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Introduction

     The Syrphidae or hoverflies form one of the most diverse families of cyclorrhaphan Diptera (ca 700 spp known from Europe alone). Their larvae have very disparate life-histories.  One finds many species without great difficulty: in sludge (Eristalis, Syritta), tree sap-runs (Xylota, Ferdinandea), from wasp nests (Volucella), cow dung (Rhingia).  Rhingia has not until now been known, and is described here for the first time.  Questions about the rearing of the larvae I will leave until the individual accounts.

     The present work constitutes a contribution to the biology and morphology of syrphid larvae, and tries to find the most likely natural groups on the basis of larval characters, which might render good service once the relationships between the species of Syrphidae are clarified.

Literature:  Most works on Syrphidae are concerned with adults, and look for the principal taxonomic characters.  Those dealing with questions of larval appearance and life-history are almost non-existent.  Anatomical works are only few in number.  Studies on the Eristalini and also Volucella and Microdon are more commonly encountered.  In connection with studies on the head structure and reduction in cyclorrhaphan dipteran larvae, there are several works in which syrphids are briefly mentioned (Homgren, 1904; de Meijere, 1917).  I refer to literature data in the appropriate place before each studied form.  Here I would like to cite only works that are useful for decisions about adults: Schiner (1862) and Lundbeck (1916) bring together in one place much literature data on the biology of the larvae.  I do not want to leave unmentioned the diagnostic charts of Ketel (1903/4).
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Methods of study:  I made my study mainly on living material.  Larvae were stunned in water at 60 C which merely paralysed them without killing the tissues, so that one has the advantage of studying living material without the problem of contraction.  After stunning, the posterior end was cut off, the head was separated fron the anterior segments using a light pressure, the gut tract was squeezed out of the cuticle and placed in physiological saline.  It was difficult to get a preparation of the gut of the true Syrphinae, where secretions of the salivary glands cemented together all the organs and the preparation needle.  I studied the head and spiracles in clove oil and subsequently I orientated them between the glass of the microscope slide. For making permanent slides I generally fixed in 96% alcohol and stained with borax-carmine. For sectioning I fixed with formalin with the mixture of Petrunkewitsch or Flemming or Bouin. [...]

II. SPECIFIC SECTION

In the following discussion I have not followed unconditionally a systematic order that would be used by dipterists.  The question of justification of the current taxonomy of syrphids is the essential task of the following section.  Study was undertaken of the species stated in the contents, of the following subfamilies: Milesiinae, Eristalinae, Volucellinae, Syrphinae, and Microdontinae.

Milesiinae:  Syritta pipiens
Literature:  I found only short biological notes in the literature about S. pipiens.  Frisch wrote in 1721 "of the small dung-bee and the maggot that it comes from".  From his comparatively good picture and description I conclude that he meant S. pipiens.  De Geer (1776) mentioned the larva of Musca (=Syritta) pipiens that he found in horse dung.  He sketched briefly the external appearance and life-history of the larva and gives clear pictures of the adult.  Scholz found the larva in cow dung.  Beling (1882) described the appearance and life-history of the larva that he found in large numbers in decaying straw.  Lundbeck (1916) gives the literature on Syritta and describes the exterior habitus of the larva.  Wandolleck (1898) writes of the larval antenna of S.pipiens and speculates about its function.  Keilin (1921) notes the occurrence of CaCO3 in the Malpighian tubules of Syritta. 

Places where larvae are found:  I found larvae of S. pipiens at the end of September to the beginning of October 1922 near Vackerov, near to Griefswald, in putrid plant material that was removed from little streams ('Ryck') and thrown together on the banks in heaps.  I took some mud in which I had seen some larvae in a pocket, and took it to the Institute and spread its contents on a wire grating of 1 cm mesh.  The mesh was laid over dishes containing soil with a little water.  When after a few days the residual plant matter dried up, the larvae crawled down and fell into the dishes.  I had to search the dishes more often than once a day, since otherwise the animals would crawl away, unhindered by the steep walls.  By this method I collected enough study material without much difficulty.

     When I made further excursions to this place in the middle of October and later, larvae were still present but had hidden themselves deeper.  I suppose from this that the larvae were overwintering.  Larval rearing is easy.  I put the larvae into Petri dishes full of natural living material and need only be careful that the mud does not dry out.  By the end of February I had 9 pupae.  Later only 2 eclosed, on the 14th and 17th March.

Appearance of mature larva:  the larva ready to pupate is about 10-11 mm long, 2.5 wide, 2 high, more or less cylindrical, slightly tapered both ends, with dirty colour and leathery cuticle.  One can distinguish 11 body rings (not including the head):  these 11 rings however correspond neither to the number nor the position of the 11 segments.  Up to the 10th ring, ring and segment correspond, but the 11th ring consists of the far rear part of the drawn-out 11th segment and the ventral forwardly displaced 12th segment.  Because of this superposition the anus is pushed relatively far forwards.  We find a similar displacement of the last segments in many fly larvae where the posterior pair of spiracles are displaced far to the rear (see Stammer, 1924).

Body appendages:  the prothorax, the first segment, has crosswise folds and indeed there are 3 wrinkles on either side of the dorsal midline.  The front edge is is most cases set with backwardly pointing strong dark spines.  In the depression between the 2nd and 3rd wrinkles there lies on either side almost on the rear edge of the segment a small brown knob-like spiracle.

     The remaining segments are deeply scored dorsally crosswise and thus fall into 3 or (commonly) 4 wrinkles.  As is usual in syrphid larvae we find here also small sensilla in a very regular distribution, and also the concentration of chitinous spines in various numbers (4-7).  On a typical segment (5-10) the arrangement of these sensilla was as follows:  on either side of the midline very close to each other there is one sensillum on the 2nd fold and 2 more on each side on the 3rd fold near the edge.  Laterally, the folds that are very pronounced dorsally fade away.  Here (laterally) at the midlevel are 3 sensilla, one considerably higher than the other two, which lie one behind another in a horizontal line.  Ventrally on each side of the segment there is a sensillum right on the outside.  Thus the arrangement on segments 5-10.

     On 2-4 we find 6 sensilla which are on the middle wrinkle.  The end of the body is drawn out on each side into 3 conical appendages which are furnished with long hair-like chitinous spines.  Dorsally on the 11th segment there is a brown prp with clear dorsal and ventral longitudinal grooves.

     Ventrally the larva has 7 pairs of prolegs.  On each proleg there are two rows of stronger curved chitinous crochets that are directed backwards.  The first pair of these prolegs are found on the 1st segment, the other 6 pairs on segments 4-9.

Head skeleton:  the larvae of syrphids have various life-cycles within the same subfamily.  Some are saprophagous, others carnivorous.  Common to all is a completely adaptated system of sucking up food in liquid or finely divided form.  Many different interpretations have involved the head, the mouthparts, and the pharynx, just as in larvae with biting mouthpart operation.  The whole head skeleton is modified.  The first part of the oesophagus (pharynx) is strongly chitinized and is fused with the ventral edge of the head skeleton along the whole length.  Thus here a structure has developed, of which the dorsal part is the true head, and the ventral part belongs to the pharynx, and which is therefore best termed the 'cephalopharnyx'.

     From my restricted study of syrphids, naturally I am not able to homologize the individual parts of the c-p skeleton with the primitive head skeleton.  However, I will briefly specify the different chitinous parts and conclude with a detailed comparison with the terminology of de Meijere (1917) from his published developmental series.  Also Wahl's (1899) study on Eristalis gave me many clues.

     We view first of the KOH-treated entire head of the larva of Syritta from the ventral side (Fig 1a).  We see on each side a strong chitin rod thickened anteriorly, which posteriorly continues in a pale chitin seam joining with the pharynx exteriorly.  These two chitin rods are the 'vertical plates' (Vertikalplatten), which in a lateral view appear as the main body of the head skeleton.  From the oral end of these vertical plates come out two converging dark chitin bars, the 'lateral bars' (Lateralspangen), which broaden anteriorly, deflecting abruptly to the outside at the tips, and rising dorsally.  At the anterior tips of the lateral bars, two dorsally running strongly curved chitin pieces are joined, which reach into the atrium (the mandibles).  Lying ventrally in front of the mouth opening there are two triangular wing-like ridged chitin plates that lean against one another, which I take from their position for the strongly reduced lower jaws (Unterlippe). Between the strong lateral 'neck bars' (Halsspangen: presumably all the rods of the 'neck' region) we see a broad trapezoid plate, which is placed approximately in the middle of these bars and which runs posteriorly and which is bent slightly ventrally. This plate is understood as the submentum, because right behind it lies the opening of the salivary duct which marks the beginning of the pharynx.  Finally we find two thin small chitin straps, the parastomal bars (Frontalsackspangen) running parallel with the lateral bars and lying inside them; these join the vertical plates and run dorsally bent towards the mouth.  The origin of these parastomal bars lies more ventral and exterior to the origin of the lateral bars on the vertical plates.  As proof of this, originally they arise from the outer cephalopharyngeal plates (vertical plates) whilst the lateral bars arise from the inner vertical plates. Outer and inner vertical plates are narrowly fused to each other.

Atrium: (Fig 2)  The mouth opening (= mandibular cavity) is provided with two pads on each side, which are joined together by a narrow fleshy strip running dorsally around the mouth opening, near the unpaired fleshy peg on which stand the antennae.  Ventral to this antennal base one sees another small conical peg over the entrance to the mouth.  From the ventral side there is a fleshy lump in between the two side pads projecting into the atrium, which continues immediately as the lower-lip.  This ventral fleshy lump is broad and soft at the front section, and has fine bristles.  Further back it rises ridge-like in the lumen of the atrium, and is in the last section very thick and bunch-like, with long forwardly directed chitin bristles which prevent large pieces of food from breaking in to the narrow lumen of the throat.  When the head is extended, one can detect a clear chitin piece between the side-pads which has fine longitudinal stripes.  It is this, the chitinous framework of the atrium, which can be extruded a little from the mouth opening.  Dorsally this chitin framework consists of a muscular peg and the dorsal atrial bars.  It has the form of a mussel, and like it consists of two vaulted shells which are joined together along their entire length.  This dorsal seam protrudes into the lumen of the atrium.  On the sides facing the mouth cavity, running posteriorly from the mouth opening, are longitudinal ribs which end there free in the mouth cavity.  On the free edge of these ribs are fine chitin bristles which are all equally long and are ordered in a regular manner along the rib equidistant from one another.  These spines reach ventrally right down to the neighbouring ribs.  Apart from these spines, from each rib there are also dorsally directed equally regular chitin spines, but much shorter and thicker.

     In cross-section one can see exactly the structure of these longitudinal spines (Fig 3).  The cuticle of the atrium is folded like a corrugated board.  At the base both arms of a rib approach close to one another, curve upwards away from each other, one one side the long ventral spine, on the other the short dorsal spine.

     Roughly halfway along the ventral atrial pads the ventral edges of the atrial shells are joined with them.  Thus this complicated structure hangs inside the mouth cavity with only its front edge free.  What function has this intricate chitin framework of the atrium ?

     Batelli (1879), describing the similar atrial shell of Eristalis, says: "The special structure suggests that it could form the basis of taste".  This I regard as unlikely.  The special structure suggests much more that here the food particles from the mud could be filtered.  Nevertheless a special sense organ appears to be present.  On the small fleshy pad dorsal in the atrium lies a small elevation in front of the dorsal join:  on this are two small sensory bodies with pear-shaped studs, just as Giacomini (1900) found in Eristalis. According to Wilkinson (1901) the ventral atrial pad and atrial shells are grinding organs for dividing large pieces of food. The muscular ventral atrial pad might be able to press up against the atrial shells.

     From its entire structure it seems to us to have the work of a sieving apparatus, which could prevent large pieces from entering the gut.  The food is sucked into the mouth cavity, possibly here is also comminuted, as Wilkinson thought, but then it could not go directly to the pharynx;  this is blocked by the chitin bunch of the ventral atrial pad.  It must therefore pass through the sieve, small particles could be guided unhindered along the longitudinal grooves over the chitin bristles of the atrial pads and into the narrow lumen of the short throat section and then further inside the pharynx.

Pharynx:  Its beginning is characterized by the mouth of the salivary gland ducts just behind the submentum.  The pharnyx sags ventrally to the shape of a trough, and carries along its whole length nine longitudinal chitin stripes, which appear Y or T shaped in cross-section (Fig 4).  These stripes possess an unpaired shank (called the 'columns' by Holmgren), from whose dorsal end spring two diverging rows of bristles;  the exception are the outer stripes, which only carry the inner row of bristles.  The vertical strips are finely streaked dorsoventrally.  They start at the front of the pharynx separated from one another.  The dorsal rows of bristles abut one another very narrowly at the front part of the strips.  I could not perceive a fusing of the first bristles of the nine longitudinal strips.  Wahl claims that such a fusion occurs in Calliphora.

     From the dorsal wall of the pharynx at the beginning part of the nine strips hangs down a thin chitin membrane, finely fringed beneath, running obliquely posteriorly.

     In cross-section the pharynx is at the beginning almost half-moon shaped.  In the middle section the sides are pulled further apart above, so that the cross-section appears U-shaped.  The dorsal wall in the middle is slightly curved above because of the many muscle insertions;  it is marked by faint longitudinal lamellae and fine hairs.  The U-shaped cross-section is retained by the pharynx right to the end.  In the posterior part of the cephalopharyngeal skeleton, the pharynx rises almost vertically.  The T-shaped ridges reach back to this part, but here become inconspicuous and join with the wall of the pharynx and oesophagus.

     In order to understand the function of the pharynx I must briefly go into the pharyngeal musculature.  Dorsally from the pharynx lies a large number of muscles.  The main mass inserts on the upper processes of the vertical plates, and radiate from there to the dorsal wall of the pharynx.  At the posterior end of the pharynx lie more strong transverse muscles over one another.  A coordinated pull of these muscle bands must draw together strongly the two U-shaped arms of the pharynx, and thus the dorsal wall of the pharynx is pulled down so that the lumen of the pharynx closes up against the oesophagus.

Significance of the T-strips:  Can we gain an idea of the function of these pharyngeal ridges ?  It is known that these ridges occur in many saprophagous cyclorrhaphan larvae;  in contrast they are missing in all parasitic, carnivorous and blood-sucking cyclorrhaphan larvae.  Keilin (1912) gives a comparison of such larvae.

     There are contrary opinions about the physiological significance of the ridges.  All interpretive studies are however united in the belief that this structure must separate solid food from ingested liquid.

     Batelli describes these hair rows in Eristalis as "fanoni faringei", comparing them with whalebone, and he believed that larger pieces of food must be prevented from invading the pharynx.

     Wilkinson considered that the function of the T-ridges in Eristalis was thus.  With the ingested water current, small items of food reach the lower pharyngeal space and the flapping bristles of the upper pharyngeal space.  Then the pharynx is pulled together, and the water is pressed down into the lower space and out through the mouth, whilst the food particles are gathered together by the bristles.

     According to Tr†gardh the situation in Ephydra is similar;  the food is here also filtered out of the liquid.  Becker (1910) had an alternative interpretation of the function of the T-ridges.  The food particles should be led through the raised anterior end of the ridges into the ventral pharyngeal space.  Larger food particles should be held between the ridges until they are thoroughly washed out by saliva.

     Wahl criticized Becker and stated that the normal entrance to the pharynx goes in a direct manner over the ridges, that certainly through contraction this path can be blocked intermittently, by which means then the entry of solid food particles becomes impossible and only liquid substances can proceed into the gut.

     In my opinion the food is guided from the throat into both the dorsal and ventral pharyngeal spaces together.  Then via relaxation of the pharyngeal musculature the pharyngeal space becomes reduced, the pharyngeal sphincter guarding the entrance to the oesophagus is closed, the above mentioned dorsal pharyngeal flap is pressed onto the front of the T-ridges by the pressure of the water, and thus the water can only move to the eight lower longitudinal channels.  The solid particles are retained by the fringes and are forced into the oesophagus.

Foregut: The gut of Syritta pipiens reaches about 2 - 2.5 times the length of the animal.  It passes through the body with several coiled and convolutions and exits on the ventral side of the last segment (Fig 5).

     As in all insects three clear sections of the gut can be recognised, namely the fore-, mid- and hindgut.  The ratio of the lengths of these parts is about 1:12:10.

     The foregut is divided into the pharynx and oesophagus.  We have already dealt with the description of the cephalopharynx.  The oesophagus (Fig 6) is a short narrow tube of large flat cells with a strongly folded intima.  Ring musculature is clearly developed.  Longitudinal muscles were not found in the oesophagus.  Together with the first section of the midgut in which it is partly embedded, the oesophagus forms the proventriculus.  The part of the oesophagus that is turned inside out is alone called the rostrum (R�ssel).  The rostrum reaches back right to the place where the four midgut caeca in the midgut start (Fig 7).  The posteriorly directed foregut section of the rostrum has very flat plate-epithelium and opens up funnel-like into the midgut;  the chitin intima is particularly strong and becomes even stronger right at the end of the turned-out part.  A very strong ring musculature around the oesophagus is evident right up to the end of the rostrum, bulging particularly once again in the last part.  The rearmost part of the rostrum possesses no ring muscles.  From here the oesophagus turns inside out over the posteriorly running part of the rostrum.  It follows powerfully swollen cells.  They fill up almost the entire lumen of the proventriculus.  In transverse- and cross-section one can see a radial ordering of these wedge-shaped cells around the oesophagus (Fig 7).  The walls of individual cells are not clear.  The nuclei are very large.  The protoplasm is finely granular, radial, and streaked, thicker towards the edge, and taking up stain only weakly.  These cells are named "clear cells" (Pantel, Wandolleck).  The appearance of these cells suggests a secretory function, and their surfaces and the spaces between them and the midgut epithelium is always filled with a fine-grained layer, the secretion.  Here is the origin of the peritrophic membrane, the chitin membrane that wraps around the contents of the midgut.  I shall return to this subject later.

Midgut:  Enclosing the 'clear cells' sits the midgut.  Externally it is possible to distinguish a partitioning into different sections, since the midgut is a little swollen anteriorly and posteriorly.  However, the nature of the epithelium allows the recognition of four clear sections.  In the first section, surrounded by the rostrum, we find typical pavement epithelium. The cells of this region are flat, never with any projections into the gut lumen, and lying directly next to one another. Their plasma shows a fine striation, and takes up stain strongly: the same is true of the large nuclei.  I consider it impossible that these cells play a role in the creation of the peritrophic membrane.

     For the function of the proventriculus the distribution of the musculature in the midgut wall is important.  The oesophagus is united with the proventriculus via umbrella-like overlying longitudinal muscles, becoming stronger at the base, and reaching over onto the gut caecae.  Circular muscles are not obvious in the front part of the proventriculus.  However at the rear end of the proventriculus they achieve a power that is seen nowhere else in the gut.  The proventriculus becomes surrounded here by a broad layer of spindle-shaped solid concatenated cells (Fig 8).  The protoplasm appears in the cells only as thin cords.  Large vacuoles make the cells appear clear.  At the walls of each cell lies an uninterrupted seam of deeply staining striped contractile substance.  We also have here muscle cells.  This ring of muscle cells must work like a powerful cord-muscle, and together with the circular muscles of the inside-out rostrum which lie in the same plane effects a complete closure between fore- and midgut. I shall comment on the function and importance of the proventriculus below.

     In the second section of the midgut (Fig. 9) the epithelium consists of high, irregular, cylindrical cells uniformly overlain with a thick brush-border.  The cell nuclei are large.  The plasma is particularly dense at the edges of the cells and borders on the [?summit - Kuppe] of the cell wall.  The gut lumen is wide in this region, and mostly without any contents.  Towards the end of this section the gut lumen becomes considerably narrower, the cells become spherical, and the brush-border higher.  In the brush-border we find little drops which originate from inside the cells and disappear in the gut lumen.  The brush-border itself serves in the resorption process.  Region 2 is therefore resorbing and absorbing (see M�ller, 1922).

     Almost without transition comes region 3.  The epithelium consists of large flat cells which have numerous protuberances into the gut lumen.  Between the epithelium and peritrophic membrane we find copious isolated secretory droplets.  No brush-border occurs in this region.

     The 4th region is very similar to the 2nd;  it also has again a brush-border.  Between the cells there are many small stellate cells lying on the basal membrane, which stretch their branches far into the cellular matrix.  These cells occur particularly clearly in plane view with strong staining.  Similar cells have been found in Bibio, Ryphus, and Mycetobia by Roch, Schultz, and M�ller.  Schulz and Roch see these as 'supporting cells', which in my opinion needs the large high cells with little surface contact and some unity.  M�ller in contrast supplied evidence that it was simply a question of cells for regeneration, which first step into action after the last instar, and initiate metamorphosis.  Surely we have here in Syritta the same such regeneration cells.  Shortly before the origin of the Malpighian tubules the gut everts forwards and so creates a circular fold.  At the base of this fold lies an imaginal ?disc ('Imaginalring').

     The basal membrane is clearly recognisable throughout the midgut.  The musculature is layered onto it on the outside, in different strengths in the idividual sections of the midgut.  I have already described the proventriculus sphincter between regions 1 and 2.  Region 3 possesses strong circular and longitudinal muscles.  In region 4, the musculature is developed less strongly.

Peritrophic membrane:  A fine elastic transparent membrane is drawn out from the everted oesophagus and wraps up the contents of the gut.  We have seen that this membrane is produced from the 'clear cells' of the rostrum.  Also we have from Deegener and Müller that this membrane works as a funnel.  It reaches from the rostrum to the rectum, enveloping the excreted frass whilst growing from the rostrum.  Normally, ie when the gut is not excessively full, the peritrophic membrane lies in weak coils in the gut lumen;  however it is very flexible and can when the gut is filled up lie close to the gut cells.

     The peritrophic membrane has above all the object of protecting the very delicate gut epithelium from damage by large food items.

Movement of food in the gut:  The contents of the gut consist of fine organic detritus.  How does the food move in the gut ?

     This can occur in two sorts of ways:

     1.  Through 'after-cramming' (Nachstopfen) from the side of          the rostrum;

     2.  Through gut peristalsis

     Simply along the length of the gut one or other of these types of food transport can be involved.  In larvae with only short guts, food transport is only via 'post-cramming' the rostrum (Rhyphus, Mycetobia, Phalacrocera, Bibio, Mycetophiliden).  This type of locomotion is scarcely possible in long, strongly coiled guts.  Therefore peristalsis generally starts at the beginning of the midgut and this pushes the food down the gut.

     Which type of food movement do we find in Syritta ?  Transport of food material through the whole gut via 'post-cramming' seems impossible due to the length and winding of the gut, and I consider it very unlikely that the food in the second section of the midgut is transported through cramming of the proventriculus.  Contraction of the longitudinal muscles of these sections might be sufficient in the 3rd section, and from there the circular muscles of the 4th section may press (the food) further onward.

     In fresh preparations clear contractions of the proventriculus are noticeable;  in this manner a piece of the rostrum is pushed into the midgut.  Movement of the proventriculus is above all from the longitudinal muscles of the surrounding midgut, but also the musculature of the rostrum contributes.  A flowing back of the food mush in the rostrum, in which one never finds any contents, will be prevented by the proventriculus sphincter that I have already described.  Movement of food in the hindgut occurs only via peristalsis.  The strong circular muscles of the ileum press the gut contents out very quickly from the rectum.  The circular fold between ileum and rectum prevents the rectal contents from returning to the ileum.

     Thus movement of the gut contents is shared, accomplished not only by the proventriculus with its 'post-cramming' but also by peristalsis of the midgut.

Hindgut:  The ileum is only short and possesses a narrow lumen; the strong intima is highly folded, the epithelium participates in the folding, the cells and their nuclei are small.  The circular muscles lie very close, overlain by a powerful longitudinal musculature.  The ileum is always everted into the rectum.  The muscles lie particularly densely in this fold. Müller writes of a circular fold between ileum and rectum in Ryphus:  "It is not a permanent condition as in the eversion of the foregut into the midgut, but only occasionally corresponding to muscular contraction.  It appears to work as a sphincter."  In Syritta I always found this circular fold, and it undoubtedly functions as a sphincter.  The rectum is immediately obvious from the large cells with large nuclei.  It is considerably wider than the ileum, and the intima is much thinner.  Also here the cells reach out further into the gut lumen.  The musculature of the rectum is weaker than that of the ileum, and is mostly circular musculature.  Often the rectum is greatly swollen by the quantity of its contents.

Salivary glands:  In Syritta the salivary glands are comparatively small structures;  their length is about equal to that of the foregut.  At the beginning of the secretory part there lies an imaginal disc.  A third of the length along, the salivary glands make a sharp 180 ø  bend, and the end section runs forwards again close up against the front section.  Both glands open into a common duct which exits right behind the submentum in the pharynx.  This exit possesses a fine intima supported by a spiral taenidium [Spiralfaden].  The exit in the pharynx can be closed by a flap (Fig 10).  It is overhung by a strongly chitinized bulge.  A pair of muscles lying ventral to the head insert on this bulge, and can pull it back and thereby keeps the salivary duct open.  I have already dealt with the significance of the salivary gland secretions in describing the function of the pharynx.

Midgut caeca:  At the boundary between the 1st and 2nd midgut sections, and therefore shortly behind the proventriculus, four blind caeca lead into the midgut;  they are about double the length of the foregut.  They are uniformly thick along their whole length and have more or less the same cellular structure as the 2nd section of the midgut.  In the front part the cells are fairly high, cylindrical, and with a brush-border.  In the posterior part of the caeca the brush-border is no longer noticeable.  In a squash of freshly prepared caeca, fine secretory droplets can be obtained.  The importance of these caeca appears obvious in the creation and secretion of digestive juices.

Malpighian tubules:  At the boundary between midgut and hindgut there are four Malpighian tubules joining at the pylorus.  Cutting through this section of the gut shows that shortly before the fold of the pylorus these tubules are joined together in pairs so that there are only two entrances to the gut.  In Syritta the Malpighian tubules have a considerable length; in one pair this is about 1.25 as long as the midgut, and the other is even longer.  In its posterior half the tubule is strongly swollen into a fine-grained amorphous mass, which glimmers grey-white through the cells, whilst the tubule itself has a greenish-yellow colour.  By adding HCl we can show that the contents are CaCO3.  At the base, about at the union of the two tubules, lies an imaginal disc.  The epithelium of the tubule is very large-celled, hemispherical, arched towards the inside, and with large nuclei.  The cell contents are fine-grained.  The lumen is very narrow; in cross-section one can see 2-3 cells almost touching.  The CaCO3 - containing tubule is very different.  The lumen of this is broadened to a great degree, and the epithelium consists of very flat plate epithelium with large very flat nuclei (Fig 11).

     Close to the exit in the pylorus the Malpighian ducts have fine muscles.  If the gut is prepared in physiological saline, often the tubules have a wormlike locomotion which does not correspond to the contractions of the gut.

     The occurrence of CaCO3 in one pair of the Malpighian tubules appears to be a widespread phenomenon in fly larvae.  I have not studied in what manner and to what purpose the CaCO3 is stored up in the Malpighian tubules in such quantities.  It is not yet clear what the physiological importance of the CaCO3 is.  The current prevailing and repeatedly expressed opinion, with which I concur, is that the CaCO3 is used during respiration. The CO2 produced during breathing becomes bound to the chalk in the Malpighian tubules.

Anal papillae:  In a few preserved animals I found a wreath of small papillae about a sixth as long as the body, stretched out from the anus.  By pressing lightly I could extrude these anal papillae in living animals also.  They are placed symmetrically around the anus; on each side is a main group, divided into two double and two single branches (Fig 12).  Therefore on each side there are six papillae which differ from each other in that those that are designated 3 and 6 in the figure possess only a single appendix, whilst the others carry two appendices on the basal part.  The proximal joints possess plate epithelium, while the distal joints are made from large almost spherical cells. All the papillae are covered with a fine cuticle.  In each papilla a tracheole reaches right to the distal end and supplies all side branches.  These end in small cells from which star-like plasma strands radiate and contact the cells.  The papillae are full of haemolymph with many blood corpuscles (haemocytes, small free cells with large nuclei).  A blood flow appears therefore to be present, yet this was not clearly apparent in living animals. Via contractions of the body the larvae can extrude the papillae, pulling them in again using special muscles.  In the normal position the anal papillae are found on both sides of the endgut in the bowel cavity.  The individual papillae are turned inside out like a glove finger except at the distal ends, which lie in their original position in the proximal joints.  The anal papillae become extruded with a short section of the endgut, therefore stand on a short peduncle, and have surely (as concluded from their structure) a respiratory function, and work as blood and tracheal gills.  That the larva cannot remain alive while breathing only with these gills was studied.  I closed the posterior spiracles with wax and placed the larva in water. Normally the anal papillae are immediately extruded and set in a pendulum motion; however after 10-15 minutes the motion is already slower, and then after an ever longer pause for a few minutes, takes it up again.  After 15 hours of the 10 experimental larvae 3 were dead, 5 still had the heart beating, only 2 still made feeble pendulum motions with the anal papillae.

Fat-body:  Two large parts of the fat-body can be distinguished, one lying anteriorly surrounding the salivary glands and also enclosing the CaCO3-bearing Malpighian tubules, and a posterior section through which is pulled the second pair of Malpighian tubules.  This posterior section increases greatly in width during larval life, and envelopes almost all the internal organs.  These two large sections are irregularly partitioned like a net.  The individual cells show no differentiation from one another, and are very large and very slightly separated from one another.

     The fat cells lie particularly closely to the salivary glands and sterch out fine plasma strands to them.  The situation is the same between fat cells and the Malpighian tubules.  Of course despite these plasma strands no direct connection between the fat body and salivary glands or Malpighian tubules can be discerned, but obviously the intimate conjunction suggests that the fat cells contribute to the function of these organs.

Spiracles:  At the level between the 1st and 2nd segments lie on each side a small knob-shaped spiracle, and in the last segment is a long brown breathing tube bearing the posterior spiracles.

The anterior spiracles (Fig 14) rise like knobs above the body surface;  the chitin of the cuticle merges into the chitin cuticle of the spiracles.  At the end of the little knobs the spiracular plate can be seen, with three comma-shaped clear spots, which could be taken for apertures, and which have been assumed to be these up til now.  However in cross section it appears that the whole surface of the spiracles is covered with a delicate skin, which consists of an outer and an inner chitin lamella.  These are particularly narrowly applied to each other over the clear spots, the slits of the spiracles.  A hollow cavity is created between the spiracular plate and the inside of the body, which is circular in cross-section, and strongly enlarged at the extended posterior end where the tracheae are attached.  This space is the felt chamber.  It possesses fine chitin lamellae along its entire length, which get longer and stouter towards the outside, finally serving as supporting struts to the spiracular plate.  At the base of the knob of the spiracle the spiracular scar can be seen in the clear chitin of the body surface, running into the felt chamber.  In longitudinal section through the anterior spiracles I have established that the scar is shifted completely to the side, similar to the situation found in the anterior spiracle of Mycetobia pallipes (see Roch).  The next thing that happens is that the felt chamber is raised up above the body cuticle, as is known in Trichosticha flavescens (see Dette).  In whole preparations these spiracular scars are not at all conspicuous because of the upward extension of the spiracular knob.

     Via several delicate muscular strands, which insert in the region of the felt chamber on the cuticle of the animal, the anterior spiracles are able to be pulled back into the body.

     Near to the felt chamber lie the imaginal discs which sit on the cuticle and later are responsible for the construction of the pupal horns.  Between the felt chamber and the imaginal discs are found characteristic flask-shaped large cells with large nuclei.  Each of these large cells is surrounded by several small stretched out spindle-shaped cells.  The whole thing appears to be a gland, and the structure of the large cells suggests it positively.  The exterior exit of this gland is only noticeable in section; it goes through the chitin wall of the spiracle, and appears to discharge onto the spiracular plate.  Wahl described similar glands in Eristalis.

Posterior spiracles:  the last body ring is clearly extended and carries on its posterior end a dark-brown slight dorso-ventrally compressed chitin tube about a tenth of the length of the body, the breathing tube (prp).

     A glance at the posterior surface of the prp, the spiracular plate, shows clearly that the structure of this tube is made up from both of the posterior spiracles (Fig 15).  On each side lies a kidney-shaped spiracular plate with three irregular S-shaped clear places, the slits.  Enclosed by this plate lying near the dorsoventral midline are the spiracular scars, the true openings of the spiracles.  In principle we find here the same structure as in the anterior spiracles.  The felt chamber of each spiracle is clothed in upright but short chitin lamellae which are stouter under the spiracular plate and support it.  It is important that the spiracular scars possess fine ramified longitudinal fissures, irregular in cross section.  The true spiracles are therefore open.  The spiracular slits, which are often spoken of as open, are closed.

     Sveral muscles touch at the level of the prp where the prp merges with the body cuticle, and these are able to pull the tube back into the body.  The extension of the tube occurs by means of haemolymph pressed into the rear end by contraction of the body.  Near the insertion of the retractor muscles a few peculiar cells with an egg or spindle shape lie dorsal and ventral to the two  main tracheal trunks (Fig 16).  They are suspended by fine muscle strands and are grasped by fine nerve endings.  They are large cells (length about 0.19 mm, width 0.06 mm) with large nuclei.  The interior of the cells is characteristic.  A multiply twisted clear canal can be clearly seen, coiled around itself, which emerges at the caudal end of the cell, stretches out through the whole length of the prp, and discharges onto the spiracular plate between the slits and the outer edge.

     Similar cells are known from the prp of Eristalis.  Batelli has already described them, but could give no explanation of their function.  Viallanes studied these cells closely, taking them for elastic structures with a rolled-up solid thread which was unrolled by the extension of the prp, and by its elastic return the retraction of the prp could be accomplished.  Gazangnaire thought that these cells were glands which could suply a type of joint-oil for the prp.  Wahl thought that the cells discharged an oily secretion that lubricated the spiracles and thus prevented water from adhering to them or even being able to enter in the spiracles.  I believe that this last explanation holds true also for Syritta.

     Similar cells that discharge onto the spiracular plate are found in the posterior spiracles of several muscids (eg in Polietis lardaria) as found by Müller, and the function of the cells suggested in these is that they play a role in gaseous exchange and hence that they eliminate CO2.  On this I should also mention the study of Wahl, where a gas bubble was seen in the exit canals of some cells in Eristalis.  I can make no further communication on this last view because unfortunately I could take on no more studies in this direction, which moreover would have been unsuitable due to the modest size of the larva and of each cell.

     It has often been the opinion earlier that the posterior spiracles serve for inspiration while the anterior spiracles are the expiratory openings.  The structure of the anterior spiracles led to the conclusion that they were open.  To convince myself of which spiracles were open, I repeated the following experiments, always with the same results.

Experiments on respiration:  

1.  A larva was crushed on a slide under glass in water and the slide gently warmed.  Small air bubbles then escaped from the posterior spiracles.

2.  In addition to expt 1 the following also shows that the posterior spiracles are open:  I placed again a larva on a slide in water, covered it with a glass plate and using little wax feet I stuck it, and via pulling and twisting of the slide I squeezed an air bubble onto the posterior spiracles.  Then under intermediate magnification I could recognise clearly a slight vibration, a rhythmical decrease and increase of the size of the air bubble.  It follows that both ingress and egress of air occurs via inspiration and exhalation from the posterior spiracles.  The whole air bubble was used up in about 20 minutes:  in a short period of time a further two airbubbles were inspired.  A fourth remained about 25 mins hanging on the posterior spiracles, and then was taken up.  I was not able to see an exhalation at the anterior spiracles.

3.  For further clarification as to whether the anterior spiracles are actually closed, I pasted over the posterior spiracles with wax, and warmed up the animal as in expt 1.  An escape of air bubbles through the anterior spiracles was never observed.

     On respiration with the anal papillae, I can only go by what other studies have said.  We can definitely say that the posterior spiracles are open and undertakes respiration alone.  The anterior spiracles are closed.  Intermittently the larva is able to obtain its oxygen requirements using respiration by the anal papillae, but this remains always a very inadequate supplementary respiration, since the larva dies when it is cut off from atmospheric air and cannot make contact between the posterior spiracles and the air.

Xylota nemorum

I found a description of the body of Xylota nemorum by Lundbeck (1916).  The larva is very similar to Syritta, only it is bigger, measuring 12-13 mm long, 4 mm wide, 3 mm high;  it is a dirty grey-brown colour, almost cylindrical, a little pointed posteriorly.  The number and position of the sensilla does not differ from Syritta.  The ventral side of the larva is slightly flattened, and possesses pseudopodia on segments 2 and 4-9. Xylota nemorum has as a particularly conspicuous feature and otherwise only described from Xylota pigra, on each side a bifid dark-brown chitin hook ventral to the anterior spiracles, which indeed can have no significance other than assisting in locomotion.  I found the larvae in a Scots Pine stump in the rotting cambium where it subsisted, according to the contents of the gut, on the microorganisms produced by rotting cells and the general rot.

     It has a similar filtering apparatus for taking up food as we know from Syritta.  The atrium of the head (mandibular cavity) is built very similarly, but the anterior end is more strongly chitinized.  The cephalopharyngeal skeleton is as a rule very similar to that of Syritta, with the difference that the lower points of the vertical plates, that in Syritta are only pulled out in front a little, are here stretched anteriorly almost as far as the 'Frontalsack' bars.  The nine T-ridges are again present in the pharynx.

     The ratio of the lengths of the parts of the gut are 1:10:9.  The composition of the whole gut tract bears no substantial differences from that of Syritta.  One pair of Malpighian tubules again bears CaCO3, without being particularly enlarged.  However, the lumen of this pair is nevertheless larger, so that the cells are very flat and the nuclei are displaced outwards.  The 12 anal papillae are well developed.  Each papilla has two joints and is built as in Syritta.

     The posterior spiracles are mounted on a ca. 1.5 mm long dark-brown prp with a similar structure to Syritta.  The anterior spiracles are larger than in Syritta, generally, or at any rate in the last instar, stretched out well away from the body, and they possess 9 elongated comma-shaped slits.

Ferdinandea ruficornis

     I found the larvae of F. ruficornis in the sap flow of a Cossus-attacked birch tree.  According to several other authors (Fallen, Zetterstedt, Brauer) they are also found in the sap flows of Quercus, Aesculus, Acer, and Populus.   Lundbeck gives a meticulous description of a similar species (F. cuprea).

     The exterior appearance of F. ruficornis suggests a close relationship with Syritta.  It develops to 15 mm long, 4 mm wide, 3 mm high, almost cylindrical, only slightly flattened on the ventral side, pointed in front, fairly sharply squarely cut posteriorly;  the body cuticle has fine spines and a dirty yellow colour.  Small papillae with what look like fine bristles are distributed over the body in the same pattern as is normal in syrphid larvae.  On the ventral side 8 pairs of prolegs can be seen, without particularly strong crochets.  At the end of the prp on each side lies a spiracular plate with 3 slits.  The anterior spiracles lie on the boundary between the 1st and 2nd segments as small little brown knobs each with 5 spiracular slits.

     In the construction of the gut there is no noticeable difference when compared to Syritta.  The cephalopharyngeal skeleton is very similar.  Gut ratios are 1:12:9.  The salivary glands, gut caeca and anal papillae are in an equivalent position and size.  The longer of the Malpighian tubules again contains CaCO3.  The fat body carries smaller more densely packed cells next to the Malpighian tubules.

Eristalinae

Eristalis arbustorum
     I am able to cite much literature about Eristalis since the older naturalists were well aware of the well-known and often described 'rat-tailed larva'.

     For the most part these involve Eristalis tenax and these works generally contain only descriptions of the outside of the body or biological remarks;  Batelli (1879) and Giacomini (1900) went into some detail about the internal anatomy, and Wahl (1899) about the tracheal systema and imaginal discs.  The literature contains little about Eristalis arbustorum.  This larva was first cited by Bouche (1834), and then by Zetterstedt, and described in detail by Trybom (1875).  Lundbeck (1916) gives a detailed description of the larva of Eristalis arbustorum (or intricarius).

     Specific characteristics of numerous species of the genus Eristalis are not known for the larvae.  According to Miall these should be apparent in the structure of the many small cuticular spines.

     The fully developed larva is about 17 mm long, about 4 mm wide and high, cylintrical with a scarcely flattened ventral side.  At the posterior end it is pointed, and becomes the greatly extensible prp.  The cuticle of the larva is very thin, such that the internal organs are apparent in parts, and is set with very fine spines.  The larva bears 11 body rings (not including the head), each dorsally with several folds, and each bears the typical arrangement of sensilla.  The 1st thoracic and abdominal segments 1 - 6 (the 4th - 9th body rings) ventrally have each a pair of prolegs, which are equipped with fairly sturdy crochets.

     I found the larvae in the same circumstances as Syritta in October in heaps of rotting plants together in large numbers.  Development to the puparium or right to the imago was precluded by the onset of cold;  they therefore overwinter as larvae, as is known for the larvae of Eristalis tenax.  Rearing was in large dishes with mud simply according to nature.  In March the following year the first larvae pupated, resulting in adults after a pupal stage of about 15 days.

     With regard to the gut, the larvae have the typical structure of our large group of those with T-ridges in the pharynx.  Belonging to this also are the atrial shells, T-ridges in the pharynx, midgut caeca, a pair of Malpighian tubules with CaCO3, and well-built anal papillae.

     The cephalopharyngeal skeleton conforms in all essential parts to that of Syritta.  The atrial shells are shorter and more spherical; the chitin spines on the individual ridges are considerably finer and longer.  The T-ridges of the pharynx possess stronger spines, and are considerably higher than in Syritta, and there are chitin spines, occurring right next to one another, hanging into the rear part of the main pharyngeal lumen from the dorsal pharyngeal wall.  The pharyngeal flap that projects from the dorsal wall into the lumen at the beginning of the T-ridges is particularly strongly constructed.  The ratios of the lengths of the sections of the gut are 1:10:7.  The proventriculus is elongated in Eristalis, and I saw powerful 'post-cramming' movements of the rostrum in several animals.  The peritrophic membrane secreted from the 'clear cells' reaches a considerable thickness and goes through the entire midgut and hindgut.  It often still envelopes material that has been excreted.  In one 2-cm animal I once saw the fine membrane projecting from the anus almost 6 cms.  The midgut offers the usual structure with its three sections.  The circular fold between ileum and rectum is very deeply pulled into the rectum. One of the pairs of Malpighian tubules is strongly distended on the distal half, with the lumen about 15-20 times as wide as normal and completely full of CaCO3.

     The anal papillae are in Eristalis arbustorum very similarly constructd to those of E. tenax as described by Wahl, and in histological section resemble perfectly those of Syritta.  They possess a length of 3-4 mm and in the extruded position, like tentacles of a sea-anemone, there are 20 blind sack-like papillae around the anus;  on both sides 4 original groups can be recognised.  The 1st and 2nd groups are directed forwards, and have 2 papillae each;  the 3rd group lies laterally and consists of 4 papillae;  the 4th group turns posteriorly and is like groups 1 and 2 in having 2 papillae.  The majority of the anal papillae have a distal appendix just as in Syritta.  A tracheal branch goes into each papilla and breaks up into many little branches.

     Eristalis is a popular object for studying the papillae.  Reaumur mentioned the anal papillae without attributing to them any function.  Chun described these papillae, and considered them to be 'undoubtedly glandular cells', for which an occasional respiratory capacity can not be denied:  'interesting combination of the performance of the rectal glands and rectal gills'.  Batelli interpreted the turning out of the 'anal glands' as caused by paralysis of whatever type of the animal.  Wahl considered these papillae as purely respiratory, and established this information by experiment.  It is extraordinary that this naturally random extrusion and retraction of the anal papillae comes into play upon installation of the larva in fresh spring water and also on remaining in very turbid and stagnant water. 'Apparently respiration using the anal papillae is used when the oxygen demand is not able to be satisfied by spiracular respiration alone.'  I agree with Wahl's opinion, and am able to supply observations as well.  I found one larva in my rearings always had extruded anal papillae.  By studying it I demonstrated that the long prp was very damaged.  After that I used a few experiments and forced the larva to use their anal papillae in this manner: either I tied a strong knot in the prp, or I closed the posterior spiracles with wax.  The anal papillae were extruded and set in brisk pendulum motion which, although interrupted by shorter or longer pauses, was always resumed again.  The larvae could not survive like this for longer than 2-3 days.

     Characteristic of Eristalis larvae is the long 'rat-tail' that terminates the 11th segment.  This long prp consists of three parts.  Batelli erroneously considered each section to be an individual segment.  Wahl demonstrated however that this tube is only the strongly elongated 11th segment.  I concur with his opinion.

     The two main tracheal branches extend through the tripartite prp.  Only very shortly before the end they merge into spiral taenidia, and they create a slightly enlarged spiracular chamber without it amounting clearly to the structure of a felt chamber wall.  The traces of felt are now only apparent through diminutive chitin bumps.  Wahl wrote about the posterior spiracles of Eristalis tenax: 

     "Each chamber opens to the outside via two lateral openings which are surrounded by two strong chitin rings with smooth edges and which hold the openings continuously open. We have here an unusual single lipless undivided spiracle with two uncloseable openings and a felt-less chamber, and we find no muscles that could open or close the spiracle.  Scars which would be left behind on the cuticle are not present.  This coincides with the spiracle type which de Meijere characterized as 'open spiracle, openings with a smooth edge, without scars'."

From this description it appears to me that the declaration 'two lateral openings' and 'without spiracular scars' are very questionable.  My studies have yielded very different results. In the middle of the spiracular plate lie here, as usual, the two spiracular scars which extend down to the spiracular chamber in a flat curve.  The spiracular scars are surrounded on each side by a half-moon shaped very thin chitin plate, on which only with great difficulty can be recognised two sinuous S-shaped curved spiracular slits.  These slits are clearer in Myiatropa florea since there the rest of the chitin of the spiracle is darker. The posterior spiracles of both types are very small in comparison with those of other syrphid larvae, and the felt chamber has almost completely disappeared, and the number of slits reduced. At the base of the true prp lie several of the peculiar cells with the twisted clear canal, the function of which in Syritta I have discussed.

     The main tracheal trunks go from the prp into two further airsacs, which can be seen shining silver dorsally through the cuticle, to the anterior spiracles which lie on the posterior edge of the 1st segment as two brown elongated slightly curved little horns.  Using some retractor muscles these can be pulled back almost completely into the body.  In the last instar I always found them extended in the larva.  The felt chamber is large, elongated, lined with stout chitin processes which are richly and finely branched and anastomosed.  Only one spiracular slit is present although of large dimensions, supported by the strong chitin processes of the felt chamber.  A spiracular scar is clearly recognisable.  Also at the base by the anterior spiracles lie the glandular cells that are already known.

Myiatropa florea

The larva of Myiatropa florea was described for the first time by Beling (1888), and then Lundbeck (1916) drew attention briefly to the great similarity of the larva to Eristalis.  The most recent description originates from Sack (1920).

     Unfortunately I have only a single example of this larva at my disposal.  It was found by my friend HJ Stammer on the 10.v.1925 in the vicinity of Pl”n in a water-filled tree-hole; after the data of Thienemann, it belongs to the typical tree-hole fauna.  The similarity of the larva to Eristalis is great.  The colour is dirty yellow, the cuticle is shagreen-like, and the pattern of segmental sensilla typical.  However the larva is not cylindrical, but rather dorsoventrally flattened so that on each side right down the whole body there are two longitudinal folds strongly curved outwards.  Each segment carries four cross-folds dorsally, and the 1st segment is folded longitudinally dorsally.  From this the front part of the larva can be strongly expanded laterally, as Sack suggested in the following way: "the head structure is remarkable; this reminds one very strongly of the head of a leech, where the anterior-most head segment is expanded pad-like above and to the sides, taking the appearance of a horse-shoe from the front."  This impression comes above all from the powerful mouth-pads, which are constructed from the ventral part of the head segments and the prolegs of the 1st body segments.  In additon to this pair of prothoracic prolegs, there are present on abdominal segments 1-6 pairs of strong prolegs on which there occur a number of stout brown chitin spines in small groups somewhat separated from one another, and not in two parallel rows as in Eristalis.  The anterior spiracles lie dorso-lateral at the base of the 1st segment, and are as in Eristalis two dark-brown slightly bent little horns.  The posterior spiracles lie on a long prp built just as in Eristalis, and which can reach to 5-6 times the length of the animal.

     Just as the exterior form resembles Eristalis, so does the internal organisation.  The ratio of the lengths of the gut section is about 1:10:6.  The proventriculus is a long cylinder and very slender.  The deep circular fold between the ileum and rectum is similar to the situation I often found in Eristalis, stuffed with violet to black granules, which continue a little way into the rectum, where however they always appear lighter and soon disappear completely.  I cannot say anything about the nature of these dark masses of granules.  They cannot be food particles since these can similarly also be seen in the midgut; even in a completely empty midgut this dark region of the circular fold can be seen.  The granules lie in the lumen of the circular fold, never in the cells themselves.

     The greatest difference in the internal structure is presnted by the contrast with Eristalis in the anal papillae.  There are only 12 papillae present in Myiatropa.

Volucellinae

Volucella pellucens
I found larvae of Volucella pellucens in October 1922 by digging up a nest of Vespa vulgaris.  They sat partly in the cells of the nest, and partly they crept about in the outer envelope.

     The first information about Volucella pellucens comes from Künckel d'Herculais, who found these larvae in nests of Vespa vulgaris in 1875.  Verrall (1901) mentioned the larva, Lundbeck (1916) gives a detailed description of the body and reared them.  Theere is much information in the literature about other Volucella species.  I shall occasionally have recourse to these.

     On the food of these larvae I find contradictory information.  Most take the view that Volucella larvae attack the brood of wasps.  On the other hand Erne writes: "They slip into empty cells and remain there very quietly;  one can infer from this that these larvae consume the waste products of the wasps."  To prove this, several times I starved a couple of larvae for several days and then gave them some wasp larvae, and these were immediately sucked out.  Volucella larvae are very agile and can creep about on the cells with great skill.  They appear always to attack wasp larvae from the underneath, and they are able to break through the dividing wall between cells.  The role of hygienic police, as Erne assigned to Volucella, belongs really to other fly larvae living in wasp nests, such as anthomyiid larvae, Piophila, Pegomyia.

     Why do the able-bodied wasps not turn against their enemies, the larvae of Volucella ?

     According to Künckel d'Herculais, in the early instars the larvae resemble closely anthomyiid larvae, and as a late instar they are protected against attacks by the wasps by their thick skin.  I do not believe these views;  I have thought many times that the wasps do not recognise Volucella larvae at all as enemies, but they do the adults (cf bees and waxmoths).

     According to Künckel d'Herculais the larvae must creep deep into the earth by the start of winter, and they pupate in spring after having returned to the surface.  My larvae remained lively throughout the winter in an unheated room, rummaging through the earth of the rearing container.  This restlessness was not caused by food shortage but by a preparation for pupation.  I found the first pupa at the beginning of March, and the adults eclosed at the end of April.

     The full grown larva has a length of 17-18 mm, width of 4-5 mm, and an average height of 3 mm.  The back is strongly flattened and appears very broadened because of the regularly ordered lateral spines.  The larva is a dirty brownish colour.  The body is strongly wrinkled crosswise.  A typical segment (5-10) carried four folds on the dorsal side, each with a cross-row of small spines.  On the back each body ring carries on the 2nd fold a sensillum on either side of and near to the midline and right on the lateral side a large chitin spine, on the 3rd fold fairly lateral a sensillum and a chitin spine, and on the 4th fold a sensillum lying almost on the midline. Usually on each segment there is laterally three spines and one ventrally.

     Particularly striking in these larvae are the long lateral spines on the 2nd fold and the two sensilla on the 4th fold of a segment, and the supernumerary appendages which I do not know from other forms.

     On the 2nd and 3rd segments there are 3 spines on either side of the midline, and on the 4th segment there are two sensilla and one spine.

     In addition to these body appendages, on the ventral side there are 6 pairs of flat prolegs on segments 4-9, each set with two rows of strong crochets.

     Had I not established by experiment that Volucella larvae live on wasp larvae, I would have had to assume from the structure of the cephalopharyngeal skeleton that they lived on some kind of detritus on wasp nests.  The entire cephalopharyngeal skeleton has similarities with that of Syritta;  however, all parts are much stronger, and particularly striking are the long vertical widening 'Frontalsack' bars.  The mandibles lie as robust dorsally extended chitin hooks over the atrial shells, which here are not so intricately constructed as in Syritta.  The atrial covering consists of a simple dark chitin border originating from a folding of the exterior body cuticle.  In the pharynx run the nine longitudinal rows of T-ridges in a similar structure to other Milesiinae.  The ratios of the gut sections is 1:8:7.  The gut presents nothing new.  Four midgut caeca are present, about the same length as the foregut.  A pair of Malpighian tubules is enlarged in the distal half and bears CaCO3.  Right at the end of the rectum there are 12 anal papillae, very small pegs that are constructed from a single appendage, in principle the same as the anal papillae of other Milesiinae but very much shorter.  Tracheae go into them and muscles insert on them, so that these anal papillae can indeed be extruded.  They cannot any more play any great role in respiration.

     The posterior spiracles show no distinction in their internal structure from Syritta.  Tha anterior spiracles are equally similar to those of Syritta, apart from possessing a greater number (11) of spiracular slits.

     For a long time we were dependent upon conjecture in the question of the food of Volucella larvae.  Always it was asserted that they live as predators on wasp larvae, and next to this however appeared the opinion that they only live on excreta of the wasp larvae or whatever refuse is in wasp nests.  Since when I provided my hungry Volucella larvae with living wasp larvae, these were avidly sucked out, I assume for the time being that the wasp larvae were attacked precisely only because of hunger; because of the structure of the gut we do not believe that Volucella is capable of a predatory life-style.  The atrium, the T-ridges of the pharynx, the midgut caeca, the CaCO3 - bearing Malpighian tubules are all just the same as in the detritus feeders.  However the gut of normal living animals does contain small pieces of chitin as well as of plants (the components of the nest comb), especially long bits of tracheae which could only come from wasp larvae that had been eaten.

     Also on the degree of predatory behaviour we have only considered our european species.  North American species feed only on rotting plant material, especially cactus, according to the information I found.  Sack gives notes on South American Volucella species.  These also live only on damaged or rotting plant parts, especially from and in banana trunks, rotting orange fruit, citrus and breadfruit.  Each larva has many distinct anal papillae, which have degenerated so far in our Volucella species that they cannot be any use.

     Our Volucella species represent therefore a transition between free-living detritus-feeding types and predators, since they have not developed yet any special adaptations.  One can therefore assume that Volucella larvae were originally feeders on the excretory products of wasp larvae, but then have developed to attack wasp larvae.  Adaptations of the alimentary canal to the predatory habit we have got to know from studying the 'true' syrphines.

Syrphinae

A. Detritus feeders

Brachyopa bicolor
All the information in the literature that is known to me relates to descriptions of the external appearance or to the biology of the larvae.  The papers by von Roser (1834), Scholtz (1848), Dufour (1848) and Lundbeck (1916) can be mentioned.

     I found the larvae of Brachyopa bicolor the whole year round in Griefswald, Wolgast, and Swinemünde, in the sap flows of damaged trunks of Aesculus, Ulmus, Populus and Fagus.  I never observed that they pupated in spring.  I personally have found the larvae in January, young and old, burrowed as far as possible into the grooves and cracks of the bark.  I have found young and old larvae in just the same way in August.  From this there are two generations in the year.

     The larvae are difficult to recognise in spite of their size.  Their dark colour makes little contrast against the ground colour of the bark;  in addition they are very sluggish and are scarcely active.  The cuticle has many stout chitin spines which provide a better grip for the animal while creeping in the bark grooves, and through the abundant sticking of the decay products of the sap flow, the larvae make their progress invisible.  I never found parasites of any kind in the larvae, while their occurrence in the syrphine group is otherwise common.

     Collection of larvae is simple.  I took pieces of bark and the pasty exudate from ulcerated tree-trunks where I had found the larvae, and rinsed the whole lot in a net under a strong flow of water.  Using this I could find the larvae between the cleaned bark very quickly.  Rearing was also very simple.  I placed tree exudate with little pieces of bark and larvae in Petri dishes, and had only to take care to maintain a high humidity.  The larvae always sought out the unlit side of the bark.  The structure of the alimentary canal suggests that the larvae feed only on the flowing sap and the microorganisms that live in it.

     The mature larva of Brachyopa bicolor has a length of 9-10 mm, is 4-5 mm wide, and 2-2.5 mm high.  It is slightly dorso-ventrally flattened.  The sides run almost parallel to one another.  The body is separated into 11 body rings.  The first two segments can be pulled back very far.  Each segment has three folds dorsally, the first is small, the middle is the broadest, and a small rear one.  They are divided by clear furrows, which merge with one another at the edges.  The robust cuticle has irregularly placed polygonal bumpy strongly pigmented chitin plates.  These plates are mostly on the folds, and go to the edges of each fold in small stout spines.  Interesting above all is the arrangement of the sensilla.  The thoracic segments show a cross-row of six sensilla, and similarly the first abdominal segment.  These first four segments have only a single dorsal fold.  The arrangement of the sensilla is similar on the other abdominal segments, but in each cross-row of six sensilla, each occuring on a short basal stem which is split up into 2-4 fine long chitin spines that are bent in several directions.  The sensilla lie on the middle fold, the two outermost a little behind the others.  There are three other sensilla laterally;  one above, and two somewhat below lying aproximately in a row one behind the other.  These lower ones are particularly stout, and give the larvae a very characteristic appearance to the edges.  In the last three segments they are remarkably branched, longer and tree-like.  On the ventral surface the segments have fine dark spines.  Further laterally on the ventral surface on each side of the segment there is a stout three-forked spine.  Dufour gives partly another shape and ordering of the sensilla.

     The cephalopharyngeal skeleton shows great similarity to that of Syritta.  The vertical plates have here a powerful anterior dorsal process.  The 'Frontalsack' bars are stouter, as also the mandibles lying over the atrium.  The stout lateral bars are slightly curved into a 'S' shape.  The atrial pad is very delicate with small flexible spines, and is supported by a structure very similar to the lower lip in Microdon.  This is particularly striking in Brachyopa because of the dark colour, and consists of clear dorsal central piece, and on either side lying ventral a dark chitin rod.  After the mouth opening these three chitin pieces run together into a cone-like point.  The pharynx shows the typical nine T-ridges.  Fore-, mid-, and hindgut have lengths in the ratio of 1:12:8, and do not differ from Syritta, also in their diverticula.  I never found an animal with extruded anal papillae.  It was sufficient to chloroform individuals in order to extrude the anal papillae.  They show a cross of 12 very small (about 0.2 mm long) club-like papillae with the typical structure of the anal 'gills'.

     The anterior spiracle is difficult to find against the many spines set around them.  Dufour did not comment on them. Lundbeck mentioned them.  I was able to recognise the anterior spiracles particulary well in cuticle preparations which had been prepared with KOH.  Each spiracle lies on a small dumbbell-shaped chitin tube and demonstrates three longish slits.

     Dorsally in the midlle of the last segment lies the prp, about 1 mm long, whose spiracular plate retains an order of slits different from that of other detritus feeders.  Whilst in the latter the S-shaped slits lie curled against the long side of the scar, in Brachyopa the slits are on the narrow side. In this Brachyopa is a transition to the 'true' syrphines, in which the spiracular slits are radiate evenly out from the scar.

Rhingia campestris
     Lundbeck (1916) wrote about Rhingia campestris: "The developmental stages are not known".  The fly is itself very common.  Schiener suggested that the larvae lived in cow dung because adult females linger around cowdung in large numbers. This suggestion was confirmed by Reaumur (1738), who by chance saw an adult of Rhingia campestris emerging from cowdung;  he did not know the larva or puparium.

     I thank GW Müller for my material, and he found them in the Griefswald region in cowdung (27.6.24, by Gross-Kieshof).  The animals were very sluggish.  Mature and very young larvae were found together at the same time.  Probably therefore there are two generations in the year, the second overwintering as mature larvae.  According to other methods, the larvae cannot be found by sieving out, but could be rinsed out by flowing water.  Because of their stout branched appendages they are thickly covered with cowdung and therefore, unknowingly they can easily be overlooked.  The larva has a very striking appearance;  it is covered all round with spines.  It is almost cylindrical, pointed in front and square behind, with a dirty yellow-grey colour;  mature it is about 10-11 mm long, 4 mm wide and high, and has 11 body rings.  The first three segments are longitudinally folded, with broad central pieces lying dorsal and ventral.  The other segments are folded cross-wise, bearing three folds dorsal and ventral.  The larva is completely densely set with fine chitin spines, upper and lower sides, between which are set stouter spines in a regular order.  These consist of a long stout basal trunk with a terminal whorl of spines, strongest on the last segment, and they also have there stout hooks on the trunk. The spines of the last segment are slightly bent towards the posterior.  The order of these chitin spines is the following on a typical segment:  dorsally there are 6 spines on the middle fold.  On each side lie 3 spines.  There is one ventrolaterally; ventrally there are 4 on the third fold of each segment.  The first segment has no spines.  On the 2nd segment the lateral and ventral spines are not present.

     The cephalopharyngeal skeleton (Fig 17) is very similar to that of Syritta, but all parts are considerably more strongly and darkly chitinized.  Here the lateral rods are considerably broadened dorsally, creating the side walls of the neck piece (Halsteil).  Between the Frontalsack rods and supported by them, lie the dorsal neck clasp (Halsspange), an oval concave plate here strongly pigmented and clearly conspicuous in ventral view, whereas in Syritta it was only noticeable in sections.  In lateral view the powerful structure of the cephalopharyngeal skeleton stands out particularly clearly.  The atrium again has the mussel-like form, is darkly pigmented, and possesses strong walls.  The atrial pad has on its upper edge many strongly notched dark chitin plates standing one behind another.  The pharynx is ventrally deeply curved with nine longitudinal stripes of T-ridges standing one upon the other so that in the anterior part it is almost step-like, and is here very high.  At the end the ventral wall becomes flat and the ridges become so low that the spines appear to sit almost on the base of the pharynx.

     The length of the individual gut section is in the ratio 1:7:5.  The alimentary canal demonstrates nothing new.  The anal papillae are 12 in number, similar to Brachyopa.

     The anterior spiracles are very small, dark-brown little flasks with three tiny slits.  The posterior spiracles are on a ca. 1 mm long dark-brown chitin tube.  Each spiracular scar is surrounded by three clear S-shaped slits.

     I take the arrangement of the sensilla and the structure of the cephalopharyngeal skeleton for a very primitive form.  I shall return to this again later in a separate section.

B. Predatory Syrphinae

Biology

     We now come to the 'true' syrphines, that is those forms of the Syrphinae that live as predators, which I separate strongly from the detritus-feeders;  we will see that fundamental differences exist between the two groups.

     First of all I give a summary of the biology of the true syrphines, and then continue with the individual species.   This biology will rely above all upon studies of Syrphus ribesii, whose larvae I had always at my disposal.

     Information from the literature about the true syrphines is concerned mostly with describing the larvae and their life cycle.  I can only choose a little from the mass of studies;  I limit myself to comments that are relevant to the forms that I have studied.  Lundbeck (1916) enumerates the rich literature on known syrphines.  Most of all Syrphus ribesii and (Scaeva) pyrastri are written about.  Linne and Fabricius already wrote about both of these larvae 'among aphids'.  Older discussions of the Syrphinae give us only partly correct descriptions of the larvae, and mostly correct and lively descriptions of the sucking out of aphids by syrphid larvae (Frisch 1734, Reaumur 1737, R”sel von Rosenhof 1749, de Geer 1776, Goeze 1796).  Later studies of syrphines carry really only short descriptions of the larvae or data on the places where they were found (Meigen 1822, Bouche 1834, Vallot 1834, Zetterstedt 1843, Ratzeburg 1844, Schiner 1875, Neuhaus 1886):  Vine (1894) gives an interesting synopsis of the living habits of syrphines; Mik (1898) mentions briefly Syrphus balteatus, Metcalf (1911) gives a very detailed description of the body and biological studies of american species. De Meijere (1917) describes the larvae of [Epistrophe eligans] which was previously unknown and depicts its very difficult rearing.  Anatomical studies of true syrphines are rare.  Keilin (1913) studies the salivary glands of different syrphine larvae.  De Meijere (1917) mentioned briefly the cephalopharyngeal skeleton of Syrphus in comparison with other fly larvae.

     According to the literature, female syrphines lay about 50-100 eggs stuck down solitarily, flat onto the undersides of leaves or stems which are normally covered with aphids.

     The eggs of syrphines are characteristic in colour and form.  They are chalky white, elongated oval, about 1 mm long, 0.3 mm wide, almost cylindrical, rounded at one end and flattened at the other mycropylar end.  The upper side is strongly curved.  The entire free surface is finely sculptured apparently in a characteristic way for each species:  thus that of Syrphus ribesii (Fig. 18) is in fine cup-like elevations with fine ridges and toothed edges, with slightly raised bushel-like extensions at the base which radiate out over the egg surface, the ends of which are partly joined with neighbours.  In Platycheirus scutatus there are long narrow wrinkled elevations running parallel to the long axis which send out extensions on all sides of the egg surface.  In Syrphus balteatus the surface of the eggs carries elongated polygonal fine shagreened areas, separated from one another by smooth furrows.

     Egg development proceeds in only a few days.  Through growth of the embryo the egg chorion expands so that shortly before hatching its length has increased by a third.  Via contraction and expansion of the larva the point (of the egg) is broken open and the side of the chorion is ripped open.  Then the larva stretches out further, hooks onto the substrate with the head and slowly comes out.  If undisturbed it usually remains lying in the same place for hours.  Offered aphids are ignored;  when struck against it can occur that the small larva will be dragged away by the mostly much stronger aphids;  nevertheless the larvae will suck on the aphid.

     In the first instar the larva is almost cylindrical, clear and transparent, yellowish with a slight greyish cast.  The segmental sensilla are very long and delicate so that the larvae appears finely haired.  The posterior spiracles lie separated far from one another.

     The mature larva is more or less awl-shaped, slightly curved dorsally and flat ventrally.  The sensilla are in the characteristic distribution (cf Syritta p. 86).  The segments have ventrally small swellings which in several species have become small proleg-like protuberances.  Laterally to the mouth opening are a pair of small dark mouth-hooks.  The first two segments can usually be pulled back a long way.  The anterior spiracles are very small; the form of the posterior spiracles, position of the slits, and distribution of the protuberances varies in the individual species.  The larval cuticle is either shagreen-like or has fine spines;  it is very transparent so that the coloured fat cells can be seen clearly through it.  The distribution and colour of the fat-body (which is normally the only coloured part) varies in the individual species.  The colour of the larva often changes considerably in the course of development.  In many species the heamolymph can take on a greenish or blackish tone.

     Without doubt the larva is given a certain protection via these colours.  An unfortunately undetermined larva, with a black ground colour with greensih and whitish spots resembled above all a bird dropping when it was among aphids;  similarly a brown clear-marbled species.

     The larvae of Syrphus ribesii are differently coloured on different plants.  Larvae on Sambucus or Euonymus have a prevailing green to yellow colour.  Larvae found among aphids on Alnus (where the aphids are woolly) have white or pale pink colours predominating.  On Centaurea jacea I found larvae with a chrome-yellow colour with a mostly strong red midline.

     Larvae find further protection in that they only search for aphids on the unlit side of leaves.  This is certainly not a coincidence since usually the aphids are to be found there; when the larvae are placed on blotting paper they generally quickly creep over to the underside.

     Many species can move very quickly, especially Syrphus balteatus and Scaeva pyrastri.  Always the substrate is dabbed with the head and often a little saliva is cast there so that one sees sometimes the track of the larva as a clear shining trail.

     Usually the larva lies motionless amongst the aphids.  They are not recognised as enemies by the aphids.

     Characteristic of the larva are the movements by searching for prey.  The last segment remains attached to the substrate and thus the larva strikes out around it with the stretched out front end in an animated manner on all sides.  Should a larva lay hold of an aphid, it quickly jerks it up into the air and suck it out.  Then the front end of the larva is almost perpendicular to the leaf;  the aphid sits like a cork in the mouth opening, held by the edge of the 2nd segment and both the lateral mouth hooks.  An escape is entirely unthinkable.  Via syringe-piston-like movements of the head not only the heamolymph of the aphid is sucked up but also their internal organs.  The feeding drive of the larva can be very great.  Although I have been rearing the larvae for two years, I can not arrive at an accurate number of aphids needed by an individual.  Literature data: "20 aphids were sucked out in less than 20 mins", can only be valid when larvae have been starved for a long time.  On average a larva deals with an aphid in about 2-3 mins.  However, I saw a young larva struggle with a large aphid for 1 - 1.5 hours.

     I give here briefly the results of some feeding studies:  

1.  A few larvae were starved for 5 days.  By feeding doses 2-3 larvae sucked on one aphid, or tore strongly at each other.

2.  A larva was starved for 3 days.  I then added aphids.  Imediately 12-15 aphids were covered with saliva, and then one from the others was calmly sucked out.

3.  It is not unusual that mature larvae suck out 15-20 larvae with pausing in between, after much shorter starvation times (3-4 hrs).

     The larvae of syrphines are usually not specialized to particular aphid species;  one finds the same species of Syrphus in the most different types of aphid colony.  I found an exception and therefore a food specialist in Platycheirus.  This cannot be the only exception.

     Aphids are not the only food.  Melanostoma attacks for example other dipteran larvae.  Xanthandrus comptus sucks microlepidopteran larvae and sawfly larvae.  I once found a larva on poplar leaves, on which aphids were completely lacking, but on which many larvae of Lina populi were present.  I was also able to rear Syrphus balteatus on sawfly larvae.

     If several Syrphus species are placed in a 'Zug' vessel [?] the larvae often attack each other;  S. balteatus and S.pyrastri have been distinguished in willingly sucking out larvae of S.ribesii.  Comparatively rarely do particular palatable species attack, or only when they have been starved for a long time.

     The larvae develop very quickly.  I very often measured a maximum gain in size of 10 mm in 5 days.  According to Vine ecdysis is not present.  However I have observed that they shed their skin twice.  The first ecdysis occurs about on the 4th or 5th day, when the animal has reached about 4-5 mm long;  the second ecdysis occurs on the 6th - 8th day;  the larva has meanwhile grown to 9-10 mm long.  The entire larval life lasts 10-14 days under favourable conditions.  This time is very dependent upon the feeding regime and also upon meteorological influences (dryness, humidity, temperature).  By more inadequate feeding I could retard development considerably, just as when I held the larvae in dry or cold conditions.  (I shall mention again humid rearing).  Often the larval period lasted 20-25 days.  If I allowed the larvae to starve for too long, they rejected aphids and the gut contents were completely digested;  then the larvae died.  Other larvae under similar conditions continued straight to pupation, often only half their natural size, and immediately dried up.  Still others pupated at small size and even produced adult flies which however did not have the normal size. 

     A few days before pupation the larvae become restless.  The first defaecation normally occurs 2-3 days before pupation.  (I have never observed the gut being emptied before this).  From many other insect larvae, which similarly live on very rich foodstuff (eg Cecidomyiid larvae, bee and wasp larvae), it is known that defaecation occurs shortly before pupation.  That the true syrphines behave in this manner has not as far as I know been mentioned in the literature before.

     After the clearing of the gut the larvae becomes much clearer, and also the fat-body loses most of its colour.  The larva of many species creeps then into the earth.  Many, eg those of S. balteatus, stick themselves with their saliva to leaves and pupate there.  In good sunny weather the pupal stage lasts about 10-14 days;  in cold, wet weather it can be lengthened into several weeks.   Most syrphines have several generations in a year because of such a short developmental time.

     Syrphine larvae are among the most important enemies of aphids.  Unfortunately they are often misunderstood.  Several times I experienced when collecting material for study that long-standing owners of gardens consider them to be harmful predators of butterflies, and have always killed them.

     The number of their enemies is unfortunately very large.  Chrysopa species, which normally live on aphids, according to Pariser attack Syrphus larvae.  According to my studies, Syrphus larvae are eaten by coccinellid larvae.  The greatest number of enemies are the ichneumonids.  They provide one genus, Bassus, which is highly specialized on syrphids.  I could not rear many syrphine larvae, of which I have many examples, since the majority were parasitized.  Once there were 20 larvae of Syrphus ribesii collected together, and 18 were infected with Bassus.  There is normally only one parasite in the larva, but there are some genera that will produce 2-3.  From one very large larva of S.ribesii I prepared once ten ichneumonid larvae.  One Syrphus larva pierced by an ichneumonid still took up aphids, but became scrcely any bigger, the fat-body remained clear, the movements of the larva were weak and reluctant;  normally the larva pupates but the slight size and very dark colour of the puparium immediately betrays the infection.

     Rearing of many larvae is not difficult.  Larvae kept for a couple of days before I used them in my studies were placed with aphid-infested leaves in Petri dishes lined with moist filter paper.

     To rear the larvae to adulthood I arranged aquarium glass as rearing containers.  The base was covered with a layer of earth and a few stones laid on it, and twigs with aphids and syrphids installed in small flasks;  the aquaria were then sealed with fine gauze.  Every two days the twigs were replaced with new ones with aphids, and the syrphids transferred using fine tweezers.  The larvae developed well for the most part, and reached pupation.  Then the flasks were taken out, and the earth moistened infrequently.

     In some species of which I often had many larvae, I was not successful in obtaining adults in spite of great care.

Description of individual species

Syrphus ribesii
     Larvae of Syrphus ribesii are found very commonly during the entire summer and autumn in aphid colonies of Euonymus, Sambucus, Viburnum, Alnus, Centaurea, Brassica, Ribes, Tanacetum, and Artemisia.  In January and February I found the larvae under stones, and they pupated very quickly when brought indoors.  According to my observations Syrphus ribesii has several generations per year (4-5) and is one of the commonest of syrphids.

     The larvae are very resistant to hunger, cold, heat, and humidity, and are very easy to rear because of this.

     The fully developed larva is approximately spindle-shaped, dorsoventrally slightly flattened, 12-13 mm long, 2-3 mm wide and 2 mm high, with a yellowish to green or reddish colour.  The coloured fat cells are always placed in a very exact distribution even though the colours also change.  Dorsally on segments 2 - 4 there runs a midline of fat cells which splits up in the 4th segment, creating a row of mostly pink to red coloured fat cells on either side of the dorsal blodd vessel.  On either side of this dorsal row lies a broader white, yellow or green coloured row, joined with the dorsal row in each segment by an oblique stripe running from the front towards the rear.  Laterally along the whole length of the body lie small diffuse groups of coloured fat cells accumulated above all under the warts of the sensilla. Coloured fat cells are not present ventrally;  through the thin cuticle can be seen the dark full gut.  The cuticle is shagreen-like dorsally and laterally, with 11 rings counted, showing the typical dorsal four folds and bearing the sensilla in typical distribution.  The sensilla are here only very small projections, standing on small conical cuticular elevations.  Ventrally the cuticle is smooth, each segment likewise separated into several folds which are turned forwards into small pads.  These cuticular pads usually show little pits and operate like suction cups.  The animal is capable of clinging on very strongly with these 'prolegs'.  Small antennae are placed dorsal to the mouth opening, with a cuticular peg on each side which ends in two small protuberances.

     The anterior spiracle is insignificant, a small brown little knob on the boundary between the 1st and 2nd segments.  The posterior spiracles lie dorsal in the 11th segment on short broad dark chitin pegs.

     The true syrphines have become predators and in close connection with this naturally they have a different structure to the alimentary canal.  Most striking is the completely different structure of the mouthparts.  The necessary sieving apparatus of the detritus feeders is completely lacking.  We examine briefly a head preparation from the ventral side (Fig. 19).  The head is elongated oval, delimited on both sides by the vertical plates, which in this view are seen as stout chitin bars strongly thickened posteriorly.  Under higher magnification one sees about in the middle of the chitin bars laterally a wing-like appendage comes out, which are dorsal posterior extensions of the vertical plates.  The vertical plates ventrally project anteriorly a pair of stout chitin bars, on which, joined flexibly with them, there lies two strong chitin beams which fuse with one another anteriorly.  Dorsal to these chitin bars lies a pair of much longer and more powerful chitin rods, likewise joined to each other at the front and ending in a dagger-like tip.  I regard them as the lateral rods from their position and origin. Between both these pairs lies a pair of thinner shorter little rods coming out from the vertical plates, about half as long as the other pairs.  From their position these little rods are indeed to be compared to the Frontalsack rods of the detritus feeders.  New here added to the cephalopharyngeal skeleton, lying at the level of the neck piece (Halsteil) and separate from the head, there is a pair of strong, anteriorly square, posteriorly pointed extra chitin rods.  In the interpretation of these rods I must rely completely on de Meijere who considers them to be the remains of the cardo.  Furthest to the outside and a considerable way from the mouth opening lies a pair of short triangular plates, generally called the mouth-hooks in these larvae;  de Meijere interprets them as the outer [?Lade] of the maxillae.

     A satisfactory interpretation of these strongly reconstructed mouthparts is difficult to give.  To arrive at an unequivocal answer, a long special study would be necessary.  I have studied only a few forms, and above all I miss the comparison with other families, and therefore I can only state what seems to me the most probable answer.

     The cephalopharyngeal skeleton of all the studied syrphines is very similar for the present, with unimportant differences in length and development of individual chitin rods.  The musculature of the head is very powerful, and shows the same arrangement as in the detritus feeders, and is able to expand and contract the pharyngeal lumen in the same way.  Much more powerful muscle tracts lie exterior to the cephalopharyngeal skeleton and operate the pumping movements of the head in the sucking out of aphids.  The pharynx has a flat oval cross-section, is not nearly so capacious as in detritus feeders, and every trace of the T-ridges is missing.

     This cephalopharyngeal skeleton is splendidly suitable for the predatory lifestyle of the true syrphines.  By closing the mouth opening the adjacent dorsal and ventral rods pierce like a dagger-point through the cuticle of the victim, and when it is pierced, the pharyngeal muscles and the muscles lying exterior to the head start working, and very quickly the aphid is sucked out.

     The ratio of the lengths of the gut sections is 1:14:5.  In gut preparations the short hindgut is conspicuous.

     The foregut is very similarly constructed to that of Syritta, as is the proventriculus.  In fresh gut preparations of living material I often noticed peristaltic movements of the foregut. The midgut likewise shows conditions as known in the detritus feeders.  The brush-border is present in regions 2 and 4.  The distribution of the muscles is the usual one.  In the 3rd region the gut is strongly constricted.  I have already mentioned this, that the larvae defaecate shortly before pupation.  One never finds excretory material in the hindgut before this time.  The midgut is filled right up to shortly before the Malpighian tubules.  In the greatly distended lumen of the 4th section lies the peritrophic membrane with the gut contents, often 3-4 times longer than the midgut, wound round itself in many coils.  It is not understood how a closure is created against the hindgut.  The 4th midgut section has tall cylindrical cells with a brush border;  immediately behind this at the end of the midgut the cells become very flat.  Then pressed forwards into the lumen of the gut there follows a wreath of upright cells, the tallest of which leaves free a tiny opening (Fig 20).  The Malpighian tubules lead in behind this wreath.

     The salivary glands of the larva of Syrphus ribesii are fundamentally similarly constructed as those of our typical representative of the detritus feeders, Syritta.  The difference is confined to the different length and width of the glands.  Whilst in Syritta we find very small salivary glands about the length of the foregut, in the true syrphines they are just as long as half the length of the midgut.  This length ratio holds for all the studied forms.  We also find the 180 ø  kink universal, as in Syritta.

     The two glands are narrowly braided with clear large fat cells, and are enlarged at the tips like clubs.  The common trachea-like exit duct is very short, broad, and the spiral threads are extensively coiled.  The exit into the pharynx is as in Syritta covered over by a muscular chitin plate. In the first third of the salivary glands the cells are lined on the lumen side with a fine chitin layer striped perpendicular to the cell surface.  When I examined sections through the salivary glands at high magnification, it appeared to me that the cells were surrounded exteriorly by a clear fairly thick plasma ring, in which I found darker cells and sometimes cell nuclei right on the outer edges.  I has first thought that here was produced a stronger but normally constructed 'tunica propria', until just before the end of my study I stumbled upon a short communication by Keilin in which he speaks about a 'special fibrillar tunica that doubles (the size of) the glandular epithelium' in syrphid larvae.

     Over the whole salivary gland fine fibre bundles draw away, particularly clearly in posterior sections of the glands, which each time run out from a cell with an obvious nucleus;  the protoplasm of the cell is finely streaked in parallel.  These fine fibrils running from each nucleus show none of the stripes that are found in muscle fibres.  Therefore these could be either smooth muscle fibres or connective tissue fibres.  Similar features have not yet been found in the salivary glands of other insects.  Keilin believes that the 'fibrillar tunica' may be comparable with the 'tunica propria' of the salivary glands of other insects.

     Unfortunately I had not sufficient time to prove adequately this view.  I had to confine myself to going over the serial sections that I already had that were not prepared for this purpose.  By chance however, I made a fresh preparations of the gut and stained them with eosin in aqueous solution.  According to my previous results I must agree with Keilin.

     With the help of the saliva, syrphines moisten the substrate on which they creep, thus adhering firmly and easily; if necessary they surround aphids with saliva to stop them from escaping, and using the saliva which is very viscous and sticky,  at least some species (eg Syrphus balteatus) stick themselves firmly down on leaves to pupate.  I do not believe that the saliva starts a predigestion of the prey outside the larva; for often solid small pieces of sucked up aphid are found in the gut of the larva.  I refer it together once again to Reaumur, who observed that entire embryos were sucked out from one aphid.

     At the start of the midgut there are four pocket-like caeca which occur together in pairs.  These really only vestigial caeca are scarcely elevated from the wide initial part of the midgut, and show no special differentiation of the epithelium.  The Malpighian tubules are present in two pairs, each discharging into the midgut via a short common duct.  All four tubes have a length of about half the midgut and are histologically similar.  The anal papillae are present.  They are comparatively easily extruded in chloroformed animals.  They appear as four tiny delicate tubes in two pairs.  Each pair has a common retractor muscle.  Very narrow tracheoles go into them.  We learnt of the anal papillae in detritus feeders as anal gills.  I consider it impossible that here in Syrphus they could still function as organs of respiration, just as I do not believe that they can deliver any secretion whatsoever as anal glands.  I never found an animal that had freely extruded its anal papillae.

     A large patch of large flat clear fat cells surrounds each salivary gland tube.  Similar fat cells with large oil droplets lie in a double row close to the hindgut.  By far the largest part of the fat cells is coloured.  These cells are small, mostly spherical, and densely filled with fine-grained mass.  No CaCO3!  The colour of the cells disppears after a short spell in water.  I could not see any direct connection between fat-body, salivary glands and the Malpighian tubules.

     With the transition between aquatic and terrestrial life, the structure of the posterior spiracles has also changed.  The anterior spiracles are spared reconstruction.  There is proof of this, that they play no role in any form during larval life.  In all true syrphines the anterior spiracles are insignificant small brown tubercles, lying dorsolateral on the rear edge of the first thoracic segment, with only a single slit, whose spiracular plate is supported by fine felt.

     The posterior spiracles are highly modified.

     The posterior spiracles of Syrphus ribesii are placed dorsally in the 11th segment on a short brown prp which is about 0.5 mm long and equally broad.  In 1st instar larvae the posterior spiracles are separated comparatively far from one another, each on its own short prp.  In the 2nd instar however these tubes are already joined together, only diverging a little right at the end (Fig 21).  Each spiracular plate shows clearly a spiracular scar lying dorsally.  The three slits are long and narrow, and run radially from the middle of the plate to the edge.  Dorsally near the midline of the joined spiracles there is a stout conical spine on each spiracular plate.  Standing outside between the three slits and outside the 1st and 3rd slits are four small spines, which are claimed to be the remains of the feathery hairs found in aquatic types.

     The posterior spiracles do not have a true felt chamber.  The elongated slits are bowed up a little above the spiracular plate, and are supported on the inside by stout parallel undivided chitin pillars;  originally these pillars and the cavity under the slits had very short and fine chitin bars which could be called felt.

     At the base of the prp there lie the single celled glands that occur here in the spiracles of the syrphines as already known in Syritta, but which however show here no rolled-up, clear, thread-like canal, but a large lumen surrounded by a thin plasma layer.

Scaeva pyrastri

     I found larvae of Scaeva pyrastri on various plants amongst aphids, eg on Rosa, Ribes, Sambucus, Centaurea, Phragmites.  These mostly grass-green larvae are important predators.  According to Martelli during their lifetime they can destroy 472-538 aphids.  This number seems much too small to me.  I have from study the impression that they can easily suck out 150 aphids daily, at any rate in the last instar.  They are not choosy as is to be concluded from the diverse places where they can be found, but according to DeGeer they could have a preference for rose aphids.  One should not leave these larvae for long without food, since very quickly they will turn to cannibalism.

     They are particularly commonly attacked by parasites;  such larvae can be recognised by their pale colour.  I found commonly 2-3 ichneumonids in a single Scaeva.

     I found the larvae at the end of May right through to the end of September, and assume that there are three generations per year.  The last larvae overwinter ready to pupate, and not as Lundbeck gives as very young larvae.

     The mature larva is 15-18 mm long, 4 mm wide in the last third of the body, and about 3 mm high.  The cuticle is densely set with fine dark spines.  The sensilla are very clear and in the usual arrangement.  Ventrally the cuticle is smooth, on each side of the segment with strongly accentuated tripartite 'prolegs' as I describe for 'Syrphine spec'.

     The ratio of the gut sections is 1:10:3.  At the beginning the midgut is pulled out into four corners in pairs, each about as large as the proventriculus.  The salivary glands of this species, as long as half the midgut, secrete particualrly large amounts of saliva.  I often found individuals where the lumen of the end part of the salivary glands was 6-7 times as large as the beginning part.  The anal papillae are present in four parts (two pairs) and furtehr reduced than in Syrphus ribesii.

     The coloured fat cells are arrangemed in the following way.  Dorsally there runs a reddish-white midline broader posteriorly, and a similarly coloured row dorsolateral one either side, often very unclear.  Otherwise the surface of the larva is yellow-green to grass-green.  As a reinforcement, the slightly olive-green coloured haemolymph contributes to this colour.

Syrphus balteatus
     Syrphus balteatus is apparently not rare.  According to information from Lundbeck it has only one generation in Denmark.  In my experience here we have at least two generations.  The larvae are found from the middle of May to September amongst aphids on different plants (Euonymus, Viburnum, Sambucus, Philadelphus, Brassica).  They are very lively, faster than other Syrphus species, and are important predators.  They strike very willingly at larvae of related species and suck them out.  I never found larvae that had been parasitized.

     S. balteatus is one of the types where the larvae do not pupate in the ground, but stick themselves down with saliva to a leaf and there become a light-brown droplet-shape with a few dark bands on the back;  an object that in a fleeting glance one would not dream of taking for a fly puparium.

     The mature larva is 12 mm long, 3 mm wide and 2 mm high.  The cuticle is finely shagreen-like.  The colour is characteristic for this larva:  there is no other larva that is similarly coloured.  The cuticle is very thin and transparent.  Dorsally in the 5-9 segments there is in each a group of shining white fat cells.  On each side from the 7th to the 10th segments there are thin patches of similarly white fat cells.  Through the cuticle, one can clearly recognise the dark coloured gut and the red-brown threads of the Malpighian tubules.

     The gut demonstrates essentially nothing new.  The gut ratios are 1:12:4.  At the beginning of the midgut there are two lobe-like caeca.  Four anal papillae are present.

[ Epistrophe eligans ]

     I found the larvae of E. eligans in May and June on Prunus, Sambucus, and Viburnum.  I identified the animals after examples in the collection of GW Müller, who had found overwintered larvae in April.  The adults of these larvae eclosed in May.  I have not been successful in rearing the larvae even though I have tried for 2 years with great care.  Mature individuals sit tight to the glass wall of the rearing vessel, turn brown during the course of 4 weeks, and retain their flattened form.  They remain like this for months, until they have completely dried up.  De Meijere (1917) who described the larva, depicted the great difficulty of rearing.  I could not rear the larva for years since they either dried up or went mouldy.  From studies of rearing it is clear that there is probably only one generation in the year.  Thus the larval stage lasts 8-9 months.  Food is only taken during the first month, and then the gut empties and a resting place sought out.  They pupate in the following year.  The pupal stage lasts 3-4 weeks.  Adults are found from May to June.  (A similarly long pause before pupation is known from Stratiomyiidae).

     Through their flat broad shape they are very far from the normal type of Syrphus larvae.  The cuticle is thin, shagreen-like, smooth numderneath without clear 'prolegs'.  The movements of the mature larva are not the normal lively syrphid locomotion, but recalls the creeping of a slug.  In connection with this there is a copious moistening of the ventral surface with saliva.

     The colour as well as the shape changes during larval life.  The recently hatched larva, about 1.5 mm long, is almost cylindrical with very long and fine chitin spines in the usual segmental arrangement.  The colour of the larva is a light yellow-green.  The posterior spiracles are further separated from one another.  After the first instar the larva takes on a broader shape.  The dorsal surface is coloured green-yellow to grass-green with a midline of white fat cells.  The lateral sensilla stand on small dorsoventrally compressed cuticular pegs which make the whole outer edge of the larva appear to be notched.  The colour becomes darker, brownish, the midline clearer, and between the green fat-cell masses there lie individual larger yellow-coloured cells.  The mature larva is only very superficially grooved.   The very transparent underside allows the dark-filled gut to be seen through it, which is accompanied on each side in the last third of the larva by a longitudinal strip of chalk-white fat-cells.

     The posterior spiracles lie on a ca. 1 mm long, conical clear prp;  only the spiracular plate is brownish.  Although the larva had not yet been identified, I was able to regard the structure of the posterior spiracles easily as a Syrphus larva, despite the outer form of the larva being completely abberrant.  The spiracular plate shows great similarities in the arrangement of the slits, the scars and the spurs to those of Syrphus ribesii.  The two dorsal spiracular spurs are particularly long.

     The gut ratios are 1:13:4.  At the beginning of the midgut lie two spherical caeca, but in individual examples I found four;  in these there were 2 clearly and 2 indistinctly recognizable.  Thus E.eligans goes a step further in the reduction of the midgut caeca.  In connection with the heavy use of saliva in locomotion, there is a substantial enlargement of the salivary glands.  Each tube is almost 0.75 the length of the midgut (in other syrphines it is only about 0.5 as long), and has a very wide lumen from the beginning.  Four anal papillae in two pairs are present, about half the length of the foregut, with many tracheae and powerful retractor muscles.

Platycheirus scutatus

     I found larvae of Platycheirus scutatus for the first time at the beginning of October 1923 by fishing with a plankton net in a pond.  The gut of the larva was filled to bursting with air.  I could not imagine that water is the true habitat of the larva, because the gut canal had the typical structure of an aphid-feeder.  The larvae must have come to be in the water by some adverse circumstances.  The next year I found larvae amongst aphids in July on Sambucus, in September on Phragmites.

     Air is pumped into the gut via foregut peristalsis and contractions of the proventriculus when the larvae are put into water.  In the field swallowing air may be advantageous to animals.  When larvae fall off the reed leaf by a blow, they move about swimming on the water surface pumped full of air, and prehaps they land again on a stem and can creep up again.

     In the literature there is no information about Platycheirus feeding on aphids.  Lundbeck found larvae in April among old leaves and washed up plant debris and assumed that that could not be the true habitat of the larvae, since the mouthhooks are conspicuous, and he believed that they live on aphids or fed on some other sort of species.  All studies of Platycheirus that I know of say that the larvae are found in plants that have been washed up on the edges of ponds and ditches, and all these observations were made in the early part of the year (February to April).  At this time larvae cannot be found amongst aphids.  All the observed larvae that I had from such places had overwintered.  The adults eclose in May.

     According to my observations there are two generations in the year, at the beginning of May and in August.  I first found larvae on Sambucus, and then on Phragmites, and always only on these plants.  From this we have in Platycheirus a food specialist with an orderly change of prey, which is explained by the seasonal presence of aphid species.  I have never seen them amongst other aphids.

     The mature larva is 7-8 mm long, 2 mm wide and about the same high.  The colour is greenish (to grey-yellow shortly before pupation).  Dorsally on the midline runs a rose- to orange coloured stripe of the fat-body, and laterally similar but narrower and lighter stripes.  Outside these stripes on each segment there are lighter patches of fat cells.  The cuticle is shagreened with the usual sensilla.

     The gut shows nothing new.  I give only the gut ratios, 1:8:3.  At the beginning of the midgut lie four hemispherical caeca, and four anal papillae in the anus.

Syrphine sp.

     I found the larva in May and June on Viburnum amongst aphids.  It is 12 mm long, 2.5 mm wide and 2 mm high.  It is slightly compressed dorsoventrally.  The cuticle is dorsally and laterally densely set with small black chitin spines, in between which are the here relatively long sensilla in the customary regular arrangement;  they stand on particularly concial cuticular 'turned-out bits' and in part (the median and the outer ones of the dorsal side) become more clearly prominent because of the clear fat cells deposited under these cuticular warts.  The colour of the larva is yellow-brown to grey-black.  The dorsal midline is dark, and in the first segments the dorsal blood vessel is accompanied by yellow-brown fat cells.  The ventral side is deeply folded, as the dorsal side.  On the middle fold on either side against the edge, a cuticular outpushing is split into two small hemi-spherical protuberances (prolegs).  It is remarkable that in this form the ventral row of sensilla is missing.  The cuticular pegs specified as sensilla are present, moved near to the prolegs so that these here appear to be tripartite.

     The foregut, mid- and hindgut have lengths in the ratio of 1:11:3.  The midgut is quite broad at the beginning, and is without any trace whatever of the caeca.  Four anal papillae are present.

Microdontinae

Microdon eggeri
     In exterior shape, locomotion, and many internal features, the larva of Microdon deviates totally from the other syrphids.  Why, they differ so much from all dipteran larvae that it took a long time to recognize their affiliation to the Diptera.

     The oldest study on Microdon is that is von Heyden (1823), who named the animal Parmula cocciformis, taking it for a snail rather than an insect larva.  One year later (1824) a study by von Spix was published.  Again the larva was regarded as a snail, named Scutelligera ammerlandia, and even its own genus set up for it.  Also after detailed study, in the course of which he found tracheae and the fat tissue, whilst he failed to see the large snail liver and eyes on the antennae, von Spix would not change his mind, but discovered a new genus of snails. Schlotthauber (1839) first recognised the animal as the larva of the dipteran genus Microdon.  From then on Microdon has been described often.  The most recent study is by Maria Andries (1912).  Andries deals particularly with the exterior morphology and biology, more briefly with the internal anatomy.

     I found the larvae of Microdon from mid-February to the end of March on Kieshofer Moor near Griefswald, in pine stumps, always in nests of Lasius niger.  I could not establish what the connection was between Microdon and Lasius.  The ants did not look after the larvae at all.  Wasmann believed for some time that Microdon was nursed by the ants, but then found that the ants ignored them entirely.  That Microdon lives on ant larvae or pupae I have not been able to establish in spite of many experiments.   The advantage in living with the ants ought to exist for Microdon in that in hatching from the egg in the ant tunnels they come upon the mush of the pieces of [?Bast] and barks as food.

     The larva is about 10 mm long, 8 mm wide, dorsally strongly curved, about 4 mm high, brownish, ventrally flat and flesh-coloured.  The segmentation of the larva was first correctly indicated by Andries.  One sees at first glance only a flat to hemi-spherical animal, on which segmentation cannot be recognized. (approximately like half a hazelnut kernel).  The third thoracic to the 8th abdominal segments lie under a strongly chitinized dorsal shield, and thus the larva has indeed a similarity to small slugs.

     By detailed study one finds hidden under the dorsal shield two clearly delimited cylindrical segments, and in more frequently irritated animals (with a needle) or in such animals that have dried out, the clear segmentation of the dorsal shield shows itself in the form of wrinkles, so that then nine segments can indeed be recognized.  Therefore we find eleven true body rings in Microdon as in syrphids as a rule.

     The structure of the cephalopharyngeal skeleton (Fig 22) is interesting for our later comparison with other forms.  In principle three main sections are also again distinguishable: vertical plates, neck part, and atrium.  The vertical plates show the usual form.  They are however here a little darker than in the Milesiinae.  We find also here a ventral plate, which raises the pharynx, is trough-shaped, and at the anterior end is fused to a dorsal plate, which posteriorly is separated from the ventral part by a keel-shaped notch, and above likewise is deeply notched.

     The neck part is much more strongly transformed.  As against the Milesiinae, the only part unchanged are the two Frontalsack rods and the dorsal chitin plate in the neck part, which lies as usual between the Frontalsack rods.  The lateral rods of the neck part are very drawn out dorso-ventrally, fused to one another ventrally, are brown-black, and create a trough into which the Frontalsack project from the dorsal side.   The submentum is missing completely from Microdon.  It is entirely fused with the lateral rods to the trough-shaped neck-piece (Haslstück).

     The atrium is now built entirely differently from the Milesiines.  We find here also still a division of the mouth cavity into three, two lateral and a central cavity (Fig 23).  There is no trace now of the atrial shells.  The mandibles, which are positioned dorsally over the atrial shells as small rudiments in milesiines, are in Microdon constructed as two powerful mouthhooks, vertical plates in the form of scalpels with strongly dentate ventral edges, flexibly articulated to the lateral rods. The ventral mouth sensilla (rudimentary in the milesiines) are more clearly built in Microdon.  In the midline of the mouth cavity lying ventrally there is a triangular anteriorly pointed plate, with underneath curved side pieces that are fused only at the tip.  Both the middle and the side pieces have long stout teeth on the posterior edges.  Holmgren called this triangular plate the Labium, an interpretation that I agree with.  Ventral to the middle piece lie obliquely and stretching out anteriorly two small spatula-shaped chitin 'little leaves', the maxillae according to Holmgren.

     The pharynx shows no more the T-ridge structure that we found in the free-living syrphids.  Becker (191) writes: "These T-ridges are present in all free-living cyclorrhaphan dipteran larvae so far studied.  They are absent in contrast in parasites."  In Microdon, although free-living, they are completely missing.  However, Holmgren describes them from a south-american Microdon species.

     The mouthparts of Microdon larvae are wholly differently built than we know about hitherto, and must allow a different type of food uptake to develop.  The mandibles are strongly built, while in contrast the atrial sieve and T-ridges are completely missing.  The mouthparts are therefore suited to the uptake and comminution of solid food.  In the same way they are unsuited to filtering food as in the milesiines and eristalines.  The animal undoubtedly lives on the mush in ant galleries.  I could not establish whether this becomes comminuted, or whether a selection of certain parts ensues.

     Right behind the labium, the salivary glands flow into the pharynx from their common duct.  Shortly before the union of the salivary glands into the exit duct, there are two spacious ampullae.  Four diverticula lead into each ampulla.  The salivary gland (Fig 24) is also made up of four pairs of tubes, which are different from each other in form and histological structure. The first pair is in front of the ampullae, is about 1.5 times as long as the foregut, and is divided into a shorter broader end section and one 4-times as long with a much narrower lumen and smaller cells.  The anterior end of these tubes has throughout a glandular character.  I assume also that the end section is secretory, which has allowed the strongly dispersed chromatin bundles of the nuclei to close up.  The two following pairs of tubes (2 and 3) are as long as the foregut, empty right next to one another into the ampullae, and have a wreath of very small cells at the place of exit which strongly constricts entry into the ampulla.  Both pairs have flat plate epithelium.  I assume that these two pairs are not secretory, but I see in them only reservoirs for the secretion delivered from the 1st pair, which is stored up here until it is used.  The largest pair of all the tubes is the fourth.  It is almost three times as long as the foregut, and runs ventrally in the midline almost as far as the anus.  This pair bears much similarity to the salivary glands of other larvae, and should be equivalent to them.  It consists of large flat polygonal cells with large round nuclei.

     Andries attributed a separate function to each of the pairs of glands.  The first pair may deliver a secretion for sticking down the pupa, the 2nd and 3rd a mobile secretion to aid in locomotion, and the 4th a digestive secretion.  I have come to a different opinion from my studies.

     In the interpretation the remarkable fact is that at the exit duct from the 4th pair into the ampullae there lies a stout ring of muscles, and therefore the secretion of this pair of glands can be held back from flowing out.  This confirms to me the opinion that the long 4th pair works on its own, and the other 3 pairs make up a complex in which, as I say, the 1st pair delivers a secretion that the 2nd and 3rd store.  The mobile secretion, put out from the mouth from time to time, is much needed to keep moist the ventral side of the larva while moving. Only the 4th pair delivers a digestive secretion.  The presence of the first three pairs of salivary glands in close proximity would be consistent with the place where they live, that makes it necessary for movement that the underside is moist.

     The gut of Microdon eggeri is about 4-5 times as long as the animal itself.  The gut is indeed very long, however it has a much smaller thickness when compared with that of other syrphids.  The narrow oesophagus has the normal structure.  The proventriculus is similar to that of the milesiines, except the rostrum hangs further inside the midgut.  Just behind the proventriculus there open out into the midgut four very small almost spherical caeca, which are made from only a few large cells.  To these cells, which show similarity with those from no other region, should be ascribed a powerful secretion.

     Andries writes in her work: "The midgut goes over into the histological condition of the hindgut without alteration.  This runs straight backwards. "  I found however, that the hindgut makes several turns before the anus.  It is typically built, as in the hindgut of the milesiines, and throughout does not resemble at all the histology of the midgut.

     According to Andries strongly developed coiled anal glands discharge to the outside right next to the anus, with a long thin-threaded exit duct to the right and left.  I could not locate such anal glands or anal papillae as I otherwise call them.  There are indeed large rolled glands in this region. However, these are the gonadal glands, which are already much developed in mature animals.  Andries describes the gonadal imaginal discs from apparently much younger animals, in which she saw the gonads only about the size of the neighbouring fat cells.

     At the boundary between mid and hindgut the four Malpighian tubules join.  They are in life coloured bright yellow, and are about half the length of the midgut.  One pair contain CaCO3.  The fat-body is strongly developed.

     With regard to the tracheal system of Microdon larvae, I have added nothing to the work of Cerfontaine and Andries.  However a correction and completion must be made to the description of the spiracles in the work of Andries. 

     The posterior spiracles stand on a prp, a conical chitin peg.  Andries described this prp:  "Closely examined, the periphery of the small barrel is composed of oval light-brown little plates, which are dark-brown round the edges, and bear in the middle a darker longitudinal line.  In section this longitudinal line appears as a narrow fissure, into the middle of the lumen of which a fine dense layer of hairs projects, as in many spiracles."  Under the binocular one really does have the impression that the prp is covered all around with such chitin plates, as Andries described.  The study in section gives a completely different picture.  The prp is covered with (in cross-section) oval bunches of fused chitin spines, which bend over umbrella-like at their free ends.  There is nothing that can be recognised as a longitudinal line.  The line that Andries described is the optical cross-section through the stuck-together main mass of the chitin bunch and the edges of the little leaves described from them are the adjoining edges of the umbrella-like chitin bunches.

     At the end of the prp lies a brownish-red spiracular slit on each side of the midline , deeply notched and slashed with many clear oval spots.  In other syrphid larvae we find one each side a tripartite spiracular slit.  The spiracular slit of Microdon appears to be a fusion product of the previously tripartite one.  Andries regards the clear spots of the slits as small spiracular openings.  We think however from earlier studies that these apparent openings are covered over with the thinnest of chitin lamellae.  Surrounded by the spiracular slits lying in the middle of the prp end plate are the spiracular scars, the true openings of the spiracles.

     In the work of Andries nothing is mentioned about the anterior spiracles.  In living animals or in preparations of the first body ring there is nothing to be seen of them.  When anterior spiracles are present, they should in all probability lie on the boundary between the 1st and 2nd body rings.  In my serial sections, I indeed found in this position no spiracles, but on a small chitin pad there was the orifice of a multiply wound thick-walled passage that reached into the interior of the body.  Following this passage, surrounded by a stout matrix layer, it appeared that it became always narrower and the chitin always more delicate, until then about in the 3rd segment the passage appeared clearer and suddenly considerably enlarged.  At this spot lay an even stronger chitin ring, and underneath a very little and finely divided chitin structure, the anterior spiracles (Fig 25).

     The anterior spiracles, pulled far into the inside of the body, cannot serve any further for respiration.  I consider them to be the forerunnners of the later pupal spiracles, by which they are extruded, lying on the little horns that are built from the existing spiracular passages.

III.   Conclusion and comparison

     Let us take again once more the considered species, and it will be recognized that the family Syrphidae is not uniform in larval habits as also in internal structure.  The resutls of our studies, put in tabular form, will facilitate the overview for us and enable us to put together recognized groups on the basis of several distinctions.

     We shall first examine the ratios of the lengths of the sections of the gut.  We can disregard the foregut entirely, since overall it is made up in the same way and with the same relative length.

                                             

Mid      
Hindgut

Milesiinae
Syritta pipiens          
12        
10

                    
Xylota nemorum           
10         
7

                    
Ferdinandea ruficornis   
12         
9

Eristalinae         
Eristalis arbustorum     
10         
7

                    
Myiatropa florea         
10         
6

Volucellinae        
Volucella pellucens       
8         
7

Syrphinae           
Brachyopa bicolor        
12         
8

                    
Rhingia campestris        
7         
5

---------------------------------------------------------------------------------------

                    
Syrphus ribesii          
14         
5

                    
Syrphus balteatus        
12         
4

                    
Epistrophe eligans       
13         
4

                    
Syrphine sp.             
11         
3

                    
Scaeva pyrastri          
10         
3

                    
Platycheirus scutatus     
8         
3

=========================================

Microdontinae       Microdon eggeri          
12         
5

From this review two groups easily emerge:

1.  Larvae in which the hindgut is 0.75 to 1.0 times the length of the midgut

2.  Larvae whose hindgut is about 0.33 as long as the midgut.

     If these two such characteristic groups are natural, then we ought to expect that they are distinguished by other features.  I give in the following a comparison of both groups for a few characters:

                               
Group I            
Group II

Atrium                        
well built             
-

Mouthhooks                 
-               
present

Neck-rods                     
weak                
strong

Underlip (labrum)             
degenerate          
robust

Filter                        
atrial shells,         
-

                              
T-ridges

Proventriculus                
elongated           
short,spherical

Peritrophic membrane   
robust              
more delicate

Mid:hind gut                  
1.3 - 1.0           
3.0

Food storage                  
hindgut,

kept in midgut




defaecated  

Salivary glands               
short               
long

Gut caeca                     
4 long              
4-2 small to

                                                      

missing

Malpighian tubules            
4, 2 

4, 




with CaCO3     
no CaCO3

Anal papillae                 
12-20               
always 4

Anterior spiracles            
very small          
very small

Posterior spiracles           
usually on long     
short prp

                              
prp, large S slits  
slits long and

                              
felt chamber        
narrow. No true

                                                  

felt chamber

The following characteristics of the two groups are apparent from this comparison:

1.  The most striking thing about group I is the filtering apparatus of the cephalopharyngeal skeleton, the atrial shells and the T-ridges in the pahrynx (I go into details of the operation of these in Syritta, p. 90 ff).  The head capsule is long and narrow.  The chitin rods in the neck-part are usually weak, the underlip only present as a small rudimentary structure, lying in front of a chitin pad set mostly with fine spines, which likewise functions as a filter in food uptake.  The proventriculus is normally long and narrow (particularly in eristalines).  The 'clear cells' of the rostrum secrete a strong membrane, the peritrophic membrane, which surrounds the food along the entire gut.  The hindgut is usually long, strongly swollen in front of the sphincter and serves as a food store before elimination.  It reaches in a few forms almost the length of the midgut.  The salivary glands are in all forms very short and surely without great significance.  The midgut caeca in contrast are very long and must provide an abundant secretion for digestion.  Two of the 4 Malpighian tubules are most strongly enlarged and lengthened, and bear CaCO3 (the extreme is Eristalis).  With an aquatic life or in liquid food comes an increase of the anal papillae (tracheal and blood gills) and, closely connected, a lengthening of the prp (the extreme is Eristalis).  All larvae of this group are detritus feeders (with one exception:  Volucella).

II.  Completely differently organised is the gut tract of Group II.  The atrium and filtering apparatus is lacking.  The larvae have powerful mouthhooks, suitable for seizing prey;  the neck rods are very stout and fused in front;  likewise the under lip.  With these dagger-like mouthparts the victims are punctured and easily sucked out with the help of the strong pharyngeal and head musculature.  The proventriculus is small, spherical, and the secreted peritrophic membrane delicate.  Food is stored in the last third of the midgut throughout larval life, and the gut is only emptied just before pupation.  The hindgut is really short.  The midgut caeca are present in many forms as small sacks, showing a tendency however almost to disappear.  This is proof that they have no significance in digestion.  The salivary glands work in a stronger action.  They are half the length of the midgut and provied copious amounts of secretion.  The saliva is not only necessary for digestion, but also helps in locomotion.  Four Malpighian tubules very similar to one another, and without CaCO3.  There are always four anal papillae present, without carrying the function of rectal gills.  The posterior spiracles usually are on a shorter prp and show no felt chamber.  All these larvae are predators.

     Therefore we find that syrphid larvae are separated into two groups on the basis of their feeding habits.

     From this grouping two species, Brachyopa and Rhingia, have been removed from the subfamily Syrphinae, in which they were previously placed, and placed in the subfamily Milesiinae.  I regard both as very primitive forms.

     We will have a close look at the larvae in external detail, at the number and distribution of the sensilla (Fig. 27). (we will soon see that also the internal features suggest the primitive nature of Rhingia).

     In the individual accounts of my study, one often finds the information: distribution of the sensilla is typical.  I have described this typical distribution in detail for Syritta, but I must briefly repeat it here.  Usually each typical segment (5 - 10th body ring) is divided dorsally by 3-4 cross-folds, and bears sensilla in the following order: on each side of the midline dorsally on the 2nd fold there is a sensillum near the midline; on the 3rd fold on each side nearer the edge there are 2 sensilla; laterally one each side 3 sensilla, of which one is more dorsal than the other two which lie almost in a horizontal line.  Ventrally one each side there is a sensillum near the outer edge.

     On the 2nd and 3rd thoracic segment and the first abdominal segment there is a cross-row of 6 sensilla.  This distribution remains constant for the anterior body ring in all species, even when the arrangement of the sensilla varies otherwise, as for example in Volucella.  In addition to the typical warts, in Volucella bombylans there lies on the 2nd fold of each side dorsally one the edge a supernumerary projection (in the schema marked with an 'x').  In V. pellucens that I studied, the number of projections has become even greater.  On the 2nd fold on each side in addition to the typical ones there is a projection as in V.bombylans, and on the 4th fold near the midline on each side there is a wart.  On the thoracic and first abdominal there remain the six sensilla in a cross-row without doubling.

     Just as an increase in the sensilla can appear, a decrease can also occur.  An example is given by Scaeva and Syrphine sp.  The ventral row of sensilla drops out, as do the warts on which the true sensilla ought to be, associated with the locomotory prominences and strengthening of their suction operation.  Also in this case we find the cross-row of 6 sensilla on the 2 - 4 bodyring.

     I consider the order of the sensilla on the 2 - 4 ring as the most primitive. (An alternative distribution of the sensilla could only have happened once the segments had been partitioned dorsally into 3-4 folds.  This (folding) is surely not primitive).  When it is now possible to find a form in which the spines or warts show a cross-row of six lying on a fold on all segments, then we must have a truly primitive form before us.

     In Brachyopa and Rhingia I found this arrangement of the sensilla.  In Rhingia there are besides still 4 stout sensilla ventrally on each segment.

     We assume on the basis of the last data that Rhingia is a primitive form.  (That Rhingia stands very near to the putative original form of the syrphids has already been suggested by von Meunier (1901) on the basis of imaginal features).

     Are we able then to order the forms we have studied naturally in a row going out from Rhingia ?  There we will examine comparatively the structure of the gut, and we will find that we can connect our group I easily to Rhingia.

     We visualize again the alimentary canal of Rhingia:  the chitin rods of the neck piece are stout, the lateral rods dorsoventrally drawn out, almost surrounding the whole neck.  The mandibles lie as stout dark pieces over the atrial shells.  The underlip is not very clear since it is also functionless.  The atrium is lined with dark strong strips running parallel.  The T-ridges of the pharynx, high longitudinal plates with dorsal fringe rows, are so low at the end piece that both rows of spines lie almost down on the pharyngeal base.  The four midgut caeca are almost as long as the foregut.  The longer but scarcely broadened pair of Malpighian tubules contain CaCO3.  Twelve short single-segmented anal papillae are present.

     Is it possible to connect Brachyopa naturally to Rhingia ?  To begin with as we have seen on the basis of the distribution of the sensilla, and then after examining the alimentary canal.  The cephalopharyngeal skeleton of Brachyopa shows in contrast to Rhingia the following distinctions:  the lateral rods narrower little bars, the atrium is a little stout, divided into a larger number of delicate ridges, and the T-ridges of the pharynx are a simialr height along their whole length.  The midgut caeca are longer.

     Advancing, we are able to reconcile the subfamily Milesiinae to this chain:  the neck-rods are much more delicate, likewise the mandibles and underlip, also the atrial shells but more finely divided and the individual ridges are set with fine spines (cf the description of Syritta p. 89).  The T-ridges in the pahrynx have dorsally two rows of longer spines.  The hindgut approaches still more the length of the midgut.  The proventriculus becomes longer, the 'clear cells' in the rostrum increase and become capable of secreting a stronger peritrophic membrane more quickly.  The salivary gland is only small, in contrast to the midgut caeca which are very long, almost double as long as the foregut.  One pair of the Malpighian tubules reaches almost double the length of the second pair, and is broadened in the final half, filled with a large quantity of CaCO3.  The anal papillae are still 12 in number, are longer, partly with two segments, with a very fine division of the tracheae.

     In the final part of this chain we can make out the eristalines.  The lateral rods, underlip, and mandibles are weaker.  The atrial shells are shorter, the fringes of the ridges finer and longer than in the milesiines.  The T-ridges in the pharynx are very high, set with long and stout fringes.  The proventriculus is very extended longitudinally.  One pair of the Malpighian tubules is twice as long as the other, and in the final half is very strongly enlarged, stuffed full of CaCO3.  The anal papillae have been further divided, and 20 are present, many of which are 2-segmented and long.  They could be extruded far out from the anus.  The posterior spiracles are on a longer prp.

     We have followed here the evolution of the detritus feeders and seen that they adapt always better to their life style.  All mouthparts become always further degenerated and food uptake is always better geared to the filtering of detritus.

     Rhingia is the basic form, and Eristalis the final form.

     Opposed to the detritus feeders is group II, the predatory syrphids, with a wholly different structure of the mouthparts and the alimentary canal.

     The two groups are distinguished by the structure of the cephalopharyngeal skeleton, in the ratio of the lengths of the gut sections, in the size of the salivary glands, length of the midgut caeca, and in the number and structure of the anal papillae.

     Both groups show together an adaptation to the sucking feeding method.

     Should there not therefore be a connecting link between the two groups ?

     For this we examine Volucella.  Our species of Volucella are predators, sucking out wasp larvae, while in contrast american Volucella species are still completely like a type of detritus feeder on rotting plant material.  However our Volucella species show so much connection with group I that they can be elminated as a connecting link between groups I and II.  The stout construction of the lateral rods, the mandibles, and the underlip shows however that they are positioned close to the primitive form.  The alimentary canal and the atrium (that here consists of stout strips) and the T-ridges in the pharynx show completely the character of our group I, just as the ratio of the gut parts, the midgut caeca and the anal papillae.  The salivary glands show an enlargement since they are double the size of the salivary glands of group I.  This surely is connected with the transition of the larvae to a predatory habit.

     Volucella therefore does not after all appear in question as the transitional link between groups I and II.

     We consider now that the forms from which the two groups are descended originally must have taken solid food, and there must have been a more primitive mouthpart structure that related to this.

     Do we recognise such a larva amongst the syrphids ?  The larva of Microdon probably take solid food and show more clearly developed mouthparts.

     Do they not connect the features of the two groups.  We look again at them as a result of this.

     In cross-section through the anterior mouthparts a certain resemblence to those of the milesiines is striking.  We find here also a tripartite mouth cavity.  In the central cavity which goes direct to the mouth, to be sure, the atrial-shell structure is missing.  The mandibles are in Microdon very powerful, hook-like, very jagged on the ventral edge.  The under lip consists of several obvious pieces.  The neck-piece shows great similarity with that of Rhingia.  The broadening of the lateral rods in the dorsoventral direction, and their ventral fusion, is still more pronounced here in Microdon.  The T-ridges in the pharynx are lacking in the Microdon that I studied;  however they are known from south-american Microdon species (Holmgren).  The remainder of the alimentary canal resembles closely our group II.  The length ratios of the gut sections is similar to that of the true syrphines;  midgut caeca are only present as four small spherical structures.  The Malpighian tubules are reminiscent of the syrphines in length and structure.

     From this it appears that Microdon, in the structure of the alimentary canal, stands as the most primitive grade, and that we could indeed place it as the root of out two groups, although externally it is shaped completely differently to syrphid larvae, actually to fly larvae.

     We endeavour now to conclude with our results, which are based not only on external characteristics (sensilla) but also on internal structure (the alimentary canal);  we try to represent them in the form of an evolutionary series of the studied larvae, giving the following picture:

     Eristalines

     Milesiines

                                      True syrphines

     Brachyopa
                 Volucella
     Rhingia                          Microdon (without T-ridges)

                      Microdon (with T-ridges)

I stress that it is here not a question of a phylogenetic tree, but represents a morphological series, which naturally has a close bearing upon the phylogenetic tree.

FIGURE LEGENDS

1    Syritta pipiens.  Cephalopharyngeal skeleton (a) from the ventral side, and (b) from the lateral side.  Atr = atrium,      mdl = mandibles, Lsp = lateral rods, Fsp = Frontalsack rods, Sm = submentum, V = vertical plates.  Magn = 40 x.

     [ The 'neck-piece' (Halsteil) is the middle section between the vertical plates and the atrium ]

2    Syritta pipiens.  Cross section of the atrium.  125 x

3    Syritta pipiens.  Cross section of the atrial shell. 250 x

4    Syritta pipiens.  Cross section of the pharynx (a) anterior (b) posterior.  V = vertical plates, T = T-ridges, M =      muscles. 75 x

5    Syritta pipiens.  Gut, overview.  K = head, Spd = salivary glands, Prv = proventriculus, Md = midgut, Ed = hindgut, Bs = midgut caeca, As = anal papillae, VM I = Malpighian tubules (only drawn for one side), VM II = Malpighian tubules with CaCO3.  10 x

6    Syritta pipiens.  Cross-section of the foregut. 75 x

7    Syritta pipiens.  Proventriculus, (a) longitudinal, (b) cross sections.  Vd = foregut, R = rostrum, HZ = 'clear cells', Md = midgut, Bs = midgut caeca, Ps = proventriculus sphincter, T = peritrophic membrane.  75 x

8    Syritta pipiens.  Proventriculus sphincter, longitudinal      section.  Mz = muscle cells, Lm = longitudinal musculature, Mdz = midgut cells.  375 x

9    Syritta pipiens.  Midgut, region 2. 125 x

10   Syritta pipiens.  Exit of the salivary glands, longitudinal section.  Lsp = lateral rods, Sm = submentum, Spg = salivary gland passage, Spk = salivary gland flap, Mb = muscle bundles, T = T-ridges.  75 x

11   Syritta pipiens.  Malpighian tubules.  Transition to the      broadened CaCO3 - bearing part. 25 x

12   Syritta pipiens.  Anal papillae.  12 x

13   Syritta pipiens.  Individual anal papilla, longitudinal      section.  Mtr = central trachea, Mb = muscle bundle. 40 x

14   Syritta pipiens.  Anterior spiracle, longitudinal section.  Stn = spiracular scar, F = felt chamber, D = gland cells, I = imaginal discs.  125 x

15   Syritta pipiens. Posterior spiracle, (a) longitudinal section, (b) spiracular plate.  Stn = spiracular scar, Stk = spiracular slits. 75 x

16   Syritta pipiens.  Posterior spiracular gland.  125 x

17   Rhingia campestris.  Laterla view of the head.  Atr = atrium, Mdl = mandibles, Lb = labium, Fsp = Frontalsack rods, Sm = submentum, V = vertical plates.  40 x

18   Syrphus ribesii.  Egg chorion.  125 x

19   Syrphus ribesii.  Head (a)  ventrally, (b) laterally. (Drawn with an open mouth to show the individual parts more clearly).  Lsp = lateral rods, Fsp = Frontalsack rods, Lb = labium, C = cardo, Lm = Outer [?Lade] of the maxillae, V = vertical plates.  40 x

20   Syrphus ribesii.  Midgut pad. 125 x

21   Syrphus ribesii.  Posterior spiracular plate.  Stk =      spiracular slit, Stn = spiracular scar, Dld = dorsal spur.      40 x

22   Microdon eggeri.  Head (a) ventrally, (b) laterally.  Lsp = lateral rods, Fsp = Frontalsack rods, Mdl = mandibles, Lb = labium, Mx = maxillae, V = vertical plates.  40 x

23   Microdon eggeri.  Atrium, cross section.  Md = mandibles.      125 x

24   Microdon eggeri.  Outline of salivary glands.  The 4th pair      are only half drawn.

25   Microdon eggeri.  Anterior spiracle, cross section. 650 x

26   Sensilla of a few larvae.  (a) Syritta pipiens, (b) Rhingia      campestris, (c) Brachyopa bicolor, (b) Volucella pellucens,      (e) Syrphus ribesii.  60 x

27   Schema of the distribution and derivation of the sensilla.

