
Project Y081268 Final Report 

Harvesting and site preparation treatments to develop and maintain open canopy 
conditions in dry-belt Douglas-fir forests: the Isobel Project 
 
Abstract.  Project Y081268 involves the completion of sampling and manuscript 
preparation on three monitoring projects at the Isobel site.  Our objective was to (1)  
complete a survey of post-treatment Douglas-fir beetle (Dendroctonus pseudotsugae) 
induced tree mortality in relation to the three site preparation treatments, (2) to quantify 
tree radial growth response to prescribed fire (growth in treated areas vs.growth in 
untreated areas) across a range of scorch severity and fuel loading at the tree base, (3) to 
quantify livestock use of the permanent sample plot areas outside the exclosures using 
faecal counts, and (4) to prepare manuscripts on: (a) the relationship between prescribed 
fire tree scorch severity and secondary Douglas-fir beetle mortality, and (b) the growth 
and survival of rough fescue transplant plugs in relation to understory light conditions, 
livestock management and the level of competition by pre-existing vegetation at the 
transplant site as manipulated through control, burn, screef and herbicide application 
treatments.  
 
All four objectives were completed successfully.  Prescribed fire resulted in the loss of 
approximately 36% of the live trees >7.5 cm dbh, whereas the control and mechanical 
screefing treatments resulted in <2% mortality.  Bunchgrass plugs survived best on sites 
with screefing or herbicide treatment, suggesting some form of site preparation may be 
necessary for bunchgrass to invade pinegrass dominated sites.  In addition, relatively 
open canopy conditions of > 40% percent above canopy light conditions are required for 
bunchgrass to establish and grow, although transplanted plugs survived in some relatively 
low light conditions for several years.  Analysis of cores from trees scorched during the 
prescribed fire suggested that ring widths during the last 2 years (2006-07) were greater in 
harvested areas than in undisturbed control plots but did not differ greatly between grazed and 
ungrazed plots. Ring widths also appeared to vary with year of burning, being significantly 
greater for trees and unburned trees were generally poorly correlated with tree size, preburn fuel 
amounts, and fire impacts on trees and fuels, but statistically significant correlations with some of 
the tree, fuel, and fire impact variables suggest that postburn radial tree growth can be related to 
stand and fire characteristics.  
 
Introduction.  Dry-belt Douglas-fir forests extend over several million hectares in the 
Southern Interior Forest Region (SIFR) and represent a valuable resource from an 
economic, social and ecological perspective.  The proximity of these stands to urban 
centers and mill sites makes them commercially valuable and both the timber and 
livestock industry will continue to rely on them for timber and forage.  These forests 
surround many of the communities in the Southern Interior, underlining the importance 
of maintaining recreational opportunities and the need to implement effective fuels 
management to reduce the risk of uncontrolled wildfire in the urban-wildland interface.  
The ecological value of these sites is similarly high due to less severe temperatures and 
snowpack than at higher elevations in winter.  Many species of wildlife, from native 
ungulates to cavity nesting birds undertake seasonal movements to lower elevations in 
winter, emphasizing the habitat value of these stands.  
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The Isobel project was designed to examine five key dry-belt management issues in 
relation to several overstory and site preparation treatments. The monitoring will address: 
1. Conifer regeneration,  2. Grass, forb and shrub species composition and abundance, 3. 
Understory productivity as indicated by annual growth,  4. Fuel loading and 5. Timber 
growth and wood quality. The design is being implemented with three overstory 
harvesting treatments distributed across 12 available treatment blocks.  
 
There were four objectives in 2007-08:  
1. To complete a survey of post-treatment Douglas-fir beetle (Dendroctonus 

pseudotsugae) induced tree mortality in relation to the three site preparation 
treatments. Preliminary data collected in 2006 indicated insect attack rates of 15–60% 
of the trees which were lightly–moderately scorched during prescribed fire.  

2. To quantify tree radial growth response to prescribed fire (growth in treated areas 
vs.growth in untreated areas) across a range of scorch severity and fuel loading at the 
tree base. 

3. To quantify livestock use of the permanent sample plot areas outside the exclosures 
using faecal counts. Non-uniform livestock grazing across the 12 treatment units at 
the site indicated the initial categories (inside-outside exclosures) be replaced with a 
permanent sample plot-specific measure of livestock use. 

4. Prepare manuscripts on: (a) the relationship between prescribed fire tree scorch 
severity and secondary Douglas-fir beetle mortality, and (b) the growth and survival 
of rough fescue transplant plugs in relation to understory light conditions, livestock 
management and the level of competition by pre-existing vegetation at the transplant 
site as manipulated through control, burn, screef and herbicide application treatments.  

 
Methods. Three field monitoring projects were completed in 2007-08. (1) Quantifying 
post-site preparation treatment tree mortality, (2) short-term radial tree growth in 
response to prescribed fire, and (3) quantifying livestock use of the treatment areas. 
 
(1) Quantifying post-site preparation treatment tree mortality.  We surveyed  post-

treatment Douglas-fir beetle (Dendroctonus pseudotsugae) induced tree mortality in 
relation to the three site preparation treatments. Preliminary data collected in August - 
September 2006 from 5 m wide strip transects across the prescribed fire areas 
indicated insect attack rates of 15–60% of the trees which were lightly–moderately 
scorched (bole scorch heights of <1 to 4m) during the prescribed fire treatments.  We 
established six systematically placed 9.77m radius permanent sample plots in each of 
the 72 site preparation treatment areas (3 treatments x 12 areas x 2 livestock 
management levels [inside and outside exclosures]) and assessed insect attack (from 
frass caught in bark fissures) and tree survival on all stems >7.5 cm d.b.h  This level 
of sampling will assess about 40% of the stems in each of the site preparation areas 
for an estimated overall sample size of about 6500 trees.  All trees within the plot 
were tagged to facilitate future re-measurements. 

 
(2) Short-term radial tree growth in response to prescribed fire. The objective of the 

proposed project was to develop a method of predicting the short (2 year) and longer 
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term (10-20 year) growth response to prescribed fire of Douglas-fir in the IDF zone in 
south central B.C.  A variety of  fuel, tree, stand, site, and fire variables in a number 
of burned areas were recorded, and tree diameter growth measured 2 years after 
treatment and compared to the growth of trees in control, unburned areas. Individual 
trees (412 in total), covering the full range of diameters present, were measured at the 
Isobel site prior to the prescribed fire treatments and the post-treatment radial growth 
response of these individual trees will be determined by measuring tree ring widths 
on increment cores taken at breast height. Variables that have been measured at Isobel 
include: 

 
fuel - fine and coarse surface fuel load and tree density adjacent to a marked tree;  
tree - tree breast height diameter, height of live crown, and total height; 
site -  aspect, slope, ecosystem moisture status and site series; and  
fire/climate -  Canadian Fire Weather Index System codes and indices for the times of 
the fires, annual/seasonal temperature and precipitation data before and after the fires, 
degree of stem scorching, scorch height, degree of crown scorching. 
 

(3) Quantifying livestock use of the treatment areas. Three of the key indicators (conifer 
regeneration, understory species composition and annual productivity of grass and 
forbs) being monitored at the Isobel site in relation to canopy condition are likely to 
be strongly affected by the level of livestock activity at the permanent sample plot 
monitoring locations (170) and within the site preparation areas (2160 one m2 plots).  
Livestock use of the Isobel site is noticeably non-uniform based on frequent but non-
systematic direct observations of livestock. In 2006-07, direct observations, and signs 
of livestock use (footprints and trampling) correlated well with faecal counts on 3m 
wide x 25m long strip transects at the permanent sample plots and on 2m radius plots 
around each of the 2160 vegetation plots within the site preparation areas.  These strip 
transects were sampled again in 2007 for faecal counts.  

 
 
 
Results.   All projects undertaken at the Isobel site in 2007-08 were completed 
successfully.  Approximately 6,500 trees > 7.5 cm dbh were assessed for site preparation 
related mortality, livestock faecal counts were completed at all permanent sample plots 
and at the 2160 1m2 site preparation vegetation monitoring plots, 411 scorched trees were 
evaluated for radial growth and a 3-year survival and growth assessment was made on the 
bunchgrass transplants (1476).  Draft manuscripts were prepared for the tree mortality in 
relation to site preparation work, and the bunchgrass transplant experiment.  Result 
summaries are as follows: 

 

Site preparation and tree mortality.  We measured 5491 Douglas-fir trees in 432 plots 
representing combinations of 3 harvesting levels (0, 50% or 75% of basal area removed) 
and 3 site preparation treatments (no treatment, mechanical screefing or prescribed fire). 
Half the plots were installed within large cattle exclosures. Plots were measured 4 years 
after harvest and 1 or 2 years after site preparation treatments.  Very few trees died in 
control or mechanically screefed plots (< 2 %), but 35.8% of trees died in the prescribed 
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burn areas. The presence of cattle exclosures had no effect. Most mortality from 
prescribed fires occurred in the smallest diameter class where almost half the stems 7.5 – 
15 cm DBH were killed. Mortality generally declined with increasing DBH, but this trend 
was reversed in trees greater than 45 cm DBH where 30% of Douglas-fir trees died. 
Douglas-fir bark beetle were attracted to trees in prescribed burns and preferentially 
attacked larger trees, leading to a bimodal mortality curve based on tree size.  
 
We used logistic regression to predict the probability of mortality for individual Douglas-
fir trees. Two measures of fire intensity (percent bole scorch at DBH and degree of 
ground charring) and presence of Douglas-fir beetle sign were positively associated with 
tree mortality. DBH was negatively associated with tree mortality. Trees in harvested 
treatments had a higher probability of mortality but, within a harvesting level, tree 
mortality increased with increasing plot basal area.  Higher mortality in harvested areas 
may be related to larger accumulations of slash. Percent bole scorch at DBH, beetle 
presence and DBH had the most influence on mortality. 
 

Tree radial growth in relation to prescribed fire.  During 2007, all marked trees in the 
burn plots were visited, and those that were still living had increment cores taken. It was found 
that within the 24 burned plots, 93 of the 411 marked Douglas-fir trees had died by August, 2007. 
Cores were taken to the laboratory at UBC where ring widths were subsequently measured. 
Removing trees that could not be located or whose rings could not be measured due to cracking 
of cores, left 265 trees. in 2005 burn plots than trees in 2006 burn plots. Ring widths and ring 
width differences between burned Analysis of cores from these trees suggested that ring widths 
during the last 2 years (2006-07) were greater in harvested areas than in undisturbed control plots 
but did not differ greatly between grazed and ungrazed plots. Ring widths also appeared to vary 
with year of burning, being significantly greater for trees and unburned trees were generally 
poorly correlated with tree size, preburn fuel amounts, and fire impacts on trees and fuels, but 
statistically significant correlations with some of the tree, fuel, and fire impact variables suggest 
that postburn radial tree growth can be related to stand and fire characteristics. Recoring of some 
trees in 2008 will allow a more definitive assessment of prescribed burning impacts on tree 
growth. In addition, ladder fuels and stand density in the vicinity of marked trees will be 
quantified and included in the assessments of factors explaining tree mortality and radial growth. 
 

Bunchgrass survival and growth in relation to pinegrass competition and 
understory light conditions.  We transplanted 1,476 rough fescue (Festuca campestris) 
plugs in Douglas-fir (Pseudotsuga menziesii) stands recently harvested using a single 
tree/group selection pattern to remove 0%, 50% and 80% of the basal area. We applied 
four site preparation treatments (no treatment, burn, herbicide and screef) prior to 
planting, and chose sites to represent a range of light conditions. We protected 
approximately half the plots from cattle grazing using large livestock exclosures. The 
understorey of these stands is dominated by pinegrass (Calamagrostis rubescens). 

 

Transplanted rough fescue plugs responded positively to site preparation treatment, with 
plugs in burn treatments surviving best and showing the most vigour. Plugs in herbicide 
and screef treatment plots performed better than plugs transplanted in plots with no site 
preparation treatment, indicating that some level of site preparation treatment is required 
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to establish rough fescue in pinegrass-dominated areas. Grazing by cattle did not appear 
to have a negative effect, although three growing seasons may not be enough time to 
determine this and some plugs were pulled out initially by grazing cattle.Transplanted 
plugs responded positively to increasing light levels, showing increased vigour and 
higher survival rates as light levels increased. Our data suggest that rough fescue plugs 
will not be viable at light levels below 40%, although plugs may persist for several years.  

After three growing seasons, fescue plugs had not visibly spread beyond their original 
plug boundaries. While this may change with increased time, at this point it does not 
seem likely that transplanted fescue plugs will be able to colonise adjacent areas 
dominated by pinegrass, despite the higher available light levels, due to their relatively 
poor success growing in untreated plots. Converting a pinegrass area to rough fescue 
might be possible using a combination of high harvesting levels, prescribed fire and 
intensive planting of fescue plugs, but it is unlikely to occur naturally where fescue plants 
are not already established. 

 
Conclusion and management implications.   Our results suggest that prescribed fire 
may lead to high levels of increased secondary mortality of mildly scorched trees that 
likely attract Douglas-fir beetle.  Prescribed fire can lead to high levels and highly 
variable levels of mortality of the post-harvest residual stems as well as diminished radial 
growth. This effect may compromise timber values, but would favor the increased 
survival and growth of bunchgrass that grows and survives best under open canopy 
conditions and where competing bunchgrass has diminished vigor.  Such conditions may 
be achieved through the repeated use of prescribed fire in stands such as those found at 
the Isobel site, but the availability of natural bunchgrass propagules and the long-term 
outcome of competition between bunchgrass and pinegrass remain uncertain. 
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	The Isobel project was designed to examine five key dry-belt management issues in relation to several overstory and site preparation treatments. The monitoring will address: 1. Conifer regeneration,  2. Grass, forb and shrub species composition and abundance, 3. Understory productivity as indicated by annual growth,  4. Fuel loading and 5. Timber growth and wood quality. The design is being implemented with three overstory harvesting treatments distributed across 12 available treatment blocks. 

