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ABSTRACT
British Columbia forest practices are based on sustainable forest management. The goal is to integrate ecosystem processes with 
management practices. The dominant proposal to promote healthy ecosystems is to use forest practices that emulate the natural 
disturbance regimes. Yet there is a lack of knowledge regarding the natural disturbance processes and resultant stand structure in many 
of these forest ecosystems. The result is a situation where managers have few or inadequate tools to accomplish sustainable forest 
management. The proposed research adapts and applies recent methods in disturbance ecology to compare the frequency and impact of 
biotic versus abiotic disturbance agents along an ecological gradient sub-boreal, dry warm to wet cold ecosystems. We used 5 plots (0.25 
ha each) in each of three variants (SBSdw3, SBSwk1, ESSFwk2) to examine the impact of small scale disturbance agents on stand 
dynamics. Plots were fully stem-mapped, and trees over 15cm dbh were recorded by species, diameter and condition. Increment cores 
were taken from all live and dead trees where possible. During the next, and final, field season, we will establish and measure understory
sub-plots, and determine agents of mortality of dead canopy trees where possible.  

Tree ring analysis, and spatial data techniques are being used to quantify stand dynamic variables such as mortality and recruitment 
rates, gap size, canopy turn-over rates, transition probabilities, and rates and pattern of disturbance by specific forest health agents. These 
will be compared across the three different ecosystem variants, and will be used to quantify natural disturbance processes, develop 
indicators and ranges that can be used to design alternative silvicultural systems and to monitor impacts of forest health agents.

RATIONALE
Natural disturbance ecology encapsulates the interrelationships between the biotic and abiotic
components of an ecosystem, attempting to characterize the patterns and processes influencing mortality and 
regeneration.  In all forested ecosystems, disturbance is a key driver of ecosystem function, affecting landscape pattern 
(DeLong 1998, Hawkes et al. 1997, DeLong and Tanner 1996), stand structure (Lewis and Lindgren 1999, Kneeshaw
and Burton 1997, Oliver and Larson 1996) and biodiversity (Bunnell 1995). It has been suggested that successful 
conservation and maintenance of overall forest health will require an understanding of disturbance patterns and 
processes (Pickett and Thompson 1978, White 1979, White and Pickett 1985, Bergeron et al. 1999, Lewis and 
Lindgren 2000).   It has also been suggested that ecological values inherent in forest ecosystems can best be maintained 
by using forest practices that mimic natural disturbance regimes (Bergeron et al. 1999, Hawkes et al. 1997, Bunnell
1995).  However, in many ecosystems, we either do not fully understand the agents of disturbance, or have made 
assumptions about the agents that are frequently wrong. In response to these limitations, the “range of natural 
variability” concept is gradually being accepted for its value in understanding and illustrating the complex nature of 
forested ecosystems as a result of disturbance (Morgan et al. 1994, Landres et al. 1999, Millar and Woolfenden 1999, 
Swetnam et al. 1999). Natural resource managers increasingly rely on an understanding of this range to develop plans 
that guide management within the bounds of ecological and evolutionary conditions appropriate for a defined area. 

OBJECTIVES
In the broadest sense, the objective of this research will be to characterize the range in natural variability of 

small-scale disturbance processes in old, spruce dominated forest patches, across three climatically distinct 
biogeoclimatic variants of central British Columbia.

Specific research goals are to:
Develop and modify existing dendrochronology techniques to date small-scale disturbance events in sub-

boreal and subalpine forest types;
Quantify the present forest composition and structure as it results from small-scale disturbance;
Determine the spatial and temporal occurrence of small-scale disturbance within and between climatically 

distinct, spruce dominated ecosystems;
Link the incidence of biotic and abiotic disturbance agents to past and present stand structure.

APPROACH
To answer the research questions we will use three studies, intended to build upon one 
another, to characterize small-scale disturbance regimes in old, spruce dominated forest 
patches across three distinct biogeoclimatic variants of central British Columbia. Three 
biogeoclimatic variants have been selected to represent the ecological gradient that 
exists within the central interior of British Columbia.  The variants are as follows: 
SBSdw3, SBSwk1 and ESSFwk2. 

PLOTS
Within each variant five forest patches will be 
selected and within each patch one 0.25ha (50 
x 50m) plot will be randomly placed.  Fifteen 
plots in total will be common to all following 
studies.  Forest patches were  selected using 
the following criteria: stand age 200 years+ , 
spruce dominated, mesic site type, no 
evidence of past harvesting. All trees 15cm or 
more in diameter were recorded by position, 
diameter, species and live or dead. Increment 
cores were taken from all trees for tree ring 
analyses.

Study 1 will develop the dendroecological techniques required to identify and date 
past small-scale disturbance. These include early growth rate criteria, gap-origin 
probabilities, and tree release criteria.

Study 2 will use the techniques developed in study 1 to quantify spatial and 
temporal nature of stand histories by: (1) evaluating the size and age structure of the 
constituent species, (2) assessing the spatial patterns of tree species and tree ages, (3) 
determining periods of release and establishment of trees with initial rapid growth, 
(4) determining the timing of tree mortality, and (5) assessing spatio-temporal pattern 
of canopy ascension resulting from disturbance.

Study 3 will link the canopy gap etiology to the forest dynamics outlined in study 
2. The objectives of this study are to: (1) determine the relative importance of each 
mortality agent in creating gap structure; (2) assess the relationship between each 
mortality agents and the modes of mortality (standing dead, broken top, fallen dead, 
or windthrown); (3) evaluate the variation in each mortality agent across each 
biogeoclimatic variant; and (4) develop tree-by-tree transition probabilities to asses 
the pattern of replacement within old, spruce dominated forest types.

SBSdw3 Large gap 

ESSFwk2 Island 
regeneration

SBSwk1 Small gap


