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I. Summary

A. Introduction

Members of the ichneumonid genus Diplazon are well-known and effective parasites of predatory syrphids. The individual species are not normally host-specific. Looking through the list of host species, which until now numbers 18 species, it is noticeable that each species is associated only with hosts that share the same or similar phenological pattern. The hosts of Diplazon species are accordingly as a rule only univoltine, polyvoltine, univoltine/oligovoltine or polyvoltine/ oligovoltine, whilst parasitization of a univoltine and polyvoltine host never or only execptionally takes place under natural conditions.


During the years 1947-1949 we attempted to introduce the naturally univoltine Diplazon fissorius (from Epistrophe bifasciata [=eligans] and [Epistrophe] nitidicollis) into the foreign hosts [Episyrphus] balteatus (polyvoltine) and Syrphus ribesii (oligovoltine), in order to discover whether the parasitoid would remain univoltine, or would regulate itself into the poly- or olgovoltine cycle of the new host. These rearing studies in foreign hosts led to unforseen complications because of the violent blood-borne defensive reactions of the hosts, which we were able to overcome by the use of superparasitism and the use of the early stages of the host (Schneider, 1950). We hope that the present studies contribute to an explanation of the real causes of diapause, and of the physiological relationship between host and parasite.


Dr. Ch. Ferrière of Genf was very helpful in identifying my Diplazon collections. This publication is a contribution to the commemorative publication for O. Schneider-Orelli, as a small mark of thanks to my father and teacher.

B. Origin of the reared material, and oviposition by D.fissorius
The technical details of the rearing of syrphids can be found in an earlier work (Schneider, 1948). Diplazon fissorius was either obtained from overwintered diapause larvae of Epistrophe eligans, or caught in May from strongly aphid-infested elder bushes or osiers [Salix]. All material came from the region around Wädenswil.


One of the females of D.fissorius caught on the 16.5.49 from aphid colonies carried ovaries 4mm long containing 24-25 ovarioles; each ovariole consisted of 3 fully developed eggs and about 10 developing eggs. As the paired oviducts were each stuffed with 6-7 eggs, this gives a total egg complement of about 160 eggs ready to be laid. Insofar as the developing eggs reach maturity, the total fecundity is about 600-700 eggs.


As in for example Diplazon laetatorius, the wasps begin to oviposit into 1st and 2nd instar syrphid larvae immediately on leaving the host puparium. Experimentally the older larvae of E.eligans with full guts were also parasitized, although never diapause larvae of this species. When one presents the parasite with the same number of young larvae of the same age of E.eligans and E.balteatus, the normal eligans host is very frequently preferred. The victim is disturbed by the quivering antennae, then the wasp bends its abdomen forwards between its legs and lays an egg in a few seconds. The puncture is dash-shaped, 0.06 mm long, and soon turns brown. Puncture marks normally disppear with the following ecdysis.


As a rule the wasp lays only a single egg per host. Superparasitism can be achieved by the use of animals with a strong urge to lay and using them for a long time. With this the small larvae are stung sometimes 20-30 times, but only 1-3 eggs are laid. Rarely an individual host in this way is so filled up with eggs (5-6), that it can no longer move and perishes. It seems as if the wasp wants to get rid of her egg complement without deviating from the rule of 'one egg per host' in the case of most of the larvae presented to her. Presumably the artifical conditions are responsible for this curious pathological behaviour. When the wasp is presented eligans larvae twice parasitized by fissorius eggs, they puncture the larvae several times, but do not lay an egg. When they are exchanged with unparasitized material, then immediately normal oviposition begins. By inserting the ovipositor, female Diplazon fissorius can therefore distinguish between normal and already parasitized hosts.


Diplazon fissorius is arhenotokous, in contrast to D.laetatorius of European provenance: if copulation does not occur, then exclusively males develop.


The wasps can be kept alive for weeks by feeding on a sugar solution. Older animals devour eggs and young syrphid larvae, squeezing them out and sucking up the contents. This uptake of protein food, as in other parasitic hymenoptera, is probably necessary for continuous egg production.

C Larval stages of Diplazon fissorius
The newly eclosed larvae (Fig. 3a) is approximately 2.3 mm long and 0.47 mm wide; it has a yellow, strongly chitinized head and 13 pliable colourless body segments. The body form is nearly cylindrical, but the abdomen is flattened. On the posterior half of the body the segments project angularly at the sides; the 13th segment makes a cone-shaped point. The dorsal surface of segments 2-12 are divided by a transverse furrow. The head-capsule is 0.35 mm wide; in larvae that have developed in abnormal hosts such as Syrphus ribesii or Episyrphus balteatus, it often only measures 0.29-0.32 mm, and also the rest of the body is correspondingly meagrely built. The head capsule (Fig. 1 a,b) consists of a basal, more strongly chitinized and somewhat flattened ring, the powerful dagger-shaped pointed mandibles, and several pliable pad-like bulges. The frontal unpaired pad is named the labrum after Parker (1931), and carries on its front edge 1+4 pairs of short sensory cones. Over the broadest part of the base of each mandible lies a spherical maxillary pad projecting ventrally, upon which occur two cone-shaped sensory papillae, one of which has a slender peg-like process. On the inner side of the base of each maxillary pad, on both sides of the mouth opening, lies a small tubercle which has about 10 unusual pale-coloured tentacle-like spread-out sensilla with fine little hairs (microtrichia). The more strongly chitinised base of the head bears three pairs of scattered small sensilla on the underside at the front edge.


The tentacle-shaped sensilla of the above type have not to my knowledge been described before from the larvae of parasitic hymenoptera. They could be derived from thin-walled sensilla trichodea, and are characterised by their unusual length, and the fine sparse hairs and the thin-walled nature of the whole length. In cross-section one perceives that a fine fibre goes from the basal group of nerve and trichogen cells right to the tip of each tentacle. The whole structure suggests a chemoreceptive function. In larvae of Syrphus ribesii they evoked much more of the haemolymph-borne defence reaction than the other parts of the body. The periphery of this bunch of tentacles is then also very frequently stuck together in a lump, covered with lymphocytes that have gone colloidal. Likewise the micropyle of fissorius eggs appears to have these sensilla positions with an active gas exchange between host and parasite.


Young larvae have no spiracles; however, they do possess a well-developed closed tracheal system. Both main tracheal trunks join together in segments 1 and 12 with dorsal commissures, and in segments 4-11 with ventral commissures. In the region of segments 2-4 lie the typical (following Clausen, 1940) lateral tracheal bends [bögen]. The midgut is at this juncture practically empty, ending blind in front of the openings of the four Malpighian tubules of the hindgut. The salivary glands end both together in the mouth opening. The two pairs of tubes ramify a second time in the 1st body segment, producing a shorter dorsal branch reaching right to the 5th segment, and a longer ventral branch continuing into the 9th segment. Although the young larvae do not start immediately taking in food through the mouth-opening, and the gut remains empty until later activation, already after 2-3 days characteristic structures have developed in the thoracic cavity right to the posterior end, which consist of comparatively large, round, tightly packed and crystal-clear protein spheres (Fig. 2). The diameter of an individual sphere measured in one case 0.03 mm.


It is convenient for the later argument to designate this developmental phase as L Ia (Fig. 3A). It can be characterised by the cited body measurement, the empty gut, the extended tracheae, and already a few days after ecdysis by the striking coarse-grained protein reserves. Normally the parasite remains in this stage between the coils of the [host] gut right up to the pupation of the host.


As soon as the young larva begins to take in food, several anatomical changes can be shown to occur. The gradual filling of the midgut leads to a considerable increase in the volume of the body. The skin is very elastic, and the body musculature stretches in a corresponding manner. The tracheae lengthen, and are seen running a twisted course in spite of the elongation of the body. In the middle of the dorsal commissures and segmentally arranged on the longitudinal trunks of stage L Ia one finds tangles of diameter 8 (, where the tracheae ramify in a chaotic manner. Perhaps this structure bears some functional relationship to the increasing length. Also, the large protein spheres fade away, becoming superseded by a normal fat-body with fine-grained protein inclusions, and later also with little particles of urate. The brain goes posteriorly gradually from the narrowed head-capsule to the shoulder-like first thoracic segment set against the head. From now on we designate this developmental stage as L Ib (Fig. 3B). The larval body reaches gradually a length of 4.3 mm and a width of 0.9 mm. The gut fills up to a large extent segments 3-9, the tracheae disappear (disintegrated or filled up with liquid), and the brain now lies fully in the first body segment instead of in the head capsule. The form of the larva is a long cylinder ending in a cone; this is now stage L Ic (Fig. 3C), which occurs just before ecdysis.


There is no question of there being several instars arising from the three stages L Ia-c; the head capsule is throughout absolutely identical, and no ecdysis can be established as occurring between the stages. In one case a freshly emerged larva (L Ia) carried on its head capsule a characteristic mark of dark-brown lymphocyte material (a failed defence reaction of the host Episyrphus balteatus), which could be easily recognised in the transparent host. This mark remained present right until stage L Ic.

2. Intermediate-stage larvae

Now as a rule, four instars follow within a short time interval. Instars 2-4 are very similar in structure, characterised by the absence of a head capsule, mandibles, and a functional tracheal system. The second instar is about 4.8 x 1.1 mm in size. As an example of these intermediate-stage larvae, a 4th-instar (Fig. 4 A) must be described briefly.


The body is spindle-shaped, with both ends somewhat tapered, 5.5 mm long and 1.5 mm at maximum width. It consists of a soft-skinned head section and 13 segments. The last segment is more rounded off than in the L Ic stage. The head part appears unusually degenerated and in its organisation very strongly simplified (Fig 1 C,D); it is hemispherical and projects forward in a short rounded nose-like bump, from which arises the labrum. Over it lies a pair of similar but substantially flatter domes. Under the labrum is found the large mouth opening, on the inner base of which is positioned the unpaired salivary duct. On both sides of the mouth lie two paired flat cuticular pads, which correspond to the mandibles and maxillae. Already in the 4th instar the mandibular anlagen of the 5th instar shine through. The labium is differentiated no further. Under the high-power microscope in living material one can detect four pairs of tiny sensors in a particular region of the head behind the lower mouth edge; one pair consists of cone-shaped, short peg-like papillae, and the others are flat. In other areas of the head section no sensory organs have as yet been discovered. The fat-body is well developed in these intermediate-stage larvae; it disintegrates along the sidelines into segmentally arranged patches, and with increasing age shows always more chalky-white urate inclusions in the area of segments 5-10. There are no tracheae.


Jawless larvae appear hitherto not to have been described in the Ichneumonidae. In the Braconidae in contrast there are already cases known of extensive reduction of the mouthparts. According to Parker (1931) the 2nd instar of Macrocentrus gifuensis Ashm. does not have jaws, and possesses likewise a membraneous head section; the third instar has only weak jaws, but the fourth (an old larva) like the first is provided with powerful jaws. Escherich (1942) mentioned that the mouthparts of Microgaster begin as delicate wart-like structures, and only at a later age build up into strong pincers.

3. Old larvae

Old larvae (L V) of Diplazon fissorius again correspond largely with the usual ichneumonid type. The spindle-shaped body consists of 13 segments, and is dorso-ventrally flattened (Fig 4 B). The thoracic segments are expanded conically posteriorly, and are connected with the hemispherical head capsule, which is deeply pressed in at the vertex. The first abdominal segment projects like shoulders. The greatest width occurs at the abdominal segments 2-4. In contrast to L I, the head capsule is here displaced to the ventral body surface. It is differentiated normally and carries many sensors (Fig 1 E). A pair of flat protuberances correspond to the antennae. Over the mouth opening lies a chitinous strip and an area (the labrum) with 9 pairs of sensors, five of which are arranged around a small strongly chitinised plate. The mandibles are powerful, triangular in outline, tapering to a point without teeth. The maxillar region becomes replaced by a pair of swellings on which sit 3 sensors embedded in a chitinous plate. The labium becomes surrounded by a horseshoe-shaped chitinous strip drawn out into a spine posteriorly, and is provided with a pair of sensors in the central part. The mandibles articulate with a chitin framework that is integral with the head capsule, both sides of which are pierced by 5-6 sensors.


The salivary glands consist of two pairs of narrow long tubes about 4 mm long, which unite near the mouth opening, and lead to the outside in a pocket directly under the mouth. On the dorsal surface of segments 1 and 4-11 one finds small paired spiracles. Ventral tranverse commissures are absent, whilst two dorsal commissures appear once more in segments 1 and 11-12, in addition to the typical tracheal bends in segments 1-4. As long as the larva remains kept in a fluid medium, the short spiracular branches are always filled with liquid. It may become apparent that the skin of the old-stage larva is hydrophobic, and is not or only very little permeable to water and dissolved substances. This is similar to the condition in the intermediate larva, whilst the skin of the young larva is hydrophilic and very permeable to water. However, high molecular weight enzymes appear not to go through the skin. In puparia of E.balteatus occasionally next to normally developed larvae of fissorius one finds larvae of L Ia, which have remained with the head inserted in the egg-capsule and which have not developed further. These larvae perish later, but without their contents being histolysed by the other parasite, unlike the tissues of the host. The stage L I of the polyvoltine Diplazon laetatorius is hydrophobic, in contrast to fissorius.

4. Number of instars

Discrimination of the intermediate instars II-IV and with it the establishment of the number of instars is unusually difficult, since the four instars follow very swiftly after one another at 20 (C, that is to say within 24-36 hours, and instars II-IV are only differentiated from one another in size by very little (in one case instars III and IV of larvae full to bursting had the same thickness of 1.7 mm, and length of 5.6 - 6.0 mm). In addition to this, since they are without jaws or other characteristic chitinised body parts, they show scarcely any distinguishing marks whatever. We succeeded in obtaining evidence for the number of instars accidentally in August 1949, when parasitized material of Episyrphus balteatus was dissected in the laboratory. In one puparium an intermediate-stage larva lay next to a complete jawless skin and a head capsule of an L I. The larva was transferred into physiological saline, where it immediately shed its skin and briskly drank liquid until the new skin was under tension (rudimentary sense-organs !). By the following morning it had once again shed its skin, without however abandoning its old skin, and now showing all the signs of a typical L V. The exuviae of L II - L IV were unusually delicate and easily damaged. In the sack-like anterior part was only the short oesophagus, and even under strong magnification of a microscope no differentiation could be demonstrated; in all cases there were no jaws. It was further shown that the exuviae of instars I-IV up to the head capsule of instar I disappears very rapidly (the operation of saliva?) or is taken up with the food, which makes a subsequent count of skins completely impossible. At the beginning of histolysis induced by the parasite, a few hours after the last ecdysis, one finds scarcely any trace of the exuviae of the intermediate-stage larva.


Kamal (1927) and Bhatia (1938) distinguished three larval instars in both Diplazon laetatorius and D. tetragonus, instars I and II with head capsules of the type described above for D.fissorius L I, and a third instar of the form of our old-stage larva. The intermediate-stage larva without a head capsule, which I have meanwhile also distinguished in Diplazon laetatorius and pectoratorius, obviously escaped them, and they have taken the large L I for L II. Clausen (1940) likewise draws attention to the uncertainty concerning the number of instars of ichneumonids, and observed that in many cases, where hitherto only three larval instars had been able to be proved, the number would probably increase after more accurate studies. Our example confirms his supposition.

D. Development in different hosts

1. Development in the normal host Epistrophe eligans
The embryonic development of fissorius in E. eligans has already been described briefly in an earlier work (1950). Three days after oviposition the young larva hatches, and later becomes immobilized with the host as an L Ia larva. Often such parasites are stiff and unresponsive to mechanical stimuli. By a lengthy period in physiological saline, or when one adds a drop of concentrated sugar solution to the saline, the larva suffers shrinking and then when it is transferred again into pure physiological saline, it becomes active. Simultaneously the characteristic protein spheres swell and disappear.


The young larvae were then studied repeatedly under abnormal rearing conditions (starving the host, constant or changing temperatures of 10, 15, 20, and 25 (C) before the beginning of diapause to set in motion the food-uptake stage and with it the transfer into stage L Ib, but this was without success. The rearing of a few hundred parasites in E. eligans ended without exception at stage L Ia.


We fed each of 10 twice-parasitized larvae of E. eligans at constant temperature of 20 (C: a) regularly; b) with one day's pause; and c) with a 2-3-day interruption. In the last case the larval development of the host was lengthened from 8 to 14 days. Starvation on the 2nd and 3rd day of embryonic development of the parasite influenced only larval size (head capsule width averaged 0.308 mm instead of 0.352 mm as in series (a). When food deprivation occurred only on the 3rd day, the average width of the head capsule was 0.333 mm.


The parasitized diapause larvae are of normal size, and also the development of the imaginal discs (e.g. the eye discs) and of the brain occurs right to the formation of the puparium in the following spring in the normal way, without any discernable influence of the parasite. At the end of September and middle of December one always finds in the field the small L Ia between the patches of the fat body in the middle segments. An isolated finding from a post-mortem at the end of March suggests that the fissorius larva first becomes activated at the moment of puparial formation. Unfortunately because of the scarcity of diapause larvae in the winter and spring of 1950 this result was not able to be verified with a large set of larval material. One must assume that here there is a similar situation as in Episyrphus balteatus (see below).

2. Development in an oligovoltine host Syrphus ribesii
   Syrphus ribesii belongs to one of the oligovoltine species of syrphid, with total facultative diapause in the late larval stage. In contrast to Episyrphus balteatus there is a variable percentage of the 3rd instars in a diapause that lasts several weeks, and the average number of generations per year is reduced to 2-3. It was now of interest to examine whether Diplazon fissorius also shows oligovoltine behaviour in S.ribesii. Notwithstanding the numerous attempts at rearing, there were only a very few results; what made things more complicated was the fact that individual eggs generally fall victim to the blood-borne defence reaction of the host, whereas in the case of superparasitism on the other hand the host itself often comes to grief.


In June 1948 a wasp laid eggs in freshly hatched larvae of S.ribesii. The mature larvae proceeded to diapause except for one individual. The latter formed its puparium after stopping feeding [three weeks after hatching], and after a further sixteen days a male Diplazon emerged. I dissected the other eight ribesii larvae fourteen days after the beginning of diapause: six were free of parasites, and in the other two I found a living 3-mm long LIb fissorius larva, whose gut was filled with green masses. The imaginal discs of the hosts were of normal proportions (brain 0.8-mm,I discs 0.9-mm high). In unparasitized individuals of the same series likewise only a small percentage developed further to adults, the rest remaining in diapause.


In a further study in June 1949 young larvae of S.ribesii were parasitized with eggs. All mature larvae went into diapause. This lasted 5-6 weeks in individuals which mounted an effective blood-borne defence reaction, but 8 weeks in a parasitized animal with a small LI in the gut loops. The parasitized individual constructed its puparium before the first ecdysis of fissorius, but ecdysis and pupation of the host were blocked from then on, and the parasite developed further normally.


In mature S.ribesii larvae, which were parasitized as first instars by fissorius eggs in July 1949, but which were able to rid themselves of it by means of their defensive reaction against the parasite, diapause lasted one month. In contrast, one individual of the same rearing with a small fissorius of stage LIb formed its puparium only after 6 weeks, before the first ecdysis of the parasite. Also in this case the brain and eye discs of the host were normally differentiated, and the final ecdysis and pupation within the puparium were blocked through the action of the parasite.


From these few examples it is clear than in comparison to a normal host in the same culture the parasitized mature larva develops further or goes into diapause. During the diapause of the host the parasite is also immobilized. The diapause of parasitized larvae lasts longer than the equivalent for normal hosts. The parasite undergoes its first ecdysis when the host has already constructed the puparium, and that implies a tight coupling of its developmental cycle to that of the host.


The premature transition from Phase L Ia to L Ib and immobilisation after the beginning of food uptake here are peculiar. The parasite that escapes the blood-borne defence reaction of the host in the egg stage, also becomes overlain with lymphocytes after hatching. Perhaps the sublethal defence reaction is responsible for the premature activation. As we have seen, the lymphocytes normally attach themselves on the tentacle-shaped sensilla on both sides of the mouth opening, and degenerate into lumpy gelatinous masses. It would be conceivable that this special type of lymphocyte degeneration on the tentacle organs releases a reaction similar to puparium formation by the host, or damages the function of these sensory organs in some other manner.


We were able to show before in an earlier work (1950), and will confirm this result below for E.balteatus, that the saliva of L Ib retards the imaginal differentiation of the host. It is for this reason not surprising that a successful parasitisation of S.ribesii lengthens considerably the duration of diapause. In many rearings it was normal for parasitized mature larvae of S.ribesii to perish before the formation of the puparium.

3. Development in the polyvoltine host Episyrphus balteatus
In summer 1949 we produced three successive generations of Diplazon fissorius from E. balteatus. As in the host, we could not observe diapause in the parasite at any stage. Subsequently we were successful via superparasitism and the use of the younger stages of the host in avoiding largely the blood-borne defence reaction, and we reared more than 100 wasps. The course of development from meticulous studies took the following form:


The young larvae store large proteinaceous spheres in the body cavity, as in E. eligans, and at the time of puparium formation they begin to fill the gut. At this time they position themselves above all anteriorly in the region of the imaginal discs and the brain, but move after 2-5 days posteriorly under the gut canal, where they ecdyse. Often saliva is secreted [sezerniert] during this first phase after the formation of the puparium; the imaginal discs soon stop their hitherto normal growth, turn a light brown colour, and die. In each case eversion of the imaginal organs and ecdysis by the host were stopped, which suggests injury by a strongly toxic substance, long before the onset of the striking parasite-induced histolysis. The whereabouts of the young larvae in the spacious front half of the puparium also contributes to the outcome of competition among conspecifics, which regularly occurs after artificially forced super-parasitism. The young larvae seek to injure one another with their large dagger-like jaws, and neither will ecdyse until the fight has been settled in favour of one individual.


Histolysis of the host has already begun during the course of the ecdyses of the parasite that follow on swiftly one after another. As soon as the mature larval stage has been reached, it rapidly gains ground and the puparial contents are liquefied including even the tracheae over the course of a few days, and are absorbed.


On the 24.6.1949 small 2nd instar E.balteatus larvae were parasitized by 1-3 eggs. After 6 days the host larvae were fully grown, and the parasites already carried clear protein spheres. After 12-13 days the flies emerged from normal puparia, and the parasites had reached maturity. After 25-28 days both sexes of Diplazon fissorius emerged (laboratory temperature 23 (C).

E. Behaviour under artificial parasitism

1. Technique of the operation 

For the transfer of parasite eggs or larvae from one syrphid larva to another, the donor must be sacrificed. Diplazon eggs are delicate, and for most small donors are best dissected quickly into a drop of blood of the new species of host so that the eggs are never left out of blood medium during the whole operation. A substitute of physiological saline for blood is also practical, when sometimes it is necessary to study parasite larvae outside of the host.


The injection needle consists of one 2-3 cm long capillary tube of Jena glass broken off in such a way that it ends in a tip without a sharp point. The sharp broken edges are rounded by melting. In the capillary is introduced a 6-7 cm glass rod cut off in front, which must be flush with the width of the capillary. A stop in the form of a collar of paraffin is placed before the middle of the rod, which allows the capillary to move only so far, to when the rod is flush with the end of the capillary.


As recipients above all mature larvae are suitable. A larger injury usually leads in syrphid larvae to heavy and often lethal blood loss while the body writhes and contracts. On the other hand larvae in diapause hardly ever allow themselves to be anaesthetized for a useful period of time. This difficulty could be overcome in the following manner: crossways on a small glass pane (a microscope slide) lay a thick insect pin (no. 6) held onto the slide at both ends from the underneath by small sticky bands. Beforehand in two places fine wire (0.1 mm diameter) is wrapped around the pin, with which a lined-up distance between the glass and pin can be checked against the [thickness of the] animal to be operated upon. This securing prevents the constriction from shredding vital organs such as the nerves, tracheae and heart. The larva is placed in the middle of the glass slide. Then via light finger pressure one pushes the blood to the front part of the body, and constricts the body in the region of the 7-8th segments by laying on of the elastically movable pin. With this the larva is fixed onto the substrate, the blood circulation is ligated, and the rear segments are largely free of blood.


With a fine (watch-makers?) scissors the side of the rear part of the body is cut, and the glass capillary is easily thrust in, and the transplant is able to be pushed via careful advancement of the glass rod into the larval body (Fig. 5)

   [ Fig. 5. Artificial parasitization of a diapause larva of Epistrophe eligans with a young larva of Diplazon fissorius. The parasite (white) lies at the front of the glass capillary, and is placed in the limp rear body section of the new host using the glass rod. ]

As soon as the edges of the wound are once again collapsed together, and the wound has more or less dried, it is coated with a solution of nitrocellulose (cement) in acetone. The constriction can now immediately be loosened, and the artificially parasitized syrphid larva creeps without having to suffer the slightest blood loss, and without any indication of damage from the operating table. For the most part only the subcutaneous fat body is squashed by the constriction. The tools for the operation should be cleansed and sterilised. Before the operation the donor and recipient are plunged into 96% alcohol for 10-30 seconds according to size. With this method the mortality of recipient larvae seldom climbs above 10%.

2. Transfer of parasite eggs.

a) Transfer of Diplazon fissorius eggs from active young larvae into diapause larvae of Syrphus ribesii
The donors are small 1st instar larvae of S.ribesii which have been parasitized with an egg of fissorius for at most 1 - 1.5 hours. The recipients, 6 mature larvae of S.ribesii, have already been in diapause for a week. Dissection was carried out in the blood of ribesii diapause larvae. After 3 days dissection of the hosts delivered normal active fissorius larvae of stage L Ia with empty guts and still obscure protein spheres apparent, and with head capsule width of about 0.32 mm, which suggests somewhat suboptimal developmental conditions. Embryonic development of fissorius in diapause larvae of S.ribesii is therefore not hampered. Development occurs as quickly as in active larvae of E.balteatus, and even rather faster than in active 1st or 2nd instar S.ribesii. The very violent and powerful blood-borne defence reaction of active larvae is no longer noticeable in diapause larvae.

b) Transfer of eggs of fissorius from active 1st and 2nd instar larvae into diapause larvae of E.eligans.

From the study of about 40 parasite eggs the following results should be mentioned: a further development right to ready-to-ecdyse or ecdysed young larvae was achieved by using eggs that were 0.5, 1, 1.5, 2, 8, 25, 36, and 49 hours old. Three days after the transfer of freshly laid eggs were found developed young larvae in the swollen eggs, and after five days reasonably active, free parasites with approximately normal head capsule sizes. Protein spheres were detectable after a further 7 to 14 days, but were not so clear and tightly packed as in normal development. The embryonic development of D.fissorius is therefore possible without substantial delay in diapause larvae, and it even reaches a restricted protein storage stage.


In the transfer of 3-4-hour-old eggs, a differentiation of the embryos always occurs. At the moment when the nuclei of the blastoderm infold [Keimhautblastem = gastrulation?], and during the first phase of the construction of the blastoderm, the eggs are obviously particularly sensitive to changes in the medium, as when the dissection of the young host occurs in the blood of diapause larvae.

3. Transfer of parasite larvae

a) Transfer of fissorius young larvae L Ia from mature larvae of E.balteatus that are ready to pupate, into diapause larvae of E.eligans.

At the moment of transplantation the parasite larva contained protein grains, and the gut was still empty. The recipient had been in diapause for the last 12 days. After two days the scarcely moving parasites could be established in four new hosts, whilst in the fifth the L Ia stage larva had only just stopped moving. After five days all five parasites had been inactivated, but showed weak movements after stimulation by pressure. The results of sectioning after 22 days preservation in the dry air of the laboratory were: in one diapause larva there was a plump parasite larva (L Ia), which soon began to squirm in physiological saline. In four partially shrivelled hosts were dead shrivelled parasites, the contents of which in two cases were almost wholly dissolved and dissipated. Over the dead parasites was lying a thin gelatinous layer of lymphocyte material. It was the case that the head and body of the surviving parasite were larger than those of the dead ones. The head capsule width of the living one was 0.35 mm (normal), and of the dead ones 0.29, 0.30, 0.30, 0.31 mm (meagre). The poor development of the parasites in consequence of the defence reaction of E.balteatus appears to be particularly sensistive when the transfer occurs in the blood of diapause larvae.

b) Transfer of young larvae of fissorius (L Ia) from active larvae of E.eligans into mature larvae of E.balteatus
The 2-day-old parasites originate from approximately full-grown 3rd-instar larvae of E.eligans still with material in their guts. They are still active and possess distinct protein granules. Four mature E.balteatus larvae served as new hosts, larvae which had already emptied their guts but before formation of the puparium. Dissection was in insect Ringer. Two larvae pupariated after 3 and 4 days, whilst the other two died. The findings of dissections after 9 days were: in one puparium was a living mature [parasite] larva, in which the integument had been completely stripped. In the 2nd puparium was found a dead fissorius LIb with contents in the gut; the host was also dead. In both cases development [subsequent to the operation] had occurred [in the parasites].

F. Premature activation of diapause larvae caused by Diplazon pectoratorius.

1. The problem

An earlier study (Schneider, 1948) established that in larvae of univoltine syrphids, growth of the brain and imaginal discs was strikingly retarded as compared with those of polyvoltine types, and that the mature larvae enter diapause with a measureable deficit in maturity. During the summer months this deficit in maturity is preserved. As soon as the autumn cooling occurs the undeveloped organs start to grow, and continue up to the following spring immediately before reactivation and the puparium is formed of similar proportions as those of the polyvoltine species that one comes across after the cessation of food uptake. The disharmonious growth of larval and adult brains and resulting deficit in maturity are symptoms of larval diapause.


The previous studies further show that a diapause larva will only continue development after surmounting the deficit in maturity. This leads to the question of whether the maturity deficit is not only a symptom but also one of the causes of the stability and many-months duration of the diapause in univoltine species. It would be conceivable that the primary impetus to the presumably hormonally driven reactivation could be contingent upon the maturity of the brain, and that the retardation in the growth of the brain and imaginal discs leads to stabilization and security, and through it to a heritable, fixed, obligatory diapause.


Up till now one unique observation could not purely and simply be reconciled with this working hypothesis. Diapause larvae of Epistrophe eligans, which have been parasitized by Diplazon pectoratorius, often pupariate in the autumn instead of as normal in the following spring, although the deficit in maturity has not yet been made up any further (than normal). The imaginal discs and the brain show at this moment still an extreme developmental backlog (Fig. 6, B,C).

   [ Fig. 6. Blockage of development of the brain and eye-discs (cross-hatched) in Epistrophe eligans due to Diplazon pectoratorius. -- A. Eye-discs, brain and abdominal ganglion of a normal mature larva or one parasitized by Diplazon fissorius, at the moment of puparium formation. -- B and C. The same organs from a Diplazon pectoratorius or a pectoratorius/fissorius parasitized puparium. View from the side (B) and from the top (C, in the middle of the ring gland).    Bar = 1 mm. ]

Either it is contrary to our hypothesis for the internally undeveloped host to produce the necessary hormones for reactivation, puparium formation, and eclosion; or the host remains passive and via humoral influences on the part of the parasite becomes stimulated to these attainments that are partly specific to higher Diptera.

2. The development of pectoratorius in E.eligans
   Following Beirne (1941), pectoratorius Grav. occurs in Scotland, England, Ireland, Germany, and Switzerland. Up to now we have reared this wasp from univoltine syrphids E.eligans, Epistrophella euchroma and E. nitidicollis. They are understood to be the commonest parasites of E.eligans and E.euchroma, and one finds parasitized diapause larvae in summer under cherry trees and elder bushes that had been infested with aphids in spring.


Diplazon pectoratorius lay their elongated eggs (0.8 x 0.15 mm), somewhat thickened at one end, also in small syrphid larvae. After about two days the young larvae hatch and start immediately to take in food. They can easily be distinguished from fissorius by the head capsule, which measures 0.35 x 0.2 mm. When the host E. eligans has emptied its gut and entered diapause, the young larva of pectoratorius often still remains active for a few days more, and rummages about in the anterior part of the body in the region of the imaginal discs and the brain. They have at this time often reached a length of 4-5 mm, and now become fully immobilised before they shed their cuticle for the first time. The brain is in this stage like it is in LIb and LIc of fissorius, forced away from the far-too-small head capsule into the first thoracic segment; the gut is full of a green-coloured liquid and small clusters of fat droplets.


Also during the summer diapause the parasite holds itself in the front half of the host body. Early on already a toxic effect appears to come out of it; for the parasitized syrphid larvae are on average much smaller than normal, the development of the brain and eye discs remain even further delayed, and the fat-body turns red. This red mark on the dorsal side of the front body segments is a typical sign of parasitzation by pectoratorius. Parasitized larvae are conspicuous in spring in spite of being uncommon because of their high content of urate stores in the fat body.


The cuticle of the immobilized larva is hydrophilous and permeable to water. This is easily established by transferring the parasite in a drop of blood and placing it in two drops of water. After ten minutes the larva is stretched and stiff full to bursting, with the tracheae stretched taut. The increase in length measures, for example, 42 %. A similar swelling can be studied in physiological saline or in 2 - 4 % saline solutions. In concentrated sugar solution the animal immediately shrinks, and at about 14% sugar solution there is a balance between swelling and shrinking. Swollen or shrunken larvae can be restored to their normal state of tonicity by transferring them to haemolymph from a diapause larva, or in about 14% sugar solution. The cuticle is therefore very permeable to water and salts, whilst the much bigger molecules of sugar can barely pass through.


The autumnal cooling, which in normal diapausal larvae leads to a growth of the imaginal discs and the brain, evidently also relieves the diapause retardation in parasitized larvae, since many young pectoratorius larvae now manage to undergo ecdysis. Diplazon pectoratorius probably also has three intermediate larval instars. These instars are not so rudimentary as in fissorius. Instar IV has suitably tiny mandibles, and the head is much more richly provided with sense organs. The maxillary elevation carries four sensory cells, one with a cone-and-peg structure, and the upper lip has two groups each with six small and and more scattered sensory cells. The labium also has many sense organs. The larvae are also more sensitive to a change of medium, since they have never yet ecdysed in vitro. The cuticle of the intermediate and mature larvae is hydrophobic ('fatty'); in this developmental phase scarcely expands in physiological saline, nor does it shrink perceptibly in concentrated sugar solution. After the first instar, the cuticle is practically impermeable to water and salts, and in a physiological sense the connection between parasite and host is somewhat relaxed, and its autonomy more pronounced.


After the first instar of the parasite, the host pupates and ecdyses. Intermediate and old instars cause the histolysis of the contents of the puparium.  After finishing taking in food, the mature Diplazon larva (L V) enters diapause in the empty puparium, and takes up development again in the following spring. Through the summer diapause of the young larva and the winter diapause of the mature larva, the parasite integrates into the developmental cycle of the host.


Puparium formation in parasitized diapause larvae can be particularly easily stimulated in spite of autumn when the material is transferred to a constant temperature of 13 (C and high relative humidity. Also at a constant 20 (C, pupation eventually occurs with a delay of several weeks or months, especially after providing water to diapause larvae. In parasitized larvae growth of the brain and imaginal discs is not stimulated even after a longer stay at 10 - 12 (C. The hosts appear generally to be incapable of further development. They are not capable of pupating since the parasite has destroyed mechanically the interior.

3. Studies with parasitized diapause larvae using constriction

In order to prove whether the impulse to premature pupation and ecdysis comes from the host or from the parasite, we went through a number of experiments involving constriction.  For this purpose we laid the study animal in the middle of a microscope slide, pushed the parasite larva to the front or rear half of the body using light pressure, and then laid an insect pin (no. 6) across the middle of the body of the host larva, a pin which could be pressed against the slide with an elastic band or a clamping screw. In the following, by a total constriction we mean a bruising or in cases a cutting through of the musculature, gut, tracheae, and nerves. In partial constriction (Fig 7, right), the fat body becomes slightly squashed and the blood circulation between the front and rear halves of the body becomes cut off, while preserving the gut, tracheae and nerves (as in the above-described method of working). By loose constriction the parasite is pressed into one half of the body, but a blood flow between the two halves is possible.


The constriction occurred either a few hours, days or weeks before pupation. Since studies done under the same conditions always gave the same results, I limit myself in the following to describing a few examples.

[ Fig 7. Ligature studies with parasitized diapause larvae of Epistrophe eligans. Left: anterior emptied puparium with mature larva of Diplazon pectoratorius; behind the living diapause larva (Study [a], on 4.11.1949). Right: anterior living diapause larva reacting to a mechanical stimulus; rear pupated larva, emptied by a parasite larva (Study [b], on 4.11.1949) ]

a) Partial constriction remaining 2-3 weeks before pupation, parasite larva in the front half.

Three diapause larvae of E. eligans each containing a large young larva of Diplazon pectoratorius were collected on 5.10.49. Before and after the contricting process on 10.10, the material remained at a constant 10 (C and about 90 % RH.

24.10 Still no indication of pupation. In one case the front half twists actively. The parasites have already ecdysed. Intermediate larvae.

26.10 In two cases the front halves have contracted into a typical puparium. The cuticle is hard in front in the region of the head part of the parasite, the rest still flexible. The third animal is still in the larval stage, as is the rear section of the other two.

27.10 The two puparium-halves are already hard and darkly pigmented. The anterior part of the third animal has now pupated.

29.10 The two first hosts have ecdysed in the from pupated section.

3.11 All three front pupated halves are empty and eaten and contain small mature parasite larvae; all rear halves remain as soft and living diapause larvae (Fig 7, left).

23.11 Situation unchanged.

b) Remaining partially constricted 2-3 weeks before puparium formation, parasite larva in the rear half of the body.

Origin of the material and timing of the experiment otherwise as in [a], two study animals.

24.10 Front and rear are soft diapause larvae, the parasites have ecdysed.

26.10 One animal has pupated in the rear section, exterior form atypical as in a mature larva.

28.10 Pupated half turned brown and completely ecdysed.

31.10 The second larva has also pupated and turned brown in the rear half without the characteristic change of shape.

3.11 In both cases the anterior section is a normal living diapause larva, which reacts to strong mechnical stimuli with a defensive reaction. The rear half is a hard dark-brown emptied puparium containing a living mature Diplazon larva (Fig 7, right).

23.11 Situation unchanged.

c) Partial constriction for 2-3 weeks before pupation formation, which is loosened again from the beginning of pupation; the parasite larva is in the front half of the body.

Conditions as in [a], one study animal.

24.11 Front and rear halves are diapause larva, with an intermediate Diplazon larva inside.

26.10 Front half contracts to a typical puparium, already ecdysed in the region of the parasite head; rear half a larva.

27.10 Puparium with typical black-brown spots, fairly hard. The constriction is loosened, the parasite is active and its rear half comes to lie in the rear larval half of the host.

29.10 In the anterior pupated section the host has ecdysed, the rear half remains as a diapause larva and the heart shows no activity (Fig 8, middle).

31.10 Parasite larva active. Parsitically induced haemolysis begins in the front half.

1.11 Whilst the head of the parasite larva is always in the head part of the puparium (the parasite cannot turn round because of lack of room), the histolysis rapidly attacks also the rear larval section of the host. In the light-coloured segemnmst 7 and 8, with the flexible cuticle, the subcutaneous fat-body is already completely dissolved without the parasite head coming into contact, proof indeed of the humoral and not mechanical dismantling of the host tissues.

2.11 Alongside the pupated dark front section there is now also the clear flexible larval rear half where even the smallest bit of the fat tissue and the tracheae has been dissolved and taken up by the parasite, whilst the head of the parasite has remained always anterior (Fig 8, right).

23.11 Anterior hard dark-brown puparium with living mature Diplazon larva, posterior flexible turned-brown collapsed laval cuticle.

[ Fig 8. Ligature studies with parasitized diapause larvae of Epistrophe eligans. Left: anterior living diapause larva reacting to mechanical stimuli, posterior a pupated and ecdysed host (Study [d] on the 29.10.1949). Middle: anterior puparium, posterior a living diapause larva (Study [c] on 30.10.1949). Right: As above, contents of both halves however already dissolved away by parasitically induced histolysis (Study [c] on 2.11.1949). ]

d) Partial constriction 2-3 weeks before puparium formation, which is loosened again immediately after the beginning of pupation; parasite larva in the rear half of the body.

Conditions as in the other cases in [a], one study animal.

24.10 Front and rear halves are diapause larvae, an intermediate Diplazon larva inside.

26.10 Front is a diapause larva, the rear half uniformly pupated with the typical change in shape. The parasite turns violently. The constriction is loosened. With this the front half of the host becomes strikingly activated, the host turns itself violently and tries to move. The heart beats weakly. The parasite (intermediate larva) comes to lie underneath the place where the constriction used to be. The violent movements of the host continue. After 50 minutes the larva manages to move forwards and drags after it the rigid pupated rear body section.

27.10 The pupated section turns brown gradually, still no ecdysis. The front section remains as a larva and reacts very violently to mechnical stimuli (defence with salivary secretions), weak heart activity.

28.10 The evenly brown rear section has ecdysed right up to the place where the constriction had been, and the body pulled over from the new skin has somewhat contracted, and drawn away up to 0.5 mm from the puparium. In front it is living flexible larva. The head of the parasite lies in the front half of the host (Fig 8, left).

31.10 The front larval section is still flexible and reacts to pressure. The parasite has reached the mature instar, its head projects into the front section (segments 6-7). The parasitically induced histolysis has already begun, and in the region of the parasite head dorsally part of the subcutaneous fat tissues are missing, and here the dispersion of the loose fat spheres and urate granules is found.

1.11 The parasite is active; histolysis has proceeded further and the anterior section of the host is flabby, made liquid, and probably dead.

2.11 Anteriorly the contents of the flexible clear larval cuticle are dissolved and vanished right to the smallest piece, the tracheae lie free under the transparent cuticle.

e) Loose constriction 10 hours before pupation formation, then absolute constriction: parasite larva in the rear half of the body.

A diapause larva of E. eligans with a young larva of pectoratorius was found on 13.9.1948 in Wadenswil under elder, and transferred to a constant temperature of 13 C. On the 28.10, since many individuals in the same experiment already contained intermediate instars, the front half of the study animal was loosely constricted for a 3.5 hour period at 20 (C. About 10 hours later both halves had contracted inot a highly curved puparium. The constriction was then tightened.

2.11 In the rear half the subcutaneous fat body is already extensively dissolved, the mature larva has emptied the contents of the puparium. In contrast the front half of the host remains intact.

3-4.11 The front half of the host ecdyses.

6.11 Section (Fig 9). Front and rear of the puparium back become masked. The mature Diplazon larva behind in the empty puparium, in front in the living puparium, is a hard-skinned transparent diapause larva (4th instar), the mouthhook is pulled out at the 3-lobed front edge, the fat tissue is intact with pointed colour- and urate cells. No histolysis, brain still small (0.37 mm high) and the imaginal discs still so tiny that they can scarcely be noticed. The front section of the host has simply pupated and ecdysed, without developing any further.

[ Fig 9. Ligature experiments with parasitized diapause larva of Epistrophe eligans. Both halves formed a puparium (below, side view before sectioning). The posterior half has been cleared of the Diplazon old-larva; the anterior half remains in diapause even after ecdysis, and does not develop further (Expt on 6.11.1948). ]

f) Loose constriction for 5 days before pupation, then absolute constriction; parasite in the rear half of the body.

Conditions as in [e], one study animal. Loose constriction on 28.10, pupation in both halves and absolute constriction on 2.11

4.11 Subcutaneous fat layers in the rear half begin to become fragmented.

5.11 Puparium becomes brown and opaque both front and back, histolysis proceeds strongly in the rear half.

10.11 Section: the front half is still very much alive, muscles and fat body stick fast to the puparium, no ecdysis. Brain and imaginal discs still have their original size. The rear half has completely ecdysed and has been eaten empty by the mature Diplazon larva.

g) Loose constriction for 5 weeks before pupation; parasite larva fixed into the rear half of the body

A diapause larva of E.eligans containing a large young larva of pectoratorius was collected on 13.9.1948 in Wadenswil under elder, and kept at 20 (C. On the 29.10 it was loosely constricted, by which the parasite suffered from lack of room and the head was pressed against the right side of the rear edge. After constriction the temperature was a constant 10 (C. It poses the question of whether the impetus to pupation and ecdysis comes from the head of the parasite.

16.11 The host reacts violently to mechanical stimulation of the rear sections (nerve tracts intact). No indication of pupation.

29.11 The host is very sensitive, a minor blood flow between the two halves likely, the parasite has ecdysed (intermediate larva) and is wedged in. No sign of pupation.

4.12 Next to the rear edge of the right flank, where the paraite mouth opening lies, the cuticle of the host has thickened and turned brown, a local pupation.

6.12 Section: Anterior a soft larva, which reacts to pressure. Posterior the rear edge and the right side edge have pupated and turned brown, upper and lower, the left flank has retained its larval characteristics. The head of the parasite is pressed into the angle between the rear edge and right flank. No ecdysis, but in contrast in the region of pupation the fatbody and musculature of the cuticle have been detached, and show the beginnings of the parasitically induced histolysis.

h) Absolute constriction 3.5 weeks before pupation formation; parasite in the rear half.

A diapause larva of E. eligans containing of young larva of pectoratorius was collected from Wadenswil on 13.9.48 under elder, and then held at a constant 20 (C. On 13.12 an absolute constriction immediately behind the ventral nerve mass (aorta, gut and nerves cut), the young Diplazon larva in the rear half. Temperature a constant 20 (C.

20.12 Heart of the host inactive, but strong gut peristalsis. The Diplazon larva moves weakly.

26.12 Heart activity of the host after mechanical stimulation. Parasite has ecdysed (intermediate larva) and is active without stimulation.

2.1  Heart of host inactive, but often active gut peristalsis. The parasite is in the mature instar and is active, head forwards. Behind the constriction on both sides of the midline the subcutaneous fat-body is already fragmented and starting to dissolve. Host front and back still soft and clear.

3.1  The heart of the host contracts about 50 times per minute, with pauses. Active gut peristalsis. Parasite active, growing larger.

6.1  As on the 3.1. The anal region of the host begins to pupate. The parasite has turned itself over (head towards the rear).

7.1  The host shows active heart and gut peristalsis. Pupation proceeds further. In the 9th and 10th segments dorsal gaps appear in the fat-body.

8.1  The heart of the host beats without pauses (50 per min), gut peristalsis active. The browning proceeds strongly from the rear forwards. The last segment has already ecdysed. The parasite remains quiet.

10.1  The heart and gut activity of the host is still further increased (heart, 63 per min). The cuticle has pupated in the rear half, and ecdysis advanced up to the place of constriction. In front the diapause larva is motionless, soft. Parasite is active. The section confirms the exterior findings. In spite of the advancing parasitically induced histolysis of the fat body caused by the Diplazon larva, the heart and gut of the host are still very active. Also in earlier studies there was observed at the time of pupation a surprising elevation of heart activity to for example 92 to 120 contractions per minute.

The essential results of the studies carried out can be drawn together in the following:

Syrphid larvae parasitized by Diplazon pectoratorius have lost their hormonal autonomy. The parasite secretes [sezerniert] elements into the blood of the host that can lead to a conspicuous activation (d,h), and release pupation and ecdysis, even when [communication with] the nervous and hormonal centres (brain, ventral nerve mass, ring gland) of the host (b,d,h) (Fig 10) is cut off.

[ Fig 10. Constriction studies with parasitized diapause larvae of Epistrophe eligans. In front is a living diapause larva, to the rear it has released the new skin from the old pupated one. Inside is the mature (L V) Diplazon pectoratorius larva during the parasitically induced histolysis of the host. Bar - 2 mm. P = pupated skin, N = new tender skin, D = parasite. ]

Pupation and ecdysis of the host follows first, after which the parasite ecdyses at least once (a,b,c,d,g,h). One part of the secretion originates from the head region of the parasite (g,h) and is probably identical with the saliva.


The saliva of the intermediate larva and initially also of the mature larva creates a dissolution of the fat-body without damaging the other organs (nerves, heart, muscles) (h) - partial parasitically induced histolysis. Only then later via the saliva of the mature larva are the other organs of the host mobilized - total parasitically induced histolysis. When one half of the larva is put into this phase under the influence of the parasite, then the activation of the parasitic histolysis follows under suppression of pupation and ecdysis (c,d). On the other hand the processes of pupation and ecdysis, once initiated by the parasite, are not blocked, even when a connection is again made with the other half of the larva that is still in diapause (c,d).


When the front half of the host has been stimulated by the parasite to pupate and ecdyse, total constriction will prevent further action of the parasite (parasitically induced histolysis) so that in spite of this activation it cannot develop any further; it remains in the diapause state with the original developmental deficit, evidently because its own hormonal system is not yet functional, or is no more (e).


A contraction of the rear larval body into the typical puparium does not take place, in so far as via constriction the anterior body section with the brain and ganglion is cut off from the action of the parasite (b,d,h).

G.  Behaviour of Diplazon fissorius as a hyperparasite of Diplazon pectoratorius
When during the course of the summer diapause larvae of E.eligans are sought, a variable percentage of individuals are found that contain a young larva of both pectoratorius and fissorius. The host shows all the characteristics of purely pectoratorius-parasitization (stunted form, reddening of the fat-body, intensified developmental deficit). It was now particularly fascinating to look at the reciprocal action of the two parasites together and the behaviour of the host.


On the 14.7.1949 we found 5 among 40 pectoratorius-parasitized individuals that also contained a fissorius L Ia. We placed these in a temperature of 12 (C. On the 20.9. they had still not yet pupated, the head of the large pectoratorius L I lay overall as normal in the region of the brain of the host, and the fissorius dwelt between the fat-body layers of the rear body section, and two of them had already taken up food (L Ib !). These two larvae with active fissorius parasites pupated on 28.9 and 5.10. Meanwhile the other fissorius individuals had also started to take up food. Also in the other cases pupation was always preceded by a premature activation of the fissorius L Ia.


When fresh puparia are dissected, always one of the parasites has already ecdysed. Mostly there is an intermediate larva of pectoratorius, occasionally this is still stuck inside the cuticle of the L I, or generally shows no signs of an ecdysis. These pectoratorius L I or intermediate larvae are as a rule at this moment dead or badly wounded. They show on the thorax and on the end of the abdomen pairs of stab-wounds of the jaws of fissorius (in one case 24 perforations), commonly the cuticle behind the head is ripped open. The double wounds have often turned brown and are very noticeable under high magnification (Fig 11). The larva can usually not ecdyse, since the old skin sticks to the new one at the wound positions.


The L I or young intermediate larva of pectoratorius is always attacked by the fissorius L Ib and is injured with the dagger-like jaws of this species, so that they die. An attack by the small-headed pectoratorius L I on the large-headed fissorius L I was never observed, and the intermediate larvae are entirely defenceless against the attack. The fissorius L I ecdyses and sheds the armed head capsule only when it has eliminated its competitor. The fresh puparia often still contain fissorius L Ib or L Ic.


The internal developmental state of the host in double parasitized cases resembles that of pure pectoratorius cases. Brain and imaginal discs are at the moment of pupation still very stunted. The subsequent behaviour is dictated by fissorius. In contrast to pectoratorius parasitization, the host does not ecdyse in the puparium, but reverts to the parasitically induced haemolysis without managing anything further.


Whilst in pure fissorius rearings the parasite always develops further, it occurs here regularly in the mature instar in diapause after the emptying of the puparium contents, and as in pectoratorius after overwintering it enmeshes again into the developmental cycle of the host.  The diapause lasting for weeks also appears when the fresh puparium is transferred to a temperature of 20 C. This is explicable as suboptimal conditions for development of the fissorius larva, and as a resultant developmental deficit (the saliva of the young pectoratorius larva blocks the growth of the embryonic brain!).


In pectoratorius parasitization we have seen that pupation follows immediately after the first ecdysis of the parasite, and that pupariation and ecdysis of the host are stimulated by a secretion of the young and intermediate larvae. In the following example a puparium has been built under the influence of the L I, before an intermediate larval secretion could be delivered into the blood of the host: an E.eligans larva parasitized by both fissorius and pectoratorius was transferred on 23.11.1949 from 21 (C into a constant temperature of 12 (C. On 9-10.12 the host pupated. The findings after dissection: fissorius L Ib, full gut, active, not yet ecdysed (head capsule inflated, jaws agile) + pectoratorius L II stuck inside in cuticle of L I, ecdysis has occurred, tail piece and head capsule empty, animal badly injured in the thorax and abdomen, crippled. The old cuticle still lies right over the head part of the L II, and a salivary emission of the intermediate larva was for this reason scarcely possible into the blood of the host, quite apart from the bad injuries.


In conclusion this gives the following picture: in the course of its growth during the autumn cooling, the L I of pectoratorius activates via some sort of secretion (probably saliva) the L Ia of fissorius. This starts with food uptake, as when the host has already overcome diapause and has gone on to pupate. Before the parasite sheds its powerfully armed head capsule with the first moult, the competing pectoratorius in the L I or intermediate instar is attacked and eliminated. The host pupates very early, after which the parasite moults.


Ecdysis in the host within the puparium is blocked by fissorius, contrary to the normal situation. The diapause of fissorius in the L Ia instar is followed now by one in the mature instar, with which the premature activation compensates and re-establishes integration with the developmental cycle of the host. When one observes the behaviour of E.eligans under natural conditions, then we see every year that some of the diapause larvae have already pupated in the autumn. In the following spring these mostly stunted puparia give rise to wasps of D.pectoratorius and D.fissorius. The rest only pupate in spring and are mostly of normal size; from these emerge flies, or wasps of D.fissorius.


Since the behaviour of fissorius can become very modified by the presence of a competitor, it is possible to show the following example: since fissorius only becomes activated in E.balteatus at the normal time of pupation and begins food uptake, in experimentally produced double parasitization of young E.balteatus larvae with fissorius and laetatorius we can make difficult complications. Through the secretions of the laetatorius, the fissorius larva becomes prematurely stimulated to further development immediately after moulting. They begin to take up food and secrete saliva, and attack their competitors (laetatorius L I and supernumerary fissorius L I), long before the host has matured. The emerging parasite blood and the saliva of fissorius L Ib cause poisoning and developmental disturbances of the host which kill most of the balteatus larvae together with their parasites and the survivors are characterized by brown subcutaneous scabs in the thoracic region.

H. Discussion of the results and their consequences

One of the most remarkable attributes of fissorius is the synchronisation of its developmental cycle with that of its current host. According to the normal behaviour of individual hosts, the parasite is uni-, oligo-, or polyvoltine. The young larva assumes decisive significance in this regulation of the number of generations, because it is coupled very closely to host physiology and becomes immobilized and activated with it. To develop further it requires a signal (puparium formation) regardless of whether it is given some days after eclosion, or first after several weeks, or months. These resulting different developmental cycles are schematically represented in Fig 12.


Under double parasitism of pectoratorius + fissorius, the usual regulation undergoes further differentiation whereby fissorius is mobilized by pectoratorius even before formation of the pupa, and later enters an extra diapause in the last larval instar. Even in this special case, synchronization with the developmental cycle of its host is guaranteed.


Marchal (1936) described a similar relationship of the number of generations in the egg parasitoid Trichogramma cacaeciae and those of its hosts. This parasitoid undergoes 7-9 generations in eggs of Mamestra, but only 2 in the univoltine Cacaecia rosana. The wasp diapauses as a mature larva, for which the quality of the egg shell should be responsible. The physiological connections seem to lie somewhat differently than in Diplazon fissorius.

[ Fig 12. Schematic regulation of development of Diplazon fissorius in different hosts. (A) Episyrphus balteatus; (B) Syrphus ribesii without diapause; (C) Syrphus ribesii with a short diapause; (D) in the normal host Epistrophe eligans; (E) in Epistrophe eligans together with Diplazon pectoratorius. The length of the L1a stage regulates itself according to the L3 stages of its host. See text for clarification ]

The earlier studies and those outlined above show moreover that a close meshwork of inter-relationships exists between host and parasitoid and under the different parasitoids, which we draw together once more in the following:

Effect of the host on the parasitoid

1.
Blood-borne defence reaction of encapsulation of the parasitoid egg (E.balteatus and S.ribesii against fissorius, E.balteatus against laetatorius)

2.
Imobilisation and developmental blocking of the young larvae by the host entering diapause (fissorius in E.eligans and S.ribesii, pectoratorius in E.eligans)

3.
Activation of the young larva at the time of puparium formation (fissorius in E.eligans, E.balteatus and S.ribesii)

Effect of the parasitoid on the host

4.
Jamming of the blood-borne defence reaction by secretion of the serosa (fissorius against E.balteatus and S.ribesii)

5.
Deprivation of protein or protein derivatives via the serosa and skin of the young larva L Ia (fissorius in E.eligans, E.balteatus, S.ribesii)

6.
Blocking imaginal differentiation in the host larva (pectoratorius in E.eligans, laetatorius in E.balteatus)

7.
Blocking ecdysis and pupation in the puparium (fissorius in E.eligans, E.balteatus and S.ribesii)

8.
Parasitoid activation of the host with subsequent parasitoid-induced pupation and ecdysis (pectoratorius in E.eligans)

9.
Dismantling of host fat-body reserves, partial parasitoid-induced histolysis (fissorius in all hosts, pectoratorius in E.balteatus)

10.
Total parasitoid-induced histolysis (all Diplazon species in all hosts)

Effect of one parasitoid on another in the same host

11.
Mutual support in blocking the blood-born defence reaction of the host (eggs of fissorius in E.balteatus and S.ribesii)

12.
Premature activation (activation of fissorius L Ia before host puparium formation in E.eligans by pectoratorius, and in E.balteatus by laetatorius)

13.
The bringing on of diapause in mature larvae after premature activation (fissorius after double-parasitization with pectoratorius)

14.
Elimination of intraspecific competition (fissorius in E.balteatus as a consequence of activation, laetatorius immediately after eclosion of the first larva in E.balteatus)

15.
Elimination of interspecific competition (purely mechanical elimination of pectoratorius in E.eligans, and of laetatorius in E.balteatus, by the young larvae L Ib of fissorius).

(p178). Finally we can try to make a very provisional picture of the mechanisms of diapause in syrphid larvae on the basis of the results of earlier experiments (1948), the studies with Diplazon, and with regard to the literature on other insect groups.


The larval development of syrphids as in other holometabolous insects is governed by the storage of food. Fats and proteins increase in fat body cells. In polyvoltine species (E.balteatus), not only the larval organs but also the imaginal discs and the brain grow during this accumulative phase so that at the end of larval growth the normal mature state has been achieved. The mature brain and ring-gland complex secrete hormones which initiate puparium formation, ecdysis, pupation and imaginal differentiation; the accumulation phase is detached from a development stage. In univoltine species (E.eligans), growth of the imaginal discs and the brain is strikingly inhibited during the accumulation phase. After the end of exterior larval growth, there remains a maturation deficit, the small brain is obviously unable yet to convey the animal into the development phase, and on the contrary the body is always trapped in the state of developmental blockage. With oligovoltine species with facultative diapause, the tendency to create a maturation deficit is far less marked: external factors such as food, temperature, and the water supply are able to impede the growth rate of the imaginal organs and the brain, and to decide already before the start of diapause whether the individual remains stuck in the accumulation phase, or transfers into the developmental phase. Diapause is a seemingly pathological developmental anomaly which could be attributed to a disharmonious growth of the internal organs.


As a supplier of hormones, the ring gland composed of functionally different cell groups takes first place. According to Vogt (1942a) in Drosophila larvae it consists of at least three components: 

(1) the corpus allatum (clusters of small cells at the anterior edge); 

(2) the pericardial glands (large cells on each flank)

(3) the corpus cardiaca (on the posterior edge)

The ring glands of syrphid larvae have a similar structure. The ring glands or one of its cell groups initiates puparium formation (Hadorn 1937) and the imaginal differentiation of the brain (Vogt 1942a) in Drosophila larvae. On the other hand the corpora cardiaca delay the imaginal differentiation in bugs (Rhodnius), silkmoths and stick insects (Dixippus) (Wigglesworth 1942). In Calliphora and Bombus as in other insects the corpora cardiaca are indispensable for the yolk formation in eggs (Thomsen 1948b, Palm 1948), but apparently not in Lepidoptera (Williams 1946). According to Williams (1946, 1947, 1948) the diapause of saturniid pupae (Platysamia cecropia) is broken by the secretion of the prothoracic glands, and these glands are in turn stimulated by a hormone from the brain that has undergone a cold spell. The corpora allata seem not to influence diapause here directly. The prothoracic glands play an important role in embryonic development of many insects, and in Lepidoptera are associated with eclosion, pupation and imaginal growth. In Dipteran larvae they have never been detected hitherto. Perhaps the pericardial gland cells correspond functionally to the prothoracic glands. In Calliphora, neurosecretory cells in the pars intercerebralis of the protocerebrum seem to activate the corpora cardiaca, (since) after removal of these cells yolk formation in the ovaries is prevented (Thomsen 1948a).


When we transfer these still today very sparse data to syrphid diapause, we should assume that the accumulation phase is associated with activity of the intercerebral glands and the corpus allatum, while the developmental phase is associated with a hormonal impulse from the side of the brain and the activity of the prothoracic (=pericardial) glands. In fact in syrphid larvae we find two groups each of about 8 intercerebral glands cells in front of the opening of the aorta under the ring gland. The cells are filled with sometimes asymmetrical, strongly refractive droplets of secretion, easily recognisable under the lens as pale spots. During diapause these cells are undoubtedly actively secreting since the amount of filling showing striking changes. When the larvae are dessicated and slightly crumpled, as when stored at low temperature, or when parasitized by pectoratorius, the cells are crammed with secretion; after watering, or transfer from the fridge into higher temperatures, the secretion droplets change again into small remnants. The often markedly periodic changes in rates of reaction of diapausing larvae (Schneider 1948) could be connected with the secretion of an inhibitory secretion near the brain, and since the emptying of the intercerebral glands after watering or raised temperatures occurs together with an intensification of rigidity, it is not impossible that the intercerebral glands produce this inhibitory substance, or stimulate its release. Similar groups of glands are also found in the caterpillars of the apple-roller during diapause.


The behaviour of hoverfly parasites also suggests the presence of an inhibitory substance. Whilst immobilization of L1a fissorius in E.eligans can be accounted for by the lack of an external stimulus (pupa formation) and an autonomous suspension of development, the blocking of the prematurely activated fissorius young larva during the L Ib phase in the diapausing larvae of S.ribesii appears rather to be dictated by the host. The young larvae of pectoratorius become immobilised after a few days according to the host, whereby they can achieve very different sizes. Without supposing an external suppressive factor, we don’t really see why they do not continue with their blood meal right to the end of the first instar, since they have an efficient proteolytic saliva and a functioning alimentary canal. The skin of the young larvae of fissorius and pectoratorius in the diapausing host is hydrophilous and permeable to water and many dissolved substances, in contrast to the II-V instars. The skin of all stages of the polyvoltine laetatorius in contrast shows decidedly hydrophobic qualities; according to our present studies, this parasite is not viable in diapausing larvae. It is possible that because of its close hormonal coupling, the permeability of the skin in fissorius and pectoratorius is responsible for the nearly simultaneous immobilization of host and parasite. 


The nature and mechanism of effect of this hypothetical inhibitory substance today can only be ascribed vague possibilities. The inhibitory effects are very unspecific: blocking of mitosis in embryonic tissue, curbing of metabolism, reduction in heart activity and nerve performance. A single observation perhaps shows us the right way. In September, each of twenty diapausing larvae of Syrphus melanostomoides [=Epistrophe melanostoma] were placed in a constant temperature of -0.4, +3, 8.2, 12, 17 or 20 (C. After six weeks we removed a series and measured the maximum growth of the eye disc in 8.2 (C. The remaining, partly shrunken larave were supplied with a lot of water twice. After a further 6 weeks, the size of the eye discs in the various temperatures had changed on average in the following manner: +13, +11, -2, -8, -14, and -11%. This reduction in the eye discs at higher temperatures must be connected with the process of shrinkage [by dessication: Entquellungsvorgängen]. In our experience soaking and keeping moist diapausing larvae at higher temperatures, after an initial activation, leads to a fundamental decrease in the ability to react. This might establish a connection between the soaking of larval and imaginal tissue (brain, ventral nerve mass) and the diminution of nerve performance.


Epistrophe eligans is sometimes parasitized by the polyembryonic parasitoid Syrphophagus aeruginosus. The series [of eggs?] with their still very little-differentiated embryos are usually found in the posterior section of the diapausing larva. When the host enters diapause, growth of the embryos also comes to a standstill. The parasitoid larvae differentiate and eclose at the time of host pupation in the following spring. Here also there is a close hormonal relationship between host and parasitoid. In summer one finds a fluid-filled mantle between the embryo and the membraneous spherical integument, which vanishes in winter after a size increase of the embryos. Perhaps this phenomenon is also connected with the processes of shrinkage [by water loss] and swelling [by rehydration] [Entquellungs- und Quellungsvorgängen] in the embryonic tissue.


We now put together some observations connected with the activation of syrphid larvae and their parasites. It is known that diapausing larvae gradually lose some water after weeks of storage in dry air. After reabsorption of water via the anal papillae, the heart is activated and the ability to respond to stimuli is markedly enhanced. In ribesii this stimulus is often enough to initiate pupation and further development. Diapausing fissorius can be reactivated after allowing a bit of shrinkage in concentrated sugar cane solution and then transferring them to saline, where they can swell again. The internal protein spheres often swell so much that they disappear. Also young larvae of pectoratorius are clearly activated by water uptake of their host. Mature larvae of E.balteatus with empty guts are often completely transparent. Then the larvae begins to turn milky from the anterior end, and this change gradually advances right to the most posterior parts of the body. This occurs in parallel with secretory activity of the pericardial glands, and soon the individual pupates. The clouding over is partly because of a change in the refractive index of the fat-body cells, from where the inclusions clearly emerge. Here also the issue is one of swelling [by hydration: Quellungsvorgängen].


The proteolytic saliva of the pectoratorius larva shows a similar effect to the pericardial glands of the host (which is actively secreting at the time of puparium formation !), and initiates a parasite-induced puparium formation where the heart and alimentary canal is activated in a more obvious way. The saliva at each concentration leads to a swelling of the protein, a dissolution of the albumen reserves of the fat-body, or finally to an attack on the plasma of the host tissues. In this parasite-induced activation the resorbtion as the dissolution of fat reserves seems to be fundamental, since protein reserves are - although perhaps in an unsuitable form - also present in the blood of the parasitoid. The hormonally autonomous egg of fissorius could, as we have seen, also reabsorb synthesis materials from the blood of diapausing larvae, and the young larva accumulates protein gradually in its body. An example from the literature also shows how chemical components of the digestive juices bring protein from the source and activate them [??]. By using a bath of hydrochloric acid Bedford (1944) suceeded in stimulating further development in silkmoth eggs of a univoltine race that normally spent 8-10 months in diapause.


Finally we could use the L Ia larvae of fissorius as an indicator for the hormones of the pericardial glands, or of a functionally related material. Normally the parasitoid first activates in E.eligans and E.balteatus at the time of puparium formation and is stimulated to take up food. It is possible that it is arrested by similar cues in premature activation as by the normal puparium formation of the host. Although pectoratorius to be sure begins with food uptake in the course of the larval development of its host, a fissorius present at the same time is first activated in the following spring. In the polyvoltine host balteatus, in contrast, the young larva of laetatorius probably [schon] stimulates the fissorius larva immediately after eclosion. In both cases, as the only secretion that has been shown to manage to gain access to the blood of the host, the saliva of the parasites activates fissorius and simulates the puparium formation of the host. Furthermore, fissorius is activated prematurely in S.ribesii probably because of the blood-borne defence reaction. By conversion from lymphocyte cells to gelatine material, the lymphocyte cells swell up and disintegrate on the larval body. These processes, particularly when they occur on the controlling receptor tentacular organ, could indeed release a similar reaction to the parasite-induced proteolysis. In this connection it is noteworthy that in diapause larvae the defence reaction against fissorius eggs and larvae is missing or at least takes place very slowly.


The experiences with syrphids and their parasitoids show that in diapause and reactivation, the processes of contracting and swelling [Entquellungs- und Quellungsvorgänge] of the protoplasm is involved. It is possible that because of cell activity and the consequent cell separation, nerve performance and the entire general metabolism is affected directly. These phenomena probably are not restricted to insect species and instars that enter diapause, but are widely at the service of protein accumulation and mobilisation. A hormone that encourages the accumulation and shrinkage [Entquellung] of protein in the fat-body, perhaps in overdoses leads to shrinkage [Entquellung] of the plasma, and with it the far-reaching inhibition of cell activity.

I. Summary

1. D.fissorius has five larval instars. The present literature information that Diplazon species go through 3 larval instars needs revision.

2. The young larva has a head capsule equipped with mandibles which possess numerous sense organs. The large tentacle-shaped sensilla (tentacular organ) appear to function as a chemical receptor.

3. The L1 can be found in 3 developmental phases which can be labelled L1a, b and c. The L1a phase absorbs albumin [Eiweiss] derivatives through the porous hydrophilic skin of the body, and stores protein in the body without having ingested food through the mouth. Phase L1b secretes [sezerniert] saliva into the host blood and fills its gut with blood. In phase L1c the tracheae disappear.

4. Instars 2-4 are rudimentary intermediate larvae. The head is skin-like, without mandibles and with isolated tiny sensilla. The four ecdyses take place (at 20 (C) within 24-36 hr of each other without appreciable increase in size.

5. Stage 5 corresponds to the usual type of older larvae in Ichneumonidae and is equipped with head capsule, mandibles and numerous sensilla. The skin of the intermediate and older larvae are hydrophobic and not very porous as far as water is concerned.

6. The young larva remains in phase L1a without taking up any food until the host forms the puparium, and certainly independent of this is whether it develops further (in E.balteatus) or a week-long (in S.ribesii) or months-long (in E.eligans) diapause is inserted. In this way the parasite synchronises its developmental cycle to that of the current host. According to host behaviour, it is uni-, oligo- or polyvoltine.

7. After host puparium formation, the parasite starts ingesting food (L1b). It bends forward and prevents ecdysis, pupation and imaginal differentiation of the host by its salivary secretion. It then sheds its own skin and as an old larva finally causes parasitic histolysis of the contents of the puparium.

8. In S.ribesii the young larva is prematurely activated probably as a result of the blood-borne defence reaction of the host, already starting to ingest food before the formation of the puparium, and becoming immobilized again with the host - provided that it enters diapause. With this anomaly the length of diapause is lengthened, or host and parasite die.

9. Via surgical parasitization, D.fissorius eggs normally develop in diapausing larvae; active young larvae from E.balteatus become immobilized (when transferred into) diapausing larvae; and young larvae are activated when transferred from E.eligans into E.balteatus.

10. Young larvae of D.pectoratorius in E.eligans (in contrast to D.fissorius) start with ingestion of food immediately after ecdysis.  The growth of the (host) brain and imaginal discs is blocked by salivary secretion, and in the process the host loses its hormonal autonomy.

11. Diapause larvae parasitized by D.pectoratorius form the puparium prematurely during the decreasing temperatures of autumn. Constriction experiments show that the formation of the puparium and ecdysis is suppressed by secretions of the parasite. The reaction of the host follows first, after which the parasite itself sheds its skin (parasite-induced puparium formation and ecdysis). After parasite-induced histolysis, the old larva of D.pectoratorius enters diapause and overwinters in this state.

12. When diapause larvae of E.eligans are parasitized by both a young larva of D.pectoratorius and one of D.fissorius, then in autumn not only the host but also the fissorius larvae are activated by pectoratorius. D.fissorius afterwards fights its rival, eliminates it mechanically, and goes into diapause as an old larva. In this, despite the premature activation, the parasite enmeshes again with the developmental cycle of the host.

13. Finally the reciprocal interactions hitherto observed between syrphids and their parasites were assembled together and studied to give a preliminary interpretation of the phenomenon of diapause.

14. In hoverfly larvae the occurrance of diapause seems to be connected with deficient growth which is easily measured in extreme cases. During diapause an inhibitor is secreted. The swelling and shrinking of plasma are involved in diapause and reactivation, and there exists a close hormonal linkage between the syrphid parasitoid and its host

Translated by Francis Gilbert

1994

