H-J Stammer  (1933)

[ The metamorphosis of the syrphid Temnostoma vespiforme (L.) and   the peculiar adaptations of the larva to boring in wood ]

     In the summer of 1929 in Staelen am Niderrhein I found boring into a rotting birch trunk a dipteran larva that attracted attention because of its peculiar spade-like chitin pads on the prothorax.  I fixed this animal and then later realised from the literature that it was a question of an undescribed larva that in its appearance differs very much from other dipteran larvae.  On the basis of its internal anatomy, the structure of its mouthparts, and the spiracles, it appeared that this was a syrphid larva.  In the following year I sought to obtain further material for rearing from the Breslau region;  I found a few pupal cases but only two larvae, which unfortunately later died.  In 1931 I had was again lucky in seeking larvae in Straelen, and could transport them to Breslau in the birch trunk.  In the following year an adult eclosed, which proved to be the syrphid Temnostoma vespiforme (L.).

Segmentation of the larva

The fully grown larva is about 15 mm long and has a thickness of 5-6 mm.  It is cylindrical.  Examining the dorsal side 10 body rings are distinguishable.  The body rings do not however, as one would have thought, correspond to the segments.  To gain a clarification of the segmentation of the Temnostoma larva, it is necessary to first examine other dipteran larvae.

     In general dipteran larvae have 12 body rings.  [ Note: Bibionid larvae are an exception.  It is possible to distinguish 13 body rings on them.  According to Schultz & Siersleben bibionid larvae have - in contrast to all other insect larvae and pterygote insects - 11 pairs of spiracles, an observation that von Feuerborn & Weber have refused to believe. I cannot confirn the information of Schultz & Siersleben on the basis of a follow-up study.  Both authors might have been deceived by small darkly coloured strongly chitinized constituents of the cuticle, which lie directly on the spot where the 2nd mesothoracic spiracles would be looked for. ]  The ring number and segment coincide only to the 10th or 11th ring.  The 12th ring has arisen from the fusion of the 12th and 13th segments, as Martini could clearly show in culicid and psychodid larvae.  The 11th segment is the last that has a spiracle.  The habits of dipteran larvae in more or less damp substrates means that this final spiracle is often shifted to the end of the body.  This entails that the 11th segment moves dorsally over the 12th (= 12 + 13) as simultaneouly the spiracles move to the distal end of the 11th segment.  From this the original terminal anus of the larva is shifted more or less far to the ventral side.  The end part of the larva, produced from 3 segments (11+12+13) experienced then a renewed division into two rings, which now have nothing more in common with the original segments 11 and 12.  I have already established these circumstances in the Stratiomyids and Tabanids. Martini showed them in the culicids and Psychodids and, according to Kr�ger they are also valid for the syrphids.

     Syrphid larvae have therefore 12 body rings;  to the 10th ring, ring and segment correspond.  The 11th and 12th ring are equivalent to the fused segments 11-13, which have been secondarily divided.  Figs 1 and 2 show such larvae in dorsal view.  Comparing with these the larva of Temnostoma, it is apparent that here a further fusion of segments has occured.  This does not result from the rear end of the larva, but at the first two segments.  Comparing in dorsal view the position of the first spiracles of the prothorax of the Temnostoma larva (fig 3) with the other syrphid larvae (Fig 1 and 2), it is striking that in Temnostoma the spiracle lies much further away from the segmental boundary.  In side view (Fig 4) one recogises that ventrally on this segment is another fold which goes up about to the lateral midline.  This fold is the boundary between the 1st and 2nd segments.  It is here that the prothorax, and also as a rule in syrphid larvae the weakly developed mesothorax, grow together into an apparently almost uniform body ring.  The four subsequent segments of the larva are normally constructed.  From the 7th segment however is set up already a further reorganisation, which is connected with the compacted characteristic structure of the hind end.  In side view it is clear that from the 7th segment onwards the dorsal and ventral segmental boundaries no longer run into one another, that a displacement of the ventral part of these segments forwards has occurred, which goes with the marked shifting of the anus on the ventral side.  The continuation of the ventral rear segmental boundary dorsally always falls in the middle of the rear half of the same segment (cf Fig 4).  The length of the dorsal part of the segment decreases from the 5th segment distally, whilst the ventral part remains roughly the same length.  The weakest developed is the dorsal part of the 10th segment, which is only recognizable as a small robustly projecting bulge.

     From the 10th segment there now follows the above-mentioned endpart of the part made up from the 11 - 13th segments.  In syrphid larvae this is often elongated and often not only in two rings but divided into 3 or more rings corresponding to the structure of the prp.  A division into three rings is shown in the syrphid larva of Fig 1.  In the Temnostoma larva there has come about now in relation to all other syrphid larvae an extreme shortening of the rear end.  A division of the endpart into rings is not provable.  The dorsal part, including the spiracular plate with its two hook-like processes, is considered as the remainder of the 11th segment, the ventral part from the spiracular plate to the ventral segmental boundary as the remainder of the 12th segment.  Between the remainder of the 12th segment and the anus, there is a clearly delimited segment-like fold shifted to the ventral side, in lateral view appearing roughly triangular. Since this lies behind the anus, it cannot belong to the 10th segment. I would assume that it represents the remainder of the 13th segment, but there is also the possibility that it still comprises part of the 11th or 12th segments.

Other features of the larva

     Now that clarity has been established as to the true state of the segmentation of the body in Temnostoma, some details of the structure of the body must follow.  The prothorax carries the two well developed anterior spiracles, and lateral to these one either side is a large shovel-like chitin pad with three rows of teeth, of which I speak further in detail below (Fig 7).  The mouthparts are shifted deep in the body, and are scarcely noticeable from the outside.  Dorsal to the mouth opening lie on a cone-like process one either side together are the single-jointed short antenna (F�hler) and antenna (Taster).  They project somewhat over the surface of the animal (Fig 4).  The mouth opening and antennae are sunk into the prothorax.  This depression is open, gutter-like, on the ventral side.  There are numerous small chitin spines lying on the upperside of the mouth opening, anterior to the turned-over surface of the prothorax.

     The mesothorax is set apart from the prothorax only on the ventral side by a fold;  dorsally it is completely fused with it. Its dorsal surface is likewise set with chitin spines behind the 'shovels', and also the whole dorsal surface of the metathorax, here here reaching down laterally almost to the middle of the body (Fig 3 and 4).

     The abdominal segments are mostly as in other syrphid larvae, dorsally deeply furrowed, and thus divided into several folds. On the 4 - 7th segments there are on each, four folds recognizable, on the 8th three, on the 9th only two.  On the 2nd fold of the 4th segment lies on either side of the midline a very weakly raised brown spot consisting of numerous flat chitin papillae, obviously designed for locomotion of the larvae in the wood tunnels.  The 10th segment is very degenerate, and is only now recognisable as a single strongly projecting narrow roll on the dorsal side.  The end part of the larva, made up from the 11th and 12th segments, is in contrast to the state in other syrphid larvae, not secondarily divided into two rings, and also shows no foldings.  It is broadly squared posteriorly.  The squared-off weakly conical raised surface is more strongly chitinized that the other segments.  On its middle lies a cone-like elevated strongly chitinized dark-brown process, the posterior spiracular plate.  Whilst in other syrphid larvae the tracheae leading to the posterior spiracles (that lie close to one another) are enclosed in a more or less long chitinized tube, here this tube is reduced to a small chitin barrel.

     The posterior spiracular plate (Fig 5) is distinguished in contrast to other syrphid larvae by a special feature.  Its strongly chitinized elevated edge (of the prp) is on each side extended into a stout dorsally curved hook.  These hooks help in locomotion and drilling in the galleries in gaining purchase for pushing off.  The other structure of the spiracular plate resembles extensively that of Syritta pipiens, which Kr�ger described in great detail.  On each side lies a kidney-shaped spiracular plate, which bears 20-30 clear elongated spots invested with numerous constrictions, the so-called slits.  Surrounded by this plate lies the spiracular scar near the dorsoventral midline, the true opening of the spiracles, which has only a very narrow exit passage.  Between the two plates on the dorsoventral midline the chitinization is considerably weaker.  On each side of the two spiracular plates on the surface and the edge of the joined spiracular plates, there are four tree-like branched chitin hairs, one dorsal, one on the base of the chitin hooks, and two ventral.  On the base of hairs 1, 3 and 4 (dorsoventrally curved) lying on the edge of both spiracular plates are the exit ducts of glands, which are similar in their occurrrence to those pointed out by Kr�ger for Syritta and Wahl for Eristalis.  The glands may secrete a oily secretion to lubricate the spiracles and the chitin hairs, and thus prevent wetting by water.

     I have already drawn attention to the segmentation, standing out more clearly on the ventral side than the dorsal, and the displacement of the ventral as against the dorsal segment parts.  Pronounced prolegs are missing here, though present in several forms (Syritta, Zelima).  There are two folds on each of the segments 3 - 10, a narrow anterior and a broad posterior one.  The ventral midline is somewhat depressed, so that the surface of the folds lies elevated on both sides and functions like prolegs, although there are no spines.  The anus discharges between the ?13th and the 10th segments.  The numerous sensilla present in syrphid larvae have degenerated into very small warts bearing spines.

     With regard to the internal structure, the larva is close to the state portrayed by Kr�ger for Syritta and Zelima (= Xylota), to which I refer the reader.  The structure of the cps, the atrium and the pharynx with its longitudinal ridges is the same as in those larvae.  The foregut is short, the midgut long and about a third longer than the hindgut.  The proventriculus is elnogated and pear-shaped.  At the start of the midgut four long caeca join. Four Malpighian tubules are present, but I could not establish the presence of any CaCO3, which is present in two of the Malpighian tubules in non-predatory syrphids.  At the end of the hindgut we find 12 anal papillae, which here are much more strongly developed than in other plant-feeding syrphid larvae. Each anal papilla is folded like a wreath (Fig 6), and three of them on each side have a more or less deep folding in two parts. These strongly built anal papillae, more so that in Eristalis, might make it possible to breathe in the thoroughly wet wood or in water.

Biology of the larva

     On the biology of Temnostoma larva, nothing is known apart from the information given by Meigen, that the larva lives in the decay of rotting tree stumps.  I found the larvae, as I have mentioned above, always in decaying birch stumps.  However, not any decay merging into wood offers a suitable habitat for the larva.  It must be rotting stumps in a very damp environment;  that following decomposition of wood is very characteristic; the birch stumps remain standing whole, there are no hollows or cavities inside, and the wood becomes fragile and soft so that one can crush it between the fingers;  it is yellowish brown.  Now in such very wet crumbly-soft birch stumps live Temnostoma larvae.  I found them in all ages from 4 - 15 mm long mining in these stumps in a boggy wood near Straelen am Niederrhein and in Olschebruch, a bog-wood near Nimkau in the Breslau region.  The single imago emerged in May.

Adaptations of the larvae to boring in wood

     What stands out in the larvae of Temnostoma from the great number of other dipteran larvae is their characteristic life cycle and the associated fused reorganisation of the body.  We could attribute a great number of features only to the habits of the animal, to which I have occasionally drawn attention above.  Whilst normally syrphid larvae have a dorsoventrally flattened body, in Temnostoma it is completely round.  The front and rear of the body are shortened by fusion of segments;  by this an almost uniform more swollen cylindrical body is achieved.  The sensilla, often so apparently numerous in other syrphid larvae, are here strongly reduced to small warts with spines; they would only hinder locomotion in the tunnels.  Particularly prominent is the strong chitinisation of the rear end, the shortening of the prp that carries the spiracles, and the building up of the two stout chitin hooks on the edge of the spiracular plate.  The hooks serve in locomotion of the larva in the passages, in which they could anchor themsleves with them, and then push off.  Likewise they might in fact be used as resistance during boring itself.  The two small protuberances on the 1st abdominal segment, set with chitin warts, are used in locomotion and chiselling in the passages.

     The most striking adaptation is the two shovel-like chitin pads on the prothorax.  In cyclorrhaphan dipteran larvae it is well-known that the mouthparts are much degenerated.  There can be no question of their comminuting the wood.  Equally dipteran larvae do not have legs.  Thus for comminuting the wood, which at the same time represents food to the larva, a new arrangement is created.  This occurs through the creation of the two spine-bearing chitin pads at the anterior end.  I know of no case among insect larvae, where comminution of the food and preparation and conversion occurs with a similar arrangement; it is always the mouthparts and extremities that previously have taken on these functions.  These boring pads are possibly comparable to those arrangements found in many insect pupae for breaking through their cocoon or the earth in which they rest.  Also in these cases there are spurs or groups of spurs at the front end of the pupa, which have such a digging or boring function, but which lack any connection with food preparation or conversion and mostly are much more simply developed than the boring pads of Temnostoma larvae.

     These boring pads are in fully grown larvae about 1.5 mm long and 2 mm broad.  They are intimately bound up over their entire base with the cuticle, and rise above this in front.  The free upper edge bears three parallel rows of teeth, of which the front and middle rows each have 6 teeth, while the back row carries 6-8 teeth (Fig 6a).  In young larvae the structure is different in that we find only two rows with 5-6 teeth on the correspondingly smaller boring pads (Fig 7b).  This is the case in animals up to a size of 8.5 mm.  At ecdysis naturally the boring pads are also shed.  Recognized clearly under the cuticle of a larva 8.5 mm long underneath their pads of two tooth-rows are the already light-brown newly laid down ones with three rows.

     Using the strong musculature of the body and forwards and backward pumping of the haemolymph, these boring pads are alternately raised and lowered.  Since the front end is pressed hard against the wood, thus the pads rasp the soft wood into a fine sawdust. Through continuous rotations of the body in this activity the round holes of the animal come about.  The rasped wood is taken up as food.

     How did the creation of these boring pads occur, since what did they have morphologically to offer ?  It is undoubtedly a new arrangement; they must have developed from stouter chitin spurs, which occur at the front end and have been fused with one another.  There are actually syrphid larvae that have such individual spurs;  in Xylota larvae they have already been described.  Fig 1. shows a syrphid larva of which I found a single example under the bark of a spruce at Zobten near Breslau.  It must be a species not yet described.  This larva has on the rear end of the prothorax two single stout chitin spurs.  In the larva of Xylota nemorum likewise in the same place there are two spurs, but which have grown together at the base.  Girschner indicates in the description of the puparium of Calliprobola speciosa that just in front of the place where later the lid of the pupa springs up, there are two tiny lateral warts, drawn together and strongly chitinized.  Here it could be a question of similar spurs or groups of spurs.  Via further fusion of spurs the boring pads of the Temnostoma larva has been developed.  In both the other larvae the two spurs of the prothorax only have to make easier the task of locomotion; they are animals that live under the bark or in strongly perforated wood, but which could not mine in firm wood.

     As a last adaptation the strongly constructed anal papillae should be mentioned.  They are indeed not explained by the boring activity of the larva, but rather from their wood habitat, which must be located at the stage of a fixed level of decomposition in very damp environments.  From this the danger exists in copious precipitation that the trunks will be flooded occasionally and the animals might die.  Here the anal papillae may be used by the animal to live longer under water.  Eristalis, which has much more modestly developed anal papillae, can only with help of respiration by these (and perhaps also through the cuticle) live when cut off from the water surface for 2-3 days.  Temnostoma should therefore live for much longer.  My scanty living material did not unfortunately permit studies on this.

     The larvae of syrphids are distinguished by an uncommon abundance of forms, more than all other dipteran families.  They are in their body shape as in their life cycles plastic in outstanding measure.  I draw attention only to the known rat-tailed larvae of the eristalines, to the squat larvae of many plant- and detritus-feeding genera that are provided with numerous body appendages, and to the uniform larvae of the aphid-feeders, and the peculiar larva of Microdon, several times described as a slug.  To these is now added a new and peculiar larval type, the larva of Temnostoma.

Figure legends

1    Unreared syrphid larva living under spruce bark

2    Larva of Xylota nemorum

3    Larva of Temnostoma vespiforme, dorsal view.

4    Larva of Temnostoma vespiforme, lateral view.  The numbers           indicate the segments.  A = anal opening.

5    Posterior spiracular plate of Temnostoma, Face view.

6    Extruded anal papillae.

7    Boring pads of Temnostoma. a) mature,   b) 8 mm larva











































































































