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Introduction

     The family of hoverflies or syrphids shows no single approach to larval feeding.  Of the almost 800 species which Sack (1932) cites for the Palaearctic region, 74 are mud-dwellers (e.g. Eristalis), 9 spp. live in the excrement of higher animals (e.g. Syritta), some 300 spp. are phytophagous (e.g. Cheilosia, Eumerus), and 150 feed on aphids (e.g. Syrphus, Epistrophe).  Besides these, there are specialists found in wasps' nests (Volucella) and with ants (Microdon).  For many species, the feeding habits have not yet been clarified.  In the following investigations I shall limit myself in the main to members of the sub-family Syrphinae, which are without exception predatory.

     The white eggs, some 1 mm long, are laid in the immediate vicinity of aphids by these flies, which frequently have striking yellow markings.  The larvae pierce their victims with their mouthparts, pumping them dry so that only the shrivelled skin remains.  The three larval instars  are easily distinguished by their size, and by the form of the posterior spiracles.  The puparia are drop-shaped.  The flies are frequently found on flowers.

     Besides certain polyphagous types there are those which characteristically prey on certain types of aphid.  Herbaceous plants, shrubs and fruit trees are commonly cleared of aphids by the voracious larvae.  From time to time parasitic Hymenoptera (Diplazon inter alia) and birds decimate the predatory syrphids to such an extent that their ecological significance and economic usefulness are diminished.

     Predatory hoverflies have two stages of development, each marking quite specific demands on their environment.  The larvae feed for the most part on aphids.  Their growth is dependent upon the presence of these plant parasites.  The adult flies, on the other hand, are among the best known of flower visitors, and live on pollen and nectar. Breeding experiments with various species have consistently shown that the flies have small ovaries when they emerge, and that the reserves of building materials in the fat body generally do not suffice to enlarge the ovaries (see Fig. 1).  The eating of pollen is therefore indispensible to the maturation process, and without it no eggs can be laid.

     [ Fig. 1:  Influence of pollen feeding on ovarial development in {Episyrphus} balteatus.  Breeding experiments with  freshly emerged flies at 27 C.  A = Ovaries after four days with concentrated sugar plus dried hazel pollen.  Each ovary contains about 15 mature eggs.  B = Ovaries after 14 days feeding with concentrated sugar; no growth. ]

     Aphids and flowers are available to syrphids throughout the growing season, from early spring to early autumn.  However, it is in the spring that we find a definite maximal no. of flowers. Aphids too, which in many cases have overwintered as eggs on woody plants, provide at this time on the young shoots particularly favourable conditions for feeding and reproduction, which can be exploited by predatory insects.  It has now been shown the activity of numerous syrphids is confined to spring, and that the rest of the year is spent in diapause as a 3rd instar larva.  By contrast, there are species which pass through several generations during the growing season, or only have brief latent periods.  The fact that the syrphid group contains some species with an obligatory diapause of some months, others with no diapause in the larval stage, and all stages in between, makes it a particularly fruitful object of study.

     Although the causes and the mechanism of diapause have even today yet to be explained, we will attempt here to give as widely supported a definition as possible, as the basis for later discussion.  By 'diapause', we understand here a depression, occurring under natural conditions and lasting for weeks, months, or even years, in the growth of embryonic or ovarial tissue (sections from embryos and adults), for which the prevailing temperature and other external factors cannot be held entirely responsible.

     As long as food is taken during the course of this depression, it is used almost exclusively in catabolism and in the storage of material in the fat body.  This is partial diapause.  If no food is taken, one normally observes an essential reduction in activity, responsiveness, and metabolism.  This is total diapause.

     The depression occurs at a stage of development normally characteristic for a given species.  If, under normal outside conditions, it always occurs in every individual, this is obligatory diapause.  If, however, it is only triggered in certain seasons, or in a certain section of the population (and if, in the latter case, external conditions such as temperature, humidity and available food can affect this proportion), this is facultative diapause.  The mode of development of each individual is frequently determined at a very early stage, in some cases even in the ovaries of the parent fly.

     Insects commonly use diapause as a means of withdrawal from unfavourable outside conditions which might produce heavy fatalities (e.g. lack of food, natural enemies, extremes of climate).  In insects that depend for their nourishment on a particular stage of development in their food-plant, diapause is needed to synchronise the course of development with the periodicity of the plant's growth.  Examples of this are the cherry-fly (Rhagoletis cerasi) and the apple-blossom borer (Anthonomus pomorum).

     In investigating the circumstances of reproduction in hoverflies, we are also concerned with the number of generations that a particular species can produce in our climatic conditions.  This number of generations is determined by the rate of development and by the possible intervention of diapause.  We define a species here as polyvoltine if four or more generations are produced annually; oligovoltine if only two or three are produced annually; and univoltine if each year only one cycle of development is completed.  Hitherto our study has not considered partivoltine development, in which a single generation spans more than one year, as in the cockchafer.

2.  Materials and methods

a)  Field observations and capture data.

     Looking through my syrphid material, assembled over six years of collecting throughout various areas of central Switzerland, the Alps and Tessin, I found species such as Episyrphus balteatus which are extraordinarily common, and can be collected from early spring to late autumn.  On the other hand, there are apparently rarer species, such as {Epistrophe} melanostomoides or {Epistrophella} euchroma for which only isolated individuals from spring captures are available.  This differentiation should be known to all syrphid collectors.  As soon as one takes the trouble to find out the resting places of the diapausal larvae of established spring species (Fig. 2) and examines for example the base of the trunks of aphid-infested cherry trees or the ground beneath elder foliage, it soon becomes apparent that many of these apparent rarities in fact are among the commonest of our insects. Their flight period, however, is relatively short, and tends to coincide with peak flowering of our meadows and fruit trees, a fact that works against the collector.  Thus it is possible to separate with some certainty the univoltine from the polyvoltine spring forms in a collection, purely on the grounds of catch data.
[ Fig 2.  Diapause larvae of Epistrophe {eligans}, {Melangyna} triangulifera and {Epistrophe} melanostomoides, which have settled on a dry leaf (natural size) ]

     Important clues are also provided by the finding of larvae in aphid colonies or, after the onset of diapause, on the ground under dry leaves and stones.  However, satisfactory results can only be obtained when these field observations are backed up by rearing experiments in the laboratory.

b) Rearing experiments

     Rearing syrphids in the laboratory presents some difficulties, which is probably why there have been only isolated investigations in this field up to now, despite the economic significance of hoverflies.

     It can be assumed that we have never yet succeeded in rearing one species of predatory hoverfly through several generations in the lab, for the simple reason that the flies will not copulate in captivity. The males of many species undertake an sit-and-wait strategy in the open.  E.balteatus is very commonly found in clearings in woods, or under free-standing groups of trees in the summer.  They hover in the air, without changing position, for minutes at a time.  They shoot down onto any larger passing insect, follow it for a short distance, and then return with great precision to their old place - provided they have not by chance fallen upon a female of the same species.  Other species of hoverfly do not lie in wait hovering, but to the same end alight on projecting plants which offer a good view.  They will throw themselves onto anything which is thrown towards them - even little stones.  In the confined space of a normal rearing cage, this behaviour can obviously not be reproduced.

     On August 8th 1947 we introduced into a rearing cage of 1 x 1 x 0.5 m and made of a light material and cellophane, 40 males and 5 female E.balteatus.  The creatures were amply supplied with sugar water and hazel pollen and in addition had the opportunity to take pollen from some Chrysanthemums placed in water.  Light and humidity were approximately those of normal conditions. Temperature fluctuated between 25 and 28 C.  After 5 days the spermathecae of the females were still empty.  Then six further females were introduced and left with males for three weeks. They all laid numerous eggs, but none were fertile.  No copulation took place when the number of males was reduced, either.  We obtained equally negative results with Epistrophe melanostomoides and Epistrophe {eligans}.  It is possible that copulation would take place successfully in different species or in a much larger cage, but in general it seems that the same conditions obtain here as for honeybees and other social hymenoptera.

     For laboratory experiments it is best to proceed with females caught in the field whihc already possess large ovaries, and which in that case will almost certainly without exception already have been mated.

     [ Fig 3.  E.balteatus with clipped wings lays numerous eggs in the lab on the aphid infested potato tuber. x 2 ]

     The underside of the abdomen and above the lateral connective tissue is so transparent that with a little practice it is possible to judge from outside the state of ovarial development, and the extent to which the crop and gut are filled.  The rearing animals have both wings snipped off with fine scissors to small stumps.  This measure effectively prolongs the life of the flies, as these insects behave much more quietly in captivity, and injure or exhaust themselves less readily. Flightlessness has the further advantages of making the insects easier to handle, and also necessitates relatively much smaller rearing cages.

     As rearing containers for both flies and larvae we use hydrostatic bowls, and half-litre jam-jars filled with water and bound on with gauze.  Over this we place the rearing material in a glass bowl 8 cm in diameter and 4 cms higher.  The humidity level of 80-90% thus produced has been proved effective in combination with a temperature of 18-25 C. The flies are also given a piece of folded blotting paper, which they find much easier to run on than on the wall of the glass bowl.

     The flies can be kept alive for weeks on concentrated sugar solution.  If the ovaries are initially still small, or if continuous egg-production is required, a substitute proteinaceous food in the form of flower pollen is obligatory.  In order to allow an independence from the need to procure pollen, and so as always to have pollen of a known and proven quality to hand, we obtained a large supply of hazel pollen (Corylus avellana).  At the end of winter, shortly before the pollen is shed, we placed hazel twigs with many male flowers in water over a curved piece of paper.  We later collected the pollen and cleaned it by passing it through a piece of silk gauze.  Then the material was dried in high vacuum at room temperature by Dr A Geiger, formerly Chemist at the Federal Research Institute at Wadenswil.  Also at room temperature, it was then sealed in thick walled ampoules. It is possible to keep hazel pollen in this form for practically unlimited periods in the dark. However, it can be kept fresh for months at a time in smaller glass jars with special tops.

     Sugar solution and pollen are presented to the flies in little paraffin bowls (?) placed on glass slides.  The pollen must be replaced frequently due to the high humidity.  At the outset, or of for some reason the flies don't want to take the food offered, it is a good idea to feed them individually using a fine paintbrush.  Usually the proboscis is extended immediately the sugar solution makes contact with the front feet.  If the head and thorax are lightly powdered with pollen, the flies begin to clean themselves vigorously, and the cleaning ends not infrequently with their taking the pollen greedily.

     If aphid-infested plants are presented to a female with developed ovaries, it gets excited, extends the ovipositor and normally soon begins to lay.  Often 50-100 eggs are laid at short intervals (Fig. 4).

     Occasionally flies which are ready to lay will produce eggs without having been offered any aphids.  However, these are usually unfertilised, even though the spermathecae are full of sperm (e.g in E.balteatus, Scaeva pyrastri).  In order to trigger normal and successful oviposition, it is therefore obligatory to present females that are approaching readiness to lay with certain determined stimuli from the environment.  The sensitivity of the ovipositor is such that each egg laid between potato aphids (Rhopalosiphoninus latysiphon) on a shoot can be fertilised, while those laid on cellophane 2-3 mm away are unfertilised (Scaeva seleniticus, Jan 1948).

     The number of eggs laid by each female can reach many hundred, and occasionally as shown in the following example, can exceed 1000.  An overwintered Sc. seleniticus was brought into the warm in the lab, and constantly fed sugar water and hazel pollen.  Oviposition took the following course (number of eggs laid per day in brackets): Jan 1948: 12 (30), 14 (95), 16 (85), 19 (60), 21 (60), 23 (110), 26 (125), 28 (50), 31 (58), Feb 3 (162), 5 (97), 7 (73), 9 (135), 11 (95), 13 (105), 17 (45(, 20 (19).  Total, 1404 eggs, of which 90-95% were capablwe of developing up to the last oviposition.

     The developmental period of the eggs is strikingly short, and at a temperature of 22 C takes only 2-3 days for most species investigated. If eggs of different ages are kept together, the newly hatched larvae will suck the youngest eggs out.  To avoid this cannibalism it is as well to provide the culture-bowls with a plentiful supply of food well before the eggs are due to hatch, and carefully to separate the various age groups.

     The procuring of sufficient quantities of aphids can present considerable difficulties as the food-requirement in the 3rd instar grows quite extraordinarily large.  On the whole, aphids collected from the field are not suitable for rearing experiments, for outside the same aphid species is rarely available for any length of time, and the colonies have almost always already been attacked by syrphids in quite different stages of development.  Undesirable mix-ups can arise with the young insects of the culture, or the larvae can be attacked by individuals that have stepped in.  For these reasons we culture the aphid species Rhopalosiphoninus latysiphon on forced potatoes.  Under the right conditions (ca. 18 C, high humidity, darkness), one obtains a dense colony on the end of the sprouts. These potato aphids have been taken with no apparent problem by practically every syrphid species we have tested.

     Lab culturing gives clues as to the rate of development of the various stages, as well as the occurrence of a total diapause in old larvae, or a lengthy restriction of ovarial development in adults (partial diapause).  It is an important aid in reconstructing the number of generations under natural conditions, and the systematic ordering of the preimaginal stages which have been collected in the field.  One disadvantage, particularly in retrospect, of the study of facultative diapause lies in the fact that one must always (for reasons mentioned above) start the culture off with material collected in the field, and therefore one never knows the previous history of the cultured insects.

c) Investigations of imaginal characters inherent in older larvae

     The dissection of many hundreds of old larvae of quite different syrphid species has brought to light an aid to the study of the phenology that is especiallty noteworthy.  What it has shown is that the species which have an obligatory diapause undergo a considerable retardation in the development of the adult imaginal discs.  This set-back is particularly striking in univoltine species.  We are therefore in a position on the basis of anatomical investigations of old larvae shortly after the conclusion of their growth, to make an hypothesis concerning the later behaviour of the larvae of a syrphid species which might biologically be quite unknown to us, and to recognise forms with obligatory diapause.  In the cases we have looked at so far, it was even possible to distinguish univoltine species from oligovoltine species amongst those which have an obligatory diapause.  However, amongst those with optional or no diapause the anatomical differences are so small that we have not yet arrived at a clear method of distinguishing them.

     This retarding of growth affects the buds of the adult brain, eyes, antennae, legs and wings.  The genital organs have not yet been examined due to their very small size, and to the fact that they are concealed in the fat-body.  In order to determine the developmental stage of the imaginal discs, it is sufficient to examine the brain and the connected eye discs, which with a little patience and minimal expenditure of time can be found and measured.

     The examination technique is simple.  The larvae are anaesthetized with ether (this is unecessary for diapausal larvae, which are insensitive), and the upper quarter or third cut off with a pair of scissors.  The cut upper section is then placed in physiological saline and turned inside out like the finger of a glove using two pairs of fine forceps.  The abdominal ganglionic, brain and connected eye discs can then easily be dissected out from between the folds of the fat body. Immediately the following measurements are taken, using an eyepiece graticule: width of the brain, height of the brain, height of the eye discs (Fig. 5).  The material can be preserved for later tests in 4% aqueous formalin solution without notable shrinkage.
[ Fig. 5.  Scheme for assessing developmental deficiency: B = abdominal ganglion;  G = brain; A = eye discs; Att = height of eyes. ]

     In polyvoltine species with no diapause, there is no significant alteration in the size of the eye discs from the end of larval growth to the moment of contraction in forming the puparium.  However, in univoltine species with obligatory diapause, these discs are very small to begin with.  For example, if we measure the height of the eye discs of E. eligans larvae after the conclusion of larval growth (Al), and then again 9-10 months later at the point of formation of the puparium (Ap) taking the final state as that of maturity, the following calculation will give the developmental deficiency (RD) at the outset:     
RD% = 100 x (Ap - Al)/Ap 

     We shall see later that in univoltine species with a long obligatory diapause the developmental deficiency can reach values of up to 72%, and therefore represents a valuable characteristic of this biological type.

     There is in the literature a further example which links diapause with the occurrence of a retarding in the growth of the imaginal discs (Parker & Thompson, 1927).  They astablished that later instar caterpillars of the maize moth Pyrausta nubilalis which go into diapause possess smaller testis discs than those caterpillars which continue to develop.  Here too, diapause continues until the developmental deficiency has been made up.

3.  Parallel culture of the two extreme forms {Episyrphus} balteatus and Epistrophe {eligans}

     E.balteatus and Ep.eligans represent two extremes in as much as the first is definitely polyvoltine and exhibits no larval diapause, while eligans  shows a completely univoltine life cycle and rests for months in larval diapause.  We wanted to see whether the two species showed any characteristic differences in behaviour during larval development, and at what point the retarding factor of diapause started to work.  To this end I set up a parallel culture with identical conditions.

     In June 1945 one female each of balteatus and eligans with fully developed ovaries was caught in the field and induced to lay with aphids.  The culture proceeded in a constant temperature room at 22 C in hydrostatic bowls, with a relative humidity of 85% .  The first instar larvae emerged in both cases after 48 hrs, and were fed in an identical manner with aphids of the species Hyalopterus arundinis.  Larval development, from emergence to the final emptying of the gut, lasted seven days in each case, and even the two ecdyses took place together on the third and fifth days.  While balteatus proceeded on the eighth day to the formation of a puparium, eligans went into diapause.  As Fig. 6 shows, even as early as the cessation of feeding on the sixth day, eligans was showing a markedly lower heart rate than balteatus, with the insertion of increasingly longer pauses.  On the 7th day the heart was mostly stationary, on the 9th day completely motionless, whereas the number of contractions in balteatus never dropped below 100 until the formation of the puparium.  In balteatus, reaction to tactile stimulation remained lively to the end, whereas from the point of satiation onwards (6th day) eligans showed increasing lethargy.  When laid on their backs, balteatus turned themselves over immediately, whilst eligans remained there for 15, 20, 25, 25, 30, and even 60 minutes on the 6th day, and for 2 or 4 hours or more on the 7th.

[ Fig. 6  Parallel culture of E.balteatus and Ep.eligans at 22 C.  Alteration in heart activity (number of contractions per minute) and growth of the eye discs (in mm). 1-10 = days.  ba = balteatus, bi = eligans.  A = emergence; H1 =  first ecdysis; H2 = second ecdysis; S = satiation; E = final emptying of the gut; P = formation of the puparium in balteatus; RD = developmental deficiency in eligans ]

The growth of the larval body proceeded at the same rate in both cases. Eligans larvae weighed 40, 51, and 58 mg after the emptying of the gut, compared with 32, 38 and 39 mg in balteatus.  However, the imaginal discs behaved quite differently; e.g. the eye, wing and leg discs. These grew vigorously in balteatus from the first instar onwards, and in the 3rd instar reached a significant size compared with the larval organs (brain, abdominal ganglion); in eligans, however, they were strikingly retarded (Fig. 7).

 [ Fig. 7  Parallel culture of E.balteatus and Ep.eligans at 22 C. Growth of the abdominal ganglion, brain and eye-discs. Eligans left, balteatus right.  A = emergence; H1 = 1st ecdysis; H2 = 2nd ecdysis; E = final emptying of the gut (conclusion of larval growth). R = eligans at the end of diapause ]

For example, the increase in size of the eye discs took the following course:


Stage

balteatus

eligans

Hatching

0.049

0.032


1st ecdysis
0.17

0.08


2nd ecdysis
0.35

0.11


Final gut voiding
0.90

0.29

From the curve (Fig 6) one may assume that the growth of the eye discs begins at about the same stage of larval development in both species, and that balteatus does not race ahead from the start. However, the imaginal discs of eligans grow significantly more slowly than balteatus, so that even at the point of hatching there is already a perceptible and significant difference in size, and the retardation grows increasingly more conpsicuous as larval development proceeds. Thus the retarding factor must already be taking effect in the last stage of development of the embryo.

     For the sake of completeness we should also mention that the imaginal discs evidently do not grow continuously but in spurts, especially after ecdysis.  This can be seen from measurements taken on the 5th day, 13 hrs after the 2nd ecdysis.

     From the parallel culture it emerges that whilst the larvae of Ep.eligans and E.balteatus behave very similarly externally, the imago which is present in embryonic form within the body of the larva grows much more slowly in eligans than in balteatus. Whether the difference lies in the imaginal tissue itself or in the milieu of the larval body cannot be established by this experiment without further work.

     The unbalanced growth of larval and imaginal tissue leaves eligans with a considerable deficiency of development, which persists for months as a result.  Only when similar proportions are reached between the larval and imaginal organs (such as are present in balteatus at the conclusion of larval growth) can, under certain circumstances, diapause definitely be suppressed.

4.  Behaviour of diapausal larvae

a)  Growth of imaginal discs in diapausal larvae

     From the summer of 1946 through to the following spring we dissected diapausal larvae of eligans from time to time.  One set of experiments was left outside in the open under natural conditions, the second in the CT room at 20 C and 85% RH in hydrostatic bowls.  The result is visible in Fig. 8.

[ Fig 8.  Growth of the eye imaginal discs of eligans from June 1946 to April 1947 under natural conditions (A) and at a       constant 20 C (B) ]

     In insects in the field, growth of the eye discs remains blocked from June to September (average height 0.3 - 0.32 mm).  At the end of September they begin to grow slowly again, and by the 22nd October they had reached an average of 0.8 mm;  by the end of November 0.95 mm, and by the beginning of March they have completely made up the deficiency in development (average 1.05 mm).  The larvae at 20 C behave quite differently.  On the 22nd October there was no perceptible increase in size; on 10th December the average size was 0.34 mm, and on 11th April, by which time field animals had already pupated, the average height was still only 0.48 mm.  In April there is striking scatter from 0.30 to 0.85 mm, which accords with the observation that pupation and emergence take place on an irregular basis in insects which are kept warm, and can be drawn out over a period of months.

     In order to cast light on the question of whether the autumn decline in temperature stimulates the growth of the imaginal discs, we transferred on 10/9/46 six diapausal larvae each of the species E.eligans and E.melanostomoides from the field into hydrostatic bowls at 80% RH, and placed them in the various cells of our graded thermostat cabinet.  They were dissected after 24 days.  The average height of the eye discs is shown in Fig. 9.  The curves show us that in E.eligans (B) no growth takes place at -0.4 C and 20 C (0.32 mm), and that maximumn increase in size is achieved at 9-10 C, with an average height of 0.82 mm.  In E.melanostomoides (M) optimal growth also occurs at 10 C.  The eye discs of this species have already begun to grow in the open and the 'blocking' is less evident than in eligans;  it is clear how the right 'leg' of the curve arches up in the higher temperature range.

[ Fig. 9.  Growth of the eye-discs in diapausal larvae of E.eligans (B) and E.melanostomoides (M) at different temperatures.  Explanation in the text.  ]

     The experiment shows that one retarding factor characteristic of diapause loses its effectiveness if one removes diapausal larvae from the field in September and places them at lower temperatures.  At the same time, temperatures around 0 C themselves probably inhibit growth. Optimal growth occurs at the conjunction of points where neither the diapausal factor nor the temperature factor are sufficient to inhibit development.  A previous experiment done on 24th July showed very similar results.

b)  Heart rate as a measure of diapausal inhibition

     As we have already seen in the description of the parallel culture of E.balteatus and E.eligans, the frequency of heart contractions drops steadily prior to diapause, until finally no pulsations can be registered at all.  The fall in heart rate - which occasionally comes to a complete standstill - is a striking sign of diapause, and can be used to evaluate the state of inhibition at any one time.

     The heart and aorta are colourless and cannot be seen at all from outside the larva.  However, as the pulsating organ is embedded in fatty tissue, and the skin on the back is transparent, the individual contractions can easily be registered under a binocular microscope at 20-30 x magnification by watching the movements of the surrounding white excretory cells.

     Thus, as the following experiment shows, it is possible to judge the state of readiness for pupation almost solely on the grounds of heart rate.  On 27/3/44, larvae of eligans were brought from outside into the lab and observed under the slide-magnifier in a micro-thermostat (?)  Larva I showed a lively heart beat during the hour-long observation at 30 C.  The average number of beats per minute was 66, varying between 56 and 76.  With a sudden drop in temperature to 15 C, the pulse rate dropped to 31-37 (average 34) beats per min.  This insect pupated after only two days.  Larva 2 showed no heartbeats at 15 C, and at 30 C a very irregular 0-20 contractions per min, with an average of only 8.  This individual was kept in the lab in a Petri dish at 20 C, and given water from time to time.  After 72 days it was still a larva, although all the eligans from the same sample had pupated in the field back in April.  The investigation of heart rate thus allows one not only to predict the imminent termination of diapause, but the experiment also shows clearly how the latent period can be abnormally prolonged if a 'morphologically mature' but physiologically still inhibited diapausal larva is brought out of its natural conditions into the constant high temperature of the lab.  Later on this observation was frequently made, and it was often necessary in the spring to take diapausal larvae out of the lab and put them in a cold room in order to have them forming puparia within a useful length of time.

     One further example shows how the heart reacts to external stimuli, and how it shows with great accuracy the state of readiness to pupate. Five S. ribesii larvae from Tessin were placed in a Petri dish in the CT room at 21 C without a supply of water.  Two individual pupated after one or two days and emerged; the other three went into diapause and were further observed under unvarying light, day and night (even during examination under the microscope).  The heart beat was weak and irregular, about 10 beats per minute, after one month (Fig. 10).  Then, six weeks after the onset of diapause, water was given to the dehydrated larvae.  They swelled and their weight rose from 50 to 75 mg in one instance.  Heart rate was also significantly stimulated (up to 32); however, in the next few days it underwent a striking crisis, became very irregular, and reached values of as little as 0-5 beats per minute. After 11 days equilibrium was restored at about 10 beats per min.  The taking in of water can sometimes, indeed often, suffice to terminate diapause in ribesii, but in our example the stimulus was not sufficient to overcome diapausal inhibition.

[ Fig. 10.  Variation in heart rate of S. ribesii larvae in diapause after consumption of water and a fall in temperature.  A = weight of larva in mg; B = pulse rate per min.  C = temperature in C.  Days are listed on the abscissa.  ]

At this point one larva was transferred to a constant temperature cabinet at 11 C, and the heart rate measured daily after a 15 min transfer into 21 C.  The curve shows very impressively the progressive relaxation of diapause, which ended on the 22nd of July with a pulse rate of about 80 per min, and the commencement of puparium formation. The two other larvae at 21 C remained in diapause.  It appears from this that the fall in temperature from 21 to 15 caused diapause to end, and that the imminence of pupation could be gauged several days in advance from the heart rate.

c)  Speed of reaction and mobility

     Syrphid larvae which have not yet concluded their growth are normally very lively.  They react to tactile stimulation with violent defensive movements, and exude sticky saliva.  If they are placed on their backs they immediately turn themselves over again.  Their behaviour is quite different during diapause, however.  E.eligans larvae contract a little down one side of the back if stroked by a needle. However, to trigger a defensive reaction or even flight (!), it is usually necessary to employ some clumsy mechanical stimulus such as pinching the side hard with a pair of pointed forceps.  The creatures are not infrequently in an almost drugged condition, and can be wounded and operated on without any reaction at all.  As this lethargy is an essential feature of diapause, a quantitative evaluation of the speed of reaction and mobility can give valuable information concerning the modification of diapausal inhibition under various experimental conditions.

     If water is offered to rather dehydrated diapausal larvae, water intake often results, accompanied by an increase in mobility.  The previously motionless animals start to crawl about, and tend to collect on the floor or the side of the rearing chamber turned away from the light.  After some hours or days they can then return to their original state of immobility.

     If one turns eligans larvae onto their backs, they miss the normal tactile stimulation of the ventral surface, and turn themselves over. This is done by arching the middle part of the body;  the larvae then fall on their sides, and by shifting their weight manage to regain a normal position.  The process of turning over calls for normal reception, responsiveness, and muscle power.  The time which a larva spends on its back varies greatly, from a few minutes to several hours or even days. It can be used as a measure of the degree of diapausal inhibition, and can produce an explanation not only to the question of whether individuals behave differently, and how the speed of reaction alters according to external conditions, but can also show fluctuations in the degree of inhibition of an individual under constant external conditions.

     To determine the reaction time, a scale beam was attached to a pocket watch (Fig. 11).  On one side hangs a pin, which stops the second hand through a hole in the glass as soon as the larva, lying on the other shank, turns over and falls off the beam.  The difference in the position of the hands of the stopped watch and that of the beginning of the experiment gives the reaction time.

[ Fig. 11.  Device for determining reaction time of diapausal larvae.  Details in text.  ]

     In December 1943 and January 1944 the alteration in reaction speed of several eligans larvae kept at constant 19-20 C was tested daily. Fig. 12 shows one such example.  What strikes one is the extraordinary difference in reaction time, raging from 4 mins to 234.  It would seem that the 'deep sleep' of diapause fluctuates considerably due to internal causes, and these variations show a certain degree of periodicity.

[ Fig. 12.  Daily variation in speed of reaction in minutes of a diapausal larva of E. eligans.  ]

d)  Water: how long it lasts

     Syrphid larvae of the eligans type can, especially soon after entering diapause, be kept for weeks or even months in the dry atmosphere of the lab, without dying off.  However, as the internal maturation process progresses, they become more sensitive.  Water is excreted mostly through the spiracles, but is also expelled through the alimentary canal.  In the end section of the gut a clear colourless fluid is excreted, which is stored in the rectum.  It serves as a means of anchorage for the resting larva, sticking the ventral side to the surface beneath.  If the larva wishes to release itself, it often exudes a few drops of the fluid as well.

     When diapausal larva are kept in the lab for weeks at a time, some individuals will dry out, whereas others of the same species show greater resistance.  There are also characteristic differences between species.  In a sample of several hundred larvae kept for 6 weeks from July to August at a constant 26 C over damp salt, the following numbers dried out:

     E.eligans ..... 

normal .. 6 % 
; ...  parasitized  ... 11 %

     E.melanostomoides .... 
normal  50 %

     E.nitidicollis ....... 
normal  48 %

E.eligans was shown thus to be especially stable - an interesting observation considering that this species also occupies first place in relation to its developmental inhibition of the adult organs.

     To ascertain water loss (weight loss) at different temperatures, E.eligans larvae were collected in the field on 5th July 1946, given water, and kept over water at 22 C until July 24th.  12 insects were then transferred to the chambers of a graded temperature cabinet over damp salt.  Percentage weight loss was determined on August 9th.  As is clear from the curve (not reproduced here), water loss gradually increases as the temperature goes up.  Nothing noteworthy occurs if the insects are handled as described at 10 C [?]

     If late-instar larvae of balteatus are brought into contact with water, they rapidly take in air until the front section of the gut is filled with a mass of foam.  The larva thus reduced its specific gravity, and floats on the surface, whereas E.eligans sinks (it does not take in air).

     Somewhat dehydrated late-instar larvae of S. ribesii show a different reaction when offered water.  The fluid is sometimes taken in eagerly through the mouth opening, and the larva swells quite rapidly. However, water-intake also occurs often through the anal opening, this last type being especially characteristic of eligans type diapause larvae.

     The anal 'gills' of mud-dwelling syrphids are branched, thin-walled structures which can be protruded from the anal opening, are filled with blood, and which perform a valuable tracheal function.  They should serve for breathing under water. In predatory hoverflies, although simpler in form, they are (as far as we have seen) always developed, and in four parts.  Their function seems not to have been recognised before.

     If a late-instar eligans larva (or another species of this type) is placed on a slide and moistened with a drop of water, it is not unusual for it to lift its body up from the underlying surface in the anal region, thus creating a cavity filled with water (Fig. 13).

[ Fig. 13.  Water uptake in a diapausal larva of E.melanostomoides using the anal 'gills'.  The retraction phase begins with the right-hand pair.  ]

     The anus opens and via blood-pressure a pair of U-shaped forked thin-walled blind bags are pushed out.  On the inner side of these tubes retraction muscles begin to work.   The tubes are now drawn in, and, through blood-pressure, are pushed out again into the water in rhythmic succession, so that the blood within is constantly renewed. Occasionally the tubes remain outside. However, in this case they are pressed onto the surface beneath by rhythmic abdominal movements, thereby effecting likewise a constant renewal of blood.  The larva swells gradually, as the following example (E.melanostomoides) shows:


Time:    

Start
10min
100min
5 hr 
19hr 
67hr


Weight mg 
34   
35   
39        
52  
56   
58

Within the first 5 hrs the body weight increased quite gradually by about 53%, and reached 71% after 67 hrs.  Of 0.1% methylene blue solution is presented, it is possible to stain the organs in the region of the retracted anal tubes.  Occasionally diapausal larvae are inhibited in such a way that the anal opening is effectively closed off; these insects do not protrude their anal tubes.  In this case any weight gain can take several days;  a probable indication that for water intake alone, the role of the anal tubes should be considered.

e)  Respiration

     Diapausal larvae of the eligans type can rest for 9 months and more without taking food;  the reserves already present are sufficient for metamorphosis and the fomation of the adult argans.  It goes without saying that during the latent period the metabolism must be quite drastically slowed down.  According to Bodine (1929), eggs of the grasshopper Melanoplus differentialis have their oxygen requirement reduced by 0.25 - 0.33 while in diapause, compared with that of related species without diapause at a similar stage of development.  Comparative values such as these are not yet available for syrphids, although I have determined the rate of respiration of eligans at different temperatures.

     The material was collected in the field some days before the start of the experiment, supplied with water, and kept for 24 hrs in the lab at 15 C.  Ten larvae of almost identical weight were placed on 27-9-45 at 0 C in glass-stoppered bottles containing a measured amount of 'Barytlauge' with a trace of phenolphthaline.  The bottles were placed in the graded temperature cabinet, and we determined the length of time which the phenolphthaline took to lose its colour in each test.  The moment of decoloration was easily established, as the solution - probably due to increasing dissociation - reached a pronounced peak of redness immediately before the turning point.  The waiting period lasted from 4-5 days, with the result that the errors which can arise from the effect of unabsorbed CO2 in the fluid were reduced to an absolute minimum.  Related to 1 gm body weight (which is the normal weight of 23 larvae), the following amounts (mg) of CO2 were given off per hour at the different temperatures (ø C):


Temp:    

1.0       
5.7       
8.3       
12.4      
15.7  
19.9      
22.5      
28.0


mg CO2:   
0.02      
0.033    
0.042    
0.068    
0.103
0.147    
0.172    
0.289
These values naturally have no general validity, even for E.eligans, but are applied to larvae of well progressed internal development used in winter with no thorough acclimatisation.  In summer the respiration rate may well have been even lower.  In a graphical representation it is clear that the curve follows approximately Van't Hoff's law, and shows no peculiarities even in the lower temperature ranges.

5.  Developmental types of predatory hoverflies

a)  {Episyrphus} balteatus
     E.balteatus is rightly described by many authors as one of the commonest of syrphid species.  Not only is it common in Europe in cultivated areas and woodland, reaching even into the snowy alpine regions, but its range extends from Lapland to the tropics.  According to Sack (1932), its area of distribution covers Europe, North Africa, Asia, the Indian archipelago, and extends as far as Australia. Nonetheless it is scarcely to be expected that the species should everywhere be identical physiologically.

     For the Palaearctic region, Sack gives a flight-period of April to October.  My own catches in Wadenswil stretch from 27th February (on Eranthis hyemalis) to 27th November (on Hedera helix).  From the flight diagram (Fig 14) one can see that flies of this species can be caught from early spring to late autumn.

 [ Fig 14.  Flight diagram of E.balteatus.  A = Mittelland & Jura; B = Tessin; C = Alps over 1000 m; D = insects eclosing in

 captivity ]

 E.balteatus distinguished itself by being strikingly polyphagous. The larvae can be found on woody or herbaceous plants, with quite different species of aphid.  Some examples from my own experience will illustrate this point:  [list]

     In every case where larval samples have been placed in a lab culture, development has proceeded uninterrupted to the imaginal stage. Diapausal larvae have never been found in the field, either on or below even the most heavily infested plants. Even in September  and October 1942, when I had occasion to collect balteatus larvae in large numbers from reeds in Lucerne, they all developed normally.  In contrast to Gaumont's description, the autumnal drop in temperature was unable to trigger diapause in a single late-instar larva.  As the conclusion of larval growth tends to coincide in time with the formation of the puparium, it is not possible to speak of 'developmental retardation' of late-instar larvae.  The imaginal discs have already attained normal size by this stage, as we have already illustrated in an earlier section (Fig 7).

     Balteatus can start laying eggs as early as the beginning of April. In the field I found in Wadenswil on 6-4-43 numerous eggs on an apple-tree infested with {Aphis} pomi.  At a temperature of 20 C the whole process of devlopment from egg to adult emergence takes approximately 23 days (egg 2, larva 10, pupa 11). Maturation feeding takes approximately 14 days, and since egg laying can take place over a period of 2 or more weeks, one can assume that the eggs are laid on average three weeks after the fly has eclosed.  Thus from one oviposition to the next, from spring to autumn, a month and a half has elapsed, suggesting a figure of four, or at the most five generations.  Gaumont (1929) working on a 30-day period of development for balteatus in France, arrived at seven generations per year.  This seems somewhat high to me, despite possible climatic differences - the more so because Gaumont failed to consider the time required for the obligatory period of maturation feeding.

     E.balteatus overwinters as an adult female in much the same way as has already been shown in {Scaeva} pyrastri and S. seleniticus (Schneider, 1947).  Copulation takes place as early as autumn.  If in naturally cool autumn temperatures one takes larvae, and feeds the emerging flies with sugar-water and hazel pollen, although in some individuals a lot of protein and fat is secreted into the fat body, the ovaries nonetheless remain very small.  The blocking of ovarial development is possibly triggered by the low autumn temperatures;  we do not yet know whether possibly even preimaginal stages can definitively be influenced in this way.  The insects which emerge in February and March still possess well-developed fat bodies in general, with small ovaries and full spermathecae.  Males do not appear until two months later, as offspring of the overwintered females (see flight diagram).

     Our species therefore belongs to the following developmental type: polyvoltine without larval diapause, with partial, facultative diapause and overwintering in the adult stage.

     To this or a very similar type {Meliscaeva}auricollis and {Scaeva}pyrastri probably belong.

b)  Syrphus ribesii
     Schiner (1862) calls S. ribesii "the commonest of our species".  In my experience it has been rather less common in central Switzerland in recent years than S. vitripennis, and hardly more common than S. torvus and E.balteatus.  According to Sack (1932) their distribution covers almost the whole world except South Africa, and in central Europe they fly from April to September.

     It ought to be mentioned here that data in the literature on S. ribesii cannot be judged without some reservation, as this species especially the male is quite frequently confused with the closely related S.vitripennis.  In Sack's (1930, 1932) identification tables, for example, the only identification feature used for the males is the somewhat variable factor of body size.  It seems safer to me to take as a mark of identification the extent to which the hind femora are covered with hairs, as does Verrall (1901).

     In Wadenswil I collected S. ribesii from April 14th to November 21st (Fig. 15).

     [ Fig 15.  Flight diagram for S. ribesii  ]

     Times of peak flight occur in spring (April-May) and Autumn (September - October);  the species goes somewhat into the background during the summer months, and appears much less consistently than E.balteatus.

     This species too can be found as a larva on both woody and herbaceous plants [list]. Regardless of whether the material has been collected in the field or reared from eggs in the lab, a proportion of the larvae normally enter diapause.  The diapause, however, is not very strongly established, and it is normally possible to induce the insects to puparium formation and further development after a few weeks.

     Looking through culture notes, it is striking that in spring the majority of the insects proceed with development, and those that go into diapause are rather the exception.  However, by keeping the larvae without water, the number of those going into diapause was raised in one case from 10% to 30%.  At the beginning of June 1948, of 20 normally-fed larvae, only 5% went into diapause in the lab.  However, in a parallel sample which were left without food for a week shortly before and after the 2nd moult, 50% went into diapause.  Even in the field, lack of water appears to favour an interruption in the course of development, and by providing water it is possible to instigate further development.  Of 12 late-instar larvae collected under elder-branches in the middle of June 1948, 10 formed a puparium 2-3 days after having been given water in the lab, having rested for about a month.  In other cases the provision of water has occasioned a marked rise in activity (creeping movements, heart rate), although the swollen larvae then fell back into the deepest state of dormancy (Fig. 10).

     In a lab culture of the 14-6-45 every individual proceeded to develop (at 20 C).  On 18-8-47  3 of 16 went into diapause.  On 26-9-47 all 20 did likewise, despite the high culture temperature of 25 C.  On 5-10-42 a great many late-instar larvae were found on reeds in Lucerne; in contrast to balteatus they all remained in diapause until the March of the following year.  From the few preliminary observations made so far, it is not yet clear what proportion of larvae enter diapause, and what external conditions may provoke it.  It is possible that the fate of the larva is determined to a certain extent as early as the moment of oviposition.

     The changeable nature of diapause in S. ribesii is also reflected in the speed of development of the imaginal discs.  In all cases which we have looked at hitherto, the eye discs had reached roughly normal size by the time of conclusion of larval growth (Fig. 16a).  It is scarcely possible to point to a retardation of development within the limitations of normal experimental methods (unless it is possible to arrange a very extensive series of investigations).

[ Fig 16.  Eye discs of various species of syrphid larvae after the conclusion of larval growth.  A = S. ribesii;  B =       {Dasysyrphus} albostriatus;  C = Epistrophe grossulariae ]

     A late instar S. ribesii larva is at an equivalent stage, going into diapause in summer, to an overwintered E. eligans larva, which by February has already compensated for much of the developmental retardation, but often needs a certain external stimulus (water, change of temperature) to be brought out of the unstable state of diapause.

     The egg stage of ribesii lasts 2-3 days at 21 C.  After a further 9 days the larva is fully grown, and forms the puparium on the following day.  Pupation lasts 10 days, so from egg-laying to eclosion 22-23 days elapse.  Taking into consideration the maturation feeding of the females, and the rather lower spring temperatures, one can assume that the insects on the wing in June are the offspring of those that have appeared in great numbers at the end of April and early May, and that the species produces a maximum of four generations annually.  In the course of the summer many late-instar larvae fit in a rest-period, thus reducing the number of generations for individual lines to three or even two.  Rain, and the autumn drop in temperature recommence the development of the summer's crop of diapausal larvae, and thus produce another somewhat stronger flight.  The autumn larvae all go into diapause, and do not release flies until the following spring.

     Syrphus ribesii belongs to a particular developmental type: oligovoltine with facultative total diapause in the larva but without diapause in the adult stage.

     G.Cousin (1932) made a very thorough study of the behaviour of some flies with facultative diapause in the larva (Lucilia sericata, Phormia groenlandica, Calliphora erythrocephala), and made a connection between entry into diapause, and suboptimal developmental conditions.  She was able, under certain conditions, to raise several unbroken generations of flies with supposedly obligatory diapause.  Cousin's findings may well be relevant for flies of the ribesii developmental type;  however, I cannot imagine that, for example, E. eligans would, even under optimal conditions in an ongoing culture (even were that technically possible) gradually abandon its deeply rooted obligatory diapause.

c)  {Dasysyrphus} albostriatus
     According to Sack (1932) and others, this species is only found in Europe, and seems to prefer wooded or mountainous regions.  Normally it only occurs in isolation.  According to Verrall (1901) it flies in England and Scotland from May 11th - September 2nd.  Sack also gives a flight period of May to September.  My own catches extend from May 10th to October 3rd.

     A glance at the flight diagram (Fig. 17;  which, along with my own material, evaluates that of the collections of the University of Basel and of B.Gerber) shows at once that a gap occurs in the summer months, and that the flight period is essentially concentrated in May and September.

     To clarify the conditions under which development takes place, we started a culture of this species on 11-10-47.  The egg stage lasts 5 days at 18-20 C, in contrast to the majority of the other species (2-3 days);  total larval development up to the final voiding of the gut takes 20 days, then all the insects go into diapause.  Following overwintering in natural conditions, the formation of the puparium does not take place until April, and pupation itself lasts about 14 days at 20 C.  The imaginal discs in this case showed a clear retarding of development after the conclusion of larval growth, although this was far less pronounced than that of E.eligans (Fig 16B).  In larvae of a uniformly normal size, the eye discs measured 0.7 mm at the begining of diapause, and 0.95 mm immediately before puparium formation in April.  The developmental retardation in the autumn was therefore to an extent of 26%.

     Finds of larvae in the field confirm our experience in the lab.  Pupation never occurred without a previous diapause of some weeks in the late-instar larva.  We found isolated larvae in diapause under elder and plum trees, and in one case under a lime tree.  Larvae collected in summer start their further development by the autumn at the latest;  those collected in winter, by the following spring at the latest.  Diapause is therefore less deeply rooted and lasts for shorter periods than in E.eligans.

     D.albostriatus therefore flies and develops in spring, normally passes the summer as a larva in diapause, flies a second time in autumn, and overwinters as a 3rd instar larva.  We were therefore dealing with the following type:  oligovoltine (although usually bivoltine), with obligatory total larval diapause, but no adult diapause, and with peak flight periods in spring and autumn.

d)  Epistrophe grossulariae
     This species occurs only infrequently in collections. Schiner (19862), Verrall (1901) and Sack (1932) speak of only isolated appearances.  The range extends across Europe and North America (Sack 1932), and mountainous regions seem to offer the best conditions for development.  Verrall found the species in England and Scotland from June 9th to August 15th.  Sack gives a flight period of June to October.

     These details are confirmed in our flight diagram (Fig 18), which includes in addition to seven finds of my own, the few flies in the collection of the State Technical College in Zurich and the University of Basel, as well as those of B.Gerber.  The flight period lasts from June 12th to October 3rd.

     What is striking here is how late the flight period starts in the summer, in contrast to the behaviour of all the other types.  E.grossulariae is definitely a summer and autumn form.

     To my knowledge there is no literature concerning finds of larvae.  I found two 3rd instar larvae on a plum tree in Wadenswil on 14-9-43 as predators of Hyalopterus arundinis.  The insects were kept at 8 C, and did not pupate until March 24th 1945, after having been brought into the warmth of the lab.  In mid-October 1947 I collected a lot of 3rd instar larvae on Cornus sanginea as predators of Anoecia corni.  After having been kept in the open under natural conditions, the first forerunners did not hatch out until June 1948.  Thus all larvae go into a fairly firmly rooted period of diapause.

     On October 14th 1947, two 3rd instar larvae were dissected immediately after the final voiding of the gut.  As is shown in Fig 16C, the eye discs are already rounded, bean-shaped and somewhat better formed than in E.eligans, although still well behind other larvae with obligatory diapause.  The eye discs were in both cases 0.31 mm high, at a brain measurement of 0.36 mm and 0.39 mm respectively.  The developmental deficit is about 65%.

     Three flies collected at Schindelleg on 14th July still possessed very small ovaries.  A large individual was taken into culture in the lab.  On several occasions it took large amounts of hazel pollen and sugar water, but even at a temperature of 20 C it showed not the slightest sign of ovarial development over a period of ten days.  Even a 20-day period at 12 C did nothing to alter the situation.  Dissection gave the following details: moderate fatty lining of the abdomen, empty spermathecae, ovaries still very small (1.5 x 1 mm).  Three females caught in Wadenswill on 29th Sept and 1st Oct 1947 all had full spermathecae and fully developed ovaries (5.5 x 3 mm) with something like 260 mature eggs.  It is also seen from the flight diagram that more females than males were caught, and that in the autumn the males seem to be very rare or totally absent.

     In view of the inhibition of ovarial development in July-August (partial diapause) and of the marked developmental deficiency of the late instar larvae with obligatory diapause, it is very improbable that the autumn insects are the offspring of those found in July.  Those flies emerging in high summer will take pollen and sugary fluids, which will provide nourishment used in catabolism and in storage tissue.  The males are perhaps shorter lived than the females, and it is conceivable that after copulation and the period of feding to build up fat reserves the females look periodically for a hiding place.

     We were probably looking then, at the following developmental type:  Univoltine, with obligatory total larval diapause, and obligatory partial diapause in the imaginal stage, and with a peak flight period in the summer and autumn.

     Such a situation as this, in which the chief period of activity falls in the autumn, is the exception rather than the rule in predatory hoverflies.  Another fly of this type is possibly found in Ischyrosyrphus glaucius, which is likewise a less common species, and which flies according to Verrall from July 7th to Sept 1st in England and Scotland.  According to Sack (1932), glaucius flies from July to September.  My own catches go from July 6th to Sept 17th.  Three females collected in Schindelleg in July had empty spermathecae, well-developed storage tissue, small ovaries, and like E.grossulariae showed no sign of ovarial development despite being fed with hazel pollen and sugar water.

e)  Epistrophe {eligans}

     Eligans is a European species, occurring from Scandinavia to Italy, and turning up in almost all collections, if only singly. According to Verrall (1901) it flies from April 24th to June 22nd;  Sack (1932) gives a flight period in Europe of April to August.  My own catches fall between April 23rd and June 6th.  In the collection of Zurich Technical College, I found a male which had been caught on the Susten Pass on June 14th 1891.  The flight diagram (Fig 19) shows a concentrated period of flight in May, with the species disappearing in June until spring.

     The larvae of this species can be found on woody plants in aphid colonies [list].  As soon as it is fully grown, it heads earthwards, and clings to the underside of dry leaves, smooth stones, etc.  There it remains for 9-10 months in a state of diapause.  Along with E.melanostomoides it is not infrequently to be found in large numbers under elder bushes, or in company with E.euchroma under cherry trees.

     Among the many hundreds of diapausal larvae we have looked at, either in the field or in the lab, and in quite different temperature and humidity conditions, not a single one has gone on to develop further in the same year.  Diapause is very firmly rooted, and pupation only follows after overwintering.  The only exception is made by parasitized larvae, some of which build the puparium in the autumn.  When Sack gives a flight period lasting til August, he must be including a few late-comers which have lain in a very dry spot, protected from rain, or in the mountains.  By keeping diapausal larvae in very dry or cool conditions, one can easily prolong diapause in the lab by several weeks or even months.  Meijere (1917) notes as a rare exception (he being probably the first to write on the phenology of this species, and like Kruger (1926), having tried unsuccessfully for years to rear this species to adulthood) that on August 20th 1911 a single female emerged.

     The late instar larvae of this species are characterised by a marked developmental retardation (Fig 7).  Immediately after the conclusion of larval growth, the eye discs measure an average of 0.29 mm;  at the point of pupation 1.05 mm.  The developmental deficiency is therefore 72%.

     The species pupates in the 2nd half of March, and emerges about a month later.  In 1946 the peak period of emergence for males fell between April 25th-30th, and for females between May 1st - 4th.  Most of the eggs are laid from the middle to the end of May, and by the beginning of June the vast majority of diapausal larvae were already concealed on the ground.  The initial developmental deficiency is maintained throughout the summer.  Not until the temperature starts to drop in September - October do the imaginal discs begin an intensive period of growtyh (Fig 8), reaching full maturity after overwintering in Feb - March.

     E.eligans is therefore univoltine, with obligatory total diapause in late instar larvae, but without diapause in the adult.

     Other species confirming to the eligans type are, for example, E.melanostomoides, E.ochrostoma, E.nitidicollis, and E.euchroma.  Al these species are characterised by the facts that they only fly and develop as larvae in the spring at peak flowering time, and at the peak reproduction period for aphids, that they enter diapause with a considerable degree of developmental deficiency, and that they can aestivate and overwinter as diapausal larvae.  During diapause the eye discs of E.melanostomoides grow from 0.41 to 1.4 mm, which shows a developmental deficiency of 71%.  In E.nitidicollis they grow from 0.34 to 1.0 mm (70%).  In ochrostoma and euchroma similar circumstances occur.

     These species are somewhat specialised as to their choice of host.  Melanostomoides prefers Aphis sambuci on Sambucus, and euchroma prefers Myzus cerasi on Prunus avium.  The form a contrast to the polyvoltine and polyphagous E.balteatus.

     Altogether the developmental types of predatory hoverflies can be characterised thus:  (see Table X)

This representation shows the biological diversity among two genera as closely related as Syrphus and Epistrophe.  Most predatory hoverflies can be classified under one of the categories suggested here, although it must be realised that especially in oligovoltine species, numerous intermediate forms could be found.

6.  Conclusion

1.  After emerging, predatory hoverflies must not only take food with some sugar content (honeydew, nectar), but must also take pollen from flowers in order to be able to develop their ovaries, which are initially small (obligatory maturation feeding).

2.  Many apparently rare species are only active in spring at the time of peak flowering and the most intensive period of aphid reproduction.  They spend summer, autumn and winter as diapause larvae.

3.  The term 'diapause' is defined.  A diapause can be partial or total, facultative or obligatory.

4.  Male predatory syrphids lie in wait for females in the field, and pounce upon them on the wing.  It is not possible to produce copulation in the confines of a lab rearing container, and one is therefore compelled constantly to replenish the culture with freshly caught mated females.

5.  The culture insects have their wings clipped.  They are fed concentrated sugar water and hazel pollen.  Hazel pollen, dried and kept under vacuum, can be kept almost indefinitely.

6.  The flies lay several hundred eggs.  The highest number observed to date is 1404 (Scaeva seleniticus).  If no aphids are present, unfertilised eggs are normally laid, even when the spermathecae are full.

7.  The aphid species R. latysiphon is a useful food for larvae, and will repoduce on potato tubers.

8.  The imaginal discs of larvae with obligatory diapause are much smaller at the conclusion of larval growth than are those of polyvoltine species without diapause.  The resultant developmental deficit is an important aid in the study of conditions of diapause.

9.  In a parallel culture, the two extreme forms E.balteatus and Ep.eligans develop at the same rate under identical conditions: emergence, the two larval ecdyses, and the final voiding of the gut contents take place at the same time 2,4,6, and 8.5 days after oviposition.  From the satiation point, heart rate and speed of reaction drop very quickly in eligans, whilst they are maintained in balteatus until the formation of the puparium.  In eligans the growth of the imaginal discs is inhibited.  The inhibiting factor begins to work as early as before the 1st instar larva hatch. The dissonance between the growth of larval and imaginal tissue produces a significant developmental deficiency.

10.  If diapausal larvae are overwintered in the lab at 20 C, the developmental deficiency lasts much longer than in larvae in the field, and pupation follows irregularly, with many months delay.  In the field, the eye discs grow in the course of the autumn drop in temperature, in Sept to Nov, and by March the deficit has been made up.

11.  Growth of the eye discs can be stimulated artificially by a drop in temperature, and optimal growth occurs at 9-10 C.

12.  It is possible to tell when eligans diapausal larvae are ready to pupate by their lively heart rate, which responds to changes in temperature.  They can be thus distinguished from individuals which, despite 'morphological maturity' have not yet overcome diapausal inhibition.  In larvae which are unready to pupate, the length of diapause can be extraordinarily prolonged by transferring them to a constant relatively high temperature.

13. In Syrphus ribesii we observed a short stimulation of heart rate following the taking of water, plus a consequent 'crisis'.  Pupation resulted only after some days spent at 11 C, at which temperature the increasing readiness to pupate could easily be detectable from the heart rate.

14.  Speed of reaction is greatly reduced in diapausal larvae of eligans.  It also undergoes considerable fluctuation from day to day - e.g. from 4 to 234 minutes - which shows some periodicity.

15.  Diapausal larvae kept without water for weeks on end dehydrate gradually, especially at high temperatures and at an advanced stage of internal development.  In eligans and other species of this type, water is not taken in through the mouth opening, but is absorbed by means of the anal tubes.

16.  Intensity of breathing is also reduced in diapausal larvae.  In one example, the CO2 given off by eligans per hour and per gram at 20 C was 0.15 mg.  Even during diapause there remains a normal relationship between temperature and the amount of CO2 given off.

17. Using flight diagrams, larval finds, lab cultures and investigations of imaginal discs in late-instar larvae, the course of development and phenology are described for the following species [list].

18.  Balteatus shows neither developmental deficit nor larval diapause.  It is polyvoltine, and shows facultative partial diapause with overwintering in the adult stage.

19.  Ribesii is oligovoltine with facultative total larval diapause but no diapause at the adult stage.  Developmental deficiency is either minor or absent in this species.

20. Albostriatus is oligovoltine (mostly bivoltine) with obligatory total larval diapause but no adult diapause, and with peak flight period in spring and autumn.  Developmental deficit consists of some 26%.

21.  Grossulariae is, like glaucius, a typical summer and autumn form.  It is univoltine and shows an obligatory total larval diapause and obligatory partial adult diapause.  Developmental deficiency is about 65%.

22. Eligans is, like others [list] univoltine with obligatory total larval diapause but no diapause in the imaginal stage.  In eligans, the developmental deficiency = 72%.
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