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Managing Northern Mixedwood Stands to Sustainably Maximize 

Productivity and Minimize Costs 

 

Executive Summary 

 

Purpose and Objectives 

 

Long term: 

1. Determine the threshold level of deciduous (birch, aspen) vegetation that is 

deleterious to white spruce growth 

2. Evaluate the effectiveness, impacts, costs and benefits of spot control of 

deciduous species around white spruce where accessibility allows compared to 

broadcast or no treatment 

3. Project treatment growth over a rotation for both coniferous and deciduous 

species 

4. Determine the cost-benefit of all vegetation control methods currently used in 

the Fort Nelson Timber Supply Area (TSA)  

5. Establish a series of permanent installations for longer term monitoring 

(changing seral stages) and demonstration 

 

Short term: 

1. Describe mixedwood stand dynamics 

2. Project stand yields over a rotation 

3. Test growth and yield models 

4. Determine cost-benefit of vegetation management 

5. Compare boreal stand dynamics to sub-boreal spruce stand dynamics 

6. Evaluation of the utility of TWIGS and SORTIE BC as growth and yield 

models for these stand types 



 

Management Implications 

 

Management of this province’s forest resources must be ecologically balanced to provide 

a continued supply of timber without compromising important qualities such as high 

levels of biodiversity. As well, social values such as employment, recreation 

opportunities, and cultural integrity must also be managed for while maintaining an 

economically feasible resource.  New policy initiatives require rigorous scientific 

knowledge to demonstrate they will meet SFM objectives in all forest regions of this 

province.  Results from this project will strengthen ecosystem-based policies and 

regulations designed to enable licensees to make long-term decisions and carry out 

planning activities in northern interior operations.  Free-growing guidelines in other areas 

of the province may be appropriate to local stand dynamics, but as the demand for a more 

diversified forest products industry increases, a landscape-level approach will be 

necessary to ensure a sustainable forest products industry.   

 

It is suggested that the productivity of mixedwood stands in boreal regions is higher over 

the long term than single species or conifer regenerated stands. Historically, there has 

been an attempt to minimize the mixedwood or hardwood component of regeneration 

stands using vegetation control techniques. However, when permitted, they tend to be 

poorly managed due to limited understanding of their dynamic processes and a lack of 

predictive models.  Some of the benefits of natural stand dynamics may be realized by 

focusing on intimate species mixtures through density management.   

 

Despite the establishment of free-to-grow guidelines, there remains limited quantitative 

information available on how these stand types develop during early seral stages. 

Brushing treatments to meet free growing guidelines represents the highest cost of all 

silviculture activities.  Considering the potential in savings, a greater broadleaf 

component could be advantageous from a financial perspective.  Alternatives to the 

current free-to-grow guidelines may be more cost effective and result in more productive 

stands. 



 

The aim of this study is to determine the threshold density of broadleaf stems that 

maximizes stand productivity without being a detriment to growing spruce in boreal and 

sub boreal forests. 

 

Project start date:  April 1, 2004 

Project length:  6 years (March 31, 2007 is the end of year 3) 

Former project support: FIA-FSP projects Y51305 and Y62305 

 

Methodology Overview 

 

Threshold deciduous levels will be determined in two ways: free-to-grow and non-free-

to-grow trees (range of deciduous competitor densities) will be identified (using current 

MoFR definitions) and their growth monitored on operational blocks. Parameters to be 

measured include: height and DBH for conifer and deciduous species, crown width, 

leader increment of Sw, and densities of all species. Cost-benefits will be determined 

from all studies based on economic inputs and yields projected from mixedwood growth 

models. Each new site established will be added to the list of documented research sites: 

future data from these can be used to validate model projections. 

 

The established Fort Nelson Mixedwood Growing Space (EP 1192.01) trial required re-

measurement trees, vegetation assessments, competition measurements, and regeneration 

and stocking assessments in 2004 according to the approved work plan. The spruce, 

aspen and vegetation data collected were analyzed using planned comparisons, regression 

analysis and ANOVA. 

 

Growth of white spruce (Picea glauca [Moench] Voss) was measured within birch and 

aspen temporary sample plot (TSP) trials under several density conditions in three 

different Timber Supply Areas (Fort Nelson, Mackenzie and Fort St John) within the Sub 

Boreal Spruce and Boreal White and Black Spruce (BWBS) biogeoclimatic zones.  To 

create the desired treatment conditions, stands artificially regenerated to spruce within the 



last 8-15 years were selected and currently may support more than 10,000 stems per 

hectare of broadleaf species.  In Fort Nelson, all blocks will have been treated once with 

herbicide at about year two while no vegetation management treatment will have been 

implemented in Mackenzie and Fort St John.   

 

Six ranges of broadleaf stem densities were identified to establish the TSPs in each TSA. 

Those used in Fort Nelson were: 0 to 400 sph, 401 - 1000, 1001 – 2000, 2001 – 3000, 

3001 – 5000; 5001+. The methodology described below was used in all TSAs. In each 

plot, with the spruce at the center, the numbers of broadleaf stems within 1.78 m (10 m2) 

were counted and height and DBH measured. The following measurements were carried 

out for target spruce: diameter, total height, crown height and width, leader length, 

quality assessment (using survey assessment comments for pest incidence, form, etc.). 

For the broadleaf TSP trials, a two-way fixed effect (broadleaf density and stand) analysis 

of variance model was used to analyze tree measurement data. 

 

Tree lists, from the range of TSP densities, were input into TWIGS and SORTIE-ND 

stand growth models. The outputs were compared to the growth data, and used as the 

basis for economic analysis to cost different vegetation control measures. The economic 

analyses are a crucial component in demonstrating, not only is this based on good 

science, that certain measures are economically beneficial. 

 

Project Scope and Regional Applicability 

 

The TSP data collected (both new and re-measurement) over the three years has 

established a sound foundation for quantitatively monitoring complex stand growth, 

providing data for developing complex stand models, and for verifying growth and yield 

model projections. The data and model findings will also facilitate the development of 

robust stocking standards for complex stands in the boreal and northern sub boreal forests 

of British Columbia.  

 



The findings from this study are directly applicable to the three TSA sampled: 

Mackenzie, Fort St. John and Fort Nelson. They are also likely directly applicable to the 

Dawson Creek TSA. With modification they may be applicable to complex stands in the 

Prince George, Quesnel and Lakes TSA. The techniques used and methodologies 

developed may be applicable to all interior TSAs in the province. 

 

Interim Results and Conclusions 

 

To date the findings from EP 1192.01 suggest the growth differences are small and the 

Net Present Value (NPV) of the establishment costs are quite different among treatments 

(Figure 1, Table 1). This finding identifies that different treatments provide little impact 

to the spruce growth and no-treatment is the most cost effective scenario. Complete 

manual removal of aspen (T1) is the greatest cost treatment followed by the other manual 

treatments. Many of the blocks in the Ft. Nelson TSA are isolated and manual treatments 

(T1, T3, T4, and T5) are not cost effective. Instead, aerial broadcast application of 

herbicide is typically used. 

 

Temporary sample plots were installed in the 3 TSA in 2004, 2005 and 2006.  Impacts of 

broadleaf vegetation density on diameter growth of spruce appeared to be minimal in all 

three years. Spruce radial growth was unaffected at densities two to three times that 

specified in the free-to-grow guidelines (Figure 2). Long-term timber volume and conifer 

densities projected in TIPSY suggested the stands, even though growing with varying 

densities of broadleaf stems, are above the expected DBH for their age at a given site 

productivity. TWIGS projections suggested spruce yields will be greater in spruce – 

broadleaf mixtures than when grown alone while SORTIE-ND projections in 2006 

suggest that spruce will achieve dominance shortly after mid-rotation but yield will be 

less than those projected in TWIGS. This illustrates the need for reliable complex stand 

models to assist forest managers in the decision making process. Economic analysis 

based on the TWIGS projections suggests a second brushing of these complex stands, 

regardless of density is only a positive investment when the real interest rate is 2 percent 

or lower.  



 

Concerns expressed about volume loss in these stands over the rotation due to 

competition from broadleaf vegetation may or may not be valid but short term data tends 

to minimize this concern. The relationships of the mixed species stands are far more 

complex than predicted and continued studies and better models are needed to improve 

our ability to manage these stands sustainably.  

 

Table 1. NPV of establishment costs at year 7 after all treatments installed: T1-

complete manual removal of aspen; T2-broadcast Glyphosate® treatment; T3-

manually create 1.25 m radius buffer; T4- create 1.25 m radius buffer with 

Release®; T5-space aspen to 3X3 m spacing at age 7; T6-no treatment. 

T1 T2 T3 T4 T5 T6

0 $1,200 $1,200 $1,200 $1,200 $1,200 $1,200

1 $2,672 $1,872 $2,472 $2,172 $1,272 $1,272
2 $2,832 $1,984 $2,620 $2,302 $1,348 $1,348

3 $3,002 $2,103 $2,778 $2,440 $1,429 $1,429

4 $3,182 $2,230 $2,944 $2,587 $1,515 $1,515

5 $3,373 $2,363 $3,121 $2,742 $1,606 $1,606
6 $3,576 $2,505 $3,308 $2,907 $1,702 $1,702

7 $3,790 $2,655 $3,507 $3,081 $3,204 $1,804  

 

0

10

20

30

40

50

60

70

T1 T2 T3 T4 T5 T6

g
ld

-m
m

, 
h

t-
c
m

gld height

 

Figure 1. Mean height (cm) and ground line diameter (gld, mm) ± SD by treatment. 
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Figure 2. Mean crop tree DBH distribution over density classes in 2006. FN – Fort 

Nelson, TSP – temporary sample plot, ReMeasure – re-measurements in 2006 

 

Contact information 

 

For further information, please visit the UNBC Mixedwood Ecology and Management 

Program website: http://mixedwood.unbc.ca  

Contact: Chris Hawkins 

University of Northern British Columbia 

Telephone: 250-960-5614 

Email: hawkinsc@unbc.ca 

 

 

 

 

 


