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RELATIVE ATTRACTIVENESS OF ENRICHED GINGER ROOT OIL
AND TRIMEDLURE TO MALE MEDITERRANEAN

FRUIT FLIES (DIPTERA: TEPHRITIDAE)
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A

 

BSTRACT

 

This study describes field experiments that compare the relative attraction of male Mediter-
ranean fruit flies (or medfly), 

 

Ceratitis capitata 

 

(Wiedemann), to trimedlure and ginger root

 

oil, which contains the natural attractant 

 

α

 

-copaene. The ginger root oil was embedded in a
paste-like matrix, and the concentration of 

 

α

 

-copaene was enhanced 20-fold above natural
levels (hence the term “enriched” ginger root oil or EGRO). In tests conducted in a mixed
fruit orchard in Waimanalo, Hawaii, 8 Jackson traps (4 baited with trimedlure, 4 baited with
enriched ginger root oil) were placed in a circle (40 m radius) about a central point from
which 500 males were released per replicate. Trap catches were scored 48 h after male re-
lease. In experiments using fresh (non-aged) lures, the amount of trimedlure used per trap
was constant (1 ml), but the amount of EGRO-containing paste used in traps was 1, 10, or
20 drops. Significantly more males were captured in the trimedlure traps than the EGRO
traps over all doses of EGRO. Similar experiments conducted in a small citrus grove yielded
the same results. Additional experiments revealed that female medflies showed no attrac-
tion to either trimedlure- or EGRO-baited traps and that immature and mature males
showed equal, short-range attraction to trimedlure and EGRO-baited traps.

R

 

ESUMEN

 

Este estudio describe los experimentos de campo para comparar la atracción relativa de los
machos de la mosca mediterranea de la fruta, 

 

Ceratitis capitata 

 

(Wiedemann) al trimedlure
y al aceite de la raíz de jengibre los cuales contienen un atrayente natural 

 

α

 

-copaene. El
aceite de la raíz de jengibre fué embutido en una pasta a manera de matríz y la concentra-
ción de 

 

α

 

-copaene fué mejorada 20-veces por encima del nivel natural (de aqui el término
“aceite de la raíz de jengibre “enriquecido” o EGRO por su sigla en ingles). En pruebas lleva-
das a cabo en huertos de frutas mezcladas en Waimanalo, Hawaii, 8 trampas de tipo Jackson
(4 con el cebo de trimedlure, 4 con el aceite de la raíz de jengibre enriquecido) fueron coloca-
das en un circulo (40 m de radio) alrededor de un punto central de donde liberaron 500 ma-
chos por cada replicá. El contenido de las trampas fué contabilizado 48 h después de liberar
los machos. En experimentos usando atrayentes frescos (no viejos), la cantidad de trime-
dlure usado por trampa fué constante (1 ml), pero la cantidad de pasta embutida con EGRO
usada en trampas fué 1, 10, ó 20 gotas. Una cantidad significativamente mayor de machos
fueron capturados en trampas de trimedlure que en las trampas de EGRO con las diferentes
dosis de EGRO. Experimentos similares llevados a cabo en huertos pequeños de cítricos pro-
dujeron los mismos resultados. Experimentos adicionales revelaron que las hembras de la
mosca mediterranea no mostraron ninguna atracción a ninguna de las trampas con cebo de
trimedlure- o de EGRO y los machos maduros e inmaduros mostraron una atracción de corto

 

alcance igual hacía las trampas con cebo de trimedlure como las de EGRO.

 

Females of the Mediterranean fruit fly, 

 

Ceratitis
capitata 

 

(Wied.) (medfly), may lay several hundred
eggs over their lifetime and infest a wide variety of
fruits and vegetables (Christenson & Foote 1960).
Given this high intrinsic rate of population growth,
early detection of incipient medfly outbreaks is crit-
ical for successful suppression or eradication. Fol-
lowing intensive screening of potential attractants
in the 1950’s (Beroza & Green 1963), trimedlure,

 

tert

 

-butyl 4 (and 5)-chloro-

 

trans

 

-2-methylcyclohex-
ane-1-carboxlyate, emerged, and still prevails, as
the standard attractant used to detect and monitor
medfly populations (Beroza et al. 1961).

Despite its wide use, however, trimedlure is
not the most attractive compound known for male

medflies. In the aforementioned screening efforts,
botanically derived compounds were tested, and
oil from the seeds of the angelica flower, 

 

Angelica
archangelica 

 

L. was found to be highly attractive
to 

 

C

 

. 

 

capitata 

 

males. The active components were
subsequently identified as 

 

α−

 

copaene and 

 

α

 

-ylan-
gene, two structurally related tricyclic sesquiter-
penes (Guitto et al. 1972). Field tests (Flath et al.
1994a,b) revealed that male medflies displayed
greater attraction to 

 

α

 

-copaene than 

 

α

 

-ylangene
and that 

 

α

 

-copaene was actually more attractive
than trimedlure (when presented in equal vol-
umes). 

 

α

 

-copaene was subsequently identified as
a minor component in the essential oils of many
host plants of 

 

C

 

. 

 

capitata

 

, including orange, 

 

Cit-
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rus sinensis 

 

L. MacLeod et al. 1988, Nishida et al.
2000), guava, 

 

Psidium guajava 

 

L. (MacLeod & De
Troconis 1982, Oliveros-Belardo et al. 1986), and
mango, 

 

Mangifera indica 

 

L. (Koulibaly et al.
1992).

Although attractive, 

 

α

 

-copaene is not used in
medfly detection programs, because 1) it occurs in
very low concentrations in plants, making extrac-
tion impractical, and 2) it has a complex chemical
structure, making synthesis laborious and expen-
sive (Flath et al. 1994b). Ginger root, 

 

Zingiber of-
ficinalis 

 

Roscoe, oil is an inexpensive and readily
available source of 

 

α

 

-copaene, and a recently de-
veloped distillation procedure can greatly in-
crease the concentration of this compound. 

 

α

 

-
copaene comprises 8% of this so-called enriched
ginger root oil (hereafter EGRO) compared to only
0.4% in commercially available oil (Citrus and Al-
lied Essences, Ltd., Lake Success, NY; F. Webster,
personal communication).

The primary purpose of the present study was
to compare trap captures of male medflies to tri-
medlure- and EGRO-baited Jackson traps in field
tests. Similar tests were conducted in a mixed
fruit orchard and a citrus grove to assess potential
inter-habitat differences. At both sites, compari-
sons were made using different relative amounts
of the attractants. As noted below, the amount of
trimedlure used per trap was typical of that used
in ongoing survey and detection programs. As
such, the field experiments were designed to com-
pare attractiveness, not between equal amounts
of the active constituents of trimedlure and
EGRO, but rather between presently used doses
of trimedlure and a range of ‘realistic’ (in terms of
practical application) doses of EGRO. In addition
to field tests, we also examined potential age-de-
pendent response of male medflies to trimedlure-
and EGRO-baited traps using field-caged host
trees.

M

 

ATERIALS

 

 A

 

ND

 

 M

 

ETHODS

 

Medflies

 

The flies used in this study were from a labora-
tory colony started with 300-400 adults reared
from coffee, 

 

Coffea arabica 

 

L., berries collected
near Haleiwa. The colony was 5-7 generations re-
moved from the wild when used for the Waim-
analo experiments and 11 generations removed
when used for the Pearl City experiments (see be-
low). Standard rearing procedures were employed
(Tanaka et al. 1969), and prior to release adults
were fed a sugar/protein (yeast hydrolysate) mix-
ture (3:1 by volume). Adults were separated
within 24 h of emergence, well before they at-
tained sexual maturity at 6-8 d of age (T. E. Shelly,
unpublished data). When used in the field experi-
ments, males were 9-15 d old, and females were 9-
14 d old.

 

Field Experiments – Waimanalo

 

Most of the field experiments were conducted
at the University of Hawaii Agricultural Experi-
ment Station in Waimanalo in a mixed fruit or-
chard that contained orange, guava, and mango
trees. Jackson traps, containing a sticky insert,
were placed singly in the canopies of 8 trees (2 m
above ground) arranged in a circle (radius 40 m)
about a central tree, which served as the release
point. The Jackson traps contained trimedlure in
4 trees and EGRO in the remaining 4 trees (see
below). The lures were applied to the traps at the
laboratory (4 km from the study site), and the
traps were then immediately transported to and
placed in the test trees. At a given tree, the bait
used was alternated between successive repli-
cates, and for a given replicate, adjacent test trees
contained different baits.

For the trimedlure-baited traps in all experi-
ments, 1 ml of the lure was applied to a cotton
wick (2.5 cm long), which was then placed in a
perforated, plastic basket that was, in turn, sus-

 

pended within the Jackson trap. This dose is 

 

½

 

 of
that used in area-wide survey and detection pro-
grams (California Department of Food and Agri-
culture 1995). Trimedlure is composed primarily
of eight isomers of which one (designated C) is the
most attractive (McGovern et al. 1987), and 1 ml
of trimedlure contains approximately 0.358 g of
isomer C (trimedlure purity 

 

×

 

 concentration of the
C isomer 

 

×

 

 weight of 1 ml trimedlure = 0.965 

 

×

 

0.399 

 

×

 

 0.929g; J. Knapp, personal communica-
tion). For the EGRO-baited traps, the amount of
lure used varied between experiments (see below)
and was placed on a small piece of aluminum foil
directly on the sticky insert within the Jackson
trap. The oil was embedded within a paste-like
matrix (Last Call™, IPM Technologies, Inc.), com-
prised primarily of tinuvin, that was applied with
a calibrated pump (1 drop of paste = 50 

 

µ

 

l or
0.05g). EGRO comprised 20% of the paste (by
weight), 

 

α

 

-copaene constituted 8% of the EGRO
(by weight), and thus one drop of paste contained
0.0008 g of 

 

α

 

-copaene (J. McLaughlin, personal
communication). It should be noted that the dis-
tillation procedure used to increase the concen-
tration of 

 

α

 

-copaene increases the concentration
of other sequiterpenes as well (e.g., 

 

α

 

- and 

 

β

 

-ylan-
gene; F. Webster, personal communication) and
that the combination of all sesquiterpenes is more
attractive to male medflies than 

 

α

 

-copaene alone
(T. W. Phillips, personal communication).

Five hundred males were released per repli-
cate for all experiments. As wild flies were rare at
the study site, released flies were not marked, and
we assumed that all captured flies were from the
releases. Successive replicates were run a mini-
mum of 2 d apart to allow previously released flies
time to disperse from the test area. Ten replicates
were performed per experiment. Flies were re-
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leased between 1000-1200 hours by placing 4
buckets (volume 5 liters and each containing 125
flies) on the ground beneath the release tree and
gently removing the screen cover from the bucket.
The buckets were not tapped or shaken, and the
flies exited the bucket on their own volition. Trap
catches were counted 2 d later. Field work at
Waimanalo was conducted during September-De-
cember, 2000, and daily minimum and maximum
temperatures ranged from 17-21

 

°

 

 C and 24-28

 

°

 

C,
respectively.

The number of males captured at trimedlure-
baited traps was compared with traps baited with
1 (50 

 

µ

 

l), 10 (0.5 

 

µ

 

l), or 20 (1 ml) drops of the paste
containing EGRO. When multiple drops of EGRO-
bearing paste were used, the individual drops
were placed close together but were not overlap-
ping. To investigate temporal decline in lure at-
tractiveness, male catches were compared
between trimedlure-baited traps and traps baited
with 1 drop of the EGRO-containing paste using
baits that had been aged 5 d prior to use (lures
were placed in Jackson traps and placed outdoors
in a covered area several km from the study site).
In a final experiment, the female attraction to tri-
medlure-baited traps and traps baited with 1 drop
of the paste containing EGRO was compared fol-
lowing the procedures outlined above for males.

Following the trimedlure-EGRO comparisons,
we ran 2 additional experiments (using the proto-
col described above) that examined the potential
attractiveness and repellency, respectively, of the
paste in which the EGRO was delivered. In the
first case, we compared male captures in 4 traps
baited with 1 drop of the EGRO-containing paste
versus traps baited with the one drop of paste to
which no EGRO was added. In the second, we
placed 0.5 ml of ginger root oil (Citrus and Allied
Essences, Ltd., Lake Success, NY) on wicks for all
8 traps. In 4 of the traps, we also placed 10 drops
of paste (lacking EGRO) on a piece of aluminum
foil fastened to the sticky insert, while in the re-
maining 4 traps, we placed the foil only and no
paste. Six replicates were run of each of these 2
experiments.

 

Field Experiments—Pearl City

 

To examine potential habitat differences in
lure attractiveness, a second set of field experi-
ments was conducted in a small citrus grove (1 ha)
at the University of Hawaii’s Urban Garden Cen-
ter in Pearl City. Fieldwork at this site was con-
ducted during June-July, 2001, and daily
minimum and maximum temperatures ranged
from 22-26

 

°

 

C and 30-33

 

°

 

C, respectively. The pro-
tocol used was identical to that described above,
except that 1) trimedlure plugs containing 2 g of
trimedlure (Farma Tech International, Fresno,
CA), were used in place of liquid trimedlure and 2)
only 4 traps, 2 baited with trimedlure and 2

baited with EGRO, were used per replicate. Tri-
medlure –baited traps were compared only with
traps baited with 1 or 10 drops of the EGRO-con-
taining paste, and no experiments were run in-
volving aged baits or females. Eight replicates
were performed per experiment.

 

Field-Cage Experiments – Waimanalo

 

Four experiments were conducted during June
- September, 2001, at Waimanalo using field-cages
(height 2.5 m, diameter: 3.0 m) that contained
rooted guava trees. In the first, we investigated
age-dependent attraction of males to trimedlure
by comparing trap catches of immature (1 d old)
and mature (9-13 d old) males. Groups of 100 im-
mature and 100 mature males were released be-
tween 0900-1100 hours in a field-cage containing
1 baited (treated) and 1 unbaited (control) trap,
and trap catches were recorded 24 h later. For the
purpose of identification, males were marked by
age group by cooling them for several minutes and
then placing a small dot of enamel paint on the
thorax. Immature males were marked in the late
afternoon of the day of adult emergence to allow
hardening of the exoskeleton; mature males were
marked 1-2 d before testing. Traps were rectangu-
lar pieces of white cardboard (9 by 16 cm) coated
on both sides with Tanglefoot™ and suspended in
the canopy (1.5 m above ground) with wire hooks.
A wick containing 1 ml of trimedlure was placed
in the center of one side of the treated trap, and a
cotton wick (without trimedlure) was applied to
the control trap. The trimedlure used had a deep
red color, and consequently we added a small
amount of diluted red food coloring (McCormick &
Co., Inc.) to the wick on the control trap to equal-
ize visual stimuli. The same trap sites were used
over all replicates, but the positions of baited and
control traps were alternated between successive
replicates. The second experiment examined age-
dependent response of males to EGRO following
the same procedures described above. In this case,
1 drop of EGRO-containing paste was placed on a
small piece of aluminum foil, which was then
placed in the center of one side of the trap. For the
control trap, aluminum foil was placed on the
trap, but no paste was applied. In the third and
fourth experiments, we investigated close-range
attraction of females to trimedlure and EGRO, re-
spectively. The same protocol was followed except
that only 1 group of 100 females (9-13 d old) was
released per replicate, and their numbers on
baited and control traps were compared. Seven
replicates were conducted for each of the 4 field-
cage experiments.

 

Statistical Analyses

 

Pairwise comparisons of trap catches were
made using the Mann-Whitney test (test statistic
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T), a nonparametric equivalent of the Students t-
test. Multiple comparisons were made using the
Kruskal-Wallis (test statistic H), and if significant
variability was detected, the multiple comparison
Tukey test (test statistic q) was used to assess
pairwise differences. Nonparametric tests were
employed to avoid assumptions of normality and
equal variance for the sampled populations. Anal-
yses were conducted using SigmaStat Statistical
Software (Version 2.0).

R

 

ESULTS

 

Field Experiments – Waimanalo

 

On average, the trimedlure-baited traps cap-
tured more males than the EGRO-baited traps in
all experiments (Table 1A). With fresh (non-aged)
baits, the trimedlure-baited traps captured ap-
proximately 1.6-2.6 times more males, on aver-
age, than did the EGRO-baited traps. When aged
baits were used, the trimedlure-baited traps
caught 19 times as many males as the EGRO
traps (experiment 4). The number of males cap-
tured in trimedlure-baited traps did not differ sig-
nificantly across the 4 experiments (H

 

 

 

= 2.7, df

 

 

 

=
3, P > 0.05), indicating that the 5-d aging period
did not reduce trimedlure’s attractiveness. In con-
trast, male numbers in EGRO-baited traps varied
significantly among experiments (H

 

 

 

= 23.4, df

 

 

 

= 3,
P

 

 

 

< 0.001), with the male catch for aged EGRO-

baited traps being significantly lower than those
recorded for any of the freshly-baited traps (P <
0.001 in all cases). Among traps having fresh
EGRO-containing paste, the number of males
captured varied independently of the amount of
paste used (H = 3.5, df = 2, P > 0.05).

Neither trimedlure nor GRO was attractive to
females. Not a single female was caught in any
trap over 10 replicates.

The paste used to deliver EGRO was not at-
tractive or repellant to male medflies. Similar to
experiment 1, traps baited with 1 drop of EGRO-
containing paste caught an average of 11.1
(range: 5-18) males per replicate. However, traps
baited with paste that lacked EGRO captured no
males at all over 6 replicates. In testing for poten-
tial repellency of the paste, we found no signifi-
cant difference in captured males between traps
with paste (x– = 11.3; range: 8-18) versus traps
without paste (x– = 10.7; range: 7-14; T = 40.0, P >
0.05) adjacent to the wick containing ginger root
oil.

 

Field Experiments - Pearl City

 

Results obtained at Pearl City were similar to
those reported above for Waimanalo (Table 1B).
The trimedlure-baited traps, on average, cap-
tured significantly more males than did the
EGRO-baited traps. In relative terms, the differ-
ence between the baits was even more pronounced

 

T

 

ABLE

 

 1. N

 

UMBERS

 

 

 

OF

 

 

 

MALES

 

 

 

CAPTURED

 

 

 

IN

 

 T

 

RIMEDLURE

 

- 

 

OR

 

 E

 

GRO

 

-B

 

AITED

 

 J

 

ACKSON

 

 

 

TRAPS

 

 

 

AT

 

 W

 

AIMANALO

 

 

 

AND

 

P

 

EARL

 

 C

 

ITY

 

 

 

STUDY

 

 

 

SITES

 

1

 

.

Experiment Baits aged?
Amount of

EGRO-containing paste

Males/trap

Trimedlure GRO T

A. Waimanalo

1 no 50 

 

µ

 

l  21.7A,a 8.3B,b 152.0***
(11-27) (3-17)

2 no 0.5 ml 18.5A,a 11.2B,b 143.0**
 (11-26) (4-18)

3 no 1.0 ml 18.4A,a 11.2B,b 141.0*
(10-26) (4-16)

4 yes 50 

 

µ

 

l 19.2A,a 1.8B,c 155.0***
(6-30) (0-4)

B. Pearl City

1 no 50 

 

µ

 

l 24.1A,a 6.6B,b 98.0***
(11-37) (4-17)

2 no 0.5 ml 19.4A,a 7.7B,b 92.0**
(6-27) (2-9)

 

1

 

In all experiments, 1 ml of trimedlure was used in the trimedlure-baited traps. Values represent mean numbers of males captured per replicate;
ranges are given in parentheses. Ten and 8 replicates were conducted for experiments conducted at Waimanalo and Pearl City, respectively. T values were
computed for Mann-Whitney tests comparing male captures for the 2 attractants within a given experiment (row). For a given location, values in the
same row followed by the same uppercase letter were not significantly different, and values in the same column followed by the same lowercase letter
were not significantly different following the Kruskal-Wallis or Tukey test (P = 0.05). Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.
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at Pearl City, where the average trap catches were
3-4 times higher for trimedlure-baited traps than
EGRO-baited traps. Additionally, no difference in
male captures was detected between traps having
1 or 10 drops of the EGRO-bearing paste over the
two experiments (T = 75.0, P > 0.05). Male cap-
tures were also similar for the trimedlure-baited
traps across the 2 experiments (T = 78.0, P >
0.05).

Inter-habitat comparisons revealed that, for
trimedlure-baited traps, the number of males cap-
tured per trap did not differ significantly between
Waimanalo and Pearl City (T = 431.5, n

 

1 

 

= 30, n

 

2 

 

=
16, P > 0.05). For the EGRO-baited traps, how-
ever, trap catches were significantly greater at
Waimanalo (x = 10 males/trap) than at Pearl City
(x = 6.5 males/trap; T = 245.5, n

 

1 

 

= 30, n

 

2 

 

= 16, P <
0.05).

 

Field-Cage Experiments – Waimanalo

 

No difference was detected in the number of
immature and mature males captured on treated
versus control traps for the experiments involving
trimedlure or EGRO (Table 2). Data pooled for im-
mature and mature males revealed that, on aver-
age, treated traps captured approximately 13
times as many males as control traps in a given
replicate for both trimedlure (80/6) and EGRO
(66/5). Consistent with the field experiments, the
average number of males captured per replicate
(age groups combined) was higher for trimedlure-
than EGRO-baited, although this difference was
not statistically significant (T = 64.0, P > 0.05). In
the third and fourth experiments, females showed
no short-range attraction to trimedlure or EGRO.
On average, the trimedlure-baited trap captured

2.7 (range: 0-6) females per replicate compared to
2.4 (range: 1-5) for the control trap (T = 54.5, P >
0.05). Similarly, the EGRO-baited trap captured
3.7 females per replicate compared to 2.7 females
for the control trap (T = 63.5, P > 0.05).

D

 

ISCUSSION

 

Based on field trapping tests conducted in 2
habitats, trimedlure-baited traps were more at-
tractive to male medflies than EGRO-baited
traps. This difference was evident over a wide
range of EGRO dosage: at Waimanalo, traps
baited with 1 ml of (non-aged) trimedlure caught
1.6 -2.6 more males than traps baited with 1-20
drops of EGRO-containing paste. Likewise, at
Pearl City traps baited with trimedlure plugs cap-
tured 4.0 and 2.6 times as many males as traps
baited with 1 and 10 drops of EGRO-containing
paste, respectively. At both sites, the relative con-
sistency in trap catches across a wide range of
EGRO doses was unexpected. Among EGRO-
baited traps, the number of males captured per
trap did not vary significantly among traps with
1-20 drops of paste at Waimanalo or between
traps with 1 or 10 drops of paste at Pearl City.

The difference in trap capture between the 2
attractants was even more dramatic when aged
baits were compared. For trimedlure, the number
of males trapped using aged baits did not differ
significantly from that trapped with fresh baits.
This result is consistent with previous studies
(McGovern et al. 1966; Nakagawa et al. 1981; Rice
et al. 1984) showing trimedlure maintains attrac-
tiveness for 1-6 weeks depending on local weather
conditions. In contrast, traps with EGRO-bearing
paste aged 5 days caught only about 10% as many

 

T

 

ABLE

 

 2. N

 

UMBERS

 

 

 

OF

 

 1-

 

D

 

 

 

OLD

 

 (IMMATURE) AND 9-13 D-OLD (MATURE) MALES CAPTURED IN CONTROL AND TREATED
(A-TRIMEDLURE; B-EGRO) PANEL TRAPS IN FIELD-CAGES AT WAIMANALO1.

Male Age

Trap type 1 day 9-13 days T

A. Trimedlure   

Control 2.6A 3.0A 54.5
(0-5) (0-8)

Treated 42.8A 37.0A 59.5
(29-54) (21-58)

B. EGRO
Control 2.2A 3.1A 54.5

(0-7)
Treated 32.5A 34.6A

(24-42) (27-42)

1Values represent mean numbers of males captured per replicate; ranges are given in parentheses. Seven replicates were performed for all field-cage
experiments. T values were computed for Mann-Whitney tests comparing captures for the 2 age groups within a given experiment (row). Values in the
same row followed by the same uppercase letter were not significantly different (P = 0.05).
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males as traps baited with fresh paste. Thus, data
from both fresh and aged baits indicate that tri-
medlure is superior to EGRO as a detection and
monitoring tool in medfly control programs.

 Although only 2 sites were involved, the field
experiments indicate, preliminarily at least, that
the attractancy of EGRO-baited traps may vary
more among different habitats than that of tri-
medlure-baited traps. Trap catches were similar
between the 2 sites for trimedlure-baited traps,
whereas a significantly higher number of males
was captured at Waimanalo than Pearl City for
the EGRO-baited traps. While this difference
could reflect the small sample of sites included, it
may also indicate differences in the ‘aromatic’ en-
vironment at the 2 sites that differentially af-
fected (interfered with) the effectiveness of the 2
baits. For example, volatiles emanating from the
citrus trees at Pearl City may have more closely
resembled (or mimicked) those given off from
EGRO-baited traps than trimedlure-baited traps.
If so, the citrus trees might have effectively
“swamped” or outcompeted the olfactory stimuli
of EGRO-baited traps and thus effectively less-
ened the attractiveness of this bait to male med-
flies.

Females were not attracted to either bait in the
field trials or the field-cage tests. The lack of fe-
male response has been documented previously
for trimedlure (Delrio & Zumreoglu 1983, Howse
& Knapp 1996) and α-copaene (Nishida et al.
2000). As with pure α-copaene, the non-attraction
of females to EGRO was unexpected, because α-
copaene, which is present in many medfly hosts
(see aforementioned references), has been consid-
ered a rendezvous stimulus that brings the sexes
together for mating (Nishida et al. 2001). Al-
though not attractive to females by itself, α-co-
paene may still affect the mating system of the
medfly by enhancing female response to the male
pheromone. Dickens et al. (1990) reported that
green leaf volatiles boost female response to male
medfly pheromone, and it seems likely that par-
ticular plant compounds, such as α-copaene, may
act in a similar way (see examples in Landolt &
Phillips 1997).

Although differing in their overall attractive-
ness, trimedlure and EGRO were both attractive
to immature and mature males. Initial experi-
ments (Shelly 2001) showed that mature male
medflies exposed to the aroma of ginger root oil
had a mating advantage over non-exposed males
in tests conducted 2 days after the exposure. Fol-
low-up tests (Shelly 2001) further revealed that 1-
day old males exposed to ginger root oil had a
mating advantage over non-exposed males in
tests conducted 8-10 days after exposure. Given
these findings, it was not surprising that male at-
traction to EGRO was age independent: attrac-
tion to an α-copaene source appears to confer an
immediate benefit to mature males and a delayed

benefit to immature males. This explanation,
however, does not appear applicable for trimed-
lure. Although exposing mature males to trimed-
lure boosts their mating success, the effect is
short-lived, and mating enhancement was evi-
dent only within 24 h of exposure (Shelly et al.
1996). Although we have not exposed 1-day old
males to trimedlure, it appears unlikely that such
early exposure would affect mating performance a
week following exposure. Consequently, the at-
traction of immature males to trimedlure cannot
apparently be explained in the context of sexual
selection.

ACKNOWLEDGMENTS

We thank Roger Coralis and Dale Sato for permis-
sion to work at the Waimanalo and Pearl City sites, re-
spectively. We are also grateful to John McLaughlin,
Tom Phillips, and Fran Webster for information on gin-
ger root oil and α-copaene and Charmian Dang, Susan
Kennelly, Courtney Ishimura, Eric Rutka, and Mindy
Teruya for assistance in rearing and maintaining the
flies. The EGRO-containing paste was kindly supplied
by IPM Technologies, Inc., Portland, Oregon. Comments
by Don McInnis and Grant McQuate improved the pa-
per. We gratefully acknowledge the financial support of
the California Citrus Research Board for this research
(Agreement No. 5510-144).

REFERENCES CITED

BEROZA, M., AND N. GREEN. 1963. Materials tested as
insect attractants. USDA-ARS, Agricultural Hand-
book No. 239. Washington, D.C.

BEROZA, M., N. GREEN, S. I. GERTLER, L. F. STEINER,
AND D. H. MIYASHITA. 1961. Insect attractants: new
attractants for the Mediterranean fruit fly. J. Agric.
Food Chem. 9: 361-365.

CALIFORNIA DEPARTMENT OF FOOD AND AGRICULTURE.
1995. Insect Trapping Guide. 7th Edition. State Of
California, Department of Food and Agriculture,
Sacramento, CA.

CHRISTENSON, L. D., AND R. H. FOOTE. 1960. Biology of
fruit flies. Ann. Rev. Entomol. 5: 171-192.

DELRIO, G., AND A. ZUMREOGLU. 1983. Attractability
range and capture efficiency of medfly traps, pp. 445-
450. In R. Cavalloro (ed.). Fruit Flies of Economic
Importance, A. A. Balkema, Rotterdam.

DICKENS, J. C., E. B. JANG, D. M. LIGHT, AND A. R. AL-
FORD. 1990. Enhancement of insect pheromone re-
sponses by green leaf volatiles. Naturwissenschaften
77: 29-31.

FLATH, R. A., R. T. CUNNINGHAM, T. R. MON, AND J. O.
JOHN. 1994a. Additional male Mediterranean fruit-
fly (Ceratitis capitata Wied.) attractants from angel-
ica seed oil (Angelica archangelica L.). J. Chem. Ecol.
20: 1969-1984.

FLATH, R. A., R. T. CUNNINGHAM, T. R. MON, AND J. O.
JOHN. 1994b. Male lures for Mediterranean fruitfly
(Ceratitis capitata Wied.): structural analogues of a-
copaene. J. Chem. Ecol. 20: 2595-2609.

GUITTO, A., U. FORNASIERO, AND F. BACCICHETTI. 1972.
Investigations on attractants for males of Ceratitis
capitata. Il Farmaco 27: 663-669.

Downloaded From: https://complete.bioone.org/journals/Florida-Entomologist on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Shelly & Pahio: Trapping Male Medflies 551

HOWSE, P. E., AND J. J. KNAPP. 1996. Pheromones of
Mediterranean fruit fly: presumed mode of action and
implications for improved trapping techniques, pp.
91-99. In B. A. McPheron and G. J. Steck (eds.). Fruit
Fly Pests: A World Assessment of their Biology and
Management. St. Lucie Press, Delray Beach, Florida. 

KOULIBALY, A., M. SAKHO, AND J. CROUZET. 1992. Vari-
ability of free and bound volatile terpenic compounds
in mango. Lebensm. Wiss. Technol. 25: 374-379. 

LANDOLT, P. J., AND T. W. PHILLIPS. 1997. Host plant in-
fluences on sex pheromone behavior of phytopha-
gous insects. Ann. Rev. Entomol. 42: 371-391.

MACLEOD, A. J., G. MACLEOD, AND G. SUBRAMANIAN.
1988. Volatile aroma constituents of orange. Phy-
tochemistry 21: 2185-2188.

MACLEOD, A. J., AND N. G. DE TROCONIS. 1982. Volatile
flavour components of guava. Phytochemistry 21:
1339-1342. 

MCGOVERN, T. P., M. BEROZA, K. OHINATA, D. MIYASH-
ITA, AND L. F. STEINER. 1966. Volatility and attrac-
tiveness to the Mediterranean fruit fly of trimedlure
and its isomers, and a comparison of its volatility
with that of seven other insect attractants. J. Econ.
Entomol. 59: 1450-1455.

MCGOVERN, T. P., R. T. CUNNINGHAM, AND B. A. LEON-
HARDT. 1987. Attractiveness of trans-trimedlure and
its four isomers in field tests with the Mediterranean
fruit fly (Diptera: Tephritidae). J. Econ. Entomol. 80:
617-620.

NAKAGAWA, S., E. J. HARRIS, AND I. KEISER. 1981. Per-
formance of capilure in capturing Mediterranean
fruit flies in Steiner plastic or cardboard sticky
traps. J. Econ. Entomol. 74: 244-245.

NISHIDA, R., T. E. SHELLY, T. S. WHITTIER, AND K. Y.
KANESHIRO. 2000. α-copaene, a potential rendezvous
cue for the Mediterranean fruit fly, Ceratitis capi-
tata? J. Chem. Ecol. 26: 87-100.

OLIVEROS-BELARDO, L., R. M. SMITH, J. M. ROBINSON,
AND V. ALBANO. 1986. A chemical study of the essen-
tial oil from the fruit peeling of Psidium guajava L.
Phillipine J. Sci. 115: 1-9.

RICE, R. E., R. T. CUNNINGHAM, AND B. A. LEONHARDT.
1984. Weathering and efficacy of trimedlure dispens-
ers for attraction of Mediterranean fruit flies
(Diptera: Tephritidae). J. Econ. Entomol. 77: 750-
756.

SHELLY, T. E. 2001. Exposure to α-copaene and α-co-
paene-containing oils enhances mating success of
male Mediterranean fruit flies (Diptera: Tephriti-
dae). Ann. Entomol. Soc. Am. 94: 497-502.

SHELLY, T. E., T. S. WHITTIER, AND E. M. VILLALOBOS.
1996. Trimedlure affects mating success and mate
attraction in male Mediterranean fruit flies. Ento-
mol. Exp. Appl. 78: 181-185.

TANAKA, N., L. F. STEINER, K. OHINATA, AND R. OKA-
MOTO. 1969. Low-cost larval rearing medium for
mass-production of Oriental and Mediterranean
fruit flies. J. Econ. Entomol. 62: 967-968.

Downloaded From: https://complete.bioone.org/journals/Florida-Entomologist on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


