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Abstract. Both Scymnus syriacus Mars. and Scymnus levaillanti Muls. are aphidophagous coccinellids. In the laboratory they con-
sumed and successfully reproduced on several species of aphids. Larvae suck the prey contents from aphid appendages, while adults
consume the whole aphid, except for parts of the appendages. Extra-oral digestion is practiced during feeding. The mean number of
aphids consumed by the larval stage of S. syriacus when reared at 25°C was 95, and 130 aphids at 30°C. For S. levaillanti it was 125
and 139 aphids at 25°C and 30°C, respectively. The mean number of eggs deposited daily by S. syriacus for the first three weeks of
adult life was 19.5, with a range of 3-30 eggs at 25°C. Longevity of adults ranged from 3 to 4 months at 25°C and 2.5-3 months at

30°C.

INTRODUCTION

This study is one of several on coccinellids in Jordan.
Scymnus syriacus Mars. and Scymnus levaillanti Muls. both are
aphidophagous species. There are 44 coccinellid species found
in Jordan; many are associated with insect and mite pests:
aphids, whiteflies, scale insects and spider mites. A list of six-
teen predaceous coccinellids was published (Allawi, 1989), of
which aphidophagous coccinellids were the most common. Col-
lected coccinellids were identified by C.A.B. International Insti-
tute of Entomology, London, UK.

Aphidophagous coccinellids are found throughout the world
in association with aphids and other insects, especially homop-
teran pests. More than 5000 species of Coccinellidae have been
described (Frazer, 1988).

Coccinellids have been studied intensively but their impact on
aphid populations in crops has only been reported in some cases
(Hodek & Hongk, 1996; Obrycki & Kring, 1998). In contrast to
successful cases of introductions of coccidophagous ladybirds,
aphidophagous coccinellids are not promising candidates for
classical biological control because of the unfavourable
predator/prey ratio of the annual number of generations (Hodek,
1973, p. 215; Hagen, 1974; Hodek & Honék, 1996, p. 352;
Dixon, 1997; Kindlmann & Dixon, 1999).

Many biological control experiments were performed with
aphidophagous ladybirds on sugar cane, cotton, apple trees and
in greenhouses (Ferran et al., 1996). Their efficacy in natural or
managed systems is difficult to determine given their mobility
and typically polyphagous nature (Obrycki & Kring, 1998).
When adults of Hippodamia convergens Guerin were released
in North America to control Aphis gossypii Glover on canta-
lopes the adults disappeared and the attempt failed (Hagen,
1962).

Coccinellid developmental rates depend on the ambient tem-
perature (Saona & Miller, 1999). Studies on temperature
dependent development, important for understanding the
dynamics of predator-prey relationship, have been undertaken
relatively well for aphidophagous coccinellids in temperate
zones (Lamana & Miller, 1998). Moreover, temperature deter-
mines the conditions for efficient mass rearing, provide a quan-
titative basis for predicting development and predatory activity
in pest management programmes, and are used in models to esti-

mate insect growth, development and reproduction (Saona &
Miller, 1999).

The objective of this study of S. levaillanti and S. syriacus is
to list their aphid prey and host plants, and to determine the
effect of temperature on developmental rate and prey consump-
tion, when the coccinellids were fed on the melon aphid Aphis
gossypii Glover.

MATERIAL AND METHODS

Adults of Scymnus syriacus Mars. and Scymnus levaillanti
Muls. were collected during May from the Jordan Valley, Irbid
and other areas of Jordan during the spring and summer seasons.
Their F1 progeny were used to assess developmental rates, prey
consumption and egg deposition for about three weeks. Adults
were reared in the laboratory at 25 + 1°C and 30 + 1°C and fed
on melon aphids 4. gossypii Glover, which had been cultured in
a greenhouse on okra plants Aloemescus esculentus L.

To record precisely the different biological parameters, the
insects were observed at six hour intervals, also at night.

The collected females were confined for 4-6 h for
oviposition. Eggs were collected with a fine brush and placed in
Petri dishes on okra leaves. Newly hatched larvae were placed
individually in 5 cm Petri dishes furnished with a moistened
filter paper at the bottom, and a piece of okra leaf 3—4 cm in
diam. with 20-25 aphids. The larvae were moved daily to new
Petri dishes. To assure a surplus of prey, the number of aphids
in Petri dishes was increased to 40 for the 3™ and 4™ instars.
Petri dishes were incubated at 25 = 1°C and 30 + 1°C and a pho-
toperiod of 16L: 8D. Incubation period was recorded by
observing egg hatching and developmental time for each larval
instar and pupa by ecdysis. Aphid consumption was recorded at
the two tested temperatures. Egg deposition was recorded at
25°C for three weeks.

Statistical analysis was conducted to test for the effects of
temperature on developmental rates, and consumption was
tested by analysis of variance using complete randomized
design, means with significant differences were detected and
compared using L.S.D. tests, which significance taken at P =
0.05.
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TaBLE 1. Duration (in hours) of developmental stages of Scymnus syriacus at 25°C and 30°C.

Temp. (°C) n Egg 1st instar 2nd instar 3rd instar 4th instar Prepupa Pupa
25+1 15 110.0+0.51a 42.0+15a 2550+0.75a 25.60+0.75a 4620+193a 23.0+038a 144+3.1a
301 15 70.67+039b 36.60+095b 19.50+0.19b 21.47+0.64b 3390+090b 17.70+0.18b 107+2.6b
L.S.D. 3.037 1.035 0.818 0.739 1.51 0.739 2.903
RESULTS at 30°C. At 25°C the fourth larval instar required a longer devel-

Biology of S. syriacus

Both larvae and adults were observed foraging and capturing
their prey. Adults can survive when fed on the lentil aphid Aphis
craccivora Koch, rose aphid Macrosiphum rosae (L.), pome-
granate aphid Aphis punicae Passerini and oleander aphid Aphis
nerii Boyer de Fons. Their main prey in the field was the melon
aphid 4. gossypii, feeding on different host plants including cit-
rus, okra, white flower gourd, guava and convolvulus.

Mating takes place within two days of adult emergence and
the deposition of fertile eggs begins five days later. Mating is
necessary for the production of fertile eggs. The reproduction
period continued for several months, and hundreds of eggs were
produced. Females deposit their eggs individually, they are laid
horizontally on the leaf surface, and covered either by aphid
exuvia or parts of the plant leaf. Eggs are spindle shaped and
golden to light brown in color, and just prior to hatching, the
egg chorion becomes transparent showing the darkened embryo
inside.

The first instar larva is shiny pale yellow to orange. They lack
the waxy material formed as slender short thread secretions that
appear on the subsequent instars 1-2 h after moulting. The
young coccinellid larvae usually pierce and suck the content
from the prey. The number of aphids killed depends on the size
of the aphid species, developmental stage of the coccinellid and
the ambient temperature. The very mobile 3rd and 4th instars
actively search for colonies of aphids.

Pre-oral digestion is practiced during feeding; prey fluid con-
tents are sucked out and repeatedly pumped back into the body
of the prey, thus effecting a rapid and thorough mixing with the
digestive juices. In case of food shortage the larvae become can-
nibalistic.

Moulting takes from 20-30 min. Before moulting the larva
fixes its abdominal end to the substrate by black, heavy, liquid
secretions from the anus, its body becoming shorter. The shiny
and transparent cuticle splits dorsally starting from the dorsal
anterior part of the body. The larva emerges from the exuvium
through this split. Pupation occurs in nature in sheltered places,
one day after the beginning of the prepupal stage, when a dorsal
median split of the anterior part of the body is formed. The
duration of the immature stages depends on temperature and
prey species. Prey shortage prolongs larval development and
increases mortality.

Developmental time of Scymnus syriacus

The total developmental time for S. syriacus was on average
17.3 days at 25°C and 12.8 days at 30°C, but its duration varied
significantly. The time to egg hatch, duration of the larval
instars and pupal stage are represented in Table 1. All stages
required significantly longer developmental period at 25°C than

opmental period than others, followed by the first instar without
a significant difference between the first and the fourth instar,
while at 30°C the first instar was the longest, followed by the
fourth. The greater duration of the 1* instar might be caused by
low rates of prey capture, as the larva moves slowly and its
ability to successfully attack prey is low.

Developmental time of Scymnus levaillanti

The total developmental time ranged from 10.7 days at 30°C
to 14.7 days at 25°C with a significant difference between the
tested temperatures. The duration of the egg incubation period,
larval and pupal stages at 25°C and 30°C are presented in Table
2. All stages required significantly longer periods at 25°C than
at 30°C. At both tested temperatures developmental time of the
4™ Jarval instar was longer than the first instar. The develop-
mental time of the pupal stage was longer than that of the 4"
instar, which agrees with Uygun & Atlihan (2000). However,
the time needed to develop from egg to adult was not the same
in their experiment.

Prey consumption

The mean number of aphids consumed during the larval stage
of S. syriacus at 25°C was 95.5 aphids and 130.1 aphids at
30°C, with a significant difference between the two tested tem-
peratures. While for S. levaillanti, the average number con-
sumed at 25°C was 125 aphids and at 30°C it was 138.8 aphids.
The 4" instar larvae are the most voracious. The daily consump-
tion of food by larvae is proportional to their size. The average
number of aphids consumed by individual larval instars is pre-
sented in Table 3.

Oviposition and longevity

The reproductive capacity of these species is often relatively
high, and the extension of the oviposition period is closely
related to temperature and prey availability. The total egg depo-
sition and rate of oviposition are affected both by temperature
and the availability of suitable food. This agrees with the results
obtained by Uygun & Atlihan ( 2000 ).

Adults began egg deposition five days after emergence. The
longevity of adults ranged from 3 to 4 months ( 82—110 days) at
25°C to 2.5-3 months (70-97 days) at 30°C.

DISCUSSION

Uygun & Atlihan (2000) and Isikber & Copland (2001) found
that S. levaillanti is associated with A. gossypii on citrus and
cotton plants in Turkey. In Jordan, both coccinellid species
under consideration here were found during spring and summer
in association with several aphid species (see Results), attacking
different plants in addition to okra in the uplands, a rain fed
area.

TaBLE 2. Duration (in hours) of developmental stages of Scymnus levaillanti at 25°C and 30°C.

Temp. (°C) n Egg 1st instar 2nd instar 3rd instar 4th instar Prepupa Pupa
25+1 20 99+042a 43.85+0.33a 267+03la 282+0.32a 3885+0.4la 22.+£02la 932+0.54a
301 20 783+046b 23.1+£0.16b 19.15+0.10b 20.£0.22b 27.6+0.34b 159+0.16b 73.5+£042b
L.S.D. 1.462 0.907 0.886 0.698 1.104 0.73 1.26
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TaBLE 3. The average number of aphids (Aphis gossypii) consumed by larval instars of Scymnus syriacus and Scymnus levaillanti.

. Aphid consumption
Coccinellid sp. Temp. n - - - -
1st instar 2nd instar 3rd instar 4th instar

S. syriacus 25+ 1 15 393+0.30a 9.13+0.80 a 2493 +0.80a 5747+230a
30+1 15 5.6+0.25b 16.53+£0.38b 27.87+0.83b 80.61 +£2.80b
L.S.D. 0.539 1.244 1.85 4.45

S. levaillanti 25+1 15 5.15+040a 1470+ 0.30 a 39.15+1.5a 66.05+32a
30+1 15 840+030b 19.40+0.90 b 4770+£13b 63.30+2.8b
L.S.D. 0.699 1.79 2.63 4.86

Slight differences in the duration of instars and total develop-
mental time of S. /evaillanti were found in this experiment,
compared with other studies (Uygun & Atlihan, 2000; Isikber &
Copland, 2001). This was probably a result of their less frequent
observations and overlapping larval instars. Also the specific
characteristics of aphid species, used as prey, might result in dif-
ferences in developmental time, immature mortality and adult
weight of the predators. Coccinellids have the ability to also sur-
vive on alternative prey when the main aphid prey are in short
supply (Hoffman & Frodsham, 1993; Hodek & Honék, 1996).
Location of habitat, plant host and aphid prey may affect preda-
tion efficiency (Hodek, 1993). While Dixon (1959) assumed
that the searching behavior of Adalia decempunctata is gener-
ally random, Nakamuta (1984) reported that in the light adults
of Coccinella septempunctata oriented themselves towards
aphid prey, while they failed in the dark. However it is noted
here that the number of prey killed when lights were off was not
significantly different than when the lights were on, assuming
that prey were abundant. So, there may be cues, other than opti-
cal, that attract coccinellids to their prey (Pettersson et al., 2005)

In spite of promising results, aphidophagous coccinellids have
rarely been used in plant protection (e.g. Ferran et al., 1996).
This is mainly due to the complexity and cost of their mass pro-
duction, which requires a simultaneous rearing of predators and
aphids on a given plant, usually in artificial conditions. A sim-
plification of rearing techniques is necessary to make ladybird
production cheaper and to promote their use in biological con-
trol, specially for inundative release. The simplification would
involve using suitable substitute prey or artificial diets (Hodek
& Hongk, 1996), but in such rearings slower larval
development, higher larval mortality and low or no reproduction
were sometimes reported. However, the two aphidophagous spe-
cies under study here were easy to handle in the laboratory and
proved to be voracious predators; thus they might be considered
promising candidates for augmentative biocontrol.
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