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Introduction

Predatory insect larvae have only a limited radius of action. Studies on coccinellids (Boldyrev & Wilde 1969, Dixon 1970) and syrphids (Volk 1964) show that survival rates and effectiveness of these aphid natural enemies depend strongly on oviposition near their prey. The main burden of the search therefore is borne by the winged females. Only chrysopids seem to lay their eggs without any connection to the prey (Arzet 1972). In contrast, female Eupeodes (Metasyrphus) corollae (Fabr.) and Aphidoletes aphidimyza (Rond.) safeguard the presence of sufficient food at least through the first stage of life by placing their eggs appropriately (Reepmeyer 1969, Wilbert 1972). Nevertheless in A.aphidimyza a considerable portion of the young larvae die from “relative food shortage” because the population density of aphids is not high enough (Wilbert 1973).


Some studies (Niku 1972a) have shown that the activity of predatory syrphid larvae on densely infested plants leads to a rapid dispersion of pea aphids. When the colony is attacked the aphids let themselves fall. They are then exposed to passing epigaeic predators and can according to Ruth et al (1975) in exceptional cases even die from heat (direct insolation of the ground on a hot summer’s day). Normally however they very soon find a new hostplant by visual orientation, on which they then multiply (Niku 1972b, 1975). The newly developed aphid colony can of course again be oviposited on by adult syrphids; however the larvae that have released the drop reaction find only a strongly reduced prey availability. The preceeding parental provision of the females therefore has here a limited impact. It is shown here how the food uptake of the larva is further impaired, and whether they eventually are in a position to search out other plants with greater food availabilities.

Material

Pea aphids were held in a thermostat at 24 (± 2) (C on bean plants (Vicia faba) under 16h daylength lighted by three 65-W fluorescent lamps. The relative humidity was 50-70 %. Rearing of E.corollae followed the method developed by Wilkening (1961). For the experiments, 5-6-day-old larvae were used. The aphids in the experiments were always 6 days old. (Reproduction first began after the end of the experiments).

Behaviour of syrphid larvae

On the plant

First observations showed that the syrphid larvae still foraged for a while when most of the aphids had left the plant. Often they crawled about in an unsuccessful search for about an hour in a protected part of the plant, eg in the stipules (Blattöhrchen) in the rolled leaves, and then remained motionless for some hours. It was rarely observed that any larva left the plant quickly.


To quantify the impact on the predator, 25 pea aphids on each of four leaves (about 20 cm² total area) were transferred to each of 16 bean plant, and were left to settle where they liked. Afterwards (about a half to three hours later) each plant was paired with a control plant where 25 aphids were stuck down to the leaves with Glutofix. They were arranged to be the same as the freely settled aphids on the other plant. Then a syrphid larva of known weight was placed on each plant at the tip. Plexiglass cylinders with gauze tops were put over to prevent escape of aphids or larvae from each plant. After 24 hours from the remains the number of destroyed aphids was established and the weight of the larva recorded.


In the free-settling aphids the larva had little chance of killing a larger number of prey. Correspondingly its weight increase of 5 mg was on average less (p<0.001) than in the larvae with stuck-down prey, which on average were 12 mg heavier (Table 1). All larvae of both groups had left the plant in the meantime, although on average there were still 11 and 17 aphids respectively per plant; the rest of the free-settling (on average about 5 aphids) were running around in the vessel. The stuck-down aphids with a few exceptions were still alive. Obviously therefore the approximately 14 aphids eaten in 24 hours was not enough to keep the larva on the plants with stuck-down aphids. In the group with free-settling aphids, one consequence of this species is difficult, since they leave their place or can remain after a drop reaction for variable lengths of time on the walls and tops of the cylinders; their density is therefore not clearly defined.

[ Table 1. Influence of the drop reaction of pea aphids on the behaviour and growth of individual syrphid larvae within 24 hours (mean ± standard deviation): cols = number of plants each with one larva, number of aphids per plant (at the start, destroyed, remaining), mean wt of the syrphid larva in mg (at the start, after 24 hrs), number of wandering larvae: rows = free-settling aphids, stuck-down aphids, free-settling aphids, stuck-down aphids ]

In a further experiment the number of aphids per plant was increased to 50. The plants were not covered with the Plexiglass cylinders; predators and prey could therefore escape. Of the 16 larvae placed on plants with free-settling aphids, only 10 could be found again. Only 10 replicates were therefore usable. The larvae that were found again from the free-settling aphids had on average hardly killed more than in the previous experiment, and the number of aphids remaining per plant was also similar. The rest had fled, encouraged by the lack of enclosing cylinders. In contrast in the stuck-down aphid group at the correspondingly higher density, more than twice as many had been sucked out than previously. The number remaining was hardly different from those in the free-settling group. Since the syrphid larvae in the free-settling group had almost all left, but those of the stuck-down group had all stayed, the final density being less than the number of aphids destroyed is decisive for leaving within 24 hours. The different weight increase of the two groups is also clear this time, but in comparison to the first experiment does not correspond to the number of aphids eaten.


For accurate observation of the behaviour of syrphid larvae, 100 bean plants were established in a small square area of a greenhouse. The plants were 10 cms apart so that they covered (in total) 1 m². Four plants in the middle were each infested with 50 aphids. 24 hrs later a syrphid larva was placed on each infested plant. The larvae were observed every hour and their direction of movement recorded. 


In three replicates no larva left its plant during the first three hours, although during this time the number of aphids was already much reduced by the drop reaction. After the fourth hour one, and only after the 10th hour a second larva had left. The animals therefore still lingered for hours even though they hardly found any more prey. Their activity was low in the first hours, and increased later. After 23 hours all larvae had left their plants. But whilst after their drop reaction the aphids almost without exception had very soon climbed up another plant, after leaving the plant the syrphid larvae did not search for any new one.

On the ground

On an area 1m x 1m with uninfested bean plants, 100 hoverfly larvae were placed individually in the centre on the damp peat and their crawling followed. After a short time they began to become immobile, but at completely irregular times. Only 18 larvae touched one of the plants, and only 4 of these climbed up these plants. However, these four larvae did not reach the tip, but crawled up only about 3 mm of the stem (plant height about 10 cms). On average the 100 larvae stayed inside the area for 52 mins. The stay of the four larvae on the plants lasted an average of 23 mins. Under the conditions of the experiment, in contrast to the pea aphids the syrphid larvae showed no directed movements to the plants and also there were no obvious recognizable attempts to climb up the plants discovered by chance.


In a further series of experiments, we studied whether perhaps other factors could release orientation behaviour in the larvae. The ground under infested plants is usually covered with honeydew, which the larvae can perhaps perceive. Individual syrphid larvae were therefore placed under field bean plants thickly infested with A.pisum. Although the ground was covered with honeydew, no influence was detectable on the behaviour towards the plants: of 100 larvae placed on the ground 3 cms from the stem of an infested plant, 34 touched or climbed the plant; 33 of 100 other larvae touched or climbed an uninfested control plant. On infested plants [the larvae] only reached a height of 1.6 cms on average, while on control plants they reached 1.4 cms. Only two of the experimental animals reached the aphids on the plant.


The same experiment was repeated under red light to eliminate a possible negative phototaxis of the syrphid larvae. However the behaveiour of the larvae was hardly any different, and none of them reached the aphids. During the night, therefore, orientation is obviously no better. 


Although plants were not sought out more frequently under the influence of honeydew, the larvae remained on average longer near infested plants. This effect needed to be established quantitatively in a new set of experiments. Unfortunately only a few pea aphids were available, which did not produce enough honeydew. Instead an artificial nutrient solution was used (after Dadd & Mittler 1966, improved by Mittler et al 1970), which in addition to saccharose contained 20 amino acids, 9 vitamins and 4 trace elements. It is of course not identical with honeydew, but it does contain some of its components.


On a 13 x 13 cm test arena of peat, a green twigs of wood 4-mm thick was stuck upright in each of the four corners. In preliminary test the pea aphids would willingly climb up these twigs. 3 ml of nutrient solution was applied to the ground surface in a fine spray. A control arena had 3 ml of distilled water. In the middle of the areas, 20 syrphid larvae were set free individually and the course of the movements observed. After being released they again at first showed a rigid state. Its length was recorded as the time when it left the test arena. At the same time we recorded how often and for how long a twig was climbed.


The immobile state of the larvae on the earth with nutrient lasted 68.5 ± 9.1 seconds, on average somewhat longer than that on the control surface (52.6 ± 10.0 seconds), but the difference is not statistically significant. However, the difference in time to leaving the arena is highly significant (p<0.001): on the nutrient the larvae remained for 1076 ± 83 seconds, and on the water 342 ± 44 seconds. On nutrient there were four twigs climbed, and on the water three. The length of the stay [on the twigs] was very different: after crawling over nutrient they stayed on average 746 ± 137 secs, but after crawling over damp earth they stayed only 193 ± 11 secs on the twigs.


The same experiment was repeated on a glass plate of size 13 x 13 cm. The rigid state lasted on average 169 secs on the plates with nutrient, and 149 secs on plates with water. It took 1100 sec to leave crawling on a nutrient plate, again about four times as long as on a water plate (295 secs).


In order to prove still the possibility of a honeydew effect, a glass plate of the same size was placed under cabbage plants infested with Myzus persicae, After 24 hours they were thickly covered with honeydew. For a control another glass plate was sprayed finely with distilled water. Each of 30 syrphid larae were placed individually in the centre of the test plate. On the honeydew plate they remained an average of 368 ± 25.4 secs, and on the control plate 283 ± 26.8 secs. The difference is therefore smaller than on the surfaces with nutrient, but in a t-test it was still just significant (p<0.05). The larvae leave behind them a trail, but this happens in the same way in experimental and control conditions. The origin of the smaller effect could therefore be sought in the fact that the honeydew was mostly already dry on the plate at the start of the experiments.


In a final experiment we tested whether the arrestant effect of honeydew and nutrient only occurred by contact, or whether the odour produced the same effect. Here a Petridish 9.5 cm in diameter was placed inside one of 15-cm diameter. In the inner dish we placed infested plant parts of Vicia faba sprayed with the honeydew of A.pisum. Both dishes were covered with gauze. 30 syrphid larvae were individually placed in the middle of the inner dish but on the gauze, and they stay times until leaving the area of the inner dish recorded. In control tests the inner dish contained plant parts of field beans without honeydew.


With honeydew odour the rigid state was shorter, lasting an average of 122 secs as against 163 secs in the control; however the larvae stayed 593 ± 110 secs over the inner dish with honeydew, as against 418 ± 85 secs over the control. However this difference is not significant.

Discussion

Defence and avoidance reactions of prey animals against their natural enemies have in principle two effects: they first of all increase the prey survival rate, and in fact could make particular stages invulnerable. In addition they also reduce the food uptake or (in parasitoids) the fecundity of the natural enemies. Already the defence reaction of prey operates in this way, as when prey density may be correspondingly reduced. If prey such as A.pisum let themselves drop upon the approach of enemies and even under attack of neighbouring colonies, then prey density on the plant becomes lower in reality, and the supply of prey is taken away from the predatory natural enemies.


As our studies have shown, larvae of E.corollae leave young field-bean plants when foraging returns become infrequent. This effect occurs within 24 hourswhen there are still 17-25 aphids to be found on a 20-cm² leaf surface, and therefore at a population density of one aphid per cm² leaf surface. On larger and above all branched plants the larvae probably continue their search mainly on other plant parts but where the dropped aphids are also not to be found. However if as the larvae reach the ground, their prospects of climbing a plant again are poor because evidently they have no appropriate means of orientation. Theyare therefore not able to follow the drop reaction of the fleeing aphids.


In colonies of mixed ages the willingness of the younger animals to carry out the drop reaction is less. Prey density is therefore overall not so strongly reduced as in these experiments with nearly adult animals. Thus the remaining prey availability may be sufficient partly for the nutrition of syrphid larvae whilst adults found new colonies on other plants. Certainly the production of young stops with the flight of the mothers. Tests with mixed colonies were unfortunately not carried out because there were no more experimental animals. The occurrence of a reaction of E.corollae larvae to M.persicae honeydew and still more strongly to artificial nutrient solution seems at first surprising. However, gravid adults also orientate partly by honeydew to their prey (Dixon 1959, Volk 1964). El Titi (1974) and Kuo (1975) found the same in Aphidoletes aphidimyza. Wilbert (1974) was able to show that young larvae of A.aphidimyza after eclosion searched near dried drops of honeydew and remained there for some time. It has been assumed hitherto for syrphid larvae that they cannot perceive their prey from a distance (Bänsch 1964, 1966, Schneider 1967). The longer stay times on leaves with honeydew could increase the prospects of finding aphids near the honeydew although a similar incrustation on the ground does not lead to the climbing of plants.
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