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STELLINGEN 

De opzet van de experimenten waaruit Jermy en Szentesi concluderen dat 

zintuiglijke informatie afkomstig van zintuigharen op de ovipositor van 

Vieris brassiaae geen rol speelt in de keuze van ovipositiesubstraat, 

rechtvaardigt die conclusie niet. 

Jermy & Szentesi (1976), Ent. exp. & appl. 24: 258-271. 

Het eilegremmend feromoon van het grote koolwitje kan ook als eilegremmend 

synomoon en als zoekgedrag stimulerend kairomoon betiteld worden. 

Dit proefschrift. 

De wijze waarop Hebert veldgegevens over de larvale verspreiding van vlin-

dersoorten hanteert als maat voor de verspreiding van eieren door adulte 

dieren is onjuist. 

Hebert, P.D.N., (1983), Can. Ent. 115: 1477-1481. 

\. Studies naar het eetgedrag van fytofage rupsen zouden vaker aan 1e stadium 

larven verricht moeten worden. 

5. Toepassing van gedragsmodificerende stoffen in de bestrijding van plaagin-

sekten zou de effektiviteit van bestaande bestrijdingsmethoden aanzienlijk 

kunnen verhogen. 



6. Volgens Wemelsfelder zou gedragsonderzoek naar het welzijn van landbouw­

huisdieren gebaseerd moeten zijn op een gevoelsmatige verbondenheid van dJ 

waarnemer met het dier. Deze benadering houdt het gevaar in dat het welzij 

van dieren wordt overgeleverd aan de willekeur van individuele onderzoekeij 

F. Wemelsfelder, Landbouw & Onderzoek, sept. 1984: 10-15. 

7. Uitbreiding van het landbouwareaal wordt genoemd als één van de argumenten| 

vóór inpoldering van de Markerwaard. De daaruit voortvloeiende produktie-

verhoging kan leiden tot een verhoging van de landbouwuitgaven van de 

Europese Gemeenschap waarmee in de kosten-baten analyse van inpoldering 

rekening gehouden zal moeten worden. 

8. Officiële werkloosheidscijfers zeggen voortaan nog minder over de resulta­

ten van het regeringsbeleid. 

J.W. Klijnstra 

Oviposition behaviour as influenced by the oviposition deterring pheromone 

in the large white butterfly, Vieris brassioae 

Wageningen, 13 maart 1985 
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GENERAL INTRODUCTION 

In nature, many insect species are usually confronted with mixed vegeta­

tions containing (many) different plant species. In such situations, especially 

mono- and oligophagous insects (herbivorous insects that restrict their diet 

to only one or a few number of plant species) can only survive if they are 

able to differentiate between plant species and find their hostplants. In many 

insect species, newly emerged first instar larvae are small and usually in­

capable of moving large distances in search of food. This implicates that the 

food choice of young larvae is largely predetermined by the egglaying female 

at the time she selects a place to lay her eggs, as already pointed out by 

Dethier (1941). 

Recognition of hostplants is mediated by the activity of the various sen­

sory systems insects possess. Their sensory apparatus enables adult (and also 

larval) stages to perceive a variety of plant characteristics, more or less 

specific to certain plant species. Since the work of Verschaffelt (1911), who 

reported that Pier-is caterpillars only feed on plants containing certain speci­

fic chemicals (the so-called mustard oil glucosides), much emphasis has been 

laid on such secondary plant substances, i.e. chemicals not participating in 

primary plant metabolism, as main determinants of hostplant selection behaviour 

(Fraenkel, 1959). At present, it is known that in several insect species also 

plant nutrients as chemical stimuli (Thorsteinson, 1960) as well as visual and 

tactile cues of plant origin may be involved in hostplant recognition (see 

reviews by Prokopy & Owens, 1983; Chew & Robbins, in press). 

The process of hostplant selection behaviour of adult insects actually 

consists of a number of distinct behavioural steps, each of which may be in­

fluenced by various external and internal stimuli (Dethier, 1982). For example 

female butterflies, when ready to oviposit (internal signal), may be succes­

sively engaged in finding a habitat in which hostplants may occur, searching 

for hostplants within that habitat and finally examining hostplants for ovi-

position suitability (Feeny et al., 1984). During the first two phases of 

oviposition behaviour, females orientate to visual and olfactory stimuli. 

During the third phase, females usually make contact with the plant and use 

additional gustatory and tactile cues to locate a suitable oviposition site. 

This chain of behavioural events usually leads to deposition of eggs on plants 

suitable for larval feeding, although oviposition "mistakes" sometimes may 

1 



occur (see Chew & Robbins, in press). If females fail to find a suitable plant, 

the result will be a reduction in survivorship of their larval offspring. Con­

versely, this means that a reduction of larval infestation levels of pest 

insects in crops perhaps can be achieved by interference with female oviposi-

tion behaviour. This idea forms the background of the present study. 

The large white butterfly, Pieris brassiaae, is quite common in many 

European (including the Netherlands) and Asian countries (Feltwell, 1982). The 

caterpillars of this species mainly feed on Cruciferous plants, however, with 

some preference for cultivated varieties of cabbage (Terofal, 1965). Feeding 

larvae may cause considerable economic damage which in some years amounts to 

millions of dollars world-wide (Feltwell, 1982). The larvae may recognize their 

hostplants by the presence of mustard oil glucosides (Verschaffelt, 191.1; 

Terofal, 1965) which they can perceive by chemoreceptors on their mouthparts 

(Schoonhoven, 1967; Ma, 1972). Recognition of hostplants by egglaying females 

of P. brassiaae is also mediated by these secondary plant substances (David & 

Gardiner, 1962). Chemoreceptors present on the legs of adult females are known 

to be specifically sensitive to these chemicals (Ma & Schoonhoven, 1973). 

Some years ago, Rothschild & Schoonhoven (1977) discovered that oviposi­

ting P. brassiaae females can discriminate between cabbage plants with and 

without conspecific eggs. P. brassiaae eggs release a chemical signal deterring 

other females from oviposition at that site. This chemical compound has been 

called the oviposition deterring pheromone (ODP). By modifying female behav­

iour, this pheromone may promote an even distribution of eggs over available 

oviposition sites. Consequently, this substance may be useful in the control 

of Vieris brassiaae. 

The present study was undertaken to investigate the prospects for appli­

cation of this pheromone. Before field application can be attempted, however, 

basic knowledge is needed on several properties of this pheromone under stan­

dardized conditions. Therefore, most of the work described here has been done 

in the laboratory. The influence of the ODP on the distribution of eggs over 

available oviposition sites (the ultimate effect of the ODP) is investigated 

in Chapter 2. Chapter 3 provides an ethogram of oviposition behaviour of 

P. brassiaae and a literature survey on the various sensory modalities which 

may be involved in egglaying behaviour of various insect species. Female re­

sponses to the ODP at the sensory level, in order to determine which chemo­

receptors they may use in the perception of the pheromone, are described in 

Chapter 4. The next two Chapters (5 and 6) are concerned with an experimental 



analysis of female pre-oviposition behaviour. During this behavioural phase, 

which ends at the moment of deposition of the first egg, females take the 

decision either or not to lay eggs. The detailed modifications in pre-ovi­

position behaviour induced by the presence of ODP are studied in intact fe­

males (Chapter 5) as well as in females with various sensory ablations (Chapter 

6 ) . In this way we were able to unravel the operating mechanism of the ovi-

position deterring pheromone. In Chapter 7, the results of small scale field 

experiments are reported to assess the potential of ODP as an agent in cabbage 

pest control. With respect to field application of the ODP, it is important to 

know whether this pheromone is species-specific in its effects or that perhaps 

other (lepidopterous) species are affected as well. Chapter 8 describes the be­

havioural responses of a related species, Pieris rapae, to the ODP of Pier-is 
brassicae. 

One aspect of the oviposition deterring pheromone will not be discussed 

here. One of the main objectives of this study, which started in 1980, was the 

chemical identification of the ODP. In close cooperation with the Netherlands 

Organization for Applied Scientific Research TNO where the chemical part of 

the work was conducted, an elaborate bioassay program was undertaken. At pres­

ent, the isolation of the deterrent compound(s) is almost completed and identi­

fication of the pheromone seems close. Details on the isolation procedure and 

chemical properties will be published elsewhere. 
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2 THE EFFECTS OF AN OVIPOSITION 
DETERRING PHEROMONE ON EGG-LAYING 
IN PIERIS BRASSICAE 

ABSTRACT 

A laboratory study was conducted in order to determine the influence of 

the oviposition deterring pheromone (ODP) upon the distribution of eggbatches 

and eggs by Vieris brassiaae females. This pheromone is known to be associated 

with eggs. Butterflies were offered a choice between cabbage leaves treated in 

various ways with the ODP and control leaves. The presence of intact conspeci-

fic eggs on the treated leaf appeared to have a moderate deterrent effect upon 

oviposition. An aqueous solution of the ODP, obtained by washing eggs in dis­

tilled water was found to have a somewhat higher deterrent effect. Most effec­

tive in deterrence of oviposition, however, appeared to be a washing of Vieris 
brassiaae eggs in methanol. Such a methanol solution can be stored at low tem­

peratures for at least three years without loosing activity. Application of 

eggwash to either the upper or lower surface of the leaf does not make any dif­

ference to females. Percentage deterrence was found to increase with the con­

centration of eggwash. At very low concentrations, no significant difference 

could be observed anymore in the numbers of eggbatches and eggs laid on con­

trol and treated leaf. On the other hand, even very high concentrations of 

methanol eggwash do not fully protect cabbage leaves against oviposition. Wash­

ing Vieris brassiaae eggs seven times consecutively in methanol, a series of 

pheromone solutions is obtained, all of them were found to possess a high de­

terrent activity. Although percentage deterrence slowly decreases in subsequent 



washings, the seventh eggwash sprayed onto cabbage leaves, still resulted in j 

less than one quarter of the total number of eggbatches and eggs being laid on 

the treated leaf. This suggests that Pieris brassicae eggs may contain a large 

amount of the oviposition deterring pheromone. 



INTRODUCTION 

Hostplant species utilized by Vieris brassioae L. are characterized by 

the presence of one or more so-called mustard oil glucosides(Verschaffelt, 1911). 

Most of these plant species belong to the family of Cruciferae, although 

exceptionally eggs and larvae have been found on plants from other families, 

e.g. Tropaeolacae and Resedacae (Terofal, 1965). Experiments conducted by 

David & Gardiner (1962), in which female P. brassioae were observed to oviposit 

on green paper cards treated with a sinigrin solution, and Ma & Schoonhoven 

(1972), who were able to induce oviposition on broad bean plants cultured in 

aqueous solutions of glucosinolates, exemplify the importance of these 

secondary plant substances. 

Besides chemicals of plant origin, determining potential host plant suit­

ability, oviposition of Pieris brassioae females is also influenced by a chemi­

cal signal related to host plant exploitation by conspecifics. Rothschild & 

Schoonhoven (1977) discovered that gravid females when having a choice between 

cabbage leaves with and without conspecific eggs, prefer to oviposit on the 

latter leaves. They found this deterrent effect of previously laid eggs to 

be mainly governed by a pheromone-like emanation associated in some way with 

the eggs. Behan & Schoonhoven (1978) demonstrated the deterrent compound(s) 

to be water soluble and suggested that females might perceive the pheromone 

by antennal olfactory hairs as well as by tarsal contact chemoreceptors. 

Schoonhoven et al. (1981) reported that in the laboratory an aqueous pheromone 

solution, when sprayed on a cabbage plant, retained its deterrent activity for 

at least 14 days. Furthermore, they found some indications that the pheromone 

has a low volatility and a high stability under laboratory conditions and that 

eggs may contain a considerable amount of this oviposition deterring pheromone 

(ODP). Such pheromones are known to play a role in oviposition behaviour of a 

growing number of phytophagous insects, at this time belonging to at least 6 

orders and 16 families (Prokopy, 1981; Prokopy et al., 1984). In a number of 

species, this epideictic (Corbet , 1971) pheromone appeared to be rather stable 

and water- (sometimes also methanol-) soluble, for example in various Rhagoletis 
species (Katsoyannos, 1975; Prokopy et al., 1976), Ceratitis capitata 
Wiedemann (Prokopy et al., 1978), Anastrepha suspenso Loew and A. fraberoulus 

Wiedemann (Prokopy et al., 1977; Prokopy et al., 1982) and in Agromyza 
frontella Rondani (McNeil & Quiring, 1983). This similarity may indicate that 

we are dealing with an entirely new class of behaviour modifying chemicals. 
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The ecological consequence of the existence of these pheromones is that they 

promote a uniform distribution of eggs among available oviposition sites in 

nature. In a few species such a distribution of eggs has been reported 

(Remund et al., 1980; Prokopy et al. ,1982). These examples indicate that 

epideictic pheromones might be effective in the field and that they perhaps 

provide a new prospective tool in future pest control. 

With regard to Pieris brassiaae, however, we first need to know, besides 

the identity of the deterrent compund(s), more details on the biological 

activity of the pheromone under standardized laboratory conditions. In this 

paper, we will investigate the influence of various concentrations and types 

of pheromone solutions on the distribution of eggbatches and eggs. 

MATERIALS AND METHODS 

Animals 

Pieris brassiaae L. adults were obtained from a laboratory culture reared 

for many years on Brussels sprouts, Brassica oleracaea L. var. gemmifera D.C. 

In order to be assured of fertile females the whole year around, every 10 days 

freshly laid eggs were set apart and allowed to develop into a new generation 

of butterflies. The larvae were prevented from entering diapauze by growing 

them under a long day light regime (16 hours light; 8 hours dark). After emer­

gence, butterflies were kept in large cages (80 x 100 x 80 cm), illuminated 

by mercury vapour lamps and additional daylight. The cages were provided with 

artificial flowers, containing a 10% sucrose solution on which the butterflies 

could feed ad libitum. The age of experimental females ranged from 4 to 14 

days after eclosion. 

Experiments 

Females were given a choice between control leaves and ODP treated leaves 

to lay their eggs. For each experiment one pair of cabbage leaves, carefully 

matched for equal size, age and external appearance, was taken from the same 

plant. One of these leaves was treated with a solution of the oviposition 

deterring pheromone in the way described below and the other one served as the 

control leaf. 

Pieris brassiaae eggs were used as the source of the oviposition 



deterring pheromone. Each day freshly laid eggs were removed from the plants 

by means of a drop of acetone and collected in a Petri dish. This Petri dish 

was stored in the refrigerator (4°C) until 1, after about one month, 10-12 gr 

of eggs (being 50,000 - 60,000 eggs) was assembled. This amount of eggs was 

washed for 5 minutes in pure methanol or distilled water (depending on the 

experiment). The eggs were then removed by filtration (paper filter Schleicher 

& Schul 1 ; no. 589) and the remaining solution was called methanol-eggwash or 

water-eggwash, respectively. Concentrations of eggwashes are expressed as egg-

equivalents per ml solvent (ee/ml). The various concentrations of eggwash, 

which were used in a separate series of experiments (see Fig. 1 ) , were all 

derived from one stock of eggs. In this case, a methanol-eggwash was made 

containing 1,024 ee/ml, and from this stock-solution all the other concentra­

tions were prepared by a stepwise one-fold dilution with pure methanol. 

In another series of experiments, subsequent eggwashes from one stock 

of eggs were tested. These eggwashes which we called methanol-eggwash I to 

VII, were made by simply washing these eggs several times in an equal amount 

of methanol. In this case, the first eggwash was made by rinsing 21 gr of eggs 

(approximately 105,000 eggs) in 210 ml pure methanol. The concentration of 

eggwash I is thus defined as 500 ee/ml. Immediately after filtration of the 

first washing 210 ml of methanol was added again to the same amount of eggs 

for the second washing and so on up to 7 times. The number of eggs involved 

in each of the 7 washings did not change, therefore the concentrations of 

subsequent eggwashes were also fixed at 500 ee/ml. 

The treated leaves with a diameter of approximately 15 cm, were sprayed, 

by means of a Desaga0 chromatography sprayer, with 1 ml of eggwash at the 

underside only, except in one series of experiments in which leaves sprayed 

at the upper- and underside were compared. In all experiments, the control 

leaves were sprayed similarly with 1 ml of the solvent only. Preliminary 

experiments had revealed that methanol alone did not have any effect upon 

oviposition. When applied in a fine spray, methanol did not harm the leaves 

either. The experiments were conducted in the large cages mentioned above 

with groups of butterflies (20-30 females and 20 males per cage). In each 

cage two pairs of leaves, with their petioles in water, were placed in a 

square with the two control leaves diagonally opposite to each other. The 

distance between the leaves was about 40 cm in all directions. Empirically, 

it was found that females lay most eggs during the morning hours, therefore 

all experiments were conducted between 9.00 h and 14.00 h. The temperature 



in the cages during the experiments varied between 24 and 29 C and the rela­

tive humidity between 40 and 50%. Before an experiment, females were deprived ; 

of an oviposition substrate for about one hour. Two pairs of leaves were of­

fered at the same time to the females in one cage in order to prevent too 

much interactions which might interfere with the choice behaviour of females. ; 

After evaporation of the solvent, the leaves were exposed to the females ! 

for one hour. The number of eggbatches and eggs laid on the leaves during this! 

period were counted. The activity of the oviposition deterring pheromone is I 

expressed in terms of the percentage deterrence, calculated in the following 

way: % deterrence = (A-B) x 100/A+B, where A and B represent the numbers of 

eggbatches (or eggs) laid on control and treated leaves, respectively. A per­

centage deterrence of 100% indicates that females laid eggs only on the con­

trol leaf, whereas a percentage deterrence of 0% indicates no preference of 

females. ! 

Table 1. Deterrent effects of various ODP sources upon Vieris brassicae oviposition in a choice situation. 
In addition, average batchsize and batchsize range are given for each type of leaf. VSOP: Very Superior Old 
Pheromone. n0_ eggbatches/eggs laid on leaves 

average batchsize 
batchsize range 

êxp. ^ ™ Type of choice experiment treated % deterrence 

Blanc leaf 

VV 

leaf with c. 250 eggs 

Distilled water 

VV 

water-eggwash (250 ee/ml) 

Methanol 

VV 

Methanol-eggwash (250 ee/ml) 

Methanol 

VV 

Methanol 

Methanol 

VV 

VSOP (250 ee/ml) 

20 

30 

32 

16 

36 

116/4454 

38.4a 

3 - 121 

200/6002 

30.0a 

3 - 101 

174/6103 

35.1a 

3 - 126 

53/1402 

26.5a 

3 - 78 

293/10,307 

35.2a 

3 - 134 

62 /2119 

34.2a 

3 - 101 

87 /1803 

20.7b 

3 - 78 

31 /806 

26.0a 

3 - 52 

54/1438 

26.6a 

3 - 93 

54 /1433 

26.5b 

3 - 88 

30.3/35.5 * 

39.4/53.8 % 

69.8/76.7 % 

-0.9/-1.3 % 

68.9/75.6 I 

indicates significant difference in no. eggbatches/eggs between the leaves in the same row (sign test; 
p < 0.01). Values on mean batchsize in the same row followed by different letters are significantly 
different (chi-square test; df = 2; p < 0.01). 
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RESULTS 

Female PieHs brassiaae preferentially oviposit on cabbage leaves devoid 

of conspecific eggs, as can be seen in the first row of Table 1. The "treated" 

leaves in these 20 experiments all carried approximately 250 eggs distributed 

over 4-9 eggbatches, to allow a fair comparison with eggwashes of 250 ee/ml. 

An eggwash made in distilled water (250 ee/ml) has a similar deterrent effect 

upon oviposition: the far majority of eggbatches and eggs is laid on the con­

trol leaf (Table 1). Percentage deterrence has increased to 39.4% and 53.8% 

for the numbers of eggbatches and eggs, respectively. The latter value indi­

cates that less than one quarter of the total number of eggs was laid on the 

treated leaf. A still stronger deterrent effect can be observed when cabbage 

leaves are sprayed with methanol-eggwash. This solution, at the same concen­

tration of 250 ee/ml, was found to have a percentage deterrence of 69.8% and 

76.7% for eggbatches and eggs, respectively. As a control of the experimental 

set up, we conducted a number of experiments in which females were offered a 

choice between two leaves both sprayed with methanol only. As can be seen in 

Table 1, females do not show any oviposition preference for one or the other 

leaf in this choice situation. The numbers of eggbatches and eggs deposited 

on both leaves were almost similar. To test whether and how long a pheromone 

solution in methanol could be preserved, females were offered the choice situ­

ation mentioned in the bottom row of Table 1. The abbreviation VSOP stands for 

Very Superior Old Pheromone, which consists of a mixture of 3 methanol-eggwashes 

made in April, May and June 1981, respectively. At the time this mixture 

(250 ee/ml) was tested, it had been stored in the refrigerator (4°C) for more 

than three years. It is not the same methanol-eggwash mentioned earlier in 

Table 1. Nevertheless, the deterrent activity of this VSOP mixture lies at 

the same high level as that of an eggwash tested a few days after its prepara­

tion. Because of their high deterrent activity, only methanol-eggwashes were 

used in all further experiments. 

At first, we examined whether it would make any difference to females 

when the pheromone is applied either to the upper or to the lower surface of the 

leaf. In these experiments, females were given simultaneously a control and 

treated leaf sprayed at the underside and a similar pair of cabbage leaves 

sprayed at the upperside. The results (Table 2) clearly indicate that the 

deterrent effect is not influenced by the way cabbage leaves are sprayed with 

the 0DP. The percentage deterrence is almost equally high in both cases and 
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Table 2. Oviposition deterrence by methanol-eggwash (250 ee/ml) applied to upper 
or lower leaf surface. In addition, average batchsize and batchsize range are 
given for each type of leaf. 

treated 
surface 

upper 

lower 

no. 
exp. 

21 

21 

no. eggbatches/eggs laid on leaves 
average batchsize 

batchsize range 

control 

117/4223 

36.1 

3 - 107 

109/4036 

37.0 

3 - 131 

treated 

22*/627* 

28.5 

3 - 77 

22 /763 

34.7 

5 - 89 

% deterrence 

68.3/74.1 * 

I 

66.4/68.2 % 

* indicates significant difference in no. eggbatches/eggs between the leaves 
(sign test; p < 0.001). Values on mean batchsize do not differ significantly 
between the leaves (chi-square test). 

Table 3. Oviposition deterrence by various concentrations of methanol-eggwash. 
In addition, average batchsize on both types of leaves is given. 

no. eggbatches/eggs laid on leaves 
average batchsize 

eggwash no 

concentration (ee/ml) exp. control treated % deterrence 

4 

8 

16 

32 

64 

128 

256 

512 

20 

20 

26 

23 

22 

37 

30 

36 

153/4870 

(31.8)a 

93/4126 

(44.4)a 

113/3692 

(32.7)a 

149/4571 

(30.7)a 

118/4606 

(39.0)a 

274/10,223 

(37.3)a 

167/5498 

(32.9)a 

318/10,237 

(32.2)a 

1151/3822 

(33.2)a 

741/2643 

(35.7)a 

572/19221 

(33.7)a 

712/21592 

(30.4)b 

62Vl8902 

(30.5)a 

1253/33943 

(27.2)b 

273/8533 

(31.6)a 

783/18583 

(23.8)b 

14.1/12.1 % 

11.4/21.9 % 

32.9/31.5 % 

35.5/35.8 % 

31.1/41.8 % 

37.3/50.2 % 

72.2/73.1 % 

60.6/69.3 % 

1024 130/4348 

(33.4)a 

73.3/82.2 % 
(21.3)a 

No. eggbatches/eggs differ significantly between the leaves at 1. 5% level; 
2. 1% level; 3. 0.1% level (sign test). Values on mean batch size in the same row 
followed by different letters are significantly different (chi-square test; 
df = 2; p < 0.05). 
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comparable with the values given in Table 1. 

Another series of choice experiments was carried out to determine female 

responses to various concentrations of methanol-eggwash. The numbers of egg-

batches and eggs laid in these experiments are given in Table 3. At all con­

centrations of eggwash, the treated leaves received significantly lower numbers 

of eggbatches. The total numbers of eggs differed significantly between the 

two types of leaves from a concentration of 16 ee/ml. The deterrent activity 

of methanol-eggwash increases with the concentration. Fig. 1 displays the re-

lation between the log concentration of eggwash and the percentage deterrence. 

Plotted in this way, regression lines can be drawn which indicate an almost 

linear relationship between these two parameters for both the number of eggs 

(r = 0.983) and the number of eggbatches (r = 0.925). 

Eggs may be washed with methanol several times consecutively. The seven 

washings we obtained in this way were all found to be highly deterrent to 

ovipositing Vieris brassicae females (Table 4 ) . Cabbage leaves sprayed with 

the first or second eggwash are almost completely protected against oviposition. 

The percentage deterrence calculated for these two washings (500 ee/ml) is 

even higher than the % deterrence we found at 1,024 ee/ml in Table 3. In the 

third eggwash percentage deterrence is somewhat diminished but from this washing 

the deterrent activity remains at a constant (high) level up to and including 

the sixth washing. The percentage deterrence of eggwash VII is again slightly 

reduced in comparison to the four preceding pheromone solutions. But even in 

these experiments females laid less than one quarter of the total numbers of 

100 

s80 

• 60 

X3 

« 40 

• 20 

• 

eggs r = 0 .983 
batches r = 0 .925 

*^-<r^ 
^ - " " " V - •" 

2Log egg — equivalents/ml 

Fig. 1. Deterrent activity of methanol-eggwash (at concentrations 
2 10 2 - 2 ee/ml) on Vieris brassiaae oviposition. Linear regression 

of percentage deterrence and log eggwash concentration. 
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Table 4. Oviposition deterrence by subsequent methanol egg washings (500 ee/ml) 
from one stock of eggs. 

serial 
eggwash 

1 

II 
III 

IV 
V 

VI 
VII 

number of 

tested 

no. 
exp. 

20 

20 

16 
12 
16 
14 
25 

no eggbatches 

control 

169/6874 

119/4144 

127/2662 

70/2463 

104/2676 

80/2057 

188/4712 

/eggs 
* 

laid on leaves 

treated 

4/67 

4/106 

18/276 

11/261 

23/518 

14/332 

58/1222 

% deterrence 

95.4/98.1 % 
93.5/95.0 % 

75.2/81.2 * 

72.8/80.4 % 
63.8/67.6 % 
70.2/72.2 % 

52.8/58.8 % 

In each row the difference in no. eggbatches/eggs laid on the two types of 
leaves is highly significant (sign test; p < 0.001). 

eggbatches and eggs on the treated leaves. 

In Table 1-3 values are given on the average batchsize females laid on 

the two types of leaves. The differences which could be observed between the | 

leaves, however, are not very consistent in the various experiments. Thereforej, 

a possible effect of the 0DP upon the size of eggbatches will be discussed in 

some more detail in the next section. 

DISCUSSION 

The deterrent effect of conspecific eggs on Pieris bvassieae oviposition 

is clearly demonstrated in these experiments. When we compare our results with 

those reported by Rothschild & Schoonhoven (1977), however, a difference can 

be observed. In choice experiments (n = 45) conducted by the latter authors, 

females laid 6,913 eggs on the clean leaf and 1,129 eggs on the egg laden leaf. 

The percentage deterrence which can be calculated from these data (71.9%) is 

much higher than the 35.5% we found. This indicates that in their experiments 

egglaying was much stronger reduced by the presence of conspecific eggs as in 

our experiments. However, Rothschild & Schoonhoven (1977) do not mention the 

numbers of eggs by which the experimental leaves were laden. The higher deter­

rent effect they observed might very well be caused by a (much) higher number 

of eggs than we applied to the experimental leaves. 

In comparison to intact eggs, eggwashes deter females (much) better from 
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oviposition. A reasonable explanation for this deterrence might be the uniform 

distribution of the pheromone which can be achieved by spraying a leaf with 

eggwash. With intact eggs, the pheromone possibly diffuses from eggbatches 

acting as a kind of point-sources. Comparing the activities of water- and 

methanol-eggwash, it can be seen that oviposition deterrence is much higher in 

the latter case. This indicates that the oviposition deterring pheromone of 

Vieris brassiaae is more soluble in the organic solvent than in water. The 

pheromone does not loose any of its activity when it is stored in a methanol 

solution in the refrigerator even for periods up to several years. Although at 

this time, it seems premature to discuss practical application, the fact that 

this solution can be stored for a long time without apparent decay of the active 

component(s) reflects probably an attractive property. 

Vieris brassicae females only very rarely oviposit on the upper side 

of a cabbage leaf. Eggbatches are usually deposited on the lower leaf surface. 

To match this situation, we sprayed the eggwash only on the lower surface of 

the leaf in almost all experiments. The results in Table 2, however, clearly 

indicate that it does not make any difference to females to which side the ODP 

is applied: percentage deterrence is equally high in both cases, so females 

perceive the pheromone equally well. 

The dose-response curve displayed in Fig. 1 , demonstrates a very evident 

relationship between the concentration of eggwash and its deterrent activity. 

Percentage deterrence is calculated for both the number of eggbatches and the 

total numbers of eggs. Actually these two lines represent two different effects. 

The number of eggbatches as a measure of ODP activity only covers the decision 

of females whether to lay or not on the treated leaf. The percentage deter­

rence for the total numbers of eggs, however, additionally includes a possible 

effect of the ODP upon females after egglaying has started. The difference 

between the regression lines in fact represents the influence of the ODP on 

mean batchsize. Fig. 1 thus indicates that higher concentrations of ODP may 

induce females to lay smaller eggbatches. Whether this is really the case, will 

be discussed below. 

Extrapolation of the regression lines reveals that at a concentration of 0 

ee/ml, the percentage deterrence is also approximately 0%. No indications were 

found that low concentrations of eggwash act as oviposition attractants. Fig. 1 

additionally indicates that the presence of 1,024 egg equivalents, which may 

be regarded as a very heavy eggload for one cabbage leaf, does not result in 

100% deterrence. Apparently, some females sometimes ignore or do not perceive 
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this deterrent signal and lay eggs on the treated leaf. One may argue that 

this might be caused by the experimental design in which a limited number of 

leaves is presented to a group of females. At a certain moment, so many female 

might be ovipositing on the control leaf, that other gravid females simply can 

find a suitable spot on this leaf and thus select the treated leaf to deposit; 

their eggs. However, experiments with single females offered a similar choice! 

(see chapters 5 and 6 ) , revealed that also in this situation the ODP treated '• 
leaf is occasionally preferred for oviposition. Relating these "deviant" ODP \ 
responses to the density of butterflies thus does not fully explain this i 

phenomenon. Behan & Schoonhoven (1978) also tested various concentrations of ; 

eggwash, made in distilled water. In contrast to the results reported here, 

they found eggwashings from 1,000 ee/ml down to 60 ee/ml to have an absolute 

deterrent effect, whereas at 30 ee/ml this effect was lost. However, they con­

ducted only one experiment with 10 gravid females at each concentration. Per­

haps the different results are due to a difference in group size and to a 

difference in number of repetitions. 

Behan & Schoonhoven (1978) and Schoonhoven et al. (1981) reported subse­

quent washings of Pieris brassicae eggs in distilled water to retain a high 

deterrent activity. Even a 1 ml eggwash of 125 eggs, previously rinsed with 

300 ml of water was found to be highly active. Our experiments show that in 

subsequent methanol-washings of Pieris brassicae eggs the deterrent activity 

also diminishes only very gradually. Before the last eggwash was made, the 

eggs were already washed with a total volume of 1,260 ml of methanol, which 

is a better solvent for the ODP than water. In spite of this there is still 

enough pheromone left in the eggs to gain a seventh eggwash possessing a fairl; 

high percentage deterrence. Schoonhoven et al. (1981) suggested that Pieris 
brassicae eggs probably contain a large amount of pheromone and that during 

washing the eggs release the pheromone only gradually. Our findings corroborât 

this idea. The deterrent activity of the first two washings in Table 4 is much 

higher than the percentage deterrence we found in the eggwash of comparable 

strength (512 ee/ml) in Table 3. This difference cannot be readily explained. 

The washings mentioned in Table 3 and 4 were derived from different stocks of 

eggs. The latter stock of eggs had been stored in the refrigerator for 3 month 

before they were used. This is about twice as long as the other stock and perh< 

this difference has something to do with the observed difference in activity. 

In a number of experiments a significant difference was found in the 

average batch size between control and ODP treated leaves (see Table 1 and 3 ) . 
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This indicates that the oviposition deterring pheromone might influence female 

behaviour also after oviposition has started. However, if this effect indeed 

is induced by the ODP, it might be expected to occur in all experiments with 

at least the higher concentrations of pheromone. As can be seen in Table 1-3, 

this is not the case. An alternative explanation for the difference in batch 

size might be the following. When the leaves are introduced into the cage, most 

females will select the control leaf to deposit their eggs. For whatever reason 

some females, however, will start oviposition somewhat later than other ones. 

These females, possibly faced with a control leaf occupied by a large number 

of ovipositing butterflies, then perhaps select the treated leaf for oviposition. 

As explained above, this might be the reason that in our experiments always 

some eggs are laid on the treated leaves. Important at this time, however, is 

the point that egglaying on the treated leaf might start later in the experi­

ment than oviposition on the control leaf. We do not have hard data available 

to prove this hypothesis, but preliminary behavioural observations indicate 

that this might happen. Both types of leaves are removed from the cage about 

one hour after introduction. This means that on the treated leaf, females had 

less time available to oviposit, thus resulting in smaller eggbatches {Vieris 
brassiaae females usually oviposit at a very constant rate of 3 eggs/minute; 

personal observations). Indirectly, this hypothesis is supported by the figures 

on the range of batch sizes given in the Tables 1 and 2. On the control leaf, 

the upper limit of this range reaches a much higher value as on the treated 

leaf. Tentatively, it is concluded that the observed difference in batch size 

might be due to an experimental artefact rather than being induced by the 

oviposition deterring pheromone. 
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3 EGG-LAYING BEHAVIOUR AND SENSORY 
MODALITIES INVOLVED IN OPPOSITION 
SITE SELECTION OF PIERIS BRASSICAE 
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INTRODUCTION 

The oviposition deterring pheromone of Vieris brassiaae affects the dis­

tribution of eggs over potential hostplants or, in general terms, modifies 

female oviposition behaviour (Klijnstra, 1982). How and when female behaviour 

is influenced by this pheromone cannot be defined until normal behaviour, i.e. 

in the absence of the pheromone, has been analysed in some detail. Therefore, 

a qualitative description (ethogram) of oviposition behaviour of Vieris 
brassiaae is given in this paper. This ethogram also provides information on 

the role of the various sensory systems involved. Details of the role of va­

rious sensory stimuli will be discussed in view of known data from the 

literature. 

MATERIALS AND METHODS 

Vieris brassiaae females were obtained from a culture maintained for 

several generations on cabbage plants (Brassica oleraoea L. var gemmifera 
D.C.). Butterflies were kept in large wooden cages (80x80x100 cm) with a glass 

roof and nylon gauze side walls. Cages were illuminated by mercury vapour 

lamps (from above) and additional daylight, entering from the backside of the 

cage. During the day temperature was maintained at ca. 24 C and the butter­

flies were allowed free access to a 10% sucrose solution by means of artifi­

cial flowers. 

Behavioural observations were carried out during the morning hours on 

single females (4-14 days old), which were transferred to an observation cage 

of the same size before the experiments. Females were offered one or more 

cabbage leaves, taken from plants which had never been in contact before with 

butterflies and the differential behavioural steps displayed by ovipositing 

females were closely examined. 

RESULTS AMD DISCUSSION 

Egg-laying behaviour 

Vieris brassiaae females usually mate on the second or third day after 

emergence. Under our laboratory conditions mating takes about two hours (at 
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24°C). Females start egg-laying on the third or fourth day after eclosion by 

laying one or two small batches of 5-10 eggs. On the second day of the ovip-

osition period batch size increases to an average of 40-60 eggs (cf. David & 

Gardiner, 1962). Batch size, however, is dependent on butterfly density. 

Although quantitative data are not available, we noticed a tendency of de­

creasing batch size with increasing numbers of butterflies per cage. Most 

eggs are laid during the morning hours. Female fecundity remains at a high 

level till 15 days after emergence. During this period females often mate 

for a second time around the 9th day of adult lifetime. 

When oviposition behaviour is observed in the laboratory several behav­

ioural steps or actions can be distinguished. Usually these steps are dis­

played in the sequence given in Table 1. Approach flight which is the first 

behavioural step in oviposition, can be distinguished from other flight be­

haviour by its larger wing-stroke amplitude and a reduced flight speed (cf. 

Terofal, 1965). 

Landing usually occurs upon the upper side of the leaf. Alighting is 

often followed immediately by the characteristic drumming behaviour, described 

earlier by U s e (1937) and Terofal (1965). This drumming behaviour has also 

been found in other Lepidoptera (Fox, 1966; Myers, 1969; Vaidya, 1969 a,b; 

Calvert, 1974; Ichinosé & Honda, 1978). In P. brassieae these alternating 

tapping movements of the fore-legs are always accompanied by fluttering 

movements of the wings. 

Once landed on the upper side of the leaf, females gradually move to the 

margin of the leaf while drumming is continued. These first three steps ac­

tually form a continuum, whereas the switch from drumming to curving, the 

next step in the behavioural chain, is discrete. Before being able to bend 

the abdomen around the edge of the leaf, a female has to fold back her wings 

and thus she must stop wing fluttering. This short pause between drumming and 

curving separates two phases in oviposition behaviour: 

1. before settlement {approach; landing; drumming); 2. after settlement [cur­

ving; touching; oviposition). 

Females often break off the regular sequence between curving and touching 

or between touching and oviposition. This fact might indicate that also ab­

dominal (chemo)receptors play a role in oviposition site selection. Therefore 

curving and touching are entered in table 1. as seperate steps. 

In the literature little attention is paid to a discrimination of these 

behavioural steps after settlement. Saxena & Goyal (1978) mention abdominal 
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Table 1. Qualitative description of pre-oviposition behaviour of Piezn-s braasicae 
females in the laboratory. 

ETHOGRAM 

APPROACH 

LANDING 

DRUMMING 

CURVING 

TOUCHING 

0VIP0SITION 

* flies in rather straight line to the leaf, 
sometimes interrupted by "turning" i.e. a 
sudden change in flight-direction (away from 
the leaf) 

the first contact with the leaf by the tarsi, 
often immediately followed by 

alternate tapping movements on upper leaf 
surface with fore-tarsi, accompanied by 
wing fluttering 

? bends her abdomen around the edge of the 
leaf without touching lower surface 

touching lower leaf surface with the 
extruded ovipositor 

deposition of the eggs, one by one, in a 
batch 

SENSES (POSSIBLY) INVOLVED 

vision 
olfaction 

(olfaction) 
tarsal taste hairs 

(olfaction) 
tarsal taste hairs 

taste hairs on tarsi and 
ovipositor 

taste hairs on tarsi and 
ovipositor 
mechanoreceptors on 
ovipositor 

mechanoreceptors and 
taste hairs on ovipositor 

curling in Papilio demoleus. Singer (1982) describes curving and touching 
in Euphydryas editha as the final stage of oviposition search behaviour, in 

which females extrude the ovipositor and probe the underside of the leaf. 

The final step in Table 1. is oviposition. Eggs are deposited one by one 

in a cluster at a rather constant rate of 3 eggs per minute. However, females 

which have been deprived of cabbage plants for several hours, may start at a 

much higher rate of 6-8 eggs per minute, which reflects an urge to oviposit 

and thus a heavy eggload. 

It should be noted here that the etnogram given in Table 1. is an ab­

straction of the behaviour actually displayed. Ovipositing females frequently 

perform parts of this sequence several times before deciding whether and where 

to lay eggs. Moreover, the variability in individual sequences as well as in 

duration of pre-oviposition behaviour is very large. 

Sensory modalities involved in oviposition behaviour 

Visual cues 

Colour perception plays an important role in egg-laying behaviour of 

butterflies. Vieris brassiaae females, when ready to oviposit, are attracted 

by the colour green (Use, 1937). David & Gardiner (1962) found the charac­

teristic drumming movements to occur on any green plant species and even on 
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green cardboard paper. Our observations also indicate green as a primary at­

tractive factor in oviposition behaviour. A similar response has been found 

in Fapilio demoleus (Vaidya, 1969 a,b; Saxena & Goyal, 1978). 

The colour yellow plays a role both in adult feeding behaviour (David & 

Gardiner, 1962) and in oviposition behaviour. P. brassiaae eggs have a bright 

yellow colour: Rothschild & Schoonhoven (1977) found this colour to be partly 

responsible for the deterrent effect of previously laid eggs. 

The shape of previously laid conspecific eggs is also an important vis­

ual cue in egglaying behaviour of pierids (Rothschild & Schoonhoven, 1977; 

Shapiro, 1981 a,b), heliconiines (Gilbert, 1975) and papilionids (Rausher, 

1979). The shape and colour of plant structures which act as mimics of insect 

eggs inhibit oviposition in some other species (Shapiro, 1981 a,b; Williams 

& Gilbert, 1981). 

In Battus philenor, females utilize leaf shape as primary factor in 

hostplant location (Rausher, 1978), which again reflects the importance of 

visual cues in oviposition behaviour of diurnal insects. However, acceptance 

(or rejection) of visually chosen plants occurs only after alighting. Stanton 

(1979, 1980) found similar responses in Colias butterflies. 

In Vieris brassiaae, there is no evidence that leaf shape is involved in 

hostplant selection. 

Olfactory cues 

In oviposition, orientation to potential hostplants is frequently me­

diated by olfactory cues. Although secondary plant substances are of main 

importance, also other volatiles take part in hostplant selection (e.g. 

oviposition deterring pheromone). 

In Vieris brassiaae, the role of volatile secondary plant substances in 

oviposition behaviour is still not fully understood. Cruciferous plants, as 

main hostplants of P. brassiaae, are characterized by the presence of glucos-

inolates. These substances,however, are relatively non-volatile (see Vaughn 

et al., 1976), limiting their use in hostplant selection to contactchemo-

reception. Derivatives of glucosinolates like allylisothiocyanate (mustard 

oil) or allylnitrile, which are volatile, are more likely to be involved in 

distance perception of hostplants. Behavioural experiments, however, revealed 

somewhat contradictory results. David & Gardiner (1962) found plant odour to 

play little part in the attraction of ovipositing females. On the contrary, 

Terofal (1965) presumed the odour of mustard oils to elicit in females an 



area-restricted search for potential hostplants. Antennae of female P. brass- , 
ioae bear four types of sensilla, two of them are thought to have an olfac­

tory function (Behan & Schoonhoven, 1978). Electrophysiological recordings 

revealed low responses of antennal olfactory hairs to isothiocyanates at EAG 

level (Behan & Schoonhoven, 1973) as well as at single cell level, where no 

specifically tuned cells to isothiocyanates were found (Den Otter et al., 

1980). MacLeod (1976) has shown that allylnitrile can be released as the 

major derivative of sinigrin (a glucosinolate present in Brassica oleracea). j 

Studying hostplant selection in P. brassiaae under field conditions Mitchell : 

(1977) found a clear preference for those plants performing the highest scores 

in the so-called picrate-test. This test is in part a measure of the release 

of allylnitriles. Therefore Mitchell assumes that these derivatives are in­

volved in distance perception of cabbage plants. 

The exact role and nature of volatile plant chemicals in hostplant 

selection of P. brassiaae females thus needs further study. It is conceivable 

that hostplant odours only trigger female responses to other stimuli, for 

instance visual targets or wind direction. Such responses are known to occur 

in a number of insect species, for example, in the cabbage root fly, 

Erioisahia brassiaae, where gravid females perform an odour induced anemotaxis 

after stimulation with allylisothiocyanate (Hawkes & Ccaker, 1976; see 

Kennedy, 1977 for further examples). 

In the cabbage root fly, olfactory stimuli still affect female behaviour 

after alightment by acting as synergists in the stimulation by non-volatile 

glucosinolates (Traynier, 1965, 1967a, b; Zohren, 1968; Nair & McEwen, 1976). 

Such a phenomenon could also exist in Vieris brassiaae. During drumming be­

haviour females perform apparent fluttering movements with their wings. This 

wing fluttering might evoke an airstream prompting the perception of volatile 

plant chemicals. Therefore olfaction is placed between parentheses behind 

landing and drumming in Table 1. On the other hand it could be argued that 

olfactory stimuli remain essential in the case of E. brassiaae during egg-

laying since this species is not in direct contact with its hostplant during 

egg-laying, in contrast to Vieris. As an alternative wing fluttering might 

serve to counterbalance a certain loss of grip during drumming. Of course 

the two explanations are not mutually exclusive. 

In Vieris brassiaae, complete removal of the antennae does not inhibit 

egg-laying (Ma & Schoonhoven, 1973; see chapter 6 ) . Similar results are found 

in Hanaus gilippus (Myers, 1969) and Vapilio protenor (Ichinosé & Honda, 1978). 
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However, all these authors provide no figures on number of eggs laid after 

antennectomy. The presence of intact antennae might be essential for main­

taining a normal oviposition level, as was found in Chlosyne laoinia (Calvert 

& Hanson, 1983). 

Another volatile chemical involved in egg-laying behaviour of P. brassioae 
is the oviposition deterring pheromone, discovered by Rothschild & Schoon­

hoven (1977). Volatile components of this pheromone are probably perceived by 

antennal olfactory sensilla, although as yet no specifically tuned receptors 

have been found (Den Otter et al., 1980). EAG recordings revealed a low but 

significant response to the odour of intact eggs (Behan & Schoonhoven, 1978). 

Further details on the perception of pheromone volatiles will be given in 

chapters 5 and 6, where the operating mechanism of this pheromone is dis­

cussed. 

Contactchemosensory cues 

Contactchemoreceptors start to play a role in hostplant selection once 

the female has alighted on the plant. In Vieris brassioae the importance of 

contactchemoreceptors in oviposition has been demonstrated before by David 

& Gardiner (1962) and Terofal (1965). They concluded that the ultimate deci­

sion of a female whether to accept or reject a plant is taken after physical 

contact with that plant. They also found a stimulating effect of sinigrin 

upon oviposition. This finding was corroborated by Ma & Schoonhoven (1973) 

who additionally established the presence of contactchemoreceptors on female 

fore-tarsi. Electrophysiological recordings revealed the existence of at least 

one particular sense cell sensitive to mustard oil glucosides. 

In Vieris brassioae each group of chemosensory hairs on the 5th tarsomere 

is associated with a spine with its base on the 4th tarsomere. 

Fox (1966) suggested that a combination of chemosensory hairs and leafabrading 

spines, which he found at the female fore-tarsi of several butterfly species, 

permits females to detect plant compounds present in the leaf surface.Accord­

ing to this drumming behaviour would improve the perception of plant chemi­

cals. The occurrence of similar drumming movements in oviposition behaviour 

of other species (Fox, 1966; Myers, 1969; Vaidya, 1969; Calvert, 1974; 

Ichinosé & Honda, 1978) suggests that female butterflies mainly rely upon 

fore-tarsal chemoreceptors in hostplant selection. This is true in the case 

of Papilio protenor demetrius, where oviposition is suppressed completely 

after removal or coating of the female fore-tarsi (Ichinosé & Honda, 1978). 

25 



In Vieris brassicae, however, females still lay eggs when the forelegs are 

removed or when the fore-tarsal chemoreceptors are inactivated. Oviposition 

is prevented only after inactivation of all tarsal chemoreceptors (Ma & 

Schoonhoven, 1973). Myers (1969) obtained similar results for the tarsi of 

Danaus gilippus bereniae. In the nymphalid Chlosyne laainia, females deprived 

of their fore-tarsi maintain an almost normal oviposition level, but fail to 

discriminate between host- and non-hostplants (Calvert & Hanson, 1983). Re­

moval of the antennae, on the other hand, causes a drastic reduction in the 

numbers of eggs laid. Therefore, they suggest ovipositional release and host 

discrimination to be separate functions mediated by different sense organs. 

Whether this is the case in Vieris brassicae will be discussed later 

( chapter 6 ) . 

Behavioural observations revealed that in Vieris settlement on a plant 

is not invariably followed by oviposition. A similar difference between the 

frequency of settlement and abdominal curving and the frequency of egg-deliv­

ery has been found in Papilio demoleus (Saxena & Goyal, 1978). Rejection of j 

the plant as an oviposition substrate after settlement has taken place, might ! 

be caused by additional sensory input from (chemo)receptors, located at the 

ovipositor. In Vieris, the presence of abdominal contactchemosensory hairs 

was established by S.E.M.- and electrophysiological studies (Klijnstra, 1982; 

see chapter 4 ) . Such hairs are also known to occur in some other lepidopteran 

species (Chadha SRoome, 1980; Valencia & Rice, 1982; Waladde, 1983). 

Also other body parts such as antennae and proboscis might be provided 

with contactchemoreceptors. However, ovipositing Vieris females were hardly 

ever seen to touch the oviposition substrate nor with the antennae nor with 

the proboscis. Thus these receptors, if present, are probably not involved in 

oviposition site selection. 

The perception of the oviposition deterring pheromone by contactchemo­

receptors will be discussed in some detail in chapter 4. 

Tactile cues 

With respect to the possible role of tactile cues in oviposition site 

selection by Vieris females in the first place physical characteristics of 

the oviposition substrate would merit our attention. Female vlutella 
maaulipennis are known to prefer substrates with small crevices and cavities 

to lay their eggs (Gupta & Thorsteinson, 1960). Ovipositing potato tuber moths 

{vhthorimea operculella) show a preference for surface depressions and in 
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addition for hairy substrates (Fenemore, 1978). The opposite reaction, i.e. 

inhibition of egg-laying by the presence of hairs, was found by Hagley et al. 
(1980) in the codling moth, Cydia pomonella. Probably such plant properties 

are perceived by mechanoreceptors, especially those located at the ovipositor. 

Such tactile hairs are known to occur in a number of lepidopteran species 

(Yamaoka et al., 1971; Fenemore, 1978; Chadha & Roome, 1980) including 

Pieris brassioae (Klijnstra, 1982). 

In the second place, abdominal mechanoreceptors may be involved in the 

formation of egg-batches. Bombyx mori females normally deposit compact, mono-

layered clusters of eggs. After destruction of mechano-sensory hairs on the 

anal papillae, Yamaoka et al. (1971) found eggs to be laid in disorganized 

piles. Chadha & Roome (1980) suggests a similar function for abdominal tac­

tile hairs in Chilo partellus. 

Returning to Pieris brassioae, no preference has been found for certain 

specific surface structures (eggs can be found on any part of the plant). 

Composition of egg-batches, however, is probably mediated by abdominal tac­

tile cues, considering the apparent search for previously laid eggs by the 

extruded ovipositor. 

CONCLUDING REMARKS 

Pre-oviposition behaviour of Pieris brassioae consists of a series of 

distinct behavioural steps which, if performed in the proper sequence 

ultimately lead to the deposition of an egg-batch. Generally females follow 

the sequence given in Table 1, although frequencies and duration of the vari­

ous actions may vary largely among individual females. 

The various sensory modalities discussed above probably mediate different 

steps of the behavioural chain. Approach and landing may be initiated by visual 

(colour green) and olfactory cues (odour of cabbage plants). After alight-

ment on a plant contactchemosensory cues further determine female behaviour. 

Perception of glucosinolates by tarsal contactchemoreceptors may prompt fe­

males to continue egg-laying behaviour with curving and touching whereas 

O.D.P. perception by tarsal and perhaps abdominal tastehairs may have the 

opposite effect, namely interruption of pre-oviposition behaviour. Mechano-

reception as the fourth sensory modality seems to play an important role in 

egg-batch formation, which takes place during the final step of the behavioural 
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chain: the deposition of eggs. 

However, this does not mean that pre-oviposition behaviour of Pieris 
brassioae is only the result of a sequence of successively operating sensory 

stimuli. An appropriate physiological condition and suitable climatological 

circumstances form important prerequisites for oviposition. In addition, it 

might very well be possible that females employ sensory information from more 

than one sense organ at a time during a particular behavioural step. For in­

stance, the simultaneous occurrence of wing fluttering during drumming behav­

iour might indicate that, besides gustatory cues, females need olfactory 

input to continue egg laying. 

In conclusion, we have seen that oviposition behaviour may be influenced 

by many environmental factors. Females have several sense organs at their 

disposal to perceive these stimuli but the question how females integrate 

sensory input in order to achieve an adaptive behavioural response under 

various circumstances needs some more study. 
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