H Schmutterer (1972b)  

Zur Beutespecifität polyphager, räuberischer Syrphiden Ostafrikas.  

[ On the prey specificity of polyphagous predatory syrphids in East Africa ] 

(in German, with english summary)

Zeitschrift für angewandte Entomologie 71: 278-286

A.  Introduction

Several years’ study of the prey specificity of predatory syrphids in the highlands of Kenya show that the larvae of some otherwise particularly polyphagous species of hoverfly either generally do not or only rarely occur in colonies of certain widespread aphids.  In order to enable an explanation of these observations, rearing studies were undertaken whereby the different larval instars of polyphagous syrphids were given these aphids as food.

B.  Materials and methods

In the studies of 1970 and 1971, larvae of the following species were used:  Paragus longiventris Loew, Paragus ?marshalli Bezzi, Ischiodon aegyptius Wied., Allograpta calopus Loew, Betasyrphus adligatus Wied and Afrosyrphus varipes Curran.

[ Footnote:  in this publication the species designated Betasyrphus adligatus was identified by the British Musem of Natural History in London, as was the rest of the syrphid material.  From written correspondence, the syrphidologist JR Vockeroth (Ottawa) thinks that this is a different species of Betasyrphus closely related to B. adligatus ]

When in the older larval instars, syrphid larvae were taken for laboratory rearing.  Young larvae came as a rule from eggs laid in the lab by females caught in the field.  1st-instar larvae from Paragus species were collected from the field a few minutes to hours after eclosion and used immediately for study, whilst adults of P. longiventris and P. ?marshalli could not or could only exceptionally be induced to lay a few eggs in the lab in plastic dishes in the presence of aphid colonies.

For rearing syrphid larvae the following aphids served as food:  


Aphis fabae solanella Theo. on Phaseolus vulgaris and Solanum nigrum.


Lipaphis erysimi Kalt. on Matthiola sp. [ Schmutterer writes ‘Mathiola’ ]


Toxoptera citricidus on Calodendrum capense [ Cape chestnut ]


Aphis gossypii Glov. on Hibiscus rosa-sinensis [ China rosa ]


Hyperomyzus lactucae L. on Sonchus oleraceus

Myzus persicae Sulz. on Streptosolen jamesonii [ Solanaceae ornamental flower ]


Dactynotus compositae Theo. on Vernonia lasiopus [ a genus of timber trees ]


Brevicoryne brassicae L. on Brassica oleracea
During the studies syrphid larvae and aphids were held in the lab as a rule in plastic dishes at temperatures between 16 and 25 C;  further studies used thermostats at a constant temperature of 22-23 C.  The rearing dishes were checked once or twice daily and new aphids added to avoid food shortages for the syrphid larvae.

C.  The behaviour of different syrphid species in relation to some aphids under field conditions

a.  Aphis fabae solanella
Aphis fabae solanella is one of the commonest and most noxious species of aphid in the highlands of Kenya.  They occur on many host-plants, but they seem to prefer Phaseolus vulgaris in the rainy season, and the widespread weed Solanum nigrum in the dry season.  Even then, when Aphis fabae solanella occurs en masse, which can be observed on beans in the rainy season with relatively little precipitation and under intensive ant attendance, syrphid larvae occur only relatively rarely.  These larvae belong to the species Paragus ?marshalli, P.longiventris, I.aegyptius, Betasyrphus sp. and B.adligatus.  In the dry season, P.?marshalli became somewhat commoner on aphids on S.nigrum.  The trophobiological relationships of the ants with the aphids are in this case without significance to all the following observations, at least in cases where the ant species Acantholepis capensis Mayr is concerned (Schmutterer 1972a).

b.  Toxoptera citricidus
T.citricidus lives in Kenya above all on citrus and other Rutaceae such as Calodendrum capense.  As in Aphis fabae, only rarely do larvae of the syrphids Ischiodon aegyptius and the two Betasyrphus species appear in the colonies of this aphid, although the aphid is common and widely distributed.

c. Lipaphis erysimi
L.erysimi colonises crucifers such as cabbages (Brassica oleracea), Brassica napus, Erucastrum arabicum and ornamental plants such as Matthiola sp.  Particularly on the last-named host plants, it often propagates enormously on the leaves and flowers.  Despite the dense occurrence of the aphid, it was not possible to date to find large syrphid larvae or pupae in the aphid colonies, although Ischiodon aegyptius was repeatedly seen ovipositing.

d. Brevicoryne brassicae
B.brassicae is similar to Aphis fabae solanella in being one of the commonest and most noxious aphids of Kenya.  They occur above all on cabbage, but also on Rape and other crucifers.  Whilst the larvae of I.aegyptius, A.calopus, A.pfeifferi and Betasyrphus spp. were found with great regularity in the aphid colonies, completely missing was the genus Paragus including the polyphagous species P.longiventris and P.?marshalli.  It was hitherto not possible to observe adults of this genus ovipositing in the aphid colonies.

e.  Dactynotus compositae
D.compositae occurs in the highlands of Kenya above all on Vernonia lasiopus, but is also very numerous on some other composites.  In the colonies of the aphid there are sometimes present larvae of Afrosyrphus varipes and B.adligatus, whilst I.aegyptius are only rarely observed;  Allograpta and Paragus larvae are completely missing.

D.  Laboratory studies

In laboratory studies one should above all be able to explain the question of whether the larvae of the above-named polyphagous syrphids which were not or only rarely to be found in colonies of Aphis fabae solanella, Toxoptera citricidus, Lipaphis erysimi, Dactynotus compositae, Myzus persicae and Brevicoryne brassicae, could develop normally when they were reared on these aphids.

a  Studies with Ischiodon aegyptius (Table 1)

In these studies, immediately upon eclosion 10 larvae each were transferred to colonies of Aphis gossypii on Hibiscus rosa-sinensis, Lipaphis erysimi on Matthiola sp. and Brevicoryne brassicae on Brassica oleracea, and held at a constant temperature of 22-23 C.  


With Aphis gossypii, development took place quickly and almost without mortality.  Only one of the hoverfly larvae died at an early stage, and they pupated on the 6th and 7th days of the study.  There was no pupal mortality.  


With B.brassicae there occurred a great mortality in the first few days via a slow, very variable development, so that by the 6th day of the study there were only 4 larvae remaining.  These larvae pupated on the 9th day of the study.  


With Lipaphis erysimi 8 larvae died in the first 3 days, and on the 6th day a further larva died.  The sole remaining larva pupated on the 8th day;  however the puparium already went brown on the 9th day, and therefore it was apparent that it had died.

b.  Studies with Allograpta calopus (Table 2)

In the study with A.calopus, 10 larvae each after eclosion were placed in colonies of Aphis fabae solanella on Phaseolus vulgaris, Lipaphis erysimi on Matthiola sp., Myzus persicae on flowers of Streptosolen jamesonii and Dactynotus compositae on Vernonia lasiopus.  The temperature was held constant at 22-23 C.  


Rearing with Aphis fabae produced almost no growth increment in the first couple of days, and on day 4 all the larvae were dead.  


Rearing on Lipaphis produced only modest growth in the larvae over the first days, and from day 4 the larvae began to die.  On the 6th day the remaining larvae went strikingly bright green, and all died on the 8th and 9th days, when they had attained a size of about 4 mm.  


Rearing with Myzus persicae proceeded initially with a variable growth increment, and mortality reached 40% (4 animals) by the 5th day.  Two of the remaining larvae were relatively small, the rest substantially larger.  Pupation of the 4 large larvae followed on the 9th and 10th day of the study, whilst the two small larvae died beforehand.


With Dactynotus, the larvae had suffered mortality of 70% (7 animals) by the 6th day, after very variable growth.  Three days later, two further larvae died.  The sole remaining larva eventually died on day 14, still not having pupated.  

c.  Studies with Betasyrphus adligatus
As in both the above studies, each 10 larvae were transferred to aphid colonies after eclosion from the egg, and held at a constant temperature of 22-23 C.  The following aphids served as prey:  Dactynotus on Vernonia, Aphis fabae on Phaseolus, Hyperomyzus lactucae and other species on Sonchus, and Brevicoryne on Brassica.


Using Dactynotus or the aphids on Sonchus, there was already during the first days fairly uniform and fast growth;  there were no deaths observed.  Pupation followed in both cases on days 8 and 9.


Using Aphis fabae, there was mortality of 70% during the first 5 days, subsequent to very variable growth.  Pupation of the rest occurred on days 9 and 10 of the study.


On Brevicoryne there occurred a relatively lengthy development accompanied by greater mortality (70%).  Pupation of the remaining larvae followed between days 8-11.

Smaller studies with various syrphid species

In several studies with different syrphid species, larvae were used at various ages.  Toxoptera on Calodendrum and Aphis fabae on Phaseolus served as food.


In the first experiment, 2/3-day-old larvae of Afrosyrphus collected from colonies of Dactynotus on Vernonia were reared on Toxoptera/Calodendrum and Aphis/Phaseolus.  While these larvae could develop normally on Toxoptera, they died on Aphis after turning lemon-yellow when they had scarcely grown at all.


In a further experiment, medium-sized larvae of Ischiodon, B.adligatus, Allograpta, Afrosyrphus and Paragus longiventris were reared with Aphis/Phaseolus.  All species with the exception of Afrosyrphus developed to the puparium and adult.  With a few exceptions, the Afrosyrphus larvae died.  Those of them that could develop were already clearly larger than the rest at the start of the rearing with bean aphids.  The P.longiventris larvae produced comparatively small puparia, from which we conclude that they pupated prematurely.


In the third experiment, small larvae of P.longiventris from colonies of Rhopalosiphum maidis on maize were reared with Aphis fabae solanella, some located from Phaseolus and some from Solanum.  From each of the 10 transferred larvae, after a few days, in all 6 died on Phaseolus aphids, while 9 died on Solanum aphids


In the last study, small larvae of Paragus longiventris and P.?marshalli were reared on Brevicoryne brassicae from cabbage.  The hoverfly larvae readily took the aphids as food, but soon lost the ability to move normally and attached themselves to the leaves, which eventually led to their deaths.

Discussion of the results

From the laboratory studies carried out, the field results on the prey specificity of East African syrphids could be further understood. Ischiodon aegyptius is able to use as prey a large part of the aphid species present in the highlands of Kenya. The syrphid only develops slowly, however, on aphids such as Aphis fabae solanella, U.compositae and T.citricida, which most other hoverflies avoid. It is surprising that the larvae show comparatively high mortality of long development time when fed on B.brassicae, as compared with other individuals fed A.gossypii. L.erysimi is eliminated completely as prey because this aphid obviously is connected with a toxic effect on larvae of I.aegyptius. Adults of the hoverfly could be seen flying here and there laying eggs on plants infested with L.erysimi, eg on Matthiola sp. Therefore adults of I.aegyptius are not able to discriminate whether an aphid species represents true prey for the larvae or not.


A.calopus is a syrphid which is scarcely inferior to the above species in its polyphagous feeding habits. However, this fly is not able to use some very common aphids of the Kenya highlands as prey. To these belong, as field and laboratory studies show, A.fabae solanella, L.erysimi and U.compositae. Whilst the larvae die during the furst few days from the toxic effects of the first two aphids, a few individuals almost reached pupation when feeding on U.compositae. When fed on U.compositae, the larvae of A.calopus are covered with brown spots from the cornicle secretions of the aphids. . From field studies, M.persicae represents an occasional prey of A.calopus. The origins of the relatively high mortality of the larvae is unclear, but perhaps it was partly caused by the many glandular hairs of the solanceous plant (Streptosolen jamesonii) the aphids were on.


B.adligatus larvae were found in the colonies of all four aphid species which were used in feeding tests. U.compositae, A.fabae solanella, H.lactucae and B.brassicae were, however, not equally good for the predators. Normal development followed on U.compositae and H.lactucae, and larvae were regularly feeding on these in the field. B.brassicae is also a true prey species of B.adligatus, but this does not mean that this aphid represents a very suitable prey species. In feeding trials, larval development was was comparatively long, and there was high mortality (70%), which as somewhat surprising. Recently Daiber (1971) commented also on the high mortality of B.adligatus on B.brassicae in South Africa, but without any more detailed information. Less surprising is the high mortality of the syrphid when fed A.fabae solanella, since the syrphid is encountered only very rarely in colonies of this aphid.


From the results of the smaller feeding trials we can conclude that A.fabae solanella is completely unsuitable as prey for the less polyphagous hoverfly A.varipes, if small larvae are placed in the aphid colonies. Larger larvae are apparently more resistant and reach a size where pupation is possible.


A.fabae solanella on Phaseolus vulgaris could also poison the very young larvae of P.longiventris, whilst mid-sized larvae managed to achieve a premature pupation. When the aphids fed on Solanum nigrum the mortality of the syrphid larvae was clearly higher than when fed aphids on beans. We conclude from this that the hostplant can also affect the toxicity of the aphids to hoverfly larvae. Strongly retarded development and mortality of P.longiventris larvae was repeatedly observed in the field in colonies of A.fabae solanella on Solanum nigrum, Phaseolus vulgaris and various composites. A few more resistant individuals managed to survive the critical first few days of larval life, and then developed normally from then on. P.marshalli was significantly less sensitive than P.longiventris to A.fabae solanella. 


Completely different circumstances than the above cases appear to underlie the unsuitability of B.brassicae as food for P.longiventris and P.marshalli. The larvae of both hoverflies take the aphids as prey, but soon lose the ability to move, connected with the wax secretion of the aphids. After 1-2 days the syrphid larvae are so powdered with wax that they cannot get a hold any more and are unable to move any more. Consequently they all die from it. The experimental conditions do not exclude completely the possibility that B.brassicae also is toxic to the larvae of P.longiventris. Paragus larvae were never detected in the field in colonies of B.brassicae.


In onclusion we established that various polyphagous syrphids nevertheless are not found in the colonies of particular aphids because these homopterans are not suitable as food for them. This applies to I.aegyptius with L.erysimi, in whose colonies gravid females lay their eggs. A.calopus cannot develop as a young larva in the colonies of A.fabae solanella, L.erysimi and U.compositae. The same is true for A.varipes in relation to A.fabae solanella. 


Other aphid species represent only limited prey suitability to particular syrphid species, ie predator development is associated with high mortality in the colonies of these aphids. Examples of this are M.persicae and A.calopus, B.brassicae and I.aegyptius, and A.fabae solanella and B.adligatus. 


Older larvae have an appreciably greater resistance against toxic aphids, which can imply survival possibilities in the field because after eliminating suitable aphids they must transfer to other less suitable ones.


In addition to the toxic effects of particular aphids, which can be influenced by the hostplant, other factors affect the prey specificity of syrphids. Larvae of Paragus for example are so hampered by the wax of B.brassicae that they lose their power of movement and cannot hold on any more.

Summary

