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1. Introduction 
Lignum has been conducting varied and intensive research across the IFPA for a period of 
approximately seven years.  Much of this research has implications for how Lignum conducts its 
forest operations.  Lignum has initiated a process for moving the results of this body of research 
findings into an operational context through the development of Draft Management Guidelines.  
The focus of this Draft Management Guideline project is defining how Lignum can manage its 
operations within the concept of the Range of Natural Variability (RNV).  Research findings 
were reviewed to start defining, in an operational context, the RNV for two major ecosystems 
Lignum operates within: the Sub-Boreal (SBS/SBPS) and the Interior Douglas-fir (IDF) 
landscapes.  The project involved conducting a Literature review of the research material 
prepared since 2000 and was combined with the research material previously summarized for the 
pre-2000 period.  This involved some 110 articles/papers of which approximately seventy have 
been completed and/or published in the last two years.   
 
The objectives of the NDT Draft Management Guideline project are as follows: 

o Conduct a review of disturbance literature for the period since Wong (2000) to 
ensure that all recent literature is considered in the final report for this project. 

 
o Determine the range of patch sizes for the sub-boreal and IDF ecosystems Lignum 

is managing, and provide a more precise guide for the range of patches, natural 
stand age distributions through time, stand structural stages, and seral 
distributions for SBS, SBPS and IDF landscape units within Lignum’s operating 
area.   

 
o Use information on ages and maximum ages of stands, and extent and ecology of 

remnant patches to provide guidance on determining specific areas, amounts and 
sizes of WTP’s and OGMA’s.  

 
o Prepare an assessment of how the measures supporting the indicators will 

maintain continuity between scales/levels to permit roll-up and drill-down through 
associated data. 

 
o Develop stand management guidelines that will lead to future forest conditions 

that more closely resemble historic conditions, while still meeting cost effective 
timber production needs. 

 
o Recommend the most appropriate attributes to use to describe stand structure for 

use in landscape level and operational planning.  
 

o Using the review of current literature and Lignum’s research, identify gaps in the 
research to date that limit our ability to manage stands based on disturbance 
history, and according to structural attributes.   

 
o Provide recommendations for further research that will assist operational planning 

and allow Lignum to manage stands based on structure, and to create future 
forests that more closely resemble historic forests (RNV) within the context of 
social values. 
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This report is presented in the following manner.  The Lignum IFPA area is considered in two 
major subdivisions: the Sub-boreal forest, which includes the Sub-Boreal Pine Spruce and the 
Sub-Boreal Spruce Biogeoclimatic zones, and the Interior Douglas-fir landscape.  The Sub-
boreal landscape is further broken in to two geographic areas, one for the Chilcotin Plateau and 
one for the east side of the Fraser River.  The review of research findings is presented for each 
sub-zone.  Within each subzone section significant discussion is presented to assist the reader in 
understanding the research findings and their implications on Lignums forest management.  
Research findings and discussion about how these findings compare to current management 
methods and/or direction are presented for the two main eco subzones (Sub-boreal and IDF).  
Within each of these sections patch size, fire ecology ad its effect on seral and stand structure, 
remnant patches and Old Growth, and riparian/WTP/CWD issues are discussed.  Accompanying 
this discussion are draft management guidelines and further research ideas.  The discussion also 
incorporates a rationale that demonstrates how these indicators will be useful at the 
operational/stand level through to the strategic/landscape level.  The Draft Management 
Guidelines are presented for three levels:  Administration, Landscape and Stand; and are 
presented in boxes to make them obvious.  Each guideline is given a number and a title and the 
basic research finds pertinent to the recommendation are stated.  An indication of 'Strength of 
support' is also included.  This is based on the strength of the finding in the research data, 
corroborating research and the comfort with the finding that the authors of this report have based 
on field experience.  The Draft Management Guidelines are summarized in Section 8 and 9 for 
reference purposes, as well as embedded in the document text.  Further research for each 
guideline is suggested if it is felt that it is necessary.  Further research topics have been 
prioritized based on the author’s opinion as to whether the information is needed immediately for 
planners to reduce risk, or if the information is operationally required for significant management 
activities currently underway.   
 
Range of Natural Variability is the temporal and spatial distribution of ecological processes and 
structures prior to European settlement of North America (Wong and Iverson 2001).  
Understanding the historical context of RNV is a foundational assumption of many of the 
recommendations made, particularly with regard to the IDF portion of the IFPA area.   
 
The literature review and annotated bibliography, with accompanying source list are presented in 
Sections 10 and 11. 
 
The review of literature and other material indicates there is fair to strong support for 
management guidelines that would be applicable to the Sub-Boreal subzones within Lignum's 
IFPA area.  This is not the case with the IDF subzones where little current research is directly 
applicable and/or provides specific direction for managing these complex stands closer to the 
RNV.   
 
The original intent for this project was to determine and assign operational guiding statements or 
practices by eco sub-zone.  The management guidelines were anticipated to follow naturally in 
this process leading to a fairly precise package of guideline statements.  Determining and 
designing guidelines that emulate more closely the RNV for the Lignum IFPA area followed a 
different course.  It became apparent early on in the process that the distinctions between eco 
sub-zones are unlikely to be as useful as previously presumed.  Several main criteria stood out 
during this process:  the RNV is a continuum across BEC zones predominantly from dry to 



NDT Draft Management Guidelines - March 31, 2003  Page   9 

wetter conditions and that RNV is expressed as a trend across the landscape as well as across 
moisture gradients.  The most prudent and effective manner to implement RNV across the 
Lignum IFPA area is to be knowledgeable, know that nature occurs over a range, be observant, 
and use history as expressed at the stand level to guide management action. 
 
Within the Sub-boreal section, targets for any given attribute or indicator will have to be 
expressed in terms of this continuum (as a trend across the landscape).  If one chooses to pick an 
average value to manage for it will only have application within a narrow region at the center of 
any subzone.  And at that it will not readily address the range required for an indicator/attribute.  
The range of values required at the edges of each subzone are very similar to the range at the 
edge of the adjacent subzone.   
 
Within the IDF subzone the complexity of stands precludes a similar sort of continuum, although 
the same general trend of values being expressed across a range is evident.  The complexity of 
managing for both a Pl and Douglas-fir Group within the IDF will require intensive research to 
both define each group in a more substantive manner and to determine what the RNV is for the 
two groups.  Lignum will have to continue to champion innovative methods for implementing 
RNV management in this Region.   
 
Lignum has a number of projects running at this time, several of them will provide more specific 
analysis of the IDF subzone.  The work of defining the RNV for the Sub-boreal and IDF 
subzones is truly one where adaptive management will play a long and integral role.  There are 
no easy answers in the search for RNV definition and determining management guidelines for the 
various components of the IDF subzone will stretch our capabilities well.  
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2. Executive Summary 
In January 2003 DWB Forestry Services was contracted to review the body of Natural 
Disturbance Type (NDT) research which lignum has amassed for their Innovative Forest 
Practices Agreement (IFPA) area.  This work included a review of literature from many other 
sources.  The objective of the review was to provide draft management guidelines from an 
operational perspective, which would consider targets and values in the context of their historic 
Range of Natural Variability (RNV), enabling Lignum to further pursue NDT style management 
on the IFPA forest estate. 
 
The sub-boreal landscape includes the SBPS (Sub-Boreal Pine Spruce) and SBS (Sub-Boreal 
Pine) Biogeoclimatic zones and was discussed in the context of the Chilcotin area verses the East 
Fraser area.  The research of Shawn Francis was relied upon heavily, while other research from 
British Columbia and Alberta was considered where appropriate.  Three general topics were 
assessed and compared to current practices:  Fire cycle and the resulting seral distribution, 
disturbance patch sizes, and residual structure.  It was found that fire cycles were strongly 
influenced by climatic conditions and were generally shorter than those recommended by the 
Biodiversity Guidebook (1995), suggesting that the targets the current Biodiversity Conservation 
Strategy (1996) was based on may be conservative.  This result in the Chilcotin area is less clear 
due to a mixed severity fire regime.  Disturbance patch sizes indicated by the research existed in 
a size/frequency distribution that had more area in large fires (>1000 ha) than guidance from the 
Biodiversity Guidebook (1995) suggests.  This is particularly true of the East Fraser area in 
Biogeoclimatic sub-zones considered to have Douglas-fir throughout.  Stand level residual 
structure is a direct result of fire severity and is highly variable, existing on a continuum that 
decreases in amount from drier to wetter Biogeoclimatic sub-zones.  At the landscape level, 
residual structure existing in patches is more prominent in wetter sub-zones. 
 
The IDF portion of the IFPA area is a more structurally complex landscape than the sub-boreal 
landscape.  Research data for the IDF was less precise.  The same three general topics were 
addressed for the IDF area.  Fire cycle was found to be largely irrelevant for considering seral 
distribution as the mixed severity fire regime resulted in numerous fires that were not stand 
initiating.  Further research is recommended which may verify the proportions of the landscape 
that existed in pine or Douglas-fir dominated stands, what patch sizes these forests existed in and 
what an appropriate seral distribution might be.  Residual structure was assessed for pine 
dominated, mixed, and Douglas-fir dominated forests.  Retention guidelines were developed for 
each of these forests based on the research findings and knowledge of the fire regimes.  It quickly 
became apparent that a structural definition of ‘old’ forest as well as a stem distribution of the 
historic old forest would be central to managing the mixed and Douglas-fir dominated forest 
types.  A basic evaluation of growth and yield information indicates that managing to a forest 
structure that we assume to be within the RNV of historic forests is acceptable as far as timber 
production is concerned. 
 
As a general trend, results showed that attribute values, and therefore targets, exist in a range and 
that maintaining a wide range of values will maintain a resilient ecosystem.  Recommendations 
for further research and monitoring of current and proposed practices are included in this 
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document and will be necessary, as adaptive management will be essential to the success of the 
on-going land management process Lignum has embarked upon. 



NDT Draft Management Guidelines - March 31, 2003  Page   12 

 
3. Literature Review 
3.1. Literature Review Update 
Wong et al.1 has created an updated literature review on natural disturbances in British 
Columbia.  This document provides baseline information on disturbance attributes by BEC Unit 
and a critique of the methods used to obtain the results.  To minimize replication of information 
that is already available to Lignum through this document, our review will focus on the BEC 
Units associated with Lignum’s IFPA area.  In addition, we will include a review of management 
techniques designed to model development on natural disturbance regimes.  Estimates of the 
range of patch sizes, disturbance return intervals, and maximum stand ages will still be found in 
our review.  There is also additional relevant information not found in the newest Wong et al.1 
document that will be reviewed in our document.  Supplying an additional section on 
management techniques will give Lignum information that is critical in providing direction in 
developing management guidelines that lead to future forest conditions that are within the range 
of natural variability. 

 
3.2. Limitations of Current Information and Management Implications 
The review of natural disturbance literature has revealed knowledge gaps that create limitations 
to this project.  Of the subzones found in the IFPA, one has no known information (SBSmh) 
while two others have only one study documenting natural disturbances (SBPSdc and SBPSmk).  
For subzones with greater than one study, the different methodologies used in obtaining results 
can greatly affect the results reported.  Wong et al.1 provides a good review of problems 
associated with the different methods of estimating fire frequency.  Additional problems are 
created by newer fires erasing evidence of past fires.  Very large fires can erase most of the 
information from the landscape as seen in the 1869 and 1922 fires on the Chilcotin Plateau 
(Francis et al, 2002).  This results in a shortened period of reliability that is in most cases outside 
the period of ‘natural’ variability.  An example of this problem is the reported 1922-present 
period of high reliability in the Chilcotin area that includes the 1961-present period of effective 
fire suppression (Francis et al, 2002).  This report found that the period 1961-present had no 
large fires and inclusion of this period significantly increases the estimate of fire cycle.  When 
1961-present is removed from the analysis, the remaining period of high reliability is only 39 
years.  A period of 39 years is a small sample when considering the scale of time our forests have 
evolved in and estimates of variables from such a small time period must be viewed with caution.  
Furthermore, Wong (2000) indicates that burning for agricultural purposes would have occurred 
during this period and it is certain that this will have influenced the results from this period to 
some degree.   

 
There is some data available on natural disturbance in the period prior to European influence; 
however, the reliability of the information decreases with the length of time chosen.  The 
temporal and spatial distribution of ecological processes and structures prior to European 
settlement of North America has been defined as the “Range of Natural Variability” (Wong and 
Iverson, 2001).  However, this period is potentially very large (do we look at the last 500 years, 

                                                           
1 Wong, C, H. Sandmann, and B. Dorner.  In prep.  Historical variability of natural disturbances in British 

Columbia: a literature review.  Manuscript to be submitted to JEM. 
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1000 years, or to the last ice age?), and the farther back in time we go the greater the variability 
in climate/vegetation that has been present.  Even when only the last 500 years are considered, 
the global climate has changed and influenced natural disturbance rates.  Clark (1988) found that 
both fire frequency and intensity were influenced by the global climate in the past.  In that study, 
warm, dry conditions during the period 1400-1600 AD were characterized by more frequent fires 
as evidenced by charcoal deposits.  This was followed by less frequent, but more intense fires 
during the period called the little ice age (1600-1900) (Clark, 1988).  Clark (1988) hypothesizes 
that the warm, dry 20th century would again be characterized by more frequent fires than found 
during the little ice age.  Thus, the RNV depends upon the time period examined, and it may be 
very difficult to resurrect earlier fire regimes as this century progresses. 

 
 

 
 

Figure 3.1: The range of natural variability (RNV), apparent range of natural 
variability (ARV) and present conditions (From Wong and Iverson, 2001). 

 
Wong and Iverson (2001) have defined graphically RNV, ARV, and our assumed present 
conditions (Figure 3.1).  What is not apparent from this diagram is that the size of full RNV is 
dependant on the time period examined.  Full RNV is likely to be greater (i.e. a larger range of 
natural variation) the longer the time period examined and is also likely to shift depending on the 
dominant climate for the time period examined.  For instance if the chosen time period is 1600-
1900, the disturbance regime would be dominated by the climatic conditions of the little ice age.  
However, given the changes in global temperature over the last century and projected future 
change, this disturbance regime is unlikely to reflect what would occur naturally in the future. 

 
How do we manage our stands when faced with this kind of uncertainty?  Even though the 
measures of what constitutes the RNV are likely to have changed in the past and will also do so 
in the future, there are some current parameters that are clearly outside the RNV in any temperate 
ecosystem.  The pattern of harvesting in temperate forests is largely out of sync with natural 
patterns (Dorner 2002, DeLong 2002b, Steventon 2001, Hansen et al. 1991).  The pattern of 
dispersed small harvesting units which has been employed in many areas rapidly reduce the 
amount of interior forest and increase the amount of edge resulting in fragmentation and loss of 
connectivity (Steventon 2001, Crow and Gustafson 1997, Hansen et al. 1991).  The range and 
distribution of cut block sizes also does not reflect the range of sizes and patterns of openings 
occurring in natural temperate forests.  There is information from a variety of sources that can be 
used to produce guidelines that will address these factors.  What is also apparent is that retention 
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of residual structure through low intensity disturbance is an important characteristic of many 
ecosystems.  While we are unlikely to introduce fire as a tool on the majority of forestlands for 
societal and economic reasons, some method of producing residual structure characteristic of fire 
regimes must be employed on significant portions of the IFPA.  

 
By managing stands to reduce fragmentation, increase connectivity, and retain residual structure, 
Lignum will move future forest conditions to a point contained in the full range of natural 
variability.  Due to societal values, economic constraints, and the problems inherent in defining 
the range of natural variability, we are unlikely to ever have all stands at the point defined as the 
“desired future conditions” in Figure 3.1.  However, we will increase the range of variability in 
managed stands by doing the activities outlined above.  Graphically, this will increase the size 
(range) of present conditions and result in more overlap with the full RNV (Figure 3.2). 

 
 

 
 

Figure 3.2: Forest practices that reduce fragmentation, increase connectivity, and 
lead to the retention of residual structures will move future stand conditions into 
the full RNV.    

 
Movement of future stand conditions into the full RNV is also dependant on adaptive 
management.  Trials of techniques designed to provide residual structure are required to provide 
tools that produce more variability in the condition of future stands.  Monitoring of those trials 
will provide the feedback to move managed stands further into the full RNV.  
 

 
 

Future conditions 
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Current conditions 
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4. SBS/SBPS 
4.1. Extent and ecology of remnant patches. 
The extent and ecology of remnant patches and the ensuing discussion regarding connectivity, 
old growth and WTPs must be understood in the context of total fire regime for the area.  The 
frequency of the fire return interval, fire size/overlap and fire severity all interact together to 
produce the mosaic of stand distributions present on the landscape at any given time.  The data 
presented by Francis et al. (2002) can be used to define general targets for many of the attributes 
in the study areas.  Precise targets cannot be inferred due to the temporal reliability of the data 
and the tendency for single large fire events to erase data from the landscape.  It may be just as 
useful from an on–the-ground operational perspective to express trends which provide insight 
into managing for RNV/ARV between various areas. 
 

4.1.1. Fire frequency SBPS Chilcotin Fire Regime. 

The Chilcotin fire history shows numerous small to medium fires occurring frequently, 
with very large fires occurring every 40-100 years (Francis et al. 2002 pg 50).  This 
pattern of a few large fires and many more small fires is also noted and cited in Bunnell 
1995.  Francis et al. (2002 pg 42, 43) also notes that 43 fire years were detected between 
2001- 1869 (1 fire in 3 years).  Twelve of the fire years in the same period were noted to 
be major fire years with each burning more than 10, 000 ha (1 fire in 11 years).  A total of 
91% of the forest stands in the study area originated during or since the 1869 fire year 
(Francis et al. 2002 pg 42). 
 

Guideline #:  SBS/SBPS 1 
Management Guideline Title:  Log Flow 
Type:  Administration 
Research Finding:  Natural disturbance patterns do not occur uniformly across the landscape.  
Major disturbance years were noted to occur periodically with areas of concentrated disturbance 
occurring locally across the landscape. 
Support:  Strongly supported. 
Guideline:  Harvesting can emulate disturbance patterns across the landscape by concentrating 
efforts in a small part of the landscape as large periodic fires would have.  Harvesting in these 
areas should be of short duration and then the general area should be left for a period of years if 
possible.  There can be many small areas active at any one time.  Bark beetle salvage could be 
incorporated into areas of concentrated harvest.  Epidemic bark beetle infestations across the 
landscape may complicate harvest planning to emulate natural disturbance patterns.  It will be 
impossible to incorporate the full RNV which includes up to 50% of the study area being subject 
to fire in a single year, as this would make it impossible to balance timber flow to the processing 
facility.  The concept to be addressed by the narrower managerial range of variability is that 
timber flow should not be based on small annually uniform amounts from as many places on the 
landscape as possible. 
Further Research:  None. 
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Two fire years of particular note, 1869, and 1922 each burned approximately 50% of the 
Chilcotin study area.  These fire years would have produced massive fires in which the 
combined burned area would have approached 150, 000 ha in one year.  There has been 
correlation expressed by very narrow tree growth rings dating to the above significant fire 
years that indicate severe drought conditions in 1869 and 1922.  There is some evidence 
of another major fire year occurring in 1772 as well, but due to the data erasing effect of 
time and the two more recent major fire years, this is less assured in the data.  Climatic 
patterns in the Chilcotin are currently being studied (Lori Daniels) and there may be a 
correlation to a drought period at this time, confirming this third major fire year. 

 
In addition, 1869 was the driest year detected in a precipitation pattern reconstruction by 
E. Watson (2002) as reported in Francis et al. (2002), from 1950-1700.  Correlation to the 
two significant fire years has also been noted in the east Fraser Study area, and also in the 
IDFdk3 fire regime study area (Iverson et al. 2002).  Francis et al. (2002) estimates that 
up to 1,000,000 ha of forest was affected in the Cariboo region by either or both of the 
1869 and 1922 fire years.  The significance of the above is that drought years, or more 
directly, drought interval is a key driver in fire return intervals.  It is noted that the 
interval between these two major known drought years is 53 years. 

 
The time period of analysis from Francis et al. (2002) considered most relevant, or 
applicable, is the period of 1961-1869, which excludes the onset of modern efficient fire 
suppression that started in the early 1960’s. 

 
Two mapping methods were employed in the Francis et al. (2002) study.  The first 
method was time-since-fire (TSF) which displays the resulting pattern of historical 
overlapping fires and records the date since a forest stand was last burned.  The second 
method was individual fire mapping (IFM) which considers a fires size without the 
effects of any more recent over burning.  The following table summarizes (Francis et al. 
2002 pg 83, iv) fire cycles by biogeoclimatic subzone, time period, and method: 

Table 4.1 Fire frequency by biogeoclimatic zone. 
Biogeoclimatic 

Subzone 
Time 
Period 

Method Fire Cycle 
(years) 

SD 
(years) 

SBPSxc 2001-
1675 

Adjusted time since fire map 45 26.4 

SBPSxc 1961-
1869 

Individual fire maps 47 Not given 

SBPSdc 1961-
1869 

Individual fire maps 64 40.0 

Chilcotin  1961-
1869 

Individual fire maps 48 29.4 

 
Based on the two methods of fire cycle analysis, Francis et al. (2002) suggests a fire cycle 
range of 47-67 years for the Chilcotin, and carefully notes that the fire cycle includes all 
fires, both stand replacing, and non-stand replacing.  This inclusion of all fires, 
specifically low severity fire, is contrary to the NDT3 paradigm of stand initiating (high 
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severity) fires.  When only stand initiating fires are considered this fire return interval will 
increase.  This can be seen when comparing the results with Steventon (2001) who did 
not account for reburning and reported a mean fire cycle of 91 years in the SBPSmc. 
 
This is a key point to consider when making any comparison to the Biodiversity 
Guidebook (Province of British Columbia 1995) fire return estimate of 100 years.  The 
Biodiversity Guidebook (Province of British Columbia 1995) assumption of 
disturbance regimes for the NDT 3 is that disturbances are stand replacing (frequent 
stand initiating).  The more low and moderate severity fire events (non-stand 
replacing) present the less applicable a comparison to the Guidebook becomes, and the 
less appropriate the calculated fire interval is for use in determining a seral 
distribution based on the negative exponential model. 

 
It is significant to note that the fire cycle is shorter for the SBPSxc (45-47 yrs) than for 
the SBPSdc (64 years).  This is likely directly linked to the greater amount of low severity 
fires in the SBPSxc and the slightly higher moisture gradient in the SBPSdc.   

 
4.1.2. Age Class Distributions Based On Time Since Fire Mapping. 

No significant differences in age class distribution were noted on landscape positions 
(upland and lowland), or between landform types i.e.: glaciofluvial, or morainal till 
(Francis et al. 2002 pg 54).  Wong and Iverson (2001) reference McCleary and Andison 
2001, as presenting information that some fires historically burned through riparian areas.  
Steventon (2001) also found no difference in the presence of mature forest between 
riparian areas and the landscape as whole in the SBSdk and SBSmc.  In the East Fraser 
study area there was no difference between ecosystem, landscape type or landscape 
position with regards to rate of burning. 
 
 
Guideline #:  SBS/SBPS  2 
Management Guideline Title:  Age class distribution. 
Type: Landscape 
Research Finding:  No significant differences in age class distribution were noted on 
landscape positions (upland and lowland), or between landform types.  No significant 
differences in age class distribution were noted adjacent to riparian features. 
Support:  Strongly supported. 
Guideline:  Landscape level planning should not focus on placing any specific age or 
seral class (OGMAs) in any one landscape position or location across the landscape. 
Further Research:  None. 

 
The Biodiversity Guidebook(1995) proposes a negative exponential model, based on fire 
return cycles, which calculates the proportion of the landscape expected to be found in 
individual seral (age) stages.  Table 4.2 and Figure 4.1 compare the seral stage 
distributions of the mean fire interval (MFI) or fire return interval for the Chilcotin study 
area, and the upper MFI calculated by Francis et al. 2002 pg 83 using TSF maps with the 
Biodiversity Guidebook (1995) estimation of a 100 year return interval.  These are 
graphically displayed in Figure 4.1. 



NDT Draft Management Guidelines - March 31, 2003  Page   18 

 

Table 4.2 Chilcotin Age Class Distributions 

 Cumulative percent of Landscape expected based on Guidebook formula 
Age *100 yr interval **48 year interval ***67 year interval 
<20 18 34 26 
<40 33 57 45 
>80 45 19 30 
>100 37 12 22 
>120 30 8 17 
>140 25 5 12 
>250 8 1 2 
*Guidebook mean interval event for SBPS in NDT3 
**Mean fire interval for Chilcotin study area using TSF maps. 
***Upper MFI calculated by Francis et al. 2002 pg 83 using TSF maps. 

 

Figure 4.1 Chilcotin Age-class Distribution. 
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The age distributions for the TSF map (45 year MFI) and forest cover method were also 
considered, but were not graphed for comparison purposes as they represent isolated 
snapshots in time of what the landscape would have looked like in the longer context of 
range of natural variability.  As expected, based on the negative exponential model, shorter 
MFIs show less of the landscape existing in the mature and old classes and more existing 
in younger classes.. 
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4.1.3. Stand Ages And Maximum Ages Of Stands – Chilcotin. 

Using the Time Since Fire Mapping method Francis et al. found the following stand ages 
across the study area: 8% was 42-62 years old, 7% was 62-82 years old, 45% was 62-81 
years old, 14% was 82-101 years old, 11% was 122-141 years old, 9% was greater than 
133 years old, and less than 1% was over 200 years old (Francis et al. 2002 pg 50). 

 
The oldest individual trees and fire scars are found within the SBPSxc (370 years old).  
The oldest mappable time since fire age classes (282-341 years old), represent stands and 
are found in the northeast portion of the study area in the SBPSdc and SBPSmk sub 
zones.  It is noted that although part of the range of natural variability, stands in the upper 
age limits are found on significantly less than 1% of the study area. 

 
Conifer longevities were noted to be significantly longer than the disturbance intervals.  
Bunnell 1994 notes that longevities exceed disturbance intervals for at least three reasons: 
1) some trees live in more protected areas, 2) irregular weather patterns modify 
disturbance patterns locally, and 3) the intensity of disturbance, producing variable 
numbers of survivors.  This latter reason is considered most applicable to the Chilcotin 
study area due to the proportion of low to moderate severity fires that occur in the 
SBPSxc. 

 
4.1.4. Seral Stage Distributions 

Table 11 from the Biodiversity Guidebook 1995 pg 32 contains the recommended seral 
distribution for NDT 3 biogeoclimatic zones by biodiversity emphasis.  The following is 
a comparison of the guidebook recommended seral stage distribution, for the SBPS, and 
seral stages derived from Francis et al., 2002 TSF mapping and Francis et al., 2002 
MFI’s.  The numbers given below are arrived at by using the age class distributions from 
table 4.2, and applying the Biodiversity Guidebook 1995 range formula by seral class and 
biodiversity emphasis: 

Table 4.3 Seral stage Distributions Chilcotin 
SERAL STAGE 

Early Mature + Old 1Old Biogeoclimatic 
Unit (MFI) L I H L I H L I H 

*SBPS (100 MFI) 2N/A <66 <50 >8 >17 >25 >7 >7 >10 
**SBPS (48-67 
MFI) Range 

2N/A 68-114 2-12.8 0.4-7.4 

* Biodiversity Guidebook 1995 pg 32. 
** Range between mean fire interval for Chilcotin study area using TSF maps and upper 
MFI calculated by Francis et al., 2002 pg 83 using TSF maps. 
2.  No limit as long as mature and old area targets are met. 
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4.1.5. Discussion 

Upon analysis of the above table, it is evident that in the mature+old and old seral 
categories the 48 to 67 year MFI range has lower minimum values when compared to the 
Guidebook values.  It is also evident that, using the Guidebook adjustment for early seral, 
the 48 and 67 year MFI’s give a value that is higher than the Guidebook proportion, and 
even exceeds 100%.  

 
4.1.6. Summary 

The fire cycles calculated by Francis et al. (2002) include low, moderate, and high 
severity fire events, whereas the fire cycle in the Biodiversity Guidebook (1995) is 
assumed to be stand replacing.  For this reason the seral stage distributions produced by 
use of Francis’ data and that of the Biodiversity Guidebook (1995) are not strictly 
comparable.  The validity of the comparison decreases as the proportion of non-stand 
replacing fire events increases.  It is probable that the stand replacing fire cycle for the 
Chilcotin area would be longer than the fire cycles (all severity classes included) 
indicated by Francis et al. (2002) but there is no way to separate higher severity (stand 
replacing) fires from moderate and lower severity fires because they can all occur in the 
same fire event (Shawn Francis, pers. comm. 2003).  Ultimately, the stand replacing fire 
cycle (the most appropriate for calculating seral distribution) in the Chilcotin may NOT 
be much shorter than that indicated in the Biodiversity Guidebook (1995).  Given the 
importance of the fire cycle in determining age and seral class distributions, further 
research is recommended in the Chilcotin to confirm or corroborate the fire cycle 
calculated by Francis et al.  Further detail and rationale for the recommendation for 
further work is provided in detail in the old growth section of this document. 

 
4.1.7. Fire Regime - SBS/SBPS East of Fraser. 

The east Fraser study area is typified by large tracts of relatively even aged forests that 
have originated from a few large high severity fires, and has not been subject to numerous 
small low severity fires.  As noted by Francis et al. (2002 pg 106) for the east Fraser study 
area a detailed fire history could not be re-created as was with the Chilcotin.  Historical 
fire patterns were difficult to characterize for the following reasons: 1) higher levels of 
anthropogenic disturbance, 2) a lower abundance of fire scarred trees and post fire 
residuals, and 3) a relative absence of fire since the 1920’s Francis et al. (2002 pg 106).  
As a result, the primary method used for the east Fraser study area by Francis et al., 2002 
was the creation of a time since fire map.  Francis et al. states that more detailed work 
may be required to more fully describe historical fire patterns, but the TSF is considered 
to be a much improved understanding over the use of forest cover age class analysis. 

 
Of the East Fraser Study Area for the time period present to 1869, 93% of the forested 
area has originated from fires since 1869, with 21 discrete fire years being detected in the 
same period (Francis et al., 2002 pg 106).  Three significant fire years were detected, 
which also correlates to major fire years in the Chilcotin, 1869, 1905, and 1922.  It is 
estimated that the 1869 fire event affected as much as 60-70% of the study area, with the 
1905 and 1922 fire years affecting approximately 15% each (Francis et al., 2002 pg 106). 
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Francis et al., 2002 (pg 107) notes that much of the period they used for their TSF 
mapping overlaps with both First Nations and European habitation and land use.  Francis 
et al. states fire history results should be interpreted within the context of a modified fire 
regime.   

 
Francis et al., 2002 (pg 107) also states that fire scar decay was a concern through loss of 
fire scar stems and the fact that the fire scar record for the east Fraser was greatly under 
represented in two major fire years 1887 and 1869. 

 
4.1.8. East Fraser Time Since Fire Map 

Due to the lack of fire scar evidence and the large area that has not burned since 1869 
(40% of the forested study area) site specific or mean fire return intervals could not be 
calculated for the east Fraser study area (Francis et al., 2002 pg 133).  Instead, fire cycle 
and rate of burning were calculated on the TSF mapping. 

 
4.1.9. Fire Cycle East Fraser 

For the purposes of calculating a fire interval, the period of reliability is considered to be 
1961-1869.  Based on this 92 year period of record, a fire cycle of 98.9 years is 
calculated, when fire overlap is not accounted for (Francis et al., 2002, pg 116).  Francis 
et al. states that this method has been used by previous researchers (Agee 1990), and 
(Wien 1977). 

 
When the adjusted time since fire distribution is used with the inclusion of the 1/3 fire 
overlap ‘rule of thumb’, an approximate fire cycle of 60 years is calculated (Francis et al., 
2002 pg 117).  However, Francis et al. goes on to state that interpretation of the TSF age 
distribution in the context of individual burn patterns suggests a burn cycle of 50-90 
years. 

 
Delong (2002) used a fire cycle of 100 years for age class distribution and seral stage 
distribution based on local data, or from adjacent landscapes that were felt to have a 
similar disturbance history which had study information.  The natural disturbance unit 
that Delong used the 100 year fire return interval for is termed the Moist Interior – 
Plateau, and includes several of the same biogeoclimatic zones and subzones that are 
within the East Fraser study area. 

 
Andison (1996), in the Prince George Region SBS biogeoclimatic zone calculated a mean 
fire interval of 80-100 years for stand replacing fires using forest cover maps with ground 
truthing to further separate age class 8 and 9 stands into 20 year classes. 

 
Francis et al. 2002 (pg 117) states that based on the similarity of the TSF age class 
distributions, the fire cycle appears to be similar for all the major subzones in the east 
Fraser study area.  A slightly longer fire cycle would be found for the wetter southeastern 
portion of the study area. 
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4.1.10. Rate of Burning - East Fraser 

On average, Francis et al. (2002) notes that 1.01% of the study area was burned/year with 
ranges of 0.59% to 1.67% noted depending on the time period and method used to 
calculate the rate of burning.   

 
4.1.11. Age Class Distributions East Fraser 

No discernible difference was noted by Francis et al. (pg 119) in age class distribution in 
relation to landscape position, landform type, or between the biogeoclimatic zones and 
subzones in the study area.  However, the SBSdw1 (moister subzone than SBSdw2 and 
SBPSmk) was found to have a slightly higher proportion of older forest than the SBSdw2 
and SBPSmk.  The oldest mapped forest patches were found in the wettest southeast 
portion of the study area in the SBSmc1. 

 
Guideline #:  SBS/SBPS  3 
Management Guideline Title:  Age class distribution – East Fraser. 
Type: Landscape 
Research Finding:  No discernible difference in age class distribution was noted on landscape 
positions, landform types, or between biogeoclimatic zones.  The SBSdw1 and SBSmc1 were 
noted to have a slightly higher proportion of old stands indicating perhaps a slightly longer fire 
interval. 
Support:  Strongly supported. 
Guideline:  Landscape level planning should not focus on managing for any specific age or seral 
class (OGMAs) in any one landscape position or location across the landscape. 
Further Research:  None. 
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The following table and graph compares the age class distributions from the Biodiversity 
Guidebook 1995 125 year return cycles, with the upper (90) and lower (60) fire intervals 
as calculated/suggested by Francis et al., 2002 (pg 117).  Francis et al. (2002) found very 
little evidence of a mixed severity fire regime in the East Fraser study area, so the 
estimated fire cycles provided can be directly compared to those proposed by the 
Biodiversity Guidebook (1995). 

Table 4.4 Age Class Distributions East Fraser 

  Cumulative percent of Landscape expected based on Guidebook 
Age *125 yr interval **60 year interval ***90 year interval 
<20 15 28 20 
<40 27 49 36 
>80 53 26 41 
>100 45 19 33 
>120 38 14 26 
>140 33 10 21 
>250 14 2 6 

*Guidebook mean interval event for SBS in NDT3 
**Lower fire interval for East Fraser study area using adjusted TSF maps. 
***Upper fire interval suggested by Francis et al., 2002  

Figure 4.2   Forest Age Distributions - East Fraser 
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As a general trend the above table and graph show that when the Biodiversity Guidebook 
(1995) mean event interval of 125 years is compared to the mean and upper MFI for the 
East Fraser study area (using the guidebook negative exponential distribution model), the 
shorter intervals estimate that a higher proportion of the landscape would be in the early 
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seral stage classes, and that less of the landscape would be in the mature and old seral 
stages. 

 
The age distributions for the Time Since Fire map and forest cover method were also 
considered, but were not graphed for comparison purposes as they represent isolated 
snapshots in time of what the landscape would have looked like in the longer context of 
range of natural variability. 

 
However, as a trend, the TSF mapping method showed less of the landscape to be in the 
old seral class, more in the mature + old class, and significantly less in the early seral 
classes when compared to the Guidebook 125 MFI.  The lower early seral values in the 
TSF mapping method is mostly due to the lack of major fire in the last the 40 years, as 
well as not accounting for harvesting that has occurred in the last 40 years.  This 
explanation also provides reason as to why there is more in the mature + old class. 

 
The forest cover map distribution has less in the early seral class, and less in the mature + 
old and old seral classes when compared to the Guidebook 125 MFI. 

 
4.1.12. Stand ages and maximum ages East Fraser 

Using the Time Since Fire Mapping method Francis et al. found the following stand ages 
across the study area: 12% was ~80 years old, 11% was ~ 97 years old, 70 % was ~ 133 
years old, and 7% was greater than 133 years old (Francis et al. 2002 pg 130). 

 
The significance of the above information is the vast majority (70%) of the study area 
originated from the major 1869 fire year, and is of similar age.  The SBSdw1 (moister 
subzone than SBSdw2 and SBPSmk) was found to have a slightly higher proportion of 
older forest than the SBSdw2 and SBPSmk.  The oldest mapped forest patches were 
found in the southeast portion of the study area in the wettest subzone (SBSmc1).  Noted 
in the TSF age class distribution, approximately 6.2% of the study area is greater than 140 
years old, with approximately 0.5% of the study area being greater than 250 years old. 
The oldest fire scar dated in the East of Fraser Study area was found in the SBSdw1 and 
was dated to 1820 from a Douglas-fir that was aged to 271 years old. 
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4.1.13. Seral Stage Distribution East Fraser 

Table 11 from the Biodiversity Guidebook 1995 pg 32 contains the recommended seral 
distribution for NDT 3 biogeoclimatic zones by biodiversity emphasis.  The following is 
a comparison of the Guidebook recommended seral stage distribution, for the SBS, and 
seral stages derived from Francis et al., 2002 TSF mapping and Francis et al., 2002 upper 
(90 years) and lower (60 years) MFI’s.  The 60-90 MFI seral stage distributions are 
expressed as ranges between the two intervals for the three seral stage categories. 

Table 4.5 Seral Stage Distributions East Fraser 
SERAL STAGE 

Early Mature + Old Old Biogeoclimatic 
Unit (MFI) L I H L I H L I H 

*SBS (125 MFI) 1N/A <54 <40.5 >11 >23 >34 >11 >11 >16 
**SBS (60-90 MFI) Range 54-98 4.8-24.8 5-15.8 

* Biodiversity Guidebook 1995 pg 32. 
**Upper and Lower fire interval range for East Fraser study. 
1.  No limit as long as mature and old area targets are met. 

 
4.1.14. Discussion - East Fraser 

On comparison of the Biodiversity Guidebook (1995) NDT3 mean interval for the SBS 
(125 years) with the ranges arrived at using the upper and lower MFI range presented by 
Francis et al. (2002) the mature plus old and old seral stages have values that are 
significantly lower than the guidebook range.  The upper values for the 60-90 MFI range 
shows values that are within guidebook intermediate and high biodiversity emphasis 
values. 

 
Delong (2002a) calculated the Natural Range of Variability of forest age classes using the 
following method: “the NRV was calculated using a simple stochastic landscape model in 
SELES (Spatially Explicit Landscape Event Simulator) (Fall and Fall 2001).  The model 
simulated fire over a simple landscape on the appropriate cycle and was run over very 
long time periods at 10-year time steps.  Mean fire size was an input parameter and the 
mean number of fires per year is defined using the relationship: Mean Number of Fires 
Per Year * Mean Fire Size * Fire Cycle = Landscape Size.  The number and size of fires 
selected at each step were drawn from negative exponential distributions.  Forest of 
different ages was output at each time step in order to produce a large number of 
snapshots of the age class structure of the forest.  The range of values from these 
snapshots is used to estimate the NRV of forest age classes for a given fire cycle (Delong 
2002a). 
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The following table illustrates the seral distribution that Delong calculated using the 
above method. 

Table 4.6 Seral Stage Distributions Comparison with Delong SBS 
Natural Disturbance Unit ranges. 

SERAL STAGE 
Biogeoclimatic Unit (MFI) Early <40 Mature + Old >100 Old >140 >250 

Delong 100 yr return. 25-50 28-49 17-33 6-12 
 

It is interesting to note that the SELES model that Delong (2002) used looks at a large 
number of snapshots of the age class structure, whereas time since fire mapping method 
produces age and seral distributions based on one snapshot in time of the forest age and 
seral distribution.  

 
4.1.15. Summary East Fraser. 

In summary, due to the lack of fire scars, and other reasons Francis et al. states, the 
calculation of a more concise fire return interval was not possible.  Given the importance 
of the fire cycle in determining age and seral class distributions, further research is 
recommended in the East Fraser to confirm or corroborate the fire cycle calculated by 
Francis et al.  Further detail and rationale for the recommendation for further work is 
provided in detail in the old growth section of this document. 

 
4.2. Fire overlap 
Based on data presented by Francis et al. (2002) the notion that it is normal for most patches to 
be created by a stand initiating event and then to pass through time undisturbed by fire is not 
supported.  Francis et al (2002, figure 5.16 pg 87) indicates that significant fire overlap exists and 
that it is more pronounced in the SBPSxc than in the SBPSdc.  The increased proportion of 
multiple fire events in the SBPSxc is likely related to the increased amount of lower severity fires 
in the SBPSxc.  The data summarized (from Francis et. al. 2002) in Table 4.7 is for the time 
period present to 1869, which includes fire suppression.  It would be expected that overlap would 
increase if the period of fire suppression was removed from the data. 

Table 4.7  Summary of overlapping fire events. 
Portion of area burned 

(%) Number of 
fires SBPSxc SBPSdc 

0 3 8 
1 24 49 
2 48 36 
3 22 7 
4 3 <1 
5 <1 0 
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Overlap was not found to be significantly different for landscape position or landscape type.  
This data was compiled from the Individual Fire Mapping method and is therefore not 
quantifiable for the East Fraser study area (pg 117).  Although it is assumed to be less than the 
Chilcotin study area, some degree of fire overlap would have occurred in the East Fraser study 
area.  DeLong notes that, for the Moist Interior Plateau, fires may burn over the same area 2-3 
times within a period of less than 50 years, and that continual fire overlap leaves very little dead 
wood (CWD) on the ground. 
 
Fire overlap is the reason that fire cycles and the forest management concept of rotation age are 
not directly comparable.  Fire cycle considers the amount of time it takes to burn a number of 
hectares equal to the size of the study area.  This assumes that some hectares burn more than 
once and are included in the burned total area more than once.  With the fire overlap presented 
for the Chilcotin the same hectare may be included in the total up to five times.  On the other 
hand it is expected that (and implicit in the negative exponential model) that some of the hectares 
in the study area don’t burn at all in the fire cycle period.  In contrast when considering rotation 
age, cut blocks do not overlap.  Rotation age is then the time period expected to harvest ALL of 
the available hectares in the study area.  With no fire overlap the fire return cycle and the rotation 
age could be of similar length to address the same number of hectares over a given period of 
time.  As fire overlap increases the rotation age must be increasingly longer than the fire cycle to 
address the same number of hectares over a given period of time. 
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4.3. Patch Size 

4.3.1. General Findings - Chilcotin Study Area 

Two methods of determining patch size were presented in Francis et al (2002) report.  
The first is based on Time Since Fire mapping (TSF) while the second is based on 
Individual Fire Maps (IFM).  The TSF mapping is limited in that it greatly underestimates 
the size of patches (pg 77,123).  IFM is considered to produce a more accurate result with 
regard to patch size, however it is also limited in that it has a short temporal scale (data 
present in tabular form is for the time period 1961 – 1922 – see Francis et al. Table 5.8) 
and may not represent RNV over a longer period of time.  TSF data presented should be 
considered to be skewed to smaller patch sizes, while IFM mapping may not give an 
accurate representation of history.  Also patch sizes reported by Francis et al. may be 
smaller than actually exist because of arbitrary boundary location.  This was specifically 
mentioned with regard to BEC zone boundaries (pg 78) and could be expanded to include 
study area boundaries.  Both methods point to a similar trend, that being patches are 
larger than was previously thought.  Francis et al. reports that Dawson, in 1996, estimated 
the maximum fire size for the Chilcotin area of 19,000 ha (pg 77).  Francis et al. found 
disturbance patches that exceeded 50,000 ha. 

 
Mean patch size for the TSF method for the Chilcotin study area is 190 ha with a median 
patch size of 8 ha.  Mean patch size for the IFM method for the Chilcotin study area is 
1634 ha with a median patch size of 109 ha.  These sizes are based on data between 1961 
and 1922 and should be considered in light of that (Francis et al. Table 5.4 pg 77).  The 
low median value associated with the TSF data indicates that 50% of the patches 
determined by this method were below 8 ha.  Standard deviation in both cases greatly 
exceeds the mean values indicating a low precision for these estimates. 

 
Difference in patch size was found between the two major BEC zones, SBPSxc and 
SBPSdc.  Based on Table 5.7 (pg 79) TSF mapping indicates a mean patch size of 1557 
with a median of 141 for the SBPSxc and a mean of 1369 with a median of 33 for the 
SBPSdc.  Patch size distribution between the two indicates that the SBPSxc contains a 
greater proportion of fires greater than 500 ha while the SBSdc contains a greater 
proportion of patches less than 50 ha (pg 80).  Francis et al. refers to DeLong (1998) as 
noting a similar trend where drier subzones were more skewed to larger patches.  
Variances in this data were very large indicating a low precision for these estimates. 
Distributions of patch size indicates that the mean values contain individual patch sizes of 
enormous size (>10,000 ha).  It is very unlikely that these patch sizes will be included in a 
managed landscape, so the calculated means provide little if any guidance. 

 
4.3.2. Specific Findings Chilcotin Study Area 

Patch size was presented for both TSF and IFM methods in Francis et al. (2002) Table 
5.8, for the time period 1961-1922.  These results are summarized below in Table 4.8.  
One discrepancy was found.  In Francis et al. Table 5.8 the total number of fires reported 
for IFM was indicated as 132.  The total of the fires listed is 131.  It is uncertain where 
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this error came from but it is not significant in the general trend reported.  Table 4.8 
includes additional information required to present the data in a form that can be 
compared to the patch size distribution list in the Biodiversity Guidebook; namely an area 
calculation based on the number of fires in each class size.  Class mid point values were 
used for this calculations.  Choosing a mid point for the >50,000 class could skew results 
considerably, but the value chosen is likely in the ballpark.  All areas are in hectares. 

Table 4.8  Summary of patch size from Francis et al. Table 5.8 1961 to 1922. 
Patch size TSF (Time Since Fire) mapping IFM (Individual Fire Maps) 

Class 
Mid 
point Number Frequency Area 

% of 
total 
Area Number Frequency Area 

% of 
total 
Area 

0-50 25 677 77.4% 16925 8% 55 42.0% 1375 1% 
51-100 75 56 6.4% 4200 2% 11 8.4% 825 0% 
101-200 150 40 4.6% 6000 3% 8 6.1% 1200 1% 
201-500 250 45 5.1% 11250 5% 17 13.0% 4250 2% 
501-1000 750 22 2.5% 16500 7% 11 8.4% 8250 3% 
1001-5000 2500 29 3.3% 72500 32% 20 15.3% 50000 21% 
5001-10,000 7500 3 0.3% 22500 10% 6 4.6% 45000 19% 
10,000-
50,000 25000 3 0.3% 75000 33% 2 1.5% 50000 21% 
>50,000 75000 0 0.0% 0 0% 1 0.8% 75000 32% 

 
Table 4.8 shows the smaller patch size indicated by the TSF method and shows a trend, 
by both methods, to large patches dominating the area of the landscape.  The temporal 
scale of these results is very short. 
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In Francis et al. Table 5.9 patch size results by the TSF method for a longer period of 
time, present to 1675, are shown.  It should be noted that this timer period is longer, but 
includes present to 1961 – the time of fire suppression.  It is likely that this data is skewed 
to smaller patches.  This data is summarized below in Table 4.9.  Methodology is the 
same as that for Table 4.8. 

Table 4.9  Summary of patch size from Francis et al. 
Table 5.9 TSF present to 1675. 

Patch size TSF mapping 

Class mid point number frequency Area % of total Area 
0-50 25 1836 81.7% 45900 14% 
51-100 75 130 5.8% 9750 3% 
101-200 150 85 3.8% 12750 4% 
201-500 250 96 4.3% 24000 8% 
501-1000 750 46 2.0% 34500 11% 
1001-5000 2500 47 2.1% 117500 37% 
5001-10,000 7500 5 0.2% 37500 12% 
>10000 12500 3 0.1% 37500 12% 

 
NOTE: In referring to the data contained in this table Francis et al. indicates (pg 89) that 87.5% 
of the patches are <100 ha in size and that this area is only 9.8% of the entire area.  By using the 
mid point calculation method the area estimated for patch sizes less than 100 ha is 17%.  It is 
assumed that there are a significantly greater number of patches below the mid point of the 0-50 
class than above it.  Andison found that the number of very small patches was very high in 
boreal forests (Quick Note #13, 2002). 
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As noted in the general findings, Francis et al. indicates a difference in patch size 
distribution between major BEC zones.  This data is presented in graphic form in Francis 
et al. Figure 5.15.  Estimates of the frequencies shown on this figure were used to build 
Table 4.9A.  This data spans the period present to 1922.  This period is both short and 
includes the period of fire suppression. 

Table 4.9A  Summary of patch size for BEC zone, from 
Francis et al. figure 5.15.  

Patch size SBPSxc SBPSdc 

Class mid point 
frequency

% Area % of total Area frequency Area 
% of total 

Area 
0-50 25 39.0 975 1% 55 1375 2% 
51-100 75 7.0 525 0% 11 825 1% 
101-200 150 8.0 1200 1% 0 0 0% 
201-500 250 13.5 3375 3% 11 2750 3% 
501-1000 750 8.0 6000 5% 11 8250 9% 
1001-5000 2500 16.5 41250 32% 6 15000 17% 
5001-10,000 7500 5.0 37500 29% 3 22500 26% 
>10000 12500 3.0 37500 29% 3 37500 43% 

 
Given the temporally poor data it is likely best to consider patch size for the Chilcotin 
study area as a whole.  The most important aspect of this data is the trend that there is a 
distribution of many small fires with little area and fewer large fires comprising most of 
the area.  This trend is consistent with other research and is indicated in Figure 4.3. 
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Figure 4.3  Chilcotin fire patch size distribution and cumulative patch area from 
individual fire mapping based on the period 1922-1961 (data from Francis et al. 2002). 

 
 
 
 



NDT Draft Management Guidelines - March 31, 2003  Page   32 

4.3.3. Residual Patch size. 

Francis et al. states that the majority of small patches within the TSF maps are residuals 
(pg 199) and that these small patches of timber should not be considered as discrete 
disturbance patches (pg 115, 124).  He further states that most patches < 100 ha are fire 
residuals (pg 128, 132, 138 and 139) and assumes that some patches in the 101-200 ha 
and few patches in the 201-500 ha class would be residual patches (pg 90).  There is an 
expectation that most small patches are older than the surrounding forest (pg 119) and 
that most old forest exists within these small remnant islands (pg 79).  Therefore the 
distribution of these patches is critical to the understanding of older forests.  Based on 
IFM for the period 1961 to 1922 (39 yrs) the average residual patch size for the Chilcotin 
study area is 25.8 ha (median 7.0 SD 83.9).  For the SBPSxc the average residual patch 
size is 19.4 (median 6.8 SD 53.1) and for the SBPSdc the average residual patch size is 
34.4 (median 7.1 SD 118.6) (all from table 5.13 pg 90).   

 
Approximately 10% of the forested area within individual fires remained unburned.  Very 
large fires were shown to have more residual area left unburned.  Fires greater than 
10,000 ha had 10.5% of their area left unburned while fires less than 10,000 ha had only 
3.4 % of the their area left unburned.  It is uncertain if this specific data will be useful in 
establishing targets because it is unlikely that intentional openings will approach 10,000 
ha.  Andison found no correlation between fire size and the amount retained within the 
fire (Quick Note #18, 2003).  However, it seems logical that not all openings should share 
an equal amount of retention (i.e. WTPs) and that larger openings should have a larger 
amount of planned residual area. 
 
Guideline # SBS/SBPS  4 
Management Guideline Title:  Fire remnants. 
Type:  Landscape 
Research Finding:  There is correlation between fire size and the amount of retention 
with larger fires being found to have greater amounts of retention. 
Support:  Weakly supported. 
Guideline:  A range of various levels of retention (i.e. WTPs) should be considered 
within cutblocks, and a target proportion should not be uniformly applied by cutblock.  
Larger openings should have a larger amount of planned residual area.  WTP 
requirements can and should be balanced across the landscape and not by each individual 
cutblock to allow for ranges of retention. 
Further Research:  None. 
 
A further finding was that the amount of area in residual patches was significantly 
different between ecosystems.  The SBPSxc had only 6.3% of the in residual patches, 
while the SBPSdc had 19.5 % of it area remaining in residual patches.  It should be 
clearly noted here that this is in reference to patches.  As will be seen in discussions about 
fire severity the SBPSxc has higher retention of individual stems.  The results regarding 
residual patch size in this discussion must be considered with reference to the short 
temporal period of 39 years. 
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No discussion of the location of residual patches within the burn matrix was undertaken 
by Francis et al.  Andison (Quick Note #10) indicates that both islands (wholly located 
within the opening and matrix residuals (existing primarily within the opening but 
attached to the edge) are evident in boreal fires. 
 
Guideline #  SBS/SBPS  5 
Management Guideline Title:  Fire remnants 
Type:  Landscape 
Research Finding:  Island remnants both wholly located within the opening as well as 
remnants existing primarily within the opening but attached to the edge are evident in 
boreal fires. 
Support: Moderately supported. 
Guideline:  Remnant (WTP) design should include remnants that are wholly within the 
cutblock boundary as well as remnants within the block that are attached to the block 
boundary. 
Further Research:  None. 
 
4.3.4. Comparison with Biodiversity Guidebook 

For the BEC zones contained within the Chilcotin study area, all are considered to be 
‘Douglas-fir restricted or absent’ (Guidebook pg 30), so the patch size distribution 
indicated in Table 13 (Biodiversity Guidebook pg 33) is appropriate for this comparison.  
The guidebook breaks patches into different class sizes than the data presented in Francis 
et al., but it is close enough for comparison, given the general trends that were found. 

 
Table 4.10 below, presents the data from the two methods, TSF and IFM, as developed in 
Table 4.7.  The Biodiversity Guidebook patches size guidelines are included for 
comparison. 

Table 4.10  Patch Size Groups As Interpreted From Francis Et Al. Table 
5.8 Compared To Biodiversity Guidebook. 

Guidebook TSF IFM 

Patch 
size 

% Forest 
area within 
landscape Class Area 

% of 
area Area % of area

<40 10-20 <50 16925 8% 1375 1% 
40-250 10-20 50-200 10200 5% 2025 1% 
250-
1000 60-80 200+ 197750 88% 232500 99% 

 
This table indicates that the spatially accurate but temporally poor IFM data is well 
outside of the Guidebook range.  The TSF data, which is skewed towards smaller patches 
is also outside of the range.  Both data sources indicate a trend towards a greater 
distribution of large patches than the Guidebook range. 
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Table 4.11 considers the TSF data from Table 4.9 as it relates to the Guidebook range.  
The data is more temporally rich, extending back to 1675, however, it includes the period 
of fire suppression.  The nature of TSF mapping would tend to skew this data towards 
smaller patches, even so Table 4.11 shows that the data has a slight overlap with the 
upper limit of the range presented by the guidebook. 

 

Table 4.11  Patch Size Groups As Interpreted From 
Francis Et Al. Table 5.9 Compared To Biodiversity 
Guidebook. 

Guidebook TSF 

Patch size 
% forest area within 

landscape Class Area % of area 
<40 10-20 <50 45900 14% 
40-250 10-20 50-200 22500 7% 
250-1000 60-80 200+ 251000 79% 

Table 4.11A  Patch Size Groups As Interpreted From Francis Et Al. 
Figure 5.15 Compared To Biodiversity Guidebook. 

Guidebook SBPSxc SBPSdc 

Patch size 
% forest area within 

landscape Class Area % of area Area % of area
<40 10-20 <50 975 0.8% 1375 1.6% 
40-250 10-20 50-200 1725 1.3% 825 0.9% 
250-1000 60-80 200+ 125625 97.9% 86000 97.5% 

 
Table 4.11A shows the data divided by BEC zone in comparison with the guidebook.  
The trend indicated by Francis et al., towards more smaller openings in the SBPSdc and 
more large openings in the SBPSxc is noticeable but not large.  This data is based on IFM 
and spans the period present to 1922.  Again the general trend towards larger openings 
than the guidebook is the most significant factor. 
 
Guideline #  SBS/SBPS  6 
Management Guideline Title:  Patch Size - Chilcotin. 
Type:  Landscape 
Research Finding:  Data sources indicate a trend of greater distribution of larger patch 
sizes than is provided in the Biodiversity Guidebook. 
Support:  Strongly supported. 
Guideline:  Larger patch sizes than those provided in the Biodiversity Guidebook should 
be considered, - i.e. patches up to 5000 ha.  In addition, a greater proportion of larger 
patches than provided for in the Biodiversity Guidebook should be considered. 
Further Research:  None 
 
In Range of Natural Variability, 2001 Wong and Iverson draw attention to a challenge in 
applying RNV that was developed in by Holling and Meffe (1996).  This is the idea that 
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fixed forest policy and regulations, although easy to administer, often result in effects 
contrary to essence of the concept of RNV.  In general highly regulated forest 
management based on a multitude of inflexible rules defeats the rationale behind applying 
the RNV concept.  Nature exists in a variable state.  This is particularly true of incentive 
Licences in the Chilcotin.  When harvesting began on these Licences block sizes were 
typically large and fell within the RNV nicely.  However, over time, it became harder to 
find large patches of timber that made the necessary licence criteria.  As a result block 
sizes fell, constrained by the requirement of 30% dead timber within each block.  This has 
resulted in numerous cutblocks creating discrete disturbance openings that fall into the 
small and very small categories. 
 
Guideline #  SBS/SBPS  7 
Management Guideline Title:  Patch Size 
Type:  Landscape 
Research Finding:  Data sources indicate a trend of greater distribution of larger patch 
sizes than is provided in the Biodiversity Guidebook. 
Support:  Strongly supported. 
Guideline:  As a strategy to create some larger patches, future harvesting in the Chilcotin 
should focus on aggregating smaller patches created by previous beetle salvage 
harvesting. 
Further Research:  None. 
 
4.3.5. General findings East Fraser study area. 

Due to the lack of fire scars on the East Fraser landscape only the TSF mapping was 
done.  TSF mapping is limited in that it greatly underestimates the size of patches (p 
77,123).  The dates of the reporting period for Table 5.22 are not reported but are 
assumed to contain data back to 1869 – the period of reliable mapping accuracy. 

 
In the East Fraser area Francis et al. found the largest fire to be 27,800 ha (p115) and 
references Hawkes et al. as indicating a maximum disturbance size of 14,000 ha based on 
studies in the SBS portion of the McGregor Model Forest. 

 
Patch sizes reported by Francis et al. may be smaller than actually exist because of 
arbitrary boundary location and the TSF mapping.  This was specifically mentioned with 
regard to BEC zone boundaries (p78) and could be expanded to include study area 
boundaries. 

 
Mean patch size for the East Fraser study area is 397.1 ha with a standard deviation of 
1964 (no confidence interval was stated). 

 
Patch size was NOT found to be different between BEC zones. 
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4.3.6. Specific Findings East Fraser Study Area 

There was no support for a difference between BEC zones within the East Fraser study 
area; so all BEC zones are combined.  The data, which is found in Francis et al. Table 
5.22, is based on TSF mapping and should be considered to be skewed towards smaller 
patch sizes.  Data found in Francis et al. was treated in the same manner as it was for the 
Chilcotin study area (establishment of class midpoint values for determining area), and is 
summarized in Table 4.12.  The same trends graphed in Figure 4.3 are evident in this 
data. 

Table 4.12  Summary of patch size from 
Francis et al. Table 5.22 TSF. 
Patch size TSF mapping 

Class mid point number frequency Area 

% of 
total 
Area 

0-50 25 564 75.9% 14100 5% 
51-100 75 46 6.2% 3450 1% 
101-200 150 34 4.6% 5100 2% 
201-500 250 32 4.3% 8000 3% 
501-1000 750 17 2.3% 12750 5% 
1001-5000 2500 38 5.1% 95000 35% 
5001-10,000 7500 3 0.4% 22500 8% 
>10000 12500 9 1.2% 112500 41% 

 
In his summary (p 132) Francis et al. indicates that TSF patches < 100 ha account for 
82% of the total patches, but account for less than 5% of the forested area.  This is further 
refined to 2.9% of the area on p119.  By comparison Table 4.12 indicates that the patches 
< 100 ha account for 6.5% of the area.  This difference is likely due to the choice of the 
mid point value and the fact the observation data is not arranged equally on either side of 
the mid point.  The difference is small and likely not significant in assessing the trend in 
patch size.  The percentage value for the class size < 50 ha in both Tables 4.12 and 4.14 
would be more accurately represented as 2-3%. 

 
4.3.7. Comparison with Biodiversity Guidebook 

For NDT3 regimes the Biodiversity Guidebook (1995) lists two patch size distributions, 
Tables 12 and 13.  Table 12 is for BEC zones that are considered to have Douglas-fir 
throughout the stands.  Table 13 is for BEC zones considered to be without Douglas-fir.  
The reason for the split is found on Page 29 of the Biodiversity Guidebook “the presence 
or absence of Douglas-fir does not influence the disturbance frequency, but determines 
the number and size of mature remnant stands that survive extensive crown fires to 
provide structural diversity.  Douglas-fir is the most fire resistant tree species in this 
NDT.”  Which class the BEC zone is considered to be in is indicated on page 30 of the 
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Guidebook, and is summarized below (proportions of BEC zone area are taken from 
Francis et al. pg 5) 

Table 4.13  Portion Of Study Area Within 
BEC Zones Considered To Be With Or 
Without Douglas-fir. 

BEC zones considered to be without Douglas-fir 
  Chilcotin % East Fraser % 
SBPSxc 70 0 
SBPSdc 27 0 
SBPSmk 3 29 
SBSmc1 0 5 
Total 100 34 
BEC zones considered to be with Douglas-fir    
SBSdw1 0 42 
SBSdw2 0 22 
SBSmh 0 2 
Total 0 66 

 
As can be seen from this summarization, 66% of the East Fraser study area would be in 
the BEC zones considered to have Douglas-fir throughout.  This will be a significant 
feature in the comparison with guidebook ranges. 

 
Table 4.14 compares Patch size distribution indicated by Francis et al. with both patch 
size tables from the guidebook.  The guidebook breaks patches into different class sizes 
than the data presented in Francis et al., but it is close enough for comparison, given the 
general trends that were found. 

 

Table 4.14  Patch size groups as interpreted from 
Francis et al.(2002) table 5.22 compared to 
Biodiversity Guidebook. 
Guidebook w/o fir TSF 

Patch size 
% Forest area 

within landscape Class Area % of area 
<40 10-20 <50 14100 5% 

40-250 10-20 50-200 8550 3% 
250-1000 60-80 200+ 250750 92% 

Guidebook with fir TSF 

Patch size 
% Forest area 

within landscape Class Area % of area 
<40 20-30 <50 14100 5% 

40-80 25-40 50-100 3450 1% 
80-250 30-50 100-500 13100 5% 

   500+ 242750 89% 
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For the Moist Interior Plateau natural disturbance unit in the Prince George Forest Region 
DeLong (2002a) recommends a patch size distribution where the landscape area is 
dominated by large patches.  Table 4.15 summarizes DeLong’s (2002a) recommendation 
and compares it to the Francis et al. TSF data.  It should be noted that three of the eight 
major subzones in the Moist Interior Plateau are considered by the Biodiversity 
Guidebook (1995) to have Douglas-fir throughout. 

Table 4.15  Comparison Of Recommended Patch Sizes From Delong 
(2002a) and Francis et al. (2002). 

Delong TSF 

Patch size 
% forest area within 

landscape Class % of area 
<50 5 <50 5 

51-100 5 50-100 1 
100-1000 20 100-1000 10 

>1000 70 >1000 84 
 

The close agreement between DeLong and Francis et al. is significant.  Also of note is 
that DeLong proposes cutblocks that exceed 1000 ha, in agreement with Francis et al., 
whereas the guidebook has a maximum size limit of 1000 ha. 

 
When compared to the Guidebook Without Douglas-fir Table (heavier weighting to larger 
patches) it can be seen that the patch distribution indicated by Francis et al. shows 
considerably less than Guidebook standards in small and medium and more in large.  
When Francis et al. data is compared to the Guidebook distribution for openings in sub-
zones with Douglas-fir throughout the results are extremely divergent.  The data shows 
that the landscape actually had vastly more disturbance area in large patches than the 
Guidebook assumed.  This is one of the most significant differences from the current 
practices noted for the sub-boreal forests within the study area.  These results are based 
on TSF mapping and as a result are likely skewed towards more small patches than 
actually exist.  This further exacerbates the differences shown above.  The data presented 
by Francis et al. (2002) does not support the idea that Douglas-fir limits the size of 
disturbance patches in the East Fraser landscape.  In discussion of fire severity, Francis et 
al. (pg 135) states that “In many situations, especially within the SBSdw2 and SBPSmk 
subzones, only very large Douglas-fir veterans were observed to remain as scattered 
remnants in otherwise single fire cohort spruce and pine stands.  Also, with the exception 
of the few very large, scattered veteran trees, many Douglas-fir dominated stands also 
appeared to be composed of a single-fire cohort, as indicated by dense regeneration and a 
closed canopy”. 

 
Delong (2002a) notes that “managing for a more natural patch size distribution that 
would include a large proportion of harvested forest in patches exceeding 100 ha is 
ecologically desirable.  Apart from resulting in a more natural spatial age mosaic on the 
landscape it slows the rate of new road building, new stream crossings, and snag 
depletion”. 
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Guideline #  SBS/SBPS  8 
Management Guideline Title:  Patch Size East Fraser. 
Type:  Landscape 
Research Finding:  Data sources indicate a trend of greater distribution of larger patch 
sizes than is provided in the Biodiversity Guidebook for ecosystems with Douglas-fir 
throughout. 
Support: Strongly supported. 
Guideline:  Larger patch sizes than those provided in the Biodiversity Guidebook for 
ecosystems with Douglas-fir throughout should be considered, - i.e. patches up to 5000 
ha.  In addition, a greater proportion of larger patches than provided for in the 
Biodiversity Guidebook should be considered. 
Further Research:  None. 
 
4.3.8. Small patches. 

Small patches created by fires certainly exist on the landscape.  The amount of these 
patches is not clearly defined by Francis et al., as the smallest patch size group indicated 
in his study is 50 ha.  The median value in the Chilcotin area was around 8 ha indicating 
that 50% of the patches measured are 8 ha or smaller in size.  This is further confirmed by 
Andison (Quick Note #13, 2002).  Francis et al. feels that, although these patches are 
certainly there, they have little effect on sculpting the landscape (Pers. Comm.  2003).  
This may be less true at the stand level.  If the RNV concept is to be followed some effort 
to include small and very small patches should be made.  Much has been made of 
reducing the range of these small patch sizes because they are not economical (Wong and 
Iverson 2001).  This point has more or less validity given the time period.  Beetle 
harvesting of small patches can nicely emulate this pattern, and at times when appraisal 
incentive is applied to harvesting these small patches, they can be economically viable.  
The viability of small patches increases if they are associated with larger patches, such as 
small patches just outside the boundaries of larger patches.  Inspection of photos by DWB 
staff have noted that these very small patches often occur just outside the edge of where 
the larger fire ended (as if they were spot fires from the larger event).  Lignum should 
give consideration to maintaining the small patch beetle harvesting openings as long as 
this is economically feasible, and should consider incorporating small and very small 
patches economically close to the edge of larger openings.  This could be accomplished 
by a small area of group selection near the boundary of a larger block. 
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Guideline #  SBS/SBPS  9 
Management Guideline Title:  Patch Size - Small Patches. 
Type:  Landscape/Stand 
Research Finding:  Data sources indicate small and very small patches formed a component of 
the range of natural variability on the landscape. 
Support:  Strongly supported. 
Guideline:  Lignum should give consideration to maintaining the small patch beetle harvesting 
openings as long as this is economically feasible, and should consider incorporating small and 
very small patches economically close to the edge of larger openings.  This could be 
accomplished by a small area of group selection near the boundary of a larger block. 
Further Research:  None. 
 

4.3.9. The current perspective on patch size. 

Patch size distribution can be viewed in a simplified form, starting with considering a forested 
landscape of one even-aged type.  If the only disturbance force on the landscape is fire, it can be 
replaced with harvesting (more or less).  Harvesting should then be tailored to create openings 
(cutblocks) that appear in the same size/frequency distribution as the openings that were created 
by fire.  Over a short period of time the harvest openings would grow up into young forests.  
These young forests would mirror the size/frequency distribution of young forests created by 
fire.  Harvesting would continue, all the while maintaining the size/frequency balance that 
emulates fire patterns.  Over a longer period of time the first harvest openings would become 
intermediate aged forests, while the more recently harvested openings would become young 
forests.  Given enough time this pattern of harvesting would create a landscape with a similar 
size/frequency distribution in all major ages classes (young, intermediate, mature and old), the 
balanced landscape.  In this simplified landscape old forests would exist in discrete patches, 
small, medium and large, in the same distribution as other forest age classes.  Old forests would 
originate from single, discrete disturbance openings from the past.  This is a simplified overview 
of the NDT3.  Of course this does not consider the effects of fires occurring in spite of 
protection, major insect infestations, and stand maintaining disturbances occurring, or the fact 
that the forest landscape actually exists in a distribution of young, medium and old forest types, 
but it is a workable concept. 

 
The Biodiversity Guidebook adds further consideration to this simplified model, by considering 
the fact the landscape currently has various forest ages existing on it, which operationally 
complicates its application.  Page 34 states that ‘the range of leave areas should be the same as 
that for openings’, and, on page 33, ‘harvest units and the remaining mature forest stands with 
in the operable forest should be distributed in the landscape as shown in Tables 12 to 14’ 
(emphasis added).  In short, it is not appropriate to consider only future size/frequency 
distribution of forest stands caused by harvest openings.  The current size/frequency distribution 
of existing mature and old forests should also remain in the same balance as new young 
openings are placed on the landscape.  The balance of new harvest openings over a given time 
period may require that several medium sized cut-blocks be established, but care must be taken 
where they are placed on the landscape.  Placing them in a large patch of old forest may cause 
that patch of old forest to be reduced in size, becoming a medium patch of old forest, which may 
unbalance the size/frequency distribution of old forest.  Unless there is an abundance of mature 
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and old forest on the landscape, planning new harvesting openings can become an iterative GIS 
process.  This is further complicated with the addition of artificial Landscape Unit boundaries 
which further reduce the area.  This is the current patch size scenario and there are three central 
assumptions upon which it is based.  First, mature and old forests are a result of discrete 
disturbance patches growing up.  Therefore, second, mature and old forests should exist in the 
same size frequency distribution as new disturbance openings.  Finally, there will be little if any, 
overlap in disturbance patches. 

 
4.3.10. A New Paradigm.  

• In the SBPSxc portion of the Chilcotin study area, since 1869, 25% of the area has had 
one fire event, 48% of the area has had two fire events, 22% of the area has had three fire 
events and 5% of the area has had four fire events.  Over the same period of time, in the 
SBPSdc portion of the study area, 48% of the area has had one fire event, 36% of the 
area has had two fire events, and 8% of the area has had three fire events.  (Francis et al. 
pg 87). 

• Fire sizes as indicated in the previous patch size discussion, are dominated by large and 
very large fire events, in excess of previously considered maximums and in excess of 
guidebook recommendations.  So much so that Francis et al. suggests that without 
aggregating the Biodiversity target distributions a landscape will result that does not 
approximate historic fire patterns over the last 150 years (pg 136). 

• Results indicated that the majority of small patches within TSF maps are residuals (pg 
199). 

• Results of data indicated that small patches of timber should NOT be considered as 
discrete disturbance patches (pg 115, 124). 

• Most patches that are < 100 ha in size are fire residuals (pg 128, 132, 138 and 139) 
• Further relationships may exist between patch size and age-class with the expectation 

that most small patches are older than the surrounding forest matrix (p119). 
• Fire results suggest that most small patches are fire remnants within a larger burn matrix, 

and that most old forest exists within these small remnant islands (pg 79). 
 

These results seem to point to a different process than what has been assumed to be at work on 
the sub-boreal landscape.  Start with the same single class even-aged landscape as was imagined 
in the ‘current perspective’ above.  The landscape is subject to several large fires that leave 
remnant patches (and various levels of single trees) and large areas unburned.  The next fire year 
has several more large fires, which will reduce the area left unburned by the first fire year and 
may overlap some of the first fire area.  Francis et al. indicates that in the Chilcotin there were 
43 fire years between 2001 and 1869 (pg 42), or approximately one every three years.  For the 
East Fraser study area over the same period of time there were 21 fire years, or approximately 
one every six years.  The next fire year will do the same thing again, further reducing the 
remaining unburned area, leaving more remnants, and possibly overlapping previously burned 
area.  The process continues for many years.  Some stand initiating fire events may be huge 
(1869 and 1922, when drought conditions resulted in each year seeing 50% of the study area 
burned) essentially setting much of the area back to the initial one class even-aged state, where 
the process starts all over again.  The result is a mosaic of age classes across the landscape; large 
to very large young classes in single units, with progressively smaller and more fragmented old 
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classes.  These smaller fragments can give the illusion of many smaller stand initiating 
disturbance patches, but this may not be the case.  Table 5.8 in Francis et al. report indicates that 
small discrete fires do exist on the landscape.  However, he feels that small fires are just not 
very important in sculpting a landscape when compared to the effects of larger fires (Pers. 
Comm. 2003) 

 
This new paradigm brings into question the central assumptions of the current patch size 
understanding.   

• First, patches of old are not discrete disturbance openings that have grown up over time; 
rather they are the remnants of successive large disturbances.   

• Second, mature and old patches do not necessarily exist in the same size/frequency 
distribution as young disturbances; they will likely exist in smaller patches that grow 
smaller over time until renewed by the stand initiating fires.  The size distribution of old 
forest patches is, and must be smaller than any younger seral-stage (Andison Pers. 
Comm.  2003).   

• And finally, fires overlap, creating the mosaic of age/patch size that currently exists on 
the landscape.   

In summary, fire regimes result in shrinking patch sizes in older forest classes due to the 
erosion of older forest types by subsequent fires.  This conclusion is supported by Andison and 
DeLong (Pers. Comm. 2003).   
 
Data was not presented in Francis et al. that directly supports the conclusion that the 
mature and old forests exist in a different (smaller) size/frequency distribution than 
younger ages.  However, Francis indicates that the size frequency distribution of older 
forests could be determined from the data from the Chilcotin study area (Francis, Pers. 
Comm.  2003).  DeLong also indicates that the size frequency distribution of older forests 
could be determined by modeling (DeLong, Pers. Comm.  2003). 



NDT Draft Management Guidelines - March 31, 2003  Page   43 

 
4.4. Fire Severity in the Chilcotin study area. 
The Chilcotin study area is noted to have a ‘mixed severity’ fire regime with the occurrence of 
both high severity stand replacing fires and low to moderate severity burning (Francis et al. 
2002).  Francis et al. goes on to note that since 1869 50% of the Chilcotin has burned twice in 
132 years, and 20% has burned three times.  Francis et al. states a rate of burning for the 
Chilcotin study area (adjusted TSF mapping) of approximately 2% /year.  What is of note from 
the Francis et al. fire severity study is that approximately 55% of all fire was low to moderate in 
severity, leaving 16-99% residual forest, and therefore could not be considered stand replacing.  
This is different from previous thinking of fire regimes in the Chilcotin where all fire was 
thought to be stand replacing, and not ‘stand maintaining’, or stand modifying.   
 
Fire severity is perhaps the most important, and variable component of the Chilcotin disturbance 
regime.  A range of fire severities may exist within a single fire event, creating a complex pattern 
of post-fire stand structures where individual trees and forest patches may remain unburned or 
experience limited, moderate or complete mortality (Francis et al., 2002, pg 127). 
 

4.4.1. Landscape Level 

At the landscape level fire severity refers to the amount and pattern of significant residual 
forest patches mappable at a scale of 1:20,000 (min size 4 ha), that remain within a single 
fire event, or that escaped burning from multiple fire events (Francis et al. 2002, pg 35).  
As was noted previously, at a landscape level residual patches were more prevalent in the 
SBPSdc than in the SBPSxc.  Also, residual patch size was found to be larger in the 
SBPSdc than in the SBPSxc.  In general, larger fires (>10,000 ha) had more area in 
residual patches than smaller fires. 

 
4.4.2. Stand Level 

Stand level fire severity is used to refer to the amount and pattern of fine scale residual 
trees and patches that remain within individual polygons comprising individual fire 
patches.  It can describe residuals trees or patches (Francis et al., 2002, pg 35).  
Essentially, stand level fire severity captures residual structure that is too small to be 
caught at a landscape level. 
 
Stand level fire severity was considered by establishing eleven severity classes based on 
the amount of stand burned in a fire event.  Francis et al. (2002) groups these eleven 
classes into high, moderate and low (pg 92).  It can be assumed that the high severity 
classes represent stand replacing fires consistent with the common understanding of 
NDT3 processes.  It should be noted that about 12 % of the area considered to be in the 
high severity class will still have 5-15% residual structure.   

 
Fire severity was found to be considerably different for the two major ecosystems in the 
Chilcotin.  For the SBPSxc fire severity, approximately 45% of the study area was burned 
under high severity fires that left less than 15% of residual forest.  The SBPSdc was noted 
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to have a higher proportion (56%) of the study area to be in the high fire severity class.  
(Francis et al. 2002 pg 92). 
 
Landscape position and landscape type had no significant effect on fire severity, although 
there is some weak evidence indicating that lowland areas experienced less moderate 
severity fire, but higher amounts of high and low severity fire than the upland position 
(Figure 5.18 p93).  These general results are presented in Table 4.16.  Fire severity 
mapping was based on a small subset of the study area (7%).  Due to this, the results have 
to be viewed with caution when interpreting the results at the stand level.  Not 
withstanding this, it appears that low severity fire affected a substantial portion of the 
Chilcotin. 
 

Guideline #  SBS/SBPS  10 
Management Guideline Title:  Remnant retention. 
Type:  Stand  
Research Finding:  There is indication that lowland areas experienced less moderate severity 
fire, but higher amounts of high and low severity fire than the upland position. 
Support:  Weakly supported. 
Guideline:  Harvest prescriptions should include some areas adjacent to lowland riparian 
features that contain ranges of retention from very low levels that would emulate a high severity 
fire and higher levels of retention that would emulate a low severity fire. 
Further Research:  None. 
 

Table 4.16  Summary of fire severity findings for the Chilcotin study 
area. 

 
Severity Class. Data by 11 fire severity classes* Data by three general classes. 

Class 
ID # 

Portion of 
stand 

burned (%) 

Chilcotin 
Landscape 

(%) 

SBPSxc 
(%) 

SBPSdc 
(%) 

General 
class 

Chilcotin 
Landscape 

(%) 

SBPSxc 
(%) 

SBPSdc
(%) 

1 100 7 5 12 
2 95-99 25 19 42 
3 90-94 7 7 6 
4 85-89 6 7 5 

High 
severity 45 38 65 

5 75-84 7 7 3 
6 60-74 13 16 6 

Moderate 
severity 20 23 9 

7 45-59 9 11 6 
8 30-44 7 8 6 
9 15-29 8 8 5 
10 1-14 8 9 6 

Low 
severity 32 36 23 

11 0 3 3 3 No fire 3 3 3 
*Data is taken from histograms and may suffer from rounding error. 
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From an operational perspective it may be more feasible to make general classes based on 
silviculture system as it relates to residual structure.  An approximation of this is included 
in Table 4.17. 

Table 4.17 Operational divisions of fire severity. 
Severity Class. Data by 11 fire severity classes Data by three general classes. 

Class 
ID # 

Portion of 
stand 
burned (%) 

Chilcotin 
Landscape 

(%) 

SBPSxc 
(%) 

SBPSdc 
(%) 

General 
class 
(retention) 

Chilcotin 
Landscape 

(%) 

SBPSxc 
(%) 

SBPSdc 
(%) 

1 100 7 5 12 
2 95-99 25 19 42 
3 90-94 7 7 6 

Clearcut 
with 
reserves 
(0-10%) 

39 31 60 

4 85-89 6 7 5 
5 75-84 7 7 3 
6 60-74 13 16 6 

Shelterwoo
d 
(10-40%) 

26 30 14 

7 45-59 9 11 6 
8 30-44 7 8 6 

Selection 
(40–75%) 16 19 12 

9 15-29 8 8 5 
10 1-14 8 9 6 
11 0 3 3 3 

No Harvest 
opportunity 
other than 
single tree 
beetle 
extraction 

19 20 14 

 
Fire severity is not unique to a single fire event, the range of all fire severities can exist 
within a single fire patch. 

 
Francis et al. 2002 notes that the SBPSdc has a higher proportion of residual patches 
when compared to the SBPSxc – 19.5 % vs. 6.3%.  The SBPSdc is also noted to have a 
higher proportion of old age classes, and was noted to have approximately 8% of forest 
that was not under-burned.  However, the SBPSxc was noted to have a higher level of 
residual stand structure.  SBPSdc remnant patches were noted to be discreet island 
patches, whereas, the SBPSxc remnants are not in discreet patches, but rather scattered 
across the burn matrix in a range of proportions (Francis et al. 2002).   
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Guideline #  SBS/SBPS  11 
Management Guideline Title:  Remnant retention. 
Type:  Landscape and Stand 
Research Finding:  SBPSdc has a higher proportion of discreet residual patches when compared 
to the SBPSxc – 19.5 % vs. 6.3%.  SBPSxc was noted to have a higher level of residual stand 
structure.  SBPSdc remnant patches were noted to be discreet island patches, whereas, the 
SBPSxc remnants are not in discreet patches, but rather scattered across the burn matrix in a 
range of proportions. 
Support:  Moderately supported. 
Guideline:  Landscape and stand level planning should emulate the trend in differences in 
remnant patch retention and stand level retention between sub zones.  Numerical values are not 
targets, or minimum values, but guidance for the trend and range of retention for planning and 
design purposes. 
Further Research:  None. 
 

4.4.3. Mistletoe. 

The ubiquitous distribution of mistletoe is a forest health concern that must be considered 
before any partial cutting in pine, particularly in the Chilcotin, is attempted because of the 
potentially significant impact on growth and yield.  Stands in the Chilcotin grew up in a 
regime of mixed severity fire.  This mixed severity fire lead to a stand structure that 
contained many live residual trees.  Regeneration after the fire would have grown in 
under these trees.  The regeneration would have been subject to mistletoe infestations.  
One assumption is that since merchantable stands grew naturally in the patchy, mistletoe 
infested environment, that current managed stands that include significant residual 
structure should also be able to grow in the mistletoe infested landscape.  This 
assumption does not consider the effects of the frequent stand replacing fire events.  It 
may be that regeneration that came in post-fire, under a residual canopy achieved very 
little growth and would never have replaced the stand (as in uneven-aged management).  
This residual forest would exist in a stagnant state with the regeneration showing little 
growth, and the mature trees existing in much the same state due to culmination or 
increased drought conditions caused by the regeneration ingress.  These forests would 
stand in this state until a high severity event replaced them, and then, relatively mistletoe 
free, they produced a merchantable stand.  If this is the case, management to produce 
multiple cohort pine stands could result in significant growth reduction on the landscape 
over current even aged management practices.  Furthermore, Iverson (2002) presents 
evidence that suggests mistletoe may have had a reduced impact on forest health in stands 
subject to repeated low severity fire.  In a managed landscape with few, if any fires, this 
limiting effect would be removed.  Lignum must study the impacts of mistletoe on growth 
and yield and consider the economic cost of control before any partial cutting in pine is 
carried out. 
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Guideline #:  SBS/SBPS  12 
Management Guideline Title:  Remnant retention 
Type:  Stand  
Research Finding:  SBPSxc was noted to have a higher level of residual stand structure.  The 
SBPSxc remnants are not in discreet patches, but rather scattered across the burn matrix in a 
range of proportions 
Support:  Moderately supported. 
Guideline:  Stand level planning should consider partial cutting in the SBPSxc where fire 
regimes have left a legacy of higher level of residual stand structure scattered across the burn 
matrix in a range of proportions from patches to individual stems.  Pine retention areas should 
target areas of low mistletoe incidence if available. 
Further Research:  Lignum must study the impacts of mistletoe on growth and yield and 
consider the economic and societal costs of control before any partial cutting in pine is carried 
out. 

 

4.4.4. Patchiness at the stand level. 

The Chilcotin study area was also considered with regard to patchiness as it related to fire 
severity.  Patchiness was considered to decrease as the uniformity of the distribution of 
residual trees increased (p 36, 97).  High and low severity fires were found to be very 
uniform in residual structure distribution.  Patchiness follows a bell shaped curve having 
its peak in the middle severity classes and tapering to a zero value in the highest and 
lowest severity fires.  This would seem to indicate that the shelterwood/selection options 
should consider patches and group openings at a stand level. 
 
4.4.5. Patch size as it relates to fire severity. 

Francis et al. found that the largest patches (>200 ha) were associated with the highest 
fire severity classes (pg 98-99).  This was a more pronounced trend in the SBPSxc (pg 
98).  Increased severity and fire size could be associated with climatic conditions causing 
drought.  It was demonstrated that in fire years where more than 10,000 ha burned 
average fire size was considerably larger than the average fire size in years where less 
than 10,000 ha burned (pg 77-78).  It could be assumed that drought conditions resulted 
in years where cumulative fire totals were greater than 10,000 ha, and that the same 
drought conditions resulted in higher fire severity.  Francis et al. (2002) indicates that 
average patch size is not a good descriptor of fire severity due to extreme variations in the 
data, also the sample size for fire severity was small relative to the size of the study area 
so stand level fire severity patch distributions for the Chilcotin should be considered 
preliminary and interpreted cautiously (pg 100-101). 

 
Based on the idea that higher fire severity and larger patch sizes are related it could be 
assumed that the SBPSdc, being more dominated by high fire severity, would have larger 
patch sizes.  Of course, as has been shown, the data indicates that this is not the case.  
This apparent contradiction is likely explained by the fact that a high severity fire in a 
drier ecosystem will create a larger patch than high severity fire in a wetter ecosystem. 
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Guideline #:  SBS/SBPS  13 
Management Guideline Title:  Remnant retention. 
Type:  Stand Level 
Research Finding 1:  Patchiness was considered to decrease as the uniformity of the distribution 
of residual trees increased.  High and low severity fires were found to be very uniform in residual 
structure distribution.  Patchiness follows a bell shaped curve having its peak in the middle 
severity classes and tapering to a zero value in the highest and lowest severity fires. 
Research Finding 2:  The largest patches were associated with the highest fire severity classes. 
Support:  Moderate. 
Guideline:  Stand level planning should consider a patchy distribution of remnants to emulate 
the remnant structure type left by middle fire severity classes i.e.: group shelterwood, group 
selection.  Pine retention areas should target areas of low mistletoe incidence if available. 
Larger openings (>200 ha) should have less focus on singletree residual structure. 
Further Research:  Lignum must study the impacts of mistletoe on growth and yield and 
consider the economic and societal costs of control before any partial cutting in pine is carried 
out. 
 

4.4.6. Mountain Pine Bark Beetle 

A disturbance agent other than fire should be noted here.  The Chilcotin has been subject 
to outbreaks of mountain pine beetle in the past.  The outbreak in the 1980s affected 
many thousands of hectares.  Mortality in these attacked stands ranged greatly.  Some 
stands exhibited only 5% mortality, while others were as high as 95%.  It seems the bulk 
of the stands suffered 25 to 50% mortality (based on anecdotal evidence of DWB staff 
with 15 years experience in the area).  The partial mortality nature of the pine beetle 
infestation would mirror the effects of low and moderate severity fire very closely.  The 
size and impact of the past beetle infestation adds even more weight to the fact that 
significant residual structure should be a part of planned disturbance patches in the 
Chilcotin area. 
 

4.5. Fire Severity in the East Fraser Study Area. 
At the landscape level, Francis et al., 2002 pg 119, notes that 82% of the of the of the patches in 
the time since fire map are less than 100 ha, and are considered to be residual patches within a 
larger burn matrix.  However, Francis et al. notes that forest patches less than 100 ha only 
constitute 2.9% of the entire TSF map, suggesting a relatively low level of patch retention within 
the burn matrix.   
 
DeLong (2002) indicates that fire skips are consistently found within the boundaries of fires.  In 
the Moist Interior Plateau retention of mature patches within the boundaries of fires ranges from 
3-15%.  The mature forest remnants are distributed throughout all landscape positions and there 
was very little remnant structure outside of these patches (<1 live remnant tree/ha).  DeLong 
considers 98% of the disturbance in the NDU to be stand replacement, with only 2% being 
disturbance caused by death of individual trees or small groups of trees (gaps, generally < 1 ha in 
size and removing < 40% of the basal area of a stand). 
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Indications are that fires are high severity with relatively discreet remnant patches, but due to 
lack of evidence, and fire scar decay no supported information is given.  Francis et al. 
recommends that there be no quantification of landscape level retention without more detailed 
analysis. 
 
At the stand level Francis et al., pg 119 notes that there are large tracts of forest originating from 
single fire events in which limited post fire residual structure was observed during sampling 
(suggesting high severity fire, as observed in SBPSdc).  Only large residual Douglas-fir were 
visible as residuals.  Francis et al. suggests that rapid fire scar decay may have been a 
contributing factor to the absence of fire scarred trees.  Francis et al. also states on pg 120 that 
mixedwood stands complicated the ability to accurately map stand level fire at a 1:20, 000 scale 
using aerial photographs.  High levels of human disturbance and logging also presented 
difficulties to assessing stand level fire intensity.  It has been noted by DWB staff that single and 
scattered residual pine stems exist in some stands dominated by younger pine in the dry SBPSmk 
(24 km on the 2300 Rd).  This may reflect the presence of lower severity fires in a drier 
ecosystem, or it may be the result of a lower severity fringe on the dieing edge of a high severity 
fire. 
 
4.6. Summary Of Fire Effects On The Ecology And Extent Of Remnant Patches. 
Consideration of the total fire regime is necessary to understanding the basic trends shown in the 
data.  For instance fire size is larger in the SBPSxc than in the SBPSdc.  This is reflected in the 
average patch sizes, as well as the number patches greater than 500 ha, for these two ecosystems.  
In addition, the residual patch size (at a landscape level) is smaller in the SBPSxc than in the 
SBPSdc and there is more residual area in the SBPSdc.  Intuitively, these findings make sense.  
In the SBPSxc larger fires return on a shorter interval, with greater overlaps.  This leaves less 
total residual patch area and leaves it in smaller patches.  Conversely, in the SBPSdc, smaller 
fires returning at a longer interval, with less overlap leave more residual area in larger patches.  
All of the significant differences in data trends were related to ecosystem.  The key to 
understanding the total fire regime appears to be to understand its elements in the context of the 
ecosystem, and primarily in relative dryness of the ecosystem.  Table 4.18 on the following page 
summarizes the basic trends for the fire regime elements in the context of ecosystem moisture.  
The arrows show the direction of the increasing trend. 



NDT Draft Management Guidelines - March 31, 2003  Page   50 

 

Table 4.18  Summary Of Fire Regime Trends In Context Of Ecosystem 
Moisture. 

 
Arrows show the direction of increasing trend. Driest                           Wettest 

Fire Regime Element 

SB
PS

xc
  

SB
PS

dc
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k 
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h 
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w
2 
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Sd

w
1 
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Fire frequency  
Burn Rate  

Fire overlap  
Coarse Woody Debris1  

Fire Size  
Fire Severity2  

Landscape level Residual (retention) patch size.  
Landscape level residual (retention) total area  

Stand level Residual (retention) small patches and single 
trees3

 

Patchiness4  
1 In areas of frequent overlapping fires and low severity under burning there is less large coarse woody debris on 
the ground. 
2 Likelihood of high severity events rather than low severity events occurring and is based on longer fire return 
intervals and higher fuel loading. 
3 This is linked strongly to the presence of low and moderate severity fires. 
4 Patchiness is greatest in moderate severity fires.  High and low severity fires are relatively uniform in residual 
tree distribution.  Moderate severity fires (along with low severity fires) are most likely to occur on drier sites. 
 
 
These trends have been expressed on a moisture gradient related to Biogeoclimatic Sub-zone, 
however the same basic trends will exist with any moisture gradient (i.e. between site series 
within a sub-zone). 
 
These trends, based on moisture gradient, may also be extended to develop harvesting 
practices which emulate natural disturbance types in Biogeoclimatic zones that are not 
addressed by the research included in this report (i.e. MSxv). 

 
The probability of fire severity and the complexity of the severity regime can also be related to a 
moisture gradient.  As ecosystems get wetter there is a greater likelihood of higher severity fires.  In 
the driest (IDFxm) and wettest (SBS) ecosystems fire severity will be simple, low severity and high 
severity respectively.  In the moderately dry ecosystems (IDFdk3, SBPS) fire severity will be mixed 
(Iverson, Pers. Comm. 2003). 
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4.6.1. Fire vs. Harvesting. 

Fire is considered to be the most significant disturbance force in the Sub-boreal forest.  
“Given that fire plays a significant role in shaping the forest composition and structure, a 
significant portion of biodiversity in north temperate regions may be adapted to natural 
forest fire regimes” (Bunnell, 1995).  Most of DeLong’s 2002 guidance for the Prince 
George Forest Region relates to approximating wildfire as it was the key stand replacing 
agent over most landscapes.  For this reason, the choice has been made to model human 
disturbance in NDT 3 on fire.  Furthermore, it matches to a large degree with current, 
economical harvest techniques.  A general assumption in developing NDT3 guidelines is 
that harvesting replaces fire disturbance.  This is a good starting point but it must be 
recognized that fire and harvesting are not equals. 

 
Bunnell (1995) noted that the major differences between harvesting and fires were that 
harvesting leaves little debris, standing snags, live trees and it disturbs area in unnatural 
patterns compared to fire.  DeLong (2002a) notes that disturbances remove little or none 
of the wood biomass from the site and that although harvest rates are similar to fire rates 
harvesting depletes old forest more rapidly than fire because it concentrates on it.  Also, 
harvesting requires road construction. 

 
Fortunately, with care and attention harvesting can be made to resemble the spatial effects 
of natural fire to a large degree.  DeLong notes that “the main characteristics of fire that 
can be adequately approximated are size, shape and fire skips.  Other characteristics that 
can be managed for are retention of woody material on site and variable disturbance 
severity” (DeLong 2002).  Depletion of old forests can also be managed to some degree.  
Fire can most accurately be mimicked at the landscape level (patch size, spatial 
distribution and reserves), but is more difficult to mimic at the stand level because fire 
leaves almost all of the woody debris on site (DeLong, 2002).  Coarse woody debris 
amounts are also affected by fire overlap and fire severity.  Landscapes that are subject to 
frequent fire overlaps have reduced amounts of coarse woody debris (DeLong 2002). 

 
Guideline #:  SBS/SBPS   14 
Management Guideline Title:  Coarse Woody Debris (CWD) 
Type:  Stand Level. 
Research Finding:  Fire is difficult to mimic at the stand level because fire leaves almost all of the 
woody debris on site.  Landscapes dominated by high severity fire have higher levels of coarse woody 
debris present in the form of standing snags shortly after the fire, and fallen snags in the immature 
replacement stand.  Landscapes dominated by low and mixed severity fire generally have lower 
amounts of CWD, but it likely exists in a greater range. 
Support:  Moderately supported. 
Guideline:  Stand level planning should incorporate stubbing and dropping of individual stems, as 
well as stubbing and dropping into CWD patches to emulate CWD distribution across the landscape. 
Further Research:  Further research or field survey may be required to determine ranges of CWD 
present to guide actual amounts or activities in site plans, i.e.: CWD amounts by biogeoclimatic zone. 
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It must be stressed that the best attempt to emulate a natural disturbance of fire with 
harvesting will fall short in some areas.  Fire has a different effect than harvesting.  
Abundant snags exist after fire.  Soil nutrients are enriched by the flush after fire.  
Seedbanks and shrubs react differently after a fire than after harvesting (Iverson, Pers. 
Comm., 2003).  Delong notes that some organisms appear to be heavily dependant or 
possibly even obligate on fire killed stands (DeLong 2002a).  It is evident that fire still 
has a place on the landscape.  In light of this DeLong (2002a) recommends that the 
salvage of naturally occurring fires should be limited, and that in some cases this may not 
be enough and prescribed burning may be required.  Iverson (Pers. Comm.  2003) 
expressed this concern as well, and indicated that Lignum should pursue some degree of 
prescribed burning on the landscape.  Incorporating fire as a management technique 
would increase the range of variability on the managed landscape. 

 
Guideline #:  SBS/SBPS  15 
Management Guideline Title:  Natural Fire and Prescribed Fire 
Type:  Landscape Level 
Research Finding:  Fire is noted to have important ecological affects on the landscape that are 
not emulated through harvesting. 
Support:  Strongly supported. 
Guideline:  Some, or portions, of naturally occurring fires should not be salvaged and should be 
left for biodiversity, and as part of a naturally occurring stand type in the range of natural 
variability. 
Further Research:  Further study on the effects of the removal of fire from the landscape should 
be considered, and the potential for prescribed fire assessed to replace naturally occurring fire. 
 

Another difference between fire and harvesting is the stand composition that results from 
each activity.  Dense stands of lodgepole pine were typical after wildfire.  The lowest 
stocking level found for young natural stands (50 yrs old) in the SBSmk1 was 2,224 sph > 
7.5 dbh (Table 3) (DeLong 1998).  Managed stands vary considerably in density 
depending on whether natural or artificial regeneration is used and the rate of ingress 
from naturally regenerated stems.  Ministry of Forests records for young managed stands 
in the SBSmk1 indicate stocking levels of 500 - 21,000 sph (average 3,475 sph).  Certain 
practices such as low impact site preparation, which limits mineral soil exposure, in 
combination with modest stocking levels (<1,600 sph) may result in some stands being 
outside the natural range of variability in stocking level but this remains to be examined 
(DeLong 2002).  The self-thinning associated with denser stands contributes to coarse 
woody debris in intermediate stands at a higher rate than would be expected in managed 
stands which begin at a lower density 
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Guideline #:  SBS/SBPS  16 
Management Guideline Title:  Regenerating stand densities. 
Type:  Stand Level 
Research Finding:  Dense lodgepole pine stands are noted to regenerate after fire.  The lowest 
stocking level found for young natural stands (50 yrs old) on in the SBSmk1 was 2,224 sph > 7.5 
dbh.  Managed stands vary considerably in density depending on whether natural or artificial 
regeneration is used and the rate of ingress from naturally regenerated stems.  Natural stands are 
noted to have higher levels of coarse woody debris through self-thinning than managed stands of 
lower densities. 
Support:  Moderately supported. 
Guideline:  Stand level silvicultural practices should consider stand densities that emulate 
naturally regenerating stands after fire as a component of the range of natural variability. 
Further Research:  The impact of higher density stands on growth and yield should be studied 
to assess the affects of managing stands at higher densities. 
 

DeLong also stresses the different vegetation regimes that can result from fire.  “Wildfire 
intensity varies considerably over the extent of a wildfire event.  The impact within a fire 
boundary can vary from none (i.e., fire skips) to considerable, where all trees are killed 
and most of the forest floor is removed.  This variation in intensity provides a lot of 
variation in vegetation pattern.  In fire skips the vegetation will remain relatively 
unchanged, whereas in other areas the resulting vegetation will be a product of remaining 
live tissue, buried live seed, seed transported from adjacent live seed sources and site 
conditions.  Any attempt to create similar vegetation patterns after harvest will be crude 
but we should attempt to at least create similar proportions of non-forest (e.g., willow, 
alder) and forested habitat types and forests of similar tree composition and structure”  
(DeLong 2002a). 

 
Guideline #: SBS/SBPS  17 
Management Guideline Title:  Non-forested areas. 
Type:  Stand Level. 
Research Finding:  Different vegetation regimes can result from fire, fire severity is variable 
within individual fire boundaries creating variation in vegetation pattern.  An attempt to at least 
create similar proportions of non-forest (e.g., willow, alder) and forested habitat types and forests 
of similar tree composition and structure should be made. 
Support:  Moderately supported. 
Guideline:  Stand level planning should attempt to leave similar proportions of forested and non-
forested vegetation types as was present in the original stand.  Any roads or landings that are no 
longer operationally required could be considered to be rehabilitated to a brush/deciduous 
complex to emulate this proportional variation in vegetation pattern. 
Further Research:  Study may be required to determine the most effective rehabilitation regime 
to create a brush/deciduous complex on roads and landings. 
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4.6.2. Fire and Riparian Areas. 

Management plans often target riparian areas for the retention of forested reserves; 
however, research indicates that riparian areas often burned; therefore, reserving all 
riparian stands may have an adverse affect on biodiversity.  Current practices are dictated 
by the Forest Practices Code Act of British Columbia that sets minimum reserve zone 
widths for various riparian features.  With very few exceptions, this will result in long 
term (semi-permanent) reserves over time.  At the landscape scale, several researchers 
have found that riparian forests burned as often as upland (Francis, et al. 2002, Andison 
2002, Steventon 2001).  Steventon (2001) found that riparian features provide linear 
corridors of distinct vegetation, but not forest age in the SBSdk and SBSmc subzones of 
the Prince Rupert Forest Region.  At very fine scales, Andison (2002) found some 
evidence that residual structure tended to form at or near riparian features.  The residual 
trees tended to persist on wide streams, wet sites, and where steep topographic breaks 
occurred above large streams.  Stuart-Smith and Hendry (1998) found that discrete 
islands tended to be located next to a stream, whereas small clumps of trees had no clear 
tendency to be found near a stream.  Collectively, this information indicates that riparian 
areas have different fire regimes than upland habitats at a fine scale and that they often 
burned.  The data also indicates that reserving all riparian areas indefinitely is outside the 
range of natural variability, and this may have significant ecological consequences 
(Andison 2002).   

  
Early seral habitats in riparian areas provide abundant deciduous vegetation such as 
willow, red-osier dogwood, and black cottonwood.  Reduced availability of this habitat 
will have an impact on many species.  An example of this impact would be diminished 
foraging habitat for beaver.  Forest fire suppression has greatly reduced the availability of 
accessible deciduous forage.  Generally, the first 50m of riparian habitat is considered 
safe and efficient for beaver foraging.  Reserving the forest adjacent to water decreases 
the amount of forage and may increase predation risk (BC Ministry of Environment 
1988).  Furthermore, the practice of placing wildlife tree patches (WTP) on constrained 
riparian areas reduces the availability of WTP's for upland areas.  Often, all the WTP 
requirements are met in riparian areas and there is no biological legacies left in upland 
areas.  This information suggests that the full representation of seral stages should also 
occur in riparian areas.  However, disturbance due to resource development may also 
cause changes that have adverse ecological consequences.  Given this, it would be 
prudent to examine the effects of natural disturbances on riparian areas to ensure that 
critical resources are retained through time. 

  



NDT Draft Management Guidelines - March 31, 2003  Page   55 

 
Guideline #:  SBS/SBPS  18 
Management Guideline Title:  Riparian Management Areas 
Type:  Stand 
Research Finding:  Research indicates that riparian areas burned at the same rate as upland 
locations.  At a fine scale, islands of unburned timber are likely to be found adjacent to riparian 
features.  Reductions in the availability of early-mid seral riparian habitat are contributing to 
conditions outside the range of natural variability and this may have a negative effect on species 
using riparian systems. 
Support:  Low to moderate.  There is good evidence that riparian areas burned periodically, but 
little information on the effects of removal of fire on this system. 
Guideline:  Give consideration to conducting adaptive management trials in conjunction with, or 
as research, to study/monitor the effects of partial harvesting and/or prescribed fire within 
riparian management areas. 
Further Research:  More information is required on the disturbance regime of riparian 
ecosystems.  Research is also required to determine the long-term impacts of reserving riparian 
forests on riparian ecosystems. 
 

4.6.3. Connectivity 

The Biodiversity Guidebook (1995) provides the bulk of current recommendations with 
regard to connectivity.  Connectivity is defined as ‘a quantitative term describing the 
degree to which late successional ecosystems are linked to one another to form an 
interconnected network” (p74). 
 
“In this natural disturbance type (NDT 3), wetland complexes, riparian stands, and the 
mature forests between them account for most of the connectivity among old seral stage 
stands.  This disturbance type covers a very broad ecological range and has a large degree 
of variation in the natural connectivity of old and mature forests.  The SBPS 
biogeoclimatic zone in the Cariboo Forest Region and some of the SBS biogeoclimatic 
subzones in the Prince George Forest Region probably had little connectivity across the 
forest matrix.  Landscape connectivity, however, was provided along riparian corridors.” 
(Biodiversity Guidebook. pg 35). 
 
The idea that landscape connectivity is highly related to water features has been suggested 
elsewhere.  “Small patches and strips of trees along draws or water-ways remain 
unburned, providing connectivity throughout burned areas” (Bunnell, 1995).  However, 
this is contrary to evidence presented by Francis et al. (2002).  In the Chilcotin Study area 
there was no significant difference in the rate of burning associated with landscape 
position or type.  There was no significant difference in the rate of burning between 
riparian and upland areas.  In the East Fraser study area there was no difference between 
ecosystem, landscape type or landscape position with regards to rate of burning.  Further, 
Wong and Iverson (2001) reference McCleary and Andison 2001, as presenting 
information that some fires historically burned through riparian areas.  This evidence is 
also supported by Steventon (2001) and by Stuart-Smith and Hendry (1998).  This 
appears to be the case for the Sub-boreal forest within the IFPA.  The current practice of 
reserving riparian areas may have future consequences.  “The ubiquitous nature of fire in 
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riparian zones suggests that disturbance is a necessary element of the terrestrial part of 
riparian systems.  Thus removing disturbance from these systems may have significant 
ecological implications” (Andison, Quick Note #12, 2002). 

 
The guidebook provides tabular reference (pg 37) to where connectivity should 
be provided.  This information as it applies to the Sub-boreal IFPA area is shown 
in Table 4.19. 

Table 4.19  Connectivity as presented in the Biodiversity guidebook. 

Natural Connectivity 
Characteristics 

SBPS  (Chilcotin – 100%. EF – 29%) 
SBSdw1 (EF - 42%) 
SBSdw2 (EF – 22%) 
(Lignum Sub-boreal area:  96%)1 

SBSmh  (EF – 2%) 
SBSmc1 (EF – 5%) 
 
(Lignum Sub-boreal area:  4%) 

Upland to upland Low Low-mod 
Upland to stream Low Low-mod 
Upland to wetland Low High 
Cross elevation Low Mod 
Wetland complex High Mod 
Stream riparian Low High 
Island remnants.2 High Mod 
EF: East Fraser. 
1 Areas based on Francis et al. 2002 (pg 5).  Sub-boreal forests in Lignum’s IFPA are dominated 
almost exclusively by the first column.  Ecosystem representation of the remaining areas is so 
small that generalized recommendations will be avoided for these BEC subzones. 
2 A measure of the importance of island remnants to landscape connectivity relative to other 
NDTs.  Island remnants are the structures remaining after stand initiating disturbances and will 
therefore be most important where stand initiating disturbances are predominant (Guidebook ,pg 
75). 
 

As can be seen, the recommendations within this table, for the bulk of the area of 
concern, indicate special attention should be directed to wetland complexes and island 
remnants.  It has already been mentioned that the data presented for the sub-boreal study 
area is not in agreement with the idea of wetland complexes linking areas of late 
successional forest.   
 
The data does indicate the importance of island remnant patches.  Small patches are the 
most frequent size on the landscape, although they do not contain much area.  The 
patches are typically the remnants of much larger, overlapping fires.  These patches will 
be, typically, older forest.  These patches will exist in various sizes, within a larger 
disturbance (younger forest).  A distinction between two types of connectivity will be 
made here.  Inter-patch connectivity will refer to connectivity existing between patches of 
older seral forest.  This would be exemplified by two patches of older forest joined by a 
long narrow band of mature/older forest that ran along a stream or linear wetland 
complex.  This refers to connectivity between two or more disturbance patches.  Intra-
patch connectivity will refer to connectivity existing within a disturbance patch.  It is 
unlikely, given the fire regime found on Lignum’s sub-boreal forests, that there will be 
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significant inter-patch connectivity of mature and old forests linking larger patches of old 
forest.  However, there will be significant intra-patch connectivity.  Large disturbances, 
tending to relatively uniform retention, will have high levels of connectivity within 
themselves as they grow older.  Older residual patches of forest that survived as remnants 
in the stand initiating disturbance will be linked, not by narrow bands, but by fairly 
uniform stands of immature, young and mature forests.  Emphasis should be placed on 
intra-patch connectivity rather than inter-patch connectivity.  This can be managed for by 
creating large cut-blocks (aggregates) with significant retention patches within the 
opening. 

 
The following quote from the biodiversity guidebook indicates the importance linkages 
on the landscape. 

"Unless they are extremely large, reserves will not be able to maintain viable 
populations or ecological and evolutionary processes the way whole ecosystems 
can.  For example, while some species disperse well between forest fragments, 
others found in old-growth forests (such as flightless invertebrates) are poor 
dispersers and are thus vulnerable to isolation impacts.  Small populations of 
animals and plants that are restricted to forest fragments and isolated by roads and 
other barriers may not survive in the long term.  To avoid this problem, reserves 
should be linked as much as possible.  These linkages can provide important 
seasonal and annual movement corridors for some species, and critical habitat for 
the dispersal of other species among isolated habitat fragments." (Biodiversity 
Guidebook pg 80). 

 
It must be recognized that this is a general quote, applicable to all NDT regimes, and is 
more or less appropriate to an individual regime.  The guidebook is specific that 
connectivity management should be guided by the type and degree of connectivity found 
on the natural landscape. 

 
Landscapes in the SBPS areas will have notable areas of residual forest, and scattered live 
veteran trees within a younger forest.  The presence of these trees and small patches should 
also be considered in view of the connectivity characteristics they supply to the natural 
landscape.  Designing landscapes to be dominated by clusters of large blocks will 
approximate the natural connectivity of SBPS stands by providing both older contiguous 
area and younger areas which will eventually replace the old stands. 

 
4.6.4. Landscape Level Connectivity Through Aggregating. 

Data indicates that sub-boreal forests that are characterized by frequent (i.e.<150 year 
cycle) stand initiating fires would have a natural landscape dominated by very large 
patches that were created by fire (Francis et al. 2002, DeLong 2002a, Steventon 2001, 
Dawson 1996).  Fire activity was highly variable in these systems with episodic periods 
when the disturbance rate fluctuated much higher and lower than the average.  This 
resulted in a temporal pattern of habitat availability where either young or older forest 
dominated the landscape (Steventon 2001).  This disturbance regime also results in a 
forest with alternating periods of high and low connectivity for both mature and early 
forest.  In contrast, the current pattern of harvesting results in an increase in the amount of 
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edge between old and young forest and the loss of interior forest habitat (Steventon 2001).  
In addition, a dispersed cutting pattern results in a much greater length of road access than 
aggregated cutting (DeLong 2002b).  This reduced road effect is short term if one 
considers that the eventual development of the whole available landbase will require the 
same amount of road, in total, by either method.  The advantage comes if unneeded roads 
are deactivated or rehabilitated.  In this case the aggregate method requires less ‘active’ 
roads on the landscape at any one time. 

 
Moving to an aggregated cutting pattern where the total patch size meets or exceeds the 
values specified in the Biodiversity Guidebook will increase the degree that sub-boreal 
landscapes resemble natural disturbance patterns.  The guidebook specifies that in areas 
with ‘Douglas-fir throughout’ the maximum patch size (including aggregations) should not 
exceed 250 ha whereas it may reach 1000 ha in areas where ‘Douglas-fir is restricted or 
absent’.  Limiting of cutblock size to 250 ha where Douglas-fir is present throughout is not 
supported by the data from the East Fraser Study Area (Francis et al. 2002) where large 
Douglas-fir vets persist in very large disturbance patches.  An effort should be made in 
both areas to increase the upper limit of patch sizes to more closely resemble those of 
natural sub-boreal forests.   

 
Incorporating existing cutblocks into large aggregates would limit the fragmentation 
caused by past harvesting.  Ideally, these aggregations would be in clusters that over time 
would join leaving other similar sized areas of contiguous habitat.  This of course will be 
constrained by the existing habitat matrix.  However, allowing some slightly younger 
stands to be harvested would improve aggregation in landscapes where there is a mix of 
stand ages.  An example of what this could look like is seen in Figure 4.4.   

 
    Cohort 
1 1 4 3 4 4 1 1 5 2 A=   
3 2 2 4 2 3 4 3 3 3   
2 5 1 1 1 4 4 5 3 4 B=   
5 5 3 5 1 3 2 5 2 2   
5 5 3 3 3 2 2 5 5 1 C=   
1 4 5 5 4 4 4 5 3 4   
3 5 4 3 5 5 5 5 4 5 D=   
3 2 4 3 5 5 4 5 2 4   
1 1 3 4 1 3 4 3 2 2 E=   
2 1 2 1 5 2 5 3 5 2     

 

Figure 4.4.  Hypothetical 25,000 ha landscape containing one hundred 250 ha 
stands.   

The stands are age class 1-5 (with 5 being oldest).  Five cohorts were harvested using the 
following rules: 1) 20 stands should be harvested to make up each cohort.  2) Target 
oldest stands first, but older stands may be carried to the next cohort if harvesting a 
younger stand will aid in aggregation.   
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The mix of stand types in Figure 4.4 was randomly generated and simplified (i.e. no 
OGMA’s), but still exhibits some of the problems that may be encountered in trying to 
form aggregations in some landscapes.  Forming aggregations of 1000 ha or more may be 
difficult due to the existing pattern of stand ages.  In this example, the existing pattern 
results in some cohorts having aggregations of up to 2250 ha while it was difficult to 
construct 1000 ha patches for other cohorts and several 250 ha patches were isolated.  This 
problem may be exacerbated by the small size of landscape units relative to historical 
disturbances.  Having to balance seral distributions to minimum targets instead of the 
natural range of availability will perpetuate differences in landscape patterns between 
natural and managed stands.  However, even within the current system some changes can 
be made to adopt a more natural pattern of patch distribution.  The proportion of different 
age classes in natural sub-boreal landscapes also fluctuated through time, and further 
aggregation/redistribution could be accomplished in future rotations using similar rules to 
those that created the example landscape. 

 
The natural pattern of fires also results in many skips and islands ranging from small 
clumps that could not be resolved on forest cover maps to large patches of forest.  WTP’s 
could be used to reproduce the smaller patches and provide stepping-stones of suitable 
habitat for species dispersing across the landscape, but should be present in all landscape 
positions to accomplish this.  The permanent reserve requirement on streams and wetlands 
restricts the ability to accomplish this.   

 
The representation of larger patches is more difficult to achieve without impact on harvest 
levels, but could be represented using a combination of approaches.  Larger patches of 
mature forest (e.g. 50-150 ha) could be retained within aggregates until green up is 
achieved in adjacent blocks and then harvested.  Longer term habitat may be represented 
by retaining patches of younger forest that are not merchantable at the time of harvest.  
This would allow a range of forest ages to persist within aggregates for longer periods of 
time. 
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Guideline #:  SBS/SBPS  19 
Management Guideline Title:  Patch size and spatial distribution. 
Type:  Landscape  
Research Finding:  Sub-boreal landscapes were dominated by large patches created by frequent 
stand replacing fires.  Patches were generally large and those >1000 ha dominated the landscape.  
The amount of any age class varied in the landscape due to disturbance rates that cycled from 
high to low over time. 
Support:  Strong for sub-boreal landscapes without Douglas-fir throughout.  Moderate support 
for subzones with Douglas-fir throughout. 
Guideline:  Create a clustered harvesting pattern that targets old stands, but also includes 
younger stands to improve aggregation.  Consider the retention of large harvestable patches (e.g. 
up to 100 ha) within the aggregate to provide some residual habitat until green up occurs in 
adjacent stands.  WTP requirements should be distributed throughout the aggregate to provide 
stepping-stones of older habitat.  Lignum should pursue the provisions to allow larger 
aggregations in both Douglas-fir throughout and Douglas-fir absent subzones.  Changes that 
reflect the wider natural range of variability in the amount of seral stages should also be pursued.  
These changes may include using larger areas than the current landscape unit to achieve seral 
distribution targets. 
Monitoring recommendations: The creation of aggregates is a somewhat subjective process 
that may impact some species.  Monitoring of habitat availability and potential impacts should be 
conducted through time to ensure that the resulting landscape is within the range of natural 
variability. 
Further Research:  None. 
 
4.7. Old Growth and OGMAs 
In Range of Natural Variability (Wong and Iverson 2001) one of the key points listed for 
applying the Range of Natural Variability is to identify the socio-economic conditions that relate 
to the application of the Apparent Range of Variability.  The effect of socio-economic issues on 
ARV is most noteworthy in the discussion of old growth.  The Biodiversity Guidebook, 
Biodiversity Conservation Strategy (1996) and the Integration Report under the Cariboo-
Chilcotin Land Use Plan all consider the effect old growth retention and management will have 
on cut levels.  Of all issues dealt with in this document, old growth will be the most contested 
issue.  This is due to old growth’s significant biodiversity value on the landscape, fragmentation 
resulting from harvesting, and harvesting diminishing old growth at a higher rate than natural 
disturbances would.  Furthermore, both of these aspects have significant short and long-term 
social implications because they influence harvest levels. 
 
The Biodiversity Guidebook (p 76) defines old seral: “Old seral is a forest that contains live and 
dead trees of various sizes, species, composition, and age class structure Old seral forests, as part 
of a slowly changing but dynamic ecosystem, including climax forests but not sub-climax or 
mid-seral forests.  The age and structure of old seral varies significantly y forest type and from 
one biogeoclimatic zone to another.”.  Although we seek to preserve old forest stands, it is 
generally accepted that it is the characteristics of the old forest, such as large trees, large snags, 
vegetation diversity, structural diversity and large woody debris that are valuable in retaining 
biodiversity.  But some of these characteristics are difficult to define and weight appropriately.  
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The easiest way to capture these attributes is to use age as a surrogate for ‘old structure’.  Old 
growth characteristics and age are not always well correlated, however, in a recent study in 
Robson Valley Forest District (Burton et al., unpublished report) it was found that mapped forest 
age class is generally well correlated with functionally important old forest characteristics 
(DeLong, 2002).  The current assumption proposed by the Biodiversity Guidebook and used in 
the Biodiversity Conservation Strategy for the SBS and SBPS landscapes is that mature forests 
are greater than 100 years of age and old forests are greater than 140 years of age.  The estimated 
proportion of old forest that should be on the landscape is determined by calculating a seral 
distribution based on using the cycle of stand initiating disturbances and a negative exponential 
curve (BC Ministry of Forest 1995). 
 
The current approach is to protect old through the designation of Old Growth Management Areas 
(OGMAs).  These are “areas that contain or are managed to replace specific structural old-growth 
attributes, and that are mapped out and treated as special management areas” (BC Ministry of 
Forest 1995, pg 75).  On the current landscape, OGMAs are established to protect old forests.  In 
establishing the distribution of OGMAs, old forest contributions from constrained areas and 
areas of extended rotation are tallied first.  The remaining amount of old forest requirement is 
placed in designated OGMAs.  One of the guiding considerations in designating OGMAs is the 
size of the unit.  Large units are chosen so that the OGMAs contain a significant component of 
internal forest (Ken Vanderburgh, Pers. Comm.  2003).  As a result of the large boundary 
designation patches of young forest are often included in the OGMA boundary.  If the designated 
OGMA contains younger forest, transition or short term OGMAs are established to protect old 
forest until the younger stands in the designated OGMA reaches an old state.  These transition 
OGMAs have a ‘sunset date’ that corresponds to the time when the young forest in the 
designated OGMA reaches maturity.  After the sunset date the transition OGMAs are returned to 
the harvestable landbase.  OGMAs have been modeled in the integration process under the 
Cariboo Chilcotin Land Use Plan with the expectation that they will exist in a static state for a 
long period of time.  Integration used an estimated rotation age of 80 years for pine (Ken 
Vanderburgh, Pers. Comm 2003).  It was further assumed that natural disturbances would affect 
some of the OGMAs and that 10% would be replaced in each rotation (Ken Vanderburgh, Pers. 
Comm., 2003).  Based on this assumption some OGMAs could reach ages in excess of 800 years.   
 
Mature forest contributions are also considered on the landscape, by establishing minimum 
targets.  Mature forests are deemed to be forests that are greater than 100 years of age.  With a 
rotation age of 80 years it is assumed that the majority of mature forests will be located in areas 
that have some other constraint that extends the rotation age (Ken Vanderburgh, Pers. Comm., 
2003).  These areas could include visual management polygons, caribou management areas, mule 
deer winter ranges, Riparian Management Areas, etc.  Although it is assumed in integration that 
all hectares of the remaining productive forest land base are available for harvesting, there are 
areas that are physically constrained by access limitations.  By default mature forests in these 
locations are also likely to be designated to fulfill the requirement for mature retention.  This 
system will tend to limit the spatial distribution of mature forests on a landscape with topography 
as gentle as the sub-boreal areas in the Lignum IFPA area.  This could also limit the spatial 
distribution of old forests they could replace. 
 
The statement ‘if some is good, more must be better’ is often applied to these old forests, with a 
slight twist, ‘if old is good than older must be better’.  Often, the oldest forests on the landscape 
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are selected for OGMAs.  These areas are protected and continue to grow older.  This will also 
occur in all other permanent reserves, such as riparian reserve areas, if fire suppression continues.  
DeLong (2002) notes that “in landscapes where the natural disturbance rate was high (e.g., 
disturbance cycle < 150 yrs), stands were generally even-aged and dominated by early seral 
species, and very old forests (> 200 yrs) were rare”.  This assessment of the sub-boreal landscape 
agrees with data collected in Lignum’s IFPA (Francis et al 2002).  Based on this, DeLong (2002) 
recommends “always [having] some large reserves of forest that are old but not so old (e.g., 100 
– 160 yrs old) as to be unnatural and highly susceptible to stand replacing forest insect or disease 
outbreaks”.  This will prevent the old seral component being represented by unnaturally old 
stands (many in excess of 300 years by the end of the next rotation) on the sub-boreal.  Clearly, 
the majority of old stands in historical forests were younger than OGMAs that are replacing them 
and this is likely to have an effect on the species that utilize this habitat. 
 
To avoid this happening OGMAs should ‘float’ on the landscape (DeLong, 2002).  As they began 
to become unnaturally old they would be recycled into young forest by harvesting.  Recycled 
patches of old would be replaced by mature forests, so the old forest on the landscape would 
constantly replace itself (DeLong, 2002).  During the early stages of integration (the operational 
implementation of biodiversity strategy under the Cariboo Chilcotin Land Use Plan) it was found 
that the concept of floating, self-perpetuating OGMAs required a rotation age exceeding 140 
years (Ken Vanderburgh, Pers. Comm. , 2003).  Self-perpetuating old forests had a far greater 
negative impact on harvest levels than static reserves, and static OGMAs were chosen to 
represent the old component of the land base as a result of this.  This is an example of 
‘managerial opinion’ reducing or shifting the target values within the RNV.  In concert with fire 
suppression, this management regime will result in a distribution of increasingly unnaturally old 
stands with limited replacement opportunity and greater susceptibility to pests or other major 
disturbance.  This same pattern is occurring in other locations, and Andison (2000) notes that 
permanently reserving large areas of forest has resulted in considerable changes in the natural 
pattern of vegetation in Jasper National Park over the past eighty years.  As OGMAs get older, 
larger more severe disturbances can be expected in them.  To expect otherwise would be 
unnatural.  This current practice of making semi-permanent reserves of old forest, with limited 
provision to replace them, will result in an unnatural distribution of very old forests on the 
landscape and will ultimately lead to an old growth management strategy that does not represent 
the RNV.  This will be most significant on landscapes that are dominated by pine with an 80 year 
rotation. 
 
Targets for the amount of old seral forest on a given landscape are determined through fire 
research.  The cycle of stand initiating events is used to determine an average theoretical age 
class distribution.  Landscapes with longer fire cycles (slower rates of burning) have more old 
forest and conversely landscapes with shorter fire cycles (faster burning) have less old forests.  
Details of the actual landscapes in question have been discussed previously.  In short, the current 
targets for the SBPS and SBS are based on 100 year and 125 year return intervals respectively.  
The fire cycles calculated by Francis et al. are notably shorter than these periods.  Based on the 
data presented by Francis et al. (2002) the minimum mature and old targets as presented in the 
Biodiversity guidebook and Biodiversity strategy are high.  Although Francis et al. (2002) is the 
best available study, there may be some question as to its validity due to the amount of area 
disturbed in single fire years.  It would be best to corroborate the calculated rates by other 
methods if possible.   
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A connection between fire cycles and drought cycles has been suggested (Clark 1988, Donnegan 
et al. 2001, personal communication with L. Daniels 2003).  Donnegan (2001) found that fire 
cycles were strongly tied to drought conditions and associated with El Nino - Southern 
Oscillation (ENSO) cycles in montane forests of Colorado.  Fire events were tied to reduced 
moisture during La Nina events that were often proceeded by 2-4 years of increased moisture (El 
Nino years).  Lori Daniels has been studying the connection between climate and fire history in 
the IDFdk3 south of Williams Lake (personal communication 2003).  Her study also found a 
strong link between ENSO and major fire years.  A similar pattern of 4 years of high 
precipitation followed by 2 or more years of La Nina conditions where major fires occurred in the 
second year of the drought.  Clark (1988) examined the connection between drought, fire, and 
fuel loading in Minnesota.  The drought cycle in Minnesota is highly correlated with the fire 
cycle; however, it was a relatively poor predictor of major fires on its own.  When fuel loading is 
added to the model, the prediction of less frequent major fire years is improved (Clark 1988).  
Daniels suggests that the connection between the current fuel build up associated with the MPB 
epidemic and La Nina events have strong implications for forest management in the Cariboo 
Region (personal comm. 2003).   
 
The presence of cyclic fire behavior has been noted by others in sub-boreal landscapes of BC.  
Both Steventon (2001) and Francis et al. (2002) found multi-decadal cycles of increased fire 
events (approximately 70 years and 50 years respectively).  These cycles appear to be longer than 
those found by Daniels (personal comm. 2003) and may reflect the role of fuel loading in causing 
major fires.  Also worthy of consideration is the effect of these cycles on the availability of seral 
stages in a natural regime.  Simulations by DWB indicate that extensive fires (e.g. 50% of an area 
burned) occurring at 60 year intervals would decrease the availability of older forests.  This 
relationship should be explored in future research. 
 
One assumption of NDT3 is that fires are stand replacing/ initiating events; however, data from 
the Chilcotin indicates that this is not always the case.  The presence of low and moderate 
severity fires complicates assumptions about old forests, such as, the amounts that are estimated 
to exist and what they are expected to look like.  It is likely that the ‘stand initiating’ interval as 
understood by the NDT3 concept of the guidebook would be somewhat longer in the Chilcotin 
area than that calculated by Francis et al. (2002) due to the inclusion of low-moderate severity 
fires.  Age becomes a less useful surrogate for structural attributes in areas where low and 
moderate severity fires are common.  Stand age is an average, based on initiation date of the 
majority of the stand, and does not consider the residual structure that remains within the stand.  
On these landscapes old forest does not fit the idea of ‘relatively undisturbed patches existing 
through time’.  Data from the Chilcotin study area indicates that only 3% of residual patches 
show no effects from burning (Francis et al 2002).  Personal observations by DWB staff have 
noted that on this drier landscape mature and old forests are often a composite of individual 
residual trees, clumps of residual trees, and residual patches of various sizes.   
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Guideline #:  SBS/SBPS  20 
Management Guideline Title:  Fire Cycles 
Type:  Landscape 
Research Finding:  Although the fire cycles stated by Francis are within the range reported by 
Andison for forest in Alberta, they are the result of only one study and may be strongly 
influenced by the large fires that burned over the landscape. 
Support:   
Guideline:   
Further Research:  Given the importance of the fire cycle in determining age and seral class 
distributions, further research is recommended in the SBPS and SBS biogeoclimatic zones and 
subzones to confirm or corroborate the fire cycle calculated by Francis et al.  The research should 
consider methodologies that respond to the inherent problems associated with a landscape that 
has been subject to very large fire disturbance events.  The research should give consideration to 
the effects of major fire years associated with drought intervals and fuel buildup, as it is unlikely 
that the major fire years indicated by the research are anomalies.  The research should give 
consideration to the proportion of low and moderate severity fire in the Chilcotin that is not stand 
replacing fire. 
 
Guideline #:SBS/SBPS  21 
Management Guideline Title:  Old growth structure definition – sub-boreal. 
Type:  Landscape 
Research Finding:  the presence of low and moderate severity fire indicates that a definition 
based solely on stand initiation age will fail to account for much of the remnant structure on this 
landscape. 
Support:  Strong. 
Guideline:   
Further Research:  A structural definition of old growth for the Chilcotin must be developed.  It 
needs to include accounting for residual stand structure attributes including single trees, small 
patches, as well as the medium and large patches that are currently considered to be old forest. 
 
Characteristics of natural systems exist in a range of values, and this is the basic assumption that 
the RNV/ARV approach is built on.  When the range of natural variation in a system is reduced 
the system loses resilience (Holling and Meffe, 1996).  Therefore the basic goal of the 
RNV/ARV system is to maintain as much of this range of values as possible.  Social and 
economic interests (management) tend to reduce natural variation of systems, structure and or 
function, in an attempt to increase their predictability or stability (Holling and Meffe, 1996).  The 
entire point of the biodiversity guidebook and strategy that followed was an attempt to reverse 
this trend and restore/maintain this range to some degree, by returning to more natural patterns.  
However, in the case of old forest the potential impact on the allowable cut has been a limiting 
factor in the ability to do this.  In the Prince George Forest Region, DeLong has recommended 
that the amount of mature and old forest be managed to fall within a range of values.  In the 
Cariboo, based on the biodiversity guidebook, mature and old forests are managed to minimum 
values rather than a range.  Page 82 of the Guidebook presents methodology for determining the 
amount of mature and old forest by biodiversity emphasis.  In all cases a minimum amount is 
calculated.  With old it can be 50-75% of the natural (calculated mean).  With mature forest it 
can be 25, 50 or 75% of the natural.  Each of these values is actually an estimation of lowest 
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point of the range that old or mature would exist at.  Due to the pressure of cut considerations, 
the upper limit of the range is not stated or discussed, nor is the lower limit discussed in terms of 
being part of a range.  The lower limit is made a target, from which available area to harvest in a 
landscape unit is calculated.  In so doing, the range of mature and old forest retention has been 
reduced and shifted so that all SBPS units and all SBS units are being managed to single points 
on their ranges, further, that point is at the lower end of the range.  Simply stated, the current 
biodiversity strategy will result in a reduced range of mature and old forest amounts from what is 
estimated to have occurred naturally.  However, the effect of managing to the minimum value 
may only be theoretical because, based on the shorter fire cycles proposed by Francis et al. 
(2002), the true natural landscape may have less mature and old forest than the natural landscape 
assumed by the Biodiversity Guidebook (1995). 
 
The question of the patch size frequency distribution of old forests has been discussed 
previously.  It is imperative to the RNV concept that this be developed further, and that patches 
of mature and old forest reserves be modeled accordingly.  Edge effects and interior forest 
conditions are discussed on page 79 of the Biodiversity Guidebook.  Some species abound in the 
habitat created by the edge, whereas others require the interior habitat that is unmodified by the 
disturbance, and the majority appear to respond neutrally (Steventon 2001).  The Biodiversity 
Guidebook suggests that interior forest occurs at distances greater than 200m from the edge and 
further, assumes that patches of forest < 400m wide will not contain much interior forest 
condition.  In an attempt to balance the patch size requirements created by the need for interior 
habitat, the guidebook (p35) suggest that targets for interior forest should be somewhere between 
10-25%.  The 25% requirement results in significantly more area in large reserves to fulfill this 
target.  Future research could examine edge effects in the SBPS and SBS landscape to determine 
if these values are realistic and what amount of interior old forest habitat naturally occurred in the 
landscape.  However, if the range of patch sizes of mature and old forest that was historically 
present is emulated, the amount of interior forest habitat required should be achieved by default.  
A patch size distribution of older forests could be developed for the Chilcotin study area based 
on date included in Francis et al. (2002) (Shawn Francis, Pers. Comm. 2003).  DeLong also 
suggests that the size and frequency distribution of old forest should be modeled to aid in 
determining natural patch size distribution for old forest (Craig DeLong, Pers. Comm. 2003).  
When determined, this patch size distribution could be incorporated into the old forest 
management strategy. 
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Guideline #: SBS/SBPS  22 
Management Guideline Title:  Old Patch Size Distribution 
Type:  Landscape Level 
Research Finding:  Patch sizes decrease with increasing age.  To properly manage older forests 
this patch size distribution needs to be developed.  This patch size distribution will affect the 
sizes of OGMAs and will address interior forest considerations.  Current research can produce a 
patch size distribution and frequency based on the Chilcotin data.  However, this data represents 
a single point in time within the much larger context of the Range of Natural Variability (RNV). 
Support:  Strongly supported. 
Guideline:  Patch size distributions based on age class should be developed, and should be 
further modeled so a more accurate representation of the range of Natural Variability may be 
applied to the landscape. 
Further Research:  Francis’ data should be revisited to develop a patch size/frequency 
distribution of older seral forests.  Modelling of age class distributions should be conducted.  
Modeling should be based on estimations of stand configurations over long periods of time.  This 
will develop a range of values that may occur on the landscape instead of a single snapshot in 
time that exists in the RNV, but does not describe the full RNV.  Patch size distributions should 
be developed by age class and by groups of age classes (i.e. > 250 yrs, > 140 yrs, >100 yrs). 
 
To more accurately reflect the RNV a different old forest strategy needs to be developed.  In 
developing a new strategy the following flaws in the current strategy must be considered: it 
should not result in a disproportionate amount of very old forest on the landscape; significant 
amounts of old forest should not be in protected or constrained areas which will become 
impossible to maintain in the long run; it should not significantly reduce the range of old that 
occurs on the landscape; and should make adequate provision for replacing old forests.  The new 
strategy must also consider the current harvest targets.  There are three considerations that may 
reduce the impact of old forest management on the current harvest targets.  These reduced 
impacts may be able to be balanced is such a way that a more healthy old forest management 
strategy can be developed.  The first consideration is fire cycle.  It would be inappropriate to 
propose lower levels of old retention based on the fire cycles proposed by Francis et al (2002) 
because they require further corroboration.  However, using the most correct fire cycle 
information should form the basis of this strategy.  As was shown previously, the shorter fire 
cycles indicate a range of old that may be appropriate for this landscape.  The amount of old 
forest requirement for high biodiversity emphasis units falls outside of the UPPER limit of this 
range when using the shorter fire cycles.  This indicates that there may be some room to move in 
this case providing fire cycles determined by Francis et al (2002) and the issue of inclusion of 
mixed severity fire can be dealt with.   
 
Another way to look at the results of the fire cycle study is to consider risk to biodiversity.  In the 
current application of establishing targets in the lower portion of the expected range, a certain 
level of risk to biodiversity has been accepted.  If the shorter fire cycles are accepted the level of 
risk associated with the current targets would be assumed to be lower.  The targets could be left 
as they are with increased confidence that biodiversity is at less risk.  Or, it could be taken that 
since society was willing to accept that higher level of risk assumed to exist in the first place, that 
current targets could be lowered, based on the shorter fire cycle, to re-establish the same level of 
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risk that is currently assumed to exist.  If this reduced total target produced a more healthy 
natural distribution of old forest it may be considered worthwhile.   
 
A second consideration includes a more accurate definition of what old forest is, structurally 
rather than based solely on age.  Do old forest attributes only exist in stands with initiation ages 
greater than 140 years?  Do old forest attributes express themselves in younger forests?  
Consideration needs to be given to the ‘residual structure’ found in many old forest stands that 
exist in the Chilcotin.  Understanding the structural characteristics of old forest on the sub-boreal 
landscape will become a necessity whether a different old strategy is adopted or not.  The reason 
for this is the assumption of recycling 10% of the OGMAs present in each rotation.  As 
mentioned previously, this will create very old forests.  It is unlikely that these will survive on the 
landscape for very long periods of time.  As a result the proportion of OGMAs which need to be 
recycled in a given rotation is likely greater that 10%.  Under the current strategy, significantly 
increasing the proportion of OGMAs to be recycled within a rotation will result in the average 
age of OGMAs being reduced (Ken Vanderburgh, Pers. Comm., 2003).  Will younger OGMAs 
adequately address the structural requirements of old forests?  Silvicultural treatments may be 
able to enhance the amount of old forest attributes present on the landscape, but this requires a 
structural definition of old forest.   
 
The third consideration is the effect of intensive forest management.  DeLong notes that intensive 
forest management can be good for old forest.  It allows the same amount of cut to be generated 
from a smaller land base, allowing more area for old forests (DeLong 2002a).  This is contrary to 
the notion that the landbase stays the same size and intensive management increases the 
allowable cut.  The balance between the same cut on less area and more cut on the same area is a 
societal question Lignum will need to grapple with.  For this reason it is imperative that Lignum 
determine the affect on growth and yield that will result from any prescribed treatment (i.e. 
partial cutting in pine).  Addressing this issue is an enormous task, but given the evidence of 
current disturbances in OGMAs, it is a task that needs to be addressed sooner rather than later.  
Lignum should begin dialogue on this issue if they wish to maintain healthy old forests within the 
RNV. 
 
Guideline #:  SBS/SBPS  23 
Management Guideline Title: Growth and yield. 
Type: Administrative 
Research Finding: Implementation of various forest practices will have growth and yield 
implications.  These implications may increase or decrease the range of options available to 
forest managers. 
Support:  Strong. 
Guideline: It is imperative that Lignum determine the affect on growth and yield that will result 
from prescribed treatments that are outside of normal forest operations. 
Further Research:  None. 
 
Landscape Units (LUs) have a significant effect on how old forests are managed.  Smaller LUs 
ensure that minimum targets are met over more of the land-base at finer scale.  This ensures that 
no particular subunit of area is particularly low in any values.  In this way it is ensured that a 
given area, say 20,000 ha can’t be reduced to the point where it has no mature or old forests 
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because there is an abundance of mature and old elsewhere.  However, nature exists in ranges.  
As the evidence shows, the scale at which these ranges exist was very large (up to 50% of the 
study area affected by fire in 1922 and 1867).  Balancing values across the natural range should 
be done in consideration of this scale of disturbance.  Small subdivisions (landscape units) of the 
landscape would be expected to have a wider range of variability than the landscape (ecosection) 
in general.  A large fire could leave an entire subdivision with no intermediate, mature or old 
forests, but the whole landscape would fit into a more narrow range (Andison, 2000).  Managing 
to small landscape units would be useful in maintaining the natural range at a broad scale over 
the whole landscape, but at a fine scale will significantly reduce the broad natural variance 
evidenced in the natural system.  As subdivisions (landscape units) become smaller and smaller, 
each managed to a similar target, the whole landscape will become more homogenous at a finer 
scale.  This homogeneity will approach a point in the historic range but will significantly reduce 
the extent of the natural range.  Management tends to reduce the RNV, simplifying the managed 
systems so that there are easier to predict (Holling and Meffe, 1996).  However, resilient 
ecosystems exist in a range.  It is interesting to note that DeLong (2002) has proposed that the 
entire Prince George Forest Region be broken into 15 natural disturbance units, and that each 
unit, not smaller and smaller subdivisions within that unit, will be managed to a range of values.  
Andison (Quick Note #15, 2002) discusses the large range expected to naturally occur at any 
given point in time, and states that “setting static old growth targets is clearly not natural pattern 
emulation, but can be part of an ongoing natural pattern emulation strategy”.  Based on this idea 
and the evidence of the enormous size of some disturbance events in the Cariboo, Lignum should 
pursue a different route of accounting of attribute values.  Targets should be based on the whole 
landscape.  This landscape could be the eco-section (Chilcotin Plateau) or a subdivision similar 
to DeLong’s (2002) Natural Disturbance Units (NDU).  In Lignum’s case the boundary of this 
greater landscape would likely be the IFPA boundaries.  In light of the direction provided by 
DeLong it would not be unreasonable to consider having three landscapes (regions) in the 
Lignum IFPA:  Chilcotin Sub-boreal, East Fraser sub-boreal, and IDF.  Targets for measurable 
quantities would be tracked at these three ‘regional’ landscape levels (Figure 4.5).  This could 
apply to seral distribution, patch size and retention levels.  The targets at this broad level would 
have a fairly narrow range, indicative of a larger landscape.  Smaller subdivisions (these could be 
the Landscape Units currently defined) would be useful for maintaining a wider range of attribute 
values.  In this case, the range of any value at the smaller sub-division level (Landscape Unit) 
could be quite large.  In one small subdivision old could be significantly lower than the mean 
value target.  However, to balance at the ‘regional’ level, other units would have to be higher 
than average.  This would provide both greater planning flexibility and a more ecologically 
desirable range of attribute values.  (Andison, Quick Note #17, 2002 provides further background 
discussion on this issue). 
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Figure 4.5  Example of how Regional and Landscape Unit targets could range. 
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Guideline #:  SBS/SBPS  24 
Management Guideline Title: Landscape level attribute tracking. 
Type: Landscape  
Research Finding: Small subdivisions (landscape units) of the landscape would be expected to 
have a wider range of variability than the landscape (ecosection) in general.  As subdivisions 
(landscape units) become smaller and smaller, each managed to a similar target, the whole 
landscape will become more homogenous at a finer scale.  This homogeneity will approach a 
point in the historic range but will significantly reduce the extent of the natural range.   
Support Level: Moderately supported. 
Guideline: Targets should be based on the whole landscape.  Consideration should be given to 
having three landscapes (regions) in the Lignum IFPA:  Chilcotin Sub-boreal, East Fraser sub-
boreal, and IDF.  Targets for measurable quantities would be tracked at these three ‘regional’ 
landscape levels.  The targets at this broad level would have a fairly narrow range, indicative of a 
larger landscape.  Smaller subdivisions (these could be the Landscape Units currently defined) 
would be useful for maintaining a wider range of attribute values. 
Further Research:  None. 
 
As a final comment with regard to landscape units, Holling and Meffe (1996) indicated that 
infrastructure is resistant to change.  With the amount of work, time and effort that has gone into 
the current Landscape Unit subdivision, and resulting calculations and guidance, Lignum should 
expect significant resistance to change on this front, even if the proposal is deemed to be solidly 
based on ecological research. 

Mean 

Regional 

Landscape Unit 
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4.8. Wildlife Tree Patches. 
Wildlife Tree Patches (WTPs) are currently considered to be small patches or single trees.  The 
scale is an important distinction in the current application of WTPs.  WTPs are considered to be 
a stand level issue rather than a landscape issue.  There is little supporting data in any 
information we have reviewed that gives consideration to numerical targets for the amounts of 
smaller (<4 ha) patches.  The Guidebook percentage for WTPs appears to be judgmental and 
averages 7%.  There is no data to support or contend this target.  Francis et al (2002) notes that 
the SBPSxc had 6.3% in residual structure while the SBPSdc had 19.5%.  DeLong (2002) notes a 
range of 3-15% residual retention in similar ecosystems in Central BC.  Andison, (2003) found 
an average of 12% where 17% of fires had none and 8% had more than 30% in west central 
Alberta. 
 
A 500m ‘dash distance’ is the second requirement for WTPs established by the Biodiversity 
Guidebook based on territory size and dispersal requirements of wildlife (Biodiversity 
Guidebook pg 62).  This has lead to the placement of a WTP in every block wider than 500m 
such that there is never an opening of greater than 500m distance without some structure.  
Steventon (2001) has noted that landscape suitability is largely a function of habitat amount and 
quality.  Further, he notes that in general we have underestimated the dispersal requirements of 
most wildlife.  However, because of the difficulty in assessing stand level issues in broad 
landscape reviews there is no data presented in work done for Lignum Ltd to support or contend 
the idea that in nature small patches of retention never existed more than 500m apart.  However, 
it is unlikely that this degree of uniformity resulted from the various disturbance severities noted.  
To reflect this, the requirement to meet a certain WTP% by block should be less important and 
the advent of a minimum 500m interpatch rule be not applicable or at least less rigid to reflect 
natural variation.  If the 500m rule is retained, it should be averaged over a greater area to reflect 
natural variability. 
 

Guideline #:  SBS/SBPS  25 
Management Guideline Title: WTP Inter-patch distance requirement. 
Type: Stand  
Research Finding: Current minimum WTP interpatch distance requirements are 500m.  There is no 
existing data to either support or refute the 500m target.  Research indicates that ranges of inter-patch 
distances existed historically most likely from many very close to few widely spaced.   
Support Level: Low-moderately supported. 
Guideline: WTP inter patch distances should emulate natural ranges of inter patch distances.  In areas 
where low to moderate severity fire is being emulated (SBPSxc), the inter patch distance will be 
significantly less than 500m due to a clumpy and higher level of retention.  In areas where high severity 
fire was dominant and is being emulated (SBS, SBPSdc), inter patch distances may exceed the 500m 
rule.  If a minimum inter-patch rule is applied, it should be averaged over a larger area (CP).  This would 
provide increased flexibility, at a block level, that may allow better representation across all habitat types 
and landscape positions. 
Further Research:  Further research or analysis of existing data on remnant patch distribution should be 
conducted to determine the natural range of variability of inter-patch distances to guide WTP planning. 
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It is likely that residual patches were historically found in a similar distribution to that of the total 
patch distribution.  That is, there are more very small patches than large patches, but large 
patches would make up most of the residual area.  This result appears intuitive, but should be 
corroborated by further research.  In the Chilcotin area there was greater area found in discrete 
residual patches than in the East Fraser and these patches were larger in the SBPSdc than in the 
SBPSxc (Francis et al. 2002).  This trend could be considered to follow a gradient of ecosystem 
wetness.  The drier SBPSxc had more low and moderate severity fire leading to greater amounts 
of singletree residuals and small patch retention with less area in large patches (Francis et al. 
2002).  However, much of this fine scale structure would not be picked up at the landscape level 
and total retention in the SBPSxc may be closer to that found in the SBPSdc.  Regardless of 
ecosystem, larger burn patches tended to contain larger discrete residual islands in the Chilcotin 
(Francis et al. 2002).   
 
In the driest ecosystems, greater numbers of singletree reserves, numerous small patch reserves, 
and few larger patch reserves would emulate natural patterns.  As the ecosystem becomes wetter 
(SBPSdc and SBPSmc) singletree reserves should be reduced to reflect the higher severity fire 
regimes present in these subzones with retention concentrated in patches.  Furthermore, these 
patches should increase in size as the ecosystem gets wetter.  In the SBS residual patches should 
exist in a distribution where the majority of area is in larger sized reserves.  At this point the line 
between WTPs as a stand level issue and residual patches as a landscape level issue begins to 
blur (See landscape level connectivity and aggregation).  WTP patches greater than a certain 
minimum size must be counted toward mature and old targets (whether they are called OGMAs 
or not).   
 
In the Chilcotin singletree reserves would historically be made up largely of pine.  However, this 
species often is infected with mistletoe that could affect future fibre production.  Douglas-fir has 
a greater likelihood of survival in low and moderate severity fires and should be considered first 
when reserving single trees.  Based on other Lignum research (C. Martin, 2000), aspen and other 
deciduous species proved to be a significantly associated with the production of cavity sites.  
These species should be given a high priority in singletree and small patch reserves when present 
(See Lignum SOP for details).  Any stems showing evidence of wildlife use should also be 
selected for retention, preferably along edges. 
 
In wetter ecosystems (SBS, SBPSdc, and SBPSmk) disturbance tended to be higher severity fire 
with larger openings and single trees residuals become less significant (Francis et al. 2002).  
However, field observations (SBPSmk in particular) indicated that they are present (noted also by 
the requirement to long-butt for rot).  It is likely that singletree reserves also exist in specific 
areas of the SBS in Lignum’s IFPA.  Data from DeLong and Tanner (1996) indicates that fires 
left <1 live tree per ha in similar sub-boreal landscapes and suggest that most live residual trees 
were in areas with a greater Douglas-fir component.  Francis et al. (2002) also found very few 
individual residual stems with the exception of large scattered Douglas-fir veterans in the East 
Fraser Study Area.  However, the effects of human disturbance and presence of mixed species 
stands complicated the ability to map stand level severity in that area.   
 
Most fires contain portions of varying severity, and a logical assumption is that areas of low 
intensity fire would be largely peripheral to areas of larger high severity fire (i.e. locations where 
the fire was burning down or stopping).  Based on this assumption, singletree reserves in the SBS 
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(and to a lesser extent in the SBPSmk) should largely be located around the edges of disturbance 
openings and on the outside edges of internal residual patches.  Due to its likelihood of surviving 
fire and occurring as residual trees on the natural landscape, large diameter Douglas-fir should 
also be retained wherever present.  Deciduous species would be the second choice given the 
association with cavities.  Pine and spruce should be the last choice due to higher probability of 
windfall.  As well, any stems showing evidence of wildlife use should be selected as a priority, 
preferably along edges. 
 
Guideline #:  SBS/SBPS  26 
Management Guideline Title: WTP patch size distributions, and wildlife tree distributions. 
Type: Stand  
Research Finding: Wetter ecosystems tend to have higher severity fire resulting in more discrete 
and larger islands of residual trees.  Trees retained in wetter ecosystems tend to have greater fire 
resistant properties such as Douglas-fir.  Dryer ecosystems tend to have mixed severity fire 
resulting in more individual tree and small patch retention.  Less fire resistant species have 
higher retention under low-moderate fire intensities.  It is also likely that residual patches exist in 
a distribution similar to the total patch distribution (i.e. more smaller patches and fewer larger 
patches), however, no values are available. 
Support Level: Moderately supported. 
Guideline: WTP sizes in SBS, SBPSdc, and SBPSmk subzones should exist in a distribution.  In 
the absence of hard data, we propose that WTP’s fall within the following range: 0.25-20 ha 
where most of the required area (50%) is made up of larger patches (>10 ha) (Note that the upper 
WTP size will apply to larger aggregated cutblocks 500-1000 ha).  Singletree reserves should 
make up a small proportion (10-20%) of the WTP requirements and be concentrated in large 
wind resistant Douglas-fir, deciduous species, or other species showing wildlife use.  Most 
singletree reserves should be associated with edges.  
In the SBPSxc, the same range of patch sizes could be used (0.25-20 ha), but the proportion of 
large patches should be less (33% >10 ha) and a significant proportion (33%) in singletree 
reserves where possible.  Where this cannot be done, 67% should be in small WTPs distributed 
in clusters.  Most singletree reserves should be associated with edges. 
Further Research:  modeling of residual patch size distributions should be conducted based on 
the existing data, and any future modelling should consider this aspect in the findings.  The 
spatial distribution of residual trees following fire should also be examined. 
 
4.9. SBS/SBPS Concluding Remarks & General Strategy 
It is generally accepted that past timber harvesting has resulted in landscapes that have 
fundamental differences in the patch size distribution, spatial pattern of patches, and temporal 
availability of habitat from those created by natural disturbance.  Further differences are seen at 
the stand level where the removal of fiber results in much lower retention of structural and 
biological legacies after development.  Furthermore, the suppression of natural disturbances in 
concert with timber harvesting may result in even more profound change to forested ecosystems 
and biodiversity (Dorner 2002). 
 
The strategy outlined in the Biodiversity Guidebook (BC Ministry of Forests, 1995) seeks to 
maintain biodiversity by managing forests to resemble those forests created by natural 
disturbance.  However, significant barriers exist at both the landscape and stand level to the 
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implementation of this strategy.  At the landscape level, we can emulate the spatial and temporal 
pattern of natural disturbances through harvesting to a certain extent.  However, there are 
administrative, social, and economic obstructions to providing the full complement of habitats 
through time.  An example of this lies in the failure of the old growth management strategy to 
provide representative old forest habitat through space and time in sub-boreal ecosystems.  Given 
that old forests provide abundant habitat elements, such as CWD, large live trees, and snags that 
are associated with many forest dwelling vertebrates that have been designated at risk (Hansen et 
al. 1999), it is imperative that industry and government revisit this strategy.  The full range of old 
forest retention that existed historically may not be attainable in the future, but we need to ensure 
that the remaining old forest is representative of historical stands and available across time and 
space.  At the stand level, there is considerable evidence that natural disturbances resulted in a 
significant quantity of live and dead woody material remaining on site.  Again, it is unlikely that 
we will see historical levels of retention in managed stands due to socioeconomic concerns; 
however, ensuring that some legacies are retained in patterns that benefit forest dwelling species 
may ameliorate the impacts of lower levels of retention. 
 
As outlined above, it is unlikely that managed forests will closely resemble historical forests.  
How closely future forests resemble those created by natural disturbances will largely depend on 
societal values.  However, we have outlined some strategies that will move managed forests 
closer to the range of natural variability in historical forests.  Some of the suggested techniques 
are exploratory and should be implemented as part of an adaptive management program.  In fact, 
all management strategies will need some type of monitoring to ensure that unanticipated change 
is found and addressed.  Finally, the success of this plan in retaining the native species and 
ecological processes of our forests depends on the willingness of resource professionals to 
conduct and evaluate a wide variety of trials.  This is where the greatest potential lies for 
managers to increase the range of variation in managed forests and increase the opportunity for 
overlap with the range of natural variability.       
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5. IDF 
5.1. Introduction 
The IDFdk3 forms a major portion of Lignum’s IFPA.  This dry ecosystem, located on the rolling 
landscapes east of the Fraser River is comprised largely of Douglas-fir and pine stands.  Unlike 
the boreal forest it has large areas of uneven-aged stands, where the age of the stand since 
initiation disturbance can be older than the oldest trees in the stand (Iverson Pers. Comm.  2003).  
This uneven-aged landscape does not fit the models or practices used in much of the province.  
Although the forest structure is similar to uneven-aged forest in the other parts of the province 
and in parts of the United States, data sources specific to the IDFdk3 are relatively limited.  
There are only two main documents that provide specific attribute measurements with regard to 
natural disturbance regimes:  Landscape attributes of Interior Douglas-fir forests on the Fraser 
Plateau (Dawson, 1997) and Past fire regimes in the Interior Douglas-fir, dry cool subzone, 
Fraser Variant (IDFdk3) (Iverson et al. 2002).  For this reason much of the discussion about IDF 
attributes is simply discussion.  Logical assumptions based on what is known about the fire 
regimes are relied upon heavily in these discussions but there is frequently little data upon 
which to base conclusions. 
 
Dawson’s (1997) study was based on forest cover information and involved the reconstruction of 
a ‘natural reference landscape’ that was developed to represent a landscape with out industrial 
disturbance.  This reference landscape was developed from the ‘current landscape’ based on 1993 
forest cover data, where openings on the current landscape were returned to an assumed pre-
harvest state based on a decision matrix.  The reconstructed landscape was then compared to the 
current landscape.  This study has four potential weaknesses:  It is based on 1993 forest cover 
inventory data which has been frequently shown to have inaccuracies; the use of a single age 
descriptor for forest type polygons does not capture the complexity of the landscape; the effects 
of fire suppression over the last 40 years was not considered; and the natural reference landscape 
is a snapshot in time which exists in the Range of Natural Variability does little to describe the 
extent of that range. 
 
Iverson et al. provides research information gathered primarily within the area of Lignum’s 
Innovative Forest Practices Agreement (IFPA).  The entire Fraser variant of the IDFdk3 east of 
the Fraser River is encompassed within the study area.  The study was confined to mesic and 
submesic sites (IDFdk3 /01, /05 and /06) on slopes of less than 25%.  In A Field Guide to Forest 
Site Identification for the Cariboo Forest Region, the zonal 01 ecosystem is noted to occupy 
approximately 85-90% of the IDFdk3 landscape, (O. A. Steen and R. A. Coupe 1997).  Iverson 
used fire scar sampling and dendrochronological analysis to determine fire frequency.  Three 
broad strata were identified with differences in forest composition and elevation that appeared to 
be related to the fire history in the study area (Iverson et al. 2002): 

• Fd Low: lower elevations where most stands are dominated by Douglas-fir.  Research 
findings are consistent with frequent low severity fire.  It is noted that on cooler aspects 
within the stratum, longer fire intervals may have been experienced and higher severity 
fire may have resulted.  This stratum contains the steepest sloping portions of the study 
area, and higher fire intensity may have occurred on these slopes.  Still, lower severity 
fires would have been the most prevalent due to historical open stands and low fuel 
levels.  Six plots were located in this stratum. 
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• FdPl Mod:  middle elevations where Douglas-fir, lodgepole pine and mixed Douglas-

fir/lodgepole pine stands occur and where fire events are dominated by low severity 
events with some evidence of moderate and higher severity events.  Even-aged stands are 
infrequent and most likely resulted from fires in areas of heavier local fuel accumulations 
due to root rot or mountain pine beetle mortality.  27 plots were located in this stratum. 

 
• Pl High:  higher elevations with predominately pure lodgepole pine stands and where fire 

events are mixed including evidence of low, moderate and high severity fires.  Some 
occurrences of high severity fire were indicated by the presence of even aged stands in the 
stratum.  Even aged stands in the stratum were noted to be of younger age classes that 
have not yet been subjected to periodic fire, due to modern fire suppression since 1960, 
and therefore do not express themselves as multi-aged or multi-cohort pine stands.  
Research findings for this stratum indicate that frequent low severity fires dominated the 
pine high elevation stratum.  Eight plots were located in this stratum, of which four were 
even-aged. 

 
Of significant note in both studies is the evidence of two types of forest structures on the 
landscape:  Douglas-fir dominated uneven-aged stands and pine dominated, few cohort or even-
aged stands.  Dawson (1997) confirms the three broad strata indicated by Iverson et al. (2002) 
stating that elevations below 1000m were almost entirely Douglas-fir stands while elevations 
above 1150m were almost entirely (77%) pine stands.  This division into two stand types is also 
reflected in the current Biodiversity Conservation Strategy (1996) (BCS) under the Cariboo 
Chilcotin Land Use Plan that divides the IDF landscape into a pine group and a Douglas-fir 
group.  This deviation from the Biodiversity Guidebook was made to acknowledge the observed 
tendency of some areas in the IDF to maintain themselves in pine stands (O. Steen pers. comm. 
2003).  The IDF landscape must be understood in this context.  To reduce confusion, this report 
will also consider these two stand types and will refer to them as pine group and Douglas-fir 
group, consistent with the Biodiversity Conservation Strategy (1996). 
 
5.2. Seral Distribution. 

5.2.1. Ages and Maximum ages of stands 

Iverson et al. (2002) pg 17 states that they were unable to construct age class distributions 
showing the number of trees by diameter class because sampling was not proportional to 
stem densities and age was very poorly correlated to diameter.  They did however 
produce scatter-grams of age data of the plots that were used in their analysis. 

 
Pl High 
Four of the eight plot age distribution scatter-grams show a tight clustering of ages around 
the 80-100 years indicating potentially even-aged stands originating from stand replacing 
fires.  The remaining four plots show a range of ages of pine from 60-260 years, with 
looser age clustering indicating two or more cohorts resulting from low severity fires.  
One plot sampled Douglas-fir with ages ranging from 100-420 years old.  
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Fd Pl Mod 
 
Plot age distributions in this stratum predominantly showed a range of ages ranging from 
50-250 years for pine, and 50-400 years for fir.  Four plots showed pine ages with tight 
clustering indicating potentially even-aged pine.  Douglas-fir age distributions were 
almost always in ranges and rarely showed clustering. 
 
Fd Low 
 
Plot age distributions in this stratum were composed predominantly of Douglas-fir with 
only minor occurrences of pine.  Douglas-fir ages ranged from 50-400 years, with several 
plots showing a 100-300 year age range.  Pine ages ranged from 100-140 years. 
 
The dominant trend observed in this data is that the majority of stands sampled had a 
range of ages for both pine and fir, indicating that frequent low severity fire was the main 
disturbance regime on the landscape.  The pine high stratum sampled some stands that 
were even-aged pine indicating that some stand replacing events occurred periodically.  
The FdPl Moderate is clearly dominated by multi aged pine and Douglas-fir stands, but 
also showed that a small proportion of its pine stands are even-aged which resulted from 
periodic stand replacing events.  The Douglas-fir low stratum is dominated by Douglas-fir 
stands that are multi-aged and are the result of frequent low severity fire 

 
5.3. Seral distribution. 
Seral distribution is typically based on an estimated fire cycle and the negative exponential 
formula indicated in the biodiversity guidebook.  The central assumption of this method is that 
the fire cycle represents stand initiating fire events.  Although this concept may be applicable to 
pine group stands it is largely invalid for Douglas-fir group stands.  The biodiversity guidebook 
recommends a stand initiating fire cycle of 250 years for NDT4, which includes the IDF, and 
defines mature forest as > 100 years old and old forest as > 250 years of age. 
 

5.3.1. Pine Group 

The spatial distribution of pine group forests is linked to elevation and spatial occurrence 
of moderate and high severity fires (Iverson et al. 2002).  This forest group is found 
predominately in Iverson’s pine high landscape stratum but is also found to some degree 
in the FdPl Moderate, middle elevation landscape (Iverson et al. 2002, Dawson 1997).  
The pine group forest is also found more frequently in the middle elevation landscape 
near its boundary with the sub-boreal forest and in higher elevations near the pine high 
stratum (Iverson et al. 2002), indicating a continuum where the pine group forests rarely 
exist at lower elevations and increase in frequency with elevation. 

 
'Natural forests of the IDF consist of two major forest types, Douglas-fir forest 
and lodgepole pine forests.  Other types are much less common.  Douglas-fir is 
the theoretical climax tree species of the IDF zone and natural succession 
typically leads from lodgepole pine to Douglas-fir dominated stands.  However, 
at higher elevations of the IDF and in areas transitional to the SBPS zone, many 
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lodgepole pine stands are long-persisting seral stages or climax forests.  These 
are most common on extensive frost prone sites and on coarse textured soils.'  –
Biodiversity Conservation Strategy, 1996. 

 
Four of the eight plots measured by Iverson in the pine high stratum appeared to be even 
aged.  The remaining plots showed evidence of multi-cohort structure (Iverson et al. 
2002).  Iverson also indicates that other research has found that the fire severity regime in 
dry pine forest is mixed.  It is likely that these pine stands are a result of the combined 
effects of frost and moderate to high severity fire which resulted from fuel build up in 
areas that either escaped low severity fire for a longer period of time or were subject to 
stand disturbance from insects or blowdown (Iverson et al. 2002).  The mixed severity 
fire regime that is evident in the pine group forests complicates the attempt to create a 
seral distribution based on the commonly used negative exponential formula presented in 
the biodiversity guidebook.  Iverson et al. (2002) indicates that the Mean Fire Interval 
(MFI) for the pine group forests was 26 years with a range of 8-42 years.  Neither 
Dawson (1997) nor Iverson (2002) propose a stand initiating fire cycle that could be used 
to create a theoretical seral distribution. 

 
The Biodiversity Guidebook suggests a stand initiating fire cycle of 250 years.  This 
estimation was made without regard for the existence of the pine forest group in the IDF.  
The current biodiversity strategy separates the pine group forests from the Douglas-fir 
group forests and proposes a stand initiating fire cycle that enabled targets for mature and 
old forests to be developed. 

 
'The natural disturbance regime in the lodgepole pine type is in strong contrast to 
that of the Douglas-fir type and is more consistent with that of NDT3.  Stand 
destroying fires occurred relatively frequently while stand maintaining fires were 
much less common than in the Douglas-fir type.  In contrast to Douglas-fir, as the 
pine trees and pine stands aged, their susceptibility to stand destroying events 
remained constant or increased.  Insect attacks commonly resulted in extensive 
mortality of co-dominant stems.  A single fire event burning through both a 
Douglas-fir stand and a lodgepole pine stand could have very different results, in 
one case maintaining a typical stand structure and in the other case destroying the 
stand.' - Biodiversity Conservation Strategy, 1996. 

 
Contrasting the central assumption of the Biodiversity Conservation Strategy (1996) 
recent research results indicate that the frequency of low severity stand maintaining fire in 
the pine group forests was the same as that for Douglas-fir group forests (Iverson et al. 
2002). 

 
The Biodiversity Conservation Strategy chose a fire cycle for stand initiating events of 
125 years and defined mature forest as >100 years and old forest as > 140 years.  This fire 
cycle is the same as that used in the Biodiversity Guidebook for SBS forests.  At first this 
may seem odd, since the IDF is adjacent to the SBPS zone.  The SBPS zone has a fire 
cycle assumed to be 100 years.  Choosing the more conservative longer fire cycle makes 
target requirements for old and mature forest larger, as can be seen in Figure 5.1. 
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Figure 5.1  Comparison of seral distribution using 100 and 125 year fire cycles. 
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Data presented by Iverson et al. (2002) indicates that the pine group was subject to 
significant amounts of low severity fire.  Low severity fires would tend to remove the fuel 
accumulations that would have resulted in higher severity fires.  This could in turn extend 
the cycle of stand initiating events.  Based on this assumption the conservative choice of 
125 years, over 100 years, seems logical.  Recent studies show that a fire cycle for stand 
initiating fires in the Sub-boreal landscape in the Lignum IFPA area are considerably 
shorter than 100 years (Francis et al. 2002), and this may also apply to the pine group 
forest in the IDF.  However, at this time there is no data presented that would allow for a 
more accurate determination of the mature and old forest distribution on the pine group 
portion of the IDF landscape than what is currently assumed in the biodiversity strategy. 
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5.3.2. Douglas-fir Group 

These forests are dominated by low severity fires that leave most of the stand structure 
remaining after a fire event (Iverson et al. 2002).  Mean Fire Intervals (MFI) presented by 
Iverson et al. (2002) demonstrate this fact.  The values for mean fire interval appear to 
contradict a study conducted by Bunnell (1995), where the mean return fire interval was 
reported to be 92.5 years with a mean fire size of 125 ha and a maximum size 
approximating 5000 ha.  However, the values in that study are from the IDF zone as a 
whole and no single method of deriving the data was applied consistently.  Several papers 
are found in Wong et al. (2002) which report mean fire cycle/return intervals in the 
IDFdk3 that support the information supplied by Iverson et al. (2002).  Mean fire 
intervals of 13 years (Gray and Riccius 1999), 21 years (Heyerdahl, unpublished data), 
and 15 years (Douglas 2001) are within the ranges reported in Lignum’s IFPA area by 
Iverson et al. (2002). 

 

Table 5.1  Summary of MFI from Iverson et al. (2002). 
Stratum MFI (years) Range 

(years) 
Fd Low 19 12-26 

FdPl Mod 21 5-49 
Pl High 26 8-42 

Study area 22 5-49 
 

 
However, MFIs representative of a low severity regime are of little use in determining 
seral distribution.  The Biodiversity Guidebook (1995) states that fire return intervals 
historically ranged from 4 to 50 years for the NDT4 and that stand initiating fires were 
rare with intervals ranging from 150 – 250 years.  It was necessary for the guidebook to 
establish a stand initiating fire cycle so that mature and old forest targets could be set.  
The Guidebook set this cycle at 250 years.  Conversely Iverson et al. (2002) found very 
little evidence to support the idea that stand initiating fires played a significant role in the 
Douglas-fir group.  Fall (1998) reported that: “research indicates that uncertainty exists in 
the fire frequency estimates for NDT4 forest types, the designation of a 250 year 
disturbance return interval for NDT4 forests blatantly ignores the fire history research for 
these forests.”  The Biodiversity Conservation Strategy also recognizes this. 
 

'Natural disturbance regimes in the Douglas-fir forests are primarily stand-
maintaining disturbances, consistent with the Biodiversity Guidebook 
concept of NDT4.  Historically, fires in this type only infrequently destroyed 
stands and more often resulted in understory thinning and mortality of 
isolated canopy trees.  As trees and stands aged, they became more resistant 
to fire and less likely to experience stand destroying events.  Insect attacks 
resulted in mortality of isolated trees, generally the older, larger dominant 
stems.' -Biodiversity Conservation Strategy, 1996 
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However, in the context of the Cariboo Chilcotin Land Use Plan, the strategy still had to 
express a target for mature and old forests.  To do this, a reconstructed reference landscape 
was used to develop a seral distribution for the Douglas-fir group landscape.  The results 
of this reconstructed landscape are presented in Table 5.2.  These results share the same 
limitations as those discussed with regard to Dawson’s work, but show a significant 
amount of the historic landscape existed in older forests.  This is consistent with the 
concept of a landscape dominated by low severity fire. 

Table 5.2  Results of Reconstructed Douglas-fir Group Landscape.  
From Biodiversity Conservation Strategy (1996). 

Age Class Proportion of the Landscape (%) 
0-20 0.5 
21-80 3 
81-140 12 
>140 83 

 
A Weibull function was fitted to this distribution.  The Weibull function was chosen 
rather than the negative exponential function because it considers the probability that old 
Douglas-fir forests maintained by low severity fires are less likely to burn in a higher 
severity fire than young forests.  Fitting this formula to the data gave a stand initiating 
disturbance cycle of 350 years.  The results from the function were modified to consider 
the effects of fire suppression.  The final results were early 6%, immature 8%, mature 
32%, and old 54% of the forest landscape.  These results were used to set minimum 
targets for mature and old forests on the Douglas-fir group portion of the IDF landscape. 
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This exercise was useful for setting targets for old and mature forests and lead to the 
creation of an old-growth management strategy for the IDF landscape.  However, it is 
only a starting point with regard to managing the Douglas-fir group landscape to RNV 
concepts.  Andison and Francis indicated that the amount of old forest (based on stand 
initiation age and seral distribution) on a landscape dominated by low severity fire is not 
as important as the structure that is there (Pers. Comm. 2003).  The question should be 
how much of the landscape has structural attributes consistent with a climax stand, not 
how much of the landscape is over a certain age.  Recognizing this, the Biodiversity 
Conservation Strategy, 1996 states “Attribute-based definitions will be required to fully 
implement a biodiversity strategy”.  For this reason it is imperative that Lignum 
continue to develop the structural definition of old forests that they are currently 
working on.  Work on defining the structural characteristics of old seral forests is 
ongoing and will not be discussed in this document.   

 
Guideline #:  IDF 1. 
Management Guideline Title:  Structural attribute definition of old forests. 
Type:  Administration 
Research Finding: Biodiversity strategy implementation is dependent on an attribute-based 
definition of old forest characteristics. 
Support: Strongly supported. 
Guideline: None. 
Further Research: May require further research to define and quantify attributes.  Also needs to 
consider Historic stand structure. 
 

5.3.3. Proportion of Pl group forests vs. Fd group forests. 

In Pl group stands, old forest would likely be similar to old forests on the sub-boreal 
landscape.  They would be more modified by low severity fire, possibly containing 
multiple cohorts and certainly most forest would include some Douglas-fir structure in 
the form of various amounts of residual stems.  In a Fd group climax stand the structure 
would be dominated by uneven-aged many cohort Douglas-fir with a full representation 
of diameter classes.  These structural definitions are only approximations but serve to 
illustrate the point that an old pine group forest would be substantially different in 
species, appearance and structure from an old Douglas-fir group forest.  These forests 
would exist in different patch sizes.  Given these significant differences the question of 
how much of the landscape has structural attributes consistent with a climax stand has a 
different answer depending on which forest type is being considered.  It will be important 
for Lignum to define the proportions in which each of these forest types exist on the 
landscape. 

 
Iverson et al (2002) indicates that 31% of the study area was comprised of timber types 
>90% fir, 39% was >90 pine and 30% was mixed Douglas-fir and pine.  The Douglas-fir 
dominated stands tended to be in the Douglas-fir Low stratum, while the pine dominated 
stands tended to be in the Pine High stratum.  The mixed stands tended to exist in the 
middle stratum.  It is assumed that the IDFxm would have similar characteristics to the 
Douglas-fir Low stratum and would likely be dominated by Douglas-fir stands.  Areas 
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from the IDFxm were not included in Iverson et al (2002).  Based on the map included in 
Iverson et al. (2002), most of the pine high stratum falls outside of the Lignum IFPA area.  
In the IDF portion of Lignum’s IFPA area on the east side of the Fraser River 
approximately 20% of the stands are pine stands, 30% are mixed stands and 50% are 
Douglas-fir stands.  This is rough estimated based on the map included in Iverson et al. 
(2002).  Dawson (1997) indicates that forests dominated by Douglas-fir and lodgepole 
pine each form a large part of the natural reference landscape (50 and 45% respectively).  
A summary of pine and Douglas-fir group forests from the Biodiversity Conservation 
Strategy (1996) for the Landscape Units that cover the Lignum IFPA area on the east side 
of the Fraser river is presented in Table 5.3.  This data shows very similar results to the 
averages that are presented by Iverson et al. (2002), considering that most mixed forests 
are included in the pine group.  Of particular interest is the range that exists in any given 
Landscape Unit. 

Table 5.3  Proportion of Landscape in Douglas-fir and Pine Groups. 
Based on Landscape Units that overlap Lignum’ IFPA on the east side of the Fraser 
River. 

LU 
IDF Pine group 

(ha) 
IDF Douglas-fir 

Group (ha) 
% pine 
group 

%Douglas-
fir group 

Chimney 3743 10796 26% 74% 
Hawks Creek 6099 25227 19% 81% 
Williams Lake 5637 26314 18% 82% 
Alkali 14894 31164 32% 68% 
Big Bar 18520 23808 44% 56% 
Dog Creek 41752 34993 54% 46% 
Meadow lake 19562 22400 47% 53% 
Helena Lake 10577 30794 26% 74% 

Average: 37% 63% 
Pine min % 18% 
Pine Max % 54% 
Douglas-fir min % 46% 
Douglas-fir max % 82% 

 
All of this data is based on forest cover information and as such provides a snap shot in 
time.  This indicates a point that exists in the RNV but does not express the amplitude of 
the range.  It also expresses a simplistic picture of the landscape.  The idea that only pine 
is in the pine group forests and only Douglas-fir is in the Douglas-fir group forests 
ignores the presence of stands with significant amounts of pine existing in the Douglas-fir 
group forests (these are the mixed forests).  The Biodiversity Conservation Strategy 
(1996) made the following distinction between the two forest groups.  The pine group 
forests in the IDF are those forests for which only pine is listed as the major species in the 
forest cover polygon label.  That is stands that are greater than 80% pine.  The remaining 
mixed and pure Douglas-fir stands are included in the Douglas-fir group.  The reason for 
this is the assumption that stands with 20% or more Douglas-fir structure will eventually 
climax in Douglas-fir stands.  The significant presence of Douglas-fir in these stands 
shows that Douglas-fir is capable of growing on the site, so this seems to be a logical 
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assumption.  However, a significant portion of the stands in the Douglas-fir group forests 
would have more pine than Douglas-fir in them.  Based on Table 3 it is conceivable that 
50% of the IDF landscape would be in stands having more pine than Douglas-fir (stands 
with 50-80% pine will be referred to as pine leading in this paper).  If one assumes that 
these pine leading forests are a result of moderate and higher severity fire events it 
becomes apparent that moderate and high severity fires have had a significant impact on 
sculpting the IDF landscape, in spite of the fact that evidence shows that the majority of 
fires are of low severity.  Andre Arsenault, in a presentation (Fire dynamics of dry-belt 
forests: perception vs. reality) at a Lignum workshop in the 2001, indicates that there is 
an underestimation of the relative importance of moderate and high severity fires in 
NDT4 forests.  Dawson (1997) indicates that 94% of Douglas-fir stands are older than 
140 years of age, indicating the maintaining effect of low severity fire.  However he also 
notes that stands dominated by lodgepole pine have a greater age spread with 13, 31 and 
56% in the 21-80, 81-120 and 120+ age categories.  This would seem to indicate 
significant effects from moderate and higher severity fires.  As in the sub-boreal forest 
where most fires were small but larger fires had a greater sculpting effect on the 
landscape, On the IDF landscape moderate and higher severity fires, although rare, may 
have had a significant sculpting effect on the landscape resulting in some large patches. 

 
In the Biodiversity Conservation Strategy the whole Douglas-fir group landscape is 
assumed to have Douglas-fir as the seral climax.  Old forests were defined, for the time 
being, as greater than 250 years.  Targets for mature and old forests were set using a stand 
initiating fire event cycle of 350 years for the whole group.  Since pine stands rarely reach 
the 250 year age, it can be assumed that the bulk of the required old target for the 
Douglas-fir group landscape will be met in climax structure Douglas-fir stands.  While 
recognizing that this is the ultimate seral culmination, this over-simplifies the landscape.  
In the IDF Douglas-fir group, there are significant portions of the landscape that exist in 
pine leading stands.  As the pine in these stands ages, it is replaced by the Douglas-fir and 
over a period of time becomes a Douglas-fir climax structure stand.  However, there is a 
period of time when these stands have old structural characteristics, but these 
characteristics are more representative of the pine group forests.  Pine leading stands exist 
in the Douglas-fir group landscape and it can be assumed that they have existed over 
time.  It can be further assumed that they are an important part of the landscape and that 
structurally old pine leading stands played an important role in the ecology of the 
Douglas-fir group landscape.  The current accounting of old seral structure stands in the 
IDF Douglas-fir group ignores the presence of structurally old pine leading stands.  In the 
Douglas-fir group landscape, a certain proportion of the landscape should exist in 
Douglas-fir dominated climax structure stands.  The remaining portion of the landscape 
will exist in stands that have not achieved this structure: younger Douglas-fir group 
forests.  Of these younger Douglas-fir group forests, a portion should exist in stands that 
have old pine structural characteristics.  This will require a different method of 
accounting than currently exists. 
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Guideline #:  IDF 2 
Management Guideline Title: Douglas-fir Group Old Seral Accounting (accounting for pine with old 
attributes).  
Type: Landscape. 
Research Finding: Current accounting of old seral structure stands in the IDF Douglas-fir group 
ignores the presence of structurally old pine leading stands. 
Support:  Weak to moderately supported. 
Guideline: Since structurally old pine stands exist within the Douglas-fir group and have over time, 
they should be monitored, and should be considered to contribute as a structurally old stand within a 
subset of the Douglas-fir group. 
Further Research: Research should be conducted to determine the proportions of climax structure 
Douglas-fir stands, and younger Douglas-fir stands (includes pine leading stands some of which may 
have old attributes) as a subset of younger Douglas-fir stands. 

 
Further complicating this issue is the fact that there is no data that suggests what range of 
proportions these various forest types should exist in (RNV).  Any proportions developed 
by forest cover methods would be useful as they would express a point within the range, 
but extensive modeling of fire regimes and their effects on this landscape would be 
required to develop the range.  Modeling to estimate historic distributions of stand types 
is also recommended by Iverson et al. (2002).  Modeling would likely be very 
complicated, including the effects of topography, elevation, soil texture and weather.  A 
connection between fire cycles and drought cycles has been suggested (Clark 1988, 
Donnegan et al. 2001, L. Daniels, Pers. Comm. 2003).  Donnegan (2001) found that fire 
cycles were strongly tied to drought conditions and associated with El Nino – Southern 
Oscillation (ENSO) cycles in montane forests of Colorado.  Fire events were tied to 
reduced moisture during La Nina events that were often proceeded by 2-4 years of 
increased moisture (El Nino years).  Lori Daniels has been studying the connection 
between climate and fire history in the IDFdk3 south of Williams Lake (personal 
communication 2003).  Her study also found a strong link between ENSO and major fire 
years.  A similar pattern of 4 years of high precipitation followed by 2 or more years of La 
Nina conditions where major fires occurred in the second year of the drought.  Clark 
(1988) examined the connection between drought, fire, and fuel loading in Minnesota.  
The drought cycle in Minnesota is highly correlated with the fire cycle; however, it was a 
relatively poor predictor of major fires on its own.  When fuel loading is added to the 
model, the prediction of less frequent major fire years is improved (Clark 1988).  Daniels 
suggests that the connection between the current fuel build up associated with the MPB 
epidemic and La Nina events have strong implications for forest management in the 
Cariboo Region (Pers. Comm. 2003).  The effects of drought cycle and fuel loading 
should be considered in this modeling.  Results from the modeling could also be used to 
develop patch size distributions for the various forest types.  As was discussed in the sub 
boreal section of this document, these various proportions should be tracked at the 
landscape unit level to provide a broad range of naturally occurring values and at the 
regional level to ensure that average values are met. 
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The Chilcotin variant of the IDF, the IDFdk4 is similar to the IDFdk3.  It occurs 
exclusively on the west side of the Fraser River.  Annual precipitation and annual 
temperature are slightly lower than the IDFdk3.  Field observations indicate that the High 
pine stratum may be much more extensive in the IDFdk4 than it is in the IDFdk3.  It is 
expected that historical fire regimes differ significantly from those found in the IDFdk3 
(Iverson et al. 2002).  The IDFxm exists below both the IDFdk3 and IDFdk4.  It is 
assumed that it would most similar to the Douglas-fir Low stratum described by Iverson 
et al (2002). 

 
A further line of reasoning involves the future of the distribution of these forest types in a 
landscape where fire is suppressed.  It appears that pine-leading stands are directly related 
to the amount of moderate and higher severity fires on the landscape.  In the absence of 
these fires these stands would be expected to decline.  Iverson et al (2002) indicates that 
current landscapes, due to fire suppression, likely have less pine than historic landscapes.  
Current management, including pine overstory removal and protection of Douglas-fir 
regeneration and reserving of Douglas-fir when harvesting pine stands will push pine 
leading stands towards a Douglas-fir climax structure.  At some point in the future there 
will be significantly less pine leading stands on the landscape and portions of the 
Douglas-fir climax structure landscape will have to be returned to pine leading forest for 
the landscape to remain within the RNV.  Currently due to the effects of low diameter 
limit logging and high grading which occurred in the past it is probable that the Douglas-
fir climax portion of the landscape is a deficit position.  Dawson (1997) indicates that the 
historic IDF landscape was 64% older forest while the current landscape is only 28% 
older forest, and further that on the reference landscape 94% of the stands dominated by 
Douglas-fir were greater than 140 years of age.  This data is based on forest cover 
information and polygon age and is therefore subject intrinsic weaknesses, but it is an 
indication of a strong likelihood that there is less old climax Douglas-fir structure on 
today's landscape than there would have been naturally.  Efforts in the near future need 
to be focused on restoring Douglas-fir climax structure on a larger amount of the 
landscape.  This can be done by maintaining climax seral structure in current logging 
operations in these Douglas-fir dominated stands (this is discussed in greater detail in the 
stand structure section of the IDF document).  Pre-commercial silviculture activities will 
likely be used very little in this effort due to their cost.  However, as current young 
structure Douglas-fir stands, created by low diameter limit logging and high grading grow 
older, economical opportunities to direct the stand towards a climax structure state may 
become available. 

 
5.3.4. Old growth in general. 

Any old growth management strategy in the pine group forests which relies on the same 
management parameters as those discussed in the sub-boreal portion of this document 
will likely be at risk for the same reasons.  The old growth management strategy in the 
Douglas-fir group is much more viable, as stands based on climax Douglas-fir structure 
could exist in very old states.  Ultimately, the goal for the Douglas-fir climax portion of 
the IDF landscape would be to manage the landscape such that the majority of it exists in 
climax structure (e.g. 94% of Douglas-fir dominated stands were older than 140 years on 



NDT Draft Management Guidelines - March 31, 2003  Page   86 

Dawson’s (1997) reference landscape).  Over time this would make OGMAs 
unnecessary. 

 
 
Guideline #:  IDF 3 
Management Guideline Title: Proportion of Douglas-fir Climax Forest. 
Type: Landscape. 
Research Finding: Dawson (1997) indicates that the historic IDF landscape was 64% older forest 
while the current landscape is only 28% older forest, and further that on the reference landscape 
94% of the stands dominated by Douglas-fir were greater than 140 years of age. 
Support: Moderately Supported. 
Guideline: Efforts in the near future need to be focused on restoring Douglas-fir climax structure 
on a larger amount of the landscape.  This can be done by maintaining climax seral structure in 
current logging operations in these Douglas-fir dominated stands.  Commercial thinning that 
moves younger stands towards a climax structure state should be pursued when market conditions 
permit an economic harvest.  If the Douglas-fir climax portion of the IDF landscape were 
managed in such a manner that the majority of it exists in climax structure it would make OGMAs 
unnecessary. 
Further Research:  None. 
 

Similar to the sub-boreal forest, minimum mature and old targets were set for the IDF 
landscape.  This was done for each forest type.  The targets were different depending on 
biodiversity emphasis.  Each of these values is actually an estimation of lowest point of 
the range that old or mature would exist at.  Data to demonstrate this is presented in Table 
5.4.  Due to the pressure of cut considerations, the upper limit of the range is not stated or 
discussed, nor is the lower limit discussed in terms of being part of a range.  The lower 
limit is made a target from which available area to harvest in a landscape unit is 
calculated.  In so doing, the range of mature and old forest retention has been reduced and 
shifted so that all Douglas-fir and pine forest groups are being managed to single points 
on their ranges, further, that point is at the lower end of the range.  Simply stated, the 
current biodiversity strategy will target a reduced range of mature and old forests and a 
lower than naturally occurring amount on the landscape in general, assuming that the 
hypothesized stand initiating fire cycles are correct.  There is no data available to 
determine if this is likely the case for the IDF landscape or not.   
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Table 5.4  BCS Targets Compared To Fire Cycle Mid-Points. 
 

Proportion of landscape in mature and old forest. 
Mature + Old Old Forest Group. L I H L I H 

IDF Pine group targets from BCS >11 >23 >34 >11 >11 >16 
Mid-point of pine group targets 
based on 125 year cycle 

40 33 

IDF Douglas-fir group targets 
from BCS 

>22 >43 >65 >21 >21 >32 

Mid-point of Douglas-fir group 
targets based on 350 year cycle 

86 54 

Management targets for each forest type as found in the Biodiversity Conservation 
Strategy (BCS) are compared to the average values expected from calculations based on 
the fire cycle.  L, I, H refers to biodiversity emphasis assigned to a landscape unit. 

 
No data was found that would enable defining the size or location of OGMAs. 

 
5.3.5. Refugia 

On the IDF landscape there are few linear fuel breaks that would result in refugia areas 
where fire did not burn or burned on an extended cycle (Iverson et al. 2002).  Areas with 
extensive wetland may have had some smaller fires, but there is potential for fires to 
spread around or across wetlands (Iverson et al. 2002).  Fire extent was primarily 
determined by weather during the event, with some events being very large (Iverson et al. 
2002).  A type of refugia described by Iverson is the dry refugia where fuel is so 
discontinuous and sparse that fire would be exclude from those sites.  Iverson et al. 
(2002) notes the dry refugia areas as steep south and west facing slopes.  A second 
potential area of fire refugia from the frequent low severity fires is a portion of the study 
area known as the rock belt where surface rock percentages frequently exceed 50% 
surface cover (e.g. Enterprise 18 km, Alexis Creek south of the 4600 road).  DWB staff 
have noted some areas where boulder rock surface cover is high enough that there is little 
to no surface ground fuels, particularly pine grass, available for consumption so these 
areas may also have offered areas of refugia from low severity surface fires.  Iverson 
indicates their plots in the rock belt showed no difference in fire frequency (Pers. Comm.  
2002).  If rock belt areas were subject to less low severity fire there should have been a 
fuel buildup that resulted in presence of more higher severity fires and more even-aged 
structures.  Even-aged structures have been noted associated with the rock belt areas (CP 
113, John Liscomb, pers. comm. 2003), but DWB staff has also noted numerous areas of 
uneven-aged Douglas-fir stands.  DWB staff have also noted areas where pine dominated 
even-aged stands (likely caused by moderate and high severity fires) with little surface 
rock end abruptly where boulder rock covers the ground surface.  In this case the stand in 
the boulder area was uneven-aged fir.  This would seem to indicate that the boulder rock 
areas were less susceptible to these types of fires.  The fact that boulder rock sites 
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typically have less dense regeneration is likely due to the fact that there is not enough 
growing site to sustain a continuous layer of regeneration (Iverson pers. comm. 2003).  
This would mean that fuel buildup and ladder fuels in the absence of fire would not be as 
high for these areas.  There is potential for rock belt areas to be fire refugia and that these 
areas would have a different stand structure than areas with shorter mean fire intervals.  
While rock belt stands fit in the RNV for the landscape they should not be used to 
describe average values for the general landscape. 

 
5.4. Patch size distribution. 

5.4.1. Research findings. 

The size and distribution of canopy “gaps” or “patches” also characterize fire regimes.  
Low-severity fires that result in very little to no overstory mortality result in little change 
in the size or distribution of canopy patches on the landscape.  With increasing fire 
severity (lethality), which is correlated with increasing mean fire interval and the 
accumulation of fuels, landscape patches increase in size (Agee 1998, Agee 2000 as 
referenced in Iverson et al. 2002).  This is a good general description of the fire regime in 
the IDF landscape and it effect on patch sizes. 

 
In the pine dominated and pine leading forests, ‘patches’ were created by moderate and 
higher severity fires.  The scale of stand replacing disturbances in the pine high stratum 
was most often small as observed even-aged patches cover areas only in the 10s of 
hectares (Iverson et al. 2002).  This observation is contrasted by Dawson (1997) who 
indicates that on the reference landscape most early and mid-seral forest types are 
distributed in relatively small patches but approximately one-third of the 81-120 year old 
lodgepole pine type is found in patches greater than 1000 ha.  This age class is likely 
related to the large fire event year of 1869 noted by Francis et al (2002) and Iverson et al 
(2002) and indicates that under certain conditions moderate and high severity fires may 
create large patches on the landscape.  This can be noted in both the pine high and 
Douglas-fir pine moderate stratum proposed by Iverson et al (2002).  Large, relatively 
even aged patches of pine existed on the landscape north of Snag Lake (FL A20003 CP 
199 Blk 5) and along the Enterprise Road north of Dog Creek.  Large areas of pine were 
removed (and still exist to some extent) south of Gustafsen Lake on along the Dog Creek 
Road north of Meadow Lake (DWB staff observation).  No information was found to 
develop a range of patch size distributions for pine group forests or pine leading forests in 
the Douglas-fir group forests.  This may be able to be developed through the modeling to 
determine the range and extent of forests type mentioned before.  Also, Dawson’s work 
may be able to be revisited to develop this distribution. 

 
Iverson et al. (2002) indicates that many fires may have been very large but did not create 
patches of equivalent size because they were lower severity.  Fire modeling indicates that 
fire sizes may have exceeded 2000-3000 ha after one week of burning (Iverson et al. 
2002).  On Dawson’s reference landscape approximately 70% of the older forests in the 
landscape were found in patches greater than 1000 ha in size (Dawson 1997).  In the 
context of Dawson’s work patches would have been based on inventory polygons and in 
this case included forests from both the pine and Douglas-fir group.  Again, no 
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information was found to develop a range of patch size distributions for Douglas-fir 
dominated forests.  However, this may be able to be developed from the modeling to 
determine the range and extent of forest types mentioned before. 

 
Guideline #:  IDF 4 
Management Guideline Title: Fire Modeling. 
Type: Landscape. 
Research Finding 1:  There is no data presented that would allow for an estimation of seral 
distribution in the pine group forests.  This estimation would be further complicated by the mixed 
severity regime present in that forest type.  It may be impossible to determine a stand replacing fire 
interval from fire scar sampling. 
 
Research Finding 2:  There is limited data regarding the proportions that various forest types (pine 
group vs. Douglas-fir group) should exist in.  Proportions of forest types developed by forest cover 
methods are useful as they would express a point within the range, but would not capture the full RNV. 
 
Research Finding 3:  There is very limited data concerning the range of patch sizes that IDF forests 
exist in.  This is particularly relevant for pine dominated and pine leading forests as these typically exist 
in patches.  Dawson’s work indicates that moderate and high severity fires may have played a 
significant role in sculpting the landscape and created some large patches. 
 
Research Finding 4:  A connection between fire cycles and drought cycles has been suggested, and 
that fire cycles were strongly tied to drought conditions. 
 
Support: Moderately to strongly supported. 
Guideline: The proportions of forest types and patch sizes determined from fire modeling should be 
tracked at the landscape unit, and regional level, to provide a broad range of naturally occurring values. 
Further Research: Fire modeling of the IDF landscape needs to be done.  This will be a complex 
model that must consider the stand types produced by different fire severities.  If possible this modeling 
should show the proportions of various stand types on the landscape (in a range), develop a range of 
patch sizes for the various forest types, and attempt to develop a seral distribution for pine group 
forests.  ‘Snapshots’ from the current landscape will be useful to calibrate this model. 
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5.4.2. Current practices. 

The Biodiversity Guidebook (1995) sets the current practice targets, and states that partial 
cutting, combined with occasional smaller dispersed clearcuts, will approximate the 
pattern of the natural landscape.  Each seral stage should be represented by the 
distribution of patch sizes indicated in Table 5.5, and further, that the size and range of 
leave areas should be the same as that for openings. 

Table 5.5  Range of Patch Sizes Suggest by the Biodiversity Guidebook 
(1995) 

Patch size % Forest area within 
landscape unit 

<40 30-40 
40-80 30-40 
80-250 20-30 

 
This range of patch sizes is likely adequate for the pine dominated and pine leading forest 
groups.  There is no evidence to the contrary.  However, it does not allow for the large 
polygons noted by Dawson (1997). 

 
The range of patch sizes is quite irrelevant in the Douglas-fir dominated stands, providing 
that harvesting leaves structure similar to that of old forest structure.  If current Douglas-
fir dominated harvest blocks are designed to meet this basic level of structure they should 
not be constrained by the patch sizes indicated in Table 5.  Harvesting Douglas-fir 
dominated blocks, in a manner that retains old forest structure, would be the landscape 
equivalent of low severity fire.  These harvest units should not be considered patches. 

 
Guideline #:  IDF 5 
Management Guideline Title: Maximum Patch Size - Douglas-fir Group forests 
Type: Landscape. 
Research Finding: Research indicates that patch size is less relevant in Douglas-fir dominated 
forests.  These forests tended to be maintained in large areas of varying structure rather than the 
‘patches’ associated with higher severity events. 
Support: Moderately to strongly supported. 
Guideline: If current harvesting meets the attributes of old forest, then the maximum patch size 
indicated in the Biodiversity Guidebook should not be constraining.  Harvest blocks in the 
Douglas-fir dominated stands should be able to cover very large areas. 
Further Research: None. 
 

5.4.3. Connectivity 

In the Douglas-fir dominated forests maintained by low severity fire, it would be expected 
that most patches would be very large continuous expanses of mostly climax structure 
forest.  This forest matrix would have been occasionally interrupted by small (with some 
medium and large) patches of younger forest caused by moderate and high severity 
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burning.  It is assumed that a large part of the Lignum IFPA area within the IDF forests 
would have been typified by this stand structure.  This stand structure would have lead to 
a high degree of connectivity across most of the Landscape.  Dawson (1997) notes that 
approximately two-thirds of the older forest type on the reference landscape is in interior 
forest and that this is approximately 52% of the total forest area.  The current landscape 
has more patches of interior forest but their size is much smaller and only 13% of the 
total forest area can be classified as interior forest (Dawson 1997).  The results of 
fragmentation can be seen in this data. 

 
There was no evidence found on which to base a historic connectivity assessment for the 
pine dominated stands.  Pine leading stands, with a large proportion of residual Douglas-
fir structure would likely have had similar connectivity characteristics to the Douglas-fir 
dominated stands. 

 
The Biodiversity Guidebook indicates that connectivity is assumed to have been high 
among most parts of the landscape in this disturbance type and that mature forest riparian 
areas around individual wetlands, wetland complexes and streams should form the basis 
for connectivity in this disturbance type.  The importance of natural connectivity 
characteristics on the NDT4 landscape, as indicated by the Biodiversity Guidebook 
(1995) are shown in Table 5.6. 

Table 5.6  Summary of Importance Of Various Connectivity 
Characteristics from the Biodiversity Guidebook. 

Natural connectivity 
characteristics 

Frequency of occurrence in 
IDFdk. 

Upland to upland Mod-high 
Upland to stream Mod-high 
Upland to wetland Mod-high 
Cross-elevational Low 
Wetland complex High 
Stream riparian Low 
Island remnants Mod 

 
The predominance of moderate and high occurrences in most categories fits well with the 
idea of a landscape composed of Douglas-fir leading stands.  Low occurrences in cross-
elevational and stream positions is indicative of the flat landscape with few streams.  The 
current landscape, as indicated by Dawson (1997) is quite fragmented compared to the 
historic landscape.  This condition will rectify itself over time if the landscape is managed 
to return the Douglas-fir dominated portion back to a state typified by seral climax 
structure.  Residual Douglas-fir structure left after harvesting pine leading stands, and 
management of Douglas-fir dominated stands to leave climax structure will help to meet 
these general connectivity targets. 
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Guideline #:  IDF 6 
Management Guideline Title: Connectivity 
Type: Landscape. 
Research Finding: Limited research indicates general agreement with the Biodiversity Guidebook 
assertion that overall landscape connectivity was moderate to high.  
Support: Moderately supported. 
Guideline: The promotion and management of Douglas-fir dominated stands to create of leave 
climax structure after harvesting, over time will help to meet connectivity objectives.   
Further Research: None. 
 
5.5. Remnant Structure 

5.5.1. Wildlife Tree Patches 

Fire severity is the determining influence of what form and amount remnant structure will 
be in.  The wide range of fire severity across the IDF produces a wide range in amounts 
and type of remnant structure.  There was no research information found that would 
directly lead to setting amounts or sizes of Wildlife Tree Patches (WTPs).   

 
The current guidelines for WTPs specify amounts as well as a maximum distance 
between the patches.  Single trees are considered to contribute to WTP requirements as 
well.  Minimum amounts to be retained are expressed as a percentage of the total cut-
block or cutting permit area.  In the 100 Mile Forest District WTP requirements are 11%.  
In the Williams Lake District, targets are set by landscape unit and range from 12-14% 
for the IDF portion of the IFPA area.  In the Chilcotin Forest District targets are set by 
landscape unit and range between 11 and 12% for the IDF portion of the IFPA.  The 
maximum distance between patches of forest cover (WTPs) has been set at 500m 
(Biodiversity Guidebook 1995).  Singletree reserves contribute to WTPs based on basal 
area equivalency ratio.  Different amounts of singletree reserves can be considered to 
contribute to WTP area in each District.  In some cases amounts are different for 
deciduous vs. conifer contribution.  WTPs are designated to last for a full rotation.  Any 
single trees that contribute to WTPs would also be expected to last for a rotation. 

 
WTP contributions can be met by each individual cut block, but are most often met for 
the total cutting permit area.  This allows greater flexibility in WTP placement.  WTP 
contributions can also be accounted for at the Landscape Unit level, this allows even 
greater flexibility in placement, but requires constant effort to track. 

 
In pine dominated (>80%) stands, due to the effects of moderate and higher severity fires, 
there are patches present.  Typically there is some minor amount of Douglas-fir structure 
in these stands.  With regard to WTPs, the pine group landscape could be managed with 
the same guidelines as the SBPS landscape.  Retention within these stands should 
concentrate on Douglas-fir stems and Douglas-fir patches as these would likely have been 
left by fire.  Aspen patches should be reserved wherever possible, in keeping with 
previous research regarding cavity nesting birds (C. Martin).  Patches of pine should also 
be incorporated in retention patches.  Retention patches should also contain a range of 
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regeneration species and characteristics.  Riparian Reserve Zones established under the 
Forests Practices Code will likely continue to be designated as WTPs.  In the pine group 
landscape, where there are few wetlands, this allows for a relatively good balance 
between upland and lowland retention.  Likely the greatest difference between the SBPS 
and the IDF pine group would be the expectation of more Douglas-fir structure in the IDF 
stands.  This structure will often be seen in the form of single scattered stems.  A 
significant portion of these stems should be reserved, varying with the amount present.  
At least the large Douglas-fir vets (>50-60 cm DBH) should be reserved.  If present, 
stems in a younger Douglas-fir cohort should be reserved in proportion to the vet stems so 
that they can replace them over time.  If this is done on a stand-by-stand basis variability 
will be retained across the landscape. 

 
Guideline #:  IDF 7 
Management Guideline Title: WTP’s and Wildlife Trees Pine Group 
Type: Landscape/Stand. 
Research Finding: Mixed severity fire regime will result in various retention levels.  This structure 
will often be seen in the form of single scattered Douglas-fir stems.  Pine will exist in patches in 
these forests.  If single stem Douglas-fir retention is done on a stand-by-stand basis variability will 
be retained across the landscape. 
Support: Weakly supported. 
Guideline: Retention within these stands should concentrate on Douglas-fir stems and Douglas-fir 
patches as these would likely have been left by fire.  At least the large Douglas-fir vets (>50-60 cm 
DBH) should be reserved.  If present stems in a younger Douglas-fir cohort should be reserved in 
proportion to the vet stems so that they can replace them over time.  Aspen patches should be 
reserved wherever possible, in keeping with previous research regarding cavity nesting birds (C. 
Martin).  Patches of pine should also be incorporated in retention patches along with a range of 
regeneration species and characteristics.  These patches should remain in place for the full rotation. 
Further Research: None. 
 

Riparian management areas (RMA) in pine dominated stands likely share very similar 
characteristics and regimes to those of the drier sub-boreal forests and recommendations 
from those forests could be used in IDF pine dominated stands 

 
In Douglas-fir dominated stands the landscape is far less patchy.  Forests tended to exist 
in a more uniform state.  WTPs existing as retention patches would be less significant in 
these forests.  There is no harvesting in WTPs, so patch retention in these forests could be 
considered to emulate fire refugia areas.  Upland retention patches should be placed with 
this in mind.  If possible they should be placed on small areas that would have naturally 
had a longer fire interval.  At this time it is uncertain what these areas might be, but with 
the amount of research and trials utilizing fire that are proposed in the near future, some 
definition of these areas may be able to be made.  Another option would be to consider 
what structural differences would exist in small refugia areas (denser regeneration, more 
coarse woody debris, snags or denser stocking).  Small areas that particularly 
demonstrated these characteristics could be chosen as retention patches to reflect a greater 
range of natural variability.  Riparian Reserve Zones established under the Forests 
Practices Code will likely continue to be designated as WTPs.  In the drier Douglas-fir 
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group landscape, where there are few wetlands, this will allow for a relatively good 
balance between upland and lowland retention.  In areas where the landscape is 
dominated by wetlands (i.e. between Lac La Hache Lake and Snag Lake) this will lead to 
an imbalance, where almost all WTPs will be located adjacent to wetland features or on 
inoperable rocky areas.  If climax structure is maintained in the harvested stand this 
imbalance will likely have little impact.  However, areas dominated by riparian features 
should have some harvesting within Riparian Reserve Zones.  Narrow reserves embedded 
with a continuous fuel complex are not considered sustainable.  Large Douglas-fir trees, 
considered important wildlife features, are at risk to fire damage if they are surrounded by 
large numbers of small stems from historic fire suppression (Iverson et al. 2002).  This 
harvesting should leave some undisturbed patches along the feature but should also target 
the removal of fuel loading.  WTP area that this frees up could be used to represent 
upland area.  Aspen patches should be reserved wherever possible, in keeping with 
previous research regarding cavity nesting birds (C. Martin).  Historically, WTP 
requirement in Douglas-fir dominated stands would have been primarily met in single 
trees (large Douglas-fir vets).  To maintain structural attributes patch retention should 
concentrate on emulating areas of fire refugia. 

 
The requirement that WTPs should be established for a full rotation is at odds with NDT4 
research that indicates frequent low severity fire.  In consideration of the MFI for the 
study area, 22 years with a 5-49 year range, historically there would be very few areas that 
would have been fire free for up to a rotation.  In Douglas-fir dominated stands the 
majority of WTP retention patches should move around in the block with each 
subsequent entry.  In this way they will not create patches of unnatural (typical of a fire 
suppressed landscape) forest.  Protection of particularly high quality, recently dead snags 
in a WTP may require that a WTP remains in place for more than one entry to ensure 
safety.  In pine forests where all the pine is removed at one time there is no opportunity to 
move the patch around in the block.  These patches should remain until the stand is 
harvested again. 

 
Guideline #:  IDF 8 
Management Guideline Title: WTP’s - Douglas-fir dominated stands 
Type: Landscape/Stand 
Research Finding 1: In Douglas-fir dominated stands the landscape is far less patchy.  Forests tended 
to exist in a more uniform state.  Historically, WTP requirement in Douglas-fir dominated stands 
would have been primarily met in single trees (large Douglas-fir vets) rather than patches.  WTPs 
existing as retention patches would be less significant in these forests.  Patch retention in these forests 
could be considered to be fire refugia areas. 
Research Finding 2: In consideration of the MFI for the study area, 22 years with a 5-49 year range, 
historically there would be very few areas that would have been fire free for up to a rotation. 
Support: Moderately supported. 
Guideline: WTP patches should focus on areas of refugia, and should target a balance between upland 
and lowland refugia as much as possible.  In Douglas-fir dominated stands the majority of WTP 
retention patches should move around in the block with each subsequent entry. 
Further Research: None. 
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Guideline #:  IDF 9 
Management Guideline Title:  Riparian Reserve Zones 
Type:  Stand 
Research Finding:  Riparian Reserve Zones established under the Forests Practices Code will 
likely continue to be designated as WTPs.  In areas where the landscape is dominated by wetlands 
(i.e. between Lac La Hache Lake and Snag Lake) this will lead to an imbalance, where almost all 
WTPs will be located adjacent to wetland features or on inoperable rocky areas.  Narrow reserves 
embedded with a continuous fuel complex are not considered sustainable.  Large Douglas-fir trees, 
considered important wildlife features, are at risk to fire damage if they are surrounded by large 
numbers of small stems from historic fire suppression (Iverson et al. 2002). 
Support:  Moderately Supported. 
Guideline:  Areas dominated by riparian features should have some harvesting within Riparian 
Reserve Zones.  This harvesting should leave some undisturbed patches along the feature but should 
also target the removal of fuel loading and retain large tree structure.  WTP area that this frees up 
could be used to represent upland area. 
Further Research:  Effects of harvesting in Douglas-fir dominated Riparian Reserve Zones should 
be included with sub-boreal trials relating to studying the effects of harvesting/fire in RRZs. 
 

Mixed stands are currently harvested by removing the pine and reserving or managing the 
Douglas-fir depending on how much of it there is.  This management technique is likely 
to continue.  The remaining residual Douglas-fir structure should have most of its 
retention attributes met by remaining single stems, much the same as the Douglas-fir 
dominated stands.  In these stands, the structural attributes most likely to be removed 
from the stand are those associated with pine patches.  Aspen patches should be reserved 
wherever possible, in keeping with previous research regarding cavity nesting birds (C. 
Martin).  Upland patch retention should consider including fire refugia characteristics.  
Small patches of mature pine structure should be given strong consideration for patch 
retention areas.  Retention patches should also contain a range of regeneration species and 
characteristics if possible. 

 
Guideline #:  IDF 10 
Management Guideline Title:  WTPs in Mixed stands. 
Type:  Stand 
Research Finding:  In these stands, the structural attributes most likely to be removed from the 
stand are those associated with pine patches.   
Support:  Weakly Supported. 
Guideline:  Aspen patches should be reserved wherever possible, in keeping with previous research 
regarding cavity nesting birds (C. Martin).  Upland patch retention should consider including fire 
refugia characteristics.  Small patches of mature pine structure should be given strong consideration 
for patch retention areas.  Retention patches should also contain a range of regeneration species and 
characteristics if possible. 
Further Research:  None. 
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5.6. Stand Structure Management Guidelines 

5.6.1. Effects of fire exclusion on stand structure. 

Fire exclusion on the IDF landscape likely began with intensive cattle grazing which 
removed the grasses typically burned in low severity fires (Iverson Pers. Comm.  2003).  
Then in the 1960’s extensive fire suppression efforts began (Francis et al. 2002).  Iverson 
et al. (2002) noted that current mean fire intervals were 2-3 times that of historic 
intervals.  Several decades of fire exclusion has caused many Douglas-fir stands to fill in 
with young conifers.  This has resulted in fuel accumulations, increased probability of 
crown instead of surface fires, loss of understory forage, and increased insect and disease 
damage (Biodiversity Guidebook 1995).  There is an increasing proportion of the stand in 
small stems, and understory vegetation (shrubs and herbs) has changed composition 
(Iverson et al. 2002) 

 
Growth in the IDF is primarily limited by moisture.  All of the commercial tree species 
growing in the IDF are capable of regenerating at high densities and are able to withstand 
severe moisture deficits after establishment phase.  Consequently regeneration tends to 
accumulate and grow in very dense thickets of saplings.  Thickets of pine and Douglas-fir 
at high densities tend to stagnate because the sites are moisture-limited, and even the 
most vigorous trees are not able to shade out competing neighbors.  Relatively few trees 
die, but very little height or diameter growth takes place.  Tree and stand vigor is reduced 
and growth declines.  A trees ability to defend itself relies on its vigor.  If a tree does not 
have sufficient resources to grow in diameter, it is at risk for insect or disease attack 
(Lignum stand structure working group, Management of IDF Forests, Draft #2, 2002). 

 
5.6.2. Historic stands 

5.6.2.1  Conifer regeneration 
Iverson et al. (2002) found that historical regeneration densities could not be determined 
as smaller stems did not persist on the forest floor for extended periods and therefore 
have left no trace from historical times.  Some envision historic IDF Douglas-fir forests 
as being open and park like, with little if any regeneration.  Others contest this idea.  
Results from recent grass-land burning in the Chilcotin show high fire survival rates of 
Douglas-fir regeneration 1 to 1.5m in height, suggesting Douglas-fir regeneration may 
have survived low severity events (O. Steen, Pers. Comm.  2003).  Iverson suggests that 
this Douglas-fir regeneration was quite old and had short height due to the severity of the 
growing site.  This older regeneration would have developed thicker bark and been more 
able to withstand the effects of fire than younger regeneration (Pers. Comm.  2003).  
Another consideration is that grassland and understory thickets are different sites.  In the 
more open grassland heat from the fire would be more dissipated than under a continuous 
canopy.  The trapped heat in the timbered stand would be more likely to cause mortality 
(Shawn Meisner, Per. Comm. 2003).  Sampled old Douglas-fir trees indicate that when 
they were saplings they grew at a much faster rate than current understory saplings, 
indicating that historical densities were much less than they currently are (O. Steen, Pers. 
Comm.  2003).  The general consensus is that there was significantly less dense 
regeneration and poles in historic Douglas-fir stands than there is today, but there is no 
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data available to set any numerical targets.  Observation from burning trials may be able 
to provide this data and growth and yield modeling may shed further light.  In frost prone 
areas Douglas-fir has difficulty establishing in the absence of an overstory.  In the current 
fire excluded landscape dense layers of Douglas-fir have established under pine stands.  
In the past this regeneration would likely have been restricted to ridges or frost draining 
slopes (Iverson et al. 2002) 

 
Low severity fires have a tendency to burn in a patchy distribution so it is likely that 
regeneration was spatially distributed in patches (O. Steen, Pers. Comm.  2003) and that 
these patches would have ranged from single stems to small dense patches (Iverson Pers. 
Comm.  2003).  Hawe and DeLong (1998) estimated that thickets of regeneration likely 
covered about 5% of the area in their historic target stand in the IDFdm2 located in the 
east Kootenay area of south east British Columbia.  The burning trial in this stand 
resulted in 60% of the area being covered by low severity fire (Hawe and Delong 1998).  
Based on this single example, 5% of the regeneration remaining in thickets or patches 
may be an underestimation.  Fire refugia areas would have contained areas of dense 
regeneration.  Douglas-fir regeneration existing in patches is consistent with the groups of 
cohorts (similarly aged stems) that are seen to exist in uneven-aged stands in the IDF 
Douglas-fir forests.  To more closely manage to the RNV regeneration densities should be 
considerably less than there are currently and regeneration should be distributed in 
clumps.  Further research is required to determine targets.  Over time stocking standards 
need to be made to address these targets. 

 
Guideline #:  IDF 11 
Management Guideline Title:  Regeneration density in Douglas-fir dominated stands. 
Type:  Stand 
Research Finding:  The general consensus is that there was significantly less dense regeneration 
and poles in historic Douglas-fir stands than there is today, but there is no data available to set any 
numerical targets.  It is likely that regeneration was spatially distributed in patches or small clumps. 
Support:  Moderately Supported. 
Guideline:  To more closely manage to the RNV regeneration densities should be considerably less 
than there are currently.  Regeneration should be distributed in clumps.  Over time stocking 
standards need to be made to address these targets. 
Further Research:  Further research is required to determine targets.  This may be developed from 
the results of burning trials or from growth and yield stand modeling. 
 

5.6.2.2  Snags and Coarse Woody Debris. 
A regime of low severity fires with a short Mean Fire Interval would leave little coarse 
woody debris or snags and the more open healthy stands would be less susceptible to 
disease and insect mortality (Iverson et al. 2002).  These healthier stands would be less 
likely to have abundant snags and coarse woody debris would likely exist in larger pieces.  
Research to determine the historic range of coarse woody debris is ongoing, and this 
research may be able to give some idea of the approximate numbers of snags that would 
be expected to exist in the historic forest as well. 
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Guideline #:  IDF 12 
Management Guideline Title:  Snags in historic stands. 
Type:  Stand 
Research Finding:  There is no data available for the distribution and amount of snags in historic 
Douglas-fir stands.  It is assumed that a healthier forest would have less snags and that with 
repeated fires would leave less snags in the stand. 
Support:  Weakly Supported. 
Guideline:  Structural definition of seral stage needs to consider historic conditions. 
Further Research:  Research regarding coarse woody debris should be examined to determine if 
an estimation of the amount of snags present in a historic stand can be determined. 
 

5.6.2.3 Distribution of Larger stems. 
The most significant difference in mature stand structure between current and historic 
stands is that current stands have proportionately more smaller stems (Iverson et al. 
2002).  Iverson et al. (2002) used age samples from the plots in their study area to 
develop stand structures for historic stands.  Data also shows ingress over recent periods.  
The plots contained up to 20 trees each (Iverson, Pers. Comm.  2003).  This should be 
considered a relatively small sample.  These stems were not grown backward in time but 
represent the diameter at which they exist today (Iverson, Pers. Comm.  2003).  
Understanding the stem distribution of historic stands will be key to developing a climax 
structure definition for IDF Douglas-fir group stands.  If the current direction is to model 
structure based on current age class 9 (250+ year old) stands this should be changed to 
base the model on historic stand structure (i.e. less snags, coarse woody debris and 
smaller stems).  Management of Douglas-fir group forest stand structures to more closely 
represent historic stands will be based on these recreated historic distributions as well.  
For these reasons it is strongly recommended that more research be done to accurately 
determine what these historic distributions are.  In the meantime Lignum has data that 
will allow planners to begin this process in operational harvesting. 

 
One difficulty encountered in comparing data from Iverson et al. (2002) to cutting permit 
data was the diameter classes used.  Data from Iverson et al. (2002) was broken in to 10 
cm diameter classes.  Cruise compilation data is broken into 5 cm diameter classes.  It is 
assumed that the cruise compilation will be the basic data used to assess stem 
distributions in operational cutting permits.  For this reason historic stand distributions 
should use 5 cm diameter classes. 
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Guideline #:  IDF 13 
Management Guideline Title:  Stem distribution of old forests. 
Type:  Administration 
Research Finding:  Understanding the stem distribution of historic stands will be key to 
developing a climax structure definition for IDF Douglas-fir group stands. 
Support:  The current distributions are based on few samples and should be viewed as weak. 
Guideline:  The structural definition of old forests should be based on historic stand distributions 
and what can be learned of other historic structures such as snags and CWD.  Management of 
Douglas-fir group forest stand structures to more closely represent historic stands will be based on 
these recreated historic distributions. 
Further Research:  It is strongly recommended that more research be done to accurately determine 
what historic stand structure distributions were.  These distributions should be created in 1 cm 
diameter classes and compiled in 5 cm diameter classes to allow easy comparison with cruise 
compilation and other associated data.  Data should be primarily collected from the FdPl Moderate 
stratum designated by Iverson et al. (2002) as this is the area of the landscape that is most likely to 
be managed to this historic structure. 
 

5.6.2.4  Pine high stratum. 
Douglas-fir comprised a very small proportion of the stems in the eight plots in this 
stratum, averaging 27 stems/ ha in various diameter classes (Iverson et al. 2002).  This is 
consistent with field observations by DWB staff.  Data was presented that showed the 
number of stems established before 1900 and post 1900 ingress (Iverson et al. 2002).  
From this data, pine distributions were graphed in Figure 5.2.  This graph clearly shows 
the effect of ingress on the stand structure.  As a comparison, the pine distribution of two 
Lignum cutting permits was also graphed.  Forest Licence A20003 CP 35 is from the pine 
high stratum east of Meadow Lake.  It had 47 plots and covered 185 hectares.  Forest 
Licence A20003 CP 199 Type 1 had 19 plots and was a pine dominated stand from the 
FdPl Moderate stratum north of Snag Lake.  Both of these stands were considered to be 
relatively even-aged.  Operational cruising standards do not consider pine stems less than 
12.5 cm DBH so the smallest class is unavailable for comparison.  The data from the two 
cutting permits shows that there is a large range of variability present on the landscape.  
These two timber types do not appear to have the small stem ingress noted by Iverson et 
al. (2002). 
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Figure 5.2  Stem Distribution Of Pine In The Pine High Stratum From Iverson et 
al. (2002) 
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5.6.2.5  Douglas-fir Pine Moderate Stratum. 
Both pine and Douglas-fir were found in abundance in the 27 plots of this stratum 
(Iverson et al. 2002).  Similar data to the Pine High stratum was presented and this was 
used to produce Figure 5.3 that shows pre 1900 stems and post 1900 ingress for both pine 
and Douglas-fir.  Ingress in the smaller diameter classes was significant for both species. 

Figure 5.3  Stem Distribution Of Pine and Douglas-fir in the Douglas-fir pine 
Moderate Stratum From Iverson et al. (2002). 
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5.6.2.6  Douglas-fir Low Stratum. 
Data from the six plots in this stratum also show considerable ingress in the smaller 
stems.  There was concern that cattle grazing may have had an impact on these stands at 
the turn of the century so a stand distribution for 1860 was also produced (Iverson et al. 
2002).  There were no pine in the 1860 stand and only few in the 1900 stand, consistent 
with the assumption that stands in this stratum were largely dominated by Douglas-fir.  
The stem distribution from 1860 is shown in Figure 5.4 along with stem distribution from 
the 1900 stand in the Douglas-fir pine moderate stratum.  It is interesting to note that 
these two stands have very similar diameter and basal area distributions but that a 
significant part of the smaller diameter classes in the Douglas-fir pine moderate stand was 
made up of pine. 

Figure 5.4  Stem Distribution From Douglas-fir Low Stratum Compared to 
Douglas-fir Pine Moderate Stratum.  Iverson et al. (2002) 
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Hawe and DeLong (1998) report research results from various sources with regard to 
historic stand structures in the IDFdm2.  These results are compared to the results 
presented by Iverson et al (2002) in Table 5.6A.  Historic stands in the IDFdk3 have 
higher stocking and basal area and smaller average diameters than stands proposed to 
exist in the IDFdm2. 

Table 5.6A  Comparison of Estimated Historic Stand Structures 
Between the IDFdk3 and the IDFdm2 

 Douglas-fir Pine Moderate (1900)1 
 Douglas-fir only Total stand 

Douglas-fir 
Low (1860)1 

IDFdm22

Basal area (m2) 21 27 34 9-15 
Stems per ha. 238 421 499 75 
Ave diameter.3 33 29 29 50 
1 Iverson et al.( 2002) 
2 Hawe and DeLong (1998) 
3 Quadratic mean diameter was used for Iverson data. 
 

 



NDT Draft Management Guidelines - March 31, 2003  Page   102 

 
5.7. Operational Considerations Based On Historic Distributions. 

5.7.1. Pine dominated stands 

Low to mixed severity fire was prominent across the pine leading and mixed PlFd (PlFd 
Moderate and Douglas-fir Low Stratums) stand types in the IDFdk3, frequently resulting 
in multi-cohort pine dominated stands (Iverson et al. 2002).  In consideration of this a 
methodology to emulate multi-cohort pine stands on the landscape will be offered.  It is 
noted that there are potentially significant growth and yield concerns due to the unknown 
impacts of mistletoe on regenerating pine in partial removal situations.  
Recommendations for pine partial cutting should not be carried out operationally without 
proper assessment of this risk. 

 
In the context of RNV pine partial cut removal prescriptions should span a range of zero 
to high levels of residual pine retention.  A particular point or broader application of the 
range may be emulated within a single cut-block.  Stand level options to emulate a multi-
cohort pine stand in terms of harvesting operability, economics and reduction of mistletoe 
infestation would favor a group selection removal system with a wide range of patch 
sizes.  Another pine partial cutting scenario could involve the removal of approximately 
50% of the stand stems and volume in a uniform or patchy distribution, under which there 
would be no stocking objective, and the stand would be left for a period of time as a 
representation of RNV.  In this scenario, a removal cut could be done after a period of 
time, 20-40 years. 

 
These pine partial cutting options are offered with the understanding that the long-term 
effects of lodgepole pine dwarf mistletoe are not fully understood.  It is probable the 
current practice of pine overstory removal or clear-cuts with reserves will continue. 
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Guideline #:  IDF 14 
Management Guideline Title:  Partial cutting in pine dominated stands. 
Type:  Stand 
Research Finding:  There is evidence that pine dominated stands exhibit multi-cohort structure 
due to repeated fire events. 
Support:  Weak to moderate (4 of 8 plots). 
Guideline:  Stand level options to emulate a multi-cohort pine stand in terms of harvesting 
operability, economics and reduction of mistletoe infestation would favor a group selection 
removal system with a wide range of patch sizes. 
 
Another pine partial cutting scenario could involve the removal of approximately 50% of the stand 
stems in a uniform or patchy distribution, under which there would be no stocking objective, and 
the stand would be left for a period of time as a representation of RNV.  In this scenario, a removal 
cut could be done after a period of time, 20-40 years.  Singletree selection areas for mountain pine 
beetle will produce a similar result. 
Caution:  It is noted that there are potentially significant growth and yield concerns due to the 
unknown impacts of mistletoe on regenerating pine in partial removal situations.  
Recommendations for pine partial cutting should not be carried out operationally without proper 
assessment of this risk. 
Further Research:  As in the Sub-boreal landscape partial cutting of pine should not be 
undertaken without understanding the full implications of mistletoe infestation and its effects on 
growth and yield.  Research will be needed to determine these effects. 
 

Current practices of removing all of the pine in the timber types is likely to continue for 
some time.  In stand types with scarce Douglas-fir, all Douglas-fir should be reserved.  In 
areas of mixed Douglas-fir and pine, a range of Douglas-fir retention should exist across 
the landscape to emulate different natural levels of Douglas-fir residuals.  Aspen, being a 
rare, or low incidence species in the landscape, should be reserved, or even promoted to 
encourage patches that would have occurred under historic fire regimes. 

 
Guideline #:  IDF 15 
Management Guideline Title:  Stand level retention – Pine dominated stand clear cutting and 
overstory removal. 
Type:  Stand 
Research Finding:  Pine dominated stands frequently have low levels of Douglas-fir structure.  
Larger diameter Douglas-fir structure would likely survive low to moderate severity fire and exist 
as single or small group remnants.  These stands exist in patches. 
Support:  Moderate 
Guideline:  These sites should be managed with retention of large scattered Douglas-fir trees.  
Aspen Retention should be guided by Lignum’s SOP.  If present, a younger cohort of smaller 
diameter Douglas-fir should be reserved to allow recruitment into the large diameter vet classes.  
WTPs should exist as patches and should protect pine stand values if possible. 
Further Research:  None. 
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Currently many pine dominated stands have dense layers of Douglas-fir regeneration 
under the overstory of mature pine.  This is likely due to the more closed canopies of 
today’s stands.  It is probable that at higher elevations and near the SBPS that frost prone 
flat sites would not have had this type of regeneration present (Iverson et al. 2002).  
Douglas-fir regeneration would likely only have existed on ridges and on slopes that 
drained cold air.  Although economical from a silviculture perspective protection of 
Douglas-fir regeneration over the flat parts of these blocks may be outside the RNV.  On 
some flat pine dominated stands outside of the Mule Deer Winter Ranges Lignum should 
forgo the protection of Douglas-fir regeneration to maintain pine stands in the future. 

 
Guideline #:  IDF 16 
Management Guideline Title:  Regeneration protection – Pine dominated stands. 
Type:  Stand 
Research Finding:  Many pine dominated stands have dense layers of Douglas-fir regeneration 
under the overstory of mature pine.  This is likely due to the more closed canopies of today’s 
stands.  It is probable that at higher elevations and near the SBPS that frost prone flat sites would 
not have had this type of regeneration present (Iverson et al. 2002).  Douglas-fir regeneration 
would likely only have existed on ridges and on slopes that drained cold air. 
Support:  Weak to moderate. 
Guideline:  On some flat pine dominated stands outside of the Mule Deer Winter Ranges 
Lignum should forgo the protection of Douglas-fir regeneration to maintain pine stands in the 
future.  On some sites protection of Douglas-fir regeneration should be limited to ridges and 
slopes that would drain cold air. 
Further Research:  None. 
 

5.7.2. Douglas-fir low stratum. 

Most of the Douglas-fir low stratum is overlapped by Mule Deer Winter Ranges.  Mule 
Deer Winter Ranges have their own complex management strategy so there is 
considerably less operational opportunity to use historic stem distributions in this stratum.  
For this reason Lignum may wish to concentrate further research on historic stem 
distributions on the Douglas-fir pine moderate stratum where the bulk of the operational 
activities will take place. 

 
5.7.3. Douglas-fir pine moderate stratum. 

This stratum has a considerable mix of stands.  Current practice is to address the pine first 
and usually involves total removal of the pine.  This practice is likely to continue in the 
future until growth and yield studies determine the appropriateness of pine reserves.  
However, as an option to promote a greater range in variability, in mixed stands pine 
could be reserved in small clumps of 5-15 larger, older stems.  If this was done in areas 
that were fully stocked with Douglas-fir regeneration the effects of mistletoe infestation 
could be avoided.  Next comes consideration of the Douglas-fir component of the stand.  
This may remain as reserved residual structure or may be managed by some removal, 
depending on how much there is.  Historically, there has been virtually no guidance as to 
what a suitable stand target would be.  Some direction is taken from the Timber Supply 
Review assumption that in partial cutting opportunities 50% of the stands volume will be 
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removed in the first entry, but no guidance is given as to what stand structures should be 
left (Timber Supply Review, Williams Lake TSA Analysis Report, 2001 Forest 
Management Assumptions Appendix A.4).  Tools to determine optimum stocking levels 
with respect to optimizing growth are largely unavailable. 

 
Guideline #:  IDF 17 
Management Guideline Title:  Partial cutting of pine in mixed stands. 
Type:  Stand 
Research Finding: In mixed Douglas-fir and pine stands, due to frequent low severity fire 
events and other disturbances such as pine beetle, pine often exists in clumps of older veteran 
trees. 
Support:  Weak. 
Guideline:  Current practice is to address the pine first and usually involves total removal of the 
pine.  This practice is likely to continue in the future until growth and yield studies determine the 
appropriateness of pine reserves.  However, as an option to promote a greater range in variability, 
in mixed stands pine could be reserved in small clumps of 5-15 larger, older stems.  If this was 
done in areas that were fully stocked with Douglas-fir regeneration the effects of mistletoe 
infestation could be avoided. 
Further Research:  None. 
 

With the historic stand structure information provided by Iverson et al (2002) the 
operational timber cruise would be used to asses the Douglas-fir stem distribution of the 
current stand.  This would be compared to the historic distribution, which would 
determine if a harvest opportunity existed.  Based on the amount and size of the Douglas-
fir available for harvest a decision to harvest or reserve and wait for the next entry would 
be made.  This process is similar to that used now but would be much more guided 
because there is a future target stand structure. 

 
To facilitate this process the 1900 Douglas-fir structure distribution from Iverson et al 
(2002) was graphed.  The distribution showed a spike, not uncommon with limited plot 
data.  This curve was smoothed to create a hypothetical target structure.  25% upper and 
lower limits were placed on the hypothetical target structure to represent the RNV target.  
This graph is shown in Figure 5.5.  The upper and lower limits will be used to assess 
harvest opportunities for Douglas-fir. 
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Figure 5.5  Hypothetical Historic Target Stand With Upper And Lower Limits. 
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The next step would be to take timber cruise data from a timber type being considered for 
harvesting and to superimpose its stem distribution over the upper and lower limits 
indicated in Figure 5.5.  Based on the amount of volume existing above the target 
structure line a decision to harvest or not would be made.  If harvesting were to be done 
removal percentages would be developed to leave a stand that fits within the RNV.  As an 
example FL A20003 CP 150 timber type 1 was used.  The results are shown in Figure 
5.6.  As can be seen a considerable amount of the stand existed above the target 
distribution.  Most of this is in smaller stems, as would be expected from ingress effects.  
This is an actual proposal from a cutting permit in progress.  The residual structure 
estimated at the time as being appropriate falls with in the RNV target fairly well.  In this 
timber type there was about 30m3/ha of spruce and pine and the proposal removed 64% of 
the Douglas-fir basal area for an estimated total harvest of 135m3/ha.  This represents a 
very economical harvest opportunity and shows that many more like it could be available. 
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Figure 5.6.  CP 150 Data As Compared To Historic RNV. 
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In operational cruising data for Douglas-fir is not collected below 17.5 cm DBH.  As a 
result there appears to be a radical short fall in the 15 cm class of CP 150.  This is 
because only the upper quarter of the class had any data collected for it. 

 
There are several points of interest that are brought forward by Figure 6.  First volume 
removal is concentrated in small diameter stems, which should be expected, due to 
presence of ingress (Iverson et al. 2002).  To fully utilize this approach Lignum will have 
to be prepared to expect smaller diameter Douglas-fir logs.  Lignum has made progress in 
this direction with mill modifications and is considering mill studies (John Liscomb pers. 
com 2003).   

 
Second, the existing CP 150 stand has very few large trees (> 60 cm).  This is not 
uncommon in un-harvested IDF stands, depending on where they sit on the seral 
continuum.  The full range of structure will not always be met.  Rather than wait until 
there are larger stems harvesting should be done now to begin to produce the appropriate 
structure curve shape.  It may be several entries before appropriate large tree structure 
exists.  Opening the stand up and reducing the stocking in smaller stems will increase 
increment growth on the remaining stems bringing about the large tree structure sooner. 

 
Finally, the Biodiversity Conservation Strategy (BCS) recognizes that partial cutting of 
stands will leave some attributes and that it will take less time for a stand of this nature to 
return to seral climax than it would for a clear-cut.  Estimations of the residual seral stage 
are presented in Tables 28-30 (BCS).  Values in these tables represent a minimum time 
that the biodiversity committee considers will be required for natural succession to return 
stand level attributes to levels characteristic of mature and old forests following a specific 
level of partial harvesting.  In the BCS for the Douglas-fir group, old forests are 
considered to be > 250 years of age, while mature forests are greater than 100 years of 
age.  Based on information presented in table 29 of the BCS no harvesting of any amount 
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can occur in age class 9 stands (old) and maintain old structure.  With a volume removal 
of only 10%, depending on what attributes are retained, it would take between 35 and 170 
years for the stand to return to its old attribute state.  Any volume removal greater than 
30% would leave remnant structure that was not even considered to be mature and would 
result in a stand that would take 180-190 years to recover its old attributes.  Based on this 
information retaining old Douglas-fir group forests on the landscape essentially excludes 
logging from them.  Assumptions used in the BCS Table 29 are based on guidance from 
the Biodiversity Guidebook (1995).  Specifically the Guidebook states that old forests 
become mature forests following partial cutting provided the residual stand volume and 
stand attributes are at least 70% of those of the natural stand (Biodiversity Guidebook 
1995).  The BCS makes the further assumption that this means “all tree diameter classes, 
wildlife trees, coarse woody debris and other attributes are represented in proportion to 
the average stand profile…”.  This last statement is really what is being challenged.  
Based on the idea that ingress in smaller stems is prevalent across much of the IDF, the 
results of CP 150 show that there could be numerous opportunities to harvest and leave 
appropriate climax stand structure.  Over time this may also be applied to OGMAs to 
reduce their increasing fire hazard. 
By defining the stem distribution structure of historic stands a management target can be 
established.  In complex structure Douglas-fir stands harvesting to retain this target 
structure should be carried out by Lignum in the IFPA area. 

 
Guideline #:  IDF 18 
Management Guideline Title: Harvest opportunity – current stand structure vs. historic. 
Type: Landscape / Stand. 
Research Finding: Research indicates that due to fire suppression, significant stem ingress has 
occurred.  A comparison of a recently cruised Douglas-fir stand (CP 150) to historic stand structure 
indicates that current stands have significantly more stems in lower diameter classes, which 
presents an opportunity for commercial harvest while maintaining large stem structure. 
Support: Weak based on strength of sample to determine historic stem distribution. 
Guideline: Lignum should pursue stands that exhibit stem ingress for economic harvests, and to 
return stands back to within historic RNV stem distribution.   
Further Research: Confirmation of Historic stand structure. 
 
This harvest proposal is great in theory but operationally can be challenging.  Audits involving 
re-cruising of stands after harvesting have frequently shown that shape of the existing stand curve 
is not changed after harvesting.  Rather stems were removed proportionally from all diameter 
classes, merely lowering the curve, but not changing its shape.  Lignum must conduct post 
harvest audits to determine if the structural targets have been met. 
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Guideline #:  IDF 19 
Management Guideline Title: Post Harvest Structure Audits 
Type: Stand. 
Guideline: Post harvest stand structure audits must be conducted to ensure that the desired stand 
structure has been achieved i.e.: the shape of the curve has been changed through harvesting, not 
just lowered by removing stems proportionally from all diameter classes. 
 

5.7.4. Other operational considerations. 

Currently Douglas-fir regeneration is protected as much as possible.  The amount of 
regeneration present varies significantly from type to type and often within the same type.  
In areas where regeneration is quite dense, less effort should be made to protect it as it is 
likely outside the RNV.  This could make harvesting more economical on these stands as 
well.  One option that could be tried on some sites would be random skidding. 

 
Guideline #:  IDF 20 
Management Guideline Title: Douglas-fir Regeneration Densities Outside of the RNV - Douglas-
fir dominated stands. 
Type: Landscape / Stand. 
Research Finding: Research indicates that due to fire suppression, significant stem ingress has 
occurred creating high regeneration densities, likely outside of historic RNV densities. 
Support: Moderately supported. 
Guideline: in stands where regeneration densities exceed 10, 000+ stems, regeneration protection 
strategies should be modified to reduce density.  Where applicable, dispersed uniform skidding 
may be considered to reduce regeneration stocking (see also: Lignum Stratification standards and 
harvesting contractor guidance for advanced regeneration management). 
Further Research: The cost / benefit of managing to less dense regeneration vs. potential 
silvicultural costs will need to be evaluated by Lignum. 
 

Uneven-aged Douglas-fir stands often exist in a clumpy cohort structure.  These cohorts 
are usually small with 3-10 trees in them.  Other than fire, disturbances in these stands 
include Douglas-fir bark beetle and root rot.  These disturbances tend to create small 
openings (sometimes larger in the case of root rot).  A small group selection system, 
representative of the size of the cohorts present, should be tried on some permits to 
emulate this structure. 

 
Guideline #:  IDF 21 
Management Guideline Title: Uneven-aged Douglas-fir Stand Structure 
Type: Landscape / Stand. 
Research Finding: Uneven-aged Douglas-fir stands often exist in a clumpy cohort structure.  
Cohorts are usually small with 3-10 trees in them. 
Support: Weakly Supported. 
Guideline: A portion of uneven-aged Douglas-fir management should be in a small group 
selection system, representative of the size of the cohorts present, to emulate this structure. 
Further Research: None. 
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5.7.5. Growth and Yield considerations. 

The effects on growth and yield of moving towards historical stand structures with wider 
spacing and fewer but larger trees needs to be assessed.  In general such information for 
IDF stands is of limited availability.  However, Ken Day of the UBC/Alex Fraser 
Research Forest in Williams Lake has done considerable work on this topic for IDF 
stands in the Knife Creek area.  The results of this work were published in Working Paper 
34: Managing the dry Douglas-fir forests of the Southern Interior: workshop 
proceedings, 1997 edited by Alan Vyse et al 1998. 

 
Stand growth is maximized when a stand is fully stocked, but below the level where 
suppression and mortality commence.  Growing a stand at the lowest stocking that still 
captures all the growing space (B-level stocking) maximizes both stand growth and 
individual tree growth.  For a timber management objective, the lower limit should be the 
lowest stocking that represents full site occupancy, and the upper limit should equal the 
onset of competition induced mortality.  Stands of low mean diameter may have very high 
basal area growth, but low volume growth because the basal area is distributed among 
many short stems.  Conversely, stands with a large mean diameter may have low basal 
area growth, but high volume growth because the growth is accumulated on few large 
stems with good height (Ken Day, from working paper 34, 1998).  This supports the 
general conclusion that uneven-aged stand structures should maintain most of the 
stocking in large diameter classes.  The general conclusion that fewer larger stems is the 
best way to maximize volume growth is encouraging since this is the general stand 
structure that will be produced by approaching the historic RNV distribution. 

 
Gingrich stocking charts are a simple tool to describe the density of a stand by its basal 
area and numbers of stems.  Gingrich charts generally show maximum density and 
describe a management zone within which stand management objectives can be met.  The 
use of Gingrich charts is proposed as a simple tool to guide decisions for residual growing 
stock and can be used to describe the intended progression towards the stand structural 
goal (Ken Day, from working paper 34, 1998). 

 
Ken Day has generously provided a copy of the Gingrich chart that he developed for the 
Knife Creek area.  This chart is shown in Figure 5.7.  He cautions that the chart is for 
mesic sites.  If the site is richer the management limitation lines would likely move 
upwards and if the site is poorer they would move downwards.  Also this chart is for 
stands including stems to 7.4 cm (K. Day, Pers. Comm.  2003) that fits the data from 
Iverson et al (2002) nicely. 

 
Three stand structures have been marked on the chart.  These represent the upper and 
lower limits (25% variation) and the hypothesized average stand structure from Figure 5.5 
for the FdPl Moderate 1900 Douglas-fir stand.  The hypothesized average stand falls on 
the B-Level stocking line.  Table 5.7 shows the values used to plot the various stand 
structures.  Based on this, stand structure should not be managed into the lower limits of 
the RNV if timber production is to be maximized. 
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The chart also provides an estimation of re-entry period if annual basal area increment is 
known.  In the Knife Creek area annual basal area increments ranged from 0.4 to 0.8 
m2/ha for unmanaged and managed stands respectively (K. Day Pers. Comm.  2003).  
This gives a re-entry period of 19 to 35 years.  Shorter re-entry periods capture more 
volume before it is lost to competition and mortality but require more area to be covered 
to harvest equal volume.  Longer re-entry periods are not as efficient for capturing growth 
but take more volume from the stand in a given entry.  Lignum will have to develop over 
time which re-entry periods are most efficient for their stands.  This should consider 
harvest difficulty.  For example, as was mentioned before, harvesting in the lower range 
of the RNV would be below the B-level stocking and not the best use of the site for 
growing timber.  A resilient ecosystem, however, exists over a wide range of values 
(Holling and Meffe, 1995) and some stands should be left with this lower residual 
stocking.  A simple answer to this problem comes in the form of rock belt Douglas-fir 
stands.  In these stands the boulder rock makes economical harvesting very difficult.  
Greater amounts of volume removed from the site in a single entry makes harvesting 
more economical because there are less trees to act as skidding obstacles (as 
demonstrated in FL A20003 CP 113, John Liscomb, Pers. Comm.) furthermore, less 
skidding movement nets more volume at the landing.  In this case, because of the rock, 
the stand could be pushed below B-level stocking, into the lower range of RNV, and the 
re-entry period could be extended to 60 years to allow greater volume to accrue on the 
site for the next entry. 

 
In general, the results from this brief discussion on growth and yield look very positive.  
Based on the data presented it would appear that Lignum can proceed with managing 
residual Douglas-fir structure to the RNV targets proposed in Figure 5.5 with positive 
growth and yield results.  It is suggested that Lignum pursue confirming research in this 
area.  If possible Gingrich charts, if that is the method chosen to manage B-level stocking, 
should be developed for stems > 17.5 cm to match the operational cruise.  If smaller 
stems are deemed necessary, then cruising standards can be altered to include the 15 cm 
class as well. 
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Figure 5.7  Gingrich Chart 
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This chart shows the upper and lower RNV targets and hypothesized mean residual Douglas-fir 
structure as stars.  Upper and Lower limit on the chart refer to B-level stocking and zone of 
induced competition induced mortality. 
 

Table 5.7  Stand Structure Data For Gingrich Chart Plotting. 
 

 Hypothesized mean Lower RNV limit Upper RNV limit 
Basal area /ha (m2) 18.4 13.8 23 
Stems/ha 222 166.5 278 
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Guideline #:  IDF 22 
Management Guideline Title: Growth and Yield – B level Stocking. 
Type: Stand. 
Research Finding 1: Uneven-aged stand structures should maintain most of the stocking in large 
diameter classes to maximize volume growth. 
Support: Strongly supported. 
Research Finding 2: Historic RNV included stands that fell below B level stocking. 
Support: Weakly supported. 
Research Finding 3: Shorter re-entry periods capture more volume before it is lost to 
competition and mortality but require more area to be covered to harvest equal volume.  Longer 
re-entry periods are not as efficient for capturing growth but take more volume from the stand in a 
given entry. 
Support: Strongly supported. 
Guideline:  Maintaining the historic stand structure of fewer larger stems should be pursued.  If 
timber production is to be maximized, stand structure should not be managed into the lower limits 
of the RNV.  However, a small portion of stands that are below B level stocking could be left in 
rock belt stands with extended re-entry periods to represent the full historic range of variability.  
Harvest re-entry periods should be developed over time based on harvesting difficulty, and stand 
productivity. 
Further Research: Further research is suggested to confirm the applicability of the Knife Creek 
Gingrich chart or to develop Lignum’s own tools to ensure uneven-aged stands are managed to 
maximize timber production wherever possible.  The Gingrich chart or system/tool Lignum 
develops must be modified or designed to match with operational timber cruising and other data 
sources.   
 
5.8. Other Forest Management Considerations. 

5.8.1. Other Forests Sites. 

North aspect sites particularly at the toe of the slope are moister and more productive than 
drier sites.  Higher site productivity and an extended fire cycle would result in higher 
surface and aerial fuel accumulations.  Fire events in these situations would likely be 
more severe (Iverson et al. 2002).  The same line of reasoning should be applied to flat 
wetter sites.  Higher site productivity and extended fire return periods would result in 
more severe fire events on these sites.  These sites should be typified by more even-aged 
stands and would frequently have scattered large diameter Douglas-fir vets that survived 
the higher severity initiating event.  Greater amounts of aspen tend to be associated with 
these sites.  This line of reasoning is consistent with field observations by DWB staff (i.e. 
spruce dominated timber types in FL A20003 CP 119).  These sites should be managed as 
even-aged sites with retention of large scattered Douglas-fir trees.  Aspen retention 
should be guided by Lignum’s SOP.  If present, a younger cohort of smaller diameter 
Douglas-fir should be reserved to allow recruitment into the large diameter vet classes. 

 
 
 
 



NDT Draft Management Guidelines - March 31, 2003  Page   114 

 
Guideline #:  IDF 23 
Management Guideline Title: Wetter than Zonal Sites. 
Type: Stand. 
Research Finding: North aspect and moist site stands likely have longer fire return intervals, 
greater accumulations of surface and ladder fuels, and would be subject to higher severity stand 
replacing fire.  These sites should be typified by more even-aged stands and would frequently 
have scattered large diameter Douglas-fir vets. 
Support: Weakly supported. 
Guideline: North aspect and moist site stands should be managed on an even aged basis with 
patch retention and individual wildlife tree retention consistent with even-aged stands subject to 
mixed severity fire.  Large diameter Douglas-fir should be reserved, and if present, younger 
cohort Douglas-fir should be reserved to replace larger diameter Douglas-fir over time.  Aspen 
and birch should be reserved, as it generally has a higher incidence on moister sites and north 
aspects. 
Further Research: None. 
 

5.8.2. Mule Deer Winter Ranges. 

A significant portion of the IFPA area within the IDFdk3 biogeoclimatic zone lies within 
designated Mule Deer Winter Range (MDWR).  The MDWR’s exist within both the Fd 
Low and FdPl Moderate stratums applied by Iverson et al. (2002).  Overlaying the 
MDWR’s on the IFPA and stratum map provided in Iverson et al (2002), shows that 
almost all of the Fd Low stratum is overlapped by MDWR. 

 
5.8.3. Current MDWR Management. 

Current management is guided by 20 years of research and several key documents 
providing guidance and direction to MDWR management.  Key documents such as the 
Mule Deer Handbook (1986), Research Extension Note 25A (2000), and the recently 
developed management templates to be applied by snowpack zone (Dawson et al. 2002), 
provide specific strategies to MDWR habitat management at the landscape and stand level.  
All of the MDWR’s within the IFPA area in the IDFdk3 fall within the shallow and 
moderate snowpack zones.  The following is a description of the key stand level objectives 
stated within the shallow and moderate snow pack zone MDWR template:  

 
• Maintain and promote uneven-aged multi-layered stands dominated by mature 

Douglas-fir with deep wide crowns and a high component of large old trees (a 
relatively flat stem to diameter distribution and low q value). 

• Maintain and promote a clumpy distribution of residual Douglas-fir trees.  Ideal 
clumps would contain 4-10 or more mature trees with interlocking crowns.   

• Silviculture systems should combine thinning from below to create small canopy 
openings from 0.3 to 1 times the mature tree height.   

• Maintain a high level of snags and declining trees.   
• Maintain higher than average tree cover on ridges, topographic breaks, and knolls.   
• The cutting cycle must be a minimum of 30 years.   
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• Minimum residual basal area targets after harvesting are set. 
 

5.8.4. Historic Stand Structure in MDWR. 

Based on frequent low severity fire for the Douglas-fir low stratum and a mixed severity 
regime for the Douglas-fir pine moderate stratum, the following is a description of 
historical stand structure summarized from information contained in Iverson et al (2002):  
Historical stem densities were low with trees in a wide range of diameters and ages.  The 
understory was typically open with light scattered regeneration.  Stands were 
predominantly Douglas-fir, but would have had an incidental component of pine.  
Frequent low severity fire would most likely have resulted in a clumpy distribution of 
Douglas-fir stems with a range of smaller canopy gaps.  Douglas-fir snags would have 
inevitably existed on MDWRs through endemic Douglas-fir bark beetle, root rot, and 
natural mortality.  Historically, and as observed currently, Douglas-fir would have 
dominated on topographic breaks and ridges due to its preference to regenerate and 
establish on these raised areas due to its low tolerance to frost. 
 
When comparing the current guidelines for MDWR management with the historic stand 
structure they appear to be very similar to what historic stand structures were prior to 
European settlement.  However, the following differences are noted:  The exclusion of 
fire from the landscape has resulted in higher densities in the lower diameter classes due 
to tree ingress.  Current uneven-aged stocking standards may include a higher proportion 
of smaller diameter classes than what would have occurred naturally.  As well the 
promotion of Douglas-fir exclusively is definitely outside the range of natural variability 
for MDWRs that are within the Douglas-fir pine moderate stratum. 

 
The following Table 5.8 is a comparison between the proposed pre-1860 (pre European 
settlement) stand, the Fd Pl Moderate pre-1900 (Iverson et al. 2002), and the minimum 
post harvest basal area requirements for a moderate, and high habitat class from Table 2 
Extension Note 25A: 

 

Table 5.8.  Comparison Of Historic Basal Area To MDWR Target Basal 
Areas. 

Habitat class Biogeoclimatic 
Zone 

Total Basal Area 
≥ 12.5 cm m2/ha 

Total Basal Area 
≥ 37.5 cm m2/ha 

Pre - 1860 Stand 
(Fd Low) 

IDFdk3 33.6 18.7 

Pre - 1900 (Fd Pl 
Moderate.  

Douglas-fir only) 

IDFdk3 20.6 14.9 

Moderate1 IDFdk3 ≥ 22 ≥ 11 
High1 IDFdk3 ≥ 29 ≥ 16 
1 Based on Table 2 from Extension Note 25A 
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In summary, when a minimum harvest removal of 20% is applied to the above historic 
stands neither of the stands will meet the residual basal area targets for the high habitat 
class, and only the pre-1860 stand would meet the residual basal area requirements for the 
moderate habitat class.  It is recognized that the historic stands are a very small sample 
and only represent a point in time of the RNV.  However, it is a recommendation that 
further study of stand basal areas, for stands that are being managed to be within the RNV 
be compared and evaluated to the minimum post harvest basal area requirements of 
Extension Note 25A.  It may be that stands managed to RNV may meet the structural 
attributes of Extension Note 25A, but not the minimum residual basal area numbers.  A 
range of proportions of pine and spruce that would have been present in the historic RNV 
on MDWR’s should be maintained.  The exclusive promotion of Douglas-fir in MDWRs 
should be avoided. 

 
Guideline #:  IDF 24 
Management Guideline Title:  MDWR 
Type:  Stand/landscape 
Research Finding:  Structural attributes in historic stands are similar to current MDWR targets but 
may have less Basal area than that recommended for MDWR.  Exclusive promotion of Douglas-fir 
stands in MDWRs does not emulate natural events. 
Support:  Weak to moderate. 
Guideline:  Some pine stands should be harvested and regenerated to pine to maintain historic 
landscape level structure in the MDWR. 
Further Research:  historic stand structure distributions, as determined, should be compared with 
MDWR targets with a goal of bringing MDWR into the RNV (it may already exist in the upper 
range on RNV but this should be confirmed). 

 
5.9. Prescribed Fire  
Fire has had an irrefutable historic presence and impact on the IDFdk3 landscape.  Research 
clearly describes and supports the ecological place and benefits that fire had on the historical 
landscape.  The past 40 years of modern fire suppression across the landscape has virtually 
eliminated fires, and has resulted in tree in-growth, fuel loading and less healthy stands. 
 
There are many ecological benefits that prescribed fire would have.  These benefits include 
nutrient release, vegetation flush, reduction or removal of in-growth competition, and a return to 
the historical understory vegetation regime.  Reduced ingress would result in more available 
nutrients and moisture allowing increased stem growth in mature trees.  Iverson et al (2002) sites 
evidence suggesting that reintroducing fire on the landscape may limit damage from other agents 
such as spruce budworm, mistletoe and Armillaria root rot.  The reduction of fuel loading would 
reduce the potential for catastrophic higher severity fire events that currently exists. 
 
Despite the importance of fire on the IDFdk3 landscape, there are major decisions that must be 
made when considering prescribed fire: specifically, the liability attached to the risk of escape 
and the cost of applying prescribed fire.  In addition, there are regulatory requirements regarding 
smoke management. 
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In an economic context, the use and cost of prescribed fire will be in addition to what is currently 
required to achieve stocking objectives.  Lignum currently relies on existing stocking and natural 
regeneration.  Approximately 20% of harvested IDFdk3 areas currently require fill planting (R. 
Weltz, Pers. Comm. 2003).  In this case, the cost of prescribed fire would likely be prohibitive.  
Hawe and DeLong (1998) conducted a low severity under burning on a partial cut Douglas-fir, 
Ponderosa pine, and Larch stand in the IDFdm2 in the southern portion of the Cranbrook Forest 
District and reported a cost of approximately 230 $/ha, or about 4$/m3.  The current appraisal 
allowance for all basic silviculture in the IDFdk3 is 4.22$/m3.  The cost of the fire treatment 
would have to be repeated at each entry into the stand.  Based on this rough comparison, and 
given the current silviculture allowance in the Appraisal system, it is very likely that prescribed 
burn costs could double the cost of silviculture treatments in the IDFdk3.  This would put 
Lignum at a competitive disadvantage. 
 
The single biggest factor limiting the widespread use of fire as a management tool is the liability 
associated with an escape (J. Gooding, Pers. Comm.  2003).  It is unlikely that this will change in 
the near future.  For these reasons the usage of fire will be limited on the landscape and the bulk 
of forest management should still be done through harvesting.  It is important that fire trial 
research concentrate on comparing and contrasting the results of fire vs. harvesting.  Efforts 
should be concentrated on tailoring harvesting to have results that are as similar to fire as 
possible and should include an assessment of the effects of fire on regeneration.  Areas where fire 
and harvesting will never have similar results need to be defined and assessed for importance.  
This will be critical to determine if harvesting alone will provide adequate management results or 
if fire, with its inherent risks, must be used and to what extent. 
 
Guideline #:  IDF 25 
Management Guideline Title:  Fire Research. 
Type:  Administration. 
Research Finding:  Harvesting and fire, although comparable at a landscape level, often have 
different results at the stand level.  Using fire as a management tool at the landscape level will 
have a significant additional cost above current management, and has a potentially high liability 
attached to it.  For these reasons it is likely that most management of the IDF Douglas-fir forests 
will be done through harvesting. 
Support:  Strongly Supported. 
Guideline:   
Further Research:  It is important that fire trial research concentrate on comparing and 
contrasting the results of fire vs. harvesting.  Efforts should be concentrated on tailoring 
harvesting to have results that are as similar to fire as possible and should include an assessment 
of the effects of fire on regeneration.  Areas where fire and harvesting will never have similar 
results need to be defined and assessed for importance.  This will be critical to determine if the 
harvesting alone will provide adequate management results or if fire, with its inherent risks, must 
be used and to what extent. 
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6. Monitoring & Adaptive Management. 
Determining with certainty that one has achieved the RNV for a specific area at the landscape 
and stand level is a large and somewhat daunting task.  The task requires that attributes at both 
the landscape and stand levels be measurable and useful for a number of different purposes.  
Agreement on the specific attributes that contribute to the assessment and monitoring efforts 
must be consistent amongst industry, agencies and researchers.  One of the key abilities of the 
data that will be assessed as part of the monitoring process is the ability to 'roll up' results from 
the Stand level to the Landscape level and to 'drill down' through the various layers from the 
Landscape scale to the Stand level scale.  Much of the data collected in past inventory work is 
not particularly suited to the accurate roll up and drill down aspects necessary for monitoring 
achievement of RNV.   
 
Defining the Desired Future Forest Conditions (DFFC) for a stand is one method of articulating 
what the desired end result of forest management is intended to be.  Being able to describe the 
stages a stand will grow through would also enable forest managers to quantify how a stand is 
contributing towards key values such as stand structure, wildlife habitat, Land Use objectives and 
economic performance.  The set of attributes that will eventually comprise the description of an 
acceptable Desired Future Forest Condition have yet to be resolved, let alone approved by agency 
staff.  Lignum requires a method to not only establish the bounds within which achieving Desired 
Future Forest Conditions can occur but also must define how progress is being made towards 
achieving the objective of DFFC and perhaps more importantly, define when these actions are 
moving stands away from the RNV.  Intricately linked to the objective of achieving DFFC are the 
tools that will be used to assess and monitor progress towards achieving the required amounts 
and types of future forests (and their inherent stand structure).  The cost implications of this 
process demand that an operationally based tool be developed that links the Forest Inventory 
process through the Timber Supply Review and includes mandated reporting of post-harvest 
information. 
 
Such a process must be able to assess key stand attributes at both the stand and landscape level.  
It must provide roll up capabilities for key stand structure defining attributes.  It must have strong 
ties to Forest Inventory, Growth & Yield, and silviculture reporting systems.  It must be robust 
enough to be utilized for modeling of stand growth within the Timber Supply Review process but 
flexible enough to describe stand timber types in a Site Plan.  Forest managers must be able to 
use components of it to describe Landscape/Forest Estate level scenarios and forest surveyors 
must be able to use it to describe the progress of a harvested stand through free growing towards 
a specific stand type.   
 
For the purposes of the NDT Management Guidelines project, methods of reporting on the 
achievement of attributes and other stand level criteria are important for their ability to be rolled 
up to the Landscape level and for managers to be able to determine necessary indicators of 
success from the Landscape level down to the stand level.  Current inventory information such as 
that collected through VRI must be able to be linked by forest cover polygon to a broader stand 
classification system that is independent of stand age and species.  The system must be able to be 
used to describe the stand development processes and the complexity of the stand at any point in 
the rotation.  The primary attributes utilized in the system must include all of the primary 
attributes necessary to describe stand structure with enough detail to determine a stands 'oldness'.  
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The growth characteristics of the stand must also be known well enough to enable the prediction 
of responses to forest management and treatments.  The modeling and gaming characteristics of 
varied Growth and Yield processes must be able to utilize the attributes provided within this 
system.   
 
The research findings determined within the NDT Management Guidelines project point to a 
need for defining stands by their structural stage as opposed to their seral stage.  Many of the 
aspects of 'oldness' rely more on retained stems, their size, species and location than on the 'age' 
of the stand.  While age is a useful surrogate of old it is not entirely suitable for landscapes with 
significant residual structure which typifies most of the Lignum IFPA area and will be less so in 
the future as stands are managed in a context that largely precludes the use of fire to modify 
landscapes. 
 
Primary attributes such as the numbers and basal area of live and dead trees, their canopy 
structure and the complexity of the stand are key to describing the value of stands in terms of 
biodiversity.  The following secondary attributes of CWD, regeneration density and percent of 
the stand that is Pl are also thought to be necessary.  Stand structure types must also be linked to 
the wildlife habitat needs of certain key wildlife species.  At this time it appears that tracking the 
number of large live stems is one of the key stand structure attributes necessary to determine the 
'oldness' of a stand.  Being able to classify all stands as to their potential for providing large 
stems both now and in the future is key to a successful monitoring system. 
 
Preliminary indications are that Lignum may have the base classification methodology for such a 
system in the Stand Structure Type Classification currently being developed (Stand Structure Key 
- Second Approximation, ForesTree Dynamics Ltd., 2003).  Lignum has utilized its' extensive 
number of stand structure plots (PSP and VRI samples) to develop a method of classifying stands 
using specific stand structure attributes of basal area above each diameter threshold, number of 
trees above a diameter threshold and the size (dbh) of stems.  Development of visual and text 
descriptions of these Stand Structure Types is ongoing, (Farnden, C., Moss, I. S. and Earle, T. 
2003.  A field guide for identifying stand structure classes in the Cariboo Forest Region.  In 
prep.).  The types enable one to classify stands based on their complexity (determination of even 
aged vs. uneven aged) and if they are comprised of few cohorts or multiple cohorts. 
 
The classification system has been primarily developed to: 

1. Link strategic level planning with operational activities (see 4). 
2. Produce a common language with which to refer to different kinds of stands, particularly 

as they relate to complex structures; this helps practitioners to better communicate the 
results of their work. 

3. Provide a basis for designing and implementing alternative silviculture regimen. 
4. Project the impacts of those treatments across the landscape using the classification in 

combination with the inventory and growth and yield models. 
 
This concept facilitates a better understanding of "seral" stage development insofar as 
development pathways and their likelihood of occurrence can be charted using the stand structure 
classification.  It is a tool for better characterizing the diversity of stands that exist now and that 
may be desired in the future.  It reduces the complexity of the environment to a manageable set. 
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Field use of this classification system will follow as a number of projects currently underway are 
completed.  This system provides an improved basic tool necessary to conduct assessment and 
monitoring of stand structure attributes at the stand level and also, through its' ability to classify 
stands in an inventory context, at the landscape level.  The description of stand development 
processes that the classified stands are expected to grow through enables forest managers to 
assign treatment types to a particular stand, assess whether it reverted to the expected stand type 
after treatment and then confidently project how the stand will grow through time and provide 
forecasted stand structure spatially and temporally across the landscape. 
 
The Stand Structure Type Classification system identifies seventeen (17) stand structure types.  
Types 1 to 11 are comprised of predominantly few cohort, non-complex (even aged) stands; 
types 12 to 17 are complex, multi cohort (uneven aged) stands.  A description of the successional 
path the types grow through is being developed.  Use of this classification system will enable 
managers to determine what type of stand they presently have and what stand structure 
components comprise the stand.  Through Growth and Yield modeling, the manager will have a 
relatively good idea of how the stand will respond to a treatment (harvest or silviculture), what 
structure attributes need to be maintained to meet desired post-treatment attribute levels, and 
when the stand is likely to provide certain levels of necessary future stand structure.  Lignum is 
encouraged to continue development of the Radial Increment - Net Growth (RING) Tree and 
Stand Growth Model (ForesTree Dynamics Ltd., Moss, 2003).  The tree and stand growth 
modeling provide by RING will enable managers to assess a stands progress along a pre-
determined path.  The provision of tree and stand level data on key stand structure attributes 
moves managers away from a seral based classification towards a system that focuses on the 
provision of necessary stand structure components.  Linking the classification to stand level 
attributes while enabling these attributes to be used to classify stands at the landscape level 
enables managers to forecast how the stands will respond to treatments and the passage of time, 
e.g. the ability to 'roll up' results from the Stand level to the Landscape level and to 'drill down' 
through the various layers from the Landscape scale to the Stand level scale.  This gives the 
classification system integral importance for use in establishing parameters that will guide the 
application of management guidelines and the monitoring of results. 
 
Guideline #:  IDF 26 
Management Guideline Title:  Stand Structure Type Classification Development. 
Type: Landscape/Stand 
Further Research:  Forest managers require a robust tool to assist in classifying stands that 
incorporates stand structure attributes, provides stand level inference of inventory parameters and 
can be used to model stand growth response over time.  The tool must provide field foresters 
with the means to describe stands (including key structural components) as they currently exist as 
well as their probable future condition.  The Stand Structure Type Classification system currently 
under development by Lignum should be continued and further refinement added to link it to 
present data collection systems and modeling tools. 
 
The Stand Structure Type Classification system will have prescriptive usefulness in guiding 
general structural retention targets that are expected to be useful in the future to prescribe what a 
stand can be modified to during a treatment and still enable the landscape to meet a target over a 
given period of time. 
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The SBS/SBPS landscape will require larger patches to match the RNV of patch size.  Landscape 
level patch size distribution will need to be tracked.  To increase the size of patches it is likely 
that some system of block aggregating will be needed.  Current and proposed blocks will need to 
be 'tagged' to identify what component of patch size they currently contribute to and the 
aggregated component they are scheduled to become part of.  As well, the rules necessary to 
guide the aggregating must be established and a process must be developed in conjunction with 
agency staff and other Licensees to guide the aggregations.  The distribution of and size classes 
of patches must be tracked by Landscape Unit. 
 
Tracking of WTPs must be expanded to include whether the WTP is in a Riparian area or an 
upland area.  It is probable that over time the stand structure attributes of many WTPs will have 
to be tracked as well.  A further component of monitoring would be the addition of a method of 
photo documenting the progression of Control stands through time.  Monitoring the actual results 
of treatments in selected stands will add to the confidence with which managers can ascribe stand 
structure attribute retention and provision such as WTP composition and recruitment of CWD 
components through time.  The Assessment and Monitoring system must be focused on 
providing managerial guidance with adaptive management techniques to be used to move the 
process to higher success levels.  While the tendency towards developing a prescriptive system 
will be intense it must be minimized. 
 
An Adaptive Management process must be utilized to look for both expected effects of managing 
for RNV as well as those that are not expected.  It must also be used to assess at what scale 
monitoring becomes unworkable or unimportant.  Dorner (2002) suggests that when managing a 
landscape through the use of natural disturbance emulation, it is important to monitor the 
landscape pattern for undesirable effects that may occur.  
 
The document has presented recommendations for further research where required, and 
management guidelines based on results from one study from one researcher to many studies by 
many researchers.  Some of the research has revealed new information that is significantly 
different than what was previously thought in regard to fire regimes and disturbance intervals in 
the study areas.  As new information is attained from research, and implementation of 
management guidelines is considered, a comprehensive monitoring program will be required to 
determine what the effects of the change in management is, and if the results are what was 
desired in the future forest condition.  This monitoring program will require the incorporation of 
adaptive management to include new information and monitoring results over time that will 
enable efficient achievement of desire future forest conditions. 
 
6.1. Growth and Yield 
An additional underlying premise that must be stated is that the research has also indicated stand 
development and stand structures that are divergently different than current accepted managed 
stand attributes and silviculture practices.  Although part of the RNV for the landscape, the 
impact of these divergent stand structures and management practices must be assessed and 
evaluated for their long-term effects on growth and yield, future timber supply, and timber 
quality. 
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7. Identified Gaps In Research 
 
Gaps in Research for the Sub-Boreal Landscapes of the Lignum IFPA Area 
 
The largest source of gaps in producing guidelines based on the range of natural variability stems 
from only having one major source of data for the sub-boreal subzones in the Cariboo Forest 
Region.  The study produced by Francis et al. (2002) is the most comprehensive thus far in this 
region.  However, it is only one study and represents one small snapshot in time that has human 
induced disturbance.  One further problem stems from the impacts of two large fires within the 
period of high reliability that may have affected the outcome of the data.  Because of this, we are 
limited in the inferences we can make regarding this data to general trends that are corroborated 
by other studies. 
 
For some attributes, such as patch size, there is enough evidence to support the move to a larger 
range of openings.  However more concrete information on the size/distribution of mature and 
older patches would be valuable in determining the requirements for interior old growth 
conditions.  This information clearly would have a large impact on the success of the old growth 
management strategy.  A reworking of the Francis et al. (2002) data would provide valuable 
information on this; however, as state above this data would only represent one interval in time.  
Additional research that is not limited by these large fire years, that incorporates periodicity of 
fire cycles, and that models the many possible outcomes over time is required to support this 
data.  Similarly, the length of fire cycles needs more support, and this parameter is very important 
in determining the amount of old required on the landscape.  As discussed in previous sections, 
the old growth management strategy will not succeed in NDT3.  However, additional data will 
provide information for Lignum to pursue a strategy that will work. 
 
Other research is required for characteristics such as residual structure and the inter-patch WTP 
distribution.  It is likely that some of this information can be gathered in a study that is 
corroborating fire cycles or the size distribution of old/mature remnants.  Other information will 
require more directed research.  Finally, the prioritizing of these projects will ultimately depend 
on their requirement in producing natural disturbance guidelines.  It is suggested that an 
additional study on fire cycles that meets the objectives stated above should be high on this list.  
 
Gaps in Research for the IDF Landscapes of the Lignum IFPA Area 
 
The primary landscape research gap revolves around the inability to use the traditional method of 
fire cycle (stand initiating events) to predict a seral distribution.  Included in this gap is 
insufficient knowledge about the proportion of various forest structure types on the landscape 
and the patch sizes that these various forest types exist in.  Stand level research should be 
concentrated on increasing the accuracy of stem distributions for historic stands, as well as 
attempting to define the historic RNV of coarse woody debris, snags and if possible regeneration 
density.  Trials involving fire research should be concentrated on providing advice to make 
harvesting as like fire as possible, and defining and expressing the importance of areas where this 
cannot be done. 
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8. SBS/SBPS Draft Management Guidelines. 
 
8.1. List of SBS/SBPS Draft Management Guidelines 

1 Administrative Log Flow 
23 Administrative Growth and yield. 
2 Landscape Age class distribution. 
3 Landscape Age class distribution – East Fraser. 
4 Landscape Fire remnants. 
5 Landscape Fire remnants. 
6 Landscape Patch Size - Chilcotin. 
7 Landscape Patch Size – Chilcotin. 
8 Landscape Patch Size - East Fraser. 
15 Landscape Natural Fire and Prescribed Fire 
19 Landscape Patch size and spatial distribution. 
20 Landscape Fire Cycles 
21 Landscape Old growth structure definition – sub-boreal. 
22 Landscape Old Patch Size Distribution 
24 Landscape Landscape level attribute tracking. 
9 Landscape/Stand Patch Size – Small Patches. 
11 Landscape/Stand Remnant retention. 
10 Stand Remnant retention. 
12 Stand Remnant retention 
13 Stand Remnant retention 
14 Stand Coarse Woody Debris (CWD) 
16 Stand Regenerating stand densities. 
17 Stand Non-forested areas. 
18 Stand Riparian Management Areas 
25 Stand WTP Inter-patch distance requirement. 
26 Stand WTP patch size distributions, and wildlife tree 

distributions. 
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8.2. SBS/SBPS Draft Management Guidelines 

Guideline #:  SBS/SBPS 1 
Management Guideline Title:  Log Flow 
Type:  Administration 
Research Finding:  Natural disturbance patterns do not occur uniformly across the landscape.  
Major disturbance years were noted to occur periodically with areas of concentrated disturbance 
occurring locally across the landscape. 
Support:  Strongly supported. 
Guideline:  Harvesting can emulate disturbance patterns across the landscape by concentrating 
efforts in a small part of the landscape as large periodic fires would have.  Harvesting in these 
areas should be of short duration and then the general area should be left for a period of years if 
possible.  There can be many small areas active at any one time.  Bark beetle salvage could be 
incorporated into areas of concentrated harvest.  Epidemic bark beetle infestations across the 
landscape may complicate harvest planning to emulate natural disturbance patterns.  It will be 
impossible to incorporate the full RNV which includes up to 50% of the study area being subject 
to fire in a single year, as this would make it impossible to balance timber flow to the processing 
facility.  The concept to be addressed by the narrower managerial range of variability is that 
timber flow should not be based on small annually uniform amounts from as many places on the 
landscape as possible. 
Further Research:  None. 
 

Guideline #:  SBS/SBPS  2 
Management Guideline Title:  Age class distribution. 
Type: Landscape 
Research Finding:  No significant differences in age class distribution were noted on landscape 
positions (upland and lowland), or between landform types.  No significant differences in age 
class distribution were noted adjacent to riparian features. 
Support:  Strongly supported. 
Guideline:  Landscape level planning should not focus on placing any specific age or seral class 
(OGMAs) in any one landscape position or location across the landscape. 
Further Research:  None. 
 

Guideline #:  SBS/SBPS  3 
Management Guideline Title:  Age class distribution – East Fraser. 
Type: Landscape 
Research Finding:  No discernible difference in age class distribution was noted on landscape 
positions, landform types, or between biogeoclimatic zones.  The SBSdw1 and SBSmc1 were 
noted to have a slightly higher proportion of old stands indicating perhaps a slightly longer fire 
interval. 
Support:  Strongly supported. 
Guideline:  Landscape level planning should not focus on managing for any specific age or seral 
class (OGMAs) in any one landscape position or location across the landscape. 
Further Research:  None. 
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Guideline # SBS/SBPS  4 
Management Guideline Title:  Fire remnants. 
Type:  Landscape 
Research Finding:  There is correlation between fire size and the amount of retention with 
larger fires being found to have greater amounts of retention. 
Support:  Weakly supported 
Guideline:  A range of various levels of retention (i.e. WTPs) should be considered within 
cutblocks, and a target proportion should not be uniformly applied by cutblock.  Larger openings 
should have a larger amount of planned residual area.  WTP requirements can be balanced across 
the landscape and not by each individual cutblock to allow for ranges of retention. 
Further Research:  None. 

 
Guideline #  SBS/SBPS  5 
Management Guideline Title:  Fire remnants 
Type:  Landscape 
Research Finding:  Island remnants both wholly located within the opening as well as remnants 
existing primarily within the opening but attached to the edge are evident in boreal fires. 
Support: Moderately supported. 
Guideline:  Remnant (WTP) design should include remnants that are wholly within the cutblock 
boundary as well as remnants within the block that are attached to the block boundary. 
Further Research:  None. 

 
Guideline #  SBS/SBPS  6 
Management Guideline Title:  Patch Size - Chilcotin. 
Type:  Landscape 
Research Finding:  Data sources indicate a trend of greater distribution of larger patch sizes 
than is provided in the Biodiversity Guidebook. 
Support:  Strongly supported. 
Guideline:  Larger patch sizes than those provided in the Biodiversity Guidebook should be 
considered, - i.e. patches up to 5000 ha.  In addition, a greater proportion of larger patches than 
provided for in the Biodiversity Guidebook should be considered. 
Further Research:  None 
 

Guideline #  SBS/SBPS  7 
Management Guideline Title:  Patch Size 
Type:  Landscape 
Research Finding:  Data sources indicate a trend of greater distribution of larger patch sizes 
than is provided in the Biodiversity Guidebook. 
Support:  Strongly supported. 
Guideline:  As a strategy to create some larger patches, future harvesting in the Chilcotin should 
focus on aggregating smaller patches created by previous beetle salvage harvesting. 
Further Research:  None. 
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Guideline #  SBS/SBPS  8 
Management Guideline Title:  Patch Size East Fraser. 
Type:  Landscape 
Research Finding:  Data sources indicate a trend of greater distribution of larger patch sizes 
than is provided in the Biodiversity Guidebook for ecosystems with Douglas-fir throughout. 
Support: Strongly supported. 
Guideline:  Larger patch sizes than those provided in the Biodiversity Guidebook for 
ecosystems with Douglas-fir throughout should be considered, - i.e. patches up to 5000 ha.  In 
addition, a greater proportion of larger patches than provided for in the Biodiversity Guidebook 
should be considered. 
Further Research:  None. 
 

Guideline #  SBS/SBPS  9 
Management Guideline Title:  Patch Size – Small Patches. 
Type:  Landscape/Stand 
Research Finding:  Data sources indicate small and very small patches formed a component of 
the range of natural variability on the landscape. 
Support:  Strongly supported. 
Guideline:  Lignum should give consideration to maintaining the small patch beetle harvesting 
openings as long as this is economically feasible, and should consider incorporating small and 
very small patches economically close to the edge of larger openings.  This could be 
accomplished by a small area of group selection near the boundary of a larger block. 
Further Research:  None. 
 

Guideline #  SBS/SBPS  10 
Management Guideline Title:  Remnant retention. 
Type:  Stand  
Research Finding:  There is indication that lowland areas experienced less moderate severity 
fire, but higher amounts of high and low severity fire than the upland position. 
Support:  Weakly supported. 
Guideline:  Harvest prescriptions should include some areas adjacent to lowland riparian 
features that contain ranges of retention from very low levels that would emulate a high severity 
fire and higher levels of retention that would emulate a low severity fire. 
Further Research:  None. 
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Guideline #  SBS/SBPS  11 
Management Guideline Title:  Remnant retention. 
Type:  Landscape and Stand . 
Research Finding:  SBPSdc has a higher proportion of discreet residual patches when compared 
to the SBPSxc – 19.5 % vs. 6.3%.  SBPSxc was noted to have a higher level of residual stand 
structure.  SBPSdc remnant patches were noted to be discreet island patches, whereas, the 
SBPSxc remnants are not in discreet patches, but rather scattered across the burn matrix in a 
range of proportions. 
Support:  Moderately supported. 
Guideline:  Landscape and stand level planning should emulate the trend in differences in 
remnant patch retention and stand level retention between sub zones.  Numerical values are not 
targets, or minimum values, but guidance for the trend and range of retention for planning and 
design purposes. 
Further Research:  None. 
 
Guideline #:  SBS/SBPS  12 
Management Guideline Title:  Remnant retention 
Type:  Stand  
Research Finding:  SBPSxc was noted to have a higher level of residual stand structure.  The 
SBPSxc remnants are not in discreet patches, but rather scattered across the burn matrix in a 
range of proportions 
Support:  Moderately supported. 
Guideline:  Stand level planning should consider partial cutting in the SBPSxc where fire 
regimes have left a legacy of higher level of residual stand structure scattered across the burn 
matrix in a range of proportions from patches to individual stems.  Pine retention areas should 
target areas of low mistletoe incidence if available. 
Further Research:  Lignum must study the impacts of mistletoe on growth and yield and 
consider the economic and societal costs of control before any partial cutting in pine is carried 
out. 
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Guideline #:  SBS/SBPS  13 
Management Guideline Title:  Remnant retention. 
Type:  Stand  
Research Finding 1:  Patchiness was considered to decrease as the uniformity of the distribution 
of residual trees increased.  High and low severity fires were found to be very uniform in residual 
structure distribution.  Patchiness follows a bell shaped curve having its peak in the middle 
severity classes and tapering to a zero value in the highest and lowest severity fires. 
Research Finding 2:  The largest patches were associated with the highest fire severity classes. 
Support:  Moderate. 
Guideline:  Stand level planning should consider a patchy distribution of remnants to emulate 
the remnant structure type left by middle fire severity classes i.e.: group shelterwood, group 
selection.  Pine retention areas should target areas of low mistletoe incidence if available. 
Larger openings (>200 ha) should have less focus on singletree residual structure. 
Further Research:  Lignum must study the impacts of mistletoe on growth and yield and 
consider the economic and societal costs of control before any partial cutting in pine is carried 
out. 
 
Guideline #:  SBS/SBPS   14 
Management Guideline Title:  Coarse Woody Debris (CWD) 
Type:  Stand  
Research Finding:  Fire is difficult to mimic at the stand level because fire leaves almost all of 
the woody debris on site.  Landscapes dominated by high severity fire have higher levels of 
coarse woody debris present in the form of standing snags shortly after the fire, and fallen snags 
in the immature replacement stand.  Landscapes dominated by low and mixed severity fire 
generally have lower amounts of CWD, but it likely exists in a greater range. 
Support:  Moderately supported. 
Guideline:  Stand level planning should incorporate stubbing and dropping of individual stems, 
as well as stubbing and dropping into CWD patches to emulate CWD distribution across the 
landscape. 
Further Research:  Further research or field survey may be required to determine ranges of 
CWD present to guide actual amounts or activities in site plans, i.e.: CWD amounts by 
biogeoclimatic zone. 
 
Guideline #:  SBS/SBPS  15 
Management Guideline Title:  Natural Fire and Prescribed Fire 
Type:  Landscape  
Research Finding:  Fire is noted to have important ecological affects on the landscape that are 
not emulated through harvesting. 
Support:  Strongly supported. 
Guideline:  Some, or portions, of naturally occurring fires should not be salvaged and should be 
left for biodiversity, and as part of a naturally occurring stand type in the range of natural 
variability. 
Further Research:  Further study on the effects of the removal of fire from the landscape should 
be considered, and the potential for prescribed fire assessed to replace naturally occurring fire. 
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Guideline #:  SBS/SBPS  16 
Management Guideline Title:  Regenerating stand densities. 
Type:  Stand 
Research Finding:  Dense lodgepole pine stands are noted to regenerate after fire.  The lowest 
stocking level found for young natural stands (50 yrs old) on in the SBSmk1 was 2,224 sph > 7.5 
dbh.  Managed stands vary considerably in density depending on whether natural or artificial 
regeneration is used and the rate of ingress from naturally regenerated stems.  Natural stands are 
noted to have higher levels of coarse woody debris through self thinning than managed stands of 
lower densities. 
Support:  Moderately supported. 
Guideline:  Stand level silvicultural practices should consider stand densities that emulate 
naturally regenerating stands after fire as a component of the range of natural variability. 
Further Research:  The impact of higher density stands on growth and yield should be studied 
to assess the affects of managing stands at higher densities. 
 
Guideline #: SBS/SBPS  17 
Management Guideline Title:  Non-forested areas. 
Type:  Stand  
Research Finding:  Different vegetation regimes can result from fire, fire severity is variable 
within individual fire boundaries creating variation in vegetation pattern.  An attempt to at least 
create similar proportions of non-forest (e.g., willow, alder) and forested habitat types and forests 
of similar tree composition and structure should be made. 
Support:  Moderately supported. 
Guideline:  Stand level planning should attempt to leave similar proportions of forested and non-
forested vegetation types as was present in the original stand.  Any roads or landings that are no 
longer operationally required could be considered to be rehabilitated to a brush/deciduous 
complex to emulate this proportional variation in vegetation pattern. 
Further Research:  Study may be required to determine the most effective rehabilitation regime 
to create a brush/deciduous complex on roads and landings. 
  
Guideline #:  SBS/SBPS  18 
Management Guideline Title:  Riparian Management Areas 
Type:  Stand  
Research Finding:  Research indicates that riparian areas burned at the same rate as upland 
locations.  At a fine scale, islands of unburned timber are likely to be found adjacent to riparian 
features.  Reductions in the availability of early-mid seral riparian habitat is contributing to 
conditions outside the range of natural variability and this may have a negative effect on species 
using riparian systems. 
Support:  Low to moderate.  There is good evidence that riparian areas burned periodically, but 
little information on the effects of removal of fire on this system. 
Guideline:  Give consideration to conducting adaptive management trials in conjunction with, or 
as research, to study/monitor the effects of partial harvesting and/or prescribed fire within 
riparian management areas 
Further Research:  More information is required on the disturbance regime of riparian 
ecosystems.  Research is also required to determine the long-term impacts of reserving riparian 
forests on riparian ecosystems. 
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Guideline #:  SBS/SBPS  19 
Management Guideline Title:  Patch size and spatial distribution. 
Type:  Landscape  
Research Finding:  Sub-boreal landscapes were dominated by large patches created by frequent 
stand replacing fires.  Patches were generally large and those >1000 ha dominated the landscape.  
The amount of any age class varied in the landscape due to disturbance rates that cycled from 
high to low over time. 
Support:  Strong for sub-boreal landscapes without Douglas-fir throughout.  Moderate support 
for subzones with Douglas-fir throughout. 
Guideline:  Create a clustered harvesting pattern that targets old stands, but also includes 
younger stands to improve aggregation.  Consider the retention of large harvestable patches (e.g. 
up to 100 ha) within the aggregate to provide some residual habitat until green up occurs in 
adjacent stands.  WTP requirements should be distributed throughout the aggregate to provide 
stepping-stones of older habitat.  Lignum should pursue the provisions to allow larger 
aggregations in both Douglas-fir throughout and Douglas-fir absent subzones.  Changes that 
reflect the wider natural range of variability in the amount of seral stages should also be pursued.  
These changes may include using larger areas than the current landscape unit to achieve seral 
distribution targets. 
Monitoring recommendations: The creation of aggregates is a somewhat subjective process 
that may impact some species.  Monitoring of habitat availability and potential impacts should be 
conducted through time to ensure that the resulting landscape is within the range of natural 
variability. 
Further Research:  None. 
 
Guideline #:  SBS/SBPS  20 
Management Guideline Title:  Fire Cycles 
Type:  Landscape 
Research Finding:  Although the fire cycles stated by Francis are within the range reported by 
Andison for forest in Alberta, they are the result of only one study and may be strongly 
influenced by the large fires that burned over the landscape. 
Support:   
Guideline:   
Further Research:  Given the importance of the fire cycle in determining age and seral class 
distributions, further research is recommended in the SBPS and SBS biogeoclimatic zones and 
subzones to confirm or corroborate the fire cycle calculated by Francis et al.  The research should 
consider methodologies that respond to the inherent problems associated with a landscape that 
has been subject to very large fire disturbance events.  The research should give consideration to 
the effects of major fire years associated with drought intervals and fuel buildup, as it is unlikely 
that the major fire years indicated by the research are anomalies.  The research should give 
consideration to the proportion of low and moderate severity fire in the Chilcotin that is not stand 
replacing fire. 
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Guideline #:SBS/SBPS  21 
Management Guideline Title:  Old growth structure definition – sub-boreal. 
Type:  Landscape 
Research Finding:  The presence of low and moderate severity fire indicates that a definition 
based solely on stand initiation age will fail to account for much of the remnant structure on this 
landscape. 
Support:  Strong. 
Guideline:   
Further Research:  A structural definition of old growth for the Chilcotin must be developed.  It 
needs to include accounting for residual stand structure attributes including single trees, small 
patches, as well as the medium and large patches that are currently considered to be old forest. 
 
Guideline #: SBS/SBPS  22 
Management Guideline Title:  Old Patch Size Distribution 
Type:  Landscape 
Research Finding:  Patch sizes decrease with increasing age.  To properly manage older forests 
this patch size distribution needs to be developed.  This patch size distribution will affect the 
sizes of OGMAs and will address interior forest considerations.  Current research can produce a 
patch size distribution and frequency based on the Chilcotin data.  However, this data represents 
a single point in time within the much larger context of the Range of Natural Variability (RNV). 
Support:  Strong. 
Guideline:  Patch size distributions based on age class should be developed, and should be 
further modeled so a more accurate representation of the range of Natural Variability may be 
applied to the landscape. 
Further Research:  Francis’ data should be revisited to develop a patch size/frequency 
distribution of older seral forests.  Modelling of age class distributions should be conducted.  
Modeling should be based on estimations of stand configurations over long periods of time.  This 
will develop a range of values that may occur on the landscape instead of a single snapshot in 
time that exists in the RNV, but does not describe the full RNV.  Patch size distributions should 
be developed by age class and by groups of age classes (i.e. > 250 yrs, > 140 yrs, >100 yrs). 
 
Guideline #:  SBS/SBPS  23 
Management Guideline Title: Growth and yield. 
Type: Administrative 
Research Finding: Implementation of various forest practices will have growth and yield 
implications.  These implications may increase or decrease the range of options available to 
forest managers. 
Support:  Strong. 
Guideline: It is imperative that Lignum determine the affect on growth and yield that will result 
from prescribed treatments that are outside of normal forest operations. 
Further Research:  None. 
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Guideline #:  SBS/SBPS  24 
Management Guideline Title: Landscape level attribute tracking. 
Type: Landscape  
Research Finding: Small subdivisions (landscape units) of the landscape would be expected to 
have a wider range of variability than the landscape (ecosection) in general.  As subdivisions 
(landscape units) become smaller and smaller, each managed to a similar target, the whole 
landscape will become more homogenous at a finer scale.  This homogeneity will approach a 
point in the historic range but will significantly reduce the extent of the natural range.   
Support Level: Moderately supported. 
Guideline: Targets should be based on the whole landscape.  Consideration should be given to 
having three landscapes (regions) in the Lignum IFPA:  Chilcotin Sub-boreal, East Fraser sub-
boreal, and IDF.  Targets for measurable quantities would be tracked at these three ‘regional’ 
landscape levels.  The targets at this broad level would have a fairly narrow range, indicative of a 
larger landscape.  Smaller subdivisions (these could be the Landscape Units currently defined) 
would be useful for maintaining a wider range of attribute values. 
Further Research:  None. 
 
Guideline #:  SBS/SBPS  25 
Management Guideline Title: WTP Inter-patch distance requirement. 
Type: Stand  
Research Finding: Current minimum WTP interpatch distance requirements are 500m.  There is 
no existing data to either support or refute the 500m target.  Research indicates that ranges of 
inter-patch distances existed historically most likely from many very close to few widely spaced.  
Support Level: Low-moderately supported. 
Guideline: WTP inter patch distances should emulate natural ranges of inter patch distances.  In 
areas where low to moderate severity fire is being emulated (SBPSxc), the inter patch distance 
will be significantly less than 500m due to a clumpy and higher level of retention.  In areas where 
high severity fire was dominant and is being emulated (SBS, SBPSdc), inter patch distances may 
exceed the 500m rule.  If a minimum inter-patch rule is applied, it should be averaged over a 
larger area (CP).  This would provide increased flexibility, at a block level, that may allow better 
representation across all habitat types and landscape positions. 
Further Research:  Further research or analysis of existing data on remnant patch distribution 
should be conducted to determine the natural range of variability of inter-patch distances to guide 
WTP planning. 
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Guideline #:  SBS/SBPS  26 
Management Guideline Title: WTP patch size distributions, and wildlife tree distributions. 
Type: Stand  
Research Finding: Wetter ecosystems tend to have higher severity fire resulting in more discrete 
and larger islands of residual trees.  Trees retained in wetter ecosystems tend to have greater fire 
resistant properties such as Douglas-fir.  Dryer ecosystems tend to have mixed severity fire 
resulting in more individual tree and small patch retention.  Less fire resistant species have 
higher retention under low-moderate fire intensities.  It is also likely that residual patches exist in 
a distribution similar to the total patch distribution (i.e. more smaller patches and fewer larger 
patches), however, no values are available. 
Support Level: Moderately supported. 
Guideline: WTP sizes in SBS, SBPSdc, and SBPSmk subzones should exist in a distribution.  In 
the absence of hard data, we propose that WTP’s fall within the following range: 0.25-20 ha 
where most of the required area (50%) is made up of larger patches (>10 ha) (Note that the upper 
WTP size will apply to larger aggregated cutblocks 500-1000 ha).  Single tree reserves should 
make up a small proportion (10-20%) of the WTP requirements and be concentrated in large 
wind resistant Douglas-fir, deciduous species, or other species showing wildlife use.  Most 
singletree reserves should be associated with edges.  
In the SBPSxc, the same range of patch sizes could be used (0.25-20 ha), but the proportion of 
large patches should be less (33% >10 ha) and a significant proportion (33%) in singletree 
reserves where possible.  Where this cannot be done, 67% should be in small WTPs distributed 
in clusters.  Most singletree reserves should be associated with edges. 
Further Research:  modeling of residual patch size distributions should be conducted based on 
the existing data, and any future modelling should consider this aspect in the findings.  The 
spatial distribution of residual trees following fire should also be examined. 
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8.3. SBS/SBPS Research Requirements 
Further research topics have been prioritized based on the author’s opinion as to whether the 
information is needed immediately for planners to reduce risk, or if the information is 
operationally required for significant management activities currently underway.   
 
12 Stand Remnant retention 
13 Stand Remnant retention 
14 Stand Coarse Woody Debris (CWD) 
15 Landscape Natural Fire and Prescribed Fire 
16 Stand Regenerating stand densities. 
17 Stand Non-forested areas. 
18 Stand Riparian Management Areas 
20 Landscape Fire Cycles 
21 Landscape Old growth structure definition – sub-boreal. 
22 Landscape Old Patch Size Distribution 
25 Stand WTP Inter-patch distance requirement. 
26 Stand WTP patch size distributions, and wildlife tree 

distributions. 
 
High priority 
 
Guideline #:  SBS/SBPS  20 
Management Guideline Title:  Fire Cycles 
Further Research:  Given the importance of the fire cycle in determining age and seral class 
distributions, further research is recommended in the SBPS and SBS biogeoclimatic zones and 
subzones to confirm or corroborate the fire cycle calculated by Francis et al.  The research should 
consider methodologies that respond to the inherent problems associated with a landscape that has 
been subject to very large fire disturbance events.  The research should give consideration to the 
effects of major fire years associated with drought intervals and fuel buildup, as it is unlikely that 
the major fire years indicated by the research are anomalies.  The research should give 
consideration to the proportion of low and moderate severity fire in the Chilcotin that is not stand 
replacing fire. 
 
Guideline #: SBS/SBPS  22 
Management Guideline Title:  Old Patch Size Distribution 
Further Research:  Further Research:  Francis’ data should be revisited to develop a patch 
size/frequency distribution of older seral forests.  Modelling of age class distributions should be 
conducted.  Modeling should be based on estimations of stand configurations over long periods of 
time.  This will develop a range of values that may occur on the landscape instead of a single 
snapshot in time that exists in the RNV, but does not describe the full RNV.  Patch size 
distributions should be developed by age class and by groups of age classes (i.e. > 250 yrs, > 140 
yrs, >100 yrs). 
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Medium Priority 
 
Guideline #:  SBS/SBPS  14 
Management Guideline Title:  Coarse Woody Debris (CWD) 
Further Research:  Further research or field surveys may be required to determine ranges of 
CWD present to guide actual amounts or activities in site plans i.e.: CWD amounts by 
biogeoclimatic zone. 
 
Guideline #:  SBS/SBPS  15 
Management Guideline Title:  Natural Fire and Prescribed Fire 
Further Research:  Further study on the effects of the removal of fire from the landscape should 
be considered, and the potential for prescribed fire assessed to replace naturally occurring fire. 
 
Guideline #:  SBS/SBPS  18 
Management Guideline Title:  Riparian Management Areas 
Further Research:  More information is required on the disturbance regime of riparian 
ecosystems.  Research is also required to determine the long-term impacts of reserving riparian 
forests on riparian ecosystems. 
 
Guideline #:  SBS/SBPS  25 and 26 
Management Guideline Title: WTP Inter-patch distance requirement.  WTP patch size 
distributions, and wildlife tree distributions. 
Further Research:  Further research or analysis of existing data on remnant patch distribution 
should be conducted to determine the natural range of variability of inter-patch distances to guide 
WTP planning.  Modeling of residual patch size distributions should be conducted based on the 
existing data, and any future modelling should consider this aspect in the findings.  The spatial 
distribution of residual trees following fire should also be examined. 
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Lower priority 
 
Guideline #:  SBS/SBPS  12 & 13 
Management Guideline Title:  Remnant retention 
Further Research:  Lignum must study the impacts of mistletoe on growth and yield and 
consider the economic and societal costs of control before any partial cutting in pine is carried 
out. 
 
Guideline #:  SBS/SBPS  16 
Management Guideline Title:  Regenerating stand densities. 
Further Research:  The impact of higher density stands on growth and yield should be studied to 
assess the affects of managing stands at higher densities. 
 
Guideline #: SBS/SBPS  17 
Management Guideline Title:  Non-forested areas. 
Further Research:  Study may be required to determine the most effective rehabilitation regime 
to create a brush/deciduous complex on roads and landings. 
 
Guideline #:SBS/SBPS  21 
Management Guideline Title:  Old growth structure definition – sub-boreal. 
Further Research:  A structural definition of old growth for the Chilcotin must be developed.  It 
needs to include accounting for residual stand structure attributes including single trees, small 
patches, as well as the medium and large patches that are currently considered to be old forest.  
See also IDF Management Guideline #26. 
 



 

NDT Draft Management Guidelines - March 31, 2003  Page   137 

9. IDF Draft Management Guidelines. 
 
9.1. List of IDF Draft Management Guidelines 

1 Administration Structural attribute definition of old forests. 
13 Administration Stem distribution of old forests. 
25 Administration Fire Research. 
2 Landscape Douglas-fir Group Old Seral Accounting (accounting for pine 

with old attributes). 
3 Landscape Proportion of Douglas-fir Climax Forest. 
4 Landscape Fire Modeling. 
5 Landscape Maximum Patch Size - Douglas-fir Group forests. 
6 Landscape Connectivity. 
7 Landscape/Stand Riparian Reserve Zones. 
8 Landscape/Stand WTPs - Douglas-fir dominated stands. 
18 Landscape/Stand Harvest opportunity – current stand structure vs. historic. 
20 Landscape/Stand Douglas-fir Regeneration Densities Outside of the RNV - 

Douglas-fir dominated stands. 
21 Landscape/Stand Uneven-aged Douglas-fir Stand Structure. 
24 Landscape/Stand MDWR. 
26 Landscape/Stand Stand Structure Type Classification 
9 Stand Riparian Reserve Zones. 
10 Stand WTPs in Mixed stands. 
11 Stand Regeneration Density in Douglas-fir dominated stands. 
12 Stand Snags in historic stands. 
14 Stand Partial cutting in pine dominated stands. 
15 Stand Stand level retention – pine dominated stands clear cutting and 

overstory removal. 
16 Stand Regeneration protection – pine dominated stands. 
17 Stand Partial cutting of pine in mixed stands. 
19 Stand Post Harvest Structure Audits. 
22 Stand Growth and Yield – B level Stocking. 
23 Stand Wetter than Zonal Sites. 
 
9.2. IDF Draft Management Guidelines 

Guideline #:  IDF 1. 
Management Guideline Title:  Structural attribute definition of old forests. 
Type:  Administration 
Research Finding: Biodiversity strategy implementation is dependent on an attribute-based 
definition of old forest characteristics. 
Support: Strongly supported. 
Guideline: None. 
Further Research: May require further research to define and quantify attributes.  Also needs to 
consider Historic stand structure. 
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Guideline #:  IDF 2 
Management Guideline Title: Douglas-fir Group Old Seral Accounting (accounting for pine 
with old attributes).  
Type: Landscape. 
Research Finding: Current accounting of old seral structure stands in the IDF Douglas-fir group 
ignores the presence of structurally old pine leading stands. 
Support: Weak to moderately supported. 
Guideline: Since structurally old pine stands exist within the Douglas-fir group and have over 
time, they should be monitored, and should be considered to contribute as a structurally old stand 
within a subset of the Douglas-fir group. 
Further Research: Research should be conducted to determine the proportions of climax 
structure Douglas-fir stands, and younger Douglas-fir stands (includes pine leading stands some 
of which may have old attributes) as a subset of younger Douglas-fir stands. 
 
Guideline #:  IDF 3 
Management Guideline Title: Proportion of Douglas-fir Climax Forest. 
Type: Landscape. 
Research Finding: Dawson (1997) indicates that the historic IDF landscape was 64% older 
forest while the current landscape is only 28% older forest, and further that on the reference 
landscape 94% of the stands dominated by Douglas-fir were greater than 140 years of age. 
Support: Moderately Supported. 
Guideline: Efforts in the near future need to be focused on restoring Douglas-fir climax structure 
on a larger amount of the landscape.  This can be done by maintaining climax seral structure in 
current logging operations in these Douglas-fir dominated stands.  Commercial thinning that 
moves younger stands towards a climax structure state should be pursued when market conditions 
permit an economic harvest.  If the Douglas-fir climax portion of the IDF landscape is managed 
in such that the majority of it exists in climax structure it would make OGMAs unnecessary. 
Further Research:  None. 
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Guideline #:  IDF 4 
Management Guideline Title: Fire Modeling. 
Type: Landscape. 
Research Finding 1:  There is no data presented that would allow for an estimation of seral 
distribution in the pine group forests.  This estimation would be further complicated by the mixed 
severity regime present in that forest type.  It may be impossible to determine a stand replacing 
fire interval from fire scar sampling. 
Research Finding 2:  There is limited data regarding the proportions that various forest types 
(pine group vs. Douglas-fir group) should exist in.  Proportions of forest types developed by 
forest cover methods are useful as they would express a point within the range, but would not 
capture the full RNV. 
Research Finding 3:  there is very limited data concerning the range of patch sizes that IDF 
forests exist in.  This is particularly relevant for pine dominated and pine leading forests as these 
typically exist in patches.  Dawson’s work indicates that moderate and high severity fires may 
have played a significant role in sculpting the landscape and created some large patches. 
Research Finding 4:  A connection between fire cycles and drought cycles has been suggested, 
and that fire cycles were strongly tied to drought conditions. 
Support: Moderately to strongly supported. 
Guideline: The proportions of forest types and patch sizes determined from fire modeling should 
be tracked at the landscape unit, and regional level, to provide a broad range of naturally 
occurring values. 
Further Research: Fire modeling of the IDF landscape needs to be done.  This will be a complex 
model that must consider the stand types produced by different fire severities.  If possible this 
modeling should show the proportions of various stand types on the landscape (in a range), 
develop a range of patch sizes for the various forest types, and attempt to develop a seral 
distribution for pine group forests.  ‘Snapshots’ from the current landscape will be useful to 
calibrate this model. 
 
Guideline #:  IDF 5 
Management Guideline Title: Maximum Patch Size - Douglas-fir Group forests 
Type: Landscape. 
Research Finding: research indicates that patch size is less relevant in Douglas-fir dominated 
forests.  These forests tended to be maintained in large areas of varying structure rather than the 
‘patches’ associated with higher severity events. 
Support: Moderately to strongly supported. 
Guideline: If current harvesting meets the attributes of old forest, then the maximum patch size 
indicated in the Biodiversity Guidebook should not be constraining.  Harvest blocks in the 
Douglas-fir dominated stands should be able to cover very large areas. 
Further Research: None. 
 



 

NDT Draft Management Guidelines - March 31, 2003  Page   140 

 
Guideline #:  IDF 6 
Management Guideline Title: Connectivity 
Type: Landscape. 
Research Finding: Limited research indicates general agreement with the Biodiversity 
Guidebook assertion that overall landscape connectivity was moderate to high.  
Support: Moderately supported. 
Guideline: The promotion and management of Douglas-fir dominated stands to create of leave 
climax structure after harvesting, over time will help to meet connectivity objectives.   
Further Research: None. 
 
Guideline #:  IDF 7 
Management Guideline Title: WTP’s and Wildlife Trees Pine Group 
Type: Landscape/Stand. 
Research Finding: Mixed severity fire regime will result in various retention levels.  This 
structure will often be seen in the form of single scattered Douglas-fir stems.  Pine will exist in 
patches in these forests.  If single stem Douglas-fir retention is done on a stand-by-stand basis 
variability will be retained across the landscape. 
Support: Weakly supported. 
Guideline: Retention within these stands should concentrate on Douglas-fir stems and Douglas-
fir patches as these would likely have been left by fire.  At least the large Douglas-fir vets (>50-60 
cm DBH) should be reserved.  If present stems in a younger Douglas-fir cohort should be 
reserved in proportion to the vet stems so that they can replace them over time.  Aspen patches 
should be reserved wherever possible, in keeping with previous research regarding cavity nesting 
birds (C. Martin).  Patches of pine should also be incorporated in retention patches along with a 
range of regeneration species and characteristics.  These patches should remain in place for the 
full rotation. 
Further Research: None. 
 
Guideline #:  IDF 8 
Management Guideline Title: WTPs - Douglas-fir dominated stands 
Type: Landscape/Stand. 
Research Finding 1: In Douglas-fir dominated stands the landscape is far less patchy.  Forests 
tended to exist in a more uniform state.  Historically, WTP requirement in Douglas-fir dominated 
stands would have been primarily met in single trees (large Douglas-fir vets) rather than patches.  
WTPs existing as retention patches would be less significant in these forests.  Patch retention in 
these forests could be considered to be fire refugia areas. 
Research Finding 2: In consideration of the MFI for the study area, 22 years with a 5-49 year 
range, historically there would be very few areas that would have been fire free for up to a 
rotation 
Support: Moderately supported. 
Guideline: WTP patches should focus on areas of refugia, and should target a balance between 
upland and lowland refugia as much as possible.  In Douglas-fir dominated stands the majority of 
WTP retention patches should move around in the block with each subsequent entry. 
Further Research: None. 
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Guideline #:  IDF 9 
Management Guideline Title:  Riparian Reserve Zones 
Type:  Stand 
Research Finding:  Riparian Reserve Zones established under the Forests Practices Code will 
likely continue to be designated as WTPs.  In areas where the landscape is dominated by 
wetlands (i.e. between Lac La Hache Lake and Snag Lake) this will lead to an imbalance, where 
almost all WTPs will be located adjacent to wetland features or on inoperable rocky areas.  
Narrow reserves embedded with a continuous fuel complex are not considered sustainable.  
Large Douglas-fir trees, considered important wildlife features, are at risk to fire damage if they 
are surrounded by large numbers of small stems from historic fire suppression (Iverson et al. 
2002). 
Support:  Moderately supported. 
Guideline:  Areas dominated by riparian features should have some harvesting within Riparian 
Reserve Zones.  This harvesting should leave some undisturbed patches along the feature but 
should also target the removal of fuel loading and retain large tree structure.  WTP area that this 
frees up could be used to represent upland area. 
Further Research:  Effects of harvesting in Douglas-fir dominated Riparian Reserve Zones 
should be included with sub-boreal trials relating to studying the effects of harvesting/fire in 
RRZs. 
 
Guideline #:  IDF 10 
Management Guideline Title:  WTPs in Mixed stands. 
Type:  Stand. 
Research Finding:  In these stands, the structural attributes most likely to be removed from the 
stand are those associated with pine patches.   
Support:  Weakly supported. 
Guideline:  Aspen patches should be reserved wherever possible, in keeping with previous 
research regarding cavity nesting birds (C. Martin).  Upland patch retention should consider 
including fire refugia characteristics.  Small patches of mature pine structure should be given 
strong consideration for patch retention areas.  Retention patches should also contain a range of 
regeneration species and characteristics if possible. 
Further Research:  None. 
 
Guideline #:  IDF 11 
Management Guideline Title:  Regeneration density in Douglas-fir dominated stands. 
Type:  Stand. 
Research Finding:  The general consensus is that there was significantly less dense regeneration 
and poles in historic Douglas-firs stands than there is today, but there is no data available to set 
any numerical targets.  It is likely that regeneration was spatially distributed in patches or small 
clumps. 
Support:  Moderately supported. 
Guideline:  To more closely manage to the RNV regeneration densities should be considerably 
less than there are currently.  Regeneration should be distributed in clumps.  Over time stocking 
standards need to be made to address these targets. 
Further Research:  Further research is required to determine targets.  This may be developed 
from the results of burning trials or from growth and yield stand modeling. 
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Guideline #:  IDF 12 
Management Guideline Title:  Snags in historic stands. 
Type:  Stand 
Research Finding:  There is no data available for the distribution and amount of snags in 
historic Douglas-fir stands.  It is assumed that a healthier forest would have less snags and that 
with repeated fires would leave less snags in the stand. 
Support:  Weakly supported. 
Guideline:  Structural definition of seral stage needs to consider historic conditions. 
Further Research:  Research regarding coarse woody debris should be examined to determine if 
an estimation of the amount of snags present in a historic stand can be determined. 
 
Guideline #:  IDF 13 
Management Guideline Title:  Stem distribution of old forests. 
Type:  Administration. 
Research Finding:  Understanding the stem distribution of historic stands will be key to 
developing a climax structure definition for IDF Douglas-fir group stands. 
Support:  The current distributions are based on few samples and should be viewed as weak. 
Guideline:  The structural definition of old forests should be based on historic stand distributions 
and what can be learned of other historic structures such as snags and CWD.  Management of 
Douglas-fir group forest stand structures to more closely represent historic stands will be based 
on these recreated historic distributions. 
Further Research:  It is strongly recommended that more research be done to accurately 
determine what historic stand structure distributions were.  These distributions should be created 
in 1 cm diameter classes and compiled in 5 cm diameter classes to allow easy comparison with 
cruise compilation and other associated data.  Data should be primarily collected from the FdPl 
Moderate stratum designated by Iverson et al. (2002), as this is the area of the landscape that will 
most likely be managed to this historic structure. 
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Guideline #:  IDF 14 
Management Guideline Title:  Partial cutting in pine dominated stands. 
Type:  Stand. 
Research Finding:  There is evidence that pine dominated stands exhibit multi-cohort structure 
due to repeated fire events. 
Support:  Weak to Moderate (4 of 8 plots). 
Guideline:  Stand level options to emulate a multi-cohort pine stand in terms of harvesting 
operability, economics and reduction of mistletoe infestation would favor a group selection 
removal system with a wide range of patch sizes. 
 
Another pine partial cutting scenario could involve the removal of approximately 50% of the 
stand stems in a uniform or patchy distribution, under which there would be no stocking 
objective, and the stand would be left for a period of time as a representation of RNV.  In this 
scenario, a removal cut could be done after a period of time, 20-40 years.  Singletree selection 
areas for mountain pine beetle will produce a similar result. 
Caution:  It is noted that there are potentially significant growth and yield concerns due to the 
unknown impacts of mistletoe on regenerating pine in partial removal situations.  
Recommendations for pine partial cutting should not be carried out operationally without proper 
assessment of this risk. 
Further Research:  As in the Sub-boreal landscape partial cutting of pine should not be 
undertaken without understanding the full implications of mistletoe infestation and its effects on 
growth and yield.  Research will be needed to determine these effects. 
 
Guideline #:  IDF 15 
Management Guideline Title:  Stand level retention – Pine dominated stand clear cutting and 
overstory removal. 
Type:  Stand. 
Research Finding:  Pine dominated stands frequently have low levels of Douglas-fir structure.  
Larger diameter Douglas-fir structure would likely survive low to moderate severity fire and exist 
as single or small group remnants.  These stands exist in patches. 
Support:  Moderate 
Guideline:  These sites should be managed with retention of large scattered Douglas-fir trees.  
Aspen Retention should be guided by Lignum’s SOP.  If present, a younger cohort of smaller 
diameter Douglas-fir should be reserved to allow recruitment into the large diameter vet classes.  
WTPs should exist as patches and should protect pine stand values if possible. 
Further Research:  None. 
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Guideline #:  IDF 16 
Management Guideline Title:  Regeneration protection – pine dominated stands. 
Type:  Stand. 
Research Finding:  Many pine dominated stands have dense layers of Douglas-fir regeneration 
under the overstory of mature pine.  This is likely due to the more closed canopies of today’s 
stands.  It is probable that at higher elevations and near the SBPS that frost prone flat sites would 
not have had this type of regeneration present (Iverson et al. 2002).  Douglas-fir regeneration 
would likely only have existed on ridges and on slopes that drained cold air 
Support:  Weak to moderate. 
Guideline:  On some flat pine dominated stands outside of the Mule Deer Winter Ranges 
Lignum should forgo the protection of Douglas-fir regeneration to maintain pine stands in the 
future.  On some sites protection of Douglas-fir regeneration should be limited to ridges and 
slopes that would drain cold air. 
Further Research:  None. 
 
Guideline #:  IDF 17 
Management Guideline Title:  Partial cutting of pine in mixed stands. 
Type:  Stand. 
Research Finding: In mixed Douglas-fir and pine stands, due to frequent low severity fire 
events and other disturbances such as pine beetle pine often exists in clumps of older veteran 
trees. 
Support:  Weak. 
Guideline:  Current practice is to address the pine first and usually involves total removal of the 
pine.  This practice is likely to continue in the future until growth and yield studies determine the 
appropriateness of pine reserves.  However, as an option to promote a greater range in variability, 
in mixed stands pine could be reserved in small clumps of 5-15 larger, older stems.  If this was 
done in areas that were fully stocked with Douglas-fir regeneration the effects of mistletoe 
infestation could be avoided. 
Further Research:  None. 
 
 
Guideline #:  IDF 18 
Management Guideline Title: Harvest opportunity – current stand structure vs. historic. 
Type: Landscape / Stand. 
Research Finding: Research indicates that due to fire suppression significant stem ingress has 
occurred.  A comparison of a recently cruised Douglas-fir stand (CP 150) to historic stand 
structure indicates that current stands have significantly more stems in lower diameter classes, 
which presents an opportunity for commercial harvest while maintaining large stem structure. 
Support: Weakly supported based on strength of sample to determine historic stem distribution. 
Guideline: Lignum should pursue stands that exhibit stem ingress for economic harvests, and to 
return stands back to within historic RNV stem distribution.   
Further Research: Confirmation of Historic stand structure. 
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Guideline #:IDF 19 
Management Guideline Title: Post Harvest Structure Audits 
Type: Stand. 
Guideline: Post harvest stand structure audits must be conducted to ensure that the desired stand 
structure has been achieved i.e.: the shape of the curve has been changed through harvesting, not 
just lowered by removing stems proportionally from all diameter classes. 
 
Guideline #:  IDF 20 
Management Guideline Title: Douglas-fir Regeneration Densities Outside of the RNV - 
Douglas-fir dominated stands. 
Type: Landscape / Stand. 
Research Finding: Research indicates that due to fire suppression, significant stem ingress has 
occurred creating high regeneration densities, likely outside of historic RNV densities. 
Support: Moderately supported. 
Guideline: In stands where regeneration densities exceed 10, 000+ stems, regeneration 
protection strategies should be modified to reduce density.  Where applicable, dispersed uniform 
skidding may be considered to reduce regeneration stocking (see also: Lignum Stratification 
standards and harvesting contractor guidance for advanced regeneration management). 
Further Research: The cost / benefit of managing to less dense regeneration vs. potential 
silvicultural costs will need to be evaluated by Lignum. 
 
Guideline #:  IDF 21 
Management Guideline Title: Uneven-aged Douglas-fir Stand Structure 
Type: Landscape / Stand. 
Research Finding: Uneven-aged Douglas-fir stands often exist in a clumpy cohort structure.  
Cohorts are usually small with 3-10 trees in them. 
Support: Weakly Supported. 
Guideline: A portion of uneven-aged Douglas-fir management should be in a small group 
selection system, representative of the size of the cohorts present, to emulate this structure. 
Further Research: None. 
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Guideline #:  IDF 22 
Management Guideline Title: Growth and Yield – B level Stocking. 
Type: Stand. 
Research Finding 1: Uneven-aged stand structures should maintain most of the stocking in 
large diameter classes to maximize volume growth. 
Support: Strongly supported. 
Research Finding 2: Historic RNV included stands that fell below B level stocking. 
Support: Weakly supported. 
Research Finding 3: Shorter re-entry periods capture more volume before it is lost to 
competition and mortality but require more area to be covered to harvest equal volume.  Longer 
re-entry periods are not as efficient for capturing growth but take more volume from the stand in 
a given entry. 
Support: Strongly supported. 
Guideline:  Maintaining the historic stand structure of fewer larger stems should be pursued.  If 
timber production is to be maximized, stand structure should not be managed into the lower 
limits of the RNV.  However, a small portion of stands that are below B level stocking could be 
left in rock belt stands with extended re-entry periods to represent the full historic range of 
variability.  Harvest re-entry periods should be developed over time based on harvesting 
difficulty, and stand productivity. 
Further Research: Further research is suggested to confirm the applicability of the Knife Creek 
Gingrich chart or to develop Lignum’s own tools to ensure uneven-aged stands are managed to 
maximize timber production wherever possible.  The Gingrich chart or system/tool Lignum 
develops must be modified or designed to match with operational timber cruising and other data 
sources. 
 
Guideline #:  IDF 23 
Management Guideline Title: Wetter than Zonal Sites. 
Type: Stand. 
Research Finding: North aspect and moist site stands likely have longer fire return intervals, 
greater accumulations of surface and ladder fuels, and would be subject to higher severity stand 
replacing fire.  These sites should be typified by more even-aged stands and would frequently 
have scattered large diameter Douglas-fir vets. 
Support: Weakly supported. 
Guideline: North aspect and moist site stands should be managed on an even aged basis with 
patch retention and individual wildlife tree retention consistent with even-aged stands subject to 
mixed severity fire.  Large diameter Douglas-fir should be reserved, and if present, younger 
cohort Douglas-fir should be reserved to replace larger diameter Douglas-fir over time.  Aspen 
and birch should be reserved, as it generally has a higher incidence on moister sites and north 
aspects. 
Further Research: None. 
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Guideline #:  IDF 24 
Management Guideline Title:  MDWR 
Type:  Stand/landscape 
Research Finding:  Structural attributes in of historic stands are similar to current MDWR 
targets but may have less Basal area than that recommended for MDWR.  Exclusive promotion 
of Douglas-fir stands in MDWRs does not emulate natural events. 
Support:  Weak to moderate. 
Guideline:  Some pine stands should be harvested and regenerated to pine to maintain historic 
landscape level structure in the MDWR 
Further Research:  Historic stand structure distributions, as determined, should be compared 
with MDWR targets with a goal of bringing MDWR into the RNV (it may already exist in the 
upper range on RNV but this should be confirmed). 
 
Guideline #:  IDF 25 
Management Guideline Title:  Fire Research. 
Type:  Administration. 
Research Finding:  Harvesting and fire, although comparable at a landscape level, often have 
different results at the stand level.  Using fire as a management tool at the landscape level will 
have a significant additional cost above current management, and has a potentially high liability 
attached to it.  For these reasons it is likely that most management of the IDF Douglas-fir forests 
will be done through harvesting. 
Support:  Strongly supported. 
Guideline:   
Further Research:  It is important that fire trial research concentrate on comparing and 
contrasting the results of fire vs. harvesting.  Efforts should be concentrated on tailoring 
harvesting to have results that are as similar to fire as possible and should include an assessment 
of the effects of fire on regeneration.  Areas where fire and harvesting will never have similar 
results need to be defined and assessed for importance.  This will be critical to determine if the 
harvesting alone will provide adequate management results or if fire, with its inherent risks, must 
be used and to what extent. 
 
Guideline #:  IDF 26 
Management Guideline Title:  Stand Structure Type Classification Development. 
Type:  Landscape/Stand 
Further Research:  Forest managers require a robust tool to assist in classifying stands that 
incorporates stand structure attributes, provides stand level inference of inventory parameters and 
can be used to model stand growth response over time.  The tool must provide field foresters 
with the means to describe stands (including key structural components), as they currently exist 
as well as their probable future condition.  The Stand Structure Type Classification system 
currently under development by Lignum should be continued and further refinement added to 
link it to present data collection systems and modeling tools. 
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9.3. IDF Research Requirements 
Further research topics have been prioritized based on the author’s opinion as to whether the 
information is needed immediately for planners to reduce risk, or if the information is 
operationally required for significant management activities currently underway.   
 
1 Administration Structural attribute definition of old forests. 
2 Landscape Douglas-fir Group Old Seral Accounting (accounting for pine 

with old attributes). 
4 Landscape Fire Modeling. 
9 Stand Riparian Reserve Zones. 
11 Stand Regeneration in Douglas-fir dominated stands. 
12 Stand Snags in historic stands. 
13 Administration Structural attribute definition of old forests. 
14 Stand Partial cutting in pine dominated stands. 
20 Landscape/Stand Douglas-fir Regeneration Densities Outside of the RNV - 

Douglas-fir dominated stands. 
22 Stand Growth and Yield – B level Stocking. 
24 Landscape/Stand MDWR. 
25 Administration Fire Research. 
26 Landscape/Stand Stand Structure Type Classification 
 
High priority 
 
Guideline #:  IDF 1. 
Management Guideline Title:  Structural attribute definition of old forests. 
Further Research: May require further research to define and quantify attributes.  Also needs to 
consider Historic stand structure. 
 
Guideline #:  IDF 12 
Management Guideline Title:  Snags in historic stands. 
Further Research:  Research regarding coarse woody debris should be examined to determine if 
an estimation of the amount of snags present in a historic stand can be determined. 
 
Guideline #:  IDF 13 
Management Guideline Title:  Stem Distribution of old forests. 
Further Research:  It is strongly recommended that more research be done to accurately 
determine what historic stand structure distributions were.  These distributions should be created 
in 1 cm diameter classes and compiled in 5 cm diameter classes to allow easy comparison with 
cruise compilation and other associated data.  Data should be primarily collected from the FdPl 
Moderate stratum designated by Iverson et al. (2002), as this is the area of the landscape that will 
most likely be managed to this historic structure. 
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Guideline #:  IDF 25 
Management Guideline Title:  Fire Research. 
Further Research:  It is important that fire trial research concentrate on comparing and 
contrasting the results of fire vs. harvesting.  Efforts should be concentrated on tailoring 
harvesting to have results that are as similar to fire as possible and should include an assessment 
of the effects of fire on regeneration.  Areas where fire and harvesting will never have similar 
results need to be defined and assessed for importance.  This will be critical to determine if the 
harvesting alone will provide adequate management results or if fire, with its inherent risks, must 
be used and to what extent. 
 
Guideline #:  IDF 26 
Management Guideline Title:  Stand Structure Type Classification Development. 
Further Research:  Forest managers require a robust tool to assist in classifying stands that 
incorporates stand structure attributes, provides stand level inference of inventory parameters and 
can be used to model stand growth response over time.  The tool must provide field foresters 
with the means to describe stands (including key structural components), as they currently exist 
as well as their probable future condition.  The Stand Structure Type Classification system 
currently under development by Lignum should be continued and further refinement added to 
link it to present data collection systems and modeling tools. 

 
Medium Priority. 
 
Guideline #:  IDF 2 and 4 
Management Guideline Title: Fire Modeling. 
Further Research: Fire modeling of the IDF landscape needs to be done.  This will be a complex 
model that must consider the stand types produced by different fire severities.  If possible this 
modeling should show the proportions of various stand types on the landscape (in a range), 
develop a range of patch sizes for the various forest types, and attempt to develop a seral 
distribution for Pine group forests.  ‘Snapshots’ from the current landscape will be useful to 
calibrate this model.  This research should also be conducted to determine the proportions of 
climax structure Douglas-fir stands, and younger Douglas-fir stands (includes pine leading stands 
some of which may have old attributes) as a subset of Douglas-fir group forests. 
 
Guideline #:  IDF 9 
Management Guideline Title:  Riparian Reserve Zones 
Further Research:  Effects of harvesting in Douglas-fir dominated Riparian Reserve Zones 
should be included with sub-boreal trials relating to studying the effects of harvesting/fire in 
RRZs. 
 
Guideline #:  IDF 11 and 20 
Management Guideline Title:  Regeneration in Douglas-fir dominated stands. 
Further Research:  Further research is required to determine targets.  This may be developed 
from the results of burning trials or from growth and yield stand modeling.  The cost / benefit of 
managing to less dense regeneration vs. potential silvicultural costs will need to be evaluated by 
Lignum. 
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Guideline #:  IDF 22 
Management Guideline Title: Growth and Yield – B level Stocking. 
Further Research: Further research is suggested to confirm the applicability of the Knife Creek 
Gingrich chart or to develop Lignum’s own tools to ensure uneven-aged stands are managed to 
maximize timber production wherever possible.  The Gingrich chart or system/tool Lignum 
develops must be modified or designed to match with operational timber cruising and other data 
sources.  
 
Lower Priority. 
 
Guideline #:  IDF 14 
Management Guideline Title:  Partial cutting in pine dominated stands. 
Further Research:  As in the Sub-boreal landscape partial cutting of pine should not be 
undertaken without understanding the full implications of mistletoe infestation and its effects on 
growth and yield.  Research will be needed to determine these effects. 
 
Guideline #:  IDF 24 
Management Guideline Title:  MDWR 
Further Research:  Historic stand structure distributions, as determined, should be compared 
with MDWR targets with a goal of bringing MDWR into the RNV (it may already exist in the 
upper range on RNV but this should be confirmed). 
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10. Map:  BEC Sub-zones, Landscape Units and Mule Deer Winter Ranges 
within the Lignum IFPA Area. 
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1.0 Introduction 
 
In January 2003, Lignum Limited (Lignum) retained the services of DWB Forestry Services Ltd 
(DWB) to design Natural Disturbance Type (NDT) Management Guidelines.  The deliverables 
were segregated into separate, but interacting phases.  Phase A, the initial deliverable, consists of 
an in-depth literature review focused on natural disturbances.  The literature review is an update 
of the literature review completed by Wong et al. (2002) and has been formatted similar to that 
document such that the two reviews complement each other.  It should be noted that Wong et al. 
have also created an update to the 2002 review that will be submitted to the Journal of Ecosystem 
Management.  This document provides baseline information on disturbance attributes using the 
Biogeoclimatic Ecosystem Classification (BEC) Unit and a critique of the methods used to obtain 
the results.  To minimize replication of information that is already available to Lignum through 
that document, this review will focus on the BEC Units associated with Lignum’s Innovative 
Forest Practices Agreement (IFPA) area and any documents that were missed in the initial 
review.  In addition, a review of management techniques designed to model development on 
natural disturbance regimes will be included.  Estimates of the range of patch sizes, disturbance 
return intervals, and maximum stand ages will still be covered in this review.  There is also 
additional relevant information not found in the most recent Wong et al. (2003) paper that will be 
reviewed in this document.  Including an additional section on management techniques will give 
Lignum information that is critical in providing direction to develop management guidelines that 
lead to future forest conditions within the range of natural variability. 
 
Natural disturbances are an integral part of all forest ecosystems and influence species 
composition and structure.  Various disturbance types lead to different developmental processes 
that in turn influences the structure and composition of a new stand.  Generally, the relative 
contribution of agents other than fire to disturbance rates across biogeoclimatic zones is unclear 
(DeLong 2002a).  However, natural disturbances do not act in isolation from one another, and 
often affect the function of ecosystems synergistically (Kulakowski 2002).  In systems where 
multiple natural disturbances operate in the landscape it is important to consider the interactions 
among those disturbances in order to completely understand the historic range of natural 
variability and long-term forest dynamics (Kulakowski 2002).  The cumulative effect of all 
disturbance agents must be considered when forming management strategies designed to emulate 
natural disturbance regimes (Bergeron et al. 1999a, DeLong 2002a, Kulakowski 2002).   
 
This literature review focuses on the three main biogeoclimatic zones, Interior Douglas-Fir, 
(IDF), Sub-Boreal Spruce (SBS), and Sub-Boreal Pine Spruce (SBPS) located within the Lignum 
IFPA.  Natural disturbance factors affecting each of the biogeoclimatic zones are summarized in 
the following text.  Section 3.4 examines information gleaned from numerous reports on natural 
disturbances in similar ecosystems.  Following the section on natural disturbance research is a 
summary of management recommendations/implications for sub-boreal and boreal ecosystems, 
Douglas-fir forests, ponderosa pine forests and temperate rainforests.  The final section includes 
a summary of knowledge gaps that exist in natural disturbance literature. 
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2.0 Sources of Information 
 
The information on natural disturbances has been summarized from the following sources of 
literature:  peer-reviewed journal articles, published reports, unpublished reports, theses, 
databases and personal communications. 
 

2.1 Information Interpretation 
 
Information throughout this report is presented in a format that is analogous to the format in its 
source.  Information presented throughout this review is a function of available research and the 
methods used in gathering the data.  None of the information in this report has been inferred by 
the author and all values are reported as they were presented.  Measures of disturbance attributes 
are not necessarily consistent throughout this report.  For this reason, caution must be used when 
comparing the values for attributes reported in this material.  The values obtained for measures of 
disturbance frequency will vary depending on the methods used, area examined, and time period.  
Wong et al. (2002) provides a good review of the problems associated with estimating the 
various attributes associated with disturbance regimes.  The reader is strongly urged to review the 
original documents when making comparisons. 
 

3.0 Literature Review 
 

It is assumed that the audience for this report has an understanding of the British Columbia 
Ministry of Forests’ BEC system and is familiar with the biogeoclimatic zones presented here.  
For this reason, information on location, distribution, and ecological conditions of each zone will 
be brief.  Those interested in a more in depth description should consult Meidinger and Pojar 
(1991). 
 

3.1 Interior Douglas-fir Zone 
 
The IDF zone is found at low to mid-elevations of south-central British Columbia.  It has a 
continental climate characterized by warm dry summers and cool winters.  Much of the IDF is 
covered by open to closed mature forest containing Douglas-fir.  Pure Douglas-fir climax stands 
often have an open canopy due to low intensity fires where there has been survival of mature 
trees with thick bark.  Higher elevations within the zone have mixed lodgepole pine – Douglas-
fir stands.  Lodgepole pine is more widespread at higher elevation and often dominates early 
seral stands.  Additional species such as hybrid white spruce and trembling aspen are also found 
throughout the zone.  Grasslands may form communities in some phases of IDF subzones 
through a combination of edaphic conditions, topographic conditions, and fire history (Meidinger 
and Pojar 1991). 
 
Dawson (1998) described patterns of landscape level attributes in IDFdk3 forests of the Fraser 
Plateau in the Cariboo Forest Region.  The study compares the current landscape (based on up to 
date digital information) with a reconstructed “natural reference landscape”.  For any polygons 
that have been harvested, the reference landscape was reconstructed by estimating the current 



NDT Draft Management Guidelines - March 31, 2003 4

forest cover as if that polygon had never been harvested.  Reconstruction rules were formed 
based on local knowledge of historical logging techniques, species use, and forest development 
following logging.  Reconstruction rules were spot checked against old forest inventory maps.  
Douglas-fir stands >140 years of age with <36% crown closure were not included in the old 
category because these stands were not represented by un-harvested stands in the study area.  
There was also no attempt to account for the effects of fire suppression.  The natural reference 
landscape is dominated by older forest that formed a matrix of >64% in older stand types with 
70% of the old forest in patches >1000 ha.  Spruce and deciduous stands make up 2% of the 
landscape, while lodgepole pine forms 17%.  The current landscape contains 28% older stands, 
and only 18% is in patches >1000 ha.  The proportion of forest in patches <500 ha has increased 
when compared to the natural reference landscape.  The major differences between the natural 
reference landscape and the current landscape are attributed to forest harvesting.  Dawson (1998) 
reports a 12% increase in the proportion of young forest (1-20 years) that resulted from clear 
cutting older lodgepole pine forest and a 16% increase in the proportion of 21-80 year old 
Douglas-fir forest as a result of partial cutting mature and old Douglas-fir stands.  The results on 
the natural reference landscape must be viewed with caution.  The suppression of fire has likely 
resulted in fewer young stands in the lodgepole pine type, and an increased in the density of the 
intermediate and suppressed layers in mature to old Douglas-fir stands (Dawson, 1998). 
 
Past fire regimes in the Interior Douglas-Fir, dry cool subzone, Fraser Variant (Iverson et al. 
2002) provides research information gathered primarily within the area of Lignum’s (IFPA).  The 
study area is located in central British Columbia on the Fraser Plateau.  The entire Fraser variant 
of the IDFdk3 east of the Fraser River is encompassed within the study area.  Three broad strata 
were identified with differences in forest composition and elevation that appeared to be related to 
the fire history in the study area (Iverson 2002 et al.): 

• Fd Low: lower elevations where most stands are dominated by Douglas-fir. 
• FdPl Mod:  middle elevations where Douglas-fir, lodgepole pine and mixed Douglas-

fir/lodgepole pine stands occur. 
• Pl High:  higher elevations with predominately pure lodgepole pine stands. 
 

The Mean Fire Interval (MFI) is the average number of years between fires at a site.  Fire 
frequency was similar among the three strata with a median MFI of 22 years for all strata 
combined.  The Fd Low stratum had the lowest MFI at 19 years (range 17-36).  The MFI of the 
FdPl Mod stratum was 21 years (range 5-49 with the majority 15-24) and the Pl High stratum had 
a slightly higher MFI at 26 years (range 8-42) (Iverson et al. 2002).  Historical mean fire intervals 
in the IDFdk3 are considerably shorter than current fire-free intervals (Iverson et al. 2002).  The 
current fire-free interval is 3 times greater than the historical fire-free interval in Fd Low and 
FdPl Mod, while the current fire-free interval is 2 times greater than the historical fire-free 
interval in the Pl High stratum (Iverson 2002 et al.). 
 
The values for mean fire interval appear to contradict a study conducted by Bunnell (1995), 
where the mean return fire interval was reported to be 92.5 years with a mean fire size of 125 ha 
and a maximum size approximating 5000 ha.  However, the values in that study are from the IDF 
zone as a whole and no single method of deriving the data was applied consistently.  The 
discrepancies seen here underscore the need for examining individual papers when making 
comparisons.  Several papers are found in Wong et al. (2002) that report mean fire cycle/return 
intervals in the IDFdk3 that support the information supplied by Iverson et al. (2002).  Mean fire 
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intervals of 13 years (Gray and Riccius 1999, cited by Iverson et al. 2002), 21 years (Heyerdahl, 
unpublished data), and 15 years (Douglas 2001, cited by Iverson et al. 2002) are within the 
ranges reported in Lignum’s IFPA area. 
 
Among the stratum, Pl High demonstrated the most evidence for a significant component of 
stand replacing events in the disturbance regime (4 of the 8 plots sampled were relatively even-
aged).  In contrast, the majority of plots (25 of 29) in the FdPl Mod stratum were multiple aged.  
The Fd Low stratum is characterized by a predominant understory fire regime that is evidenced 
by the multiple aged stands found at all plots.  From this data, two fire regimes can be identified.  
Fd Low stratum is maintained by a low severity fire regime while the FdPl Mod and Pl High 
stratums appear to have a mixed severity fire regime (Iverson 2002 et al.).  The mixed severity 
fire regime is quite dynamic as the severity of individual fires varied between stand replacement 
fires and low severity surface fires. 
 
The abundance of fire scarred trees (fire scars evident on trees <5 cm dbh) and multi-aged 
structure found in the Fd Low provide evidence on the dominance of a low-severity fire regime 
in this stratum (Cummings and Wong 2002).  Other studies of dry interior Douglas-fir forests in 
the United States and western Canada have also determined that low severity fires are frequent 
and dominate the disturbance regime in similar stands (Franklin et al. 2002). 
 
The success of modern fire fighting efforts has caused changes to the amount of woody debris 
found in IDFdk3 stands (Iverson et al. 2002).  Currently, dense regeneration, multi-layered 
stands, and long periods between fires have increased the fire hazard on the landscape (Iverson et 
al. 2002).  Due to current fuel loading and stocking rates, fires in the IDFdk3 will likely be 
dominated by intense and severe crown fires as compared to the low intensity surface fires that 
most often occurred historically.  The predicted fire effects in current forests would damage site 
productivity, result in a long-term loss of biodiversity, and impact the timber supply (Iverson et 
al. 2002). 
 
Natural disturbances created by fire are not the only disturbance factors located within IDFdk3 
forests.  At endemic levels, mountain pine beetle (Dendroctonus ponderosae) (MPB) populations 
create small patches or openings in stands containing lodgepole pine.  The resulting dead trees 
increase fuel accumulations that in turn affect the fire behavior and intensity.  Due to certain 
environmental and stand conditions MPB can become epidemic (Amman 1989) and increase the 
risk of widespread catastrophic wildfire in the years following the fire.  The greatest limiting 
factor on population growth is cold winter temperatures.  However, the susceptibility of forest 
tracts to a MPB epidemic can also be reduced if the trees within the stand are of varying ages 
(Iverson et al. 2002).   
 
Other agents also play roles in influencing the disturbance dynamics of IDFdk3 forests.  Many of 
these factors are exacerbated by the success of fire suppression activities (Iverson et al. 2002).  
An increase in the competition for resources due to forest ingrowth associated with fire exclusion 
has likely increased the susceptibility of several Douglas-fir stands to the Douglas-fir bark beetle 
(Dendroctonus pseudotsugae) (Iverson et al. 2002).  Due to a reduction in the effects of fire over 
the landscape there is also one less factor restricting the growth of lodgepole pine dwarf mistletoe 
(Iverson et al. 2002).  Fire suppression or exclusion in ecosystems that historically were 
frequently burned may result in a greater susceptibility to Armillaria (Kile et al. 1991, cited by 
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Iverson et al. 2002).  It is also known that frost plays a key role in the dynamics of IDFdk3 
forests (Iverson et al. 2002). 
 

3.2 Sub-Boreal Pine Spruce Zone 
 
The SBPS zone is found at mid-elevations of west-central British Columbia and has a cold, dry 
climate.  The zone is characterized by many even-aged lodgepole pine stands, although Douglas-
fir, subalpine fir, black spruce, and black cottonwood also occur there.  White spruce is common 
in the understory and is occasionally present in the canopy.  White spruce is the theoretical 
climatic climax tree species over most of the SBPS.  Lodgepole pine is considered a persistent 
fire-climax species and the dominance of pine has been maintained by recurrent wildfires 
(Meidinger and Pojar 1991). 
 
Characterizing Fire Regimes in Sub-Boreal Landscapes:  Fire History Research in SBPS and 
SBS Biogeoclimatic Zones of Cariboo Forest Region (Francis et al. 2002) provides research 
information gathered primarily within Lignum’s IFPA area.  The study was divided into two 
study areas: the Chilcotin and East Fraser study areas.  The largest portion of the Chilcotin study 
area is in SBPSxc (XC), but also includes the SBPSdc (DC) and SBPSmk (MK) subzones.  This 
study used two different methods to derive disturbance parameters: time-since-fire and individual 
fire mapping.  The time-since-fire technique uses the existing forest landscape configuration and 
does not take into account fire overlap.  Fire mapping is more sensitive to fire overlap, but 
depends on residual structure to make inferences on the degree of overlap.  The study found that 
large areas (>100,000 ha) of the Chilcotin burned at least twice in the past 133 years.  These large 
fires each burned approximately 50% of the study area and this limits the utility of time-since-fire 
techniques since the large fires will dominate the frequency for many years (Johnson and Gutsell 
1994). 
 
Using the time-since-fire technique, the mean patch size for the Chilcotin was 187 ha (+942 ha) 
and the median patch size was 8 ha (range = 14,812) for all subzones combined (Francis et al. 
2002).  The mean patch size in the XC (222 +956 ha) is larger and more variable than in the DC 
(101 +480 ha).  Mean patch size in the East Fraser Study area was 397 +1964 ha, but lumps areas 
of SBS zone with the area of SBPSmk.  Francis et al. (2002) found that 65% of the Chilcotin has 
burned more than once during the period 1869-present.  This results in an underestimation of 
patch size using this technique since portions of older patches are removed by newer fires.  Many 
of the small patches (<100 ha) discerned using this technique are actually residual patches within 
a larger burn matrix.  Since most of these patches are not discrete disturbance patches, the 
distribution of patch sizes will follow a shallower slope than time-since-fire indicates (Francis et 
al. 2002). 
 
Dawson (1996) also looked at patch sizes in the Chilcotin using the current Ministry of Forest 
forest inventory database.  That study found a mean patch size of 85 ha and a maximum patch 
size of 18,743 ha.  Approximately 58% of the study area was made up of patches >1000 ha and 
75% is <140 years of age.  Dawson (1996) notes that this information supports the hypothesis 
that this area was dominated by large, frequent fires.  However, direct comparisons of patch sizes 
with the Francis et al (2002) study are confounded by the inclusion of four different subzones 
(MSxv, SBPSxc, ESSFxv, and SBPSdc) and the study area being dominated by the MSxv 
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subzone.  The MSxv is generally moister than the SBPS (Meidinger and Pojar 1991) and the 
mean event return interval is generally much longer (Ministry of Forests 1995).  
 
Patch size was also determined using individual fire mapping for the Chilcotin Study Area.  
Individual fire mapping appears to more accurately describe historical fire pattern versus time-
since-fire maps alone (Francis et al. 2002).  Individual fire maps describe the area burned, 
percent area burned, number of fire patches and mapping accuracy for each fire event.  Mean 
patch size in the Chilcotin is 1634 ha (+7239 ha) and median patch size is 109 ha (range = 
77,976) using this method (Francis et al. 2002).  The mean patch size in the XC using this 
technique (1557 +4610 ha) is larger and less variable than in the DC (1369 +5867 ha)(Francis et 
al. 2002).   
 
Francis et al. (2002) found that 45% of the area examined for fire severity in the Chilcotin had 
15% or less residual forest structure at the stand level.  This level of severity could be compared 
to a “clearcut with reserves” treatment.  However, 20% of the area examined for fire severity 
contained 16-40% residual forest, and 32% of the area had 41-99% residual forest.  Francis et al. 
(2002) points out that this is characteristic of a mixed-fire severity regime.  This regime is much 
more pronounced in the XC than DC.  Delong (2002a) found that most fires were stand 
replacement in SBPS stands of the moist interior with little residual structure outside of remnant 
stands.  This trend of less residual structure with increasing moisture is supported by findings in 
the East Fraser Study Area (Francis et al. 2002).  The fact that the Francis et al. (2002) data on 
patch size includes areas that are only partially burned has a large implication when trying to 
determine operational patch sizes for standard ‘clearcut with residual retention’ practices.  There 
are substantial numbers of fires in the 50-200 ha size range that have 16-99% residual structure.  
This must be accounted for when analyzing the data on patch size. 
 
The fire return intervals given in the Francis et al. (2002) document provides similar problems 
when being applied to operational guidelines as found in the patch size data.  The report lumps 
low intensity fires (with substantial residual structure) with fires that would return the polygon to 
an early seral stage.  The high intensity fires represent the idea of stand replacing fires in this 
natural disturbance type; however, most fires burn with a range of intensities (personal 
communication with Shawn Francis).  This seems especially prevalent in the Chilcotin study area 
where 55% of fires had >15% residual structure.  This result should not be surprising, given that 
the SBPS is spatially adjacent to IDFdk4 forests that are characterized by frequent stand 
maintaining fires.  Some overlap in disturbance regime seems inevitable under these 
circumstances.  Re-burning of stands in the Chilcotin also greatly increases the fire return rate.  
This can be seen when comparing the results with Steventon (2001) who did not account for re-
burning of stands and reported a mean fire cycle of 91 years in the SBPSmc   
 
The fire cycle describes the amount of time required to burn an area equivalent to the whole 
study area.  Based on the period 1869-1961, time-since-fire lists the fire cycle at 101.6 years for 
the entire Chilcotin study area (Francis et al. 2002).  Individual-fire-mapping indicates that the 
fire cycle is 47.3 years in the Chilcotin.  Time since fire may be adjusted for overlap and when 
this is done the values derived by the two methods are very similar.  Adjusting time-since-fire for 
overlap (using 1/3 overlap) results in a fire cycle of 45 years for the 1869-1961 period.  In the 
East Fraser area, time-since-fire yields a 99 year cycle and the adjusted time period is 60 years.  
By subzone, there is considerable difference in fire cycle for the Chilcotin Study Area.  The fire 
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cycle is 45.2 years in the SBPSxc and 60.8 years in the SBPSdc using fire-mapping for the 1922-
1961 period.  Increasing the time period to 1869-present (includes modern fire fighting period), 
results in the fire cycle increasing to 145.2 (unadjusted time-since-fire) and 67.9 (fire mapping) 
years respectively in the Chilcotin (Francis et al. 2002).     
 
For the period 1869-1961, the rate of burning is 0.99%/year for time-since-fire and 2.11%/year 
for fire-mapping in the Chilcotin (Francis et al. 2002).  The same period produced a burn rate of 
1.01% using time-since-fire in the East Fraser Area.  It is important to note that the values quoted 
are averages over a relatively long period and reflect the huge variability in area burned per time 
period.  Historically, large areas of the Chilcotin burned in single events (e.g. fires in 1869 and 
1922 accounted for 50% of area) whereas relatively small areas have burned in other years.  
Adjusting time-since-fire for overlap results in a burning rate of 2.22% per year in the Chilcotin 
and 1.67% in East Fraser.  The mean fire return interval is the average period of time between 
successive fire events for a specific site determined using fire scars and increment cores.  The 
mean fire interval is 47.9 (+ 29.4) years for the entire Chilcotin.  The mean fire interval is 44.7   
(+ 26.4) years in the SBPSxc and 63.9 (+ 40.0) years in the SBPSdc using this method (Francis et 
al. 2002). 
 
Francis et al. (2002) provides estimates of residual patch sizes based on the assumption that most 
small (<100 ha) time-since-fire patches are residuals within a larger burn matrix.  It is pointed out 
that some patches in the 101-200 ha and 201-500 ha size classes would also be residual patches.  
These assumptions are likely to be valid to a certain extent.  However, there are a percentage of 
patches less than 100 ha that are not residuals (i.e. 55 patches were found using individual fire 
mapping).  Accounting for this should result in slightly greater values for residual patch size.  
The mean residual patch size found over the entire Chilcotin was 25.8 ha.  Over the SBPSxc the 
mean residual patch size was slightly lower at 19.4 ha.  Research indicates that the SBPSdc has 
the largest mean residual patch size at 34.4 ha (Francis et al. 2002).  Overall, time-since-fire 
maps of the Chilcotin had 11% residual patches.  In contrast, only 3% of the East Fraser Area 
was composed of identifiable residual patches (Francis et al. 2002). 
   
Individual fire-mapping was also used when the data was stratified by BEC Unit (Francis et al. 
2002).  The results show that the SBPSdc has a much higher percentage of residual area (10.5%) 
than the SBPSxc (3.4%).  These residuals result in a larger percentage of older age classes in the 
SBPSdc landscape (Francis et al. 2002).  The remnant patches in the SBPSdc and SBPSmk are 
among the oldest in the Chilcotin Area at up to 340 years old.  Older trees exist in the SBPSxc; 
however, these are individual trees.  Approximately 9% of the Chilcotin study area is covered 
with residual patches that are >140 years, and 1% is covered with residual patches >200 years old 
(Francis et al. 2002). 
   

3.3 Sub-Boreal Spruce Zone 
 
The SBS zone occurs throughout British Columbia’s central interior and is found at low to mid-
elevations.  The climate of the SBS is characterized by seasonal extremes of temperature where 
the winters are shorter and the growing season is longer than in boreal areas.  The landscape is 
dominated by upland coniferous forests.  Hybrid white spruce and subalpine fir are the dominant 
climax species.  Extensive stands of lodgepole pine occur in the drier portions of the zone due to 
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numerous past fires.  Douglas-fir are present as long-lived seral species on warmer, dry, rich sites 
(Meidinger and Pojar 1991). 
 
DeLong (2002a) provides information on several BEC variants located within the SBS zone.  
The various BEC variants are separated into the following two Natural Disturbance Units 
(NDU’s): 
 

• NDU:  McGregor Plateau     BEC Variants: SBSwk1 
• NDU:  Moist Interior Plateau    BEC Variants: SBSdk, SBSdw2, SBSdw3, SBSmc2,  

          SBSmc3, SBSmk1, SBSmw, SBSwk3a 
 

Fire is the key stand-replacement disturbance agent operating in this area (DeLong 2002a).  Stand 
replacement accounts for 90% of the disturbance type in the McGregor Plateau, and 98% in the 
Moist Interior Plateau.  Although the majority of the fires result in stand-replacement, 3-15% of 
the fires total area can be composed of unburned mature forest remnants (DeLong and Tanner 
1996). 
 
Francis et al. (2002) examined sub-boreal ecosystems in the Cariboo-Chilcotin area of British 
Columbia.  Utilizing time-since-fire mapping, the mean patch size as a result of fire in the 
SBSdw1 was determined to be 297 ha, while the SBSdw2 had a larger mean patch size of 387 ha.  
Delong (1998) found a smaller mean patch sizes in the SBSdw at 76 ha.  Patch size in the 
SBSmk was found to vary by area with montane areas having a larger mean patch size (213 ha) 
than plateau areas (179 ha)(Delong 1998).  Delong (1998) found that mean patch size in the 
SBSmc was 296 ha.  In a study conducted by Bunnell (1995), a mean fire size of 275 ha was 
determined with a maximum size approximating 15,000 ha.  The actual variants surveyed in the 
Bunnell (1995) study are unknown.   
 
Fire return intervals in this zone appear to become longer with increasing moisture.  Mean values 
range from 60 years in SBPSdw (Francis et al. 2002) to 244 years for montane areas of SBSmk, 
and 1666 years in the SBSvk near Prince George, in Central British Columbia (Wong et al. 
2003).  Steventon (2001) found a fire cycle of 125 years in the SBSmc and Andison (1996) found 
fire cycles of 80-100 years in the SBSmk1.    
 
The natural disturbance rate (includes all disturbance types) of the SBS, within the Prince George 
Forest Region, is estimated to be 0.75-1.25% (for the period of 1911-1930) of the total forested 
area/year (DeLong 2002a).  For the period from 1869-1961, fires burned 1.01%/year of the SBS 
in the East Fraser study area (Francis et al. 2002).  A study by DeLong and Tanner (1996), 
revealed that in the past 40-50 years effective fire control has slowed the natural disturbance rate 
from 0.8 to 0.008% of the total forested area/year in the SBSmk1.  The greatest effect is seen in 
the increase in old forest area in more remote areas where harvesting has not occurred (DeLong 
2002a). 
 
In addition to fire, there are several other natural disturbance agents that occur in the SBS zone.  
MPB has become a dominant natural disturbance agent within recent years.  There is no 
documented evidence that MPB played a major role as a stand replacement agent, prior to fire 
control (DeLong 2002a).  The decreasing number of large patches of young forest in conjunction 
with increasing old forest that is susceptible to MPB, has likely exacerbated the current MPB 
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infestation (DeLong 2002a).  Another disturbance agent, spruce beetle (Dendroctonus rufipennis) 
may affect up to 6200 ha per infestation with 5-90% host mortality at return intervals of 100-200 
years (Burton 2002).  Root rots (primarily Inonotus tomentosus) can infest patches <1-100 ha in 
size with 0-10% mortality (MOF, Research Branch 1992).  DeLong (2002a) also indicates that 
the 2 year cycle budworm (Choristoneura biennis) may occasionally cause significant within 
stand mortality for spruce and subalpine fir leading stands.  

 
 

3.4 Summary of Applicable Natural Disturbance Information from Other Ecosystems  
 
This section summarizes information on natural disturbance patterns from a variety of 
ecosystems.  There is considerable overlap in patterns of disturbance, types of disturbance, and 
the implications of changing natural disturbance regimes when the different ecosystems are 
compared.  Natural disturbance processes are an integral part of natural systems and maintain the 
diversity and functional attributes characteristic of natural forests.  Suppression of these 
processes will result in changes in ecosystem function.  The pattern of natural disturbance differs 
from conventional timber harvesting in the size, shape, and distribution of openings (DeLong 
2002; Steventon 2001; Hansen et al. 1991).  Modeling future forests on the range of natural 
disturbances relies on understanding the natural processes and differences caused by human 
activities. 
 
Research on sub-boreal forests in the Alberta foothills indicates that larger patches cover most of 
the land despite most disturbance patches being of very small size.  Although fewer in number, 
young patches >10,000 ha cover over 50% of the Upper Foothills Landscape in Alberta (Andison 
2002).  This same trend was seen in data from the Chilcotin where 2% of the patches are >10,000 
ha and contribute approximately 54% of the area (Francis et al 2002).  Other researchers in 
British Columbia have also noted this pattern.  DeLong (2002a) indicates that a combination of 
very large and very small patches characterize natural disturbance patterns in sub-boreal 
landscapes of central British Columbia, and that the openings created by past harvesting do not 
fit this pattern.  Likewise, Steventon (2001) found that more frequently disturbed subzones were 
generally dominated by patches greater than 500 ha and that openings created by industrial 
harvesting were different in pattern from natural disturbances.  A significant result of the current 
pattern of harvesting is the increase in the amount of edge between old and young forest and the 
loss of interior forest habitat (Steventon 2001).  In addition, a dispersed cutting pattern results in 
a much greater length of road access than aggregated cutting (DeLong 2002b).   
 
Natural disturbance types in sub-boreal forests of central British Columbia were characterized by 
frequent fires and historically had very little area in patches >200 years old (DeLong 2002a).  
This data is supported by findings in the Chilcotin and East Fraser Study Areas where 
approximately 1% and 0.5% of the area (respectively) is composed of stands >200 years old.  For 
stands greater than 140 years, the approximate area is 11% in the Chilcotin and 13% in the East 
Fraser (Francis et al. 2002).  Other ecosystems with frequent stand replacing fire also show this 
pattern of decreasing areas of old forest with age class.  Reconstructions of the age class 
distribution in the montane zone of Jasper National Park indicate that only 2% of the forest area 
was >200 years of age in 1930 (Andison, 2000).  Likewise, reconstructions of the age class 
distribution in the Alberta Lower Foothills reveals that approximately 70% of the time pine and 
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spruce dominated stands >180 years of age would have composed <6% of the area covered by 
these species (Andison, 2000).  This distribution is common to all naturals systems where 
disturbance is random with respect to age class.  In these systems, the low relative occurrence of 
old forests is a consequence of disturbance affecting all age classes and eroding the land base of 
each age class over time. 
 
Current management guidelines in British Columbia usually incorporate protected areas 
strategies designed to preserve representative areas of old growth forest.  However, often old 
growth management areas are instituted as static patches.  Permanently reserving large areas of 
forest can result in deviations from the natural pattern of vegetation through time and space.  This 
can be seen in the vegetation patterns of the montane Ecoregion (dominated by lodgepole pine 
with occasional Douglas-fir, white spruce and trembling aspen) in Jasper National Park that have 
changed considerably over the past eighty years (Andison, 2000).  Although human activity and 
climate conditions may have been contributing factors, the majority of changes in the vegetation 
patterns were likely attributable to shifts in the fire regimes (Rhemtulla et al. 2002).  Past forests 
older than 100 years in the montane Ecoregion of Jasper National park covered 21% of the area 
as compared to 78% today.  In the Upper Sub-alpine just 8% of the forest was older than 300 
years, as compared to 25% today.  A simulation exercise on these sub-boreal forests that 
examined historical disturbance rates and sizes, suggests that some of these “protected” old-
growth areas are creating historically unprecedented situations (Andison, 2000).  The resulting 
implications of the changes in vegetation include decreased habitat diversity, increased potential 
for insect outbreaks and increased potential for high intensity fires (Rhemtulla et al. 2002).     
 
Many researchers have found that forest fires present considerable variation in severity in their 
paths especially if they extend over very large areas and burn for longer than a day (Francis et al. 
2002; Kafka et al. 2001; Van Wagner 1983).  Areas of low severity fire result in a significant 
proportion of individual trees and patches that survive and may occupy up to 99% of a burn area, 
depending on the type of forest burned (Francis et al. 2002; Andison 2002; Stuart-Smith and 
Hendry 1998; Hansen et al. 1991).  This residual structure is especially characteristic of fire 
margins where the fire often skips or burns with lower intensity (DeLong and Kessler 2000; 
Stuart-Smith and Hendry 1998).     
 
Stuart-Smith and Hendry (1998) examined residual structure resulting from natural fires in the 
Ponderosa Pine, Montane Spruce, Interior Cedar Hemlock and Engelmann Spruce Subalpine-fir 
Biogeoclimatic zones.  They classified residual structure as single trees, clumps (identifiable 
clusters of single trees), islands, and skips (peninsulas).  Single trees and clumps were mainly 
veteran fire resistant species and showed no pattern in distribution.  Islands, however, were 
almost always associated with the fire boundary.  The percent total fire area covered with 
residual trees in this study varied from 1-25% (Stuart-Smith and Hendry 1998).  Even greater 
area in residual retention has been found on fires in the Alberta foothills.  On average, almost 
33.3% of each fire event in the Alberta foothills is at least partially unburnt (Andison 2002).  The 
type, size, and spatial arrangement of unburnt patches within each disturbance event are equally 
important in “natural pattern” considerations (Andison 2002) since trees and patches that survive 
the passage of a fire contribute to the spatial and vertical heterogeneity of the forest mosaic.  
Residual structure appears to play a determining role in regenerating burns and constitutes habitat 
refuges or shelter in the regenerating forest (Greene and Johnson 2000). 
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Management plans often target riparian areas for the retention of forested reserves; however, 
research indicates that riparian areas often burned; therefore, reserving all riparian stands may 
have an adverse affect on biodiversity.  At the landscape scale, several researchers have found 
that riparian forests burned as often as upland (Francis, et al. 2002, Andison 2002, Steventon 
2001).  Steventon (2001) found that riparian features provide linear corridors of distinct 
vegetation, but not forest age in the SBSdk and SBSmc subzones of the Prince Rupert Forest 
Region.  At very fine scales, Andison (2002b) found some evidence that residual structure tended 
to form at or near riparian features.  The residual trees tended to persist on wide streams, wet 
sites, and where steep topographic breaks occurred above large streams.  Stuart-Smith and 
Hendry (1998) found that discrete islands tended to be located next to a stream, whereas small 
clumps of trees had no clear tendency to be found near a stream.  Collectively, this information 
indicates that riparian areas have different fire regimes than upland habitats at a fine scale and 
that they often burned.  However, managed landscapes differ from pre-industrial landscapes and 
there are other values that must be considered concerning reserve zones on high value streams. 
 
Topography can have a strong influence on the pattern of disturbance in areas with steep 
topographical relief (Dorner 2002).  When topography is ignored, there is a risk of miss-
interpreting observations.  Dorner (2002) found that edge direction was strongly influenced by 
slope in steep terrain.  In steep, complex terrain, topography can result in natural fragmentation 
of the landscape with most fragments oriented in the slope direction.   
 
The success of fire suppression efforts has resulted in an accumulation of older stands than 
generally would have been present, and these stands are more vulnerable to insect pests such as 
spruce budworm (Harvey et al. 2002) and mountain pine beetle (Amman 1989).  Research 
conducted in forests of western Montana have concluded that while the outbreak frequency of the 
western spruce budworm has not been changed by reduced burning since approximately 1910, 
there has been a definite increase in the duration and intensity of outbreaks (Harvey et al. 2002).  
Anderson et al. (1987, cited by Iverson et al. 2002) assumed that the reduction in fire frequency 
and resulting increase in Douglas-fir stand density is likely the cause.  Disturbances caused by 
insects are also likely to follow a different successional pathway than fire initiated disturbances.  
Insect infestations generally favor the succession of late seral, usually shade tolerant species, 
whereas fire favors the establishment of shade intolerant pioneer species (Stadt 2001).  In the 
case of MPB, large scale infestations are often linked with subsequent fire events.  However, not 
all beetle killed areas would burn, resulting in a mosaic of regenerating stand types (Stadt 2001).  
Young stands resulting from insect infestations may retain characteristics that allow species 
normally associated with mature forest to use them.  Payer and Harrison (2000) found that while 
American marten avoided clearcuts, they did not avoid similarly aged stands with a history of 
extensive tree mortality caused by eastern spruce budworm.  This trend was also seen by Potvin 
et al (1999) who hypothesized that the greater amount of vertical and horizontal structure 
available in stands affected by spruce budworm provided both predator avoidance and access to 
food.  Snags provide escape from terrestrial predators while woody debris and advanced 
regeneration provided both cover from aerial predators and sub-nivean access for hunting.  Since 
these insect pests cause frequent disturbance that can vary greatly in intensity and differ in effects 
from other common disturbances in many forests, they should be given more attention when 
assessing stand dynamics (Parish and Antos 2002).   
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Natural disturbance regimes in North America appear to have changed with climate and 
vegetation patterns since the last ice age.  Heinrichs (2001) reconstructed the vegetation and 
natural disturbance history at Mount Kobau, South Central, British Columbia, using pollen, plant 
macrofossils and charcoal deposits.  The natural disturbance type and vegetation has changed at 
this Engelmann Spruce Subalpine Fir Biogeoclimatic Zone site throughout the Holocene.  The 
period between 10,000 and 9500 years B.P. was characterized by warm dry weather and open 
steppe grasslands.  This period lasted until 7000-3800 years BP when the temperatures became 
more moderate and moisture increased.  Under these conditions, open lodgepole pine parkland 
was dominant at this site.  Fires appear to have been more frequent and severe during this period.  
Finally, late Holocene cooling (cool-moist conditions) resulted in the modern ESSF forests and 
current natural disturbance type that accompanies this zone (Heinrichs 2001).   
 
Fire regimes also appear to have changed in more recent times.  Clark (1988) found that both fire 
frequency and intensity were influenced by the global climate in the past.  In that study, warm, 
dry conditions during the period 1400-1600 AD were characterized by more frequent fires as 
evidenced by charcoal deposits.  This was followed by less frequent, but more intense fires 
during the period called the little ice age (1600-1900) (Clark 1988).  Millar and Woolfenden, 
(1999) also found a pattern of higher temperatures in the period 900-1400 followed by cooler 
temperatures during the little ice age and then warming in the 20th century.  Clark (1988) found 
evidence of climate and fuel loading synergistically influencing fire regimes.  Drought cycles can 
be predictable and have a strong influence on fire frequency, intensity, and depth of burn.  Clark 
(1988) combined this data with fuel loading functions to create a model that predicts increased 
fire frequency coinciding with drought cycles, but more severe fires at multiples of the drought 
cycle as a consequence of fuel build up.  The cooler climate during the little ice age would have 
resulted in lower decomposition rates and increased fuel that would not burn as intensely under 
the light surface fires that occur at more frequent intervals.  However, more intense fires would 
be possible during dry years.  This is one explanation for the shift from a 44 year fire cycle in the 
14th century to a 80-95 year cycle in the during the little ice age (Clark 1988).  Both Clark (1988) 
and Heinrichs (2001) hypothesized that natural disturbance regimes in the warm, dry 20th century 
would again be characterized by more frequent fires than found in the past.    
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4.0 Management Recommendations/Implications 
 
The body of natural disturbance literature is growing rapidly.  The information presented in 
previous sections represents a small proportion of the information when all ecosystems are 
considered.  However, there is relatively little detailed, practical examples of creating a forest 
management plan based on the range of natural disturbance.  The advice collected in this section 
is largely general considerations for managing boreal, sub-boreal, and montane ecosystems.  
However, given that we still have much to learn regarding this subject, this information is crucial 
in evaluating the various management plans that will arise over time. 
 

4.1  Management techniques to Emulate Natural Disturbance in Sub Boreal and Boreal 
Ecosystems 
 
The Biodiversity Guidebook (1995) classifies sub-boreal and boreal ecosystems with frequent 
stand initiating wildfires as natural disturbance type 3 (NDT3).  This disturbance type includes 
the SBS and SBPS variants found in Lignum’s IFPA area.  NDT3 is characterized by a mosaic of 
even aged stands of different ages with a mean event interval of 100 years for the SBPS and 125 
years for the SBS.  The guidebook defines early seral as <40 years, mature seral as 100-140 
years, and old seral as >140 years in both zones.  Seral stage distributions vary based on the 
different biodiversity emphasis options within landscape units.  The three levels of biodiversity 
emphasis differ in the amount of each seral stage that may be present at any time within a 
landscape unit with the high biodiversity option protecting the greatest amount of older forest.  
The following recommendations are made to maintain biodiversity in NDT3. 
 

• Temporal and spatial distribution of patches: A clustered harvest pattern using large 
aggregated harvesting units with patch and single tree retention is recommended to 
approximate the natural pattern.  This strategy will decrease fragmentation while 
providing biological legacies within the large openings.  Patch size parameters vary with 
the presence of Douglas-fir.  Stands containing Douglas-fir throughout should have 20-
30% of forest area in patches <40 ha, 25-40% of forest area in patches 40-80 ha, and 30-
50% of forest area in patches 80-250 ha.  The patch sizes where Douglas-fir is restricted 
or absent are 10-20% of forest area in patches <40 ha, 10-20% of forest area in patches 
40-250 ha, and 60-80% of forest area in patches 250-1000 ha. 

• Old seral stage retention and representation: The area retained in each landscape unit 
will depend on the biodiversity emphasis option.  The percent of forest area ranges from 
7-10% in the SBPS and 11-16% in the SBS.  The retention of old for each site series 
should be in proportion to their occurrence in the landscape unit.  Between 10 and 25% of 
old seral area should be maintained in forest interior conditions. 

• Landscape connectivity: The SBPS and SBS zones in the Cariboo and Prince George 
Regions likely did not have high connectivity across the forest matrix.  Instead, landscape 
connectivity was provided along riparian corridors.  Forest ecosystem networks and 
island remnants should be designed to represent the full spectrum of subzones and 
variants within a landscape unit. 
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• Stand structure: Most of NDT3 can be represented with even aged management 
systems.  However, partial cutting/retention of Douglas-fir, larch, and spruce to increase 
structural and spatial diversity is recommended. 

• Species composition: The mosaic of different successional stages in NDT3 produces a 
variety of species that is an important component of biodiversity.  Where fire was an 
important part of ecosystem process, prescribed burning may be used to reproduce this 
assemblage.  The proportion and distribution of rare forest types and mixed/deciduous 
stands should be maintained within their historical range.  

 
DeLong (2002a) makes recommendations for managing the Prince George Region based on nine 
natural disturbance units that were developed using local information instead of adopting the 
Natural Disturbance Types (NDT’s) presented in the Biodiversity Guidebook (1995).  
Management goals are based on the range of natural variability, and no compromises are made 
between timber management and biodiversity values.  The most similar natural disturbance unit 
to Lignum’s IFPA area is the moist interior plateau sub-unit that encompasses SBS and SBPS 
variants having “similar disturbance processes, stand development, and temporal and spatial 
landscape patterns” (DeLong 2002).  The key stand replacing disturbance elements are fire and 
MPB.  Large disturbances result in pine and/or aspen forming large uniform stands.  Minor 
amounts of spruce are found on wetter sites and Douglas-fir forms stands on dryer ridges.  The 
disturbance cycle within this sub-unit is 100 years and stands would rarely exceed 200 years.  
The following general strategies are suggested to model development on the range of natural 
disturbance in this unit: 
 

• Temporal and spatial distribution of patches : Patch size should approximate the 
natural distribution and size for this unit as much as possible given social, logistical, or 
demonstrated ecological constraints.  The disturbance distribution for this zone is 70% 
>1000 ha, 20% 100-1000 ha, 5% 50-100 ha, and 5% <50 ha.  The move to larger 
aggregated cutblocks will result in lower road densities and reduced fragmentation. 

• Old seral stage retention and representation: A system of “rotating reserves” is 
recommended in landscapes such as this where natural disturbance rates are high (e.g. 
Disturbance cycle <150 years).  Over these landscapes, the stands were generally even-
aged and dominated by early seral species.  Very old forests (>200 years) were rare, but 
large patches of older forest (>100 years) always existed.  In this strategy, large patches 
(>100 ha) of older forest (>100 years) are identified to fulfill a percentage of the old 
forest requirements.  These reserves would be scheduled to be cut when reserve area of 
relatively equal size have been identified that can take their place.  The intent is to always 
have some large reserves of forest that are old but not so old as to be unnatural and highly 
susceptible to stand replacement forest insects or disease outbreaks. 

• Young Natural Forest: Retain a proportion of un-salvaged wildfires to provide habitat 
elements that cannot be produced in managed stands.  If wildfire remains low in this unit, 
prescribed burning should be used on some live or MPB killed stands. 

• Stocking and stand structure: Retaining even aged stands over most of the unit would 
approximate the natural pattern.  Stand densities should be kept at >2000 stems/ha on 
circumesic sites and <1000 stems/ha on hygric sites to reflect the natural variability in 
stocking.   
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In locations where mixed deciduous and spruce make up a component of the landscape, DeLong 
(2002b) suggests an alternative silviculture regime.  The results of a 1993 trial indicate that under 
planting mid-aged trembling aspen with white spruce is a feasible method of establishing mixed 
stands.  The trial found no difference in survival between spruce planted in clearcuts and under 
40-70 year old aspen stands.  While the environment under aspen was found to be less extreme 
than in clearcuts, spruce in clearcuts performed better after establishment, but spruce growth 
under aspen still met current legislated performance standards.  Other silviculture advantages to 
underplanting aspen include: fewer frost events, reduced over-winter injuries, reduced pest 
damage, reduced tomentosus root rot, reduced site preparation and reduced vegetation 
management costs.  Social and wildlife benefits include reduced visual impact, improved thermal 
cover for ungulates once spruce becomes established, and more diverse stands generally have 
greater numbers of niches for wildlife. 
 
 
Bergeron et al. (2002) points out that maintaining a significant proportion of the forest landscape 
in age classes that exceed conventional rotation ages, or creating assemblages of older stands 
through silvicultural interventions, without compromising allowable cut, constitutes the crux of 
the problem of sustainable forest management.  In a forest ecosystem under a natural fire regime, 
not all stands survive to a mature or old growth stage before again succumbing to fire.  
Theoretically this will result in forest age class distribution that resembles a negative exponential 
distribution with approximately 37% of forests older than the fire cycle.  To reduce impacts on 
wood production and allowable cut, Bergeron et al. (2002) suggests a cohort model of forest 
management where silviculture practices maintain structural and compositional characteristics of 
older stands.   
 
In the cohort system (Bergeron et al. 2002), a large portion (e.g. 63%) of the landbase is managed 
using stand initiating harvesting to produce even-aged stands (cohort 1).  A smaller percentage of 
the landbase (e.g. 23%), cohort 2, is managed using partial cutting to move the stands into an 
uneven or irregular structure containing two layers.  Cohort 3 is maintained through selection 
cutting on the remaining portion of the landbase (e.g. 14%) to reflect gap dynamics in old growth 
stands.  Stands reaching maturity are treated by clearcut harvesting to recruit into cohort 1 or 
treated by partial/selection harvesting to recruit into cohorts 2 and 3.  Implementing this approach 
requires characterizing and quantifying disturbance parameters such as forest age distribution, 
fire cycle, frequency and size distribution, and variations in fire frequency.  Other major 
disturbances, such as insect outbreaks must also be incorporated.  Field studies then characterize 
the composition and structural changes of stands through time.  This information is used to 
characterize the three cohorts and design silviculture treatments.  This approach may be used to 
integrate all planning levels and silviculture trials have been set up in northern Quebec to 
evaluate the system (Lefort et al. 2002).  However, Bergeron et al. (2002) notes that at the stand 
level, the ability of this system to meet the requirements for attributes like woody debris and tree 
size need to be assessed.  
 
Another harvesting system designed to model natural disturbances is gaining increased use in the 
boreal forests of Ontario and Quebec (Lefort 2002).  The ‘HARP’ model, (harvesting with 
regeneration protection) is designed to protect small merchantable trees (up to 15 cm diameter) in 
multi-storied, uneven-aged stands.  HARP is considered to be an appropriate harvesting method 
in uneven-aged stands, as it maintains or creates the irregular and more open structure of old-
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growth forests (Lefort 2002).  HARP is considered to present several advantages over 
conventional clear cutting or careful logging (Lefort 2002): 
 

• Reduced time between harvests 
• Improved visual appeal 
• Habitat conservation through improved protection of residual trees 
• Maintenance of uneven-aged structure characteristics of older stands 
• Reduced invasion of stands by deciduous trees 
 

Trials are being conducted to determine the effects of harvested using this technique on stand 
structure, composition, coarse woody debris, and other attributes associated with biodiversity.  
Monitoring of these characteristics is necessary to determine if stands harvested using HARP 
produce the key attributes of older natural stands. 
 
One approach proposed to maintain the natural forest age structure of the eastern boreal forest is 
through incorporating the use of rotations of variable length in proportions similar to those 
observed in the natural fire regime (Seymour and Hunter 1999).  For example, 63% of forest area 
is managed on a 100 year even-aged cycle, 23% on a 200 year cycle, and 14% on a 300 year 
cycle.  This type of approach is based on the existence of forest types containing tree species that 
have commercial rotations of 200 and 300 years.  However, it could be adapted to shorter 
rotations. 
 

4.2 Management Techniques to Emulate Natural Disturbance in the IDF and Other Forest 
Types With Stand Maintaining Fires 

 
The Biodiversity Guidebook (1995) classifies stands with frequent stand maintaining fires as 
natural disturbance type 4 (NDT4).  Lignum’s IFPA area includes the IDFxm, IDFdk3 and 
IDFdk4 variants in this disturbance type.  NDT4 includes grassland, shrubland, and forest types 
that normally experience low-intensity fires.  Sites subject to drought are characterized by late 
seral and climax grasslands and shrublands.  Less arid sites have forests that favor trees with 
thick fire resistant bark.  Patches of less fire resistant trees have formed in areas that have 
escaped low intensity surface fires.  This regime has created a mosaic of mostly uneven aged 
stands interspersed with grassy and shrubby openings.  NDT4 stands have a history of periodic 
surface fires (4-50 years) that removed young stems, reduced coarse woody debris loading, and 
raised the height of live tree crowns.  This regime resulted in a more open forest type that has 
been termed fire climax.  However, stand initiating fires also occurred at intervals ranging from 
150-250 years in the IDF.  Fire suppression has caused many of these stands to infill with young 
conifers and increased the accumulation of fuel.  This change in stand structure has resulted in 
increased probability of crown instead of surface fires, loss of understory forage, as well as insect 
and disease damage.  The guidebook defines early seral as <40 years, mature seral as 100-250 
years, and old seral as >250 years.  Seral stage distributions vary based on the three different 
biodiversity emphasis options with landscape units designated with the high biodiversity option 
protecting the greatest amount of older forest.  Generally, the landscape was characterized by 
mature and old mixed forests that should be maintained using partial cutting prescriptions.  The 
following recommendations are made to maintain biodiversity in NDT4. 
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• Temporal and spatial distribution of patches: Partial cutting with occasional smaller 
dispersed clearcuts will approximate the natural landscape pattern.  The distribution of 
patch sizes in each seral stage is 30-40% <40 ha, 30-40% 40-80 ha, and 20-30% 80-250 
ha. 

• Old seral stage retention and representation: the area retained in each landscape unit 
will depend on the biodiversity emphasis option.  The percent of forest area ranges from 
13-19%.  The retention of old for each site series should be in proportion to their 
occurrence in the landscape unit.  Between 25 and 50% of old seral area should be 
maintained in forest interior conditions. 

• Landscape connectivity: Connectivity was assumed to be high in NDT4 with a smaller 
portion of the landscape in earlier seral stages.  Mature forest riparian areas should form 
the basis for connectivity in this disturbance type.  Forest ecosystem networks and island 
remnants should be designed to represent the full spectrum of subzones and variants 
within a landscape unit.  Linkages should be oriented along valleys and across elevational 
gradients. 

• Stand structure: Maintaining a variety of canopy layers and gaps both between and 
within stands is important for maintaining biodiversity.  Practices should maintain the 
multi-storied stand structure of this NDT.  Even-aged silviculture systems are most 
appropriate for even-aged lodgepole pine stands. 

• Species composition: Natural forest succession in NDT4 produces a variety of species 
and this is an important component of biodiversity.  The proportion and distribution of 
rare forest types and mixed/deciduous stands should be maintained within their historical 
range.  

 
Past recommendations for IDF forests are being scrutinized.  Fall (1998) reported that: “research 
indicates that uncertainty exists in the fire frequency estimates for NDT4 forest types, the 
designation of a 250 year disturbance return interval for NDT4 forests blatantly ignores the fire 
history research for these forests.”  Fall (1998), suggest that current and future harvesting rates 
and techniques must adapted to replace the role of fire in order to achieve the goal of maintaining 
forest structures, species, and communities.  Such management strategies must be based on fire 
history research and must also attempt to account for the uncertainty in the distribution of 
frequency estimates. 
 
Daigle (1996) outlines four options for returning fire to fire-adapted ecosystems.  The first option 
is to continue suppressing fires.  However, it is pointed out that biodiversity values will be 
impacted under this approach.  Furthermore, we run the risk of more extreme fire events when 
these stand types finally do burn.  Option 2 is to use prescribed fire to return stands to historic 
conditions.  This option is expected to result in improved forest health, nutrient cycling, forage 
for wildlife and livestock, wildlife habitat, and biodiversity.  There are also risks associated with 
the use of prescribed fire.  Fire can burn beyond its boundaries, damage overstory trees, create 
entry points for disease, and decrease air quality.  Detailed planning and extensive 
communication are also essential for this technique.  Option 3 involves the use of mechanical 
thinning and/or pruning.  Some of the same advantages and disadvantages as seen in option 2 are 
associated with this treatment.  However, organisms that depend on fire to cycle soil nutrients 
may not benefit from this technique.  Use of a combination of treatments is option 4.  
Stratification of the landbase may allow managers to select suitable techniques based on local 
benefits and risks.  Using this method, areas with private land may see continued fire 
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suppression, or mechanical treatments.  More remote areas with existing fuel breaks may be more 
suitable for prescribed fire or letting natural low intensity fires burn. 
 
A combination of methods have been employed on trials in IDFdm2 stands of the Nelson Forest 
Region that sought to modify the stocking levels, species composition, and the forest floor to 
approximate pre-settlement stand conditions (Hawe and DeLong 1997).  A combination of 
harvesting and prescribed fire was used to achieve the target stand structure for this site.  The 
study area contains patches of old ponderosa pine, Douglas-fir, and mixed patches containing 
both species.  Larch forms a minor component of these stands.  Research indicated that this stand 
type historically contained 9-15m2 of basal area or 75 stems/ha at an average of 50 cm dbh.  In 
addition, small thickets of regeneration would have covered approximately 5% or the area.  The 
prescription for this site included reserving all ponderosa pine and Douglas-fir >35 cm dbh, and 
larch >17.5 cm dbh.  Operations were conducted during winter on frozen ground and resulted in 
little soil disturbance.  Merchantable trees were delimbed (the skidder ran over each stem to 
remove most limbs) to provide fuel for prescribed burning.  A slashing crew felled remaining 
sub-merchantable stems for additional ground fuels.  Hawe and DeLong (1997) reported that 
“Crestbrook Forest Industries’ harvesting superintendent felt that the open nature of the stand 
resulted in logging costs that were no higher than if the site had been clearcut”.  Understory 
burning was carried out 1 year after harvesting to allow fuels to cure.  Approximately 60% of the 
area was affected by the low level burn.  The potential exists to gain wood volume using this 
technique from areas that are currently considered old growth reserves and unavailable for 
harvest.  Further, this treatment could also be used to accelerate old growth recruitment in 
landscapes where old growth is under represented (Hawe and DeLong 1997).  
 
Forest management strategies developed to achieve the desired future conditions of forests must 
address the following three main issues (Iverson et al. 2002): forest productivity, biodiversity and 
wildlife habitats and wildfire and forest health risks.  In order to determine the viability of 
utilizing adaptive management strategies operational trials must be conducted to evaluate the 
cost-effectiveness, efficacy, and social acceptance of prescribed fire and alternative silviculture 
systems to meet future goals (Iverson et al. 2002).  Iverson et al. (2002) recommends the use of 
the following adaptive management trials:   
 

• Prescribed burning trials to examine the impacts of prescribed fire on ecosystem structure 
and function in the IDFdk3 

• Fuel management trials to test available techniques for fuel management. 
• Stand structure restoration trials to develop: strategies to recruit new overstory trees with 

characteristics of veteran trees; strategies to preserve and protect the current veteran layer 
from disease and disturbance; and concepts of stand structure types and attributes along 
with systems to create and maintain these structures during harvesting. 

 
Planning should include prioritizing fire risk and management on the landscape.  A key issue will 
be determining the future forest condition using the apparent range of variability coupled with 
socioeconomic concerns.  Iverson et al (2002) recommends that a strategic plan be developed 
using the results of adaptive management trials to guide the restoration of stands to the desired 
condition. 
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Landscape level changes are evident in the southwestern ponderosa pine - Gambel oak forests 
study area at Camp Navajo, Arizona as a result of fire suppression which commenced in 1883 
(Fule et al. 1997).  In 1883 the landscape was covered in open forest type dominated by relatively 
large ponderosa pine and the forest density was 148 trees/ha (Fule et al. 1997).  A survey 
conducted in the same area in 1994/95 determined the forest density to be 1265 trees/ha (Fule et 
al. 1997).  In 1994/95 the landscape was covered in a dense forest characterized by relatively 
small, young trees (Fule et al. 1997).  The species composition was dominated by Gambel oak 
and conifers less adapted to frequent fires.  Applying the reference condition (range of historic or 
natural variability in ecological structures and processes) as a guide, Fule et al. (1997) 
recommended the following restoration treatments: 
 

• Establishment of permanent monitoring plots for evaluation and treatments in an 
“adaptive ecosystem management” framework (Walters and Holling 1990) 

• Conservation of living pre-settlement trees and replacement of dead pre-settlement trees 
to restore the overstory structure. 

• Protection of old trees from excessive cambial heating by reducing fuels around the boles. 
• Use of prescribed burning to reintroduce fire disturbance. 
• Seeding or planting of native species to restore the herbaceous and shrub understory 

where natural regeneration is inadequate. 
` 
Fule et al. (1997) states that monitoring of these treatments is essential and continuing 
management interventions in conjunction with adaptive new approaches will be necessary over 
time to evaluate and learn from the initial attempts at restoration and ecosystem management of 
landscapes. 

 

4.3 General Management Techniques to Emulate Natural Disturbance  
 
Management recommendations must recognize that our current forests are a product of past 
climates, past natural disturbance regimes, and current influences.  The assumption that climate 
is stable, or that climate differences are unimportant (between historical and present periods), 
may lead to inaccurate or incomplete interpretations for management (Millar and Woolfenden 
1999).  The 1.1˚C increase in temperature experienced by the central interior ecoprovince of 
British Columbia over the last century and predicted increase of 1-4˚C over the next century is an 
example of the changes this area may experience (MWLAP, 2002).  Unless the context of 
vegetation change in response to climate change is understood, the concept of “managing for 
historical range of variation” may lead to problems (Millar and Woolfenden 1999).  Resource 
managers must use the past as a guide for future development, but bear in mind that future 
climates may be different from that of our immediate past.  In the face of uncertainty, this 
understanding is crucial to managing future forests for adaptability and resilience (Millar and 
Woolfenden 1999).   
 
Andison (2000b) points out that finding solutions to these problems requires the interchange of 
ideas, acceptance of that change is natural, recognition of the limitations of using RNV, and that 
we have much to learn about natural patterns and processes.  There are many different opinions 
on the subject of RNV, and managers need to understand the strengths and weaknesses of this 
model.  Natural disturbance research indicates that nature is probabilistic and averages or 
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medians are poor representations due to their static nature.  Instead ranges or distributions will 
provide a better approximation to the data found in nature.  Further, management regimes must 
represent the full range of natural variation over time and space instead of high grading the RNV 
by keeping values at minimums over the long term.  However, while we seek to preserve 
important functional relationships in the RNV, we may not be able to reproduce all aspects of 
natural disturbances due to socio-economic values.  Identifying and monitoring these differences 
will allow us to adapt our practices to preserve important functional relationships.  Lastly, 
managers need to ensure that research leads to practical answers on natural patterns and 
processes (Andison 2000b).   
 
The majority of the management guidance relates to approximating wildfire as the key stand 
replacement disturbance agent in most landscapes, as it is the one that forest managers have 
exhibited the most control over (DeLong 2002a).  Managing for a ‘natural’ patch size distribution 
ensures that organisms that are adapted to having patches of habitat of certain sizes in the 
landscape will continue to find appropriate habitat (DeLong 2002a).  Spatial variations suggest 
that forests are part of a complex and variable system where management strategies have to be 
developed on a regional basis to consider this complexity (Bergeron et al. 2001).  A target to 
manage for a single fire cycle may not be appropriate in forest management as fire frequency can 
be highly variable in space, time (Bergeron et al. 2001), and intensity.     
 
This variability is further seen when considering the many different types of natural disturbances 
that differ in the rate of change and degree of alteration of forest structure (Palik et al. 2002).  
Stands within Lignum’s IFPA area reflect this variability with large stand replacing fires, wind 
throw, low-moderate intensity fires, and insect damage providing a spectrum of structural 
outcomes.  Reproducing this variability in managed stands provides the greatest opportunity in 
managing for the uncertainty in future climate and natural disturbance regimes.  Palik et al. 
(2002) suggests that managers view this variability as an opportunity to be creative silviculturally 
and that a single management model is not likely to be appropriate for maintaining biodiversity.  
Ultimately, the different silviculture systems employed should be viewed as working hypothesis 
that are monitored for effects on biodiversity, and adaptive management should be employed to 
increase the effectiveness of the systems in protecting biodiversity. 
 
Spatial patterns of harvesting produce a landscape that is substantially different from the range of 
historical seral stages.  Dorner (2001) advices that future forest management should avoid further 
fragmentation of mature and late seral forest.  To restore the full range of pattern characteristics, 
a more aggregated cutting pattern is recommended.  A planning process that allocated cutblocks 
in time and space based on clusters and clusters of clusters would reduce fragmentation.  
Managers should aim at restoring the full range of pattern characteristics (Dorner 2001).  
 
Dorner (2002) presents management recommendations based on a comparison of natural 
disturbance studies in the Arrow Timber Supply Area and the Stein-Cayoosh Area of Southern 
BC.  A successive rollback technique was used in both areas to reconstruct historical standing 
age class distributions.  The examination led to the following management recommendations: 
 

• The distribution of patch sizes is more important than static variables such as the mean or 
median.  Harvesting should seek to emulate the whole distribution with special attention 
to the tail of the distribution where most of the area lies. 
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• Age and species specific differences in disturbance rates are usually evident in natural 
disturbance regimes.  In general, harvesting cannot reproduce the seral distribution due to 
the preference for harvesting older stand types.  Simulation or explicit reconstruction 
provide more realistic models of the distribution of seral stages. 

• There is often fine scale variation in disturbance due to topography or landscape position 
that leads to differences in disturbance regime.  Some portions of the landscape may have 
differences in fire frequency or different mechanisms due to these factors. 

• When managing using natural disturbance emulation, it is important to monitor the 
landscape pattern for undesirable effects that may result.  Harvesting will never perfectly 
emulate natural disturbance, but monitoring may reveal adjustments in strategy that can 
bring us closer to this model. 

• We will require criteria to ensure that we are operating within the range of natural 
variability.  However, operating perpetually at the lower end of the range has risks to 
biodiversity.  RNV needs to be interpreted as a distribution that the landscape moves 
through over time and criteria should be designed to reflect this. 

• RNV may be generated using temporal reconstruction and spatial replication; however, 
both have shortcomings.  Multiple independent approaches should be used to obtain 
quantitative estimates.  As well, the implications of current environmental factors, 
landscape history, and future environmental trends needs to be considered. 

 
Dorner (2002) also advises caution when examining data from studies in other areas.  Landscape 
parameters can be substantially influenced by the data source, methods of analysis, and 
interpretation standards.  Random error in inventory age restricts the usefulness of this data; 
therefore, invest in accurate local data sources for RNV studies.  Furthermore, this underscores 
the importance of maintaining consistent data collection and interpretation procedures.  Dorner 
(2002) cautions that topographic differences also need to be taken into account when comparing 
studies from different areas.  Disturbance rates and patterns are influenced by strong topographic 
relief, and models of this influence should be developed when extrapolating between areas with 
different topographic relief (Dorner 2002).   
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5.0 Gaps in Current Knowledge 
 
Application of management approaches based on natural disturbances, especially natural fire 
regimes, is constrained by limited knowledge of disturbance dynamics (Bergeron et al. 2002).  
Natural disturbance regimes fluctuate with time and the old growth forests of today retain 
characteristics of past regimes (Millar and Woolfenden 1999, Clark, 1988, Heinrichs 2001).  We 
must also acknowledge that modern forest management has influenced structure, pattern, and 
availability of the forests we see today (Baskerville 1999).  Management based on research that 
fails to address this, may result in forests that conform to a “contemporary popular perception of 
what a natural forest may look like”, but fail to function like natural ecosystems (Baskerville 
1999).  As well, there is a lack of information regarding how the ecological effects of natural 
disturbances differ from those of forest harvesting (Scrimgeour et al. 2000).  Further, given that 
the natural scale of disturbances is often unacceptable socially and economically, we are also 
challenged to understand the impact of managing a much finer geographic pattern than existed 
historically. 
 
The task for the next decade is to more fully understand how climate affects natural disturbances 
and how forests respond to them.  Improved monitoring programs and analytic tools are needed 
to develop this understanding (Dale et al. 2001).  Additional biological information is needed to 
develop a better understanding of how landscape patterns relate to function and how new forest 
management tools can be created to emulate conditions found in natural landscapes (Andison 
2002).  Research is needed to improve the basic understanding and management application of 
natural variability, especially at broader spatial and longer time scales (Landres et al. 1999).  
Both site-specific and general cross-cutting research can be focused on three issues:  describing 
past conditions and disturbance regimes, understanding the landscape-scale effects of disturbance 
regimes, and understanding the cumulative effects of management actions (Landres et al. 1999). 
 
Although there is a trend towards a more comprehensive understanding of ecological 
sustainability, relatively few foresters possess the knowledge required to incorporate biodiversity 
goals into timber management (Palik et al. 2002).  This condition may be changed in forest 
companies that are committed to continued research and instituted adaptive management trials.  
Through this feedback loop a connection may be forged that involves operational foresters seeing 
practical results and the need for the supporting research. 
 
Iverson et al. (2002) recommends research and monitoring on forest productivity, forest health, 
the RNV of woody debris, and biodiversity.  Management trials need to incorporate the 
monitoring of these aspects if the results are to be incorporated into forest management plans.  
The IDF stands would also benefit from the development of a model of historical disturbance and 
stand dynamics to estimate the historical distribution of stand types on the landscape.  This 
information could then be used to model future forests and be incorporated into management 
plans (Iverson et al. 2002). 
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Wong, C.              
MacKenzie, K.L

Lignum Ltd. DWB Assume Lignum has a 
copy

Johnson, E.A. 1998 Wildfires in western Canadian boreal forest: landscape 
patterns and ecosystem management

Miyanishi, K.          
Weir, J.M.H.

Journal of 
Vegetation 
Science

9            
603-610 DWB No copies at UNBC

Johnson, E.A. 1992 Fire and vegetation dynamics-studies from the North 
American boreal forest

Cambridge 
Studies in 
Ecology

DWB Hard Copy

Johnson, E.A. 1985 The theory and use of two fire history models Van Wagner, C.E.
Canadian Journal 
of Forest 
Research

15            
21-220 DWB Hard Copy

Kafka, V. 2001 Fire impacts and crowning in the boreal forest: study 
of a large wildfire in western Quebec.

Gauthier, S.                         
Bergeron, Y.

International 
Journal of 
Wildland Fire

10               
11-127 DWB No copies at UNBC

Kile, G.A. 1991 Ecology and disease in natural forests McDonald, G.I.                
Byler, J.M.

Armillaria  root 
disease                      
U.S. Department 
of Agriculture

Iverson 
2002

No copies at UNBC 
(could not find on USDA 
website)      Referenced 
from Iverson et al. 2002
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Document List

Lead Author Date Title Other Authors Source 1 Volume 
and Issue Source 2 Comments

Klinka, K. 1990 Ecological principles: Applications,         Regenerating 
British Columbia's Forests

Feller, M.C.                  
Green, R.N.              
Meidinger, D.V.             
Pojar, J.                 
Worrall, J.

                    
University of 
British Columbia 
Press

Chapter 6    
55-72 DWB UNBC Library on Hold

Kulakowski, 
D. 2002

Influences of fire history and topography on the pattern 
of a severe wind blowdown in a Colorado subalpine 
forest

Veblen, T.T. Journal of 
Ecology

90 (5)              
806-819 DWB Hard Copy

Kulakowski, 
D.W. 2002 Interactions among natural disturbances in subalpine 

forests in northwestern Colorado

PhD Thesis 
University of 
Colorado at 
Boulder

132 pages DWB Digital Copy

Landres, P.R. 1999 Overview of the use of natural variability concepts in 
managing ecological systems

Morgand, P.           
Swanson, F.J.

Ecological 
Applications

9                  
1179-1188 DWB. Digital Copy

Lefort, P. 2002 Synthesizing knowledge of the Claybelt to promote 
sustainable forestry management

Harvey, B.               
Parton, J.            
Smith, G.K.M.

Forestry 
Chronicle

78 (5)           
665-671 DWB Hard Copy

Meidinger, D. 1991 Ecosystems of British Columbia.  Pojar, J.
BC Ministry of 
Forests Research 
Program

Special 
Report 6 DWB Assume Lignum has a 

copy

Millar, C.I 1999 The role of climate change in interpreting historical 
variability Woolfenden, W.B. Ecological 

Applications
9                      

1207-1216 DWB Digital Copy

Moore, M.M. 1999 Reference conditions and ecological restoration: A 
southwestern ponderosa pine perspective

Covington, W.W.         
Fule, P.Z.

Ecological 
Applications

9                      
1266-1277

Lignum 
Ltd. 

Digital Copy
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Document List

Lead Author Date Title Other Authors Source 1 Volume 
and Issue Source 2 Comments

Ott, R.A. 2002
Canopy gap characteristics and their implications for 
management in the temperate rainforests of southeast 
Alaska

Juday, G.P. Forest Ecology 
and Management

159 (3)       
271-291 DWB Digital Copy

Palik, Brian J. 2002
Modeling silviculture after natural disturbance to 
sustain biodiversity in the longleaf pine ecosystem: 
Balancing complexity and implementation

Mitchell, R. J.     
Hiers, J.K.

Forest Ecology 
and Management

155 (1/3) 
347-356 DWB Digital Copy

Parish, R. 2002
Dynamics of an old-growth, fire-initiated, subapline 
forest in southern interior BC: tree-ring reconstruction 
of 2 year cycle budworm outbreaks

Antos, J.A.
Canadian Journal 
of Forest 
Research

32 (11)     
1947-1960     DWB Digital Copy

Payer, D.C. 2000
Structural differences between forests regenerating 
following spruce budworm defoliation and clearcut 
harvesting: implications for marten

D.J. Harrison Can. J.For. Res. 30:1965-
1972 DWB Hard Copy

Potvin, F. 2000 Marten habitat selection in a clearcut boreal landscape L. Belanger and K. 
Lowell

Conservation 
biology

14(3) 844-
857 DWB Hard Copy

Rhemtulla, 
J.M. 2002 Eighty years of change: vegetation in the montane 

ecoregion of Jasper National Park, Alberta, Canada

Hall, R.J.             
Higgs, E.S.                 
Macdonald, S.E.

Canadian Journal 
of Forest 
Research

32 (11)   
2010-2021 DWB Digital Copy

Ryan, K.C. 2002 Dynamic interactions between forest structures and fire 
behavior in boreal ecosystems Silva-Fennica 36 (1)       

13-19 DWB Digital Copy

Scrimgeour, 
G.J. 2000

Evaluating the effects of forest harvesting on littoral 
benthic communities within a natural disturbance-
based management model

Tonn, W.M.           
Paszkowski, C.A

Forest Ecology 
and Management 126 (1) DWB Digital Copy
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Document List

Lead Author Date Title Other Authors Source 1 Volume 
and Issue Source 2 Comments

Seymour, R. S. 2002
Natural disturbance regimes in northeastern North 
America-Evaluating silvicultural systems using natural 
scales and frequencies

White, A.S. 
deMaynadier, P.G.

Forest Ecology 
and Management

155 (1/3) 
357-367 DWB Digital Copy

Seymour, R.S. 1999 Principles of ecological forestry: Maintaining 
biodiversity in forest ecosystems Hunter, M.L. Jr. Cambridge 

University Press 22-61 DWB UNBC Library on Hold

Simon, N.P.P. 2002 Similarity of small mammal abundance in post-fire and 
clearcut forests

Stratton, C.B.          
Forbes, C.J.           
Schwab, F.E

Forest Ecology 
and Management

165 (1/3)     
163-172 DWB Digital Copy

Simon, N.P.P. 2002b
Songbird abundance in clear-cut and burned stands: a 
comparison of natural disturbance and forest 
management

Schwab, F.E.       
Otto, R.D.

Canadian Journal 
of Forest 
Research

32 (8)         
1343-1350 DWB Digital Copy

Stadt, J. 2001 The ecological role of beetle killed trees: a review of 
salvage impacts.  Unpublished report. BC MWLAP DWB Hard Copy

Steventon, J.D. 2001
Harvesting patterns, fragmentation, and historic 
landscape pattern in sub-boreal forests of the Prince 
Rupert Forest Region.  Draft report 

Prince Rupert 
Forest Region. Hard Copy

Stuart-Smith, 
K. 1998 Residual trees left by fire.  Unpublished report for the 

Enhanced Forest Management Pilot Project R. Hendry Invemere Forest 
District 140 pages

DWB 
Wong 
2002

Hard Copy

Swetnam, 
T.W. 1999 Applied historical ecology:  Using the past to manage 

for the future
Allen, C.D.                
Betancourt, J.L.

Ecological 
Applications

9                   
1189-1206 DWB Digital Copy
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Document List

Lead Author Date Title Other Authors Source 1 Volume 
and Issue Source 2 Comments

Turner, M.G. 1994 Landscape dynamics in crown fire ecosystems Romme, H.W. Landscape 
Ecology

9                
59-77 DWB

No copies at UNBC (too 
old)    Referenced from 
Iverson et al. 2002

Van Wagner, 
C.E. 1983 Fire behavior in northern conifer forests and 

shrublands

The role of fire 
in northern 
circumpolar 
ecosystems

65-80 DWB Hard Copy

Watson E. 2003 (In 
Prep.)

Tree-ring based reconstruction of precipitation in the 
southern Canadian Cordillera and their relationship 
with atmospheric circulation

Phd. University 
of Western 
Ontario

No copies at UNBC.  
Referenced from Iverson 
et al. 2002

Wein,  R.W. 1977 Fire history and rotations in the New Brunswick 
Acadian Forest Moore, J.M. 

Canadian Journal 
of Forest 
Research 

7: 285-294
No copies at UNBC  
Referenced from Francis 
et al. 2002

Williams, 
W.C. 1990 Reforestation planning: Regenerating British 

Columbia's Forests
Revel, J.R.              
Atherton, L.P.

                    
University of 
British Columbia 
Press

Chapter 6    
65-80 DWB UNBC Library on Hold

Wimberly, 
M.C. 2000 Simulating historical variability in the amount of old 

forests in the Oregon coast range.

Spies, T.A.                   
Long, C.J.            
Whitlock, C.

Conservation 
Biology

14               
167-180 DWB. Digital Copy

Wong, C.M. 2003 (In 
Prep.)

Estimating historical variability of natural disturbances 
in British Columbia: a literature review (in prep)

Sandmann, H.               
Dorner, B.

submitted to 
JEM DWB Digital Copy

Wong, C.M. 2002 Estimating historical variability of natural disturbances 
in B.C.

Sandmann, H.               
Dorner, B.

Ministry of 
Forests Research 
Branch

DWB Assume Lignum has a 
copy
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Document List
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Wong, C.M. 2001
Range of natural variability: Understanding and 
applying the concept to forest management in central 
British Columbia

Iverson, K. Lignum Limited Lignum 
Ltd. 

Lignum website

Wong, C.M. 2000 Natural disturbance regimes in the Cariboo Region:  
What is known to guide forest management? Lignum Limited Lignum 

Ltd. 
Digital Copy
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