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Plant breeding needs extensive collections of valuable original material for the rearing process. Since the breeding objectives constantly change according to the requirements of agricultural practice, one must seek ideally to maintain the total variability of all cultivated plants and their wild relatives, spontaneous hybrids ("introgressions") and even  weeds that are significant for research on cultivated plants. Gene banks like the Institute for Plant Genetics & Research on Cultivated Plants (IPK) store in this sense an enormous fund of living resources and keep them for anyone interested in using them.


Alongside the long-term storage of seeds, reproduction also forms part of the traditional working method of the Genebank at Gatersleben. Growing (of plants) takes place as rarely as possible, and involves painstaking security [?"Bonituren"] and precise selection procedures. In this way the loss of valuable genes (gene erosion) can be prevented, and the domestication be arrested at a particular defined stage of evolution to some extent.


For this so-called ex-situ preservation it is necessary to know or if necessary research the reproductive system of all plant families. In the material of Gatersleben and its associated satellite offices there are simultaneously about 100,000 different plant populations.


The potential for allogamy is very markedly different among individual species of cultivated plants, and can even be taxon-specific. Sometimes it is influenced by external factors. Under central European conditions, for example many cereals (wheat, barley) are decidedly self-fertilizing, whereas most species of vegetable are facultative or obligate outcrossers (cabbage, carrots, onion). For the preservation of such valuable material these plant groups need especially careful attention and call for additional expense in their reproduction (quarantine facilities, and in entomophilous species additionally the use of insects or hand pollination, see Gladis 1992).


The Genebank of IPK Gatersleben is the only place in the world where a whole range of native insect species are used to pollinate entomophilous plants under glass. The methods were developed jointly with the Martin-Luther University in Halle (Zoology Dept, Dr M Dorn) in a systematic manner, or were based on our own research work. Apart from the honeybee (Apis mellifera) and blowfly (Calliphoridae), we also tested for these functions solitary bees (Anthophora acervorum, Megachile rotundata, Osmia rufa) and bumblebees (Bombus, Psithyrus) as well as a species of eristaline syrphid (Gladis 1989) from the native fauna in Gatersleben.


Bumblebees and also Lucerne leafcutter bees were successfully set up to produce e.g. tomatoes under glass (Holm 1986). Insect pollination improved seedset and led to symmetrical completely filled-out fruits, an important criteron for marketing. A standard method was developed at Gatersleben in the 1960s for maintaining bumblebee colonies in the field (Sörgel 1972).


For the specific interests of the Genebank for pollination use in small greenhouses and other quarantine facilities, colonial insects are less useful despite their mostly broad food spectrum as currently understood. The food supply is not adequate by itself for small honeybee or bumblebee colonies. For years in Gatersleben therefore a mass propagation of the Red Mining bee was pursued in honeybee [??Beuten]. Osmia rufa is polylectic. Nevertheless there are some plants whose flowers it shuns (even) when no other flowers are blooming at the same time (amongst others, umbellifers and the Allium-cepa group). For the pollination of cultivated plants unvisited by Osmia and other easily propagated solitary bees, Diptera were used, although the search for suitable and easily reared pollinators is not yet finished.


Blowflies of the genera Calliphora and Lucilia could be easily propagated according to the methods developed by Schulze et al (1990). They are moreover available on the market as fishing bait and obtainable direct from the wholesale trade. On hygienic grounds the use of this group of species represents an unsatisfactory solution. Rearing trials with fleshflies (Sarcophaga sp) on plant substrates lead rapidly to a reduction in body size. From the third generation the adults prove to be no longer capable of breeding. Moreover the species used is very prone to infection with Entomophthora fungus.

The significance of hoverflies (Syrphidae) as pollinators was already generally known, but only a few precise statements on their efficiency under glasshouse conditions are available (e.g. Ohsawa & Namai 1987, 1988). Studies of rearing (without the complete cycle of reproduction) and successful outcomes for phytophagous and aphidophagous species are comparatively commonly reported (Hövemeyer 1985, Röder 1990, Tornier 1993). Using both of these groups failed under the given conditions of the Genebank because of the disproprtionately high cost: either particular larval food plants must be obtained, or extensive aphid rearings must be achieved.


There are scarcely any studies of the mass utilization of species with saprophagous larvae (Kobayashi 1974, 1979). Even data on successful rearings are seldom found (e.g. Heal 1989), although evidently a long time ago was developed some at times very unsavoury rearing methods for these species (Dolley et al 1937). It is of interest perhaps in this regard that the Agriculture of the DDR [Landwirtschaft der DDR] also experimented itself with this problem: hoverfly larvae were believed to break down the dungpiles [?Gülle] resulting from mass rearing of cattle and pigs, and at the same time were used as high-quality pig food. However propagation of the species earmarked for this did not succeed (Oehlke, pers.comm.).


In 1987-1989 a continuous culture of the hoverfly Helophilus pendulus was achieved, which was discontinued again because of adverse flower preference (Chenopodiaceae) (Gladis 1989). Other syrphids with saprophagous larvae were then successfully reared through for several years in the field to study their biology, mainly Eristalis tenax. Methodological problems occurred concerning the age structure (synchronous development of large numbers of individuals) and the sometimes cannibalistic feeding of the larvae.  This was particularly striking in Helophilus pendulus at high densities of larvae at different ages.  At first, not one puparium resulted from the rearings. Only when the females used (in the trials) laid no more eggs did the next generation develop: the larvae of the first two stages ate those of the third. As a result, later on only instars of the same age were kept together.


Parasites and episites [??Episiten] sometimes caused serious damage in the field and also under laboratory conditions. Of these we could mention mainly Staphylinidae which eat the egg batches.  A muscid identified by Sauer (1987) as Graphomya maculata (according to Lindner 1964:231 the correct spelling) can destroy entire cohorts in the field propagations. Observations on the biology of this species that go beyond those of Keilin (1917) will be published elsewhere. In addition, insectivores and several species of bird also predate on the larvae and pupae of hoverflies. Indeed, shrews got into the cages and bit holes in the gauze covering of the rearing dishes.


From the field propagations of eristalines interesting differences were noticed which for example are concerned with the choice of breeding waters, oviposition sites and oviposition behaviour. Female Helophilus pendulus stick their eggs hanging or horizontal on parts of plants that overhang open surfaces of relatively clean water bodies. The hatching larvae let themselves fall. Helophilus trivittatus creates free-standing floating batches in boat or raft shapes that resemble those of mosquitoes. In Myathropa florea until now we have only had a spontaneous oviposition on an empty Helophilus puparium. This occurred in a petridish in a 1st-floor structure against a window that was only there for observing adult eclosion.  Normally the larvae of Myathropa are found at the earliest date in phytotelmata.


Eristalis arbustorum and Lathyrophthalmus aeneus lay in the field on wet dung. Females of both species hide the batches from egg parasites in crevices and small cracks. Eristalis tenax prefers loose damp soil in the immediate vicinity of the breeding substrate.  After eclosion the larvae must reach the medium themselves, where they feed mainly on undigested plant parts.


SEM pictures of the exochorion and other species-specific structures of syrphid eggs are shown in Figs 1-3 (see 146-7 0 (cf. also Klein-Krautheim 1936, Kula 1988, 1989).  The significance of the sponge-like structures is doubtless mainly in their water-uptake capability.  To this end the intact surface cannot be wetted.  The contents flood out via small amounts of damage to the contours, a rushing away which the surface tension of the water exaggerates in individual eggs and in entire batches by the repulsion principle.  If the entire batch or part of it remains for a long time under water, breathing through the plastron will at first be hindered and later promoted by the oxygen-providing medium selected at the common sites of oviposition (cf. Hinton 1970) [??].  Normally it [the plastron] provides oxygen uptake in arthropods living under water (Messner & Adis 1992). The rat-tailed larvae of the eristalines have no plastron. At the end of the breathing tube there are hydrophobic structures which establish contact with atmospheric air on demand.


Rearing studies in the laboratory gave a whole mass of further observations over the course of time, which did not correspond in every case with those from the field.  Preliminary studies of the biology of incoming species have been drawn together into simplified overviews (see Appendix).  Gaps in the lifecycle result from the varied lengths and intensities of the studies.


In 1993 there occurred the laboratory rearing and associated building up of a mass culture of Eristalis arbustorum. Small plexiglass boxes with 1-2 gauze side-walls served as rearing cages for propagation of Helophilus pendulus (basal surface 25 x 25 cm, height 15 cm). The cage floors were covered with tulle or gauze that supported the animals on the substrate. Larger flight cages entailed clearly fewer egg batches, greater losses and frequently shorter adult longevities. Low numbers of individuals (flies maintained individually or in pairs) in each cage proved to be disadvantageous, in contrast to Helophilus rearings. Only when we used densities of about 40 animals of the same age with equal sex ratios or slightly female-biassed ratios did copulation and oviposition follow. It is true that under these conditions observing individual animals was hardly possible unless they were individually marked. Instead the dishes were completely covered with soaked oats, which served simultaneously as drinking and oviposition vessels, and changed almost every day, and the larvae were reared separately. A long period of storage at lower temperature and in the dark suited 3rd-instar larvae. In an experiment the majority of  L3 larvae survived not only freezing several times but also the complete drying out of the rearing dishes.


Experimental (studies of) the activity of this species is possible at the earliest from 1994. For the proposed routine use of the species it will be necessary to improve and simplify the rearing method. A set-up for discontinuous mass-rearing with a justified need to synchronise the eclosion date is proposed, and is surely a worthwhile aim. Eristalis arbustorum takes a similar spectrum of food to Osmia, particularly umbellifers but also sometimes other plant species.


Similar (considerations) apply to the larger and very robust species Eristalis tenax (L., 1758). My colleague H.Rosso achieved breeding in this species with comparable conditions and with a similar technique, and also set up mass propagation. He used the wire cages with a tulle covering permeable to light and air that Schulze et al (1990) used for calliphorids. His results will be presented elsewhere.


Not mentioned until now is the fact that all these syrphid species seem to  be resistant to Entomophthora fungi. Furthermore the great compatibility of the adults of both reared Eristalis species and the still-to-be-mentioned Lathyrophthalmus in spite of high densities seems noteworthy to me. Under laboratory conditions indeed, apart from Eristalis arbustorum large aggregations of individuals occurred. According to our own observations this stands in clear contrast to the behaviour of these species in the field. Wellington & Fitzpatrick (1981) have described a striking territorial behaviour with intra- as well as interspecific competition in males of E.tenax, which is possibly connected with the rather limited food availability in "free nature".


In Lathyrophthalmus aeneus until now only a maintenance culture has succeeded.  Our current studies with this species will also be presented in similar form.  Following Roder (1990) this species is taken to be halophilic.  Our field observations in the region bear on this supposition, since their larvae could only be found in highly concentrated liquid manure.  Under adverse conditions they dry up completely, and on rewetting (eg through rainfall) they develop further apparently normally.  In the laboratory we filled plastic dishes with oats and water, and in a choice test offered them for oviposition with and without urea and cooking salt.  All batches of Lathyrophthalmus aeneus eggs were found in the dishes containing no salt.  Therefore there ought to be no close association with the salt content of the breeding waters. 

The combined action of solitary bees and hoverflies will probably represent the optimal solution for the concerns of the Genebank (see Appendix).  Urgent objectives of future research work are the exact quantification of the optimal pollinator densities for the plant and animal taxa concerned. Also the exploration of the autecology of the available insect species and from it the resulting simplification of rearing techniques lie in the interests of the genebank. In Gatersleben we have achieved probably the first mass culture of eristalines in Europe. We hope to find active interest in these species for plant breeding, whose controlled rearing and utilization for pollination of cultivated plants is still largely unknown, at least in Europe.
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Fig 1: Sections of the exochorion of a) Eristalis arbustorum b) Helophilus pendulus c) Lathyrophthalmus aeneus

Fig 2: Egg of Lathyrophthalmus aeneus. Whole view. Apical pole with micropyle on the left, basal pole on the right.

Fig 3: a) egg of Helophilus pendulus. Basal pole with the fixing point; b) egg of Helophilus pendulus. Apical pole with micropyle; egg of Eristalis arbustorum, basal pole without fixing point.

Appendix

Helophilus pendulus

Continuous rearing under laboratory conditions (20 C and at least 10 h light)

Egg
2-3 days, colour change in fertilised eggs from white to grey

Eclosion 
mostly very early in the morning, synchronous within a batch

L1-L3
28-35 days in continuous light, several months (up to 6 tested) in short days or darkness and low temperatures.  Includes rest- and wandering phases (overwintering).

Puparium
14-16 days, somewhat shorter on average in males

Imago
on average 60 days, in males mostly somewhat shorter.  Both sexes need water, sugar and pollen for development.

Females
First cycle:  copulation (up to one hour) after (8) 12-24 days (related to feeding state).  Oviposition on the 5/6 to 7/8 ‘th day (dependent on feeding state) in 2-3 batches, with extras laid the following day.  Eggs stuck by the lower pole to sometimes unsuitable places (perpendicular hanging or horizonatlly standing).  Number up to 125, of which about 90% are fertile.


Second cycle:  copulation (minutes) commonly on the day of ovipositing the extras.  Oviposition after about 10 days. 60-100 eggs in two or more adjacent batches.


Third cycle:  copulation (as the second, lasting only seconds on the further following days).  Oviposition after 10-14 days, 95-115 eggs in 3 or more batches.  Subsequent decline in activity, occasional further copulation, egg development incomplete, no further oviposition observed.

The shortest developmental cycle from egg to the first oviposition took about 60 days under the described conditions of captivity.

Larval feeding:
dry herbs and shoots of soft, nitrogen-rich types of leaves (‘Brennessel’, elder, ‘Zaunrube’) in clear water (first colonisation).  Frequent changes or continuous through-flow is necessary for high densities.  Heavily laden, nitrogen-rich, oxygen-poor waters are unsuitable (liquid manure, media for Eristalis rearing, etc).  Infection with rhodospirillae leads to the collapse of the whole culture, because the larvae are partly cannibalistic.  Younger instars continually eat older or sick, same-aged larvae.  In the wandering phase the mature 3rd-instar larvae leave the rearing vessels to pupate in moderately or completely dry media.  Via this the glass walls are overcome and sometimes (a distance of) several metres is covered.  In dry sawdust pupation follows immediately.

Eristalis arbustorum

In 1988 and 1989 the culturing studies of this species in captivity from larvae and adults from the field remained without success.  Long-term rearing under laboratory conditions (at the moment in the 4th generation at 20 C and at least 10 hrs light for adults, outside temperatures and completely shaded positions for larvae.  At the end of September 1993 no more pupation, and in part different developmental pathways in larvae from the same batch of eggs !)

Egg

2-3 days  (colour change of fertilised eggs from yellow-white to grey)

L1-L3

21-28 days (with night minima of 10 C), 



including rest- and wandering phase (overwintering)

Puparium
13-16 days

Imago 

28 - 40 (87) days.  Both sexes need water, sugar and pollen for their development.  For successful rearing, high densities appear to be an essential precondition (40 equal-aged animals, sex ratio <= 1)

Female
Copulation (very rarely seen) does not occur (only) in flight.  The eggs are mostly hidden in the substrate, laid in wheat grains or between oat kernels, not stuck.  Individual large batches (or several females ?) or several laying times.  Difficult to coordinate because of the high density.  One batch of 220 eggs (218 fertile) gave 63 male and 68 female adults (survival 59.5%, sex ratio 0.93) [dates of eclosion, see Table].  Deposit of an unfertilised batch of 30 eggs after 4 months.

Larval food
E.arbustorum is in the field a secondary colonist of the trap-nests of Helophilus pendulus after the addition of more food.  Oviposition medium:  damp humus/soil, soaked cereal.  For larval rearing initially fallen leaves were used, egg-pasta (eierteigwaren) or (angegorene) legume seeds.  Subsequently we used as a suitable substrate for oviposition and larval rearing threshed oats with wheat grains, soaked in water, and if necessary kept anaerobically for a few days (resulting in the death of the germ).  An infection of rhodospirillae has not yet appeared.  Cannibalism plays a haphazard role in this species.  In the wandering phase the mature 3rd-instar larvae leave the rearing vessels only when the substrate is very liquid, and when a high density of younger instars creates strong movement of the surface.  Pupation follows in the immediate neighborhood of the rearing beakers.

Lathyrophthalmus aeneus

In 1988-89 the rearing studies described below using larvae and adults from the field remained unsuccessful.  Field captures of adults in June 1993.  One batch on 14 June 1993, about 150 eggs.  Larvae eclosed 17 June, given media as in Eristalis arbustorum.  6th July, L2 skins.  Pupation 26 July to 4th August (30 puparia counted).   Eclosion of adults [see Table].

The behaviour of the flies suggested that in this species the adults overwinter (cf Toth 1985, cited in Roder 1990).  It is still not clear whether in the field the larvae are also able to overwinter.  Copulation and oviposition of the resulting individuals could not be seen despite the long-day conditions (12 h) and temperatures above 20 C, but are not excluded with certainty (because of mixed rearing with E.arbustorum, oviposition behaviour very similar to this species).

