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Effect of Combining Food and Sex Attractants
on the Capture of Dacus oleae Flies'

G. E. HANIOTAKIS and A. VASSILIOU - WAITE

Institute of Biology, National Research Center «Democritos»,
P.O. Box 60228, 153 10 Aghia Paraskevi, Attiki, Greece

ABSTRACT

Sex pheromonal compounds i.e. the most potent male attractants, and ammonia, one of
the most potent female attractants available today for Dacus oleae (Gmelin), were combi-
ned on the same trap. This combination resulted in an overall increase of female captures
as compared to those of ammonia alone, but a decrease of male captures as compared to
those of pheromone alone. Deviations from this overall effect were observed during certain
periods of the year and are caused by varying environmental and biological factors which
influence insect response to pheromones. Explanations for these results based on recent
findings concerning the pheromone system of D. oleae are presented here.

Introduction

Attractants available today for Dacus oleae, effec-
tive under field conditions, include:

I. Chemical attractants. a) Food attractants.
These include various ammonia - releasing com-
pounds, such as aqueous ammonia solutions, am-
monium salts (Bua 1933), protein or yeast hydro-
lysates (Orphanidis et al. 1958), heterocyclic ami-
nes probably responsible for protein attraction
(Stavrakis 1970) and the fruit volatiles, hexanol,
octanal, nonanol and nonanal (Guerin et al. 1983).
b) Sex attractants. Female D. oleae flies release a
sex pheromone which functions as a potent long-
range male attractant (Haniotakis 1981, Delrio et
al. 1983). This pheromone was found to be a mi-
xture of the following substances: 1,7-dioxaspiro
(5.5) undecane, a-pinene, n-nonanal and ethyl do-
decanoate at a ratio of 3:1:0.3:1 (Mazomenos and
Haniotakis 1981, 1985). The first substance, which
is the major component of the mixture (Baker et
al. 1980), has also been isolated from male D. o-
Jeae flies (Mazomenos and Pomonis 1983). Recent
studies have shown that male olive fruit flies re-
spond only to the R-(-)- enantiomer of the major
pheromone component to which they are attracted
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from long distances, while females respond only to
the S-(+)- enantiomer which functions as an arre-
stant and aphrodisiac (Haniotakis et al. 1986 c).
The same studies have shown that females and
probably males release the major pheromone inits
racemic form.

II. Visual attractants. The colour yellow with
maximum reflectance between 500-520 nm (Giro-
lami and Cavalloro 1973, Prokopy et al. 1975, Del-
rio et al, 1979) has been found to be most attractive
for D. oleae.

A number of substances which have attracted
D. oleae flies in laboratory tests but not in the field
have also been reported (Delrio 1984). Much ef-
fort has been made during the last decade towards
the development of an effective trap for D. oleae
which could be used for monitoring, control, or
both. For this purpose all types of attractants sho-
wing field activity, namely food. visual and sex,
were tested individually or in various combina-
tions. A recent review article covers adequately
these subjects (Delrio 1984).

For monitoring, satisfactory trapping systems
are not available. Efficiency of traps used for this
purpose depends on a number of factors, environ-
mental and biological, the effects of which are not
well known. Reliable correlations therefore be-
tween trap catches and wild population densities
or fruit infestation, applicable to different olive e-
cosystems, cannot be established for any type of
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trap. However, some papers on such correlations
have been published (Kapatos and Fletcher 1983
and references cited therein). For direct control,
there have been several attempts to control the o-
live fruit fly by means of mass trapping. Brief re-
views of the subject are included in Haniotakis et
al. (1986a, 1986b). In these attempts various trap
types based on one or more attractants have been
used. It seems that no definite decision has been
reached yet which is acceptable to all scientists
working in this field as to the best trap type and at-
tractant or combination of attractants for this
purpose. It was the aim of the present work to field
test the sex and food attractants available today in-
dividually and in combination under the same con-
ditions and evaluate the results for the purpose of
selecting the best attractant or combination for use
in mass trapping systems. Such an evaluation has
not been reported previously. The visual attrac-
tant was intentionally not included because, for
the type of traps used here, it increases manufac-
turing and operational costs with only limited con-
tribution to the total trap catch (Haniotakis 1986a)
and at trap densities required for mass trapping it
may be detrimental to the beneficial fauna of the
olive ecosystem (Neuenschwander 1982).

Materials and Methods

Studies of the relative attractiveness of sex attractant
pheromones, ammonia - releasing sources and com-
bination of the two were made during 1982 and 1983
in an olive orchard with medium size trees of mixed
varieties at Paradissos, Athens, Greece, Before ini-
tiation of the main experiment, the effects of the com-
bination of the two attactants on the captures of D. o-
leae were examined in a preliminary test at the same
orchard.

In 1982 the traps were sticky poster-board rectan-
gles (15x20cm) of a dark yellow colour (Imperial, Vi-
vechrom, Athens, Greece) with maximum light re-
flectance outside of the preference range of D. oleae
(Prokopy et al. 1975) which nevertheless still attracts
a small number of flies (Haniotakis 1986a). In 1983
traps were sticky plywood rectangles of the same di-
mensions but of natural wood colour, neutral as far as
D. oleae attraction is concerned (Haniotakis unpubli-
shed data). These traps, when unbaited, do not catch
any flies. The complete blend of the sex pheromone
of D. oleae (Mazomenos and Haniotakis 1985), at the
ratios mentioned above, was used at a concentration
of 50 mg/trap. dispensed from 1 ml polyethylene vials
(Mazomenos et al. 1983). The major component of
the pheromone blend, 1,7-dioxaspiro (5.5) undeca-
ne, kindly supplied by Vioryl, Greece. was in racemic
form. Pure enantiomers of the major pheromone we-
re not available in amounts required for this type of
test.

Ammonium bicarbonate salt (20 mg/trap) in poly-

styrene cups with perforated polvethylene lids was
used as the food attractant during 1983. Ammonium
bicarbonate was selected because it is inexpensive,
easy to handle, and readily releases ammonia under
field conditions for a long period, characteristics hi-
ghly desirable for practical uses. An agqueous ammo-
nia solution (25% ) in polyethylene vials with perfora-
ted lids (25 ml/trap), which was used during 1982, was
replacea bv bicarbonate salt because the residual
activity of the ammonia solution is short and this ne-
cessitates refilling of the vials, an operation which rai-
ses the cost in practical applications.

In preliminary experiments, a small number of
traps was placed at spacings of 40 m or more. In the
remaining experiments, there were arrangements of
one trap in every other tree, i.e. approx. 16 m apart.
The latter trap density was chosen because previous
experiments (Haniotakis 1981) had indicated that itis
the most suitable for mass trapping purposes. More
specifically, the proportional recovery of released
flies was not affected when trap densities were be-
tween one trap per two trees and two traps per tree,
but was significantly lower when lower trap densities
were used. Competition between traps, however, is
expected to increase as the trap distance decreases
(Delrio et al. 1983, Haniotakis 1986b).

Traps were checked once a week and replaced
when necessary so that an adequate clean sticky
surface would be available for effective capture of
landing insects at all times. Dispensers were not re-
placed in 1982; in 1983 they were replaced once on
June 30th. The active life of the dispensers used in
these tests is expected to be at least 4 months (Mazo-
menos et al. 1983). The following experimental desi-
gns were used: preliminary experiment 1982 (Table
1) block design, experiments 1982 (Table 2) block de-
sign, experiments 1983 (Table 3) completely rando-
mized design. The traps in the completely randomi-
zed design were rotated at every check. Numbers of
flies captured on individual traps were subjected to a-
nalysis of variance after logarithmic transformation
(x=log (x+1)).

Results and Discussion

Table 1 shows the numbers of D. oleae male and
female flies captured on yellow sticky traps baited
with pheromone, aqueous ammonia solution, and
a combination of the two in the 1982 experiments.
In this experimental design in which competition
between traps was limited, the combination of am-
monia and pheromone drastically decreased ca-
ptures of males (compared to pheromone alone)
and increased captures of females (compared to
ammonia alone). In other words, traps combining
pheromone and ammonia caught fewer males than
pheromone alone, but more females than ammo-
nia alone. The decrease of male captures in the
combination traps could be due to either interfe-
rence of ammonia with pheromone action, or to an
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increase of female numbers in the vicinity of the
trap in response to the S-(+)- enantiomer of the
major pheromone (arrestant). Such an increase
has actually been observed (Haniotakis et al. 1983,

Zervas 1987). The naturally - produced pheromo-
ne of these females would compete with the phero-
mone dispenser on the trap, thus reducing its ef-
fectiveness. A negative correlation of pheromone

TABLE 1. Numbers of Dacus oleae flies captured per trap per week on yellow sticky traps baited with pheromone (Ph), aqueous
ammonia solution 25% (A), and Ph+ A dispensers. Means of three replicates. Preliminary experiment, Paradissos, Athens, 1982,

Mean no. of flies captured by*

Ph A Ph+A
Date males females males females males females
Oct. 7 111.0 a 43 b 320 ¢ 38.7 d 72.0 ¢ 94.7
Oct. 18 272.7 a 6.1 b 44.3 ¢ 63.0 d 67.2 e 821 f

Analysis of Variance

Source of variation d.t. 5.5, M.S. F-cale. F-rec. (p=0.03)
Blocks 2 0.0051 0.0027 0.50 3.44
Sex 1 152113 1.2113 228.48 4,30
Treatments 2 10.6962 1.3481 65.64 3.44
Dates 1 0.0708 0.0708 13.36 4.30
Treat. x Sex 2 4.1567 2.0784 392.02 3.41
Sex x Dates 1 0.0674 0.0674 12,1 4.30
Treat. x Dates 2 0.0861 0.0431 8.12 344
Treat. x Dates x Sex 2 0.1378 0.0689 13.00 3.44
Residual 22 0.1166 0.0053
Total 35 6.5483

*Means followed by same letters are not significantly different, Duncan’s Multiple Range Test, p=0.05.

TABLE 2. Numbers of Dacus oleae flies captured per trap per week on yellow sticky traps baited with pheromone (Ph), aqueous
ammonia solution 25% (A), and Ph+ A dispensers, Paradissos, Athens, 1982,

Mean no. of flies captured by*

Ph A Ph+A
Date males females males females males females
Oct. 26 115.8 a 2l 23.2 ¢ 527 d 438 ¢ R0.0 f
Nov. 2 73.7 a 127 b 8.7 ¢ 27.0 d 473 e 24.8 f
Nov. 10 77.9 a 6.0 b 2.8 ¢ 274 d 347 e 26.0 f
Nov. 17 49.0 a 10.8 b 18.5 ¢ 293 d 262 d 37.2 de
Nowv, 24 6.5 a 23 b 50¢ 10.5 ad 8.5 ad 16.3 d
Dec. 8 41 a 2.5 be 1.5 ¢ 3.7 ac 5.0 a 3.9 ab
Dec. 21 25a L8 b 1.2 ¢ 1.8 b 4.2 .d 36 d
Dec. 30 1.1 a 0.3 b 0.5 be 0.5 be 0.7 ac 0.7 ac

Analvsis of Variance

Source of variation d.f; 5% M.S. F-cale. F-req. (p=0.05)
Blocks 5 1.2456 (1.2491 1151 2.7
Sex 1 1.2097 0.2097 9.69 3.84
Treatments 2 (). 3650 0.1825 8.43 3.00
Dates 7 17,9371 2.5624 118.35 2.01
Treat. x Sex 2 2.2802 1. 1401 52.66 3.00
Sex x Dates 7 1.3937 0.0562 2.60 2.01
Treat. x Dates 14 1.3564 1.2550 1.18 1.69
Treat. x Dates x Sex 14 1.6195 0.1157 534 1.69
Residual 235 5.0879 0.0217
Total 287 29.4951

*For each date, mean catches of male and female flies followed by the same letter are not significantly different, Duncan’s Multi-
ple Range Test, p=().03.
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trap efficiency with insect population density has
also been observed on certain occasions in D. o-
Oae (Haniotakis unpublished data). The increase
of female captures in the combination traps could
also be the result of female population increase a-
round the pheromone sources. Traps with phero-
mones alone do not catch females because the fe-
male arrestant does not function as a female at-
tractant as well. The small number of females cau-
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ght by these traps are attracted by their yellow co-
lour.

Insect population densities and therefore trap
catches vary significantly with the date of observa-
tion. Table 2 shows the results for 1982 and Table
3 for 1983. In general the results of Tables 2 and 3
agree with those of Table 1. However, if we exami-
ne more closely Table 3 in particular, which covers
the entire period of the year during which the in-

TABLE 3. Numbers of Dacus oleae flies captured per trap per week on natural color plywood sticky traps baited with pheromo-
ne (Ph), ammonium bicarbonate salt (A), and Ph+A dispensers, Means of 6 replicates, Paradissos, Athens, 1983.

Mean no. of flies captured by*

Ph A Ph+ A
Date males females males females males females
Mar. 29 1.2 a 0.5 b 0.8 ab 05 b 7.7 7.5
Apr. 5 1.8 a 0.0 b 38 ¢ 28 a 10.7 d 145 ¢
Apr. 14 17.2 a 1.1 b 99 ¢ 53 d 253 e 16.1 a
Apr. 19 2.8 a 0.0 b 0.9 ¢ 0.5d 42 e 5.1a
Apr. 26 20.2 a 0.8 b 45 ¢ 1.7 b 16.7 a 6.2
May 3 17.2 a 02b 32¢ 1.2 d 85 ¢ 1.0 d
May 11 29 a 0.0 b 21 ¢ 1.2 ¢ 1.9 ¢ 03 b
May 16 35a .0 b 03¢ 0.0 b 1.2 d 0.4 c
May 31 0.4 a 0.0 b 02 ¢ 0.0 b 09 d 0.0 b
June 15 0.1 a 0.0 b 02 ¢ 0.0 b 0.7 d 0.2 ¢
June 30 0.4 a 0.0 b 0.4 a 0.0 b 03¢ 0.0 b
July 7 6.3 a 03 b 13 ¢ 1.8 ¢ B3 a 25d
July 14 9.8 a 02 b 2.3 2.0¢ 2.6 0.7 d
July 21 52a 0.0 b 13 ¢ 0.5 d 6.0 e 0.5d
July 28 7.7 a 0.0 b 0.7 ¢ 1.2d 33 e 1.2 d
Aug. 4 25a 0.2 b 0.5 c 02 b 1.2 d o e g
Aug. 11 4.0 a 0.0 be 03b 02b 1.3 d 1.5 d
Aug. 18 32a 02 b 1.0 ¢ 0.5d 1.0 ¢ 23 a
Aug. 24 3la 0.0 b 0.0 b 0.8 ¢ 1.6d 2.0d
Aug. 31 4.3 a 0.0 b 02b 02 b 1.0 ¢ 1.7 d
Sep. 8 13.7 a 0.2 b 28 ¢ 3d4c 34 c 38 ¢
Sep. 15 30.5 a 0.0 b 22-¢ 0.7 d 13.9 ¢ 1.3 £
Sep.22 220 a 05b 28 ¢ 6.6 d 9.8 ¢ 6.3 d
Sep.29 27.0 a 1.8 b 4.8 c 6.2 d 52 cd 48 ¢
Oct. 6 19.0 a 1.0 b 30¢ 23 cd 8.8 e 3.5¢
Oct. 13 T A 1.2 b 42 ¢ 6.2 d 183 e 12.8 £
QOct. 20 6.5 a 1.2 b 5.8 a 3.7 ac 93 a 8.5 a
Oct. 27 25a 0.7 b 25a 23 a 50 ¢ 33 ¢
Nov. 3 4.0 a 02 b 53¢ 37 a 53¢ 4.8 ac
Nov. 10 1.7 a 0.8 b 1.8 a 33 ¢ 4.8 d 6.7 e
Nov. 16 0.3 a 0.2 a 22 b 22 b 25b 2.7 ¢

Analysis of Variance

Source of variation d.f §.8. M.S. F-rec. F-cale. (p=0.05)
Replicates 5 1.9699 .3940 5.99 2.21
Sex 1 22.5104 22.5104 342.29 3.84
Treatments 2 B.8008 4.4004 66.91 3.00
Dates 30 60.4106 2.0137 30.62 1.46
Treat. x Sex 2 18.2802 9.140 135,98 3.00
Sex x Dates 30 10.5990 0.3533 5.37 1.46
Treat. x Dates 6l) 14.0300 ().2338 3.56 1.32
Treat. x Dates x Sex 60 9.4970 0.1583 2.41 1.32
Residual 925 60.8313 0.0658
Total 1115 206.929

*For each date, mean catches of male and female flies followed by the same letter are not significantly different, Duncan’s Multi-

ple Range Test, p=0.05.
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TABLE 4. Mean numbers of Dacus oleae flies captured per trap per week on sticky traps baited with pheromone (Ph), ammo-
nia-releasing dispensers (A ), and Ph+ A for periods during which insect response to traps varies due to differences in environ-

mental or biological factors (critical factors).

No. of flies captured by*

Ph A Ph+A

Critical
Period males females males females males females factor**
Oct. 26—-Nov. 17, 1982 77.6 d 14.0 a 17.7 ¢ 331 b 351 b 408 b 2
Nov. 18- Dec. 30, 1982 34 a 1.7 b 21b 4.1 a 45a 6.1 a 1
Mar. 29~ Apr. 19, 1983 58 b 0.4 d 3.9 be 22¢ 12.0 a 10,0 d 1
Apr. 20-May 16, 1983 10.8 a 03 e 25 ¢ 1.0d 7.0 b 1.9 cd 2
May 17-June 30, 1983 0.3 b 0.0 ¢ 0.2 b 0.0 ¢ 0.6 a 0.0 be 3
July 1-July21, 1983 7.1 a 02'c 1.6 b 1.4 b 55a 1.2 b 4
July 22~ Oect. 13, 1983 13.9 a 04 e 1.9 d 2.5d 57b 35¢c 2
Oct, 14—Nov. 17, 1983 30 ¢ 0.6 d 3.5 be 3.1t 5.4 ab 52 a 1

*For any particular time period, means followed by same letter are not significantly different, Duncan’s Multiple Range Test.

p=0.05.

**Critical factor: 1 = low temperatures, 2 = full insect activity, 3 = sexual inactivity, 4 = reduced sex activity.

sect is active, we can make the following observa-
tions (summarized in Table 4).
With regard to capture of males by ammonia,
pheromone and the combination, the following
periods can be distinguished: a) The cold periods
(Nov. 18 - Dec. 30, 1982, Mar. 29 - Apr. 19 and
Oct. 14 - Nov. 17, 1983), during which mating a-
ctivity and therefore insect response to pheromo-
ne was restricted by low afternoon temperatures.
Ammonia as food attractant is attractive throu-
ghout the day. During these periods an additive or
slight synergistic effect of sex and food attractants
was observed in the combination traps. The limi-
ted interference between sex (long-range activity)
and food (short-range activity) attractants due to
restricted pheromone effectiveness could be the
reason for these results. b) The period of no sexual
activity of the insect (May 17 - June 30, 1983),
which coincided with the lack of mature fruit in the
orchard. During this period males do not respond
to pheromones. As was expected, the results a-
greed with those of the previous case and could be
attributed to the same reason. ¢) The period of
partial sexual activity (July 1 - July 21, 1983),
during which the results of the combination of the
two attractants appeared but were not vet signifi-
cant. d) The period of insect reproductive activity
(Oct. 26 - Nov. 17,1982, Apr. 20 - May 16 and July
22 - Oct. 13. 1983), when results agreed with those
of Table 1. Differences in trap catches between the
various traps were not as pronounced as in Table
I, prodadry ate (@ rfe mcreased’ rap compediom
allowed in this experimental design.

With regard to females, the combination of phe-
romone and ammonia resulted in an increase of
capture of females as compared to the capture by
ammonia traps throughout the year, except in the

periods of insect reproductive inactivity or re-
duced activity. Probably females, like males, do
not respond to pheromones during such periods.
The effect of cool afternoons which was observed
in the case of capture of males did not occur in the
case of females. The fact that females responded
to arrestant pheromone throughout the day as op-
posed to male response to the sex pheromone
during afternoon hours only can very well explain
this difference (Haniotakis et al. 1986a).

Simulation models indicated that combination
of sex and food attractants on the same trap is the
most efficient system of those tested here for mass
trapping (Karandinos and Haniotakis unpublished
data). This 1s understandable since in addition to
males, a large number of females, i.e. the dama-
ging sex, is also removed. On the basis of the a-
bove findings, it is likely that traps using only the
pheromonal enantiomer which functions as a male
attractant will attract more males than those bai-
ted with the racemic mixture, since in the former
case competing females will not aggregate in the a-
rea of the trap. Such an attractant may be more
suitable for monitoring purposes.
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Eridpacn Luvévaopov [poseikvotikdv ®viov ko Tpodijc oty Iowa [ayida
otic Zviinyeic Eviopov Adakov

I'E. XANIQTAKHE ka1 A. BAXIAEIOY-WAITE

Ivatitovto Bioioyiag, ELK.E.®.E. «Anuokpirog»,
T.®. 60228, 15310 Ayia Hupaockevrj, Attikn

MEPIAHYH

[MTpooeikuotikd GUAOU, TU MO 1GXUPL TPOCEAKUOTIKG Y10 TU UPCEVIKG £VIONN TOU SAKOU TG &-
Aldc, Kol gppovia, £ve ano To To loyupd tpoceikuatikd yia ta Oniukd tou (diov evidpou ou &-
youe otn duabeon paug orjuepa, cuvoudoTnkKay otny (B tayida. O cuvdvaopudg auTog el cav -
TOTELECHU TNV KaTd HEGO 6po abENGT) TV GUALNYEOV ONAVKOV EVIOU®V, GE GUYKPLOT LE TIS OUA-
ANYELS TOV TAYISmV eUpoVIias, aAld TN HEIMCT TOV CUALTWEMV WPOEVIKMOV, GE CUYKPLOT HE TIg
CUAAYELS TOV TRV I8V TPOCEAKLGTIKMV GUAOV. ATOKAIGELC UTTO TO UTOTEAECUO QUTO TUPUTTPT}-
Onkav KaTd TN S1APKELL OPICHEVOV TEPLOSMV TOU £TOLS 01 OTOTEC OGEIAOVIUL GTNV EMKPATNOT
StadopeTiKOV duaIK®OV Kl BloLoyiK®OV Tupuyovimv Tov ennpedlouy T 6paoT] TV TPOTEAKUGTL-
KoV puiov. Me Bdom npocduteg tanpodopieg mou udopouv T AEITOUPYIL TOL GUGTIHUTOS YT HL-
KN¢ emKovevias Tov 6Uo dUimv Tou ddkou didovial ENY1GELS Y10 Tt UMOTEAEGHATA GUTA.
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