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ON THE NUTRITION AND SIGNIFICANCE OF ASILIDAE

All summer along the wet tropical, sandy seacoasts and salt marshes and in the bottomlands of the rivers of Central Asia, it is possible to find a large number of individuals of the Stichopogon genus (up to 20 specimens per square meter). They are especially numerous in the Autumn. Thus in 1962, on sandy pastures in the valleys of the Karatal River, four species were flying at the same time, of which Eremisca autumnalis Zin., alone, was found at the rate of three to four insects per square meter. The impression was created that there flew only Asilidae and almost no other insects. In the Tseliny region, I.A. Badulin observed, in fields of wheat, Leptogaster cylindrica Meig. congregated on many axils comparable with the mating flight of ants. Almost every year, Asilidae are numerous in the clay deserts of Kazakhstan.

What role do these insects play in the environment? It is all the more interesting that all  adult robber flies are carnivorous. Their larvae are also predacious.

Asilidae are one of the insufficiently studied groups of insects in our fauna. We have keys that most specialists can run without error. But the question as to how their larvae exist has not been studied at all. Probably, that is why no mention is made of Asilidae in our guidance manuals on biomethodology (Meyer 1937; Rubtsov, 1948); also little place has been allotted to Asilidae in foreign publications of a similar nature (Clausen, 1940; Brues 1946) in spite of the fact that the larvae of a series of asilid species live on such purely destructive pests as the larvae of wire worms, beetles, moths and Cerambycidae.

The goal of the present paper is to tabulate the results of our knowledge about the feeding of Asilidae, to give estimates of their economic importance and, at the same time, to call serious attention of entomologists to these frequently very beneficial insects.

The author is grateful to M. P. MalekoYskomi for criticism of the manuscript.

ADULT ASILIDAE

In a series of previous papers devoted to Asilidae (Lehr 1958 a, b; 1961 b; 1962 a; 1963), we reported, in great detail, characteristics of the hunting areas of Asilidae, quantities of prey taken and duration of their feeding. Consequently, we shall proceed no further with these questions. For an explanation of the entire process of feeding, we quote a passage from S.W. Bromley (1923): “From the specimens that fly, nothing was left after full utilization, except empty openings. Nearly all the digestive, nervous, and muscular systems were dissolved, probably by introduced enzymes and digestive juice. The salivary gland was intact, as were all tracheal systems and chitinous sheaths. Part of the thin intestine and unknown fragments from other organs remained in cavities of the body, but the majority of the inner organs was dissolved”. (p. 43)

HABITAT AND HUNTING BY ROBBER FLIES

From an ecological viewpoint, Asilidae are a very heterogeneous group. One can find Selidopogon octonotatus Loew both on the arid southerly slopes of the Tyan‑Shan, Pamyro‑Altay mountains and in the loess deserts of Central Asia, and in the meadows and on the steppes of northern Kazakhstan. At the same time, Ctenota ruficornis v.d. Wulp is found only in thickets of the saltwort, Gamantis sp., in southern USSR.

So what determines the latitudinal occurrence of separate species? In what ratio do they occur with regard to the surrounding topography, vegetation, climate, soil and permanent factors?

To begin with one notices a connection between climate and hunting sites inhabited by Asilidae and as a consequence, their coloration, tomentum and body form. Specifically, then, the important influence on the appearance of Asilidae turns out to be the conduct of the preferred prey.

SHAPE OF BODY AND HUNTING SITES.  Asilidae have a typically long cylindrical abdomen that is narrowed to a point (Fig. 1). In the overwhelming majority of cases, it means that asilids, while hunting, wait for prey while sitting on plants, less frequently on earth or on projecting objects, that they catch only large prey, comprising about half the length of the body, and that whatever the prey, it usually is caught in the space of one-half to several meters. To this group are referred the majority of the Asilinae, and among the Dasypogoninae‑‑for example, the species of Stenopogon.tc \l2 "SHAPE OF BODY AND HUNTING SITES.  Asilidae have a typically long cylindrical abdomen which is narrowed to a point (Fig. 1). In the overwhelming majority of cases, it means that asilids, while hunting, wait for prey while sitting on plants, less frequently on earth or on projecting objects, that they catch only large prey, comprising about half the length of the body, and that whatever the prey, it usually is caught in the space of one-half to several meters. To this group are referred the majority of the Asilinae, and among the Dasypogoninae‑‑for example, the species of Stenopogon.
The depressed body, especially the abdomen, testifies, that in anticipation of prey, the carnivore sits on surfaces of stumps, tree trunks (all Laphria) or on the bare ground (Laphystia, Stichopogon), that Asilidae, as a rule, grab prey, which are flying great distances from it (up to ten meters - Melin 1923) and do not notice at all insects sitting close by (Fig. 2)

A shortened‑abdomen regardless of whether it is depressed, but usually broad, is a sure sign that its possessor survives on small prey (Holopogon, Jothopogon) that often is several times smaller than its predators (Cyrtopogon daimyo, Fig. 3).

A cylindrical, short, yet narrow abdomen and long wings occur in those asilids which hunt within thickets of bushes (Dioctria, Saropogon pittoproctus Loew (Fig. 4).

A thread‑like abdomen and narrow wings are possessed by members of the subfamily Leptogastrinae that fly over grass covered ground and do not await (prey), but collect insects from plants (Fig. 5.)

From these four basic morphological asilid types, there always occur deviations, sometimes sharp, but often also very peculiar, which are explained by peculiarity of hunting sites, peculiarity in behavior of prey or for other reasons.

The sandy‑desert inhabitant, Neolaparus mesasiaticus Lehr, has a filiform abdomen (Fig. 6).  The whole appearance and color of this asilid is surprisingly similar to the protruding segmented branchlets of sand occurring plants. One can recognize the presence of these insects easier, during their flight period, by their shadows. Yet, even in such cases, one is not always able to detect the asilid. It is possible, that in a given instance, their form is the result of long term selection towards Crepticism, which verifies also a special feature in the behavior of Asilidae. (Lehr 1961a).

In the Palaearctic, there are 40 species of the genus Saropogon (my own research, Engel 1930). The body form and color of its numerous representatives are very diversified. The female Selidopogon octonotatus waits for prey near the ground, and on plots of low grass amid thickets of tall plants. Its abdomen is slightly depressed and red above. The male flies in search of the female, but once found, courts her in a complex fashion. In other words, the larger part of his life is conducted above a grassy surface. Its body is cylindrical and black.

This same specificity in hunting sites, behavior and coloring of sexes occurs for Saropogon dasynotus Loew. This species differs only in size (Fig.7, 8,). Yet if we compare this species with Saropogon pittoproctus Loew, we are forced to admit, that the latter while having all the same generic characters, has clearly a different body form. It is explained by the fact that S. pittoproctus waits for prey on the masses of perennial weeds, salt‑wort (Salsola) or sandy underbrush, that is, it hunts in the same places as Dioctria and it typically resembles robber flies of this genus.

Therefore difference in behavior, which is the result of differing conditions of habitat, shapes the morphological appearance of various species of this genus that are outwardly similar to representatives from other genera.  Probably this same question of similar behavior will be solved using the same methods at least twice (Dioctria and S. pittoproctus) despite the very evident divergence of the ancestors. We examined similar examples of differences earlier (Lehr 1962b).

BODY FORM AND PECULIARITY OF PREY.  An example of morphological organs, which came about due to feeding on specific types of prey, is discovered by examining species of the Acanthocneminae subfamily. All representatives of this group of asilids have a projection on the top of the anterior tibia. This is explained, in terms of feeding, by the fact that Hymenoptera have a thoracic section separated from the abdomen by a narrow band and the carnivores must insert the proboscis into the prey twice: first through the abdomen, and then through the thorax. Moreover, the majority of these insects have the abdomen are closed up (bent into the thorax) at capture. The specified protuberance aids in the opening up and overturning of the prey. 

Heteropogon sp. sits on branchlets of plants, overhanging a little path, and waits for ants which crawl along it. The thorax is "convex‑shaped" and protrudes and the head is directed down, at an angle toward a continuation of the body axes.

The majority of the Stenopogon species catch insects on the wing. However, Stenopogon porcus Loew, which seizes the locust larvae (nymphs) and other small mobile insects crawling on the plant, has a comparatively narrow body and short wings (Fig. 9, p. 218).  The wings of the female are especially shortened. On the male, they are usually longer and this is understandable, as much time as he takes in flight in search of the female.

COLOR, TOMENTUM AND HABITAT.  If the body form positively reflects the method of hunting and the singularity of preferred prey, then the individual coloring and tomentum of the species gives evidence about the period of flight, climate of habitat and about any peculiarities in general behavior of Asilidae. 

Species, that prefer cool places in summer and likewise which fly in the Spring or Fall have a black body. Thus black Stenopogon are found only on Alpine and subalpine meadows. In Spring or at the beginning of Summer, the black Holopogon, awaiting prey, sit on the tips of high grasses or shrubs, where constant winds cool the insects. The black Dioctria spends most of its life in the semidarkness of grass and shrubs.

Shiny, devoid of pollen, reddish colored bodies are a characteristic of life in dry semiarid places in the summer period (Stenopogon macilentus Loew). If, in the coloration of Dioctria, the ruddy color predominates, that signifies that she is waiting for prey on the top part of shrubs or is flying during the summer months and needs protection. But Dioctria are absent from deserts. Here they are replaced by a species of Saropogon (S. pittoproctus), which spends most of its life in the shade of weeds and shrubs; indeed they have the shiny‑reddish coloration, but not the black color. However, the majority of Asilidae, encountered in dry places in Summer and which hunt in open spaces, are thickly covered with light pollen, guaranteeing in the best manner possible reflection of the sun.

If males differ from females in sexual coloration, they spend most of their life in a different microclimate due to differences in behavior. Among such Asilidae, usually the male courts the female and spends most of his life searching for her.

A similar feature of the Asilidae is observed when comparing tomentum of bodies and time and flight habitat. Species which fly in hot, dry places, as a rule, have sparse and short pile, and vice versa, flying in a cool time of the year they are densely covered with pile, and have black, naked spots on the body, which help to absorb the energy rays of the sun, thus raising the body temperature. Inhabitants of rainy places or seasons have well‑developed long bristles on the medial crest which are instrumental in repelling drops of water (Dysmachus).

However, all enumerated attributes cannot guarantee the preservation of optimum body temperatures of insects for the duration of 24 hours. Asilidae are carnivorous, and their fertility wholly depends on lucky hunting. Therefore, daily adaptation is necessary for maximum survival. This goal is obtained by following a strict daily behavioral regime.

BEHAVIOR AND DAILY REGIME.  The daily diet is determined by the length of the prey activity period and consequently of hunting. Copulation and egg deposition are moved back to a secondary place. Those species, such as Stenopogon avus Loew, feed on flying adult Acrididae which are active in the desert primarily during the hot parts of the day. Therefore, during the day the time is spent hunting, but in the evening, when hunger is satisfied, eggs are deposited. For copulation, however, night is reserved. Holopogon claripenis Loew feeds on small insects, such as gall midges (Itonididae), weevils, swarming dolichopodids, aphids whose basic flight in the desert in the spring months and in the beginning of Summer occurs in the morning and evening. At these times asilids also hunt, but they copulate and lay eggs in the daytime, when there is little prey. 

Even insulation in the form of light pollen, probably, cannot save many asilids from the excess heat of desert days. Satanus sha Rond. [= Esatanas shah], between ten a.m. and 6‑7 p.m., sits in the burrows of vertebrates and reptiles and it is impossible to see it during the day. Satanus gigas Eversm. hides in the depths of bushes. Neomochtherus tridentatus Loew, Holopogon claripenis, all Ctenota sit in the shade of plants. In the morning or in the beginning of the Summer, the majority of Dioctria hunt on the surface of thickets, but in the hot midday and toward the end of summer they retreat into the depths of the thickets.

In a different way this question is solved for Stenopogon avus, which catches prey at the same hot times of the day. Precisely at this time, an overwhelming majority of these carnivores manage to catch as prey, the Moroccan locusts (Dociostaurus maroccanus Thunb.), and suck them for nearly four hours, continuously receiving moisture, which, it is possible to presume, contributes to the cooling of the body through evaporation.  Probably only in that way is it possible to explain, that in cool years, the flight of some individuals in the desert extend to one or two months, but in hot years the flight period is shortened to 10‑15 days.

Machimus rusticus Meig., striving to use solar heat over a longer time period as the day ends, moves higher up the slope and in the evening sits on the highest of the same weeds and shrubs. In the foothills these asilids, after finishing the daily migration, choose a slope of optimum temperature.

Species of Asilidae, whose flight period includes either the end or the beginning of Summer, can occur on the same sites. Thus, Apoclea helvipes Loew, in the Spring and in the beginning of Summer hunts on sand hillocks, but toward midsummer it descends to the thickets of grasses toward the bottom of the hill. For Apoclea trivialis Loew, which flies from midsummer to late Autumn, the reverse sequence occurs.

In this way, the combination of characteristics of body structure, color, tomentum and behavior allows these insects to utilize every minute of the 24‑hour day.

But all these characteristics taken together do not widen the habitat zone of the species to infinity. Each of them has specific hunting zones, which it is difficult to describe in brief, but which can be understood more easily from a diagram, illustrated as Figure 10 at the bottom of page 219. 

Among other things a 'layer' for hunting species often is determined by prey selection. D. Melin (1923) and B.M. Hobby (1932,1935) hypothesized that certain Dioctria specialize in catching ichneumon‑flies (family Ichneumonidae). In our opinion, similar selection of prey is explained in the first place by frequency of encounters. Both ichneumon flies and Dioctria fly in the same places under protection of grass and shrubs. Probably, this in the long run, determines similarity in both their external form and behavior. 

MIMICRY AND FEEDING BY ASILIDAE
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Insofar as mimicry and its importance in the feeding of Asilidae is concerned, earlier researchers allotted a great deal of attention to it; we shall analyse it in more detail.

Poulton (1904) explained, that in such a case, if the asilids hunt specifically on one species of Hymenoptera, there is great similarity between them, but if asilids hunt many species, there is only a general similarity with Hymenoptera. This is explained, then, by the fact that carnivores search for their prey and by that fact that specialized prey select places where there is a multiplicity of similar looking species and are spared because asilid enemies of invertebrates mistake them for Hymenoptera. (Carpenter and Ford, 1935, page 50). In other words, Poulton and his followers think that some asilid species, which do not have devices to protect them from enemies, basically birds, imitate Hymenoptera which have stingers; they acquire two advantages: deliverance from the enemy and, flying in places of abundance of their own model, have a constant abundance of food. Is it so?

Mimicry is not a consequence of direct influences of environment affirm Carpenter and Ford. They substantiate this point of view in the following manner: "It is true the adult individuals (Asilidae and Hymenoptera‑‑P Lehr) adhere to the same places, but their larvae live in burrows created in the dry and drying wood pulp of stems. However there are fundamental distinctions, that is in food, which in boring bees consists of honey and pollen, while larval flies feed on larvae of honey bees”.

A broadly spread phenomenon of similarity of beetles of the family Lycidae and their imitators "demonstrates the full impossibility of connecting similar colors of adult stages with different conditions of life of their larval stages, during which similarity in adults is fashioned." (Carpenter and Ford 1935 p. 52, Italics ours‑‑P. Lehr.)  Editor’s Note: family Lyctidae, not Lycidae. 
But at the same time they write: mimicry cannot arise, while divergence from typical outward forms of groups does not provide material for natural selection. The phenomenon of mimicry of these flies and honey bees is expressed, chiefly, in broad form of the body, which is thickly covered with pile of suitable color. But such broad form generally is not natural to flies of these groups, which normally have a lengthened body." (Carpenter & Ford 1935, p. 430)

We agree with the opinion, that in order for the rise of the imitative aspect, there is necessarily preliminary "preparation material" but this is attained, as we see further on, first under the influence of habitat conditions.

All the above mentioned conclusions, Poulton's (1904, 1906, 1924), and after him those of Carpenter and Ford (1935), were made on the basis of observations of species of Hyperechia (Laphriinae), which are close to our normal Laphria. Cott (1950), in this connection, writes as follows: "One of the inevitable consequences of mimicking ties among systematically distant organisms‑‑ is this divergence of the exterior of the imitator from the usual appearance of that systematic group to which it belongs, and the acceptance by it of the external characteristics belonging to a very remote Class or Order. For example, some Asilidae strongly resemble honey bees of the genus Xylocopa and in this way, at the outside, have diverged from closely related, but not imitative species: the latter are slender, have naked body and narrow transparent wings, while the imitators have broad, hairy bodies and pigmented wings (p. 454). Everything stated is correct for the comparison not only between bees and asilids, but also for a comparison between the asilid subfamiles, Asilinae and Laphriinae.

As has been mentioned, flattened and broad forms of asilid bodies (compared to the usual Asilinae) are the inevitable result of specific behaviors, and are typical of species which anticipate finding prey on trunks of trees. This form has occurred because of specific behaviors and the influences of substrate, where it spends most of its life, on an insect’s morphology. The body of Hyperechia is more depressed than on most Laphria, but any of our Laphria, according to width of body, occupy an intermediate position between Hyperechia and typical species of Asilinae. In other words, the selection because of "tendency toward mimicry dealt not with "slender robber flies", but with thickset and comparatively broad Laphrines.

If environment and behavior of Asilidae of different phylogenetic groups are generally close, then their appearance is more or less similar. Similar examples were analysed by us when comparing the way of life of Selidopogon octonotatus and digger wasps; Dioctria and certain Ichneumonidae; Saropogon alternatus Loew and Vespidae (Lehr, 1962). In the present work this same dependency is examined using examples of species of Dioctria and Saropogon pittoproctus, Selidopogon octonotatus and Saropogon dasynotus Loew.

Cott (1950) emphasizes the community of habitat and behavior of imitators and models, thus departing from the mimicry theory: "The astonishing parallelism displayed by the species of these two orders (I have in mind the species of models and imitators, P.L.) can illustrate another condition namely, full concurrence of mimicking species not only on geographical spreading, but also on the precise habitat and on the form of life (p. 453).  Further, Cott examines corresponding examples.

In our examples (Dioctria and Saropogon pittoproctus, Selidopogon octonotatus and Saropogon dasynotus) it is clearly indicated, that such similarity can only be the consequence of the influence of environmental habitat, determined only by behavior. Thus, the Dioctria form is suitable, above all, for hunting in thickets of shrubs and grass, and in analogous conditions Saropogon pittoproctus evolved exactly such a form, although it is difficult to postulate that he copied it from Dioctria. In this case, mention of imitators and models is out of the question.

In Poulton's examples, which have been cited by subsequent authors, the same picture emerges. Asilids and xylocopid bees live under similar conditions. They even deposit eggs in the same place, and also their larvae live under identical conditions. If one should follow the hypothesis developed by us, then their coloring and tomentum should come closer as they began (evolutionarily speaking) to penetrate the same environment. And, reasoning from this analogy, as we did earlier (Lehr, 1962) we arrive at the conclusion, that the conquest of the same new environmental habitat by unlike insects (independent of the fact of the systematic groups to which they belong), as a rule, is accompanied by similar changes in color, and if their manner of life exhibits a great many common characters‑‑also will their body structure. With the passing of time, a similarity of a pair of such species of phylogenetically remote groups under the influence of identical environmental conditions can attain such closeness, that it will lead to the fooling of their general (and possible) enemies (birds and lizards). From this moment natural selection acquires great importance, which brings the initial similarity to its utmost perfection.

Therefore, the quotation from Carpenter and Ford, from our point of view, may be modified thus: if asilids hunt specifically for one species of Hymenoptera, the similarity between them can be great. This is explained by the fact that adult individuals of carnivores and their victims live under identical environmental conditions. If this were not so, they could not exhibit absolute similarity of color and tomentum‑‑which allows for the existence of the species only in identical conditions. If even one of these characteristics changes, for example, color, the asilid  carnivore and its prey will not be able, just because of this, to spend the greater part of their lives in the same place.

What has been said makes it possible to hypothesize that for the clearest manifestation of the influence of the external environment on color and tomentum of insects, we should look in groups of Hymenoptera with a sting, which are well protected from the attacks of carnivores.

Another question arises: is it true that Hyperechia feed only on its own models‑‑carpenter bees? This question, it appears to us, is still far from being resolved. As will be proved as follows, it is possible to determine feeding specialization only when a great quantity of prey, obtained from one place at different hours of the day, is available. While Poulton introduced that idea in 1904, his arguments rested on two specimens of Hyperechia xylocopiformis Walk as prey. (Poulton, 1906 pp. 399 and 378). On the basis of such fragmented observations taken on July 17, 1952, one could come to a wrong conclusion, ie., that Selidopogon octonatus females thus specialize on consuming their mates. (Lehr, 1958a)

On the other hand, it is no wonder that often the Xylocopa-model is prey of Hyperechia. In Table No. 1, one sees, that indeed asilids occupy first place in feeding of Asilidae in the Order Diptera ‑ 4.34%. In the same figure, there are 2.2% instances of cannibalism. In these instances, both hunger and frequency of encounters play a large role. And we are convinced that if more material is obtained on any Hyperechia species, then it will be shown, that the model species will be encountered proportionally in the feeding of imitators according to the frequency of encounters of other insects in the biocenosis.

Let us visualize what will result if our viewpoint is mistaken. The imitator lays eggs in nests of different species of carpenter bees (Poulton, 1924). It means, independently of whether it lives in sites where great numbers of its models live or not, fodder is provided to the larvae. But according to Poulton, this asilid is monophagous, that is the adult specimen feeds only on one species of insect‑‑the one which he imitates. Can it not result that, in consequence of the devouring by the adult fly and by her larvae the adult specimens and larvae of carpenter‑bees will become a very rare insect‑model? Then the imitative coloring of the fly, not reinforcing the systematically corresponding reflex of caution by her enemies, will lose its mimicking significance. Yet the whole essential, probably consists of the fact, that asilid‑imitators devour fairly large arrays of insects, and not only their own models, which for a majority of species, strictly speaking, is also natural for the family.

The conclusion can only be as follows: When insects of unlike species, genera or orders fall into the same conditions of existence and have similar behavior, then they "respond" to the close similarity of conditions with similar changes in the appearance. This first of all concerns color, tomentum, and sometimes also the appearance of body. However, if they occur in the same places, but have, for example, different colors, then that indeed indicates that the primary time of their life is passed under conditions with a different microclimate, or that their behavior is very different.

From this it does not follow, that similarity of imitator and model is in all cases the consequence only of community of environment (habitation) and of close behavior. In our considerations we proceed from the conviction, that in most cases, the environment reflects similarity of origin. However it is improbable, that only environment and behavior could create examples of such surprising imitation, which we observed in Hyperechia and Xylocopa. Selection has played the primary role here, of course. And we only have to regret, that often meticulous observations on the behavior of insects which are able to open one=s eyes to the real picture of things in nature, are replaced by abstract reasoning, on the bases of which, the fact of mimicry itself is completely denied.

METHODS OF DETERMINING THE AMOUNT OF PREY DEVOURED BY ASILIDAE
Data on the number of insects devoured by asilids are fragmentary (Sharp 1910; Melin 1923), but sometimes give rise to doubts (Bromley, 1930). Long ago, indeed, attempts were made to introduce knowledge into the literature about the feeding of the Asilidae in the form of statistics (.Poulton, 1906; Whitfeld, 1925; Hobby, 1935; Cole, 1958 and others). But a simple list of insects which had been selected on one or another asilid species, and still on the basis of collected or literary material, does not reflect reality in any degree. More detailed data on feeding of isolated species or groups of species of asilids, based on personal observation, have been presented by Hobby, 1932; Bromley 1914, 1923, 1948; Linsley, 1960.

In the domestic literature, data concerning asilid prey occur in the works of Federov (1925), Dekhtiarev (1926, 1929), Bogusha (1949), Zinoviev (1959) and the author (1958 a,b; 1961a,b; 1962a; 1963)

The great mobility and cautiousness of robber flies make the exact calculation of insect numbers devoured by individuals per day difficult, and, even more so, for the entire summer period. The problem is complicated by the fact, that the carnivore often catches the most varied prey from the systematic point of view, which is sharply distinguished by size. Small insects are sucked dry in a few minutes; large ones sometimes take several hours.

In the years 1959‑1960 two different methods were tried by us to determine the rate of asilid feeding. One of them can be examined using data obtained for Neomochtherus tridentatus on 15/VI, 1960.

A small section‑‑approximately 2.5 hectares‑‑was chosen on the edge of the Kzul‑Koom desert, with plenty of specimens. From the moment of awakening of the carnivores until evening we made a 30 minute count every hour. All flies were recorded as with prey or without it. The percentage of those feeding was calculated. On the basis of the numbers obtained in this way we have drawn a curve: No. 2 (Fig. 11).

The curve obtained does not completely simulate reality inasmuch as in the evening all carnivores are hunting, but during the day most of them hide in the shade or are busy with egg deposition and are not counted (curve No. 3, Fig. 11). While examining the curve, it should be noted that most specimens take part in hunting between 08-0900 hours and 19‑2100 hours. On the average 34 prey were taken at this time. Therefore, all hourly data obtained on feeding was calculated not on factually plotted quantities of specimens, but on these 34 individuals in the population. In such a case, curve No.1 (Fig. 11) reflects more precisely the actual conditions.

Further conclusions are disturbed by the great difference in size of prey and time spent feeding on it. But always it is flying insects that predominate in the diet of the species. As a rule, they are the nearest to the prey in average size. In this case, snout moths (Tegostoma sp.) were the prey items, the sucking on which the asilids spent approximately 33 minutes.

Figure 12 provides a graphic representation of the rate of feeding of the asilids over the  course of the day. On the axes of the abscissae we plotted segments, suitable to the duration of the sucking of prey by the asilids (in our case equal to 33 minutes). On the axes of the ordinates‑‑the number of asilidae. On diagram 12, crosshatched square No. 1 corresponds to the time, that was spent by one asilid on the sucking of one moth. The square ABCD, limited by the axes of the coordinates, could be filled by squares, corresponding to duration of feeding (Fig. 12 a); also the number of these small squares was determined by production 100 (the assumed initial figure of the asilid population) at 27.3‑‑the amount, obtained from the deposit on axes of the abscissae of the segments of the time, spent on sucking one individual of prey (in our case the size of the segment corresponds to 33 minutes and it fits into square AD 27.3 times).

In other words, the surface of square ABCD, limited by the axes of the coordinates, will correspond to the number (where the unit of measurement is the small crosshatched squares, Fig. 12a), which determines the intensity of feeding of the entire 100 asilids, assuming conditions of continuous feeding during the whole day. The dotted curve (Fig. 12) over the surface of the large square ABCD cuts off the portion numerically of close numbers of individual insects caught during the day representing the population in the study area. For the convenience of calculation, we substituted the dotted curve with a solid breaking line and obtained a series of right angles consisting of approximately the same area in themselves. The sides of the squares having been obtained, the parallel axes of the abscissae, in our case, interVa 1 are equal to one hour of time, but the laterals (parallel to the axis of the ordinates) correspond to the percentage of asilids feeding in a given length of time. Therefore, the area of all the squares simultaneously is also the sought‑after magnitude, which expresses the number of prey eaten by 100 asilids per day. This area is equal to the total of the sums of the lateral sides C (in our case 181.7) on time, that is required for the sucking out of one specimen of prey, -- a (in our case 33 minutes).

A series of calculations follows. Having determined how many moths an asilid could suck out per hour (x), we arrived at a small side of each square, for a ratio of sixty minutes to 33 minutes (length of sucking of prey is B a):

60 minutes 

60 minutes

X =    ____________      =    __________   =  1.82

      a


33 minutes

Further we arrived at the number of moths (y), sucked by 100 asilids per day, that is 

y = x : C. Hence y = 1.82‑181.7 = 330.094.

Therefore one asilid eats in a day: 330 : 100 = 3.3 moths.
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The sequence of calculation can register by the following formula:  n = _____

        5a

where: n B is the number of asilids feeding, registered for the entire day 

           C B  results from addition of hourly data expressed in percentages): 

            a B equals the  average length of sucking of prey. 

If according to this formula, one calculates the number of moths eaten by an asilid per day (corresponding to curve 2, Fig.11), ‑‑then the portion of each asilid eats amounts to 3.94 individuals. That is, if we don't take into account the regime of asilid feeding during the whole day, an inaccuracy results therein with an excess over the factual intensity of feeding up to 20 (19)%. This figure, which was obtained on little material, of course, cannot be used as a coefficient for calculation of intensity of feeding of asilidae for all cases, the more so for a species with a different regime of the day. But for lack of a better, one can enter a correction of 20%, which will, probably, be near the truth. 

In 1960 analogous observations were conducted for Holopogon claripenis. Regrettably, the calculation was made not on one area with constant density, but during an "inspection itinerary" more than 1.5 kilometers long. The average density of population was not known. If during the calculation for this species one takes for the original prey bugs (Miridae) with an average size of 4.5 mm., then H. claripenis can suck 5.8 specimens per day. During the corresponding correction, based on the material from N. tridentatus,‑‑ 4.6 specimens. During the feeding of all midges, more suitable to the average according to size of prey, this figure grew to 18.1, but with the correction‑‑to 14.5 specimens.

Earlier there was proposed by us (Lehr, 1961 b) a less difficult method to determine the intensity of feeding by asilids, but convenient only for those species, who suck prey for a certain continuous time. Under this method the peculiarities of the daily feeding regime are not taken into account.

The number of insects, eaten by an asilid per day, during stable favorable conditions depends on the corresponding size of body of asilid and insects, constituting the basis of the feeding. On average the majority of these species this correlation is close to 1:2 (Lehr, 1958a). Stenopogon avus feeds on basic winged locustidae, similar to it or slightly surpassing it in size (Moroccan locusts and males of the desert grasshopper) per day this asilid devours up to 1.5 specimens.  The individual of the prey Neomochtherus tridentatus, amounts to 1/3‑1/4 times the size of the carnivore, per day the individual of this species devours approximately 3.4 insects. Holopogon claripenis exceeds several times (according to size) the insects on which it feeds and devours during the same time from to 14.5 individuals. Of course for species that feed on coarse prey, the number of victims is increased, if they are obliged to catch small insects.

RELATION BETWEEN ASILIDS AND PREY SPECIES
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The prey for each asilid is the source not only of food, but also of moisture, which is especially important in the deserts. The more abundant the prey, the more eggs the female deposits. side by side with this fertility of each female is determined by the length of flight, the latter indeed in turn depends on the abundance of food, simultaneously also on the source of moisture.

Indeed which species of insects, or groups of species, are able to guarantee food to gluttonous carnivors which propagate sometimes in large numbers?

1. The simultaneous and lengthy blossoming of any plant or group of plants attracts large numbers of insect‑pollinators, and in first place the hymenoptera. This also will be the first and the same broad group of insects, which can provide subsistence of a determined species of asilids.

In the Golodnaya steppes Akkuray (a honey‑pollen‑bearing plant) occupies great areas of the basic desert, and in these sites Promachus canus leontochlaenus Loew are concentrated. But continuous masses of these plants are often poor for Hymenoptera. It is possible, that in thick weeds, insect‑pollinators are dispersed over the abundantly flowering plants. And precisely in such places Promachus are rare.

Flowering of the spring and early summer ephemera of mustard, umbellifera and the remaining families attract many insects, also asilids (Saropogon dasynotus) who hunt them. In the summer in the desert many species of asilids fly in places of saltwort (Stenopogon avus solsolacearum Lehr, three species of Ctenota, two species of Trichardopsis and others). We have previously written (Lehr, 1958a) about the concentration of Selidopogon octonotatus in deserts on a dry creek‑bed, where there were abundantly flowering thistles.

Less clearly delinated is the group of asilids, which is connected in its feeding with blossoms of plants in abundant thickets of weeds on steppes and in fields within forests in similar but more moderate or damp zones and on slopes of mountains. Here often are abundant and different insects not connected immediately with blossoming plants. Therefore it is clear that the specialization in feeding on insects of definite systematic groups by Dioctria, often is absent. Here different species of Hymenoptera clearly predominate as the  most fed upon group, but occur equally with other abundant and different insects. In short, if one proceeds from specialization in feeding, then in a given case one has to accept, that asilids catch prey of all insects of a specific size during massive flights (of prey) that occur at definite hours of the day. But this complex of insects, which comprise the robber fly’s prey, indeed will be closer to the second of the groups being examined.

2. In Spring in the desert (ferula? – unknown desert plant) and remnants of last year's thickets of perennial grasses serve in the daytime as a shelter for structurally dissimilar small insects which usually fly in the evening. These, unlike mosquitos, are basically gall midges, aphids, flying ants, various small beetles (staphylinids, ground beetles), and cicadas (= leafhoppers). A great number of dissimilar asilid species also live at the expense of these insects.

In deserts Holopogon sp. fly in the spring and early summer months. They wait for prey, sitting on the tips of branches. The most active hunting is in the evening, but sometimes also in the morning. By day, when it is hot, these black flies can get overheated by the hot rays of the sun, and therefore hide in the shade of plants. At the same time the female deposits eggs in the depth of the bushes, but later they initiate copulation. During summer Jothopogon species lead the same life.

In October in the foothills of Central Asia, Cyrtopogon daimyo flies, also living at the expense of small insects flying in masses, but at this time (of year) in the morning and evening it is cool, therefore the asilids are active in the day.

Therefore, representatives of a second group have developed the habit of catching insects of definite size themselves by mass flights over an area of plants at definite hours of the twenty‑four hour period.

3. To a third group are consigned species of asilids, living at the expense of locusts, worker‑ants, and adult may‑beetles which breed regularly in masses.

The abundance of locusts in certain places is so predictably stable yearly, that it appears as a stimulus to the emergence of species, which without this group of insects, probably would be doomed to die out (S. porcus).  S. avus also can exist only during an abundance of locusts. It is true, this species is most active during temperatures of 38‑42 degrees C°, when there is minimal comparative atmospheric moisture. At this time, asilids of all other groups retreat to the shade. Even on the smallest individuals‑‑males of the desert grasshoppers -- S. avus sucks for more than three hours. If we consider, that most prey are caught prior to 12 o'clock noon (Lehr, 1961), then the assumption is completely admissible that in the period of greatest heat from 1300‑1700 hrs, these asilids experience uninterrupted compensation for evaporation of moisture.

It is interesting that a  Stenopogon sciron superbus Portsch in the foothills of Ala‑Tay beyond the Ili river, where it is cooler and damper than in the desert, sucked the male of the Italian grasshoppers continually for a whole two hours nineteen minutes. During this time it deposited fluid so abundantly through the anal opening, that at the end of its feeding at this place, a large number of ants was gathered. Such a "rain of drops" deposited by Asilidae in the desert, has never occurred during the absence of locusts; however, during the presence of other small insects‑‑a prey, which is sucked quickly, but which it is necessary to catch often, the asilids, probably, will not be able to survive the great heat.

Thus in the dry summer of 1961 each individual of S. avus flew for no more than 10‑12 days. In this same year the flight of other species of asilids was also short. Probably in the desert even withdrawal into a shelter does not completely save them from the fatal action of evaporation.

Satanas sha conducts itself in a completely different way. By day it usually hides in the cool holes of rodents and other animals, which makes it less exposed to the scorching air of the desert.

In the same way worker ants are similarly regulated more or less over the year as food for Asilidae. However the peculiarity of their behavior demands from asilids extreme specialization, which is accompanied by a significant change‑over of appearance of the carnivores. A consequence of this is a complete refusal of other prey. Neolaparus mesasiaticus (Table 1) can serve as an example of similar adaptation. Heteropogon sp. in this respect is less demanding, it sometimes catches and sucks insects that were crawling along the ground, similar to (the behaviur of) ants (staphylinid beetles, narrow bugs).

4. Quite apart stands the prey "collecting method” shown by Leptogaster species. Their food consists of all small insects, which they can find on the surfaces of grasses and bushes, among them numbers of aphids, leaf fleas, small cicadas, nymphs of bugs and grasshoppers, small flies and even spiders.

In this way, the specialization of feeding of species is determined by the presence of prey in the places occuppied by them. The behavior of the species which constitute groups of abundant individuals of insects is very different, also maximum utilization of these natural resources" required two basic courses of solving problems, in themselves of contrasting nature.

The first requirement is acquisition of habits of catching unlike, but abundant insects in certain years. In such Asilidae in different years and in different places the prey could belong to different species, families and Orders. In a given case the limiting of a circle of victims is determined by such secondary characteristics (by the way, not always insurmountable), such as size, degree of toxicity, or, for example, hardness of chitin, (wasps and beetles for one series of asilids). To the majority of asilid species, precisely such "specialization of feeding"is inherent.

In the process of the formation of the fauna in many biocenoses there were outstanding groups of insects propagated over an extension of many summers in large numbers. Naturally, in such cases, certain asilid species acquired habits of catching preponderantly those must usual insects in these cases and number. How this could occur can be seen in the example of Promachus canus leontochlaenus [Lehr 1958, 3rd (B); 1961 II (b)].  Only after having ‘become trained' to catch the less mobile may‑beetles Cyriopertha glabra Gebl., could the asilid change to feeding on the manure‑feeding beetle, Gymnopleurus sp., that is quick in flight. In analogous conditions in the Golodnaya steppe with the disappearance of basic food items of the species—Hymenoptera-‑the asilids died out in the course of a few days, but could not switch over to feeding on Gymnopleurus sp., that were more numerous here than in the Prvsvrdaryink (sp?) deserts.

It is completely possible that a conditioned reflex, being reinforced over a very long period of time by successful capture of insects of the same species, finally converted into an absolute (reflex). And thus asilids "began to prefer" prey precisely of such an Order. As the conversion of the conditioned reflex to absolute occurred, the selection "contributed" to the change of the exterior skeleton of the asilids in the direction most favorable to catching prey by emphasizing peculiarities precisely for that type of life (grasshopper nymphs for S. porcus and worker‑ants for Neolaparus mesasiaticus Lehr).

Thus, within the genera, which consist of monotypic species (in appearance, method of hunting, etc.) there emerge species morphologically sharply different not only in behavior, but also, as a consequence, in structure. The changes under discussion had one strong, fixed overwhelming reason: to obtain as many prey as possible. It is clear that during an abundance of year‑to‑year prey of one type, individual specialization can develop corresponding norms of behavior and changes in structure, which facilitate its catching, with less expense of time and effort there could result absolute advantage in comparison with "nonspecialized" species, by feeding on nearly all insects they find.

Comparing these two groups, we see first of all, that species of the second ‑ narrowly specialized‑ are rare, although also interesting for us in their peculiarity. Such species, if they occur in a large genus, are easily distinguished by their appearance. Thus, of the fifty species of Stenopogon of the Paleoarctic known to us, only three of those we have observed had sharp morphological differences (S. porcus, S. zimini Lehr, S. sabaudus harpax Loew.) while the remaining forty plus species were astonishingly alike (Lehr, 1963). The same can be said of the humpbacked Heteropogon sp. in relation to the rest of the species of the genus.

If we shall examine these two groups of species from the viewpoint of their flourishing, then we must yield evident preference to the first (abundant?) group. Their formation is also common because in the most unlike conditions it gives to them the possibility to leave multiple descendants. Such species must be especially long‑lived. Of course in an historically long interval they can change, due to changes of the environment, but such changes will be insignificant (Lehr, 1962 b).

The species of the second group, probably are less enduring, their peak apparently, cannot be extended long, although in a given historical moment they numerically can even predominate over species of the first group. Their situation, in our view, is unstable. In the history of fauna of the earth many examples of complete disappearance in their time of massive existing animals are known; for example, certain herbivorous ones, that accompanied a disappearance, as a rule of carnivores living at their expense.

If we speak in general of animals, then from this viewpoint, the preservation of latimeria can be explained not only by the insignificant changes of environment of their existence‑ during 500 or more million summers, but also by the fact that they are carnivorous. Moreover, as much as one can judge based on fragmental knowledge, the cycle of food of these carnivores is very extensive. Probably the same reasoning is correct also for such ancient fish as sharks, etc.

CHANGES OF FOOD MAKEUP OF ASILIDAE IN RELATION TO SEASON
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SPRING. The number of asilid species, flying in March‑‑April in south Kazakhstan, is not great. As well as one can judge on the basis of limited examples of prey taken by Hystrichopogon hirticeps Herm. the content of its food is very varied. Basically these are insects, wintering in the adult phase: beetles, Hymenoptera, ants, etc. In a given case, the specialization is determined first of all by size of prey. And the carnivore lives not at the expense of a definite species or group of forms similar in behavior, but at the expense of the whole complex of insects able to fly at that time.

SUMMER. As the increase in dryness of the air comes about there are more asilid species living at the expense of a more or less narrow group of insects‑‑Hymenoptera, locusts, may beetles, etc. Especially is this true for deserts. Here the abundance of species, indeed the very existence of species, is dependent on an annual or nearly annual mass increase of definite groups of insects. Therefore at this time we also find most of all narrow oligophagous and even monophagous ones (Neolaparus mesasiaticus).

AUTUMN. At this time there are still found species with narrow specialization of feeding. Thus, the population of Machimus setosulus Zell., living in rocky deserts, as can be supposed, there occurs in abundance, thanks to the fact, that the period of their flight coincides with the massive wing development in Eremippus simplex (Eversmann). At least, other insects are very rare at this time in these places, but asilids at the time of our short observations evidently were hunting for locusts. At this same time there was noticed a mass emergence also of other asilid species, but upon what they were feeding, it was difficult to tell

Indeed the majority of flying asilids live at the expense of various small insects: cicadas, bugs, small flies, etc.
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Earlier D. Melin (1923) mentioned, that certain asilid species cannot feed on insects of certain orders, in particular hymenoptera. This view point is confirmed by our observations. But at the same time it is necessary to agree with B.M. Hobby (1932), that such cases are less frequent than D. Melin suggested:

REJECTION OF FOOD. Eutolmus implacidus and Stenopogon porcus never had a single Hymenoptera in content of  food. These asilids flew simultaneously, both at the same hour and in the same places. Saropogon dasynotus flies at the same time here, in whose feeding Hymenoptera constitute about 80%, and the asilid itself was prey of E. implacidus.

The same pattern was noted for Machimus rusticus Meig. and Machimus alatavicus Lehr, except in regard to beetles. Of peculiar note is the fact that flies are very rare (in their diet), and locusts are never caught by the Acanthocneminae asilid groups.

FOOD PREFERENCE. As can be seen in Table I, Stenopogon avus and S. porcus prefer locusts, Eutolmus implacidus‑‑beetles, species of the Acanthocneminae group --Hymenoptera (Aculeata).

It is necessary to comment on the specialization of feeding exhibited by Stichopogon sp. From the material in the Table, one can develop the conviction, that these species prefer to catch insects of such a rare group as pigmy moths. Actually all appear much simpler. All 19 specimens of these insects were removed from asilids on moist sand on the canal of the Syr‑Darya riverO Other insects here were rare, but pigmy moths were found in enormous numbers. With the same success one could remove from them 200 or more specimens, while in other places this asilid lives on midges, cicadas, and other small insects. This fact demonstrates how difficult it is t~ speak about the specialization of feeding of separate species, whose content of prey is determined by sizes and abundance.

To provide a better idea of "specialization of feeding" we herein introduce an "index of specialization".  The latter results during division of the quantity of species of prey on general number of victims, taken from the species. It is clear that the asilid species can be considered the more specialized, the less numerical is the size of its index. In such a case the most specialized is Neolaparus mesasiaticus.  But it is interesting that S. avus which catches insects of eight orders and 62 species, stands in second place in specialization of feeding. This again shows, how important it is to have a large number of prey for the analysis (Table. I).

Taking into account everything stated for the specialization of feeding of Asilidae we must approach not only by way of the simple analysis of numberical material in Table I. Then S. avus specializes in feeding on locusts. Consequently, it will be more accurate to calculate "the index of specialization," admitting all locusts as one conditional species of prey. Analogous to this, specialization of feeding of S. porcus, will be determined by the whole group of less mobile insects. Therefore the factual index of specialization of feeding will not be the one given at the end of Table I, but that which is given for certain species in Table 2. And if one should approach from this viewpoint, then the index of feeding of Holopogon will be close to 0.001, since this asilid has the habit of catching the largest group of small insects.

One can determine specialization of feeding only by having (collected) a large number of prey. But even in this case we could not always avoid making mistakes (as per the example of Stichopogon sp.). So, for example, by analysing feeding of Promachus canus leontochlaenus during 1957 we arrive at the conclusion that it prefers to catch beetles, but data collected in 1959 convinces us that its preferred food is Hymenoptera. However, the collected prey in 1958 can lead generally to absurd assumptions, because 60% of its food (in that year) consisted of bulb‑flies (Lehr 1961a). 

If we judge the feeding of S. avus on the basis of the data collected during the first 10 to 15 days of the flight of the species for 1959 (Lehr, 1961 b), then it creates the impression that this asilid can live with identical success as much at the expense of locusts as of Hymenoptera; yet its index of specialization is 0.07: (Table 2)  **Editor=s Note: Index of specialization in Table 2 for S. avus is 0.12
The 9th of May, 1961 in the very hot late hours of the day, 6 specimens of prey were taken by Eutolmus implacidus. Of this number there was not one beetle of Blitopertha variabilis Ball., usually constituting here its basic food. In the collecting however on the 11th of May (from 10 to 11:40 in the morning) all six specimens of prey were the above‑mentioned May beetles. After one p.m. another two specimens of prey were taken, both flies. All this further convinces us once more that it is possible to understand specialization of feeding of one or the other species of asilids only with detailed acquaintance with its biology throughout all periods of their flight and in all places (where they exist).
