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INTRODUCTION 
 The mixed-conifer, montane forests of southeastern British Columbia, including 
Kootenay National Park, have complex forest structure which we hypothesize are linked 
to a mixed-severity fire regime. Mixed-severity fire regimes are complex and result in 
structurally diverse vegetation patterns with complicated stand dynamics (Agee 1998). 
They include low- to moderate-severity, stand-maintaining fires and high-severity, stand-
replacing fires at stand and landscape scales. Within stands, fire severity and its effects on 
vegetation vary both during individual fires and between successive fires at a given 
location (Ehle and Baker 2003). Landscape topography, including elevation, slope angle 
and aspect, exert strong influence over stand composition and structure, fuels, 
microclimate and, ultimately, fire severity (Taylor and Skinner 1998, Heyerdayl et al. 
2001, Rollins et al. 2002). In mixed-severity regimes, fires burn at variable intervals 
ranging from c.20 to 100 years (Taylor and Skinner 1998, Arno et al. 2000, Taylor 2000, 
Veblen et al. 2000, Buechlin and Baker 2004, Wright and Agee 2004) and inter-annual to 
decadal variations in climate have a strong influence on the timing and severity of fires 
(Veblen et al. 2000, Heyerdahl et al. 2002). The combined effects of these multiple-scale, 
spatial and temporal sources of variation are a complex set of characteristics unique to 
mixed-severity fire regimes that are difficult to quantify and challenging for managers to 
emulate (Agee 1004). 
 
 Recent research of mixed-conifer forests in the Invermere and Cranbrook Forest 
Districts suggests mixed-severity fires were common in southeastern British Columbia 
(Cochrane 2007, Daniels et al. 2007). In many places, the current fire intervals exceed the 
historic range of variation, suggesting a change to the fire regime during the past century.  
We are concerned that fire suppression may result in significant changes in forest 
composition and structure, which in turn may result in changes the fire regime as forest 
density increases and fuels accumulate.  With reduced fire frequency, there is risk that 
eventually fires will be more intense with greater impacts on the forest. This is 
particularly relevant to Parks Canada Agency as the current management plans for 
Kootenay and Yoho National Parks contain area burned targets that are set using stand 
replacement fire history information. It has been recognized for some time that more 
detailed information about historic fire regimes and their links to forest dynamics are 
needed to establishing goals for low and moderate severity fire restoration. 
 

 Research of forests with mixed-severity fire regimes is fundamentally different 
from research of forests with either high- or low-severity fire regimes. As a result, a 
combination of research methods is needed to quantify complex forest structures and to 
reconstruct mixed-severity fire regimes. In this interim report we present information on 
historic fire frequency and forest dynamics for a number of study sites located in or near 
Kootenay National Park: 

Part 1. Cambial scar dates due to fire and insects for nine study plots  
Part 2. Comparative analysis of the stand structure and dynamics of five plots 

differently affected by the 1917 fire 
Part 3. Exploration of methods used to determine the age of seedlings and saplings 

including (a) errors in age counts and asymmetrical in growth, (b) age-size 
relations and (c) regeneration dynamics in relation to regional climate. 



Fire History and Stand Dynamics - 3 

STUDY AREA 
This research was conducted in the mixed-conifer montane forests of southeastern 

British Columbia. All sites were located in the Montane Spruce biogeoclimatic zone, 
which forms a mid-elevation ecotones between the high-elevation subalpine forests and 
the lower elevation Douglas-fir and ponderosa pine forests and woodlands (Meidinger 
and Pojar 1991).  The climate of the Montane Spruce zone is commonly cool, with cold 
winters and short, dry summers. Summers tend to be dry, and lack of moisture in the 
growing season can be a problem in some areas (Meidinger and Pojar 1991). The 
extended period of drought in summer are conducive to fire. Typically, forests in the 
Montane Spruce zone are dominated by conifers, including western larch (Larix 
occidentalis), Douglas-fir (Pseudotsuga menziesii), lodgepole pine (Pinus contorta) and 
hybrid spruce (Picea glauca x engelmannii) (Meidinger and Pojar 1991). 
 
 This report includes data from 10 study plots, nine of which are located in the 
western part of Kootenay National Park (Figure 1) and one plot (Plot 18) is located near 
Cranbrook.  Cambial scars and disturbance history were reconstructed for Plots 11, 23, 
24, 25, 26, 27, 28, 31 and 32.  Stand composition, structure and dynamics was 
reconstructed for Plots 11, 23, 26, 27, and 29.  Various aspects of regeneration dynamics 
was explored using seedlings and saplings from Plots 11, 18, 23, 26, 27, 28 and 29. 
 

 
Figure 1. Air photograph of the study area in Kootenay National Park, Canada.  Red 
lines depict stand-origin polygons (Masters 1990) and red numbers depict nine study 
plots. Two plots are not included; Plot 25 is located two kilometres north of Plot 24 and 
Plot 18 is located near Cranbrook, BC. 
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METHODS 
 
Part 1. Cambial Scars and Disturbance History 
 At each study site, we searched for scarred living trees, snags and logs in 1-ha 
circular plot (Cochrane 2007). We collected partial or full cross-sectional disks from two 
to 13 scarred-trees per site, depending on the occurrence of scarred trees. Fire scars were 
differentiated from scars caused by mountain pine beetle or other disturbance agents 
using field-based criteria (McBride 1983, Dietrich and Swetnam 1984) and by assessing 
the wood samples in the lab, as follows:  
 (a) Scar morphology. Basal scars that were triangular in shape, with all bark 

missing from the face of the scar were considered fire scars. Often these trees had 
multiple scars and charcoal was present.  

 (b) Fungal stains in the wood. The wood samples were examined to determine if 
they were stained by fungi. Red stain indicates fire, whereas blue stain indicates 
disturbance by mountain pine beetle. In this study I report only scar dates caused 
by fire; however some trees had been killed by mountain pine beetle as indicated 
by the blue stain in the wood closest to the bark.  

 (c) Comparison of scar dates. I compared the scar dates among trees at the same 
site. Scars caused by a single fire have a common calendar year. Scars cause by 
disturbance agents other than fire (e.g., mountain pine beetle or wind throw) do 
not necessarily occur in the same year. For the third criterion to be effective, scars 
must be precisely dated at an annual resolution. 

 
Part 2. Stand Composition, Structure and Dynamics 
 At the centre of each circular plot, we established a stand structure plots that 
measured 20m by 20m with the boundaries oriented parallel and perpendicular to the 
slope fall-line. Species and diameter at breast height (DBH) of all trees and snags with 
DBH ≥ 5 cm were recorded. Each tree and snag was tagged and cored ≤30cm from the 
ground; multiple cores were extracted to ensure they intercept the pith or are within 10 
years of the pith. We cut basal disks from six snags with DBH < 10cm instead of 
extracting cores. For logs with DBH ≥ 10 cm that had been rooted in the stand structure 
plot, we recorded species, DBH, diameter at the apex and length. We cut cross-sectional 
disks from the least decayed section of each log as close to the roots as possible. 
 
 Scarred samples, basal disks from logs, and tree cores were dried and sanded with 
successively finer paper to 600 grit (Stokes and Smiley 1968). The ring widths were 
visually crossdated using species-specific regional chronologies (Daniels et al. 2007), 
measured to the nearest 0.01mm using a Velmex bench interfaced with a computer and 
statistically crossdated using the program COFECHA (Grissino Mayer 2001). 
Crossdating (a) detected partial cambial dieback in living trees, (b) determined the outer-
ring date of each snag and log, providing an estimate of the year of death, (c) ensured 
precision when assigning a year to the pith or inner-ring of cores that did not intercept the 
pith, and (d) ensured accuracy for years assigned to scars caused by historic disturbances. 
For cores that did not intercept the pith, we estimated the number of missed rings using 
the geometric dimensions of the innermost complete rings of each core (Duncan 1989). 
To estimate the year of establishment of all trees, snags and logs, we corrected all pith 
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dates to account for the number of years required for trees to grow to sample height based 
on seedling height growth rates (Villalba and Veblen 1997, Wong and Lertzman 2001). 
We sampled 15 lodgepole pine seedlings (heights 40 to 80 cm) from a clearing adjacent 
to Mitchell Ridge. We cut disks at the root collar and every 10 cm along the stem of each 
seedling. The resulting disks were sanded and the rings were counted to develop a 
regression of age on height that we used to estimate age at sample height of all trees, 
snags and logs. To interpret stand dynamics prior to the prescribed burn, we compiled 
frequency histograms of (a) the corrected years of establishment for all trees, snags, and 
logs, (b) estimated years of death of snags and logs, and (c) scar dates indicating 
historical disturbances (Lorimer 1985, Veblen 1992, Johnson et al. 1994). 
 
 
Part 3. Regeneration Dynamics 
 Eight subplots located north, northeast, east, southeast, south, southwest, west and 
northwest of the plot centre were established around the periphery of each fire history 
plot. The subplots were circular, with a radius of 5.64m and measured 0.01 ha each. In 
each subplot, the numbers of living small seedlings (height < 30cm) and tall seedlings 
(130cm<height≥ 30cm) and living and dead saplings (height ≥130cm and DBH <5cm) 
were tallied by species. Small and tall seedlings were uprooted and a basal disk was cut 
from each sapling to determine age.  
 
 For small seedlings (height <10cm), we counted the terminal bud scars along the 
stem to estimate age. For tall seedlings (height >10cm), we cut a basal disk from the stem 
that included the root collar. Basal disks of tall seedlings and saplings were dried and 
sanded with successively finer paper to 600 grit (Stokes and Smiley 1968). We counted 
the number of rings on two radii for each disk to estimate age. When the ring counts 
differed, we compared the two radii to identify false rings and incomplete rings, those 
that did not form around the full circumference of the stem. The radius with the 
maximum number of rings was used to estimate age. The diameter (cm) of each sample 
was measured using digital calipers. The shortest and longest dimension of each disk 
were measured and averaged to account for asymmetric growth in some trees. 
 

Using the subset of saplings from Plots 11, 18, 23 and 27, we assessed variation in 
ring counts and asymmetrical growth. On each sapling, we counted the rings and 
measured the length of two different radii, the smallest radius and the longest radius from 
the pith to the bark using electronic calipers. To assess asymmetry, we did not include the 
bark in the lengths because bark thickness varied among species. To estimate diameter of 
the stem, we included the bark. The difference between the two age counts indicated the 
degree of error when estimating age of each sapling. The difference between the two radii 
measured inside the bark indicated the degree of asymmetry within each sapling. The 
average of the two radii measured outside the bark estimated sapling size. Regression 
analysis was used to test if asymmetry increased with sapling size. Analysis of variance 
(ANOVA) and Tukey tests were used to compare asymmetry among the four sites. We 
compared mean degree of asymmetry of the four different sites. 
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 To test for relationships between sapling age and size, we combined the age data 
from Plots 11, 18, 23, 26, 27, and 28 and stratified the by species. Analyses were 
conducted on Douglas-fir and hybrid spruce for which there were a sufficient number (n 
> 10) of samples present to assess the presence of a size-age relationship. A scatter plot 
of age on size was created for each species and a regression analysis of age predicted 
from size was conducted to test for statistical significance. The standard error of the 
estimate was also calculated to represent the variation of model predictions relative to the 
observed relationship. As well, we tested the quality and ability of the regression 
equation for hybrid spruce to predict age using an independent data set.  The diameter of 
ten spruce hybrid saplings that were not used to develop the regression model were 
measured.  These diameters were entered into the regression model and we compared the 
ages predicted from diameter to the actual ages of the saplings that were determined by 
ring counts. 
 
 To explore the influence of climate on regeneration dynamics, we used monthly 
total precipitation and mean temperature records for Golden (Station 1173210, 51°18'N 
116°58'48"W, 785 m.a.s.l.) and Cranbook (Station 1152102, 49°36'36"N 115°46'48"W, 
940m.a.s.l.) were acquired from the Historical Adjusted Climate Database for Canada 
(Environment Canada 2007). To represent the growing season we calculated the average 
temperature and total precipitation for (a) April through September and (b) June through 
August for each year for both station records.  To represent regional climate, we averaged 
the monthly and seasonal values from the Golden and Cranbrook records. 
 
 The climate analyses were conducted for the period from 1943 to 2003, for a total 
of 61 years when there were no missing observations in the monthly climate data and 
there were sufficient sample size of regenerating trees. This time period included 61 
Douglas-fir seedlings and saplings, and 34 hybrid spruce seedlings and saplings. We used 
correlation analysis to assess relations between regional monthly and seasonal 
temperature or precipitation and the age structure of Douglas-fir and hybrid spruce 
regeneration. We differentiated identified years with (a) no regeneration and (b) ≥ 1 
seedling and/or sapling in each of the Douglas-fir and hybrid spruce age structures.  We 
used a t-tests, accounting for equal or unequal variances, to compare climate among these 
three classes for each species.  Climate variables were June to August, growing season, 
summer and annual temperatures and precipitation.  All statistical tests were considered 
significant at the 0.05 level.  
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RESULTS 
 
Part 1. Cambial Scars and Disturbance History 
 For the nine plots combined, we successfully crossdated cambial scars on 54 
disks, including 36 lodgepole pine, 14 Douglas-fir, two hybrid spruce and two decayed 
disks for which species could not be determined (Table 1). Of 76 scars, 41 were caused 
by fire which burned in 14 different years between 1718 and 1959. Fire years were: 1718, 
1774, 1817, 1818, 1841, 1865, 1869, 1880, 1883, 1887, 1894, 1917, 1929 and 1959. Two 
plots included fire scars in 1841 and 1887. Consistent with Master's (1989, 1990) 
assessment of fire history, the most widespread fire that we documented was in 1917, 
which scarred trees in six plots. The many scars on lodgepole pine during the 20th 
century were not caused by fire, but the causal agent remains undetermined. 
 
Cambial Scars Within Plots 
 At Plot 11, one lodgepole pine and three Douglas-fir disks were visually cross-
dated and six disks statistically crossdated with the regional Douglas-fir chronology (r = 
0.34 to 0.60, Table 1). We observed fire scars in 1718, 1841, 1865, 1883, and 1917 
(Table 1). Five samples had fire scars in 1917, corresponding to a well-documented, 
wide-spread fire (Masters 1989, 1990) and four samples had fire scars in 1841. 
 
 At Plot 23, four Douglas-fir disks and two lodgepole pine disks were statistically 
crossdated against the regional Douglas-fir chronology (r = 0.38 to 0.55, Table 1). 
Similarly, two lodgepole pine disks were crossdated against a local lodgepole pine 
chronology (r = 0.39 and 0.45, Table 1). The oldest Douglas-firs established during the 
1600s and had single fire scars in 1774 and 1817. Two Douglas-firs and three lodgepole 
pines had fire scars in 1917 and one Douglas-fir had an outer-ring of 1916, indicating it 
was killed by the 1917 fire. One Douglas-fir and two lodgepole pines had fire scars in 
1929 (Table 1). 
 
 Of the five lodgepole pine disks sampled from Plot 24, four disks were 
statistically crossdated against the regional Douglas-fir chronology (r = 0.39 to 0.54, 
Table 1) and one disk was crossdated against the local lodgepole chronology (r = 0.54, 
Table 1). Fire scars were in 1869 (n = 2), 1880 (n = 1), 1894 (n = 3), and 1917 (n = 1). 
One Douglas-fir with an outer-ring date of 1915 was likely killed by the 1917 fire. The 
scars in 1932 and 1934 on lodgepole pine were consistent with scars observed at other 
sites, but were likely not due to fire. 
 
 At Plot 25, seven of the eight lodgepole pine disks were statistically crossdated 
against the regional Douglas-fir chronology (r = 0.28 to 0.45, Table 1) and one was 
crossdated against the local lodgepole pine chronology ( r = 0.35). Pith dates ranged from 
1792 to 1940. Three lodgepole pine established in the late 1800s and tree T02 had an 
outer ring of 1886 and was charred. Combined these data provide indirect evidence of 
fire c.1880-90s. Scar dates ranged from 1911 to 1968, but only the 1917 scar on three 
T05 was likely due to fire. Significant blue stain in the sapwood and heartwood of three 
disks (T04, T05, and T213) indicated these trees died due to mountain pine beetle in the 
1980-90s. 



Fire History and Stand Dynamics - 8 

 At Plot 26, 10 lodgepole pine disks were statistically crossdated against local 
lodgepole pine chronologies (r = 0.23 to 0.52). They established following the 1917 fire 
but showed no evidence of subsequent fires; however, all had cambial scars with dates of 
1927, 1934, 1935, 1936, 1937, 1954, and 1958 (Table 1). Because these scars did not 
form in the same year, we conclude they were not caused by fire. These scars dates do 
coincide with a wide-scale outbreak of mountain pine beetle in British Columbia (R. 
Alfaro, personal communication), but because the trees were young (age c. 7 to 38 years) 
and small (diameter < 10cm) at the time that they were scarred, they would have been 
sub-optimal habitat for mountain pine beetle. All trees had outer-ring dates of 1971 to 
1992 and most had blue-stain fungus in the sapwood indicating these trees died due to 
mountain pine beetle. 
 
 At Plot 27 only two lodgepole pine disks were scarred. Both were snags that were 
charred around the circumference and were statistically crossdated to the regional 
Douglas-fir chronology (r = 0.46 and 0.56, Table 1). Tree T01 had a fire scar in 1887 and 
outer-ring date of 1908. Tree T03 had a fire scar in 1818 and an outer-ring date of 1869, 
which corresponds to a well-documented drought and fire-year in British Columbia 
(Cochrane 2007, Daniels et al. 2007, Daniels and Watson 2003). Living trees in this plot 
form an even-aged cohort that established in the 1920's, indicating the 1917 fire was 
stand-replacing and left no fire scars in living trees at this site. The 1887 fire and/or the 
1917 fire would explain the charcoal around the circumference of trees T01 and T03. 
 
 At Plot 28, two lodgepole pine and two hybrid spruce disks were statistically 
crossdated against the regional Douglas-fir (r = 0.45), local lodgepole pine (r = 0.39) and 
local hybrid spruce (r = 0.23 and 0.40) chronologies (Table 1). Of five scars, only the scar 
in 1917 was due to fire; the other scars were asynchronous and causes were not 
determined. Tree T3 was a lodgepole pine snag that was likely charred during the 1917 
fire. Tree T1 had blue stain in the sapwood, indicating it was killed by mountain pine 
beetle in 1996. 
 
 At Plot 31, the Douglas-fir was visually crossdated and had fire scars in 1894, 
1917 and 1959 (Table 1). Two lodgepole pines that were statistically crossdated against 
the local lodgepole pine chronology (r = 0.38 and 0.34) also had scars in 1917 and 1959. 
Tree T05 was a charred lodgepole pine snag that was statistically crossdated against the 
regional Douglas-fir chronology and had an outer ring of 1908 (r = 0.37). It was likely 
charred during the 1917 fire. Tree T345 had blue stain in the sapwood, indicating it was 
killed by mountain pine beetle in 1994. 
 
 At Plot 32, one scarred lodgepole pine log was statistically crossdated against the 
local lodgepole pine chronology (r = 0.31) and two charred snags were statistically 
crossdated against the regional Douglas-fir chronology (r = 0.37 and 0.33, Table 1). The 
lodgepole pine had a scar in 1964 that was not caused by fire and died in 2003 due to 
mountain pine beetle, as indicated by blue stain in the sapwood. The two charred snags 
likely died in the early 1900s and on had a scar that may have been due to fire in 1847. 
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Table 1. Dates of cambial scars due to fire (bold) and other causes (regular font) for nine 
plots in Kootenay National Park. Scar and pith dates were determined by visual or 
statistical crossdating using plot level and regional chronologies for Douglas-fir, 
lodgepole pine and hybrid spruce. For disks that did not include the pith, the  

 
Plot 

(Tree no.) 
Species of 

scarred disk 
Crossdating 

(type or chronology) 
Correl.

(r) 
Pith 

 
Outer-

ring 
Scars 

 
11 (T05) Douglas-fir Visual N/A 1880 2006 1917 
11 (T09) Douglas-fir Visual N/A 1880 2006 1917 
11 (T13) Douglas-fir Douglas-fir 0.60 1874 1971 1917 
11 (T14) Douglas-fir Douglas-fir 0.34 1730 1923 1841 

1865 
11 (T24) Douglas-fir Douglas-fir 0.34 1694 1997 1841 

1917 
11 (T25) Douglas-fir Visual N/A 1857 2006 1917 
11 (T37) Douglas-fir Douglas-fir N/A 1868 2006 1883 
11 (T38) Douglas-fir Douglas-fir 0.49 1669 1985 1718 

1841 
11 (T39) Douglas-fir Douglas-fir 0.43 1683 1995 1718 

1841 
1865 

11 (T33) Lodgepole pine Visual N/A 1845 1995 1883 
23 (T07) Douglas-fir Douglas-fir 0.55 1838 2006 1917 
23 (T13) Douglas-fir Douglas-fir 0.48 1833 2006 1917 

1929 
23 (T15) Douglas-fir Douglas-fir 0.43 1660 1916 1817 
23 (T20) Douglas-fir Douglas-fir 0.43 1688 1855 1774 
23 (T04) Lodgepole pine Lodgepole pine 0.45 1834 1985 1917 
23 (T10) Lodgepole pine Douglas-fir 0.38 1826 2006 1917 
23 (T14) Lodgepole pine Lodgepole pine 0.39 1864 1999 1929 
23 (T17) Lodgepole pine Douglas-fir 0.45 1826 2006 1917 

1929 
24 (T06) Lodgepole pine Douglas-fir 0.41 1869 1915 1880 
24 (T09) Lodgepole pine Lodgepole 0.54 1900 1994 1917 

1934 
24 (T13) Lodgepole pine Douglas-fir 0.39 1849 1941 1869 

1894 
1932 

24 (T21) Lodgepole pine Douglas-fir 0.40 1846 1972 1894 
24 (T29) Lodgepole pine Douglas-fir 0.54 1840 1930 1894 

1869 
25 (T01) Lodgepole pine Douglas-fir 0.44 1925 1967 1937 

1952 
25 (T02) Lodgepole pine Douglas-fir 0.70 1792 1886 None 
25 (T04) Lodgepole pine Douglas-fir 0.39 1898 1995 1911 

1926 
25 (T05) Lodgepole pine Douglas-fir 0.31 1890 1983 1907 

1917 
25 (T08) Lodgepole pine Lodgepole pine 0.35 1921 1966 1941 

1945 
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Table 1 (continued). Dates of cambial scars due to fire (bold) and other causes (regular 
font) for nine plots in Kootenay National Park. Scar and pith dates were 
determined by visual or statistical crossdating using plot level and regional 
chronologies for Douglas-fir, lodgepole pine and hybrid spruce. For disks that did 
not include the pith, the  

 
Plot 
(Tree no.) 

Species of 
scarred disk 

Crossdating 
(type or chronology) 

Correl.
(r) 

Pith 
 

Outer-
ring 

Scars 
 

25 (T201) Lodgepole pine Douglas-fir 0.28 1922 1969 1943 
25 (T210) Lodgepole pine Douglas-fir 0.35 1940 1993 1948 

1965 
1968 

25 (T213) Lodgepole pine Douglas-fir 0.31 1882 1992 1927 
26 (T260) Lodgepole pine Lodgepole pine 0.23 1929 1984 1934 
26 (T266) Lodgepole pine Lodgepole pine 0.42 1926 1983 1934 
26 (T271) Lodgepole pine Lodgepole pine 0.45 1924 1983 1937 
26 (T277) Lodgepole pine Lodgepole pine 0.52 1923 1971 1935 
26 (T278) Lodgepole pine Lodgepole pine 0.41 1924 1982 1935 
26 (T279) Lodgepole pine Lodgepole pine 0.29 1926 1978 1935 
26 (T281) Lodgepole pine Lodgepole pine 0.45 1923 1978 1954 

1958 
26 (T282) Lodgepole pine Lodgepole pine 0.52 1923 1992 1933 

1934 
1935 

26 (T283) Lodgepole pine Lodgepole pine 0.47 1923 1983 1933 
1934 

26 (T284) Lodgepole pine Lodgepole pine 0.41 1924 1983 1936 
1937 

27 (T01) Lodgepole pine Douglas-fir 0.56 1852 1908 1887 
27 (T03) Lodgepole pine Douglas-fir 0.46 1807 1869 1818 
28 (T1) Lodgepole pine Lodgepole pine 0.39 1889 1996 1917 

1962 
28 (T3b) Lodgepole pine Douglas-fir 0.45 1846 1902 1862 
28 (T180) Hybrid spruce Hybrid spruce 0.40 1907 2005 1977 
28 (T296) Hybrid spruce Hybrid spruce 0.23 1840 1982 1867 
31 (T2) Douglas-fir Visual N/A <1879 2004 1959 

1917 
1894 

31 (T05) Lodgepole pine Douglas-fir 0.37 1872 1908 None 
31 (T06) Lodgepole pine Lodgepole pine 0.38 1901 1984 1917 
31 (T345) Lodgepole pine Lodgepole pine 0.34 <1898 1994 1959 
32 (T608) Lodgepole pine Lodgepole pine 0.31 1935 2003 1964 
32 (T2) Unknown Douglas-fir 0.37 1840 1900 1847 
32 (T3) Unknown Douglas-fir 0.33 1833 1909 None 
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Part 2. Stand Composition, Structure and Dynamics 
Forest Composition and Structure 

Plots 11 and 23 were dominated by Douglas-fir and lodgepole pine in the upper 
canopy, with Douglas-fir, lodgepole pine and abundant hybrid spruce in the subcanopy. 
Broadleaved Douglas maple (Acer glabrum var. douglasii), birch (Betula sp.) and alder 
(Alnus sp.) also grew in the subcanopy of these plots. Forest density, including trees, 
snags and logs, was lower at Plot 11 (1350 ha-1) than at Plot 23 (3600 ha-1), although total 
basal area was similar at the two plots (71.1 and 72.1 m2 ha-1, respectively; Table 2). At 
Plot 11, there were few snags and logs, although two large snags dominated the upper 
canopy. In contrast, most snags in Plot 23 were in the subcanopy and were relatively 
small in size. 
 
 Lodgepole pine dominated Plots 26, 27 and 29; one Douglas-fir (DBH = 25.9cm) 
was growing in the subcanopy of Plot 26. Forest density, including trees, snags and logs, 
was lower at Plot 26 (1450 ha-1) than at Plots 27 (3025 ha-1) and 29 (2725 ha-1) (Table 2). 
In contrast, mean stem diameters were significantly larger at Plot 26 (19.8 ± 0.65, n = 58, 
p <0.001) than at Plots 27 (13.8 ± 0.39, n = 121) and 29 (15.1 ± 0.41, n = 109), resulting 
in similar total basal areas at the three sites (47.7, 49.2 and 51.3 m2 ha-1 at Plots 26, 27 
and 29, respectively). There were more logs than trees and snags at Plot 26, although the 
basal areas of trees and logs were similar (Table 2). At Plot 27, the densities and basal 
areas of trees and snags were similar and greater than those of logs. At Plot 29, there 
were more living trees than snags and logs combined. 
 
 
Table 2. Stand composition and structure of five plots in Kootenay National Park. 
Study Type Density Basal area Canopy position (%) 
Plot  n ha-1 % m2 ha-1 % upper lower 
11 Trees 1150 85 45.0 63 17 83 

 Snags 50 4 17.6 25 100 0 
 Logs 150 11 8.5 12 - - 
        

23 Trees 2650 74 59.9 83 8 92 
 Snags 825 23 9.4 13 0 100 
 Logs 125 3 2.8 4 - - 
        

26 Trees 525 36 21.3 45 90 10 
 Snags 225 16 5.0 10 89 11 
 Logs 700 48 21.5 45 - - 
        

27 Trees 1350 45 22.7 46 80 20 
 Snags 1250 41 17.6 36 50 50 
 Logs 425 15 8.9 18 - - 
        

29 Trees 1475 54 35.4 69 65 35 
 Snags 625 23 8.3 16 10 90 
 Logs 625 23 7.6 15 - - 
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Disturbance and Stand Dynamics 
 The forests in Plots 11 and 23 were uneven-aged and multiple low-to-moderate 
severity fires had burned resulting in fire scars during the past c. 300 years (Figure 2). In 
Plot 11, the oldest individuals established prior to 1700, with the majority of upper 
canopy trees establishing prior to 1900. The subcanopy was dominated by trees that 
established after 1917, although the oldest subcanopy trees established in the 1850s. Of 
the nine snags and logs for which we successfully estimated year of death, all had died 
between 1923 and 2006. The two dominant Douglas-fir snags died most recently, likely 
due to an on-going outbreak of Douglas-fir beetle (Dendroctonus pseudotsugae Hopk.). 
 
 In Plot 23, a few trees and snags persisted after the 1917 fire. The majority of 
living trees established after 1917. Two trees recorded fire scars in 1929. Had this fire 
been widespread, few trees that established immediately following the 1917 fire would 
have survived. However, the 1929 fire had nominal impact on the age structure of the 
surrounding forest fire, therefore, it must have been limited in severity and/or size. The 
majority of snags and logs that died since 1990 were subcanopy trees that likely died due 
to competition and self-thinning of this relatively dense stand (Oliver and Larson 1996). 
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Figure 2. Forest structure and dynamics of Plots 11 and 23. 
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 The forests in Plots 26, 27 and 29 were even-aged (Figure 3) and originated after 
the 1917 fire (Masters 1989, 1990). We identified one veteran tree at each of Plots 27 and 
29 that had established prior to 1900 and survived the 1917 fire. Two charred snags 
sampled at the Plot 27 site did not have fire scars, but the outer-ring dates indicated they 
died c. 1908 and 1869. We successfully estimated years of death of most logs (86%) and 
snags (93%), which died between 1954 and 2006. Logs and snags that died prior to 1970 
were slow-growing trees that were consistently in the lowest 25th percentile of DBH and 
likely died due to competition and self-thinning of the stand (Oliver and Larson 1996). 
Tree mortality after 1970 was primarily due to mountain pine beetle, as indicated by blue 
stain fungus in the sapwood of logepole pine snags and logs. Temporal patterns in tree 
death after 1980 indicated that the effects of mountain pine beetle differed among the 
three study sites. At Plot 26, 79% of logs died between 1982 and 1984 during a well-
documented regional outbreak of mountain pine beetle, whereas most snags (67%) died 
between 1992 and 2001. No trees died after 2001. At Plot 27, tree mortality was 
relatively constant after 1976. Twenty four percent of the snags and logs died since 2001, 
all of which had persistent red needles and most (69%) had pitch tubes on the stem 
indicative of infection by mountain pine beetle. Another 13% of living trees had pitch 
tubes. At Plot 29, 62% of snags and logs died between 1990 and 2003; no trees died after 
2003. Of the snags, 40% had pitch tubes but did not have persistent needles. 
 
 
Part 3. Regeneration Dynamics 
Composition and Age of Regeneration 
 Most seedlings and saplings were Douglas-fir and hybrid spruce, with some 
western larch, lodgepole pine and subalpine fir at some sites (Table 3). The density of 
regeneration was low and was less than tree density at all sites. Within sites, seedlings 
and saplings often grew in dispersed clusters. 
 
 Despite their small size, many seedlings and saplings were many decades old 
(Figure 4). Ages ranged from 2 to 84 years. The age structure at Plot 11 was bimodal 
with one cohort <25 years and another >60 years in age. At Plots 18 and 23, most 
regeneration was > 50 years with similar to the ages of subcanopy trees. A cohort of 
logepole pine seedlings established 15 to 20 years ago, concurrent with a mountain pine 
beetle outbreak that killed many trees and opened the canopy increasing light levels at the 
forest floor. At Plots 27 and 28, most regeneration was <35 years old with the oldest 
saplings > 75 years in both plots. 
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Figure 3. Forest structure and dynamics of Plots 26, 27 and 29. 
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Table 3. Composition and abundance of regeneration in six study plots. 
 Density (number per ha) 

Plot Douglas- western lodgepole hybrid subalpine all 
 fir larch pine spruce fir species 

       
 Seedlings (height < 130cm) 

11 200.0 0.0 0.0 150.0 0.0 350.0 
18 175.0 12.5 0.0 0.0 0.0 187.5 
23 12.5 0.0 0.0 0.0 12.5 25.0 
26 0.0 0.0 37.5 0.0 0.0 37.5 
27 225.0 0.0 0.0 75.0 0.0 300.0 
28 12.5 0.0 0.0 250.0 0.0 262.5 
29 50.0 0.0 12.5 37.5 0.0 100.0 

       
 Saplings (height > 130cm and dbh < 5cm) 

11 50.0 0.0 0.0 0.0 0.0 50.0 
18 375.0 75.0 12.5 0.0 0.0 462.5 
23 25.0 0.0 0.0 225.0 12.5 262.5 
26 0.0 0.0 0.0 0.0 0.0 0.0 
27 62.5 0.0 0.0 37.5 0.0 100.0 
28 12.5 0.0 0.0 25.0 0.0 37.5 
29 0.0 0.0 0.0 25.0 0.0 25.0 
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Figure 4. Age structure of seedlings and saplings (dbh < 5cm) in six sample plots.  
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Errors in Estimating Age of Regeneration 
 The ring counts differed between the two radii for 56 of 136 (41.2%) of the 
saplings. The average difference between counts was 2 years. The maximum difference 
within an individual sapling was 11 years. 
 

In general, as the average size of the seedlings and saplings increase, the amount 
of asymmetry generally increases (Figure 5). The regression of asymmetry on size 
confirmed that the positive relationship was statistically significant (r2= 0.64, p<0.001, 
Table 4). Degree of asymmetry was also significant for Douglas-fir (r2 = 0.41, p<0.001) 
and hybrid spruce (r2 = 0.42, p<0.001, Table 4). For lodgepole pine, asymmetry did not 
change significantly with sapling size (r2 = 0.24, p = 0.30).  
 
 

 
 
Figure 5. Asymmetry in saplings. The trend line (y = 0.70x – 2.83) includes all saplings 
of all species present in Plots 11, 18, 23, and 27. 
 
 
Table 4. Regression models testing the relation between asymmetry and size of saplings. 
 
Species N Adj R2 SEE (years) p-value 
ALL 70 0.40 5.8 < 0.001 
Douglas-fir 39 0.41 5.9 < 0.001 
Hybrid spruce 27 0.42 5.0 < 0.001 
Lodgepole pine 4 0.24 7.5   0.30 
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Size-Age Relationship in Saplings 
 Saplings were up to 84 years old and, by definition, were up to 5 cm in diameter 
at breast height or c. 8 cm at the base. Sapling size and age were significantly related for 
both Douglas-fir and hybrid spruce (Table 3, Figure 6). As size increases, age increases 
as well; however, the relationship was stronger for hybrid spruce (r2 = .81) than it was for 
Douglas fir (r2 = .68, Table 5). The standard error of the estimate (SEE) for both species 
was similar (SEE = 12.2 and 12.7 years for Douglas fir and hybrid spruce, respectively 
(Table 3). 
 
 Although the regression model for hybrid spruce was statistically significant, it 
did not accurately predict the age for the majority of saplings (Table 6). Predicted ages 
differed from actual ages by two to 42 years. The predicted age of only two saplings were 
within three years of the actual age of those saplings. Similarly, the predicted ages of 
only four of the 10 saplings were within one standard error (±12.7 years) of the actual 
age. The greatest difference was 42 years, the predicted age was 100 years when the 
actual age was 58 years (Table 6). Thus, for hybrid spruce, using diameter measurements 
in conjunction with the regression model had an accuracy rate of only 40% for predicted 
ages that were within one standard error of the actual age. 
 
 
Table 5. Regression models of age on size for Douglas fir and hybrid spruce 

 
Species Model N Adj.

R2 
SEE 

(years) 
p-value 

Douglas-fir age = 17.4 + 7.4 (diameter) 67 0.67 12.2 < 0.001 
hybrid spruce age = 11.4 + 12.9 (diameter) 57 0.80 12.7 <0.001 
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Figure 6: Scatter plot of age (years) versus diameter (cm) for Douglas-fir (left) and 
hybrid spruce (right). 
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Table 6. Comparison of observed and predicted ages of 10 hybrid spruce saplings. Ages 
were predicted using a regression of age on diameter. SEE is the standard error of the 
estimate for the regression model. 

Diameter 
(cm) 

 

Predicted 
age 

(years) 
 

Observed 
age (years) 

 

Absolute 
difference 

in ages 
(years) 

Predicted 
age minus 
one SEE 
(years) 

Predicted 
age plus one 

SEE 
(years) 

2.51 44 42 2 31 56 
3.56 58 55 3 45 70 
2.65 46 56 10 33 58 
3.22 53 42 11 40 66 
5.97 89 74 15 76 101 
3.21 53 69 16 40 66 
5.37 81 59 22 68 94 
5.81 87 58 29 74 99 
5.90 88 57 31 75 100 
6.83 100 58 42 87 112 

 
Climate-Regeneration Relations 
 The age structures for Douglas-fir and hybrid spruce included many trees that 
established prior to 1963 and after 1980 and subsequently survived (Figure 7). Very few 
individuals established successfully during the period from 1964 to 1979. This pattern 
was duplicated at the finer scale of the three study plots, except Plot 11 which had limited 
establishment since 1992. 
 
 From 1943 to 2003, annual precipitation averaged 458mm (range: 298 to 
613mm). Summer precipitation averaged 231mm (range: 131 to 345mm) and growing 
season precipitation average of 128mm (range: 54 to 254mm). The strongest correlations 
between the number of Douglas-firs and monthly precipitation were for January (-0.21), 
July (0.16) and August (-0.15) (Table 7). Differences in monthly and seasonal 
precipitation between years with and those without Douglas-fir regeneration were not 
significant (Table 8).  For hybrid spruce, correlations were strongly positive for June 
(0.34) and July (0.26), as well as the growing season (0.35) and summer (0.27) seasons 
(Table X). Precipitation during June of years with hybrid spruce regeneration was 
significantly greater than years with no regeneration (p = 0.04, Table 8). Differences in 
other monthly and seasonal precipitation between years with and those without hybrid 
spruce regeneration were not significant (Table 8). 
 
 From 1943 to 2003, annual mean temperature was 5.1°C and ranged from 3.1 to 
7.3°C. During spring and summer from April through September, average temperature 
was 13.1°C (range: 11.6 to 15.3°C). During the growing season from June through 
August, average temperature was 16.6°C (range 15.1 to 18.5°C). The strongest 
correlations between the number of Douglas-firs and monthly temperature were for July 
(-0.15) and August (0.11) (Table 7). For hybrid spruce, correlation was strongest for June 
(-0.21) (Table 7). For both species, differences in monthly and seasonal precipitation 
between years with and those without regeneration were not significant (Table 8). 
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Figure 7. Age structure of Douglas fir (blue) and hybrid spruce (red) seedlings and 
saplings in East Kootenay region 1943-2003. 
 
 
 
Table 7. Correlation coefficients for monthly and seasonal total precipitation and mean 

temperature relative to the abundance of Douglas-fir and hybrid spruce 
regeneration for 1943 to 2003. 

 
Month Precipitation (mm) Temperature (°C) 
 Season 
 

Douglas-
fir 

Hybrid 
spruce 

Douglas-
fir 

Hybrid 
spruce 

January -0.208 -0.205 -0.086 0.024 
February 0.128 -0.080 0.176 -0.074 
March -0.105 0.159 -0.063 -0.144 
April -0.023 -0.074 -0.042 -0.072 
May 0.010 0.133 -0.050 -0.037 
June -0.045 0.344 -0.084 -0.212 
July 0.157 0.263 -0.145 0.003 
August -0.146 0.046 0.113 0.039 
September -0.049 -0.038 -0.041 -0.022 
Octover 0.027 0.178 -0.080 -0.056 
November 0.054 0.085 0.095 0.073 
December 0.016 -0.155 0.196 -0.009 
 Growing Season (April through September) -0.018 0.347 -0.051 -0.084 
 Summer (June through August) -0.034 0.274 -0.079 -0.098 
 Annual (January through December) -0.046 0.167 0.039 -0.072 
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Table 8. Comparison of monthly, seasonal and annual precipitation and temperature 
during years with and without regeneration of Douglas-fir and hybrid spruce.  

 
Years with no 
regeneration 

Years with 
regeneration Species Month 

or season Mean (sd) Mean (sd) 
p-value 

      
Precipitation (mm) 

Douglas-fir July 35.2 (16.1) 41.8 (23.0) 0.10 
 August 40.6 (17.8) 35.8 (21.1) 0.17 
 Growing season 126.4 (32.8) 129.7 (44.8) 0.37 
 Summer 228.9 (53.6) 233.5 (51.2) 0.37 
 Annual 461.8 (66.5) 453.5 (73.1) 0.32 
      
Hybrid spruce June 47.6 (22.0) 57.6 (20.4) 0.04 
 July 35.2 (25.2) 43.7 (15.4) 0.18 
 Growing season 121.7 (47.6) 138.4 (31.5) 0.07 
 Summer 224.3 (55.8) 242.5 (49.1) 0.09 
 Annual 454.3 (76.2) 463.3 (65.6) 0.31 
      

Temperature (°C) 
Douglas-fir July 17.98 (1.36) 17.71 (1.22) 0.21 
 August 17.07 (1.58) 17.05 (1.40) 0.48 
 Growing season 16.67 (0.91) 16.44 (0.79) 0.14 
 Summer 13.19 (0.64) 13.01 (0.73) 0.15 
 Annual 5.17 (0.74) 5.07 (0.94) 0.32 
      
Hybrid spruce June 14.87 (1.29) 14.58 (1.36) 0.21 
 Growing season 16.55 (0.89) 16.57 (0.82) 0.46 
 Summer 13.13 (0.56) 13.06 (0.86) 0.37 
 Annual 5.13 (0.66) 5.11 (1.09) 0.47 
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DISCUSSION AND RECOMMENDATIONS 
Disturbance and Stand Dynamics 
 Natural disturbances, including fire and insect outbreaks, clearly influenced the 
composition, age structures and stand dynamics of our study plots. Evidence of stand-
maintaining fires included uneven age structures, low density of veteran trees, Douglas-
fir with multiple fire scars, and lodgepole pine with multiple fire scars although it is 
intolerant of moderate to high severity fires. Stand-replacing fires resulted in even-aged 
cohorts of lodgepole pine.  Evidence of mountain pine beetle included abundant snags 
and logs of lodgepole pine that died within several years to a decade of one another and 
often had blue-stain fungus in the sapwood. 
 
 In many ways, the 1917 fire and its effects on the forests in Kootenay National 
Park provide a good example of the complexities of mixed severity fire regimes and the 
interactions between fire and insects. The 1917 fire affected almost all of our study plots 
in Kootenay National Park. The fire burned both as a high-severity, stand-initiating 
disturbance in some areas and as a moderate-severity, stand-maintaining fire in other 
areas. Discrete cohorts of lodgepole pine trees with fast initial growth rates established at 
Plots 26, 27 and 29 following the 1917 fire. As these stand matured, they became 
susceptible to mountain pine beetle, which has caused significant mortality at many sites 
since the 1980s. In other plots, canopy trees survived the 1917 fire, although many 
formed fire scars. Shade-tolerant Douglas-fir and hybrid spruce established after the fire 
and form current subcanopy strata. Few fires have burned during the 20th century; 
therefore, the subcanopy has remained relatively dense in many plots. In these forests, 
fuels are abundant, with potential for a high-severity, stand-replacing fire. 
 
 A primary goal of our fire history research is to provide empirical evidence on 
historic fire frequency and time since last fire to guide ecological restoration and fuels 
mitigation efforts in the Park. Ecological restoration using prescribed burns and fuels 
reduction by thinning have been advocated for many forests with low-severity fire 
regimes that have been altered by fire suppression. However, assessing the impacts of fire 
suppression on forests with a mixed fire regime is complex, complicating decisions about 
where to implement restoration versus mitigation. For example, where fires burned in the 
past century, such as the 1917 fire in Kootenay National Park, tree density and fuels may 
be relatively high because of post-fire stand development processes rather than fire 
exclusion effects. In these stands, ecological restoration may not be warranted. However, 
mitigation to reduce fire risk may be justified for stands that are located near culturally 
and historically significant sites, near Park boundaries or infrastructure, or if they are 
within the wildland-urban interface. Our on-going research expands on these preliminary 
findings and aims to determine the effects of fire exclusion within the Park. 
 
Errors in Estimating Age of Regeneration 

Many factors may cause errors when estimating tree age (Wong and Lertzman 
2001). Samples having missing or false rings and very narrow rings had the greatest error 
in our data. Narrow rings that are close together or had very narrow bands of latewood 
cells were a problem because it was hard to evaluate the latewood of the rings to verify if 
it was an annual growth ring or a false ring. Another problem that caused errors was the 
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presence of a partial ring or ring that is incomplete around the circumference of the tree. 
This causes different radii within a tree to include different numbers of rings and can 
cause errors in ring counts to estimate age. For this reason, we counted two radii per 
sample to identify discrepancies between radii and provide the best estimate of seedling 
age (e.g., maximum number of annual rings). An alternate solution to mitigate these 
limitations could be using a stain to make the rings more visible or to prepare thin-
sections and mount them on microscope slide to view using transmitted light (Daniels et 
al. 2007). 

Lastly, asymmetric growth around the circumference of the stem affects the 
accuracy of ring counts. In saplings, as size increases, asymmetry also increases, 
particularly for Douglas-fir and hybrid spruce. Getzin et al. (2007) suggests that 
asymmetry exists in trees due to their adaptation to maximize photosynthesis; this is 
achieved by growing in response to gaps and neighbours, topographical site conditions or 
incoming solar radiation. For asymmetrical saplings, we recommend ring counts of the 
longest radius as it includes the widest rings, on average, and should reduce errors in age 
estimates relative to ring counts along short radii. 
 
Size-Age Relationship 
 Since trees grow larger with age it has been simplistically assumed that diameter can 
be substituted for age in assessing tree age distributions within stands (Oliver and Larson 
1996). Our results indicated that size and age for both Douglas-fir and hybrid spruce were 
significantly related. In general, diameter is an indicator of age; however, comparison of 
observed and predicted ages derived from the regression equation show the limitations of this 
approach. For 60% of hybrid spruce that we tested, size was neither an accurate nor a precise 
indicator of the age of spruce trees. Large size may indicate relatively old saplings, but the 
largest saplings in the sample were not necessarily the oldest.  
 Limitations to size-age relations are important to consider as stand structural analysis 
is often based on size data and has been used to reconstruct the details of the history of stand 
development, assess tree population stability, and predict successional trends (Veblen 1992; 
Lorimer 1985). Thus care needs to be given when using size-age relationships to ensure 
management decisions are not made in error. In the case where a weak relationship or no 
relationship is present, interpretation of the developmental patterns of forest stands should be 
derived mainly from age rather than size structure and should include multiple lines of 
evidence. 
 
Regeneration-Climate Relations 
 Successful establishment and survival of seedlings depends on a multitude of 
environmental factors such as access to suitable substrates, nutrients, light, moisture, and 
organisms like mycorrhiza, as well as freedom from predators or pathogens. These factors 
vary spatially and temporally at a range of scales, depending on topography, disturbance 
history and stage of stand development. Given the common temporal patterns in abundance 
of regeneration among study plots and between species in our study area, we hypothesize that 
successfully tree regeneration is influenced by regional-scale factors. The observation that 
seedlings of some species recruit successfully episodically or periodically may be an 
indicator of past disturbance or large-scale climatic variation (Antos et al. 2000, League and 
Veblen 2006). 
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 Based on the correlation analyses, we suggest that precipitation had a greater effect 
on successful seedling establishment than temperature. In particularly, the positive 
correlation between hybrid spruce regeneration and June precipitation suggests that moisture 
availability early in the growing season may be important for the successful establishment 
and survival of hybrid spruce seedlings. Relations between climate and Douglas-fir 
regeneration were not as clear. 
 The prolonged gap in successful seedling establishment from 1964 to 1979 may 
relate to regional-to-continental scale synoptic climate. For example, El Niño - Southern 
Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO) are marked by widespread 
variations in climate of the Pacific Basin and North and South America. In their study of 
Pinus ponderosa establishment in Colorado, League and Veblen (2006) made a 
connection between episodic recruitment of seedlings and years where spring and fall 
moisture availability was above average due to El Niño events. We hypothesize that 
inter-annual to decadal variation in climate may be a strong driver of regeneration 
dynamics in Kootenay National Park and warrants further investigation. 
 
 
ON-GOING RESEARCH 
 In 2006-8, we have sampled fire scars and stand structure at 20 sites in 
southeastern British Columbia, including 12 sites in Kootenay National Park.  Using the 
methods presented in this interim report, we will complete our assessment of disturbance 
history and stand dynamics at all sites in 2009. 
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