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1.0 INTRODUCTION / BACKGROUND 
 
As a part of Lignum Ltd.’s 2002 FIA Program, a literature review was undertaken by DWB Forestry Services to 
gather information around managing spruce (and Douglas-fir) in combination with aspen.  In general, the intent of 
this literature review was to gather and summarize information on conifer/aspen relationships.  With this 
information, it was hoped that parallels could be drawn to help aid in silvicultural decision-making in the Cariboo 
Forest Region, and move toward a new stocking standards framework. 
 
Under current management practices, the general goal following harvesting is to re-establish a coniferous forest 
that meets the current legislated free growing standards.  This generally must be done within 15 years from the 
start of harvesting (sometimes 20 years).  There is very little tolerance around free growing requirements in regards 
to conifer to non-crop vegetation ratio.  If a new stand does not meet the requirements, either a planting or 
brushing treatment (or both) is required.  There have been numerous instances in young stands where aspen is 
growing along with a shade tolerant coniferous component (often spruce).  Such stands cannot be declared free 
growing under the current guidelines.  Many of these stands (or portions of), if left to develop naturally, would 
never meet the current free growing definition, even though it is expected that the shade tolerant conifer 
component of the stand will at some time develop into valuable, mature crop trees.  In other cases, a portion of the 
regenerating stand has naturally developed into pure deciduous.  In these cases, fill planting of shade tolerant 
species underneath the deciduous may allow a healthy, productive, mixed species stand to develop. 
 
Backlog sites exist that have a deciduous overstory with an established understory of shade tolerant conifers 
(primarily spruce, sometimes Douglas-fir), that are growing well but are not considered free growing.  These sites 
may never meet the current free growing definition without a brushing treatment.  There are also sites that do not 
have an adequate conifer stocking in the understory, where it is felt that a fill plant with spruce or Douglas-fir 
would be a more appropriate option than brushing.  However, decision-making is again hindered by the current 
free growing definition.  That being said, the government can be more flexible in their application of the free 
growing definition on backlog sites since there is no legal requirement on the these blocks. 
 
Some of the flexibility that exists on backlog sites is as follows (often due to economics): 

• On pre-'82 blocks, you can use the "Backlog rule" to declare sites stocked or free growing provided that a 
minimum of 60% of the required stocking is present. 

• In certain circumstances, up to 20% deciduous can be accepted. 
 
It is felt that there may be an opportunity to apply some of this flexibility to industry appraisal blocks, but only if 
management standards are based on solid evidence gathered from scientific research.  This literature review is the 
starting point. 
 
 
2.0     PURPOSE 
 
The purpose of the literature review was to try to answer 3 basic questions: 
 

1. Where and under what conditions can Aspen and Sx (Fdi) be managed together successfully? 
2. What are some advantages of managing for spruce (Douglas-fir) - aspen stands? 
3. What are some reasonable methods for measuring survival success long term? 

 
It is clear that in order to promote the acceptance of managing aspen along with spruce in stands that do not meet 
current legislative free growing requirements, an assessment tool would have to be developed to identify the 
stands where a high chance of success would be expected.  This could eventually result in the development of a 
revised set of free growing criteria. 
 
The goal of justifying the acceptance of managing aspen - spruce stands is not under the premise that the aspen will 
be utilized at maturity, although this may be a possibility.  The intent is to manage these stands based on their total, 
overall benefits to the forest ecosystem in addition to the contribution made by coniferous stocking to timber 
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supply.  This may be more appropriate under the current movement towards more natural, ecosystem based 
management. 
 
 
3.0    METHODS 
 
A thorough literature search was performed, using various Internet search engines and library resources at the 
University of Northern British Columbia (UNBC).  As well, researchers and government agencies in Ontario, 
Manitoba, Saskatchewan, Alberta and British Columbia were contacted.  Many of these contacts led to additional 
literature and more current research information.  A large amount of the most relevant information was obtained 
as a result of discussions/contacts with researchers/academics. 
 
Relevant articles were summarized in a point form format.  Professional judgment was used when reviewing 
articles to determine whether they were relevant to this literature review.  Initially, it was hoped that the 
information could be categorized by major topic and then expanded into a discussion and recommendation format, 
but many of the articles covered several major topics and time (and funding) did not permit to proceed to the 
discussion and recommendation stage of the project.  As a result, a brief summary is presented below. 
 
 
4.0    RESULTS / DISCUSSION 
 
Summary of Key Points: 
It is critical to mention that the majority of the findings summarized below are based on studies in the boreal forest, 
and may or may not be totally applicable to this particular area.  Very little research has been conducted in the 
Cariboo Forest Region specifically.  As well, it is important to point out that only the findings were reviewed and 
summarized.  The methods and assumptions used to determine the findings were not critiqued or analyzed.  
 
Understory light levels (14 articles) 

• Optimum percentage range of above canopy light for spruce is between 18 & 40%.  Below 18%, height 
growth is significantly reduced. 

• Height growth maximized at approximately 40% of above canopy light, but diameter growth can still 
increase at > 40% above canopy light. 

• Maximum growth potential of spruce is approached with > 60% of above canopy light. 
• Mortality in spruce is likely when light levels are < 10% of above canopy light. 
• Spruce survival is expected to be reduced substantially at < 15% of above canopy light. 
• Minimum % above canopy light for spruce survival is 8%. 
• Light transmission levels in some juvenile aspen stands is < 5%, which severely limits and kills spruce 

seedlings. 
• Light transmission levels through aspen canopies reach a minimum between 15 - 25 years. 
• Stand basal area appears to be a good predictor of light transmission levels. 
• Spruce growth is maximized at > 40% of above canopy light or when aspen Basal Area < 14 m2/ha. 
• Mortality of spruce increases when aspen Basal Area > 20 m2/ha. 
• In one study, 40% of above canopy light resulted in 25 cm leader growth, while the minimum 8% light level 

resulted in 5 cm leader growth.  
 

Predictors (4 articles) 
• Stand basal area appears to be a good predictor of light transmission levels. 
• It appears that the density, diameter and understory light relationship can be used to create a tool for 

creating prescriptions for spacing overstory aspen to manage light levels, and thus spruce survival and 
growth. 

• Can predict light levels using QMD (quadratic mean diameters) and stand density.  This is based on the 
strong relationship between basal area and understory light levels. 

• Stand density and stem size is a better measure/index to predict light levels than simply density, which 
alone is not a good predictor. 

• NOTE:  A stand approach is better than an individual tree approach, regarding free growing standards. 
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Protection (14 articles) 
• Aspen nurse crop reduces frost damage, intense summer radiation and insect damage to spruce. 
• Mixed stands lower the susceptibility of spruce to spruce budworm outbreaks, reduce white pine leader 

weevil damage, decreased root rot impact/infestation. 
• Underplanting implications: 

- Lower incidence of frost and chlorosis for seedlings planted under aspen (5 - 20 times lower than in 
clearcuts). 

- Less extreme environment than in a clearcut, with higher humidity & soil temperature, lower 
maximum air temperature in regards to occurrence and severity, and lower incidence of frost. 

- May reduce overwinter injury. 
- There is a concern of browsing damage on the spruce, especially from hares. 

• A shelterwood system, in which some of the mature aspen is maintained, can provide for optimum light 
regimes for juvenile spruce. 

 
Establishment and Growth (17 articles) 

• Aspen overstory may limit seedling performance by reducing sunlight, soil temperature, moisture and 
nutrients. 

• Initially, spruce seedlings planted in a shelterwood (primarily aspen) grew faster than spruce planted in a 
clearcut.  However, as the stands matured, seedling growth in the clearcut surpassed seedling growth in 
the shelterwood. 

• Spruce seedlings in a shelterwood had earlier bud break, lower seedling and bud mortality, and greater 
height and diameter increments than in a clearcut and mature forest. 

• Early vegetation control in aspen shelterwoods provide the optimum growing environments for spruce 
• Aspen overstory reduces the vigor of competing vegetation.  As well, by retaining aspen, the amount of 

aspen suckering may be reduced. 
• Underplanting spruce in aspen stands is most successful when aspen density is < 1200 stems/ha and basal 

area is < 35 m2/ha. 
• Underplanting in aspen stands should be delayed until the aspen leaf area starts to decline (approximately 

> 20 years old). 
• Site preparation (in particular, scalping and mounding) and retention of downed logs may be useful in 

promoting natural spruce establishment in the understory of aspen dominated stands. 
• Site preparation under aspen increased soil temperature, decreased seedling mortality and improved 

diameter growth of spruce. 
• Aspen stands close canopy between 5 and 15 years of age, and can remain closed until they reach 40 years 

of age. 
• Aspen stems thin rapidly. 
• 27 year old spruce showed a good growth response following release after being suppressed for 27 years 

(30 years after release).  There was a 10-fold increase in height increment, which raised spruce height 
increment to only half that of spruce growing under full light. 

• When the spruce was released in 75 - 100 year old aspen/spruce stands, there was no noticeable increase in 
spruce volume or increment growth.  However, there was a strong increment response in stands that were 
< 60 years old. 

 
Yield/Products (2 articles) 

• The total volume yield per hectare in a mixed deciduous/coniferous stand should be greater than a pure 
stand, but the understory species may suffer a decreased yield. 

• A mixed species stand can produce a greater diversity of end products than a single species stand. 
• One article suggested that mixed stands may or may not be more productive than pure stands. 
 

Biodiversity/Wildlife/Visual (11 articles) 
• Mixed species stands are more diverse and support a greater diversity of other organisms than single 

species stands. 
• There is a loss of biodiversity with the establishment of pure coniferous plantations in the boreal forest 

compared to a mixedwood forest condition. 
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• Diversity of tree species and stand characteristics in a mixedwood forest provides important habitat for 
many plants and animals. 

• Aspen is used by a wide variety of wildlife species for shelter, food, hiding cover, thermal protection and 
perching. 

• Mixed species stands help maintain biodiversity by emulating natural stand/landscape development 
processes. 

• Aspen is a natural part of the landscape. 
• Aspen improves visual quality and aesthetic value of the landscape. 
• Aspen is good for visual screening due to its fast initial growth. 

 
Nutrients (3 articles) 

• Mixed stands can have a positive effect on nutrient availability. 
• Evidence suggests improved nutrition in mixedwoods. 
• Aspen in a stand can help to cycle nutrients, maintaining long-term site productivity. 
• Suggested that the nutrient status of white spruce will be greater through improved nutrient cycling and 

the possible sharing of resources via mycorrhizae. 
 

Costs (5 articles) 
• In 1994, brushing costs in the Prince George Region were between $150 and $1000 per hectare. 
• There are high costs associated with establishing pure conifer plantations on mixedwood sites. 
• Large investments are made in brushing, but very little money is spent on monitoring the effectiveness of 

such treatments. 
• Successful establishment of commercial white spruce on mixedwood sites has proven to be costly because 

of the rapid establishment and growth of aspen. 
• Underplanting should decrease site preparation and brushing costs. 

 
A summary of the key resource people and applicable growth models for spruce-aspen stands are listed below, 
along with their e-mail/website addresses where available. 
 
Key Resource People: 
 
Victor J. Lieffers   Victor.Lieffers@ualberta.ca 
Phil G. Comeau   Phil.Comeau@ualberta.ca 
Stan Navratil    
Craig DeLong    
Richard Kabzems   
Theresa Newsome   
Dave Coopersmith   
John McClarnon  John.McClarnon@gems1.gov.bc.ca 
Ian Hamilton – Ainsworth  
 
List of Applicable Growth Models for Spruce-Aspen Stands: 
 
Mixedwood Growth Model (MGM):  
www.for.gov.bc.ca/research/gymodels/ or http://www.rr.ualberta.ca/research/mgm/mgm.htm 
Craig Farnden has prepared 2 evaluations of MGM for MOF Research Branch and found that it cannot be 
recommended for general application at this time.  MGM has been described as the simplest model to use, but care 
must be taken to set up the model so that results are realistic. 
 
TWIGS - US growth and yield model that is being evaluated by Chris Hawkins at UNBC  
http://web.unbc.ca/forestry/hawkins.html 
 
SORTIE - currently being tested for mixedwood stands by Dave Coates (MOF, Smithers) 
 
FORECAST - Hamish Kimmins’ models - these have been used for boreal mixedwood stands in BC and Manitoba 
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PROGNOSIS - there are plans to calibrate this model for the Cariboo, but there is no PSP data for modeling 
mortality.  Contact person is Abdel Azim Zumrawi – MOF Research Branch: zumrawi@interchange.ubc.ca 
 
Attachments:  
 

• Excel Database (Hard Copy and Digital on CD) 
• Digital Articles (PDF file format) 
• Hard Copies of Articles Not Available Digitally 
• Digital powerpoint presentations. 

 
 
5.0    ADDITIONAL RESEARCH NEEDED 
 
One of the most important findings uncovered in this literature review was the strong relationship between 
understory light levels and basal area in aspen stands.  Using this relationship, quadratic mean diameter and stand 
density can be used to manipulate understory light levels to create favorable conditions for spruce growth.  The 
vast majority of this research was performed in the boreal forest of Alberta and northern BC.  These relationships 
need to be further explored and quantified more specifically to the Cariboo region.  Since light is the critical factor 
for development of spruce in spruce-aspen mixed stands, a stand average approach could be developed for 
creation of free growing criteria for the Cariboo area using these light-BA relationships.  During a discussion with 
Teresa Newsome of the MOF, she informed us that Phil Comeau from the University of Alberta wants to test one of 
the light models developed for the Boreal forest in the Cariboo to see how it works.  This may occur as early as this 
year. 
 
While many of the nutrient availability benefits are quantified for other deciduous tree species such as red alder 
and paper birch, very little research appears to be available on the specific nutrient availability benefits of retaining 
aspen in a stand.  Many studies state the general nutritive benefits of deciduous tree species in a stand in relation to 
leaf litter fall and its effects on nutrient cycling.  No research was found regarding any nutrient sharing through 
root contact or other means for aspen specifically.  It is unknown whether any such research is planned. 
 
Many of the general benefits of pure aspen or mixed aspen/conifer forests are presented in the context of large 
areas of forest.  However, in the context of this literature review, many of the mixedwood or deciduous areas are 
small and are dispersed amongst primarily coniferous stands.  The effects of such a scattered (not large or 
widespread) spatial distribution were not uncovered in this literature review.  It is unknown whether having small 
portions of stands or blocks in a mixedwood or pure deciduous condition is more or less beneficial than large tracts 
of land under mixedwood or pure deciduous forest condition, particularly in relation to wildlife and biodiversity 
values. 
 
With regards to developing more flexible stocking standards, it is unknown whether one can clearly say that a 
stand will develop a reasonable yield of merchantable spruce at only 15 years after harvest.  15 years may be too 
soon in the life of a mixed stand to clearly predict its future stand condition.  Such things need to be quantified and 
modeled in order to create a reliable system of measuring free growing in these mixed stands. 
 
In addition, the economics of brushing versus not brushing were not uncovered in this literature review.  Does 
brushing increase the net value of a stand in terms of spruce value at rotation once the cost of brushing is factored 
in?  Also, the economic value for biodiversity, aesthetics and other values from aspen retention are unknown. 
 
A recent Forum article presented the idea that a higher target stocking level could be maintained on the majority of 
the landscape thereby allowing other portions of the landscape to develop at lower targets or over longer rotations.  
This could be applied where aspen is not being considered a crop tree, and the density of spruce is lower than the 
minimum free growing level.  The timber supply impacts of such a system have not been explored, but this may 
offer another approach toward stocking standards modification in mixedwood stands. 
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