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I started collecting Microdon larvae in October 1909 in the Kotten Wood near Bonn, and from then until now I have been looking for them in tree stumps and in ants nests under stones on average every fortnight.  Larvae of M.eggeri and M.eggeri var. major can be found in tree stumps in clearings, mostly in pine and spruce stumps, less often in oak and beech stumps.  Now and again they also occur in cut trunks and under stones.  They are alwasy associated with ants.  The stumps must still be rooted in the ground, be rotten aned fairly moist, with easily peeled bark, but not mouldy.  In such stumps the larvae occur under the bark, and also everywhere in the passages created by the ants in the rotting wood.  At first it is easy to overlook them because they mostly, particularly the larvae of M.eggeri, have the same colour as the pulp chewed up by the ants, with which in any case they are thickly covered.


Laboulbene says in one of his reports, the material for which he owes to Mayet, that the larvae can always be found in tree stumps or underground nests up to 25 cms below ground, whereas the pupae are always found immediately under the bark or directly beneath stones.  I have not found this - the different stages are found equally everywhere.  Apart from in the Kotten Wood, I have also found Microdon larvae at ...[list].  Sometimes larvae occurred in isolated groups of 2 or 3 in a stump, but sometimes up to 100 larvae or more are close together.  It seems that extreme cold does not harm them.  On a very cold December day in 1909 I found 50-60 of them frozen into ice lying between the bark and the wood.  Despite this, they developed normally.


The larvae of M.eggeri and M.e. var major I have found in association with Lasius niger, Formica sanguinea, and Formica fusca.  Reichensperger found them also on the Ahr with Formica exsecta;  the larvae of M.mutabilis and M.rhenanus were on the contrary only ever found with Formica fusca or F.f. var fusco-rufibarbis, and almost always under stones.  Once I came across M.mutabilis in a tree stump, but in company with Formica fusca.  But as this species of ant usually builds underground nests and only exceptionally in tree stumps, it seems to me that a relationship between Microdon mutabilis and rhenanus and Formica fusca is at work.  From the wealth of material I collected in the course of the year, the majority of specimens are of M.eggeri, fewer of eggeri var major, and only odd ones of mutabilis and rhenanus.


Of the larvae collected from the field, some were always preserved, but the majority were put in a glass tank with pieces of bark and pulp.  Odd ones were put on glass dishes for special observations.  The bark must be kept well damp and carefully preserved from mould.  The larvae have a particular liking for creeping away from the bark onto the sides of the tank, where they dry out, and it is impossible to release them without injury.  It is therefore necessary to moisten them a little and to keep returning them to the bark.  In this way I have succeeded in bringing them almost all on to pupation and further development.


At pupation time in March 1910, I happened to bring a number of them into warmer temperatures.  All these individuals pupated and emerged earlier than the others.  Of these warmed individuals, the first emerged on the 7th April, 1910; of the others, not until 3rd May 1910.


In the following year I had much more material.  This time I kept some the whole winter divided into some in an unheated and some in a heated place.  Apart from these, as in previous years, a larger number (ca. 75) were kept in isolation to observed exactly the time and other variables between stages.  Amongst these were the few specimens of the two rarer species.  Those in the warm were 3-4 weeks ahead in pupating.  Up to the beginning of April, both groups had almost all developed as far as the pupal stage.  The transition from larva to pupa takes place outwardly at least quite quickly.  A larva which today is still creeping around in a lively fashion, light in colour, gently curved and domed, using its mouthparts, is not moving the following day, its mouthparts idle.  It is darker in colour, takes on a narrower shape, and on the dorsal surface is highly arched.  It still draws in weakly if touched.   If free a larva at this stage forms an attachment to the surface, one finds the ventral surface slimy and brown.  O the 3rd day it is dark grey brown on both dorsal and ventral sides, and sticks fast to the surface.  The whole chitinous shell is completely hardened.  Larvae that are loosened in this condition do not reattach themselves, and do not eclose as adults.  Meanwhile, at the end points of the two dorsal lines (see morphological section, p 327) two light round spots become noticeable, and about 5-6 days after the beginning of pupation, the two little stigmal horns, the typical breathing tubes of syrphid puparia, break through, usually overnight.  2-3 times I have noticed that only one horn has developed, but the individuals developed further normally, in spite of this.


Pupation of larvae of M.eggeri var major proceeds in the same manner.


On the 24th March the first of the white Microdon larvae (albeit a mutabilis) began to turn brown in the morning, anchored itself, and was soon very expanded, narrow, and highly arched.  In the afternoon the places where the horns break through were already visible as little yellowish white spots.  At this time the rest of the body is light brown in colour, like an unroasted coffee bean.  By the next day they had become a coppery brown with a metallic sheen, and they gradually grow darker still.  The sutures along which the chitinous shell springs open at the emergence of the fly do not darken at the same time as the puparium, and can clearly be seen as light lines.  They become indistinguishable as the darkening process proceeds.  On the 30th in the morning the little stigmal horns had broken through.  Each time in this species of Microdon the light patches where they had broken through had stuck to their tips as little round discs.  Until the 29th it was possible to see through the dorsal shell the contractions of the dorsal vessel.  Later, a few days before emergence, the imago is visible through the shell, with head, thorax, and scutellum.  On the 20th April it emerged.


The time between the appearance of the horns and emergence varied in the 75 larvae studied between 15 and 23 days, and was 18 days for most of them.  Adult emergence takes place at night or in the morning, almost never in the afternoon, and happens very quickly.  Usually it takes less than a minute.  The three covering pieces (Fig 1) are split apart by pressure, usually without breaking away completely, and the fly works itself out with lively movements.  Initially it is damp and soft, whitish grey in colour.  

[ Fig 1:  the three covering sections of the pupal shell of Microdon eggeri. ]

The wings are folded together in a very complex manner, and thus appear very small.  Immediately after emergence the little creatures start to crawl about in a very lively way, and to stroke their wings and abdomen eagerly with their hind legs.  Gradually the dampness vanishes, the chitin of the body hardens, and it gains it ultimate dark colour.  The golden-brown hairs become visibel, the wings unfold, and for a while are extended and flat.  They are still soft and clear as glass.  Gradually they harden, and are then folded over the back, one over the other.  While the wings are spread out, the ovipositor of the female is extended to the rear, but later it is drawn in.  The unfolding of the wings sometimes lasts as little as 30 mins, sometimes 2-3 hrs.  In the first year of my rearing experiments, many specimens never managed to unfold their wings, and very soon died, but in the 2nd year all but one or two exceptions had well developed wings.


Of the larvae kept in the warm, the first fly (a female) emerged as early as March 2, the 2nd (a male) on 21 March;  of those kept in the cold, the first appeared on April 6th.


In the course of my culture work I succeeded in getting females to oviposit, and thuis was able to observed the youngest larval stages known hitherto.  Verhoeff (1892) remarks in a short note about Microdon that it is very difficult to show oviposition; he had been observing a Microdon female for a long time, and had watched her flying around on a tree stump in the middle of a horde of Formica sanguinea, but had waited in vain for the laying of her eggs.


At the beginning of April for the first time, a male and female emerged closely one after the other.  They were transferred with moss and damp pieces of bark to a cage (for rearing caterpillars)  Both had emerged on April 10th.  The following day I observed them in cop, likewise on the 12 and 13th, and each time immediately afterwards the female crawled onto the bark, slowly extended the ovipositor, and with her back legs spread apart, she stroked her ovipositor over the bark, but no eggs resulted.  On the morning of the 15th at last 10 eggs were attached between the netting and the wood of the cage.  On the morning of the 18th I found a further 35 eggs mostly deep down in narrow cracks in the rearing cage.  The male died on the 18th April.  The female crept about listlessly, often with an extended ovipositor.  As she did so, the fore part of her abdomen was slightly raised, the end section of the ovipositor curved round forwards under the body, and with the point of the ovipositor it probed carefully deep into all the cracks in the bark.  It was possible to pick up the bark in one's hand while this was happening, without frightening off the fly.  In about an hour it had laid another 40-50 eggs, 5-18 at a time.  The eggs slipped out of the ovipositor quite quickly, one after another, blunt end forwards, and were laid close together in straight rows deep within the cracks.  The last time I saw the female lay was on the 19th.  On the 20th it was dead.  It had laid about 150 eggs.  In the days following oviposition the eggs were carefully removed and transferred with bark and moss into various glass dishes.  Some were kept very damp, others quite dry in order to ensure that at least some could be brought on to develop further.  Unfortunately fungal growth set in very strongly at this point, so that all mould had to be removed carefully several times a day; otherwise, bark and eggs would have been completely overgrown by it from one day to the next.  Of the eggs laid on April 18th, I noticed 15 on the 1st of May with a split running down the shell.  On further examination I found them to be empty, and after searching I found in the moss a little snail-like creature, quickly crawling forwards and waving its antennae around vigorously.  Of the 15 that hatched, only 8 were to be found between the moss and pieces of bark; some of these were preserved at once, the rest transferred onto new damp bark in a glass dish.


After the first pair, many flies emerged daily and were transferred at once to the rearing cage, until gradually an average of 60-80 were in there.  To start with females were in the majority, later on, the males.  Emergence declined on dull, cold days.  In the morning they would sit around, slient and motionless on the walls of the rearing cage;  towards midday they would start to crawl about slowly, but in the afternoon sun, lively activity would return to the formally sluggish company.  Then they would crawl humming up the netting (dragging their wings on each side) always on the side of the cage turned towards the light.  Only on really warm sunny days did the odd one fly out, if the cage was left open, and then only a short way.  Their flight power is not especially highly developed.  Not only in flight, but also when crawling around or sitting still, they humm a fine, high-pitched sound, which Bignell (1891) has also made a particular note of.  While humming, the wings, which are folded one over the other, vibrate.  By this time many flies daily were in cop, and the females could be seen ovipositing.  If they encountered one another, they would pull for so long at the legs and wings of the other, buzzing all the while in a characteristic manner, that eventually one would fall off the bark.  Copulation usually takes place just after emergence, often even before the wings have unfolded.  However, the sexual instainct seems to be faultily developed for (as Henneguy reports in certain Coleoptera) one can often see two Microdon males attempting to mate.


Unfortunately it so happened that the three specimens of M.mutabilis at my disposal emerged at widely separate intervals, so that the only female was incapabale of being fertilized or of ovipositing.  I dod not observe this species copulating with the other.


The life span of the adult was on average 8-10 days.  The adults of mutabilis and rhenanus were on the whole much more vigorous and stronger than the other two species.


The eggs once laid were carefully removed from the bark cracks, and transferred into separate glass bowls, at first on pieces of bark, but as the fungal formation got out of hand, then wothout bark.  To keep them damp the little containers were thickly wrapped with Muller-gauze and placed in damp chambers.  That way, they better resisted mould.  But on morning, all the hatched larvae had crawled through the gauze mesh, and I found 125 of them in the water.  None came to any harm by it, but once having dried, developed normally without interruption.  The time between oviposition and emergence was on average 12 days.  The hatching of the young larvae from the egg happens very quickly.  From the pointed end, the area where the micropyle is, the egg case splits in a straight line, gradually to 0.75 of the upper and 0.25 of the lower side.  One can see the ends of the antennae waving vigorously about, and the soft body of the larva is pressed out as a result of a small hole in such a way that the part which finds itself outside is braod and flat, whilst the part that is still within the eggshell is all compressed (Fig 2).


[ Fig 2.  A young larva emerging from the eggshell (diagrammatic). At = antenna, L = larval body, E = eggshell ]

In the process, the eggshell is squashed flat dorso-ventrally, but rounds out again immediately to its former shape once empty. In the course of May, over 2000 larvae emerged, but despite this wealth of material, I was unable to get any further development. All attempts to keep them alive failed.  8-14 days after emerging, they died, without having grown noticeably or having altered in any way.  Next I tried to keep them on pieces of bark with gunge (Mulm) of various degrees of dampness, then in finely grated bark, and even in glass dishes closed with Muller gauze kept in humid containers.  I also let a large number of them emerge in cracks in bark pieces in the rearing cages.  Here, as well as in some of the glass dishes, I placed ants, even Lasius niger, with the same bad result in every case.


Fungus started growing again, but for a reason I will mention later, I do not believe this to be the sole reason for the failure.  There must have been some condition available to these creatures in the wild which is important to further development that is lacking in the lab.


Fortunately I found in the wild the stage that follows this youngest instar.  To judge from the difference in size and the alteration of the external chitinous shell, ecdysis must have taken place between these two.  The two larger larvae in this 2nd stage ecdysed two days after I had found them in the wild.  A 3rd then emerged, leading without further ecdysis to what is generally understood to be the fully grown larva, so that in the development of the larva three distinctly different forms can be distinguished, the morphological differences of which will be considered in the following part of my work.


At ecdysis, the chitinous shell of the back splits along the midline, beginning at the front, in a straight line down to the tracheal horns.  The larva wriggles and twists vigorously, and the chitin of the ventral side, or rather only that of the creeping surface, stick fst to the ground along with the cephalo-pharyngeal armature.  It begins increasingly to tear between the edge and the crawling surface, starting at the front, until almost 0.75 of the circumference is torn, so that a wide opening is formed at the front through the dorsal tear and the separation of dorsal and ventral chitin.  The tracheal horns are ecdysed, along with the end sections of the two main tracheal trunks.  In about 30 mins the larva has worked itself free.  None of these 2nd and 3rd stage larvae pupated.  Of the specimens found in the field in the first year, part died very quickly, part remained as larvae long past the time for pupation, until August this year.  They had only grown a little bigger, and slowly they all died.  As this year's died one after another, I preserved the last specimens, and with these bigger instars mould did not develop.  I therefore believe that, as with the latter (bigger instars), with the smallest two, some other reason was preventing them from ecdysing in artificial culture;  I have only achieved fully successful rearing with specimens that have been through the complete ecdysis process in the wild under natural conditions.  The 3rd-instar larva is still white and gently arched at emergence, like previous instars, but it soon becomes brown and continually takes on the appearance of what is recognised as a fully-grown larva.  It no longer ecdyses, for I have observed them from first appearance in the wild to pupation.  Pupation takes place, as in all syrphids, inside this last larval shell.


In the wild, Microdon pupae could be found from mid-April to the end of May, adults from mid-May to the beginning of June, as Wasmann (1909) concurs.  Nonetheless I have frequently observed that in March a whole number that I had found as larvae would have pupated the nest morning all together.  Alteration in external conditions had evidently influenced the speed of development.  From the end of May to the beginning of June I found eggs in cracks in the bark, but I had been unable to find any of the youngest newly hatched larvae outside, probably because they are small and transparent.  I would suggest that the development from this initial stage to that of the fully-grown larva proceeds quite rapidly.  For I found the 2nd and 3rd instars in galleries in the wood and under the bark mainly from mid-June to mid-July, and even in July at the same time as fully-grown larvae, so that between the appearance of eggs at the end of May and the final larval instar, barely a month passes, for the young larva hatches after 12 days.


I have not been able to achieve any positive results concering the relation in whihc the various instars stand with the ants.  It is possible that a much more thorough study over several years may be necessary.  From 1892-1905 Wasmann in his artificial ant nests initiated observations on Microdon and its larvae, and in his work on the ants and ant guests in Luxemburg (1909) he ways he will report further on them in the future.  Whenever I've discovered an ants nest in the field in a tree stump or under a stone, I've always noticed that the ants eagerly bring themselves and their brood to safety, and after a few minutes have fled into the deeper strata of the nest, whilst the Microdon larvae have been totally ignored, and remain unmoving.  This is something that everyone concerned with these creatures has noticed.  Wasmann believed for a time that the fully-grown larvae were tended by the ants like big scale-insects (Schild-lause), but later found they were completely ignored.  On the other hand, he observed a relationship between the emerging adult and the ants, and wrote of this in 1909 that "the thick golden or silvery tomentum of these flies results in the fact that the freshly emerging flies in the nest are only licked by the ants, but not eaten up."  (Observations from Linz-am-Rhein, Oct 1876).  I have been unable to make this same observation.  I only saw in the wild as well as in the rearing cages, that the ants always went for the flies in a very hostile manner, dragging at their wings and legs.  Eggs and emerging young larvae were likewise placed with ants, even with Lasius niger and Formica fusca, and here too I noticed that they ignored them completely.  It therefore seems not to be the case that they are directly dependent on their hosts for nourishment, as I kept fully grown larvae from July til emergence mostly without ants.  The advantage that they obtain from this commensal relationship is perhaps limited to the fact that on emerging from the egg they find before them the corridors filled with gunge (Mulm), which offers them the necessary food.


Wissmann writes that it would be interesting to know just what these larvae do feed on.  Just as all cyclorrhaphan larvae are completely adfapted to a sucking method of feeding (Becker 1910) and only take fluid food, so the larvae of Microdon may well live on the sap of the rotting wood and the dampness of the humus.  At any rate, I have never found solid pieces of wood in the freshly prepared gut.

Creeping movements

The locomotion of the freshly emerged larva from the egg resembles greatly that of other fly larvae when in later instars.  They crawl comparatively quickly, on average 1.5 cm per min.  The front head section with the antennae is first stretched out and raised on high.  Simultaneously with each crawling motion it casts alternately to the left and right.  Without being supported on the venatrl surface, the young larva can only firmly grip with the hind edge and move here and there with the front section, sometimes remaining outstretched in the air for hours.  They can crawl equally quickly forwards and backwards.  In older instars the crawling movements gradually get slower, and finally  in the mature larva there is scarcely any desire to move.  This is probably because of the very rapid growth that requires a large food intake in the young larva.  Laterm, when the final size has been reached and enough material has been accumulated in the body, the immediate environment offers enough food.  Only when they are put in the light do they take flight and seek dark places.


If one allows one of these mature larvae to crawl on a microscope slide and observes from the underside through a binocular microscope, then one can observe the type of locomotion easily;  only the middle ventral sections, the true crawling surface, glides over the substrate, whilst the edges scarcely touch.  Movement of the crawling surface proceeds in waves from the rear forwards, so that beginning with the posterior segment and continuing progressively forwards, there is always one section that is contracted and lifted off the substrate.  First, when the wave has moved to the front, there follows a smaller jerk forwards.  Almost at the same time, a little earlier, the wave movement has begun again at the rear end.  When going backwards, the wave goes in the opposite direction.  This type of locomotion is fundamentally different from that of the snail, in which the entire sole is always on the substrate.  Otherwise snails could not glide backwards.  I shall go into the connection between this type of movement and the musculature in the morphological part below (see p. 347).  The dense, fine mat of hairs on the underside helps the crreping motion by offering a secure purchase.  From time to time one sees a wave of fluid come out from the mouth opening and flow out over the entire underside, a fact already often mentioned, but only in uncertain terms.  This sticky fluid is probably the secretion of some of the large glands found in the body of the larva.  It serves its purpose well, on the one hand to keep the creeping surface moist so that it does not dry out, and on the other hand to grip the substrate by its stickiness.


In contrast to this type of movement, Hewitt (1908) described that of the larva of Musca domestica, which begins with the stretching out of the anterior segments, and the movement progresses from the front to back.

Exterior morphology

The egg

The egg of Microdon eggeri (Plate 3, Fig 1) is on average 0.7 mm long and 0.3 mm wide, white with an oval shape, blunter at the rear end and a little tapered at the front end.  What will become the dorsal surface of the larva is recognizable in a slight flattening.  After a slight size increase, the egg appears delicately sculptured on the outside.  Uniform snow-white tufts are elevated above the surface in more or less straight longitudinal rows running from one pole to the other, leaving narrow spaces in between.  Their elevations are also ordered in crossed or slanting crisscross rows.  Where the width of the surface increases, extra longitudinal rows are inserted.  This outermost layer with its small elevations is the chorion.  It is very delicate and easily damaged, and is composed of a soft, easily collapsible substance.  Looking at the exterior of a coherent part of the chorion under high magnification, one gets a picture like that of Plate 3, Fig 2.  On the underside (Plate 3, Fig 3), one sees more or less regular rectangles right up close to one another, with rippled light edges and darker insides.  With cross-sections and these two figures, we can clarify the structure of these small tufts.  On rectangular compartments, raised towards the outside, there are somewhat tapered, round protuberances.  On each of these is a short, tube-like part, surmounted by an expanded star-shaped structure (Text Fig 3).


[ Textfig 3.  Chorion structure of the egg of Microdon eggeri Mik, seen from the side ]

Ragged shreds hang down from the points of the stars.  Similar chorionic structure was mentioned by Korschelt & Heider (date?, p275) in many orthopteran eggs, and they clarified the origin of the polygonal compartments as the outward manifestation of the follicle epithelial cells, from which the chorion is secreted:

“The strips correspond to the edges of the cells.  From the raising of the strips are formed the protuberances and the tube-shaped processes, each of which rises above a region which is individually separated from its neighbour during the course of secretion.  Their formation comes about because the follicle cells make long projections, around which the chorionic substance is secreted nearby.   If this process stops, the cell processes are withdrawn, the inner surfaces of the epithelium become smooth again, and it becomes once more a soft plate over each of which the tube-like process is secreted.” 

This chorionic formation, observed in grasshopper eggs, also makes clear the formation of the above-described protuberances of the eggs of Microdon.  The tender shreds are formed from the separation of the follicle cells and the chorion, which hang down from the tips of the star-shaped plates.  The micropyle has nothing unusual.  Around the micropylar opening at the narrower pole of the egg lie the tufts in a tight circle.  Under the chorion lies the firm translucent yolk ‘skin’.  This is glossy, structureless, and somewhat thicker and coloured only around the micropylar opening.  The chorion is detached slightly from the yolk skin with fine needles, and these appear to provide the egg entrance with sufficient protection;  for eggs with partly or (in later stages) completely detached chorions have developed further when (according to my studies) they have been kept adequately moist.  

The newly hatched larva (Plate 3, Fig 4)

The just-hatched larva of Microdon is on average 0.8 mm long and 0.36 mm wide.  It is so delicate and translucent that one can scarcely see it with the naked eye, and notice it mainly from its movements.  No doubt this is the reason they have not been found in the field until now.  From close inspection one can see a small whitish elongated animal rushing about by creeping, with a dark little spot anteriorly on the dorsal surface.  This little spot is what is externally visible of the internal  cephalopharyngeal skeleton.  Examined under the binocular microscope, from the delicate, exceedingly lively little animal one cannot easily recognise the later plump larval shape, when the characteristic antennae, marginal setae, and small tracheal protuberances of the dorsal surface are not immediately visible.  In this stage it recalls in its habitus even more than later on a small bare snail.  It is all white, and the body is elongated and slender.  Also the thoracic segments (which are less noticeable in the later stages) and the antennae are mostly outstretched so that the body takes a posteriorly rounded and anteriorly pointed shape.  The most anterior body section, that carries the antennae and on whose underside lies the mouth-opening (Plate 4, Fig 19), has the shape of a truncated skittle, and is shining grey-white in colour.  It represents the membraneous part of the head, to which I shall return when discussing the segmentation of the body.  The chitin exoskeleton of the dorsum is like a slightly arched oval shield with a delicate surrounding border to the cylindrical, dorsoventrally flattened body, with the first, forwardly-projecting tapered segment lying free.  Only forwards, in the midline of the body, is the border interrupted by a distinct, roughly square notch in the shield.  Through this notch, the darkish head-skeleton can be seen, thrust forwards and backwards constantly during the gliding movement.  Through the dorsal shield can be seen both main tracheal trunks as distinct white cords running on either wide of the midline, ending in tracheal protuberances.  When the little animal contracts, these draw closer together.  Anteriorly one can follow them right to the region of the head skeleton.  On the inside of the tracheal protuberances, they turn down to the outside.  Each projects only a little, and is yellowish brown (Text Fig 4).


[ Text Fig 4:  Tracheal protuberance of the just-eclosed larva ]

On a cross-shaped basal part arise four deeply divided, pointed protuberances, two higher ones at the rear, and two somewhat lower ones at the front.  In the middle they join via a small layer, which is flat and contiguous between the two front protuberances.  The main tracheal trunks end in the two front protuberances, and in the rear ones are side-openings (Plate 4, Fig 20).  The two longitudinal stripes, which on the dorsum of the mature larva define the middle region, are also here already obvious as fine, luminous white lines.  The later complicated chitin structure of the dorsum is in this instar not yet developed.  The sense organs clearly stand out as regularly distributed luminous white dots (Plate 3, Fig4 and Plate 4, Fig 20), and 62 were found on the dorsum.  
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The number of segments

The question of the number of segments in cyclorhaphan Dipteran larvae offers many difficulties, and has engaged the attention of many authors, with different answers.  Newport (1839), whose work I have not read, counted 14 segments in Musca vomitoria, after the work of Hewitt, and eventually even 15, the two anterior being fused together.  Weismann (1863) adopts 12 segments including the head, van Rees 8 abdominal segments, Brauer (1883) likewise 12 in all Cyclorhapha: namely behind the ring bearing the antennae, there are 11 true segments, thre thoracic and eight abdominal, but of the latter the last segment is in many cases definitely formed from two segments.  Lowne (1900) even counted 15 post-oral segments.  Hewitt (1908), in deciding on the disposition of the number of segments in Musca domestica, took his bearings from the arrangement of the body musculature, and came to 13 body segments including the problematic head segments, a number which Schiner (1862) also gave as general for dipteran larvae.  However, Hewitt was inclined to the view that the first post-oral segment was a rudiment of the head region drawn into the body, and therefore the following second was originally the prothoracic segment.  According to this interpretation one comes again to Brauers 11 true segments.  In the present larvae this question is particularly complicated since the segmental boundaries are scarcely noticeable in living animals and the thoracic segments are very insignificant and partly withdrawn so that they can scarcely be seen in the mature larva.  In the small, youngest larva the thoracic segments stand out fairly clearly after a specific treatment, but the segments of the abdomen are very feeble.  Placing the young larva in 70% alcohol swells up the dorsal side greatly, and then cooking it in KOH, leaves the anterior part entirely stretched out;  the whole chitin shell is fully arched.  Coloured with Congo Red and under the binocular microscope one arrives at a suitable view of the anterior part of the larva.  Poujade was the first to mention the number of segments.  In a description of the living larva he says:  "inconspicuous rings"; in alcohol preserved material there appear to be eight segments present.  Cerfontaine gave more detail on this: "On an hardened individual ... I could clearly distinguish creases on the extended creeping surface indicating a metameric segmentation.  The segments appeared to be ten in number, the anterior corresponding to the head part, and the six posterior ones will be the abdominal segments.  The mouth is found on the head segment."  In the living animal one sees sometimes a feeble segmentation also on the dorsal side.  One one stimuloates the mature larva, for example by frequent touching of the dorsal surface, often is shows segmental divisions here, but this is clear only in the central segments.  Using the above mentioned handling in young larvae, one sees behind the antennal-bearing membraneous head part two more clearly delimited cylindrical segments stretched out free, from which follow posteriorly nine more which are combined with the dorsal shield, so that likewise in the larva of Microdon there are eleven true body segments present.  I confirmed this interpretation of the segmentation through a study of the position of the thoracic imaginal discs (discussed later).


The membraneous antennal-bearing ring, according to Brauer in all acephalous dipteran larvae, on the underside of which is found the mouth opening, is not to be understood as the true head.  Henneguy (1904) givew it the following name: pseudocephalon.  The true head is completely withdrawn into the thoracic segemnts via the folding of the hypodermis, and is amalgamated with the pharynx into a compact uniform structure, the cephalopharyngeal skeleton or Schlundkopf.  In this fusion is even drawn in a part of the first thoracic segment, which must of necessity be turned inside out with the receeded bit of the posterior head section.  Cross sections through the front part of the larva allow one to pursue precisely the continuation of the cps epithelium into the hypodermis of the pseudocepgalon on one side, and the thoracic hypodermis on the other.  The cuticular covering of this hypodermal fold, logically the true head skeleton, creates with the chitin of the pharynx the uniform throat framework, actually truely the cps, the hook-apparatus of Weismann.  From the embryological development of muscids, Weismann studied directly the inversion of the anterior head and mandibular segments; Becker in contrast in his work 'On the reduction of the head in dipteran larvae' (1910), from a comparative study of dipteran larvae with and without heads, came to the conviction that the head of muscid larvae was retracted but not turned inside out.  He concurs with Holmgren (1904) in this interpretation of the muscid head, who formed th basis of his study from a different series of forms.  He had in his study material the larva of a south american species of Microdon.  He came to the result that "the head folds of this larva, which begin in the upper mouth opening, are made from head and thoracic segments.  The parts of this fold grow together with one another and thereby give rise to the adherence of the head in a retracted condition.  Morphologically then in this species, the part that functions biologically as the head consists partly of the head and partly of the thorax."

Mouthparts and pharynx


In a Microdon larva after the 2nd ecdysis, the cps has a length of 1.25 mm (Plate V, Fig 32).  Three separate sections can be distinguished in it (Textfig 10).   

[Textfig 10:  Cps seen from the side.  Dp = dorsal sclerite; Vp = ventral sclerite; H = Neckpiece; Mh = mouthhooks; L = labium ]

The first posterior section consists of two plates, one broad ventral shovel-shaped convex piece, and a dorsal one that stretches out posteriorly and forms an acute angle with the ventral.  The dorsal plate is deeply divided at its distal end in the middle, and sticks out from the ventral one like wings.  This latter has polygonal areas on the lateral turned up parts, and the central section has very delicate longitudinal stripes;  it delineates the ventral wall of the pharynx.  According to their origin in the folding of the hypodermis, these sclerites show an inner and an outer epithelial layer.  On the inner epitheium of the dorsal sclerite strong dilator muscles insert laterally (Textfig 11), inserting onto the upper pharyngeal wall.

[Textfig 11.  Cross-section through the posterior section of the cps.  Dil = dilatator muscles; Dp = dorsal sclerite; E = epithelium; Ph = Pharynx; oPhw = upper pharyngeal wall; De = common duct of glands. ]

Through contraction, the lumen of the pharynx expands considerably, and brings about in this way a powerful sucking action.  Anteriorly the dorsal and ventral sclerites fuse with one another underneath and laterally, creating the middle section of the cps, the tubular Neck-piece.  The dorsal fusion of the neckpiece creates the upper pharyngeal wall.  From the side the neck is strongly thickened, ending on each side in powerful upwardly directed hooks, which serve as articulation points for the mouth-hooks.  The thinner ventral chitin of the neck-piece continues as the normal chitinous covering of the mouth opening.  From the sides of the pharyngeal wall stretch out forwards two thin chitin rods joined together at their ends and projecting as a point dorsally into the mouth opening (Plate V, Fig 32).  On teh neckpiece the mouth appendages follow anteriorly as the last section.  Articulating with the hook-like side pieces of the neck are the two powerful mouth-hooks, "the medio-dorsal anterior piece" of Cerfontaine.  They are curved sclerites positioned in a vertical plane (Textfig 12), sloping together at their distal ends, and sharply toothed on the ventral edges.  The notches of the teeth continue on the dorsal surface as ribbing.  Holmgren declared these teeth to be homologous with the proper mandibles of Orthorhaphous dipteran larvae.  Weismann in contrast from the embryological development of the larva of Musca observed a different structure in addition to these, which he took for the upper jaws, and held that the first were new structures.  Right under the front end of the neck pieces lie two further mouthparts; to start with there are two slim delicate sclerites in a horizontal plane (Textfig 13 Mx) with smooth edges and rounded distal ends.

[Textfig 13.  Mx = maxillae; L = Labium, of which mP - central, sP - lateral, uP - ventral sclerites; U = going

 over of the upper- onto the underside; bV = arched thickening of the lower sclerites; Z = backwardly directed teeth of the upper sclerites. ]

Holmgren assumed that this paired structure formed the maxillae.  Layered on these lie the most complicated piece of the mouthparts (textfig 13 L);  it has already been mentioned by Holmgren and Cerfontaine, but has not been described, and the figures do not permit the complicated arrangement to be understood.  The whole structure forms a type of cone, with the opening to the rear and the tip pointing forwards.  It is approximately the shape of a triangle and is about 0.1 mm long.  The upper side of the cone consists of a middle and two lateral sclerites that only adhere together at the top.  At the front the edge of the sclerites is crenate, and the posterior edge is provided with powerful long teeth.  The lateral edges of the side sclerites bend down ventrally and continues as an underlying sclerite fused with the upper one towards the tip of the cone, and with the rest enclosing a cavity.  The opposing teeth, reaching even further backwards, terminate in an arched thickening.  Towards the tip the cone is bent ventrally, and posteriorly is curved up with the lateral edges.  The muscles which insert on this structure cause the tip to be drawn further ventrally.  Holmgren labelled it only as an unpaired triangular sclerite, and took it for the labium.  In the newly hatched larva the lateral chitin thickening of the neck piece is narrower (Plate V, Fig 33), and the labium (?) more simply constructed, as far as I can tell from the smallness of the object;  it consists of a triangular laterally curved down sclerite (Fig 14) with comparatively even more powerful


[ Fig 14.  Labium of the just hatched larva  ]

backwardly directed teeth.  Probably even in this instar it is not a single sclerite.  The other mouthparts are as in the mature larva.  The thickened part of the cps and its associated parts are brown-black, the others yellowish brown.  It would be useless to guess the homology of these different mouthparts, especially about the relevance of the mouth-hooks, without being able to support the speculations with studies of the comparative developmental history.

Alimentary canal

Tracheal system

Nervous system


The central nervous system of Microdon larvae (Plate IV, Fig 22 & 23) has, as in all syrphid larvae, undergone the most extensive fusion.  The abdominal ganglia has grown together with the sub-pharyngeal ganglion into a single round 'peg', on which there is no trace of the segmentation to be seen.  This peg lies under the oesophagus and reaches right to the proventriculus.  It is somewhat dorsoventrally flattened and decreases in width from the front to the rear.  Over its width the anterior end curves as a roughly barrel-shaped structure as the super-pharyngeal ganglion, and between this and the ventral cords a narrow opening allows the passage of the oesophagus (Fig 16).


Nine nerves come out from the ventral cord, and of course the latter ones go straight to the hind segments, the former always diagonally to the middle and front segments.  Two further nerves run from the underside of the abdominal ganglion forwards.  Each of these nerves is accompanied by a trachea, which runs out together with them from the abdominal ganglion.  At first I had taken both fine cords running next to one another for nerves, until I recognised the tracheal nature of one of them from whole preparations under the high power of the microscope.  An eleventh pair of nerves goes out ventrally from the front boundary of the abdominal ganglion and runs right and left next to the oesophagus underneath the cps to the imaginal discs that lie there.

Cuticular sense organs


In the section reproduced in Plate V, Fig 35, there are three sense organs of the abdomen connected with the adjoining nerves.  These sense organs were first mentioned by Bertkau (1889), and then described and figured also by von Hecht (1899) and Cerfontaine (1907).  Since my observations concerning the structure of these organs differ somewhat from these previous works, I must briefly communicate them.  In continuous connection with the cuticle a roughly cone-shaped structure is raised, sometimes short and squat (Fig 17), sometimes narrow and stretched (Fig 18).  In the centre of these chitin cones lies a cavity, which in the squat types is approximately spherical, but in the narrower more cone-like types is enclosed underneath by a cup-shaped chitin envelope with a wavy edge.  This cup makes in section two leaves with stems, forced apart.  Below it is elongated into a fine duct.  To the exterior the chitin cone is crowned by a rosette of usually 4, sometimes 3 or 5 rigid leaves, which in the narrow forms are more or less raised up, and in the others lie flat.  Hecht aptly likened them to the leaves of an elder flower.  Right by the flower tubes a canal is sunk between the leaves into the chitin cone [reaching] to the cone-shaped cavity, from which level a narrower bulb is raised.  Right underneath the hypodermis lies a sensory cell, from which a nerve enters the fine little canals below, goes through the cavity, and extends right to the end of the flask.  The second ring-shaped cavity, which Cerfontaine observed under the outermost layer of the chitin barrel, was not seen in my sections.


The sense organs of the dorsal surface (Fig 19) are, as Cerfontaine noticed, constructed in the same way.  Their exterior form is more cylindrical, the cup inside more narrowly stretched and the upper flask drawn nearer so that the cavity is almost supplanted.


The construction of the lateral sensilla is difficult to recognise in the mature larva.  Sectioning easily breaks them off, which is why I presume Cerfontaine also only describes their external structure.  The exterior envelope is set with four or five basally joined, distally chained to one another, spear-like hairs, two short and two long, which project beyond the other lateral hairs.  In total preparations of the youngest larvae I could also make out fairly clearly the internal strcuture of these sensilla (Fig 20).  It resembles the inner part of the dorsal sensilla; from the cup is raised apparently a rigid hair.  I could not see the union of the fine cord drawn through the cup with a nerve cell, because of the small size of the object.  From its resemblence to the other sensilla one may count on the nervous nature of this strand and of the whole structure.


From higher magnification it was seen that the sensilla of the youngest larvae were in all respects identical with those of the mature larva.  The outer chitin cone is likewise crowned with four rigid little leaves, moreover it seems that it is completely covered with little scale-like tubercles, which creates an impression from above of a capitulum.


Concerning the function of these different sensilla, they should all be assumed to be organs of taste and this belief ought to be the most likely.  However, I do not rule out the great sensitivity to light of these larvae, and part of these organs might be sensitive to light or temperature.  However, Henneguy (1904) links sensitivity to light in many larvae with the presence of the imaginal eye discs deep inside the body of the larva.

Dorsal vessel

Body musculature

The musculature of the body wall is normally segmentally arranged (Textfig 21).  For the features of the main muscles we start with the ventral longitudinal muscles, M. recti ventrales.  They run either side of the midline of the body continuously from the back to the front, and consist of five muscle fibres lying right next to one another, which create junctions at the boundary of each segment.  Laterally from the ventral longitudinals, on the boundary between the creeping surface and the edge area, running in the same manner, consisting of three muscle fibres lying next to one another, are the lateral longitudinal muscles, the M recti laterales, and on the dorsal side the corresponding M. recti dorsales.  From the junctions of the M.recti ventrales, some posteriorly and some anteriorly, powerful muscle fibres run dorsally towards the midline of the dorsum without reaching it, since they join in a node point with the opposite (muscle) of the next segment, and from there radiate to the dorsal side.  The centre of the dorsum remains free for the dorsal vessel.  Underneath the M.recti ventrales they radiate from the node points fan-like to the ventral side.  Besides these,  the dorsal transverse muscles run from the ventral and lateral longitudinal muscles and insert onto the dorsum, and likewise there are a few weaker (muscles) laterally from the dorsum to the edge area of the ventral side.  To this point in each segment come the following: the dorsal and laterla circular muscles, and corresponding ventral muscles which arise from the edge of the creeping surface, and in order to be able to insert into the middle of it, the innermost and longest are not exactly in the midline, but are somewhat woven together.  The movements described in the biological section (above) can be understood in the following manner from this arrangement of the musclature.  First, the ventral longitudinal muscles of the last segment contract, and the segment is raised off the substrate via contraction of the dorsal transverse muscles.  Whilst this is going on in the next segment, it  relaxes the muscles of the previous segment.  These stretch out anteriorly onto the substrate again, and so forth until the front-most segment has been stretched, and hence the little animal moves forwards a little bit.  That the progressive raising from the substrate does not proceed in fits and starts from segment to segment, but wave-like continuously going forwards, comes about via the fine splitting and fan-like radiation of the dorsal transverse muscles underneath the M.recti ventrales.
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