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Executive Summary 
 
Mixedwood forests in northern BC landscapes are complex, spatially and temporally 
dynamic, and diverse in composition and structure. This strategy provides the background 
and outlines a framework which will support development of a successful program for 
management of mixedwoods.  The process described is incremental: management activities 
advance as the knowledge base grows. This requires the use of the best available science; 
including both the acquisition of new knowledge, extension of new and existing knowledge, 
and field testing and monitoring.  
 
The current AAC for the Dawson Creek TSA is 1,733,033 cubic metres per year, of which 
846,533 are attributed to coniferous leading stands and 886,500 cubic metres are from 
deciduous leading stands. In the timber supply analysis, coniferous volume in deciduous 
leading stands contributes to the overall deciduous harvest forecast and vice versa. Also 
about 113,500 ha of the timber harvesting land base are in the Agriculture Land Reserve and 
most of this area is deciduous stands. 
 
Current mixedwood silviculture practices are described for SK, MB, AB, MN and BC. The 
level – detail of mixedwood management varies widely by jurisdiction. Of all the 
jurisdictions examined, Saskatchewan appears to be the most advanced in the development of 
mixedwood management practices. Innovative mixedwood management is practiced by those 
who are supplying deciduous and coniferous fibre to processing plants or where the license 
holder is responsible for all regeneration on the license area. This creates an incentive to 
manage for mixedwoods. 
 
Mixedwood standards and guidelines are in place for some jurisdictions. They are in the final 
stage of drafting in other jurisdictions and need to be refined for British Columbia. In all 
jurisdictions, attention is paid to conifer regeneration to ensure its longevity on the landscape. 
Desired future forest condition (DFFC) should be the basis for setting the target for any 
silviculture ground rule or standard. DFFC is determined based on a variety of biological, 
ecological, economic, and social factors.  In SK and MB, actual stand types can differ by one 
designation (DFFC changes) from the target stand type without penalty to the licensee. This 
is to recognize the dynamics of natural processes in boreal mixedwoods. 
 
Application of existing knowledge will allow mixedwood management initiatives. In short, a 
change in perspective is needed and must include overcoming the traditional conflicts, and 
removing administrative constraints (policy and stumpage impediments), and undertaking 
mixedwood management in the TSA using an adaptive management approach. 
Notwithstanding the impediments, there are silviculture systems that can and have been 
successfully applied to boreal mixedwoods. Since future forest condition is an overarching 
objective, new guidelines and standards are needed which are based on ecological and 
management objectives, not minimums imposed by legislation. Riverside Forest Products, in 
the southern BC interior, has developed an innovative management approach that is based, in 
part, on DFFC. 
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The review identified three general areas where effort will facilitate mixedwood management 
in the TSA. The areas are (1) incentives to manage mixedwoods, (2) cooperative 
management, and (3) modeling. 
 
The main recommendations for the Dawson Creek TSA, SFMP, mixedwood subcommittee 
have been broken down into short and long-term objectives.  An all complete list is presented 
in table 3. 
 
Short-term 
 

• Develop a clear definition of mixedwoods 
• Implement a cooperative planning system involving all stakeholders 
• Revise stumpage formula to remove barriers and create incentives for mixedwood 

management 
• Develop interim stocking guidelines and standards for mixedwood stands 
• Design a mechanism for trading of silviculture obligations in mixedwood stands 
• Develop and implement an extension and outreach program for mixedwood 

management  
• Adapt and apply appropriate silviculture systems to boreal mixedwood management 
• Establish long-term monitoring program 
• Design and apply standard methodology for sampling and modeling young stand 

growth 
 
Long-term 
 

• Develop a public consultation process 
• Begin phase I of defining future forest conditions (DFFC) 
• Establish demonstration sites to evaluate innovative or promising mixedwood 

silviculture systems 
• Develop a ledger system linking future forest condition to stand attributes 
• Establish ecological baseline of RNV 
• Support development of models that can be used to predict outcomes and assess 

performance based on DFFC 
 
Prompt and timely implementation of these recommendations will increase the confidence 
and will help to resolve major issues relating to mixedwood management in the Dawson 
Creek TSA. 
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1 Guiding principles 
 
Mixedwood forests in northern BC landscapes are complex, spatially and temporally 
dynamic, and diverse in composition and structure.  They comprise a broad range of 
ecosystems, ranging from those successional stages represented by pure to nearly pure 
broadleaf stands, to those represented by varying mixtures of broadleaves and conifers, to 
those represented by pure or nearly pure conifer mixes.  Complexity in stand development 
for mixedwoods arises because of differences in recruitment strategies, shade tolerances, 
juvenile growth rates, and lifespan or time to maturity of the primary species. The structure 
and composition of mixedwoods is strongly influenced by time since disturbance, amount of 
forest floor removal, survival of rootstock, and seed sources at various scales. This is 
reflected in the variety of stand types present in mixedwood forests. 
 
To achieve sustainable mixedwood management we must:  
 

i. Understand mixedwood regeneration and growth and the impacts of natural and 
anthropogenic elements on these processes; 

ii. Understand the functional and structural ecological relationships at both landscape 
and stand levels, in mixedwoods; 

iii. Plan and implement mixedwood harvesting, renewal, and protection strategies that 
provide the maximum possible ecological, social, and economic benefit;  

iv. Design monitoring schemes that support adaptive management; and 
v. Develop markets for non-traditional boreal products and services. 

 
 
2 Introduction 
 
The purpose of this strategy is to provide background information and to outline a framework 
that will support development of successful management strategies for boreal mixedwood 
forests in the Dawson Creek TSA. The process described is incremental: management 
activities advance as the knowledge base grows. This requires application and evaluation of 
existing knowledge and acquisition of new knowledge using the best available science. 
 
The need to predict future forest conditions is an essential component of ecosystem 
management.  Given diversity and dynamics of mixedwood forests, such forecasting has 
proven to be problematic for forest managers.  The following need to be recognized in order 
to be successful in forecasting future forest conditions: 
 

• ecological processes and the natural historic and current disturbance patterns for each 
ecosystem; 

• establishment of an ecological baseline and knowledge of the range of natural 
variation (RNV) that occurs without human intervention; 

• projection of possible outcomes or future forest conditions within the RNV; 
• ongoing measurement/monitoring of key environmental, social and economic 

indicators; and 
• ongoing demonstration and research to validate assumptions and to test new theories. 
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In addition to the profile of the timber harvesting land base, increased interest in biological 
diversity, ecological services, and ecological processes has stimulated interest in managing 
for mixedwood forests. However current policies, practices, and information bases in BC do 
not adequately support mixedwood management. An important first step in the development 
of management strategies and guidelines is to establish an appropriate understanding of 
mixedwood sites, stands and forests and their variability. The abundance, diversity, and 
relative position of component species at each successional stage depend on the disturbance 
type and pre-disturbance stand composition. The successional patterns and stand dynamics of 
mixedwood forests must be a key component of this understanding and serve as the guide to 
the development of management prescriptions.   
 
Regeneration standards, minimums or targets must be based on a clear definition and 
understanding of resulting future stand and forest conditions. Therefore care must be taken to 
ensure standards will result in desired future conditions within the range of natural variation 
and meet management objectives. 
 
2.1  Definition of mixedwoods 
 
In the simplest definition, a mixedwood is a stand (forest patch) that contains more than one 
species of usable timber volume (1). The minimum allowable percentage of the secondary 
species varies: in Europe it can range from 10 to 30 percent by basal area (1); in Manitoba 
and Saskatchewan it is 20 percent by basal area, and in Alberta it is 20 percent crown cover 
for deciduous and 10 percent crown cover for conifers; while in British Columbia the 
minimum for a secondary species is 20 percent by basal area (2).  
 
Boreal mixedwood stands comprise mixtures of deciduous and coniferous species (3). The 
deciduous species include trembling aspen (Populus tremuloides Michx.), balsam poplar (P. 
balsamifera L.), black cottonwood (P. trichocarpa Torr. & Gray) and paper birch (Betula 
papyrifera  Marsh.) (4). The coniferous species include white spruce (Picea glauca (Moench) 
Voss), black spruce (P. mariana (Mill.) B.S.P.), lodgepole pine (Pinus contorta Dougl.), jack 
pine (P. banksiana Lamb.), balsam fir (Abies balsamifera (L.) Mill.), and tamarack (Larix 
larcina (Du Roi) K. Koch) (5). The major species combinations in the Dawson Creek TSA 
include aspen – white spruce, aspen – lodgepole pine, and balsam poplar – white spruce.  
 
In the Prairie Provinces, stands are usually defined as pure conifer (C), conifer leading 
mixedwood (CD), deciduous leading mixedwood (DC), and pure deciduous (D) (6). A 
strategic review (7) included the structural attributes of the mixedwood stand, as suggested 
by Kabzems (8) as part of the definition. In addition to pure C and pure D types, these are: 
(1) stratified mixtures in which conifers are usually found under taller deciduous trees; (2) 
mixtures in which both species are co-dominant; and (3) a mosaic of patches in which small, 
relatively pure stands of different species are found in close proximity. Depending on the 
species mixes, structures (2) and (3) could be either CD or DC while structure (1) could be a 
D or sometimes a DC type. 
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As summarized by Kimmins (9, 10), without a clear definition of a boreal mixedwood, the 
inventory, forecasting and development of management objectives, and a defined future 
forest condition for boreal mixedwoods are all compromised. The starting point for the 
Dawson Creek TSA, SFMP mixedwood subcommittee is to come to agreement on a 
mixedwood definition(s). The definition should recognize successional patterns, understory 
conifers, and the potential of unmixing the mixedwoods as described by Kimmins. 
 
2.2 Dawson Creek TSA 
 

 
Figure 1. Dawson Creek TSA boundaries, the boundaries of the TFL 48 compartments near 
Chetwynd are not indicated (11). 
 
Mixedwood stands comprise a large proportion of the productive forest within the Dawson 
Creek TSA. The estimated current timber harvesting land base is 730,220 ha of which 
469,878 ha are dominated by coniferous species and 260,432 ha by deciduous species (11). 
In last determination, the Chief Forester noted the importance of defining a management 
strategy and objectives for mixedwood stands (12). 
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The current AAC for the Dawson Creek TSA is 1,733,033 cubic metres per year, of which 
846,533 are attributed to coniferous leading stands and 886,500 cubic metres are from 
deciduous leading stands (11). In the timber supply analysis, coniferous volume in deciduous 
leading stands contributes to the overall deciduous harvest forecast and vice versa (11). Also 
about 113,500 ha of the timber harvesting land base  are in the Agriculture Land Reserve and 
most of this area is deciduous stands (11). This is an area of potential conflict between the 
forest and cattle industries. 
 
The timber supply analysis did not attempt to address the complex issues associated with the 
successional patterns of boreal mixedwoods in the TSA (11). It was assumed these stands 
would continue to contribute to the coniferous or deciduous harvest depending on their 
current species composition. Considering the temporal dynamics of mixedwood stands, given 
the extent of mixedwood stands in the TSA, and the results of studies, local and elsewhere, 
the issue of complex stand dynamics and its impact on timber supply remains a significant 
source of uncertainty in the Dawson Creek TSA (11). The overlap in land use between 
forestry and range further complicates the situation. 
 
2.3 Key issues 
 
Management practices suggested in the TSR separate management of conifer, deciduous and 
small pine land bases (11). The AAC for each land base was forecast for the separate land 
base exclusive of each other.  Difficulties with AAC determination may be confounded in 
this process because it does not consider the temporal dynamics of the forests, but relies 
exclusively on the current spatial arrangement. 
 
Landscape structure and pattern change over time and space, due to the impact of natural 
disturbance mechanisms and long-term fluctuations in climate. This is termed RNV. There is 
no single "correct" landscape or time period to use when defining RNV; our ability to 
replicate the structures and patterns produced by natural disturbance is dependent on how 
well these structures and patterns can be characterized. Once a reference landscape is 
defined, we can implement the development of operational targets for the forest attributes 
that characterize forest structure and pattern of mixedwoods.   
 
Prediction of future forest growth and productivity is a fundamental requirement for 
planning. Existing G&Y information for the tree species and species mixtures found in the 
boreal is inadequate.  There is a need for a measure of site productivity linked to site index 
(SI) by species, stand type, site conditions, and proportionate stand mixture. Recently 
completed work on relationships between site factors and site index of major boreal species 
(13), and on relationships between site index of components species (Nigh, unpublished, BC 
Forest Service) should be applied. Models suitable for mixedwood simulation must be able to 
deal with the spatial distribution of resources, should be linked to the definition of site quality 
being used (ie. site series based) and be able to estimate growth for stands with a range of 
compositions and vertical and spatial structures. The ideal model should represent key 
controlling factors, processes, and interactions – TWIGS, FVS, MGM and SORTIE all 
currently have the basic framework. TASS also has the potential but will require substantial 
work before it can grow understory trees. Landscape level analysis at a range of scales is 
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required to improve our understanding and management of mixedwood mosaics at the forest 
– landscape level. Landscape and TSA level modeling is required to analyze implications of 
policies and guidelines on future G&Y and biodiversity values in boreal mixedwoods. 
 
Creating future forest conditions that maintain ecosystem structure, flows and benefits while 
meeting the above needs and desires will only be possible through application of an adaptive 
management process which involves:  
 

• developing and implementing plans and strategies based on current knowledge of 
stand and landscape dynamics, 

• monitoring and measuring the impacts of these plans and strategies by examining key 
biological, environmental, social and economic indicators at all levels, 

• appropriate analyses are completed, and  
• findings are used to alter practices (adaptive management). 

 
3 Summary of current mixedwood silviculture practices 
 
Current mixedwood silviculture practices are described for SK, MB, AB, MN and BC. The 
level – detail of mixedwood management varies widely by jurisdiction. The  descriptions are 
based on interviews conducted in these jurisdictions. 
 
3.1 Saskatchewan and Manitoba 
 
In Saskatchewan there are three major licensees; Mistic Management (Millar Western – 
deciduous pulp mill, NorSask – conifer stud mill) Weyerhaeuser (pulp mill, saw mill and 
waferboard mill), and Tolko (OSB mill). Tolko’s mill will not go into production until late 
summer so the discussion focuses on the management practices of Mistic and Weyerhaeuser. 
Interviews were conducted with Mistic Management, Weyerhaeuser Company, and the 
Saskatchewan Government.  
 
The Saskatchewan government and the major licensees are in the process of developing 
mixedwood regeneration standards and guidelines. A draft version should be released in the 
summer of 2003. They are also working on long-term planning standards and guidelines but 
this document will not be available for several years. 
 
Of all the jurisdictions examined, Saskatchewan is where innovative mixedwood 
management is most widely practiced. This has been done without the use of herbicides. Four 
general stand types are identified in the planning process; softwood (S), hardwood (H), 
conifer leading mixedwood (SH), and deciduous leading mixedwood (HS). After clearcut 
logging with reserves, all mixedwoods types are planted to conifers, generally white spruce, 
at densities from 1000 to 1400 sph. The upper density range is for SH sites and the lower for 
HS sites. It would be desirable to plant 600 to 800 sph on the HS types but it is not cost 
effective. On all sites the goal is for zero regeneration delay. In the present guidelines and in 
the ones to come a site will be allowed to move one designation, without penalty, after 
regeneration: a S site could become a SH site but not a HS or H site, an HS site could 
become a H or SH site but not a S site.  
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Mistic utilizes partial overstory retention (POR) to leave vertical structure and emulate 
natural processes. Retention can range from 0 to 25 percent by area and from 0 to 20 percent 
by merchantable volume. On an annual basis the average is about 8 percent by area and 5 to 
6 percent by volume (two thirds H and one third S). Over the past three years they have 
harvested 2800 ha of a 4200 ha block. From the ground the openings are relatively small and 
aesthetic. They will not return to this area for 30 or 40 years. Such harvest scheduling further 
emulates natural processes. 
 
In Manitoba, the holder of a forest management license is responsible for all regeneration on 
their license area regardless of who is logging what species profile. Louisiana Pacific (LP) 
which owns a deciduous OSB mill was interviewed. LP plants about 2.5 million conifer 
seedlings a year and they use spot herbicide treatments to promote mixedwood stands. They 
attempt to have zero regeneration delay on all sites. As in SK, a stand is deemed satisfactorily 
regenerated if the cover type of the new stand varies from the original stand by one cover 
type or less (14).  
 
Generally LP-MB and the other operators on their tenure use clearcut silviculture systems. 
However LP does practice understory protection on mixedwood stands when the spruce 
understory is 6- 14 m in height.  
  
3.2 Alberta 
 
The government of Alberta initiated new reforestation standards in 2000. The stratification of 
a cutblock establishes the forest regeneration survey standard used to assess reforestation 
performance. If surveys show that primary species group performance has not met 
expectations, there will be a downward adjustment in the AAC to reflect the 
underachievement. If secondary species stocking requirements are not met, the species group 
designation on other cutblocks is to be converted to compensate for the shortfall. When the 
minimum deciduous stocking is not achieved in a CD or DC block, an equivalent area is to 
be reforested as D strata. The amount of mixedwood area to be re-designated to a deciduous 
stratum (D or DC) will be calculated based on the extent of under stocking, as shown in the 
following example: 
Minimum Deciduous Stocking Requirement (CD) - 30% 
Actual Deciduous Stocking Level Achieved - 22% 
Mixedwood Block Area (hectares) - 20 ha 
(.30 - .22) x 20 = 1.6 ha of mixedwood blocks to be reforested as D. The rational can be 
found at the following site http://www3.gov.ab.ca/srd/forests/fmd/directives/redesign.html . 
 
With tenures overlapping in Forest Management Areas, it is difficult, at times, for the 
deciduous licensees to meet objectives.  Particularly where understory is present and efforts 
are being made to protect the understory.  The current operational objectives are to protect 
the understory in order to return the stand to a DC or CD cover type.  At this time, understory 
planting is not widely carried out, but there is interest in this approach and investigations are 
underway.    
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Stocking standards in Alberta allow conifer and deciduous trees to be counted as crop trees 
when sites are designated for conifer or deciduous respectively.  For example the target 
stocking on a conifer plantation is 1000 sph.  For the site to be considered re-stocked 80% of 
the area must be stocked to acceptable conifer crop trees to be accepted as sufficiently re-
stocked.  The remaining 20 % can be stocked by deciduous if the deciduous meet the 
requirements of a crop tree.     
 
Harvesting techniques in both conifer and deciduous forests are almost exclusively clear-cut 
with reserves.  As in BC, reserves tend to represent the less operable lands, except in cases 
where specific attributes has been identified to be protected.  Alberta Pacific (Al-Pac) is 
planting hybrid poplars on private land, but not on crown land.  Al-Pac recently signed an 
agreement with the Alberta Government allowing them to lease privately owned land.  Al-
Pac intends on planting hybrid poplar on leased lands with an expected rotation of 30 years.   
 
Fire is the primary natural disturbance agent in the boreal forest. The Ecosystem 
Management Emulating Natural Disturbance, (EMEND) research site is currently 
investigating alternative methods, using systematic removal methods to achieve retention 
targets of 1, 2, 10, 20, 50 and 75%.  EMEND is being conducted in conifer dominated, mixed 
conifer deciduous, deciduous dominated with conifer understory, and deciduous dominated 
stands northwest of Peace River, Alberta.  The investigation is being designed to determine 
which harvesting method best emulates natural disturbance using non-harvesting and 
experimentally burned controls. There is also the Hotchkiss project and the work of Navratill 
et al. (15) on undestory protection. Pitt et al. (16) have initiated a study looking a the effects 
of spot vegetation control and aspen thinning to promote spruce growth. 
 
3.3 Minnesota  
 
UPM Kymmene – Blandin Paper Company of Grand Rapids, MN, is a producer of high 
quality paper and utilizes white spruce, balsam fir and aspen. Their operating area is in the 
southern boreal forest and its transition zone into the northern hardwood forest. Blandin is 
the only company in MN considered to be doing mixedwood management. They thin aspen 
and spruce stands to meet fibre shortfalls and to enhance future piece size: residual basal area 
for aspen and spruce respectively is 14.2 and 18.4 m2. Spruce is planted at about 2200 sph 
after the aspen is row thinned. The company is managing for the range of natural variation 
across habitat types which general results in species mixes rather than pure stands. Blandin 
has moved to a mixedwood management approach from the more traditional intensive 
herbicide program to promote spruce regeneration. The spray program was not meeting 
management objectives but the mixedwood management approach appears to. 
 
3.4 British Columbia 
  
In British Columbia, the current state of mixedwood management is in its infancy (17). For 
the most part, licensees deal with pure conifer or deciduous stands.  When deciduous occurs 
as a minor component, it is often left to meet biodiversity objectives. Mixedwood 
management is practiced by Slocan Forest Products in the Fort Nelson Forest District (16). 
Under the Memorandum of Understanding (MOU) between Slocan and the Ministry of 
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Forests, Slocan is expected to protect 300 ha per year of eligible understory spruce strata.  It 
is also Slocan’s responsibility to manage 125 ha of deciduous leading landbase as an intimate 
mixture.  The MOU has a five year term (2001-2006), but information will be used in long-
term planning.    
 
Louisiana Pacific in Dawson Creek has been planting spruce within their deciduous blocks.  
However, they plant in defined areas (mosaic).  No intimate mixtures are planned for, but 
may develop incidentally.  Mixedwood stands in most cases are clearcuts, that are stratified 
into either deciduous or conifer for regeneration and free to grow purposes.  Because 
stocking standards are difficult to work around in the true mixedwood situation, stratification 
permits a manageable alternative.     
 
Mixedwood management in BC for the most part is incidental not intentional.  Traditional 
licensees managing for conifer plantations can find aspen represents a significant component 
of their plantations, even after brushing and free growing criteria are met.  At this time, it is 
difficult to speculate whether these stands would develop into true mixedwood stands as 
defined in section 2.1.   
 
4 Review of published mixedwood silviculture strategies 
 
Mixedwood standards and guidelines are in place for MB, AB, and the Lake States. They are 
in the final stage of drafting in ON and SK and need to be refined for British Columbia. 
 
4.1 Ontario 
 
Ontario (18) released a draft silviculture guide for managing mixedwoods in February 2003. 
The view is that boreal mixedwood silviculture systems and treatments are implemented at 
the stand level while attempting to emulate natural disturbances and create stand conditions 
that would exist as a result of succession while still ensuring that stand and forest level 
objectives are met. Application of ecologically appropriate, biologically feasible, and 
economically viable mixedwood silviculture systems – treatments involves consideration of 
the following factors: 
 

• Current stand condition, 
• Desired future forest condition, 
• Natural post fire successional patterns, 
• Ability of silviculture system-treatment to maintain or enhance long term 

productivity, and 
• Probability of success. 

 
Desired future forest condition sets the target for any silviculture ground rule. It is 
determined based on a variety of ecological, economic, and social factors. In addition, 
genetic diversity is viewed as an important component of biodiversity. Conservation of 
genetic diversity maintains the adaptive capacity of a species and needs to be considered to 
ensure ecological sustainability. 
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The guide has no standards. These are developed by each licensee when preparing their 
forest management plan. The guide can be viewed at  
http://www.mnr.gov.on.ca/MNR/ebr/silviculture/index.html . 
 
4.2  Manitoba 
 
Manitoba has developed forest renewal standards (13). The standards reflect the stocking and 
composition required at the end of the regeneration period to produce forest stands at 
maturity (Table 1). It is assumed that about 50 percent of the 10 year old conifer trees survive 
to maturity. Deciduous survival rates range from 65 to 74 percent during 10 year intervals for 
aspen. The standards provide the number of stems needed at age 7 to produce an S, SH, HS, 
or H stand at maturity. There are also free to grow definitions for the four stand types. As 
previously noted (3.1), stands can move one designation without penalty to the licensee. The 
standards can be viewed and downloaded from the following site 
http://www.gov.mb.ca/natres/forestry/forest-renewal/fr2-standards.html . 
 
4.3 Saskatchewan 
 
Saskatchewan is in the process of developing standards and guidelines for regeneration and 
free to grow. Free to grow will be declared between 8 and 14 years. The standards and 
guidelines are expected to be released for review and comment early in the summer of 2003. 
Standards will include stocking expectations and freedom from competition requirements. In 
mixedwood stands, free to grow assessments will incorporate recent height increments and 
height to diameter ratios. The standards and guidelines will be linked to growth and yield and 
timber supply forecasting models. Presently in SK, a stand is declared free to grow and 
returns to the inventory when the species can be recognized from an air photo. Similar to 
MB, stands can shift one designation without penalty. The SK Forest Resources Management 
Act and Regulations can be viewed at 
http://www.se.gov.sk.ca/forests/forestmanagement/act/ . 
 
4.4 Alberta 
 
In 2000, the Alberta government introduced the 2000 Regeneration Standards. The most 
significant changes were related to height requirements, free to grow requirements, and the 
definition of standards for each of four strata: C, CD. DC, and D (6). For each stand the strata 
designation is determined prior to harvesting, using the leading cover type at the time of the 
last inventory. The standards demand that cutovers meet reforestation standards at 8 to 14 
years to achieve, at maturity, approximately the same composition as the pre-harvested stand. 
The Standards describe specific regeneration requirements, termed ‘fixed standards’ or 
Model I, but these can be modified in the pursuit of biodiversity or other objectives specified 
within a Detailed Forest Management Plan. The Alberta Land and Forest Service must 
approve alternative regeneration standards. This approach is described as managing by 
objectives and has been termed Model II. The 2000 Regeneration Standards and related 
documents can be found at  
http://www3.gov.ab.ca/srd/forests/fmd/manuals/index.html . 
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Table 1. Summary of Manitoba forest renewal and free to growth standards, modified from 
tables 1, 3, 5 and 6 of the Manitoba Forest Renewal Standards, available at 
http://www.gov.mb.ca/natres/forestry/forest-renewal/fr2-standards.html . 
 

Factor S type Softwood 
“S” 

Mixedwood 
“M”^ 

Mixedwood 
“N”# 

Hardwood 
“H” 

Sb 2746 1718 754 164 
Pj 2256 1193 645 164 
Sw 1235 1235 754 164 

Hardwood     
Sb@ 907 3335 4690 6299 
Pj 770 3491 5324 6299 
Sw 1385 3315 4690 6299 

Stems per ha 
(sph) age 7 

 
 Soft Total Soft& Total Soft Total Soft Total 

Sb 75 75 50(40) 80(70) 15 80 n/a 80 
Pj 65 75 45(25) 80(70) 15 80 n/a 80 
Sw 65 70 55(35) 75(70) 25 80 n/a 80 

Stocking age 7 
percent 

 
Free to grow  S H S H S H S H 
sph Sb >800 n/a >1120 2-4* >510 >2970 <510 >3730 
 Pj >730 n/a >860 2-4 >510 >2970 <510 >3730 
 Sw >510 n/a >850 2-4 >510 >2970 <510 >3730 
 
Notes: ^, Mixedwood M is equivalent to a SH or CD stand type 

#, Mixedwood N is equivalent to a HS or DC stand type 
@, Standards are sated with respect to dominant conifer species 
&, First number is for plantations and number in parentheses is for natural regeneration  
*, 2000 to 4000 hardwood stems per ha 

 
 
Key observations of the Alberta Reforestation Standards Science Council on the 2000 
Regeneration Standards (6) include: 
 

• Stand level prescriptions and performance monitoring systems must link to  
  ▪ Predictable yield for each important site and cover type over time 
  ▪ Desired future forest condition 
  ▪ Non timber values 

• Regeneration standards should be structured so that tenure holders have incenetives to 
consider benefits and costs of alternative reforestation strategies 

• In the absence of specific plans, the general goal should be to reproduce the 
composition and structure of the current forest 

• Planning should work backward from the desired future forest condition to establish 
the objectives for local silviculture 

• The proportion of D to C dominated lands at the time of the last inventory may not be 
the best basis for deciding the composition of the future forest 
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• There may be a disjunction as the government fixed standards which create the future 
forest condition but industry is responsible for identifying and pursuing future forest 
conditions  

• The biggest problem with growth modeling, in AB and most places, is a lack of data, 
especially on the effects of various kinds of silviculture treatments. 

  
4.5 British Columbia 
 
British Columbia currently has mixedwood silviculture strategies for the Fort Nelson Forest 
District (16). Mixedwood silviculture strategies accompanying this document are based on 
recommendations provided by Kimmins (10).  Under this agreement the licensee (Slocan) 
must operate to protect understory on 300 ha of landbase per year over five years, 1500 ha 
total.  Target standards prescribe a stocking criteria of >600 total stems and >400 well spaced 
stems.  At the end of the initial five year period achievement is to be within +/- 10% of the 
original targeted landbase. While these standards are in place, they are rarely used, because it 
is easier to discriminate whether the stand or strata is conifer or deciduous in the current 
ledger system. 
 
Bedford et al (17) have proposed three broad mixedwood silviculture treatment regimes for 
northeast BC. These are 
 

• Unmix the mix (discrete groupings of C and D) 
1. Split  cutblocks into pure C & D areas 
2. Tend small clusters of spruce 
3. Tend strips of spruce 
4. Tend large clusters (circles)of spruce 

• Two stage mixedwood (stratified mixtures) 
1. Understory retention at harvest 
2. Underplanting 
3. Plant and leave, slow spruce growth, 2 stage harvest 

• Intimate mixtures (CD or DC co-dominant stand types) 
1. Tend individual spruce 
2. Manipulate broadleaf density and spruce develop as codominants 

 
In addition, Hawkins (7) suggested the following mixedwood silviculture treatments 
 

• Plant spruce either across the landscape or in clusters immediately following 
harvesting (zero regeneration delay) and brush as needed to ensure survival of spruce 

• Row thinning (strip clearcut – strip shelterwood), vegetation control is not expected 
to be needed, the strips are harvested after the mixedwood is established 

• Plant roadside processing areas to spruce, logging debris and soil compaction reduces 
aspen vigor, grass control may be necessary 

• Spruce understory protection in a two pass system 
 
Regardless of the options, given the current level of information, systems must be kept 
simple and linked to plausible growth and yield projections until models for mixed species 
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stands improve and are validated. Flexibility is required! Use more than one silvicultural 
system. Apply principles of adaptive management in view of the lack of detailed information. 
 
4.6 Lake States (MN, WI) 
 
Both MN and WI have a voluntary forest practices code that encourages managing within the 
range of natural variation. The code is a series of best management practices that recognizes 
that no single set of guidelines can effectively address the concerns of all situations and all 
users (19, 20). The regulatory philosophy is the guidelines need to be flexible enough to 
address site specific conditions. Flexibility also allows guidelines to be modified as long as 
the modifications still achieve the same management goals. It is also recognized that the 
current stand developmental trends are not necessarily the only acceptable ecological 
pathway (19). The forest types in this region facilitate mixedwood management and 
regeneration standards are developed in the forest management plans. 
 
5 Mixedwood silviculture and management  
 
Generally innovative mixedwood management is practiced by those who are supplying 
deciduous and coniferous fibre to processing plants or where the license holder is responsible 
for all regeneration on the license area. This creates an incentive to manage for mixedwoods. 
 
Andison and Kimmins (3) suggest boreal mixedwoods offer an opportunity to develop and 
apply an ecologically based approach to forest management and that attaining this goal 
successfully is less a matter of gaining new knowledge than it is of re-evaluating and 
applying what is already known. This view was more recently put forward in the TFL 48 
mixedwood strategy (7). In short, a change in perspective is needed to overcome traditional 
conflicts, and t move towards sustainable management of the mixedwood forest in the 
Dawson Creek TSA. This document not only discusses silvicultural – biological limitations 
to mixedwood management it also discusses policy impediments. 
 
5.1 Impediments 
 
In addition to traditional attitudes, the rights to access timber combined with the current 
tenure system are seen as obstacles that must be addressed to fairly and equitably manage for 
mixedwoods. In the TSA, unlike other areas of the province, all tree species of merchantable 
size within a cutblock are charged to cut control (11). Currently, when deciduous volume is 
harvested from a coniferous block, the deciduous volume is deducted from the licensee’s 
total coniferous AAC: this is for cut control purposes. The current stumpage system sees 
conifer licensees paying on a sliding scale based on timber harvesting, silviculture, planning, 
manufacturing cost, lumber and chip prices in contrast to the deciduous industry where a 
fixed stumpage rate has been applied.  Because the current stumpage system applies a cost 
allowance for development, planning and silviculture, and these costs are not competitive for 
all licensees, a re-examination of the appraisal system needs to be completed to formulate a 
fair and equitable system.   
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In the future, both deciduous and coniferous operators will be directing more of their 
harvesting activities towards mixedwood stands (either true mix or mosaics).  Operators will 
be harvesting not only within the same landscape unit, but also within the same forest stand.  
Demand will be placed on planners to ensure hardwood and softwood fibre requirements are 
met, and stand profiles are utilized efficiently.  This shift will be the driving force towards a 
more co-operative planning system where all licensees contribute to a larger degree within a 
more diverse planning scheme that identifies everyone’s needs. The Fort St. John Code Pilot 
is such an example. As part of the cooperative venture, stumpage formula need to be 
constructed that account for shared development, construction and harvesting costs, and 
incorporated into the appraisal.  
 
In addition to the right to timber, concentrating the harvesting effort into landscape units and 
specific stands will reduce access structures. Reducing access structures will facilitate SFMP 
planning for biodiversity and the RNV within the TSA. By concentration harvesting efforts 
into finite areas, the impact caused by road development on species at risk, such as grizzly 
bear and caribou is greatly reduced. The same can be said for other species at risk, where 
natural life rhythms are detrimentally influenced through increased access.  Minimizing roads 
will help to better manage for species at risk.  
 
5.2 Silviculture strategies 
 
Lieffers et al. (21) proposed silviculture options for the Boreal forest (Table 1). These 
silviculture options for boreal mixedwoods will aid in the identification of management 
decisions and on-the-ground knowledge gaps in boreal mixedwood forests of the TSA. 
Additionally, the Omineca Peace SSFM Plan has recommended strategies for mixedwood 
management in the boreal forest (22). How adaptable these strategies are to the Dawson 
Creek TSA remain to be determined. 
 
Planning should work backward from the desired future forest condition to establish the 
objectives for local silviculture (6). Mixedwood forests, as evidenced in typical mixedwood 
yield tables, begin with hardwood dominance, but after 50 to 60 years, shift to coniferous 
dominance. Furthermore, depending upon regeneration conditions, stands could have very  
different composition from one rotation to the next. The proportion of D to C dominated 
lands at the time of the last inventory may, therefore, not be the best basis for deciding the 
composition of the future forest. A suitable proportion should be determined based on the 
desired forest composition which is required to achieve forest level management objectives.  
Planning must, however, recognize that it may take time to develop desired balance in 
composition, and that due to several factors (eg. wildfire)– there may be short-term 
fluctuations in achievement of targets. Planning flexibility and monitoring are crucial. 
 
Guidelines and standards should be designed to accommodate a wide range of resource 
needs, landowners’ objectives, and site conditions (19). A broad – based collaborative 
approach is required to develop user friendly guidelines. Most provincial governments 
regulating forestry on public lands have regeneration standards. In most jurisdictions, 
meeting the standards is also directly linked, or assumed to be linked, to AAC calculations 
(6). As noted, the standards selected define the future forest condition, therefore the 
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guidelines and standards should be based on ecological and management objectives not 
minimums imposed by legislation. 
 
Riverside Forest Products has taken an innovative approach to regeneration standards as part 
of their Code Pilot (23). One of the benefits of the new strategy was a shift in focus of 
silviculture operations staff from meeting government mandated free growing minimums to 
growing volume for future harvest. Better links were also established to forest level planning 
and the standards were integrated with long-term stand monitoring. The four key components 
of the system were policy (targets, process when Riverside failed, C & E), surveys, yield 
predications, and a ledger. They also identified four key problem areas for applying their 
‘system’ to mixedwoods; inventory, G&Y models, site index (SI) determinations, and 
management objectives. 
 
The ‘Riverside system’ utilized yield tables to predict volume per ha at specified ages post 
harvest (23). The projected yield is based on SI, stocking and height 10 years post harvest. A 
target is set for predicted volume at the specified age that defines adequate reforestation 
performance. All the survey plot data is pooled for a year. The mean SI, stocking and height 
are calculated from all that year’s survey plots. The three mean values are entered into the 
yield prediction tables to obtain the ‘achieved’ volume per ha x years post harvest. The target 
volume x years post harvest is also obtained. Riverside has defined this as 90 percent of the 
maximum volume possible. The achieved volume is compared to the target. If the achieved 
volume is ≥ target volume over the entire population, reforestation performance is considered 
to be adequate.  
 
This approach meets the criteria of working backwards from the desired future forest 
condition and it is linked to ecological capacity and management objectives. This is the 
desired strategy for mixedwood management too, however the limitation indicated by 
Riverside must be overcome before this approach can be a reality for the Dawson Creek 
TSA. In the shorter term, while model limitations are overcome, regeneration standards 
should be developed that reflect the ecology of the stand and reflect the desired future forest 
conditions. It is generally agreed that unmixing the mix is a safe starting point (9, 10, 11). 
 
6 Synthesis of observations and findings 
 
Successful mixedwood management is only practiced where incentives are available. The 
incentives can either be corporate or legislated.  
 
6.1  Incentives to manage mixedwoods  
  
Policy and regulatory updates are required to remove barriers and to introduce incentives for 
licensees to actively pursue alternative management practices consistent with the 
observations and findings of this report.  Licensees must have the flexibility to trade not only 
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Table 2: Silviculture options for boreal mixedwoods, modified from Figure 2 in Lieffers et al. (21) 
 
Current State First Treatment Secondary Treatment Outcome 
1. Deciduous 

or 
Deciduous 
Coniferous 
(vigorous) 

 

A) Clearcut (suckering) 
 
B) Late understory plant 
 
C) Early understory 

plant with wind 
protection 

 
 
 
Understory 
protection 
 
 
 
Understory 
protection 

A) Deciduous or Deciduous-
Coniferous 
 
B) Stands are horizontal mixes of 
coniferous patches and these are 
of different age. 
 
C) Stands are horizontal mixes of 
coniferous patches and deciduous 
patches and these are of different 
age. 

2. Deciduous 
or 
Deciduous 
Coniferous 
(breaking 
up) 

A) Clearcut (suckering) 
 
B) Understory site 

preparation and plant 
 
C) Clearcut, site 

preparation, plant 

 
 
 
Understory 
protection 
 
 
 
Vegetation 
management 

A) Deciduous 
 
B) Stands are horizontal mixes of 
coniferous patches and deciduous 
patches and these are of different 
age. 
 
C) Coniferous or Coniferous-
Deciduous (Mixture) 

3. Coniferous 
or 
Coniferous
-Deciduous 

A) Clearcut (suckering) 
 
B) Clearcut, site 

preparation, plant  
 
C) Clearcut, site 

preparation, plant  
 
D) Shelterwood 
 
E) Leave seed clusters 

- leave for natural 
- site preparation 

 
 
 
F) Group selection 

 
 
 
 
 
Vegetation 
management 
 
Removal cut 
 
 
 
 
 
 

A) Deciduous or 
Deciduous/Coniferous 
 
B) Deciduous/Coniferous 
(Mixture) 
 
C) Coniferous or Coniferous-
Deciduous 
 
D) Coniferous or Coniferous-
Deciduous  
Deciduous-Coniferous (Mixture) 
 
E) Deciduous-Coniferous 
(Mixture) 
 
F) Stands are small patches of 
intermixed deciduous and 
coniferous but the patches are of 
different ages. 
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Table 1 Con’t 
Current State First Treatment Secondary Treatment Outcome 

4. Overstory 
Deciduous or 
Deciduous 
Coniferous 
Understory 
Coniferous (short 
even-aged) 

 

A) Understory 
protection 

 

 Stands are horizontal mixes of 
coniferous patches and deciduous 
patches and these are of different 
age. 

5. Overstory 
Deciduous or 
Deciduous 
Coniferous 
Understory 
Coniferous (tall 
even-aged) 

A) Understory 
protection with 
wind protection 

 Stands are horizontal mixes of 
coniferous patches and deciduous 
patches and these are of different 
age. 

6. Overstory 
Deciduous or 
Coniferous 
Understory 
Coniferous 
(uneven-aged) 

A) Understory 
protection with 
wind protection 
 
- tall understory 
cut 

 Stands are horizontal areas of 
young deciduous between patches 
of all-aged coniferous, leading to 
selection system. 
 
Stands are horizontal mixes of 
coniferous patches and deciduous 
patches and these are of different 
age. 

7. Overstory 
Coniferous 
Deciduous or 
Coniferous 
Understory 
(uneven-aged) 

A) Understory 
protection with 
wind protection 
 
- tall understory 
cut 
 
 
B) Single tree 
selection 

 Stands are horizontal areas of 
young deciduous between patches 
of all-aged coniferous. 
 
Stands are horizontal mixes of 
coniferous patches and deciduous 
patches and these are of different 
age. 
 
Coniferous (all-aged) 

8. Overstory 
Coniferous 
Deciduous or 
Coniferous (partly 
uneven-aged) 
Understory 
Coniferous 
(scattered pockets 
of advance growth) 

A) Irregular 
shelterwood 
removal cuts 
 

 Coniferous or Coniferous 
Deciduous 
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fibre, but also silviculture obligations across landscapes.  Natural disturbance patterns are 
diverse, as such, the new stand should not always have the same structure as its predecessor. 
To maintain the range of natural variation within the land base, a process must be established 
to allow transfer of silviculture obligations across the land base and among licensees.  At this 
time these incentives do not exist because forest policy does not allow trading of obligations, 
and silviculture allowances are not readily transferable. At present, the appraisal system that 
sets crown stumpage for deciduous is not  competitively driven, nor does it have sufficient 
flexibility to encourage conifer licensees to focus operations and manage for mixedwood 
stands.   
  
To maintain cover types within the range of natural variation, the landscape must be viewed 
as dynamic. Policy must be changed to facilitate planning scenarios that allow silviculture 
flexibility. These changes will stimulate and allow licensees to manage their obligation 
within the range of natural variation, resulting in biological diversity that better represents 
natural variations and desired future forest conditions.  However, this should not release the 
licensee from managing within the range of natural variation.  
 
6.2 Cooperative management 
            
In addition to the policy and regulatory changes, licensees must cooperatively manage the 
land base.  Bottom line objectives are similar for all participants. The objectives driving the 
planning process must be top down.  The first step is to establish objectives for sustainable 
management of the land base which identify desired future forest conditions, and work 
towards achieving these objectives. As information is gathered and analyzed through a 
process of adaptive management, operational plans should be adjusted to improve on the 
likelihood of success in meeting higher-level objectives.   
  
Higher-level objectives will also require periodic re-evaluation as local knowledge and 
experience with mixedwood management grow.  As better inventory information is gathered 
a better appreciation of the natural systems will unfold.  As the knowledge base increases we 
may find that our original assumptions about the RNV and our targets to maintain these 
ranges will need revision.     
 
Careful documentation of monitoring results and of the basis for selection of particular 
methods and strategies is required in order to support ongoing and incremental development 
of this approach.  Staff changes and turnover occur continuously, therefore it is important to 
ensure that key elements of the decision making and evaluation process are well documented. 
 
6.3 Models 
  
Models are the key to link all the pieces together. Development of appropriate and useful 
models requires commitment from both Government and Industry.  New models need to be 
developed and/or old ones need to be re-tooled to address current mixedwood management 
issues. The cost will be large, but achieving the higher-level objectives, with this top down 
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process requires an accurate yield models. Without models linking stand performance to 
higher-level objectives the regulatory and planning processes will collapse. 
  
While current performance survey methods may be appropriate for pure stands new or 
revised methods are required for application in mixedwood stands.  Performance evaluations 
should be based on ecological principles and our understanding of boreal mixedwood stand 
dynamics that are compatible to mixedwood management.  The diversity in structure and 
dynamics of mixedwood forests should not be forgotten when evaluating these stands. 
 
Directly linked to the issues of incentives to manage mixedwoods, cooperative management 
and models and running throughout this document is the need to develop an extension and 
outreach program. A lot can be achieved by sharing experiences and knowledge amongst 
operators who have tried various things in mixedwood management, as well as better 
exchange between foresters and researchers. Field tours, workshops, conferences, and 
publications are all potentially useful vehicles for sharing knowledge and meeting this 
objective. 
 
7 Strategic recommendations for implementation SFMP mixedwood subcommittee 
 
The priority short and long term recommendations arising out of this report are listed in table 
2. The key short and long term recommendations are summarized below. This will allow the 
Dawson Creek TSA, SFMP mixedwood subcommittee to move forward. 
 
7.1  Short-term 
 
The short-term objectives that have the greatest utility are: 
 

• Develop a clear definition of mixedwoods 
• Implement a cooperative planning system involving all stakeholders 
• Revise stumpage formula to remove barriers and create incentives for mixedwood 

management 
• Develop interim stocking guidelines and standards for mixedwood stands 
• Design a mechanism for trading of silviculture obligations in mixedwood stands 
• Develop and implement an extension and outreach program for mixedwood 

management  
• Adapt and apply appropriate silviculture systems to boreal mixedwood management 
• Establish long-term monitoring program 
• Design and apply standard methodology for sampling and modeling young stand 

growth 
 
 
7.2 Long-term 
 
The objectives with the highest long-term utility are: 
 

• Develop a public consultation process 



Dawson Creek TSA, Mixedwood Silviculture Strategy March 24, 2003 

 19

• Begin phase I of defining future forest conditions (DFFC) 
• Establish demonstration sites to evaluate innovative or promising mixedwood 

silviculture systems 
• Develop a ledger system linking future forest condition to stand attributes 
• Establish ecological baseline of RNV 
• Support development of models that can be used to predict outcomes and assess 

performance based on DFFC 
 
Prompt and timely implementation of these recommendations will increase the confidence 
and will help to resolve major issues relating to mixedwood management in the Dawson 
Creek TSA. 
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Table 3. Key element changes required for successful implementation of mixedwood management and SFMP in the Dawson Creek 
TSA. O = ongoing but requires more inputs for delivery; I = initiated; ++ = short term high priority; + = longer-term high priority 
(often requires short term priority be addressed before initiation).    
 

Key element Priority 
  

Policy initiatives and changes  
a) Develop a clear definition of Mixedwoods applicable to spatial and temporal complexity of Northeast BC forests.  Because 
of complexity, more than one definition may be required. ++ 

b) Develop fair and equitable Terms of Reference for Mixedwood Management Plan and trading scenarios ++ 
c) Implement co-operative planning system involving all stakeholders (industry, government, range) ++ 
d) Ensure right to access to deciduous and coniferous fiber  ++ 
e) Mixedwood range interactions and co-operative management (UNBC Mixedwood Program – UNBC, MWP) O/++ 
f) Develop and implement an extension and outreach program, this is needed to support all key elements (UNBC, MWP) O/++ 
g) Develop a public consultation process that will incorporate public values + 

Stumpage  
a) Stumpage formula need to be constructed to account for shared development, construction and harvesting costs. This needs 
to be transferred into the stumpage equation. The cost of mixedwood management can’t be born by conifer component alone. ++ 

b) Design and implement an adaptive management framework permitting trading of silvicultural obligations ++ 
c) Re-visit small business allocations, small business loses conifer cut when deciduous block has >20% by volume of conifer 
component + 

Objective driven stocking standards  
a) Define desired future forest conditions ++ 
b) Develop interim silviculture stocking standards that are flexible and reflect integrated mixedwood stand structure; 

 Stocking standards must reflect the natural successional pathways and maintain site productivity and are objective 
driven 

 Develop a standardized field survey methodology for mixedwoods 
 Define and validate stocking standards, free-growing standards for mixedwoods 

++ 

c) Establish mixedwood field demonstration sites:  responses of different site conditions, harvesting techniques and silviculture 
regimes/treatments. 

++ 

d) Develop interim regeneration standards to achieve pathways, monitoring protocol, make links to re-tool as information 
knowledge base improves 

++ 

e) Define quantitative landscape level objectives, build plan to achieve (top →down) objectives + 
f) Design stand specific brushing protocol to maintain productivity of multiple species (Sx, At, Ac, Pl) stands,  + 
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Operational planning links  
a) Begin applying silviculture systems to boreal mixedwood management ++ 
b) Develop a ledger (accounting) system that allows links to landscape and strategic objectives from stand + 
c) Operational & strategic plans linked through feedback loops + 
d) Develop wood profile for TSA, ensuring efficiency of mills + 
e) Delineate relationships between mixedwood management practices, volume prediction and wood quality;  + 
f) Initiate a Western Canada Mixedwood Association to network and establish communication links between boreal 
mixedwood managers. This could be the backbone of an extension and outreach program. + 

Increase understanding of ecological processes  
a) Establish trials and monitor existing studies to examine tree form, growth, and wood quality. ++ 
b) Greater commitment from province to obtain better Growth & Yield data ++ 
c) Establish an ecological baseline and a range of natural variation 
Describe successional pathways arising from natural disturbances and effects on stand development in boreal mixedwoods 
Roles and importance of CWD and snags in mixedwood ecosystems 

++ 

d) Greater understanding of natural biophysical disturbance, succession and stand dynamics for each ecosystem. 
Delineate the role of wildfire, disease and insects in the establishment of mixedwoods 
Delineate the spatial scale of disturbances (single tree to > 500,000 ha) 

++ 

e) Establish long-term growth monitoring plot program to document post-natural-disturbance impacts through various 
silviculture trials ++ 

f) Describe historic disturbance patterns in forests in the Dawson Creek TSA, and link it to TEM/PEM/VRI ++ 
g) Develop coarse and fine filter targets + 
h) Develop protocol for understorey planting and harvesting with understorey presence  + 
i) Identify growth and competition models related to long-term soil productivity +  
j) Identify the range of ecosystem components that should be monitored to manage for seral stages across the landscape + 
k) Develop monitoring protocols/methodology for these components which link to criteria and indicators, and back to the 
particular management plan(s) and/or application(s) (i.e., have the objectives been achieved?) + 

Modeling  
a) Ecosystem and landscape level models are needed to provide robust information for management decisions. ++ 
b) Applicability of MGM, TWIGS, FVS, and other models to mixedwood stand level analyses for TSR. ++ 
c) Develop, parameterize, and evaluate TASS , SORTIE, and other such models for pure deciduous and mixedwood stands ++ 
d) Design standard methodology for sampling and modeling young mixedwood stand productivity ++ 
e) Develop and implement decision support tools relating site index to ecological information on all site types ++ 
f) Evaluate stand and forest level models that can be applied to analysis of boreal mixedwood ecosystem management  + 
g) Develop a landscape and forest level evaluation of ‘bottom line’ returns of mixedwood management scenarios + 



Dawson Creek TSA, Mixedwood Silviculture Strategy March 24, 2003 

 22

Literature 
 
1. Rackham, O. 1992. Mixtures, mosaics, and clones: the distribution of trees within 

European woods and forest. In The ecology of mixed-species stands of trees. Edited 
by MGR Cannell, DC Malcolm and PA Robertson. Blackwell Scientific Publications, 
London, UK. pp. 1-20. 

2. MacDonald, GB. 1996. Mixedwood management and research and practice in Ontario. In 
Silviculture of temperate and boreal broadleaf mixtures. Edited by PG Comeau and 
KD Thomas. Ministry of Forests, Research Program, Victoria, BC. pp. 102-113. 

3. Andison, DW and JP Kimmins. 1999. Scaling up to understand British Columbi’a boreal 
mixedwoods. Environ. Rev. 7: 19-30. 

4. Peterson, EB, RD Kabzems and NM Peterson. 1989. Hardwood management problems in 
north-eastern British Columbia: An information review. Canada-BC Economic and 
Regional Development Agreement, Ottawa, ON. 

5. Lieffers, VJ and JA Beck Jr. 1994. A semi-natural approach to mixedwood management in 
the Prairie Provinces. For. Chron. 70: 260-264. 

6. Anonymous 2001. Linking regeneration standards to growth and yield and forest 
management objectives (prepared by the Alberta Reforestation Standards Science 
Council). Ministry of Sustainable Resource Development. Edmonton, AB. 

7. Hawkins, CDB. 2002. Silviculture practices in boreal mixedwood forests. Prepared for 
TFL 48 EFMPP by the UNBC, Mixedwood Program. Prince George, BC. 

8. Kabzems, RD. 1997. Boreal mixedwood research and extension strategy: Identification of 
issues and goals. Ministry of Forests, Fort St. John, BC. 

9. Kimmins, JP. 2001. Concepts, issues and recommendations concerning the development of 
a mixedwood management guidebook for boreal mixedwoods, Fort St. John and 
Dawson Creek Forest District. Report to BC Forest Service, Fort St. John and dawson 
Creek, BC. 

10. Kimmins, JP. 2000. Mixedwood management strategy for PA 14 and spruce understory 
retention policy by Slocan Group, Fort Nelson Woodlands. Report to BC Forest 
Service, Prince George, BC. 

11. Anonymous. 2002. Dawson Creek Timber Supply Area, Analysis Report. Ministry of 
Forests, Victoria, BC. 

12. Anonymous. 2000. Timber supply review, Dawson Creek Timber Supply Area, 
Information Report. Ministry of Forests, Victoria, BC. 

13. Chen, HYH, PV Krestov and K Klinka. 2002. Trembling aspen site index in relation to 
environmental measures of site quality at two spatial scales. Can. J. For. Res. 32: 112-
119. 

14. Anonymous 2002. Forest Renewal Standards. Manitoba Conservation, Forestry Branch. 
Winnipeg, MB. 

15. Navratil, S, LG Brace, EA Sauder and S Lux. 1994. Silvicultural and harvesting options 
to favor immature white spruce and aspen regeneration in boreal mixedwoods. Can. 
For. Serv. N. For. Centre, Inf. Rep. NOR-X-327, Edmonton, AB. 

16. Pitt, D, M Mihajlovich, P Comeau and D MacIssac. 2002. A study of the effects of 
herbaceous vegetation control and aspen stem density on boreal mixedwood stand 
development. Available from P. Comeau, U. Alberta, Edmonton, AB. 



Dawson Creek TSA, Mixedwood Silviculture Strategy March 24, 2003 

 23

16. Anonymous 2001. District operating procedures for spruce understory retention on 
Pulpwood Agreement 14. Ministry of Forests, Victoria, BC. 

17. Bedford, L, P. Comeau, G. Grover and J McClarnon. 2003. Boreal forest mixedwood 
silviculture regimes. Presentation to Dawson Creek TSA, March 19, 2003. 

18. Ontario Ministry of Natural Resources. 2003. Silviculture guide to managing spruce, fir, 
birch and aspen mixedwoods in Ontario’s Boreal forest. Version 1.0. Ontario 
Ministry of Natural Resources, Queens Printer, Toronto, ON. 

19. Anonymous 2002. Wisconsin Site Level Forest Management Guidelines. Wisconsin 
Department of Natural Resources. Madison, WI 

20. Anonymous 1999. Sustaining Minnesota Forest Resources. The Minnesota Forest 
Resources Council. St. Paul, MN. 

21. Lieffers, VJ, RB Macmillan, D MacPherson, K Branter, and JD Stewart. 1996. Semi 
natural and intensive  silvicultural systems for the Boreal mixedwood forest. For. 
Chron. 72: 286-292. 

22. FRBC, Omineca Peace, Strengthening Sustainable Forest Management, RMP 2002-2007, 
Issue 8,   http://www.for.gov.bc.ca./cpp/rmp/submissions/200203/  

23. Martin, P. 2002. The ‘Riverside system’ and some potential applications to Model II. 
Alberta Mixedwood management Association, Model II Workshop. Edmonton, AB. 

 
 
 
 



Filename: DC_Strat_Rep_Final 
Directory: C:\Admin\Mixedwood\Dawson TSA 
Template: C:\Documents and Settings\hawkinsc\Application 

Data\Microsoft\Templates\Normal.dot 
Title: Mixed-Wood Silvicultural Strategies for the Dawson Creek 

TSA 
Subject:  
Author: UNBC 
Keywords:  
Comments:  
Creation Date: 3/24/2003 8:13 AM 
Change Number: 36 
Last Saved On: 3/24/2003 1:35 PM 
Last Saved By: UNBC 
Total Editing Time: 318 Minutes 
Last Printed On: 3/24/2003 1:35 PM 
As of Last Complete Printing 
 Number of Pages: 27 
 Number of Words: 9,685 (approx.) 
 Number of Characters: 55,206 (approx.) 

 


