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VR Emulating Canopy Gaps in Coastal Forests: An Operational Trial and Experiment 
 

Project Purpose and Management Implications: 
This research addresses the Forest Science Program strategic goal to improve knowledge-
based science in support of sustainability.  Consistent with this goal, we have quantified 
forest structure, function and processes and applied them in an experimental application 
of variable retention silviculture. 

In 2004-5, the first component of this project quantified the spatial and temporal aspects 
of natural disturbance ecology of the Bamfield Huu-ay-aht Community Forest (BHCF).  
We have measured the abundance and spatial distribution of ecosystem structures (e.g., 
canopy cover and coarse woody debris) and shown links to functions such as seeding 
establishment and tree recruitment to the canopy.  We have used tree-ring analyses to 
quantify the temporal processes that create structural variability in these forests and 
contribute to natural regeneration.  This information is the baseline for our second 
research component, a variable retention (VR) experiment. 

The second, experimental component of our research is a replicated, controlled trial of 
VR silviculture that emulates natural canopy gaps in coastal old-growth forests. In this 
trial, harvesting includes high retention and low removal using small patch cuts 
(microgaps of 5-8 trees and 0.25 ha patches).  The size and spatial distribution of natural 
gaps provide guidelines to compare that the spatial dimensions of the harvested VR gaps 
relative to the natural range of variation.  Our objective is to test for differences between 
natural gaps and gaps created by VR silviculture.  We will compare tree regeneration, 
understory vegetation, soil microorganisms, nutrient dynamics and resource availability 
(substrate and light) in natural and VR gaps and adjacent forest.  Pre-harvest sampling 
was completed in 2004 and 2005.  These results will be compared with post-harvest data 
(2006) to test for the impacts of VR gaps on above- and below-ground biodiversity.  
Monitoring of sites (2007+) will document medium to long-term impacts of harvesting.  
Ultimately, these empirical data will be used to develop criteria and guidelines to 
predict/assess the impacts of VR silviculture on composition, structure and stand 
dynamics of forests in the very wet hypermaritime Coastal Western Hemlock (CWHvh) 
biogeoclimatic subzone.  Our results will empower coastal forest managers to employ 
scientifically-based, practical, adaptive management that demonstrates sustainable use of 
BC’s forests, facilitating successful certification of forest management practices. 
 

Project start date, length of project and former numbers or funding sources: 
April 1, 2004 (Y051363). 3 years (Completion in March 2007) 

 



Methodology Overview: 
Two western redcedar-dominated old-growth stands are located in the very wet 
hypermaritime Coastal Western Hemlock (CWHvh) subzone of the Bamfield-Huu-ay-aht 
Community Forest.  Zone 1 is an old-growth reserve; Zone 2 is for resource use including 
timber harvest. Small patches will be harvested from Area 2 in 2006, using a high 
retention VR model. 

 1. Treatment VS Control Stands: To compare the canopy structure and gap sizes in 
Zone 1 (control) and Zone 2 (treatment) forests, we have established 400m of transects. 
At each metre along transects, the canopy was described as canopy gap, expanded gap, or 
closed canopy and the presence of gap-filler trees was noted. Forty-six developmental 
gaps, 24 in Zone 1 and 22 in Zone 2, were sampled for size and shape by measuring the 
azimuth and distance from the gap centre to gap boundary trees. The species, dbh, canopy 
position and location of gap-boundary trees and subcanopy gap-filler trees were recorded. 
The species and stage of decay was determined for each of the dead trees that created the 
gaps (gap-makers). Increment cores from gap-makers and boundary and gap-filler trees 
were statistically crossdated and assessed for radial growth releases to determine the 
years of gap formation/expansion.  

2. VR Experiment: To test for differences between natural gaps and gaps created by VR 
silviculture we will use a controlled, replicated experiment with pre- and post-harvest 
sampling.  Pre-harvest sampling was conducted in 2004 and 2005.  We have established 
and sampled 60 permanent plots to assess within-gap variability via long-term monitoring 
of VR harvesting impacts on biodiversity. In the control and treatment zones, we selected 
5 natural gaps with recent gap makers (e.g. young gaps or gaps with recent expansion) for 
long term monitoring. In the treatment zone, we sampled 10 closed-canopy sites to be 
harvested. Two 2x2m permanent plots were located in along the north-south axis of each 
10 natural gaps and adjacent closed-canopy forests (n = 40 plots) and the 10 sites to be 
harvested (n = 20 plots). Vegetation and microenvironment were quantified in the 60 
plots as follows. Hemispheric canopy photographs were taken in 2004 and 2005 to 
quantify canopy openness and understory light environment.  In each permanent plot we 
have measured the cover (%) of rooting substrates (mineral soil, wood, or organics), 
cover (%) of bryophytes, herbs and shrubs by species, and the density of seedlings and 
saplings stratified by species and substrate.  The density of subcanopy trees surrounding 
the forest plots was quantified using the point-centre-quarter (PCQ) method.   

Nutrient availability was measured using ion exchange resins incubated for 5 to 6 week 
periods and F and H layer forest floor samples from each plot were analysed to determine 
the biomass and structure of the soil microbial community. Catabolic fingerprinting and 
enzyme profiling were used to assess microbial community structure and function. 
Catabolic fingerprinting measures CO2 release before and after addition of a variety of 
substrates, which indicates the size of the microbial biomass and provides a community-
level physiological profile. Enzyme profiling enables characterisation of the actual 
functional diversity of the soil microbial community in terms of decomposition and 
nutrient cycling processes as the enzymes are involved in cycling of C, N and P. Soil 
nutrients and microbial activity were measured four times in 2004-5 to quantify seasonal 
variability in soil processes and to determine the optimal timing of post-harvest sampling. 
 



VR Harvesting: Our research team has worked with the Huu-ay-aht First Nation 
Silvicultural Coordinator to design the VR harvesting blocks to include two 0.25 ha 
patches and three "microgaps" of c. 5-8 canopy trees that are c. 0.035 ha (median natural 
gap size).  The roadway to access the sites was cut in September and October 2005.  
Harvesting of the VR blocks will be completed in spring 2006.  Post-harvest sampling 
will be conducted in summer and fall of 2006. 
 

Project scope and regional applicability: 
The findings should be applicable to other hypermaritime and very wet maritime forests 
on the west coast of Vancouver Island, Haida Gwaii and along the mid and north coasts. 

This research is not directly linked to a Long Term Research Installation, but it does 
complement the following FSP-funded research: STEMS (LTRI026), MASS (LTRI013), 
and Green tree retention: A tool to maintain ecosystem health and function (Y062049). 
 

Interim conclusions, inference or information that may be useful to forest 
practitioners and other researchers: 
The results from this study have several implications for ecosystem management based 
on historic range of variability.  Specifically, the ecological data presented in this study 
provide information on the variation of gap size, number of gap makers, and natural 
regeneration that may be incorporated into VR silviculture and harvesting plans.  This 
study also provides baseline data that will facilitate long-term monitoring of the impacts 
of VR harvesting on both abiotic and biotic factors in the Bamfield Huu-ay-aht 
Community Forest. 

1.  Canopy gaps in the Bamfield Huu-ay-aht Community Forest averaged 177.8±147.7m2 
and the maximum gap area was 608m2.  Variable retention harvesting that guided 
by the historic range of variation in BHCF should include openings that are small 
and vary in size, ranging up to 600 m² and resulting from the removal of 3 to 10 
trees in an otherwise continuous forest.  Managers should be aware that larger 
openings, such as 0.25ha patch cuts, are not within the historic range of variation 
documented in this study. 

2. Gap area was correlated with the number of gap makers, but varied with the type, 
species and size of gap makers.  Within individual gaps, gap makers ranged in 
stage of decay and age.  Evidently, gap creation is a continuous, ongoing process, 
rather than discrete episodic events.  VR harvesting removes multiple trees at one 
time, which represents a departure from the historic disturbance regime.  The 
ecological implications of this difference are not yet clear. 

3.  Significant differences exist between the control and treatment study areas that are 
independent of the VR harvesting proposed for summer 2006.  Specifically, 
canopy openness and percent cover of expanded gaps were greater in the 
treatment area than in the control area.  Conversely, the percentage of closed 
canopy was relatively low in the treatment area.  These differences in light 
availability in the understory may explain the abundance of shrubs in the 



treatment area relative to the control area.  Future monitoring and analysis of 
harvesting effects must account for these pre-existing differences. 

4.  Composition of the forests varied between study areas.  Specifically, there were fewer 
gap makers and boundary trees of western redcedar in the treatment study area 
than in the control area.  The abundance of culturally modified trees provided 
evidence of historic use of western redcedar in the treatment area.  It is possible 
that the relatively low density of western redcedar is a legacy of the use and 
management of this culturally important species by the Huu-ay-aht First Nation. 
Improved understanding of the timing and impacts of historical, traditional use is 
an important component of forest dynamics that may contribute to future 
ecosystem management.  

5. Based on the ratio of understory and overstory trees, we have hypthesized that shifts in 
canopy composition may result in decreased abundance of western redcedar and 
increased abundance of western hemlock and Pacific silver fir.  However, these 
hypotheses assume that the regeneration dynamics of these three species are 
essentially equivalent, which is unlikely to be true.  Species-specific differences 
in seedling establishment, growth, recruitment and mortality must be taken into 
account to test for the validity of compositional changes in the BHCF. Ongoing 
research will quantify these processes. 

6.  The densities of western redcedar and western hemlock seedling and sapling in the 
BHCF were relatively low.  Both species regenerated frequently on decaying 
wood, which may be a mechanism for reducing or avoiding competition from 
competing shrubs such as salal.  Regeneration within VR gaps may be limited by 
lack of available woody substrates and/or competition from shrubs.  Active 
management may be necessary to successfully regenerate trees after harvesting.  

 
7.  Soil nutrient availability as indicated by PRS probes was similar in all sites, control, 

treatment and VR gaps. Microbial community structure and function was also 
similar in all sites. However, the forest floor F layer harboured a distinct 
microbial community from the H layer in both composition and function as 
measured using enzymatic and catabolic profiles. These results indicate that the F 
and H layers of the forest floor contain discrete microorganisms and, therefore, 
layer retention may be critical for soil function in this forest.  

 

For additional information, please contact: 
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