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Effect of the olive fruit size on the parasitism rates of Bactocera
oleae (Diptera: Tephritidae) by the figitid wasp Aganaspis

daci (Hymenoptera: Figitidae), and first field releases of adult
parasitoids in olive grove

C.A. Moraiti', G.A. Kyritsis' and N.T. Papadopoulos'™

Summary The olive fruit fly Bactrocera oleae (Rossi) (Diptera: Tephritidae) is the major pest of olives
worldwide. The figitid wasp, Aganaspis daci (Hymenoptera: Figitidae), is a larval-prepupal endopara-
sitoid of fruit fly species, and it was found to successfully parasitize medfly larvae in field-infested figs
in Greece. To assess the potential of A. daci as a biological control agent against B. oleae, we studied
the effect of olive fruit size on parasitism rates of A. daci on 2" and 3" instar larvae of B. oleae, by us-
ing fruit of different size (cultivar ‘Chalkidikis’) and wild olive fruit. In addition, we conducted releas-
es of A. daci females in a pilot olive grove in Volos, Magnesia. From July to October, we released 200
A. daci females/0.1 ha/week, followed by olive fruit sampling to estimate olive fruit infestation levels
and the parasitism rates of A. daci. Laboratory trials revealed that fruit size and larvae instar were pre-
dictors of parasitism success of A. daci, with parasitism rates higher for small-size fruit of the cultivar
“Chalkidikis” and the 3 instar larvae of B. oleae. In field trials, no A. daci adults emerged from the ol-

ive fly infested fruit.
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Introduction

The olive fruit fly Bactrocera oleae (Ros-
si) (Diptera: Tephritidae) is a monophagous
species, of sub-Saharan African origin, that
attacks fruits of African and Asian wild olive,
O. europaea ssp. cuspidate, and the commer-
cial olives O. europaea ssp. europaea (includ-
ing wild olive fruit or naturalized ‘oleast-
ers’) (Hoelmer et al., 2011, Tzanakakis, 2006).
Its presence has been well documented in
the Mediterranean Basin, South and Central
Africa, Middle East and India, and it has re-
cently invaded California and northwestern
Mexico (Nardi et al., 2010). The olive fruit fly
usually lays one or more eggs just below the
surface of the fruit, and larvae form galler-
ies while feeding on the pulp of the fruit. Be-
sides secondary infestation from both bacte-
ria and fungi, olive fruit fly infestation causes
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premature fruit drop and reduces fruit and
olive oil quantity and quality (Manousis and
Moore, 1987). Current management strat-
egies for olive fruit fly populations rely pri-
marily on insecticide application either
through cover sprays or bait sprays that tar-
get adult fly. Resistance of B. oleae to insec-
ticides has been documented both for olive
fly populations from Greece (Kampouraki et
al., 2018) and California (Kakani et al., 2010).
Thus, B. oleae poses a serious threat to the
olive industry worldwide and its control is
challenging (Daane and Johnson, 2010).
Over nearly 100 years, considerable ef-
forts have been made to manage the ol-
ive fruit fly in southern Europe by introduc-
ing primarily North African populations of
Psyttalia (Opius) concolor (Szepligeti) (Hy-
menoptera: Braconidae), a koinobiont en-
doparasitoid of the second and third larval
instar of the Mediterranean fruit fly (med-
fly), Ceratitis capitata, and the olive fly (Daane
and Johnson, 2010). In Greece, initial trials in
the island of Chalki gave promising results
during the first year of release (18-37% par-
asitism rates) but parasitism rates declined
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(1-2%) the following years (Stavraki-Paulo-
poulou, 1966). In the island of Corfu, releas-
es of P. concolor (from Tunisia) against heav-
ily infested olive trees of the Lanolia variety
during the spring revealed high parasitism
rates (30-50%) even from the 1%t week after
the release (Kapatos et al., 1977). The harvest
period of olive fruit in Corfu (collected from
the ground in the spring) differs from that
of other regions in Greece (harvested in au-
tumn). Apparently, unharvested fruit support
an additional, spring generation of the olive
fruit fly that gives adults late in May and/or
June (Kapatos et al., 1977). However, P. con-
colorrarely contributes to control of the olive
fruit fly populations in spring without con-
sidering large inundative wasp releases (Li-
aropoulos et al., 1977; Kapatos et al., 1977).

In Spain, P. concolor was initially intro-
duced in late 1970s, but failed to get estab-
lished in several olive oil production areas
(Jiménez et al., 1998). More recently, high
parasitism levels (>20%) of B. oleae pupae by
P. concolor were recorded during August —
September in organically-managed orchards
in Majorca (Balearic Islands) (Miranda et al.,
2008). Apart from the Balearic Islands, P. con-
color is also assumed to be established in
southern Italy (Raspi and Loni, 1994). More-
over, field releases of the generalist, egg
parasitoid of fruit flies, Fopius arisanus (Hy-
menoptera: Braconidae), revealed parasitism
rates >20% during autumn when humidity
levels are high in Italy (Moretti et al., 2007).

In California (USA), numerous braconid
parasitoids were screened from 2002 on-
wards as potential biological control agents
of B. oleae and two larval endoparasitoids,
Psyttalia humilis (from Namibia) and P.
lounsburyi (from Kenya) have been released
in olive groves of coastal and inland coun-
tries (Yokoyama et al., 2011; Daane et al.,
2015). Recovery results revealed that the par-
asitoids have been established in coastal re-
gions and, more importantly, P. lounsburyi
can successfully overwinter and survive even
at low B. oleae densities (Daane et al., 2015).

The parasitoid Aganaspis daci (Hymeno-
ptera: Figitidae, Eucoilinae) is another sol-
itary, primary endoparasitoid that attacks
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the larval-prepupal stage of numerous fruit
fly species in South-East Asia and Austra-
lia (Clausen et al., 1965). It was first detect-
ed on parasitized larvae of B. dorsalis (Hen-
del) in Malaysia and Taiwan (Weld, 1951). In
the Mediterranean basin, A. daci was first re-
covered from medfly puparia of field-infest-
ed figs in the Greek island of Chios in 1999,
with the parasitism rate reaching 45% (Pa-
padopoulos and Katsoyannos, 2003). Up to
now, A. daci has been retrieved from medfly
and Rhagoletis cerasi (Diptera: Tephritidae)
pupae collected from field-infested citrus
and cherry fruits in Thessaly and Attiki area,
Greece (N.T. Papadopoulos and D. Papach-
ristos, personal observations). In 2009, A.
daci was recorded in Valencia, Spain, attack-
ing medfly in fig and citrus fruits (Sabater-
Munoz et al., 2012). Recently, A. daci was re-
ported to be the predominant parasitoid of
C. capitata pupae from field-infested loquat,
grapefruit, peach and guava orchards in the
coastal area of Tartous in Syria, with para-
sitism levels of 1.68%, 30.76%, 18.28% and
16.15%, respectively (Ali et al., 2015; 2016).

In addition, A. daci has been introduced
to many countries as a biological control
agent of specific fruit fly species. Initially, it
was introduced to Hawaii in 1948 for the bi-
ological control of B. dorsalis, where it was
also successfully mass reared on medfly lar-
vae/pupae (Clausen et al., 1965). Releases for
the control of the Caribbean fruit fly, Anas-
trepha suspensa, in Florida (USA) (introduced
via Hawaii) resulted in establishment after
three years (Baranowski et al., 1993). In con-
trast, the parasitoid failed to become estab-
lished in Mexico and Costa Rica (introduced
via Hawaii) after being released against
medfly and the Mexican fruit fly, Anastrepha
ludens (Wharton et al., 1998). In 2008, A.daci
was introduced to Egypt (via Hawaii) for the
biocontrol of B. zonata, with the initial para-
sitism rate ranging from 1.6 to 8% in a gua-
va orchard and, interestingly, five years lat-
er, the parasitoid was detected in the wild in
fruit fly infested citrus and guava fruits ap-
proximately 320km away from the initial re-
lease point (EI-Heneidy et al., 2019).

Even though A. daci is a native parasitoid
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of Bactrocera spp. and previous releases for
the control of B. dorsalis and B. zonata have
been attempted with some success (Claus-
en et al., 1965; El-Heneidy et al., 2019), bio-
logical control efforts, using this parasitoid,
against the olive fruit fly have yet to be as-
sessed. Preliminary results revealed that A.
daci can successfully parasitize B. oleae lar-
vae under laboratory conditions (N.T. Papa-
dopoulos and Ch. S. loannou, unpublished
data), but its response to infested olive fruit
both in laboratory and field conditions re-
mained unknown. It is well documented
that the olive fruit size is a significant pre-
dictor of the parasitic success of the Afri-
can parasitoids P. ponerophaga (Sime et al.,
2007), P. concolor (Wang et al., 2009a) and
P. lounsburyi (Wang et al., 2009b) on B. ole-
ae host. To this end, we assessed in the lab-
oratory performance of A. daci on infested
olive fruit of different size. In addition, we in-
cluded fruit of wild olive trees that can also
support B. oleae populations in Europe (Big-
ler and Delucchi, 1981). Last, releases of A.
daci were carried out in an olive grove in
Greece for assessing its potential as a bio-
logical control agent against B. oleae host in
field conditions.

Material and Methods

Insects

Laboratory colonies of B. oleae and A.
daci were maintained in an insect room un-
der controlled conditions (25 + 1°C, 60 =
10% R.H, and a photoperiod of L14: D10) in
the laboratory of Entomology and Agricul-
tural Zoology at the University of Thessaly,
Volos, Greece.

Aganaspis daci specimens were obtained
from a laboratory colony housed at the Va-
lencian Institute of Agrarian Research [Insti-
tuto Valenciano de Investigaciones Agrarias
(IVIA), Valencia, Spain]. This colony was es-
tablished in 2010 with specimens obtained
from medfly-infested figs in Bétera, Spain.
Since then, a laboratory colony was main-
tained on the host C. capitata (de Pedro etal.,
2016). After transferring to Volos, A. daci was

reared on mature (L;) medfly larvae, which
were reared in the laboratory on an artificial
diet as it is described by Boller (1985).

Olive flies obtained from infested olive
fruit of the “Pelion” cultivar collected from
organic olive groves in Volos in June 2016.
Flies were reared for 2 generations on olive
fruit that had been collected at an appropri-
ate ripening stage (full size, green color) and
stored atlow temperatures (6-7°C) until being
used. All adults were maintained in wooden
framed, nylon-mesh-screened holding cag-
es (30 x 30 x 30 cm) and had free access to
food (mixture of yeast hydrolysate and sugar
in a ratio of 1:4) and water. Olive fruit were of-
fered to females for oviposition, and mature
larvae dropped from the fruit into a contain-
er placed below. Pupae were collected and
kept under the same conditions.

Effects of olive fruit size on parasitism
success

To assess the effect of fruit size on the
parasitism rate of A. daci (the number of A.
daci adults recovered per olive fly pupae),
we used i) olives of the cultivar “Chalkidikis”,
and ii) wild olive fruit (wild growing olive
fruit of O. europaea ssp. europaea). The olive
fruit size (length and width) and olive fruit
thickness were measured for both “Chalkidi-
kis” olives (small-sized and big-sized) and
for wild olive fruit using a sample of 50 fruit
per category. Pulp thickness (i.e., distance
from the epidermis to pit) was averaged
from three needle-probe measurements
per fruit. Measurements were always tak-
en from the mid-point along the longitudi-
nal axis of a fruit. Fruit from “Chalikidikis” ol-
ives were mechanically categorized as small
(length < 3.1cm) and big (length > 3.1cm). All
olive fruit were offered to mature, mated fe-
males of B. oleae for oviposition, allowing 1
- 2 oviposition stings per fruit. Larvae were
left to develop inside fruit until reach 2" or
3 instar. Monitoring of larvae development
was based on samples of dissected fruit. Ol-
ive fruit with 2" and 3" instar larvae were of-
fered to A. daci females for parasitism. Five
A. daci females without previous oviposi-
tion experience (5-10 days old) were trans-
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ferred to plexiglass cages (15x15x15cm) with
ten olive fruits infested with 2" or 3" instar
B. oleae larvae. Aganaspis daci females were
allowed to oviposit to olive fruits for 24h
having free access to food (sugar and hon-
ey) and water. Then, fruit were individually
transferred to ventilated petri dishes for col-
lecting parasitized olive fruit fly pupae. Pe-
tri dishes with pupae were keptin the insect
room and checked daily until adult olive fly
and parasitoid emergence ceased. For each
fruit size and larvae instar (2" or 3" instar)
treatment, we run ten replicates (10 infest-
ed fruits with 5 A. dacifemale/replicate). Five
replicates of ten infested fruits remained in
a parasitoid unit without parasitoid for 24h
as control treatment to assess the natural ol-
ive fly larval/pupae mortality.

Induced mortality was evaluated by com-
paring % mortality in the treatment with %
mortality in its control, using the Schneider-
Orelli formula (Plntener, 1981) as follows:

Induced mortality (%) = [(treatment mor-
tality - control mortality)/ (100 - control mor-
tality)] x 100%.

Induced mortality refers to mortality of
host pupae attributed to parasitoids, from
which adults do not emerge.

Hence, population reduction is defined
as the sum of induced mortality and per-
centage parasitism.

Field releases of A. daci

One rainfed, olive grove located in Nea
lonia Volos (Magnesia, Greece) (39°37'N;
22°93’E, 16m) was selected for A. daci field
releases. The size of the olive grove was es-
timated at 0.5ha, and it was mainly planted
with the cultivar “Pelion”. The experimen-
tal field was surrounded by olive groves and
wild growing olive trees and has been certi-
fied (according to EC 834/2007) as an organ-
ic farm for at least the last five year. To moni-
tor the olive fly population, 10 McPhail traps
loaded with ammonium sulphate 2% as at-
tractant were deployed on 10™ July, 2018.
Adult captures recording and replacement
of the attractant solution was conduct-
ed every week until the end of the experi-
ment. Apart from male and female captures
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per trap per week, the percentage of fer-
tile females caught was determined follow-
ing dissection under a binocular microscope
(Fletcher et al., 1978). Aganaspis daci releases
took place one week after the first capture
of mature B. oleae females (bearing mature
oocytes in ovaries) in the traps. Ten 10 par-
asitoid females (5-10 days old) per fertile ol-
ive fruit fly female captured were released,
with a maximum release of 200 female par-
asitoids per 0.1 ha/week or 1000 female A.
daci/week due to rearing constraints. One
week after the first release, a total of 300 ol-
ive fruit were randomly collected, and kept
under laboratory conditions until the emer-
gence of B. oleae pupae. Then, collected
pupae were placed in Petri dishes until the
emergence of olive fruit flies and/or A. daci
adults. The experiment was completed on
23 October, 2018 because of the prema-
ture drop of almost all olive fruit caused by
the heavy B. oleae infestation. Climatic data
(temperature and humidity) during the pi-
lot trials (from 10™ July, 2018 to 23" October,
2018) were obtained from the closest mete-
orological station located at Nea Anchialos
Airport (39°21'N; 22°08'E, 25m a.s.l.) 17.8 km
south from the pilot field site (Fig. 1).

Statistical analysis

The normality of data was assessed with
the Kolmogorov-Smirnov test. Kruskal-
Wallis test was used to compare olive fruit
size metrics (length, width, pulp thickness).
Kruskall-Wallis and Mann-Whitney tests
were used to determine whether olive fruit
size and larval instar (2" and 3) had an ef-
fect on a) parasitism rate of A. daci, b) in-
duced mortality and c) population reduc-
tion of olive fly, respectively. All statistical
analyses were performed using SPSS 22.0
(IBM Corp., Armonk, NY, USA).

Results

Effect of olive fruit size on parasitism
success

The length of small and big categories of
“Chalkidikis” fruit averaged 2.7 + 0.3 cm and
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3.6 £ 0.3 cm, respectively; fruit width aver-
aged 1.8 + 0.1 cm and 2.5 £ 0.1 cm, respec-
tively. Mean length and width of wild ol-
ive fruit were estimated to be 2.0 + 0.2 cm
and 1.6 = 0.1 cm, respectively. Hence wild
olive fruit were smaller than the small size
“Chalkidikis” fruit. The average pulp thick-
ness of “Chalkidikis” olive fruit ranged from
0.57 £0.11 cm (small fruit) to 0.85 £ 0.01 cm
(big fruit), while pulp thickness of wild ol-
ive fruit was estimated at 0.62 + 0.11 cm.
Kruskal-Wallis tests revealed that olive fruit
differ in length (x*=133.197, df=2 P<0.001),
width (x*=132.104, df=2, P<0.001) and fruit
thickness (x?=99.189, df=2, P<0.001).
Parasitism rates of A. daci on 2" and 3™
instar larvae of the olive fruit fly was lower
than 11.4%, regardless of the size and culti-
var. Bactrocera oleae population reduction
was lower than 30% for 2"* and 3" instar lar-
vae in all olive sizes, except for L; on small
“Chalkidikis” fruit (=53%) (Table 1). Olive fly
larvae developing in small olive fruit of the
“Chalkidikis” cultivar seem to be more “vul-
nerable” to A. daci than those of the big fruit
regardless of the larvae instar. No A. daci
adults emerged from olive fly on wild olive
fruit, irrespective of the larval instar. Olive
fruit size was a significant predictor of par-
asitism rates (Kruskal-Wallis test, x>=14.885,
df=2, P=0.001), as opposed to induced mor-
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tality (Kruskal-Wallis test, x°=0.687, df=2,
P=0.709) and population reduction of ol-
ive fly (Kruskal-Wallis test, x*=1.749, df=2,
P=0.417). Moreover, Mann-Whitney tests
revealed that larval size (developmental
stage) significantly affected parasitism rates
(U=193.000, P=0.003) and population reduc-
tion (U=293.000, P=0.020), while it was mar-
ginally not significant predictor for the in-
duced mortality caused by A. daci on olive
fly populations (U=318.000, P=0.051).

Field releases of A. daci

Olive fruit fly adult captures were record-
ed from the first week of sampling. Captures
peaked (300-500 adults per week) from 11
to 18 September, 2018 (Fig. 2). Fruit infes-
tation was low (<15%) until the 11* of Sep-
tember and significantly increased after the
25t September, 2018 (>100% olive infesta-
tion) and remained high until the end of the
survey. Percentage of mature females were
higher than 85% during the first week of
sampling and remained high (85-97%) until
the end of the experiment. In total, 13,220
A. daci females were released from 24t July,
2018 to 23 October, 2018. Fruit sampling
revealed that 1,845 B. oleae adults emerged
from 2,454 olive fly pupae; however, no A.
daci adults emerged from the infested ol-
ives (Table 2). It is noted that no olive fruit
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Figure 1. Climatic data from the pilot olive grove during the period of field releases. Data were obtained from the closest
meteo station located at the airoport of Anchialos, 17.8 km away from the pilot field.
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Table 1. Parasitism rates of Aganaspis daci, induced mortality and population reduction of
olive fly on L,, and L; larvae.

alinsar | Oherwic | Adedretn | et monlty | iicion
- - (mean = SE)
Wild olive fruit 0 244 +58 244 +£58
L; Chalkidiki (small) 11.4+£28 41.3+10.7 52.7+£10.8
Chalkidiki (big) 5519 229+79 284+72
Wild olive fruit 0 19.4+54 19.4+54
L, Chalkidiki (small) 3+1.6 154 +3.9 18.4+3.7
Chalkidiki (big) 0 18.3+11.9 18.3+11.9

*Induced mortality (%) = [(treatment mortality - control mortality)/ (100 - control mortality)] x 100%.
**Population reduction is the sum of induced mortality and percentage parasitism.
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Figure 2. Mean captures (numbers + SE) of olive fruit flies on McPhail traps per week during monitoring period. Males, fe-
males and fertile females are shown. Traps installed on 10th July, 2018.

were available for sampling following the
last A. daci release conducted on 23 Oc-
tober, 2018 due to the premature fruit drop
caused by the heavy olive fly infestation.

Discussion

Our results suggest that parasitism success
of A. daci on B. oleae larvae feeding on ol-
ive fruit was both affected by olive fruit size
and larval instar under laboratory condi-
tions. Specifically, the parasitism rates of the
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infested olive fruit of the “Chalkidikis” culti-
var ranged from 11.4% to 3% for small and
big fruit, respectively. Interestingly, B. ole-
ae larvae were fully protected in wild ol-
ive fruit since no A. daci emergence was re-
corded. It is noted that wild olive fruit were
smaller than those from the small “Chalkidi-
kis” fruit; however, there was no difference
in pulp thickness between wild olive and
small “Chalkidikis” fruit. Moreover, both par-
asitism rates of A. daci and olive fly popu-
lation reduction were higher for 3 instar
compared to 2" instar larvae. In contrast,
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Table 2. Results of olive fruit infestation rates and parasitism rates of Aganaspis daci on olive
fruit fly after releases during the period of 24™ July — 23" October, 2018.

Number of .
A.dacirelease Olive infestation levels emerged £ o o O |,
individuals (n) | 2 S % % B. oleae adult
IS S O |emergence (con-
- ' v o v S ESS e\g % side-ring formed
Release date 3 Tg coIIethriL:r: date s S 37 ) E Pupee
< o o < o <<
24/7/2018 560
7/8/2018 25 17 0 0 8.3 68.0
31/7/2018 840
7/8/2018 1000 14/8/2018 42 34 0 0 14 81.0
14/8/2018 1000 21/8/2018 34 21 0 0 1.3 61.8
21/8/2018 1000 28/8/2018 33 29 0 0 N 879
28/8/2018 1000 4/9/2018 36 26 0 0 12 72.2
4/9/2018 1000 11/9/2018 23 16 0 0 7.7 69.6
11/9/2018 1000 18/9/2018 41 30 0 0 13.7 73.2
18/9/2018 1000 25/9/2018 209 194 0 0 69.7 92.8
25/9/2018 1000 2/10/2018 431 325 0 0 143.7 75.4
2/10/2018 1000 9/10/2018 652 408 0 0 217.3 62.6
9/10/2018 1000 16/10/2018 448 352 0 0 149.3 78.6
16/10/2018 820 23/10/2018 480 393 0 0 160 81.9
23/10/2018 1000
Total 13220 2454 1845 0

*Sample of 300 olive fruit per sampling date

olive fruit size and larvae instar have no im-
pact on induced mortality. Our field trials
revealed that olive fruit fly adult captures
in traps were high from the middle to the
end September, resulting in high infesta-
tion rates of olive fruit from the end of Sep-
tember to the end of October, when our tri-
als ceased due to premature olive fruit drop.
Zero parasitoid recovery rates reveal that A.
daci failed to get established and parasitize
the olive fruit fly in the pilot orchard under
the prevailing conditions.

Effect of olive fruit size on parasitism
success

Our laboratory experiments support that
A. daci adults are not able to emerge from
infested wild olive fruit, being in line with a
previous field study that revealed that wild
olive is not an appropriate host of olive fly
parasitoids in Crete (Neuenschwander et al.,
1983). However, olive fruit size and larval in-

star have been found to be significant pre-
dictors of the parasitism rates of A. daci on
B. oleae larvae. For Psyttalia species, fruit
size of the domesticated olives is known to
have a negative impact on their parasitism
success on B. oleae larvae (Sime et al., 2007;
Wang et al., 2009a; 2009b). Given that Psytta-
lia species follow “a drill and sting” strategy
for parasitizing their host (2" and 3 instar
larvae), their ovipositor length is expected
to be a significant predictor of parasitism
success, in line with Latiere’s hypothesis (La-
tiere, 1917). This is particularly true for the
2" instar of B. oleae larvae that tend to tun-
nel deeper in large, fleshier fruit of Europe-
an cultivars (Wang et al., 2009a). On the oth-
er hand, A. daci females follow “an ingress
and sting” strategy, which means that they
enter the fruit in order to parasitize the host
larvae favored by the smooth, compressed
body shape. In this context, the relative ovi-
positor length of A. dacifemales seems to be
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less important for the parasitism success of
B. oleae on different-sized fruit, compared
to the opiines’ parasitoid. Indeed, pulp
thickness of all three study olive fruit (5.7
- 8.5mm) is significant higher than the ovi-
positor length of A. daci (NT Papadopoulos,
unpublished data) but still A. daci is capa-
ble of parasitizing B. oleae larvae. As a result,
variability in A. daci parasitism efficiency in
olive fruit cannot be explained by the ovi-
positor length. In addition, the 3™ instar B.
oleae larvae were found to be more vulnera-
ble to parasitism by A. daci. This is partly at-
tributed to the fact that the L; (positioned
closer to surface because on their way to ei-
ther pupate (summer generation] or exit the
fruit and pupate in soil (autumn winter gen-
eration) are more exposed to A. daci attacks
than the L, larvae (Tzanakakis, 2006; Wang et
al., 2009b).

Field releases of A. daci

Although A. daci can successfully para-
sitize infested olive fruit in laboratory con-
ditions, our results support no activity of A.
daci in field conditions, despite of the pre-
vailing optimal conditions for the field re-
leased wasps in terms of host availability.
In general, field studies have so far revealed
very low fertility rates and high immature
mortality of A. daci, driven mainly by low
(<20°C) or high (>30-35°C) temperatures (de
Pedro et al., 2016; 2017), even though excep-
tions exist (Papadopoulos and Katsoyannos,
2003; Ali et al., 2016). Nevertheless, parasit-
ism rates under low temperatures are ex-
pected to be high only under low humidity
levels, while warm and wet conditions favor
parasitism rates of A. daci during summer,
suggesting that both temperature and rel-
ative humidity affect parasitism rates of A.
daci in the Mediterranean basin (de Pedro et
al., 2017). For instance, in the coastal area of
Syria, field parasitism of A. daci was record-
ed from May to September with a peak dur-
ing June and August, when temperatures
ranged from 22°C to 26°C (Ali et al., 2016). In
our study, high temperatures and low rela-
tive humidity prevailing in the area during
July and August may resulted in high mor-
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tality rates of the released parasitoids. In ad-
dition, low temperatures (<20°C) during the
last month of the field trial are likely to ex-
tend the duration of the immature stages of
the parasitoid and decrease survival rates of
A. daci, despite of the high olive fly infesta-
tion that offered an increased host availabil-
ity (Tormos et al., 2013).

Given that olive cultivar has an effect on
parasitism rates of A. daci, it is possible to as-
sume that the parasitism failure in pilot trials
is attributed to cultivar type, although there
is no data regarding A. daci response to olive
fly larvae feeding on the “Pelion” cultivar.. In
this sense, further studies are needed for as-
sessing the parasitism rates of A. daci on ol-
ive fly infested fruit of the “Pelion” cultivar
under both laboratory and field conditions
following more controlled experimental ap-
proaches. Moreover, taking into account the
oviposition strategy and the searching be-
havior of A. daci, it is expected that the figit-
id wasp will predominantly parasitize larvae
in fallen fruits due to the easy entry through
cracks of wounded fallen fruit, as previous
studies have documented for the fruit fly
parasitoids A. pelleranoi and Odontosema
anastrephae (Hymenoptera: Figitidae) (Alu-
jaetal, 2009). In our study, high B. oleae in-
festation (particularly during the last month
of the field trial) resulted in large numbers of
fallen olive fruit but parasitism of olive fly lar-
vae hosted in these fruit was not evaluated.
Moreover, it is important to note that sam-
ples of B. oleae pupae that gave no adults (B.
oleae or A. daci) were not examined for im-
mature stages of A. daci that did not man-
age to reach adult stage. Hence, the possi-
bility that parasitism exists on fallen fruit or
pupae in the soil cannot be excluded.

Associative learning is well documented,
particularly for the opiine parasitoid species
(Giunti et al., 2015). Laboratory experiments
revealed that early adult learning affects
host preferences (B. oleae vs C. capitata) in
the medfly mass-reared P. concolor (Canale
and Benelli, 2012; Giunti et al., 2016). Even
though parasitoid behavioral studies in the
field are still scarce (Randlkofer et al., 2010;
Kostenko et al., 2015), host plant appears to
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be another important source of information
for parasitoids’ foraging capacity (Giunti et
al., 2015; Segura et al., 2012; 2016). Recent-
ly, it was proved that host-fruit odor learn-
ing influences foraging capacity of the fruit
fly parasitoid, Diachasmimorpha krausii (Hy-
menoptera: Braconidae), against the tephrit-
id host fly Bactrocera tryoni in nectarines and
tomatoes (Masry et al., 2019). The role of ol-
ive trees and olive fruits on the performance
of A. daci and other olive fruit fly parasitoids
remain totally unexplored, despite of the
long term efforts for the biological control
of olive fruit fly (Daane and Johnson, 2010).
In this sense, it is plausible to suggest that
parasitism failure of A. daci against the heav-
ily infested olive fruit may be partly attrib-
uted to olive trees/fruit recognition issues.
Further studies are necessary for assessing
the factors that affect foraging capacity of
A. daci in olive groves.

Conclusions

To summarize, our study aimed at evaluat-
ing the potential of the figitid wasp, A. daci,
as a biological control agent of the olive
pest, B. oleae. To this end, we assessed the
effects of olive fruit size and B. oleae larval
instar on its parasitism success under labo-
ratory conditions, and then we examined A.
daci performance on B. oleae larvae in a pilot
olive grove in Greece. Laboratory studies re-
vealed that small-sized olives infested with
3 instar larvae of olive fruit fly are most vul-
nerable to A. daci attacks. However, infested
wild olive fruit found not to be an appropri-
ate host for A. daci. Our first attempt of field
control of olive fruit fly raised the well doc-
umented inherent difficulties of classical bi-
ological control of B. oleae, resulting in no
parasitism. Overall, further studies are need-
ed, both in laboratory and field conditions,
for getting a better insight of A. daci poten-
tial in olive fly biological control programs.

This research is co-financed by Greece and the
European Union (European Social Fund- ESF)

through the Operational Program «Human Re-
sources Development, Education and Lifelong
Learning 2014-2020» in the context of the proj-
ect “Biological control of the olive fruit fly with
the parasitoid Aganaspis daci (Hymenoptera:
Figitidae)” (MIS 5004126).
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Enidpaon Ttou peyéBoug Tou EAAIOKAPTIOU GTOV MAPAGCITIOMO
Tou Bactocera oleae (Diptera: Tephritidae) anmo to
nmapaottoeldég Aganaspis daci (Hymenoptera: Figitidae) kat
mAoTIKN e§anmdéAuon Tov mapacitoeldol¢ o eAaiwva

K.A. Mwpaitn, lA. Kupitong kat N.T. NMamadémouAog

NepiAnPn O ddxog tng eNde, Bactocera oleae (Diptera: Tephritidae), amoteAei Tov oNUAVTIKOTEPO
ex0p06 TNC EAALOKAANIEPYELAC TTAYKOOUIWE, TOU ommoiou N BLOAOYIKH AVTIMETWTTIION TTAPAMEVEL LAANOV
avemtuxic otov aypo. To Aganaspis daci (Hymenoptera: Figitidae) eival éva evdomapaocitoeldég
mou TPOOPBANEL peydANG nAikiag mPovOuEeC Twv 10wV TNC olkoyévelag Tephritidae kat Bpébnke
Va TIOPAOCITEL EMTUXWG MTPOVUUQES TNG HOYaG TG Meooyeiou og mpoofefAnuéva otov aypd ouKa
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otnv EANGda. Mpokelpévou va e€etaotel n duvatotnta alomoinong tou A. daci w¢ mapdyovta
Bloloyiknc katamoAéunong tou Odkou TG eNAC, MeEAeTAONKe n emibpaon tou peyéBoug Tou
€NALOKAPTIOU GTOV TTAPACITIOUO TTPOVUHPWY 2" Kalt 37 nAikiag Tou ddkou TG ENAC, XPNOIUOTIOIWVTAC
Sl1apopETIKOU PEYEBOUC KaPTOUC TNG TOLKIAIAG «XaAKIOIKAG» Kat Kapmoug ayplehids. Emmpdobeta,
npaypatomoldnkav e€amoAVCEL; TOU A. daci o€ TIAOTIKO EAALWVA OTNV EUPUTEPN TIEPLOXT TOU BOAOU,
Mayvnaiac. Kata tnv mepiodo louhiou — OktwRpiou 2018, mpayuatomoiridnkav o€ efdouadiaia Bdon
e€amoAUoelg 200 ONAUKWV aTOUWV/OTPEUUA Pe TapAAANAEG CUANOYEG eAatokapTwy (300 ehatdkapmol/
€BOoudda) yia EAeyxo Tou TOGOOTOU TPOGROAAC TWV KAPTIWV Ao Tov OAKO TNE EALEC KAl TOU TTOGOOTOU
TIapPAcITIoNOU amd 1o A. daci. And ta anoteAéopata mPOKUTTEL OTI TOOO TO HEYEDOC TOU EAALOKAPTIOU
600 Kal To 0Tdd10 avamtuéng TNG mMPovOUEng Tou 8dkou ¢ ENAC ival kaBoploTikoi mapdyovTeg yia
TOV EMITUXN TAPACITIONO amd 10 A. daci. YPnAd mocooTd MapACITIOUOU KATAYPd@nKaAV GTOUG UIKPOU
HEYEBOUC KaPTOUC TNC TOIKINAC «XaAKISIKAC» Kal OTIC MPOVUUPES 37 nAikiag Tou Akou TG eNIAC
o€ £pyaoTnplakég ouvonkec. AvtiBeta, 6ev mpoékupav evihika tou A. daci amd mpoofefAnuévouc
€NALOKAPTIOUC KATA TN OLAPKELD TWV TAOTIKWY SOKIMWY 0TOV aypO.
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