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Emerging syrphid larvae start immediately their attempts at creeping around, which soon afterwards change into a directed search for food. It happens not uncommonly that the larva does not find any more aphids in its immediate vicinity, although females syrphids lay their eggs mostly right next to such aphid colonies. Searching for prey is also the task of the growing larva when it has destroyed the aphids near its current position.


In my studies only older larvae gave a distinct pattern of behaviour, since in contrast to young larvae they remained active for longer periods of time without inserting resting pauses. Larvae starved for 3-12 hours were especially active. After longer periods of hunger individuals became very inactive again and could only rarely be stimulated to creeping movements by being pushed or shoved. A hungry larva normally searched first its immediate neighbourhood by raising and swinging its anterior body, stretching over and feeling a sector of often more than a 180( angle.


Studies of the prey searching behaviour of larvae should be divided into studies of horizontal and vertical movements.


For a horizontal surface for moving, a plastic plate of 27 x 32 cms was provided. Its upper surface was covered with a thin layer of the finest dry powder from an atomiser. The creeping larva left behind a clearly visible track easily drawn onto paper. In tests with about 50 larvae of various ages, not a single larva showed any clear-cut phototactic behaviour on the horizontal surface. In continuous contact with the substrate they tried to puncture every object within reach in their path. Larvae preferred to change their direction of movement after hitting obstacles or uneven places (Fig 1).

[ Fig 1. Search tracks of two larvae of Episyrphus balteatus (a) 6 days old (b) 3 days old, on a horizontal surface ]

For the study of vertical movements, following Bänsch (1964) I provided model trees made of poplar twigs stripped of their bark, carefully smoothed and for clarity provided with a measuring scale. Since it is created from branches and twigs of trees and bushes, orientation in this kind of spatial system is a complicated for the larva because of the lack of a visual system and the simple structure of the other sense organs, only feasible for a trial and error principle. “The single constant and completely clear-cut relative value is the force of gravity. After this comes sunlight and sky-light that indicates the general direction of up all day long. Finally during evolution the fact that almost all aphids prefer to settle on the upper branches and twigs could become an additional orientation factor.” (Schaller & Bänsch 1963).

In the following as an example the crawling movements of one of the same larva at different ages is described. Generally the first thing to say is that after being placed at the foot of the model tree the larva searches first the shaded side, and also moves upwards exclusively on this side. The one-day-old larva crawls up the stem in no case higher than 2 cms. Also when pushed they could only be induced to make a few further crawling movements. When a larva in this condition was not removed from the trunk, it remained in the same place until it died of hunger. At 3 days old the larva was already much more persistent, although its movements could still be described overall as unsystematic. The larva first adopted a lateral direction, returned  and then climbed up 1 cm. ....see Fig 2.a..... At 8-days old the larva shows a systematic behaviour (Fig 2b). After being put at the foot of the model tree, it showed negative geotaxis and moved with continuous contact with the trunk within an hour to a height of 16.5 cms, ignoring all side branches. Then it changed its mind and in only 4 mins reached its starting point, where it once again turned round and reached a height of 23 cms in 11 mins. After a short upwards movement it then searched a side branch, and then after returning to the stem and making another short upwards movement, it searched the next branch. At the stem it then turned again and went upwards again, reaching its greatest height of 26 cms over the starting point. Without paying attention to further branches it moved to the base of the model tree within 26 mins; its activity was still not yet exhausted, since then a new upwards phase took it up to 23.5 cms in 19 mins where it finally remained.

I observed a similar picture in all 20 individuals tested. The characteristic behavioural elements were: during upwards phases no attention was paid to side branches, but it moves to the branches first during the positive geotactic parts of the movement, also found by Schaller & Bänsch in the larvae of Episyrphus balteatus.

The question then arises for crawling behaviour in nature as to whether larvae are able to crawl from one plant over the ground to another. I assume that such cases are very rare, and indeed most entail the destruction of the larva. The transfer to other touching plants is of course completely different, such as is possible on dense vegetables. 

During foraging and in the act of feeding itself, the larvae of all aphidophagous syrphid species show a specific behaviour (Fig 3,4,5). A characteristic element is the search position: the larva shifts its upwards-pointing anterior body here and there in a groping movement. If it does not discover any victim in this manner, it moves position with a few crawling steps and starts again the groping motion. However, as soon as the larva strikes an aphid, it moves energetically towards its victim. Then from the mouth opening issues a sticky colourless saliva secretion with which it wets the aphid and draws it in perfectly. Then it pierces the aphid at an arbitrary spot on the body with the scissor-like mouthparts. Via retraction of the mouthparts into the first body segment and even into the second, “the aphid comes to rest in the specially constructed furrow like a cork in the neck of a bottle” (Escherich ). In Episyrphus balteatus larvae I could always observe repeatedly after the 6th day of life that the prey were held up during the act of sucking by the anterior part of the larval body, and they were usually held in this position until completely sucked out. The duration of the entire process is naturally connected with the hunger level of the larva and the size of the aphid. For an L3 larva starved for 12 hours I once measured the times for sucking out the first and subsequent aphids (Brevicoryne brassicae and Myzus persicae, 1.5-2 mm size) as (in seconds): 60, 60, 145, 120, 120, 135, 180, 190 260, 240. After reaching a particular level of satiation, the times increase on average to more than 5 mins, and indeed the larva can be occupied with the final aphids of a meal for 20 mins to a complete hour before leaving its prey. After the larva has sucked out the body contents of an aphid, usually completely, it sheds the empty sac-like chitin exoskeleton with strong wiping movements of the anterior body.


The question arises as to how many aphids an individual larva can destroy in one day and altogether during its entire developmental cycle. One finds observations data here from a whole series of authors. Thus Imms (1930) gave an average daily consumption of 21 aphids of Pterocomma flocculosa for the larvae of Eupeodes (Metasyrphus) nitens. Krüger’s (1926) numbers were similar, but he starved the larvae for a longer time. According to Brauns (1953) the L3 larvae of Episyrphus balteatus shortly before diapause had a daily consumption of 80-90 aphids. Earlier Gäbler (1939) had already published that he had seen an almost fully grown larva of Episyrphus baltetaus in one day destroy 100 aphids. Finally we can note the global view of Rammner (1934) that an individual Syrphus larva could cause the destruction of an entire aphid colony.


Newer data of Bombosch (1963) has characterised the daily feeding capacity of the larvae of Eupeodes corollae. During the first and to the beginning of the second instar, this is given as very low - corresponding to 7-15 and 28-54 Aphis fabae - but in the third instar it amounts to up to 200 aphids, although it can happen that a larva can spend the whole day without taking any food. In total during the entire developmental period a larva can destroy 400 to 800 aphids. Laska (1960) found a similar value for the larvae of Scaeva pyrastri, which destroyed 820 young instars of the aphid Uroleucon cichorii Koch. For Syrphus ribesii larvae numbers of 209-267 4th-instar nymphs of Aphis fabae were given. Stackelberg (1950, 1953) recorded similarly the feeding ability of aphidophagous larvae, and estimated the numbers of aphids in the larger forms such as Scaeva as 500 or more; in woodlands these numbers could also rise to 2000.


According to my own data from 3 yrs work, I recorded for Episyrphus balteatus numbers of 420 to about 900 aphids of Brevicoryne brassicae, Myzus persicae and Hyadaphis passerini. The greatest number falls naturally to the L3 instar, in the course of which the larva destroys an average of 80-90 aphids per day. In the rearings freshly eclosed larvae had began to forage already after a few hours. They made attempts to suck out the small 1-mm sized aphids that were offered. Normally one-day-old larvae were satisfied with 2-5 aphids. Their requirement had already increased the next day to 10 and in individual cases to 30. After the second moult the food requirement of the larvae reached the above-mentioned level of 80-90 per day. A lack of food led in gregariously living larvae to cannibalism: the larvae sucked out mature eggs, or punced upon larvae of their own species. In test series the eclosed larvae were separated from one another and reared individually in the experimental dishes.


In answer to the question of whether particular aphidophagous larvae might also be specialised to particular aphid species, reports are contradictory. Davidson (1916) already assumed a certain specialisation but expressed doubt whether this was really strong. In contrast Krüger (1926) thought that syrphid larvae were not specialised to particular aphid species. According to the observations of Brauns (1953), the larvae of Epistrophe eligans  prefer the black bean aphid Aphis fabae. In studying the behaviour of Eupeodes corollae Wilkening (1961)  could not recognise any specialisation to particular aphids; these larvae were rather to be encountered in very variable aphid species (Aphis fabae, Brevicoryne brassicae, Myzus persicae, Acyrthosiphon pisum, etc).


The results of my collections of syrphid larvae in aphid colonies (Table 1) do not permit the recognition of any specialisation of species to particular aphids. Moreover larvae held in the laboratory accepted all aphid species offered to them. To prove the connection between particular larvae and particular aphids, only syrphid females would provide the answers because they alone have the possibility of choosing certain aphid colonies for oviposition. The table shows, however, that at least for Episyrphus balteatus, Eupeodes corollae, Syrphus ribesii and some others, there is no such basis.


Looked at overall, the predatory larvae are not confined in their food just to aphids, but they also destroy other representatives of the Homoptera such as coccids, jassids, psyllids, membracids and young aleyrodids (Metcalf 1916). In stuyding the syrphid fauna of the Kamysh-Volgograd region, Zimina (1954) showed that the larvae of Pipizella [actually Heringia heringi] also fed on the larvae of the leaf-flea Psyllopsis descrepans in addition to their main food of root aphids. According to the data of Kurir (1963), Pipizella larvae also destroy galling aphids Pemphigus bursarius on poplars and cork elms.


In 1963 I found larvae of Heringia heringi in large numbers in the leaf-roll galls of the aphid Tetraneura ulmi Lecht on elm leaves: in each of the 200 opened galls there were between 5 and 15 larvae. A similar example was recorded in Aug 1963, since the poplar trees in the Zoological Institue in Dresden were very strongly infested with spiral galls of the poplar aphid Pemphigus spyrothecae. In a total of 100 galls opened between Sept and Oct 1963, there were found a total of 60 larvae of Heringia heringi and Pipiza festiva. This discovery of Pipizella and the data of Zimina and Kurir leads to the hypothesis that even for Pipizella larvae for which a specialisation to root aphids is taken as proven, the similarity of the environmental conditions is more important than the specific nature of the prey. In fact the galls and also the root region of trees provide similar protection against unfavourable external effects (insolation, variations in temperature and humidity). It remains therefore to be worked out whether the question of specialisation to particular prey types is not to be replaced by the question of specialisation to particular conditions of the habitat.


According to the observations of Enslin (1915), syrphid larvae destroy not just insects that are relatives of aphids, but they can also attack other, rather large insects or their larvae. Enslin named the larvae of Pteronidea nigrocornis, P.melanaspis, P.parvida and Macrophya punctumalbum. Rammner (1934) specified the larvae of soldier beetles as well as sawfly larvae. Gäbler (1939) also studied the significance of Dasysyrphus tricinctus larvae for the destruction of caterpillars and sawfly larvae.


I undertook experiments to induce the larvae of Episyrphus balteatus to take up alternative food in order to clarify whether aphidophagous larvae could swicth to a substitute food under the conditions of a seasonal or climate-induced lack of aphids. The test animals, L3 larvae, were placed with just emerged cabbage white caterpillars immediately after a few days of starvation.  The larvae finally pierced the ca. 3-mm-long caterpillars in the anterior half after the first usually unsuccessful tests, and sucked them out within 5 mins. Larger caterpillars ca. 2 cm long were in contrast able to defend themselves successfullly against the attacks of the hungry larvae, so that the larvae finally gave up their attempts to pierce their victims. If the caterpillars were decapitated, however, the larvae began to suck up the exuding mushy body contents at the cut; then usually they only left behind the completely empty chitin exoskeleton. Analogous feeding trials were made with other material. In the following table is recorded in the two right-hand columns whether the food offered to the larvae was taken up in the living or damaged state.

Feeding material
Condition of the food


uninjured
injured

young cabbage white caterpillars
taken
taken

medium-sized cabbage-white caterpillars
refused
taken

cabbage-white eggs
refused
taken

young ladybird larvae
refused
taken

fully grown ladybird larvae
refused
taken

young cantharid larvae
taken
taken

fully grown cantharid larvae
refused
taken

young sawfly larvae
taken
taken

fully grown sawfly larvae
taken after coaxing
taken

leaf bug eggs
refused
taken

For carrying out of these tests, a totla of 120 larvae of Episyrphus balteatus were used, and 39 of them went through their complete developmental cycle with a larval stage of an average of 13-14 days and the pupal stage of 5-6 days. The relatively high death rate of the larvae could be understood because not all the substitute food provided was really suitable. There was also an increased chance of infection among the larvae.


The above questions of the possibilities of changes in the larval food caused by lack of aphids could therefore be answered in the affirmative. It is easy to assume that the uptake of substitute food is without much significance for older larvae since the prepupal stage has almost been reached; younger and medium-sized larvae which because of the lack of food will not proceed to an emergency pupation, but will waste away (Herrmann 1965), have via this change of food still the chance of completing development to the adult. The experimenter could take advantage of this phenomenon for larval rearing when there is no abundant supply of aphids at his disposal.
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