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Introduction

In rearing syrphids one can repeatedly observe that L2 and L3 larvae of Episyrphus balteatus react in a unique manner if they come into contact with water. They grow agitated, direct the anterior part of the body with the mouth opening straight up high, and swallow air. Thanks to the transparency of the larva one sees how the air taken in collects initially in the form of large masses of foam, and later as obvious bubbles, in the anterior part of the gut, and puffs up the whole body. The reaction can happen when the larva is sprayed with water, when it is attached to the substrate and gradually submerged in water, or when wandering downwards it meets with a water surface. Larvae that are thrown into the water before swallowing air sink to the bottom. After swallowing air they float on the surface. It is therefore to be assumed that this peculiar behaviour increases significantly the prospects of survival when the larvae are in deep water during heavy rain, floods or as a consequence of other causes.

Experiments

1.  On 7th February 1958, 29 L2 larvae from a laboratory culture were placed in a Petri dish and as much water was poured in so that the lower half of their bodies lay in water. After a short time most larvae began to swallow air. After 15 mins the Petri dish was filled with water. 7 larvae without air remained sitting on the bottom. Larvae with a small bubble in the anterior gut hung in the water but without the breathing tubes reaching the air. Swollen larvae however floated on the surface; some of them managed to elevate the posterior or anterior spiracles into the air by bending up the body. Gradually submerged and floating larvae (all the swollen ones) went rigid with stopped heartbeats. It was arranged that the floating individuals could not stick themselves to the edge of the dish. After 48 hours all the floating larvae had ejected their air and lay, like those that had not taken up any air, dead on the bottom. This observation shows that the uptake of air provides no absolute protection against drowning, and the larvae could survive only a short period under water. 

2. On 26th July 1967 the consequences of swallowing air was tested in another experiment. 20 L3 larvae that had not yet finished growing were used. In a 18-cm-diameter glass dish 8 stones were put down and as much water poured in so that the bootom was covered by 15 mm of water, and the stones projected out of the water. 10 larvae were sprayed with water. They began immediately to swallow air and were then thrown into the dish. Their heads remained at the surface because of the air bubbles in the anterior gut. The animals wriggled and were able to swallow more air while floating. Others came to rest on the stones, anchored themselves with their sticky viscous saliva, took up more air, inserted a rest pause or crawled straight away into the air. Wet vertical stones or glass surfaces were also overcome using the slimy carpet. After 4 mins all ten larvae were in the dry and continued swallowing air.


The other 10 larvae were thrown into the water without any previous chance of swallowing air. The heads were immediately directed upwards; they seemed not so easily wetted as the rest of the body. The larvae tried to take in air before sinking. All animals were immediately submerged and sank to the bottom. Without air in their guts and using the slime trail, 6 larvae managed to overcome the 15-mm deep water via the clean surface of the glass or the stones, and reached the water surface. Here normally there was a resting pause and air was swallowed. Then the larvae crawled into the dry parts. 4 larvae remained on the bottom or sank again and fell into immobility. This experiment also shows that on contact with water, mature larvae fill their anterior guts with air, that this air uptake increases their chances of survival, but that under these conditions even larvae without air in their guts can overcome shallow depths of water.

3.  On 27th July 1967 a further experiment was carried out with large L3 larvae. 32 individuals were thrown into a dish with water at 23 (C before they had the chance of swallowing air. They stayed on the bottom resting for 10-15 mins. After 30 mins all of them were rigid. Every 30 mins samples were taken and placed in a dry dish to test their survival times. Animals that had not finished feeding and had not definitively emptied theur guts were very delicate. Samples taken after half an hour survived, whilst all the other 21 individuals sampled after 1-7 hours were dead except one sampled at 2.5 hours. Individuals that had already emptied their guts were more resistant.


A second series of 33 equivalent larvae were first sprayed with water. They swallowed air and then were transferred to a water container 38 x 48 cms. They all floated and filled themselves with more air. It was arranged that they could not reach the edge of the container, but were always floating free on the water surface. Many individuals stretched out under the water surface, or tried to bring their anterior or posterior spiracles to the air by bending up the body. Gradually in all individuals the body become strongly swollen. The gut wall was finally pressed against the body wall and the anterior third or half of the outstretched body filled with large bubbles. The animals remained active for longer than in the first series (0.5 - 1 hr). After 1.5 hours 17 individuals were still wriggling and continued partially to take in air. Since they were floating in the upper water layer, they were propelled by the slightest wind. Even after 3 hours there were still 6-7 individuals still very active. Normal respiration is generally not possible because the posterior spiracles could only very rarely be raised above the water level. Since the head often made wriggling movements and the anterior body was held higher than the posterior because of the air intake, the anterior spiracles managed more frequently to contact the air.


Samples taken during the first 2.5 hours were all alive. Of 15 larvae that had floated for 7-8 hours on the water, 5 were still alive. Air uptake protected the animals for the eight hours of the experiment from sinking, but not always from secondary dangers. Breathing is probably also difficult for these swimming larvae. In addition the extreme swelling of the gut should be responsible directly for the increased mortality, because in many damaged individuals the dark gut contents had leaked into the haemocoel. The life-saving effect of swallowing air is indeed ensured, since floating larvae were able to crawl out of the water after 2-3 hours, or any case before the start of these secondary injuries.

4.  On 2 Aug 1967 on the bank of the Hüttner lake in beds of reeds and rushes near a water depth of about 25 cms, an experiment was done under near-natural conditions. Again mature larvae from laboratory culture were available. All larvae that had not swallowed air beforehand and were thrown into the water, were lost. They sank to the bottom and were not able to move themselves in the mud or on the algae-encrusted reed or rush stems. However, if the larave were placed on a stem and sprayed with water to mimic natural rainfall, they immediately swallowed air; they floated on the water surface as soon as they were washed off their substrate. Via wind and wave movements they were transported between the plant stems and sooner or later from the wavelets were brought against a stem. All of them managed to crawl into the air using the already mentioned slime cushions. There were difficulties at first since the waves were stronger because of a mounting thunderstorm. Even in this case there was still always the possibility for larvae floating on the surface to be washed onto the bank via wave or wind action.

Discussion

Swallowing air as a reaction to contact with water is easy to demonstrate in Episyrphus balteatus larvae. This peculiar behaviour is lacking in most other predatory syrphid species. Under special conditions it protects the larvae from drowning and hence increases their survival prospects. However it is doubtful whether this pattern of behaviour still has selective value today in central Europe. The species is polyvoltine and polyphagous. Occasionally one encounters them in September-October in large numbers over water on reed (Phragmites) feeding on the aphid Hyalopterus pruni; however undoubtedly there are at this time of the year other hosts available. The question of whether living on reed in autumn - with the potential danger of being washed into the water - would be of great significance to population dynamics, would be worth further testing. In tropical or subtropical areas, where during the rainy season one has to reckon with strong rainfall and occasional flooding, this swallowing of air would be particularly meaningful. Exactly on this point, E.balteatus is distinguished in that its distribution stretches from Scandinavia to southeast Asia (Indonesia). Also the fact that in contrast to most other central european syrphids, E.balteatus does not enter diapause, signifies an originally continuous production of generations under tropical or subtropical conditions. Perhaps the swallowing of air of balteatus larvae is a behavioural relict that under the climatic and plant-community conditions of the Tertiary even in central Europe had selective value, but today in our regions the survival probability of the species is not increased significantly any more.
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