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 Recent changes in the structure of forests within the southern interior forest region 

of British Columbia may be having an effect on populations of the western spruce 

budworm Choristoneura occidentalis Freeman, a major pest of Douglas-fir.  At higher 

elevations of the interior Douglas-fir zone (IDF) Douglas-fir is associated commonly 

with lodgepole pine.  Recently lodgepole pine trees have been removed from these mixed 

stands in response to the mountain pine beetle epidemic.  While the removal of lodgepole 

pine trees may act to reduce stand susceptibility to the mountain pine beetle, the resultant 

forest may be vulnerable to other major forest pests such as the western spruce budworm.  

The objective of M086045 was to examine changes in the population ecology of spruce 

budworm resulting from these changes in forest structure. A first step was to review what 

is currently known about the relationship between stand structure and budworm 

populations. This note provides that review together with a list of references of the 

broader issue of damage and outbreaks of the western spruce budworm.   

The western spruce budworm occupies a wide range latitudinal range and 

damages many tree species. Not surprisingly, many different studies have been conducted 

on the insect and its host trees.  Published scientific research on changing Douglas-fir 

stand dynamics and the subsequent effect this has on western spruce budworm 

populations can be found in the history of outbreaks (tree ring chronologies), general 

publications on western spruce budworm and damage to Douglas-fir as well as various 



studies of stand dynamics affecting the western spruce budworm.  Few studies have 

looked specifically at the effect of selective forest thinning on western spruce budworm 

population processes.     

Dendrochronology, the study of tree rings, provides a proxy method for analyzing 

the severity, frequency and duration of historical western spruce budworm outbreaks 

(Harris et al 1986; VanSickle et al 1983; Brubaker and Greene 1979).  Repeated 

defoliation of Douglas-fir by western spruce budworm in BC causes radial growth 

reductions which can be measured through tree ring core samples (Alfaro et al 1982; 

Carlson et al 1983).  By looking at the average duration of reduced growth periods, the 

timing, duration and severity of budworm outbreaks can be estimated. Tree-ring 

reconstruction of western spruce budworm impact in the southern Rocky Mountains by 

Swetnam and Lynch (1989; 1993) showed these outbreak characteristics have intensified 

since humans began altering the forests.  They found that outbreaks have become more 

synchronous in the later twentieth century and believe this is due to the changes in age 

structure and species composition that occur after tree harvest as well as increased fire 

suppression.  The alteration in forest structure due to human induced changes such as fire 

suppression (Arno 1976; Anderson et al 1987), logging (selective cutting) and 

insecticidal spraying have led to the establishment of shade tolerant understory Douglas-

fir.  It is this change in understory which is believed to be the key contributor to the 

development of stands that are vulnerable to budworm as increasing tree density 

increases risk of damage Douglas-fir susceptibility to western spruce budworm (Carlson 

et al. 1983; Fellin et al. 1983; Anderson et al 1987; Schmidt 1987; Mutch et al 1992; 

Wickman 1992). Remedial practices resulting from these conclusions recommend 



controlled ground fires or thinning to reduce stand density and minimize the number of 

canopy layers in managed stands (Anderson et al 1987).  This would reduce the amount 

and quality of budworm habitat essential to outbreaks.  

Studies on stand dynamics suggest that factors such as stand density, height 

structure, vigor, maturity, size and climate, all affect the susceptibility of Douglas-fir to 

western spruce budworm (Torgersen 2001; Carlson 1988; 1983).  Dense, mature stands, 

composed mainly of host trees, are especially vulnerable to wSBW (Wulf and Cates 

1987; Carlson et al 1983).  Wulf and Cates (1987) found that Douglas-fir was more 

severely defoliated on sites where it was the main component of the stand and was 

subsequently the climax tree species.  Our review of stand dynamics studies, however, 

revealed contradicting views.  Fauss and Pierce (1969) found Douglas-fir defoliation by 

western spruce budworm intensified as crown closure increased but Williams et al (1971) 

and Stoszek and Mika (1983) found that higher defoliation occurred on open grown trees.  

 One mechanism proposed by different researchers for differences in the 

defoliation of open versus closed stands is larval dispersal losses.  Morris and Mott 

(1963) suggested that differences in susceptibility stem from early larval dispersal losses 

which translate to less damage to host trees.  Their studies showed relatively low 

dispersal losses in dense stands of preferred host trees and high dispersal losses in open 

or mixed-wood stands.  Similarly Beckwith and Burnell (1982) believed that high levels 

of defoliation in dense stands were related to low numbers of young larvae lost during 

dispersal.     

Kemp and Simmons (1979) also looked at the influence of stand factors on the 

survival of early instar western spruce budworm.  They found that crown closure and 



non-host species had a significant impact on survival rates of spring dispersing budworm 

on balsam fir.  As crown closure increased survival of dispersing larvae increased where 

as increasing presence of hardwood species decreased survival.  In general, stands with a 

low percentage of Douglas-fir trees incur less defoliation, most researchers recommend 

silvicultural practices to manipulate the structure of the stands in order to protect against 

outbreaking budworm (Carlson 1983; Kemp and Simmons 1979).   

While there have been some interesting studies conducted on the effects of 

thinning in relation to the western spruce budworm the measurements made are often 

incongruous and it is consequently difficult to compare studies.  Clinton E. Carlson 

conducted many studies on the western spruce budworm in the Rocky Mountains.  In a 

study from 1985 he studied western spruce budworm defoliation (past and present) on 80 

year old Douglas-fir/ ponderosa pine stands.  He found that wSBW defoliation was less 

in thinned stands than in untreated mixed stands and suggested that thinning may cause 

increased mortality to w SBW larval stages.  Alternatively Carlson suggested that trees 

may have released and out grown the insect and/ or defensive chemistry of trees was 

enhanced.  In a study conducted a few years earlier, Carlson et al (1983) found that at 

higher elevations where Douglas-fir is mixed with lodgepole pine damage is less 

pronounced compared to pure Douglas-fir stands.  

In conclusion, there is considerable evidence that the population ecology of 

western spruce budworm is influenced by stand structure of preferred hosts. 

Circumstantial evidence suggests that differences in observed damage between stands can 

be correlated to differences in their respective stand structure but there have been few 

direct and replicated manipulations of stand structure to quantify these relationships. 



There have been no studies in which the processes associated with putative changes have 

been concurrently observed.  

Differences in the measurement of increased susceptibility whether it be 

defoliation or dispersal or direct measures of population size, create a challenge when one 

attempts to compare studies and determine how eliminating one species will affect the 

other major tree species in a mixed forest.  Moreover differences in species composition 

and site characteristics from study to study can also make it difficult to compare 

experimental findings.  Our study is focused on this area of higher elevation mixed 

lodgepole pine and Douglas-fir stands. We hope to determine the mechanisms 

responsible for differences in western spruce budworm populations in either open mainly 

Douglas-fir stands versus mixed Douglas-fir/lodgepole pine stands.  Through a study of 

western spruce budworm defoliation, early larval dispersal, parasitism, disease and egg 

mass estimations we hope to determine exactly where the differences occur and thus 

uncover the true effect of selective thinning lodgepole pine trees in the interior of BC. 
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