
 
 
Executive Summary: Year-end 2006 (April 2006) 
 
Project Title: 
 
Montane Alternative Silvicultural Systems (MASS): growth limitations on regeneration. 
 
Project Number: 
 
LOI Number: Y051286 
 
Project purpose and management implications: 
 
The overall objective is to assess the influence of aggregate and dispersed retention 
systems on conifer stagnation (growth check), which is characterized by reduced or 
variable height growth following harvesting on high-elevation clearcuts. The 10-year 
period since harvesting at the MASS site coincides with the onset of growth check 
observed on other coastal montane sites and will provide a long-term comparison of 
conifer productivity necessary for the evaluation and effective implementation of variable 
retention systems.  
 
The study was conducted at the Montane Alternative Silvicultural Systems (MASS) 
research site. The trial tests operational, economic and ecological impacts of four 
silvicultural systems: Clearcut (CC), Patch Cut (PC, 1.5-ha openings), Green Tree 
Retention (GT, 25 trees/ha) and Shelterwood (SW, 200 trees/ha, 30% basal area 
retention). 
The objectives are: 

1. Compare the effects of silvicultural alternatives on the growth and survival of 
planted dominant species (western hemlock and amabilis fir). 

2. Compare the effects of silvicultural alternatives on the growth and survival of 
planted alternative species (Douglas-fir, western red cedar, yellow cedar).  

3. Compare the effects of vegetation competition and nutrient availability on the 
growth and survival of planted dominant species (western hemlock and amabilis 
fir) in relation to silvicultural alternatives. 

4. Compare the effects of soil disturbance resulting from harvesting in silvicultural 
alternatives on the growth and survival of dominant species (western hemlock and 
amabilis fir). 

5. Compare the effects of silvicultural alternatives on microclimate. 
 

Results of this study will enable comparisons of retention systems with clearcut systems 
for forest management decisions (e.g. green up, adjacency, growth and yield) based on 
scientifically supported impacts on regeneration productivity. 
 
 
 



Project Start/Completion Date: 
April 2004-March 2007 
 
Methodology Overview: 
 
Scientific Basis: 
The MASS Project was established in 1993 to test alternatives to clearcutting in coastal 
montane forests. The silvicultural treatments leave varied degrees of structural features 
inherent in the pre-harvest stand. This structure may mitigate environmental extremes 
that limit the growth of regenerating conifers and may provide habitat for a variety of 
organisms active in ecosystem processes that support sustained yield.  

 
The MASS Project is the first scientifically replicated study of alternatives to clearcutting 
in coastal montane British Columbia. The shelterwood treatment is the first 
demonstration that partial harvesting in old-growth stands could be successfully achieved 
safely according to the established target for retention. 
 
Montane forests contain a large part of the British Columbia potential coastal timber 
harvest for the next 25 years (Koppenaal and Mitchell 1992). Local and global demand to 
sustain non-timber values has raised concerns with clearcut-based silviculture. Coastal 
forest managers need to know where alternatives to clearcutting are operationally 
feasible, and whether they are economically and ecologically sound. In response to these 
concerns, a multi-agency cooperative, the Montane Alternative Silvicultural Systems 
(MASS) Partnership (Arnott and Beese 1997) was established in 1993. One of the 
primary objectives is to test new approaches to regeneration for silvicultural systems that 
retain different amounts and patterns of overstory trees in the Montane Moist Maritime 
Coastal Western Hemlock biogeoclimatic variant (CWHmm2) of east Vancouver Island 
(Green and Klinka 1994). Coastal montane climates are characterized by a short growing 
season, winter snow pack, and slow decomposition rates that place unique biological and 
physical demands on regeneration (Koppenaal and Mitchell 1992). 

 

Studies investigating the relationship between the size of forest opening and growth of 
conifer regeneration in British Columbia have found that growth response and survival is 
influenced by regional climate (Wright et al. 1998b), species shade tolerance (Mitchell 
and Arnott 1995, Chen 1997, Kobe and Coates 1997), soil moisture (Carter and Klinka 
1992), substrate (Wright et al. 1998a), nutrition (Koppenaal et al. 1995) and temperature 
(Minore 1986).   
 
This study focuses on the problem of conifer stagnation in montane forests following 
clearcut harvesting which may be directly or indirectly related to one or more limiting 
factors in the regeneration micro-environment (Herring and Etheridge 1976).  This 
stagnation, or more accurately, variable periodic annual growth (Smith 1992) may be 
related to levels of annual photosynthesis (Husted 1982, Keller and Tregunna 1976, and 
Larcher 1983), or to changes in sink strengths that lead to shifts in seasonal biomass 



allocation or both (Gale and Zeroni 1985, Ledig 1981, Luxmoore 1991, Stitt and Quick 
1989). 
 
In accordance with the influence of residual overstory trees on regeneration microclimate, 
we expected that differences in the size of forest opening and amount and distribution of 
retained trees among the silvicultural systems would provide a wide range of light, 
temperature, evaporative demand, and moisture. Reductions of solar energy input through 
shade provided by the retained overstory trees can cause changes in light quality and 
quantity, soil and air temperature, vapour pressure deficit, and precipitation patterns 
(Franklin 1963, Seidel and Cooley 1974, Larcher 1983, Kaufmann 1985). Availability of 
nutrients, particularly nitrogen, can be affected by both microclimatic conditions in the 
post-harvest environment through changes in decomposition and mineralization rates, and 
by nutrient uptake from competing vegetation (Binkley 1984, Edmonds et al. 1989, Vogt 
et al. 1989, Vogt 1991, Prescott and Zabek 1999). 
 
Experimental Design: 
Study Site and Stand 
The site is located on Eastern Vancouver Island (latitude 49°50’N; longitude 125°25’E) 
south of Campbell River on private land (Weyerhaeuser Canada Ltd.) in the Montane 
Moist Maritime Coastal Western Hemlock biogeoclimatic variant (CWHmm2) (Green 
and Klinka 1994).  The elevation ranges from 740 to 850 m on a northerly aspect. The 
stand is a multi-storied uneven-aged old-growth forest (overstory 200-800 years old) with 
gross merchantable (> 17.5 cm DBH) volumes of 975-1038 m3 ha-1 dominated by 
western hemlock (44% of total basal area) and amabilis fir (24% of total b.a.), with 
varying amounts of western redcedar (Thuja plicata Donn. Ex D.) (24% to 28% of total 
b.a.) and yellow cedar (Chamaecyparis nootkatensis (D. Don) Spach) (4% to5% total 
b.a.) (Arnott and Beese 1997). Canopy heights of amabilis fir and western hemlock were 
24-32 m, and those of western red cedar and yellow cedar were 34-42 m. 

Silviculture Systems 
Arnott and Beese (1997) describe these in detail. A brief summary of the silvicultural 
systems is provided here. The trial includes four silvicultural systems treatments applied 
in 1993, each of which was randomly assigned to three 9-ha treatment blocks. The four 
treatments were as follows: Clearcut (CC) ⎯ Conventional clearcutting included for 
comparison to alternative systems; Patch Cut (PC) ⎯ Three 1.5-ha openings (120 m x 
125 m) created within each of the 9-ha treatment blocks; Green Tree (GT) ⎯ A 
minimum of 25 trees/ha kept within the 9-ha treatment blocks; and Shelterwood (SW) ⎯ 
A total of 200 trees/ha, or approximately 30% of the original stand basal area, was 
retained within each of the 9-ha treatment blocks. In both Green Tree and Shelterwood 
treatments, residual trees represented the entire stand profile and were selected for 
yarding feasibility, safety, windfirmness and residual stand structure. 

Part 1: Dominant species regeneration experimental design  
The study was designed as a split-plot experiment with each of the four silvicultural 
systems (Clearcut, Patch Cut, Green Tree, Shelterwood) assigned to three whole plots 
(i.e., 9-ha blocks). Within each of the replicated whole plots, points were randomly 



selected from a 30 m x 30 m permanent grid and used to locate, inside a 1.0-ha (PC, cut 
area only) or 1.6-ha (CC, GT, SW) central “core” area, 12 sub-plots (12 m x 16 m). Each 
sub-plot was divided into four quadrants (split-plots) of which each was randomly 
assigned one of four, post-planting treatments: Control (C, no treatment); Fertilization (F, 
at planting, 24 g of slow-release fertilizer (Nutricote 16-10-10); Vegetation control (H, 
five applications of glyphosate between 1994 and 1998, total application of the active 
ingredient to 4.65 kg/ha; and Fertilization and vegetation control (FH, combined F and H 
treatments as above). Within each quadrant (6 m x 8 m), three seedlings each of amabilis 
fir and western hemlock (i.e., a total of six seedlings per quadrant) were assigned to six 
randomly located planting spots 2 m from each other and 2 m from the edges of the 
quadrant. Planting took place between May 3 and May 12, 1994. 
 
Seedling height and root collar diameter will be measured in May 2004 (10 years after 
planting). Seedling volumes will be calculated assuming a conical shape. To assess 
seedling quality, current year foliage will be collected from the upper third of the crowns, 
dried for 48h at 70°C after which foliage will be ground to pass a 40 mesh screen and 
assayed for total nitrogen (% dry mass basis) by automated combustion method (FP-228, 
Leco Corporation, St. Joseph. Michigan). Differences in seedling growth and foliage 
nitrogen concentrations will be determined by analysis of variance (ANOVA) using 
restricted maximum likelihood (REML) estimation (SAS Version 8.2, Proc Mixed 
procedure, SAS Institute Inc. 1992). Each species will be analyzed separately (i.e., for 
each species, the ANOVA was based on a split-plot model with silviculture and post-
planting treatments corresponding respectively to whole plots and split-plots). Planned 
contrasts of least-square means will be used to test for main effects of silviculture 
systems (for each post-planting treatment) and post-planting treatments (for each 
silviculture system). Fisher’s LSD test will be used to compare pairs of least-square 
means with individual p-values adjusted for multiple comparisons by Tukey’s method. 
 
Part 2: Alternative species regeneration experimental design 
In the spring of 1994, 22-m wide corridors were established around the central treatment 
cores in each of the three replicate Clearcut (CC), Patch Cut (PC), Shelterwood (SW) and 
Green Tree (GT) silviculture system blocks. The corridors were planted with western red 
cedar, yellow cedar and Douglas-fir seedlings (stocktype: 1+0 styro 313). Plots of 50 
trees of each species were established in each of the three replicates for the CC, GT and 
SW treatment blocks. Plots of fifty trees of each species were also established in one 
patch of each of the three PC replicate blocks. The total number of trees planted of each 
species was 600 and the total number of trees of all species was 1800. 
 
Seedling height and root collar diameter will be measured in May 2004. (10 years after 
planting). Seedling volumes will be calculated assuming a conical shape. Differences in 
seedling growth will be determined by analysis of variance (ANOVA) using the Tukey-
Kramer HSD test (SAS Version 8.2, SAS Institute Inc. 1992). Differences among 
treatments will be considered statistically significant when p<0.05. 

 



Part 3: Harvesting disturbance regeneration experimental design 
In May 1994, Amabilis fir (1+0 313b plug) and western hemlock (1+0 415 plug) 
seedlings were planted within at least two replicates of each silvicultural systems 
treatment on blocks of disturbance types associated with randomly selected sections of 
skidtrails and rehabilitated skidtrails. Ten seedlings, five of each species, were planted, 
alternating within rows (1 m spacing), in the skidtrail tracks, between tracks and no 
compacted  soil to either side of the skidtrail. Sections of the rehabilitated skidtrails were 
planted in a similar fashion with seedlings located in rows that corresponded as closely as 
possible to the original skidtrail tracks and between track locations. 
 
Seedling height and root collar diameter will be measured in May 2004. (10 years after 
planting). Seedling volumes will be calculated assuming a conical shape. Differences in 
seedling growth will be determined by analysis of variance (ANOVA) using the Tukey-
Kramer HSD test (SAS Version 8.2, SAS Institute Inc. 1992). Differences among 
treatments will be considered statistically significant when p<0.05. 
 
Part 4: Regeneration microclimate experimental design 
Microclimate will be monitored with automated climate stations in two replicate blocks 
of each silvicultural system. This will add to a continuous climate record since harvesting 
treatments were applied in 1993. Environmental variables measured include: relative 
humidity (1.3 m), air temperature (1.3 m, 0.75 m, 0.25 m, and 0.05 m), surface 
temperature and at various depths within the soil (–5 cm, –15 cm, –30 cm and –50 cm), 
full spectrum solar radiation and photosynthetically active radiation (PAR) at 0.75 m, 
wind speed and direction (3 m), and precipitation with a tipping rain bucket. Daily 
averages, maxima and minima will be calculated to describe differences among the 
silvicultural systems. 

 
 
Project Scope and regional applicability: 
 
To move toward science-based forest management and certification, this proposal focuses 
on regeneration issues. Findings from proposed studies will produce information on 
impacts of ecologically based silvicultural systems employing harvesting regimes that 
retain groups of trees (aggregated retention) or single trees (dispersed retention) on 
regeneration. The goal is to build on previous studies undertaken since 1992 to date to 
provide scientific information on which to base decisions about forest regeneration. The 
Montane Alternative Silvicultural Systems (MASS) project is designed to provide this 
information for coastal montane forests. Specifically, we are comparing the impacts of 
aggregated (patches) and dispersed (shelterwood and single tree) retention systems on the 
growth and productivity of regenerating conifers. Science-based refinement of forestry 
practices will result from comparing growth and productivity of retention systems with 
clearcut systems (e.g. green up, adjacency, growth and yield). 
 
 
 
Year 2 Activity and Interim Conclusions:  



 
Growth Modeling  
 A growth data set for MASS including data on five conifer species growing under clear 
cut and alternative systems has been prepared for the purpose calculating growth 
trajectories. This data set has been submitted to the BC Ministry of Forests. 
 
Nutrient Cycling 
 
Tasks: 

1. Plots were established to determine the decomposition rates of standard substrate 
birch sticks buried in the forest floor. Set one was placed out May 2005 and 
collected Oct 2005. At this time a second set was installed which is due to be 
collected in May of 2006. Results from set one are still in preparation. 

 
2. Plots were established and ion-exchange membranes (PRSTM-probes) in the 

seedling rooting zone and begin sampling placed in the field in May 2005 and 
collected Oct 2005. A second set was installed in Oct 2005 and due to be 
collected in May 2006. Results from set one are still in preparation. Note: It was 
decided a more extensive use of ion-exchange membranes would a more effective 
use of the resources in lieu of soil incubations. 

   
3. Data entry and analysis is on going. 

 
Reports in Review: 
 
Technical Transfer Note: 
Regenerating Dominant Montane Conifers in Variable retention Systems with Vegetation 
Control: 10-year results. 
 
Interim Conclusions: After 10 years growth, amabilis fir and western hemlock in the 
patch cuts, green tree, and clearcuts were comparable.  Seedlings in the shelterwood were 
showing a one to two year delay in reaching free to grow. Removal of competing 
vegetation increased volume and reduced the time to free to grow height by one year in 
both species.  Low foliar nitrogen concentrations in all silvicultural systems suggest 
current growth may not be sustainable. 
 
This report is currently in internal review. 
 
Technical Transfer Note: 
Outplanting performance of western red cedar, yellow cedar and Douglas-fir in montane 
alternative silvicultural systems (MASS). 
 
 Interim Conclusions: After 10 years, growth was greatest in Douglas-fir in the patch cut, 
green tree and clearcut systems but survival was poor. Red cedar had marginal growth in 
all silvicultural treatments. Yellow cedar exhibited both good survival and acceptable 
growth. None of the three species were well suited to the shelterwood. 



 
This report is currently in internal review. 
 
BC-X  Report: 
Microclimate under different levels of overstory retention at the Montane Alternative 
Silviculture Systems (MASS) research site:10 year summary. 
 
Interim Conclusions:  
Air and soil temperatures, light, precipitation and windspeed were monitored over a ten-
year period in replicated climate stations in each of the silvicultural treatments. The 
results of this study indicate that microclimate effects from variable levels of overstory 
retention are more complex than much of the current literature suggests. Changes in 
seedling microclimate occurred over time with growth of understory vegetation.. 
Extremes in microclimate do not necessarily decrease as the level of overstory cover 
increases. 
 
This report is currently in internal review. 
A complete climate data set from the MASS site will be available on request. 
 
Journal Article planned for Canadian Journal of Forest Research: 
Regenerating dominant conifers with variable retention systems in a coastal montane 
forest: Ten year results. 
 
Interim Conclusions:  
Amabilis fir and western hemlock planted under various levels of overstory retention 
with post planting treatments of fertilizer and or vegetation control showed similar 
growth in the green tree and clearcut, slightly better growth in recent years in the patch 
cuts and reduced growth in the shelterwood treatments. A 20 to 80% increase in height 
was noted in both species with vegetation control alone and in combination with 
fertilizer. Understory biomass and nitrogen content was significantly higher in the 
shelterwood  as compared to the clearcut. All planted trees showed deficient levels of 
nitrogen. 
 
 
MASS Web Page: 
http://www.pfc.forestry.ca/silviculture/mass/index_e.html
 
This page has been updated (April 2006) with current data and photos. 
 
Contacts for Further Information: Dr. Al Mitchell  
Research Scientist - Physiology 
Pacific Forestry Centre 
Canadian Forest Service 
506 West Burnside Rd., Victoria, B.C. V8Z 1M5 
(p) 250-363-0786; (f) 250-363-0775 
amitchel@pfc.cfs.nrcan.gc.ca

http://www.pfc.forestry.ca/silviculture/mass/index_e.html
http://www.pfc.forestry.ca/profiles/mitchell-a_e.html
mailto:amitchell@pfc.cfs.nrcan.gc.ca
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