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Introduction

Cycloneda sanguinea (L.) (Coleoptera: Coccinelli-
dae) is primarily an aphidophagous coccinellid species
occurring in temperate areas of Central and South
America (Vandenberg & Gordon, 1988). It has been
reported as an efficient predator of aphids on cu-
cumbers and chrysanthemums grown in glasshouses
(Gurney & Hussey, 1970). Işıkber (1999) also reported
that C. sanguinea would be a possible candidate for bi-
ological control of cotton aphid, Aphis gossypii Glover
(Homoptera: Aphididae), in temperate glasshouses
and would play an important role in reducing the
populations of cotton aphid attacking field crops.

Studies examining prey suitability for predators
provide basic knowledge about which prey species
supplies the necessary nutritional requisites for the
predator, and also offer an explanation for success
or failure of predators in biological control systems
(Thompson, 1951). Several authors have examined the
suitability of some aphid species for C. sanguinea.
The brown citrus aphid, Toxoptera citricida (Kirkaldy)
(Homoptera: Aphididae), was found to be an in-
adequate prey for the larvae of C. sanguinea as it
prevented complete larval development, although it
has been found feeding naturally on the brown citrus
aphid (Morales & Burandt, 1985). On the other hand,
Michaud (2000) recorded that C. sanguinea completed
development and reproduced successfully on both
T. citricida and Aphis spiraecola Patch (Homoptera:
Aphididae), with shorter developmental times and
heavier adult weights resulting from the T. citricida
diet.

The cotton aphid, A. gossypii, the black bean
aphid, Aphis fabae Scop. (Homoptera: Aphididae),
the peach-potato aphid, Myzus persicae (Sulzer) (Ho-
moptera: Aphididae), and the vetch aphid, Megoura
viciae Buckton (Homoptera: Aphididae) are impor-
tant insect pests on many field crops, as well as some
glasshouse crops and ornamental plants in temperate
areas (Blackman & Eastop, 1984; van Schelt et al.,
1990). As the ability of C. sanguinea to complete de-
velopment and reproduce when feeding on these aphid
species has not been examined before, this study was
carried out to compare their suitability as food for
C. sanguinea.

Materials and methods

The species of aphids used were the cotton aphid,
A. gossypii, the black bean aphid, A. fabae, the
peach-potato aphid, M. persicae, and the vetch aphid,
M. viciae. Aphis fabae and M. viciae were cultured
on the broad bean, Vicia faba L., whilst A. gossypii
and M. persicae were cultured on cotton, Gossypium
hirsutum L., and turnip, Brassica rapa L., respectively.
All the aphid cultures were reared on plants in cages
kept in a growth room at 26 ± 2–3 ◦C and a L16:D8
photoperiod and the studies were conducted in incuba-
tor cabinets at 22.5 ± 1 ◦C constant temperature with
a L16:D8 photoperiod and 60 ± 5% r.h. which was
provided using a saturated salt solution of Magnesium
Nitrate (MgNO3).

The newly-hatched C. sanguinea larvae were
weighed using a micro-balance (accurate to 0.001 mg)
to record their initial weights and thereafter transferred
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Figure 1. Fresh body weight increase during the development of larval instars of C. sanguinea when fed on four aphid prey species during their
development (arrows indicate the start and the end of each instar).

Figure 2. Relative growth rate (mg/mg/day) during the development of larval instars of C. sanguinea on four aphid preys. Bar = Standard error
of relative growth rate. Seven to fifteen individuals were used as replicates.
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Table 1. Developmental times of various stages of C. sanguinea on four aphid species (figures in brackets show
the number of individuals as replicates)

STAGE A. gossypii A. fabae M. persicae M. viciae F and P LSD

value value

Total larval 8.2±0.1 b 8.3±0.2 b 8.1±0.2 b 11.2±0.9 a F = 15.1, d.f = 3, 41 0.9341

developmenta (13) (15) (10) (7) P<0.01

Prepupa 1.0±0.0 a 1.3±0.1 b 1.0±0.0 a 1.0±0.0 a F = 3.2, d.f. = 3, 40 0.2426

(12) (15) (10) (7) P<0.05

Pupa 5.4±0.2 a 5.8±0.1 a 5.4±0.3 a 4.4±0.2 b F= 7.9, d.f.= 3, 38 0.5385

(12) (13) (10) (7) P<0.01

Overall 14.6±0.2 b 15.2±0.2 b 14.5±0.3 b 16.7±0.8 a F = 7.8, d.f. = 3, 38 0.9387

developmentb (12) (13) (10) (7) P<0.01

Means within rows with the same letter are not significantly different (LSD at 1% level). One way ANOVA was
applied for data analysis.
aTotal larval development (1st, 2nd, 3rd and 4th instar stage).
bOverall development (Total Larva + Prepupa + Pupa stage).

Table 2. Survival rate of various stages of C. sanguinea on four different aphid foods (first
and second values in brackets show the numbers of surviving individuals at the start of each
stage and numbers at the end of each stage, respectively)

Stage Aphid species Chi-squared test

A. gossypii A. fabae M. persicae M. viciae

Total larval 0.93 a 0.94 a 0.77 a 0.39 b χ2 = 17.3, d.f = 3

survivala (14/13) (16/15) (13/10) (18/7) P = 0.001

Prepupa 0.92 1 1 1 –

(13/12) (15/15) (10/10) (7/7)

Pupa 1 0.87 1 1 –

(12/12) (15/13) (10/10) (7/7)

Overall 0.86 a 0.81 a 0.77 a 0.39 b χ2 = 10.9, d.f = 3

survivalb (14/12) (16/13) (13/10) (18/7) P = 0.012

Survival rate followed by different letters in the same row are significantly different.
aTotal larval survival (1st, 2nd, 3rd and 4th instar stage). bOverall survival (Total Larva +
Prepupa + Pupa stage).

to individual Petri-dishes (1.5 × 6 cm) containing a
sufficient number of medium-size aphids (third in-
star) on excised leaves stuck onto the surface of agar
medium. Excised leaves of cotton for A. gossypii,
turnip for M. persicae and broad bean plants for
A. fabae and M. viciae were used. Aphis gossypii,
A. fabae, M. persicae, and M. viciae were replicated
14, 16, 13, and 18 times, respectively. Each of three
Petri-dishes were placed in large transparent boxes
(27 × 16 × 10 cm) with a saturated salt solution of
MgNO3 in a small cup and observed once a day. Af-
ter each observation the aphids were replenished as
needed and the weights of the larvae were recorded
using a microbalance to determine their fresh weight
gain. Larval and pupal development were also checked

for ecdysis and mortality. Moulted skins and dead
larvae were removed at each observation.

The following parameters were estimated for each
aphid food:

Development time calculated as the time from egg
hatch to adult emergence in days.

Survival rate calculated as the numbers of surviv-
ing individuals at the end of each stage divided by the
numbers of individuals at the start of each stage.

Fresh weight gain during an instar calculated as the
final fresh body weight of the instar (Fwt) less initial
fresh body weight of the instar (Iwt) in mg.

Relative growth rate (RGR) (mg fresh body
weight increase per mg fresh body weight per day;
mg/mg/day) calculated as the fresh weight gain of the
instar divided by the mean fresh weight of the instar
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times duration of the instar (Mean fresh weight was
calculated as final fresh weight of the instar plus initial
fresh weight of the instar divided by two in mg).

RGR = (Fwt − Iwt)
(Fwt + Iwt)

2
× D

. (1)

Developmental time of immature stages and overall
development of C. sanguinea were analysed using
one-way analysis of variance (ANOVA) and the means
were separated by LSD at 1% level (SAS Institute,
1985). Survival data were presented as a proportion
but were analysed by the Chi-squared test (Minitab
Inc., 1995) using their original (count) data.

Results and discussion

There were no significant differences in times of to-
tal larval and overall development on A. gossypii,
A. fabae, and M. persicae whereas the times of total
larval and overall development on M. vicia were sig-
nificantly longer than those on A. gossypii, A. fabae,
and M. persicae (Table 1). The fastest total develop-
ment of C. sanguinea was found to be on M. persicae,
A. gossypii, and A. fabae, respectively. Total survival
rate of larvae and overall development of C. sanguinea
were significantly lower on M. viciae than those on
A. gossypii, A. fabae, and M. persicae whilst there
were no significant differences in total survival rates
of larvae and overall development on A. gossypii,
A. fabae and M. persicae (Table 2). The highest sur-
vival rate was found to be on A. gossypii, A. fabae,
and M. persicae, respectively.

The fresh weight increase of the larvae of C. san-
guinea on A. gossypii had a similar trend to that on
A. fabae but they were both different from that on
M. persicae and M. viciae (Figure 1). The larvae fed
on A. gossypii and A. fabae developed more quickly
than on M. persicae, whilst the larvae fed on M. viciae
developed more slowly than on the other aphids. Rela-
tive growth rates of larval instars fed on M. viciae were
also found to be lower than on A. gossypii, A. fabae,
and M. persicae (except second instars) whilst first,
second, and fourth instars fed on A. gossypii, A. fabae,
and M. persicae had almost the same relative growth
rate (Figure 2). Myzus persicae gave the highest rel-
ative growth rate of larval instars (except first and
second instars).

In this study, A. gossypii, A. fabae, and M. viciae
were found to be suitable food for C. sanguinea. This

result is similar to that recorded by Blackman (1965,
1967) for C. septempunctata when fed on A. fabae, but
contrasts to that for Adalia bipunctata (L.) (Blackman,
1965). Blackman (1965), Dixon (1958), and Radwan
& Lovei (1983) found that M. viciae was toxic to
A. bipunctata, Adalia decempunctata (L.), and Exo-
chomus quadripustulatus (L.), respectively. However,
Blackman (1967) reported that M. viciae was only
slightly less suitable for C. septempunctata than other
aphids. Similarly, this study found that M. viciae is
unsuitable food for C. sanguinea.

There are several factors that determine prey suit-
ability for insect predators, which can be divided into
nutritional and non-nutritional factors. Therefore, rea-
sons for the unsuitability of certain aphid species are
not easy to determine. In this case, four factors might
be implicated for M. viciae: difficulty in capturing the
prey, difficulty in ingesting food once the prey is cap-
tured, toxicity (Dixon, 1958), and low nutritive value
of the aphid food. The aphid host plant may also affect
the value of the aphid as food. The mortality of the
larvae of C. sanguinea fed on M. viciae could also be
caused by some specific substance that may be con-
tained in the prey’s body, probably derived from the
plant and toxic for the coccinellid. However, the exact
reasons why M. viciae caused high mortality, and slow
growth and development of the larvae of C. sanguinea
cannot be established without further investigation.

In conclusion, there was a considerable variation
in the suitability of aphid species as food for C. san-
guinea. Aphis gossypii, A. fabae, and M. persicae
seem to satisfy all the nutritional requirements for
larval development of C. sanguinea. However, M. vi-
ciae is not a suitable prey for larval development of
C. sanguinea. The ability of C. sanguinea to complete
development on A. gossypii, A. fabae, and M. persicae
suggests the potential for the coccinellid to establish
its population on these aphid species.
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