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Introduction

The genebank of the Institute for Plant Genetics and Research on Cultivated Plants (IPK) is with about 100,000 clones the largest collection of living plant resources in Germany.  With about 1800 species from 70 botanical plant families, this collection represents a very different type of structure from most other genebanks in the world.  Particularly notable is the maintenance work of cross-pollinators, ........  The two polylectic species Osmia rufa and Eristalis tenax complement each other in their flower preferences when there is a rich and copious supply of flowers.  Moreover, both species have stages that could provide a mail-order service.  They are therefore suitable for wide use - for example in plant culturing.  Orders could be provided without complication.


Utilization of aphidophagous syrphid species (Syrphinae, cf. Tornier 1993) is under the present conditions unfortunately not possible.  Intensively managed plant protection and rationalised endeavours (economies of labour and glasshouses) are poorly compatible with the considerable expense in work and additional space requirements of large-scale aphid rearing.  In addition on economic grounds we must rule out the biological control of aphids.


Eristalis tenax, called the Large Bee Hoverfly, Dungfly, or False-Bee in german (cf. Roder 1990), is a cosmopolitan species vastly increased in density by man-made landscapes.  Despite its worldwide distribution and abundance, our understanding of the biology and behaviour of this species is still not complete.  Also the differences in the equivalent data of individual authors are marked.

Rearing method

Of all the Diptera experimented with in Gatersleben, E.tenax is the largest species.  Its body size corresponds approximately with that of the honeybee.  Furthermore, it survives the longest in the pollination trials in the isolation units.  For establishing a mass rearing of the species, we could reply on experience gained from maintenance- and mass-rearing of closely related species (terminology in Fig 1).  In-between stages such as between holding and maintenance culturing could be skipped, and a propagation at room temperature in the winter months was established (Rosso et al 1994).  In October 1993 a starter population of 50 individuals (30 m, 20 f) was taken from the field, and held in a 30 x 35 x 45 cm sized, gauze-sided wire cage.  For food the flies were provide with dry cane sugar and pollen from anemophilous plant species dried over silica gel.  Hoverflies can take up pollen only as individual grains;  substitute foods and comminuted bee-collected pollen is no use (Schuhmacher & Hoffmann 1982).  A plastic dish full of wet oats serves both purposes of drink and oviposition dish, and must be changed at least weekly so that larval rearing can be followed separately.  In the summer months we used a separate rearing room that goes over a drain and has two mesh windows.  The last were packed with staphylinids and the fly Graphomya maculata (see Gladis 1994 a).  The staphylinids are one of the natural enemies of syrphids, and also eat their egg-batches.  Small species (Aleochara brevipennis, A. lanuginosa and Philonthus politus) came through the wire mesh and could be seen eating the larvae of puparia.


Egg batch sizes in E.tenax depend very much on the nutritional state of the female.  The larvae hatch after 2 days, mostly synchronous within and egg batch.  Before this, fertilized eggs go grey, whilst unfertilised eggs remain white and die.  Because of space and the occurrence of the strong and annoying smell, separate rearing of individual egg-batches was dispensed with.  Exact dates of the length of the larval stage are therefore lacking.  The larvae of the 2nd and 3rd instars were held in two large photographic dishes, one inside the other.  The inner one 50 x 60 cm2 contained soaked oats in a layer 10 cms thick at most.  Occasionally the surface was scattered with bits of carbon, which the larvae took from time to time.  Mature larvae in the wandering phase climbed over the edge and fell into the outer dish (55 x 65 cm2) whose bottom was lined with sieved sawdust.  They pupated there, and could be sieved once per week and placed in an emergence trap until eclosion.  Interestingly, the length of the pupal phase varied negligibly with rearing temperature in which the larvae had been kept.  Instead it was tighly linked to measured field factors.  Of 128 larvae that pupated on 15th March 1994, 86 eclosed after 12 days (45m,41f), 27 after 13 days (15,12), 2 after 14 days (1,1), and after 15 days a single male.  In all this random sample gave 116 (62,54) individuals, an eclosion rate of 90.6%.  From 100 larvae pupating on 29th June, in contrast 40 had emerged already after 8 days (15,25), 44 after 9 days (19,25), and 2 males after 10 days.  In this sample in all there were 86 emergences (36,50).  Already only 15 and 13 days respectively after eclosion, oviposition occurred.  About one month before the flies died there was no further successful copulation and oviposition.


In an adult life of up to 4 months in E.tenax, a pronounced long old phase occurs, the biological function of which can only be guessed at:  old flies appear larger via stretching of the intersegmental membranes, and become more obvious than younger animals through further loss of body hair.  As a result they should be preferred prey of various predators, and in this way contribute to the protection of the younger animals.  Female Eristalis arbustorum with an entire life cycle of 4 months and an adult life of at most 87 days (see Gladis 1994a) mostly die shortly after the last oviposition.


To set up the pollination trials the number of individuals in each rearing cage was increased to 100 reproductive males and the same number of females, which gave a daily output of about 100 adults to secure for the main flowering period in May to August.  At that time it was operated so as to establish the lower citical level of numbers necessary for a lasting maintenance culture, in order to minimise the cost during the winter months (discontinuous culture, see Fig 2).


On the search for a diapause stages, which would facilitate storage and packaging for a dispatch, it must be noted that the mortality of larvae increases with the length of stay in the breeding medium.  This operates particularly at lower temperatures, whilst daily high temperatures over 30 C will overcome this indemnity and lead to increased yield of the culture.  Certainly the eclosion rate from the puparium behaves with the opposite tendency.  In E.tenax leaving just adults more than a few weeks in temperatures of 10 C leads to the mortality of both sexes running almost parallel.  In constant temperatures of 0-3 C the flies quickly go mouldy, and a few days kept below zero leads to the death of all individuals in tested variants, irrespective of nutritional state or age, or the state of the rearing vessels (open to the air, closed, concealment possible or not, various humidities, etc).  For dispatch of living animals, mature larvae or puparia in sawdust need to be used.  The completed trial postal dispatch within Germany proceeded promisingly.

Behavioural observations

The intensively managed mass rearing of the “Large Bee Hoverfly”permitted a number of interesting observations on the behaviour of this species, which for space reasons were not all able to be followed through.  Particularly striking was the strong propensity of adults to create large aggregations, which built up in the corners of the cages.  Sometimes there could be several hundred individuals sitting over and next to one another, and so an impression of a small honeybee swarm was produced.  Individual animals only moved their position for feeding, copulation or oviposition.  


Adults of Lathyrophthalmus aeneus also tended to make similar aggregations, mainly at night and during the winter rest (movements still occurred below zero temperatures !).  Supplementing the data of Gladis (1994a), it is noted that in Lathyrophthalmus it is obvious that only vernalised animals copulate and lay eggs.  Because of this, the species only has a single generation per year.  In striking contrast stand the observations of E.arbustorum which, held at the same time and under similar conditions to E.tenax, avoids direct body contact as nothing short of intolerable.  Copulations were rarely observed.  A long flight interaction by several males usually preceeded them.


The captive studies described above of adults and larvae shed light on the inevitable question on the overwintering stage of E.tenax under our climatic conditions, especially since resting stages could not be established.  Following Roder (1990), the flight period stretches from February to December.  Our own observations establish that both males and also females recover from short periods of frost of several degrees below zero.  In the night of 17-18th October 1994 there was a minimum temperature 5 cms above the ground of -6.8 C, but in the morning there appeared males and females of E.tenax and E.pertinax on the flowers of Aster and Chrysanthemum clones.  Overwintering of E.tenax, otherwise known as a migratory species, should be precluded under mid-european conditions (possibly in England, cf. Gilbert 1986),  and therefore some further observations are noteworthy here.  The autumnal migrations of hoverflies are well documented.  Unfortunately there are no studies of spring movements, which could provide a valuable contribution to the better understanding of the strategies of some species (cf. Gatter & Schmid 1990).


From the authors cited there is a further interesting opinion to be read:  it can be observed in trap-catches “that tenax normally recognises the net as an obstacle, and flies round or over it.”  The occasional escapes from culture, in contrast to blowflies (Calliphora, Lucilia) or Hymenoptera (bees, wasps), never hit the windows, but even fly between crossed opened double windows without landing.  They also evade spiders webs skilfully.  These hoverflies could clearly recognise glass and extremely thin colourless filaments as obstacles.  They therefore have an advantage over other insects which operates clearly in the glasshouse trials in their survival times.


For this reason it is futile to speculate now on any relation between the striking ability to adapt and learn and the increased longevity (cf. Roder 1990).  Glasshouse trials do not invariably present the species with optimal conditions, especially in high densities, limited floral offerings, and extreme swings in temperature and relative humidity.  After a short time the daily routine work carried out in the glasshouses serve the flies for escape attempts, and they concentrate on the area with the doors (north side), whilst before the south gable had the highest concentration of flies.  Osmia rufa (Hymenoptera, Megachilidae) for example behaves completely differently:  once having flown to its territory, when the door opens it does not leave the isolation sites where food resources are high.

Overview

Although the significance of syrphids as flower visitors and as agriculturally important predatory natural enemies is known, clear statements are largely lacking on the exact effectiveness of these beneficial insects.


Well functioning rearing techniques are a prerequisite for detailed statements, and these can allow insights into the autecology of the species concerned, and in addition provide a basis for behavioural and biological studies.  A technically simple, unanswerably hygienic (?), and unobtrusive method was devised by careful observation with regard to the smell nuisance.


Now, since such a practical method of mass-rearing some Eristalis species is available also in Europe, further potential trial- and use-possibilities for these hoverflies are provided, which can be indicated briefly here:

- Plant rearing, horticulture: adults as flower visitors in nature and under glass (first published by Kobayashi 1974)

- Biological demolition/exploitation and enemy-free (Entsorgung von Gülle) via the larvae

- High-quality reared material (larvae, puparia, adults), possible usages in poultry rearing, special food for insectivores in zoos (cf. Gladis 1991).

- Toxicity tests of plant protection agents and insecticides (all stages).

- a model organism, use as indicators of, for example, water quality, environmental stress, faunistics.

The above paper is no more than a first stimulus for more intensive examination of this interesting group of animals.  It is pleasing that this idea has already been taken up and transplanted to the Federal Institute of Biology in Braunschweig (Dr D Brasse).  This year there will be a continuous rearing of Eristalis established there, with the aim of expanding the spectrum of ‘non-target organisms’ (in plant-protection measures) tested for their sensitivity to substances that are (honey-) bee-friendly.

