K. Stürken (1964)

The significance of adult feeding for the reproductive capacity of syrphids

Zeitschrift für angewandte Zoologie 51: 385-417

In connection with biocoenotic investigations on Aphis fabae (Bombosch, 1960; Sol, 1959), it was interesting to learn to what extent the reproductive rate of aphidophagous syrphids depends - amongst other factors - on conditions determined by the physiology of feeding.  The investigation seemed justified by the fact that preliminary experiments had shown that egg-production in syrphids is subject to considerable fluctuations.

I.  The problem of achieving a defined diet for insects

An attempt to culture insects under predetermined conditions gave rise at an early stage to an interest in the special problems of their diet. In 1913, Petersen published an essay on the Feeding of Insects; in 1928, Uvarov assembled all observations recorded to date. This interest was originally directed towards natural food-sources and the discovery of suitable substitute foodstuffs for breeding. More recently there has been an increasing number of investigations into the effects of specific materials on separate phases of development, and into the significance of particular materials and groups of substances for growth and development. This research can be grouped under three headings:

i) Investigations into the basic maintenance of the culture;

ii) Experiments on the growth and development of the larvae; and

iii) Investigations into reproduction, i.e., the formation of ovaries, and especially eggs.

We shall not look further into the first type, since much has been written on the maintenance of insects in culture (cf Fraenkel 1943 a & c, 1955; Trager, 1947, 1953; Albritton 1955; Lipke et al 1956; Waterhouse 1957; Friend 1956, 1958). In the second group work in the past two decades has concerned itself predominantly with the significance of individual nutrients in the larval diet (cf Fraenkel et al 1943 a & b, 1944, 1945;  Loeb, 1915; Hasemann, 1946; Vonk, 1955; Kasting et al 1958a; Mellanby, 1958), and the dependence of larval development on synthetic diets.

     This latter problem was examined in Blatella germanica ....

     All these researches into synthetic diets, as well as others yet to be mentioned, produced only very limited results.  Mostly, only a small percentage of the experimental animals developed normally; many died, and other showed defects in certain organs.  Development was retarded, metamorphosis hindered.  The evaluation of such experiments is made harder by the possibility that a number of factors might influence the qualitative and quantitative composition of the food, e.g. the presence of substances that infleunce the taste, especially feeding deterrents (Dethier, 1941; Thorsteinson, 1953; de Groot, 1953);  physical factors (e.g. osmotic potential, or consistency, or insufficient bulk); and the relationship of feeding to external conditions (e.g. humidity, temperature and light).  The number of possibilities generated by the variations in all these factors is so great as to render almost hopeless any attempt to discover by systematic working, exactly what diet is necessary for optimal development and reproduction.  We shall, however, decline to go any further into the problem of larval feeding, since a few tentative preliminary experiments have yielded no point of departure for further investigation with such means as we have at our disposal.

     Our interest has therefore bee concentrated on the three types of investigation listed above, concerning the influence of diet on the reproduction of the insects where modifications to the food are restricted to the adult diet.  We were therefore obliged to leave out any consideration of the question of how far differences in diet in the preimaginal stages might affect reproduction by the adult.  That such delayed effects exist has been shown in other investigations (e.g. Titschack, 1926; Alpatov, 1932; Norris, 1934).

     We attempted to exclude such effects by standardising as far as is possible the culturing of our experimental animals in the preimaginal stages.

     The problem here undertaken with respect to Syrphus corollae has been looked at in many insect species in the past 40 years.  Roubaud (1922) and Glaser (1923) report that besides a diet of pure carbohydrates, Musca needs protein in order to produce eggs.  On a purely carbohydrate diet, Dacus species lay no eggs (Marlowe, 1945).  Aedes does not lay if fed only on honey;  Culex, on the other hand, will lay a little with no food at all (Huff, 1929).  Only when a diet of honey is supplemented with baker's yeast will Rhagoletis pomonella produce eggs (Fluke et al., 1931);  likewise Hylemyia antiqua (Kastner, 1929; Rawlins, 1953).  Tribolium laid twice as many eggs when yeast was added to its 'patent flour' (Lund, 1939).  When fed on nectar, Chrysopa californica lays eggs;  when fed on honey it will only lay if yeast is added to the diet (Hagen 1950).  A mixture of molasses and honey could not replace cotton nectar for egg-production in Pectinophora gossypiella (Lukefar, 1956).  The egg production of Drosophila could be increased by the inclusion in its diet of the ether fraction of the royal jelly of bees (Townsend et al., 1940).  Lucilia sericata needs to be fed twice on a protein-rich diet for optimal egg production (Hobson, 1938): on a diet of blood-serum, egg production is halted by a lack of potassium phosphates and B-group vitamins (Evans, 1935), and also fails on a diet of sodium caseinate and sugar (Dorman et al., 1938).  Cimex females living on rats fed on a thiamine-deficient diet laid no eggs (de Meillon et al., 1947).  Quantity of food has a drastic effect on the egg production of biting mosquitoes (Woke, 1937).  Ptinus tectus needs drinking water for normal egg production (Ewer et al., 1942);  likewise Tenebrio molitor (Dick, 1937).  If Ephestia is fed dry food, the quantity of eggs produced will depend on humidity (Norris, 1934).  Large Lucilia females lay more eggs than smaller ones, and if the larvae took in sufficient water prior to pupation, the size of the adult could be influenced positively (Mellanby, 1939).

     More detailed research into reproductive capacity after feeding with a purely synthetic diet of known composition has only been carried out on Dacus dorsalis (Hagen, 1953), Aedes aegypti (Dimond et al., 1956) and Phormia regina (Rasse et al., 1954).  We were able to orientate our own research around these studies in some respects.  At the same time, we had to decide from the outset by what method we were to determine 'reproductive capacity'.  Basically there exist the following alternatives:

     - to dissect out the ovaries, and measure or weigh them;

     - to count the number of eggs laid;

     - to count the eggs from which larvae actually emerge.

The first method called for the daily preparation of a large number of females, and consequently enlarged the scope of the experiments to a point which, under the given experimental conditions (Wilkening, 1961) would have proved unworkable.  The daily examination of a small number of animals would have required a homogeneity of experimental material which cannot at present be achieved.

     The second and third possibilities are also hampered by uncertain factors.  Counting the number of eggs laid presupposes an almost constant relationsip between the number of eggs produced and the number laid.  As oviposition is equally dependent upon external conditions and set stimuli, this condition can only be fulfilled in almost optimal circumstances.  As we know to some extent what these actually are for Syrphus corollae (Wilkening, 1961), and can maintain them at a roughly comparable level, we decided upon counting the number of eggs laid as the method of evaluation in the first instance.

     The third possibility, that of counting according to the number of larvae that actually emerge, is in addition to the uncertainties already listed, further hampered by the fact that the hatching rate can be influenced by other external factors such as the composition of the external medium (cf. Abdel-Malek, 1948), even supposing the eggs have been fertilised.

II.  Research into Syrphus corollae
     Still concerned with this problematical area, our own research (prompted by some preliminary experiments which are not considered here) set itself the task of replacing the natural diet of S. corollae with a defined diet, the modification of which might gain further insights into the significance of particular substances for egg production.  In particular, we wanted to test whether alterations in egg production could be produced by altering the diet mixture, and whether a series of particular nutrients and their interactions could be established in relation to adult fecundity.

1)  Methods

a)  Experimental technique is closely modelled on our research into the maintainance of a culture of S. corollae (Wilkening, 1961).  The culture was effected in 2-litre preserving jars in which the food combination to be tested, soaked in a ball of cotton wool, was offered on a Petri dish [ Note:  as it was not possible to work in completely sterile conditions, the food to be tested was weighed once a week and stored in solution in the freezer.  During this time, no decay or mould was observed ].  Twice a day the food solution was added, using a pipette to prevent the drying out of the cotton wool.  Every second day the dish was changed to exclude the inevitable onset of decay in the food.

     Every member of the research team was given four 2-litre preserving jars, each containing 4 males and 4 females so that altogether each member had 32 insects to work on, half of which were females.  Owing to the difficulty of breeding and culturing the insects, it was not possible to prepare more than 160 (5 x 32) at any one time.  At a particular time, as in the previous culture, the females were placed in bowls containing aphid-covered bean leaves, for 4 hours at a time, for oviposition.  Since, according to the results of preliminary experiments, every type of synthetic foodstuff hinders the onset of oviposition, the test of oviposition was not carried out until 7 days after emergence, and at 2-day intervals.  The eggs laid by each individual female were counted separately each time so that the rhythm of oviposition, as well as the total number of eggs produced could be evaluated.

b)  The statistical evaluation of the results from various mixtures of diets works from the hypothesis that a number (k) of the various diet preparations will have an equal effect on fecundity.  To test whether this does in fact apply, a so-called 'non-parametric' test was used - that is to say, one which, with certain exceptions, can be used for any distribution of the size of the study.  This seemed necessary as nothing was known of the statistical distribution of egg-number, and a more detailed study would have required a greater number of animals than were available, due to the difficulty of rearing conditions.  The Kruskal-Wallis test was therefore used.  There follows a short description of the experiment.


A number - k - of food preparations are brought at the same time to flies from the same culture.  To every i'th preparation (where i = 1,2,3,..,k), ni observations are to be made.  By one single observation is to be understood the total number of eggs laid by a single female in her lifetime.  The i preparations are accordingly placed before ni flies.  The total number of all observations (Σ ni) in the experiment is indicated by n.  The total number of observations - n - were ranked from 1 to n for an experiment (cf. loc. cit. p. 188).  A rank sum R1, R2, ..., Rk is created for the separate food preparations, from which the following test statistics is calculated:
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H is distributed to a close approximation as chi-squared with k-1 degrees of freedom, when the number of replicates (ni) is at least five.  If the critical chi-squared value for k-1 d.f. and probability 0.05 is exceeded, then the null hypothesis that the food preparations have no effect on the number of eggs can be rejected (with the probability of being wrong being 0.05).


The number - k - of preparations in a single experiment is limited by the number of flies available at any one time.  Due to the relatively wide scatter of egg numbers between flies, the original number of flies used (n=10) was increased to 16 per preparation (whilst at the same time reducing the number of elements in the experiment).  


Evaluation following this test generally produced significant differences (at 5% level) between the control (on a ‘natural’ diet) and the experimental other synthetic diets, but no significant difference between flies on each ‘preparation’.  Due to the limitations of the available live material, it was not always possible to include a control in every experiment.  Even in those experiments (without controls) there were in general no significant differences among the variations.

β)  [...]

The various tests had to be carried out sometimes with animals from different culture generations, which also had not been raised under exactly the same conditions (Wilkening 1961).  Therefore we had to reckon together with the nutritional effect with a “rearing effect”, which could not be isolated from the former.  

