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III. Order Diptera

Family Syrphidae: [Episyrphus] balteatus Deg.


 The most extensive dipteran family, the Syrphidae, displays a number of different types of feeding biology in the larval stage. Their distinguishing features display different forms according to the milieu in which they occur, and relative to whatever substance they feed on (Krüger, 1926; Schneider, 1948; Brauns, 1953). Syrphids occur worldwide with more than 4700 species (Hull, 1949). Around 7-800 are known from Europe alone (Krüger, 1926; Sack, 1930).  In Germany there are some 300 species (Sack, 1930).


 Interest in aphidophagous syrphid larvae has taken a marked upturn in the past few years.  Ripper (1956) and Schneider (1947, 1948) divide aphidophagous syrphids into two groups.  One group overwinters as the mature adult, and appears in spring in March/early April;  Episyrphus balteatus belongs to this group.  To the second group, which overwinter in preimaginal stages, belong Syrphus ribesii and S. vitripennis.  These two species appear about a month later than those of the first group.


 Schneider (1958) makes a further division on the grounds of development into polyvoltine, oligovoltine, or univoltine species.  Episyrphus balteatus has a polyvoltine development, in which none-the-less a facultative partial diapause can occur in the adult stage.


 In predatory syrphids there are two developmental phases which make quite specific demands upon the environment.  Larvae feed for the most part on aphids, whilst the flies are some of the best-known flower visitors, feeding on nectar and pollen (refs).


 From my own observations, a large number of species occur in the area of Stuttgart-Hohenheim. In 1963 the first specimens of Episyrphus balteatus were found in a greenhouse already by mid-April, and were sighted around noon even in the open.  From the end of April - beginning of May, several syrphid species were caught on meadow flowers - S.ribesii, Sc.pyrastri, Episyrphus balteatus, M.mellinum, S.vitripennis, S.torvus.  In the course of the growing season, apart from the above which were found in untreated fruit plots, I was told of others found in cultivated plots.


 The most commonly observed fly ovipositing in aphid colonies in fruit trees was Episyrphus balteatus, and this led us to choose it for study amongst the numerous others in the Hohenheim area.

1  
Culture of Episyrphus balteatus in the laboratory and biological observations


 Mated females of Episyrphus balteatus were brought in from the field and we then tried to set up a culture in the laboratory.


 The cylindrical glas containers (already mentioned) were used.  Bombosch (1962) succeeded in inducing M.corollae females to oviposit in the lab with the help of supplementary lighting and honeydew.  Therefore as well as hazel pollen, which they liked to eat, the adults of Episyrphus balteatus were also offered aphid honeydew.  As well as this, honey was watered down and soaked onto a cotton wad.  As we knew from the literature that syrphid species will not oviposit in the absence of aphids, apple leaves infested with aphids were also placed in each container.  We used a 'U'-shaped tube filled with water, in which one branch of the tube was an apple leaf; in the other a dandelion flower was placed to supply pollen, keeping the plant material as fresh as possible.  Each rearing cage had three mature females.


 To determine the sexes, Lindner's (1955) examples were used.  According to this, the two sexes are distinguished by the abdominal markings, and also the structure of the compound eyes, which meet in the males but not the female.


 The containers were placed in lighted incubators, and an 8-hr light schedule.  The temperature was a constant 22 C, and relative humidity of 70-75%.  Three days after setting up the cages, females began to lay.


 It follows from the observations made that in fact light, aphids, and their honeydew do have an effect on oviposition in female syrphids.  It was established by Bombosch (1962) as well as through our own investigations, that with extended light periods the females lay far more eggs than those kept in the dark.  The eggs themselves are chalky white and elongated ovoid.  According to Krüger (1926) they are about 1 mm long, 0.3 mm wide, and almost cylindrical.  


 However, during the embryonic development, the eggshell becomes so stretched that at the time before hatching the volume of the egg increases by a third.


 Oviposition in Episyrphus balteatus can also be observed in the field.  Females that are ready to lay behave in a characteristic manner.  They fly up and down close to the aphid colonies, and often alight to oviposit in the middle of them or immediately next to them.  The laying of an egg lasts only for a few seconds.  These field observations concur with the results of Krüger (1926), Schneider (1947), Dixon (1959) and Bombosch (1963).  In the above mentioned conditions, females laid on average 280 eggs in the rearing chambers (these values result from 18 females).


 The laying performance (number of eggs) seems to be dependent on species.  Thus Wilkening (1961) established up to 434 eggs per female in M.corollae in lab conditions.  Some 30% of the eggs laid (by Episyrphus balteatus) were apparently unfertilised, and soon shrivelled.


 Smaller egg numbers were observed in Episyrphus balteatus with sparser aphids; according to Dixon (1959). Wilkening (1961) and Bombosch (1963), this is connected with a decrease or absence in 'air-borne stimuli' which the aphids produce.  These air-borne stimuli trigger oviposition in syrphids, according to the above authors.


 Embryonic development lasted 3-4 days in the above mentioned conditions.  In the first instar, the newly emerged larvae are almost cyrlindrical and appear light and transparent.  On close observation, one can see that they are yellowish with a light greenish sheen.  According to Krüger (1926) the placing and colour of the fat body, which alone bears pigment according to him, varies amongst individuals.


 During development the colour of the larva alters considerably according to my observations.  In the field, for example, it was often noticed that the larvae had taken on the colour of the plants.  According to Krüger, this colour change in the wild is a protective measure against enemies.  This was also established by me for Syrphus ribesii.  In prey searching, Episyrphus balteatus carry out characteristic movements.  They remain attached to the leaf by the posterior segments, and stretch out the front end in a half-moon shape to search for food. If the larva finds an aphid, it is quickly ripped up high and sucked out.  The number of host plants of Episyrphus balteatus larvae is not restricted.  As well as being found on apple, it is also observed on many cultivated plants with other species of aphid.  One cannot speak of specialization of Episyrphus balteatus on particular aphid species.  In lab experiments, when food was withheld in the rearing containers, cannibalism arose, also recorded by Krüger (1926) and Franz (1961).  Krüger also says that Chrysopa and coccinellid larvae act as predators of syrphid larvae.  As up to now, experiments with exactly measured temperature and photoperiod and their influence on the rate of feeding and length of development in Episyrphus balteatus are lacking, these experiments described in the following chapters were carried out in the lab.

2
Influence of various temperatures on the length of development and rate of destruction of aphids in Episyrphus balteatus larvae

The newly emerged larvae were transferred with a damp paintbrush from the rearing chambers to a Huffaker-cell (described above).  These larvae were still very sensitive at the outset, which makes very careful transfer necessary in order to avoid greater mortality.  The first instar larvae were only offered young Aphis pomi as food.  Feeding activity and rate of development were tested once again at three constant temperatures.  1st instar larvae destroyed only a small number of aphids.  Rates of development and destruction at the various temperatures produced the following values ..


 [see Tables 14 and 15].

It follows from the experiments described above that feeding activity in the experimental animals increases with rising temperature.  If you compare, for example, the number of aphids destroyed daily by 3rd instar larvae at 15 C with those at 20 C, one can see a great difference in the number eaten with an increase of only 5 C.  The increase in this instar amounted to 299.7 %  With a 10 C increase in temperature in the same larva instar, the feeding rate increased by 301.3 %; that is to say, it hardly rose further.

