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Flower visiting in droneflies

Hoverflies play a role amongst the flower visiting insects which should not be underestimated (Muller, Willis & Burkhill, Drabble, etc). Literature on flower biology even talks of ‘hoverfly flowers’ (Muller, Knuth, etc; but see Kugler 1938). However we still know precous little about the more precise relationship between these insects and their food plants. Although there have been various studies of the sensory receptors in the eye (von Buddenbrock on optomotor reactions, and recently Ilse (1949) on colour differentiation), there has been no experimental study as yet on flower visiting.  In order to help fill this gap, this shall be the aim of the present study, which is concerned with the flower-visiting of one of our most widespread syrphids, Eristalis tenax.

Flower-constancy in E.tenax
There have been no studies more detailed than the present one on the flower constancy of droneflies (or indeed of any syrphid) recorded in the literature to date.  The majority of studies in this field concern themselves with Apidae.  Hoverflies visit flowers only to satisfy their intrinsic need for food.  They therefore have no need for the extensive food collecting activity which has been observed in insects which provide for their broods from floral resources.  A certain degree of flower constancy is nonetheless a precondition of successful pollination activity.  To what extent E.tenax is flower constant can bee seen from the visiting statistics of individual flies.  Let us look at two:

Table 1 pp 328-9

Table 2 p329

These examples suffice to show the high degree of flower constancy which E.tenax can achieve under certain conditions.  The most important of these conditions is a foodplant with plentiful resources in large number, as was the case in both the associations listed above.  If these favourable conditions are not available, the insects change their foodplant more often. Th following list provides an example.


A dronefly visits Chrysanthemum inodorum, approaches Lupinus luteus (Colour of Chrysanthemum disc florets), returns at once to Chrysanthemum  and visits six florets in succession.  It approaches Leontodon autumnalis twice, and finally alights on Chaerophyllum tenuum; it then turns to Trifolium pratense and Leontodon, which is visits briefly although without taking food.  The fly then alights once more on Chaerophyllum and Trifolium, visits Chaerophyllum again, approaches another and Trifolium again, and then visits a larger number of Chaerophyllum inflorescences.


The link between E.tenax and a flowering plant is by no means as strong and lasting as long as the case with Apis and Bombus, where it can last for several days or even weeks.  Hoverflies can change food-plant in the course of a day, or even of one foraging flight.


Nonetheless the degree of flower constancy achieved by E.tenax is sufficient to mark the fly as an important pollinator.  Even in cases such as the last case quoted above, the repeated visits to one species of plant are enough to ensure successful transference of pollen.

B. Analysis of flower visiting

In the foraging flights of droneflies, just as in other flower visiting insects, it is possible to distinguish two more or less separate phases: the approach, and the visit itself.  By ‘approach’ we understand (following Knoll) the approach flight directed towards the object; by ‘visit’ we mean the touching of the plant, which in hoverflies is normally connected with alighting on the flower. In rare cases hoverflies (eg Sphaerophoria scripta) can, by hovering over a flower, manage to eat  pollen without touching the flower with its legs. This is also designated a visit.  In many cases a visit follows an approach, though not always.  The fly can suddenly change direction immediately in front of a flower, and make for another object. Approach is obviously stimulated by factors different from those promoting a visit.  The factors stimulating approach are designated as the flower’s long-distance stimuli; those leading to a visit as its close-up stimuli.  From our modern knowledge of the subject, it seems that both optical and chemical factors must be considered.

The Approach

It is permissible to determine whether the approach of droneflies is optically or chemically stimulated by eliminating or altering the chemical long-distance stimuli, and in this respect we need only consider the scent of the flower, which is relatively easy to eliminate.  Thus in a stand of Achillea millefolium, for example, a compound inflorescence was covered with a beaker.  As the scent of the flower could only escape through the beaker’s opening underneath, we could be certain whether the insects were orientated by the direction of the scent or the image.  The visiting droneflies floew directly onto the glass, where the flowers lay underneath: their approach was therefore governed optically.


The following experiments also indicate that scent has no significance in attracting hoverflies from a distance. In a stand of Berteroa incana in the field, various flowers were given an amount of red carnation scent (see p337). If the natural flower scent was not displaced by this, it was at least considerably altered. As the number of visitors to Berteroa is limited, whereas the stand was very extensive, the scented flowers were moved piecemeal from time to time in the direction of foraging insects, with the aid of a cane.  Eristalis flew to these inflorescences with no apparent difference in behaviour between the natural and the adulterated flowers.  Experiments on Achillea using carnation oil and benzaldehyde produced the same result.  Here too, the flowers with alien scent were approached quite normally by the droneflies (Exp 35/13,14). The approach of E.tenax is, therefore, overwhelmingly optically stimulated, like other flower visiting insects.  Droneflies like aphids, butterflies (Ilse), hawkmoths (at least in part - see Knoll 1927) and Bombylius (Knoll) are visual insects, whose feeding flights are optically orientated.  Knoll’s (1926 p579) proposition that Eristalis occupies an intermediate place between chemically and optically orientated insects is evidently incorrect.

Colour sense of Eristalis
On the grounds of its flower visiting, it seems reasonable to assume that the insect has a sense of colour. Schlegtendal investigated the colour sense of Eristalis using the optomotor reaction; however, because of the high degree of sensitivity in droneflies, he obtained no results using grey paper of various shades. However, Ilse (1949) was able to assert that Eristalis spontaneously distinguishes yellow from other colours, and greys of different shades, and therefore possesses a genuine ability to distinguish between colours.  By training on blue, she was able to achieve as many visits to blue as to yellow. According to information sent in a friendly letter, Ilse also found a preference for yellow in freshly emerged adults, and could therefore prove that we are speaking of an innate preference.  She has not yet investigated the behaviour of the insect towards colours.


Ilse’s work did not come to my attention until after the completion of the work I have mentioned. The extent to which my experiments duplicate heres can quickly be explained.

Methods

Testing the colour sense was achieved by the training method.  As E.tenax only takes food for its own individual needs, the number of visits it pays to flowers - or indeed to models - is limited.  Feeding and testing were therefore carried out at once for the greater part of the experiment.  The models whose colour effect was to be tested contained sugar water: the rest were empty, or in many cases contained tapwater or saline solution (as a deterrent), in order to create the same optical conditions. Sugar water is scentless to drone flies, and can only be identified on contact.  This is one of a series of perfectly sound experiments, the repetition of which I shall not undertake.


As feeding objects, we employed disc models (see Fig 1), which are simply constructed in the following manner, and which have proved their usefulness.  Onto a coloured paper disc 13 mm in diameter (18 mm discs were also used in many experiments) a white disc of filter paper some 6 mm in diameter was fastened with a pin. The filter paper served as a feeding disc, and was sprinkled using a capillary pipette with sugar water, tapwater or saline solution.  The presence of liquid was therefore not detectable optically.  The method also allowed us to offer such small quantities of sugar that individual insects were prevented from sucking too long at any one model.  The pin also served to fasten the whole model to two cork pieces (7 x 12 cm) covered with black or white paper.  12-24 models were presented at once.  They were so spaced that the insect had to fly from object to object, thus ensuring that each visit was the result of a well-directed approach.  One possible disadvantage of this metod was that the insect may have been influenced by scent emanating from the coloured paper in some circumstances.  In a control experiment (48/126), all the models were provided with a coverglass, with the same result.  Some series of experiments were also conducted with the discs lying under glass plates. These too produced the same results, although this glass-plate method is unsuitable for use with Eristalis. The insects certainly approached the plates, but then  used them to run from disc to disc. As a result of the heightened stimulus on the object itself, they extended their proboscis and attempted to suck; however, when they ran on, they often failed to retract the proboscis, this hampering any assertion of a definite attempt to suck.


One disadvantage of our free-standing models lay in the fact that the insects were not willing to visit them spontaneously.  Several experiments failed on this point, until I devised the following technique.  At the beginning of each experiment, each animal was placed on a model containing sugar water. They took the solution greedily until the feeding disc had dried out; then, having investigated the surrounding objects in every direction, many flew spontaneously to other objects.


A ‘visit’ was defined as being when an insect alighted on a free model after having approached it. Visits to objects on which another fly was already sitting were not counted.


The following coloured papers were used (with their Hering Paper numbers): deep-red, orange, deep yellow, light yellow, green, blue, deep blue, light mauve (colour corresponding to Knautia, see below), purple (corresponding to the colour of Centaurea jacea), and also the 30 shades of grey in the Hering series.


In determining the effect of coloured papers, we must naturally bear in mind the fact that they may appear differently to the insect eye than they do to the human eye. Various insects (Apis - Kuhn 1927; Bombus - Kugler 1947) perceive short-wave light below 400 μm as a quality of colour. A possible UV reflection from the coloured paper will naturally alter the quality of its colour for UV-sensitive insects. This must especially be borne in mind when dealing with white. Thus when we perceive two pieces of paper, or coloured paper and a flower part as being the same colour, this similar colouration may be perceived by the insect, but need not be.

Expts with light yellow

Freshly caught insects were presented with a number of light yellow disc models placed between grey models of various shades, without their ever having been placed in contact with the models before. As is shown in Table 1, they distinguish yellow from grey with a high degree of accuracy.  In a further experiment (Table 1) the light yellow discs were offered alongside dark red, dark yellow, green, blue and deep violet discs.

[....]

Summary

E.tenax can attain a considerable degree of flower constancy in its foraging behaviour. 


Its approach to flowers is a purely optical response, in which the ability to differentiate colours plays a role. Of particular interest is the strong spontaneous preference for yellow, which is retained even after the insect has been fed on orange, yellow-green, blue, light violet, deep red and white.  Saturated colours are also spontaneously preferred to unsaturated ones.  The insects distinguish yellow and yellow-green clearly from any shade of grey, and therefore possess a genuine colour sense. Training expts on orange and blue are achieved only with difficulty, and are disturbed by yellow.  However, blue together perhaps with light violet and purple, are perceived as colour qualities, even if one does run into difficulties trying to prove this by the training method.  Deep red is evidently not registered as a colour quality.


In visiting the scent of the flowers is an essential close-up factor.  Flowers which are given an artificial scent in the field are approached, but not visited.  The insects possess a pronounced sense of smell. In a flight chamber they are able to distinguish clearly between various artificial scents, also between the scents of the flowers of Berteroa incana and of daffodils, and between the flowers of Echium vulgare and artificial violet scent. Other scents can also be told apart. The smell of formic acid has a repellant effect.  In addition to the scent, the close-up view of the flower (colour patterns, nectar guides, shape, etc) can also play a part in visiting.

Flower constancy can therefore be attributed to the spontaneous reaction of the flies to yellow, and also to the food-colour-scent association.  Despite the length of its proboscis, the food plants normal for E.tenax are those where the nectaries and anthers are more or less openly presented.  Flowers with deeply hidden, or invisibly arranged nectaries are usually spurned.  This would seem to be connected with the plump shape of the dronefly proboscis. Since in flowers with barely concealed nectaries (Choripetalae) and an abundant openly available pollen mass (Compositae), the white-yellow-green colour group predominates, the primary attraction of yellow for the insects is ecologically significant.


The expts in question in no way justify the retention - with respect to Eristalis - of the flower ecological term “hoverfly flowers”.

