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1. SPIDERS. On the banks of the Ala‑Tau Mountain beyond the Ili river in 1953 on a footpath was found the asilid Stenopogon albociliatus Herm., which had captured a spider. Probably the death of both carnivores came about instantly and simultaneously. Only by this could be explained so natural a posture of an asilid, that he was assumed alive and easily covered by an insect net. Which of the carnivores was the attacker is difficult to decide.

Probably under analogous circumstances both Promachus canus leontochlaenus and Stenopogon avus catch spiders, for Stenopogon porcus captured a spider crawling over a plant, indeed it is included in the number of "completely legitimate' victims. However; Holopogon will  catch all spiders which move on the cobweb.  We had the opportunity to watch how Leptogaster cylindrica hispanica Meig. was sucking out a spider, without tearing it from its web.

2. DRAGON FLIES.  In special circumstances, as one can suppose, these insects serve as prey occasionally more often for starving asilids. Only such a supposition can explain the capture in a dry year 1961 in the desert (collected by G. Nicolaev) by Stenopogon porcus of a dragon fly, surpassing it by nearly twice its length.

3. PRAYING MANTIS.  In the cool year, 1959, in the Bolonaya steppe, we repeatedly observed how Stenopogon avus plunged at the flying male praying mantis, but unsuccessfully. And only in 1961, at the time of great heat and dry air, did S. avus "appropriating" the methods of catching prey by S. porcus, begin to catch nymphs of praying mantis. In all there were removed eight nymphs and one adult empusa??. Thirst is assumed to be the reason for so unexpected a change of hunting method by this species. At the same time this could serve as a graphic example of how and under which circumstances was developed the form S. porcus (living at the expense of locust nymphs). A similar habit, probably, "is aroused in S. avus in each dry year. Having observed in 1955 the capture of a grasshopper by it permits making such a supposition (Lehr 1958a, 1961b). Consequently, under natural conditions the instinct of catching prey can strongly change in relation to circumstances.

4. ORTHOPTERA. Locustidae according to our observations, are chosen as major prey items by only a few of the species of asilids known to us. However, for the individuals of the Satanas gigas population in places of flights of Moroccan locusts, so far as we judged by observations in 1957 (Table 1), Locustidae constituted the primary prey. With other asilids, locusts were only encountered as prey occasionally.

Grasshoppers are very rare among the prey of asilids. S. avus caught them most of all in dry years. The nymphs sometimes occurred in the prey of Leptogaster cylindrica.

Pigmy‑mole crickets (Tridactylidae) possibly are the usual food of certain populations of Stichopogon sp. in places where they commonly occur together.

5. HOMOPTERA. Of this order most often asilids catch small cicadas, in mass flight over thickets of weeds and shrubs. Adult winged aphids and leaf fleas are caught more rarely. And only from Leptogaster species did we succeed in removing wingless aphids.

6. HEMIPTERA never appeared as a basic feeding item for a single asilid species known to us. Many of them probably occur as prey during a scarcity of other insects. Observations permit making such an assumption. Thus, a female Machimus rusticus during egg depositing, accidentally seized the bug (Pentatomidae), subsequently throwing it away. Under similar circumstances it sucks other insects. Flying later M. alatavicus, in the drier time of the summer, when the choice of prey is less abundant, having captured a bug, sucks it.

7. BEETLES. In our observations and judging by the fragmental knowledge of other entomologists, may beetles and other leaf‑horned beetles become asilid prey especially often. For these beetles, mass flights are characteristic; therefore they can be expected to be an essential part of asilid prey. Thus, Blitopertha variabilis on the average constitute 42% of the prey of Eutolmus implacidus. But if we calculate not on the quantity, but on the general nourishing mass, then this percentage will be clearly higher since, for example, the small Muscidae can not, of course, compare with the above‑mentioned beetle. May beetles constitute a large portion of the prey of Promachus canus leontochlaenus.

In fact, almost all beetle families can be robber fly prey, in which are included tiger beetles, ground beetles, staphylinids and even darkling beetles (flying Tenebrionidae.) But we never encountered asilids feeding on blister beetles, in spite of the fact that they were very numerous in the majority of places, where observations were conducted on Asilidae. The sole ones, that willingly devour these poisonous beetles, are the variegated beetles (Cleridae). L.B.Ziminova reports that in the Alma Ata region she removed blister beetles (Mylabris) from Machimus rusticus. She observed a similar case in Trans‑Caucusus (verbal statements). We examine these communications thus. In the Golodnaya steppe we observed the way in which Promachus canus leontochlaenus seized and then rejected a two-spotted lady bug. Possibly the same thing occurred also in the cases observed by L.B.Ziminova.

However, "Large asilid flies," as explained by E. B. Poulton "are completely undiscriminating in their attacks, and the capacity to sting or deposit a malodorous fluid is not protection from them." (Carpenter and Ford, 1935, p. 69). This viewpoint requires elaboration. First, not every insect noticed in the clutches of a carnivore is already prey‑‑it can throw it away. Secondly, asilids are a broad group, and, as was shown, often specialization of feeding is peculiar to it. At least our observations show, that beetles of the Mylabris genus, having bright protective coloration, clearly are easily avoided by our asilid species.

However to deny the possibility of the consumption, by certain asilids, of poisonous insects is not possible (Hobby 1930,1932; Cott 1950). We collected sawflies (from Dioctria) used as food and staphylinid beetles from Promachus canus leontochlaenus, Cyrtopogon daimyo, Holopogon claripenis, Heteropogon sp. and others. But these are solitary instance, also the degree of toxicity of the enumerated species is vague. From this account it is seen that not all asilids, by far, could live utilizing such insects.

According to our observations, in the majority of cases the relationship of asilids to insects having protective coloration, is like that of insectivorous birds.

8.  NEUROPTERA are encountered rarely as asilid prey and it occurs rather by chance.

9. HYMENOPTERA. It was noted already a number of times that Asilidae of the Acanthocneminae subfamily live almost solely on stinging Hymenoptera (Aculeata). But the honey bee family (Apidae) constitute the major basis of their food, because representatives of other suborders and families are rarely gathered in such abundance. Other than the genera of this family, Hymenoptera also constitute the largest part of the prey of Dioctria, Promachus canus leontochlaenus and Machimus rusticus. According to the observations of E.G. Linsley (1960), the majority of North American species of Mallophora (related to our Promachus) live almost solely on various Hymenoptera.

Ants are an interesting anomaly. At the time of swarming of winged individuals, all species of asilids flying at that time (Table 3**) probably catch them, so that a false idea on the "specialization of feeding" can develop. It is a different matter with worker ants. As was mentioned previously, they serve as a basis of food for two asilid species‑‑Neolaparus mesasiaticus and Heteropogon sp.; it is interesting to note, moreover, that they were collected from three species of Ctenota. However the total number ants taken from the latter three species of asilids was so small, that it does not allow for making any conclusions.

**Editor=s Note: there is no Table 3 in this paper

10. DIPTERA. Among asilid species familiar to us, there are never any which feed preferentially on flies. The representatives of this order occur among asilid prey according to abundance of individuals flying in the hunting places.  In connection with this it is interesting to observe the role of asilids as prey of asilids; however, because there occur a large number of individuals of different species very often in the same time and under the same conditions, in the feeding on each other they occupy one of the primary places (4.34%, Table 1; Hobby, 1935) in comparison with other Diptera taken.

Bulb flies [Syrphidae] usually are absent in asilid diets, but in isolated years when a turbulent growth of vegetation is accompanied by a violent emergence of aphids, bulb flies appear also en masse, playing approximately the same role in feeding of asilids, as swarming flying ants.

The most interesting relationship of our asilids is with bee flies (Bombyliidae.) Several times it has been observed that during the attempt of an asilid to catch it, a bee fly made an abrupt cast laterally to the carnivore and he "flew off in fear." But even during absence of aggressive movements by the bee‑fly, they seldom were caught by asilids. However, in statistics quoted by Hobby (1935) for asilids of Rhodesia, they occupy the second place after Asilidae as prey of asilids.

11. BUTTERFLIES. Species of the Stenopogon genus (S. avus, S. albociliatus, S. macilentus) often catch rose moths, but these butterflies play an insignificant role in their feeding. Some days, measuring‑worm moths (Ematurga atomaria L.) in periods of mass flight constituted the basis of feeding by Machimus rusticus. Usually, however, butterflies are seldom among asilid prey. For the species of robber flies known to us, the small snout moth presents the sole exception, constituting 10% of the prey of Neomochtherus tridentatus. However Hobby (1935) surmises, that Alcimus setifemoratus Hobby prefers to catch butterflies.

It is interesting that many cabbage butterflies are clearly avoided by certain asilids (also by many birds), even big ones, while Satyrids flying past at the same time attract more attention.

Unique is Hobby's communication (1932) that a caterpillar of a butterfly was collected from Dioctria rufipes Deg, the carnivore having caught it hanging on a cobweb.
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Hull (1962) provided a count of 4761 species of Asilidae for the world. For the Palaearctic, about 1000 species of this family are known at present. According to Hennig (1952) over the whole world, the larvae of only 44 species of asilid are known, of them 23 from the Palaearctic, while the count for Europe is 21.

In the overwhelming majority of cases nothing is known of the behaviour of larvae. According to D. Melin's (1923) work the conclusion was reached that the majority of larvae were phyto‑or saprophagous. In particular, Melin commented that the cases noted of definite feeding by larvae of Laphria on larvae of harlequin beetles and wood borers was accidental. In his opinion, when making its way along the path of a cerambycid and having met an obstacle in the form of the larva of the beetle, the fly larva, striving to get farther onward simply gnawed through any obstacles encountered." This opinion by D. Melin was fortified by the analysis of the formation of the mouthparts and contents of the intestines of larvae. He expressed also a similar opinion in respect to the larvae of Leptogaster cylindrica.

However, detailed observations show that the larvae of asilids are the same carnivores as are adult flies.  In particular, as the observations of A.I. Cherepanov (1949) and B.G.Shurovenkov (1962) proved, larvae of Leptogaster cylindrica likewise paralyse their victims‑‑the larvae of click beetles, darkling beetles or may beetles, just as adult asilids do with their prey and suck their contents.

A great service in the investigation of the life and meaning of asilid larvae belongs to G.B. Shurovenkov (1959, 1961, 1962).  He convincingly proved that the larvae of Machimus cingulatus Fabr. and Leptogaster cylindrica are polyphagous, living on the larvae of different species of click beetles (Elateridae), darkling beetles (Tenebrionidae) and May beetles. During which "the asilid larvae of M. cingulatus destroy 5 or 6 times more wireworms than the ground beetles Platysma  sp. (1962, p. 773).  P.A. Esipenko (oral communication) observed in the vicinity of Khabarovsky, the feeding of larvae of the genus Eutolmus on larvae of May beetles and larvae of other asilids.

Numerous data on the predatory behavior of asilid larvae are in the foreign literature (Seguy 1950, Clausen 1940).  S.W. Bromley (1930) indicates that larvae of the Promachus species live on larvae of May beetles. Greathead, in 1963, wrote: The larvae of asilids are very well known to be carnivorous in the soil. Several species were found feeding on eggs in egg packets of desert grasshoppers in East Africa (p. 450). At the end of the work he listed five species of asilids whose larvae were reported within egg packets of grasshoppers: among their number was Stenopogon sp., the genus being richly represented in our fauna.

Asilid species, whose larvae have proved to be carnivorous, belong to various genera and to four (out of five) subfamilies thus deserving our particular attention. Apparently, this is not accidental. According to our deep‑seated conviction, the larvae of the overwhelming number of asilid species, if not all of them, are carnivorous.

SIGNIFICANCE OF ASILIDS

"Based on the behaviour of the adult asilid – these carnivores are one of the most active and universal (in relation to its share of victims); among their victims one can find insects from very different orders; neither fast flight and the large size of dragon flies, nor the strong external sheath of the beetles, nor repellency, as has been shown: the odor of many Hemiptera, do not protect them from attack by asilids." (Stackelberg 1950, p. 175). In short, let us consider the significance of asilids in terms of the destruction of the most harmful groups of economic insects. 

1. LOCUSTIDAE. In places of mass development of Turanian (Central Asian) and desert grasshoppers, there are usual two species of asilids, whose period of flight succeed each other. These are Stenopogon porcus and S. avus. The former lives on nymphs, the second on adult grasshoppers. According to the roughest calculation, in certain places of mass buildups of grasshoppers, S. porcus destroys up to 40‑60% of the nymphs of Turanian grasshoppers (Lehr, 1958 b), while S. avus destroys up to 20‑30% of winged individuals, basically males of the desert grasshopper (Lehr, 1961b‑‑under the name of S. heteroneurus). Even if we assume that these figures are exaggerated, the positive importance of these two species of carnivores does not provoke doubt.  

Among other species of asilids, feeding on grasshoppers is an accidental occurrence, and the percentage of destroyed pests, of course, is insignificant. Among such cases it is worth mentioning the feeding of Satanas gigas on Moroccan grasshoppers in clay‑like deserts of south Kazakstan. But in these places, these  robber flies were never observed in large numbers.

C. P. Clausen  (1940) and D. J. Greathead mention, that larvae of certain asilid species live on eggs in the egg packet of Locustidae. Such things were not observed on our sites.

2. MAY BEETLES. The damage from these insects and particularly from their larvae is well known, however, methods of effective and simultanous convenience of combating the larvae of may beetles are not practical for the time being and what is recommended is much too difficult and expensive.

Many asilids live on the adults of May beetles. We observed the devouring by Eutolmus implacidus of the May beetle, Blitopertha variabilis (Lehr, 1962) and by Promachus canus leontochlaenus of the Turkestan grain beetle. L.A, Zinoveva has suggested that Machimus gonatistus Zell., is the fundamental destroyer of Anomala errans F. Usually the number of May beetles serving as prey during asilid feeding increases in relation to the increase in numbers of beetles in the flight period. The designation of Asilidae as "draggers" of adult may beetles often is found in the literature.

It is called to one's attention that larvae of Promachus and Eutolmus live on larvae of May beetles. The larvae of Machimus cingulatus, according to observations by B.G. Shurovenkov (1962), decrease the number of larvae of grain beetles as much as 35‑82% in certain locations.

3.  HORSE FLIES. We were unable to carry out observations in places where horse flies were numerous. But judging by oral communications from a series of entomologists, many robber flies catch these blood suckering tabanids in large numbers. (Lehr 1958a, 1961 a). The following fact is interesting. Individuals of Satanas gigas in clay deserts prefer locusts, and on pastures along rivers and bordering lakes‑‑horseflies. All individuals of this carnivore, collected by L.G. Serkova, were living on horseflies and were less in number than the grasshoppers we gathered in places of mass flights of Moroccan locusts.

4. HYMENOPTERA‑‑POLLINATORS OF CROPS. The damage caused by asilids to the beekeeping industry already has been written more than once (Bromley, 1923, 1948, ??1958, ??1960; Linsley, 1960; Lehr, 1960, 1961a). In 1959, domestic bees from an apiary on Golodnaya steppe served as a source of food for a large population of Promachus canus leontochlaenus. For Stenopogon avus, which specializes on feeding on locusts prior to their becoming adult, bees served as 25% of prey. [Editor=s Note: Bromley published his last paper on asilids in 1959, and none in 1958].

It is interesting to note that in the vicinity of the apiaries we observed that asilids, towards five o'clock in the afternoon, were so satisfied that generally they did not pay attention to any insects flying past, including bees.

However, "The role of carnivores in the slaughter of the honeybee family is very small in comparison with the losses of bees, to poisonous arsenate, DDT and other insecticides under spraying or pollination, or casualties from sickness, caused by American dumps@ (Bromley ??1948, p. 15)

5. STEM PESTS. That information on the role of asilids of the family Laphria, in the destruction of larvae of harlequin beetles, wood borers and horned beetles and horntails, is small is possibly explained by the difficulty of observation. In this connection, data by M.Y. Volkovo (1934) relating the fact, that only after burns, that is, in places where the number of secondary pests increase, is Laphria gibbosa L. found, is interesting.

6. As yet it is too early to speak of the role of the Asilidae in the destruction of other insects. Holopogon species in the Spring, and Cyrtopogon daimyo in the Fall and species similar to them certainly catch large numbers of midges, cicadas, aphids and other harmful insects, but how far they succeed in reducing the abundance of these pests, it is hard to say as yet. [Editor=s Note: Throughout his published papers, Lehr uses the term cicadas very loosely, meaning both leafhoppers and true cicadas, which makes it difficult to ascertain to which group he is referring].

Worker ants devoured by asilids should probably be referred to negative factors, although it is uncertain if the asilids have great significance in this case.

On the role of asilids, especially of the Dioctria species, in the destruction of the ichneumon fly we have as yet very little information.

All that has been said herein concerning the significance of the Asilidae refers more to natural places: hay fields, pastures and forests. The legitimate question arises: How are the Asilidae related to the arable land? How does their number reflect on the mono‑culture and annual cultivation of the ground?

In this regard, there are a few observations. Leptogaster cylindrica merits particular attention. In the years 1954‑55 we observed large numbers of L. cylindrica tesquorum Lehr in grain fields in the Kokchetabsky Oblast. I.A. Badulin has reported on the mass emergence of this same subspecies in 1960 in certain places in the Tseliny region. Large numbers of L. cylindrica s. str. were observed by me in the midst of young crops of grain the vicinity of Alma‑Ata city.

All this is witness to the fact that this species easily tolerates plowing and in isolated years emerges in large numbers on grain fields. What is the role (of robber flies) in these places? According to our observations beyond the Urals the larvae of slender‑abdomened Asilidae are active carnivores, destroying wire worms (Agriotes sputator L., A. obscurus L.  Selatosomus latus F.) and the larvae of leaf horn beetles (Amphimalon solstitialis L., Anisoplia deserticola Fisch. As a rule, in fields, populated by asilid larvae with a number up to two specimens on one square meter, there are no more than 2 to 6 wire worms per square meter, which was noted in many fields (Shurovenkov, 1962 p. 777).

Adult flies of this species are confined to thickets of cereal (it would be better to describe them as cereal asilids). They feed on aphids, bug larvae, grasshoppers and other insects, that are sitting on plants. Here the positive importance of the adult individuals is undoubted‑‑because the bugs (the eurygaster‑bugs, sharpheaded bug) are among basic grain pests.

The massive emergence of other species of Asilidae was also noted. Thus in 1961, in the  Sarkandskom district in a wheat field, L.D. Kazn’enas noted the flight of a large number of Stenopogon marikovski Lehr. In 1958, we observed a large congregation of Neomochtherus tridentatus in young unirrigated crops of grain in the vicinity of the State Farm, Darbaza Chimkenstky Oblast (Lehr 1961 a). Here again in 1957 Promachus leontochlaenus was found in fields, in particular with prey‑‑Turanian grain beetles. As is known, larvae of asilids feed on the larvae of May beetles. The small Neomochtherus sp. is common in grain fields. On alfalfa, Dioctria are frequent, probably one of the basic enemies of the ichneumon fly (Hobby, 1932). On well cultivated fields with high agrotechnology, where wire worms are rare, larvae of Machimus cingulatus go over to feeding on May beetle larvae bringing their number to a minimum, According to information supplied by B.G. Shurovenkov (1962),. In orchards around Alma‑Ata Machimus and Dioctria species are not uncommon, and in the Fall, Cyrtopogon daimyo occurs in the foothills.

Thus, within the rich in species family Asilidae, are those robber flies which not only reconcile with the complex agrotechnical methods, but in isolated years give, in the field, an explosion of mass propagation. According to the observations of B.G. Shurovenkov, porous soil facilitates the the search of an asilid larva traveling through the soil and subsequent attack on pest larvae.

Regrettably, asilids die en masse from poison. We repeatedly have observed that areas of desert and pasture, treated for locusts, first of all lose asilids (Lehr, 1958 b). As B,G. Shurovenkov  indicated both larvae and adults of Asilidae are very sensitive to all synthetic organic poisons. Therefore under the contemporary methods of massive repeated chemical treatments the activity of Asilidae comes factually to nothing.

As a whole asilids are useful. But what significance does this have for us? How can one use them? Of course, it is very difficult to recommend the use of insects, about which we as yet have very little knowledge. Information from B.G. Shurovenkov (1962) on the significance of larvae, gives us a most detailed summary, filling less than a leaf and a half (3 typed or printed pages, transl.). And yet there is nothing similar to this work, in wealth of knowledge, in the world literature.

We consider that the use of asilids for the destruction of pests in a rural economy is a reality. The development of biological measures for combating pests in Canada (Steinberg, 1962) speaks for it; this is based on biological knowledge of all useful entomophageous species and on their complete use. A single species of carnivore or parasite destroys only a small percentage of all of the individuals of the pest population, but in total, together, all these entomophageous species bring down pest numbers to the minimum, which allows reducing chemical treatments almost completely. And yet, according to the observations we have (Lehr, 1958 a,b; 1961 b; 1962 a; Shurovenkov 1961, 1962) certain asilid specics destroy not a just a few, but 10‑20‑30‑40 percent of the individuals of the pest population.  Moreover cases are not rare when both larvae and adults of these insects devour the different developmental phases of the same pest. 

Therefore we consider as basic the assumption that the biological knowledge of these carnivorous flies will permit them being used in the combat with such pests, wherein, at the present time this combat is very troubled or ineffective, for example May beetles, wire worms and certain forest pests. It is necessary not to by‑pass the useful activities of the Asilidae, but to call attention to their behaviour‑‑this can speed up using them in our rural and forest economies.
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FIGURES:

Figure 1: Male Promachus canus leontochlaenus Loew with prey

Figure 2: Laphria xanthotrix Herm. female on stump of a fir awaiting prey. Alongside sits a sap-feeding wasp unnoticed by her.

Figure 3: Cyrtopogon daimyo Speiser. Moment of courting (male on right). female with prey, a leafhopper, of which the female, sucking, keeps hold of merely with the proboscis.  [Editor’s Note: wings of both male and female are spread-out, male’s ornamented fore tarsi are elevated]
Figure 4: Female Saropogon pittoproctus Loew with prey. 

Figure 5: Male Leptogaster turkmenica Paramanov sucks a bug.

Figure 6: Neolaparus mesasiaticus Lehr waiting in expectation of prey.

Figure 7: Female Selidopogon octonotatus Loew waiting for prey in a "plot" of low grass surrounded by weeds. 

Figure 8: Male Saropogon dasynotus Loew waiting for prey.

Figure 9: Male Stenopogon porcus Loew, wings are contracted, covering a little more than three segments of the abdomen.

Figure 10: Diagrammatic presentation of hunting places of certain asilid species.

1 - Leptogaster gracilis Loew, 2 B L. turkmenica Paramonov, 3 B Satanas gigas Eversm., 4 B S. sha Rond., 5 B Promachus canus leontochlaenus Loew, 6 B P. canus Loew, 7 B Apoclea, 8 B Astochia caspica Herm.. 9 - Neomochtherus tridentatus Loew, 10 B Eutolmus placidus Loew, 11 B Machimus sp. , 12 B Amatomia persiana Beck., 13 B Loewinella virescens Loew, 14 B Dasytrix ramicosa Loew. 15 B Ctenota ruficornis v.d. Wulp, 16 B C. molitrix Loew, 17 B Laphystia , 18 B Rhadinus mesasiaticus Lehr, 19 B Stenopogon avus Loew, 20 B S. porcus Loew, 21 B S. marikovskii Lehr, 22 B Holopogon, 23 B Habropogon deserticola Lehr, 24 B H. verticalis mesasiaticus Lehr, 25 B Stichopogon, 26 B Jothopogon leucomallus Loew, 27 B Neolaparus mesasiaticus Lehr, 28 B Saropogon dasynotus Loew, 29 B S. pittoproctus Loew.  

The explanatory caption on the bottom reads: Waiting for prey they sit: on the surface of bare ground: 4,7,15,16,17,18,24,25,27; on the surface of ground in remains of plants and shrubs:23; in remains of weeds and shrubs: 1,2,12,13,29; on low weeds, protected from wind by many high plants: 10, 27, 28; on twigs of peripheral parts of shrubs 3,6,8,11,14,27; on projecting bare ends of single twigs: 3,22,26;

Figure 11: Dynamics of flight and feeding of Neomochtherus tridentatus Loew: 1. Number of available Asilidae [in the environment]; 2. Number of asilids actually observed feeding; 3. Curve of asilid flight during the day [flight pattern over 0800 – 2200 hrs].

Figure 12: Graphic representation of rate of diurnal feeding of Asilidae; 

