma are clearly needed to improve our understanding of this 
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disturbance agent. The purpose of this research is to compare the influence of climate on the 
extent and nature of past Dothistroma outbreaks to understand the spatial and temporal variations 
of the disease in forests of northwestern British Columbia. A better understanding of the 
epidemiology of Dothistroma will help recognize high-risk situations and aid in the development 
of sustainable management practices. Such knowledge could eventually lead to the development 
of predictive models based on a long-term, natural disturbance regime (Harvey et al. 2002).  
 
METHODS 
 
General Study Layout 
To answer the research questions and test hypotheses this research will be in three parts, each 
intending to build upon one another. Study 1 will develop a dendrochronological signal to 
identify past Dothistroma outbreaks and reconstruct climate through calibration and verification 
techniques. Study 2 will use these techniques in study 1 to compare outbreak histories among 
three biogeoclimatic variants and uncover information on the spatial and temporal dynamics of 
the disease. Study 3 will link the above studies to related pre-record climate and disease, and 
determine whether differences in disease incidence exist between the weather conditions across 
each variant. 
 
Approximately 30 sites will be identified in three variants: ICH1mc1, ICHmc2 and SBSmc2. 
Criteria for site selection are as follows: 
 

1. Sample sites will be between 0.5 and 5 ha in size to ensure an adequate number of trees 
sampled, and to minimize differences in tree growth due to site factors.  

2. The forest patches to be sampled will be characterized by having lodgepole pine and 
spruce present in the canopy. The presence of large host numbers will ensure that 
Dothistroma outbreaks could have occurred in the past and enable adequate number of 
sample individuals for analysis.  

3. Sample sites will be approximately 20m away from any signs of other disturbances, such 
as roads and blowdowns. This will decrease the amount of “noise” or anomalies during 
tree-ring analysis.  

4. Sample sites will have minimal to no evidence of human influence. 
 
Stand Composition Plots 
Three plots will be established in each study site using a systematic layout with a random start. 
In each plot, species composition will be determined using a 5.64-m circular quadrat. All live 
and dead trees 1.3m tall or more, with stems inside the quadrate will be tallied by species. 
Downed trees will be included if the root collar is within the plot boundary. Diameter at breast 
height (1.3m DBH) will be recorded for each tree in the plot. Aspect and elevation will be 
recorded at each sample site.  
 
Study 1 
Recent survey reports of Dothistroma could indicate a trend toward more severe outbreaks. In 
northwestern British Columbia, land uses have shifted landscape structure from a fine-grain 
spatial mosaic of various tree ages and species to a course-grain pattern with more contiguous 
                                                 
1 ICH = Interior Cedar Hemlock Biogeoclimatic Zone; SBS = Sub-boreal Spruce Biogeoclimatic Zone 
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and homogenous tree ages and species of mainly lodgepole pine. These forests, as a result, are 
probably more susceptible and vulnerable to outbreaks of Dothistroma. On the other hand, 
climate reports since 1997 in the northwest has become considerably warmer and wetter, 
indicating shifts in weather patterns more conducive to disease spread. Knowledge of 
Dothistroma outbreak history and its relationship with climate over broad temporal and spatial 
scales is essential to anticipate future epidemics. However, few historical outbreak records exist 
and the present length of the instrumental climate record is insufficient. Because high-resolution 
histories of disturbance and other environmental variations can be preserved for centuries in the 
tree-ring record, we present the dendrochronological techniques necessary to reconstruct pre-
record information about the relationship between climate and the outbreak history of 
Dothistroma. 
 
Tree Selection and Sampling: A total of 20 live host and 20 non-host increment cores will be 
taken from each study site. A 10m x 10m grid will be established and the nearest host (pine) 
and/or non-host (spruce) tree to each grid point will be sampled. The sample area will vary with 
tree density and species composition. In addition we will attempt to sample 5 - 10 dead trees in 
each species at each site in order to extend the chronology back in time. Only those trees >15cm 
in diameter will be sampled.  
 
Live trees will be cored at 0.3m unless the tree has substantial butt rot, in which case it will be 
cored at 1.3m height. Dead trees will be felled and a disc removed from 0.3m if possible, and 
further up the bole if necessary to avoid butt rot. Cores will be stored in straws, and discs will be 
wrapped and taped to maintain their integrity until they are transported to the lab. 
 
The number of cores included in a chronology generally decrease towards earlier dates, and no 
index values should be plotted where sample size is <5. Thus, to extend the chronologies to 
earlier dates, cross-dated series from dead lodgepole pine and spruce will be combined with 
those of live pine trees. All sample trees will be recorded by position, diameter, species, and 
whether the tree is live or dead.  
 
Tree-ring analysis for Outbreak Constructions: All cores and discs will be mounted and 
sanded following the procedures of Stokes and Smiley (1968). Annual rings-widths will be 
measured to the nearest 0.001mm using the Velmex “TA” System in conjunction with 
MeasureJ2X (1999-2004).    
 
Live and dead materials from each site will be cross-dated using the computer program 
COFECHA (Holmes 1983). This technique is use to detect measurement and cross-dating errors. 
Crossdating is also the necessary first step in dendrochronology to identify missing, partial, 
locally absent and false rings. Its application provides a type of environmental “control” as it 
assures that each ring width is placed in its proper time sequence (Fritts 1976). COFECHA tests 
for errors by computing correlation coefficients between individual series for each species in a 
stand (Veblen et al. 1991). Cores containing such errors will be corrected or removed from the 
data set.    
 
After the growth rings have been cross-dated, the ring-widths produced in each year can be 
standardized into chronology values (Fritts and Swetnam 1989). The program ARSTAN (Cook 
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and Holmes 1984) will be used to produce a master chronology for each constituent species 
within each site. Standardization involves fitting the observed ring-width series to a curve or 
straight line and computing an index of the observed ring widths divided by the expected value. 
This reduces the variance among cores and transforms ring widths into dimensionless index 
values. With a stationary variance, the indices can be averaged with the indices form other cores 
and trees to obtain a chronology for the site (Fritts and Swetnam 1989). Thus, standardization 
permits computation of average tree-ring chronologies without the average being dominated 
solely by the faster growing trees with larger ring widths (Veblen et al. 1991). To study changes 
in the extrinsic environment, the time series of these measurements must be transformed before 
applying most statistical analyses. The specific standardization technique for the climate 
reconstructions has not been decided at this time. 
 
Climate variation contained in the host index series will be removed (“corrected”) through 
subtraction of the nonhost index series. Swetnam and Lynch (1989) found that this “correction” 
procedure necessary to consistently and confidently identify outbreaks within and among host 
trees and stands. The computer program OUTBREAK (Holmes and Swetnam 1996) automates 
the correction procedure. However, before the host chronology is corrected, statistical and 
graphical comparisons of the host/nonhost index series are required to meet two major 
assumptions of the procedure. First, host and nonhost trees must be responding similarly to 
climate. Secondly, the nonhost is unaffected by the defoliation event (Swetnam et al. 1985). 
Graphical comparisons of the host and nonhost chronologies should provide evidence that the 
defoliation event has caused radial-growth reductions in only the host trees. Graphical plots, 
correlations, and response function analyses can be used to assess the host-nonhost climate 
responses. Response function analysis uses principal components to estimate the response of tree 
growth to climate variables. If any of the results reveal patterns very different from those 
observed for the host series, the nonhost chronology should not be used because these statistics 
may indicate species or site-specific characteristics not share by the host trees (Ryerson et al. 
2003; Swetnam et al. 1985). This effect may cause misrepresentation of the magnitude and 
duration of the outbreak events. 
 
Once corrected, these chronologies will be compared to identify outbreak periods. The 1984 
FIDs will be used to confirm a signal during the known outbreak year. Screening criteria will be 
developed to adequately represent the general pattern of the reduced growth observed in the tree-
ring series during the known 20th century outbreak. These criteria will be used simultaneously to 
identify probable pre-record outbreak signals. If a number of outbreaks are identified in the 
outbreak reconstructions, a singular spectral analysis (SSA) will be used to assess possible 
oscillatory behaviour and changing temporal outbreak patterns (see Section 10.0). 
 
Climate Reconstructions:  For the climate reconstructions, calibration periods will be identified 
from instrumental climate stations and used for the reconstructions. The specific climate 
variables chosen will be related to the occurrence of Dothistroma outbreaks identified by Woods 
(2005). However, these specific variables must also be reflected as growth-controlling factor in 
the tree rings for those climate variables important to Dothistroma occurrence to be 
reconstructed. This may pose a significant limitation and is currently being investigated. 
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Most meteorological records in the study area were only established after 1960 for precipitation 
and temperature data. One of the longest records in the region is from the Fort St. James, which 
is located directly east of the study area in the Sub-Boreal Spruce (SBS) biogeoclimatic zone. 
The climate data consists of 98 years (A.D. 1895-1992) of monthly mean temperature and 
monthly total precipitation. Although the many short station records may be of use in our 
dendroclimatic studies, they do not provide the necessary length for the rigorous 
calibration/verification procedures that are necessary to produce valid dendroclimatic 
reconstructions. Therefore, combining these data source will enable better and nearly complete 
long climate records. A number of statistical tests (i.e. multiple regressions) will be conducted to 
ensure that the longer climate records outside the study area appear to be significant with respect 
to predicting climate in the study area. 
 
All tree ring measurements will be crossdated and gradual trends in growth due to age and site 
changes removed to obtain a time series showing only the tree-growth climatic response (Fritts 
1976). Prior to attempting a climate reconstruction, an exploratory analysis is used to 
demonstrate the existence of coherent modes of tree-ring variation that plausibly reflect large-
scale modes of climate forcing on tree growth. As a result, mean sensitivity values will be 
examined for each site chronology. Mean sensitivity is the average absolute value of the relative 
differences from one ring to another. That is, the mean sensitivity of a species provides a clue as 
to how often climate becomes limiting to growth (Fritts 1976). A principal component analysis 
(PCA) will also be performed on the spatial array of tree-ring data. The PCs will indicate the 
degree of tree-ring variability likely due in part to climate (or the climate signal) for each site. If 
each site chronologies show a highly similar growth response to climate, they will be averaged 
into a single regional record of climatic variation. 
  
A number of climate variables from the identified calibration period will be tested using the 
computer program PRECON (Fritts et al. 1971). PRECON (for PRECONditioning) is a response 
function analysis used to identify those monthly climate variables that have significant 
associations with annual radial growth of the species chronology. The method uses multivariate 
statistics and eigenvector techniques to identify associations (Gedalof and Smith 2001). As a 
result, climate variables for particular monthly intervals are identified that significantly related to 
variations in annual growth. This procedure that estimates the statistical growth-climate 
relationship is called calibration (Cook and Kairiukstis 1990). From this a transfer function 
equation (or model) is created, which can be used to reconstruct the specific climate variables 
from radial growth measurements.  
 
The modeled relationships will be confirmed using various statistical verification techniques. A 
verification scheme is often used to test for “prediction bias” of a regression model by observing 
the predictive power of the model against a set of the dependent data (climate data) held back 
from the calibration process (Cropper 1982). A statistically significant verification indicates the 
validity of the regression model for accurately predicting the climate variable from annual 
growth. Thus, a successful reconstruction must not only have significant calibration statistics, but 
also have significant verification statistics (Cook and Kairiukstis 1990). A number of statistics 
can be used for verification. The test chosen will be based on its level of reliability and 
diagnostic capabilities.  
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It should be noted that non-climatic factors, e.g. defoliation events degrade the climate-growth 
relationships. To determine the suitability of the host chronologies for reconstruction purposes an 
additional response function analysis will be performed for the nonhost series. Thus, the 
proportion of variance in the tree-ring explained by climate will be compared between the two 
species to determine which contains the highest amount of climate information. 
  
 
Study 2 
 
The purpose of this study will be to use the methods developed in study 1 to compare histories 
among three biogeoclimatic variants covering a wide geographical area. Specifically, this study 
will quantify the spatial and temporal dynamics of the disease by comparing historical patterns 
among widely spread lodegpole pine stands. Changes in periodicities among outbreaks in a 
regional outbreak time series will be analyzed using spectral analysis tools.  
 
Duration and magnitude of the growth reductions will be summarized at each site for outbreaks 
with 50% or more trees recording a reduction in growth. This threshold was set to identify 
outbreaks at a site from those apparent smaller events (or background noise) (Ryerson et al. 
2003). The duration and quantity of growth reductions will then be averaged together by site. 
Changes over time will be examined by pooling the outbreaks into decade-length periods and 
tested for differences. A nonparametric ANOVA will be used to test the overall significance of 
the differences among decades, and then a Mann-Whitney U test to determine which centuries 
were different from one another (Ryerson et al. 2003). The results will provide a useful 
indication of the intensity of disturbance. Chronologies will then be grouped according to their 
respective variant (SBSmc1, SBSmc2, and ICHmc2) and compared to determine if differences 
exist between the ecosystems. 
 
To explore the periodicity of the outbreaks, we will perform a singular spectral analysis (SSA). 
SSA is a nonparametric method for analyzing time series that employs a type of principal 
component analysis (Speer et al. 2001). SSA enables the user to evaluate changing periodic 
behaviour in a single time series by extracting pairs of “reconstructed components” or 
“waveforms”, which represent the dominant periodic modes of the time series (Speer et al. 
2001). We will use SSA to assess temporal dynamics in the regional Dothistroma time series. 
 
 
Study 3 
 
Changing climate patterns have largely been attributed to altered outbreak patterns. Outbreaks of 
Dothistroma have typically been associated with warm and wet weather patterns during the 
growing season (Woods 2003). However, the current outbreak is much larger than what has been 
observed in the recorded past. This outbreak is thought to be due in part to weather patterns that 
have become more conducive to disease spread. There is also good evidence that a greater 
abundance and continuity of host trees could have contributed significantly to the outbreak. The 
purpose of this study is to compare historical patterns of outbreaks with climate to determine if 
temporal changes may be related to favourable climate variations. We also anticipate that 
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outbreak patterns may be different between biogeoclimatic variants because of differences in 
climate patterns and land-use histories. 
 
Relationships between Dothistroma outbreaks and climate will be analyzed by comparing the 
regional outbreak series with climate reconstructions. The coincidence of Dothistroma outbreak 
periods will be examined with a contingency analysis. The probability of obtaining a coincidence 
of events by chance will be further tested using a Fisher’s exact test. 
If outbreak patterns are statistically associated with specific weather episodes, each host set will 
be grouped according to their ecological position (SBSmc1, SBSmc2, and ICHmc2). The 
transfer function equation developed in study 1 will be used to reconstruct climate for each 
biogeoclimatic zone. Verification methods will use local weather stations for more accurate 
reconstructions in each specific ecosystem. A nonparametric ANOVA will be used to test the 
overall significance of the differences in disease incidence among each variant.  
       
Changes in forest structure resulting from human land use have also been hypothesized as a chief 
reason for the current severity of Dothistroma. Species composition plots collected at each site 
will be compared with historical outbreak data to determine whether outbreak patterns in 
northwest exhibit obvious changes associated host density levels. This hypothesis can only be 
validated if no relationship between outbreak pattern and climate is identified in the previous 
study.    
 
RESULTS (Preliminary – Year 1) 
 
Field collections: A total of 13 weather stations have been located around the Morice (2), 
Bulkley (5), Kispiox (3), and Kalum (4) forest districts. The Fire Centre in Smithers, British 
Columbia, has agreed to supply this data. Full access to the weather data, however, has not been 
issued at this time. Temperature, relative humidity (RH), wind speed, wind direction, and 
precipitation are measured in an hourly format for all Fire Centre weather stations.  
 
Ten sites have been sampled to date from three forest districts, giving a total of 400 cores (Figure 
1). Stand composition data has been collected from each sample site (e.g. Figure 2).  
 
Disease Survey Reports in Study Area: The Canadian Forest Service, Forest Insect and 
Disease Survey (FIDs) annual survey report first identified D. septospora in the study area in 
1984 at the Kisgegas Canyon Native Reserve. The report stated that 20% of the trees were >80% 
defoliated and characterized the outbreak as small but intense. They also mentioned that some 
mortality had occurred in the young trees. The fact that mortality had occurred suggests that the 
disease was present for several years prior to the identification of the outbreak. The FIDs survey 
report for 1986 stated that the disease appeared to be subsiding and for the first time in four years 
the previous year’s foliage was not being prematurely cast.  
 
Dendrochronology: All cores collected to date have been mounted, sanded and cross-dated. 
Tree ring measurements are ongoing.  
 
Pilot Study: Cores collected from the Kisgegas Canyon site were used as a pilot study to 
determine whether or not past outbreaks of Dothistroma could be detected in the tree-ring record. 
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The FIDs survey report was used to verify the Dothistroma-specific signal. This procedure is 
necessary if the effects of the defoliation event are to be isolated from other disturbance events 
and used to identify “inferred” outbreaks of Dothistroma. 
 
A total of 31 series were dated with a continuous time span of 1912 to 2004 (19 nonhost, 13 
host) using the computer program COFECHA (Holmes 1983). Seven cores were removed from 
the host master series as a result of their low contribution to the series intercorrelation. This is 
often associated with site-to-site variation of limiting factors, thereby causing difficulty in 
achieving high correlations during the crossdating process. It is also possible that the cores 
removed from the dated series represented those trees in the stand unaffected by the documented 
outbreak. In contrast, absent rings are often associated with periods of stress, such as defoliation 
events, which could have resulted in a low contribution to the correlation. As a result, the series 
intercorrelation was 0.602 for the nonhost series and 0.483 for the host series. Because the 
critical correlations at the 99% confidence interval were above 0.4226 and no problems were 
identified by COFECHA, the dated series was accepted for further analysis. 
 
After cross-dating, the individual ring-widths were standardized into chronology values using the 
computer program ARSTAN (Holmes and Swetnam 1984). All dated series were standardized 
with a spline of 50% frequency response of 67% of the series length. This is considered a 
moderately stiff fitting curve as only one-third of the variation in each series was preserved in the 
index series. These standardization procedures have been used successfully to detect past 
episodes of insect defoliation where the period of reduced ring width typically lasts fewer than 
12 years (Veblen et al. 1991). From this, the robust means of all standardized series yielded a 
“Standard” site chronology for each series (Fig. 3).  
        
Similarity in host-nonhost climate response is necessary for effective application of the 
correction procedure (Ryerson et al. 2003). Therefore, the statistical properties of the ARSTAN 
(Cooks and Holmes 1984) chronologies were assessed using the standard dendrochronological 
statistics, including the variance and autocorrelation characteristics. In general, the mean 
sensitivities and standard deviations of the ring-width indices of the host and nonhost were 
similar. Examining the autocorrelation outputs indicated that the host-tree chronology had a 
higher first-order autocorrelation than the nonhost trees. However, much of this departure was 
due to the effects of the defoliation event. Based on these observations and good graphical 
comparisons, we can assume that the spruce is a reasonable estimate of pine growth during 
known outbreak years. This provides a logical basis for the application of the correction 
procedure. 
 
After carrying out the tree-ring correction procedures, growth suppressions potentially due to 
Dothistroma were identified qualitatively by comparing the timing of low-growth episodes with 
the 1984-documented outbreak. As a result, the most pronounced growth suppression unique to 
lodgepole pine occurred in the early 1970s, which extended into the early 1980s (Fig. 4).  
 
DISCUSSION (Preliminary – Pilot Study)  
 
Comparison with the timing of the historical record confirms that the observed growth 
suppressions are associated with observations of Dothistroma outbreaks. The duration of the 
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growth suppression indicate that the outbreak could have occurred for upwards to 10 years. 
Observed host mortality in the study area suggested that the outbreak had occurred prior to 
identification, which supports the above duration estimate. The severity and extensive defoliation 
recorded by the FIDs coincides with the onset of the most severe growth suppression event of the 
full chronology. By 1972 >85% of the host trees in the corrected indices were recorded as having 
growth suppression greater than 1.28 standard deviation below the mean, possibly indicating a 
peak in the duration of the outbreak. By 1984 the outbreak appear to be subsiding and 
completely over by 1986, which also coincides with the FIDs observations. 
 
The current outbreak was also evident in the corrected chronology. Varying degrees of damage 
were recorded in the study area as early as 1997 (Woods personal communication). However, 
host growth suppressions were not evident in the chronology until the year 2000. This may 
indicate a lag response of approximately three years associated with Dothistroma events. Studies 
of other conifers have also documented a lag of one to three years between initial defoliation by 
western spruce budworm (Alfaro et al. 1982) and pandora moth outbreaks (Speer et al. 2001). 
Because the outbreak is ongoing, duration and severity estimates are unavailable. However, 
based on levels of mortality, severity of defoliation, and widespread nature in northwest BC, 
there is more evidence to suggest that Dothistroma outbreaks have become more severe. Its 
cause, however, will likely be validated by comparisons with our climate reconstructions. 
 
 
CONCLUSION AND MANAGEMENT IMPLICATIONS 
 
Not applicable until project completion 
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Figure 1. Approximate locations of study sites to date in the Interior Cedar Hemlock and Sub-
boreal Spruce Biogeoclimatic Zones. 
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Figure 2. Examples of stand compositions from two sample sites, one in the ICH (Kisgegas 
Canyon) and the second in the SBS (Mosque River). Pl = lodgepole pine, Sx = interior spruce, Bl 
= sub-alpine fir, As = aspen, Ctw = cottonwood.
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Fig.3. Host and nonhost tree-width indices comparisons from the Kigegas Canyon site. Note that 
the early 1980s outbreak is evident in the ring series and the start of the current outbreak is also 
evident (arrows).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Record of host growth with reduced or no influence of climate derived by subtracting a 
rescaled version of the nonhost chronology from the host chronology (a procedure automated by 
the computer program OUTBREAK (Holmes and Swetnam 1996)). Values <1.0 indicate 
reduced growth with respect to portential growth, while values >1.0 indicate increased growth. 
Arrows indicate documented outbreaks. 
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