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daceae, l, el), Urtica dioica L. (Urticaceae, l), Fragaria vesca L.

(Rosaceae, f), Medicago sativa L. (l, b), Glycine max (L.) Mer-

rill (both Fabaceae, l), Oenothera biennis L. (Onagraceae, l),

Heracleum mantegazzianum Sommier et Levier (l, b), Daucus

carota L. (both Apiaceae, l, b), Sinapis alba L. (Brassicaceae, l),

Silene alba (Miller) E.M.L. Krause (l), Agrostemma githago L.

(Caryophyllaceae, l), Chenopodium album L. (Chenopodiaceae,

l, b), Knautia arvensis (L.) Coulter (Dipsacaceae, l), Symphytum

officinale L. (Boraginaceae, l), Verbascum densiflorum Bertol.

(Scrophulariaceae, l), Achillea millefolium L. (L), Tripleurosper-

mum inodoratum (Mérat) Wagenitz (l, b, eb), Tanacetum vul-

gare L. (l, b), Artemisia vulgaris L. (l), Cirsium arvense (L.)

Scop. (l, b), and Centaurea cyanus L. (all Asteraceae, l, b). The

test material of each species was obtained from at least 5 indi-

viduals from locations near Berne or Sierre. Only fresh plants

uninfested by aphids were used. In addition, the response of the

predator to the odour of A. pisum and their honeydew was deter-

mined. The aphids were taken from a laboratory colony reared

on Vicia faba, and both larvae and adults were used.

Plant extracts

Plant parts, which proved to be highly attractive to coccinel-

lids in choice experiments, were extracted. A methanol and an

ether extract were produced using an extraction appliance

“fexIKA 200 control” (IKA-Maschinenbau – Janke & Kunkel

GmbH & Co., Staufen, Germany). For each extract a volume of

about 100 cm3 of plant material (B. vulgaris leaves: 12.5 g, T.

inodoratum flowerheads: 5.7 g) and 80 ml of the solvent, either

methanol (purity 99%) or tert-Butyl methyl ether (purity 99.8%)

were used. Each extract was the product of two extraction cy-

cles, each lasting twenty minutes, at temperatures of 140 and

130°C for the methanol and ether extracts, respectively, and

cooled at 50°C. Extracts were used for experiments immediately

after cooling.

Olfactometer – apparatus and experimental procedure

Our Y-tube olfactometer (Fig. 1) consisted of twelve glass Y-

tubes arranged in two sets of six vertically stacked tubes, four

glass distributor tubes that connected the odour chambers with

the Y-tube, two glass odour chambers containing water that

guaranteed a uniform humidity, and a ventilator. Visual biases

were excluded by the arrangement of the distributor tubes (see

Fig. 1). The ventilator generated an airflow through activated

charcoal of 0.44 ± 0.01 m/s (measured with an anemometer

ThermoAir2, Schiltknecht, Switzerland). Light came from oppo-

site the entrance and helped to induce the beetles to walk up-

wind towards the odour source. Glassware was washed in

detergent solution, rinsed with distilled water and heated for 1 h

at 100°C after every five tests. Additionally, the Y-tubes were

cleaned with ethanol after each test.

We used 8 g of leaves, flowers or fruits when the beetles were

offered a choice between clean humidified air and an odour

stimulus. Blooms and fruits were left intact while leaves were

chopped to release a larger amount of volatiles. Honeydew was

presented on 8 g of intact broad bean leaves and we tested 2 g

aphids or 10 adult C. septempunctata. When using methanol and

ether extracts, cotton balls soaked with a 2 ml extract served as

the odour source, and 2 ml of the solvent served as the control.

They were dried until the solvent visually seemed to have

evaporated. If a beetle did not reach the centre of the Y-tube

within 10 min, it was counted as “no-choice”. In the centre of

the Y-tube a beetle was allowed 5 min to choose one of the ol-

factometer arms (number of replicates at least 15 male and 15

female beetles, the results were statistically analysed using chi-

square tests).

Olfactory choice arena

A simple acrylic glass box (“olfactory choice arena”) (18 cm

long × 13 cm wide × 6 cm high, with rectangular corners) was

used to screen the attractiveness of chemical stimuli for C. sep-

tempunctata. This box was covered by an acrylic lid. In two op-

posite corners the test and control substances were deposited. In

a first set of experiments, the predator’s response to volatile

chemicals emanating from host plants, honeydew, aphids or

mates was studied. For plant odour stimuli 0.8 g chopped leaves

or 0.8 g intact blooms or fruits were used. Honeydew was pre-

sented on 0.8 g of intact broad bean leaves. In the case of the

other non-plant stimuli, 0.8 g aphids or four adult female C. sep-

tempunctata were used. Odour sources were wrapped in cotton

gauze (14 × 14 meshes / cm2). As a control the same amount of

test material was wrapped in transparent plastic film (“Saran”)

to avoid odours being emitted, before also being wrapped in cot-

ton mesh in the same manner as the odour source. In a prelimi-

nary experiment, the effect of the plastic film was tested, by

placing it in one of two otherwise empty gauze bags. Using the

same bioassay, the response of adult predators to methanol and

ether extracts of plant material was observed. Round filter pa-

pers (diameter 2 cm) soaked in 1 ml plant extract served as an

odour source, while filter papers soaked in 1 ml pure solvent

served as the control. They were dried until the solvent visually

seemed to have evaporated and then were placed in two oppo-

site corners of the arena, which was then placed on a black

background. Six and seven replicates were performed with fresh

odour stimuli and plant extracts, respectively. After each repli-

cate, the arena was rinsed with ethanol and rotated by 180° to

compensate for directional or chamber biases. Five adult C. sep-

tempunctata males or females per replicate were released from a

petri dish lid (diameter 5.5 cm), placed in the middle of the

arena and then the arena was covered with the lid. Times taken

for the first beetle to contact the odour source and the control

were recorded and were compared using the Wilcoxon signed

ranks test (  = 0.05).

156

Fig. 1. Diagram of the glass olfactometer apparatus. A – tri-

pod to which the tubes were attached by means of clamps and

sleeves; B – Y-tube made from 23 mm internal diameter glass

tubing with a 270 mm long basal stem and two arms 220 mm

long, which diverge from each other at an angle of 60°; C –

glass distributor tubes; D – odour chamber with 350 ml distilled

water and an aluminium stand for the odour source; E – ventila-

tor, which blew air through activated charcoal.
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