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Abstract

The seasonal flight activity of both sexes of the eastern hemlock looper,Lambdina fiscellaria fiscellariaGuenée
(Lepidoptera: Geometridae) was studied during two consecutive years in Quebec and Newfoundland, using light
(L), pheromone (P) and combined light and pheromone (LP) traps. Moth density significantly affected the perfor-
mance of the different traps, with P traps being more effective at low than high density. However, P trap catches
decreased just prior to the onset of female captures, probably as a result of competition between traps and virgin
calling females. Nearly all females caught in L and LP traps were already mated and even the first females caught
had laid at least half of their egg complement. In Quebec under warm nights, the pattern of male activity occurred
at different times, with peak P catches being later in the scotophase than those of L traps, but overall similar
numbers of males were caught in both traps. In contrast, under cool nights, males were caught early in the night
in both P and L traps, suggesting a strong competition effect between traps, although more males were caught in
P than L traps overall. In Newfoundland, the pattern of male captures in L and P traps was similar at both high
and low temperatures, so competition between trap types would always be high. Under these conditions P traps
were more effective than L traps. Irrespective of the region, year or temperature, significantly more males were
captured in LP, with the effect of L and P being additive. In both regions, females responded similarly to L and
LP traps with peak activity occurring early in the night. Captures of females were lower than those of males under
cool temperatures, suggesting that the temperature threshold for flight is higher for females. The use of L and P
traps simultaneously and/or in combination is discussed in relation to integrated pest management programs and
ecological considerations.

Introduction

The interpretation of trap capture data for flying in-
sects is often difficult as numerous factors may directly
or indirectly affect the behavioral response of males
and females to the different stimuli used. Obviously,
the physical characteristics of the trap or the trap-
ping system are important, but errors may also occur
as a result of environmental and/or climatic condi-
tions prevailing at the time of sampling (for a general

review see Muirhead-Thomson, 1991). One way to
improve trap interpretation is the simultaneous use
of several sampling methods (Oloumi-Sadeghi et al.,
1975). However, this may be very costly with respect
to handling time, thereby making the potential of such
an approach rather low.

When given the choice between different trapping
techniques for moth species, pheromone traps have
generally been preferred to light traps as they are more
species-specific, and thus less labor intensive, they
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are usually less expensive, and as they do not require
a power source they have greater flexibility with re-
spect to trap location (Srivastava & Srivastava, 1989).
However, light traps have proved a valuable technique
because they attract both sexes of some species. Fur-
thermore, the use of both types of traps simultaneously
may help in interpreting pheromone trap catches be-
cause the reproductive state of the females caught in
light traps may provide some insight into competition
between pheromone traps and feral females (Gentry &
Davis, 1973; Hendricks et al., 1973; Oloumi-Sadeghi
et al., 1975; Fletcher-Howell et al., 1983; Dent &
Pawar, 1988; Srivastava & Srivastava, 1989; Herbert
et al., 1991; Campbell et al., 1992). However, using
different trapping techniques simultaneously may also
lead to additional sources of error in the interpretation
of trap catches, because of potential interference be-
tween traps (Bucher & Bracken, 1979) or confounding
effects of environmental conditions on insect activity
patterns (Dent & Pawar, 1988).

Jobin & Coulombe (1992) recently developed the
Luminocr trap, which is a miniaturized, portable
insect light trap equipped with a 6 volt battery acti-
vated by a photocell and a time clock. This trap not
only facilitates the sampling of both sexes but can be
used for monitoring forest pests where light traps have
been used less frequently than in agriculture due to
problems with the availability of power sources. Fur-
thermore, the substantial increase in male trap catches
reported when virgin females and/or synthetic lures
were placed in the vicinity of the light traps (Hoffman
et al., 1966; Henneberry & Howland, 1966; Hen-
neberry et al., 1967; Hendricks, 1968; Haile et al.,
1973; Gentry & Davis, 1973) suggests that the com-
bination of both attractants might be an effective tool
for mass trapping.

Following the commercial availability of the
Luminocr trap and the recent identification of the fe-
male sex pheromone of the eastern hemlock looper
(EHL), Lambdina fiscellaria fiscellaria(Gries et al.,
1991), a major pest on balsam fir,Abies balsamea
(L.) Miller, and eastern hemlock,Tsuga canadensis
(L.), in eastern North America (Otvos et al., 1979), we
undertook a two-year project to study the potential of
combined trapping. This study was carried out simul-
taneously in Quebec and Newfoundland (Canada) to
determine how population density, as well as abiotic
variables and geographical differences, may influence
the behavioral response of both sexes to light (L),
pheromone (P), and combined light and pheromone
(LP) traps. Seasonal changes in trap performance were

also examined in relation to mating and oviposition
activities of the EHL.

Materials and methods

The Quebec site was located in the Reserve du Parke,
near Kamouraska (47◦30′ N, 70◦30′ W) in a mature
stand of 70- to 90-year-old balsam fir, severely in-
fested by EHL in 1990 and 1991. In Newfoundland,
the 1991 field site was located on the Avalon Peninsula
near Flatrock, in a 50- to 90-year-old balsam fir stand,
lightly to moderately defoliated by EHL from 1988 to
1991. However, the looper density declined in 1991,
so in 1992 the field site was moved to Portugal Cove,
in a stand with similar characteristics. Both sites were
located near St. John’s (47◦35′ N, 52◦42′ W). Trials
were carried out in 1991 and 1992.

Multi-Pherr traps (BIOCOM, Sainte-Foy, Que-
bec) (Jobin & Coulombe, 1988), with two interlocking
pieces of 2 mm× 80 mm× 115 mm plexiglass to
intercept flying moths, were used as P traps in all
experiments. The L traps, a modification of the Multi-
Pherr trap, called the Luminocr trap, were equipped
with a 5.0× 0.5 cm fluorescent blue light bulb (wave-
length ranging between 300–600 nm) and operated
from dusk (19:00) to dawn (05:00). The P trap had
the bulb replaced with a red rubber septum (Aldrich
Chemical Co., Milwaukee, Wisconsin, USA) impreg-
nated with 25µg of 5, 11-dimethylheptadecane and
100µg of 2, 5-dimethylheptadecane, two active com-
ponents of the EHL female sex pheromone (Gries et
al., 1991). The same lures were used throughout the
flight period, because they are known to remain active
for extended periods (West & Bowers, unpubl. data).
In the combined LP trap the lure was placed just be-
side the light in the funnel. Unbaited traps without the
lamp were used as controls (C). A piece of dichlorvos-
impregnated wax (Vapor Tape IIr insecticide strip)
(Hercon Laboratories, New Jersey, USA) was placed
in the bucket of each trap.

At both sites, each treatment was replicated four
times using a Latin square design. In all experiments,
traps were suspended 2 m above the ground and
spaced 20 m apart. The position of each trap was ran-
domized weekly. Throughout the flight period, at both
sites, adult captures were collected daily, so the num-
ber of males and females was determined in each trap.
Temperature was recorded at 30 min intervals, over the
entire flight period, using a 21X data logger (Campbell
Scientific, Inc., Edmonton, Alberta, Canada).
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Each year, the total trap catches obtained in each
treatment during warm and cool nights at the two
sites were compared. As EHL activity was generally
initiated after dusk, only temperatures recorded from
18:00 to 06:00 were used to determine warm and cool
nights. The range of temperature over which moths
flew during the flight period varied from 5 to 17◦C
in both locations, so 11◦C was used to fix the limit
between the two temperature conditions.

The number of individuals per treatment was an-
alyzed separately for sex, site and year. In order to
obtain the homogeneity of variance, raw data were
log-transformed and then subjected to a two-way
ANOVA, using treatment (L, P, LP, C) and temperature
(warm and cool nights) as main effects. Orthogonal
contrasts were computed to compare the performance
of each trap alone, or in combination with temperature.
Control traps were not used for these comparisons,
because the number of individuals caught was too
low (<5%). This analysis was performed using the
PROC MIXED procedure of SAS/STAT (SAS Insti-
tute, 1990). As the number of females caught in P traps
was similar to controls, we present only comparisons
of L and LP traps.

In 1992 on several nights, hourly adult captures
in each trap of the L, P and LP treatments were also
monitored from 18:00 to 06:00 to assess the period of
maximal flight activity as a function of prevailing tem-
perature conditions at both sites. As above, the activity
of females was compared in L and LP traps only.

Each day the surface area of the right forewing
of 20 males and 20 females, chosen at random from
each trap for each treatment (or the total number when
densities were below this level), was measured using
a computerized image analyzer (Wild Leitz, Heer-
brugg, Switzerland). This parameter was used as an
estimate of body size at the time of emergence. The
rest of the body was placed at 50◦C for 24 h and then
the dry weight measured on a 200D Sartorius semi-
microbalance. The intra- and inter-seasonal variation
of both variables were analyzed separately for males
and females at both sites using a two-way ANOVA
with year (1991 and 1992) and time (1st, 2nd or 3rd
week of the flight period), as main effects. Orthogonal
contrasts were also performed to assess the linear and
quadratic effects of time alone or in combination with
years of male and female trap catches. This analysis
was performed using the PROC GLM procedure of
SAS/STAT (SAS Institute, 1990).

The reproductive state of females was recorded
daily for three periods of one week. Each female was

placed in an individual aluminum container and kept
for 24 h in a closed plastic box containing hot wa-
ter. Once softened, females were then dissected and
the number of spermatophore(s) present in the bursa
copulatrix was determined. Three categories (0, 1 or
≥ 2 spermatophores) were used for comparisons. In
this species, mating generally occurred on the night
following emergence.

In the Quebec population, an estimate of the ovipo-
sitional history of feral females caught in L and LP
traps during the 1991 and 1992 flights was determined
from the linear relationship between dry mass and
wing surface area, expressed as a slope (m) (Mal-
tais et al., 1989). The slope values obtained for feral
moths (mf ) caught in L or LP traps were then com-
pared with those for fully-gravid (mg) (100% of egg
complement) and spent (ms) (0% of egg complement)
females. These were obtained from females collected
as pupae at different times in the field, in order to
obtain the whole variability in both size and weight
of the population. Pupae were reared at 15◦C under
a L12:D12 photoperiod. The proportion of eggs laid
(p) by the captured females as a function of time
(week intervals) was determined using the following
equation:

p = mg −mf
mg −ms .

During 1991 in Quebec, the cumulative proportion
of eggs laid as a function of time by EHL females,
collected as pupae in the field, was determined at
three constant temperatures (10, 15 and 20◦C), under
a L12: D12 photoperiod. A minimum of 20 mated fe-
males were used in each treatment. These curves were
subsequently used to approximate the time at which
mating occurred and the pattern of oviposition of feral
females during both flight periods, based on the esti-
mated proportion of eggs laid by individuals captured
in traps.

Results

In Quebec, the flight period of EHL started in mid-
August and was almost completed by the end of Sep-
tember in both years (Figure 1). Males were always
captured earlier than females. However, the response
of males to the different stimuli varied over the sea-
son. At the beginning of the 1991 flight, there were
similar numbers of males in P and L traps but captures
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Figure 1. The mean number of eastern hemlock looper,Lambdina fiscellaria fiscellaria, male and female adults caught in light (L), pheromone
(P) and light+ pheromone (LP) traps throughout the 1991 and 1992 flight periods in Quebec and Newfoundland. The total number of males
and females caught is indicated in each graph.

in P traps were lower than in L traps following the
onset of female flight on day 237. In contrast, after
the second peak of female captures on day 246, more
males were caught in P than L traps. At the end of
the season, when female catches were maximum (day
254), L and P traps again captured similar numbers.
Finally, irrespective of the time during the flight sea-
son, the number of males caught in LP (54.1%) was
always greater than those captured in L (22.0%) and P
(19.0%) traps. In the case of females, similar numbers
were caught in L (50.2%) and LP (45.0%) traps. Fe-
male catches increased over the season and all peaks of
activity were well synchronized with those of males.
Trap catches of both sexes were considerably reduced
at temperatures below 10◦C.

In 1992, the seasonal pattern of male trap catches
was quite different, probably associated with the 45-
fold decline in the population density from the previ-
ous year (Figure 1). While P and LP traps were effec-
tive before females were active, L traps attracted very
few males. Moreover, once female activity started,
the efficacy of all three traps declined drastically
and remained low until the end of the flight. As in
1991, the LP traps captured the greatest number of
males (56.1%) but in 1992, P traps (31.4%) captured

more than L traps (10.8%). The seasonal flight pat-
tern of females was similar to that observed in 1991
(Figure 1).

In Newfoundland, where population densities were
low in both years, male flight activity started later and
lasted longer in 1991 than in 1992 (Figure 1), possi-
bly due to cooler environmental conditions associated
with the presence of icebergs along the coast of the
island during the whole summer. Males were captured
more frequently in P than in other traps at the begin-
ning of the flights for both years but the performance
of P traps generally declined following the appearance
of females. More males were attracted to P than L
traps in both 1991 (27 and 14%) and 1992 (29.3 and
17.3%) which is similar to the patterns observed under
the 1992 low density conditions in Quebec. LP traps
(59 and 53%) had the highest captures in both years.
As observed in Quebec, females were captured equally
in both L (49.2 and 59.4%) and LP (45.9 and 32%)
traps throughout both seasons.

In addition to seasonal differences, the efficacy of
the different traps also varied depending on tempera-
tures (Figure 2). In Quebec, the relative increase in P
compared with L captures was significant only under
cool nights in both years (Temp∗(L vs P) 1991: F=8.7,
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Figure 2. The mean total number (expressed as log) of eastern hemlock looper,Lambdina fiscellaria fiscellaria, male and female adults caught
in light (L), pheromone (P) and light+ pheromone (LP) traps during warm (≥ 11◦C) and cool (< 11◦C) nights of the 1991 and 1992 flights
in Quebec and Newfoundland.

P<0.02; 1992: F=7.6, P<0.02), a trend also seen
when comparing LP relative to L traps (Temp∗(LP vs
L) 1991: F=8.8, P<0.02; 1992: F=6.2, P<0.03). In
contrast, the increase in LP relative to P traps was
significant in both years (1991: F=17.3, P<0.006;
1992: F=17.2, P<0.003) irrespective of the temper-
ature (Temp∗(LP vs P) 1991: 0.00, P=0.9; 1992: 0.1,
P=0.8). In both years, females were equally attracted
to L and LP traps regardless of temperature (Temp∗(L
vs LP) 1991: F=0.5, P=0.6; 1992: F=0.00, P=0.9).

In Newfoundland, while the effect of temperature
on the number of males caught in the different traps
was the same for both years, the response differed
from the pattern observed in Quebec (Figure 2). For
instance, the response to P was significantly higher
than to L traps (1991: F=8.2, P< 0.01; 1992: F=5.6,
P<0.04) as was the response to LP traps (1991:
F=22.2, P<0.001; 1992: F=11.3, P<0.008). The re-
sponses were consistent irrespective of temperature
(Temp∗(L vs P) 1991: F=1.4, P=0.3; 1992: F=1.6,
P=0.2) (Temp∗(LP vs L) 1991: F=1.2, P=0.3; 1992
F=0.2, P=0.8). However, differences between P and
LP trap catches were not statistically significant (1991:
F=3.5, P=0.1; 1992: F=0.9, P=0.4) under either
temperature (Temp∗(P vs LP) 1991: F=0.01, P=0.9;
1992: F=1.0, P=0.3) (Figure 4). As seen in Que-
bec, females were always equally attracted to L and

LP traps (1991: F=0.2, P=0.7; 1992: F=0.2, P=0.7)
at both temperatures (Temp∗(L vs LP) 1991: F=0.2,
P=0.7; 1992: F=0.02, P=0.9).

In Quebec, the diel periodicity of male captures in
the different treatments was significantly influenced
by temperature (Figure 3). Males were attracted to
L traps early in the night (21:00) at warm tempera-
tures, while maximal attraction to both P and LP traps
occurred several hours later (23:00). Under cool con-
ditions, trap catches were lower in all trap types and
the peaks occurred at the same time (21:00). Female
catches in both L and LP traps were maximum around
nightfall (21:00) under warm nights. On cool nights,
female captures were practically non-existant, with no
activity being detected at temperatures below 10◦C
(Figure 3).

Under warm nights in Newfoundland, the hourly
patterns of male captures in all traps was similar,
with activity increasing from 22:00 to 02:00. In all
cases captures declined at 01:00 (Figure 3). As seen
in Quebec, light plus pheromone had an additive ef-
fect on trap captures. On cool nights, male captures
were significantly reduced in all traps, and although
males were captured throughout the night there was
no evidence of a peak activity period. Under warm
temperatures there was no evidence of periodicity of
female trap catches although the highest numbers were
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Figure 3. The mean number of eastern hemlock looper,Lambdina fiscellaria fiscellaria, male and female adults caught at hourly intervals in
light (L), pheromone (P) and light+ pheromone (LP) traps during warm (≥ 11◦C) and cool nights (< 11◦C) of the 1991 and 1992 flights in
Quebec and Newfoundland. The upper graphs indicate the mean hourly temperatures during warm and cool nights.

captured in both L and LP traps at 23:00. On cool
nights, very few females were captured in L and LP
traps, but in both cases the highest numbers occurred
at nightfall (Figure 3).

In the Quebec population, there was a significant
linear decline in male (1991: F=134.6, P<0.001;
1992: F=66.1, P<0.001) and female body mass
(1991: F=250.9, P<0.001; 1992: F=19.6, P<0.001)
over each flight season (Figure 4). However, while the
decline in male mass followed the same trend in both
years (Year∗time Male: F=0.6, P=0.5) in females, it
was more pronounced in 1991 than in 1992, as re-
flected by the significant interaction between the two
factors (Year∗Time Female: F=9.6, P<0.001). Over-
all, body mass of both sexes was less in 1992 than
1991 (Male: F=146.6, P<0.001; Female: F=107.2,
P<0.001), and in both years males were lighter than
females (Figure 4). A quite different pattern was seen
when the wing surface area was used as an estimate

of body size (Figure 4). Males captured in 1991 were
the same size throughout the flight period (F=0.00;
P=0.9), but in 1992, males caught at the end of the
season were significantly smaller than those captured
at the beginning (F=10.5, P<0.001). A somewhat dif-
ferent trend was observed in females as body size de-
creased over the season in 1991 (F=4.9, P<0.03), but
remained constant in 1992 (F=0.5, P=0.5) (Figure 4).

In Newfoundland, a significant seasonal linear
decline was seen in male (1991: F=13.6, P<0.003;
1992: F=20.2, P<0.001) and female body mass
(1991: F=18.4, P<0.001; 1992: F=30.0, P<0.001),
with the trend being the same in both years
(Year∗Time male: F=1.1, P=0.4; female: F=2.6,
P=0.1) (Figure 4). Overall, males caught in 1992 were
heavier than those in 1991 (F=191.4, P<0.001), while
the body mass of females was similar in both years
(F=0.00, P=0.9). In contrast, there was no seasonal
linear decline in male (1991: F=1.6, P=0.1; 1992:
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Figure 4. The mean dry body mass and the mean wing surface area of eastern hemlock looper,Lambdina fiscellaria fiscellaria, male and
female adults caught in light (L), pheromone (P) and light+ pheromone (LP) traps at three intervals of one week during the 1991 and 1992
flights in Quebec and Newfoundland.

F=0.5, P=0.5) or female wing surface area (1991:
F=0.2, P=0.7; 1992 F=3.4, P=0.1) in either year.
Furthermore, overall, males had significantly larger
wings in 1992 than in 1991 (F=57.6, P<0.001), while
there were no such differences between female pop-
ulations (F=0.4, P=0.6). Irrespective of the year, fe-
males were heavier and had smaller wings than males
at both sites (Figure 4).

Females that mated only once were encountered
more frequently than virgins or multiply-mated indi-
viduals, regardless of trap types, site or year (data not
shown). In Quebec in 1991, the number of virgins
declined while the number of multiply-mated females
increased later in the season. In 1992, very few vir-
gins were captured but as for 1991 the frequency of
multiply-mated females increased at the end of the
season. The seasonal patterns for 1991 and 1992 in
Newfoundland were similar to those observed for the
corresponding years in Quebec.

In Quebec, using the wing surface area to dry body
mass relationships for laboratory-reared gravid and
spent females, the estimated proportion of eggs laid
by the females at the time they were captured varied

considerably over the three week periods of sampling
(Figure 5). In 1991, females caught during the first
week had already laid 50% of their egg complement
compared with 56% and 84% during the following 2
weeks, respectively. Similar trends were observed in
the lower population density in 1992. Based on the
cumulative proportion of eggs laid by the EHL fe-
males at 10, 15 and 20◦C, the time required for feral
females to lay 50% of the total egg complement (ap-
proximately 180 eggs per female at each temperature
regime), would vary between 5, 7 and 12 days, respec-
tively (data not shown). This suggests that females had
emerged for at least a week before being captured in
any trap type.

Discussion

It has been generally reported that P traps are more
efficient than L traps in attracting moths early in the
season when populations are low, while the inverse
is true later in the flight period, when the density is
at its highest level (Hendricks et al., 1973; Starratt
& McLeod, 1976; Campbell et al., 1992; Mahrt et
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Figure 5. The linear relationship between dry weight and wing surface area of fully gravid (—), spent (- - -) and feral females (•) of eastern
hemlock looper,Lambdina fiscellaria fiscellaria, caught in the different traps during three intervals of one week (1, 2, 3) of the 1991 and 1992
flights in Quebec. The estimated proportion of eggs laid by females prior to capture is indicated in parentheses in each graph.

al., 1987; Srivastava & Srivastava, 1989). A similar
population density-trap catch relationship was also ob-
served with respect to the total trap catches, with P
traps being more efficient at low densities but not at
high ones (Roach, 1975; Fletcher-Howell et al., 1983;
Herbert et al., 1991). Several studies have suggested
that the decline in P traps at higher densities was
the result of increased competition by feral females
for males (Roach, 1975; Starratt & McLeod, 1976;
Oloumi-Sadeghi et al., 1975; Kennedy & Anderson,
1980; Fletcher-Howell et al., 1983; Legg & Chiang,
1984; Campbell et al., 1992) however, very few have
provided experimental data to support this hypothesis
(Oloumi-Sadeghi et al., 1975; Campbell et al., 1992).

In Quebec, the seasonal changes and the total num-
ber of males caught in L and P traps during both
flights were generally consistent with the previously
described effect of moth density on relative trap effi-
ciency. For instance when densities were high in 1991,
P traps were less effective than L traps, even at the
beginning of the flight period. Furthermore, soon after
the initiation of female flight, P trap catches declined
gradually and remained low for several days (days
235–245) at a time when L trap catches increased.
Given that the majority of females caught during that

period (days 240–250) were mated and had already
laid≤50% of their eggs in the previous 5 to 12 days,
it is reasonable to conclude that the decline in P trap
catches around day 235 was the result of competition
with calling virgin females. The subsequent increase
in P trap catches (days 247–249) would result from
lower levels of competition as the majority of females
were almost spent at that time (Figure 5).

In 1992 in Quebec, and in both years in New-
foundland, P traps were more efficient than L or LP
early in the season, as expected under lower density
conditions. This was followed by a slight decline in
P captures, probably due to competition with virgins.
However, in Quebec, male catches were subsequently
quite low in all traps even though temperature was
not a limiting factor for male flight. The observed
progressive loss in male body mass would normally
result in a lower wing loading (Angelo & Slansky,
1984), however in this case there was, as evidenced
by the wing surface area measurements, an associated
decrease in overall size of males captured. One pos-
sible explanation of the overall drop in trap captures
may be related to a decline in habitat quality follow-
ing the high degree of defoliation in 1991 leading to a
decline in adult longevity, a rapid loss of vigor and/or a
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lower level of response to the different stimuli. The ob-
served decline in male size could also be related to the
decline in host plant quality following the defoliation
in 1991. Males captured later in the 1992 flight period
could be from larvae that fed on previously defoliated
trees, resulting in a lower adult weight and a slower
rate of development. Similarly, the marked decline in
population density in the 1991 Newfoundland site was
probably associated with suboptimal ecological con-
ditions, given that males were significantly lighter and
smaller than those caught in 1992. However, the drop
in moth density was not as abrupt as the one observed
in Quebec, which may explain why the level of male
activity did not markedly differ between sites.

As expected, given that very few females are ever
caught in P traps, female trap catches were similar
for L and LP traps in both regions for both years. As
observed with males, female flight activity increased
towards the end of the season most probably as the
result of a decreasing wing loading due to egg deposi-
tion. If flight activity is associated with wing loading,
this would explain why so few virgins were caught,
given that they have greater body mass than males
but significantly smaller wing surface areas. Whether
mated females were actively searching for oviposi-
tion and/or feeding sites when attracted to L traps
remains to be determined through visual observations
over several nights following emergence. It has been
reported that EHL females frequently drag the tip of
their abdomen on the substrate, an activity possibly
associated with oviposition (West & Bowers, 1994).
The incidence of marking was generally more pro-
nounced in mated than virgin females, and the peak of
marking coincides with the time we captured females
in light traps (Figures 5, 6). This strongly supports the
idea that female loopers are flying in search of new
oviposition sites.

Several abiotic factors play a significant role in
the behavioral responses to both pheromone traps
and calling females (for a review see McNeil, 1991).
However, the influence of such variables on the per-
formance of different traps operating simultaneously
has received little attention (Gentry & Davis, 1973;
Dent & Pawar, 1988). In Quebec, temperature signif-
icantly influenced the time at which males responded
to P and LP traps, with peak activity occurring earlier
under cool rather than warm nights, a shift reported for
several other moth species (Cardé & Roelofs, 1973;
Comeau et al., 1976; Bollinger et al., 1977; Webb &
Berisford, 1978; Baker & Cardé, 1979; Turgeon et al.,
1983). Similar temperature-related changes have been

reported in the calling behavior of virgin females of
several moth species (Baker & Cardé, 1979; Teal &
Byers, 1980; Turgeon & McNeil, 1983; Haynes &
Birch, 1984; Delisle & McNeil, 1987, a, b; Delisle,
1992) and is true for the EHL (West & Bowers, 1994).
Peak activity in L traps always occurred early in the
night, so the advance observed in male response to P
on cool nights would increase the level of competition
between traps. The fact that fewer males were caught
in L than P traps under cool nights suggests that the
pheromone is a stronger stimulus than light (Figure 2).
Under warm nights, there should be less competition
between traps, an idea supported by the fact that the
patterns of male response to light and pheromone are
temporally separated (Figure 3), and thus L and P trap
catches did not statistically differ (Figure 2).

In Newfoundland a different behavioral response
was observed. Under warm nights, similar tempo-
ral patterns of male captures were observed in all
traps, with the activity generally being more impor-
tant in the middle than at the beginning or end of
the night. This suggests a strong effect of compe-
tition between traps during a significant portion of
the scotophase. Furthermore, under cool nights, there
was no evidence of a significant advance in the re-
sponse of males to pheromone, contrary to the pattern
observed in Quebec. Two factors may explain these
differences. Firstly, temperature at the beginning of
the night was already lower than in Quebec, so by
the time flight occurred, the temperature had dropped
below the threshold for male flight. Secondly, it is pos-
sible that the temperature decline was not sufficiently
pronounced to elicit a significant shift in the respon-
siveness of males to pheromone. For example, in the
obliquebanded leafroller,Choristoneura rosaceana,
the advance in the onset of female calling occurred
much earlier under a cool thermocycle (17◦ − 9◦C;
X= 14.9◦C) than at 15◦C constant (Delisle, 1992).
However, despite these irregular patterns, the overall
trap catches obtained in both years clearly demon-
strated that male loopers were more responsive to P
than L, irrespective of the temperature conditions at
night (Figure 2).

Generally, male captures in P traps occurred much
later at night in Newfoundland (03:00) than in Que-
bec (21:00), even though during warm nights, the
temperature was similar in both regions (Figure 3).
However, given that the flight period started nearly
3 weeks later in Newfoundland than in Quebec, one
possible explanation may be the effect of photoperiod
modulating differently the responsiveness of males to
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pheromone. This is consistent with findings reported
for the rice stem borer,Chilo suppressalis, where
males held under short days responded significantly
later in the scotophase than under long days (Kanno,
1981). There may also be geographic differences in
the populations. The onset of mating in the western
hemlock looper at 20◦C under L12:D12 photoperiod
occurred in the second half of the scotophase (Ostaff
et al., 1974), while under similar conditions, most
matings of the EHL from Quebec occurred during the
first half of the night (Delisle, unpublished). Thus, it
is possible that there are two geographic strains of the
EHL which have adapted to maritime and continental
ecological conditions.

Previous studies have suggested that the use of
blacklight traps baited with either virgin females
(Hoffman et al., 1966; Henneberry & Howland, 1966;
Henneberry et al., 1967; Hendricks, 1968) or a syn-
thetic lure (Gentry & Davis, 1973) could lead to
effective control of male population, due to the addi-
tive effect of both stimuli on trap catches. However,
it has been argued that the impact of this approach
would also depend on whether baited traps will be
in direct competition with the native virgin females
(Hoffman et al., 1966). In the present study, despite
the additive effect of both stimuli on male trap catches,
there was no evidence that such a trapping system
was competitive enough to reduce mating activities in
the population, given that more than 80% of all fe-
males caught were successfully mated. Furthermore,
the ability of EHL males to mate consecutively for sev-
eral nights without any significant negative effect on
their reproductive potential (Delisle, unpubl.) raised
the question as to whether a reduced male popula-
tion will have any consequences on the density of the
subsequent generation. Similarly, the use of L traps
alone or in combination with P to suppress female
population will be of little value, given that only a
low proportion of unmated females was captured in
the light traps. However, the combined use of P and
L traps may prove useful should a pheromone mat-
ing disruption program be implemented for the EHL.
Low male captures in P traps and the absence of mated
females later in the season would suggest mating dis-
ruption was successful. One could argue that a higher
proportion of virgin females caught in L traps early in
the season could also indicate a significant reduction
in the incidence of mating. However, this seems un-
likely in the hemlock looper as virgin females have a
low capacity of flight and generally do not oviposit for
several days following emergence (Delisle, personal

observation). Furthermore, there is no evidence of de-
creased wing loading due to a massive resorption of
eggs (Delisle, personal observation). Thus, the fail-
ure to mate is unlikely to lead to an increased number
of virgins initiating flight and subsequent increases in
trap capture.

The non-selectivity of the L traps in attracting in-
sects has been generally regarded as a disadvantage
compared to P traps, especially at low population den-
sities of the target species. However, it did not require
a lot more time to sort out the hemlock loopers in
the L than P traps following the decline in the EHL
population in Quebec in 1992, or in either year of rela-
tively low population densities in Newfoundland. This
was not particularly surprising, as there were very few
other moth species active in coniferous stands at this
time of the year. Thus, the presence of other species
would not pose a problem in hemlock looper moni-
toring programs. However, this aspect would have to
be taken into consideration when evaluating the po-
tential of autonomous light traps for monitoring other
species.

Another beneficial aspect of using L traps, as re-
ported in this study, would be to help to correlate
seasonal changes in male pheromone trap catches with
the occurrence of mated females and thus provide a
better biological interpretation of the pheromone mon-
itoring system of this economically important pest.
Understanding the relationships between ovipositional
history and the prevailing environmental conditions
may make it easier to obtain estimates of overwin-
tering egg mortality. Furthermore, it may shed light
on the conditions that result in the appearance of
intersexes in the subsequent generation (Delisle, un-
published), possibly due to unfavorable conditions
associated with diapause induction and/or embryonic
development
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