
Forest composition and structure following defoliation by western hemlock looper 
 

Shane P. J. McCloskey and Lori D. Daniels 
Department of Geography, University of British Columbia, Vancouver 

 
Presented at the 2007 Ecological Society of America Meeting 

August 5 – 10, 2007 in San Jose, California 
 

 
 
Abstract 
 
Western hemlock looper (Lambdina fiscellaria lugubrosa) populations along coastal 
British Columbia experienced outbreak levels from 2000 to 2003, leading to visible 
defoliation of western hemlock (Tsuga heterophylla) dominated forests. This study 
represents the first detailed ecological assessment of forest compositional and structural 
response to western hemlock looper defoliation in coastal BC forests. Stands severely 
defoliated for multiple years underwent massive mortality approaching 100% of canopy 
and subcanopy trees. Smaller trees experienced greater mortality than larger trees. A shift 
in living canopy composition occurred as western hemlock and Douglas-fir trees died at a 
greater rate than western redcedar or amabalis fir. Canopy openness increased from 5.2% 
in lightly defoliated sites to 23.7% for severely defoliated sites. Understories shifted in 
structure and composition, as the amount of bare ground and tree cover decreased and the 
amount of cover of shrubs, ferns and herbaceous species increased with increasing 
severity of canopy defoliation. Shrub cover (24.9%), fern cover (27.6%) and herbaceous 
species cover (8.7%) was significantly higher in severely defoliated sites than in lightly 
defoliated sites (16.7%, 13.3% and 1.0% respectively). Understory species richness was 
also greater in severely defoliated sites compared to lightly defoliated sites, with a greater 
number of shrub species (2.22 species per plot compared to 3.53), fern species (1.60 to 
2.42) and herbaceous species (0.29 to 1.00). Therefore, severe western hemlock looper 
outbreaks shift both forest composition and structure by causing extensive mortality of 
canopy species and the establishment of a non-tree dominated understory. Frequent 
western hemlock looper outbreaks represent an important natural disturbance in coastal 
BC forests that increase landscape heterogeneity.  
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Plot Defoliation
Status

Canopy Western Hemlock (% Living)
 Canopy Openness

Average (%) Standard Deviation
1999 2000 2001 2002

L1 Light 100 100 95 90 5.6 0.6

L2 Light 100 100 95 89 6.2 0.7

L3 Light 94 88 82 65 8.5 1.2

L4 Light 100 100 100 88 3.0 0.5

L5 Light 100 94 89 78 2.7 0.4

M1 Moderate 100 93 57 39 15.3 6.7

M2 Moderate 100 96 83 65 8.9 2.1

M3 Moderate 100 96 96 87 12.2 6.0

M4 Moderate 100 91 59 50 17.2 8.5

M5 Moderate 100 100 76 67 9.6 0.7

S1 Severe 95 65 30 30 17.1 2.7

S2 Severe 94 78 33 22 31.1 2.5

S3 Severe 89 58 11 0 22.2 3.7

S4 Severe 95 95 15 10 26.0 6.8

S5 Severe 94 83 28 11 22.4 1.1
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Figure 2: Comparison of species richness and percent cover (mean and standard error) among defoliation categories for trees, 
shrubs, ferns and herbs. The mean values for boxes labeled with the same letter were not significantly different at the 0.05 
level based on the results of a nested ANOVA.

Figure 1: Location of lightly- (L1-5), moderately- (M1-5) and severely- (S1-5) defoliated study sites within 
Coquitlam watershed. Severity of defoliation in 2002 also shown. 

Table 1: Percent of living canopy western hemlock trees over a four-year period (1999-2002) and canopy openness as mea-
sured by hemispherical photography (2003) following varying levels of defoliation by western hemlock looper.
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Photo Legend

A) Larval stage of western hemlock looper.

B) Coquitlam Island.

C) Canopy of undefoliated site.

D) Canopy of defoliated site.

E) Understory of undefoliated site.

F) Understory of defoliated site.

G) Larval stage of western hemlock looper.

H) Coquiltam Lake.

I) Defoliation by the end of June.

J) Defoliation by early August.

K) Fallen tree top.

L) Defoliated patch on Coquitlam Island.
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Figure 3: The number of living trees by health class (above line) and the number of snags by decay class (below 
line) for western hemlock, western redcedar, amabilis fir, Douglas-fir, and vine and bigleaf maples censused from 
2002 to 2005. Heath classes are based on the percentage of crown not defoliated (by quintile: 1=0.1-19%, 2=20-39%, 
3=40-59%, 4=60-79%, 5=80-100%). Snag decay classes were adapted from Thompson et al. (1979). Snag decay class 1 
(coloured) represents ‘recently-dead’ trees that died during the 2000-3 western hemlock looper outbreak.

Figure 4: Probability of tree mortality from the onset the 2000-3 western hemlock 
looper outbreak in Coquitlam River watershed. Four representative tree sizes have 
been plotted for western hemlock (closed circles), western redcedar (open circles), 
amabilis fir (closed triangles) and Douglas-fir (open triangles).

Forest composition and structure following defoliation by western hemlock looper

Introduction
Western hemlock looper (Lambdina fiscellaria lugubrosa Hulst) alters 
forest structure by increasing snag frequency and canopy openness, 
and alters forest composition through species-specific mortality rates of 
canopy and subcanopy trees. Historically, defoliated stands were cut to 
salvage the affected timber before the quality of the wood degrades. Thus, 
little is known about the impacts of defoliation on growth or mortality-
survivorship rates of trees following defoliation. Similarly, the impacts on 
understory composition and structure are not well documented. 

The western hemlock looper is an indigenous defoliator to coastal British 
Columbia. Its preferred host is western hemlock (Tsuga heterophylla (Raf.) 
Sarg), but during outbreaks western hemlock looper will feed on foliage of 
other conifers and broadleaved trees and shrubs. 

Study Area
An outbreak of western hemlock looper occurred from 2000 to 2003 in 
several spatially discreet locations along the south coast of mainland 
British Columbia. The largest contiguous patch of defoliated forest (1 500 
ha) was located within the Coquitlam River watershed, 40km northeast of 
the city of Vancouver. The affected forest is classified as the submontane 
(elevation < 900 metres above sea level) variant of the Very Wet to Moist 
Maritime Coastal Western Hemlock biogeoclimatic subzones. In these 
forests, western hemlock (Tsuga heterophylla (Raf.) Sarg) is the most 
common tree species but other frequently occurring species are western 
red cedar (Thuja plicata Donn ex D. Don), Douglas-fir (Pseudotsuga 
menziesii var. menziesii (Mirb.) Franco) and amabilis fir (Abies amabilis 
Dougl. ex Forbs). This was the seventh recorded outbreak of western 
hemlock looper along the south coast of British Columbia during the past 
century (Figure 1). 

Objectives
This study examined the impacts of a western hemlock looper outbreak 
on the structure and composition of coastal forests in British Columbia, 
Canada. My goal was to demonstrate how differing severities of defoliation 
can increase forest heterogenity at the landscape level. My objectives were 
to: (1)  compare structural and compositional impacts of three different 
levels of disturbance severity on stands with comparable tree composition, 
density, age and stand structure.; and, (2) quantify species-specific rates of 
mortality in the years following the western hemlock looper defoliation. 

Forest Impacts
Through the death of canopy trees, canopy openness increased (Table 1). 
The forest understory of severely-defoliated sites showed higher levels of 
species richness and cover than lightly-defoliated sites due to increases in 
shrub, fern and herbaceous species. In contrast, severely-defoliated sites 
had the lowest levels of tree richness and cover (Figure 2).

Tree Mortality
Many trees defoliatied by western hemlock looper did not recover once 
the outbreak had ended (Figure 3). Mortality of western redcedar and 
amabilis fir was restricted to subcanopy trees, whereas western hemlock 
and Douglas-fir of all sizes died. These species-specific mortality rates 
were quantified through logistic regression from data collected through 
repeated censuses of 1000 trees over a four-year period  (Figure 4).

Conclusions
Due to variation in the severity of defoliation, the 2000-3 western hemlock 
looper outbreak produced distinct forest patches within a landscape that 
had been relatively homogenous prior to disturbance. Folivory by western 
hemlock looper kills both canopy and subcanopy trees within coastal BC 
forests leading to a marked increase in snag density. Herbivore preference 
for western hemlock, caused a decrease in the dominance of western 
hemlock and an increase in less frequent species within the surviving 
canopy and subcanopy trees of the affected stands. Thus, western hemlock 
looper defoliations have an important role in altering the composition and 
successional pathways of coastal forests. 


