ﬁ“ Entomologia Experimentalis et Applicatg2: 277-282, 1999. 277
i~ © 1999Kluwer Academic Publishers. Printed in the Netherlands.

The effect of aphid prey quality on searching behaviour ofAdalia
bipunctataand its susceptibility to insecticides

P. Kalushkov
Institute of Zoology, Bulgarian Academy of Sciences, blvd. Tzar Osvoboditel 1, 1000 Sofia, Bulgaria

Accepted: June 15, 1999

Key words:Coleoptera, Coccinellidaé&dalia bipunctata, Phorodon humuli, Aphis fabae, Aphis craccivora, Aphis
spiraephagapyrethroids, insect growth regulators

Abstract

After consumption of one individual of a suitable prey, suctiPasrodon humul{Schrank) (Aphididae)Adalia
bipunctatal.. (Coleoptera, Coccinellidae) adults changed from extensive to intensive searching behaviour. How-
ever, after the consumption of one individual of three other aphid spekpggs fabaeScop.,Aphis craccivora
Koch orAphis spiraephagiiller, which are unsuitable prey, this coccinellid remained immaobile for 12—76 min
and did not switch to intensive search after moving off. Adulbipunctatafed an unsuitable prey. fabae for
2 weeks were 2—-4 times more susceptible to pyrethroid insecticides (permethrin, deltamethrin, fenpropathrin,
esfenvalerate, alfa-cypermethrin and bioresmethrin) and insect growth regulators (diflubenzuron, triflumuron,
fenoxycarb, flufenoxuron, teflubenzuron) than those fed a suitablepreymuli.

The searching behaviour of coccinellids could thus be another criterion for determining the suitability of aphids
as prey. The fact that the nutritional quality of aphids can affect the susceptibility of predatory coccinellids to
insecticides should be borne in mind in integrated pest management programs.

Introduction The hop aphidPhorodon humulandAphis fabae
reared onPhiladelphus coronariugire suitable prey
After consuming a suitable prey item aphidophagous for Adalia bipunctata(Mills, 1981; Kalushkov, 1994;
predators switch from extensive to intensive searching Hodek & Honek, 1996) HoweveRhphis craccivora,
behaviour (Banks, 1957). Intensive searching behav- reared onVicia faba is unsuitable prey forHar-
iour has also been called ‘area-concentrated searchingnonia axyridis, Semiadalia undecimnotaaad in
behaviour’ (Banks, 1957; Dixon, 1959; Curio, 1976; some cases foCoccinella septempunctatgiodek,
Nakamuta, 1982, 1985), ‘area-restricted searching 1960, Okamoto, 1966), both. fabaeand A. crac-
behaviour’ (Carter & Dixon, 1982) and ‘success mo- Civora cultured onVicia fabaare unsuitable prey for
tivated search’ (Vinson, 1977). Most aphid species A. bipunctata(Kalushkov, 1994) and\. spiraephaga
live in colonies, and therefore it is likely that another is unsuitable foA. bipunctataKalushkov, 1998).
aphid will be close to where the first aphid is captured ~ Conflicting results were obtained when studying
(Dixon & Wratten, 1971). Thus coccinellids tend to the effect of insecticides oA. bipunctata The coc-
be in the extensive search mode when moving be- cinellids were reared under identical conditions, apart
tween prey patches and change to intensive search orfrom being fed different species of aphid.
catching a suitable prey item. Switching to intensive ~ The research reported here was carried out to deter-
search seems to be learned as it is not shown by newlymine whether the species of aphid prey fed\tialia
emerged adults (Ettifouri & Ferran, 1992). Forag- bipunctatamay affect its searching behaviour and
ing behaviour is affected by abiotic and biotic factors susceptibility to insecticides.
and the physiological state of the predator (Ferran &
Dixon, 1993).



278

Materials and methods

Insects, plants. Adults of the ladybird beetl&dalia
bipunctatawere collected from lime treedi(ia sp.)
in Sofia during May and reared in the laboratory on
the lime aphidEucallipterus tiliaeL. taken every day
from the same trees. The experiments on searching
behaviour were carried out one week after the adults
were collected from the field.

For the toxicological experiments, pupae of
A. bipunctatavere collected from the same lime trees.
On emergence the adults were separated into two
groups: one group was fedl. fabaeand the other
P. humuli The susceptibility of these coccinellids to

searching path of the beetle was traced on the sheet
of cellophane with a felt pen for 3 min. Every 15 s
the track was marked, so that the average walking
speed could be computed. After 3 min an apterous
adult aphid was placed in front of the beetle using
forceps and the tracing of its track was continued after
the beetle consumed the aphid. The temperature in the
arenawas 25 1 °C and observations were conducted
during the light phase when the predator was active.
An ipsometer was used to measure the length of the
trace.

Insecticides was studied after they had been reared On, o010 gical experiments. Insecticides were sprayed

these diets for 2 weeks.

The adultA. bipunctataused in the experiments on
searching behaviour were fed apterous females of the
hop aphidP. humulj A. spiraephagathe insecticide
susceptible black bean aphil, fabae, or the cowpea
aphid,A. craccivora. A. fabaandA. craccivorawere
reared on broad beari€ia fabalL.) grown in soft
wood sawdust inside nylon isolators.

The aphids and coccinellids were reared under the
same temperature conditions (251 °C during the
day and at 2@ 1 °C during the night) and photophase
(16 h).

Insecticides. The pyrethroid insecticides: Ambush

25 EC (25% permethrin), Decis 2.5 EC (2.5%

deltamethrin), Danitol 10 EC (10% fenpropathrin),

Sumialfa 5 EC (5% esfenvalerate), Vaztac 10 EC (10%
alfa-cypermethrin), Isathrin 100 EC (10% biores-
methrin) and the insect growth regulators: Dimilin

25 DP (25% diflubenzuron), Alsystin 25 WP (25%

triflumuron), Insegar 25 WP (25% fenoxycarb), Cas-
cade 5 EC (5% flufenoxuron) and Nomolt 15 EC (15%
teflubenzuron) were used.

Searching behaviour. The searching behaviour of the
adult coccinellids was recorded by an apparatus, simi-
lar to that described by Nakamuta (1982). It consisted
of a gray vinyl-chloride cylinder (30 cm diameter and
5 cm height) resting on white paper placed on an
horizontal acrylic plate. The top of the cylinder was
covered with a transparent acrylic plate, on which a

onto aphids in a sedimentation tower by a standard
method (Anonymous, 1979). Bean leaves with long
stalks were placed with their lower side upper most
at the bottom of the sedimentation tower and sprayed
with an insecticide emulsion. In the controls distilled
water was applied. The insecticides were applied at
24°C £ 2 °C. After 5 min petioles of the leaves were
inserted into vials with water, a fluon coated plexite
cylinder was fixed on each leaf &2 h after spray-
ing approximately 20—-30 aphids were placed in each
cylinder. The same equipment was used for the direct
spraying of adults of\. bipunctataA Petri dish, 9 cm

in diameter, coated on the inside with fluon and hold-
ing 10-15 coccinellids, was placed at the bottom of
the sedimentation tower. The dishes were covered with
wire mesh to prevent the beetles from escaping. After
5 min of sedimentation, beetles were transferred into
tubes and fed aphids. A series of at least 5 concentra-
tions of pyrethroid insecticide emulsified in distilled
water were applied. Of the insect growth regulators
only the concentrations recommended for application
in the field were used.

Assessment of resultsThe searching behaviour re-
sults were analysed by the LSD test (least significant
difference testg = 0.05). In the toxicological exper-
iments, mortality was recorded after 48 h for aphids
and after 72 h for adult ladybirds. Probit analysis of

sheet of cellophane was laid. The beetles were starvedFinney, after correction for mortality according to Ab-

for 24 h before the experiment. This period was suf- bott, was used in evaluating the results obtained with
ficient to elicit searching behaviour. A beetle was the pyrethroid insecticides, and the Fisher exact test
released into the observation arena and was habitu-was used in evaluating the mortality obtained with the
ated to the surroundings for 3 min. After that, the insect growth regulators:(= 0.05).



279

Table 1. Searching behaviour shown by 24 h-stanfetilia bipunctataadults after the capture of individuals of different aphids. Figures
in the same column followed by the same letter are not significantly different (LSD test)

Prey n Time spent Speed of walking (cm/15 s) No of change of direction in 15 s Duration of
eating (min) Before consumption After consumption Before consumption After consumption intensive search (s)

Phorodon 20 5.6+09a 48+ 14a 6.8+3.1a 16.8-4.7a
humuli 4-7) (9-27)
Aphis 20 34+ 16b 14.2+26 12.6£3.4b 19+1.2 1.4+ 09b 0b

fabae (12-58)

Aphis 22 38+ 16b 15.2+3.1b 16+1.1b 0b
craccivora 16-68)

Aphis 30 44+ 16b 148+ 46b 2.3£1.3b 0b

spiraephaga  (18-76)

Results A. spiraephagand in many cases they started to move
after 12—76 min with the prey still in their mouth.

Searching behaviour. A. bipunctashowed three  gysceptibility to pyrethroids. For all six pyrethroid
types of searching behaviour. After 24 h starvation, jhsecticides the L&- and LGy-values forA. bipunc-
beetles tended to move around the perimeter of the (44 adults fedP. humuliwere higher than those fed
area (extensive search) and their average speed was\ fapae For A. bipunctataadults fedP. humulj the

14.24 2.6 cm/15 s (Table 1). _ . LCsg value was 2—4 times higher and the doalue
After consuming individuals of the differentaphid \ya5 23 times higher than that for adult coccinellids

species the searching behaviour of adult coccinel- faga. fabag(Table 2).

lids differed significantly (F= 121, df=9, P < When bioresmethrin and fenpropathrin were used

0.001). After being fec®. humulj beetles tended to A pipunctataadults exhibited higher susceptibility

search intensively, within th_e area around where the inan the insecticide susceptible strairofabae The
prey was captured, and their speed of movement de—LCSO and LGy values forP. humuliwere higher prob-

creased to a level significantly lower than that before g1y que the insecticidae resistance of the field strain
the prey capture (4.8 cm/15 s). The mean duration |;geq.

of intensive search was 16.8 s and then the inten-

sive search changed to extensive search. Prior t0gysceptibility to insect growth regulatorsin all ex-
prey capture adult coccinellids rarely changed direc- periments with insect growth regulators, mortality of

tion, but after prey consumption they turned more A pipunctateadults fed orA. fabaewas twice of those
frequently (Table 1). After eating one individual of  feq onpP. humuli(Table 3).

A. fabae A. craccivoraor A. spiraephagacoccinel-

lids remained immobile on the place where the prey

was captured for 12—76 min and some tried to clean Discussion

their mouth parts with their legs. After this the lady-

birds started to search extensively and their speed of It has been shown here that food can significantly
movement was similar to that before the capture of influence searching behaviour and susceptibility to

prey. insecticides imA. bipunctata

Searching behaviour. Ten minutes after being of- Among European coccinellid species, bipunc-

feredA. fabae(n = 10) or A. craccivora(n = 10), tata is highly susceptible to pesticides (Kalushkov,

beetles did not respond to the offer of more suitable 1982; Zeleny et al., 1988) but when fAdfabaereared

prey namelyP. humuli on bean, this species showed even higher susceptibil-
A. bipunctatatook 4-7 min to eat arfP. humuli ity.

adult and 12—76 min to eat adultsAffabag A. crac- Blackman (1965, 1967) tested the suitability of

civora or A. spiraephagaln general adult coccinellids  nine aphid species fak. bipunctataand foundAphis
did not completely consune fabag A. craccivoraor fabae reared onVicia faba to be unsuitable food
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Table 2. Toxicity of six pyrethroid insecticides dAhorodon humuliAphis fabae
andAdalia bipunctataadults reared on these two species of aphid

Species n LCsq(in%)  95% probability limits  LGgq (in%)
Permethrin

A. fabae 45 0.0005 0.0005-0.0007 0.0015

P. humuli 60 0.0007 0.0006-0.0008 0.002

A. bipunctatd 30 0.01 0.01-0.02 0.03

A. bipunctaté 30 0.03 0.02-0.03 0.07
Deltamethrin

A. fabae 52  0.00002 0.00001-0.000025 0.00004

P. humuli 58 0.00002 0.00001-0.00003 0.00006

A. bipunctatd 30 0.0002 0.0001-0.00025 0.0005

A. bipunctaté 30 0.0004 0.0003-0.0005 0.001
Bioresmethrin

A. fabae 45  0.005 0.004-0.008 0.03

P. humuli 60 0.01 0.01-0.03 0.125

A. bipunctatd 30 0.0015 0.001-0.004 0.01

A. bipunctaté 30 0.006 0.005-0.008 0.03
Fenpropathrin

A. fabae 57 0.0008 0.0006-0.0009 0.004

P. humuli 60 0.001 0.0008-0.00125 0.004

A. bipunctatd 30 0.0006 0.0005-0.0007 0.002

A. bipunctaté 30 0.002 0.001-0.003 0.006
Esfenvalerate

A. fabae 48  0.0001 0.00008-0.000125 0.0005

P. humuli 55 0.0001 0.00008-0.000125 0.0006

A. bipunctatd 30  0.0002 0.0001-0.0003 0.0007

A. bipunctatél 30 0.0005 0.0004-0.0007 0.002

Alfa-cypermethrin

A. fabae 45 0.00005 0.00004-0.00006 0.0006

P. humuli 52 0.00006 0.00005-0.00007 0.000125

A. bipunctatd 30 0.00025 0.0002-0.0004 0.0008

A. bipunctatél 30 0.0005 0.0003-0.0007 0.002

A, bipunctatareared orA. fabae
ba. bipunctatareared orP. humuli

for this coccinellid. SimilarlyA. fabaehas been re-
ported as unsuitable food féY. bipunctataby Hariri

in association withA. spiraephagan the Czech Re-
public: A. bipunctata, Coccinella septempunctatsd

(1966), and as an inadequate prey (p. 88) or toxic prey Anatis ocellataStary, 1995). Althougt\. bipunctata

(p- 91) for this coccinellid by Majerus (1994). In mass-
rearing, all larvae of. bipunctateied A. fabaereared
onV. fabg died (Zeleny, pers. commun.).

A. spiraephagds an introduced aphid in Central

is reported as a natural enemyAafspiraephagalab-
oratory experiments indicate that this aphid is very un-

suitable prey foA. bipunctatagKalushkov, 1998). All

Europe. Three coccinellid species occur in the field died.

1st instar larvae oA. bipunctatafed A. spiraephaga



Table 3. Toxicity of five insect growth regulators féxdalia
bipunctata adults reared orPhorodon humuliand Aphis
fabae Figures in the same row followed by the different
letters are significantly different (F-test)

Insecticides Mortality ofAdalia bipunctata(%)

(concentration) whem(= 30) reared on
P.humuli  A. fabae

Dimilin (0.05%) 33+15a 67+23b

Alsystin (0.05%) 30t10a 57+15b

Insegar (0.05%) 3&17a 70+20b

Nomolt (0.05%) 43t 15a 83+21b

Cascade (0.1%) 4 17a T77£23b

The allelochemical substances ingested by the
aphids from their host plants, are thought to be causal

agents of the detrimental effect that those aphids have

on ladybirds (Hodek, 1962, 1993). ProbaBlyfabae
A. craccivoraand A. spiraephagaalso ingest sub-
stances from their host plants that make them unsuit-
able forA. bipunctataWhen reared o. humulj the
longevity of A. bipunctataadults was 55—-73 days and
when reared or\. fabaeor A. fabae+ A. craccivora
the longevity was 20-32 days (Kalushkov, 1994). It
is not surprising that adult coccinellids fed unsuitable
prey (A. fabaé for 2 weeks are more susceptible to
pyrethroid insecticides and insect growth regulators
than insects reared on suitable fo&dtfumul), which
presumably is a consequence of their low vitality.
Nakamuta (1982) reported that the duration of
the period of intensive search Y. septempunctata
adults following the consumption of oridyzus per-
sicaeadult was 35 s. The period of intensive search
was greatly increased after the consumption of two
or four prey individuals. As shown her&. bipunc-
tata usually left the vicinity after 9—27 s following
the consumption oP. humuli Searching behaviour
is determined by the nature of the prey most recently
consumed (Nakamuta, 1985). Carter & Dixon (1982)
assumed that the most important factor affecting in-

tensive search is the hunger level. The present exper-

iments indicate that the quality of prey also affects
searching behaviour.

The intensive search observed after consumption
of suitable prey is likely to rise the beetle’s probability
of encountering another aphid. Consequently a switch
from linear to concentrated search induced by prey

consumption is advantageous to the beetle (Nakamuta,

1982).
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Putman (1957) and Lucas et al. (1997) found that
coccinellid adults that consumed less attractive prey
(mites) did not switch from extensive to intensive
search behaviour. However, the behaviour of ladybird
beetles after consuming toxic or unsuitable aphids has
not been recorded previously. The absence of inten-
sive search after consuming unsuitable prey may have
a similarly adaptive role as the intensive search ob-
served after the consumption of suitable prey. The
searching behaviour of coccinellids could thus be an-
other way of determining the suitability of aphid prey,
and used in addition to completion of larval develop-
ment, fecundity, survival etc. Aphid food can affect the
susceptibility of coccinellids to insecticides and this
factor has to be considered when including the use of
coccinellid beetles as predators.
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