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INTRODUCTION 
Knowledge of the natural disturbances likely to affect forested landscapes is 

essential to any forest management plan, whether the objective is timber production, 

wildlife conservation or wilderness management (Agee, 1993). Fire history research 

examines fire processes responsible for stand structure in forested landscapes through 

the study of fire regime parameters: fire size, timing and frequency,  and severity. 

Historically, research has focused on fire as either a high-severity (stand-destroying) or 

low-severity (stand-maintaining) disturbance within a specific landscape. However, 

recent research has shown that within the mixed conifer forests of western North 

America fire regimes often include a spatial and temporal combination of low- and high-

severity fires, referred to as a mixed-severity fire regime (Beuchling and Baker 2004, 

Beaty and Taylor 2001,, Daniels in press). The spatial and temporal variability of a 

mixed-severity fire regime is a vital attribute within the forest ecosystem and the 

resultant patterns can be used to guide forest management (Landres et al. 1999). 

Although mixed-severity fire regimes have been shown to be a key disturbance process 

within mixed conifer forests, there has been little research within this forest type in 

British Columbia.  

The mixed conifer montane forests of southeastern B.C. possess highly complex 

stand structures and yet have been the focus of very limited research. Studies conducted 

in this area have either researched only high-severity fires or were very limited in their 

sampling efforts, and of these very few have been published (Wong et al. 2003). This 

paper will focus on two separate mixed-conifer stands, examining fire frequency within 

and between the two stands.  
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SAMPLE SITES 
The two plots discussed in this paper are part of a larger research project 

investigating the role of fire as an agent of disturbance in the mixed conifer forests of 

southeastern B.C. (Figure 1). This larger study area is bounded by the town of Golden to 

the north and the Canada-United States border to the south. The area is encompassed by 

the Invermere and Cranbrook Timber Supply Areas (TSA) which are bordered by the 

Purcell Mountains to the west and the Rocky Mountains to the east. The study area is 

centrally dominated by the north-south running Rocky Mountain Trench, which is 

divided equally into the north-flowing Columbia River and the south-flowing Kootenay 

River. Highway 93/95 also runs the length of the Rocky Mountain Trench from 

Cranbrook to Golden. Elevation ranges in the trench from 650m at valley bottom to 

3400m at ridge top. The study area represents a total area of 1.67 million hectares (ha). 

Winters at valley bottom are cold with a mean January temperature of -6.5°C and 

summers are warm with a mean July temperature of 17.9°C (Wasa Lake station, 1971-

2000, Environment Canada 2006). 

The two plots that are the focus of this paper are located 16km northeast of the 

city of Cranbrook, B.C. and are separated by 545m in vertical distance (Figure 2). They 

differ in aspect, slope angle and elevation. The ‘warm’ aspect (256°) plot had a slope 

angle of 14° and was 25m higher in elevation than the ‘cool’ aspect (92°) plot, which had 

a slope angle of 7°.  Both plots are located in the bottom third of the same minor 

drainage.  
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Figure 1: Study area in southeastern British Columbia. Total area (shaded grey) is 
1.67 million hectares.  
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Figure 2: Location of both the Warm and Cool plots. Plots are separated by 545m 
horizontally and 25m vertically.  

 

METHODS 
1. Field Sampling 

 In this research project we used a stratified-random approach to sample the 

mixed-conifer stands found within the Dry Cool Montane Spruce (MSdk) subzone 

containing multi-cohort stand structure. Sample plots were placed objectively, allowing 

results to be extrapolated to the entire sample population.  
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The province of British Columbia has classified vegetation cover using aerial 

photographs and a classification scheme that identifies homogenous forest stands. These 

stands are delineated, classified by features such as species composition, age class and 

height class, and digitized. The resulting forest cover maps provide a database of 

polygons that can be searched for characteristics of interest.  For this study, all forest 

cover polygons in the Invermere and Cranbrook TSA’s were searched for the following 

attributes to identify the potential sample polygons: 

• Dry Cool Montane Spruce (MSdk) biogeoclimatic subzone,  

• Aspect range of 165° – 285° (warm) or 345° - 105° (cool),  

• Oldest tree cohort established before 1860, and 

• Not logged between 1950 - 1999. 

 

These polygons were then stratified by aspect into ‘warm’ and ‘cool’ strata.  From 

these two strata, polygons were randomly selected and plotted on a map to determine 

access and land ownership or the licensee. Selected polygons were sampled if they were 

within 750m of an active road and under the licensee/ownership of Tembec Industries 

Inc., Canfor Forest Products Ltd., British Columbia Timber Sales or Parks Canada. 

 GIS software was used to objectively determine the UTM coordinates for plot 

center. Using ArcMap™ 9.1, we superimposed a 1.0 hectare circular plot at the centre of 

each polygon. If this plot was entirely within the polygon and not greater than 500m 

from the road, the sample plot was placed at these coordinates. The location of plots was 

modified under three conditions.  (1) If the plot was greater than 500m from the road, 

the plot was shifted closer to the road for easier access. (2) If the plot boundary extended 

outside the polygon boundaries, the plot was shifted to the closest position at which the 

entire plot was within the polygon. (3) In situations where the 1.0ha circular plot could 

not be placed within the boundaries of the polygon, multiple smaller sub-plots were 

established that totaled a search of 1.0ha.  

 The sample plot was located in the field using a handheld GPS unit and the plot 

coordinates. The characteristics of the polygon and sample plot were confirmed to match 

the aforementioned attributes and in addition the following conditions needed to be 

met: 
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• Plot was safe to sample 

• If the plot had been logged prior to 1950, the remaining stumps needed to be 

large enough to determine if the tree had been scarred (>30cm) or the fire 

history was well represented in remaining trees  

• If the plot had been logged and fire-scarring was evident on stumps, the 

stumps had to be sound enough to allow for data analysis or the fire history 

was well represented in remaining trees 

 

1.4 Sample Selection 

 From each plot center, we created a circular plot by measuring eight 56m radii 

using either a handheld laser unit (± 1.0m) or a surveyor chain in dense stands. The radii 

were clearly flagged so that plot boundaries were discernable. Slope angle and aspect 

and elevation were recorded for each plot. Digital photographs were taken in the four 

cardinal directions from plot center. Within each plot, all fire-scarred trees, stumps, 

snags or logs (hereafter “fire-scarred trees”) were identified and marked in numerical 

sequence. For each numbered fire-scarred tree, I recorded the species, location, whether 

it was alive or dead, a rough age and an estimated number of fire-scars.   

At each plot I sampled up to 10 fire-scarred trees. From all identified fire-scarred 

trees, I randomly selected the first five to sample. To provide comparison and capture a 

more complete fire history I also sampled the best five fire-scarred trees within each 

plot. The best samples were objectively determined as having the oldest fire scars, the 

most fire scars and being the easiest to sample. This resulted in some plots having less 

than 10 samples taken as either, a) a best five tree could have also been randomly 

selected or b) a plot could have contained less than 10 fires-scarred trees. 

 

1.5 Sample Collection 

For all fire-scarred trees, a complete stem cross-section was collected. Samples 

were collected using a gas-powered chainsaw at a height that provided the best visible 

fire scar information. Cross-sections were removed systematically, so that for each 

section I was able to visually identify the fire scars. Samples were collected to obtain the 
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best fire history for each tree and in some situations this required multiple samples from 

a single tree. 

Samples were marked with the plot number, tree number, tree species and 

whether the tree was alive or dead. This information was also recorded on an individual 

tree sample sheet, along with the date, height of sample, diameter at breast height 

(where applicable), the number of fire scars observed, the distance of the tree from 

center and it’s azimuth from center. Digital photographs were also taken of each tree 

prior to sampling and of each sample.  

  

2. Sample Preparation and Analysis 

Samples were air dried and sanded to a maximum grit of 600 so that the cell 

structure was visible under magnification and annual rings could be accurately 

crossdated (Stokes and Smiley 1968). Fragile samples were mounted on boards prior to 

sanding. Samples were visually crossdated using regional ring-width chronologies 

developed for Douglas-fir, western larch and ponderosa pine trees in the study area 

(Daniels et al. 2006). The ring-width series of the majority of samples (94%) were 

measured to 0.001mm accuracy on a Velmex measuring bench interfaced with a 

computer and statistically crossdated using the program COFECHA (Grissino-Mayer 

2001).  

 A total of 39 fire scars were dated to an annual resolution and for 30 of these 

scars the fire season was also determined for each event. Fire season was determined by 

the position of the fire scar tip within the annual growth ring; earlywood, latewood, 

dormant and unknown. A dormant season fire is a fire scar that occurs between two 

annual growth rings, and for this area dormant season fires were assumed to occur in 

the fall of the first year as conditions in this area often remain favourable for fires until 

mid-October. Only scars that were positively identified as fire were used and these 

positive fire dates were used to verify the season and year of other smaller, minor scars 

on other samples.  

 Fire statistics were calculated using the program FXH2 (Grissino-Mayer 2001). 

Commonly, fire-interval data are not normally distributed and the mean fire-interval is 

not the best measure of central tendency. For this study, we computed the mean, median 
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and Weibull median fire interval. The Weibull median may be the best indication of 

central tendency however it requires transforming the data. We compared the intervals 

between the two plots using the statistical software SAS 9.1.3 and a non-parametric 

Wilcoxon two-sample test.  

 

RESULTS 
 A total of 17 samples were collected from both plots and 16 samples were 

statistically crossdated using the program COFECHA and one was visually crossdated. 

The number and year of occurrence of fires varied between the two plots (Table 1). The 

Warm plot recorded fires from 1718 to 2006 with a total of 12 fire years, while the Cool 

plot recorded fires from 1629 to 2006 with nine fire years. Three fire years were common 

to both plots: 1722, 1757 and 1831 (Figure 3). The most recent fire year was 1940 at the 

Cool plot, making the time since last fire 66 years. The last fire at the Warm plot was in 

1903, making the time since last fire 103 years. The interval between the successive fires 

ranged from two to 109 years. The minimum intervals were two and five years and the 

maximum intervals were 103 and 109 years for the cool and warm plots, respectively.  

 
Table 1: Summary of fire frequency data for the Warm and Cool plots. 
 

 Warm Cool 

Samples 10 7 

Recording Period 1718 - 2006 1629 - 2006 

# of Fire Years 12 9 

Median Fire Interval 17 35 

Mean Fire Interval 17 39 

Weibull Median Fire Interval 16 33 

Min. Years Between Fires 4 5 

Max. Years Between Fires 38 109 

Years Since Last Fire 103 66 
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Figure 3: Plotted fire occurrence over time, comparing the warm and cool plots. 
Vertical dashed lines indicate when a fire event was observed at both plots: 1722, 
1757 and 1831. Fires were more numerous and frequent at the Warm plot in 
comparison to the Cool plot.  

 

 

Fire season varied between the two plots (Figure 4). At the Warm plot the majority of 

fires occurred during the late and dormant and season, while at the Cool plot the 

majority of fires were not dateable to a season.  

The median, mean and Weibull median interval are compared within and between 

each plot in Figure 5. All three intervals are very similar for the Warm at 17, 17 and 16 

respectively while at the Cool plot the mean fire interval (39) is greater than the median 

(35) and Weibull median intervals (33). Between plots, the median, mean and Weibull 

median fire intervals are lower for the Warm plot than the Cool plot and the variance in 

fire frequency is greater for the Cool plot than the Warm plot. Fire intervals at each plot 

were found to be significantly different (P = 0.0387, Wilcoxon Two-sample test).  

 



 

 
12

 
Figure 4: Fire season for the Warm and Cool plots, shown as the inter-annular 
position of each scar as a percentage of all scars at the plot.  

 

 

 
Figure 5: Median fire interval was computed for both the Warm and Cool plots. 

The shaded box contains the 25th to 75th percentiles, the whiskers enclose the 
10th to 90th percentiles, the horizontal line within the box shows the median fire 
interval, the triangle shows the mean fire interval, the square shows the 
Weibull median fire interval and outlying values are shown as black circles. 
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DISCUSSION 

 Fire history at both plots lends strong evidence towards a mixed-severity fire 

regime in this area. Mixed-severity fire regimes are characterized by a dynamic mix of 

fire severities over space and time, where individual fires of low- or high-severity may 

occur, but a majority of the fires over time will have a range of severity within a single 

event (Arno and Fiedler 2005). From 1718 to 2006 the Warm plot recorded a total of 12 

fires, with the years between fires ranging from four to 38. Similarly, during the years 

1629 to 2006 the Cool plot recorded a total of nine fires, with the years between fires 

ranging from five to 109. In Figure 3 a majority of the sampled trees survive numerous 

low-severity fires however several sampled trees are observed to germinate following 

the regional fire of 1722 forming a post-fire cohort that likely grew in growing space 

created by high-severity fire behaviour. In addition, fires burned after the death of some 

trees charring the bark and sapwood, but they did not consume all wood. This observed 

variation in frequency and severity over space and time is consistent with the definition 

of a mixed-severity regime.  

The observed difference in fire frequency between the two plots was expected, 

due to the difference in slope aspect. Increased solar radiation can cause lower levels of 

fuel moisture, increasing the chance of an ignition developing into a fire. Lowered fuel 

moisture rates will also change fire behaviour and increase rates of fire spread (Agee 

1993). These factors will result in warmer aspect sites having a higher fire frequency 

than cooler aspect sites.  

The observed difference in season of fire between the two plots was 

predominantly due to the quality of samples obtained from the Cool plot. The majority 

of samples were obtained from historic logging stumps that were significantly decayed, 

which allowed us to determine the fire years but not fire seasons. It is likely that the 

season of fire did not vary greatly between plots due to their close proximity.  

 Despite being separated by only 545 meters the two plots shared only three of 23 

fire years. The lack of concurrent fire years between the two plots was surprising. Spatial 

variation in fire regimes can be the result of many factors including: species composition 

and stage of stand development, disturbance history, and natural or topographical 

barriers to fire spread. These two plots differed in aspect and were separated by a 
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shallow valley and a small lake to the north of the plots (Figure 2). Differences in 

understory plant composition indicated differences in soil moisture between the two 

sites, implying variation in fuel moisture content that could potentially limit the direct 

spread of fire from one plot to the next. Also, topographic variability alone could also act 

as a barrier to fire spread, reducing the number of shared fire events between the two 

stes. The low concurrent number of fires between these two plots lends support to the 

hypothesis that changes in local topography are driving the spatial variation in fire and 

stand structure that is observed in these forests.  

 These two plots differ in the degree of deviation from their historical fire 

regimes, an important piece of information for forest managers. As fire intervals at the 

plot level approach or exceed the upper end of the historical range of fire intervals, we 

hypothesize that associated fuel accumulations may result in severe, stand-replacing 

fires if and when ignition occurs. The Warm plot has not recorded a fire in 103 years, a 

much longer time span than the 38-year maximum interval between fire scars. 

Conversely, the Cool plot recorded a fire 66 years ago, a shorter time span than the 108-

year maximum interval between fire scars. As the Warm plot lies outside the range of 

historic natural variability it becomes a target for forest restoration, to reduce the 

likelihood of a severe fire, while the Cool plot does not.  The difference between these 

two plots, while being only 545m apart, illustrates the point that restoration strategies 

must account for spatial and temporal variability in disturbance histories.   For example, 

a broad-sweeping restoration strategy that prescribes a homogeneous treatment of an 

area encompassing both of our study plots would result in a loss of historic variability in 

fire regimes and stand structure. In stands that are the result of a mixed-severity fire 

regime, managers must consider restoration strategies that encourage heterogeneity. 

Restoration strategies that are based on historical fire regimes will increase the 

likelihood of ecosystem restoration through the creation of habitat, while at the same 

time modifying potential severe fire behaviour by reducing accumulated fuels.    
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