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ABSTRACT Male lures are known for many tephritid fruit ßy species and are often preferred over
food bait based traps for detection trapping because of their high speciÞcity and ability to attract
ßies over a wide area. Alpha-ionol has been identiÞed as a male lure for the tephritid fruit ßy
Bactrocera latifrons (Hendel). The attraction of this compound to male B. latifrons individuals,
however, is not as strong as is the attraction of other tephritid fruit ßy species to their respectivemale
lures. Cade oil, an essential oil produced by destructive distillation of juniper (Juniperus oxycedrus
L.) twigs, synergizes the attraction of a-ionol to male B. latifrons. Catches of male B. latifrons at traps
baited with a mixture of a-ionol and cade oil were more than three times greater than at traps baited
with a-ionol alone. Substitution of a-ionol 1 cade oil for a-ionol alone in detection programs could
considerably improve the chance of detecting invading or incipient populations of B. latifrons.
However, detection programs should not rely solely on this lure but also make use of protein baited
traps aswell as fruit collections.Furtherworkwith fractionsof cadeoilmayhelp to identify theactive
ingredient(s), which could help to further improve this male lure for B. latifrons.
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Bactrocera latifrons (Hendel) is a tephritid fruit ßy
native to south and Southeast Asia (White and Elson-
Harris 1992). It was introduced to Hawaii in approx-
imately 1983 (Vargas and Nishida 1985). It primarily
infests fruits of solanaceous plants, but has also been
found to infest fruitsof somespeciesof cucurbitaceous
plants (White and Elson-Harris 1992, Liquido et al.
1994). Detection, monitoring, and suppression of te-
phritid fruit ßypopulations are typically basedon food
baits, attractive to both sexes, or male parapheromone
lures. For detection purposes, male lures are often
preferred because of their high speciÞcity and ability
to attractßies over awidearea(Flathet al. 1994).Male
lures, however, are not available for all tephritid spe-
cies and the strength of known male lures varies con-
siderably (White and Elson-Harris 1992). The search
for a male lure for B. latifrons involved bioassays of
compounds with a structure similar to other estab-
lished male tephritid fruit ßy lures as well as essential
oils and commercial, synthetic aroma formulations
(Flath et al. 1994). This screening program led to the
discovery of a-ionol, now commonly referred to as
latilure (McGovern et al. 1989). Bactrocera latifrons
males are not as strongly attracted to this compound,
however, as many other tephritid fruit ßy species are
attracted to their respective male lures, such as the

attraction of B. dorsalis to methyl eugenol or the at-
traction of B. cucurbitae to cue-lure. Among the es-
sential oils tested with B. latifrons, cade oil, a com-
mercially available essential oil produced by
destructivedistillationof juniper (Juniperus oxycedrus
L.) twigs, was found to show some attraction to B.
latifrons. Subsequent research showed that cade oil
synergized the attractionof a-ionol tomaleB. latifrons
and this synergistic attraction has since been patented
(Liquido et al. 2000). In this article we present results
of Þeld studies using both sterile laboratory-reared
ßies and wild ßies that show enhanced attraction of
male B. latifrons to a-ionol through the addition of
cade oil as a synergist.

Materials and Methods

Chemicals. The chemical a-ionol, 4-(2,6,6-tri-
methyl-2-cyclohexen-1-yl)-3-buten-2-olwas obtained
from Bedoukian Research (Danbury, CT). RectiÞed
cadeoilwasobtained fromPenta(WestCaldwell,NJ).

Insects. Sterile B. latifrons pupae used to provide
adult ßies for Þeld tests were obtained from a labo-
ratory colony at the USDA-ARS Tropical Fruit, Veg-
etable and Ornamental Crop Research Laboratory
(now part of the U.S. PaciÞc Basin Agricultural Re-
search Center) in Honolulu, HI. Fruit ßies used in our
testswere kept in an insectary at 24Ð278C, 65Ð70%RH,
and a photoperiod of 12:12 (L:D) h. Adults were fed
water and a diet of six parts sucrose, two parts protein
yeast hydrolysate (Enzymatic, United States Bio-
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chemical, Cleveland, OH), and one part torula yeast
(Lake States Division, Rhinelander Paper, Rhine-
lander, WI). Ten- to 18-d-old, sexually mature ßies
were used in the Þeld studies.

Field Tests with Sterile Laboratory Flies. Study 1.
Initial Field Trial.Wireswere inserted through the top
of yellow-bottom plastic dome traps (Biosys, Palo
Alto, CA) and used to suspend cotton wicks (2.5 cm
long by 1.0 cm diameter) above a solution of 100 ml of
distilled water with two drops of Tween 20 (ICN
Biomedicals, Aurora, OH) with or without the addi-
tion of 2Ð5.0 g torula yeast pellets (ERA International,
Freeport, NY). The torula yeast pellets were com-
posed of four parts torula yeast and Þve parts borax
decahydrate by weight. Wicks were treated with ei-
ther 0.5 ml a-ionol, 0.5 ml cade oil, or with 0.5 ml
a-ionol and0.5mlcadeoil at oppositeendsof thewick.
Five traps of each treatment were set out in a random
complete block design in a macadamia nut orchard (a
nonhost environment). Traps were placed in every
tree down a row (4.6-m spacing) with replicate blocks
in adjacent rows (9.2-m spacing). Approximately 500
B. latifrons adults were released from holding con-
tainers below each trap in the grid and allowed to ßy
or walk out. Traps were retrieved 24 h after the ßy
release. This test was conducted on 3Ð4 and 21Ð22
November 1994, and on 9Ð10 January 1995, for a total
of three repetitions.

Study 2A. Test of a-ionol and Cade Oil Ratio. On 23
September 1996, cotton wicks (3.8 cm long by 1.0 cm
diameter) were treated with mixtures prepared with
different proportions of a-ionol and cade oil, with 0.1
ml dibrom (Valent, Walnut Creek, CA) added to each
wick as a knockdown toxicant. The relative concen-
trations of a-ionol and cade oil, and the quantities
added to individual wicks, are presented in Table 1.
Treated wicks were attached with metal clips to Jack-
son traps (Biosys). Eight traps per treatment were set
out in a macadamia nut orchard in a randomized com-
plete block design. Traps were set out in every tree
down a row (4.6 m apart) in two adjacent rows (9.2 m
apart). Approximately 5,000, 10-d-old, sterile male B.
latifronswere releaseduniformly throughout the trap-
ping grid. Two days after the initial ßy release, sticky
inserts fromtheJackson trapswere retrieved, replaced
with new inserts, and ßies were again released. Sub-

sequent insert replacements followed by ßy release
were done after 2 d, then after 5 d, then weekly
thereafter to 26 December 1996. The test was termi-
natedwith Þnal insert collection on 2 January 1997. To
minimize numbers of analysis of variance (ANOVA)
performed on nonindependent data, trap catches
were combined for collections 1Ð4 (23 September to
9 October 1996; period 1), 5Ð8 (9 October to 6 No-
vember; period 2), 9Ð12 (6 November to 4 December;
period 3), and 13Ð16 (4 December to 2 January 1997;
period 4). This permitted determination of relative
effectiveness of the different blends at quarterly pe-
riods throughout the weathering process.

Study 2B. Test of a-ionol and Cade Oil Ratio. On 14
November 1996, a repeat of study 2A was begun to
provide additional Þeld results of the relative effec-
tiveness of the different blends. This study differed
fromstudy2Aonly in the scheduleof releasedates and
the lack of a 12:1 (a-ionol:cade oil) treatment. Four
days after the initial ßy release, sticky inserts from the
Jackson traps were retrieved, replaced with new in-
serts, and ßies were again released. Subsequent insert
replacements followed by ßy release were done
weekly thereafter to 3 March 1997. The test was ter-
minated with Þnal insert collection on 10 March 1997.
As described in study 2A above, trap catches were
combined for collections 1Ð4 (14 November to 9 De-
cember 1996; period 1), 5Ð8 (9December to 6 January
1997; period 2), 9Ð12 (6 January to 3 February; period
3), and 13Ð17 (3February to 10March 1997; period 4).

Study 3. Test of Distance of Attraction. To test for
distance of attraction of a-ionol 1 cade oil relative to
that of protein bait traps, 17- to 18-d-old sterile B.
latifrons were released in a macadamia nut orchard
down the middle of the alley on either side of a row
of trees with six traps placed in line with the tree
trunks ineveryother tree,making the release line'4.9
maway fromthe trap line.Concurrently, inotherparts
of the orchard, ßy releases were done one alley away
on each side (14.6 m away) and two alleys away on
each side (24.4 m away). Traps were either yellow-
bottom plastic dome traps baited with 350 ml of a
protein bait solution composed of 10% Provesta 621
(an autolyzed yeast extract from Integrated Ingredi-
ents, Bartlesville, OK), 3% borax, and 87% water, or
were Jackson traps baited with 1.0 ml a-ionol 1 0.5 ml
cade oil with a 2.0 g strip of Revenge bug strip (18.6%
DDVP [2Ð2-dichlorovinyl dimethyl phosphate]; Rox-
ide International, New Rochelle, NY) added as a
knock-down toxicant. Traps were retrieved 24 h after
ßy release. The test of each distance for each bait was
conducted in separate areas of a large macadamia nut
orchard. Two replicates of each distance for each bait
were tested on 12Ð13 April 2000 and an additional
replicate was completed on 25Ð26 April 2000. The
number of ßies released in each area was estimated by
the percentage of ÔßiersÕ determined in a quality con-
trol test using pupae from the batch packed for Þeld
release on 25Ð26 April.

Study 4. Test for Synergism with Related Compounds.
b-ionol, which previously was shown to have good
attraction to B. latifrons males, but was not as stable as

Table 1. Relative concentrations and wick loadings for field
tests (2A and 2B) of a-ionol and cade oil blends with sterile
B. latifrons

Treatment
no.

a-ionol:cade
oil

Volume, ml

a-ionol Cade oil Dibrom

1 0:1 0.0 0.6 0.1
2 1:0 0.6 0.0 0.1
3 12:1 0.6 0.05 0.1
4 6:1 0.6 0.1 0.1
5 3:1 0.6 0.2 0.1
6 1:1 0.6 0.6 0.1
7 1:3 0.6 1.8 0.1

All treatments listed were included in test 2A, whereas all but
treatment number 3 were included in test 2B.
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a-ionol (Flath et al. 1994), was also tested for syner-
gistic enhancementof attractionwithcadeoil. Jackson
traps baited with cotton wicks holding 1.0 ml a-ionol,
1.0 ml a-ionol 1 0.5 ml cade oil, 1.0 ml b-ionol, 1.0 ml
b-ionol 1 0.5 ml cade oil, 0.5 ml cade oil, or 1.0 ml
water (blank) were set out in a randomized complete
block design in a macadamia nut orchard, with 12
replicatesof each treatment.Each traphada2.0-g strip
of Revenge bug strip attached as a knockdown toxi-
cant. Sexually mature sterile B. latifrons adults were
then uniformly released throughout the trapping grid
with traps recovered 24 h after the ßy release.

Field Validation Test with Wild Flies. Relative at-
traction of a-ionol with and without cade oil to wild
male B. latifrons was tested with paired traps set out at
two sites on Maui (Hawaii, U.S.A.) known to have
established populations. One site included part of Hu-
luhulunui Gulch north of Kokomo, with traps set
within this gulch or in a smaller, adjacent gulch. The
other site was along Iao Stream on the west side of
Wailuku.These siteshad scatteredpopulationsofboth
Sodom apple (Solanum linnaeanum Hepper & P. Jae-
ger) and turkeyberry (Solanum torvumSw.) as known
hosts of B. latifrons. Each trapping station at each site
had two Jackson traps. One trap had an attached cot-
ton wick (3.8 cm long by 1.0 cm diameter) holding 1.0
ml of a-ionol with 0.5 ml of cade oil. The wick in the
other trap held only 1.0 ml of a-ionol. Each trap also
held a 2.0-g strip of Revenge pest strip to serve as a
knock-down toxicant. Paired traps were separated by
'10m.Each trapwashung ina turkeyberryplantwith
the order of placement of the pair randomized. Traps
were set out at the Huluhulunui Gulch site (14 pairs)
on 17Ð18 May 1999. Traps were set at the Iao stream
site (10pairs) on24May1999.Atboth sites, trapswere
serviced weekly for three consecutive weeks.

Statistical Analyses. For studies 1, 2A, 2B, and 4 with
sterile laboratory ßies, all trap catch results were
square root transformed [sq rt (x 1 0.5)] before anal-
ysis. For study 1, the difference in catch among treat-
mentswas testedusing anANOVAon the transformed
values followed by a WallerÐDuncan K-ratio t-test for
separation of means. For studies 2A and 2B, the dif-
ference in catch among treatmentswas testedusing an
ANOVA on the transformed values of trap catches
over four time periods, with WallerÐDuncan K-ratio
t-tests for separation of means. For studies 1, 2A, and
2B, untransformed trap catch results are presented
together with statistical results based on transformed
values. For study 3, percentage of ßy recovery data
were arcsine transformed before submitting to t-tests
(SAS Institute 1998) for each distance to test for sig-
niÞcance of difference in catch between protein-
baited traps and a-ionol 1 cade oilÐbaited traps. For
the Þeld validation test with wild ßies, separate signs
tests (Steel et al. 1997) were conducted on the dif-
ference in trapcatchvaluesof thepaired traps foreach
week of trapping at each site.

Results

Field Tests with Sterile Laboratory Flies. Study 1.
Initial Field Trial. Average catch results are summa-
rized in Fig. 1. There was a signiÞcant difference
among treatments in male catch (F 5 14.46; df 5 5, 82;
P , 0.0001). Catch was signiÞcantly greater in the
a-ionol 1 cade oil treatments than in a-ionol only
treatments, whether the wick was suspended above a
torula yeast solution or above water. Catch was also
signiÞcantly greater in the treatment with the a-ionol
only wick suspended over a torula yeast solution than
in the treatmentwith thecadeoil onlywick suspended

Fig. 1. Male B. latifrons catch (mean 6 SEM) at yellow bottom plastic dome traps baited with a-ionol 1 cade oil, a-ionol
alone, or cade oil alone with either water alone or a torula yeast solution. Results presented are the means of three trials.
Means with the same letter are not signiÞcantly different (at the a 5 0.05 level) based on ANOVA of square-root transformed
trap catch data.
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over a torula yeast solution. For all treatments, there
was no signiÞcant difference whether there was a
torula yeast solution or water only in the trap. Male
catch in traps baitedwith a-ionol 1 cade oil andwater
averaged over 3.6 times greater than in traps baited
with alpha-ionol alone and water (45.0 versus 12.3
male ßies per trap, respectively).

Study 2A. Test of a-ionol and Cade Oil Ratio. There
were signiÞcant differences in catch among treat-
ments for each of the four time periods. There were
also signiÞcant differences in catch based on days of
exposure for each period except for period three (Ta-
ble 2). The signiÞcance of days of exposure is not
surprising because the total catch clearly drops off for
each treatment over the course of the study (Table 2).
The Ôtreatment 3 daysÕ interaction term was not sig-
niÞcant for any of the periods, suggesting that the
selected clumping of trap recovery days was reason-
able. For each of the four periods, catch in the cade oil
only treatment was signiÞcantly less than in the a-io-
nol only treatment. Catch in both of these treatments
was signiÞcantly less than in any of the other treat-
ments, which included both cade oil and a-ionol.

The results show that synergistic effects of a-ionol
plus cade oil occur even with small additions of cade
oil. Over shorter weathering times (period 1), trap
catch tends to be greater (though not signiÞcantly)
with lower cade oil loadings, whereas catches at traps
with higher cade oil loadings are signiÞcantly greater
over longer weathering times (periods 3 and 4). It is
also interesting to note that the average trap catch for
each treatment in period 4, expressed as a percentage
of the average trap catch in period 1 (Table 2), tends
to decline in direct correlation with the decline in
cade oil concentration (r2 5 0.58).

Study 2B. Test of a-ionol and Cade Oil Ratio. There
were signiÞcant differences in catch among treat-
ments for each of the four periods (Table 3). There

were also signiÞcant differences in catch based on
days of exposure for each period (Table 3). The Ôtreat-
ment 3 daysÕ interaction term was not signiÞcant
except for period 3. In period 3, one of the four trap
recoveries had very low catch for all treatments, al-
though the trends were generally the same, which
could account for the signiÞcance of the interaction
term. Overall, the selected clumping of trap recovery
days seems reasonable for this study also. For each of
the four periods, catch in the cade oil only treatment
was signiÞcantly less than in the a-ionol only treat-
ment. Catch in both of these treatments was signiÞ-
cantly less than in any of the other treatments which
includedbothcadeoil anda-ionol.The lowest cadeoil
loading (1:6) again performed well in period 1 but led
to signiÞcantly lower catches by period 4. In this case,
the highest cade oil loadinghad signiÞcantly less catch
in period 1, butwas not signiÞcantly different than the
highest catches in periods 2, 3, and 4, and had, nu-
merically, the highest catch in both periods 3 and 4.
The average trap catch for each treatment in period 4,
expressed as a percentage of the average trap catch in
period 1 (Table 3), showed a stronger correlationwith
the decline in cade oil concentration (r2 5 0.90) than
in study 2A.

Study 3. Test of Distance of Attraction. The average
percentage recovery of ßies from each distance of
release for each bait is presented in Fig. 2. There were
more ßies caught at each distance with the a-ionol 1
cade oil baited traps than with the protein-baited
traps, with the difference in catch being signiÞcant at
4.9 m (t 5 3.09, df 5 4, P 5 0.037), nearly signiÞcant
at 14.6 m (t 5 2.57, df 5 4, P 5 0.062), and not
signiÞcant at 24.4 m (t 5 0.81, df 5 4, P 5 0.463). Flies
recovered were 99.9% males for the a-ionol 1 cade oil
traps and 97.7% females for the protein bait traps.

Study 4. Test for Synergism with Related Compounds.
Catch was signiÞcantly different among treatments

Table 2. Average catch (6SEM) in study 2A of male B. latifrons during four periods, at traps baited with a-ionol only, cade oil only,
or various proportions of these two compounds

Source of
variation

Treatment
Period % of

period 11 2 3 4

No. of trap recoveries 4 4 4 4
No. of days in period 16 28 28 29
a-ionol:cade oil [1:3] 47.7 6 3.9a 39.3 6 4.1ab 37.7 6 3.4a 33.7 6 2.9a 70.6
a-ionol:cade oil [1:1] 50.5 6 6.6a 42.1 6 4.8a 28.2 6 2.1b 25.7 6 2.0b 50.9
a-ionol:cade oil [3:1] 47.5 6 4.0a 30.5 6 4.3c 23.2 6 2.2c 21.8 6 2.3bc 45.9
a-ionol:cade oil [6:1] 54.0 6 5.6a 32.6 6 4.0bc 24.1 6 2.4bc 19.6 6 1.8c 36.3
a-ionol:cade oil [12:1] 48.5 6 4.7a 29.4 6 3.8c 21.6 6 1.7c 21.3 6 2.0bc 43.9
a-ionol only [1:0] 25.1 6 2.2b 17.4 6 1.8d 13.5 6 1.0d 13.0 6 1.4d 51.8
cade oil only [0:1] 14.8 6 1.1c 7.4 6 0.7e 6.2 6 0.9e 2.9 6 0.5e 19.6

Treatment F 20.18 23.94 31.55 47.76
df 6, 196 6, 196 6, 196 6, 196
P ,0.0001 ,0.0001 ,0.0001 ,0.0001

Days F 11.89 36.51 1.95 9.05
df 3, 196 3, 196 3, 196 3, 196
P ,0.0001 ,0.0001 0.1227 ,0.0001

Treat 3 days F 0.73 1.26 0.76 0.88
df 18, 196 18, 196 18, 196 18, 196
P 0.7767 0.2158 0.7492 0.6090

Numbers in a column followed by the same letter are not signiÞcantly different (at the a 5 0.05 level) based on ANOVA of square-root
transformed trap catch data. Final column presents the trap catch in period 4 as a percentage of that in period 1.
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(F 5 46.41; df 5 5, 66; P , 0.0001). Catch at a-ionol 1
cade oil and b-ionol 1 cade oil traps was not signiÞ-
cantly different, whereas both a-ionol 1 cade oil and
b-ionol 1 cade oil had signiÞcantly higher catches
than their respective treatments that lacked cade oil.
a-ionol and b-ionol alone treatments had signiÞcantly
greater catch than the cade oil only treatment and the
cade oil only treatment had signiÞcantly higher catch
than the water only blank traps (Fig. 3).

Field Validation Test with Wild Flies. Catch results
and results of signs tests for paired traps from both Iao
Stream and Huluhulunui Gulch sites are presented in
Fig. 4. Average trap catch in a-ionol 1 cade oil baited
trapswas signiÞcantly greater than in traps baitedwith

a-ionol alone at Þve of the six recovery times. Only
trap catch inweek 3 at Iao Streamwasnot signiÞcantly
different, but, even there, the average a-ionol 1 cade
oil trapcatchwasnumericallygreater than theaverage
for the a-ionol only trap. Overall, from these tests, the
average catch at a-ionol 1 cade oil baited traps was
.3.5 times greater than catches at traps baited with
a-ionol alone.

Discussion

The Þeld validation test conÞrms the comparable
results of the trials with sterile laboratory ßies. An
increase in catch occurred even with small additions

Table 3. Average catch (6SEM) in study 2B of male B. latifrons, over four periods, at traps baited with a-ionol only, cade oil only,
or various proportions of these two compounds

Source of
variation

Treatment
Period % of

period 11 2 3 4

No. of trap recoveries 4 4 4 5
No. of days in period 25 28 28 35
a-ionol:cade oil [1:3] 39.3 6 3.7b 36.1 6 3.6ab 30.5 6 4.3a 30.2 6 5.0a 76.8
a-ionol:cade oil [1:1] 48.3 6 3.8a 38.6 6 3.0a 28.0 6 3.9a 27.5 6 4.2a 56.9
a-ionol:cade oil [3:1] 51.7 6 3.2a 40.0 6 3.2a 30.3 6 4.6a 27.6 6 2.7a 53.4
a-ionol:cade oil [6:1] 50.1 6 4.4a 32.7 6 3.3b 20.9 6 3.0b 18.4 6 2.6b 36.7
a-ionol only [1:0] 25.4 6 2.2c 17.7 6 2.1c 10.3 6 1.6c 10.1 6 1.4c 39.8
cade oil only [0:1] 9.9 6 1.1d 5.2 6 1.0d 3.3 6 0.6d 3.6 6 0.9d 36.4

Treatment F 43.99 49.08 29.63 27.73
df 5, 168 5, 168 5, 168 5, 210
P ,0.0001 ,0.0001 ,0.0001 ,0.0001

Days F 8.93 13.94 71.23 24.82
df 3, 168 3, 168 3, 168 4, 210
P ,0.0001 ,0.0001 ,0.0001 ,0.0001

Treat 3 days F 1.55 0.64 2.04 0.83
df 15, 168 15, 168 15, 168 20, 210
P 0.0936 0.8428 0.0155 0.6699

Numbers in a column followed by the same letter are not signiÞcantly different (at the a 5 0.05 level) based on ANOVA of square-root
transformed trap catch data. Final column presents the trap catch in period 4 as a percentage of that in period 1.

Fig. 2. Average (6SEM) percentage B. latifrons recovery, males and females combined, at three distances of release from
a row of six Jackson traps baited with 1.0 ml a-ionol 1 0.5 ml cade oil versus a row of six yellow-bottom plastic dome traps
baited with protein bait.
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of cade oil to a-ionol. The ratio of a-ionol to cade oil,
however, affects the level of improved catch over
time. Over periods of exposure up to '1 mo, inter-
mediate loadings of cade oil (1:1Ð3:1, a-ionol:cade oil)

typically perform well. Relative effectiveness of baits
with lower cade oil loadings drops off over 2Ð3 mo of
aging. Over these longer periods of aging, baits with
higher loadings of cade oil tend to be more effective.

Fig. 3. Average catch (6SEM) of B. latifrons at traps baited with 1.0 ml a-ionol 1 0.1 ml cade oil, 1.0 ml b-ionol 1 0.1
ml cade oil, 1.0 ml a-ionol, 1.0 ml b-ionol, 0.1 ml cade oil only, or 1.0 ml water (blank). Catch was not signiÞcantly different
(at the a 5 0.05 level) where adjacent columns have the same letter, based on ANOVA of square-root transformed trap catch
data.

Fig. 4. Relative attraction (mean 6 SEM) of a-ionol with and without cade oil to wild male B. latifrons based on paired
Jackson traps, each including a 2.0 g strip of Revenge pest strip as a knockdown toxicant. Traps were surveyed weekly for
three consecutive weeks both near Kokomo and along Iao Stream on the island of Maui. Results of signs tests for each weekÕs
paired catches is also presented. Average rank, in the signs test, of the treatment catch difference is presented, together with
actual P values listed below the T values. T values followed by an asterisk are signiÞcant at the a 5 0.05 level.
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Given these trends, the choice of ratio of cade oil to
a-ionol to use in a detection program will depend on
the frequency of recharging the bait mixture. For a
1-mo recharging interval, intermediate loadings of
cade oil would be appropriate.

Synergistic enhancement of attraction has not com-
monly been found amongmale lures for tephritid fruit
ßies of the subfamilyDacinae.Knownmale attractants
in this subfamily include methyl eugenol [4-allyl-1,2-
dimethoxybenzene],which is known to attract at least
58 different species; cue-lure [4-(p-hydroxyphenyl)-
2-butanone acetate],which is known to attract at least
176 different species (Metcalf 1990); trimedlure [1,1
dimethyl 4 (and 5)-chloro-2-methyl-cyclohexane-1-
carboxylate] and a-copaene [a tricyclic sesquiter-
pene] attractive to Ceratitis capitata Wiedemann
(Cunningham 1989); and “vert-lure” [methyl-p-hy-
droxybenzoate], attractive to Dacus vertebratus Bezzi
(Cunningham 1989). Among these male attractants,
synergistic enhancement of attraction of a-copaene
by a number of different terpenoid compounds has
been found (T. W. Phillips, Department of Entomol-
ogy, Oklahoma State University, Stillwater, OK, per-
sonal communication), but synergistic enhancement
of attraction with nonfood-based compounds has not
been reported with the other male lures, although
there have been a number of attempts to mix a male
lure with a food-based attractant (Liquido et al. 1993,
Zervas 1987), with mixed results. Alpha-copaene is a
naturally occurring botanical compound with a much
more complex molecular structure (a 3-ring hydro-
carbon molecule) than the other male attractants
(Cunningham 1989). Improvements to the other male
attractants have typically been sought through the
production of synthetic analogs, an example being a
number of ßuoro-substituted analogs of methyl euge-
nol (Liquido et al. 1998).Analogs of cue-lure have also
been prepared, with some promising results (G.T.M.,
unpublished data). Trimedlure has greatly improved
attractionover its precursor compounds. It is a tertiary
butyl analog of ÔMedlure,Õ which is a chloro-substi-
tuted analog of ÔSiglureÕ (Cunningham 1989). Many
analogs of trimedlure have been synthesized and
tested (DeMilo et al. 1994), including the iodo-analog,
ceralure (Leonhardt et al. 1996). Results of tests of
attractancy of compounds structurally similar to a-io-
nol were presented along with those of a-ionol by
Flath et al. (1994). No further work on synthesis and
testing of other analogs of a-ionol has been done since
that publication. We have shown here that b-ionol,
found by Flath et al. (1994) to provide comparable
initial attraction to B. latifrons as does a-ionol, also
shows synergistic enhancement of attraction with
cade oil. We have not tested for synergism with cade
oil of any of the other closely related compounds,
which had also been found by Flath et al. (1994) to be
attractive to B. latifrons. We have conducted prelim-
inary Þeld tests with methyl eugenol (and B. dorsalis),
cue-lure (and B. cucurbitae), and trimedlure (and C.
capitata) but have not found any synergistic effects of
cade oil with these other male lures (G.T.M., unpub-
lished data).

At this point, it is not knownhowcadeoil synergizes
the attraction of a-ionol for male B. latifrons. The
determination of method of synergism is complicated
becausecadeoil is amulti-compounddistillationprod-
uct andnot apurechemical. If theactive ingredient(s)
of cade oil can be determined, it may be possible to
suggest reasons for this synergism, which could then
help to seek further improvements to a-ionol. Further
understanding of this synergismmay also help to point
to means of further improving other male lures be-
cause a-ionol, methyl eugenol, cue-lure, and trimed-
lure all have some commonality of structure in having
an aromatic or aliphatic six-carbon ring with at least
onemulti-atomsidechaincontainingadoublebondor
ester linkage (Flath et al. 1994), although, as noted
above, there seems to be no synergistic effect of the
other male lures with the full spectrum of compounds
in cade oil.

Substitution of a-ionol 1 cade oil for a-ionol alone
indetectionprograms could considerably improve the
chance of detecting invading or incipient populations
of B. latifrons. Although the addition of cade oil sig-
niÞcantly improves the attraction of a-ionol for male
B. latifrons, it is still a fairly weak male lure relative to
the attractancy of methyl eugenol or cue-lure to other
tephritid fruit ßy species. Consequently, we recom-
mend that detection programs not rely solely on this
lure but also make use of protein baited traps, as well
as collections of solanaceous fruits (Liquido et al.
1994).We also acknowledge, as did Flath et al. (1994),
that further search is needed for a more potent male
attractant for B. latifrons. We are currently seeking to
further improve this lure through efforts to identify
the active ingredient(s) in cade oil responsible for the
observed synergism with a-ionol.

Acknowledgments

We thankR. T. Cunningham, R. A. Flath, andN. J. Liquido
for their roles in initiating this study. We thank R. Gibbons,
L. Jones, H. Ketter, E. Matias, C. Sylva, T. Urago, and J.
Yoshimoto (all USDA-ARS, Hilo, HI) and P. Bianchi, T.
Burke, S. Marshall, and D. Ota for assistance in conducting
the Þeld studies. We thank P. Barr for assistance in data
management. We thank T. H. Chua, E. J. Harris, and R. G.
Hollingsworth for constructive comments on earlier drafts of
the manuscript.

References Cited

Cunningham, R. T. 1989. Parapheromones, pp. 221Ð230. In
A. S. Robinson and G. Hooper [eds.], Fruit ßies: their
biology, natural enemies and control, vol. 3A. Elsevier,
New York.

DeMilo,A.B.,R.T.Cunningham, andT.P.McGovern. 1994.
Trimedlure: Effects of structural modiÞcations on its at-
tractiveness to Mediterranean fruit ßy males (Diptera:
Tephritidae). J. Econ. Entomol. 87: 1494Ð1501.

Flath, R. A., R. T. Cunningham, N. J. Liquido, and T. P.
McGovern. 1994. Alpha-ionol as attractant for trapping
Bactrocera latifrons (Diptera: Tephritidae). J. Econ. En-
tomol. 87: 1470Ð1476.

Leonhardt, B. A., R. T. Cunningham, J. W. Avery, A. B.
DeMilo, and J. D. Warthen, Jr. 1996. Comparison of

February 2001 MCQUATE AND PECK: IMPROVED MALE ATTRACTANT FOR B. latifrons 45



ceralure and trimedlure attractants for the male Medi-
terranean fruit ßy (Diptera: Tephritidae). J. Entomol. Sci.
31: 183Ð190.

Liquido,N. J., R.Teranishi, andS.Kint. 1993. Increasing the
efÞciency of catching Mediterranean fruit ßy (Diptera:
Tephritidae) males in trimedlure-baited traps with am-
monia. J. Econ. Entomol. 86: 1700Ð1705.

Liquido, N. J., E. J. Harris, and L. A. Dekker. 1994. Ecology
of Bactrocera latifrons (Diptera: Tephritidae) popula-
tions: hostplants, natural enemies, distribution, andabun-
dance. Ann. Entomol. Soc. Am. 87: 71Ð84.

Liquido, N. J., A. P. Khrimian, A. B. DeMilo, and G. T.
McQuate. 1998. Monoßuoro analogues of methyl euge-
nol: newattractants formalesofBactroceradorsalis(Hen-
del) (Dipt., Tephritidae). J. Appl. Entomol. 122: 259Ð264.

Liquido, N. J., R. T. Cunningham, G. T. McQuate, and R. A.
Flath. 2000. Attractants for Bactrocera latifrons (Hen-
del). U.S. Patent 6,019,964.

Metcalf, R. L. 1990. Chemical ecology of dacinae fruit ßies
(Diptera: Tephritidae).Ann. Entomol. Soc.Am. 83: 1017Ð
1030.

McGovern, T. R., R. A. Flath, and R. T. Cunningham. 1989.
Attractants forDacus latifrons, theMalaysian fruit ßy.U.S.
Patent 4,877,607.

SAS Institute. 1998. UserÕs manual, version 7.0. SAS Insti-
tute, Cary, NC.

Steel, R.G.D., J. H. Torrie, and D. A. Dickey. 1997. Princi-
ples and procedures of statistics: a biometrical approach,
3rd ed. McGraw-Hill, New York

Vargas, R. I., andT.Nishida. 1985. Survey forDacus latifrons
(Diptera: Tephritidae). J. Econ. Entomol. 78: 1311Ð1314.

White, I. M., and M. M. Elson-Harris. 1992. Fruit ßies of
economic signiÞcance: their identiÞcation and bionom-
ics. CAB, Wallingford, UK.

Zervas, G. A. 1987. Trapping Mediterranean fruit ßies in
Delta and plastic McPhail traps in the Þeld, pp. 475Ð481.
In A. P. Economopoulos [ed.], Fruit ßies: proceedings of
the second international symposium, 16Ð21 September
1986, Colymbari, Crete, Greece. Elsevier, New York.

Received for publication 10 February 2000; accepted 3 Oc-
tober 2000.

46 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 94, no. 1


