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Abstract. This study was on the effect of three species of aphids (Aphis fabae, Macrosiphoniella sanborni, Brevicoryne brassicae)
on the survival, growth and development of the immature stages of the aphidophagous coccinellids Coccinella septempunctata, Cera-
tomegilla undecimnotata, Propylea quatuordecimpunctata and Oenopia conglobata. The percentage survival was lowest, immature
development most prolonged and the adults the lightest when these predators were fed on B. brassicae. In addition, C. septempunctata
and C. undecimnotata performed better when fed on M. sanborni (74.1 and 72.0% total immature survival, respectively) than P. quat-
uordecimpunctata and O. conglobata (25.0 and 13.8% total immature survival, respectively). In addition, the host plant of 4. fabae also
had a significant effect on the performance of the predators. These coccinellids survived best, had shorter developmental times and were
heavier as adults when fed on 4. fabae reared on Vicia faba than on Phaseolus vulgaris. These results may be useful for improving the

effectiveness of biological control practice and the production of coccinellids in an insectary.

INTRODUCTION

Coccinellids are predators of several pest species, espe-
cially aphids, whiteflies, coccids, mealybugs and spider
mites, and important components of biological control in
many crops (Obrycki & Kring, 1998; Iperti, 1999). Impor-
tant factors affecting the performance of insect predators
are the nutritional value and availability of prey (Francis et
al., 2001a). In particular, the abundance of aphidophagous
coccinellids is affected, among other factors, by the quality
and quantity of aphid prey, as some aphids and their host
plants are toxic for predators (Hodek, 1993; Kamo et al.,
2010; Hodek & Evans, 2012).

The effect of prey on the development and survival
of aphidophagous coccinellids is well studied for some
common species (e.g. Hauge et al., 1998; Kalushokov &
Hodek, 2004; Omkar & Pervez, 2005; Pervez & Omkar,
2006; Hodek & Michaud, 2008). Aphid prey may adverse-
ly affect the survival and development of larvae (Kamo et
al., 2010) and their availability during the larval stage may
affect adult fitness (Dmitriew & Rowe, 2011). In addition,
plant species can affect parasitoids and predators directly
or indirectly through multitrophic interactions (Price et al.,
1980). Plant biochemistry may affect the nutritional value
of herbivores and in turn affect the various life history pa-
rameters of their natural enemies (Giles et al., 2002). Also,
plant physical characteristics, like trichomes, and architec-
ture (morphological complexity) may affect predators by
impeding their movement and effectiveness, and reducing
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their survival (Carter et al., 1984; Clark & Messina, 1998;
Legrand & Barbosa, 2003).

Ceratomegilla undecimnotata (Schneider), Propylea
quatuordecimpunctata (L.), Oenopia conglobata (L.) and
Coccinella septempunctata L. (Coleoptera: Coccinellidae)
are widespread species of coccinellid, which are consid-
ered to be important biological control agents (Hodek &
Hongk, 1996). In particular, C. undecimnotata is a common
European species that feeds on a great number of species
of aphids that infest cultivated and non-cultivated plants
(Iperti, 1999; Kavallieratos et al., 2004; Katsoyannos et
al., 2005). P. quatuordecimpunctata is a widely distributed
Palearctic aphidophagous species that is well established
in Canada and has spread into the United States; it feeds on
many economically important aphids on a wide range of
crops (Hongk, 1985; Wheeler, 1990; Obrycki et al., 1993;
Freier et al., 2007; Pervez & Omkar, 2011). O. conglobata
is also a widespread coccinellid predator in Europe and
Asia, and also feeds on many species of aphid (Aslan &
Uygun, 2005; Yasar & Ozger, 2005; Khan et al., 2007).
C. septempunctata L. is the most common Palearctic aphi-
dophagous coccinellid predominant in various coccinellid
communities and euriphagous (Hodek & Michaud, 2008).

Although there are many studies that evaluate the effects
that feeding on several different species of aphids have on
the life history traits of these coccinellids there are few that
evaluate the effects of feeding on the chrysanthemum aphid
Macrosiphoniella sanborni (Gillette) and cabbage aphid
Brevicoryne brassicae L. (review by Nedvéd & Honek,



2012). These species of aphids are oligophagous (Black-
man & Eastop, 2000), with M. sanborni a widespread
pest on cultivated chrysanthemum throughout the world
(Madzdzadeh & Mehrparvar, 2009) and B. brassicae caus-
ing serious damage to cabbage crops (Theunissen, 1989).
In addition, the black bean aphid, Aphis fabae (Scopoli),
is a common aphid pest of cultivated and self-sown plants
and its suitability as prey for coccinellids varies (Nedvéd
& Honék, 2012).

Biological control is regularly used to control aphids in
greenhouses and open field crops (Hodek & Honék, 1996;
Obrycki & Kring, 1998). In order to increase the number
of biocontrol options, however, there is an increasing need
to evaluate more aphidophagous insects. In this context,
the effects of M. sanborni, B. brassicae and A. fabae on the
survival, growth and development of the immature stages
of the aphidophagous coccinellids C. septempunctata, C.
undecimnotata, P. quatuordecimpunctata and O. conglo-
bata were studied. In addition, A. fabae was reared on two
plant hosts, the common bean and broad bean, in order to
evaluate the effect that a host plant can have on the survival
and development of these predators.

MATERIAL AND METHODS

Laboratory cultures of C. septempunctata and C. undecimno-
tata were established from individuals collected from a peach
orchard and an alfalfa field in the area of Arta (Epirus, North-
Western Greece). Cultures of the coccinellids P. quatuordecim-
punctata and O. conglobata were established from adults col-
lected from a corn field in the same area. Ladybird beetles were
reared on Vicia faba L. (Leguminosae) broad beans infested with
Aphis fabae (Scopoli) (Hemiptera: Aphididae) kept in an envi-
ronmentally controlled room at 24+ 1°C, which lies within the
range of temperature within which aphidophagous coccinellids
develop and reproduce (e.g. Xia et al., 1999; Papanikolaou et al.,
2013), 70£5% RH and a photoperiod of 16L : 8D. The experi-
ments were conducted under these laboratory conditions, using
F1 progeny.

Colonies of 4. fabae and B. brassicae were established from
individuals collected from commercial cultures on common bean
and cabbage, respectively, whereas M. sanborni were collected
from garden grown chrysanthemum plants. Aphis fabae was
reared on broad bean plants (V. faba, cv. “favino nero”) and com-
mon bean (Phaseolus vulgaris L., cv. “Aridea”). Macrosiphon-
iella sanborni was reared on chrysanthemum (Chrysanthemum
morifolium (Ramat), cv. “Ariana lime”) plants and B. brassicae
on cabbage (Brassica oleracea L. var. capitata, cv. “Gianiotica”)
plants.

Stems of the above mentioned rearing plants with four physio-
logically mature leaves and bearing a sufficient number of aphids
(approximately 150 aphids of all developmental stages) were cut
and used in the experiments. Stems were placed individually in
transparent 280-ml plastic cups (13.5 cm upper diameter, 7 cm
base diameter and 12.5 cm in height). An opening was made at
the bottom of the plastic cups through which the lower part of
the plant stems were inserted and secured in place by white plas-
ticine that filled the opening. To provide water to the plant stems
the cups containing the stems were fitted into similar plastic cups
containing a sponge impregnated with water. The top of the plas-
tic cups was covered with organdy gauze to ensure aeration and
prevent condensation. Newly hatched larvae of each of the preda-

tors were placed individually on the appropriate plant colonized
with aphids.

The larvae were provided with fresh prey daily until pupation
(about 150 aphids of all developmental stages). The survival and
development was recorded on a daily basis. Adults were weighed
within 22 to 26 h of emerging from pupae and prior to feeding.
Depending on larval survival when fed on each aphid prey, twen-
ty to one hundred coccinellids were used per species.

The differences in larval and pupal survival of the 4 species of
coccinellids each fed on the 4 species of aphids were determined
using multiple chi-squares test followed by a Fisher’s exact test
for pair-wise comparison. To determine the effect of aphid prey
on larval and pupal developmental time, and adult weight, the
data were submitted to one-way analysis of variance, followed by
a LSD test to separate the means. All analyses were done using
the statistical package SPSS 14.0 (SPSS Inc., 2004).

RESULTS

Survival of C. septempunctata immatures fed on all 4
species of aphid was high (Table 1). The lowest survival
rate was recorded on B. brassicae (73%) and the highest
on A. fabae feeding on broad bean plants (100%). The de-
velopmental time of C. septempunctata was significantly
dependent on the species of aphid prey (Table 2). The to-
tal larval developmental time was shortest on A. fabae (on
both host plants) and longest on B. brassicae. Pupae devel-
opmental time was similar on all 4 aphids. Adult weight
was also affected by aphid prey (Table 2) and the lightest
adults were produced by larvae fed on B. brassicae.

The immature survival (larvae and pupae) of C. un-
decimnotata ranged between 32.0 to 82.6% depending on
the aphid prey (Table 1). The lowest percentage immature
survival of this predator was recorded when the prey was
B. brassicae or A. fabae reared on common bean, and the
highest when larvae were fed on A. fabae reared on broad
bean. The survival on 4. fabae reared on common bean
was low due to high mortality in the first and second lar-
val instars. Significant differences in developmental time
of all the larval instars and total immature developmental
time were detected (Table 2). The shortest immature de-
velopmental time was recorded when they were fed on A.
fabae reared on broad bean and M. sanborni (15.8 and 16.4
days, respectively) and the longest when the prey was B.
brassicae (22.9 days). Pupal duration was not significantly
affected by the different species of aphid prey and was ap-
proximately 6 days in all cases. Aphid prey significantly
affected adult weight. The heaviest adults developed from
larvae fed on A. fabae reared on broad bean and M. sanbor-
ni (19.1 and 17.6 mg, respectively) and the lightest from
those reared on A. fabae reared on common bean, and B.
brassicae (14.8 and 13.9, respectively).

Survival of the larval stages of P. quatuordecimpunc-
tata was significantly affected by the aphid prey, but not
that of the pupal stage (Table 1). Total immature survival
was significantly lower for the larvae fed on M. sanborni
and B. brassicae (25 and 6.8%, respectively) compared to
A. fabae (69.7 and 76.9% for A. fabae reared on common
bean and broad bean, respectively). Total immature devel-
opmental time ranged from 13 (4. fabae reared on broad
bean) to 19.8 (B. brassicae) days and was significantly
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TaBLE 1. Percentage of the larvae and pupae of four species of predatory coccinellids that survived when fed on 4. fabae, M. sanborni

and B. brassicae.

n L1 L2 L3 L4 Pupa Larvae Total
C. septempunctata
A. fabae (common bean) 22 95.7 95.5 100.0 100.0 95.2 91.3 87.0
A. fabae (broad bean) 20 100.0 100.0 100.0 100.0 100.0 100.0 100.0
M. sanborni 27 88.9 100.0 95.8 100.0 87.0 85.2 74.1
B. brassicae 26 84.6 90.9 95.0 100.0 100.0 73.1 73.1
be 4.261 3.796 1.942 5.366 7.608 6.787
P* 0.235 0.264 0.586 0.147 0.055 0.079
C. undecimnotata
A. fabae (common bean) 36 52.8b% 63.2b 100.0 100.0a 100.0a 33.3b 33.3b
A. fabae (broad bean) 23 87.0a 100.0a 95.0 100.0a 100.0a 82.6a 82.6a
M. sanborni 25 96.0a 95.8a 87.0 100.0a 90.0ab 80.0a 72.0a
B. brassicae 50 80.0a 77.5b 80.6 84.0a 76.2b 42.0b 32.0b
x 18.487 13.350 4.280 8.613 8.088 24.392 25.005
P <0.001 <0.001 0.233 0.035 0.044 <0.001 <0.001
P. quatuordecimpunctata
A. fabae (common bean) 33 78.8b 96.2a 96.0a 100.0a 95.8 72.7a 69.7a
A. fabae (broad bean) 26 92.3a 100.0a 95.8a 100.0a 87.0 88.5a 76.9a
M. sanborni 60 95.0a 78.9b 60.0b 59.3b 93.8 26.7b 25.0b
B. brassicae 88 54.5¢ 43.8¢c 42.9¢c 77.8ab 85.7 8.0c 6.8¢c
e 36.723 38.804 26.064 21.877 1.583 84.682 73.912
P <0.001 <0.001 <0.001 <0.001 0.663 <0.001 <0.001
O. conglobata
A. fabae (common bean) 80 22.5d 61.1bc 100.0a 100.0a 90.9 13.8bc 12.5b
A. fabae (broad bean) 21 100.0a 100.0a 100.0a 100.0a 90.5 100.0a 90.5a
M. sanborni 80 71.3b 78.9b 60.0b 59.3b 68.8 20.0b 13.8b
B. brassicae 100 48.0c 43.8¢c 52.4b 81.8ab 66.7 9.0c 6.0b
e 59.673 26.410 19.413 16.074 4.630 4.630 93.371
P <0.001 <0.001 0.001 0.001 0.201 <0.001 <0.001

SPercentages within a column, for each coccinellid species, followed by different letters differ significantly (Fisher’s exact test: P <

0.05). *All df 3.

affected by aphid prey. Significant differences in the de-
velopmental times were recorded for all larval instars, but
pupal developmental duration was independent of aphid
prey. The heaviest adults developed from larvae fed on 4.
fabae reared on broad beans followed by those reared on
M. sanborni, A. fabae reared on common bean and B. bras-
sicae (the lightest on B. brassicae).

The aphid prey had a significant effect on the larvae of O.
conglobata, but not the pupal stage (Table 1). The percent-
age survival of the larvae fed on B. brassicae, M. sanborni
and A. fabae reared on common bean was very low and to-
tal immature survival ranged from 6 to 13.8%. In contrast,
the survival of immature stages fed on 4. fabae reared on
broad bean, was significantly higher compared to their sur-
vival when fed the other species of aphids (total immature
survival 90.5%). Larval and pupal developmental time and
adult weight were also significantly dependent on the spe-
cies of aphid prey (Table 2). Immature developmental time
was shorter for individuals fed on M. sanborni followed
by those fed on A. fabae and B. brassicae. The heaviest
adults developed from larvae fed on 4. fabae followed by
those fed on M. sanborni and B. brassicae (the lightest on
B. brassicae).

DISCUSSION

This study provides a comprehensive description of the
effect of three aphid species (4. fabae, M. sanborni and B.
brassicae) on immature survival, development and adult
body weights of four common aphidophagous cocinellids
(C. septempunctata, C. undecimnotata, P. quatuordecim-
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punctata and O. conglobata). In addition, it provides evi-
dence that an aphid’s host plant may also affect a preda-
tors” performance. Considering the importance of these
coccinellids as biological control agents (Hodek & Hongk,
1996), these preliminary results are likely to have a bear-
ing on their use in biological control programs. In general,
a high percentage survival of immature stages combined
with a short developmental time is a desirable characteris-
tic of biological control agents.

This study revealed that 4. fabae reared on broad bean
was a suitable prey for all four coccinellids, based on
their survival, larval growth, development and adult fresh
weight. Nevertheless, few of the larvae fed on A. fabae on
common bean survived, possibly because the neonate lar-
vae were trapped or mortally wounded by the trichomes on
the leaves and stems of common bean. Preliminary obser-
vations on first instar larvae of C. undecimnotata and O.
conglobata hunting on common bean indicate that some
of them died after becoming impaled by the leaf and stem
trichomes. In accordance with this observation, Putman
(1955) records that the hook-shaped trichomes on the foli-
age of scarlet runner bean, Phaseolus coccineus, can tear
the integument of Stethorus punctillum, which results in its
quick death. The larvae of Adalia bipunctata L. are unable
to search leaves with dense upright or hook-shaped hairs
(Shah, 1982). When larvae were placed on leaves of bush
bean (Ph. vulgaris), they spent more than 75% of the time
trapped on leaf trichomes.

The data in the literature on the suitability of A. fabae
on V. faba as prey for several aphidophagous coccinellids



TaBLE 2. Larval and pupal developmental times and adult weights (mean+ SE) of four species of predatory coccinellids fed on 4.

fabae, M. sanborni and B. brassicae.

p Developmental time (days) Adult body
ey Ll 2 3 L4 Pupa Total  weight (mg)

C. septempunctata

A. fabae (common bean) 2.1+0.1a’ 1.9+0.1b 1.5+£0.1b 3.8+0.1b 5.3+0.1a 14.6+0.2¢ 35.0+0.9a

A. fabae (broad bean) 2.1+0.1a 1.9+0.1b 1.4+0.1b 3.7+0.1b 5.2+0.1a 14.4+0.1¢c 35.5+0.8a

M. sanborni 2.2+0.1a 2.1£0.1b 1.7+0.1b 4.0£0.2b 5.3=+0.1a 15.3+0.3b 33.8+£0.7a

B. brassicae 2.1+0.1a 2.4+0.2a 2.7+0.1a 44+0.1a 5.0+0.1a 16.7+0.2a 31.1+1.1b

F* 0.663 3.039 24314 4.345 1,799 28.541 4.375

P 0.577 0.034 <0.001 0.007 0.155 <0.001 0.007

C. undecimnotata

A. fabae (common bean) 3.0+£0.2a 1.8+£0.2b 32+0.3a 4.6+0.3b 6.1+£0.1a 18.7£0.5b 14.8£0.9b

A. fabae (broad bean) 2.1£0.1b 1.8£0.1b 1.8+£0.1b 3.9+0.1b 6.2+0.1a 15.8+£0.2¢ 19.1+0.8a

M. sanborni 1.5+0.1c 1.9+0.1b 2.4+0.1b 4.4+0.1b 6.2+0.1a 16.4+0.2¢ 17.6+0.7a

B. brassicae 2.6+0.2a 3.2+0.3a 34+0.2a 7.6+£0.4a 6.1+0.1a 22.9+0.8a 13.9+0.3b

F 16.534 12.612 15.880 46.405 0.281 53.832 11.964

P <0.001 0.001 <0.001 <0.001 0.839 <0.001 0.001

P. quatuordecimpunctata

A. fabae (common bean) 2.1£0.1b 1.5+0.1c 2.1£0.2b 2.9+0.1b 4.9+0.1a 13.4+0.2¢c 7.0£0.3b

A. fabae (broad bean) 2.1£0.1b 1.9+0.1b 1.5+0.1c 2.84£0.2b 4.7+0.1a 13.0+0.3¢c 8.2+0.3a

M. sanborni 3.0+0.4a 1.6+£0.1bc 2.4+0.1b 2.8+0.1b 4.6+0.1a 14.4+0.3b 7.24+0.3b

B. brassicae 3.0£0.1a 2.5+£0.3a 4.6+0.3a 52+0.2a 4.5+0.3a 19.8+0.3a 5.3+0.8¢c

F 7.030 6.444 33.991 22.461 1.175 51.360 8.527

P <0.001 0.001 <0.001 <0.001 0.327 <0.001 <0.001

O. conglobata

A. fabae (common bean) 3.9+0.3a 1.94+0.2a 2.5+0.3b 4.4+0.3ab 5.840.1a 18.5+0.5b 6.9+0.4a

A. fabae (broad bean) 3.0+0.1a 1.6+0.2a 2.5+0.2b 3.9+0.2b 5.84+0.2a 16.9+0.4c 7.9+0.4a

M. sanborni 3.1+0.4a 2.0£0.2a 2.4+0.2b 3.6+£0.3b 4.7+£0.2b 15.9+£0.6¢ 5.5+0.3b

B. brassicae 3.2+0.2a 2.5+0.3a 4.8+0.2a 52+0.3a 4.8+0.3b 20.5+0.3a 4.3+0.4b

F 2.315 2.230 16.057 4.829 14.788 12.609 11.090

P 0.09 0.099 <0.001 0.006 <0.001 <0.001 <0.001

$Means within a column, for each coccinellid species, followed by different letters differ significantly (LSD test: P < 0.05). *df for all
C. septempunctata = 3, 74; for C. undecimnotata = 3, 61; for P. quatuordecimpunctata = 3, 60 and for O. conglobata = 3, 42.

are contradictory. Kontodimas et al. (2008) report that A.
fabae on V. faba is highly suitable for the pre-imaginal
development and adult reproduction of three species of
coccinellid (C. septempunctata, C. undecimnotata and P.
quatuordecimpunctata), whereas Cabral et al. (2006) re-
cord a low percentage survival of C. septempunctata lar-
vae fed 4. fabae (total immature survival about 50%). In
addition, C. septempunctata larvae fed A. fabae reared on
either a partially resistant variety or a susceptible variety of
V. fabae differ significantly in their ability to convert food
to body mass as well as in their immature developmental
time (Shannag & Obeidat, 2006, 2008). Although differ-
ences between studies may be partially attributed to differ-
ent experimental protocols, they may also be due to plant-
herbivore-predator interactions not only at a plant species
level but also at the cultivar level. Finally, another problem
encountered when evaluating data in the literature on the
suitability of 4. fabae as prey for coccinellid predators was
pointed out in a recent review by Hodek & Evans (2012).
Given that A. fabae host adapted biotypes have been re-
defined as different species and in some studies the aphid
host plant is not reported, Hodek & Evans highlighted an
important issue concerning the correct taxonomic identi-
fication of the aphids used in studies evaluating the suit-
ability of “A. fabae” as prey in terms of coccinellid life his-
tory parameters. Thus, it is suggested that aphid host plants
must be precisely identified so that the species of aphid can
be correctly identified.

The present study also indicated that the survival of P
quatuordecimpunctata and O. conglobata fed on M. san-
borni was lower than that recorded for C. septempunc-
tata and C. undecimnotata. Leaves of C. morifolium are
a well-documented source of secondary metabolites (Kil
& Lee, 1987; Hu & Chen, 1997). Beninger et al. (2004)
record a flavanone and two phenolic acids in leaves of C.
morifolium, which are biologically active against two phy-
tophagous caterpillars, the cabbage looper (7richoplusia ni
Hubner) and gypsy moth (Lymantria dispar L.). Leiss et
al. (2009) report that two phenylpropanoids, chlorogenic
acid and feruloyl quinic acid, determine the resistance of
chrysanthemum (Dendranthema grandiflora Tzvelev)
to western flower thrips, Frankliniella occidentalis (Per-
gande). Similarly, Traugott & Stamp (1997) report that
chlorogenic acid sequestered by Manduca sexta L. from its
host plant has a negative effect on the performance of the
insect predator, Podisus maculiventris Say. Macrosiphon-
iella sanborni may sequester allelochemicals from chry-
santhemum host plants and use them as a means of defence
against its natural enemies.

Brevicoryne brassicae had deleterious effects on the per-
formance of the coccinellids tested, in terms of a low per-
centage survival of larvae (except for C. septempunctata),
increase in the developmental time of the larvae and reduc-
tion in the weight of the adults. These results are in accor-
dance with those of other studies that report that feeding
on B. brassicae has negative effects on the performance of
aphidophagous predators such as coccinellid beetles, hov-
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erflies and lacewings (Francis et al., 2001b; Vanhaelen et
al., 2002; Tsaganou et al., 2004; Kazana et al., 2007; Pratt,
2008; Chaplin-Kramer et al., 2011; Kos et al., 2011, 2012).
The cabbage aphid, B. brassicae, is a specialist herbivore
that sequesters glucosinolates from its host plant as a de-
fense against its predators (Francis et al., 2002; Kazana et
al., 2007; Pratt, 2008; Kos et al., 2011, 2012). It contains
an endogenous myrosinase, which is stored separately
from the glucosinolates but when attacked by a predator
the sequestered glucosinolates come into contact with the
aphid myrosinase resulting in the formation of hydrolytic
products that are toxic for aphid predators (Jones et al.,
2001; Bridges et al., 2002; Francis et al., 2002; Kos et al.,
2011, 2012). Although the role of the chemical defence of
B. brassicae against predators is well documented, another
factor might also contribute to the low quality of B. brassi-
cae as potential prey, i.e. its morphological characteristics
associated with the waxy substances covering its body and
the entire colony. These features may hinder the capture of
aphids or make them less attractive to predators (Hodek &
Hongk, 1996). In addition, morphological characteristics
of the surface of cabbage leaves i.e. smooth waxy surface
may affect a predator’s mobility and make it more difficult
for them to catch the aphids.

In conclusion, this study provides detailed information
on the performance of C. septempunctata, C. undecimno-
tata, P. quatuordecimpunctata and O. conglobata fed A.
fabae, M. sanborni and B. brassicae. We expect the results
to have bearing on the use of these common and wide-
spread coccinellids as biological control agents and the
efficient breeding of these predators in an insectary. How-
ever, further information on their life table parameters, and
functional and numerical responses when exploiting differ-
ent prey, is needed for a better understanding of the role of
these predators in regulating aphid abundance.
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