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Predatory Syrphid flies

In the natural regulation of aphid numbers, great importance can be attached to syrphid flies.  The larvae of predatory syrphids are rightly considered the most rapacious of the aphidophages.  A larva can eat 50-200 aphids per day, and up to 2000 in a lifetime.  They feed also on spider mites, thrips, and the eggs of some insects.

Species composition

Not many data exist on species composition of syrphids feeding on aphids in vegetable crops.  The main species in the different zones of the USSR are Syrphus corollae, S. balteatus, S. ribesii, S. luniger, Sphaerophoria scripta, S. rueppellii, and Scaeva pyrastri.

     On the basis of the work of Bogdanova-Katkova (1922), Titaevoi (1954), Rakaukasa (1962), Yanyshchevskova (1962), Talinova (1966), Pashchenko (1965, 1968), Adashkevich (1970, 1972) and Achmedova (1974), a list is given below of syrphids collected in colonies of aphids in vegetable crops:

Paragus cinctus, P.bicolor, P.albifrons, P.tibialis, P.quadrifasciatus, Platycheirus hyperboreus, Pl. quadratus, Pl.angustatus, Pl.fulviventris, Melanostoma mellinum, M.obscurum, M.trichopus, M.chaetopoda, Sphaerophoria scripta, Sph.rueppellii, Sph.menthastri, Sph.cylindrica, Sph.picta, Scaeva pyrastri, Sc.selenitica, Sc.albomaculata, Syrphus balteatus, S.corollae, S. ribesii, S.vitripennis, S.nitens, S.torvus, S.interrumpens, S.luniger, S.compositarum, S.cinctellus, S.opinator, S.meadii, S.auricollis, S.umbellatarum, S.latifasciatus, S.bifasciatus, S.asiaticus, Temnostoma bombylans, Allograpta obliqua, Eupeodes volucris.

Cycle of development

     Syrphid overwinter as puparia, or in some more southerly regions of the USSR in the larval phase.  Places of overwintering vary;  most of the puparia are found in the soil, but some of them overwinter in the remains of the previous year's plant - the leaves or the stems.  In southerly regions where larval overwintering is possible, in dry autumn conditions, the larvae crawl into a moist soil layer ready for pupation.  The spring emergence of flies from overwintered puparia is seen in April/May.  However, in vegetable fields syrphids appear no earlier than the second half of May, with the appearance of aphid colonies.  Before this, the main aphidophagous species feed on the honeydew of aphids of trees, bushes and herbs, where aphids appear much earlier.  In the spring period, adult flies can often be seen feeding on nectar and pollen from flowers of weedy plants.

     Most of the predatory syrphids met in vegetable gardens can be assigned to polyvoltine species.  In some species, 2-4 or more generations per year are suggested to occur.  Taking into account the succession of stages during the season and the polyvoltine nature of the flies, it is difficult to determine the number of generations.

Effect of abiotic factors on syrphids

     The effect of temperature and light, the lenth of the photoperiod, and other factors have been most fully studied in the main syrphid species, S. corollae (Benestad, 1970; Adashekvich & Karelin, 1972).  As regards the ecology of other species of predatory syrphids, these have only sketchy data.  Studies at the All-Union Institute of Biological Methods showed that the lowest temperature threshold for the development of the preimaginal stages is in the range 3-5 C.  For S. corollae the lowest threshold is 4 C; at 5 C, preimaginal development, although it occurs, is prolonged  to 120 days (Table 42).  At 10 and 15 C under RH 70-95%, development is completed in 70 and 30 days.  At 20-30 C, development occurs in 19-13.5 days.

     The upper threshold is above 32 C.  Thus the duration of the preimaginal phase in S. corollae depends directly on temperature.  RH is also important for egg and larval development.  A fall in RH to below 70% leads to death, especially at the egg stage.

     The duration of preimaginal development of S. balteatus is approximately the same (Table 43).  The duration of preimaginal development in Scaeva pyrastri at different combinations of temperature and RH is given in Table 44, which show a similar picture;  development does not occur at 5 C.  This is the threshold for these species.

     The use in ecological studies of changes in a single climatic factor using the "Fentron 3001" and the mathematical treatment of results using ANOVA for multivariate experiments has enabled the optimum conditions for development for individual stages of preimaginal development of S.luniger, Sphaerophoria scripta and Sph. rueppellii to be determined (Adashkevich et al., 1974) (Table 45).

     For all the syrphid species studied, it is characteristic that at relatively low temperatures the number of normally developed eggs, larvae and puparia is higher than at higher temperatures.  Therefore for raising eggs and larvae, a temperature of 20 C is optimal, and for puparia a temperature of 25 C.  A striking example is the yield of viable larvae, puparia and imagoes of S. corollae with respect to temperature in the course of laboratory culturing in experiments by Adashkevich & Karelin (1972; Table 46).

     Light is also of great importance in laboratory culturing of syrphids.  Different variants of lamp arrangements were tested in relation to the breeding cages, and different light intensities, and the best was where cages were illuminated from 3 sides with fluorescent lights with total inside illuminance of 2400 Lux.  The overrhead lights were direct, side ones diffused using filter paper.  In this variant, the orientation of the flies was most normal and al the eggs were laid on plants with aphids.  With illumination from one side only, the orientation of the flies with respect to the substrate was disturbed and eggs were distributed on the walls of the cage near to the light source, which made them difficult to collect.

     Also important is photoperiod.  Thus in S. corollae in 10H photoperiod the fertility was 74 eggs, whereas in 12H it was 108, 16H it was 112 eggs.

Diseases and parasites of syrphids

     Predatory syrphid flies are caused a great deal of harm by other predators and parasites, and also pathogens causing diseases.  Some information on the specific composition and importance of parasites can be obtained from Mordvilko (1915), Zimina (1954), Zvirina (1956), Rakauskasa (1960) and Pashchenko (1961, 1965).  According to the data of these authors, the following parasitic species were found in puparia of different syrphid species :  Diplazon laetatorius, D. albosignatus, D.tarsatorius, D. multicolor, Promethes dorsalis, P. pulchellus, P. sulcator, Pachyneuron syrphi, P. aphidis, Bothriothorax clavicornis, Lygocerus syrphidarum, Encyrtus aeruginosus, and Ooencyrtus sp.  The infection rate was 15 - 21 %.

     The role of entomophages and pathogens has been most fully studied in the SW of the USSR (Talitskii, 1966; Adashkevich, 1972; Karelin, 1974).

     In Moldavia in colonies of cabbage, beet, and pea aphids, the following syrphid species were found: S. corollae, S. balteatus, S. ribesii, Sphaerophoria rueppellii, Sph. scripta, and Scaeva pyrastri.

     On cabbage, the syrphids occur from May to November.  Here they are the most liable to attack from parasites which, in 1966 for example, decreased their numbers by 65% during the growth period (Adashkevich, 1972).

     The infection rate of syrphids by parasites in colonies of the cabbage aphid in 1967 is shown in Table 47.  Durin May to July, parasites infected not less than 30%, whereas in September to October, the rate reached 72 - 87%.

     In all, during 1967, about 6000 larave and puparia were collected in cabbage fields.  Of these, 37.5% were parasitized.  In the first half of the summer, S. corollae predominates;  from midsummer, the percentage of S. balteatus, Sph. scripta and Sph. rueppellii increased.  The main parasite of syrphids during the whole of this period was Diplazon laetatorius.  However, in midsummer, it itself became liable to attack by hyperparasites of the superfamily Chalcidoidea, particularly Pachyneuron (in the first half of summer this hyperparasite rarely occurs).

     It is well known that syrphid larvae pupate not only on plants but also in the soil.  It has been observed that, from puparia of syrphids dug out of the soil, mainly hyperparasites emerge.

     On beet and pea, the aphids do not stay for very long, only one to two months.  Syrphids settle on plants after a mass invasion by aphids, and therefore the length of time that syrphids are on these plants is not more than a month.  Parasites settle on these bean and pea fields only after colonisation by syrphids.  Evidently because of the short time they spend on the beet and pea plants, syrphids suffer less from parasites than they do on cabbage.  Of 2327 syrphid larvae and puparia collected on pea in 1968, only 5.4% were parasitized (Table 48).  It is true that at the end of June and the beginning of July the attack rate by parasites of syrphids on some plots reached 30%.

     More than 28 species of syrphid parasites have been observed in the USSR:  D. laetatorius, D.albosignatus, D.tibiatorius, D.tarsatorius, D.multicolor, Homotropus tarsatorius, H.nigritarsis, H.signatus, Enizemum ornatum, Promethes dorsalis, P.sulcator, P.pulchellus, Syrphophagus aeruginosus, Syrphoctonus citropectoralis, S. flavolineatus, Lygocerus syrphidarum, Pachyneuron syrphi, P. aphidis, P.umbratum, P.grande, P.aeneum, Bothriothorax clavicornis, Encyrtus aeruginosus, Ooencyrtus sp., and Gelis sp.

     The importance of parasites in the life of predatory syrphids living on very different crops varies, but in general they destroy about 10-20% of the syrphid population.

     Apart from parasites killing mainly the preimaginal stages of syrphids, predators taking adults also play a part in the overall life-history, e.g spiders, Asilidae, and also wasps (Fig.15).

     In speaking of the factors that limit the reproduction of syrphids, one cannot fail to mention the mass infection of flies with Entomophthora.  In June to July, infected flies can be seen on [? Yellow Rocket (Barbarea vulgaris] [possibly Oil-seed Rape] and on other plants.  The flies die gripping the stems or flower stalks with their legs.  At the end of June on a single plant one can see more than a dozen dead syrphids.  The epizooty occurs in places where syrphids congregate, when they concentrate in large numbers to feed on the flowers of seed plants of carrot or beetroot.

     Particularly severe epizooties of Entomophthora were observed in Moldavia in 1966, 1970, 1973.  In these years in July on ten plants of beetroot, about 150 specimens were counted, while on carrot there were more than 400.  Three species of syrphids were mainly involved: E. balteatus, S. ribesii, and M. corollae.  The last species constitutes more than 90% of the total numbers of infected flies.

     From syrphid puparia from 1963 - 1968, the following parasites emerged:

Syrphus corollae :       Diplazon laetatorius

                         D. albosignatus

                         Homotropus tarsatorius

                         H. nigritarsis

                         H. signatus

                         Enizemum ornatum

                         Syrphophagus aeruginosus

                         Lygocerus syrphidarum

                         Pachyneuron umbratum

Syrphus balteatus :      D. laetatorius

                         D. albosignatus

                         S. aeruginosus

                         P. umbratum

Scaeva pyrastri :        S. aeruginosus

                         P. aeneum

Sphaerophoria scripta :  D. leatatorius

Sph. rueppellii :        H. tarsatorius

                         E. ornatum

                         S. aeruginosus

                         P. aeneum

The dynamics of predatory syrphid populations in vegetable crop rotations

     A study of the dynamics of predatory syrphid populations in vegetable crop rotations was carried out in the SW of the USSR by Adashkevich & Karelin (1974).  Counts were made weekly.  Preimaginal stages were collected from 50 plants of each crop, and on pea the method that involves 3 sq metres for each count was used.   In the lab the larvae were fed on aphids until they pupated.  Adults were collected by sweeping with a standard entomological net, making 100 sweeps.

     The infestation rate of plants by aphids is determined on a 5-point scale (Gar, 1963) on 50 plants weekly.  The number of aphids on pea was also determined by sweeping.  The collection of syrphids at all stages of development was carried out by expeditions to different areas of the republic.

     In ten years of studies, over 35,000 syrphid eggs, larvae and puparia were collected, from which about 25,000 flies emerged.  The following species of predatory syrphids were observed :  Paragus tibialis, P. albifrons, P. bicolor, P. quadrifasciatus, Platycheirus angustatus, P. fulviventris, Xanthandrus comtus, Melanostoma mellinum, Scaeva pyrastri, Syrphus ribesii, S. vitripennis, S. corollae, S. balteatus, S. nitens, S. latifasciatus, S. auricollis, S. bifasciatus, s. luniger, Sphaerophoria scripta, Sph.menthastri, Sph. picta, Sph. rueppellii.  The predominant species in numbers and importance were S. corollae, E. balteatus, S. ribesii, S. vitripennis, S. luniger, Scaeva pyrastri, Sph. scripta, and Sph.menthastri.  A few were less common: P.bicolor, P.tibialis, Pl.fulviventris, Pl.angustatus, M.mellinum.

     Preimaginal phases of M.mellinum were not found in vegetable fields, although this species occurs often in the adult stage.  All other species of flies were rare.

     In killing aphids in vegetable gardens, the most important flies are M.corollae and E.balteatus.  They exceed other species in the number of generations, fertility and longevity, and also in the relatively short duration of development from egg to imago, namely 24-28 days.  After emergence from the puparium, females of these species lay on the 4th-6th day, whilst S. ribesii, S.luniger amd Scaeva pyrastri only lay after 4-6 weeks, which naturally affects their fertility.

     The qualitative and quantitative composition of predatory syrphids in vegetable fields during the growing period depends mainly on the presence of aphids.  In spring when vegetable crops are free from aphids, adult flies are found feeding on flowers of weedy plants.  The flowers of plants from the families Umbelliferae, Euphorbiaceae and Cruciferae and others attract adult flies as a source of nectar and pollen.  Many aphids that damage crops are migratory, and at particular times of the season they settle on weedy plants.  The larvae of syrphids feed on aphids on various plants: Sonchus (vegetable Sonchus), Carduus, Solanum prostratum, S. nigrum, and Chenopodium/Atriplex.  Such species as Paragus albifrons and P. quadrifasciatus occur on weeds in greater numbers than on crop plants.  In the absence of aphids in spring on weeds, syrphids will lay on woody or bushy plants.

     The seasonal formation of a syrphid fauna on vegetable crops occurs by means of migration of flies from neighbouring localities.  It has been observed that in vegetable gardens near woods, the number of syrphids are greater and the diversity of species wider.  Some syrphid species such as S. nitidicollis occur in vegetable gardens only in spring and the beginning of summer.  Flies such as Syrphus and Sphaerophoria are present all the time in vegetable gardens.  Scaeva pyrastri becomes more abundant from the second half of summer and autumn.  Platycheirus are moisture-loving, and occur primarily in vegetable gardens near flood plains of rivers.

     As can be seen from Table 49, the largest number of species (7-12) occurs on cabbage, pea and seed plants of beetroot; on cucumber, potato, tomato, and Capsicum the species composition is poorer.  The most widespread on all crops are M.corollae, E.balteatus, and Sphaerophoria scripta.

     A characteristic feature of aphidophagous syrphids is their care of their progeny, developed over long evolution.  Females lay only in aphid colonies of a particular density.  Observations have shown that oviposition begins most often at anm aphid infestation rate evaluated at the second point on the scale of aphid density.  Moreover the number of eggs laid in the colonies is determined by the density and size of the colony.  Syrphid larvae are not capable of great dispersion, even within the limits of a single plant, and in the absence of a sufficient number of aphids, they die.  As a rule, oviposition begins 1-2 weeks after formation of the first aphid colonies on the plants.  On cabbage, cabbage aphid is the main aphid, and moreover the numbers of the pest on early-, mid- and late-cabbage are different.  Early cabbage is generally infested lightly by aphids, and the only at the end of the growth period.  The exception is fields where cabbage is grown after cabbage for several years in succession.  Therefore on early cabbage there are generally few aphids, and hence few syrphid larvae.

     On early cabbage, two peaks of maximal syrphid numbers are noted, the first at the beginning of June, and the second in the 2nd ten-day period of July.  Of a total of 1178 examples of syrphid eggs, larvae and puparia collected during 1970 on early cabbage, 38% were parasitized.  The proportions of the different species was as follows :  Syrphus corollae (40%), Scaeva pyrastri (3%), S. balteatus (32%), Sph. rueppellii (13%), Sph. scripta (12%).

     On seed plants of cabbage, where aphids manage to reproduce strongly in spring, syrphids accumulate as early as May or June, and the maximum number of eggs is observed at the beginning of June, with the maximum number of larvae and puparia at the end of June.  The proportion of syrphid species on seed plants of cabbage in 1970 were S. corollae (38%), Scaeva pyrastri (27%), S. balteatus (16%), Sph. rueppellii (9%), Sph. scripta (7%), S. ribesii (3%).

     As distinct from cabbage grown for produce, Scaeva pyrastri is noted for its numbers on seed cabbage plants; 27% of its larvae and puparia were parasitized.

     On mid-season cabbage in 1972, two peaks of cabbage aphid numbers were recorded, at the end of June and in August.  This increase in aphid numbers corresponded to an increase in the number of syrphids on plants.  Of 878 puparia collected on mid-season cabbage, 28.9% were parasitized.  The species proportions emerging from puparia were S. corollae (27.1%), S. balteatus (18%), S. vitripennis (12%), S. luniger (11%), S. ribesii (7.1%), Scaeva pyrastri (7.1%), Sph. scripta (6%), Sph. rueppellii (4.4%), Pl. fulviventris (3%), P. bicolor (2.7%), P.tibialis (1.6%).

     On late cabbage, syrphids are always greater in number, associated with the greater number of cabbage aphids in the summer - autumn period.  Of 896 larvae and puparia collected on late cabbage in August 1970, 42% were parasitized.  From remaining puparia, syrphids of the following species emerged : S. balteatus (53%), S. corollae (18%), Sph. rueppellii (14%), Sph. scripta (7%), Scaeva pyrastri (5%), S. ribesii and S. vitripennis (3%).

     In 1971 the maximum number of syrphids on cabbage at the experimental farm of the Moldavian branch of the All-Union Tobacoo Institute (Gratiyeshty) was reached at the end of August, when on 50 plants there were 106 eggs, 115 larvae and 70 puparia of the predators.  At the end of September, with the decline in the number of aphids, the number of syrphids fell sharply also. Of 970 larvae and puparia collected on late cabbage in 1971, 36% were S. corollae, 29% E. balteatus, 17% Scaeva pyrastri, and 18% were S. ribesii, S. vitripennis, Sph. scripta, Sph. rueppellii, and S. luniger.  17% of the sample was parasitized.

     In cabbage fields the distribution of puparia is characteristic of individual species of syrphid.  In S.luniger and corollae and Scaeva pyrastri, puparia as a rule are in the soil, while E. balteatus and Sph. scripta are found on the plants on the underside of fallen cabbage leaves.

     On peas in Moldavia, the aphid Acyrthosiphum pisum causes damage annually.  The flight of aphids from lucerne to pea occurs from mid-May, with maximum numbers of aphids occurring in June.  No great gap in time is noticed between the appearance of the aphid and its predators on pea.  Of eggs, larvae and puparia collected on pea, S. corollae made up 34-39%, S. balteatus 15-23%, S. ribesii 20-21%, S. vitripennis 9-14%, Scaeva pyrastri 6-18%, and the remaining 2-7% was made up by Sph. menthastri, S. nitens, Paragus bicolor, and Melanostoma mellinum.  The predominating species are S. corollae, S. balteatus, S. ribesii, and Paragus bicolor.

     'Salad pepper' is also annually damaged by the aphid Myzus persicae, which appears on the plants in June.  The aphid reaches its maximum numbers usually in July.  In 1970 the number of peach aphid began to increase on pepper from mid-June.  However, oviposition of syrphids began appreciably later.  This is explained by the fact that the infestation rate of peppers by the aphid did not reach 2 on the density scale for almost 4 weeks.  In 1970, Sphaerophoria were the main species on peppers.

     In 1971, the dates of appearance of peach aphid coincided with previous years.  However, increase rates were much more rapid.  In mid-July, infestation had reached 2.5 on the density scale.  At this time, 50 plants had more than 10 eggs, 20 larvae and 8 puparia.  In August, the number of aphids declined, and at the same time oviposition by syrphids ceased.

     In 1972 the peach aphid appeared on peppers in May, but throughout the growth period its numbers were low, not exceeding 2 on the scale, and the numbers of syrphids was also low.

     The proportions of syrphid species on pepper over three years were as follows : S. corollae (18-35%), S. balteatus (17-21%), Sph. scripta (10-19%), Sph. rueppellii (27-29%), Sph. menthastri (2-5%).

     On seed plants of beetroot, the aphid Aphis fabae appears regularly in large numbers at the end of May and June.  The greatest infestation of plants is observed at the end of June and during July.  In 1970 on beetroot seed plants, the aphids were fewer than in 1971.  The greatest number of eggs of flies was noted in the first ten days of July, and of larvae in the 2nd ten days of July.  In 1971, mass oviposition of syrphids began at the end of June and beginning of July.  At this time on 50 plants, there were 40 eggs, 40 larvae and 5 puparia.  At the end of July, the ripening of beet seeds began, and therefore the number of aphids and of larvae fell.  Predatory syrphids on beet seed plants are represented by the following species :  S. corollae (36-40%), S. ribesii & vitripennis (27-29%), S. balteatus (16-27%), Scaeva pyrastri (10-12%), and Sphaerophoria scripta (6-7%).

     On sweetcorn in Moldavia, three aphid species occur, Macrosiphum avenae, Schizaphis graminum, and Aphis euonymi.  They appear generally at the end of June, and in August there occurs an increase in infestation rates of the pests.  The rate of reproduction of the aphid on sweetcorn is rapid.  By the end of July, the degree of infestation is often 4 on the density scale.  An increase in the number of syrphids occurs synchronously with the aphid increases.  For example, 20-25 days from the beginning of oviposition by the syrphids, on 50 plants, the number of larvae reaches 100, and of puparia 40-50.  The main syrphid species on sweetcorn are S.corollae and S.balteatus, which make up 70-75% of the total.  S.vitripennis, S. ribesii and Sph. scripta also occur in smaller numbers.

     Cucurbit vegetables are annually damaged by Aphis gossypii.  The greatest damage is on water melon in June and July, on Cucurbita in August and September, on spring-sown cucumbers in July, and on summer-sown cucumbers in August.

     In July 1971, the infestation of cucumbers with aphids was 2.5 on the density scale.  The number of syrphid larvae on 50 cucumber plants at this time reached 10-13, but not more than 5 puparia.  The main syrphid species found in colonies of cucurbit aphid were Sph. rueppellii, Sph. scripta, and S. corollae.

     On potatoes and tomatoes in Moldavia the aphid Macrosiphum euphorbiae causes damage; on potato also Aulacorthum solani and M. persicae.  On tomatoes there occurs also the aphid [?error] Lycopersicum esculentum.  The control of aphids apart from causing direct damage and also those that act as virus vectors is achieved by repeated chemical treatment, which is also harmful to syrphids.  Here the numbers of aphids and syrphids on potatoes is negligible.  On solanaceous vegetable crops and potatoes the following syrphids occurred :  S. corollae, S. balteatus, Sph. rueppellii, Sph. scripta.

     Therefore on vegetable crops in Moldavia, 22 species of predatory syrphids occur.  The most widespread species are S. corollae, S. balteatus, S. luniger, S. ribesii, Scaeva pyrastri, Sphaerophoria scripta, and Sph. rueppellii.

     Syrphid larvae play a major part in killing aphids.  A larva of the genera Syrphus, Sphaerophoria, and especially Scaeva kills in its life 500-2000 aphids.  Owing to poor mobility and poor capacity for migration, the larvae eat aphids one after another in a row, clearing the whole surface of leaves and stems, not only of aphids, but also of thrips, mites, and the eggs of other insects.  When aphid numbers are small, syrphids suppress the pests, but when nukmbers are large, the natural numbers of syrphids are only able to reduce aphid numbers.

     Oviposition and infestation of vegetable crops with syrphids and other predators occurs after aphid reproduction.  Syrphid oviposition begins with the formation of aphid colonies greater than 2 on the density scale, which normally occur 1-2 weeks after colonisation of the crop.

     Species diversity is highest in cabbage, pea and beetroot seed plants.  On solanaceous crops and potato, species diversity is lower, and densities also lower.  Exploration of reasons for this phenomenon are the subject of continuing studies.

Oviposition behaviour of syrphid females

     Not all species of predatory syrphids lay eggs when kept in the lab.  This is connected with peculiarities of behaviour in different species.  The clarification of syrphid oviposition behaviour has a decisive importance for establishing methods for breeding them, and also for their use in biocontrol.

     Most predatory species lay only in aphid colonies.  To elucidate the basis on which flies select oviposition sites, and to discover the stimuli involved, both field and lab studies were carried out (Peschken, 1965).  In natural biotopes, S. corollae, S. ribesii and others were studied, but in the lab only S. corollae was the subject of experiments.  The criterion for successful orientation was the number of eggs laid in a colony of beet, peach, or pea aphids on pea (among other plants) compared with plants free of aphids.

     In the lab, to stimulate oviposition, glass plates or strips of paper were smeared with a pulp of crushed aphids or with their honeydew secretions.

     In searching for the aphids, syrphids orientate to the plant, evidently preferring sections with upright dense stems and with aphid colonies 20-30 cms up from the soil.  The orientation of ovipositing females was determined in the first place by the difference in negative phototaxis, although the flies have developed colour vision and prefer yellow.  Oviposition occurs exclusively during the daytime hours, at fairly high light intensities and air temperatures.  At 20.5 C, flies preferred moderate humidities, but at 26 C, maximum humidity.  The number of eggs laid in general corresponded with the size of the aphid colony.

     Oviposition by females was associated with the odour emanating from aphids.  It is considered that the organ of perception of smell in flies is the antenna.  In order to establish precisely whether there is a connection between oviposition by S. corollae and the presence or absence of aphids, and also to establish where the stimuli that attract the flies come from, and with what organs these signals are perceived, the following experiments were carried out (Bombosch, 1962).

          ........... description of paper ...........
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     Another factor that influences the choice of aphids that the larvae feed on is the search for secluded places, e.g. curled leaves.  Pipiza bimaculata is indifferent to the type of host plant.  The larvae of Platycheirus ambiguus are well adapted to movement within the enclosed space of curled leaves.

     A slight tendency in favour of preferring certain aphids is only shown by some species (Scaeva pyrastri, Sphaerophoria scripta).

     The observations of Yanushevsky (1962) in Byelorussia show that syrphids are mostly active just after rains, when aphids lose part of their dust-like covering of fine hairs.  During the period of the cabbage harvest, during mass crushing of  cabbage aphid, this suggested the possibility of using artificial lures based on scent, made from for example aphids crushed between sheets of filter paper.  The lures were hung in areas infested with aphids, on the windward side, in numbers of the order of 2-3 per 100-200 sq m.  These lures improved the orientation of the flies with respect to localities where aphids accumulated.  The main increase in the number of flies on these plants occurred during the first few days, and were 4-5 times higher than the control.

     It has been noted that different colours attract adult syrphids to different extents.  In the experiments of Sol (1965) there ...... [description of paper]

Reproduction and testing the effectiveness of syrphids in greenhouses

     Until recently it was considered that lab reproduction of syrphids was difficult and at times impossible, but this is accounted for by insufficient knowledge about the behaviour of the flies.

     Methods of breeding syrphids worked out at the All-Union Institute for Biological Methods of Plant Protection allow them to be kept in the lab for the whole year, and to reared en masse for use in biological control (Adashkevich & Karelin, 1972, 1975).  Beginning in 1970 and up to the present time, culturing of S. corollae has been continuous in the lab.

     S. corollae has proved to be the most suitable for lab breeding.  The breeding of syrphids consists of the following stages: the raising of plants and pahids, the obtaining of syrphid eggs, feeding the larvae, and collecting and preserving the puparia.

     The basis of success in breeding syrphids is the constant presence of a large number of aphids, such as pea, vetch, beet, cabbage, and peach aphids.  To culture the last three species of aphid, it is best to use horse beans (broad beans);  for cabbage and peach aphids one should use black radish.  The beans grow quickly and aphids develop on them very well.  Moreover, they attract flies for oviposition.  When pea and vetch aphid are grown at the same time on broad bean, they do not compete.  Sometimes instead of a solution, pure water is used [?].

     The beans are grown on a substrate or without it in metal zinc cuvettes 70 x 70 x 12 cms, using a hydroponic solution, preferably Vyelousov's solution:  50% is the optimum variant.  It consists of 7.2 gm ammonium nitrate (NH4NO3), 5.02 gm calcium phosphate [Ca(H2PO4)2], 1.49 gm potassium chloride KCl, 5.22 gm potassium sulphate K2SO4, 2.46 gm magnesium sulphate MgSO4.7H2O, 0.90 gm iron chloride FeCl2.6H2O.  These weights in grams are calculated on the basis of preparing 10 litres of solution.

     Before planting, the beans are first soaked and germinated until the seedlings are 10-15 mm long (when not grown on a substrate) or 5 mm (when grown on a substrate).  The most suitable for the substrate is a small fraction of keramsit (a porous clay filler), or wood sawdust, which fills the cuvette.

     In the case of cultivation without a substrate, the cuvettes are filled with a hydroponic solution, over which is arranged a wooden frame more or less the size of the cuvette and soaked in paraffin.  Above this frame, a polythene film is stretched, which should slightly touch the solution.  In this film, at a distance of 2 cms from one another, holes are made and in these the bean seedlings are placed.  Within a week the beans reach a size suitable for aphid infestation.

     Beans and radish grow well on a substrate soaked in water poured into the cuvettes, where 500-1000 seeds of bean or 50 radish roots are planted.  When beans are grown, the substrate is regularly moistened with a hydroponic solution; when radish are grown, pure water is used.  The supply of nutrients in the radish root is sufficient for a double flush of growth.

     These cuvettes are placed on shelves with LB-80 or LB-40 lamps providing lighting on a 16-hr photoperiod.  The optimum temperature for reproduction in aphids is 21-22 C, and the RH should not be less than 70%.

     When the beans reach 3-4 cm, or the radish 7-10 cms, they are infested with aphids on the basis of 5-10 females per bean plant, or 50 aphids per radish plant.  Within 7-15 days the plants are completely covered in aphids.

     Syrphid females lay eggs in aphid colonies on beans in earthenware pots.  Adult flies developing from puparia are placed on one of the shelves in special cages 25 x 25 x 30 cms.  Lighting is from above, as for the beans.  The top and bottom of the cage is made from thin organic glass, and the walls from caprone netting (like nylon).  In the bottom of the cage, a hole is made the same diameter as the bean pots.  Into each cage 30 pairs of syrphids are placed.  The pollen of flowers in the form of beebread and 30% sucrose syrup is used for food.  The beebread is dried using a lyophilic drier, or in a thermostat at 30 C, then ground up in a coffee grinder and turned into separate pollen.  The pollen is then placed in special feeding troughs of different colours:  these consist of a microscope slide covered with paper coloured half in blue and half in yellow.  The dried and ground beebread is applied in a thin layer with a brush.  Sugar syrup is given separately.  Petals of artificial flowers are impregnated with it;  the flowers are made from 2-5 branches of yellow Poralone held together with aluminium wire.  The food is changed daily, the flowers being put into the upper part of the cage.

     The longevity and fertility of the flies is also affected by the type of food, as shown in S. corollae.  When given 30% sucrose, flies lived on average 8 days, and laid 5 eggs.  When fed on sucrose plus flower pollen (beebread), longevity increased to 14-20 days and fertility to 124 eggs.  In the treatment with only water, flies lived no more than 3 days, laying no eggs.

     When keeping adult flies in the lab, it is important to know one or two features of their behaviour;  e.g. in S. corollae, the period from emergence to oviposition varies from 4-10 days.  Mating takes place on a substrate - the cage walls, leaves of plants, etc, on the 2nd, 3rd, or rarely the first day after emergence.  The duration of mating is 1-4 hrs;  oviposition lasts 6-8 days, to the end of the female's life.  Fecundity is 100-400 eggs per female, from which up to 80% develop to give larvae.  The duration of a female's life is 10-14 days, males living 2-3 days less.  In spacious cages of 12 cu m, flies can live up to 25 days.

     S. balteatus are more thermophilic.  For normal mating a temperature of 28-30 C and RH of 70% are necessary.  At lower temperatures and higher humidites the flies do not mate.  Mating occurs very rapidly during flight:  for this reason S. balteatus needs more spacious cages for normal mating.  Therefore young flies should be placed in cages 120 x 90 x 85 cm for 2-3 days, and after mating should be transferred to smaller cages.  On the 5-8th day after emergence the flies begin to oviposit, and oviposition lasts 6 days.  Females lay over 70 eggs, and 78% of larvae develop normally.  Males live 7-9 days, females 12 days.  In large cages (12 cu m), flies live up to a month.

     S. ribesii also mate in flight.  However, for normal mating they need a temperature of 20-25 C and RH of 70%.  Oviposition lasts 3-4 days, and the fertility of females is about 50 eggs;  a normal yield of larvae is 90%.  Males live 12 d, female 18 d.

     From the first days of life the flies mate, and within 5-6 d females begin to lay eggs.  For the purposes of oviposition, these pots with infested beans are placed through the opening in the bottom of the cage.  Within 2-3 d, the plants are replaced by new ones.  In this period the females lay more than 500 eggs.  After the hatching of the larvae, the plants are cut and placed in cuvettes infested with aphids, at the rate of not more than 500 larvae to one cuvette.  The optimum temperature for rearing larvae is 20 C.  In these conditions, larvae are most viable and there is minimum wastage.  The puparia develop best at 20-25 C.  Raising the temperature to 30 C leads to the appearance of flies with underdeveloped wings.

     Larvae pupate in the sawdust or keramzit.  If adult flies are needed, the puparia are left in the substrate until emergence.  Since the walls of these shelves are shut off on three sides by caprone netting and on the fourth by doors of sliding organic glass, after flies have emerged they can be gathered with an aspirator.  If the puparia are needed for preservation, they are taken out immdeiately after pupation.

     When plants are grown without a substrate, they are cut together with their third instar larvae and placed in dessicators with a bottom closed with netting.  After pupation the wilted plants are removed.

     The syrphid puparia collected are preserved in a fridge at 4 C and RH 90%.  To achieve this high humidity, dessicators are used.  Under these storage conditions more than 60% of adult flies emerge from puparia after two months.

       ......... Tokmakoglu's work described ..........
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In the control of cucurbit aphids on cucumber under glass in a greenhouse, two syrphid species were used, Sphaerophoria scripta and S. corollae, produced by lab rearing (Adashkevich & Karelin, 1975).

     Syrphid eggs and larvae of three instars were used in the predator-prey ratio experiments.  Ratios of 1:1, 1:5, 1:10, 1:25, 1:50 and 1:100 were used.  The assessment of technical effectiveness was made after 3,5, and 7 days after syrphid colonisation.  The experiment showed that use of eggs and first instar Sph. scripta in treatments at ratios of 1:25 and 1:50 was effective.  After 5 days they began to curtail the growth of the aphid population, and after 7 days the technical effectiveness was 60%.  In the treatments where 5-10 aphids were used for every predator, effectiveness reached 82% on the 7th day.  Effectiveness of S. corollae was in all respects similar to Sph. scripta.  The use of 2nd and 3rd instars was unsuccessful;  the larvae evidently could not accustom themselves to the hairiness of the leaves, and left the plants.

     Thus the first experiments showed the promise of using predatory syrphids in glasshouses.  At the moment these experiments are continuing.  The output of adult syrphids is regarded as promising, since the flies feed on nectar and pollen from cucumber flowers, and can serve as insect pollinators, replacing bees in the glasshouse.  

Table 42 :  Development of Syrphus corollae


-------  Duration of stage in days -----------------

Temp
RH%
Egg    
L1    
L2    
L3    
Larva 
Pupa
Total

 5       
70   
-    
21.0  
16.0  
23.7   
60.7 
60.0   
120.7

10       70      
9.0    
8.1   
7.0  
16.0   
31.1    30.0 
70.1

15       70      
6.0    
2.3   
2.0   
6.4   
10.7    13.2  
29.9

15       95      
5.8    
2.8   
2.9   
6.8   
12.5    14.0 
32.3

20       70      
2.1    
1.7   
1.3   
4.8    
7.8     
9.0  
18.9

20       95      
2.8    
1.9   
1.7   
5.0    
8.6     
9.4    
20.8

25       70      
2.0    
1.7   
1.4   
3.5    
6.6     
6.8    
15.4

30       70      
1.7    
1.6   
1.3   
3.2    
6.1     
5.7    
13.5

Table 43 :  Development in Syrphus balteatus


-------  Duration of stage in days -----------------

Temp
RH%
Egg    
L1    
L2    
L3    
Larva
Pupa
Total

 5       
70   
-     
-     
-     
-       
-      
-       
-

10 
70      
7.8    
9.0   
7.0  
14.0
30.0   
28.0
65.8

15   
70      
6.2    
3.7   
3.2   
7.0    
13.9   
16.0
36.1

20   
70      
3.0    
2.7   
2.3   
5.2    
10.2   
10.0    23.2

25   
70      
2.1    
2.1   
1.7   
3.3     
7.1    
7.4    
16.6

30 
70      
2.0    
1.8   
1.7   
3.4     
6.9    
6.1    
15.0

Table 44 :  Development in Scaeva pyrastri



----------- Duration of stage in days --------------

Temp
RH%

Egg    
L1    
L2    
L3    
Larva 
Pupa 
Total

 5       
40     

18.0   
-     
-     
-       
-     
-       
-

         
50     

17.0   
-     
-     
-       
-      
-       
-

         
70     

18.0 
-     
-     
-       
-      
-       
-

         
95     

20.5   
21.0   
-     
-       
-      
-       
-   

10   
40      

6.0    
8.5   
-     
-       
-      
-       
-

         
50      

7.0    
8.5   
7.0   
-       
-      
-       
-

         
70      

6.5    
8.5   
7.0   
8.0    
23.5   
20.5 
50.5

         
95      

6.5    
8.5   
6.5   
9.0    
24.0   
20.0 
50.5 

15   
40      

3.5    
5.0   
4.0  
 8.5    
17.5   
20.5   
41.5

         
50      

3.5    
4.5   
3.5   
7.5    
15.5   
21.5  
40.5

         
70      

3.5    
4.5   
3.5   
8.0    
16.0   
23.5 
43.0

         
95      

3.5    
4.5   
3.0   
9.0    
16.5   
26.0 
46.0

20   
40      

2.5    
2.5   
2.5   
5.5    
10.5 
8.0    
21.0

         
50      

2.5    
2.5   
2.5   
5.5    
10.5  
8.0    
21.0

         
70      

2.5    
2.5   
2.0   
5.5    
10.0  
8.0    
20.5

         
95      

2.0    
2.5   
2.0   
5.5    
10.0 
8.5    
20.5

25  
40      

2.0    
2.5   
2.0   
6.0    
10.5 
-       
-

         
50      

2.5    
2.5   
2.0   
5.5    
10.0 
9.0    
21.5

         
70      

2.5    
2.5   
2.0   
5.5    
10.0 
8.5    
21.0

         
95      

2.5    
2.5   
2.5   
5.0    
10.0 
8.0    
20.5

30   
40      

1.5    
2.0   
 -     
-       
-      
-       
-

         
70      

1.5    
2.0   
 -     
-       
-      
-       
-

         
95      

1.5    
2.0   
2.0    
-       
-      
-       
-

Table 45 :  Optimal conditions for development in various syrphids

Stage 
Temperature  
Rel.humid    
Duration   
Viability

               
C           
%         
(days)        
%

Syrphus luniger

   Egg   
20-25        
70         
2.5-3.0      
100

   Larva  L1  
15        
100            
5          
90

              L2 
15        
100            
5          
90

              L3
20-25        
70           
6-7       
85-92

   Puparium
20        
100            
7         
100

Total 
20         
70          
23-24        
54

Sphaerophoria scripta
   Egg                     
20         
70           
4.3         
84

   Larva  L1            
20         
70           
3.3         
88

              L2            
20         
70           
2.2        
100

              L3            
25         
70           
3.6        
100

   Puparium 
20-25        
70           
3.6        
100

Total                   
20         
70        
18.9-21.4      
70

Sphaerophoria rueppellii

   Egg                     
25         
70           
3.0         
90

   Larva  L1            
20         
70           
3.0         
95

              L2            
25         
50           
2.6        
100

              L3            
25         
50           
3.7        
100

   Puparium
25         
70           
5.5        
100

Total                   
25         
70          
18.8         
64

Table 46 :  Viability of eggs, larva, puparium of S. corollae under different conditions.

            
Eggs               
Larvae           
Puparia

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

Temp   
N  
% hatch   
N  
% pupated  
N
% eclosed

10       
36      
94        
34   
84        
30   
96

15       
48      
85        
41   
82        
34  
94

20       
40      
77        
39    
76        
41    
91

25       
52   
78        
74    
64        
48    
89

30       
96      
66        
64   
57        
37   
89

Table 47:   Tally of parasites in 1967

Month     
Species     
No.  
Par   
%     
Parasite       
No   
emer

May-June  
S.corollae  
1499  
239  
15.9   
D.laetatorius  
228  
228

                                        



D.albosignatus   
3    
3

                                        



H.tarsatorius    
3    
3

                                        



S.aeruginosus    
5  
141

all year  
S.balteatus 
3193 
1071  
33.6   
D.laetatorius    
6    
6

                                        



D.albosignatus   
2    
2

                                        



Pachyneuron   
1059 
4311

                                        



S.aeruginosus    
4    
4

all year  
Sph. scripta 
1005  
724  
72.0   
D.laetatorius  
517  
517

          
+rueppellii                   


H.tarsatorius    
2    
2

                                        



Homotropus sp   
4    
4

                                        



E.ornatum        
2    
2

                                        



Pachyneuron    
189  
930

                                        



S.aeruginosus   
10  
150

May-June  
S.corollae   
194  
169  
87.1   
D.laetatorius  
163  
163

                                        



L.syrphidarum    
1   
13

                                        



S.aeruginosus    
5   
54

Total                 
5891 
2203  
37.4                 
2203 
6589

Table 48 : Parasitism of S. corollae collected 15-25 June, 1968

Parasite                      

No. puparia    
No. emerged

Diplazon laetatorius              
84              
84

Diplazon albosignatus              
1               
1

Homotropus tarsatorius             
2               
2

Enizemum ornatum                   
8               
8

Pachyneuron umbratum              
14             
125

Syrphophagus aeruginosus           
6              
47

Lygocerus syrphidarum              
9              
40

