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Field studies were carried out in order to evaluate the eﬀect of predators
(coccinellids) and parasitoids of Myzus persicae infesting tobacco in Greece.
In an insecticide-free tobacco ﬁeld in Tithorea (Fthiotis, C Greece) tobacco
leave samples were taken from June until September, for two growing seasons
(1996–1997). The aphidophagous coccinellids Hippodamia (Semiadalia) undecimnotata, Adalia bipunctata, Adonia variegata, Propylaea quatuordecimpunctata and Coccinella septempunctata, and the parasitoids Aphidius colemani, Aphidius ervi, Aphidius matricariae, Praon staryi and Praon volucre
were recorded. Hippodamia undecimnotata was observed in higher numbers
than the other coccinellids whereas Praon volucre was the dominant parasitoid during both years of the study. The hyperparasitoid spectrum was
composed of Asaphes spp., Pachyneuron spp. and Syrphophagus aphidivorus
with Pachyneuron spp. being the most abundant during both years. Generally, for both seasons, high M. persicae densities were recorded in July and
August (mid-season) while most coccinellid individuals were found rather
early in the season (June – July). On the other hand, the mummiﬁcation rate
showed a speciﬁc increasing trend late in the season (August – September).
Furthermore, when the eﬀect of coccinellids on mummies of M. persicae in
the ﬁeld was studied, it was observed that an increase in the number of destroyed mummies was accompanied by a decrease in the number of uneaten
mummies.
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Introduction
Aphids are considered to be one of the most important tobacco pests causing signiﬁcant losses (DIANA & SANNINO, 1995; HARLOW & LAMPERT,
1990). In Greece, Myzus persicae (Sulzer, 1776) is
the main aphid species infesting tobacco (BLACKMAN & SPENCE, 1992).
Tobacco is an important crop in Greece and
its infestation by M. persicae reduces directly both
yield and quality of the product (FEINSTEIN &
HANNAN, 1951; GUTHRIE et al., 1956; MISTRIC
& CLARK, 1978; SEMTNER, 1984). The aphid acts
indirectly as a vector of viruses (KENNEDY et al.,
1962) and furthermore shows resistance to insecticides (HARLOW & LAMPERT, 1990).
Little information has been available on the
abundance of natural enemies of M. persicae on
tobacco. TAKADA & TAKENAKA (1982) investigated the relative abundance of two primary and
six secondary parasitoid species of M. persicae on
tobacco in Japan. Recently, KAVALLIERATOS et
al. (1997, 2001) investigated the aphidiine spectrum parasitizing M. persicae on tobacco indicating the presence of the species Aphidius avenae Haliday, 1834, Aphidius colemani Viereck,
1912, Aphidius ervi Haliday, 1834, Aphidius matricariae Haliday, 1834, Diaeretiella rapae (M’ Intosh, 1855), Lysiphlebus fabarum (Marshall, 1896),
Praon volucre (Haliday, 1833) and Praon staryi
(KAVALLIERATOS & LYKOURESSIS, 1999–2000).
SEMTNER (1984) studied the eﬀects of the transplantation date on the seasonal abundance of
M. persicae and Hippodamia convergens GuérinMéneville, 1842 on ﬂue-cured tobacco in the USA.
As reported by WHEELER et al. (1968),
FRAZER & GILBERT (1976), MEYHÖFER (2001)
and TAKIZAWA et al. (2000), aphidophagous coccinellids have been found to feed on mummiﬁed
aphids. Generally, there is a negative inﬂuence of
predators on parasitoids through their exploitation of aphid colonies (MÜLLER & GODFRAY,
1999). However, it seems that there is inadequate
information about the interactions between predators and parasitoids (TAKIZAWA et al., 2000).
The aims of this study were (i) to examine
the seasonal occurrence of coccinellids, aphidiines
and hyperparassitoids on the populations of M.
persicae on tobacco during the crop period and
(ii) to assess the eﬀect of coccinellids on mummies
of M. persicae on tobacco in the ﬁeld.
Material and methods
Samples were taken from an untreated ﬁeld in Tithorea
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(Fthiotis, C Greece), (38◦ 35 N, 22◦ 40 E) covering
an area of 1 ha cultivated with Nicotiana tabacum L.
(Solanaceae) plants (var. Mc Nair 944). The experimental ﬁeld was a part of a larger ﬁeld surrounded by
other tobacco ﬁelds. This ﬁeld was chosen because of
the heavy infestation levels by M. persicae. Sampling
started with the ﬁrst colonization of tobacco plants by
aphids and continued until the last harvest of leaves.
Every ten days from 10.VI. to 12.IX. in 1996 and from
20.VI. to 19.IX. in 1997, twenty leaves were collected
from ten randomly chosen plants (2 leaves per plant, 1
plant per line). Plants were topped at the ﬂower stage
and a contact sucker control agent [fatty alcohol-Royal
Tac SL (n-decanol 66.64% + octanol 0.34% SL)] was
applied immediately. Royal Tac SL is used in order to
avoid the development of axillaries in tobacco plants
after topping. Topping as well as the application of
the sucker control agent are considered necessary in
order to produce tobacco reach in carbohydrates and
nicotine. In 1996, topping began on 24.VII. and it was
completed on 13.VIII. Similarly in 1997, topping began
on 1.VIII. and it was completed on 22.VIII.
Each leaf was placed separately in a plastic bag
and it was then detached from the stem of the plant
with a scissors. These bags were put inside a portable
refrigerator and were next brought to the laboratory
where aphids were identiﬁed to species. Living aphids
were preserved in a 2 : 1 ratio of 90% ethyl alcohol and
75% lactic acid (EASTOP & VAN EMDEN, 1972). Mummies were placed separately in small plastic boxes.
Each box was labeled with the data of the collection
date and the serial number of the leaf. Next, the plastic boxes were put inside a growth cabinet until adult
parasitoid emergence. On the lid of each box there was
a circular opening covered with muslin for ventilation
in order to maintain inside the boxes similar conditions
to those existing in the growth cabinet [22.5 ◦C, 65%
RH, 16 : 8 (L : D)].
Furthermore, the number of the destroyed mummies (preyed upon) found at each sampling was also
recorded. They are easily recognized because the edges
of the irregular holes and punctures made by coccinellids and chrysopids respectively are darkly stained.
The mean number of aphids per leaf and the percentage of mummiﬁed aphids [mummiﬁed aphids to
the total number of aphids] (TOMANOVIĆ et al., 1996;
KAVALLIERATOS et al., 2002a, b) were calculated per
sampling date. ANOVA was used to test the significance of diﬀerences in the total number of species
of aphidiines which parasitized M. persicae (per leaf)
during the whole period of the study. ANOVA was also
used to test the signiﬁcant diﬀerences in the total number of species of coccinellids (per sampling date) during
the whole study period. Each sampling date was taken
as a replicate. ANOVA was performed on transformed
data log10 (x + 10) in the case of coccinellids recorded
in 1997. Means were compared by the Tukey – Kramer
(HSD) test (at P = 0.05), using the statistical package
JMP (SALL et al., 2001). Finally, the number of coccinellid individuals on each sampling unit (leaf) was
plotted against the corresponding M. persicae counts.
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Fig. 1. Mean (+ SE) number of Myzus persicae per leaf
and percentage of mummiﬁed individuals on tobacco
plants in C Greece in 1996 and 1997.

Results
Myzus persicae was the only aphid species found
in the present study. The numbers of M. persicae
recorded in each sampling year were high mainly
in the mid-season, with a peak around the end of
July (Fig. 1). The highest percentages of mummiﬁed aphids were recorded at the beginning and
(mainly) at the end of the crop season. However,
in both growing seasons, the percentage of mummiﬁed aphids was rather low and did not exceed
2.5% (Fig. 1).
Myzus persicae was parasitized by Aphidius
colemani, A. ervi, A. matricariae, Praon staryi
and P. volucre. The hyperparasitoid spectrum was
composed of Asaphes spp., Pachyneuron spp. and
Syrphophagus aphidivorus (Mayr, 1876). The composition and numbers of the aphidiines and hyperparasitoids recorded in both years are shown in
Fig. 2 and in Table 1, respectively.
ANOVA showed signiﬁcant diﬀerences between the aphidiine species parasitizing M. persicae in both years (F = 28.38, df = 3, 396,
P < 0.0001 in 1996; F = 30.30, df = 3, 396,
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Fig. 2. Numbers of parasitoids and percentage of parasitoid species on Myzus persicae infesting tobacco
plants in C Greece in 1996 and 1997.

P < 0.0001 in 1997). Means comparison showed
that the mean numbers of P. volucre (x̄ = 0.69 in
1996, x̄ = 2.07 in 1997) was signiﬁcantly higher
than those of A. colemani (x̄ = 0.20 in 1997),
A. ervi (x̄ = 0.03 in 1996), A. matricariae (x̄ =
0.01 in 1996, x̄ = 0.03 in 1997) and P. staryi
(x̄ = 0.01 in 1996, x̄ = 0.05 in 1997). Praon
staryi remained at very low levels during both
years (Fig. 2).
Numbers of Hippodamia (Semiadalia) undecimnotata (Schneider, 1792) were higher than
those of Adalia bipunctata (L., 1758) and Adonia variegata (Goeze, 1777) during both years
(Fig. 3). Apart from the species presented in
Fig. 3, low numbers of Propylaea quatuordecimpunctata (L., 1758) and Coccinella septempunctata L., 1758 individuals were also recorded in
1997: P. quatuordecimpunctata – 3, 5 and 7 individuals on 10.VII., 29.VIII. and 9.IX., respectively; C. septempunctata – 5 and 3 individuals
on 21.VII. and 30.VII., respectively. Furthermore,
small numbers of Chrysopidae were recorded during both years (1, 5, 2 and 1 individuals were
recorded on 20.VI., 1.VII., 11.VII. and 22.VII.,
respectively in 1996, and 2, 1, 4 and 2 individuals were recorded on 10.VII., 21.VII., 30.VII. and
20.VIII., respectively in 1997).
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Discussion
The reduction of aphid population observed during the two years of the study coincided with the
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ANOVA showed signiﬁcant diﬀerences between the species of coccinellids recorded during
both years (F = 7.54, df = 2, 27, P = 0.0025
in 1996; F = 14.91, df = 4, 45, P < 0.0001 in
1997). The mean numbers of H. undecimnotata
(x̄ = 66.50 in 1996, x̄ = 92.10 in 1997) individuals
were signiﬁcantly higher than those of A. bipunctata (x̄ = 10.90 in 1996), A. variegata (x̄ = 1.90
in 1996, x̄ = 24.90 in 1997), C. septempunctata
(x̄ = 0.80 in 1997) and P. quatuordecimpunctata
(x̄ = 1.50 in 1997).
The numbers of destroyed mummies increased, whereas the numbers of uneaten mummies decreased (Fig. 3) during September of each
year. No mummies destroyed by chrysopids were
recorded. Moreover, coccinellid presence showed
a positive trend at high aphid densities (Fig. 4).
However, even at high aphid densities, coccinellid numbers were notably lower on sampling units
(leaves) occupied by parasitoids.
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Fig. 3. Numbers of coccinellids on tobacco in C Greece and number of destroyed and uneaten Myzus persicae
mummies.

dates of the topping and the application of the
sucker control agent (fatty alcohol). According to
COLLINS & HAWKS (1993), topping stimulates the
carbohydrates in the leaves and coincides with
the production of nicotine, which acts as a biocide. Furthermore, fatty alcohols are very eﬃcacious against M. persicae (LAMPERT, 1989).
Praon volucre was the dominant parasitoid
of M. persicae in both years. High incidence of
parasitism of M. persicae by P. volucre has also
been reported in Australia, where the parasite was
transferred from Greece and Turkey for the control of Hyperomyzus lactucae (L., 1758) (CARVER,
1984; CARVER & WOOLCOCK, 1986). However,
the superiority of P. volucre over other parasitoids of M. persicae may also be related to the
host plant since it was recorded at low percentages on citrus (KAVALLIERATOS & LYKOURESSIS,
1999). P. volucre prefers steppe and forest habitats and represents one of the key parasitoids in
the control of pest aphids in agroecosystems in
Greece. It is a well-adapted parasitoid species in
the Mediterranean parts of Greece with 33 aphid
hosts (KAVALLIERATOS et al., 2001, 2003). These
comprise about one third of the known aphid hosts



Table 1. Numbers of hyperparasitoids of Myzus persicae found on tobacco in C Greece in 1996 and 1997.

A. spp.

P. spp.

S. a.

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
2
–
1
–
–

–
1
5
5
–
2
–
2
1
–
–
–
4
7
15
27
33
59
53
1

–
–
–
–
–
–
–
–
–
–
–
–
–
1
–
–
–
–
–
–

Key: A. spp. – Asaphes spp.; P. spp. – Pachyneuron
spp.; S. a. – Syrphophagus aphidivorus.

for P. volucre in the Palaearctic Region (TOBIAS
& KIRIAC, 1986) and they mainly belong to the
subfamilies Aphidinae (Macrosiphini: 22 species,
Aphidini: 10 species) and Myzocallidinae: (Myzocallidini: 1 species).
The low presence of the recently described
species P. staryi (KAVALLIERATOS & LYKOURESSIS, 1999–2000) during both years could be attributed to its rare presence in nature (STARÝ,
1970). The rarity of this species is reinforced by
the fact that until now it has not been found on
hosts other than M. persicae (KAVALLIERATOS et
al., 2001, 2003).
Hyperparasitoids were mainly represented by
species of the genus Pachyneuron during both
years. The hyperparasitoids found in the present
study are obligate since they were restricted to being secondary parasitoids whose progeny can develop only in or on primary parasitoid (SULLIVAN,
1988). The hyperparasitoids did not appear in signiﬁcant numbers until the aphid numbers had already started to decline in 1997. Therefore, they
did not inﬂuence the impact of parasitoids on
aphid density, which is more important during
the aphid population built up. Furthermore, in
both years, the hyperparasitoids appeared and in-
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Fig. 4. Relationship between Myzus persicae density
and coccinellid presence on each sampling unit, either
free (solid circles) or occupied by parasitoids (open circles.

creased in numbers later seasonally. Similar observations on the appearance of hyperparasitoids and
their eﬀect on primary parasitoids have been made
by EVENHUIS (1964), LATTEUR (1973), STARÝ
(1970, 1988) and KAVALLIERATOS et al. (2002a).
Adalia bipunctata and A. variegata remained
in large numbers during August and September in
1997, when aphid populations were high. In contrast, the numbers of H. undecimnotata started to
decrease in July (Fig. 3), although aphid populations remained high. This could be attributed to
the mass migration of H. undecimnotata population from the valleys to the top of the mountains,
which is recorded in Greece from July to September (KAVALLIERATOS et al., 2002b, 2004).
Finally, the increasing number of destroyed
mummies recorded (Fig. 3) indicates that Coccinellidae predators feed also on mummies. The
ability of coccinellids to feed on mummies has been
noted by other researchers as well (FRAZER &
GILBERT, 1976; MEYHÖFER, 2001; TAKIZAWA et
al., 2000; WHEELER et al., 1968). TAKIZAWA et
al. (2000) showed that larvae of C. septempunctata, Harmonia axyridis (Pallas, 1773) and Propy-
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lea japonica (Thunberg, 1781) consumed a significantly smaller amount of mummies in comparison to living and parasitized aphids. In general,
this intraguild predation is deﬁned by factors affecting the density of the extraguild prey (MEYHÖFER, 2001). Negative inﬂuence of predators on
parasitoids has also been reported by MÜLLER &
GODFRAY (1997, 1999) and HASSEL (1986). This
stands in accordance with our ﬁndings where the
presence of parasitoids on the same sampling unit
resulted in a considerable reduction in coccinellid densities (Fig. 4). We assume that Coccinellidae do not prefer leaves bearing high percentage
of mummiﬁed aphids, but those with a lot of living
prey.
However, apart from the negative inﬂuence
and several practical implications during planning
of a biological control protocol, the coexistence of
predators and parasitoids acts more likely as a stabilizing factor, and prevents the system from collapsing (HASSEL, 1978, 1986; HASSEL et al., 1994).
In conclusion, the small mummiﬁcation percentage of M. persicae could be attributed to the
high infestation of plants by aphids (STARÝ, 1970)
as well as to the destruction of mummiﬁed aphids
by coccinellids. As the present study showed, the
activity of coccinellids, the topping of the plants as
well as the application of the sucker control agent
contributed to the reduction of M. persicae on tobacco. Further experimentation is required in order to assess the inﬂuence of intraguild predation
on parasitoids, on M. persicae populations in the
ﬁeld.
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