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The western hemlock looper, (Lambdina fiscellaria lugubrosa (Hulst)), is an indigenous 
defoliator of coniferous and broadleaved tree species in British Columbia (BC). Defoliating 
insects are a natural disturbance agent responsible for alterations in forest composition and 
succession and have impacts on overall forest health. However, in coastal BC, it is unknown 
how forest stands change following western hemlock looper (WHL) defoliations. How are tree 
growth rates affected? Are there changes in crown closure? What rates of tree mortality can be 
expected? How does snag frequency change? What is the response of the understory 
vegetation? This report addresses these questions by summarizing three studies:  

(a) comparative analysis of the effects of the 2000-3 western hemlock looper outbreak, 
(b) a test for linkages between outbreaks and antecedent climatic conditions, and  
(c) historical reconstruction of past outbreaks. 

 

Background 

To study the impacts of the 2000-3 
western hemlock looper outbreak, we 
established 15 study plots representing 
three severities of defoliation, light (5-25% 
visible defoliation, n=5), medium (26-65%, 
n=5), or severe (>65%, n=5) in the 
Coquitlam River watershed, 40 km 
northeast of Vancouver. For our 
investigation of the links between climate 
and western hemlock looper outbreaks, 
we assessed a wider area consisting of 
the south coast of mainland BC. 

Study Locations 

Western Hemlock Looper 
Populations and their Impacts 

on Coastal BC Forests 
 

S.P.J. McCloskey and L.D. Daniels  

Coquitlam 
Watershed 

Examples 
of forest 
change 

 
due to 

defoliation 
by looper 



 

Page 2 Western Hemlock Looper

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Although the most recent outbreak began in 2000, reductions in basal area increments were not 
apparent until 2001 at which point many trees ceased growth and died, especially at the severely-
defoliated sites (Figure 1). Tree mortality continued in the years following the outbreak, as 
severely defoliated trees succumbed (Figure 2).  
 
The loss of needles through herbivory and the death of large numbers of canopy trees directly 
altered the physical structure of the forest stands in our study area by significantly increasing 
canopy openness. Using hemispherical photography, we measured average canopy openness to 
be 5% at lightly-, 13% at moderately- and 24% at severely-defoliated sites. Following three years 
of continuously severe defoliation by western hemlock looper, the five severely-defoliated sites 
that recorded the highest levels of canopy openness also had the greatest vascular plant 
understory richness and groundcover (Figure 3). Few tree seedlings or saplings survived at these 
sites leading to the establishment of a diverse understory that lacked a seedling bank.  
 

Forest Impacts 

 
Figure 2. Number of western hemlock trees by health 
class (1=1-19% live canopy, 2=20-39%, 3=40-59%, 
4=60-79%, 5=80-100%) and snags by decay class 
(1=newly dead coincident with the 2000-3 western 
hemlock looper outbreak, 2-5= advanced decay, death 
prior to the 2000-3 outbreak) in all lightly, moderately 
and severely defoliated sites. 
 

 
Figure 3. Mean understory species richness by life 
form for lightly-, moderately- and severely-defoliated 
sites 

      
 
Figure 1. Number of living western hemlock canopy trees by 
year for a) lightly, b) moderately and c) severely defoliated sites 
during the 2000-2003 western hemlock looper outbreak in the 
Coquitlam River watershed. Trees and recent snags were cored 
in 2003 and years of last radial growth were reconstructed using 
crossdated, species- and site-specific ring-width chronologies.  
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We identified a "tree-ring signature" for trees that had experienced past western hemlock 
looper defoliations by quantifying the radial growth patterns of trees that survived known 
defoliations on Coquitlam Island during the 20th century. To do this, we compared the tree-
ring series of western hemlock and western redcedar trees. Both species of tree responded 
similarly to historical climate conditions, yet differed in their growth rates following known 
western hemlock looper defoliations on the island. Immediately following each of the four 
documented periods of western hemlock looper outbreaks on Coquitlam Island, the growth 
of western hemlock trees was much slower or suppressed relative to their western 
redcedar neighbours (Figure 5).  By assessing tree growth following known outbreaks, we 
verified that tree rings can be used to reconstruct historic outbreaks.  

Western hemlock looper populations along coastal 
British Columbia have undergone seven episodes of 
outbreak from 1911 to 2004, leading to visible 
defoliation of western hemlock-dominated forests. 
We analyzed local meteorological records to develop 
a moisture stress index of combined temperature and 
precipitation data that identified periods of warm, dry 
climate between 1895 and 2004. A high moisture 
stress index in June was associated with the onset of 
visible defoliation by western hemlock looper 
populations later that year (Figure 4a). A high 
moisture stress index over the entire growing season 
(May to September) was associated with conditions 2 
years before visible defoliation events (Figure 4b), 
providing a trigger for populations to increase to 
outbreak levels in subsequent years. We 
hypothesized that warm, dry conditions during these 
periods improve the survival of western hemlock 
looper larvae and facilitate population increases. 
 

Climatic Driver  

Figure 4.  Moisture stress indices for a) June, and 
b) May-September growing season. Dots in a) 
indicate significant correlation with the initial year of 
western hemlock looper outbreaks. X’s in b) 
indicate significant correlation with conditions 2 
year antecedent to western hemlock looper 
outbreaks. 

          Reconstructing Past Outbreaks 
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To reconstruct historic outbreaks prior to the first documented western hemlock looper 
outbreak in 1911, we compared long tree-ring series of western hemlock versus western 
redcedar.  We identify four periods of suppressed growth that were unique to western 
hemlock, which provided evidence that several western hemlock looper outbreaks had 
occurred on Coquitlam Island during the 19th century (Figure 5). Our results extended the 
historical record of western hemlock looper outbreaks by over 100 years and provided 
evidence of outbreaks in 1803-9, 1829-1831, 1865-9 and 1901-6.   

 
 
 
 
 
 
 
Figure 5 The absolute 
frequency (upper graph) and 
relative frequency (lower 
graph) of western hemlock 
trees sampled on Coquitlam 
Island showing  significant 
radial growth suppression 
compared to neighbouring 
western redcedar trees (grey 
bars). Radial growth 
suppressions were considered 
significant when the ring-width 
index was ≥1.28 standard 
deviations below the average. 
The upper graph shows the 
sample depth line as the 
number of western hemlock 
trees in the dataset in each 
year. The lower graph shows 
a dashed line at 35% 
indicating the threshold 
percentage of suppressed 
trees used to identify known 
and reconstructed outbreaks 
of western hemlock looper. 
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