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Abstract: This study investigated prey consumption, egg production, percent progeny loss, reproductive, pre- and post-
reproductive periods, reproductive time ratio, reproductive rate and bioconversion efficiency of four aphidophagous
ladybirds, viz. Cheilomenes sexmaculata (Fabricius), Coccinella septempunctata Linnaeus, Coccinella transversalis

Fabricius and Propylea dissecta (Mulsant) on Dolichos lablab Linnaeus infested with cowpea aphid, Aphis craccivora
Koch. C. sexmaculata had the highest bioconversion efficiency, reproductive rate and reproductive time ratio followed
in rank order by P. dissecta, C. transversalis and C. septempunctata. This study indicates that C. sexmaculata has a
narrow ecological relationship with A. craccivora. The increased allocation of resources to reproduction as indicated

through a high reproductive time ratio and high bioconversion efficiency of C. sexmaculata and P. dissecta suggest that
they may be better adapted to compete for this prey with larger species like C. transversalis and C. septempunctata.

Key words: Aphis craccivora, Cheilomenes sexmaculata, Coccinella septempunctata, Coccinella transversalis, Propylea
dissecta, prey suitability, reproductive performance

1 Introduction

Ladybirds (Col., Coccinellidae) are predators of phyto-
phagous pests, such as aphids, diaspids, coccids, adelg-
ids, aleyrodids, pentatomids, thrips and acarids (Hodek
and Honek, 1996; Dixon, 2000). These prey species are,
however, not equally suitable for growth, development
and reproduction of ladybirds, with suitability differing
in relation to habitat, nutritional requirements of the
predator and the biochemical contents of their prey
(Hodek, 1956, 1962; Blackman, 1965, 1967; Kalushkov
and Hodek, 2001, 2004; Omkar and Srivastava, 2003;
Omkar and Bind, 2004; Omkar and James, 2004; Pervez
and Omkar, 2004). Prey were classified on the basis of
their relative suitability into: essential (allowing com-
plete immature development and reproduction), alter-
native (source of energy for survival while not allowing
development and reproduction), and rejected or toxic
(Hodek, 1962; Hodek and Honek, 1996). However, this
classification was recently challenged as being too
restrictive and lacking consideration of the ecological
background of the predator (Rana et al., 2002).

Extensive studies were carried out on prey suitability
for several coccinellid species (Hodek, 1956; Blackman,
1965, 1967; Agarwala et al., 1988; Hazzard and Ferro,
1991; Rogers et al., 1994; Kalushkov and Hodek, 2001,
2004; Omkar and Srivastava, 2003; Omkar and Bind,
2004; Omkar and James, 2004; Pervez and Omkar, 2004).
In the field, aphid populations are targeted not only by
one ladybird species but a guild of natural enemies
dominated by a top predator (Polis et al., 1989; Polis

and Holt, 1992). Studies on the role and status of
different predators in a guild are needed to improve
our understanding of predator–prey dynamics. One
approach is to design such studies using different
predators in single predator–single prey systems and
thereafter compare the reproductive performance of
individual predators. High performance may be an
important factor for choosing efficient biocontrol
agents for the prey species.

The cowpea aphid, Aphis craccivora Koch is a
serious pest of leguminous crop plants in Southeast
Asia (Tao and Chiu, 1971; Agarwala et al., 1987;
Waterhouse, 1998). It is known to inject a powerful
toxin, which can stunt or kill a plant in case of heavy
infestations and also cause growth of black sooty
mould because of the copious amount of honeydew
secreted (Summers et al., 2004). Economic threshold
levels for this pest have not yet been calculated
although its heavy infestations require treatments.
Cultural methods involving strip or border cutting
during harvest, chemical methods involving organi-
cally certified insecticides such as neem products and
pyrethrins and biological methods are part of the
integrated pest management techniques for this pest
(Summers et al., 2004). The ubiquitous presence of a
multitude of natural enemies, such as parasitoids,
ladybeetles, lacewings, big-eyed bugs, damsel bugs and
syrphids, make them especially potential components
of management without much efforts and interference.

Numerous studies investigating the suitability of
A. Craccivora to ladybirds in terms of growth,
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development, survival and reproduction have been
conducted, with this prey being recognized as a
rejected or toxic prey in the earlier studies (Takeda
et al., 1964; Okamoto, 1966; Hukusima and Kamei,
1970; Obatake and Suzuki, 1985). However, recent
studies have disproved this (Omkar and Srivastava,
2003; Omkar and Bind, 2004; Omkar and James, 2004;
Pervez and Omkar, 2004). This apparent contradiction
in the suitability of A. craccivora has been attributed
to the influence of different host plants (Hodek and
Honek, 1996), with recent reports recognizing A.
craccivora from Dolichos lablab Linnaeus (bean) to
be suitable prey. The aim of the current study was to
examine the reproductive performance of four
aphidophagous ladybirds [viz. Cheilomenes sexmacu-
lata (Fabricius), Coccinella septempunctata Linnaeus,
Coccinella transversalis Fabricius and Propylea dis-
secta (Mulsant)] common to the predatory guild of
A. craccivora on D. lablab. This may help to identify
the most suitable biological control agent for the
management of A. craccivora.

2 Materials and Methods

2.1 Stock maintenance

Adults of C. sexmaculata, C. septempunctata, C. transversalis
and P. dissecta were collected from agricultural fields
adjoining Lucknow, India and for maintaining the laborat-
ory stock. Five pairs of conspecific adults of each species
were kept in beakers (11.0 · 5.5 cm) containing corrugated
filter paper for oviposition and supplied with ad libitum
A. craccivora (from D. lablab). The eggs were collected and
reared from egg-hatch to adult emergence on the above-
mentioned prey [25 ± 2�C, 65 ± 5% relative humidity
(RH), 14 : 10 h L : D].

2.2 Experimental design

Pairs, one male and one female, of newly emerged adults of
each ladybird species were maintained separately in Petri
dishes (9.0 · 1.5 cm) and fed 200 mg (approximately 400
individuals) ofA. craccivora daily until the death of the female
beetle. The weight of unconsumed aphids, duration of pre-
oviposition, oviposition and post-oviposition periods, daily
oviposition, weight of eggs laid, and number of eggs hatched
were recorded every 24 h. Weights were measured using an
electronic balance with 0.1 mg precision (SARTORIUS-H51,
Westbury, New York, USA). The experiment was replicated
10 times (n ¼ 10).
The number of eggs produced throughout a female’s

lifetime (fecundity), percent progeny loss (number of unvi-
able eggs · 100/fecundity), pre-reproductive, reproductive
(oviposition period), and post-reproductive periods, repro-
ductive rate (fecundity/duration of oviposition period),
reproductive time ratio (ratio of female reproductive to
non-reproductive periods), predatory efficiency (number of
prey consumed in a lifetime) and bioconversion efficiency
(weight of eggs · 100/weight of prey consumed) were calcu-
lated. The data on percent progeny loss was transformed
using arcsine square-root transformation prior to further
analysis. All data were subjected to one-way anova and post
hoc Tukey’s test of significance was used for comparison of
mean values using MINITAB-10.2 statistical software (Mini-
tab Inc. 1994 Philadelphia, PA). T
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3 Results

The egg production of C. sexmaculata was significantly
higher than that of the other three ladybird species
(F3,36 ¼ 46.37; P < 0.001; table 1). Comparison of
mean values revealed insignificant differences between
the mean egg production of P. dissecta, C. septem-
punctata and C. transversalis. Percent progeny loss was
greatest for C. septempunctata and least for C. trans-
versalis (F3,36 ¼ 87.75; P < 0.001; table 1). The pre-
reproductive (F3,36 ¼ 89.96; P < 0.001), reproductive
(F3,36 ¼ 52.06; P < 0.001) and post-reproductive
(F3,36 ¼ 53.73; P < 0.001) periods differed signifi-
cantly between ladybird species. C. sexmaculata had
maximum reproductive period while C. septempunctata
had the longest non-reproductive period. The repro-
ductive time ratio differed significantly (F3,36 ¼ 35.67;
P < 0.001) and was highest for C. sexmaculata
followed by P. dissecta, C. transversalis and C. septem-
punctata. The reproductive rate was highest for
C. sexmaculata and lowest for C. septempunctata
(F3,36 ¼ 32.96; P < 0.001). C. septempunctata and
C. transversalis had a higher prey consumption
(F3,36 ¼ 204.87; P < 0.001), but lower bioconversion
efficiency than C. sexmaculata (F3,36 ¼ 62.72; P <
0.001) (table 1).

4 Discussion

Cheilomenes sexmaculata showed exceptionally high
reproductive performance on A. craccivora in terms of
egg production, reproductive period, reproductive rate,
reproductive-time ratio and bioconversion efficiency,
with the other three species lagging behind signifi-
cantly. This suggests that although all four ladybird
species co-exist as predators of A. craccivora, there is a
high probability that C. sexmaculata dominates
the guild. Female C. sexmaculata in the presence of
C. transversalis oviposited as well as consumed less
prey; however, the reverse study was not conducted
(Agarwala et al., 2003). Detailed studies on intraguild
predation between the experimental ladybird complex
have however not yet been dealt with in detail. A
recent study on prey suitability of C. sexmaculata using
seven prey species revealed A. craccivora to be the most
suitable prey in terms of immature survival, develop-
ment and adult reproduction (Sugiura and Takada,
1998; Omkar and Bind, 2004), further supporting the
existence of a strong ecological relationship between
C. sexmaculata and A. craccivora. Although no formal
studies exist on the field distribution of ladybird species
in A. craccivora fields in the Indian subcontinent,
general self-observations of field indicate high inci-
dence of C. sexmaculata, further supporting the results
of this study.

Propylea dissecta had a higher bioconversion effi-
ciency, reproductive rate and reproductive time ratio
than the two Coccinella species, however, the egg
production of the three species was similar. Despite the
larger size of the Coccinella species, their egg produc-
tion was relatively lower than C. sexmaculata. It is
generally assumed that species with greater size should

be more fecund as bigger egg batches are expected
(Stewart et al., 1991; Dixon and Guo, 1993). The
relatively poor performance of Coccinella spp. may
have resulted from comparatively lower suitability of
the constituents of A. craccivora to the physiology of
Coccinella spp. (Omkar and Srivastava, 2003; Omkar
and James, 2004). The chemical components of aphids
probably reduce oogenesis or prevent complete vitell-
ogenesis, thus leading to reduced reproductive output
(Iperti, 1966). The high bioconversion efficiency of
C. sexmaculata and P. dissecta provides a probable
competitive advantage to these species.

Aphis craccivora from numerous host plants has
been considered less than suitable prey for ladybirds
(Okamoto, 1966; Hukusima and Kamei, 1970; Obatake
and Suzuki, 1985). The lower placement of A. cracci-
vora in the suitability list of C. septempunctata (Omkar
and Srivastava, 2003) could perhaps explain its poor
performance in the present study, which is despite its
previously reported higher preference for the aphid in
terms of consumption (Omkar et al., 1997). However,
the reason for the poor performance of C. transversalis
is not clear and needs to be further investigated.

An interesting aspect of the study was the reproduc-
tive-time ratio signifying the compartmentalization of
life history and the allocation of resources to various
phases of life, in the present case, reproductive and non-
reproductive periods. A major proportion of life
was allocated for reproduction in C. sexmaculata and
P. dissecta and less so in C. transversalis with the lowest
allocation in C. septempunctata. The higher resource
allocation to the reproductive phase in C. sexmaculata
and P. dissecta, which are smaller in size, perhaps also
points towards a better survival strategy. It is also
possible that these smaller species may be investing
more in reproduction to compete with the larger ones
having a better predation efficiency (Calow and Town-

send, 1981; Crowl and Covich, 1990; Wissinger, 1992).
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