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Title: Shelterwood silvicultural systems to address integrated resource management issues 

 

Project Purpose and Management Implications 

This project links two long-term, shelterwood silvicultural systems trials in BC.  Although the 

trials were initiated for different reasons, visual constraints and root disease in the ICH, and 

species conversion in the SBS, there are similar goals and treatments in the trials.  Both trials 

examine shelterwood harvesting systems (basal area retention, type of removal, marking) and 

regeneration success which will influence stocking and free growing policy standards.  The SBS 

trial, initiated in 1990, was designed to attain natural Douglas-fir regeneration through the use of 

uniform shelterwood silvicultural systems.  The ICH trial was initiated in 1993 because a 

significant percentage of the landbase was being harvested with partial retention systems to meet 

guidelines for visual, ungulate habitat and other values.  There are serious management questions 

about the productivity, regeneration, and future health of these forests, especially as a large 

portion of the area is infected with root disease such as Armillaria ostoyae and Inonotus 

tomentosus.  

 

SBS Trial: 

The SBS trial was set up in the SBSdw biogeoclimatic subzone in the Central Cariboo Forest 

District (Williams Lake). For economic and biodiversity reasons, it is important to retain a range 

of tree species across timber supply areas.  Large-scale conversion of land currently growing 

Douglas-fir to lodgepole pine could lead to a less sustainable economy.  Also, the CCLUP 

requires species composition to be maintained across the landscape to meet biodiversity needs.  

Compared to pine, Douglas-fir has a higher product (e.g. plywood) and biodiversity value (e.g. 

birds). Also, mule deer are a key management species under the CCLUP which directs 

development of mule deer winter range management plans.  Information will be used from this 

trial to refine appropriate silvicultural systems for winter range. 

 

ICH Trial: 

The impetus for the ICH study was the increasing use of partial retention systems such as 

shelterwoods in several Kootenay forest districts in order to meet guidelines for visual, ungulate 

and other values.  The presence of root disease in complex (up to 12 tree species) stands raised 

some serious management questions about the productivity, regeneration, and future health of 

these forests.   

 

Topics we are addressing: 

 Regeneration studies (natural and planted) are necessary to document the effects of the 

residual overstory, harvesting method and root disease on survival and growth of various 

species.  This will result in recommendations or information to develop guidelines for species 

selection, silvicultural systems to use, and harvesting methods especially on root disease 

infected areas.  Currently there are no stocking or free-growing standards for shelterwoods. 

 Vegetation studies will document the difference in vegetation development across the logging 

treatments.  Understory vegetation can be strong competition for tree regeneration, important 

cattle and mule deer forage, and valuable wildlife habitat.  Species presence and abundance 

may vary considerably with residual basal area.  

 Assessment of light and climate conditions in the stand treatments will provide information 

on regeneration success under different levels of basal area retention that provide a variety of 

canopy gap sizes.  Sufficient light is required to maximize tree growth; however, enough 

cover must be present to reduce frost damage (especially in the SBS).  



 Growth and yield data is being collected to determine the impact of partial cutting on the 

stand yield and indirectly on AAC. 

 Specific to the SBS trial, relationships between snow depth and canopy are being explored. 

Information will be used to develop the Mule Deer Strategy for transition and deep snowpack 

winter ranges. 

 Specific to the ICH trial, soil disturbance and compaction studies will proceed periodically to 

assess recovery time (early assessment completed). 

 Evaluate the impact of various levels of basal area retention, and harvesting systems 

(equipment, season, removal intervals) on the survival and growth of natural and planted 

regeneration, 

 Investigate the effects of microenvironment (light, frost), understory vegetation, and soil 

properties on the survival and growth of natural and planted regeneration, 

 Evaluate the growth and yield implications based on residuals and new regeneration,  

 Provide resource managers with research results and potential options for stand management. 

 In the SBSdw trial, to measure snow and forage response levels of residual basal area then 

develop silvicultural systems appropriate for mule deer winter range. 

 In the ICH trial, to compare the success of conventional harvesting with pushover harvesting 

in ameliorating the effects of Inonotus and Armillaria root diseases, on seedling survival and 

growth.  

 

Project History: SBS – started in 1990; ICH – started in 1993.  These projects have been funded 

as Ministry of Forests and Range Experimental Projects 1104.01 (SBS) and 1186 (Ice) through 

several funding agencies (Ministry of Forests Silvicultural Systems Project, FRDA II, FRBC, FII 

and FIA).   

Methodology Overview 

SBS Trial 

 

The SBSdw trial is a randomized complete block design with each treatment replicated on 3 

blocks.  Each block is 20-40 ha and located on three separate sites (BEE, GLR and UBC) in the 

Central Cariboo Forest District.  After two harvesting entries (1991 and 2001), there are 5 

treatments of basal area retention of 15, 20, 30, 40 and 60 m². Each treatment unit is 1.4 ha and 

contains 15 3.99 m subplots.  Three clearcuts were added for the planted stock study.  Removals 

for both entries were based on thinning from below.  The final cut will be completed on all units 

in the winter of 2009-2010.  

 

ICH Trial 

 

There are two sites (Mt. 7 near Golden in the ICHmk1 and Ice Road near Nakusp in the 

ICHmw2) with seven treatments each established in a 2 x 3 factorial with controls in a completely 

randomized design (CRD).  Each treatment is replicated twice on site.  The first factor in the 

experimental design was harvesting method (hand falling and pushover falling).  The second 

factor included three levels of basal area retention: clearcut, light retention and heavy retention. 

The resulting treatment combinations at both Mount 7 and Ice Road are: 

1. Hand-felled clearcut 

2. Hand-felled light retention cut (70% basal area removal) 

3. Hand-felled heavy retention cut (50% basal area removal) 

4. Pushover-felled clearcut 

5. Pushover-felled light retention cut (70% basal area removal) 

6. Pushover-felled heavy retention cut (50% basal area removal) 



7. Unharvested control for hand felled  

8. Unharvested control for pushover logging 

 

Mount 7 was harvest in January to March of 1995 while Ice Road was harvested one year later in 

the winter of 1995/1996. Within every 1 ha treatment unit, a sixteen point grid was established on 

a 20 m x 20 m interval for a total of 256 subplots per site.  Subplot centres were marked with 

uniquely numbered metal tags.  Pre-treatment data collection was completed in 16 - 100 m2 (0.01 

ha) circular permanent subplots per treatment unit.  

 

Project Scope and Regional Applicability 

Southern Interior Forest Region through the Sub-Boreal Spruce and Interior Cedar Hemlock 

(drier variants) biogeoclimatic zones. 

 

Interim Conclusions and Information 

 

SBS Trial 

 

The annual reports and data analyses prepared for treefall, and seedfall in 2008-2009 continue to 

support the main management points in the discussion paper by Day et al. (2008) and in the MFR 

Technical Report in preparation for the project Waterhouse (2009). 

 

Day et al. 2008 

1. Shelterwood methods are generally successful in establishing Douglas-fir regeneration. 

2. The 30m² and 20m² residual basal area treatments need to be harvested now (seed cuts) 

(i.e. 15 years after the initial entry). 

3. Overstory stand establishment and development history influence are important factors in 

designing a shelterwood system. 

4. Light levels are a good measure of growing space available to regeneration. 

5. Emphasize tree crop management at each entry, to ensure high-quality overstory trees at 

final harvest. Select against heritable traits that reduce log quality such as epicormic 

branching, and lateral lammas growth. 

6. Stocking in complex stands is poorly understood and research is required.  Research 

should explore relative density to measure stocking. 

7. Harvest schedules should be as flexible as possible to ensure overstory trees can be cut 

during a good seed crop or during an advantageous log market. 

 

Waterhouse (2009) 

1. The Douglas-fir seed crop, moderately large in most years, is reliable to initiate natural 

regeneration. 

2. Application of the initial regeneration cut in 1991 resulted in sufficient densities of 

natural regeneration to meet regeneration objectives.  This is not the case in preparatory 

and no harvest treatments due to the variability in density and poorer quality of the 

regeneration. 

3. Data from the planted stock and natural regeneration trials suggest that the rate of growth 

increased as a result of the reduction in RBA from 30 m2 to 15 m2 and from 40 m2 to 20 

m2. Seedling growth was lowest in the 40 m2 and the no harvest (60 m2) treatments.  

4. Frost damage to the planted stock was very low in all treatments including the clearcuts 

since 2001. The frost events recorded at the climate stations were not severe enough to 

cause permanent damage.   

5. Moss and lichen were reduced by 50% where the RBA was 30 m
2
 or less; however, no 

differences between treatments were found for cover of the other vegetation layers. The 



percent cover of Douglas-fir, spruce, subalpine fir and twinflower all increased in 

response to lowering the residual basal area. 

6. Strong wind events, in combination with flat, moist site conditions, have resulted in high 

rates of tree fall in the 15 m² and 20 m² units on the UBC site. This demonstrates there 

are wind-related limitations to where a uniform cutting system at low residual basal areas 

may be applied.   

 

The relationship between snow interception capacity and residual basal area treatment was 

quantified.  Data was collected in 2001 and 2006.  Snow was measured at the permanent cruise 

plots and hemispherical photographs were taken at the same locations to measure canopy density. 

Treatmetnt averages of mean canopy density is a strong predictor of snow interception (r²=0.81 in 

2001 and r²=0.90 in 2006.  The 15m² and 20 m² treatments are only intercepting about 12-30% of 

the snow while the higher basal area treatments are intercepting 40 – 68% of the snow.  The SBS 

is a deep snowpack management zone for deer where winter snow depth in the open can typically 

be 60cm.  Stands with a deeper snow pack (less basal area) increase the energy required by deer 

to move through them.  The data would suggest keeping the residual basal area above 30m² to 

minimize energy expenditure.  Also, deer require foliage from large, older trees as winter forage, 

and the availability of this forage would decrease with decreased basal area.   

 

A MoFR Technical Report was completed for the climate studies, and is ready for a technical 

review.  Microclimate stations were installed in two residual basal area treatments (15 m² 

and 20 m²), to measure frost events.  Near ground air and soil temperatures were 

monitored on two paired sites of 20 m² and 15 m², and one additional replicate of 20m
2
, 

plus one clearcut, from 2001 to 2008.  Minimum air temperatures and total duration 

(minutes) of air temperatures below 0 C were compared between treatments during the 

bud flushing (15 May - 31 July) and bud set (15 August - 30 September) seasons.  The 

clearcut site had a significantly longer duration of sub-freezing minutes than the forest 

sites for both bud flushing and bud set periods; as well as a greater number of frosts and 

lower extreme minimum temperatures.  Differences between the 15 and 20 m
2
 treatments 

were not as great; however, both 15 m
2
 sites had longer duration of sub-freezing minutes 

and increased numbers of frosts in comparison to the nearby 20 m
2 
treatments.  Sky view 

factor increased with decreased residual basal area, and it was positively correlated with 

the duration of sub-freezing minutes.  There were few significant frost events during the 

June to mid-August period in the forested sites, during the 7 year study.  The data suggest 

that residual basal areas at 15 m
2
 or greater provide adequate frost protection for 

regeneration.  
 

The final pre-harvest set of vegetation data was collected in 2008 and initial summaries were 

made.  Douglas-fir, especially over 2 m tall, and twinflower are very common species and most 

abundant in the lowest rba units, while the moss layer, particularly red-stemmed feathermoss and 

electrified cat’s-tail moss, continue to be much less abundant in these treatments.  Species 

richness and the abundance of many species do not differ by treatment, indicating strong 

community stability, low risk to the regeneration from competitors, and continued availability of 

forage species.  The similarity of the vegetation response to the residual basal area treatment in 

both EP1104.01 and EP1186 (wide geographic area) has provided incentive to prepare journal 

article on this topic.   

 

ICH Trial 

 



Growth and yield, planted stock and natural regeneration 

The Mount Seven and Ice Road trials provide important information on the growth and 

performance of commercial tree species, both planted and naturally regenerated, on sites 

harvested using a shelterwood silvicultural system. The data will assist in determining growth and 

yield on partially logged sites which will become increasingly more important as mountain pine 

beetle moves through the area. Some of the preliminary results are given below.  

 

Partial retention harvesting is an alternative to clearcutting in the ICH zone of south-eastern B.C., 

but we require additional information regarding the management of regeneration before the 

system can be applied on a broad scale. This study compares the effects of light (13-14 m2/ha) 

and heavy (24-25 m2/ha) retention with clearcutting at sites in the ICHmk1 and ICHmw2. Ten 

year data has now been collected and is currently being interpreted concerning (a) the 

performance of planted and advance regeneration conifer seedlings of varying shade tolerance, 

(b) post-treatment natural regeneration ingress, and (c) growth of retained mature stems.  

Preliminary results are given below.  

 

After 10 years, planted seedling survival at the two sites was highest for shade-tolerant 

Engelmann spruce and western redcedar. Their survival was not affected by the retention level, 

but height and diameter growth tended to decrease as retention increased. Moderately shade-

tolerant Douglas-fir survival was poor at the ICHmk1 site and moderate at the ICHmw2 site 

regardless of retention level, but height and diameter growth of surviving stems tended to be 

better in the clearcut than at either retention level. Shade intolerant larch survival decreased with 

increasing retention at both sites, but was acceptable (>75%) only in the ICHmk1 clearcut. In that 

treatment, larch height and diameter growth were approximately double that of Douglas-fir. 

 

Post-treatment natural regeneration was comprised of up to 8 conifer and 3 broadleaf species, and 

was more abundant at the ICHmw2 than the ICHmk1 site. The dominant species of advance 

natural regeneration at the ICHmk1 site were subalpine fir, Douglas-fir, and Engelmann spruce 

were dominant, while western redcedar and western hemlock were dominant at the ICHmw2 site.  

 

At the stand level, there were no significant differences in the 10-year basal area increase between 

the uncut stand and the light and heavy retention treatments at either site (average increases of 3.1 

m2/ha the ICHmk1 and 4.5 m2/ha in the ICHmw2). Ten-year increases in basal area in the 

clearcut treatments were 1.3 and 0.6 m2/ha at the ICHmk1 and mw2 sites, respectively, and were 

the result of planted and advance regeneration stems growing large enough to need minimum size 

requirements for inclusion in growth and yield plots. 

 

Generally tree fall in these kinds of silvicultural systems is a concern and although there were one 

or two plots that had considerable tree fall, it was not wide-spread.  At the Mount Seven site tree 

fall could be attributed to the location of the plot in relation to wind events.  

 

Documenting the effect of partial logging on the spread of root disease, Inonotus tomentosus at 

Ice Road and Armillaria ostoyae at Mount Seven was also a trial objective. At Mount Seven 

very little seedling mortality as a direct result of root disease was observed, however, at Ice Road 

Armillaria had caused some seedling mortality particularly in the clearcut treatments. Differences 

in seedling mortality between pushover and traditional logging will be more fully explored in the 

more detailed pathology plots in 2008.   

 

Data has also been collected on vegetation and light levels across all the treatments on both sites. 

The vegetation data has emphasized the diverse communities found on these ICH sites; a total of 

94 species were recorded at Mount Seven and 120 at Ice Road.  Vegetation response to the 



treatments is similar between the sites with the exception of non-vascular plants. The impact of 

different levels of basal area retention on vegetation development and understory light levels will 

be used in combination with residual overstory data to describe and understand the regeneration 

response. A paper addressing these issues is currently in progress.    

 

Currently a paper is being written reporting on regeneration response using the overstory tree, 

light and vegetation data to explain the observed growth patterns.  

 

Root Disease 

The Ice Road installation was established in 1996-97 in the area of Nakusp, BC, to look 

at the efficacy of pushover logging (root removal technique with large machines) over 

handfalling type logging to reduce the severity of post-harvest Armillaria root disease.  

After 10 years, pushover logging did not seem to reduce levels of root disease over 

handfalling type harvesting.  High variability within treatments lowered the power of the 

trial.  However, in addition to being statistically insignificant the mean differences 

between the two main treatments were small and biologically uninteresting. The trial also 

included four retention levels as treatments and there seems to be a trend of declining 

root disease with increased retention of stems.  This phenomenon could be further 

investigated for its potential to be part of a protocol for harvesting high Armillaria stands.  

The relationship between soil disturbance, tree damage and Armillaria root disease 

should be studied further. There was a very strong difference between susceptibility of 

natural and planted seedlings to Armillaria root disease.  Natural regeneration should be 

favoured in Armillaria affected areas. Western red cedar seems to offer much better 

survivability than other species in areas affected by Armillaria, whether planted or natural 

regeneration. 
 

Contact Information: 

Ministry of Forests and Range Forest Science Staff, Kamloops, BC 

Michaela.Waterhouse@gov.bc.ca 

Teresa.Newsome@gov.bc.ca 

Andre.Arsenault@gov.bc.ca 

Bill.Chapman@gov.bc.ca 

 

Many articles regarding these projects can be obtained from the Southern Interior Forest Region 

webite: http://www.for.gov.bc.ca/scripts/hfd/pubs/hfdcatalog/rsi.asp 
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