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[ Names used by Gabritschevsky
Current name (from Thompson 1989 or Williams 1997)

Syrphids

Chilosia oestracea
Cheilosia illustrata

Criorhina ruficauda
Criorhina ranunculi

Eristalis apiformis
Eristalis oestracea

Plocota apiformis
Pocota personata

Bumblebees

Bombus agrorum
pascuorum

Bombus apricus
hypnorum (by Fabr.) or pascuorum (by Zett.) (Williams, pers.comm.)

Bombus burrelanus
pratorum

Bombus caucasicus
lapidarius caucasicus

Bombus gelidus
lapponicus (Williams, pers.comm.)
Bombus intercedens
pascuorum or mesomelas (alpine) (Williams, pers.comm.)
Bombus leferburei [=lefebvrei]
pomorum

Bombus mastrucatus
wurflenii mastrucatus (according to Westrich 1989)

Bombus montanus
ruderarius

Bombus rajellus
ruderarius (according to Westrich 1989)

Bombus vorticosus 
niveatus ]

In spite of all the new efforts of many contemporary zoologists to deny the existence of protective colours and mimicry, nevertheless it must be maintained on the one hand either that the greatest similarity of many animals...

[...]

The present work is a study that a contribution to the restoration of the severance of cases of mimicry from Mendelian genetics; an uncommon and beautiful situation presents itself to us in the bumblebee-like varieties of the syrphid Volucella bombylans, which are scarcely distinguishable from various bumblebee species, and which are found as parasites in the bumblebee nests.


Although one cannot make these syrphids breed in captivity, and I have still not yet succeeded despite a large number of rearings over several years because of technical difficulties, which prevents an exhaustive treatment of the problem, the general comparison of mimetic morphological characteristics in hairy syrphids supplies a series of conclusions both on colour di-/polymorphisms as well as on the genetics of the sexes and the secondary sexual characters.


Volucella bombylans has only a single generation per year, and they generally appear after the 15th June; at first the males and females lead a somewhat dissimilar lifestyle: whilst females alight on various flowers and feed on pollen and nectar, the males hover high up between the trees.  Mating occurs from the beginning to the middle of July, particularly in high summer, and takes place in flight; the pairs then alight on the ground and remain in that state for an hour.


Thanks to their large feathery antennae the mated Volucella females find the underground and on-ground nests of bumblebees, where they lay their eggs, from which the small larvae emerge a few weeks later to feed on wax, pollen and detritus;  in late summer, at a time when the bumblebee colonies lose strength and begin to decline, the Volucella larvae become bolder: they climb and wander around the honeycomb and attack small bumblebee larvae.  After that, every eatable bit of the bumblebee colony is eaten up and the larvae hide themselves deep in the earth, coming back up again the next year in May to pupate at the surface of the soil.


The Volucella females seem to orientate via their deceptive similarity to various bumblebee species, because the moment they come into a small cage or into a bumblebee nest containing living bumblebees and in addition are repeatedly touched and tickled with a thin piece of straw, then they shift to a specific and unusual excitement: the fly thinks that it is troubled by a bumblebee, runs about for a short distance in a curve, raises its second pair of legs in the air and waggles them from side to side, while buzzing.  Just such movements are usually carried out by angry and irritated bumblebees.  Such an instinctive heritable behaviour of female Volucella is no less incredible than the various bumblebee-like colour varieties of this fly.  Although the colour can play no special protective role in oviposition in the darkness of the bumblebee nest, it is used in creeping into the underground living space where in many bumblebee species often dangerous and bold guard workers sit as a method of protection against our flies.  Since both males and females possess the colours, the mimetic adaptation is to be understood not only as an aggressive but also as a protective defensive pattern, directed against various insect enemies (eaters of flies).


Our species falls into three colour varieties resembles different bumblebee species; until now these variants were described as different species on the basis of their colour differences; I have succeeded in establishing that they interbreed with one another and therefore that they are only mimetic varieties, something also found in tropical Papilionidae and some other butterflies.  Ignoring small deviations, the pilosity results in the following well differentiated variations:

1.  
Volucella bombylans (Fig 1,1).  The whole abdomen is covered with uniform black hair except the final abdominal segments, which have deep brownish-red or sometimes somewhat lighter rusty-yellow hairs.

2.  
Volucella bombylans var. flava (Fig 1,2).  Colours as in the previous case, except a part of the black thoracic hairs is rusty or bright yellow.  I have found only a few examples of this fly, which has not been known before.

3.  
Volucella haemorhoidalis (Fig 1,3).  The whole thorax, the scutellum and the first and second abdominal segments have brilliant and pale yellow hairs; the male has a black region in the middle of the thorax, which is not black but yellowish in the female of this variety, occasionally somewhat reddish and darker than the surrounding hairs; this third abdominal segment has black hairs, but the last (segments) in contrast are rusty-yellow or brownish-red as in V.bombylans.

4.  
Volucella haemorhoidalis var. a (Fig 1,4).  On the whole, like haemorhoidalis, only with light yellow hairs on the last segments.  This fly affords no jump in colour mutation, as between 1 and 3, but it seems to create a connecting form to the next variant.

5.
Volucella plumata (Fig 1,5).  The whole thorax, scutellum, the first two abdominal segments are as in haemorhoidalis; however the hair colour of the last segments is not red, but is snow-white.

In all three light variants, the males and females have the black hair region on the thorax, but in females this patch is more often reddish and somewhat darker than the surrounding yellow hairs.  This hair colour acquires a special interest, when we separate all the morphological characters of these and other flies into certain groups:

Group 1:  non-dimorphic or bisexual characters

Group 2:  dimorphic or secondary sexual characters which are transmitted to either this or that sex.

Group 3:  polymorphic bisexual characters.

To the first group belong, for example, the wings of the males and females, which are identical in both sexes; also identical are the salivary glands, many muscles, etc.


To the second group, the series of dimorphic characters must be mentioned, as for example the short and under-developed antennae of the males in contrast to the strongly developed antennae of females; the uniformly slightly hairy eyes of the males and the small bare facets of the eyes of the females are also dimorphic.  Even the chemical compound or rather the level of sclerotisation of the cuticle is partly different in the sexes: in males of all three varieties, the third abdominal segment is transparent, whereas in females of the same and analogous varieties it is opaque (Table 1, Fig 2a & 2b).  Despite these secondary sexual characters, on the weakly sclerotised and light segments we find almost black hairs, and (some) almost yellow; we find the reverse on the dark segments - in different individuals there can be black, red, yellow and white hairs.


To the third group belong the polymorphic bisexual characters, that is those that appear different in one sex, but appears in the opposite in the analogous series of varieties.  The colour of the mutations described above is the best example of this, only it should be emphasized that the black clump of hairs on the thorax of the males of the four light varieties more often (in some localities) appears sex-limited, and in the females is to be found only in France (as yet by me; in Brittany on the North Coast).


This bisexual colour polymorphism has already been found in some other insect groups... [...].  In our syrphids, mimetic colour polymorphism seems advantageous: in fact there is no difference in colour between Volucella bombylans and the common bumblebee Bombus lapidarius.  The rather less common black species Bombus ruderarius, wurflenii mastrucatus, and pomorum are also coloured just as in V.bombylans.  V.haemorhoidalis is extremely similar to morphs of Bombus pascuorum, niveatus and ruderarius from the size of the dark stripes on the abdomen and the presence or absence  of the black region on the thorax.  V.plumata is reminiscent of Bombus hortorum.


It is different in the caucasian “bumblebee-like” Volucella species:  strangely enough the V.bombylans are not found there that are so similar to our extremely common European and Russian black bumblebees (lapidarius, ruderarius, wurfleini mastrucatus, pomorum).  In the Caucasus they become substituted by Volucella var. caucasica (Fig 10); the black hairs are replaced by snow-white down, and in the males the thoracic area continues with black hairs as in the males of V.plumata and V.haemorhoidalis.  This white fly is not to be differentiated further from the similarly coloured white mountain bumblebees (niveatus and lapidarius caucasicus), and interbreeds with other V.plumata and V.haemorhoidalis there (which are no different from the european ones).  Since our flies themselves get caught more often during copulation, and thanks to their readiness to lay their eggs on a cork smeared with bumblebee or honeybee honey, the question could be raised and tested of what sort of colour varieties were obtained from a female of a particular colour, and whether it was a case of Mendelian inheritance or not inherited at all (appearing under various exterior influences).


Table 1, where the results of my preliminary studies are presented, shows us that the first supposition seems to be correct, and that in these variable colour patterns we have no anarchic fluctuations, but a genetic mechanism of a gene for determining colour.  Already from a wholly cursory overview of the first generation, it is apparent that it is probably not a sex-linked gene: the ratio between these different varieties appears in the F1 to present the Mendelian crosses of DR x RR, whereby there is no trace to be found of a correlation between colours and sexes (except for the black hair region of the two light varieties).


An adequate analysis of the crosses is interpretable after we have described the theoretical basis of these cases of mimetic genes.  The gametes of the black V.bombylans produce the black hair, which is determined on the thorax and abdomen of the fly by a particular factor in the chromosome, and later shortly before eclosion, a melanin-generating enzyme develops (many Volucella puparia were opened long before eclosion of the adult, and the hairs of the soft pupae had already the same series of coloured areas as in the various varieties of the mature flies); I designate the red hair of the final segments in this variety as RR.


When we now write a band as BB and under it RR, therefore BB/RR, then we express genetically and graphically that V.bombylans has a black downy thorax and also black hair on the first segment, whereas the last abdominal segments have red hair.  In V.haemorhoidalis we designate by HH the factors of the gametes which create the yellow hair colour on the corresponding chitin parts to V.bombylans and which cancel the melanin reaction; however, since in this variety the final segments also have red hair, the genetic formula for this insect reads HH/RR.


In the final varieties, V.plumata and V.plumata var. a, the mutation does not extend to the upper part of the fly, but on the parts of the last segments where the loss of factor R entails the whitening of the hair: PR designates V.plumata var. a, and PP V.plumata with its snow-white hairs at the end (of the abdomen); however since in these cases the direct opposite happens, that the upper part of the fly is not affected by mutation in the colour determining factors, this gives the following formula for these varieties: HH/PR or HH/PP.  Now the question is whether all these dterminations have the same effect or not ?


Probably B has the greatest potency, and when B and H occur together, B has the upper hand - therefore B is dominant and H recessive.


An analogous behaviour happens in the factors of the lower main parts of the fly: P is stronger than R only in the light varieties (therefore where the upper part of the insect has the formula HH), and weaker than R in the black varieties, where the characters BB or BH are in the denominator (in the black flies [V.bombylans] we write R always before P, but in the light varieties (V.haemorhoidalis, V.plumata) in contrast P before R).

[...]

The black V.bombylans still has the variety flava found by me, which points to a heterozygote of the fly; it is an individual whose formula most probably is BH/RR, where a partial effect of the light factor H is understood, of which the coming out of the yellow hair is favoured.

Our Diptera could therefore possess the following genetic states:

V.bombylans is either a homozygote BB/RR, or two heterozygotes BH/RR and BH/RP (the homozygote BB/PP has not been found in nature);

V.haemorhoidalis is only a homozygote HH/RR

V.plumata and V.haemorhoidalis var a are HH/PP and HH/PR.

In Table 2 are presented the 21 theoretical combinations which could occur in nature from crosses of phenotypically similar fly varieties (with different latent genotypes), moreover the numbers of the F1 generation from Table 1 are added, in order to show the compatibility of the preserved F1 fly generations with the various theoretical combinations.


The black V.bombylans conceals such a variety of latent recessive factors that the offspring of two black flies could consist either of only black flies, or black and haemorhoidalis, or black and plumata individuals (no. 1, 2, 3, 12, 7, 8).


Something similar happens in crosses of V.plumata with the same variety: either all the F1 are coloured like their parents (nos. 6, 21), or 1/3 are haemorhoidalis and 2/3 plumata (no. 5, 19); when two haemorhoidalis pair, the offspring are always coloured like their parents (no. 4).


When flies of different colours succeed in copulating, then the F1 can be very varied: in nos. 9, 10 and 20 the parental colours vanish in the F1, to reappear in the F2 in cases where the F1 copulate amongst themselves (in nos. 11, 13, 15, 17 18, 19, the F1 are just like the parents).


The crosses of nos. 14 and 16 give all three colour patterns in the F1, although the parents were V.bombylans x V.plumata and V.bombylans x V.haemorhoidalis; these are the two individual combinations which could supply all three main colour variants in the F1 and from inbreeding, whereas all others either had given one or two patterns amongst the offspring.  Further study of the genetics of this mimetic colour variety will hopefully show us whether our interpretation is correct.  Provisionally I see a direct confirmation of our hypothesis in both the presence of the variety flava, probably a heterozygote fly with incomplete dominance of the black factor B on the thorax, as also in the extremely variable percentages of the different varieties in various localities.  Near the town of Kursk (Russia), all three varieties were collected in approximately the following proportions: bombylans 50%, plumata + plumata var. a 30%, haemorhoidalis 20%.  I did not succeed once in finding a female of the light varieties with a black patch on the thorax.


In France (Brittany, North Coast) I was able to observe the same percentages, only there all females of the light varieties had the black hair patch on the thorax, as until then had only been the case in males.  In the governorate of Kaluga (Russia), I met with the flies in approximately the same proportions, and there I found also V.bombylans var. flava for the first time.  In the Moscow area I collected a completely different proportions of the colour varieties: plumata 50%, haemorhoidalis 30%, and bombylans only 20%; in other localities near Moscow (and in the governorate of  Voronezh, southern Russia) I could generally find no bombylans, although I had caught more than 100 individuals (in the entomological literature there appear messages which comment on these remarkable variations in the frequencies of the Volucella mutations).  When we turn to our results and theoretical formulae, we see straight away how such variation in the frequencies of the colour types could come about.


Everything is connected with the latent genotypes of the flies living in this or that locality: when through mere chance V.bombylans of the genotypes BB/RR, BB/RR (No. 1) or BB/RR x BH/RR (no.8) mate in a particular region, then one can find only black Volucella in the first summer, and then in the next summer appear in the F2 V.haemorhoidalis in sporadic examples (sometimes a fly from another population brings no new colour genes).  Theoretically whole series of cultures could exist of only a single colour type (nos. 1, 4, 6) of bombylans, plumata and haemorhoidalis; commonly there could be populations of two colour types (nos. 11, 13, 17, 19, etc), but still more frequently if the various F1 x F1 of all possible genotypes cross with one another, this develops the proportions (50% bombylans, 30% plumata, 20% haemorhoidalis) that are also commonly found in nature (although all three colour patterns appeared in the F1 in only two cases [nos. 14, 16]).


With these genetic formulae, therefore, the percentages of the colour types in different Volucella populations is explicable.  


In the Caucasus, V.bombylans has changed: the colour-determining black factor B has dropped out, and the hairs have become white.  The same has happened in the black bumblebee species in the mountains (niveatus, lapidarius).  Both the yellow and red hairs, and also the black hairs of the abdomen have not changed under the mountain climate.


The sexes and secondary sexual characters are temporary according to our interpretation of the colour genes of Volucella and deliberately not considered, because the F1 generation also shows no sex-limited colour genes; the theoretical crosses of Table 2 were also established without sex factors, as if these are not involved at all.


This independence between coloration and sex or secondary sexual characters gives us the possibility of looking for the location of these factors in the chromosome .... 

[...]


Our crossing experiments do not yet allow us to say whether the colour genes are located in the sex- or the normal chromosomes in Volucella and the other non-dimorphic and bisexual-polymorphic mimietic Diptera.  If the first hypothesis is correct, then the characters of our Table 2 designate colour factors linked with the sex chromosome complex.  The genotypes would then be expressed in the following manner : 

Mm(FF) = xy = (, MM(Ff) = xx = (.

(the colour mutations emerge sex-linked and transfer from male to female in the following manner [see table])

The main question is now whether the colour genes of mimetic flies are located in the heterochromosomes or in the other chromosomes.  The analysis of the colours of all other bumblebee-like hairy syrphids could assist us with a solution to this question from this diverse material.  While the existing mimetic hairy diptera are separated into groups, particular attention must be paid to the following factors: the sex, the secondary sexual characters, the non-dimorphic characters and the coloration, which sometimes may occur in one of the sexes (dimorphism or unisexual polymorphism), or sometimes appears opposite in females or in males (non-dimorphic or polymorphic in both sexes, e.g. the bisexually coloured Volucella).

I.  Bumblebee-like flies where males and females do not differ in their hair colour (non-dimorphic flies)


syrphid name
bumblebee name of model

a)  unicoloured

1.
Arctophila mussitans
muscorum

2.
Mallota megilliformis
muscorum

b)  multicoloured

1.
Arctophila bombiformis
hortorum

2.
Mallota fuciformis
niveatus, burrelanus [?]

3.
Mallota tricolor
lapidarius caucasicus, niveatus

4.
Eriozona syrphoides
lapidarius caucasicus, niveatus

5.
Eristalis oestracea
lapidarius caucasicus, niveatus

6.
Hypoderma bovis
lapidarius caucasicus, niveatus

7.
Hypoderma lineata
lapidarius caucasicus, niveatus

8.
Cheilosia illustrata
lapidarius caucasicus, niveatus

9.
Merodon caucasicus [?]
lapidarius caucasicus, niveatus

10.
Tabanus gigas
lapidarius caucasicus, niveatus

11.
Tabanus carabagensis
lapidarius caucasicus, niveatus

12.
Pocota personata
terrestris

13.
Criorhina floccosa
muscorum, pascuorum

14.
Gasterophilus haemorhoidalis
ruderarius, niveatus

15.
Gasterophilus nasalis
pascuorum

16.
Hypoderma tarandi
lapponicus

17.
Cephenomyia stimulator
lapponicus, rufescens [?]

18.
Cephenomyia trompe
equestris

19.
Cephenomyia ulrichi
hortorum

[...]

II.  Bumblebee-like flies in which each particular colour variety of the female has the same in the male

The simplest case is Criorhina berberina (two in each sex); Volucella bombylans is a more complicated case (with three in each case).

1.
Laphria flava 
var. b
sylvarum, muscorum



var. auriflua
lapidarius caucasicus

2.
Mesembrina mystacea
var. a
terrestris, Psithyrus vestalis



var. mattutina
apricus (=pascuorum?)

3.
Criorhina berberina
var. a
terrestris, Psithyrus vestalis



var. oxyacanthae
muscorum

4.
Criorhina ranunculi
var. ruficauda
lapidarius, ruderarius, wurflenii mastrucatus



var. b
lapidarius caucasicus



var. c
sylvarum, muscorum

5.
Volucella bombylans

lapidarius, ruderarius, wurflenii mastrucatus



var. haemorhoidalis
niveatus, pascuorum



var. plumata
hortorum, lucorum

6.
Merodon equestris

equestris [?], fragrans



var. narcissi
muscorum



var. transversalis
sylvarum



var. nobilis
sylvarum



var. validus
lapidarius

7.
Cheilosia illustrata
var. a
niveatus, lapidarius caucasicus



var. b
ruderarius, niveatus



var. c
hortorum, lucorum



var. d
terrestris, Psithyrus vestalis



var. e
muscorum



var. f
Amphicoma arctos [?]

[...]

III.  Bumblebee-like flies where the colour pattern of the male differs from the female either completely or partly

1.
Eristalis intricarius
(
muscorum



(
apricus (=pascuorum?), hortorum

2.
Merodon gudaurensis [?]
(
lapidarius



(
equestris [?], fragrans

3.
Leucozona lucorum
(
lapidarius caucasicus



(
a Volucella species, V.pellucens (a parasite in wasp nests)
IV.  
Bumblebee-like flies where the females do not vary in colour pattern, but the males do: hence unisexual polymorphs
1.
Merodon clavipes
(
not like a bumblebee



( var. a
pascuorum



( var. b
muscorum

2.
Mallota rossica
(
not yet discovered



( var. a
hortorum, Psithyrus vestalis



( var. b
muscorum
[ In each case in the above groups, the genetic form and whether on sex chromosomes is discussed ]

This genetic analysis and the overview of the mimetic hairy diptera gives us the chance of seeing mimicry from a new standpoint.  Since in our syrphids there is not an orthogenetic similarity to bumblebees, but true mimicry, then we can maintain that the genetic source of the mimetic colours is not different at all from that of non-mimetic ones: the non-dimorphic, dimorphic, unisexually and bisexually polymorphic coloration (groups 1-4) is not a specific quality of mimetic species; it also appears in non-mimetic species.  The genes of the colour variants of V.bombylans are effected by the general Mendelian genes, as in many other animals.  
