
 
Final Technical Report 2009/10 

Project Number: Y103008 
 

Title: Group selection silvicultural systems to maintain caribou habitat in high elevation 
forests (ESSFwc3) in central BC 
 

Project Leader: Teresa Newsome (previously Michaela Waterhouse and Harold Armleder) 
 

Abstract 
 
This is a long-term research project that supports current policy (Cariboo-Chilcotin Land-Use 
Plan (CCLUP) (Prov.B.C. 1995), and CCLUP - Mountain Caribou Strategy (Youds et al. 2000)) and 
provides an integrated approach to resource management. Mountain caribou are on the 
provincial ‘threatened’ list and in the CCLUP, they are considered a key management species. 
Under the federal Species at Risk Act (SARA) mountain caribou are designated as threatened 
within Southern Mountains National Ecological Area (SMNEA) and recovery planning is 
underway provincially through the Species at Risk Co-ordination Office (SaRCO). The recovery 
strategy currently being developed for the Quesnel Highland has ‘modified harvesting ’ 
designated for 1,000’s ha of critical caribou winter range in the upper elevations of the 
Engelmann spruce – subalpine fire zone (ESSFwc3). The Quesnel Highland project was 
developed to test group selection silvicultural systems that retain caribou habitat (forage lichens 
associated with old-growth forests) while extracting timber, achieving regeneration, conserving 
biodiversity and understanding the effects of partial cutting on peak streamflow.  
 
Introduction 
 
This is a long-term research project that supports current policy (Cariboo-Chilcotin Land-Use 
Plan (CCLUP) (Prov.B.C. 1995), and CCLUP - Mountain Caribou Strategy (Youds et al. 2000)) and 
provides an integrated approach to resource management. Mountain caribou are on the 
provincial ‘threatened’ list and in the CCLUP, they are considered a key management species. 
Under the federal Species at Risk Act (SARA) mountain caribou are designated as threatened 
within Southern Mountains National Ecological Area (SMNEA) and recovery planning is 
underway provincially through the Species at Risk Co-ordination Office (SaRCO). The CCLUP -
Mountain Caribou Strategy has ‘modified harvesting options’ for thousands of hectares of 
critical caribou winter range in the upper elevations of the Engelmann spruce – subalpine fire 
zone (ESSFwc3). The Quesnel Highland project was developed to test group selection 
silvicultural systems that retain caribou habitat (forage lichens associated with old-growth 
forests) while extracting timber, achieving regeneration, conserving biodiversity and 
understanding the effects of partial cutting on peak streamflow. This project fits well with the 
management recommendations proposed by Stevenson et al. (2001). 
 
Forest practices are currently the greatest habitat management concern for mountain caribou 
(Mountain Caribou Technical Advisory Committee 2002). Associated with forest practices are 
habitat fragmentation, reduction in winter food supply, increased human access and associated 



disturbance, and alteration of predator-prey relationships.  The recovery planning process, 
through SaRCO, is considering all these factors in an options report for various populations of 
caribou (Mountain Caribou Science Team 2006). In the Quesnel Highland planning unit three of 
the five options include ‘modified harvesting’. Because of the ‘threatened’ status of the caribou 
nationally, convincing data regarding modified harvesting will be needed to ensure that the land 
continues to contribute to the annual allowable cut (AAC). It is essential to continue monitoring 
the research trial to either confirm success or learn how to modify the silvicultural systems to 
achieve success. 
 
Caribou eat arboreal (tree-dwelling) lichens almost exclusively during the winter and logging can 
have a drastic effect on available lichen biomass (Stevenson 1979, 1990; Rominger 1994). 
Clearcutting is not compatible with maintaining mountain caribou habitat as it completely 
removes arboreal lichen. Lichen dispersal, establishment and growth are slow (due to required 
substrate and microclimate conditions) and it may take over a century before the quantity of 
lichen within a clearcut is comparable to that found in old-growth stands. Partial cutting through 
group selection systems may provide sufficient arboreal lichen through space and time. On our 
research trial, after 10 years, lichen has increased in the residual forest in the partially cut 
treatments compared to the no-harvest treatments (Waterhouse et al. 2007). This was first 
evident at the 10-year assessment but periodic measurements are needed to confirm this result 
over time. Tree fall and recruitment also contribute to the lichen loading in the stand. 
 
The ESSF zone is biologically rich and extensive (13.3 million ha) and is currently 
dominated by old forests. Outside of caribou habitat, as timber harvesting progresses, via 
the clearcut silvicultural system, much of the forest will be managed on a 120 year 
rotation. The consequences to wildlife of shifting from old to younger seral forest could be 
significant. In contrast to clearcutting, group selection silvicultural systems are a possible 
way to continuously provide old forest habitat attributes required by many species 
(Waterhouse et al. 2004; Klenner and Sullivan 2003; Leupin et al. 2004). 
 
To be considered a successful silvicultural system adequate regeneration of conifer species must 
be achieved. There has been relatively little information on regeneration, either natural or 
planted, following partial cutting at high elevations over 1500 m in B.C. (Farnden 1994, 
Lajzerowicz 2000, Jull and Stevenson 2001). Early results (5 years) have been published from 
across several high elevation partially cutting trials in B.C. (Lajzerowicz et al. 2006). The results 
of this study, and other provincial trials in the ESSF (Jull and Stevenson 2001, and Vyse 1997), 
will provide a significant advance in knowledge over the longer term. 
 
Peak snow accumulation and snow melt rate are significant because the ESSF has the highest 
snow accumulation of all forested zones in B.C. and because snow melt rate largely determines 
the magnitude of spring floods throughout much of the Interior. Spring floods, in turn, affect on 
fish habitat and the suitability of riparian areas for human use. Timber harvesting tends to 
increase accumulation and melt rate but little information is available on how the widespread 
use of group selection in the ESSF might affect peak flows downstream. Watershed models are 
normally used to try to predict this but there is little field data to allow critical parameters to be 
estimated reliably for group selection in the ESSF. Snow-free date is another important variable 
for silvicultural (growing season) purposes. Other snow research projects on group selection and 
strip cuts (Golding and Swanson 1978, Kattleman, et al. 1983 and Gottfried 1991) have been in 
very different geographic areas and have had a very different objective (maximizing inflow to 



reservoirs). This project is producing empirical models of accumulation, melt rate, and snow-
free dates as functions of site characteristics such as canopy density, basal area, and gap 
patterns (Teti 2003 and 2004). These results compliment research projects on the plateau (SBS, 
SBPS, and MS BEC zones) where Teti is studying the effects of beetle-related canopy mortality 
on snow. Partner researchers are currently modifying watershed models to allow stand-level 
snow data to be used to help predict the effects of forest changes on streamflow. The results 
from our ESSF sites will be useful when those models are applied to watersheds with higher 
elevation headwaters.  
 
The research project has three phases of development: pilot trial, replicated trial and adaptive 
management trial. This proposal covers activities associated with the pilot and replicated phases 
and some extension hydrology activities for all phases. The pilot trial (CP113) (one 30 ha block) 
was partially cut using group selection silvicultural systems in 1991. Three group selection 
treatments, a no-harvest and a clearcut treatment were included in the design. The replicated 
research trial (EP1104.02QH) (4 blocks x 4 treatments) was harvested in 1992/93. The results 
from the pilot and replicated trials led to the development of the Mt. Tom adaptive 
management trial (EP1104.02MT), north of Wells, B.C. and the Isaiah Creek trial on Quesnel 
Lake in the ICH zone (low elevation habitat). 
 
The long-term objective is to provide managers with a viable silvicultural system to manage 
caribou habitat, while assessing the impact on other forest resources.   
 
Specific objectives for the time period 2007/08 to 2009/10 were to determine the impact of 
group selection silvicultural systems on: 
• the abundance of arboreal forage lichens, and their relationship with old growth forest 

characteristics,  
• the potential for natural regeneration, 
• the performance of planted seedlings in response to opening size, edges and site 

preparation,  
• peak snow accumulation, melt rate, and snow-free dates, 
• wildlife diversity, particularly breeding birds and small mammals,  
• stand stability through tree fall studies. 
   
 
 

Methods 
 
Each trial has a slightly different design. The general design for the pilot block and the replicated 
trial will be described below. Refer to the individual study reports for detailed descriptions of 
methods for each study within the larger project.  
 
The pilot block was used to determine which treatments should be used in the larger replicated 
trial. Therefore there was minimal replication in this phase of the project. During harvesting thirty 
percent of the volume was removed with each of the three partial cutting treatments:  small group 
(5m diameter),  large group (18m diameter), and variable group (up to 18m diameter) selection. 
The block was winter logged in 1991. To study egeneration seedlings were planted in the small and 
large openings as well as in a neighbouring clearcut.  



  
EP1104.02QH, stands used for the replicated trial are fully described in Steen et al. 2005. The 
trial is a randomized complete block design. There are four blocks and each 40 ha block was 
divided into four approximately equal-sized treatment units; three silvicultural systems 
treatments and a no-harvest treatment were randomly assigned to the treatment units. The 
group selection treatments vary by opening size (0.03, 0.13 and 1.0 ha) but the area cut per 
treatment is equivalent (33%). The cutting cycle is 80 years. Various components will be 
analysed with mixed model analysis of variance and multiple range tests (e.g. Scheffe’s or 
Bonferroni) to compare treatment means. Power analysis is used to assess the level of 
confidence in non-significant results. Exceptions to analyses are noted by topic. Details for this 
project are described in the Working Plan for EP1104.02 (Forest Sciences Staff 1992) and 
Canadian Forest Service website: http://cfs.nrcan.gc.ca/subsite/ferns/quesnel/  
 

Two permanent transect lines (4 x 250 m) per treatment unit were set up immediately post-
harvest in 1993. This captured about 80 trees per treatment unit. Based on four replicate blocks 
and four treatments, about 1280 trees were permanently tagged, and assessed. Assessments 
were completed in 1997, 2001 and 2003 (year 10 post-harvest) and 2007. For each tree (> 10 cm 
dbh) the following attributes were recorded: species, diameter at breast height (dbh), decay 
class (Backhouse 1993), any major breakage on the bole, and lichen loading (abundance class 
and % Alectoria / Bryoria) (Armleder 1992). Log linear (logistic) models are fitted to test the 
change in abundance of lichen in relation to treatment as well taking into account differences 
due to species, diameter class, and dead/live status (Waterhouse et al. 2007). New recruits are 
added to the dataset in successive assessments and all tree falls are recorded. For each fallen 
tree the following is recorded: year of fall, direction of fall, type of break, and decay class, and 
summarized as per Waterhouse et al. 2007.  

Arboreal lichens and tree fall 

 

Three forms of regeneration are being studied: advanced regeneration which were present prior 
to logging and at least 30 cm tall in 1993, natural regeneration which seeded in after harvest, 
and planted seedlings (Lajzerowicz et al 2006, Stathers et al 2001). Analysis follows the main 
experimental design for the advance regeneration as described above. Both the natural 
regeneration and planted stock are analyzed as split-split plot designs. Also for the natural 
regeneration due to the large variability between blocks, block is treated as a fixed factor (Steen 
et al. 2008). 

Regeneration 

 

The collection and analysis of five years of snow data (1995-1998) have been completed as 
described in Teti (2003 and 2004). Plots have been re-established and snow surveys were 
repeated in the spring of 2007 in order to provide one year of overlap with snow surveys at the 
Mount Tom adaptive management project (Year 1 post-harvest for block of interest). This will 
facilitate the comparison of results from the two sites. Procedures in the spring of 2007 were 
consistent with those used previously. Hypotheses based on data from this site will be tested on 
data from the Mount Tom site when three years of post-logging data are available.  

Snow melt and distribution 

 
Biological Diversity 
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The field work was completed pre and shortly post-harvest (1993-1998) (Waterhouse et al. 
2004; Waterhouse 2000) and during the early seral stage (2004-2006) for breeding birds and 
small mammals.  
 

We are measuring the vegetation response (percent cover and modal height by species and 
layer (Luttmerding et al. 1990) to opening size and location (centre/edge) to compliment 
regeneration studies. In 2008, vegetation data was re-collected from sample plots established in 
2001. In total, 36 plots will be surveyed per block for a total of 140 plots for all four blocks. Two - 
50 m2 (3.99 m radius) plots were set up at the centre of each of the three randomly selected 
openings in each treatment unit. In large openings, one plot was located at centre while the 
other was located 20 m to the west. Two edge plots were established in the medium and large 
openings, and there are 6 plots per no-harvest treatment. Data will be arcsine transformed prior 
to analysis. The Friedman test will be used for non-normally distributed data. 

Vegetation Data 

 
Activities 2007 – 2010 
 

Data Collection and Analysis 
• Advanced regeneration EP1104.02QH data (2007) and analyzed (2007) 
• Natural regeneration survey and performance EP1104.0QH data (2009) and analyzed 

(2009) 
• Planted seedlings EP1104.02QH data (2008) and analyzed (2009) 
• Hydrological data  

o snow data EP1104.02MT (2007, 2008); EP1104.02QH (2007) 
o canopy photos to correlate snow levels with canopy density and radiation 

EP1104.02QH (2007) 
• Microclimate EP1104.02MT data (2007, 2008, 2009) and EP1104.02QH data (2007, 

2008, 2009) 
• Lichen / treefall EP1104.02QH data (2007) and analyzed (2008) 
• Vegetation EP1104.02QH data (2008) 

 

Extension Events 
• EP1104.02QH annual UBC field school tour (2007, 2008, 2009) 
• EP1104.02 all sites Poster presented at SISCO (2007) 
• EP1104.02 Poster presented at IUFRO conference in Kamloops (2007) on the major 

results from the small mammal, bird and vegetation studies.  
• EP1104.02MT field tour (2009) 

 

Unpublished Articles 
 
Sagar, Bob (contractor). Annual microclimate reports. 
 

These annual reports summarize the data from the soil and air temperature probes, rainfall 
gauges and at EP1104.02MT the windspeed. Blackbear creek in part of EP1104.01QH and Mt 
Tom is part of EP1104.02MT. 

Summary 



 
1. Mt. Tom Microclimate: 2006-2007 Project EP1104.02  
2. Mt. Tom Microclimate: 2007-2008 Project EP1104.02 
3. Mt. Tom Microclimate: 2008-2009 Project EP1104.02 (This report is not a deliverable for 

this project. It was funded through the FIA landbased funds but is shown here for 
completeness.)  

4. Blackbear Creek 2007 Project EP1104.02 
5. Blackbear Creek 2008 Project EP1104.02 
6. Blackbear Creek 2009 Project EP1104.02 

 
Teti, P. Snow depths and solar radiation before and after partial logging at the Mt. 
Tom Adaptive Management Trial. April 2009. 
 

Block 242-4 is within the Mount Tom Adaptive Management Trial northwest of Wells. In 2000, 
two snow research plots were established in this block, one on a north facing slope and one on a 
south facing slope. Each of the two snow plots are approximately 8 ha in area consisting of a grid 
of permanent reference points. Points were established at 10 m intervals along six east-west 
lines. Each line is 400 m long in the North Plot and 350 m long in the South Plot. Each point was 
originally established on a tree and was differentially GPS’d in 2001. Due to each plot’s large size 
in relation to openings, each plot includes representative areas of openings and unlogged forest. 
Repeated measures of snow depth were made near each point in each plot in the spring for five 
years before partial logging (2001 – 2005) and two years after logging (2007 – 2008). In order to 
avoid bias associated with individual trees, snow depths are measured 6 metres due south of 
each tree. In the summer of 2007, points that had been marked by trees that were logged were 
re-established with rebar and bamboo poles. Snow surveys were repeated five or six times 
between early April and early June of each sample year. Snow surveys consisted of measuring 
and recording snow depth at every point in each plot, as well as density in several 
representative snow pits in each plot. Hemispherical photos taken before and after partial 
harvesting (2003 and 2006) were used as the basis for calculating a variety of canopy gap and 
radiation parameters. These included canopy gap within 30 degrees of the zenith, sky view 
factor (an index of longwave radiation exchange) and direct and diffuse solar radiation 
transmittances. These were compared with peak snow accumulation and snow ablation rates. 
Pre-logging basal area (prism sweep) surveys were completed for the south plot. 

Summary 

 
 
Sagar R.M. Analysis of Fisheye Photography for the Mt. Tom and Blackbear Sites. 
August 2008.  
 

An overall objective of this project is to investigate the use of hemispherical fisheye 
photography as a tool for determining radiative transmittances beneath forest canopies and 
within various sizes of openings created by logging. One possible use for this kind of information 
is as input to hydrological models for determining the effect of logging practices on snow melt 
rates. The data examined in this report were collected at two high elevation sites in the Cariboo 
Mountains of British Columbia. A brief description of the sites and forestry treatments at each 
site will be given below. It is not within the scope of this report to describe the methodology for 

Project overview 



acquiring the fisheye photographs and processing them to determine canopy density. Canopy 
densities for all regions of interest (ROI's) were determined from analysis of fisheye photographs 
and were entered into Excel spreadsheets which then were used to calculate sky view factors, 
transmitted diffuse and direct radiation and transmittances. We will refer to this method as the 
'spreadsheet method'. A sub sample of pictures was analyzed using a software package called 
Gap Light Analyzer (GLA) and compared with the results from the spreadsheet method. The 
primary focuses of this report will be to evaluate the efficacy of sampling and analysis methods 
for determining transmittances in various forestry treatments. This includes a spatial analysis of 
transmittances at the two research sites and comparisons of the various treatments. 
 
 

Dunbar, S.  EP1104.02 – CP113 Artificial regeneration of a partially cut Engelmann 
spruce-subalpine fir forest in the Cariboo Region Summary of 2006 Analysis March 7, 
2008  
 

 The CP113 site is the pilot trial established in 1992; that is associated with EP1104.02QH and 
EP1104.02MT. is located in the ESSFwc3 (wet cold) subzone at approximately 1500m elevation. 
The total area harvested under the three partial cutting treatments is approximately 30ha. The 
site has a south aspect. Thirty percent of the total volume (including skid trails) was removed by 
each of the three partial cutting treatments: small group (5m diameter), and large group (18m 
diameter). The block was logged in the winter of 1991 and seedlings were planted in a variety of 
planting treatments in 1992 small (0.002 ha) and large (0.03 ha)  openings created by group 
selection cutting treatments and in the adjacent clearcut. Preliminary conclusions show that 
overall tree performance was better in the clearcut and somewhat better in the large openings 
compared to the small openings. Sub-alpine fir appears to have higher survival and a more 
consistent response to the cutting treatments compared to spruce.  

Summary 

 
 
Waterhouse, M. Vegetation response to group selection silvicultural systems in  
Engelmann spruce - subalpine fir forests. Year 16 Post- harvest (2008), Quesnel 
Highland Silvicultural Systems Project. Southern Interior Forest Region. April 20, 2009 
 

A group selection silvicultural systems research trial compares four options to manage 
mountain caribou habitat in the high elevation Engelmann Spruce Sub-alpine Fir (ESSFwc3) 
forests of the Quesnel Highland in east central, British Columbia. This trial compares three 
opening sizes (0.03, 0.13 and 1.0 ha) to be used in a group selection system as well as a no 
harvest treatment. As part of the trial, vegetation cover by layer and by species were measured 
every two to four years to document changes to plant species diversity and abundance, 
monitor potential competitors to tree regeneration and describe changes in the vegetation 
component of wildlife habitat. This report focuses on the 2008 post – harvest assessment (16 
years).  

Summary 

 
Across the trial sites, 99 species were recorded in 2008. The group selection openings had 34 
species more than the no-harvest controls. Only one species occurred in the no-harvest control 



but not in the other treatments. Only Pleurozium schreberi was more common on the edges of 
the medium openings than in the centre.  
 
Several moss and liverwort species (Brachythecium, Dicranum, Mnium and Rhytidiadelphus) and 
the whole D layer have significantly lower abundance in the partial cuts, similar to all post-
harvest measurements since 1994. The B1 layer (tall shrubs), Abies lasiocarpa, Rubus pedatus 
and Tiarella trifoliata2 also are lower in the partial cuts. The lower Abies and B1 amounts can 
probably be attributed to mortality from logging.  
 
Many species occur at significantly higher levels of abundance in two or more of the partial cuts 
than the no-harvest controls probably due to the increased amount of light. These include Picea, 
Ribes lacustre, Sambucus racemosa and Vaccinium membranaceum in the B layer. These 
balanced the lower amounts of Abies in the partial cuts and resulted in no significant differences 
overall in the B2 layer. The B layer has steadily increased in the openings to pre-harvest and 
current control amounts, since the initial reduction to about half in 1994. The C layer (herb) and 
several species within it (Athryrium felix-femina, Calamagrostis canadensis, Epilobium 
angustifolium, Heracleum maximum, Luzula parviflora, Parnassia fimbriata, Senecio triangularis, 
and Thalictrum occidentale) were significantly more abundant in two or more of the group 
selection opening sizes than the no-harvest treatment. The species of greatest concern for tree 
regeneration is Epilobium which is at 15% in the large openings. 
 
Brown, K., and Newsome, T. Fifteen-year growth responses of planted subalpine fir, 
lodgepole pine, and interior spruce to canopy opening size and microsite on high-
elevation sites in British Columbia. Draft version as of April 2009. 
 

Old-growth, high elevation forests of the Quesnel Highland, south-central British Columbia, 
provide winter habitat for threatened mountain caribou (Rangifer tarandus caribou (Gmelin) 
and contain valuable wood resources. Cold, snowy environments restrict tree growth and make 
natural regeneration sporadic. Group selection silviculture systems (small patch cuts) may 
protect caribou habitat while allowing for timber extraction, particularly if combined with 
artificial regeneration. However, it is unknown how harvest opening size and planting microsite 
affect tree growth and survival, whether responses to those treatments vary with physiography 
and elevation, and how growth might respond to changes in soil temperatures and snowpack 
duration. We examined growth responses of planted subalpine fir (Abies lasiocarpa (Hook.) 
Nutt.), Englemann spruce (Picea engelmanii Parry ex. Engelman.), and lodgepole pine (Pinus 
contorta Dougl. Ex Loud.) over 15 years in relation to gap size (0.03, 0.13, 1.0ha), planting 
microsite and elevation.   

Abstract 

 
Survival and growth tended to increase with opening size and decrease with increasing 
elevation; survival also was greatest on raised microsites, but significance and magnitude of 
responses varied with species. Fir had the highest survival rates and less change in survival with 
opening size. Pine had greater absolute growth responses to opening size and elevation; greater 
growth was offset by low survival. In general, increased growth and survival was associated with 
treatments that had earlier snowmelt and higher soil temperatures. Appropriate treatments and 
site selection may accelerate the development of subalpine forest stands with old-growth 



attributes needed for caribou habitat. These data may also provide insight into responses of 
young high-elevation forests to global climate change.  
 
 
Published Articles 
 
Waterhouse, M.J., H.M. Armleder and A.F.L. Nemec. 2007. Arboreal forage lichen 
response to partial cutting of high elevation mountain caribou range in the Quesnel 
Highland of east-central British Columbia.  Rangifer. Special Issue No. 17:141-153.  
 

Group selection silvicultural systems have been recommended for managing mountain caribou 
(Rangifer tarandus caribou) habitat in high elevation Engelmann spruce – subalpine fir forests in 
east-central British Columbia.  We measured the response of arboreal lichen (a key winter 
forage) to harvesting of 30% of the forested area using three partial cutting treatments, which 
created small (0.03 ha), medium (0.13 ha), and large (1.0 ha) openings, and a no-harvest 
treatment.  Treatments were replicated on four sites, and monitored over a ten year post-
harvest period.   The short-term loss of lichen associated with removal of approximately one 
third of the trees was partially offset by a significant (p=0.01) increase in lichen abundance on 
trees in the caribou feeding zone (up to 4.5 m) in the three partial cutting treatments relative to 
trees in the uncut forest.  Differences among treatments in the change in lichen composition, as 
measured by the percentage of Alectoria sarmentosa and Bryoria spp., were marginally 
significant (p=0.10).  The partial cutting treatments showing a greater likelihood of shifting 
towards more Bryoria spp. than no-harvest treatment (p=0.04).  In the year of harvest (1993), 
larger trees were found to hold more lichen than smaller trees (p=0.04), and live trees 
supported more lichen than dead trees (p=0.01), but lichen loading was similar among tree 
species (p=0.51).  Tree fall rates were similar among treatments, based on the ten year average 
(0.6–0.8% of sample trees per year).  The results indicate that caribou foraging habitat is 
maintained in the residual forest when group selection systems that remove only 30% of the 
trees are applied.  Information on the distribution of lichen is useful for developing stand level 
prescriptions.  Providing lichen bearing habitat meets just one of the needs of caribou.  A 
comprehensive approach that considers all factors and their interactions is essential to maintain 
and recover the threatened mountain caribou. 

Abstract 

 
Steen, O.A., R.A. Coupé, and M.J. Waterhouse. 2008. Natural regeneration of 
subalpine fir and Engelmann spruce in partially harvested high-elevation stands in 
east-central British Columbia. B.C. Min. For.,Res. Br., Victoria, B.C. Res. Rep. 28.  
http://www.for.gov.bc.ca/hfd/pubs/Docs/Rr/Rr28.htm 
 

This study examines factors affecting natural restocking of small (≤ 1 ha) openings created by 
partial harvesting of high elevation (>1500 m) Engelmann spruce (Picea engelmannii Parry ex 
Engelm.)–subalpine fir (Abies lasiocarpa [Hook.] Nutt.) stands in east-central British Columbia, 
Canada. We examined the effects of opening size (0.03, 0.13, and 1.0 ha), seedbed, and seed 
supply on density of post-logging regeneration for 10 years post-harvest. The effect of opening 
size on growth release of advance regeneration was also examined. Both seed production and 
seedbed limited densities of post-logging seedlings. Densities of subalpine fir and Engelmann 

Abstract 
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spruce post-logging regeneration remained low at two sites where seedfall was low. Seedbed 
scarification significantly increased seedling densities where seed rain was high. In the absence 
of scarification, abundant seed production had little effect on post-logging seedling densities. 
Increased height and basal diameter growth of advance regeneration following logging was 
greater on 1.0-ha than 0.13-ha and 0.03-ha openings. This study demonstrates that post-logging 
natural regeneration in combination with advance regeneration can restock small openings in 
partially harvested stands where there is an adequate distribution of mineral soil seedbed and 
logging or site preparation coincide with or shortly precede a year of abundant seed production. 
 
 
Ransome, Douglas B.; Lindgren, Pontus M.F.; Waterhouse, Michaela J.; Armleder, 
Harold M.; Sullivan, Thomas P. 2009. Small-mammal response to group-selection 
silvicultural systems in Engelmann spruce - subalpine fir forests 14 years postharvest. 
CJFR, Volume 39, Number 9, pp1698-1708 (11)  

Concerns about the impacts of clear-cut harvesting on ecosystem components in 
subalpine forests have generated a variety of alternative silvicultural systems in high-
elevation forests in western North America. We examined responses of forest-floor 
small mammals, 14 years posttreatment, in four replicate units, uncut forest, a 1.0 ha 
group-selection cut, a large (>30 ha) clearcut, and the edge between the group-selection 
cut and uncut forest, in the Engelmann Spruce (Picea engelmannii Parry ex Engelm.) – 
Subalpine Fir (Abies lasiocarpa (Hook.) Nutt.) biogeoclimatic zone in south-central 
British Columbia, Canada. Populations of small mammals were livetrapped during five 
sessions from June to September 2006. The mean abundance of southern red-backed 
voles (Myodes gapperi Vigors) was significantly lower on large clearcuts than in uncut 
old-growth forests, with intermediate numbers in 1 ha cuts. The opposite trend was 
found for dusky shrews (Sorex monticolus Merriam), while there was no significant 
difference in mean abundance of deer mice (Peromyscus maniculatus Wagner) among 
treatments. Trappability, proportion of adult females breeding, and rate of survival of 
red-backed voles and deer mice were similar among treatments. Our results suggest 
that group-selection silviculture conducted in subalpine forests may have fewer 
negative impacts on the small-mammal community than large clearcuts. 

 

Contact Information: 
Ministry of Forests and Range Staff 
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Pat.Teti@gov.bc.ca 
 

  

mailto:Michaela.Waterhouse@gov.bc.ca�
mailto:Teresa.Newsome@gov.bc.ca�
mailto:Harold.Armleder@gov.bc.ca�
mailto:Pat.Teti@gov.bc.ca�


References 
 

Armleder, H., S. Stevenson and S. Walker. 1992. Estimating the abundance of arboreal 
forage lichens.  B.C. Min. For. and Range. Land Management Handbook. Field Guide Insert 
7. 

Backhouse, F. 1993. Wildlife tree management in British Columbia. Workers’ Compensation 
Board, B.C. Min. For. and Canada-British Columbia Partnership Agreement on Forest Resource 
Development: FRDA II. 

Farnden, C. 1994. Forest regeneration in the ESSF zone of north-central British Columbia.  
Canadian Forest Serv. Pacific Forestry Centre, Information Report BC-X-351.  31p. 

Golding, D.L. and R.H. Swanson. 1978. Snow accumulation and melt in small forest openings in 
Alberta. Canadian Journal of Forest Research 8(4):380-388.  

Gottfried, G.J. 1991. Moderate timber harvesting increases water yields from an Arizona mixed 
conifer watershed. Water Resources Bulletin 27(3):537-547.  

Jull, M. J. and Stevenson, S.K. (editors). 2001. The Lucille Mountain study: 8-year results of a 
silvicultural systems trial in the Engelmann Spruce-Subalpine Fir zone. Res. Br., B.C. Min For. and 
Range, Victoria, B.C. Work. Pap. 59. 

Kattlemann, R.C. N.H. Berg, and J. Rector. 1983. The potential for Increasing streamflow from 
Sierra Nevada watersheds. Water Resources Bulletin 19(3):395-401.  

Klenner, W. and T. Sullivan. 2003. Partial and clearcut harvesting of high elevation spruce-
fir forests: implications for small mammal communities. Can. J. For. Res. 33:2283-2296. 

Lajzerowicz, C., A. Vyse, M. Jull and T. Newsome. 2006. Performance of planted 
Engelmann spruce and subalpine fire seedlings in British Columbia’s southern mountains. 
For. Chron. 82: 84-94. 

Lajzerowicz, C.C. 2000. How does overstory retention affect above- and below-ground resources 
availability and seedling performance?  Implications for silvicultural systems choice in the ESSF. 
MS Thesis. University of Northern British Columbia, Prince George, B.C. 

Leupin, E., T. Dickinson, and K. Martin. 2004. Resistance of forest songbirds to habitat 
perforation in a high-elevation conifer forest. Can. J. For. Res. 34: 1919-1928. 

Luttmerding et al. 1990. Describing ecosystems in the field. Manual # 11. 2nd edition B.C.Min.Env 
& B.C..Min.For. Victoria, B.C. 1990.   

Mountain Caribou Science Team. 2006. Management options and related actions for mountain 
caribou in British Columbia.  http://ilmbwww.gov.bc.ca/sarco/mc 

Mountain Caribou Technical Advisory Committee.  2002. A strategy for the recovery of mountain 
caribou in British Columbia.  Version 1.0 September 2002. Ministry of Water, Land and Air 
Protection, Victoria, B.C. 

Province of British Columbia. 1995. Cariboo-Chilcotin land use plan: ninety day implementation 
process and final report. Victoria, B.C. 

http://ilmbwww.gov.bc.ca/sarco/mc�


Rominger, E.M., L. Allen-Johnson, and J.L. Oldemeyer. 1994. Arboreal lichen in uncut and 
partially cut subalpine fir stands in woodland caribou habitat, northern Idaho and southeastern 
British Columbia. Forest Ecology and Management 70:195-202. 

Stathers, R.J., Newsome, T.A., Waterhouse, M.J. and Sutherland, C. 2001. Microclimate studies 
on a group selection silvicultural system in a high-elevation ESSFwc3 forest in the Cariboo 
Region. B.C. Min. For. and Range, Res. Br., Victoria, B.C. Work. Pap. 58. 

Steen, O.A., R.A. Coupé, H.M. Armleder, and R.J. Dawson. 2005. Development and structure of 
three high-elevation old spruce-fir stands in the Quesnel Highland of east-central British 
Columbia.  B.C. Min. For., Res. Br., Victoria, B.C. Res. Rep. 26. 
<http://www.for.gov.bc.ca/hfd/pubs/Docs/Rr/Rr26.htm> 

Steen, O.A., R.Coupe, and M. Waterhouse. 2008. Natural regeneration of subalpine fir and 
Engelmann spruce in partially harvested high-elevation stands in east central British Columbia. 
B.C. Min. For., Res. Br., Victoria, B.C. Res. Rep. 28. 

Stevenson, S.K. 1979. Effects of selective logging on arboreal lichens used by Selkirk caribou. B.C. 
Min. Environ. Fish and Wildlife Br. Victoria, B.C., Report R-2 

Stevenson, S.K. 1990. Managing second-growth forests as caribou habitat. Rangifer, Special 
Issue No. 3:139–144. 

Stevenson, S.K., H. Armleder, M. Jull, D. King, B. McLellan, and D. Coxson. 2001. Mountain 
caribou in managed forests: recommendations to managers – second edition. Min. of Env., 
Lands and Parks. Wildlife Report No. R-26. 

Teti, P. 2004. Effects of small logged openings on snow ablation during a high snow year. Paper 
presented at the Western Snow Conference, Richmond B.C., April 2004 

Teti, P. 2003. Relations between peak snow accumulation and canopy density. The Forestry 
Chronicle 79(2):307-312 

Vyse, A. 1997. The Sicamous Creek silvicultural systems project:  How the project came to be 
and what it aims to accomplish. In: Sicamous Creek Silvicultural Systems Project: Workshop 
Proceedings. B.C. Min. For. and Range. Working Paper No. 24. 

Waterhouse, M.J., H.M. Armleder and A.F.L. Nemec. 2007. Arboreal forage lichen 
response to partial cutting of high elevation mountain caribou range in the Quesnel 
Highland of east-central British Columbia.  Accepted by Rangifer. 

Waterhouse, M.J., R.B. Catton and H.M. Armleder. 2004. Small mammal response to group 
selection silvicultural systems in Engelmann spruce-subalpine fir forests. B.C. Journal of 
Ecosystems and Management, Res. Report 3(2): 1-15. 

Waterhouse, M. 2000. Response of forest birds to group selection silvicultural systems in the 
Engelmann Spruce – Subalpine Fir zone in east central British Columbia. Draft report. Ministry of 
Forests and Range, Southern Interior Region. 

Youds, J., J. Young, H.M. Armleder, et. al. 2000. Cariboo-Chilcotin land-use plan: Mountain 
caribou strategy. Cariboo Mid-Coast IAMC. Special Report. Williams Lake, B.C. 

 

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 

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


 

 


	Ransome, Douglas B.; Lindgren, Pontus M.F.; Waterhouse, Michaela J.; Armleder, Harold M.; Sullivan, Thomas P. 2009. Small-mammal response to group-selection silvicultural systems in Engelmann spruce - subalpine fir forests 14 years postharvest. CJFR, ...

