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Introduction 
 
The selection of species and the control of species composition have long been 
recognised as key components of forest management (Smith 1986). For British 
Columbia, a site-specific approach to species selection based on understanding the 
silvical characteristics of species, the ecological characteristics of the site to be 
managed and management goals was recommended by Klinka and Feller (1984), 
and expanded by Klinka et al. (1990). Their approach required foresters to 
evaluate species suitability for a given site and then to choose among species 
based on three criteria: timber productivity; timber crop reliability considering 
possible biotic and abiotic disturbances; and the feasibility of establishing the 
desired crop considering such variables as planting cost and the probability of 
natural regeneration.  This approach was adopted across the province as 
ecological site identification and mapping proceeded (Meidinger and Pojar 1990). 
Species selection guidelines were developed based on ecological surveys, 
assessments of pest damage and site index estimates (Ministry of Forests 1993 
and 2009; Mah and Nigh 2008).  
 
Almost all of the information on species productivity, reliability and feasibility in 
the guides is based on empirical observations. Experimental evidence is scarce 
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(but see Arnott et al. 1995, Pollack 1980). While the value of comparative tests of 
species performance in the field was acknowledged early in British Columbia, such 
tests are expensive to install and even more difficult to maintain over the many 
years required to generate good data. More effort has been focussed on single 
species provenance trials (Ying et al. 1985), and on moving native species beyond 
their current range (e.g. Larix occidentalis Nuttall to the northern Interior, 
Jacquish 2010). The performance of non-native or exotic species Has been 
reported on by a number of authors: Abies procera Rehder (Arnott et al. 1995), 
Eurasian Larix species (Newsome et al. 1995; Vyse and Elmes 1995), Betula 
pubescens J.F. Ehrh. (Carlson et al. 2000) and hybrid poplars (Carlson 1996).  
 
Climate change is expected to play a major role in shaping the future composition 
and use of forest and range resources in British Columbia, including the 
movement of species ranges northwards and upwards in elevation, and the 
possible occurrence of new assemblages of species in both space and time 
(Spittlehouse and Stewart 2004, Hamman and Wang 2006, McKenney et al. 
2007). The distribution, frequency and severity of natural disturbances including 
insects and pathogens will also be affected by changes in climate which may 
fundamentally affect changes in forest structure and function (Kliejunas et al. 
2009). Forest managers will be required to adapt to these changes based on 
detailed assessments of species vulnerabilities to existing and novel disturbances, 
modifying current species selection guidelines and testing species range expansion 
(Spittlehouse and Stewart 2004). Long term experiments with detailed monitoring 
information of species-site relationships provide an excellent source of information 
for such assessments (Millar et al. 2007, Aitken et al. 2008).  
 
The Interior Cedar Hemlock (ICH) biogeoclimatic zone (Meidinger and Pojar 1990) 
in the southern interior (Figure 1) is the centre for tree species diversity in the 
Interior (Klinka et al. 2000). Fifteen tree species grow to merchantable size in the 
zone, and species selection guidelines specify up to 8 species as suitable for 
planting on any given site (Ministry of Forests 1993, 2009). Three species have 
been used with greatest frequency in planting programs within the zone: 
lodgepole pine (Pinus contorta var. latifolia Engelm. ex S. Wats.), interior spruce 
(a naturally occurring hybrid between Picea glauca (Moench) Voss and P. 
engelmannii Parry ex. Engelm.) and interior Douglas-fir (Pseudotsuga menziesii 
var. glauca (Mirb) Franco). Of these species, lodgepole pine is affected by a wide 
variety of damaging agents (Heineman et al. 2009, Woods and Bergerud 2010) 
and Douglas-fir is highly susceptible to killing by Armillaria ostoyae (Romagn.) 
Herink, which is ubiquitous in the southern ICH zone (Cleary et al. 2008).   
 
We report here on the results from two trials established at least twenty years ago 
that test multiple species over a range of conditions in the southern ICH  (for 
locations see Figure 1). Range expansion of three species is tested in the trials. 
Our objective was to evaluate timber crop productivity and reliability for the 



species tested in these trials, to compare the findings with the current species 
selection guidelines and to recommend changes to the guidelines if necessary. 
  
Observations on crop productivity and reliability 
 
Broadleaves. Performance of paper birch and hybrid poplar was poor at both 
trials. The prolonged summer drought of 1998 in the southern Interior and an 
additional summer drought in 2003 may have accentuated the site characteristics 
and led to extensive loss of stem vigour and mortality.  The hybrid poplar had 
wood borer activity in the early years, but this did not appear to cause mortality.  
 
Neither broadleaved species is suitable for widespread planting in warmer and 
drier portions of the ICHmw, because of the increasing risk of drought as the 
climate warms. Birch dieback is prominent in warm subzones of the ICH in the 
southern Interior.  The current syndrome is probably being driven by recent 
changes in climate (i.e. increased frequency of drought events in recent years) 
combined with a complex of pest interactions. However, planting birch in 
combination with other species in order to reduce Armillaria losses (Vyse and 
Simard 2009), or on sites in moister climates such as the ICHwk should be 
explored. Naturally regenerating stems of paper birch should be retained in stand 
management operations to capture ecological benefits (Simard and Vyse 2006). 
Native cottonwood and aspen grew well, outstripping conifers, in EP904 plots 
suggesting that their crop potential may be high in wet ICH subzones. 
   
Douglas-fir. This species performed poorly in the northern trial because of frost 
damage, which reduced survival severely and slowed early growth. There was no 
evidence of root disease and growth performance might have matched that on the 
southern site in the absence of frost. Armillaria but was a major threat to this 
species on the southern site. The disease is prominent throughout much of the 
ICH in the southern Interior and is well known to pose a major threat to Douglas-
fir plantations.  Where root disease inoculum has been removed, Douglas-fir fares 
well in terms of survival and growth (Morrison et al. 1988, Sturrock 2000). The 
species could be given greater role in future planting operations by carefully 
selecting planting sites that have a low risk of frost (Steen et al. 1990) and 
undertaking stumping.  
 
Interior spruce. The species survived better than any other species in both trials. 
It was relatively unaffected by pest damage and grew slowly but steadily over the 
length of the trials. Better growth might be expected from superior seedlots now 
available. There was no evidence of Pissodes strobii (Peck) in either trial, contrary 
to expectations (Swift et al. 2002), perhaps because of the relatively high density 
in both trials. Care should be taken planting this species in southern and dry ICH 
subzones because warming conditions might lead to slower growth and other 
species will outperform spruce. 



 
Lodgepole pine. This species is the leading plantation species in the interior of the 
province as a result of its reliable survival and good early growth. In the trials 
reported here, survival and growth matched the expected performance, but the 
long term growth prospects are not as good as other conifers, notably western 
white pine, western larch, Douglas-fir and ponderosa pine. D. ponderosae was the 
major pest on the northern site but damage was patchy and not as severe as in 
surrounding stands. On the southern site, there were no major pest problems and 
Armillaria mortality was low. While D. ponderosae has been absent so far, there 
are attacks in the vicinity of the trial. Atropellis canker may become more 
prominent as stands age. Surveys conducted by Woods and Bererud (2010) and 
Heineman et al. (2009) indicate that a substantial proportion of lodgepole pine 
plantations are affected by western gall rust, although in this study, gall rust 
caused only minimal damage at the northern site.  In the future, climate change 
may affect environmental conditions that lead to an increase in the frequency of 
wave year phenomena for all hard pine rusts in many areas of the southern 
Interior.  The current outbreak of Dothistroma needle blight in northwest BC is a 
prime example of a fungal organism responding to changing environmental 
conditions and having devastating impacts (Woods et al. 2005).  Indirect effects 
associated with climate change leading to increases in summer precipitation may 
favour development and spread of foliar diseases of lodgepole and other conifers. 
 
Ponderosa pine. This species grew well in the southern trial. No major pest threats 
were apparent in the trial but the current mountain pine beetle epidemic has 
impacted other plantations severely (Vyse pers.com.) and natural stands have 
been devastated in the northern portion of the species range (Klenner and 
Arsenault 2009). Little is known of the risk of other potential damaging agents.  
Larger scale trials of ponderosa pine mixed with Douglas-fir and larch are 
warranted given the forecasts for a warming climate.  
 
Western red cedar. This species grew slowly on the EP1153 site. Survival was 
generally good with the exception of poor performance on one poorly drained 
treatment unit. Of all conifers, western red cedar was the least affected by 
Armillaria root disease.   Effective resistance mechanisms operating in the roots of 
cedar against A. ostoyae have been demonstrated which result in lower overall 
mortality rates for that species compared to other common conifers (Cleary 2007). 
The species is a good choice for reforestation in areas that are heavily infested 
with root disease.  However, western redcedar is commonly stressed by drought.  
The slow growth of cedar may be related to the relatively warm dry conditions 
often experienced on the site. Care should be taken in prescribing widespread 
planting of cedar on similar sites, given the expected warming climate. Drier than 
normal sites should not be planted.  
 



Western larch. Larch grew extremely well on the EP1153 site, however, damage 
from Armillaria root disease was highest among all conifers. Fast growing species, 
like larch, tend to contact Armillaria inoculum in the soil much sooner than most 
other conifers during the period of highest susceptibility (before the age of 15 
years). The species should only be grown in mixtures, or in pure stands after 
stump removal. Results from long-term stumping trials suggest a significant gain 
in volume in both Douglas-fir and western larch following inoculum removal 
(Cleary pers.comm.).  Planting more resistant species such as paper birch and 
western red cedar should reduce Armillaria impact to dominant larch stems an 
could be undertaken operationally with little risk.  Larger scale trials of mixtures 
are warranted and northward extension of the species seems reasonable (Jaquish 
2010). However, caution should be taken when planting larch in high risk areas 
for needle blight. 
 
Western white pine. Western white pine (WWP - Pinus monticola Dougl. Ex 
D.Don) was once known as the “King of Pines” because it attained great size and 
possessed highly desirable wood qualities. The accidental introduction, and rapid 
spread, of white pine blister rust (Cronartium ribicola J.C. Fisch.) at the beginning 
of the 20th Century caused very heavy mortality throughout the region and 
intensive efforts to control blister rust in the United States and Canada were 
largely unsuccessful. The species is not acceptable for restocking in British 
Columbia but blister rust resistant stock is available for planting. 
 
The productivity of this species was very high on both sites despite the impact of 
C. ribicola.  Widespread plantings have not taken place because of the risk of 
blister rust, but these results suggest that the risk of deploying blister rust 
resistant stock more widely  is low (Carlson et al. 2010, King 2010, Mahalovich 
2010, Vyse et al. 2010).   
 
We compiled data on the performance of 17 older plantations (Fig. 2; Fig. 3) of rust 
resistant and local seed sources of WWP to assess the degree of rust resistance in 
plantations, assess the presence of other forest pests that might affect plantation 
success and evaluate the growth performance of WWP in relation to other common 
plantation species. Once established, WWP grew well in almost all of the trials and 
plantations examined. Early growth over the first 10 years was slow in two trials but 
subsequent growth was rapid. Site index at 50 years BH age was 30 m or higher in 4 
trials. Rust infection levels were highly variable. Rust resistant sources performed 
better than the local sources in all cases. The comparative survival and growth of 
WWP with other conifers suggests that further testing of rust resistant selections of 
the species is warranted. Moving WWP into the northern portions of the ICH and more 
intensive deployment on moist sites within the southern ICH should be tested further. 
 
 



White pine has been shown to be susceptible to Armillaria root disease but recent 
investigations have shown that it is more tolerant than other widely used 
plantation species (Cleary et al. 2008, Cleary 2010). Mid-rotation white pine is also 
susceptible to pole blight. Many young stands of white pine in southeastern BC 
were reported to be suffering from pole blight in the 1930s and 1940s. This 
condition is thought to be related to drought and other factors including shallow 
soils, canker pathogens and root disease (Auclair et al. 1990, Kliejunas et al. 
2009). Climate warming might lead to blight symptoms on the drier warmer sites 
of the southern ICH zone.  However, northward extension and more intensive 
application of rust resistant selections within the ICH seem warranted. More 
details on white pine are provided in Appendix 1. 
 
Species selection for the ICHmw and ICH wk 
 
Recommendations for species selection throughout the province are provided in 
the Reference Guide for Stocking Standards (Ministry of Forests and Range 
2009)_The results suggest that species selection guidelines for the two BEC zones 
examined should be revisited. Lodgepole pine is rated as a preferred species on 
drier sites in both the subzones covered by the trials examined in this report, but 
its growth performance was less than impressive in the trials. Early growth was 
rapid but has declined since year 10. Douglas-fir and interior spruce are also listed 
as preferred species choices, and neither species performed as well as other less 
favoured species.  The species trial results confirmed the values shown in SIBEC 
for the common plantation species in both trials with exception of Douglas-fir in 
EP1153. However, estimates for the less common species (western larch, 
ponderosa pine, western white pine) are much higher than those shown in SIBEC, 
even though estimate reliability ratings are shown as moderate to high in several 
cases. One possible reason for the disparity in these cases is that the site index 
estimates are derived almost wholly from natural stands with unknown early 
growth conditions 
 
Species selection for root disease areas 
 
Cleary et al. (2008) provide species susceptibility and recommendations for 
planting in Armillaria-infested sites, among which include greater deployment of 
western redcedar. At EP 1153, cedar mortality was the lowest among all conifers 
and did not increase over time.  Mortality in Douglas-fir and western larch 
increased at a rate of about 1% per annum which agrees with expected mortality 
of those conifers in new plantations (Morrison and Pellow 1994).  Subsequent 
remeasurement may show a decline in mortality over time as a result of increasing 
host resistance and a decline inoculum potential in stumps and roots left over 
from the previous stand.  However, these species are among the largest in the 
trial and each newly killed tree increases the amount and potential of inoculum on 
site.  In infested areas elsewhere, larch mortality has been higher than other 



common conifers (Cleary per.comm).  Fast growing species tend to contact 
inoculum in the soil sooner while the inoculum potential is high.  Efforts at 
regenerating sites with a mixture of species including more resistant hosts are 
warranted. 
 
Conclusions and recommendations 
 
Although the species trials examined here have short comings, the results 
demonstrate how individual species respond to site conditions and the differences 
among species.  Efforts should be made to examine species performance in a 
variety of formal and informal trials throughout the southern ICH in order to test 
the observations made in EP 904 and EP 1153 and to extend their range of 
applicability. This has been done for western white pine (Vyse et al. 2010) and for 
western larch (Jaquish 2010). These trials can serve as an important link between 
more specialized trials of individual species such as the Douglas-fir, lodgepole 
pine, western larch and paper birch trials, which have been established across the 
same general region. Species trials can play a significant role in the development 
of explicit descriptors of species and ecosystem responses to climate that can be 
used in vulnerability assessments and in developing adaptation strategies 
(Spittlehouse 2008). 
 
The comparative survival and growth of WWP with other conifers suggests that 
further testing of rust resistant selections of the species is warranted. Moving WWP 
into the northern portions of the ICH and more intensive deployment on moist sites 
within the southern ICH are both options that should be tested further. Stratified 
species mixtures with white pine, Douglas-fir or spruce and western red cedar should 
also be tested. Further efforts should be made to examine white pine performance in 
other formal and informal trials throughout the southern ICH in order to test the 
observations made in EPs 904 and 1153 and to extend their range of applicability.  
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 Figure 1. Location of Species trials 
 

 
 
 
 



 
 
Figure 2. Location of white pine trials and outplantings in southern interior of BC use 
map of distribution of Pw 
 
 
 

 
 
 



Figure 3. WWP in the southern Interior .Clockwise from the top left: 26 yr old rust 
resistant WWP in EP 904; Cronartium ribicola fruitiung bodies; dead WWP from local 
seed source EP904; 15 yr WWP at Eagle Bay.  
 

 
 
 
 
 
 


