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Introduction

[...]

The main flight period of V.zonaria in the Pfalz is between June and August, whilst every year immigrants occur in the Rheinland-Pfalz area and must augment the resident populations (cf. Verlinden & DeCleer 1987:84, Maibach et al 1992: 30). In the Netherlands V.zonaria first appears at the beginning of August and lasts until the end of October, and is not considered native (van der Goot 1981, 1986). Kormann (1988) considered this species in Endangered Category II, classifying it as strongly endangered. This follows from its rare records as well as its actual distribution. Doczkal et al (1993) saw this species as endangered in Baden-Württemberg. V.zonaria is difficult to record using yellow traps or Malaise traps (cf the results of Weitzel & Valerius 1992). They live as larvae in the nests of Vespa crabro, Paravespula germanica and P.vulgaris (for new studies, see Rupp 1989). From its size and coloration, the adults should have an outward similarity to hornets.


Although V.zonaria can be locally more common, it is to be numbered amongst those insect species whose survival is threatened, indeed just as are hornets, because its larval habits are dependent upon specific hosts - whose nests near human habitation are often destroyed. In the present study I will look at flower-visiting records and behaviour of the species, as well as the colour pattern in connection with mimicry, in a holistic view.

Materials and Methods

[...]

Colour comparisons were made using hoverflies and wasps from the collections with a UV-passing filter, Ilford film and a Nikon camera.

Results

1. Records

[...]

2. Observations

A comprehensive comparative biological exploration of the behavioural repertoires of hoverflies is stuck in its beginnings. In anticipation here are communicated a few observations on Volucella zonaria.


The genus Volucella provides examples of mimetic patterns; V.zonaria has by its (quite variable) body size,  constant colour pattern (in comparison e.g. with V.bombylans and V.pellucens) of a yellow abdomen with two dark cross-bands of different width, and body hair a definite similarity to hornets (but in flight behaviour rather to bumblebees - see below!). This similarity is generally based on the conspicuously effective black-yellow bee- and wasp-patterning.


Observations on flying V.zonaria show in comparison with the type of locomotion of other species (including turning manoeuvres and settling) a striking similarity of lengthy (!) flights to the swinging movements of bumblebees. This also tallies with the buzzing noise produced by a few female V.zonaria in flight, which differs from the deep flight tone of hornets. This has been known until now particularly for V.bombylans. At least female V.zonaria therefore behave conspicuously. Hopefully soon further observations will be possible on the males to establish similar (data).


V.zonaria females were much more common in the flowery herb layer on vegetative parts of plants than comparable female Eristalis tenax or Eoseristalis arbustorum. Whether V.zonaria males show territorial behaviour could not yet be explored with certainty: it is to be assumed.


V.zonaria was clearly established in places in which a marked wasp population was also recorded.  This occurred either via direct observation of wasp nests or through counting of wasp workers which sought out wet places at the same flight period of V.zonaria.


Until now, on the basis of the scanty records and possibilities of observation, the pollination activities and significance of V.zonaria are inconclusive. The quick and long-lasting flights of females may be significant for the transport of genes via pollen over further distances than is normal for entomophilic transfer. That also has by rare events an effect on the genetic exchange in dispersed established plant populations.

Flower visits to Cistus laurifolius
In May 1989, a freshly emerged small male was observed visiting the flower of Cistus laurifolius in the Botanical Garden of the University of Mainz in the cool morning hours. In all its flights to the tilted flowers, it landed head-up facing the flower centre on the white downward-sloping petals of the radial flowers that had opened at dawn (Fig 2).  It streched its proboscis into the yellow middle of the flower between the filaments, and began to dab. Contrary to widely-held belief that the Cistaceae are pollen flowers generally without any nectar, Cistus bears polyandrous flower with a nectar secretion, just as in for example the native Pasque flower (Pulsatilla vulgaris, Ranunculaceae) or many Portulacaceae, Mesembryanthemaceae and Cactaceae. In Cistus the nectar secretion is found on the outside of the bases of the filaments, or via special nectar scales (Vogel, pers.comm.).  The observed male dabbed the bases of the filaments or rather the base of the flower, and hence took up nectar. Consuming pollen in this particular case was not seen. It is not yet known whether the males of V.zonaria take up pollen into the gut. The mediterranean Cistus laurifolius with the conspicuous yellow androecium was preferred to other flowering plants in the garden.  After visting the flowers, pollen grains were carried on the hairs of the front and middle legs, and on the hairs of the thoracic pleurae.

Mimicry and body markings in UV light

To pass opinion on examined signals as mimetic, one must consult the sensory physiological ability of the potential signal receiver. In the case of V.zonaria, one of those hymenopteran species come into question, in whose nests the females lay their eggs. Others to bear in mind are flower-visiting hymenoptera as competitors, and birds as predators.


Because various hoverfly species tested are both colour- and UV-competent, the body colouration may be important in interactions such as mate-searching. If so, then primarily the body shape and flight speed play a role in relation to behaviour as a whole, and the question of mimicry is unaffected. On this account, this field of signal effects is examined no further. Close relationships of this kind, such as are known between male hymenoptera and female-mimcking flowers, have not been described for syrphids as yet.


An important factor in the type of signal is the wasp-like body markings of volucellines and other syrphids. A UV sense is inherent in the co-occurring hymenoptera and many birds, which could change the appearance of the syrphids via the broadening of the spectral region of optical perception of these signal receivers. Caught individuals were studied in this aspect by use of UV absorption. From this it was proved that V.zonaria and V.inanis - in addition to some other species tested - show no difference in their body markings in the UV (particularly of the abdomen, scutellum and frons) relative to hymenoptera (Figs 3 and 4). V.zonaria shows a characteristic absorption of the vertex (Fig 3a & b). This appears black in UV-pictures, whilst it is coloured yellow [when seen] in the visible part of the spectrum. In males the vertex does not stand out because of the joining of the eyes.  Both the yellow parts of the abdomen and the vertex appear yellow even UV-visible [?? selbst UV-Sichtigen gelb], since also here no reflection of UV-light occurs. Since the yellow parts of the abdominal markings of hymenoptera absorb UV in the same manner (cf. Vespa crabro, Fig 3 c&d), this result obtained in hoverflies means that for UV-sensitive insect or bird eyes, there is no difference to be seen in their body coloration in comparison with similarly marked hymenoptera, which in UV-light appear just as the studied hoverflies. These data corroborate the idea of an effective signal - without having to identify a specified signal receiver (competitor, host or predator).

Discussion

Situation of finds

[...]

Van Wely (1986) extended enormously knowledge of the distribution in the Netherlands. Whilst over 100 years had mapped only 38 individuals, van Wely recorded 546 individuals in four years. The small number of males is remarkable (1983: 3, 1984: 3, 1985: 23).  It is to be assumed that migration is occuring.  In the coming years we should also pay increased attention to this rare species also in the Rheinland-Pfalz.

Flower ecology

[...]

The problem of mimicry

The studies carried out and a critical evaluation of the literature directs attention to a consideration of mimicry. As was able to be shown, the colour mimicry of the hymenopteran pattern in V.zonaria and V.inanis extends even into the UV region. The coloration that remains the same in the UV part of the spectrum of both Hymenoptera and Syrphidae complies with the creation of a group-based mimicry. Consequently, unconnected with the taxonomic affiliation of a species, a similar learnable or learned search image of predators or competitors is elicited, whose recognition leads usually to an avoidance reaction.  This assertion is also then useful when a displacement of the yellow impression towards bee purple results from a small admixture of UV light via a less than 100% absorption. For one finds an imperfect reflection/absorption in both Hymenoptera (see Vespa crabro Fig 3c&d) and Syrphidae (Nickol, unpublished).


A point more important to all workers is the obvious connection of the three Volucella species with hymenoptera, in whose nests the hoverfly larvae occur and obtain their feeding opportunities (overview of the mimicry problem in Heikertinger 1954, Wickler 1968, Rettenmeyer 1970, Pasteur 1982, Dettner & Liepert 1994). The wasp-like markings in the cases of V.zonaria and V.inanis, as was suggested initially in the particular case of V.bombylans (Kirby & Spence 1917, Wallace 1870:111, Künckel d’Herculais 1875, Poulton 1890, 1892), should ease entry of females into the host nest for oviposition.


The experiments of Rupp (1989) refuted finally this interpretation of an aggressive mimicry. Already earlier Poulton’s original opinion was called into question (Beddard 1892, Bateson 1892, cf. also Poulton 1904, Brower et al 1960, Huheey 1976, Evans & Waldbauer 1982, Garnett et al 1985). It can also be held against this, that other syrphids are also aposematically coloured with no larval association with hymenoptera, as well as the males which have no need of entering hymenopteran nests, yet show the same colouration, so not always can they be held to be true cases of such mimicry.


The colouration of the abdomen whose similarity is the main requirement is governed as far as is known in the few studied syrphid species by a simple Mendelian genetic trait. Alleles of two gene loci work in V.bombylans (Gabritchevsky 1924, 1926; Keeler 1926) just as in the butterflies (Clarke & Sheppard 1960). In Merodon equestris there are six genes participating in the colour polymorphism (Conn 1972a,b). A major gene was responsible for the abdominal colouration of Eristalis tenax (Heal 1979), in the genetically based colour polymorphism. This major-gene effect of the very similar colour pattern  suggests the idea of an old common inheritance of this colouration within the Syrphidae. Among Hymenoptera this is useful for wasps and bees, among ants more commonly structural colours are used as against the contrasting chitin colours. First selection for similarity moves the imitative appearance in a second step via selection of the pattern.  Hence mimicry as shown here reaches not only the colouration but more factors are selected such as the flight tone, the type of locomotion and other behaviours.


The warning colours of stinging hymenoptera, which are developed not only in Diptera (Syrphidae, Asilidae) but for example also in Coleoptera and Orthoptera (e.g. Romalea guttata, cf. Yosef & Whitman 1992), are aimed not at all as the larval hosts, according to the above observations. However, in most systems there is no more known than the obvious similarity between two insect species present in the same habitat (cf. Insects of Australia 1991). Experienced predators know to avoid those with deceptive colours (thus Redstarts and Paravespula species eat Episyrphus balteatus, which is provided with conpsicuous (warning) colours [own obs.], whose strong mimicry affects many birds - Dittrich et al 1993, see also Waldbauer et al 1977, Yosef & Whitman 1992). In view of the further distribution of aposematic colours among bees, bumblebees and wasps and all the so-called mimics, at our current state of knowledge we can speak at most of a group mimicry. The intraspecifically variable body size and the mixing of different components comply with this conception, as in for example the roughly wasp-like appearance of V.zonaria and its bumblebee-like flight with its accompanying buzz.  With each of these components a different target could be addressed at its own level of sensory physiology. Vertebrates such as birds or amphibians follow a visual impression, but arthropods are particularly sensitive to vibration. The body size of mimicked hymenoptera increased during the course of the year; early-emerging worker bumblebees are smaller than the offspring of the single queen eclosing late in the year. The evolved body markings of a whole group of mimics (Müllerian mimicry) - just in the mediterranean area - are also present in other arthropods such as Zebra spiders (Argiope) etc., which certainly could not be confused with hymenoptera. In Argiope the body stripes should lead to a blurring of the body outline in connection with the threat oscillations of the web.  In fast-manoeuvering syrphids, a similar effect may occur.


Numerous biotic and abiotic environmental factors which may together effect selection, act upon the hoverflies and hymenoptera that share mimicry. The similar larval habitat of host and Volucella offspring presuppose more or less similar influences in part of the life cycle.  That the environmental influences may act to modify the colouration is already known in Eristalis and in polyvoltine butterflies, whose spring and autumn morphs are coloured different according to the conditions during the pupal phase.  The morphs of Volucella appear similar to those of Merodon which do not resemble any real model; this also lets us think about a group-level mimicry.  This may also clarify why the models do not evolve further from the numerous mimics.


If mimicry serves to avoid feeding, then it is sufficient to mimic the deterrent pattern so that the predator is deceived and the fly is left uninjured.  An identical copy of the ‘model’ is not necessary (tests with models! cf. Schuler 1982, Dittrich et al 1993).  With this it is not surprising  to find amongst mimetic syrphids some ‘bumblebees’ and ‘wasps’, that cannot be attributed to a specific model, but always appear (V.bombylans).  In addition the already mentioned similarity between Volucella zonaria and Vespa crabro cannot be called anything other than superficial.


The evolution of mimicry between syrphids and hymenoptera may have begun early in the earth’s history, and probably involved parallel evolution several times. A more economical explanation would be a diversification from a single origin, suggesting a greater age, but we still lack a basic phylogeny of the relevant groups.  The subdivision of the characteristic syndrome into a ground plan of a contrasting colour pattern and a subsequent range of patterning seems a good initial position to clarify.


The insect groups integrated into the mimicry system suggests fossils since the waning of the Palaeozoic (Labandeira & Sepkoski 1993). Hymenoptera with small differences from the same recent genera have been present since the Tertiary - with conclusions about similar behavioural structures as present in today’s representatives (Lutz 1993, Poinar 1993).


How could an evolutionary trend towards mimicry be started ?  It is sensible that harmless mimics that are very dissimilar to an unpleasant-tasting or dangerous model would very soon be taken as harmless prey, as long as they correspond to the prey pattern. Such animals could not take the liberty of conspicuous behaviour, or of so significant a size as in V.zonaria, or no lengthy flower visiting in open places - as the light-loving syrphids do most of the time.  Because of this, those individuals that are most strongly avoided via warning colours which additionally have a simple genetic basis should have the greatest success in furthering their genes.


In so far as it is a question of protective Batesian mimicry, this avoidance will result in only on the basis of the association of the signal receiver between the warning colours of the mimic with an unpleasant consequence of the model.  V.bombylans is however unpalatable to at least some birds (Waldbauer et al 1977). Studies with V.zonaria have not yet been done. In this consideration a role is also played, which each species occupies steps on the desirability scale of the prey objects of predators in how similar they are ordered relative to the avoided model.


Gilbert (1986) construed syrphids notwithstanding so-called warning colours not as mimetic signallers in every case. Holloway (1976) attributed similarity to similar modes of life of adults. The study of these influences should be subjected to experimental tests. Burtt & Gatz (1982) speculated on a colour- and pattern convergence of species occurring in similar habitats under similar physical and environmental conditions. This presupposes a tendency towards mimicry in the initial forms (which is given in the genetic basis of contrasting chitin colours), which is clarified neither by why not all theoretically possible genotypes are realised as phenotypes, nor why excessive migration (which occurs in V.zonaria) could still maintain an established appearance over a large area. In relation to this, we find comparable colour polymorphisms in those species whose larvae are not in the nests of hymenoptera, but which develop in plant-derived substrates (Criorhina ranunculi, Eristalis intricarius, Merodon equestris), and therefore live in a different habitat at least during the larval phase. Predators must effect selection on the aposematically coloured adults, whose feeding behaviour cannot be identical either interspecifically nor between the sexes of a species.


In the hierarchy of flower-visiting insects, the large and bee-like hoverflies (Volucella, Eristalis) occupy an obvously high position, since they are only rarely driven away by bees and wasps (pers.obs.). Therefore a connection may exist between the hierarchical scale of interactions and the similar colouration within the designated mimicry groups.


The bumblebee-like Volucella species occur in northern Eurasia and North America. Again on the basis of the unknown phylogeny it is an open question whether there was one morph in common in e.g. the Tertiary, and if so, whether this lived in the Old or the New World. If the mainly palaetropically distributed genus Graptomyza is assumed to be the basal group of the tribe Volucellini, this supports greatly the hypothesis of an Old-World origin of hymenopteran mimicry in Volucella species. The larvae of Graptomyza are phytophagous, and the small-sized adults have a marked abdominal pattern (Whittington 1992) which forms a basis for evolving the recent bumblebee hoverflies.


With the relationship to the host are connected behavioural modifications. In flower visting, females of many hoverfly adults must overcome at least a phobia towards cavities. A retuning of the behaviour of gravid females occurs (cf. Sanders 1983). Female Eristalis tenax react only in this phase to the smell of manure (impressive results of Korzets et al 1993).  Also all mature stages of overwintering hoverflies of all species seek out cavities in the same way. Volucella females show all tracks by their propensity to seek cavities, by flower visiting, and by oviposition. In related south american species it is known that they lay their eggs in the trunks of banana plants (Sack 1921). Lathyrophthalmus aeneus, Brachyopa- and Xylota- species orientate themselves in mate-searching and oviposition to dark-contasting openings or surfaces (Claussen, pers.comm.). By this we can differentiate between flight towards dark surfaces (cf Sanders 1983) and entry into cavities.


Since the central european species of Volucella morphologically may betray their origins from phytosaprophagous ancestors (Krüger 1926), The possible derivation of the connection with hymenoptera from originally phytophagous species may be supported by anatomy.  Hence the independence of colour pattern and larval lifestyle should be observed.  A possible - and therefore hypothetical - phylogeny of this group is for evolution in connection with climatic and edaphic factors of the post-ice-age. After that the ancestors of the current extant species may have spread from  common ice-age refugia in which the close connection between hymenoptera and syrphids arose, to which, as pointed out, the behavioural adaptation of gravid female syrphids was useful.  Such behavioural modes are to be understood as from recently appearing initial forms, just like the altered larval life cycle.  The protection of the larvae from weather damage or predators in bumblebee or wasp nests in indisputable.  Therefore a single phase of the life cycle in the protected nest might have been provided with continuous protein-rich food supply uninfluenced by weather conditions, achieving a disconnection from external climatic or nutritional conditions. The overwintering stages may have extended into a significantly longer resting phase because of the easily acquired store of bodies in the nest. From the lack of larval living space or a greater predator pressure in the refugia, the syrphid relatives that are associated with hymenoptera and/or normally adapted to them, should have had a selective advantage.  This is also useful in the case of females being able to lay fewer eggs because of lack of resources, which therefore had a higher chance of survival through their concealment in the nests. Other hoverfly genera also live together with the third group of hymenoptera, the ants. Microdon develops in Formica nests, and Australian Trichopsomyia in Polyrachis nests.  There the larvae in their usual body posture are unnoticed by the ants, and are spongers on the ant brood; the eclosing adults are attacked by the ants, but most (“mehrerenteils”) can escape from the nest. Here the adults do not resemble their hosts (Holldobler & Wilson 1990). It is assumed that these close connections between hoverflies and hymenoptera evolved several times in parallel, and in all cases are traced back to a predisposition rather than a common ancestor.


The species richness of the Mediterranean region agrees with a distribution from refugia after the ice age, just as does the still persisting expansion and migration of some Volucella species.  From this, the european species in comparison to the north american ones seem to prefer open landscapes as against the New-World woodland habitats.  An accurate knowledge of the biology of the sections of the genus Volucella as well as the plant-geographical, microclimatic and edaphic circumstances in Europe and North Africa after the Ice Age is certainly the primary requirements to be able to pursue the reality of this idea.

Notes

1.  We suggest examining a connection with climate change. Increase in population density may be connected with an increase in host nests in the war and post-war years. A reversal is striking after about 1960 - roughly at the same time as a great increase in the use of concrete in construction. By reducing the number of wasp nests in rural areas, this could have led to a deterioration in the possibilities for maintenance in the expansive dismigrant Volucella zonaria. A further basis for a small or dwindling presence might lie in intensive agriculture, to which many hoverflies overwintering in the larval stage fall victim.

2.  See e.g. Bastian (1986). According to Bromley (1930), the insectivorous asilid Mallophora bomboides mimics the flight tone of bumblebees. Spilomyia hamifera (Syrphidae) imitates according to Gaul (1952) the appearance and the flight tone of Dolichovespula arenaria (Vespidae). Poulton (1904) observed in numb V.bomblyans that they brought up their anterior legs in a similar defensive display as is typical for bumblebee queens and workers (but in these cases with the middle legs). This behaviour has not been established in V.zonaria.

3.  This statement is based on the observation of the freshly-shining appearance and complete integrity in all parts of the animals.  They suppose that V.zonaria overwinters in the larval or pupal stage, which seems not to be known. A larval overwintering is suggested from the results of V.bombylans and V.pellucens (cf. Krüger 1926); Zahradnik (1985: 148) considered the overwintering of V.zonaria as a pupa in the ground, whilst Fraser (1946) specifies larval overwintering, with pupation in the early spring and rapid eclosion. It is clear that male V.zonaria emerge before females.

4. The views of Burtt & Gatz (1982) come close to the pre-darwinian Geoffroyism, in contradiction to selection theory, in which the variation (which is fundamentally postulated as accidental)  is passed off as environmental.

