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Abstract—(E)-11,13-Tetradecadienal (£11,13-14:Ald) is the major sex
pheromone component of the eastern blackheaded budworm (EBB), Acleris
variana (Fern.). The compound was identified in female pheromone gland
extracts by coupled gas chromatographic-electroantennographic detection (GC-
EAD), coupled GC-mass spectrometry in selected ion monitoring mode, and
retention index calculations of candidate pheromone components. EI1,13-
14: Ald alone as trap bait was very attractive to male EBB. Addition of the
corresponding diene alcohol or acetate or both did not enhance attraction. (Z)-
11,13-Tetradecadienal in binary combination with (E)-11,13-14: Ald neither
enhanced nor reduced trap catches. Increasing the amounts of pheromone from
0.01 to 10 ug increased trap catches, but increase of pheromone quantity
above 100 ug proportionately reduced attraction. Stabilization of slowly
polymerizing E11,13-14: Ald and development of a sustained, adequate release
rate is required for pheromone-based monitoring of EBB populations.
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INTRODUCTION

The eastern blackheaded budworm (EBB), Acleris variana (Fem.), is a micro-
lepidopterous defoliator of 20 different coniferous trees, particularly balsam fir,
Abies balsamea (L.) Mill; white spruce, Picea glauca (Moench) Voss; black
spruce, P. mariana (Mill.); and western hemlock, Tsuga heterophylla (Raf.)
Sarg. (Rose and Lindqgvist, 1977). After egg hatching in late May or early June,
larvae begin feeding on developing shoots. Pupation occurs in late July to early
August and lasts about two weeks. Moths fly in August and September and lay
eggs on the lower surface of needles.

A series of outbreaks occurred in Newfoundland, the maritime provinces,
and Quebec from 1945 to 1950. The most recent EBB infestation has been
reported in Newfoundland (Clarke and Carew, 1988; Clarke et al., 1989, 1990).
This EBB outbreak caused extensive defoliation of 35,000 ha of mature balsam
fir and was associated with feeding by the eastern hemlock looper, Lambdina
fiscellaria fiscellaria (Guen.). In 1990, defoliation of 89,000 ha was predicted,
and the biological insecticide Bacillus thuringiensis was evaluated as a control
measure to reduce larval numbers and to protect foliage (West and Carter, 1992).

Methods of estimating EBB density are required to predict damage and
measure the effectiveness of control programs. Egg counts, as described for the
western blackheaded budworm (WBB), Acleris gloverana (Walsingham) (Shep-
herd and Gray, 1990), are conducted, but pheromone-based monitoring with
nonsaturating traps would be a more efficient and sensitive method of monitoring
EBB populations. We report the identification of the major sex pheromone com-
ponent of EBB.

METHODS AND MATERIALS

Laboratory Analysis. EBB pupae were field-collected near St. John’s, New-
foundland, and reared to adults at 20°C, 70% relative humidity, and a photo-
period of 14:10 hr light-dark. Male and female pupae were kept separately in
Petri dishes to avoid mating of emergent moths. Maximal attraction of male
WBB to female-baited traps 4 hr after sunset (Shepherd, 1979) suggested that
pheromone production by female WBB peaked 4-5 hr into the scotophase.
Assuming a similar timing of pheromone production in female EBB, abdominal
tips of 2- to 3-day-old virgin females were removed 4-5 hr into the scotophase
and extracted for 5 min in hexane. Aliquots of one female equivalent (FE) of
pheromone extract were subjected to gas chromatographic—electroantenno-
graphic analysis (GC-EAD) (Am et al., 1975), employing a Hewlett Packard
5890A gas chromatograph equipped with a DB-210 coated, fused silica column
(30 m x 0.25 mm ID) (J&W Scientific, Folsom, California 95630). Coupled
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lett Packard 5985 B equipped with the same column as above) in full scan and
selected ion monitoring mode (SIM) was conducted to confirm the presence of
candidate pheromone components in gland extracts. For GC-MS-CI-SIM, full
scan electron impact spectra of synthetic (E)-11,13-tetradecadien-1-ol (E11,13-
14:0H), (E)-11,13-tetradecadienal (F11,13-14: Ald), and (E)-11,13-tetradeca-
dienyl acetate (E11,13-14:0Ac) at 5 ng each were obtained to select diagnostic
ions. In sequence, 200 pg of synthetic compounds, hexane, and an aliquot of
25 female equivalents of pheromone gland extract were analyzed, each time
scanning for the diagnostic ions.

Synthesis of E11,13-14:Ald and 7-11,13-14:Ald. Synthesis of F11,13-
14: Ald and Z11,13-14: Ald were conducted according to methods previously
described (Nesbitt et al., 1973; Yamada et al., 1986).

All field-tested compounds were greater than 99% chemically and geo-
metrically pure. None of the chemical impurities elicited antennal responses in
GC-EAD recordings.

Field-Trapping Experiments. Field experiments in 1991 were conducted at
Cochran Pond, 3 km west of St. John’s, Newfoundland. Experiments were set
up in randomized complete blocks with traps and blocks at least 20 m apart.
Sticky traps (Sandia Die and Cartridge, Albuquerque, New Mexico) were sus-
pended 1-2 m above ground from balsam fir trees and baited with rubber septa
(Sigma Chemical Co., St. Louis, Missouri 63178) impregnated with candidate
pheromone components in 10-50 ul of hexane (HPLC grade).

The first two-treatment, 10-replicate experiment (August 16-September 26)
tested E11,13-14: Ald at 100 pg versus unbaited control traps. The second four-
treatment, five-replicate experiment (September 27-October 8) tested E11,13-
14: Ald (100 pg) alone, in binary combination with either £11,13-14:OH or
E11,13-14:0Ac at a 100: 1 ratio each, and in temary combination with £11,13-
14:0H and E11,13-14:OAc ata 100:1:1 ratio. The third five-treatment, five-
replicate experiment {(October 1-10) tested E11,13-14: Ald (100 ug) alone and
in binary combination with Z11,13-14: Ald at respective ratios of 100: 1, 100:5,
100:10, and 100:100. The fourth six-treatment, four-replicate experiment
(October 10-22) tested E11,13-14: Ald (100 ug) alone and in binary combi-
nation with E11,13-14:0OH at respective ratios of 100:0.01, 100:0.1, 100:1,
100: 10, and 100: 100. A final eight-treatment, four-replicate experiment in 1991
{October 18-30) tested E11,13-14:Ald at the following doses: 0.01, 0.1, 1,
10, 100, 1000, and 10,000 pg.

In 1992, a two-treatment, 10-replicate experiment tested 10 pg of E11,13-
14: Ald versus virgin female EBB. Experimental insects were reared in the
laboratory (20°C, 65% relative humidity, 14:10 hr light-dark). Emergent
females were individually placed in perforated plastic cups that were attached
to the roof of Multipher traps (Biocontrol Services, Ste-Foy, Quebec).
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RESULTS

GC-EAD analysis of female pheromone gland extracts revealed four com-
pounds that elicited antennal responses by male EBB antennae (Figure 1). Based
on retention index (RI) calculations on a DB-210 column, EAD-active com-
pounds 1, 2, and 4 were hypothesized to be corresponding alcohol (RI: 1959),
aldehyde (RI: 2038), and acetate (RI: 2165). Each compound eluted too late to
be a C,,-monoene, but too early to be a conjugated, intemal C,-diene, unless
the conjugated double-bond position was terminal, resulting in a lowering of
the retention index. We therefore hypothesized that compounds 1, 2 and 4 were
E11,13-14:0OH, E11,13-14: Ald and E11,13-14:0OAc. These synthetic dienes
coincided with antennal responses to gland extract on DB-210 and DB-1 col-
umns. Synthetic diene alcohol and acetate (50 pg) and synthetic diene aldehyde
(50 pg) elicited good and very good antennal responses, respectively. GC-MS-
CI-SIM of 25 FE of pheromone extract, monitoring m/z 211 (M + 1) and m/z
193 (M + 1 — H,0) for E11,13-14:0H, m/z 209 M + 1) and m/z 191 (M
+ 1 — H,0) for E11,13-14: Ald, and m/z 253 (M + 1) and m/z 193 (M + 1|
— HOAC) for E11,13-14: OAc, resulted in exact retention time and good ion
ratio matches of synthetic and female-produced compounds, except for the diene
alcohol, which was not detected by GC-MS-SIM in gland extracts.

Traps baited with E11,13-14: Ald were significantly more attractive than
unbaited control traps (Figure 2). Addition of either £11,13-14:OH or E11,13-
14:OAc or both to E11,13-14: Ald did not enhance attraction. Addition of
Z11,13-14: Ald neither enhanced nor reduced attraction to E11,13-14: Ald.
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Fig. 1. GC-EAD of female EBB pheromone gland extract. The antennal recording was
carried out with a male EBB antenna. (E)-11,13-tetradecadienal was present at about 50
pg per female equivalent of pheromone gland extract. DB-210 column (30 m X 0.25
mm ID): 1 min at 100°C, 20°C/min to 180°C, 1°C/min at 220°C.
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Addition of increasing amounts of E11,13-14:0H to E11,13-14: Ald consis-
tently reduced trap catches (Figure 3), although trap catch reduction was sig-
nificant only at a 1:1 ratio of aldehyde-alcohol. In the dose-response experi-
ment, increasing the amount of pheromone from 0.01 ug to 10 ug increased
trap catches, but further increase of pheromone quantity (100-10,000 ug) pro-
portionately reduced attraction (Figure 4).

DISCUSSION

In field-trapping experiments, several compounds tested alone or in binary
combination at various ratios have been reported to attract Acleris moths; these
compounds include: (E)-11-tetradecenal, (Z)-11-tetradecenal, (E)-1l-tetra-
decenyl acetate, (Z)-1l-tetradecenyl acetate, and (E)-11,13-tetradecadienal
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FiG. 2. Captures of EBB males in traps baited with 100 ug of £11,13-14: Ald, Cochran
Pond, Newfoundland, August 16-September 26, 1991; N = 10. Bars superscripted by
the same letter are not statistically different. ANOVA followed by Duncan’s multiple
range test on data transformed by log;g(x + 1), P < 0.05.
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FiG. 3. Captures of EBB males in traps baited with £11,13-14: Ald (100 pg) alone and
in binary combination with £11,13-14:OH at various ratios. Cochran Pond, Newfound-
land, October 10-22, 1991; N = 4. Bars superscripted by the same letter are not sig-
nificantly different. ANOVA foliowed by Duncan’s multiple range test on data trans-
formed by log,o(x + 1), P < 0.05.
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Fic. 4. Captures of male EBB in traps baited with increasing amounts of E11,13-
14: Ald. Cochran Pond, Newfoundland, October 18-30, 1991; N = 4. Bars superscripted
by the same letter are not significantly different. ANOVA followed by Duncan’s multiple
range test on data transformed by logo(x + 1), P < 0.05.

(E11,13-14: Ald) (Mayer and McLaughlin, 1991). In laboratory studies of the
sex pheromone of the yellowheaded fireworm, A. minura (Robinson), Schwarz
et al. (1983) extracted female ovipositors in heptane and analyzed extracts by
GC-MS. Of eight compounds identified in ovipositor extracts, £11,13-14: Ald
was the only compound to attract male A. minuta in the field. The same diene
aldehyde was identified by GC-MS-CI-SIM in EBB pheromone gland extracts
and constitutes the major sex pheromone component in EBB.

Picogram quantities of £11,13-14: Ald elicited strong antennal responses
by male EBB antennae, and small amounts of synthetic diene aldehyde (100 ug)
were exceedingly attractive in field experiments (Figure 2). The corresponding
diene acetate was detected in gland extracts by GC-MS-CI-SIM and the corre-
sponding diene alcohol was tentatively identified by retention index calculations
of antennal responses. However, neither compound enhanced attraction to
E11,13-14: Ald in field experiments. E11,13-14:0OH ata | : | ratio with £11,13-
14: Ald even suppressed trap catches (Figure 3). In contrast to other findings
(Baker and Cardé, 1979; Sanders and Weatherston, 1976), unnatural, dispro-
portionate ratios of E and Z isomers of the major sex pheromone component
neither enhanced nor inhibited attraction of male EBB.

Further experiments were carried out in 1992 to compare attraction of virgin
female EBB with that of the most effective synthetic bait, E11,13-14: Ald at 10
pg. Because females died within the first very cold night of testing, it remains
unknown whether female EBB use a single component sex pheromone as reported
for several geometrids and lymantrids (Roelofs et al., 1982; Bestmann et al.,
1982; Underhill et al., 1987; Millar et al., 1987; Bierl et al., 1970, 1975).
Other as yet unidentified compounds may synergize attraction to E11,13-14: Ald.
Unknown compound 3 (Figure 1), for example, may be behaviorally active,
and additional synergistic pheromone components in gland extracts may have
occurred in quantities too small to elicit antennal responses in GC-EAD record-
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ings. However, E£11,13-14: Ald alone was as attractive as ovipositor extracts
of female A. minuta, which contained eight identified components including
E11,13-14: Ald (Schwarz et al., 1983). Female A. minuta and possibly also
female A. variana may indeed use a single component pheromone.

In the dose-response experiment, increasing amounts of pheromone
increased trap catches, but pheromone quantities above 100 ug proportionately
reduced attraction. Use of F11,13-14:Ald for monitoring EBB populations
requires determination of a pheromone load optimally attractive throughout the
extended flight period of EBB. In addition, a method to stabilize slowly
polymerizing £11,13-14: Ald (Wimalaratne and Slessor, unpublished) needs to
be developed.
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