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Introduction 

 
Our research is a collaboration between the University of British Columbia, Tembec 

Industries Inc., Canfor Corporation, Parks Canada and the BC Ministry of Forests and Range. All 
agencies share a common interest in practicing Sustainable Forest Management (SFM) in 
southeastern British Columbia, which requires ecosystem-specific knowledge of the dominant 
ecological processes and functions on which to base management practices. In particular, 
improved understanding of the historic fire regime in the Dry Cool Montane Spruce (MSdk) 
subzone is essential to assess the ecological resilience of structurally complex forests and to 
determine if natural disturbance regimes are outside of the range of historic variability.   

 
Ecological resilience is a measure of how much change is required to transform a system 

from being maintained by one set of processes and structures to another set of processes and 
structures (Peterson et al. 1998). Historic fire regimes in much of the MSdk subzone have resulted 
in structurally complex stands, but current forest management strategies have changed 
disturbance patterns by increasing the proportion of stand-replacing disturbances on the landscape 
through forest harvesting and decreasing the proportion of stand-maintaining disturbances through 
fire suppression. The net effect of these changes may be the transformation of these forest 
ecosystems to a different state. Natural disturbance-based management (NDBM) has been 
suggested as a way to maintain ecological resilience using alternative silvicultural strategies, which 
retain the structures and processes that perpetuate desired states and reduce changes that result 
in undesirable and unsustainable states (Bergeron et al. 2002; Drever et al. 2006).  

 
In this report, we address the requirements of forest management in achieving sustainable 

forest management and promoting ecological resilience in the complex stands of the MSdk 
subzone of southeastern British Columbia. We refer to NDBM when suggesting management 
approaches that may be guided by key fire regime characteristics. We address the following 
questions:  

(1) How abundant are stands with complex structure in the MSdk subzone of southeastern 
British Columbia? 

(2) What was the historic range of variability in fire frequency in stands with complex 
structure? How does fire frequency vary spatially and temporally?  

(3) How can forest management incorporate the newly quantified fire regime parameters 
as sustainability thresholds for SFM to promote ecological resilience within 
complex stands? 

(4) Is restoration required in the complex stands of the MSdk subzone?  
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Quantity of Complex Stands in the Landscape 
 

Throughout the province, the BC Ministry of Forests and Range has classified vegetation 
cover using aerial photographs and a classification scheme that identifies homogenous forest 
stands. These stands have been delineated, digitized, and classified by features such as species 
composition, age class and height class. The resulting forest cover maps provide a database of 
polygons or discrete patches of forest that can be stratified by composition and structure. We 
searched all forest cover data from the Invermere Timber Supply Area (TSA) and a portion of the 
Cranbrook TSA (grey area in Figure 1) to identify polygons according to following criteria: 

i. Elevation is in the dry cool Montane Spruce (MSdk) biogeoclimatic subzone; and 
ii. Presence of at least two distinct age cohorts or oldest tree cohort established before 

1860; and 
iii. Not logged between 1950 and 1999. 

 
We identified 5812 polygons with a total area of 62,573 hectares (ha). These complex forests 
constituted 25% of the MSdk subzone in the study area. In contrast, 24% of the landscape is 
currently dominated by lodgepole pine (relative composition of pine >50%).  These even-aged, 
lodgepole pine-dominated stands originated (a) after stand-replacing wildfires in the mid-to-late 
1800s, (b) after fires during the European settlement era, and (c) after industrial logging during the 
20th century. 

 
 
Figure 1.  Study area in the southern Rocky Mountain Trench of southeastern British Columbia. 
Total area (shaded grey) is 1.4 million hectares.  Pink areas are the dry cool Montane Spruce 
(MSdk) biogeoclimatic subzone. 
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Fire History in Complex Stands 
 

We examined 20 randomly-selected, mixed-conifer stands with complex structure in which 
we analyzed the occurrence of historical fires (Figure 2).  Evidence of low- and moderate-severity 
fires was abundant in these stands and included complex canopy structure, trees of a range of 
sizes and ages, and trees with multiple basal fire scars.  In our study, 18 of 20 (90%) of plots 
included visible fire scars.  Within plots, the location and species of fire-scarred trees suggested 
that fire intensity and/or fire spread was variable, as the number of scars varied among trees and 
not all trees recorded the same fires.  Fire frequency and length of the fire-scar record varied 
considerably among plots (Figures 3 and 4).  Fire return intervals ranged from 4 to 137 years in 
individual stands.  The longest fire record was > 417 years at site P01, with the first fire in 1509 and 
the last in 1926. The shortest fire records providing indirect evidence of high-severity fires that 
burned relatively recently, killing recorder trees and consuming fire-scarred coarse woody debris 
(Ehle and Baker 2003).   

 

 
 

Figure 2.  Fire-history research sites (n = 20) in southeastern British Columbia (stars). The dark 
grey area delineates the dry cool Montane Spruce (MSdk) biogeoclimatic subzone.  Blue and red 
areas represent stands with northern and southern slope aspects within the MSdk subzone, 
respectively. 
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Figure 3.  Fire-scar records for 18 plots with southern aspects (top) and northern aspects (bottom) 
in the montane forests of the southern Rocky Mountain Trench. Horizontal lines show the time 
span of each plot-level fire chronology and triangles indicate a fire scar.  White triangles show 
years when one tree was scarred and black triangles are years when >1 tree was scarred. Within 
each panel, gray vertical dashed lines indicate fire years recorded at >10% of plots and black 
vertical lines when >25% of plots recorded a fire.   
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Figure 4.  Summary of fire return intervals for 18 fire history study plots. The horizontal line in each 
box is the median fire interval; triangles are mean fire intervals; squares are Weibull median fire 
intervals; diamonds are mean fire intervals modelled using logistic regression (Cochrane 2007).  
The shaded box represents the 25th to 75th percentiles, whiskers are the 10th to 90th percentiles 
and outlying values are shown as black circles.   

 
 
 
 
Evidence of low- and moderate-severity fires distinctly contrasts the natural disturbance 

type (NDT) classification, which assumes that stand-replacing fires with return intervals of 150 to 
200 years dominate the MSdk subzone (BCMOF 1995). Our results clearly indicate the historic fire 
regime of at least 25% of the MSdk subzone included frequent, low-to-moderate severity fires. 
Based on our findings, we suggest that a mixed-severity regime best describes the historic fire 
regime of the montane forests in southeastern British Columbia.    

 
 
A mixed-severity fire regime is part of a continuum that includes fires of range of severities 

in space and time (Agee 2004). The montane forests that we studied are located at intermediate 
topographic positions.  They share biophysical attributes with both (a) high-elevation subalpine 
forests dominated by Engelmann spruce and subalpine fir in which fires were infrequent but of high 
severity fires and (b) low-elevation, valley-bottom forests dominated by ponderosa pine and interior 
Douglas-fir in which fires were relatively frequent but of lower severity. For the mid-elevation MSdk 
subzone, the combination of low-, moderate- and high-severity fires through space and time has 
resulted in variable forest composition and age structures, including a subset of stands with 
complex structure that currently account for 25% of the landscape.   
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Management of Montane Forests 
 

A principal focus of natural disturbance-based management is to retain forest structures 
and processes at a range of spatial and temporal scales that are consistent with the range of 
historic or natural variability.  Traditionally, forest management and silvicultural systems in the 
MSdk subzone have been based on the natural disturbance type classification, which assumed 
that stand-replacing fires were dominant. To be ecologically sustainable, management of the 
montane forests in our study area must recognize the inherent variability in fire frequency and 
effects. For example, plot-level mean fire intervals ranged from 17 to 110 years, while modeled 
plot-level fire intervals ranged from 18 to 111. Many of the structural characteristics unique to the 
complex stands in the MSdk subzone resulted from these relatively frequent, low- to moderate-
severity disturbances.  Therefore, we recommend the use of silvicultural systems that maintain a 
variety of forest structures and a range of tree ages in managed stands.  Our on-going research 
aims to provide specific target values on the abundance and dynamics of forest structures such as 
old wildlife trees, snags and coarse woody debris, while considering historic fire regimes.  

 

Altered Fire Regimes and Restoration 
In many forests of western North America, ecosystem restoration and hazard mitigation 

have been advocated in response to decades of fire exclusion and the accumulation of fuels in 
absence of fire.  In an audit following the 2003 forest fire season in British Columbia, the southern 
Rocky Mountain Trench was identified an area in which fuel build-up was potentially severe 
(Filmon 2004). This raises the important question: are the complex forests of the MSdk subzone in 
need of restoration? This question may be addressed by considering changes in fire frequency 
during the 20th century and the effectiveness of modern fire suppression. 

 
Fuel build-up resulting from fire suppression threatens ecological resilience in ecosystems 

in which historic fires burned frequently (Schoennagel et al. 2004). Stands with the greatest need 
for restoration had frequent fires and a small range of fire intervals, historically, and the current fire-
free interval (e.g., time since last fire) exceeds that range (Swetnam et al. 1999). In our study area, 
the current fire-free ranged from 3 to 125 years at individual sites (Although time since last fire in 
P05 was 3 years, the fire-free interval from 1888 to 1982 was 94 years).  Current fire-free intervals 
were longer than the historical median interval in 14 stands, but longer than the maximum interval 
in only half of the stands (Figure 5). This suggests that the fire regime has been altered on only 
part of the landscape, making it difficult to identify specific stands in which ecological restoration is 
justified. 
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Figure 5. Historic range of fire intervals (gray bars) for 18 sampled plots in the montane forests of 
southeastern British Columbia. Crosses indicate the time since last fire at each plot 

 
 
 
   
At the same time, it is important to consider individual stands in the context of adjacent 

stands in the landscape.  For example, an individual stand may have a relatively short fire-free 
interval but remain susceptible to a severe fire because it is surrounded by stands with long fire-
free intervals in which fuels have accumulated. In forests with mixed-severity regimes, 
heterogeneity among stands was maintained through variability in fire frequency and severity. 
However, effective fire suppression is reducing the heterogeneity among fires and fire-affected 
stands.  Using modern technology, we effectively suppress fires that are of low-to-moderate 
severity and/or fires that are relatively small in size.  However, suppression of low-to-moderate 
severity fires contributes to fuel accumulation and increases the chance of a severe fire.  In 
contrast, attempts to suppress fires are least effective under extreme conditions, as observed in 
summer 2003. Currently, large wildfires burn under extreme conditions and are severe stand-
replacing fires that convert uneven-aged stands with complex structure to even-aged stands with 
simple structure. Therefore, the net effects of modern fire suppression are a reduction in low-to-
moderate severity fires and increased risk of high severity fires.  At the landscape scale, ecological 
resilience is not being maintained in our study area.  

 
We suggest that efforts to restore ecological resilience be focused on stands at lower 

elevations and those located in the valley bottom of the Rocky Mountain Trench. In the mid-
elevation montane forests, we recommend that fire should be returned to landscape by prescribing 
fires of low-to-moderate severity, by allowing natural wildfires from lightning ignitions to burn, or by 
actively managing natural fires to maintain the low-to-moderate severity component of the fire 
regime. 
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Conclusions 
  

Mixed-conifer forests with complex stand structures comprise a significant portion of the 
MSdk subzone in southeastern British Columbia.  In these stands, historical forest fires were of 
low-to-moderate severity and burned at intervals of 4 to 137 years within stands.  Variability in fire 
severity has created these stands as part of a historic mixed-severity fire regime. Forest managers 
need to be aware of the characteristics of this fire regime when considering how to manage for the 
future of this structure on the landscape. Awareness of the frequency and severity of the fires is 
important, but so is the variability in fire between and within stands.  Fires of a range of severities 
contributed to the complex structures observed at stand and landscape scales. Management 
strategies that do not consider maintaining and restoring this structure risk reduced ecological 
resiliency and a decline in wildlife habitat.    
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