
������������

���������	 ��
	 ��
�	 �

�	 ��	 ����
����	��	 ���	 ��	 �


���������	��	������	��	 ��	��
�	 ���	 ���
��������	������
���	�������������	���������	��
	�������	������
��	����
��
���	 ���	
��	�����
�	��	��
�������	 ����	 �
��	 �
�
�����	 ��
�	 ���
�
��	 ��
�
	 �����
�	 ��
	 ��
�	 ������
��
�	���	�	�����	��
���	��
	����	�	�����	������
�	
	����
 !"!#	���	�
�
��	���	�$��

��	
	����	 !%&#�	'	��	�
�
���

��	����������	��	�	 ��	��	�
����	���	�

�	����	�	 �

��
�����	�
�
��
�	��	 �
�
	�

�
��	����	 ���
	��	 �
�
����
�
���
�	��	�
	������
��	��	�
�
��
	�������
�	���������
�	 �����
	 ��
��
����
�����	 ��(�����	 �$��

��	 
	 ����	  !%&)
*��	+	,����
�	 !%%)	-��
�	+	,����	 !"&#	��	�	��
��
��
��
�����	��
��	��	��(������	�������	
	����	 !!.#�	*�	�	��
�
	���
	���	����	��
�	����
����	���
���	�
	��
��	��
��
�	 �	 �
��	 ��	 ����	 �	 /�����������&��
���������0��

�*�	 *�����	 
	 ����	  !!")	 1�����	 /222#�	 3���	 �
�
����
�
�
	 �������
�	 �
�
	 �
	 ����	 �
�����
������	 (����
����	���������	�

�
��
4��
�
��	 ���	 ���	 �����	 ��
	 ��	 �
	 ����	 
�
��
�	 ��

����������	*�	�����	���������	�����	�
�
���	��
��
�	��
�������������	 ��
������	 �������	 �
	 ��
5�
���	 ������
������	��	��
��
�	��	�������	������
��	�(
�
�	���	��

�	 ��

	 ��
��
�	 �
���	 �������	 �4
�����
�	  !"!)	 �



�����
�	 ��	4��
(	+	4���(�	 !!.#�	*	��������	�����	��
�
�
���
	������	��(
��	�	�

	����
�	��������	��	��	���
��
��
�	 ��	 ����
�	 �����	 ��
�����	 '��������	 
�����
��
��������	������
	�	�����	���(	���	���������	�6��
��	+
7
������	 !!")	������	 !!")	�����	
	����	 !!")	8����(�

	����	 !!")	9��
������	+	*�����	 !!!)	/222#�	:���	���
����	 �����	 �����
	 ��
	 �����������	 ����
����
	 �	 ������
������	�*�������	+	1�����	 !!/)	���
����	 !!;)	�����

	����	 !!")	9��
������	+	*�����	 !!!#	���	
��	������
������	����
��
�	���	�
	�
����	��	�����
�	�����	��	�����
��
��	 ���(
�	 �	 �
	 ��������
	 ��	 ������	 �������	  !"/#�
6����������	���	���������	��
�����	������	���
��	�	�

�����
�����	 ���	 �
	 ����
�	 �����������	 
����	 �


�����
�	 ��	 �������
	 ������	 �*�������	+	1�����	  !!/)
<��
��
��	
	����	 !!=)	�����	
	����	 !!"#�
��
	 �����
	 ��	 ����������	 ��
	 ��	 �
�
���
	 �	 �������

�

������	 ��	 �
���
	 ���
���	 *�	 ��������
	 ��	 ��
�	 ��
��	�
	���
	���
����	�
����
	�	��	��
�	�������
�	���	�
����	�
�
�	��	
��	������������	'�	��
�	��	�
	���(�	���
�
��	��������	�����
�	�
	�����
	������	�
�
��	��	��
�	��
������
	 �
	����
	�����������	��	����	���	 �����
	���	 �

���(	��	���������	��
������	,
���
	������	��	
���	�������
�������	���
����
�	���
�	 ��	 ����	��	 ��	�����	�������	 '�
����
�	�������	��
	���
�	���	��	�	����	��	�
	������	��
�����	���	����	���	����	
�����	�	������	������	�
�
����
�
��	�
�	�
����	��	
��	�>���	 !""���#�	*���	����	�

���
�	��	����
	6�����
�����	�
�
	��	��	��
��	���������	��
������	��
��
�
�	��	 �
	��������	�
�������	��	 ��������	 	 	
�
���
�	 �4��
(	 +	 4���(�	  !!.#�	 �
�
���
�	 �
�
	 ���
�
��	��	��
�	�����
�	��	�����������
��������	���
�	��������	���
	�
	���
	�
�����	������

����	 ��	 �
���
��	 ?�
�	 �
�������	 �����	 ���
�
�	 �����
�
�	��������	��	��	��
	�
��	
�
�	�	�
������
	��
����
��
��	4��	�
�	��	�
�	����	�	�
���
	@
8��	 ����
�	 ��	 ��
	 �
���������	 ������������	 �����

�����	 ��
�����	 ���	 �
�
����	 ��	 ����������	 ��
�	 ��
����������	
�����	���#	���	����
������������	
�����	��
���
	 �
�
��
�	 ��	 �
�
���	 �
�����
������	 ��
	 ������
��
'�	 ���	 ���
�	 �
	 �������
�	 ��	 �
�
	 �

�
�	 ��������
��
	��	��
�	 ��	�
�
��
�	����������	���	�
�	��
	������
�
���	������
��	 '	 ����	����
��
�	 �
	5�
����	��	��
�
�
���������	
�����	�
��	������	�������	���	������������
�
�������	�,����	 !!.#�

�	��
������������	���������	�

��
	 ��
��	 ��	 ������	 ��	 ���
	 ��� ���	
�����	 ��	 ��
�

����
�	��	�
	��������
	��	��
�	�������	�	�
���
�
�4
�����
	
	����	 !!.#�	$����	 ���
�
�	���	������	��

���	 ����
�	 ��
�
	 ���
�	 �

(	 ���	 ��
����	 ��
��	 8�
�

���	 �	 ����
	 �
���
�	 ���
�	 ��	 ��� ���	
�����	 �
��
�
��	5���(���	'�	��	��
����	��	����	 2	��	�
�	�����	���

<:A':? �	�������
���������B	;;&C;;%�	/222
'99D	 / 2�=%=!

����������������������� ���!�"���#���$�#���%���&��#��'�����(������������

%� ')�& �)���%���*��%�����&����������%%� ��+�,����$�&��&����(-

-:*D��83'9	4:�$�'DD: 	���	*D�48D7	E�F�	1'G8D/

 :���
	�	������
	�
	E�������	��������5�
�	,$	"%�	E�& &/.	6����
���������	E����

/9�����	��	,���������	9��
��
��	3���
����	��	:��	*������	D������	D<;	%�-�	3>

.�'(�& �-	�
�����
�����	����������	��(��
��	����������	�

�����	��
�����
�	��
	�
���������	�
�
����
	�������
�
6�����
�����
�	����������	
������	����
������������	
�����

�)��&���-	6
����	��(��
�	��	�
��	�����
	��
�
�	��	�
	������
	��	��������	
����	��	�������	��	�
	�
��������	��	��
����	��
��
9������	��
������	��
	��
�
�	��	�
	���(�	��	�����
�	�����	�

�	�����
�����	�
���
	���������	����	������	
���	��	�����	������
�
���
���	�
���	���(
�	��	�����
�	E�������	�
	��
��	��	��������	
���	��	���
�
�	���	��(��
�	��	�

�	��
�	��
��
�	��	���������	����

����	 �
	
����	 '�	
���	���
	 �
	��(��
�	��
	 �������	�������	 �
�	 ������	����
�
�	 ���������	��
�
	��
�	 �
�
���
�	 ����������	 ��
���������	
�����	�
��	������	������	���	������������	�
��������

//0



the back of the female; extrude their genitalia, align them-

selves and attempt copulation. The proportion of males

that palpate and mount males is not significantly different

from that observed to behave this way when they

encounter a female. However, the proportion that subse-

quently extrude their penis and mate is lower in homo-

sexual than heterosexual pairs. The behaviour of males is

similar when they encounter a ladybird sized pellet of Blu

Tak® bearing a fresh pair of female or male elytra

(Fig. 1) (Hemptinne et al., 1998).

A Blu Tak® dummy with female elytra washed in chlo-

roform for 24 h do not elicit mating. A similar dummy

bearing washed elytra that have been painted with the

chloroform extract of two elytra again become attractive

to males as unwashed elytra (Fig. 1). Thus, the chloro-

form removes the chemicals that make elytra attractive to

males.

A pair of elytra is covered by approximately 12 µg of a

mixture of 44 alkanes of which 14 major compounds

make 1% or more of the chloroform extract. The shorter

molecules have 21 atoms of carbon and the longest 33

(Table 1).

The alkanes are probably species specific because the

response of two-spot males is weaker in the case of dum-

mies with fresh elytra of A. decempunctata (Hemptinne et

al., 1998).

SELECTION OF OVIPOSITION SITES

The larvae of some species of ladybird beetles feed

exclusively on aphids. Females of A. bipunctata tend to

lay their eggs over a short period of time early in the

development of a colony of aphids, the “egg window”

(Hemptinne et al., 1992; Dixon, 1997). As a consequence

their numerical reproductive response is only   weakly, if

correlated at all, with the abundance of prey. This repro-

ductive strategy is adaptive as prey abundance in a habitat

fluctuates dramatically over a 5 to 6 week period and only

ladybirds born early in the development of a patch of prey

are likely to mature before the aphids disappear.

In selecting suitable patches of prey ovipositing females

do not respond to cues associated with the age structure

of the aphid colony, as has been reported for hoverflies

(Kan, 1988a,b), or the phenology of the host-plant

(Hemptinne et al., 2000a). They refrain from ovipositing

in patches where there are few aphids (Dixon, 1959) and

conspecific larvae are present (Hemptinne et al., 1992,

1993). Females do not need to encounter larvae but

respond to an oviposition deterring pheromone present in

the tracks of the larvae. This pheromone is soluble in

chloroform and its deterrent effect is concentration

dependent (Doumbia et al., 1998). C. septempunctata and

several species of lacewings behave similarly

(Neuroptera: Chrysopidae). Larvae chemically mark the

substrate with a substance secreted from the tip of their

abdomen. This substance is soluble in chloroform and

deters females from ovipositing (R �i ka, 1994, 1996,

1997).

To identify the pheromone, late third instar larvae of A.

bipunctata were isolated in 5 cm diameter Petri dishes

and after moulting to the fourth instar, were fed an excess

of pea aphids for 24 h. Each larva was then carefully

placed in a glass tube where it remained without food for

24 h. Larvae treated in this way did not produce faeces or

contaminate the tube by reflex bleeding as it is the case

when larvae interact with one another. As the larvae were

hungry they spent most of the time walking. After 24 h
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1.7diMeC33

1.0MeC33

3.9nC27

2.9MeC25

3.9nC25

2.5MeC24

3.0diMeC23

42.3MeC23

7.6nC23

1.6Me-C22

6.9nC21

%Compounds

TABLE 1. The compounds that make up 1% or more of the

chloroform extract of a pair of elytra of Adalia bipunctata.

4.4Squalene

2.9diMeC33

4.8MeC33

6.9MeC31

3.7nC31

3.9diMeC29

4.7MeC29

1.7nC29

1.6MeC27

1.8nC27

1.4MeC26

7.7MeC25

15.1nC25

4.3MeC24

3.9MeC23

3.3nC23

3.2nC21

%Compounds

TABLE 2. The compounds that make up 1% or more of the

chloroform extract of the tracks of larvae of Adalia bipunctata.

Fig. 1. The proportions of males of Adalia bipunctata that

mounted and mated a conspecific female (1) or male (2), a

dummy bearing two conspecific elytra of a female (3) or a male

(4), a dummy bearing the elytra of a conspecific female that

have been washed in chloroform (5) or a dummy bearing the

elytra of a conspecific female that have been washed in chloro-

form and on which the chloroform extract has been re-applied

(6).



the larva was removed and the tube washed with chloro-

form. The chloroform extracts of 25 larvae were pooled,

treated as a replicate and analysed by GC-MS (Gas

chromatography-Mass Spectrometry) and GLC (Gas

Liquid chromatography) (Hemptinne et al., 1998).

In the above experimental conditions, a larval track

consisted of 8 to 10 µg of material deposited in the glass

tube. At least forty different components, mostly alkanes,

were identified in the tracks. Seventeen molecules make

up 1% or more of this extract (Table 2). The principal

constituent of the tracks of larvae is n-pentacosane (nC25)

accounting for 15.1% (Hemptinne et al., in press).

DEFENCE OF EGGS FROM CANNIBALISM AND

INTRAGUILD PREDATION

Both in terms of intraguild predation and cannibalism,

the eating of eggs by ladybirds would appear to be advan-

tageous because it supplies a source of food and removes

potential competitors. However, the larvae of A. bipunc-

tata and C. septempunctata, which may co-occur in the

field (Smee, 1922; Banks, 1955, 1956; Smith, 1966;

Radwan & Lövei, 1982, 1983; Hon k, 1985; Hemptinne

& Naisse, 1988; Hemptinne, 1989; Majerus, 1994;

Barczak et al., 1996; Trouvé et al., 1996), are reluctant to

eat conspecific eggs painted with water extracts of whole

eggs of the other species. Larvae of C. septempunctata

are more likely to die after eating a few eggs of A.

bipunctata than vice versa (Agarwala & Dixon, 1992).

The water extract of crushed whole eggs is however

likely to contain the species specific alkaloids that are

known to be present in ladybird eggs (Pasteels et al.,

1973). Some of these alkaloids are known to be toxic to

vertebrates (Frazer & Rothschild, 1960; Marples et al.,

1989) and therefore it does not seem unreasonable to

assume they are responsible for the toxicity of ladybird

eggs.

Although the eggs of ladybirds may be chemically

defended, such defence would be of little value if the

eggs are killed before their toxicity becomes apparent.

Therefore, it would be advantageous for both predator

and egg if the toxicity of the latter could be flagged in

some way. This idea was tested by transferring a two day

old fourth instar larvae of A. bipunctata, that had been

starved for 3 h, to a batch of a minimum 10 conspecific

eggs. The number of eggs crushed or eaten was recorded.

There were 21 replicates, which lasted for 15 min from

the time of first encounter with the batch of eggs. Fol-

lowing the same procedure, a fourth instar larva of A.

bipunctata was offered either a batch of conspecific eggs

washed in n-hexane or a batch of conspecific eggs previ-

ously washed in n-hexane and then painted with an

hexane extract obtained from a corresponding number of

eggs. Eggs were immersed in n-hexane for 2 min. The

washed and painted eggs were dried for 30 min before

being presented to the larvae. Fourth instar larvae of C.

septempunctata were also offered similarly treated eggs

of A. bipunctata. The numbers of replicates varied from

20 to 16 depending on the treatment.

The fourth instar larvae of A. bipunctata ate numeri-

cally and proportionally significantly more washed than

unwashed, or painted conspecific eggs. Fourth instar

larvae of C. septempunctata were also reluctant to eat the

eggs of A. bipunctata. Few of them consumed unwashed

eggs or painted eggs. Significantly more washed eggs

were eaten than unwashed or painted eggs (Table 3). It

appears that the eggs of A. bipunctata are protected

against both cannibalism and intraguild predation by C.

septempunctata larvae by one or several n-hexane soluble

substances on their surface (Hemptinne et al., 2000b).
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nt: total number of larvae; ne: number of larvae eating eggs

         Kruskal-Wallis test                 24.63 (P = 0.000)

1.911.81.8mean

103210max

000min

2 test                                       20.47 (P < 0.001)

8195ne

162020nt

Larvae of C. septempunctata

       Kruskal-Wallis test                   18.07 (P = 0.000)

2.57.92.7mean

101010max

000min

2 test                                       15.37 (P < 0.001)

7187ne

212121nt

Larvae of A. bipunctata

paintedwashedunwashed

                                   Eggs

TABLE 3. The number of fourth instar larvae of Adalia

bipunctata and Coccinella septempunctata that ate eggs, and

the number of eggs eaten, when offered either eggs of Adalia

bipunctata that were unwashed, washed in n-hexane or washed

in n-hexane and painted with the hexane extract.

Fig. 2. Comparison of the composition of the chloroform

extract of a pair of elytra and the tracks of larvae, and the

hexane extract of the surface of eggs of Adalia bipunctata.

Compounds: 1: nC21, 2: nC22, 3: Me nC22, 4: nC23, 5: MeC23, 6:

di MeC23, 7: MeC24, 8: nC25, 9: MeC25, 10: MeC26, 11: nC27, 12:

MeC27, 13: nC29, 14: MeC29, 15: diMeC29, 16: nC31, 17: MeC31,

18: MeC33, 19: diMeC33
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