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A.  Introducxtion and statement of the problem

B.  General methods

I.  Rearing of aphids

[...]

II.  Rearing of syrphids

[...]

III.  General study design

a)  Petri-dish tests

All oviposition studies with wing-amputated females were done using Petri-dish tests.  The test dishes were clean Petri-dishes of 8.5 cm inner diameter and 1.5 cm inner height.  In each of these study dishes was basically a single study animal in order the prevent mutual interference in oviposition;  the animals of a study day were all the same age.  Most studies proceeded in two sections each lasting three hours:  the test; and then the positive control.  Parallel with these using other females, we usually ran a standard control.  In the positive and standard controls, the flies received bean leaves densely infested with aphids.  The positive control was essential in demonstrating that the fly was truly ready and able to react.  In the standard controls, optimal stimuli were presented in both test sections, to provide a standard magnitude for the stimuli presented in the other (main) part of the study, and to recognise a change in “laying mood” during the 6-hour length of the test.  


In the test, aphids were presented stuck down onto the glass;  for this they were exposed to 5 minutes (small species) or 8 minutes (large species) of 0.5 ml ethyl acetate, and narcotized.  This amount and time was enough to allow the aphids to remain inactive for long enough to prepare them for the later study by sticking them to the substrate using a neutral water-based glue “Glutofix”.  After about an hour the aphids recovered, easily recognizable from active antennal movements.  After the thin layer of glue had dried, the flies were placed in the dishes;  waiting for this moment was important for avoiding sticking down of the ovipositor.  After the test, the same females were exposed to the positive control.


The study took place at room temperature (22-24 C) and relative humidity (50-60%).  The Petri dishes stood on filter-paper circles, and were lighted by two Osram-15 20-watt fluorescent tubes, producing a light intensity of 500-600 Lux at the height of the Petri dishes.  To equalize the small light-intensity differences among individual dishes, the dishes were randomized for different parts of the study.  After each trial, females regenerated their ovaries via a 40-hour pause in oviposition.  Each healthy fly was used 5-7 times in trials; later oviposition turned out to be unreliable due to diminishing egg-laying potential.  In each trial at least 30 individuals were used.

b)  Studies with females that could fly, in flight cages.

As a flight cage, we used a 1 x 1 x 0.5 m wooden frame covered with “Voile” netting, illuminated by two 65-watt Osram-15 tubes and shielded from interfering side light by brown packing paper.  In the middle of the cage was a 40-cm high bean plant with 4 pairs of leaves.  In each pair, on each leaf there were 10 mature Aphis craccivora placed, one of each pair on the upperside, the other on the underside.  The three stem-sections between the leaf-pairs were provided each with 20 aphids (see Fig 9).  Females were only used that had already demonstrated a clear willingness to oviposit in the smaller flight cages that were used for rearing, and which had undamaged wings.  Females were observed for 30 minutes, and their activity and the frequency of the individual behaviours recorded and timed with a stop-watch.  The statistical treatment of the results are based on the rank-sum test of White.

C.  Studies

I.  Observations on females that can fly

a)  Behavioural sequence

The prerequisite for a willingness to fly is a temperature of at least 23-25 C.  However, females fly directly to the offered plants placed in the flight cages only in the rarest of cases.  Mostly they land first of all on a side wall and clean themselves.  Females that are clearly gravid become restless after a short time, and fly up again;  in this searching mood, the to- and fro-flights are often interrupted by long-lasting hovering flights.  The search phase in the cage can last several minutes;  as she accidentally approaches the plant, there then follows a directed flight, according to our observations only when at a distance of at most 10 cms from the plant.  [...]

b)  Frequency of oviposition

c)  Distribution of eggs on the bean plants

II.  Petri-dish tests with wing-amputated females

1.  Single tests with Aphis craccivora
a)  Different numbers of aphids

Method:  These studies were done in two series;  in the first, females received 10, 20 or 30, and in the second, 1, 5, 10, or about 100 aphids (=2 sq cm).  Colonies consisted of various developmental stages, with the exception of alates and the first stages.  The stimulus strength of the different colonies was measured from the percentage of eggs laid compared to the total number of eggs laid in the test and the positive control, the percentage of positively reacting females, and the precision of oviposition;  furthermore we determined the absolute number of eggs per female.  The number of females tested amounted to 80 per study section.

[...]

b)  Different aphid stages

[...]

c)  Different form of the colonization

[...]

d)  Light intensity

[...]

e)  Temperature

[...]

2.  Choice tests with different aphid species

a)  No-choice tests

In these studies we started from the question of whether and in what way different aphid species influence egg-laying activity of Syrphus corollae.  We tested the commonest species that were freely available from the field on encountered host-plants, collected shortly before use in any particular test (cf. Figs 17 & 18).  It was either a single aphid or a group of 10 aphids that were presented.  In each study, five different aphid species were tested in a no-choice manner, with 8-10 replicates.  After each 3-hour test, there was again an equally long positive control using an aphid-infested bean leaf.

  [ Fig 17.  Oviposition on different aphid species from field-collected plants, in % of the total.  Test stimulus = a single aphid ]

  [ Fig 18.  Oviposition on different aphid species from field-collected plants, in % of the total.  Test stimulus = 10 aphids ]

When presented with 10 aphids, all species induced oviposition from Syrphus corollae;  Fig 18 shows a gradually increasing rank order, with Aphis craccivora at the top;  significantly fewer eggs were laid relative to all other species only for Eucallipterus tiliae (P<0.01).  In contrast, when individual aphids (were presented), all species except Eucallipterus tiliae received eggs:  this species generally elicited no oviposition (p<0.01).  Aphis craccivora in no-choice tests received only a few more eggs than Myzus persicae (difference not significant).

b)  Binary choice tests

Here we presented in each case two different aphid species in each Petri dish, in colonies of 10 placed 5 cms from each other.  Three species were compared with Aphis craccivora.  

  [ Fig 19.  Oviposition in binary-choice tests.


1.  10 Aphis craccivora (a) - 10 Rhopalosiphum padi (b)


2.  10 Aphis craccivora (a) - 10 Tuberolachnus salignus (b)


3.  10 Aphis craccivora (a) - 10 Myzus persicae (b)  ]

In the binary-choice tests there were no significant differences when R.padi and T.salignus were compared with Aphis craccivora.  Females laid highly significantly fewer eggs on Myzus persicae as compared to Aphis craccivora (p < 0.001) (Fig 19 & 20).  The question of the reason for this difference gives an impetus for further study, especially since in the no-choice tests both aphid species received about the same number of eggs (see Table 4).

c)  Aphids from different host-plants

In the previous studies, Aphis craccivora came from Vicia faba, but Myzus persicae from Tulipa sp., and this leads to the obvious possibility that the different foods of the two aphid species could play a role.

  [ Fig 21.  Binary choice tests with Aphis craccivora (a) from Vicia faba versus Myzus persicae (b) from (1) Brassica oleracea, (2) Tulipa sp., (3) Vicia faba.  ]

From the figure we can conclude that rearing Myzus persicae on different hostplants does not change its influence on oviposition of Syrphus corollae. ]

d)  The effect of contrast

[...]

D.  Discussion

It is known (van Emden 1965) that predators can more strongly influence aphid outbreaks the earlier they can get to work on aphid populations.  Since in our cultivated fields as a rule aphid colonisation occurs first at the end of May or the beginning of June, while important predators such as coccinellids and syrphids are already active at the end of March and the beginning of May, their significance in cultivated fields is dependent upon what scale they are able to follow migrating aphids from their spring locations (van Emden 1965).  Furthermore it is of the greatest importance to what extent the aphid predators are in position, which at the beginning of population growth aphids are very scattered as individual animals or small colonies.  At the same time the question arises as to whether via polyphagous species, clear preferences among particular aphid species can influence the effectiveness of predators.


In earlier studies it was established that syrphids search the open landscape for oviposition possibilities by overflying aphids (cf. Bombosch 1963).  The question as to how they orientate has not yet been definitively answered.  Dixon (1959) reported that flowering plants not only attracted syrphids for food uptake, but also stimulated oviposition.  Peschken (1964) could not confirm this observation.  In the laboratory he found that Syrphus corollae orientated by colour in the search for food, with yellow being especially attractive.  In contrast, in the search for oviposition sites, colours had no effect.  Females sought out much more the darkest places.  [...]

E.  Summary

1.  Oviposition in Syrphus corollae was studied under constant conditions using reared flies. The behavioural sequence was observed in females 5-8 days old that were able to fly, and the influence of various external stimuli was determined in 5-18 day old wing-amputated females.  Laboratory-reared Aphis craccivora served as a standard triggering stimulus for oviposition.

2.  The oviposition sequence was constructed from various part sequences:

Often, several ovipositions followed one after each other, separated by only short pauses during which often short search-flights were performed.  Searching activity during these pauses was individually very variable.  The larger the number and longer the length of these search-flights, the greater the number of eggs laid by a female in a given timespan.  Females always laid their eggs singly, preferably on the underside of the leaf.

3.  In a given timespan, the number of eggs laid by each female depende on the number of aphids.  Even a single Aphis craccivora stimulates egg-laying.  Laying activity increases when presenting 10 and 20 aphids.  At 30 aphids, an optimum is reached.  Larger colonies did not induce significantly greater oviposition.

4.  In small colonies below the optimal number, the different developmental stages of the aphids influenced laying activity.  In the presence of 10 adult aphids, females laid significantly more eggs than when 10 nymphs were present.  The number of eggs did not change when all individuals in the colony were a millimetre from one another rather than immediately next to one another.

5.  When varying light intensities between 870 and 5400 Lux, most eggs were laid under the brightest intensity.

6.  In four tested temperature steps between 16 and 28 C, laying activity was highest in the upper range of 20 - 28 C.  At 12 C females moved less and laid only a few occasional eggs.

7.  Females laid roughly equally well in no-choice tests (ie presented singly) among 14 different aphid species, with one execption:  Eucallipterus tiliae was ignored when supplied as the sole aphid.

8.  In binary choice tests, females responded far more sensitively.  In contrast to the simple-choice tests, Aphis craccivora received significantly more eggs than a simultaneously presented same-sized colony of Myzus persicae.

9.  In binary choice tests using different-sized colonies, 1-5 aphids of Aphis craccivora were equivalent to 10 of Myzus persicae.

10.  The different attractiveness of two species of aphid was not contingent upon optical cues such as colour or contrast.

11.  Rearing Myzus persicae on different host-plants such as tulip, rape or broad bean did not change their stimulus value.

