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ABSTRACT

Sex pheromone traps are now used for monitoring populations of spruce
budworm (Choristoneura fumiferana [Clem.]) at more than 500 locations annually
across eastern North America. This report describes experiments that have been
carried out during the development of this program during the 1985-1991 period.
These experiments have resulted in standardization of the trap and lure, and in trap
deployment. Problems of contamination of the traps by pheromone and of
inconsistensies in the potency of the lures from year to year have been identified.
Cheaper, disposable traps would solve potential contamination problems and
would also avoid the inconvenience of cleaning and storing traps. Inconsistencies
among lures can be minimized by stockpiling pheromone of known purity for use in
the manufacture of lures each year. To safeguard against inconsistencies, each
new batch of lures should be cross-calibrated against the previous batch.

RESUME

Les piéges a phéromone sont maintenant utilisés pour surveiller les fluctuations
annuelles des populations de la tordeuse des bourgeons de |'épinette
(Choristoneura fumiferana[Clem.]) dans plus de 500 endroits répartis dans I'est de
I'Amérique du Nord. Le présent rapport décrit les essais menés au cours de ce
programme, pendant la période 1985-1991. Ces essais ont permis de normaliser
lo pidge et 'appat et les méthodes de déploiement sur le terrain. On a identifié
certains problémes de contamination des pigges par la phéromone ainsi que de
variation de l'efficacité des appats d’une année & l'autre. Des piéges jetables et
moins coteux pourraient réduire le probléme de contamination et élimineraient
I'étape du nettoyage et I'entreposage. On peut minimiser le probléme des appats
en accumulant des réserves de phéromone de pureté reconnue qui serviront afaire
les appats chaque année. Par souci d’uniformité, il faudra analyser chaque
nouveau lot d’'appats préparé et le comparer au lot précédent.
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INTRODUCTION

The development of a spruce budworm (Choris-
toneura fumiferana [Clem.]) monitoring program using
sex pheromone traps began in 1971, after the identi-
fication of the major pheromone component, E-11-
tetradecenal (Weatherston et al. 1971). Initial results
were inconsistent, and it was subsequently discovered
that the pheromone consists of two major components,
E— and Z-11-tetradecenal in a 95:5 ratio. Early work
centered on the use of sticky traps, but later switched to
“non-saturating”, high-capacity traps. The monitoring
program received considerable impetus during the
Canada—United States (CANUSA) Spruce Budworms
Program (1977 to 1984), culminating in 1985 with a
coordinated trapping program that covered the econom-
ic range of the spruce budworm in eastern North
America. From the beginning, it was emphasized that
the main goal of the program was to monitor changes in
population density from year to year, which would give
an early warning of impending outbreaks; for this, only
an index of population change is required. The more
ambitious goal of providing quantitative estimates of
absolute population density to supplement or replace
existing sampling techniques such as egg-mass or L2
sampling was a secondary objective, which would be
evaluated as the program developed.

During the course of the program since its inception
in 1985, a number of problems that affect the use of the
traps and the interpretation of the results have arisen, and
these have been the subject of an ongoing research pro-
gram. This report outlines the results of this research
through 1991. The analysis and interpretation of the
results will be the subject of a subsequent report.

PROTOCOLS

The program has been closely coordinated through-
out, and a standardized protocol has been adopted (Allen
et al. 1986a). The Multi-pher-I plastic canister trap (Le
Groupe Biocontrole, Ste-Foy, Québec), which contains
a resin strip impregnated with dichlorvos to kill the
trapped moths, was recommended. The recommended
lure was initially a polyvinyl-chloride (PVC) pellet,
4 mm in diameter by 10 mm long, that contained 0.03%
(w/w) of the attractant, a 95:5 blend of E:Z-11-
tetradecenal. For reasons outlined below, the program
switched to using Biolures (Consep Membrane Inc.,
Bend, OR) in 1989. Each trap is attached to a branch
about 2 m above the ground, at least 0.5 m from live fo-
liage. A triangular cluster of three traps is recom-
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mended, with approximately 40 m between traps, and all
traps should be within the stand, at least 40 m from the
edges. Ideally, traps should be deployed when larvae
begin to pupate and traps are left undisturbed until flight
activity ceases, 5 to 6 weeks later.

The numbers of trapping locations in each year and
their locations are summarized in Table 1. The distribu-
tion of traps and lures during each year is shown in Table
2. Traps were purchased directly from Le Groupe Bio-
contrdle for the first year of the program and have been
supplemented each year as necessary. Because of con-
cerns about contamination of the traps by the pheromone
(see below), which could result in the traps themselves
being attractive from one year to the next, recommenda-
tions were made that the traps should be washed in deter-
gent after use and left in the sun for a day or two 10
remove and/or degrade the pheromone. For the same
reason it was also recommended that traps should be
used for trapping only the same insect specics in succes-
sive years. The PVC lures were manufactured by the
New Brunswick Research and Productivity Council
(RPC), which supplied the pheromone itself. Those for
use in the U.S. were sent directly to the USDA Forest
Service, State and Private Forestry, Durham, N.H. Those
for use by the Québec Ministere de I’energic et des
ressources (PQ MER) were sent directly to PQ MER.
The remainder were sent for distribution to C.J. Sanders
(Forestry Canada, Sault Ste. Marie, Ont.). In some years,
because of the large numbers involved, the lures had to
be manufactured in several batches. Records were kept
of which batch was sent to which user. Samples of lures
from each year were kept by RPC for analysis of the
release rates, and in 1986 a sample was also analyzed by
E. Meighen of McGill University in Montreal. Vapor-
tape 11 insecticide strips were obtained each year from
the manufacturer (Health—Chem Corp., New York,
N.Y.). Those for use in the U.S. were distributed by D.
Souto, (USDA Forest Service, State and Private For-
estry, Durham, N.H.), those in Canada by C.J. Sanders.
The Biolures were manufactured by Consep Membrane
Inc. In 1989, the pheromone was obtained from RPC, in
1990 from Orsynex Inc. (Columbus, OH), and in 1991
from G.E. Daterman (USDA Forest Service, Corvallis,
OR). Throughout this paper, PVC lures and Biolures
will be referred to by the year in which they were
manufactured, ¢.g., PVC-88 and Biolure-88 for lures
manufactured in 1988. Unless otherwise specified, the
PVC lures contained 0.03% (w/w) of the pheromone
blend. The Biolures are the Consep Membrane Inc.
C-type.



Table 1. Number of spruce budworm monitoring plots (sex pheromone traps), 1985-1991, by province or state.
Location/Cooperator 1985 1986 1987 1988 1989 1990 1991
Canada
Newfoundland 15 40 47 50 50 49 50
Prince Edward Island 1 1 1 1 1 1 1
Nova Scotia/Forest Insect and Disease Survey 6 6 6 6 6 6 6
Department of Lands and Forests 5 5 5 2 0 0 0
New Brunswick/Forest Insect and Disease Survey 3 3 3 3 3 3 11
Forestry Canada Research 10 10 10 10 0 0 0
J.D. Irving Company S 5 4 2 2 14 17
Department of Natural Resources and Energy 10 9 10 10 0 0 0
Quebec/Ministere de I’energie et des ressources 166 317 287 264 270 250 272
Ontario/Forest Insect and Disease Survey 30 50 56 56 33a 52 62
Research 0 1 22 19 22b 23
United States
Maine/USDA Forest Service, State and Private Forestry 35 37 33 33 17 17
USDA Forest Service Research 20 14 12 0 0 0
Maine Forest Service 76 99 169 240 103 20 0
International Paper Company 15 39 24 22 21 0 0
New York 24 24 40 40 40 40 40
Vermont 25 26 25 26 26 26 25
New Hampshire 24 18 23 22 7 7 q
Minnesota 23 37 32 26 12 7 3
Michigan 0 6 4 6 6 4 0

* Includes 32 locations with both PVC-baited traps and unbaited traps.
b Includes 22 locations with both PVC-baited traps and unbaited traps.

Table 2. Allocation of pheromone lures (1986-1991 ), showing the numbers received by the principal distributors and

the batch code, in parentheses.

1986 1987 1988 1989 1990 1991
Location/distributor PVC0.03% PVC0.03% PVC0.03% PVC3.0% PVC003% Biolure Biolure Biolure
Newfoundland/Raske 250 (C) 250 (C) 200 (C) 0 30 150 150 160
Maritimes/Magasi 130 (B) 125 (E) 120 (C) 0 0 42 100 158
Thomas - - 50 (F) - - - - -
Quebec/Jobin 200 (B) 100 (E) 200 () 160 75 200 200 200
Auger 950 (A) 1,000 1,000 (A,B) 0 100 1,000 1,500 900
100 (C) - - - - - - -
Ontario/Howse 150 (C) 200 (D) 200 (B) 10 150 225 198 170
Sanders - - - - - - 300 300
Prairies/Cerezke 400 (C) 125 (E) 150 (B,C) 0 0 100 100 150*
Grandmaison - - - - 0 50 - -
Henderson (AL) - - - - - - - 120
Walter (Sask) - - - - - - - 300
City of Edmonton/ 60 (B) 30 (E) 30 (C) ~ 40 0 30 35
Saunders’
U.S.A./Souto 1,500 (A,B,C) - 2,000 (=) 200 - - 700 600
Trial - - - - 260 550 - -

* At this location, Biolure-90 was used in 1991,
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Each year, experiments were carried out in support
of this program to resolve problems as they occurred,
and the users and the researchers have met annually in
order to discuss the progress of the program, to identify
and atiempt to solve problems, and to improve the
effectiveness of the program. Results up to and including
1985 have already been published (Sanders 1978, 1979,
1981a, 1981b, 1984b, 1985, 1986a, 1988; Sanders and
Meighen 1987; Allen et al. 1986b). The present report
summarizes the results and conclusions from these
earlier reports, and reviews experiments carried out
from 1987 through 1991. It therefore serves to bring
together in one publication information concerning the
program that may be of importance in the interpretation
of the operational monitoring program.

EXPERIMENTS AND RESULTS

Experimental Sites

The experiments described in this report were
carried out in Ontario, mostly at one of two sites. The
first, referred to as Kirkwood, is a 40-ha, 60-year-old
white spruce (Picea glauca [Moench] Voss) plantation,
10 km north of Thessalon and about 90 km east of Sault
Ste. Marie. The last spruce budworm population in this
area collapsed in 1981. Since then, populations have
remained low (<1 late-instar larva per branch). The
second area is near Black Sturgeon Lake, 70 km north of
Nipigon, in northwestern Ontario. This site has been the
study area for investigations of spruce budworm popu-
lation dynamics for many years. It comprises a boreal
mixedwood forest, originating from a spruce budworm
infestation in the 1940s and 1950s. The characteristics of
the site have been descibed by Lethiecq and Régnitre
(1988). Spruce budworm populations increased to infes-
wation levels in 1983 and levels have remained high
through 1991.

Pheromone Blend

The major components of the sex pheromone are a
95:5 blend of E:Z—11-tetradecenal (Sanders and
Weatherston 1976, Silk et al. 1980). Traps baited with
PVC pellets incorporating this blend at appropriate con-
centrations catch as many male moths as a trap baited
with a virgin female moth (Sanders 1981a,b; see also
Fig. 15). Laboratory experiments, however, have shown
that when the 95:5 blend of E:Z-11-tetradecenal is re-
leased at the same rate as the pheromone is released by a
virgin female moth, it is not as potent as the female-
produced pheromone (Alford et al. 1983, Sanders
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1984a). This has led to the conclusion that the female-
produced pheromone contains additional minor com-
ponents; although considerable effort has gone into their
identification, none have so far been identified that raise
the potency of the blend to equal that of a virgin female
(Silk and Kuenen 1986, Sanders 1990a). In spite of this,
the 95:5 blend alone is a very effective attractant. Sig-
nificant numbers of male moths can be attracted and
captured even at the lowest population densities. It is
therefore quite suitable for use asa lure in a monitoring
program. If a more potent blend is subsequently identi-
fied, then the concentration of the lures could be
changed to maintain the same rate of capture, and
catches with the old and the new blends can be cross-
calibrated by placing traps baited with either the old or
the new blend simultaneously at the same location.

Trap Design

Initially, monitoring was carried out with sticky
traps, and comparative tests identified the Pherocon 1CP
trap as the trap of choice (Sanders 1978). However,
because these traps become saturated after only about 50
male budworm moths have been captured (Houseweart
et al. 1981), the range of population densities over which
they are of use is limited. Attention therefore switched to
so-called “high-capacity, non-saturating” traps. These
differ from sticky traps in utilizing some form of bucket
that can hold many thousands of moths, which are im-
mobilized and killed by an insecticide inside the bucket.
Various home-made trap designs were tricd at first
(Ramaswamy and Card¢ 1982, Sanders 1984b), and the
results indicated the potential for these types of trap
(Ramaswamy et al. 1983; Sanders 1985). Subsequently,
commercial designs came on the market. Sanders (1988)
evaluated five of these and concluded that the best for
monitoring spruce budworm populations were the Uni-
trap, manufactured by International Pheromone Systems
(IPS, Wirral, U.K.) or the Multi-pher trap designed by
Jobin (1985) and manufactured under licence by Le
Groupe Biocontrdle. The Multi-pher trap has been
chosen because it is manufactured in Canada and
because the patent is held by the Government of Canada,
which facts should increase the probability of an
assured, long-term supply.

Some users have complained of the extra work load
involved in washing the traps after use. The traps also re-
quire a considerable amount of space for storage during
the 10 months or more that they are not in use. These
concerns, coupled with concerns about contamination of
the traps by pheromone used in them in previous years



(see below), point to the desirability of a cheaper, bio-
degradable trap that can be disposed of after a single
usage.

Trap Deployment
Helght of traps

Miller and McDougall (1973) were the first to show
that catches of male spruce budworm moths in phero-
mone traps increase with increasing height within the
stand, and Sanders (1981a) subsequently showed that
this is a function of the amount of foliage rather than
heightalone (Table 3). Asaresult, inter-trap variance for
crown-level traps is considerably less than for ground-
level traps (Miller and McDougall 1973). It is possible
to place traps in the canopy by using some device such as
a pole with a forked end to raise the trap to the required
height. However, this is inconvenient and it is likely to
present more problems, such as standardisation of place-
ment and exposure 1o sun, rain and wind, than it would
solve; thus, the decision was made to place traps at head
height for practical reasons. For monitoring purposes,
striving for maximum catches is unnecessary, because
the prime objective is to obtain a consistent index of
population density, and for this, catches in ground-level
traps baited with lures at a potency similar to that of a
calling virgin female moth are adequate.

Distance between traps

Traps should ideally be deployed far enough apart to
avoid competition between traps. The required distance
depends on the effective attractant distance of a trap,

Table 3. Catches of male spruce budworm moths in
Jemale-baited traps at different heights in the canopy at
Black Sturgeon Lake. Overmature stand = scattered
white spruce 25 m tall, understory 10 m tall; immature
stand = 10 m tall. Note: maximum catches occur under
a continuous canopy (from Sanders 1981a).

Trap

height Year

(m) 1965 1966 1967 1968 Total
Overmature

stand 24 9 >34 36 20 99
17 32. 83 32 51 198

10 51 54 59 72 236

3 39 72 56 40 227

Immature
stand 9.5 - - 63 14 77
7 - - 60 15 75
4.5 - - 39 11 50
2 - - 23 21 44
4

which in turn depends upon the potency of the lure, wind
speed, humidity, etc., and is difficult to determine. Even
in mark-and-release experiments, it is virtually impos-
sible to determine when a moth switches from upwind
“searching flight” (before it has perceived pheromone)
to “oriented flight” after it has perceived the pheromone.
Estimates of the attractant distance of traps can be made
from the catches in a grid of traps. Calculations are based
on the assumption that the peripheral traps catch more
moths than the interior traps and that the extra catch is
proportional to the additional area over which moths are
attracted and captured by these traps. Thus, in a 40- x
40-m grid, the catch in each interior trap represents a
trapping area of 1,600 m2. Dividing the catch by 1,600
then gives the catch per square metre. The additional
catch in the peripheral traps can then be used to calculate
the additional area from which moths are being drawn
around the periphery of the grid. Dividing this by the
outside dimension of the grid then provides an estimate
of the additional distance over which the moths are
attracted.

In 1988,2a 7 x 7 grid of Multi-pher traps, spaced 40 m
apart and baited with PVC-88 (see below), was set up at
Black Sturgeon Lake (during the fifth year of the out-
break). All 49 traps and locations were numbered. Each
day, all traps were removed, their contents counted, and
the traps redeployed in a different, random sequence,
This was repeated four times, so that each trap was
positioned at five random locations during the course of
the experiment. Traps at the 25 inner locations captured
an average of 283.0 + 103.0 moths per trap. This repre-
sents 0.177 moths for each square metre of the 40- x
40-m area surrounding each inner trap. The peripheral
24 raps averaged 294.1 + 71.6 moths per trap. These
catches were not significantly different. However, if we
accept that the difference of 11.1 moths is real, then this
number equates to an additional trapping area of only
62.76 m? per trap, or a total of 1,506.24 m2 for all the
peripheral traps around the grid. The additional distance
of attraction for the peripheral traps then equals:

1,506.24 m?
4x8x40m

which in turn equals only 1.18 m. The total attractive
distance then becomes half the distance between traps
(i.e,20m+ 1.18 m = 21.18 m).

This experiment was repeated in 1989 in the low-
density population at Kirkwood. Again, a 7 x 7 grid of
Multi-pher traps was deployed, but the distance between
traps was only 20 m. In this experiment, each trap was
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baited with Biolure-89, which was considerably more
potent than PVC-88 (see Table 26). The trap locations
were randomized four times at 4- to 6-day intervals. At
the 25 inner locations, catches averaged 3.67 + 2.39
moths/trap, at the outer 24, 596+ 251 (P =0.002,df =
46). Using the same logic as above, the 3.67 moths cap-
wred from a 20- x 20-m area represent 0.0092 moths/m?.
The difference (2.29 moths/trap) represents an additional
trapping area of 249.90 m?/trap, or 5,996.07 m? forall 24
peripheral traps. This translates into an extra distance of:

5,996.1 m?
4x8x20m

which equals 9.37 m. The trapping distance then equals
10 m + 9.37 m = 19.37 m, which, in spite of the more
potent lures, is in the same range as the 22 m calculated
for the 1988 grid.

If we accept that the effective range of a trap is
approximately 20 m, then traps 40 m apart should show
little interference. Houseweart et al. (1981) found that
the differences in catches between a central trap and the
average of six traps spaced at uniform distances of 40 m
between each other and 40 m from the central trap, were
significantly less in only one of 16 instances. This sup-
ports the conclusion that the attractant distance is close
to half the 40-m distance (i.e., 20 m). It is also important
to realize that 40 m between traps is close to the practical
limit for deployment of the traps in the field; any further
and it is difficult to relocate the traps. Therefore, because
interference was minimal at this distance, 40 m was
chosen as the standard distance between traps.

Number of iraps

The data from the two grids (in the previous section)
also gave an indication of variability among traps and
among trapping locations (Fig. 1). The distribution of
catches by location shows less variability (CV = 30.9)
than does the distribution by trap (CV = 40.2). Dif-
ferences in catch among traps at these high densities
are therefore more likely to be due to variability in the
trap/lure combination than to location.

Miller and McDougall (1973) calculated the num-
bers of female-baited traps required to monitor low-
density populations of the spruce budworm in New
Brunswick. When the mean seasonal catch per trap
averaged 2.0, 80 traps were required to give a standard
error equal to 15% of the mean (which, for n=80, cor-
responds to a coefficient of variation of 134%). How-
ever, application of these results to the use of bucket
traps and synthetic lures is questionable; virgin female

For. Can. Inf. Rep. O—-X-425

20 -~ =

15 By trap (CV = 40.2)

10

FREQUENCY

20

- By location (CV = 30.9)

10 o

FREQUENCY

100 200 300 400 500 600 700

[=]

CATCH

Figure 1. Frequency distributions for catches in Multi-
pher traps deployed in a 7 x 7 grid with 40 m between
traps at Black Sturgeon Lake in 1988. Positions of traps
were re-randomized five times. Lower graph = distri-
bution, by trap position; upper = distribution, by trap.

moths are highly variable in attractiveness, and moths do
not always stick to the sticky boards on first contact.
The number of Multi-pher traps required to give
defined levels of precision can also be calculated from
the 7 x 7 grid arrays described in the previous section. In
the high-density populations (Black Sturgeon Lake), the
average catch was 292.2 + 115.8 (x £ SD) and in the
low-density population (Kirkwood), 4.81 + 3.28. From
these data, the following numbers of traps are required to

give the specified standard errors:

Standard error Population density

(as % of mean) High Low
15 7.25 20.6
20 3.93 11.6
25 2.50 74
30 1.75 52
35 - 38
40 - 29



The decision on the numbers of traps to be deployed
at each sampling point was made largely on practical
grounds rather than being based on the number of traps
required to give a specified level of precision. The first
trials with synthetic lures were carried out with five traps
per trapping location. This was an empirical decision,
based on the belief that this provided a reasonable num-
ber to allow for variability among traps and locations.
Trials in 1983 using double-funnel traps (Sanders
1984b) and in 1984 using Uni-traps established that
there is a very high correlation between the mean trap
catch from a three-trap cluster and that from a five-trap
cluster (Fig. 2), which implies that three traps are as use-
ful as five as an index of population density. Coefficients
of variation for these data are shown in Figure 3. At low
population densities, the CVs tend to be larger and more
variable for three-trap clusters than for five-trap clusters,
but there was little difference over much of the range of
densities and it is questionable if the advantages of using
five traps warrant the extra expense. Therefore, the
three-trap cluster was recommended for operational use.
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Figure 2. The relationship between the average catch
per trap in clusters of three and five traps in northern
Ontario in 1983. Top = double-funnel traps; bottom =
Uni-traps. From Sanders (1984b).
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Figure 3. The relationship between coefficient of
variation (CV) and mean number of moths caught per
trap for clusters of three and five traps deployed over a
range of population densities in Ontario.

Additional trials were run to determine if a further
reduction in trap numbers per cluster could be justified.
Comparisons were made between the catch in a single
trap and the average from a two-trap cluster and that of a
three-trap cluster (Table 4). If the catch from a three-trap
cluster is taken as the “correct” estimate, then the two-
trap cluster differed from the three-trap cluster in the
categories designated in Table 4 only twice out of 16
comparisons. The single trap differed from the three-
trap cluster five times, but in only one instance was the
difference by more than one of the categories designated
in Table 4 (306 for the single trap vs. 87.0 for the
cluster). Therefore, one trap per location could be used
with little loss in precision. However, traps are occasion-
ally lost or destroyed, and lures can fall out during
deployment. Therefore, the decision was made to use a
three-trap cluster to safeguard against losing all the data
for that location, which is more likely to happen if only
one or two traps were used.

Conclusion

Based on the above results, it was recommended that
three Multi-pher traps should be deployed at each
trapping location, and that traps should be placed at head
height (1.5 to 2.0 m), with 40 m between traps.

Trap Handling

There have been no reported problems in the deploy-
ment and subsequent handling of the Multi-pher traps,
although users have complained of the need to wash the
traps and of the space required to store them over-winter.
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Table 4. Catches of male spruce budworm moths in clus-
ters of one, two or three Uni-traps baited with PYC-87
or PVC-88 lures. Traps were deployed in mid-June
before moth flight, and collected in early August after
flight, at 16 locations in northwestern Ontario in 1987

and 1988.

Number Number (£SD) of traps
of moths 1 2 3
<10 43+3.1 65+2.1 4
63+29 100 9
80+3.6 39433 8
83+7.8 55+£2.1 8
<30 11.3+29 14.0+4.2 13
113+£3.5 125+7.8 9
25.0+2.6 23.0£8.5 39
<100 450+£9.2 28.5+7.8 22
77.1+£194 75.0%8.5 81
87.0+66.1 77.0+£12.7 306
<300 102.7+12.1 96.5+0.7 103
1103 +£34.0 131.5£20.5 144
133.7£17.5 1240+ 11.3 79
153.0+£12.2 203.5+9.2 108
204.7£27.5 259.5+7.8 235
273.0+£46.5 192.5+48.8 237
<1,000 585.0+£63.2 4855+ 10.6 541

Effect of Insect repellents

A frequently expressed concern is the potential for
contaminating the traps with insect repellent from the
hands of the person deploying the traps. To determine if
this is a problem, the following experiment was carried
out in 1991 at Black Sturgeon Lake. Eighteen Multi-
pher traps were baited with Biolure-90. Half of the traps
were then liberally sprayed on the outside surfaces with
Johnson “Deep Woods”®) insect repellent and all 18
traps were then deployed in a 9 x 2 rectangle ata spacing
of 20 m. The traps were deployed on 24 June, moved up
one position in the grid each day and removed on 28
June. Catches in the untreated traps averaged 33.6 £10.5
moths over the 4-day trapping period; in the traps treated
with the repellent, catches averaged 33.4 + 9.8 moths,
clearly a nonsignificant difference. Furthermore, daily
catches were also not significantly different. It was
therefore concluded that this insect repellent has no
effect on the capture of moths in the pheromone-baited
traps.

Effect of contamination with pheromone

Evidence has been obtained that the traps become
contaminated with the pheromone. This raises the ques-
tion of whether this contamination could significantly
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affect catches in subsequent years. If it does, then the
next question is how the contamination can be avoided
or dealt with.

In 1987, traps that had been left unwashed after
exposure to pheromone in 1986 were deployed with and
without pheromone in a low-density population (Kirk-
wood). The results (Table 5) gave no evidence of con-
tamination. The experiment was repeated in 1988 in a
high-density population (Black Sturgeon Lake), and this
time there was evidence of serious contamination (Table
5); catches were not significantly different among traps,
washed or unwashed, with or without a lure. However,
these results could also be interpreted to mean that
moths in high-density populations blunder into traps, re-
gardless of the pheromone source, as has been reported
in previous work (Sanders 1978). Therefore, a similar
experiment to that of 1988 was carried out in 1989, with
the inclusion of brand new traps that had never been ex-
posed to pheromone. The results (Table 6) confirm that
at least during a budworm outbreak, a considerable num-
ber of moths blunder into the traps (new, unbaited traps
caught 13.5 moths per trap vs. 67.5 moths per new,
baited trap). The results also show unequivocally that
there was significant contamination of the traps (used,
unwashed, unbaited traps caught 180 moths per trap vs.
13.5 moths per new, unbaited trap). Washing the traps
reduced the level of contamination (catches decreased
from 185.0 to 57.5 per trap), but did not remove it
completely. As well, contaminated, baited traps caught

Table 5. Catches of male spruce budworm moths in
Multi-pher traps baited with PVC-87 or unbaited, ina
low-density population (Kirkwood 1987) and a high-
density population (Black Sturgeon Lake 1988). One
series of traps was washed in detergent after use the pre-
vious season, one series was unwashed. Numbers inthe
same column followed by the same letter are not
significantly different at p = 0.05.

Number (£SD) of traps
Low-density High-density
population, population,
Kirkwood Black Sturgeon
1987 Lake 1988
Trap (n=3) (n=10)
Washed
with lure 78%+35a 380.5+93.6a
no lure 0b 3276+ 1043 a
Unwashed
withlure = 64%23a 3442+ 1480a
no lure 0b 2398+ 119.2a




significantly more moths than uncontaminated (new)
baited traps. Levels of contamination were presumably
affected by the strength of the lure in the trap, and how
long it had been left in the trap. Unfortunately, no
records were kept of these parameters, so no further
interpretation of the results is warranted. In another
experiment in 1989, unbaited, washed traps were
deployed along with baited, washed traps at a number of
locations around Sault Ste. Marie for which population
densities were low. Contamination did not seriously
affect catches at these low densities (Table 7).

Table 6. Catches of male spruce budworm moths in
Multi-pher traps baited with PVC-89 or unbaited, in a
high-density population (Black Sturgeon Lake),
deployed at head height 8-18 July 1989. One series of
fraps was brand new, one series was baited with
PVC-88 in 1988 and washed after use, and one series
was baited with PVC-88 in 1988 and left unwashed.
Numbers in a column followed by different letters are
significantly different at p = 0.05 using Tukey’s
procedure for multiple comparisons.,

Numbers of moths
With PVC lure Unbaited
Trap (n=10) (n=10)
New, unused trap 67.5b 13.5¢
Washed in 1988 151.7a 57.5b
Unwashed in 1988 1794 a 185.0a

Table 7. Catches of male spruce budworm moths in
Multi-pher traps deployed in clusters of three, each
baited with PVC-89 or Biolure-89, at seven locations
near Sault Ste Marie from 23 June until early August
1989.

Number of moths
Location PVC Biolure Unbaited
1 =1e 33 0.7
2 6.3 0.3 0.3
3 11.0 9.3 0
4 12.0 9.7 1.3
5 19.7 9.7 0
6 35.7 10.3 0
7 45.7 19.7 1.0

In 1990, further experiments were carried out to
determine the nature of trap contamination. The objec-
tive of the first experiment was to determine which part
of a Multi-pher trap became most heavily contaminated.
The contaminated traps had all been used in 1989, when
they were baited with PVC-87. One series of traps had
been left unwashed, one set washed with detergent, one

set washed with a 1% solution of chlorine bleach, and
one set leftout for 1 week in sunlight. Brand new, unused
Multi-pher traps were used to provide the checks. Differ-
ent parts of the used traps were incorporated into the new
traps. Traps baited with Biolure-90 and unbaited traps
were also deployed. The experiment was carried out at
Black Sturgeon Lake, and, ona slightly reduced scale, at
Kirkwood (Table 8). The results confirmed that the used
traps were contaminated, and that washing or exposure to
the sun did little to remove the contamination. Atiempts
todetermine which parts of the trap were most contamin-
ated, however, were unsuccessful. New traps with the
various contaminated parts incorporated into them
caught no more than the brand new traps with no contam-
inated parts. It was therefore concluded that all parts have
some contamination, and it is the sum of this contamin-
ation that results in significant catches. The second
experiment in 1990 was to determine if IPS Uni-traps
were also contaminated by previous use. Traps that had
been used in 1989 were compared with brand new traps.
Both sets were baited with Biolure-90. Catches in the un-
baited, used traps were not significantly different from
those in the unbaited new traps (Table 9). This indicates
that contamination of Uni-traps is far less than for the
Multi-pher traps. The reason for this is unknown: both
types of trap were exposed under identical conditions to
the same lures for the same length of time. It is possible
that there is a difference in the type of plastic used.
Logically, the degree of contamination will be
related to the potency of the pheromone source that has
been in the trap. An experiment was therefore carried out
in 1991 1o test this, and to obtain an indication of how
much contamination could be expected from exposure o
lures of known potency. During January 1991, rubber
septa were loaded with 100-uL aliquots of hexane con-
taining 1, 10 or 100 pg of E:Z—11-tetradecenal. After
aging the septa for 2 days, they were placed in either
brand new Multi-pher traps or brand new Uni-traps, with
eight traps for each treatment. The traps were then
placed in a fume hood and left for 4 weeks, after which
they were stored in an unheated outdoor storage shed in
cardboard boxes, with a separate box for each treatment.
In June 1991, these traps were deployed at Black
Sturgeon Lake in a grid pattern along with eight brand
new, unbaited traps and eight brand new traps, each
baited with Biolure-90. The traps were checked and
moved up one position in the grid each day for 4 days.
The accumulated catches (Table 10) give no indication
of contamination. Possibly, these loadings were too low
or the air flow in the fumehood did not allow the phero-
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Table 8. Contamination experiment #1, 1990. Catches of male spruce
budworm moths in Multi-pher traps baited with Biolure-90 and in
unbaited Multi-pher traps that had contained spruce budworm lures
(PVC-87) or jack pine budworm (JPBW) lures (PVC-89 from the New
Brunswick Research Productivity Council) the previous year (1989),
compared with catches in new, unused baited and unbaited traps. Traps
were deployed at Kirkwood 27 June and 1 August and at Black Sturgeon
Lake 12 July-14 August.

Number (+SD) of moths
Low High density
density (Black Sturgeon
Type of trap (Kirkwood) Lake)
New baited 24+1.8 86.0+27.1
unbaited 0.4 +0.7 24+22
Used, washed baited 28+24 -
unbaited 1.9+1.2 30.1+26.8
Used, unwashed baited 28+1.6 874+£19.0
unbaited 1.4+0.7 23.1+16.8
Used, chlorine washed unbaited - 252+ 16.8
sunlight + wash unbaited - 25.5+12.8
New + used bucket baited = 115.1+174
unbaited - 38+3.2
New + used “shuttlecock” baited - 115.7 + 36.1
unbaited - 49+5.0
New + used lid baited - 108.1+24.8
unbaited - 29+34
Used for JPBW, unwashed baited 5.1+3.0 144.4 +28.7
washed baited 3.1 +3.9 126.9 + 26.1
chlorine baited - 114.6 +28.8

Table 9. Contamination experiment #2, 1990. Numbers of male spruce
budworm moths captured in Uni-traps (either all-green or tri-colored)
baited with Biolure-90 or unbaited. Traps were either brand new or used
the previous year with PVC-87 lures. Traps were deployed at Black
Sturgeon Lake 12 July-14 August.

Trap Number of
color Condition Lure moths caught
Green new baited 92.1+144
new unbaited 0.8+£0.7
Tri-color new baited 1943 £33.7
new unbaited 19+1.5
used baited 2214 +53.0
used unbaited 36+34
used + chlorine washed unbaited 14£1.1
used + detergent washed unbaited 20+£2.6
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mone to remain in contact with the
traps for long enough for it to be
adsorbed.

The results of all these experi-
ments indicate that traps can
become contaminated by phero-
mone from the lures. However, the
effects are variable and probably
depend upon the potency of the
pheromone source and the length
of time the lures remain in the
traps. IPS Uni-traps are less prone
to contamination than Multi-pher
traps. Even when traps are heavily
contaminated, as in 1989, the
effects on subsequent catches are
more pronounced in high-density
populations. This is consistent
with observations on budworm
moth behavior. At high densities,
males are conspicuous, “hovering”
around the branches (Greenbank et
al. 1980, Sower and Daterman
1985), which suggests that when
densities are high the pheromone
is effective in attracting males to a
specific source only at short range.
No such hovering behavior has
been seen during many hours of
observation in low-density popu-
lations (C.J. Sanders and G.S.
Lucuik, Forestry Canada, Sault
Ste. Marie, Ont., unpublished
data), but males have been seen
homing in on pheromone sources
from distances of more than 10 m.
Moreover, data from traps laid out
in 7 x 7 grids (see above) in a
high-density population show that
catches in the peripheral 24 traps
were not significantly higher than
in the central 25; however, the
outer traps did catch significantly
more than the inner traps at low
densities. This may indicate that
pheromone orientation occurs
over longer distances in low-
density populations because of



Table 10. Contamination experiment #3, 1991. Catches
in Multi-pher and Uni-traps that had contained rubber
septa loaded with spruce budworm pheromone for 4
weeks, compared with catches in new traps, either
baited with Biolure-90 or unbaited. Traps were
deployed at Black Sturgeon Lake 24-28 June.

Number of moths
Treatment of trap Bait Multi-pher  Uni-trap
Contaminated

septa with 1 pg no 36+24 12+10

septawith10ug  no  3.0+23 0.8+0.7

septa with 100 pug no 31£20 20+20
New (uncontaminated)

yes 348+6.7 41.6+85

no 45+23 (09+14

less competition between the lures and the female
moths. This must be verified, but if true it means that
catches in low-density populations are dependent upon
male moths following plumes over a considerable dis-
tance, whereas at high densities, most may be attracted
over only a short range.

Contamination did not increase catches in baited
traps in low-density populations, and if trapping is
designed to monitor population fluctuations at low den-
sities, then there is perhaps no cause for concern about
contamination. However, another potential problem is
that contamination with one pheromone could seriously
affect the number of insects of another species caught if
the trap is used for monitoring that species, particularly
if the pheromones are antagonistic, as in the case of the
spruce budworm and the jack pine budworm (Choristo-
neura p. pinus Free.) (Sanders et al. 1977). Contamina-
tion will therefore always raise questions, and should be
avoided. Two solutions are possible: either a method of
washing the traps must be devised to remove the
contamination, or a suitable disposable trap must be
developed that can be used only once and then discarded.
Existing designs have been evaluated (Sanders 1988),
but none were found to be suitable. Both these possibili-
ties are under further investigation,

Conclusion

Contamination of traps by insect repellent during
handling is not a problem. Contamination with phero-
mone from previous use is also not a problem in low-
density populations, provided that the lures are not of
high potency and that the traps are used for the same
species from year to year. However, to avoid both the
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potential problems and the need for storage of traps, a
disposable, low-cost trap is desirable.

Insecticide

The volatile insecticide dichlorvos (DDVP) is com-
monly used to kill moths in non-sticky, high-capacity
traps. In early experiments with high-capacity traps for
the spruce budworm, it was recommended that the insec-
ticide should be suspended inside the bucket of the
trap to keep it above the accumulation of dead moths.
This practice is still recommended in trapping programs
for some species. However, it is time consuming and
requires that the insecticide formulation be handled, and
there has been no evidence that moths remain alive
longer when the insectide formulation is just dropped
into the bucket. Presumably, insecticide that is adsorbed
by the dead moths is re-released into the air-space even
when the insecticide strip is covered by dead moths, and
this maintains a fairly constant concentration inside the
bucket. It is therefore now recommended that the insec-
ticide formulation be simply dropped to the floor of the
bucket.

Initial tests in the case of the spruce budworm were
carried out with commercial formulations of DDVP in
resin (Vapona®. Sn—ike®, F!y—tox® or No—pest®
strips). All such formulations were similar in size and
shape and incorporated the same concentration of
dichlorvos, 18.6% by weight. One-quarter of a strip was
placed in each trap. The disadvantage of these formula-
tions is that the individual strips are too large, and must
be cut up, which requires extra handling by the user and
consequently more exposure to the insecticide. The
manufacturer of the Uni-trap (IPS) included small
pellets containing DDVP with the traps, each approxi-
mately 2.5 x 2.5 cm x 0.5 cm thick. These came in
packets of 10 and did not need to be cut up, which was an
advantage over the Vapona-type strips. However, when
the decision was made to use the Multi-pher traps, these
pellets were not available. Therefore, for the first year of
the cooperative trials (1985), it was decided to use an
alternative formulation — flea collars for cats, which
were being used in the U.S. at that time in gypsy moth
(Lymantria dispar L.) traps (C. Schwalbe, USDA, Agri-
cultural Research Service, personal communication).
Unfortunately, the type of flea collar obtained contained
not dichlorvos as intended, but tetrachlorvinphos
(TCVP), which is a non-volatile insecticide. As a result,
traps in 1985 captured fewer moths than anticipated, and
many of the captured moths remained alive, which
created problems in counting. Meanwhile, Health-
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Chem Corp. developed a DDVP formulation (Vaportape
II) in the U.S. that contained 9.95% DDVP (w/w),
specifically for use in their “Lure’n’Kill” milk-carton
traps for monitoring gypsy moths. Vaportape II strips are
packaged individually, and so require even less handling
than the IPS pellets. These were chosen for the budworm
trials in 1986 and have been used in all jurisdictions ex-
cept Québec, where Vapona-type formulations are still
used. Vaportape II has been registered for use in phero-
mone traps in the U.S., and has recently (1989) beenreg-
istered for use in Canada by the Pesticides Directorate of
Agriculture Canada (registration # 21222).

Experiments have been carried out to evaluate
Vaportape II by comparing its effectiveness with the
other formulations. In the first experiment, carried out in
a fume hood, a sample of the test formulation was placed
in a 500-mL flask, which was covered with a glass plate.
After 1 hour, male spruce budworm moths were placed
in the beaker, five at a time. Their subsequent fate was
observed, and times were recorded for each male until it
(a) became incapable of coordinated movement, and
(b) became motionless. The formulations tested were
(i) Vaportape II, (ii) one-quarter of a Vapona strip,
(iii) an IPS pellet, and (iv) one-half of a flea collar con-
taining TCVP. The flea collars were almost ineffective;
no males were incapacitated during the first hour, and
some were still alive after a 24-hour exposure, which
confirms the concerns over the 1985 results when flea
collars were used. The results with the other formula-
tions (Fig. 4) indicate that the one-quarter Vapona strip
was the most potent, followed by the Vaportape II and
then the IPS pellet. The results also show that the effec-
tiveness of the insecticide formulations decreases over
time, although both the Vapona and the Vaportape II
were still very effective after 6 weeks. The IPS pellets
showed a loss in potency after 4 weeks, which may be
attributable to their small size.

In a second experiment, the effect of the insecticide
formulations on the responses of male spruce budworm
in a wind tunnel was recorded. Earlier experiments
(Sanders 1986b) had shown that the presence of a
Vapona strip in a trap lined with Stickem® resulted in a
lower catch. This led to the conclusion that dichlorvos
has a repellent effect. Samples of each insecticide for-
mulation that had been aged in a fume hood for 1 week
were placed individually in Multi-pher traps, each of
which also contained a PVC pellet (0.03% pheromone
w/w). The traps were hung in a wind tunnel and male
spruce budworm moths were released about 1 m down-
wind in the plume from the trap. The numbers of males
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Figure 4. Times taken for different formulations of
dichlorvos (DDVP), aged from 1 to 6 weeks, to
incapacitate and kill male spruce budworm moths in
covered 500-mL beakers. Open symbols indicate times
to incapacitation; solid symbols, times to death of
moths.

that responded by wing-fanning, flying to the trap,
reaching the trap opening, and entering the trap were re-
corded. The presence of a Vapona strip or the IPS pellet
reduced catches significantly (Table 11); the flea collar
and the Vaportape II had no significant effects.

In 1989, the effectiveness of the different insectide
formulations was evaluated in the field. Multi-pher traps
containing the different formulations were baited with
PVC-89 (0.03% w/w) and deployed in either a low-
density population (Kirkwood) or a high-density popu-
lation (Black Sturgeon Lake). Each formulation was
replicated 10 times, and 10 traps contained no insecti-
cide. For the Vaportape II, three treatments were
included: unused strips obtained in 1989, unused strips
from 1988, and 1988 strips that had been used in 1988
(although the duration of exposure was not recorded).
Results are shown in Table 12. In the high-density popu-
lation, there were no significant differences in average
catch. However, the two lowest average catches were in
traps that contained no insecticide or that contained the
flea collars. In addition, there were many live moths in
these traps, which generated clouds of moth-scales when
the traps were opened, and the moths were in very poor
condition, which made it difficult to count them, as was
also recorded by Grimble (1987). In the low-density
population, catches in the traps that contained no insec-
ticide or flea collars were again lower than in traps that
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contained Vapona or the 1988 Vaportape II;
however, differences between Vapona and
any of the different Vaportape II prepara-
tions were not significant,

In 1990, a further comparison was made
between Vaportape IT and Vapona strips as
part of an experiment that compared the
potency of batches of Biolures. Multi-pher
traps were baited with previously unused
Biolures manufactured in 1988, 1989 and
1990. One set of traps with the 1990 lures
contained Vaportape II insecticide strips;
the other set contained one-quarter of a
Vapona strip. Each treatment was replicated
five times. The traps were deployed at
Elack Sturgeon Lake on 11 July and left
until the end of the flight season. The
results (Table 13) showed no difference in
catch between the traps baited with
Biolure-90 that contained either the Vapor-
tape II or the Vapona strips.

Conclusion

Based on the above results, it is recom-
mended that Vaportape I strips be used in
non-sticky pheromone traps for monitoring
spruce budworm populations. Ideally, these
should be suspended inside the trap bucket,
but there is no loss in efficacy if they are
dropped to the floor of the bucket. The
Vaportape II shows less repellency than
the other dichlorvos formulations, is almost
as effective as the most potent (Vapona-
type) in terms of both speed of knock-down
and in trap catch, and is now registered for
use in both Canada and the United States.
Furthermore, some of the Vapona-type
formulations have been withdrawn from the
market and are no longer available.

Lures

The ideal lure should protect the phero-
mone from degradation and provide a con-
stant, predetermined release rate that lasts
for the entire flight season. When the proto-
cols for the program were being drawn up,
it was decided to aim for a release rate close
to that of a virgin female moth. This was
based on the reasoning that males have
evolved to respond optimally to the female
release rate and that any deviations from
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Table 11. Number of male spruce budworm moths in a wind
tunnel that responded to Multi-pher traps containing three
different formulations containing dichlorvos (DDVP), and one
(flea collars) containing TCVP. All traps were baited with 0.03%
PVC lures. Numbers in the same column followed by different
letters are significantly different at p = 0.05 (G2 test). The absence
of letters indicates no significant differences.

Number of moths

Wing Touching Attrap Entering
Insecticide n fanning trap opening trap
Check? 50 26a 31 31 29a
Vapona 45 12 ab 22 22 16b
Vaportape II 45 13 ab 29 29 27 ab
IPS pellet 45 8b 19 19 16b
Flea collar 45 15 ab 29 27 26 ab

2 no insecticide

Table 12. Catches of male spruce budworm moths in Multi-pher
traps baited with PVC-89 and containing different formulations
of insecticide. The Vaportape II was of three types: new in 1989,
obtained but unused in 1988, and obtained and used in 1988.
Numbers in the same column followed by different letters are
significantly different at p = 0.05 (G test). The absence of letters
indicates no significant differences.

Number (+ SD) of moths

High-density Low-density

population population

Insecticide (Black Sturgeon Lake)  (Kirkwood)

Vaportape II 1989 129.3+ 58.0 89+53ab
1988 149.8+73.8 10.6+6.3a

1988 used 127.1+81.7 8.5+6.4ab

IPS pellet 1448+454 6.9+3.5ab
Flea collar 100.2+29.4 39+3.1b
Vapona strip 121.8+49.5 11.7+4.1a
Check (no insecticide) 93.0+37.2 33+2.7b

Table 13. Catches of male spruce budworm moths in Multi-pher
traps baited with batches of Biolure from different years, and
containing either a Vaportape Il insecticide strip or one-quarter of
aVaponastrip. Traps weredeployed at Kirkwood 27 June-1 August
1990 (n =5) and at Black Sturgeon Lake 11 July-14 August 1990
(n=35).

Number of moths (+ SD)
Low High density
density (Black Sturgeon

Biolure Insecticide (Kirkwood) Lake)
1988 Vaportape 11 61.8+4.1 604.0 +63.3
1989 Vaportape 11 3.6+12 183.5+52.8
1990 Vaportape 11 56+1.6 180.8 £35.1
1990 Vapona 88+49 1856+ 19.1
Unbaited Vaportape II 28+1.6 40.0 +25.0
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this rate might result in aberrant behavior. During the
early development of the trapping program (in 1973), a
PVC formulation was chosen as the dispenser for the
pheromone. At that time, commercial formulations were
unavailable and the PVC lures could be formulated
easily in a basic laboratory. Laboratory tests showed that
a loading of 0.03% of 95:5 E:Z-11-tetradecenal (w/w)
in a PVC pellet 4 mm in diameter and 10 mm long gave
a release rate of about 20 ng/hour, close to that of a
calling female moth, and field tests showed that these
lures attracted about the same number of males as did
female moths (Sanders 1981b). This lure was therefore
chosen for the operational program.

Release rates from PVC lures formulated from 1980
through 1988 were analyzed using one of two methods:
gas chromatography, by RPC, or a bioluminescent tech-
nique (Meighen et al. 1983), by E.A. Meighen (Univ.
McGill, Montreal, Que.). The results of the first 6 years
of analysis (1980 through 1985) have been published
(Sanders and Meighen 1987). Additional previously un-
published data for lures manufactured from 1984
through 1988 are tabulated in Table 14 and are shown
graphically in Figure 5. Release rates were highest from
the PVC-85 lures and lowest from the PVC-84 lures,
with a six- to 10-fold difference between the two. A
10-fold difference in release rate affects male response,
and hence capture rates, significantly (Sanders 1990b).
The PVC-85 lures would therefore be expected to give

significantly higher catches than the PVC-84 lures.
However, the opposite occurred (Table 15); in fact, lures
that had been refrigerated at —11°C showed increased
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Figure 5. Estimated release rates of E-11-tetradecenal
(0.03% wiw) from PVC lures, determined using the
bioluminescent technique of Meighen et al. (1983)
(Biochemistry Dept., McGill Univ., Montreal, Que.), and
using gas chromatography by the New Brunswick
Research and Productivity Council (RPC; see Table 14
for error estimates).

Table 14. Release rates of pheromone from PVC pellets (4-mm diameter, 10 mm long, loaded with 0.03% pheromone
w/w) used in the operational monitoring program, 1984-1988. Numbers in parentheses indicate the number of lures

in the sample.
Release rate of pheromone (ng/hour), by number of days of exposure
Analyst Lot 0 67 10-11 14 18-21 28 35 42
Meighen® 84 - 11.5 - 5.4 5.0 3.7 2.6 2.6
85 - 66 - 53 - - - -
86A - 326+2:1 - 30.2+2.7 - 182+ 1.1 - 13016
86B - 264+14 - 252+1.0 - - - -
86C - 278+14 - 257%1.6 - - - -
RPCP 86 - 290+4.7 18.7%45 - 9.6+3.3 - - -
@) (19) (20)
87A - - 192+ 7.7 - 123+4.7 - - -
(10) ©
87B - - 19.9+10.2 - 104 +3.8 - - -
(10) (10)
88 12407 - 14.0+0.7 - 74+09 - = -
(20) (20) (20)

a Determined by the bioluminescence technique of Meighen et al. (1983).

b Determined by gas chromatography at the New Brunswick Research Productivity Council (RPC).
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Table 15. Catches of male spruce budworm moths in traps baited with PVC lures (0.03%
pheromone w/w) manufactured in different years and stored at ~11°C. Pherocon ICP traps
were used in 1983 and 1984, IPS Uni-traps in 1985. Traps were deployed at Black Sturgeon
Lake for the periods shown in the table. Numbers in the same column followed by different
letters are significantly different at p = 0.05 (Tukey’s procedure for multiple comparisons).

Number of moths, by year and test date

Catch in 1983

Year of PVC 1983 1984 1985 as % of 1980

manufacture 12-13 July 11-13 July 14 July-7 August catch
1980 123.8+6.8a - - 100
1981 803%£57b - - 65
1982 689+ 10.7 be - - 56
1983 469+ 54c¢ 1418+ 158a - 38
1984 - 88.6+132b 126.1+9.5a 24
1985 - - 766+ 100b 15

potency after several years of storage (Sanders and
Meighen 1987; Table 15). Moreover, tests of the com-
parative potency of PVC lures that had been “aged” for
different lengths of time showed that potency declines
significantly over a 4- to 6-week period (Sanders and
Meighen 1987), which is the length of time that lures are
deployed in the field. These anomalies are sufficient
cause for questioning the use of the PVC formulation, at
least for aldehydes.

Types of lure

Evaluation was therefore carried out on four alterna-
tive commercial lures: Hercon Laboratories Corp.
(Emigsville, PA) plastic laminate flakes, Conrel
(currently Scentry Inc., Buckeye, AZ) fibers, Consep
Membrane Inc. Biolures, and vials produced by IPS. In
addition, rubber septa, which are commonly used in
monitoring and research programs with other species,
were also evaluated. Manufacturers were requested to
provide a release rate of 20 to 40 ng/hour, close to the
release rate of a calling female spruce budworm moth.
Pheromone for each formulation was obtained by the
individual manufacturers (sources now unknown) and
loadings were at the discretion of the manufacturers.
Lures of each type were aged artificially in a fume hood
for various lengths of time, and then placed in traps in
the field simultaneously to determine the effects of aging
on catch. Results up to 1986 have been published
previously (Sanders and Meighen 1987). Subsequent
results from 1986 through 1991 are presented in their
entirety in Tables 16 through 25 and in Figures 6-10.

14

The results from these experiments can be sum-
marized as follows: Fibers proved inconsistent (Sanders
and Meighen 1987), and it is questionable if the fibers
used were appropriate for use with aldehydes
(Weatherston et al. 1985), although new formulations
that have not been tested for the spruce budworm are
now available (Golub et al. 1983). As with the PVC
lures, septa showed a decline in potency over time,
which is an undesirable trait (Fig. 8 and 9), Flakes
showed only a minimal decline in potency, but catches
were inexplicably low (Sanders and Meighen 1987), and
as with the PVC and the fibers, release rates can be
expected to follow a first-order decay curve (i.e., the rate
of release is proportional to the amount of material
remaining in the lure). Both the IPS vials and the
Biolures operaie on the principle that an air space in con-
tact with the pheromone inside the lure will remain
saturated with pheromone as long as there is some
pheromone left, and that the release rate from the lure is
therefore independent of the amount remaining and
should give a constant release rate right up to the time
the pheromone is completely evaporated. The vials did
indeed have a constant capture rate (Sanders and
Meighen 1987), but the lures were too potent and they
are bulky and cumbersome. The Biolures also gave a
constant rate of capture, and would have been accepted
for operational use early in the program but for the fact
that the release rates, and consequently the capture rates,
were also on the high side (Grimble 1987, Sanders and
Meighen 1987; Fig. 6-10).
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