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Project Overview 
Understanding the links between climate, insect population dynamics and forest health is 
critical to forest management in the future. Climate has been identified as a trigger for 
outbreaks of many insects; therefore, future climate change will impact forest health 
through changes to the length, frequency and severity of insect outbreaks. This research 
investigates the links between climate, outbreaks of western hemlock looper (Lambdina 
fiscellaria lugubrosa), and the impacts of outbreaks on the composition and structure of 
forests in coastal British Columbia. We examine the frequency and impacts of western 
hemlock looper outbreaks using multiple lines of evidence including historical 
documents, instrumental climate data, multi-year data from permanent research plots, and 
dendroecological analyses.  Our objectives are to examine the relationship of outbreaks to 
climate variables, test for historical trends in outbreak frequency, and quantify the 
impacts of recent outbreak to understand effects on forest composition and structure.  
Knowledge of the long-term frequency and predictability of western hemlock looper 
outbreaks, combined with improved understanding of climate-outbreak interactions, will 
increase our ability to anticipate future outbreaks given a wide range of possible climate 
change scenarios. The second outcome of this research will be improved understanding 
the impacts of western hemlock looper outbreaks on stand composition and structure.  
This information will be incorporated into guidelines that take into account the severity 
and duration of an outbreak when choosing management options for defoliated stands.   
 
 
Methods 2006-7 
Study Area 
This research is being conducted in the Coquitlam River watershed, for which there is 
documentary evidence of western hemlock looper outbreaks in 1927-1929, 1944-1947, 
1969-1973, and 2000-2003. Specifically, the 2000-2003 outbreak of western hemlock 
looper affected c.1500 ha of the watershed and provides unique research opportunities for 
two reasons: 
1. Long-term ecological monitoring of insect populations, stand structure, CWD and fuel 

dynamics documented the rise and fall of the current western hemlock outbreak and 
include pre-, during and post-disturbance observations of impacts on forest and 
understory vegetation composition and structure. These data are rare and valuable. 

2. In 2000, the GVRD adopted an ecosystem management mandate guided by natural 
range of variation. Therefore, this disturbance will remain “unmanaged”, despite 
potential short- and long-term negative impacts of defoliation on individual trees and 
stands. This is a unique opportunity to quantify the impacts of outbreaks on forests. 

 



Methods 
In 2006-7 we addressed two components to our research: (1) analysis of historical climate 
and insect records and (2) monitoring of permanent research plots.   
1. Climate Trigger 
To examine the influence of climate on the timing of western hemlock looper outbreaks 
during the 20th century, we have developed a ‘climate stress index’ derived from 
historical, instrumental rainfall and temperature data.  Using superposed epoch analysis, 
we have determined that significant droughts preceded the onset of western hemlock 
looper outbreaks in the Lower Mainland during the 20th century.  We have detected 
significant influences of climate variation in association with outbreaks at the monthly, 
seasonal and annual timescales and have quantified the conditions under which outbreaks 
are most likely to occur.  
 
2. Impacts of Defoliation 
Using repeated measures (2002-2005) of permanent sample plots in 15 stands and  
dendroecological analyses, we quantified the effects of the 2000-3 western hemlock 
looper outbreak in the Coquitlam watershed.  The sample plots include five stands that 
were severely defoliated, five that were moderately defoliated, and five non-defoliated, 
control stands.  In each stand, sample plots include 20-25 canopy dominant trees and are 
150 to 600 m2, depending on stand density. In each stand, we have determined the 
species, dbh and height class of all living trees and snags (dbh >5cm).  Composition and 
percent cover of understorey plants was measured in nine randomly located 2m2 plots.  
Five hemispherical photographs were taken in each plot to assess canopy openness. All 
attributes were measured annually in July and August from 2002 to 2005. 
 
Increment cores were sampled c.30 cm above the ground from canopy dominant trees and 
snags.  Multiple cores were taken to ensure they intercepted the pith. The cores have been 
prepared following standard dendrochronological methods. Ring-width series were 
measured using a Velmex bench interfaced with a computer and visually and statistically 
crossdated using the program COFECHA to estimate tree age from the pith date and year 
of death for snags. Properly dated ring-width series were combined into species- and site-
specific chronologies and standardized using the program ARSTAN.  
 
At the tree level, we will use multiple regression to test for the influences of tree size, age 
and species on growth rates and survival/mortality of individual trees in defoliated versus 
control stands.  At the stand level, we will quantify the impacts of defoliation on tree 
growth. We will use the standard chronologies to quantify the impacts of moderate- and 
high-severity defoliation on the radial growth response of host (western hemlock) and 
non-host (western redcedar, Douglas-fir and amabilis fir) trees. Impacts will be reported 
as ring-widths and basal area increments and will estimate biomass losses due to 
defoliation and mortality and gains as surviving trees recover and release.  We will 
calculate species-specific, annual mortality rates over a 4-year period during and 
immediately following the outbreak.  Snag density and generation of coarse woody 
debris as snags fall will be reported by species, size and decay classes.  At the community 
level, we will determine how structure, canopy openness, and understorey plant 
abundance and species richness change as stands recover following the outbreak. 



 
Preliminary analyses were consistent with our expectations: growth of western hemlock 
decreases and mortality increases with severity and duration of defoliation.  However, the 
impacts of the outbreaks were highly variable between stands and species.  Many trees 
and stands recovered after moderately severe defoliation that lasted one year.  This 
outcome has important implications for deciding if and when it is necessary to salvage-
log defoliated stands.  Therefore, our results will be incorporated into a "decision-making 
tree" to assist forest managers to make the best possible management decisions in 
response to a western hemlock looper outbreak in coastal forests. 
 
Scope and Regional Applicability 
GVRD Watershed Management, BC Ministry of Forests and Range, Forest Managers 
We will provide (a) improved understanding of long-term frequency and predictability of 
outbreaks in the coastal forest in relation to climate variation and predicted climate 
change and (b) guidelines to quantify the impacts outbreaks and recovery of stands after 
outbreaks of various severity and duration.  This information will assist forest managers 
to determine the impacts of defoliation on growth rates and mortality/survival of trees and 
determine if and when salvage logging is necessary during an outbreak. 
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