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Study Plan 
 
The research will be broken down into three separate studies, intended to build upon one another, 
to characterize small-scale disturbance regimes in old spruce dominated forest patches within 
three distinct biogeoclimatic variants of central British Columbia.  Study 1 will develop the 
dendrochronological methods required to identify and date past small-scale disturbance.  Studies 
2 and 3 will use the methods developed in study 1 to compare and contrast stand structure, forest 
dynamics and canopy gap etiology of old spruce dominated forest patches.  Three biogeoclimatic 
variants have already been selected to act as a surrogate of the ecological gradient that exists 
within the central interior of British Columbia.  These variants are as follows: SBSdw3, SBSwk1 
and ESSFmk2.  Within each of these variants 5 stands will be selected.  Each stand will be 200 
years old or greater and will characterize a forest stand that has shifted from stem exclusion to 
stem reinitiation (Oliver and Larson 1996).  Within each stand one .25ha (50 x 50m) plot will be 
randomly placed.  These 15 plots will be common to study 2 and 3. 

 
Study 1.  Methodological considerations in the analysis of small-scale disturbance history: 
The use of dendroclimatology as a diagnostic tool for identifying suppression and release. 
 
1.1 Introduction 
 
It is now well documented that most forest ecosystems evolve under the pressure of natural 
disturbance (Keane et al 2002, McCarthy 2001, Rogers 1996, White and Pickett 1985, Watt 
1947).  This has emphasized the need to quantify natural disturbance regimes in order to refine 
our basic concepts of forest ecology and to determine the implications of forest management.  In 
order to evaluate the influence of disturbance on stand and landscape pattern and process 
numerous methods have been developed.  The most common method used to date past 
disturbance events is dendrochronology, which involves the reconstruction of time series data or 
ring-width chronologies. 
 
Dendrochronology studies related to various disturbance agents include: for insects (Veblen et 
al. 1991, Morin et al. 1993); for fire (Arno et al. 1993, Johnson and Larsen 1991); and for gap-
phase processes (Payette et al. 1990, Lorimer and Frelich 1989).  Evidence for catastrophic 
disturbance left within the ring-width chronology is often abundant.  However, under the subtle 
influence of gap-phase processes the evidence is not always obvious.  A lack of environmental 
signal within an individual ring-width sequence may result for a number of reasons: (1) death for 
single canopy trees can be prolonged, releasing resources slowly to acquisition; (2) severity of 
small-scale canopy disturbance can be relatively inconspicuous resulting in moderate 
regenerative processes; and (3) the general canopy architecture of northern latitude forests does 
not consistently impose severe resource competition, therefore, advanced regeneration may not 
be limited prior to canopy removal. 
 
Due to the unpredictable growth response to small-scale disturbance events and resulting stand 
dynamics, dendrochronological signals within the tree ring sequence may not be represented by 
the “typical” growth pattern that we would see resulting after catastrophic disturbance.  
Nonetheless, a signal may exist within the sequence; however, it may become masked by 
complex environmental factors that control growth.  The objectives of the following study will 
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be to: (1) review historic dendrochronology methods used to date past disturbance events; and 
(2) propose a diagnostic tool to contrasts local dendroclimatic reconstruction against individual 
ring-width sequences to identify “atypical” growth responses to gap-phase disturbance events.  
This method will: (1) allow ring-width chronologies to be evaluated carefully against climatic 
anomalies causing growth responses that are superficially similar to release or suppression due to 
disturbance; and (2) reduce the reliance on minimum release and suppression criteria to identify 
small-scale disturbance. 
 
1.2 Methods 
 
The approach used in this study will be to identify a sequence of three tree-ring sites, each 
located 20 km of the sample plots selected within the biogeoclimatic variants central to this 
research (see Chapter 4, methods, study site and selection).  Each site will be selected based on 
the ability produce target trees growing at the limits of their environmental tolerance, thus 
maximising the potential climate signal in the ring-width series. 
 
Within each site, at least 20 core samples will be collected using an increment borer.  Cores will 
be prepared and cross-dated following the standard dendrochronology techniques of Stokes and 
Smiley (1968).  Cross-dating will also be verified using COFFECA (Holmes 1983). 
 
All of the ring-width series will be transformed into stationary dimensionless indices to remove 
trends in growth related to tree-age and possible stand dynamics (Cook 1987).  First, a negative 
exponential curve or linear trend will be fit to each ring-width series, and each observed ring 
width in the series will be divided by the “expected” value.  Each series will be detrended a 
second time using a cubic smoothing spline with a 50% frequency cut-off of 95 years (Cook and 
Peters 1981).  Double detrending is required where the smoothing spline most appropriate for the 
mature portions of the ring-width series is not flexible enough to fit the sharp transition from 
juvenile to mature growth rates, but were unwanted low-frequency variability remains in the 
mature growth portion of the series (Cook et al. 1990).  This process will be performed using the 
program ARTSAN (Cook 1985).  The standardized series will be averaged to establish master 
chronologies for each of the three sites. 
 
Climate-growth relationships will be assessed using response functions (Fritts 1976).  Climatic 
data will be attained from neighbouring climate stations.  Response function calculations will be 
performed using the Program PRECON-K (Fritts 1996). 
 
This climate reconstruction will: (1) allow ring-width chronologies to be evaluated carefully 
against climatic anomalies causing growth responses that are superficially similar to release or 
suppression due to disturbance; and (2) reduce the reliance on minimum release and suppression 
criteria to identify small-scale disturbance. 
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Study 2.  Structure and dynamics in old spruce dominated forest patches within three 
distinct biogeoclimatic variants of central British Columbia 
 
2.1 Introduction 
 
The purpose of this study will be to use the dendrochronology techniques developed in study 1 to 
characterize the structure and dynamics of old, spruce dominated forest patches.  Specifically, 
this study will reconstruct the spatial and temporal nature of stand history by: (i) evaluating the 
size and age structure of the constituent species, (ii) determining periods of release and 
establishment of trees with initial rapid growth, (iii) determining the timing of tree mortality, (iv) 
assessing the spatial patterns of different categories of trees, and (v) assessing spatial pattern of 
canopy ascension resulting from disturbance.    
 
2.2 Methods 
 
Field sampling  
 
Within each biogeoclimatic variant five old, spruce dominated forest patches have been 
identified.  Stands were chosen on the basis of several criteria designed to limit environmental 
variability.  Specifically, stands were sought which were: (1) at least 200 years of age and 
contributing to a range of stand ages beyond the stem exclusion stage; (2) of intermediate soil 
moisture (mesic) and nutrient (mesotrophic) regimes relative to each variant; (3) with no 
evidence of human disturbance; and (4) characterized by spruce as a dominant component of the 
canopy.   
 
Within each of the identified patches one .25 ha (50x50m) plot will be placed randomly.  The 
distance and bearing from plot centre will be recorded for all living and dead stems over 15cm 
breast height diameter (DBH, 1.3m).  Stems will be tagged, species recorded, and diameter at 
breast height measured.  For downed material, the DBH will be recorded based on an estimate of 
the root collar location. 
 
To characterize understory stem reinitiation several seedling and sapling characteristics will be 
recorded.  Each plot will be subdivided into 100 5x5m quadrates and 20 will be selected 
randomly.  Each plot will be identified as growing in the open or under the canopy.  Seedlings 
will be defined as living stems < 1.3m tall, and saplings will be defined as >1.3m tall but <15cm 
DBH.  Seedlings will be tallied by species, and germination substrate recorded.  Saplings will be 
tallied by species and basal discs will be taken from a height of 30cm.  Based on initial growth 
rates measured from the basal discs, initial rapid growth criteria will be developed using the 
methods developed by Lorimer et al. 1988).  The method developed here will be to estimate the 
probability that a canopy tree originated in a gap based on the integration of evidence from early 
growth rates, over-storey competition, and overall growth pattern. 
 
To examine age structure, increment cores will be taken from all live and dead materials, and the 
age, from as many trees as possible, will be determined.   
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Dendrochronology Analysis 
 
Cores will be mounted, sanded, and annual ring-widths will be measured to the nearest 0.01mm 
using WinDENDRO (Regent Instruments Inc. 2000).  The computer program COFECHA 
(Holmes 1983) will be used to detect measurement and crossdating errors.  The program 
ARSTAN (Cook and Holmes 1984) will be used to produce master chronologies for each 
constituent species.  These master chronologies will be used to: (1) detect any partial canopy 
disturbance that had been severe enough to register within a majority of the current canopy trees, 
and (2) crossdate against dead stem chronologies to estimate time since death.  Individual 
chronologies will be developed to determine the age structure and timing of small-scale 
disturbance rates. 
 
Spatial Analyses 
 
To assess the univariate spatial pattern of trees within plots, we will use point pattern analysis.  
L(d), a transformation of Ripley’s K(d) function, is a second order statistic (Moeur 1993) that 
counts the number of “events” (e.g. points, stems) which lie within the distance (d) from a 
randomly chosen event.  To assess the significance of deviations from a random distribution, we 
will use Monte Carlo simulation to generate 99 random spatial patterns that provide a 99% 
confidence envelope.  The analysis for spatial pattern was conducted on all living and dead trees 
for each plot. 
 
Temporal Analysis of Disturbance     
 
The decade of canopy accession will be estimated for each canopy tree based on three types of 
tree-ring evidence: release from suppression, growth pattern, and rapid early growth.  Release 
determined based on growth patterns contrasting against the locally reconstructed climate from 
study 1.  Disturbance chronologies will represent the percentage of cored trees that were 
recruited into the canopy during each decade.  The percentage of trees that originated in each 
decade will be used to estimate the small-scale disturbance frequency and the area occupied by 
each age-class.  Spatial autocorrelation for categorical data will be used to test whether each 
cohort has uniform, random, or clumped distribution across each plot (See Sokal and Oden 1978; 
Frelich et al. 1993).    
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Study 3.  Etiology of canopy gaps in old spruce dominated forest patches within three 
distinct biogeoclimatic variants of central British Columbia 
 
3.1 Introduction 
 
Disturbance regimes, historically, have been defined in terms of the major catastrophic event, 
originating via the physical environment and hence, have been regarded as exogenous agents of 
vegetation change (White 1979).  This view, however, ignores the possible gradient between 
minor and major events.  Some disturbances, for example, are initiated or promoted by the 
internal (both biotic and abiotic) components of the forest stand.  Few studies have recognized 
the full spectrum of biotic and abiotic disturbance agents.  Until recently, small-scale or gap-
phase disturbance agents were not believed to be widespread in boreal and sub-boreal forested 
ecosystems (Lorimer 1989).  During this time, it was held that boreal and sub-boreal landscape 
and stand level vegetation processes were controlled by extensive wildfire.  Although individual 
or group mortality events may occur, post stand-origin, it was believed that they most likely do 
not disrupt ecosystem, community, or population structure and function.   
 
Recently, arguments for the influence of small-scale disturbance regimes have been developing.  
These arguments maintain that under certain conditions the role of fire may be overemphasized.  
Worrall and Harrington (1988) argue that gap-phase regimes maintain species diversity, uneven-
aged stands, and vegetation mosaics.  However, the spectrum of etiological agents and their 
distribution in old-growth forests is lacking.  Furthermore, there is limited understanding on how 
specific small-scale disturbance agents are linked to various modes of mortality.  Fallen and 
standing dead trees create a variety of substrates not otherwise available for regeneration.  The 
objectives of this study will be to determine the relative importance of various small-scale 
disturbance agents and evaluate the variation in the gap-phase disturbance regimes within and 
between old, spruce dominated forests from the three distinct biogeoclimatic variants.  
 
3.2 Methods 
 
Study site 
 
The following study will be based on the original plots from study 2.  In the previous study the 
spatial and temporal nature of the vegetation and disturbance patterns have been determined.  
These characteristics will be used to aid in determining how disturbance agents influence, and 
are influenced by stand structure and dynamics.  The following methods are an adaptation of 
methods developed by Worrall and Harrington (1988).    
 
Sampling procedure 
 
Within each .25 ha plot all canopy gaps will be measured and recorded.  Gaps will de recognized 
as openings in the canopy that have resulted from death, uprooting or snapping of one or more 
trees, and in which regeneration was less than half the average height of the living canopy trees 
at the canopy margin.  An actual gap is the projection of the canopy edge on the forest floor.  An 
expanded gap is the area circumscribed by the boles of the live trees whose foliage borders the 
actual gap (Runkle 1985).  All expanded gaps that intersect the plot boundary will be included if 
50 % of the measured area falls within the plot.  The longest dimension of the gap and the 
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longest perpendicular to that length were recorded for both actual and expanded gaps.  Gap-
makers were defined as dead or downed canopy sized trees within the gap (>15cm DBH).  Cores 
attained from dead materials from study 2 will be crossdated against the master chronologies 
developed for each plot and will be used to determine the age of gap formation.  This step will 
also determine if canopy gaps resulted during a discrete event or have resulted from gap 
contagion.  
 
Etiology of canopy gaps-makers 
 
Gap-makers will be examined for evidence of diseases, insects, stress agents, etc.  Diagnosis will 
require consideration of a number of biotic and abiotic mortality agents.    
In many cases the identification of a mortality agent will not be possible.  In this case, the mode 
of mortality will be recorded for each gap-maker. 
 
Analysis 
  
The fraction of land area in gaps will be determined using a GIS.  Data will be presented 
primarily in terms of expanded gaps rather than actual gaps, for the two reasons: (1) the 
expanded gap is a realistic measure of area affected by the opening; and (2) field measurement at 
the base of the stem is much more accurate than measurement of the projection of the canopy 
edge at the ground surface.   
 
The fraction of forest area in gaps within and between each biogeoclimatic variant will be 
apportioned to each disturbance agent, mode of mortality, and tree species, using a modification 
of Runkle’s (1985) line-intersect method.  This method will be modified to use expanded gap 
measurements attained through the GIS for each .25ha plot.   
 
Synopsis: research findings and forest management implications within central British 
Columbia 
 
The final chapter will review all findings of the three studies and discuss the relevance of small- 
and intermediate-scale disturbance regimes in the broader context of disturbance ecology.  This 
discussion will be used to outline the implications of the research to forest management in 
central British Columbia.  Specifically, an attempt will be made to answer several issues 
concerning how the findings can be applied as indicators of sustainable forest management, and 
how the findings can be used to development successful silviculture systems that emulate a range 
of natural variability found within the central interior of British Columbia. 
 


