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Abstract
The males of some fruit flies (Diptera: Tephritidae) are known to be
attracted to specific parapheromones. The trapping results between trimedlure (TML) and enriched ginger root oil (EGOlure) were compared at
two experimental sites in Morogoro (Central Tanzania) for a period of
12 weeks co-inciding with the main citrus season. Both attractants captured a comparable diversity of fruit flies, except that EGOlure also
attracted fruit flies, such as Ceratitis cosyra, not normally found in TML-baited traps. Both EGOlure and TML attracted mainly or exclusively male
fruit flies, but the catches with EGOlure were equal or superior to those
with TML. It is concluded that EGOlure should be considered as a suitable
alternative for TML in detection, monitoring and control programs for
African fruit flies of the genus Ceratitis. It has the added advantage that it
combines the attractiveness with regard to species spectrum of both TML
and terpinyl acetate.

Introduction
Some male Tephritidae are attracted to specific chemicals, often called parapheromones (Cunningham
1989). The biological significance has been established
for a limited number of attractants (Tan and Nishida
1998), while for the majority it remains unknown.
New and potentially more powerful components are
continuously sought and tested. It has been noted that
essential oils of plant species can act as attractants.
One such component, alpha-copaene, was reported to
attract males of Ceratitis capitata (medfly, Fornasiero
et al. 1969). Its commercial use was hampered by
expensive and impractical extraction procedures but
ginger root (Zingiber officinalis Roscoe) oil has been
shown to be an inexpensive alternative source of
alpha-copaene (Shelly and Pahio 2002). Recently, it
proved to be a male enhancing component because
exposure to its aroma increases the mating success of
sterile male medflies (Shelly 2001; Shelly et al. 2004)
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and is now applied as aromatherapy to increase the
competitiveness of sterile males in SIT (Shelly et al.
2007; Steiner et al. 2011). It also increases the competitiveness of male Natal fruit flies, Ceratitis rosa (Quilici et al. 2011). Some commercial sources of ginger
root oil are called ‘enriched ginger oil’ (EGO), referring to oil for which the concentration of alpha-copaene has been increased (Shelly and Pahio 2002).
Reports on the effectiveness of ginger root oil or EGO
are, however, contradictory: Cunningham (1989)
refers to field tests where alpha-copaene was shown
to be 2–5 times more attractive for male medflies than
trimedlure (TML), while Shelly and Pahio (2002) concluded that TML-baited traps were more attractive
than EGO-baited traps. No information is available on
the taxon spectrum that responds to this particular
attractant. In Africa, there are several Ceratitis species
of economic significance. Studies in this region looking at the relative attractiveness of different lures
(Grout et al. 2011; Virgilio et al. 2011) have not
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included sources of alpha-copaene. The purpose of
this study is, therefore, to (i) explore the effectiveness
of EGO with regard to taxon range attractiveness, (ii)
compare the relative attractiveness of EGO with TML
and (iii) compare its attractiveness for both sexes of
target species.
Material and Methods
Experiments were conducted in Morogoro (CentralEast Tanzania), one of the major horticultural areas in
Tanzania and situated in the transition zone between
the bimodal and unimodal rainfall belts (Mwatawala
et al. 2009). Two experimental sites, 7.5 km apart but
in the same agro-ecological zone (Plateau zone, United Republic of Tanzania (URT) 2002), were selected.
One is the horticulture unit of the Sokoine University
of Agriculture (SUA, 06°50′S-037°35′E, 520 masl).
This is a 15 ha research, and semi-commercial orchard dominated by stands of mango, and various citrus
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with a variety of other commercial crops (details in
Mwatawala et al. 2006a). The second is a 4 ha orchard, dominated by citrus trees (mainly orange) with a
few mango trees, at Mzinga (06°53′27.6″S-037°36′
44.5″E, 516 masl).
At each site, five ‘Tephri traps’ (Sorygar Ltd,
Madrid, Spain) baited with trimedlure and five with
EGO were interspersed on orange trees, one of the
primary hosts for medfly. Traps at each site were
placed in a range of approximately 500 m. Commercially available lures were used: trimedlure (IPS, Ellesmere Port, UK) and EGOlure (Insect Science, Pretoria,
South Africa). The concentration of alpha-copaene in
EGOlure was not disclosed by the manufacturer, but
supposedly is higher than in the commercially available oil. All traps were fitted with DDVP insecticide
strips (IPS). Traps were operated for 12 weeks (5 April
–28 June 2011), co-inciding with the main fruiting
season of citrus hosts in this region (Mwatawala
et al. 2006b). Specimens were removed weekly, and

Fig. 1 Total number of fruit flies trapped at Morogoro (Tanzania) using Tephri traps baited with EGOlure and trimedlure during 5 April–28 June 2011
(10 traps for each lure; total capture 3877 specimens; data averaged across sites, standard errors are shown).
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morphologically identified at SUA and the Royal
Museum for Central Africa (Tervuren, BE). Lures and
DDVP strips were replaced at weeks 5 and 9. Three
traps without attractant but with a DDVP strip were
placed at each of the two sites as a control treatment
to evaluate the possible attraction effects of trap shape
and colour.
The total abundances of tephritid species as well as
of the total number of specimens and species were
separately quantified for male and female specimens.
Differences in abundances of males were tested using
ANOVA with Lure (two levels) as fixed factor and Location (two levels) as random factor orthogonal to Lure.
Replicates (n = 5 in each combination of Lure and
Location) were represented by the total number of
specimens collected in each trap at the end of the
12 weeks sampling. Cochran’s C tests were used to
verify the homogeneity of variances (in all cases
reached after fourth root transforming the data) and
Student-Newman-Keuls (SNK) tests for a posteriori
comparisons of means (Sokal and Rohlf 1995).

Results
The weekly catches at SUA and Mzinga for both lures
are shown in Supplementary Material. The control
traps did not capture any flies at either site and were
not further considered.
Overall, 3824 male and 53 female specimens were
collected. The total number of male specimens was
significantly higher in EGO lure traps (96.0% of
males) compared to TML (4.0%), with more pronounced differences in SUA (table 1, Supplementary
Material). The most abundant of the 12 tephritid species collected included a hitherto unknown species
(hereafter named Ceratitis sp. nr cosyra) and C. cosyra,
C. rosa and C. capitata. Other and less abundant species
were C. pedestris, Bactrocera invadens, Dacus vertebratus,
C. fasciventris, B. cucurbitae, C. rubivora, C. quinaria and
Tririthrum coffeae (fig. 1).
Trimedlure traps collected eight different taxa while
EGOlure 11. Overall, nine species were collected at
Mzinga and 10 at SUA. ANOVA did not show significant

Table 1 ANOVAs and a posteriori comparisons testing differences in abundances of male specimens between attractants (EGO lure vs. TM lure) and
locations (Mzinga vs. SUA)

Total no. of specimens
Cochran’s C = 0.39; n.s.

Total no. of species
Cochran’s C = 0.56; n.s.

Ceratitis nr cosyra
Cochran’s C = 0.54; n.s.

Ceratitis cosyra
Cochran’s C = 0.55; n.s.

Ceratitis rosa
Cochran’s C = 0.46; n.s.

Ceratitis capitata
Cochran’s C = 0.50; n.s.

Effect

d.f.

MS

F

a posteriori comparisons (SNK test)

Lure (Lu)
Location (Lo)
Lu 9 Lo
Residual
Lure (Lu)
Location (Lo)
Lu 9 Lo
Residual
Lure (Lu)
Location (Lo)
Lu 9 Lo
Residual
Lure (Lu)
Location (Lo)
Lu 9 Lo
Residual
Lure (Lu)
Location (Lo)
Lu 9 Lo
Residual
Lure (Lu)
Location (Lo)
Lu 9 Lo
Residual

1
1
1
16
1
1
1
16
1
1
1
16
1
1
1
16
1
1
1
16
1
1
1
16

24.69
3.863
2.924

8.44
15.98**
12.09**

0.397
0.003
0.010
0.011
36.256
14.091
14.091
0.199
40.171
0.260
0.004
0.187
8.033
1.879
0.036
0.252
0.505
0.591
0.017
0.460

41.04
0.29
0.85
2.57
70.79***
70.79***
10337.23**
1.39
0.02
221.70*
7.46*
0.14

Mzinga: EGO > TM

SUA: EGO > TM

Mzinga: EGO > TM

SUA: EGO > TM

EGO > TM

EGO > TM
SUA > Mzinga

29.89
1.28
0.04

Homogeneity of variances was verified using Cochran’s C tests after fourth root transformation of the data (see Underwood 1997).
d.f., degrees of freedom; EGO, enriched ginger root oil; TM, trimedlure; MS, mean square estimates; n.s., not significant at P < 0.05.
***P < 0.001, **P < 0.01, *P < 0.05.
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Fig. 2 Cumulative number of male specimens trapped at two sites (Mzinga and Sokoine University Horticultural Unit, both in Morogoro, Tanzania)
using Tephri traps, for the four most abundant fruit fly species (data averaged across traps, standard errors are shown).

differences in the number of species trapped either by
different lures or at the two sites (table 1). Three of
the four abundant species (table 1; fig. 2) showed significant differences in the amount of males trapped by
the two lures. For C. cosyra and C. rosa the effects of
lures were consistent between locations, with EGOlure attracting a significantly higher amount of males.
Similarly, EGOlure attracted a significantly higher
number of C. sp. nr cosyra males, yet their abundance
was more pronounced at SUA. At both sites, EGOlure
attracted higher amounts of C. capitata males but these
J. Appl. Entomol. 137 (2013) 392–397 © 2012 Blackwell Verlag, GmbH

differences were not statistically significant. Fifty of
the 53 female specimens were represented by B. invadens (fig. 1, Supplementary Material). These were
mostly collected at SUA (92% of B. invadens females)
in EGO lure traps (82% of them).
Discussion
Trimedlure is an effective lure for surveying and monitoring activities for male medflies (Anon 2006; Grout
et al. 2011). Also other Ceratitis species are known to
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be attracted to it, such as representatives of the Ceratitis FAR complex (Virgilio et al. 2008) including
C. rosa. Our study shows that EGOlure is a significantly stronger attractant for the male C. rosa. For
medfly also, a higher number of males were attracted
but the difference with TML was not statistically significant. For other species previously reported from
TML (C. fasciventris, C. pedestris), the numbers captured
in this study are too limited for comparison.
Ceratitis cosyra males are not attracted to TML but to
terpinyl acetate (White and Elson-Harris 1994). The
latter is known to attract a number of other species of
the subgenus Ceratitis (Ceratalaspis). This study shows
that C. cosyra is also strongly attracted to EGOlure.
However, as terpinyl acetate was not included in this
study, we cannot establish whether EGOlure is a
stronger attractant. Remarkable however is the abundant presence of a hitherto unknown Ceratitis sp. nr
cosyra attracted to EGOlure.
The attractiveness of EGOlure for B. invadens, the
predominant species in the area (Mwatawala et al.
2006a), is unexpected and worthy of further investigation. Methyl eugenol is the traditional male attractant for this species and although no comparison was
made during this study, the number trapped with ME
in similar experiments at SUA site is generally much
higher (Mwatawala et al. 2006b). Interference
because of the colour or shape of the trap can be
excluded because none of the controls collected any
fly. Additionally, pheromone contamination seems
implausible as both male and female specimens were
interspersed across a large proportion of traps (48%).
In general, EGOlure is a better attractant than TML
for C. rosa males. It could be considered as an alternative lure for C. capitata. In addition, it can be used for
attracting C. cosyra males and related species. Its role
as a valuable alternative for terpinyl acetate seems
probable but more comparative studies are needed.
EGOlure provides the advantage that it combines the
attracting power of both lures.
Acknowledgements
Many thanks to F.J. Senkondo and J. Joseph for their
assistance in the field. This study was partially financially supported by the Belgian Development Cooperation (project S1_TNZ_IPM) and the Belgian Science
Policy (project MO/37/017).
References
Anon, 2006. Review of fruit fly surveillance programs in
the United States. International Panel for Review of

396

M. Mwatawala et al.

Fruit Fly Surveillance Programs. USDA/APHIS/PPQ/
Fruit Fly Program, Riverdale, MD.
Cunningham RT, 1989. Parapheromones. In: Fruit flies
their biology, natural enemies and control, volume 3A.
Ed. by Robinson AS, Hooper G, Elsevier, Amsterdam,
221–230.
Fornasiero U, Guiotto A, Caporale G, Baccichetti F, Musajo
L, 1969. Identificazione della sostanza attrattiva per i
maschi della Ceratitis capitata, contenunuta nell’olio
essenziale dei semi di Angelica archangelica. Gazz.
Chim. Ital. 99, 700–710.
Grout T, Daneel JH, Ware AB, Beck RR, 2011. A comparison of monitoring systems used for Ceratitis species (Diptera: Tephritidae) in South Africa. Crop Protection 30,
617–622.
Mwatawala MW, De Meyer M, Makundi RH, Maerere AP,
2006a. Biodiversity of fruit flies (Diptera, Tephritidae) in
orchards in different agro-ecological zones of the Morogoro region, Tanzania. Fruits 61, 321–332.
Mwatawala MW, De Meyer M, Makundi RH, Maerere AP,
2006b. Seasonality and host utilization of the invasive
fruit fly, Bactrocera invadens (Dipt., Tephritidae) in central
Tanzania. J. Appl. Entomol. 130, 530–537.
Mwatawala MW, De Meyer M, Makundi RH, Maerere
AP, 2009. Host range and distribution of fruit-infesting
pestiferous fruit flies (Diptera, Tephritidae) in selected
areas of Central Tanzania. Bull. Entomol. Res. 99, 629–
641.
Quilici S, Schmitt C, Vidal J, Franck A, Deguine JP, 2011.
Adult diet and exposure to semiochemicals influence
male mating success in Ceratitis rosa (Diptera:
Tephritidae). J. Appl. Doi: 10.1111/j.1439-0418.2011.
01650.x
Shelly TE, 2001. Exposure to alpha-copaene and alphacopaene containing oils enhances mating success of male
Mediterranean fruit flies (Diptera: Tephritidae). Ann.
Entomol. Soc. Am. 94, 497–502.
Shelly TE, Pahio E, 2002. Relative attractiveness of
enriched ginger root oil and trimedlure to male Mediterranean fruit flies (Diptera: Tephritidae). Florida Entomologist 85, 545–551.
Shelly TE, McInnis DO, Pahio E, Edu J, 2004. Aromatherapy in the Mediterranean fruit fly (Diptera:
Tephritidae): sterile males exposed to ginger root oil in
prerelease storage boxes display increased mating competitiveness in filed-cage trials. J. Econ. Entomol. 97,
846–853.
Shelly TE, McInnis DO, Rodd C, Edu J, Pahio E, 2007.
Sterile insect technique and Mediterranean fruit fly
(Diptera: Tephritidae): assessing the utility of aromatherapy in a Hawaiian coffee field. J. Econ. Entomol. 100,
273–282.
Sokal RR, Rohlf FJ, 1995. Biometry: the principles and
practice of statistics in biological research. Freeman
Press, New York.

J. Appl. Entomol. 137 (2013) 392–397 © 2012 Blackwell Verlag, GmbH

M. Mwatawala et al.

Steiner E, Woods W, McInnis DO, Lindsy J, Fogliani R,
Soopaya R, 2011. Ginger root oil increases mating competitiveness of sterile Mediterranean fruit fly (Diptera:
Tephritidae) in Western Australia. J. Appl. Entomol.
Doi 10.1111/j.1439-0418.2011.01630.x
Tan KH, Nishida R, 1998. Ecological significance of male
attractant in the defence and mating strategies of the
fruit fly, Bactrocera papayae. Entomol. Exp. Appl. 89, 155
–158.
Underwood AJ, 1997. Experiments in ecology. Cambridge
University Press, Cambridge.
United Republic of Tanzania (URT), 2002. Morogoro
regional socio-economic profile. URT, National Bureau
of Statistics/Morogoro Commissioner’s Office, Morogoro, Tanzania 229pp.
Virgilio M, Backeljau T, Barr N, De Meyer M, 2008. Molecular evaluation of nominal species in the Ceratitis fasciventris, C. anonae, C. rosa complex (Diptera: Tephritidae).
Mol. Phyl. Evol. 48, 270–280.
Virgilio M, Backeljau T, Emeleme R, Juakali JL, De Meyer
M, 2011. A quantitative comparison of frugivorous
tephritids (Diptera: Tephritidae) in tropical forests and
rural areas of the Democratic Republic of Congo. Bull.
Entomol. Res. 101, 591–597.

J. Appl. Entomol. 137 (2013) 392–397 © 2012 Blackwell Verlag, GmbH

Relative attractiveness of EGOlure for African Ceratitis

White IM, Elson-Harris MM, 1994. Fruit flies of economic
significance: their identification and bionomics, 2nd
edn. CABI and ACIAR, Wallingford.

Supporting Information
Additional Supporting Information may be found in
the online version of this article:
Table S1. Total number of specimens trapped during each of the 12 weeks of sampling (April 5th –
June 28th, 2011) with trimedlure (TML) and enriched
ginger root oil lure (EGO) at Sokoine University of
Agriculture (SUA) and Mzinga sites, during 12 weeks.
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be re-organised for online delivery, but are not copyedited or typeset. Technical support issues arising
from supporting information (other than missing
files) should be addressed to the authors.

397

