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Introduction

Twenty years ago, Lavigne et al. (1978) pub-
lished the first update for robber fly (Diptera:
Asilidae) literature (1956-1976). Their update
included the first complete review of recent lit-
erature since that produced by Hull (1962) in
the second volume of his work entitl&glob-

ber flies of the world."In recent years, a sig-
nificant number of papers relating to various
aspects of asilid taxonomy and behavior have
been published. Because of the number of pa-

addressed in six papers. Of particular impor-
tance, the ultrastructure of asilid venom glands
was illustrated (Donadey and Musso, 1977),
while the toxicity of the venom was covered in

a later paper by Musso (1978). Immature stages
have been discussed or referred to in at least 20
papers, the most important being Musso’s
(1981), which dealt with the development and
morphology of immature stages of some asilid
species, and Dennis and Knutson’s (1988) de-

pers published over 19 years and the increasing scribing the pupal cases of some South Ameri-

interest in robber flies, it was felt that it was
again time to update the literature.

Advances in taxonomy have been striking with
large numbers of new species described. Since
Lavigne’s last update, more than 200 papers
were published on the subject, in addition to 14
catalogs. The female spermatheca as a taxo-
nomic tool has been increasingly utilized by
taxonomists, such as Theodor (1976),
Bullington and Lavigne (1984a and b),
Nagatomi and Nagatomi (1989), and Artigas
and Papavero (1988-1995). The taxonomy of
South American robber flies has been admira-
bly addressed by Artigas and Papavero (1988-
1995), while that of Africa has been admirably
covered by Londt (1977-1995). Londt (1994d)
has introduced the innovation (following a de-
scription of a genus) of using couplets in a key,
plus male genitalic illustrations, to serve as the
description of a species. Quite recently, Yeates
(1994) has reclassified the position of the
Asilidae in the taxonomic hierarchy in relation
to Bombyliidae, Apioceridae, and Mydaidae,
while Artigas and Papavero (1988-1995) have
increased the number of subfamilies of the
Asilidae from the generally recognized five to
eight. Papers extending our knowledge of the
distribution of robber flies, not counting the nu-
merous taxonomic treatises, numbered 130.

Morphology has been covered in numerous
taxonomic papers, while physiology has been

can robber flies. Investigations have begun on
the chorionic microstructure of asilid eggs as
evidenced by the papers of Lawson and
Lavigne (1984) and Castillo et al. (1994).

In the area of asilid biology and behavior, nu-
merous papers (N = 62) have appeared such as
those by Lavigne and cohorts (1976-1994).
Some innovative techniques have been utilized
in recent years, particularly those of O'Neill
and cohorts (1990-1992), Tricca and Truijillo-
Cenoz (1980), Scarbrough (1981c), Shelly
(1985b, 1986 a and b), and Hastings et al.
(1994). Papers dealing strictly with predation
numbered 61, although predatory activity also
was covered in a number of ethological papers.
Courtship of several additional species has been
describedCerotainia albipilosaCurran
(Scarbrough 1978b¥;yrtopogon montanus
wilcoxi James (Bullington and Lavigne 1992),
GlaphyropygadryasFisher and Hespenheide
(Fisher and Hespenheide 198@gteropogon
stoneiWilcox (Alcock 1977)Holopogon
seniculud_oew (Lavigne et al. 1993),
MallophoraruficaudaWiedemann (Tricca and
Trujillo-Cenoz 1980)M. minos(Wiedemann)
[asschwarziCurran (Shelly and Weinberger
1981)],M. schwarziCurran (Teschner 1989),
Nannocyrtopogon neoculatW§ilcox and Mar-

tin (Hespenheide 1978promachus albifacies
Williston (Hastings et al. 1994) arivl
interponensNalker (Daniels 1976). As Fisher




and Hespenheide (1992) noted, they have “ac-

species are noted in boldface at the end of a ref-

cumulated extensive unpublished data on court- erence when only one or a few new species

ship behavior of other species, especially of
smaller species in the gengktiactia,

Oidardis Cerotainia,andEumecosoma How-
ever, much work on reproductive behavior re-
mains to be done.

Biodiversity, an emerging discipline, was dis-
cussed in a paper by Scarbrough and Kuhar
(1992) as it related to robber flies. Bernon
(1981) investigated asilid species diversity as-
sociated with the cow dung community in
South Africa. Ecological comparisons were
covered for a few species in Mexico by Dennis
et al. (1986) and in Panama by Shelly (1985b).
A potential ecological classification system for
Afrotropical asilids was recently proposed by
Londt (1994c), based in part on work by Lehr
(1979d - in Russian) in which he amplified an
ecological classification he had previously pro-
posed (Lehr 1967, 1969 - in English).

Robber flies have their own set of enemies,
which include tiger beetles, praying mantids,
dragonflies, several kinds of wasps, and other
asilids as noted by Lavigne et al. (1978). Wasp
specialists have even named a sphecid wasp,
GastrosericussilivorusPulawski, based on its
habit of stocking its burrow with two species of
XenomyzgKrombein and Pulawski, 1986).

The occurrence of robber flies in amber has
been documented by Larsson (1978, Baltic am-
ber), Schumann (1984, Saxon amber), and
Scarbrough and Poinar (1992, Eocene).

As was the practice in the previous update, pa-
pers published before 1978 are included in this
bibliography as they were published in earlier
years, but were missed by both Hull (1962) and
Lavigne et al. (1978). Unless otherwise noted,
papers are written in English. In most cases, so
as to expedite the understanding of content of
papers, English translations of the titles, written
in other languages, have been included. New

were described within the paper. In order to re-
lieve readers of the necessity of searching
through obscure papers for a particular genus or
species, an attempt has been made, where cop-
ies of papers were available, to note the species
covered in the cited article. For other obscure
papers dealing with taxonomy and distribution
(especially those written in Japanese), a listing
of species may occur in boldface at the end of a
citation.

Many readers will have ready access to the
Internet. Consequently, they should be made
aware that Fritz Geller-Grimm, of Frankfurt,
Germany, is in the process of compiling a com-
plete listing of the literature citations for the
Asilidae. Readers may download the listing in
its present form from his Web padstp://
www.geller-grimm.de.

Because a humber of papers are not readily
available and have been published in languages
for which translations are not currently offered,
translations of a few obscure short articles from
Japanese and Russian (which were of particular
interest to the author and hopefully will be to
the reader) have been included in this mono-
graph. In the interest of space, the literature ci-
tations attached to those papers have not been
included as they are in the native language and
contain numerous misspellings. Readers are,
therefore, referred to the original papers for
those citations. Additionally, in the long Rus-
sian paper, tables and figures have not been in-
cluded because of the complexity of the tables
and the poor quality of the figures. Additional
article translations from Russian, German and
Spanish dealing with robber fly biology and/or
portions of taxonomic works dealing with rob-
ber fly biology are in the process of being pub-
lished on the Internet atttp://www.geller-
grimm.de/data.htm.




Recent literature citations for Asilidae

1977 - 1995

Adamovic, Z.R. 197Mysmachus$iradskyisp. n. aus Jugoslawien (Diptera: Asiliddeygmachusradskyisp.
n. from Yugoslavia (Diptera: Asilidae)]. Sbornik entomologickeho Oddeleni narodniho Musea \B@raze
45-47. (In German)

Alayon Garcia, G. 1984. Consideraciones sobre el valor de la tela de barrere y la depredacion en aranas
(Araneae) [Comments on the courage of the “tela de barrere” and the depredation of spiders (Araneae)].
Miscelanea zoologica. Academia de Ciencias de Cuba. Instituto de ZabBog§id.

Alcock, J. 1977. The courtship behaviort#teropogon stondDiptera: Asilidae). Journal of the Kansas Ento-
mological Societyp0: 238-243.

Alkan, B. 1952. Biologie, Schaden und Bekaempfung von GetreidewaBagygéster integricepBut. und
Aelia rostrataBoh.) in der Turkei [Biology, damage and control of grain bugs in Turkey.] Transactions of
the9th International Congress of Entomolofyy623-626. Heteropogonornatipes, p. 625] (In German)

Andrews, H.W. 1929. “Short untitled note” Proceedings of the Entomological Society of L&n2{dn
[Neoitamus cyanuru$

Andrews, H.W. 1930. “Short untitled note” Transactions of the Entomological Society of South England
19306): 41. Neoitamus cyanuru$

[Anon.] (1995): Separation of femaléachimus atricapillussndM. cingulatus - Larger Brachycera Recording
Scheme Newslettdr2: 3-4.

Aoki, Akira. 1949. [On some alpine Asilidae from Formosa and Japan]. Kdhf§f): 59-60. (In Japanese)

Aoki, Akira. 1950. Family Asilidae, p. 1603. In: T. Esaki et al. (eds.), Iconographia insectorum japonicorum,
Hokuryukan, Tokyo. 2nd ed. (In Japanese)

Artigas, J.N. 1980Myaptex acutusp. n., asilido nuevo de Chile (Diptera-Asilidaglypptex acutusp. n., new
asilid from Chile (Diptera-Asilidae)]. Brenesla: 365-370. (In Spanish)Myaptex acutus sp. n.]

Artigas, J.N. 1981L ochmorhynchus albinigrus. sp., nueva especie de asilido argentino (Diptera-Asilidae).
Boletin de la Sociedad de Biologia de Concepcion, G#ld87-190. (In Spanish)Lbchmorhynchus
albinigrus, sp. n.]

Artigas, J.N. 1982Menexenus schlingesp. n., nuevo asilido de Argentina y consideraciones sobre el genero
Menexenugdirtigas 1970 (Diptera-Asilidae) [New robber fly from Argentina and remarks concerning the
genusMenexenudrtigas, 1970 (Diptera-Asilidae)]. Boletin de la Sociedad de Biologia de Concepcion,
Chile 53 19-23. (In Spanish)Menexenus schlingerisp. n.]

Artigas, J.N. 1983Apoxyria cymbafesp. n., nueva especie y primer registro del genero para Chile (Diptera,
Asilidae, Laphystiinae)4poxyria cymbafemew species and first record of the genus from Chile]. Boletin
de la Sociedad de Biologia de Concepcion, Chte27-33. (In Spanish)Apoxyria cymbafer, sp. n.]

Artigas, J.N. and A.O. Angulo. 1980. Revision del geméatlophoraMacquart por systematica alfa y
taxonomia numerica (Diptera-Asilidae) [Revision of the gevlaBophoraMacquart by alpha systematics
and numerical taxonomy (Diptera-Asilidae)]. Gayana Zoologia (Instituto Central de Biologia, Universidad
de Concepcion, Chile) Nd3. 182 pp. (In Spanish)




Artigas, J.N. and N. Papavero. 1988a. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. I. Key to subfamilies and subfamily
Leptogastrinae Schiner. Gayana Zooldifiél-2): 95-114.

Artigas, J.N. and N. Papavero. 1988b. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. Il. Key to the genera of Dasypogoninae
Macquart, with descriptions of new genera and species and new synonymies. Gayana Z2@lggia
199-260. Apolastauroideskamakusa, gen. n., sp. nAraucopogon, gen. n.Macrocolus martinorum,
sp. n.;Neodiogmites carreraj sp. n.]

Artigas, J.N. and N. Papavero. 1989. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. Ill. Key to the genera of Trigonomiminae
Enderlein, with description of a new genus and species. Boletin de la Sociedad de Biologia de Concepcion,
Chile 60: 35-41. Meliponomima martensis, gen.n, sp.n]

Artigas, J.N. and N. Papavero. 1990. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. V. Subfamily Stichopogoninae G.H.
Hardy. Boletin de la Sociedad de Biologia de Concepcion, Ghil89-47. Argyropogon argentinus,
gen. n, sp.n.]

Artigas, J.N. and N. Papavero. 1991a. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VI. Tribe Atomosiini Hermann
(Laphriinae), with descriptions of two new genera and three new species, and a catalogue of the Neotropical
species. Gayana Zoolodgh&(1): 53-85. Aphractia, Cyphomyiactia, gen. n.C. costai, Dissmeryngodes
amapa, D. iracemasp. n.]

Artigas, J.N. and N. Papavero. 1991b. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII.1. Subfamily Stenopogoninae Hull. A
preliminary classification into tribes. Gayana Zooldsfta139-144.

Artigas, J.N. and N. Papavero. 1991c. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII. 2. Subfamily Stenopogoninae Hull -
Tribes Acronychini, Bathypogonini (with description of a new genus) and Ceraturgini, and a catalogue of
the neotropical species. Gayana Zoold$ia247-255. Carebaricus rionegrensis n. comb.]

Artigas, J.N. and N. Papavero. 1991d. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII.3. Subfamily Stenopogoninae Hull -
Tribes Dioctriini and Echthodopini. Gayana Zoologt#4): 261-266.

Artigas, J.N. and N. Papavero. 1991e. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII.4. Subfamily Stenopogoninae Hull -
Tribe Enigmomorphini, with descriptions of three new genera and species and a catalogue of the Neotropi-
cal species. Boletin de la Sociedad de Biologia de Concepcion,62hilé-53. Praujoa
pernambucana gen. n., sp. rArchilestroides guimaraesi,gen. n., sp. pnTaperigna diogmitiformis, gen.

n., sp. n.]

Artigas, J.N. and N. Papavero. 1991f. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII.5. Subfamily Stenopogoninae Hull. -
Tribe Tillobromini, with descriptions of three new genera and two new species and a catalogue of the Neo-
tropical species. Revista Chilena de Entomold§ial 7-27. [Grajahua lopesi, gen. n., sp. nScylaticina
tucumana, gen. n., sp. nScylaticodesn. gen.]




Artigas, J.N. and N. Papavero. 1991g. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII.7. Subfamily Stenopogoninae Hull. -
Tribe Cyrtopogonini with descriptions of four new genera and one new species and a catalogue of the Neo-
tropical species. Boletin de la Sociedad de Biologia de Concepcion62hiiB-81. [vettea minusculus
gen. n.Lonquimayus tener, gen. n.Nothopogon triangularis, gen. n., sp. nRaulcortesia lanosagen.

n.]

Artigas, J.N. and N. Papavero. 1993. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. VII.6. Subfamily Stenopogoninae Hull. -
Tribes Phellini, Plesiommatini, Stenopogonini and Willistoninini [Los generos americanos de Asilidae
(Diptera): Claves para su identificacion con un atlas de las espermatecas de las hembras y otras detalles
morfologicos. VII. 6. Subfamilia Stenopogoninae Hull. - Tribes Phellini, Plesiommatini, Stenopogonini and
Willistoninini]. Gayana Zoologi&7(2): 309-321.

Artigas, J.N. and N. Papavero. 1995a. Notes on the spermathd®agt@phthalmus pictu@Viedemann)
(Diptera, Panthophthalmidae). Boletin de la Sociedad de Biologia de Concé@icre.

Artigas, J.N. and N. Papavero. 1995b. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. IX.3. Subfamily Asilinae Leach -
Eichoichemusggroup with the proposal of two new genera and a catalogue of the neotropical species [Los
géneros americanos de Asilidae (Diptera): Claves para su identificacion con un atlas de las espermatecas de
las hembras y otras detalles morfolégicos. 1X.3. Subfamilia Asilinae Leach - Biclpmchemusgon la
proposicién de dos géneros nuevos y un catalogo de las especies neotropicales]. Gayana¥nlogia
97-102.

Artigas, J.N. and N. Papavero. 1995c. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. IX.4. Subfamily Asilinae Leach -
Glaphyropygagroup-, with the proposal of two new genera and a catalogue of the neotropical species [Los
géneros americanos de Asilidae (Diptera): Claves para su identificacion con un atlas de las espermatecas de
las hembras y otras detalles morfologicos. IX.4. Subfamilia Asilinae Leach -Gtapbyropyga, con la
proposiciéon de dos géneros nuevos y un catélogo de las especies neotropicales]. Boletin de la Sociedad de
Biologia de Concepcion, Chi6: 11-33. Nevadasilus gen. n.;Tsacasia gen. n..T. wagneri, gen. n., sp.
n.]

Artigas, J.N. and N. Papavero. 1995d. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. 1X.5. Subfamily Asilinae Leach,
Lochmorhynchbs - group, with a catalogue of the neotropical species [Los géneros americanos de Asilidae
(Diptera): Claves para su identificacion con un atlas de las espermatecas de las hembras y otras detalles
morfolégicos. IX.5. Subfamilia Asilinae Leach, grupachmorhynchs con un catélogo de las especies
neotropicales]. Gayana Zoolodi&2): 131-144.

Artigas, J.N. and N. Papavero. 1995e. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. IX.7. Subfamily Asilinae Leach -
Proctacanthusyroup with the proposal of a new genus and a catalogue of the neotropical species [Los
géneros americanos de Asilidae (Diptera): Claves para su identificacion con un atlas de las espermatecas de
las hembras y otras detalles morfolégicos. IX.7. Subfamilia Asilinae Leach - §ngatecanthuscon la
proposicién de un nuevo genero y un catélogo de las especies neotropicales]. GayanabB()lotyikb-
160.




Artigas, J.N. and N. Papavero. 1995f. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. 1X.8. Subfamily AsilinaeEiehehax
group-, with a catalogue of the neotropical species [Los géneros americanos de Asilidae (Diptera): Claves
para su identificacion con un atlas de las espermatecas de las hembras y otras detalles morfolégicos. IX.8.
Subfamilia Asilinae Leach -gruggicherax, con un catalogo de las especies neotropicales]. Boletin de la
Sociedad de Biologia de Concepcion, Chiie35-42.

Artigas, J.N. and N. Papavero. 1995¢g. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. 1X.9. Subfamily AsilinagVlysgatiex
group, with the proposal of two new genera and a catalogue of the neotropical species [Los géneros
americanos de Asilidae (Diptera): Claves para su identificacion con un atlas de las espermatecas de las
hembras y otras detalles morfolégicos. 1X.9. Subfamilia Asilinae Leach -gfiypptex con la proposicion
de dos géneros nuevos y un catalogo de las especies neotropicales]. Revista Chilena de Erignd&logia
73. Martinella, gen. n.Myaptexaria, gen. n.]

Artigas, J.N. and N. Papavero. 1995h. The American genera of Asilidae (Diptera): Keys for identification with
an atlas of female spermathecae and other morphological details. 1X.10. Subfamily Asilinae Leach -
Lecaniagroup, with a catalogue of the Neotropical species [Los géneros americanos de Asilidae (Diptera):
Claves para su identificacion con un atlas de las espermatecas de las hembras y otras detalles morfol6gicos.
IX.10. Subfamilia Asilinae Leach -grudaecanig con un catalogo de las especies neotropicales]. Theoria,
Concepciond: 33-56.

Artigas, J.N., N. Papavero, and C.A. Costa da. 1995. The American genera of Asilidae (Diptera): Keys for iden-
tification with an atlas of female spermathecae and other morphological details. VIII. Subfamily
Laphystiinae G.H. Hardy, with descriptions of five new genera and species and a catalogue of the Neotropi-
cal species. Arquivos de Zoologia do Estado de Sao B4(ily 1-55.

Artigas, J.N., N. Papavero, and T. Pimental. 1988. The American genera of Asilidae (Diptera): Keys for identi-
fication with an atlas of female spermathecae and other morphological details. 11l. Key to the genera of
Laphriinae Macquart (except tribe Atomosiini Hermann), with the description of three new tribes and five
new species. Boletin do Museu Paraense Emilio Goeldi. Serie Zod{@)i&11-256. Dasytrichini,

Neophoneini and Dasylechiininew tribesSmeryngolaphria gorayebj sp. n.S. gurupi, sp. n.,S.
taperignae, sp. n.Pilica funebris, sp. n.P. zanutoi sp. n.]

Artigas, J.N., N. Papavero, and A.L. Serra. 1991. The American genera of Asilidae (Diptera): Keys for identifi-
cation with an atlas of female spermathecae and other morphological details. VI. Tribe Atomosiini Hermann
(Laphriinae), with descriptions of two new genera and three new species, and a catalogue. Gayana Zoologia.
Universidad de Concepcion, Instituto Central de Biol&&d): 53-85.

Artigas, J.N. and E. Reyes. 1975. Aparato reproductor de las hembras de tres especes de asilidos chilenos; con
enfassi en la estructura de las spermatheca (Diptera-Asilidae) [Reproductive apparatus of females of three
species of Chilean robber flies: with details of the structure of the spermatheca]. Boletin de la Sociedad de
Biologia de Concepcioa4: 195-205.

Artigas, J.N. and E. Reyes. 1977. Estudio por taxonomia humeérica de las spermathecae en\éatiépieooa
y sus relaciones filogenéticas [Study of numerical taxonomy of the spermatidatophoraand its phy-
logenetic relatives]. Boletin de la Sociedad de Biologia de Concepcion SQifilg 51-58. (In Spanish)
[Mallophora nigritarsis , M. tibialis]

Artokhin, K.S. 1982. [Robber flies]. Zascita rastenij (St. Petersbdi@8X4): 29. (In Russian)




Ayala Landa, J.M. 1978. Contribucion al estudio de la tribu Asilini (Diptera: Asilidae) [Contribution to the
study of the tribe Asilini]. Revista Facultad de Agronomia (Maracay), Alaéc81-46. (In Spanish)

Ayala Landa, J.M. 1981. Contribucion al estudio de los Asilidos de Venezuela (Diptera-Asilidae). [Contribution
to the study of the asilids of Venezuela.] Instituto Universidad Pedagogico de Caracas, Acta Macarao
(N.S.)2: 51-59. (In Spanish)

Ayala Landa, J.M. 1982. El genefrtmlcocephalalaennicke (Diptera, Asilidae) en Venezuela - | [The genus
Holcocephalalaennicke in Venezuela]. Boletin de Entomologia Venezolana2(B)521-32. (In Spanish)

Ayala Landa, J.M. 1983. El gene®aphyropygaSchiner (Diptera, Asilidae), en Venezuela [The genus
GlaphyropygaSchiner (Diptera, Asilidae) in Venezuela]. Boletin de Entomologia Venezolana3(®)S5-
20. (In Spanish)

Ayala Landa, J.M. and M. Baez. 1983. El gendodcocephalalaennicke (Diptera, Asilidae), en Venezuela-II
[The genudHolcocephalalaennicke (Diptera, Asilidae) in Venezuela]. Boletin de Entomologia Venezolana,
N.S.3(1): 1-4. (In Spanish)

Bachli, G. and L. Rezbanyai-Reser. 1996. Schweizer raubfliegen aus der Kollektion des Natur-Museums Luzern
(Diptera: Asilidae) [Swiss robber flies in the collection of the Natural History Museum, Lucerne].
Entomologische Berichte LuzeB% (1996): S, 23-30. (In German)

Bachli, G., M. Weinberg, and M. Brancucci. 1995. Schweizer raubfliegen, (Diptera: Asilidae) im
Naturhistorischen Museum Basel [Swiss robber flies (Diptera: Asilidae) of the Natural History Museum,
Basle]. Travaux du Museum d’Histoire naturelle “Grigore Antipa ,” Buc&@&s357-386. (In German)

Baez, M. 1982. Consideraciones zoogeograficas sobre la fauna de Dipteros de Cabro Verde (Insecta, Diptera)
[Zoogeographical considerations concerning the dipteran fauna of Cabro Verde]. Courier Forschungsinstitut
Senckenber§2: 231-240. (In Spanish)

Baez, M. 1987. Notas sobkeptogaster fragilissim&rey, 1936 (Dip. Asilidae) [Notes dreptogaster
fragilissimaFrey, 1936 (Diptera, Asilidae)]. Boletin de Asociacion Espafia de Entomaldgiz69-261.
[Redescription of eptogaster fragilissimja(ln Spanish)

Baez, M. and M. Weinberg. 198Choerades fortunatusp. n. from the Canary Islands (Diptera, Asilidae).
Travaux du Museum d’Histoire naturelle “Grigore Antipa ,” Buca?&8stl71-175. Choerades fortunatus
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Translation from Japanese bgtsuakiNihashi* and Robert Lavigne

*Toyohashi English Cente, 1-88-1 Ohashi Dori,Toyohashi, Aichi, 440, Japan

Kuribayashi, Den. 19540n the prey of Promachus yesonicuBigot]. New Entomologist.
The Entomological Society of ShinsBu38-41. (In Japanese)

On the prey of Promachus yesonicus BIGOT

The majority of insects attacked Byomachus
yesonicuBIGOT are insects injurious to agri-
culture. The author describes those species in
this pape

| Introduction

If the number of prey a predatory insect kills in
its life is small, the predator cannot be a useful
insect. Predatory robber flies prey upon both
harmful and useful insects. Therefore, the in-
vestigation of feeding behavior is important to
decide if a predator is useful or not. But this is
not a matter that can be decided gabiécause
in such investigations much time is wasted
looking for these harmful insects, and research
on their period of activity is required. This is
not a matter to be decided hastily eithiéhe
writer has been investigating the prey and pre-
dation patterns of three predatory flies which
belong to the gener®omachus yesonicus
BIGOT, Astochia vigalipesCOQUILLETT,
andLaphria isshirii MATSUMURA.

Among these thre®romachus yesonicus the
most commonly distributed in every district,
and the information collected on this species is
greater than that for others. Herein, prey catch-
ing behavior and prey of these species will be
presented.

Il Investigative Method

This was carried out by setting the area of in-
vestigation as follows:

Area 1l Rice paddy and upland soil
field

Area 2 Forest and grove, including
fields of crops close to moun-
tains

Area 3 Highlands, cultivated land, and

grassland on the highland and
tree nurseries

Area 1 and 2 are in Shokushina County in
Nagano Prefecture. The highland is in the
Sugadaira Highland and the Shikasawa district
in Gunma Prefecture.

Il Results of the Investigation
A. Species that were preyed upon in Area 1

1) HalyomorphapicusFABRICIUS

This species is often preyed upon. The
remains of the prey lacked the head and
were attacked on the back; most often
the bite was made at the neck dorsally
before the thorax.

2) NazaraantennataSCOTT

This species was preyed upon as often
as the one mentioned above. Since the
point of attack was very similait

seems to be the same type of predato
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3)

4)

5)

6)

7)

8)

Camponotus herculeanijmponicus
MAYR

This species was rarely preyed upon
and was gathered only twice in this in-
vestigation. The point of attack is the
same on both collected specimens; the
head was missing and no point of attack
was found in any other part of the body.
Therefore, the predator must be the
type that bites in the neck.

Minera costataHOPE

This species was often found to be
preyed upon. The point of attack is
most often dorsal in the thorax. The
bite was made on the back. Injuries re-
sulting from the bite were found on the
side of the abdomen, but this type was
less common than the former type of
attack.

Popillia japonicaNEWMAN

Fewer prey were collected than for the
previous species. Injury was noted on
the side of the abdomen.

EugnathudistinctusROELOFS

This species was preyed upon in soy-
bean fields. The head was lost, so the
predator must be the type that attacks
the neck and the thorax.

Hamushi (leaf worms)

These insects were preyed upon quite of-
ten, but the head and thorax were both
lost and the insect could not be identified
exactly. Types of injury were varied.

Others

Small insects were preyed upon also.
The bodies of these insects were bro-
ken and it was impossible to identify
them exactly.

C.

B. Species that were preyed upon in Area 2

1

2)

3)

4)

1

Tanna iaponesi®ISTANT

This prey was found on the road. Be-
causePromachus yesonicus not

strong enough to carry this prey, the
predator seemed to have attacked the
prey in the air and dropped to the road
where it bit the cicada. When this prey
was collected, it was still alive. The
point of attack was at the joint of the
right wing. This proves that this preda-
tor preys upon insects larger than itself.

Popillia japonicaNEWMAN

This species was most often collected
in cultivated fields in the mountains.
The site of injury is the same as that in
Area 1.

Phyllopertha orientalis
WATERHOUSE

This species is very commonly preyed
upon. When collected, some had inju-
ries at the intersegmental membrane
dorsally, and others were injured along
the segmental membrane and the back.

Hamushi (leaf worms) and others

Leaf worms and other small insects
were found attacked just as described
for those in Area 1. Identification was
impossible. The number attacked was
very large.

Species that were preyed upon in Area 3

Eristalomyia tenax.INNE

This species is very commonly preyed
upon. The site of injuries is not consis-
tent. Astochia virgatipeslso preys

upon this species quite frequently.
Laphria isshirii often preys upon this,
though collection of this kind was not
as common at this time. The fact that
these three predators prey upon this in-
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sect suggests thEtistalomyia tenax

must be the main prey in the highlands.

2) Phyllopertha orientalis
WATERHOUSE

Collection of this species was less than

that in Area 2. Most often the species

was found in the forest. The sites of at-
tack were not so different from those of

Area 2.
3) Mimela costateHOPE

Collection was less compared with that
for Area 1. Injury sites were on the side
of the abdomen and about the same as

those for Area 1.
4) Others

Small insects were found to be preyed

upon in large numbers, but bodies were

broken and identification was impos-
sible.

IV Summary of the Investigation

The insects preyed upon were as shown in Chart |.

Chart 1 Insects Preyed Upon

Areal Halyomorpha picus, Nezara
antennata, Camponotus
herculeanus, Mimera costata,
Popillia japanica, Eugnathus
distinctus

Leaf worms, other unidentified

insects

Area 2 Tanna isponensis, Popillia
japonica, Phyllopertha orientalis
Other unidentified insects

Area 3 Eristalomyia tenax, Phyllopertha

orientallis, Minera costata

Other unidentified insects

V Conclusions

This investigation focused on insects preyed
upon but did not involve statistics for time of
day of predator/prey, weekly activity, or length
of the activity period. Based on the results of
this investigation, the following conclusions
can be made:

1)

2)

3)

A great majority of the insects upon which
Promachus yesonicyseyed are harmful to
agriculture. Therefore this species is a very
useful insect.

Promachus yesonicufoes not seem to eat
dead insects. It is worthy of notice that

many of the prey are insects that do harm as
adults.

It is very significant that this useful insect
is widely distributed in every district in

large numbers. The investigative area was
limited and the collection was not large, but
we will continue the investigation to pro-
vide better supplemental information. |
hope this report will help to further investi-
gations on this predatory insect.
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Aoki, Akira. 1949.[On some alpine Asilidae from Formosa and JapanKontyd 17(6):

59-60. (In Japanese)

On some alpine Asilidae from Formosa and Japan

Up to this time, the alpine robber fly has not
been given very much attention. These insects

Also collected with this species whlgoitamus
n. sp. The distal edges of abdominal segments

have escaped our attention because the number of the new species have black bristles. Male

of species is small. | will report here on the four
species | have found in Formosa and Japan.
Asilinae are classified into the four Palaearctic
subfamilies as follows:

Leptogastrinae

Asilinae............... Neoitamus nokoensisoki
Neoitamus. sp.

Dasypogoninae........ Cyrtopogonn. sp.

Lasiopogon cinctuBab.
Laphriinae

Two species oNeoitamudnhabited a small

tibia of front-mid legs have patches of white
hair growing outward like a comb, and the ab-
domen has a beautiful silver blue color. These
characters are found only in the male. The fe-
male has not been discovered yet.

A Japanese indigenous species was found on
rocks near the top of the Mesu-Akan Peak in
the Akan National Park in Hokkaido in June
this year. It isCrytopogonn. sp. and resembles
C. nikkoensidMats.; four species of the same
genus are already-known, but this new species
is much smaller in size, and there are no spots
on the wings. It is identified by the yellow color

area in the mountain across from the Karen Port of the third joint of antenna and of the tarsus.

when | accompanied Professor Isshiki of the
University of Formosa in June 1943. They are
smaller than those eight species living on the
lowland plains, and they resemiNeoitamus
angusticornisLoew, which lives in Japan
proper. The body is black with yellow hair
along the distal edges of abdominal segments.
The legs are black. White hair-like bristles on
the male’s and female’s 6th abdominal segment,
followed on the female by a slim shiny ovi-
positor, are characteristic of this species.

The last specieg,asiopogon cinctugab, is in-
digenous to Europe. Dr. Matumura explains in
thelllustrated Book of Japanese Insetitat

this species inhabits Hokkaido, the Japanese
mainland and Europe. It is said to be common
in the Nikko district, but we haven't seen any in
those districts in Japan yet.

58



Kimura, Teruo. 1958Miscellaneous notes on Asilidae of Japan (Diptera) (I)JAkitu 7:

55-56. (In Japanese)

Miscellaneous notes on Asilidae of Japan (Diptera) (1)

1. Eutolmus rufibarbigMeigen)
1820Asilus rufibarbisMeigen, Syst.

Beachreib.ll, 311.6. Kami-Kuroda (1F, 31/
VIII, 1939), Sobuya (1M 1F, 18/VIlI,
1940). Hanase Pass (3M, 23/VI, 1940; 2M
1F, 24/VIl, 1949), Kanigahata (2F, 29/VII,
1940), Ashio (1M 2F, 26/VII, 1940; 1M,5/
IX, 1940). All in Kyoto-fu, collected by
Teruo Kimura.

Of theEutolmusgenus, only one specids,
brevistylusCoquillett (1898) has been known
previously. With the addition d&. rufibarbis
Meigen, we now have two species in Japan.
This is not a rare species in the Kitayama
mountain district in Kyoto, as shown in the
above note. This species was first reported in
Europe, but Engel (1933) recorded the same
species gathered by Svan Hedin’s expedition in
the northeastern Sisen District and the eastern
Kanshuku District in China. The male has a re-
markable projection in the center of the termi-
nal abdominal segment, which is very common
with otherMachimusspecies. The European
species has yellow and black hair mixed on the
projection, and the Chinese one has only black

This species is distributed widely in Europe,
Siberia, North America, and other needle-leaf
tree belts in the Northern Hemisphere. It is
natural to find this in Japahaphria
sapporensidMatsumura might be a synonym of
this species, and in Matsumura’s description a
very characteristic form of the male copulatory
organ is illustrated. Compared with the Euro-
pean species, the Japanese one has only a little
pale golden hair on the abdomen.

3. E. dispar(Coquillett)

1808Laphria disparCoquillett, Proc. U.S.
Nat. Mus. 316.

Kaga Hakusan, Sugitani (1M, 1/VIIl, 1956
collected by Katsuji Tsuncki)

This species was recorded by Coquillett with
Laphria mitsukuriiand others from Japan.

Since then, there has been no other record from
Japan. In August of this year, two males and
one female were collected in the Northern Alps
of Japan. They do not have the shiny abdomen
described in Coquillett’s paper, but do have a
dark black color. According to the original de-
scription, this species has white hair dorsally on
the thorax and abdomen. This is a singularity of

hair (Engel). The species collected in Japan has japanese species that is not found among other

the same yellow and black hair mix as that of
the European species. Also, in Japan there is

species in the genus. But the species
Muramatsu describes asdisparCoquillett

another species that can be distinguished by an-«kroishi Abu”, with an illustration in thei-

tennal differences. | will report on this latter
species some other time.

2. Epholkiolaphria gilva(Linné)

1758Laphria gilvaLinné, Syst. Natur. Ed.
X, 605, 6.

Teizankei (1M 2F, 15/1X, 1945, collected
by Katsuji Tsuneki)

lustrated Books of Japanese Insetizs “black
hair on the shiny black abdomen.” This is not
true forL. dispar, but for a species close Ito
mitsukurii or mitsukuriiitself. | suspect the rea-
son for this error is that both species were re-
ported on the same page of Coquillett’s report. |
had been looking for the relal disparfor many
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years and finally found it in the samples sent by
Mr. Katsuji Tauneki. At that point we con-
firmed the identity of the redl. disparand de-

Each of the above five species inhabits flower-
ing fields on high mountains, but no physical
adaption for the high mountain habitat has been

cided to change the original Japanese name intonoted. Generally, their flight is slow. The length

“Shirohoso-ishiabu.”

4. E. amurensigHermann) “Momobuto hoso
ishiabu” (new name)

1914Laphria amurensisiermann, Entom.
Mitt. 11l Nr. 3, 92.

Oofuse, Kyoto-Fu (1M, 19/VIl 1937, gath-
ered by Teruo Kimura)

This species was first recorded from the Amur
and Ussuri River district in Japan. The upper
half of the hair on the mystax is black; the

lower half is white. Wings are light brown, ex-
cept for the basal part. The abdominal segments
expand one by one. Thick, golden short hair oc-
curs dorsally on the abdomen.

5. E. fulva(Meigen) “Kinmou hoso ishiabu”
(new name)

1801Laphria fulvaMeigen, Klassif. |, 264,
9.

Oodaigahara Mt., Nara (1F, 17/VIIl, 1959,
collected by Masaaki Takcuchi)

This species is well-known in Europe and also
there was a record from Shisen, China. The
body is covered with thick, short golden hair.
This is the first record for Japan.

of each species is less than 10mm.

Two species of robber flies from
Korea

Among the robber fly specimens that Tsuneki
Katsuiji collected and presented to me two years
ago, | found two Korean species. | appreciate
that Tsuneki Katsuji gave these important speci-
mens to me.

1. Epholkiolaphriaogumag(Matsumura)
(1911) redlegged robber fly

Ham north White rock, South snow range
(1 male,19/VI1I1,1943)

Whitehead mountain, Three pond river pool
(12 male, 4/VII1,1943)

This species has been reported from Saghalien
Island. Dorsally, the abdomen has short hair
with irregular spots. This character distin-
guishes it from other species.

2. Cyrtopogon(s.str.)centralisLoew (1851)

Shoyoran (1 male, 29/1V,1942, 3 males,14/
V,1942)

This species has been previously known from
Siberia. Five brown spots occur in the center of
the wing. This is a very pretty species.

(Rikkyo Girls Senior High School)
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Translation from Russian by Robert Karriker* and Robert Lavigne

*809 EImwood Drive, Norman, OK 73072

Lehr, P.A. 1958. Biologiya ktyrya pitayushtshegosya saranchoyyhe biology of a rob-
ber fly feeding on acridids] Doklady Kazakhstan Akademii selskokhoz. Nauk (Alma-Ata)

3: 16-23. (In Russian)

The biology of a robber fly feeding on acridids

The robber flyStenopogon porcusoew

(Diptera, Asilidae), is a specialized predator.
The larvae of harmful locusts makes up more
than 75% of its food. Data on the biology of the
adult robber fly was accumulated in 1958 in the
Keless district of southern Kazakhstan on state
lands where there was a large number of
Morrocan locusts[§ociostaurus moroccanus
Thunb.) and turanian locustSdlliptamus
turanicusTarb).

The color ofS porcusLoew is light red with
grayish overtones that blends well with the yel-
low-gray background of the ephemeral desert,
its usual place of habitation. This species is dis-
tinguished from other robber flies by short
wings, which cover only 4-4.5 abdominal terg-
ites. These robber flies vary in length from 18
to 25 mm.

The species is known only in the Soviet Union
and western China (Pamir, Chardara,
Turkmenia and Kuldzha, Engel, 1930). In
Kazakhstan, the species was found in the dis-
tricts of Alma-Ata and Taldy-Kurgan (Lehr,
1958), in the district of Dzhambul (the collec-
tions of M.P. Maklovsky and |.D. Mityaev), and
in southern Kazakhstan, where the major obser-
vations were conducted.

Aside from the typical ephemeral desert (with
sedges and meadow grasd)porcusLoew

lives in deep ravines among saline growth, on
slopes and in gorges of small desert mountains,
in meadow grasses among swampy vegetation,
in irrigation ditches, in oases, and in fields, but

is rarely found in hard-packed sand. On April 6,
1962, in the ephemeral desert of the Alma-Ata
district where there is an abundance of meadow
grass, the population density was 0.053 indi-
viduals/nt. The average density in the research
grounds of Zhana-Kuduk (Southern
Kazakhstan) where there were small gatherings
of locusts was about 0.025 individual&/im

1958. The robber fly population in places abun-
dant with locust larvae is shown in Table 2.

In the ephemeral desert of southern
Kazakhstan, this species flies in May and June.
The spring of 1957 was exceptionally dry, and
the vegetation burned out early in the season.
Under these conditions, the first individuals
were observed on May 8 and the last on May 16
(in wheat fields the last individuals were found
on June 20). In 1958, when the spring was ex-
ceptionally wet and the vegetation thick and
tall, the first individuals were observed May 18
and the last on June 20. The maximum flight of
the species occurs during the first part of June.
In southeastern Kazakhstan, this asilid flies in
June and July.

The adult individuals emerge from their pupae
between 10 and 11 A.M. when the temperature
of the soil at a depth of 4 cm is a little higher
than 20°C. A small condensation of the soll
does not present any obstacle to the emergence
of the imago; hence on May 17, 1957, we ob-
served at 10:00 A.M. a robber fly emerging on
hard-packed ground in front of the entrance to
our tent.
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After the chitin has hardeneS, porcusLoew
begins to hunt.

During the flight, each individual stays on a
small territory (within the limits of a hectare)

on which are found the hunting grounds, mea-
suring 1-1.5 ri(Lehr, 1958a). Robber flies hunt
sitting on the upper parts of plants and even on
racimes of grain plants blowing in the breeze.
During the maturation of meadow grass bulbs
the top part of the stalk often bends and the
panicle hangs down. Such panicles are the fa-
vorite places o8. porcusLoew for hunting and
devouring prey. At this time the robber fly dis-
guises himself. At a quick glance, the impres-
sion is created that the panicle is simply more
abundant with seeds. Robber flies are rarely
seen seeking their prey on the bare grousd.
porcusLoew is especially active during the heat
of the afternoon when its flight is swift and the
grayish-yellow color blends well with the color
of the dry desert vegetation. With bright sun-
light it quickly disappears from view. During
these hours, it is difficult to catch this robber

fly or to conduct any observatiors.porcus

Loew is peculiar in that it hunts insects over
short distances (5-35 cm), usually those insects
crawling upon a plant and rarely those flying
past. This method of hunting applies more fully
to locust larvae, and only by this hunting pecu-
liarity is it possible to explain the appearance of
immobile beetle larvae and hunting spiders
among the prey of the robber fly. The predator
and its prey often fall to the earth together. At
this moment, the robber fly usually seems to be
crushed by its victim, but until the prey ceases
to move, the robber fly does not attempt to free
itself. Only after 1-2 minutes does the robber
fly extricate itself from underneath the victim,
and climbing with it back onto the plant, begin
to suck. The amount of time for sucking a prey
is varied. The locust larva of the third instar is
devoured within 30-35 minutes and that of the
fifth instar within 1 hour and 20 minutes. The
robber fly begins to suck the prey through the
head (the eye), after which it turns the prey and

sucks through the abdomen near the thorax. If
the victim is small and the day hot, the prey
serves not only as a source of food but also of
liquid; the robber fly sucks it quickly, and then,
before it discards the victim, it alternates be-
tween sucking through the head and through the
thorax several times. Thus, on May 28, 1958,
the robber fly sucked a victim for 43 minutes,
alternating from the head to the abdomen and
vice-versa seven times, successively changing
position at 8, 5, 8, 6, 2, 8, and 6 minute intervals.

The number of prey eaten by a robber fly dur-
ing the first and second parts of the species
flight period depends greatly on the temperature
and humidity of the air. During the first half of
the flight period, the prey is hunted probably

for food alone, and the robber fly needs only
two or three specimens a day. At this time, the
predator discards its prey at the slightest sign of
danger. Later, at the end of May, when it is hot
and the need for liquid increases, the predator
finds it difficult to leave its victim, and during
June it becomes easy to capture robber flies
with their prey with forceps. An observation on
June 7, 1958, is especially curious. At approxi-
mately 2 P.M., two femal§. porcusLoew si-
multaneously sucked a female winged
Morrocan locust: one in the head and the other
in the abdomen. When the locust was seized
with pincers, the robber flies flew away, but one
female quickly returned and pierced the eye of
the victim. Probably, the need for liquid was so
great that the instinct for self-protection was
momentarily suppressed. During hot days, the
robber fly sucks the female morrocan locust,
which exceeds it in size, until the locust’s abdo-
men is transparent and all extra food is dis-
carded by the robber fly in the form of moisture
drops through the anus. During the heat we were
able to observe how locust larvae devoured an-
other locust larva that was in the process of be-
ing eaten by a robber fly through the head. First
the legs were chewed off, next the abdomen, and
finally the lower half of the thorax.
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Figure 1. Intensity of hunting prey during a single day, June 7, 1958, when rob-

ber fly density was 7.7 individuals per 100 mm?.

The robber fly hunts most of its prey during the
morning (Fig. 1). The hunt for prey begins

curs. Some individuals die and others emerge
(the last female laying eggs was observed on

around 8 A.M. and ceases around 9 P.M. before June 7, 1958).

sunset. Feeding intensity falls sharply during
cloudy, cool, and windy weather. Despite the
fact that during the beginning of the robber fly
flight the size of prey is small (locust larvae of
the third and fourth age) and at the end of the
flight period the size is quite large (larvae of
locusts of the fifth age and adult locusts), the
number of insects eaten during a single day
continually increases. It is possible that the
main reason for this is the need for liquid. On
average, a female robber fly eats not less than
two to three prey specimens per day. If we cal-
culate thatS. porcusLoew flies from May 15 to
June 20 (i.e., 36 days) and that the intensive
flight period lasts about 26 days, and if the av-
erage density of robber flies on a 100area is
9.4 individuals (Table 2), and the robber fly
eats two prey per day (which is less than the
average), then we can figure that during the

flight period the robber fly destroys 488 insects.

This number is calculated, of course, not for
just 9.4 individuals but for a larger number
since a gradual replacement of robber flies oc-

The composition of prey fd& porcusLoew is

not very colorful in comparison with other spe-
cies of robber flies. Locust larvae make up
75.9% and other insects, mainly moths and
hover flies, are seldom found during the mass
flight period (Table 1). Prey were collected in
various places, including deep ravines with salt-
wort growth where there were few locusts.
Hence, the actual number of locusts in the diet
of the robber fly is greater than the number
shown in the chart.

Figure 2 illustrates the gradual increase of lo-
custs in the diet of the robber flies and con-
forms with the following: as the vegetation

dries out, fewer and fewer flies appear, and
moths and locusts become the basic element of
the entomofauna. On June 5 and 6, the places
where the basic supply of prey for the robber
fly occurred were treated with poison to exter-
minate the locusts. On the second and third day
after this treatment, the number of locusts de-
creased sharply, and on the fifth and sixth days,
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Table 1. Prey of Stenopogon porcus collected in 1957 - 1958 in southern Kazakhstan.

Group Prey Number Percent
CLASS ARACHNOIDEA 2 2.53
1 Order Araneae 2 2.53
CLASS INSECTA 77 97.59
2 Order Orthoptera 60 75.9
Included
Calliptamus turanicus Tarb 26 32.91
of these Il instar 3 3.79
IV instar 13 16.45
V instar 10 12.66
Daciostaurus maroccanus (Thumb.) 12 15.19
of these Il instar 1 1.26
IV instar 1 1.26
V instar 4 5.06
Subtotal 6 7.59
Dociostaurus tartarus Uv. 16 20.25
of these 1l instar 3 3.79
IV instar 7 8.86
V instar 4 5.06
Notostaurus albicornis (Ev.) 4 5.06
of these 1l instar 1 1.26
IV instar 2 2.53
V instar 1 1.26
Oedipoda miniata (Pall.) 1 1.26
3 Order Hemiptera 4 5.06
4 Order Diptera 10 12.66
Included
Family Asilidae 5 6.33
Stenopogon porcus Loew 3 4 1.26
Saropogon dasynotus Loew 1 1.26
Family Syrphidae 4 1.26
Family Larvivoridae 1 1.26
Order Lepidoptera 3 3.79
TOTAL 79
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Figure 2. Change in prey composition of Stenopogon porcus Loew during the flight period.

there remained only a few individuals. The rob-
ber flies, as a result, were under conditions of
great hunger stress, but hover flies and indi-
viduals of the same robber fly species soon ap-
peared as prey items (shown in Fig. 2 by the
fall of the curve). The further increase of lo-
custs in the robber fly diet, shown in Fig. 2, is a
direct result of the prey gathering in a new, un-
treated place.

Females feed more often than males. Of 62
feeding individuals collected in southern
Kazakhstan, 48 (77.4%) were females. In the
collections ofS porcusLoew from southeast-
ern Kazkhstan, females composed 69% of the
total number of individuals. Hence, it becomes
necessary to consider the possiblity of unequal

activity patterns between sexes by a comparison
of the feeding activity of males and females.

Copulation begins several days after the imago
has emerged (in 1958 the first copulation was
noted on May 20). The daily behavior®f
porcusLoew is made up of the following inter-
related three biological elements: 1) egg-lay-
ing, 2) feeding, and 3) copulation.

The morning is dedicated to feeding (Fig. 1). In
the afternoon, individuals, having received
enough food for the day, gradually begin to

mate so that towards sunset up to 80% of the
individuals are mating (Table 2). Copulation of
100% of individuals in the population is not
possible due to the unequal number of each sex.
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It is possible to show graphically the increase of
mating individuals during a day, the curve of
which contrasts with that of feeding (Fig. 1).

From Table 2 it is clear that each female mates,
if not daily, then many times. However, during
cloudy and windy days (June 8 and 10), be-
cause of less intensive feeding and other unfa-
vorable conditions, fewer mating pairs are
found. Based on these observations it is pos-
sible to confirm the fact that the fertility of the
robber flies depends directly on the amount of
available food and the weather.

We did not observe any courtship of the female
by the male before mating, but the male does
fly in search of the female. Mating individuals
are arranged in chain-like rows (Lehr, 1958a).
Copulation can begin in the morning and con-
tinue all night (11-16 hours). However, it is
very rare to find mating pairs during the morn-
ing and at lunch time. In cases where they are
observed, copulation continues for a shorter
length of time.

Eggs are laid in the soil near the mat of grain-
growing plants (meadow grass). At this time,
several segments of the female’s abdomen are
buried in the earth, the pollen is brushed off, the

abdomen takes on a reddish-brown hue, and the
secondary difference of the sexes appears in the
color.

Predator spiders and large robber flies are
among the enemies &f porcus

The typical ephemeral desert, covered with
meadow grass and sedge, is the favorite place
of habitation forS porcusLoew and the
Turanian locust. Locusts found here are the
desert locustociostaurugartarus Uv.), the
morrocan locust, the skewbald locust
(Notostaurus albicornigv.), and the red-
winged locust Qedipoda miniatdPali.).

All of these, when encountered by the robber

fly, become food. In the research camp of
Zhana-Kuduk, where our work took place in
1958, the average density of locusts varied be-
tween 2.5 to 4 individuals per 12nbut on the
southern slopes near the mountain crests it was
from 10 to 15 individuals. The density of locust
species, other than these four, was considerably
less.

Based on the density of the robber fly popula-
tion in an observed area of 300 (hable 2)

Table 2. Number of matings of Stenopogon porcus Loew on an area of 300 m?.

Number of robber flies
Time of No./ No. not| No. | Percent

Date count Total 100 m? | mating | mating | mating | Notes

7.V1 | 18 hr 45 min 22 7.3 4 18 81.8 | cloudless, weak wind,
intensive hunting

8.Vi 18 hr 45 min 23 7.7 11 12 52.3 | massive cloud formations,
temp. @ 1400 hr reached 350,
little hunting, males searching
for females at these times

9.VI | 20 hr 15 min 40 13.3 10 30 70.5 | cloudless, weak wind

10.VI 1900 hr 28 9.3 16 12 43.2 | during the afternoon
thunderclouds appeared,
strong wind

Average figures 28.2 9.4 10.2 18 61.9
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and accepting the locust population density as
being 250-400 individuals per 10¢ nt is pos-
sible to conclude th&. porcud.oew destroys
from 40-60% of locusts during its flight (Table
3).

In 1958 two research sites, Zhana-Kuduk and
Saugabai-Sai (covering an area of 8,000 ha),
were treated with a mixture of calcium arsenate
and nitrogen arsenate (the director of the area
was A. F. Isinger and the chief technical advisor
was O. Kekelbakov). Due to a thorough treat-
ment, the mortality of locusts was very high. In
the entire area (especially on those sites treated
with calcium) not only locusts and other insects
were destroyed, but also all animals living
there, including birds, snakes, turtles, lizards,
etc.

The robber flies on those sites treated with cal-
cium died of poison and those on the other
treated area died of hunger. As a result of the
near extinction of predators and parasites, the
offspring of the single remaining locusts in
these areas are living under exceptionally favor-
able conditions. And if the weather is favorable,
then in two to three years there should occur a
rapid increase in the number of locusts in these
localities.

Table 3. Approximate number of arthropods destroyed by

Stenopogon porcus Loew, on an area of 100 m? during the
1958 flight period.

Number of
Group | Kinds of prey specimens destroyed
1 | spiders 12
2 insects 476
including:
locusts 370
of these:
Turanian locust 161
Moroccan locust 74
desert locust 99
skewbald locust 25
red-winged locust 6
3 beetles 25
4 flies 62
5 moths 18
TOTAL 488

67




Lehr, P.A. 1962b.Some aspects of the evolution of robber fligsTrudy nauchno-issled.
Inst. Zasch. Rast., KazASKhN, Alma-Ata 7: 347-382.

** Note that because of the complexity of most of the Figures and Tables in the original
paper, these Figures and Tables are not included in the present translation. The reader
is referred to the original paper for these and the list of citations.

Some aspects of the evolution of robber flies

It is hardly possible that a group of animals ex-
ists which has not been more or less thoroughly

als from different habitats, we can always as-
sume that “the influence of all factors of natural

studied and, concerning which, research has notenvironment and artificial experiment on pig-

noted facts of even small changes during varia-
tions in climate, habitat, or during a migration
from one area to another. Darwin provided a
great number of examples on this very subject
(1951). With insects, adaptation can be most
easily seen in the example of pigmentation. It is
widely accepted that a darkening of color oc-
curs in those animals that live in areas of high
temperatures and of high humidity. Similarly, a
lightening of color takes place under low tem-
peratures and low humidity (Schowen, 1953).
A fuller and more precise statement of the inter-
dependence of color and climate is found in
Gloher’s rule: “Among mammals and feathered
creatures, races which populate warm and hu-
mid areas have a pigmentation richer with
melanin than those races living in colder and
dryer places; arid regions are characterized by
an intensification of yellow and reddish-brown
pigmentation with a predominance of
phaeomelin” (Kune, 1958, p. 30). From the
physiological point of view, dull color contrib-
utes to heat absorption while red and yellow
colors “aid as antithermal isolators”
(Kuznetzoff, 1953). Shvanvich (1949) men-
tioned Ruikker’'s experiments that show that
shiny and lustreless colors have almost no dif-
ference in their ability to reflect visible spec-
trum rays. In agreement with the statement of
this author, small scales covering the body have
a maximum reflexive faculty. Hence, taking as
a basis deviations in pigmentation of individu-

mentation, in essence, is an influence on all
body change which is, obviously, seen in pig-
mentation” (Kuznetzoff, 1953, p. 302-303).

The influence of habitat and flight
season on coloration

A more precise illustration of the change in
color in connection with a difference in tem-
perature and humidity of a habitat is seen in the
genusStenopogonThe species of this robber

fly group are well-known in many regions
throughout the world. In the Soviet Union they
are absent only north of 56° latitude. We had
the opportunity to examine 38 species in all (33
of which are mentioned in this article) from the
USSR, Mongolia, China, Iran, Turkey, and
Western Europe. They exist in grassy regions
and are found in the glades of Siberian forests,
in the steppes and deserts (aside from sand
deserts), and on alpine and subalpine meadows.
We do not know of a more ecologically flexible
genus of robber flies.

We shall consider the connection between habi-
tat, the flight season, and peculiarities of ab-
dominal color in five genetically related groups
of the above mentioned genus (Table 1). We are
better acquainted with the biology of the group
Macilentus. In July toAuguss§. flavibarbis
Enderlein flies on the alpine and subalpine
meadows of Tyan-Shan and Pamiro-Altai. The
abdomen of this robber fly is shiny black.
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Simultaneouslys. macilentusoew was found

on the southern slopes of lower mountains, in
the dry steppes, and semi-deserts. Its abdomen
is a shiny dark reddish color; only a faint black
stripe passes from the top of the sides of the
tergites. The area of distribution of this species
reaches 50° latitude. But in the plains of
Kazakhstan, it is found on the southern slopes
of small hills and ravine slopes. At the begin-
ning of the summer (May through the beginning
of June) S. albociliatusHerm. is found in the
deserts near Zail iiski Ala-tau and on plateaus.
Its abdomen is shiny or slightly dull from pol-
len, but a black-brown color is characteristic for
the tergitesS. callosugallas, which flies dur-
ing the summertime on the steppes of northern
Kazakhstan, has the same abdominal c8or.
maricovskiiLehr lives in the mountain valleys
covered with prairie vegetation, in the
prairielands of river flood areas, and in ravines,
and the abdomen of this species is always cov-
ered with a thick pollen. Hence, five of the
mentioned species have four types of coloration

(Fig. 1).

In order to understand the significance of color
in the lives of the aforementioned species of
robber flies, it is best to begin with an explana-
tion of the behavioral characteristics of these
insects. Since robber flies are predators, the
possibility for laying large numbers of eggs de-
pends on successful hunting. On the one hand,
this is determined by the abundance of prey,
and on the other, by the mobility of the preda-
tor. In places wher8&. flavibarbis exists (alpine
meadows), prey is rarely as humerous as, for
example, in the foothills or even in the desert
during the spring and beginning of summer (lo-
custs). In order to catch enough insects, the rob-
ber fly must possess great speed and mobility.
However, high in the mountains this is not al-
ways possible because of the changing weather
(i.e.,clouds gather quickly, rain or snow falls,
and within |-2 hours the sun comes out and heat
returns. This can continue over an entire sea-
son). The ability to rapidly change from a tor-

pid to an active state is a quality demanded
from the insects of high-mountain regions, es-
pecially from such mobile insects as robber
flies. And the black color of the insects helps in
this case. “Orthoptera, flies, and some moths
are not able to raise their body temperature by
means of their own organism, but their tempera-
ture is raised by the reaction of ecological fac-
tors, i.e., by sun radiation” (Strelnikov, 1940, p.
403). It is known (Melin, 1923; Lehr, 1958) that
during cool weather many robber flies “warm
themselves” by turning one side toward the sun.
The possibility of raising the body temperature
by direct use of the warmth of sun’s rays helps
the robber flies to survive in such a severe cli-
mate. However, the black color also has a nega-
tive sense. It is possible to find these robber
flies on paths, bare plots of land, and on rocks,
but rarely on plants. Due to their color they are
more noticeable to their enemies. But it is pos-
sible that in this case protective color is reduced
to second place.

The habitat of5. macilentuss characterized by
steady hot and dry weather (steppe and semi-
prairie mountain slopes). There are no such
sharp transitions from hot to cold. It is possible
to assume that the shiny-black body color of the
insects in these surroundings would be harmful;
they would quickly become “over-heated” in

the sun. And in actuality, the abdominal color

of S. macilentuss antithermal—of reddish-
brown tones—although in the morning this rob-
ber fly often turns the black side of its body to
the sun. Evidently such color harmonizes better
with the surroundings. At least it is a good cam-
ouflage among the drying or dry plants.

The inhabitants of the desert, especially those
flying in June and July, occupy a particular
place. In these conditions, additional heat is
completely unnecessary; on the contrary, a re-
duction of heat is necessary. Independent of the
color of the sclerites, the bodies of the insects
are thickly covered with pollen. And it is gener-
ally known that light-colored pollen is the best
reflector of sun rays. But the pollen has another

69



and no less important function—camouflage.
Here protective coloration is seen in a complete
picture. For example, the color of the fem@le
avusLoew, especially of the thorax, blends

with the soil color of her habitat (Lehr, 1961).
This is a necessity. When the female lays her
eggs and sits motionless, burying her abdomen
in the ground, she is completely defenseless. In
such a position she can be noticed only when
her landing place has been observed. The male
of this species is colored in natural reddish
tones. He blends more with the burnt vegetation
of the desert.

The habitat 0. albociliatusandS. callosuss
characterized by steadier weather in compari-
son with the alpine meadows. There is not an
intense heat that is normal for the desert. These
insects usually fly in the south during the spring
or in the northern steppes in the summer. Their
abdomens are black with a brown or red tone
or, if possible, with antithermal tones. However,
black is the basic color of the inhabitants of

cool places.

Is the interdependence between the various rob-

ber fly colors and their habitats really so strictly
observed? It seems that it is observed and very
strictly, as can be seen in a detailed analysis of
the variations presented by the already men-
tioned species. The area of distributiorsof
macilentusstretches from the steppes of north-
ern Kazakhstan to the semi-desert slopes of
Tyan-Shan. Within the boundaries of this large
area, the species has similar visible markings.
But on the edges of this distribution area, in the
north as well as in the southern mountains,
there are many individuals of various colors.
These variously colored insects are often not
distinguishable by color from the representa-
tives of indigenous species (with immutable
genitalia). In 1956, L. G. Serkova collected in
the Sara-Ark steppe 16 robber flies that had
color patterns more typical & macilentus

than ofS. callosusThe problem would seem
difficult if these species could not have been
distinguished by their hypandrium. To confuse

them is impossible. In addition, individuals of
S. macilentusire much larger in size. In other
respects, it is difficult to find markings that
would help to distinguish these species. The
fact (Table 2) that males rather than females
present extreme color variations deserves spe-
cial attention. Out of 13 individuals similar to

S. callosuspnly one female had red spots re-
maining from a red abdominal stripe (14/VII/
1951, Kamyshin area, MGU museum, collec-
tion of Panfilov). To repeat, on the northern
edge of the distribution ared, macilentufias
color variations not distinguishable frd#n
callosuswhich lives in the same or neighbor-
ing places. We must note tHat macilentus
having acquired characteristics of a representa-
tive of another topography, still retains the same
genitalic structure. An analogy to this can be
seen on the southern edge of the distribution
area of this species. In the collections of ZIN,
there are four males from the alpine meadows
that have shiny-black abdomens characteristic
of the inhabitants of these places. In the series
of specimens ofS. marikovskifrom the

marshes of the Syr-Darya river, there were two
females whose abdomens were not so thickly
covered with pollen and a red stripe was visible
along the top of the abdomen (a color typical
for the inhabitants of the semi-desertS—
macilentu$. In this case, the hypandrium
helped to avoid a mistake in identification, as
the difference in them was too apparent. There
are more such analogies. Table 2 contains mate-
rial on this order pertaining to five species.

The problem of. albociliatuss slightly more
difficult (not included in Table 2). This species
has all types of colors, ranging from the usual
color (mentioned earlier) to that characteristic
of S. macilentusBut the pattern is still more
interesting. If the region to the southwest of
Lake Balkhash is considered as the central
point of distribution, then the farther we go to
the periphery of this distribution area the lower
the percentage of individuals bearing a color
characteristic fo6 macilentus But in Siberia
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where this species is common, there are almost
no such variations. Hence, depending on the
peculiarities of habitat$. albociliatusanalo-

gous toS. macilentusias an abdominal color
typical of a group of robber flies for one or an-
other topography. The hypandrial structure and
the large number of varied individuals preclude
the possibility of applying the aforementioned
variations to other species.

Is there an analyzed diagram for other species
of the genus? This can be seen from the data in
Table |. It seems that all 33 species have a defi-
nite place in it. When we were working on the
study of this genus, we divided the robber flies
into five groups according to their genitalic
structure. Some groups are divided into sub-
groups. These same 33 species also have been
arranged into climatic-topographical groupings
by their abdominal coloration. This can be seen
from the data in Table |. We found that the ma-
jority of groups and subgroups have their own
representatives in all the belts (and zones) of
mountains and plains. The regularity of this ap-
peared general. It is therefore not astonishing
that earlier Engel (Engel, 1930, 1933, 1940)
distributed individuals among several species
according to the color of a certain species. At
that time, the distributional areas of various
species were considered the distribution area of

one species, when in reality these were different

species with the same habitat, which was re-
flected in their coloration.

Hence, this double grouping of species on the
basis of genitalia and abdominal color (body)

was most natural. On the alpine meadows of the

Himalayas, Tyan-Shan, Pamiro-Altai, the
Caucasus, Tavor, and the European mountains,
we find one and the same type of body color

among robber flies. We are able to say the same

thing about other representatives of other topo-
graphical groups (Fig. 2). This regularity came
about due to the great ecological plasticity of

the genus that spread its representatives into the

most varied climate zones and is unheard of for
any other family group.

How much does our diagram of the dependence
of color of the genuStenopogomn environ-
mental conditions agree with Gloher’s rule? For
S. macilentusthis can be stated in the follow-
ing manner. Robber flies populating cool and
wet regions have a pigmentation richer in mela-
nin than races of the same species living in
warmer and dryer places. For inhabitants of
drought areas, yellow and reddish-brown pig-
mentation is more characteristic. Therefore, the
first part of our statement does not agree with
Gloher’s rule. We are speaking of cold-blooded
animals and Gloher of warm-blooded animals.
The body temperature of robber flies rises from
the warmth of the sun, while with vertebrates it
is constant. But the second part of the statement
concerningS. macilentusloes not contradict

the rule since the temperature of the air and the
robber fly’s body in the desert during the sum-
mer are close at flight time, and pigmentation is
not the factor promoting heat absorption. The
pigmentation of both groups of animals fulfills

a similar antithermal function. However, in our
opinion, it is possible to assume that the depen-
dence of color on climatic peculiarities of habi-
tat holds true for the majority of animals also.
The above statements applied to one species of
the genusStenopogorifwe are familiar with its
ecological variations) are true not only for in-
traspecies changes, but, as is seen in Table |,
also for interspecific peculiarities of pigmenta-
tion. As it will be shown later, those conclu-
sions more or less abruptly expressed here are
characteristic of all species of robber flies, the
ecology of which is known to us.

Let's turn to an examination of other groups of
robber flies. Species of the gerfiomachus

are less flexible than those $fenopogonThey

do not go as far north and do not go above an
altitude of 2,000 m in the mountains, even on
the southern slopes. Aside from this, their flight
in the desert is in May to June. In the USSR,
there are six species Bfomachusf we accept
Engel's (1930) and Paramonov’s (1931) con-
cepts of species independence. The first species




is P. leoninuswhich lives in Asia Minor and
enters the Soviet Union in the Crimea and near
the Caucausus. The secoRdyesonicusBigot,

is found only in the Far East. The remaining
four species are known in Central Asia. A sche-
matic distribution of these species according to
zones can be sedp.canud_oew keeps mostly

One of the basic differences distinguishing
leontochlaenu$rom P. canuss the presence of
black stripes on the upper part of the fore and
hind tibia (Loew, 1871). In 1960, on the slopes
of the Nuratau mountains (Uzbekistan) we
gathered a series of specimens with various
markings. Those whose stripes were evident

to wet places, namely marshes, deserts, and plaswere from the lower part of the slope. Those in

teaus. This corresponds to a strip between 34°-
35°and 50°52° latitude. The distribution area of
P. leontochlaenukoew is limited to dry clay
prairies, foothills, and dry steppe plots of
mountain slopes. albopilosusMacg. is found

in the marshlands along the banks of the Syr-
Darya river (possibly, in the wet mountain val-
leys).P. pallipennisMacqg. usually lives on the
very dry slopes of Tyan-Shan and Zailiiski Ala-
Tau. In the example of this genus, we are deal-
ing with inhabitants of dry steppes and deserts,

and from the above statements it becomes clear

that pigmentation in these topographies is not
as distinct as, for example, wi8tenopogorof
the high mountains. Here external conditions
are seen only in second-degree signs, in the

color of hairs and setae on separate parts of the

body.P. albopilosusa dweller of warm and wet

places, has all white body hairs, but the setae of

its antennae, part of its face and head setae are
black; the number of black setae on its legs is
greaterP. canuswhich lives in dryer places,

has a slightly yellowish hair color and never has
black hairs or setae on its head. And both are
rarely found on its legs. The hairs and setae of
the entire body oP. pallipennis which lives on
dry mountian slopes, have a light to bright yel-
lowish-red color.

Because the distribution area of the three men-
tioned species partly or completely enters upon
the distribution area d®. canuswe can prob-
ably assume that transitional individuals are
found there. We already know that during a
single day in the marshes of the Syr-Darya river
for a distance of four kilometers, individuals
were caught that ranged in color variations
from P. canusto P. pallipennig(Lehr, 1961).

the form of separate spots or unclear stripes and
darkenings were from the central part of the
slope and those whose marks were completely
lacking were from the upper part of the moun-
tains. In 1961, the members of the Kazakh Insti-
tute of plant protection, headed by M. P.
Malkovskii, collected 35 individuals d&¥. canus

S. str. on the Mangyshlak penninsula of which
18 in the conception state had the indicated
stripes. There were no examples of a single
typical P. leontochlaenus

All four species have a similar genitalic struc-
ture. They differ from related species by the
presence of an appendage on the hypandrium.
P. albopilosusandP. pallipenniswere described
in eastern China. It is possible to assume that if
the first “Mongolian”Stenopogompenetrated

into eastern Europe no earlier than the begin-
ning of the pliocene age, th@momachugtype
canug, at the present time reaching as far as the
\olga, probably spread from Central Asia at a
later period during one of the last drought peri-
ods of the interglacial age. Forms clos®to
albopilosusandP. canuswere the first pio-

neers. When the climate changed, becoming
dryer and warmer, possibly already in the
holocene age, the dry-steppe form closk.to
canus at this time occupying the plains of Cen-
tral Asia, appeared to be most dominant. Dur-
ing a later adaptation to climatic conditioRs,
canusmoved northward into Middle Asia and

to the present time has remained on mountain
slopes higher than 1,000 - 1,500 m above sea-
level, in the deserts (Kzyl-Kumy and Muyun-
Kumy) and in the marshes, where the mesophil-
ous form ofP. albopilosushas been preserved
near the river banks. At the same time, a new
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form appeared creatirfgy leontochlaenus,

the desert. There is a direct connection between

which was able to adapt to the most xerophilous structure and function. Here again, we see how

conditions of our time.

On the dry slopes of the foothills of Central
Asia where the brightly colored specles
pallipenniswas isolated and under conditions
similar to those of Middle Asia, there appeared
the similarly colored individuals d?.
leontochlaenusTherefore, we can assume the
exact division of the four species of robber flies
took place in the not-so-distant past approxi-
mately 8-9,000 years ago and their distinctive
characteristics are due solely to climate and a
change of habitat.

| want to pause for one interesting observation.
While sucking prey, the liquid content and sa-
liva stick the setae of the robber fly’s facial
beard (mystax) together. The robber fly
smooths apart the setae of the mystax with tar-
sal setae and the upper part of the tibia, thus
cleaning off the food particles. The particles
which cling to the leg setae are removed by the
head setae (Lehr, 1958 fStenopogon
octonotatud_oew). In the desert where humid-
ity is low, the liquid food particles quickly dry
and fall from the setae in the form of a small

a distinctive marking, produced by climatic
conditions, has an important functional signifi-
cance. This example is similar to the one of
Stenopogona desert dweller. The pollen cover-
ing, on the one hand, protects the body from
sunburn and, on the other, serves as a camou-
flage.

Therefore, the four analyzed species of
Promachuscannot be considered equal. On the
edges where their different habitats meet, there
exist transitory forms; and futhermore, the ap-
pearance of structural modifications on one or
another species depends greatly on the charac-
teristics of its habitat. The question arises,
should we consider these as species, subspe-
cies, or forms of a lower taxonomic rank? We
are inclined to consider them subspecies on the
following basis.

For five years we studied the behavior of the
Turanian and desert locustsg]liptamus
turanicusTarb andC. barbarusCosta.) in
Southern Kazakhstan. There is an astonishing
similarity between the ecology and distribution
of these locust species and the ecology and dis-

case, therefore the presence of head setae is notribution of the robber flief?. leontochlaenus

at all necessary. On the contrary, in the damp
air near the river, liquid food particles cling for
a longer time, and are harder to remove; there-
fore, the head setae are used to hasten the pro-
cess. It is remarkable that head setae are well
developed only oR. albopilosuswhere they

are black and strongd?. canusthat lives in

dryer places, rarely has theR.leontochlaenus
andP. pallipenniscompletely lack them. In an
example of the division of individuals &f
canusthat was gathered in 1957 in the marshes
of the Syr-Darya river, we can trace the entire

andP. canuslt is only fair to take into consid-
eration that locusts are more mobile than robber
flies; therefore, their zones of distribution are
always somewhat larger. The individuals of a
certain locust population rarely remain in one
place for more than a year. According to our
observations, the main mass of locusts annually
moves 7-15 k from their emergence site. Some-
times an insignificant number of the population
will remain in the old place but not always.
During its “migratory flight”, the locust prob-
ably moves up to 30 k and farther. Under favor-

sequence of change from the black strong setae able circumstances, robber flies usually remain

of individuals living on the river banks to the
weaker white setae of inhabitants at a distance
from the river to a complete absence of the se-
tae among specimens collected in an area near

on an area of several hectares, and only hunger
can force them to move more than short dis-
tances.

73



The tribe Calliptamini is widely represented in
Africa (Mischenko, 1952). It is possible that

patterns, these species are distinguished by the
color of their tibia. Dividing our collections of

italicus, a more mesophilous locust species than Eutolmusfrom Southern Kazakhstan according

our fauna, was the first to win Europe and
Western Asia. In the marshes of the Syr-Darya
river it is found in the same placesRs
albopilosus In the Pliocene age, the original
form of C. barbarusappeared most probably in
Iran as a possible center of the formation of
desert fauna. This species gradually penetrated
into the Central Asian deserts and occupied ar-
eas near to those Bf canusIn the Holocene

age we find the locust in the sandy deserts and
higher mountain belts (Naratau), after it had
moved from the plains to the river marshes as a
result of later adaptation to dry climatic condi-
tions. A new endemic forng. turanicus eco-
logically similar toP. leontochlaenygemained

in the clay deserts of Central Asia. It is interest-
ing that according to the general habitus of the
discussed insect species, the Turanian locust,
compared to other related species, is distin-
guished by its massive body. This is also char-
acteristic ofP. leontochlaenud want to add

that the distributional area of the related but
well isolatedP. zeoninugs almost completely

the same as that @f. tenuicercisTarb.
(Mischenko, 1952).

Since evolution of two of the analyzed species
of locusts and robber flies took place under
similar climatic changes and led to the forma-
tion of distinctly marked locust species, we
consider the Central Asidfromachusve have

to this characteristic, we discovered that in hu-
mid yearsE. implacidud.oew was predomi-
nant. OnlyE. implacidusds found in the dry
foothills of the Nuratau mountains. Finding no
difference in the genitalic structure, we were
convinced that we were dealing with only one
species. It is interesting to note the fact that, as
occurred in the above case, color can be a very
accurate indicator of the weather in the habitat
of the species. This confirms the hypothesis
that color of the individual is determined in the
pupal phase before the exit of the imago.

Therefore, in a single family of flies we have,
within species, the most varied reactions to
weather changes. If it were not for the differ-
ences in hypopygium, we could consider
Leptogastecylindrica tesquoruntehr merely

a diminutive form ol. cylindricas. str. be-

cause of the complete absence of a difference in
color (Lehr, 1961)Promachus leontochlaenus

is the same throughout its wide distributional
area; even deep in the desert of Kzyl-Kumy
(habitat ofP. canu$ 4-5 k along clay and sand
valleys, there are no transitional forms. This
illustrates the actual solidity of distinguishing
color markings. But at the same time, on the
slopes of the Naratau mountains and on the
Mangyshlak peninsula, we find actual transi-
tional forms between the desert and steppe rep-
resentatives. Individuals &utolmus

seen, that change in color, are directly and most implaciduspossess a contradictory characteris-

regularly dependent on the conditions of a habi-
tat. However, these peculiarities of color, char-
acteristic of the great majority of individuals in
the population, are impossible to confuse with
abnormal color digressions of separate parts of
the body under the influence of weather
changes during the ye&utolmus implacidus
Loew serves as an illustration of this (Lehr,
1962). In 1871, Loew described two species of
the genugutolmusfrom Przhevalsk and the
Zeravshan river valley. Aside from other color

tic that allows them to change color depending
on the weather conditions of a particular sea-
son. An even more complete picture of the in-
fluence of climatic factors on color is seen in
the genusStenopogon

However, other hypotheses regarding changes
in color are possible, i.e., atavism. These causes
do not exclude but rather supplement one an-
other. Judging by the abundance of species of
the genusStenopogonliving in the dry steppes
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and deserts and also by their behavior and daily the plains, it would have the color &f

regime (Lehr, 1961), we can assume that the
dry steppe lands were the original site of their
formation. In connection with this, it is possible
to assume the high mountain forrgs,
flavibarbis, S. flavibarbis occidentallsehr,
andS. hradskiehr, derived from the analogous
form S. macilentugTable 1). In actuality, if the
first of the mentioned species has a large num-
ber of transitional forms similar in color &
macilentusthen for the latter there are few
cases where color similar to that of the first
three species is acquired (Table 2). Here there
is room for analogy witWanessauirticae L. and

V. ichnusaBon. (Fischer, 1916%. macilentus

in its turn arose from steppe forms with a habi-
tat and flight period similar t8. callosusHow-
ever,S. macilentusas digressions in color
identical to the mentioned species, wigle
callosushas no such analogous changes. In
other words, at the present time in Central Asia
there are probably no ancestral formsof
flavibarbis S. macilentusor related species.
They either died out, disappeared, or live in as
yet uninvestigated areas. It is possible that the
first species remained in Central Asia and the
second in Mongolia, the supposed centers of
their origin. At the same tim&. laevigatus
Loew andS. sabauduFabr. are very close to
one another and have all the transitional forms
according to color and genitalic structure (Table
2). Here we find that both forms exist in the
present time and in places close to one or the
other’s origin.

callosus that is, the color that its mesophilous
form acquired in the Sara-Akinskii steppe. In
this form it would survive the cold. After the
melting of the glaciers and following the rise in
temperature, this form would partly return to
the mountains and partly remain on the plains.
This explains the contemporary insular distribu-
tion of the mentioned specie€s. macilentus
would have gradually acquired the dark reddish
color that distinguishes it today. In time, this
color would become dominant. If this hypoth-
esis is accurate, it would be easy to explain the
modern distribution. Thus it is possible to as-
sume that during the advance of the mountain
glaciers of the Reiss-Wurmian interglacial pe-
riod, the original form, very close to the modern
S. macilentusdescended onto the plains where
at the present time it has an insular distribution
on small hills. When the glacier disappeared,
this species returned to its former habitat on the
slopes of Tyan-Shan. The Sara-Akinskii indi-
viduals are similar in form to those that sur-
vived the glacial epoch. Based on this point of
view, if the distribution of this species were
clarified, it would be simple to explain the dis-
tribution of other robber fly species living in
similar areas (for exampldleomochtherus
maricovskiiLehr). But this is only an hypoth-
esis, which must still be confirmed by addi-
tional observations.

Color or a change of color serves as an indica-
tor of the habitat of a species and of the species
formation process. Therefore, a number of ana-

The above facts make it possible to assume that logical facts will assert that a subspecies, even a

a species gradually acquires a new color fol-
lowing a climatic change. For example, at the
beginning of a new ice age it is completely pos-
sible to expect that color must darken, and at

well-isolated species in nearby distributional
areas or those replacing one another during
flight periods, have a color variation that is seen
in the color changes of the cited types.

the end of it, individuals of a species once again Leptogaster cylindricas very close to

assume their original color. In other words, if a
contemporary typical form & macilentus
which lives in the steppes and on the slopes of
the Zailiiski Ala-Tau foothills, would survive a
new mountain glacier destroying the fauna in

Promachus canum distributional area and in

the peculiarities of pigmentation. The differ-
ence between the black formlofcylindrica
hispanicaMg. andL. cylindricaproper is seen
most of all in the color of the head setae; that is,
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there is an analogy here to the descriptiorR of
canusandP. albopilosusBut here there is a

inhabitant of salt-ridden lands, which remain
damp the entire summeg. armeniaca

difference in the genitalic structure, so it is easy Paramonov is found in places containing simi-

to recognize the large number of subspecific
individuals on this basis. Although their distri-

lar soil. The color of the bodies of both species
corresponds to the color of the salty soil. We

butions adjoin, they are sharply delineated. Just foundC. ruficornisv.d. Wulp entirely on thick-

as the dominant speciesffcanuss able to
possess a well-known form Bf leontochlaenus
in the desertl.eptogaster cylindricdnasL. c.
tesquorumwhich is almost identical in pigmen-
tation. A similar example of the difference in
leg color, but on a higher taxonomic level than
with Eutolmus implaciduss seen among the
species oMachimus rusticusleig. andM.
alatavicussp. n. (in lit.).M. rusticushas red
coloration only on the base of the tibia, while
M. alatavicushas red coloration on a signifi-
cant part of the tibia and over onto the femurs.
The red coloration df1. alatavicus depending
on the dryness of its flight period, appears in a
pattern of red (antithermal) tones. These sepa-
rate species have great differences in their
hypopygium M. rusticusflies during May and
June, a more humid season, wiNlealatavicus
flies in the same places, but during July and
August. Paly (1960), in his observations on flea

ets ofGamanthusDuring the flight period of

this species, the plants are usually rose colored.
And the body of this robber fly has a rose color
identical with the color of the named plants, un-
der which it awaits its prey. Most probably ge-
nusCtenotais ancient, dating back at least to
the Neocene period. The habitats of its species
are sharply delineated despite certain associa-
tions crossing into others. Moreover, there are
actual morphological variations in venation, po-
sition of hairs and setae, even in form, not to
mention genitalia. We did not note any change
in color of these insects from year to year. Con-
sequently, protective coloration is the primary
factor here and changes of pigmentation do not
occur under the influence of the air in the damp
saltmarshes and in the hot sandhills. Selection
neutralized this indicator of the peculiarities of
climatic conditions. The majority of the other
genera of the named tribe acquired their color

beetles, made an even more astonishing analogyby imitation. Representatives of the genus
concerning the dependence of beetle body color Laphria, and those related, present astonishing

on flight season and habitat.

In the analysis of color and pollination for the
species of the geni&tenopogonye indicated
that pigmentation, the result of the reaction of
determined climatic components, only remains
unchanged when color plays a large role in sur-
vival as camouflage and vice-versa. This is re-
affirmed in the example of the desert genus
Ctenotaof the tribe Laphriinae. We have added
a fourth species, not yet described, to the well-
known three species. In the summer of 1961,
we became acquainted with habitats of these
robber flies. It seemed they kept solely to the
same sitesC. molitrix Loew is an inhabitant of
shifting sandhills, and its color blends well with
the color of the sand. The three other species
are inhabitants of saltmarsh€tenotasp. is an

examples of mimicry of stinging Diptera and
Hymenoptera. Porchinskii (1876-1877) has re-
ported a small number of similar examples.

We shall spend some time on the natural devel-
opment of the seemingly insignificant influence
of climate on the appearance of robber flies,
evident over large territorieseptogaster
fumipennisLoew andL. turcmenicaParamonov
differ first of all in the intensity of wing color.

In addition, they have variations in the structure
of their genitalia. The first species is an inhabit-
ant of the coastal areas of southern Europe and
the Pacific Ocean. The second species com-
bines the distributional areas of the first into the
more continental conditions of Middle and Cen-
tral Asia, inhabiting marshlands and damp
mountain valleys (Lehr, 1961). We observed the
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very same thing witlselidopogon octonotatus
andS. diademdrabr. but in the size of the hairs
of the mesodorsum (the primary distinctive
mark of the species). The hairsifdiadema
are long and thick while those 8f octonotatus
are short and thin. The distributional bound-

Peculiarities of habitat and the down
of robber flies

As was already noted, a change in color is not
the only factor that reflects the habitat of a spe-
cies. A less definite but rather steadfast sign is
the characteristics of down: length, thickness,

aries of these species passes near 45°t0 55° longnd abundance of setae and body hairs. The

gitude. In the collections of L.V. Zimina from
outer Caucasia (collection of the museum
MGU), there are typical individuals of the two
species as well as transitional forms based on
discriminatory markings. It is also possible to
determine by the characteristic of the hairs
whether individuals are from a dry or humid
habitat. The same was observed in the collec-
tion of these robber flies from the area located
between the rivers Volga and Ural. But in the
center of the distribution &. octonotatuseven
in the ravines of the Nuratau and Ortau moun-
tains, we do not find variations of markings
similar toS. diademaWwith the majority of spe-
cies of the genuStenopogorfirom the Mediter-
ranean aredy junceudVied, S. brevipennis
Wied, S. schisticoloiGerst.,S. caracinud.oew,
and others), usually the males and more rarely
the females have milk-white colored anal lobes
and wings. Often this is accompanied by the

outstanding majority of adult robber flies fly
during the beginning of the hot season, the end
of May to August. However, as always, there
are exceptions. For examplgystrichopogon
hirticepsHerm. flies in April on the foothills of
Tyan-Shan and during years with an early
spring, in the latter part of March. At this time,
cold spells and snowfall may occur and the
temperature drops to 5°to 8°C. These gray in-
sects have a shiny black spot with metallic blue
or violet on the upper part of the tergites. We
have already spoken about the significance of
such coloration. The body of the insect, espe-
cially the thorax, is covered with thick and long
hairs (Fig. 4). Representatives of a late autumn
speciesl{ludium hebernunv. Ricter) are also
thickly covered with hair. This species even has
a thick mane of long hairs down its mesodor-
sum. If we examine the representatives of our
genera in detail, from this point of view, we ob-

presence of crooked stripes on the hind parts of tain 4 very interesting picture. The species of a

the tergites from the presence of silvery pollen.
These same markings occur on Middle-Asian
species when they appear in the Mediterranean
(for example S. flavibarbis occidental)sIn
addition,S. laevigatuandS. sabauduim the
north-eastern part of their distribution do not
have a light color. Probably, individuals moving
from humid zones to drought zones are subject
to rather sharp changes in external markings.

Hence, the settling into a new habitat with a dif-
ferent climate is seen externally in the change
in the robber fly’s coloration. These changes
are natural for all groups of animals, but they
can be hidden, suppressed, or transformed, es-
pecially if it would be harmful to the existence
of a species.

single or related genera, one that flies in the
south in the spring and fall or is a typical north-
ern inhabitant, has longer and more developed
hairs and setae. The structure of the ovipositor
in the genu®ysmachuss close to that of
Eutolmus which is linked to the ability to lay
eggs (Lehr, 1962). The genera are differentiated
by the following rule: if the dorsocentral setae
of the mesodorsum reach its anterior border, it
is Dysmachusif they do not, it isEutolmus It
seems that all the known speciegsmachus
living in the southern steppes fly only in the
spring. Even in the foothills they fly not later
than the middle of May. We do not know of a
single species dtutolmusthat flies here (in the
southern steppes) so early, and if a species
should appear at the end of April, then it occurs
farther south, in the deserts of Middle Asia.

77



Analogous subdivisions can be found in the ge- Characteristics of body structure,
nusMachimus In the development of body se-  behavior of robber flies, and radia-
tae, these robber flies are closeéEtatolmus but tion from the sun

there are species which fly early in the spring in cyrtopogon daimy@peis flies in the foothills
humid areas of the south, that have mesodorsal f Tyan-Shan during October. This interesting

setae and hairs similar BysmachusThis hairy robber fly is quite similar to a small
served as the basis on which they were distin- bumblebee, and the similarity is completed by
guished as a subspeci€anosiphor(Becker, the “bee hum” it emits during flight. During the
1923). flight period of this robber fly, the weather is

Hence, the varying degree of development of characteristically very unpredictable with quick
body down of robber flies, which in a number rising and lowering of the temperature. The up-
of instances allows the systematic grouping of ~P€r abdominal portion of this insect is shiny
species into genera, is often merely a necessary black, sometimes shot with a metallic color.

and reciprocal reaction of an organism to humid The part of the tergites not covered by the
and cool habitats and vice-versa. wings (the sides) has thick red hairs. This rob-

ber fly regulates the penetration of the sun’s
The dependence of the development of the se- heat by opening and closing its wings over the
tae of the facial beard on the peculiarities of  pjack parts of the tergites. There can hardly be a
habitat is less general and clear. For example, more illustrative example of exploitation of sun
the majority of species d¢iabropogortfly in energy (Fig. 5). These same bare black parts in
the desert at the end of April to May. Their fa-  the upper region of the abdomen are found in
cial beard setae extend beyond the middle of  gther species and among genera that are more
the distance between the edge of the mouth  developed among those representatives of cool
opening and the base of the anteniae. and humid places. For example, among
verticalis Beck, which lives during the latter Promachushey are best developed in the case
part of May to June on the hot sandhills, has a  of p. canusandP. albopilosusand are almost
narrow row of hairs above the mouth edge. Al gpsent in other species. Similar spots are found
the southern species béptogasteihave facial  on the spring specieslystrichopogon hirticeps
beard setae that are short, few in number, and  (april), and on individuals ofiludium
arranged in a single row; while those of the in-  pjpernum which fly in the foothills of Middle
habitants of the most humid places, Asia during the autumn. It is possible there are
cylindrica andL. hispanica are arranged in even more analogies. This proves once again
more than one row, are numerous, and thick.  that sun energy plays an important role in the
Similar examples are found wifatanas gigas  active behavior of these insects. At the same

Eversm. an. minirPrtsch. Polysarca time, “usually the temperature of different seg-
gussakovskijParamonov an@. violacea ments of the body, especially of large insects,
Schin.,PhilodicusspectabilisLoew, andP. varies within very large limits. The highest tem-
ponticusBigot, although their ecology is not perature is always in the thorax as in this part of

always known to us. Itis possible that the facial the hody are found the flight muscles which
beard setae play a sensory role in determining  play a large part in the output of heat. The tem-
SUItablllty of prey and to better determine Odor, perature of the abdomen is a great deal |Ower,”

and that under humid conditions the facial (Showen, 1953, 427). This is in direct reference
beard setae must be farther from the edge of theq the robber flies, which are the most mobile
mouth. predators, usually seizing their prey in flight

and carrying it several meters. The thorax of the
majority of these flies is covered with pollen.
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Hence the part of the body that has the highest
temperature due to muscular activity is care-
fully isolated from unnecessary heat by the
most perfect means—squamellas of pollen (Fig.

6). There does exist a large group of genera, the above pairs of genera in the past are the same as

individuals of which are entirely covered with
thick pollen on all parts of the body. We clas-
sify them as northern forms by origin. They are
inhabitants of the forests and meadows in the
temperate climate belt of Europe and Siberia. In
Middle Asia they are found in the humid moun-
tain belts or on the plains in the spring or fall.
These are the commadtachimus, Eutolmus,
Dysmachusand others. During the evolution-
ary process, they developed completely differ-
ent needs for heat and have acclimated in a
most astonishing manner. We shall concentrate
on the “southern” forms. Although these live in
the desert during the hottest months, they can
also adapt well to the conditions on the north-
ern plains and cool mountain chains. These
“southern” forms are distinguished by a color
variation which indicates weather conditions,
andStenopogoserves as an excellent example.

The possibility of ecological classifi-
cation on the basis of color and
down

It is possible to arrange the majority of robber
flies known to us into four topographical
groups, according to the color characteristics of
the abdomen (Table 1). This has already been
done for the genuStenopoqgonand for a small
number of other genera and species in Table 3.
Since a detailed account would require too
much time, we shall deal with only a few spe-
cies from the first topographical group. The
black color of the abdomen (and body) of
Stenopogoninhabitants of alpine and subalpine
meadows, is necessary for a quick rise in body
temperature from the effect of the sun’s rays.
From this viewpoint, how is it possible to jus-
tify the black body color of the species of the
generaPolysarcaandPolysarcode® Both of

the mentioned genera have a form of venation
similar to that in the geneRromachusand

SatanasThe genitalic structure ¢folysarcais
similar to that ofPromachusand that of
Polysarcodeso SatanasTherefore it can be
assumed that the causes for the variations of the

for the genustenopogonfor example, the
group Macylentus. The same, possibly, can be
true for a second pair of genera. Rflysarca,

we were able to become familar only with
neptisLoew. These robber flies stay mainly on
the sandy soil of the Priliiskii deserts and fly at
the beginning of May when the weather is still
cool. Hence, no contradiction between color
and flight period can exist.

The southern species lbbewinellg like the
majority of Dioctria, live in thick grasses, usu-
ally under bushes and trees. But aside from the
fact that they seek the shade of plants in inten-
sive heat, the same situation holds true for them
as forHolopogon

Representatives of the gendslopogonare

found in the steppes, deserts, plains, and moun-
tains. In Southern Kazakhstan, their flight takes
place in April or, more rarely, in May. We have
already covered the behaviortdf claripennis
Loew. These small robber flies seek their prey,
sitting on the tops of dry stalks of dead plants
such as sagebrush, reeds, harmel, and others.
This is usually at a height of 30-50 cm or more
from the ground (2.5 m in the Priliiskii desert).
The daily regime is as follows. They hunt in the
morning from 8 to11 A.M. prior to the advanc-
ing heat, during the mass flight of small insects
(plant lice, small beetles, gall midges, and oth-
ers). During the afternoon, they mate, lay eggs,
and sometimes hunt prey. At this time, the ma-
jority of insects stay in thick bushes. In the
evening, when small insects are most active,
they hunt once again. In the evenings and on
April mornings when it is still cool, a constant
flow of heat is necessary for the mobility of
these small predators. They receive heat energy
from the sun due to their black color. As
Strelnikov indicated, the slightest wind (up to 1
m per sec) significantly lowers the body tem-
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perature of these insects. So, during windy
weather, these small robber flies gather on the
sides of plants protected from the wind. In this
respectH. priscusMeig., the only species of

This species is particularly changeable. The
variations in the thickness and arrangement of
abdominal hairs is very great. Individuals,
which are found on sandhills where dry plant

the genus in the steppes of Kazakhstan that has stalks reach a height of two or more meters

moved as far north as 57° latitude, is very inter-
esting. During its flight (July to August) cold
winds often blow. And this is the only species
whose body, especially the mesodorsum, is
thickly covered with long heavy hairs—snow-
white on the males and brownish on the fe-
males. “Obviously, the highly developed hairy
cover of certain arctic insects (particularily, the
more mobile male of the flies (Cordyluridae))
has some significance in the preservation of the
insects’ body heat. This downy cover creates a
zone of weak heat-conductibility around the in-
sect” (Shtakelberg, 1940, p. 262). This supposi-
tion is completely acceptable for the non-arctic
Holopogon The black body ofiolopogoncor-
responds directly to the situations in which we
find StenopogonLet’s try to picture how a spe-
cies of the genudolopogonwould be if it
adapted to a desert habitat in the heat of sum-
mer, but retained its former behavior patterns.
First, it would have to have a light color (fourth
topographical group, Table 1) or else it would
quickly be burned by the sun while sitting on
the ends of bare branches. But during the sum-
mer in the deserts of Middle Asia, strong winds
blow steadily. Hence, this robber fly waiting for
prey high above the ground must be covered
with thick hairs.Jotopogon leucomallusoew
(Fig. 7) answers all the above requirements.

It is possible to frequently see these snow-white
robber flies in places with sandy soil, sitting on
the tops of dry stalks of sagebrush, etc. They
are very similar to a piece of fluff. It is remark-
able that in all the places where they are found
there exist objects similar to them. For ex-

ample, the white galls on gray sagebrush are the

same size; the dried fruit of the Accurai are

similar in shape and color. But most often, these

robber flies can be confused with balled up spi-
der webs that cling to the end of a branch.

(and consequently the robber flies sit high
above the earth), have abdomens covered
thickly and evenly with hairs. In places where
robber flies have to seek prey on sagebrush at a
height of 30 to 50 cm above the ground, the ab-
domen (and the entire body) is covered with
thinner hairs, and there are more spots of sil-
very pollen on the tergites.

Consequently, in places where robber flies are
forced to hunt prey near to the ground and there
is less movement of the air, pollen serves as an
“isolator.” Where there are heavy winds high
above the ground, they are covered with thick
hairs.

All of these examples reaffirm the connection
between habitat (climate), season, way of life,
and the down of the robber flies, and they cor-
respond with the situations found for
Stenopogonin the example of the genus
Holopogon,we see once more that it is concen-
trated in one or rarely two topographical areas,
while Stenopogotis found infour. Therefore, it

is difficult to separate the dependence of exter-
nal physical characteristics from conditions of
environment.

Possible exceptions

In the preceding part of this article, examples
were given showing that similarities in the col-
oration of different robber fly species (their
bodies and down) correspond to the characteris-
tics of their habitats. | will deal concisely with

the exceptions among mal&zelidopogon
octonotatudlies in the desert during May to
June. The body of the male is black and the ab-
domen is not covered with pollen, which, ac-
cording to our classification, agrees with a habi-
tat in the northern plains and high mountains
(topographical groups | and Il, Table I). At the
same time, the female has a red abdomen, char-
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acteristic of the species of the third landscape
group of the typ&. macilentus

Living in the desert, the females possess an
“antithermal” color on the abdomen. Why then
is the male’s abdomen black? It was noted that
during the flight period o08. octonotatushe
largeSphexXlies in the same places. There is a
direct correlation of male and female color
among these species. Earlier (Lehr, 1958) we
considered that these Hymenoptera serve as a
model for our robber flies. The question then
arises, what color variations are there between

the sexes of the digger wasps? The difference in

male and female robber fly behavior might shed
some light on this question. The malesSof
octonotatusappear earlier than the females, and
their flight ends later. Their daily regime con-
sists of exhausting searches for the females.
This male robber fly flies several meters, look-
ing into every small corner, stopping to rest
only for a few seconds. When he finally finds

the female he enters upon a lengthy and compli-

cated courtship.

The major portion of the day for the female is
spent hunting prey. Even during the male’s
courtship she does not cease capturing insects.
Waiting for prey, the female sits on the short
grass “of the meadows”, near tall plants of the
Compositae family, most often sagebrush, bri-

body down can be accepted as an explanation
of the pigmentation difference of the robber fly
sexes. Does a similar explanation fit the digger
wasps? In search of prey ( food for the larvae),
the females of these insects run on the ground
and dig holes in the earth. They spend a greater
part of the time in hot air close to the soil. But
the male, as a rule, keeps to flowers, i.e., in the
“Holopogonzone.” From this we can assume
that difference in behavior clarifies the color
variations of the sexes. A great part of the lives
of the different sexes from these species is
passed in environments with different microcli-
mates.

S. octonotatuss not the only exception, at least
in sexual color variation, but rather the rule for
an entire group of desert species. A complete
analogy is observed witharopogon dasynotus
The femaleSaropogon pittoproctysvhich flies

in July to August in sandy deserts, is of a yel-
low color, but some males have black color pat-
terns on the abdomen.

The males and females of the majority of spe-
cies have the same body coloration. But the de-
velopment of individuals under conditions no-
ticeably distinguished from the optimum
(boundaries of distribution areas, sharp digres-
sions from the average weather for the season)
is accompanied by two possibly interdependent

ars, etc. She sits where there is no wind and it is causes: the male population is more active than

hot and where there are many Dipterous and
Hymenopterous plant pollinators, which com-
pose 63% of her food. In other words, the
greater part of the female’s day passes in a hot,
guiet atmosphere, close to the ground.

The male, however, for the greater part of his
day flies above the plants, where there is more
wind and the air temperature is lower. His life
passes in theHolopogonzone.”

Possibly, this behavioral difference is the basic
reason for a color variation between the male
and female. Shtakelberg’s proposition (1940)
that in the arctic the more mobile males lose
heat easily and therefore have more developed

the female, and the color of the male differs
from the general type approaching that of
Selidopogor(Table 2). Thus, the females of
Stenopogon macilentusongolicud_ehr are
almost indistinquishable froi®. macilentus

while at the same time the males’ abdomens are
almost completely black. Enderlein (1933) de-
scribed two species &tenopogorfrom Pamir
where the female had white body hairs and the
male black. In fact, they belonged to the same
species. At any rate, since then there have been
some 20 individuals of this species collected
from Pamir (by Gorodkov and Lopatin), but not
a single male had white hairs and vice-versa.
We could cite additional similar examples. Inci-
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dentally, the red abdominal color of the forms
S. hradskjioften appears on the females and
very rarely on the males (Table 2).

Mimicry

In the preceding chapter, we discussed the
causes of color similarity among individuals of
opposite sexes of the robber 8glidopogon
octonotatusand of digger wasps. On the basis
of these examples, can we consider that, under
the influence of lengthy selection, a form of
robber fly developed that had such differently
colored representatives of the sexes only be-
cause the identically colored stinging digger
wasps flew at the same time?

The numerou®ioctria are found in the north-
ern areas of Kazakhstan, among the thickets of

their nests. Externally the adult predator and the
victim are quite similar, and they even hunt and
gather food in the same plac&aropogon
alternatusLoew is found on the mountain

slopes of Middle Asia, and this insect is similar
in body shape and red color to the plicate
winged wasp (Vespidae). The wasp builds its
nest where the robber fly flies. Mahgphria
imitate bumble bees in all aspects. It would be
difficult to negate mimicry in these cases.

We are able to present the following picture of
the formation of robber flies that are externally
similar to the stinging Hymenoptera. The pos-
session of a new habitat by insects, as a rule, is
accompanied by changes in color and some-
times in body shape. In the course of time, the
similarity of pairs of such species of phyloge-

the southern mountains and in tall, thick grasses netically remote groups can, under the influ-

during the first summer months. In the foothills
of Zailiiskii Ala-Tau, these robber flies are of-
ten seen during the first part of their flight (end
of May) sitting on top of plants. Later, when it

is hotter and drier, they disappear under bushes
in thick fruit orchards or in tall grass. The body
of these flies is narrow, easing their flight in
thick underbrush. As inhabitants of dark places,
they naturally have a black color.

Wasps of the Ichneumon family, similar to
Dioctria in external features, flight, and color,
can also be found in these same places. Even
after a lengthy study of both types, it is often
difficult to establish whether a specimen is a
representative dbioctria or Ichneumonidae.
According to the widely accepted literature on
mimicry, it is possible to assume the robber
flies are imitating the ichneumon flies. But
knowing their way of life and the influence of
environment on color, it would be more correct
to consider habitat as the cause of their similar-

ity.

On the other hand, among robber flies we do
have examples of indutible imitation of Diptera,
Hymenoptera. The larvae Blyperechiafeed

on the larvae oKylocopa(Poulton, 1924) in

ence of an identical environment, obtain such
closeness that their general and possible en-
emies (birds, lizards) often mistake them. From
this moment, natural selection, which serves to
perfect the primary similarity, acquires a greater
significance.

Factors that compel species to move
to new habitats

We shall consider the factors that cause the re-
location of individuals of a species from a large
territory to other habitats or the changing of the
flight period to another season. For this we will
again return to the gen&tenopogon. S. avis
possibly more universal in this matter. A special
article (Lehr, 1961) has been devoted to its biol-
ogy in which it is referred to &. heteroneurus
Macq. In that article, the population of this spe-
cies was divided into two parts: the first occurs
at the time of the flight of the Morrocan locust
(Dociostaurus maroccanuithunb.) and the
second at the flight of the Turanian locust.
Males ofCalliptamus barbarugompose the
basic food of this species. As subsequent obser-
vations indicated (1960-1961), this difference
occurs even in places where there are no
Morrocan locusts, and the entire population of
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this species appears when the Turanian locusts
becomed winged. In our opinion, this division
of population according to flight time is the be-
ginning of a split of one species into two, a par-
allel adaptation to hunting prey with other char-
acteristics also taking place. The change of a
flight period by a species is equal to a change in
habitat with different climatic factors. It is pos-
sible to illustrate this with many examples, es-
pecially among related species of robber flies
that live in the same places but differ in geni-
talic structure and flight period. These are
EremiscavernalisZinov. andE. autumnalis
Zinov., Apoclea helvipekoew andA. trivialis
Loew. These have already been mentioned, as
haveMachimusrusticusandM. alatavicus

Their flight periods partially overlap one an-
other, and for the speciesApocleawe possess
an actual hybrid (a female). The move to a
habitat in saltmarshes can serve as another ex-
ample.S. avuss found exclusively on the prai-
rie, ventures into the desert only on the bound-
aries of Kzyl-Kumy following the loess areas,
but never is found in marshes or saltmarshes.
Differences among this group are in the length-
ening of the top of the basistylus of the
hypopygium and in smaller overall measure-
ments.

Aside from this, females are distinguished by
the length and thickness of the hairs on the
mesodorsum. The small external differences
and the complete lack of color variation cause
us to think that this subspecies was isolated
only recently. The course of the process can be
presented in the following manner. During cer-
tain years, the prairie vegetation burns out early
and even the locusts become rare, flying to new
places with richer growth. At this time, despite
the weather, saltwort blooms in the saltmarshes.
These thick and succulent plants attract numer-
ous types of insects, such as locusts, flies, and
bees—pollinators of the saltwort. Several spe-
cies of robber flies fly at this same time. The
saltmarshes are surrounded by prairie, which is
usually populated by mar§y. avusDuring

drought years, the prairie is poor in prey, and it
is completely natural that robber flies would
move to places where prey is abundant. It is
completely possible that part of the population
gradually adopted a permanent habitat among
saltwort. It is interesting that another spects,
markovskij is found in the saltmarshes. This
species is very similar in size and coloiSto

avus solsolacearunBoth sexes of these two
species have the two final abdominal segments
almost always colored red, which distinguishes
them from other related species of the genus.
But in the structure of the hypopygium this spe-
cies is close t&. macilentus.e., to another
group of robber flies. Analogous examples also
can be found for species of other genera.

Therefore, the migration of some individuals of
the population of a species to new places can
be forced by the need to seek areas abundant
with prey. In the new conditions, changes occur,
first of all in color, but sometimes in size. Often
the appropriate pigmentation cannot become
apparent, however, as it is suppressed by
adaptative factorgQtenotaand the saltmarshes
in the prairie). But almost always in such situa-
tions the genitalic structure changes, although
insignificantly. The stimulus of these changes is
still unclear, so it is best to proceed from cor-
relative causes. Habitat plays the most impor-
tant role. Each part of the male’s hypopygium
fulfills its function of supporting the female
during mating. The migration to new areas cre-
ates other positions for the mating individuals,
depending on characteristics of the landscape,
vegetation, wind, etc. And this can serve as the
basic cause of the lengthening or shortening of
certain parts or of the formation of new
growths. It is possible that some small changes
in the ovipositor, in connection with new egg-
laying sites, are reflected in the structure of
separate parts of the male’s hypo-pygium. We
often can speak seriously of a new species
when variations in the hypopygium occur. In
related forms, the latter changes after a long ex-
istence under conditions differing from the
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original environment. In other words, we can
assume that migration into new habitats or a
change in flight period is usually compulsory
and occurs from lack of food. For predatory
flies the ability to propagate depends upon this
primary stimulus.

The question arises, is the change in diet one of
the positive factors that determines the “split”

of a species? In our opinion, this is hardly
credible for robber flies. A great majority of
these predators feed on the most diversified
groups of insects. On the left bank of the
SyrDarya river in 1957, 37.8% &romachus
leontochlaenuprey was composed of beetles

of which 15.2% wer&yriopertha glabraGebl.
and 13.4% were @ymnopleurusiung beetle.

In 1959, in the Golodny steppe, another popula-
tion of this same species had a diet composed
of 29.3% beetles, of which only one specimen
was of the species abundant in the feeding for
1957, and 67.3% Diptera, of which 32.7% were
house flies. We did not notice any difference
among the individuals of these populations; al-
though judging by the vegetation, their prey
composition must be approximately the same
every year for each of the mentioned sites
(Lehr, 1961). The prey ddutolmus implacidus
was composed of 42% (in separate years up to
60%) ofBlitoperthavariabilis Ball (Lehr,

1962). The individuals of the population in
south-eastern Kazakhstan, however, are unable
to have it in their ration since this beetle is not
found there. However, among individuals of

to capture the rapid flyin@ymnopleurusvhen

it “trains” itself to hunt the slower flying

beetles that are similar in size and color. Con-
versely, it was observed in 1959, when the
Diptera and Hymenoptera disappeared the en-
tire population died off as its members were un-
able to adapt themselves to hunting the numer-
ousGymnopleuruslt may be entirely possible
that such a difference in acquiring a hunting
habit by individual insect groups could serve as
the basis for a digression in their detailed struc-
ture, a structure that provides them with the op-
portunity to capture a certain species of prey.
However, in such a case, the cause of change
would not be in the food composition but in the
behavioral characteristics of prey in particular.
In the above case, the cause of change is the
speed of flight. And it is in this category that
we must make note of a structure that distin-
guishes the tribe Acanthocneminae: the pres-
ence of a thorn-like spur on the front tibia.

All the robber flies known to us and systemati-
cally classified into groups feed on Diptera and
Hymenoptera. This is the single group of any
species whose hunting objective is divided by
narrow constriction between thorax and abdo-
men. In order to completely suck the prey dry, it
is nhecessary to turn it over so that first the ab-
domen and then the thorax is emptied. The
above mentioned growth is to ease the quick
turning of the prey. The special need for hunt-
ing a particular prey caused the development of
such a growth. It then became the mark of an

these separated populations there do not appearentire generic group. In Koshanchikov’s opin-

to be any differences. Strictly speaking, we
know of only one robber fly that displays nar-
row specialization. This isleolaparus
mesasiaticus.ehr, which feeds exclusively on
the antCataglyphus pallidustayr. It is true
that during the hunt for different types of prey
robber flies develop a conditional reflex (Lehr,
1961).Promachus leontochlaenis only able

ion (1959), the lone case, “which cannot be re-
peated in ecological experiment ,” where the
forming of a species is due to feeding special-
ization, is seen in the example of the willow
beetle. However, in his opinion, much time is
needed for such cases. Morphological varia-
tions of filial species are practically lacking.
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Peculiarities of robber fly evolution

In a comparison of our 38 species of
Stenopogonwe noticed an astonishing consis-
tency in body shape, size, number and arrange-
ment of setae and hairs, and an amazing simi-
larity of the color of definite topographical rob-
ber fly groups. Therefore, in composing a de-
scriptive table of a genus it is very difficult to
find exact markings that would help to distin-
guish related species. Together with this “abso-
lute” similarity, inhabitants of close or the same
environmental conditions have a distinctive dif-
ference in their hypopygium, which shows the
long isolation of some of these homologous
forms. At the same time, the presence of spe-
cies similar in body form but related in genitalic
structure to different groups convinces us that
these species arrived in the same place by dif-
ferent routes. These conditions alone are the
cause of their complete external similarity.
However, exceptions do exist, created by spe-
cific robber fly behaviorS. porcud_oew (Lehr,
1958) can serve as one of the examples of an
exception among known speciesSiénopogon
Although the main prey of species of the genus
is composed of flying insects, the preySof
porcusis composed of 75% locust nymphs,
bugs, and spiders. All (other) robber flies throw
themselves at insects flying past. It is a charac-
teristic of S. porcugo notice any insect seated
on a plant (attracted by the movement of legs or
antennae) and at once capture it. The robber fly
attacks its prey from a short distance. After the
prey has been paralyzed, the majority of robber
flies carry it onto a planS. porcuscrawls onto
the ground to devour its prey. In addition to
hunting peculiarities, this robber fly species has
a certain atypical form. Its body is narrower and
wings are shorter (they cover only 3 to 3.5 seg-
ments of the abdomen) than for the other spe-
cies (Fig. 8 and 9). Aside from this, it has nu-
merous well-developed dorsocentral setae in
the prescutal part of the mesodorsum. An ac-
quaintance with the behavior of other represen-
tatives of the genus makes it possible to picture
how this species was formed. avuswhich

flies later thars. porcusbut in the same places
and hunts flying locusts, has a method of hunt-
ing prey similar tdS. porcusThis is especially
noticeable in hot and dry years or under unfa-
vorable conditions. Usually the measurements
and type of insects that serve as foodSoavus
are uniform (Lehr, 1961). Primarily, food
sources are locusts, but before the locust
masses receive wings, they can be any of a
number of insects. But in 1959, we took from a
robber fly a femal&phingonotus satrapes
Sauss., which significantly surpasses the robber
fly and its usual prey in size. She was captured
after several days of hunger because of strong
winds. There was an even more astonishing
case in 1961, a year of very high temperatures
and dry air. The robber flies were obviously
hungry and, in addition, they were forced to
compensate for the dryness by sucking on a
large number of insects. Under such conditions
the robber fly prey consisted of 8 (5.3%) pray-
ing mantis nymphs and even one adirttpusa
(Mantidae). For the past 10 years we had not
come across any of these immobile insects. We
can say the same for crickets and female lo-
custs. In normal years, they are seldom found
among robber fly prey. Hence, hunger and thirst
compelled this robber fly to hunt prey rarely
found in its diet (nymphs of immobile praying
mantids). Under similar conditions during the
drought of 1955 in the Priliiskii desert, we were
able to observe ho®. avusseized a cricket
(Mitrioptera) that had already seated itself on
the ground when the predator attacked.

Under extreme desert conditions, sometimes
more severe than the present, one of the species
of Stenopogorfof the group laevigatus) gradu-
ally began to feed on locust nymphs, causing a
series of changes in the form of this species and
distinguishing it from other representatives of
the genus. In our opinion, the formationSf
porcusis not completely finished since only

25% of flying insects are found in its diet. But,
simultaneously, this species has become very
specialized, which can be seen by the presence
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of not only spiders but of other largely immo-
bile nymphs ofCadophila variaF.

(pentatomids) in its feeding. These bugs are
very numerous in the desert. Having acquired
the habit of hunting these bugs, the robber fly
can still widen its feeding circle. But at the
same time, the shortening of the wings could
hardly allow this robber fly, or any other similar
species, to hunt flying insects. In most cases,
winged individuals were captured while sitting
on plants. In general, the ability to capture sit-
ting insects was observed at times among other
species of the genuS.(albociliatus, S. avius

cause it has acquired the ability to hunt immo-
bile or seated insects (for example, bug
nymphs), this species could cease hunting lo-
cust nymphs and begin to feed on insects of dif-
ferent groups that are similar in behavior. Then
it would be in the position to assimilate even
greater varied biocoenoses and, not finding any
competitors in other topographical areas, to ac-
guire another color and corresponding digres-
sion in genitalic structure. This group of similar
species could then be separated into a larger
taxonomic class. Based on an analogy of the
structure of species that feed on immobile in-

This eases the transfer process of hunting larvaesects (Leptogastrinae), it can be expected that if

( nymphs), almost immobile, or sitting insects
considerablyS. porcuds more flexible thais.
avusand many other species of the genus. It is
found in saltmarshes and marshes. We did not
observe any change in its external form in these
places.

In the example 08. porcusve can see the

cause of a sharp morphological variation from
original forms. This is seen first of all in its pe-
culiar behavior. It is the exact similarity in be-
havior, manifested most of all by a conformity
in hunting prey, that makes all the remaining 30
species of the genus externally indistinguish-
able. Their old methods of hunting provided
these insects with enough food in the most var-
ied climatic conditions. And if it were not for
color and the hypopygium, we would not be
able to find variations, despite the great differ-
ence in habitat conditions. Due to the fact that
various topographical areas caused color di-
gressions, we can say that we are dealing with
different species. Since their separation from
the original forms, these species have adapted
to a great number of habitats, while others, pos-
sibly, have gradually returned to the original
forms.

Continuing a discussion on the conformity of
structure and of behavior & porcuswe can
assume that due to its peculiarities, the indi-
cated species could develop into an original
form of a specialized group of robber flies. Be-

the futureS. porcusnoves among thick plant
undergrowth as the present form does, there
will be a greater narrowing of the body; i.e., it
will change to become more similar to
LeptogasterHence S. porcuf the future

(with a further specialization of feeding on im-
mobile, seated insects) could acquire a distinc-
tive form close to that dfeptogasterHowever,

it is necessary to take into consideration the dif-
ference in original forms.

Therefore, it is possible to assume that the for-
mation of new species takes place with the mi-
gration of a significant part of the population,
usually on the edges of distributional areas, to a
habitat in places with a different climate and a
different environment. Such a migration is con-
nected to the possibility of obtaining enough
prey in new conditionsS. avus solsolacearym
This is helped by a tangible competition in bio-
coenosis. In the example 8f porcusthis is

seen in the abundance of locust nymphs and in
the absence of serious predatory competitors.
Most probably, the lengthy existence of a par-
ticular numerous species or of a group of spe-
cies related in behavior patterns always attracts
a number of specialized predators that live at
their expense. If these large species, after pro-
ducing distinctive predatory forms, become
rare, then the special features acquired by the
predator lose their meaning. And these species
either die out or become “original material” for
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the formation of new forms that will adapt to
living upon other large groups of insects. It is
possible that a species or a separate population
within the limits of a distributional area can be
forced to adapt to new conditions because of
climatic changes, which we have seen in the
example oflLeptogaster cylindrica tesquorurn
If the prey that is abundant in new places de-
mands different methods of hunting, then the
external form of the species gradually under-
goes a series of changes. These are found in
more or less sharp morphological digressions
(S porcusg.

Summarizing all the previous examples and dis-
cussion, we shall endeavor to present a general
picture of the evolution of some robber fly spe-

cies based on the conviction that species-forma-

tion begins with the migration to places with
different climates (a different environmental
habitat). This migration is accompanied by bio-
chemical changes in the organism and is se-
cured by behavioral characteristics. In our ar-
ticle, we have often stressed the fact that a spe-
cies moved into new conditions or that a simi-
larity speaks of the recent isolation of a species.
But at the same time, we always assume this
process is not sudden but very long and slow,
and that qualitative variations, especially mor-
phological ones, reach a “finished form” only
after many generations.

The formation of robber fly species
from the end of the Tertiary period

to modern times

It is generally known that in places where the
habitat has long remained unchanged there still
survive ancient species who appeared millions

of years ago. On the contrary, the land surfaces,

subject to frequent and sharp climatic changes

and mountain formation processes, are charac-
terized by the dying out of some groups and the
appearance and flourishing of others. “If the

periods of warmth and rapid vegetation growth curred an intensification of seasonal changes as

during the middle of the Mesozoic age, continu-
ing for hundreds of millions of years, had re-

mained until modern times, it is almost certain
that we would not be writing these articles on
climate” (Shepley, 1958, p. 9).

The stimulus to a change of the flora and fauna
on the territory of Europe and Asia was a long
climatic fluctuation, preceded by powerful
mountain formation processes and by the dry-
ing up of the Tethys Sea. Later, this was helped
by the beginning of the glacial age at the start
of the Quaternary period, i.e., about six-hun-
dred thousand million years ago.

From this period, we will try to systematically
present the evolution of the species of several
groups of robber flies. It is useless to follow
these climatic fluctuations, recessions, and ad-
vances of glaciers. This problem still remains
unclear, although it is precisely these sharp and
frequent climatic fluctuations over small territo-

ries that are one of the causes of the appearance

of such a variety of related or convergent spe-
cies ofStenopogomt the beginning of the Ho-
locene age.

In the Neocene, age the steppes and deserts
probably covered a much larger area in Central
and Middle Asia than at the present time
(Krishtofovich, 1957). Due to the absence of
significant mountain ranges on these areas, the
Asian species were free to reach the Caspian
Basin. In the spacious steppes at the end of the
Tertiary period, we should find the original
forms for our four to five distinctive groups of
Stenopogoneach of which could have been at
that time represented by one, or at least two,
steppe species. The advance and recession of
mountain glaciers in Middle Asia compelled the
original species to move many times from the
mountain slopes into the valleys and then to
settle again in the mountains, constantly seek-
ing the best environmental conditions. Such in-
stability of habitat conditions enabled changes
to take place in these species. Among them oc-

shown in the example &utolmusmplacidus
Most of all, among the original forms, close to
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the third topographical group (Table 1), there
occurred digressions that, on the one hand,
brought them closer to the northern forms, and,
on the other, to the contemporary high-moun-
tainous species. The more often such digres-
sions occurred, the more sharply, at least, two
new topographical forms were separated from
the one original species. This process of divi-
sion can take place (almost in parallel) in the
most varied places of Eurasia (Fig. 2) under the
influence of related climatic changes. The simi-
larity of fluctuations in the weather on such a
large area, accompanied by a similar process of
shifts in the mountain belts of Europe, Middle
and Central Asia, and Asia Minor, could deter-
mine the astonishing convergence among differ-
ent groups of species. And it is possible that
only for this reason we find the shiny black
Stenopogonwith all the markings suitable for
inhabitants of the high mountains, in the most
divergent places of the continent. Of course,
during this span of time, the species in the for-
mation process did not limit themselves to mi-
grations within the boundaries of their original
territory, but took over much larger areas. For at
least one half-million years, the species from
Central Asia penetrated to the Mediterranean
Sea where in mountain conditions it met with
caracinusLoew, of another remotely related
group. On the steppes of Central Kazakhsgan,
callosusandsS. albopilosusn the same places
were indistinguishable from one another. But
despite the fact that within a short historical
time these species passed through sharp cli-
matic fluctuations, despite the great migrations,
descents into the plains, and returns to moun-
tain habitats, their habits of hunting and means
of feeding remained as of old. All these variet-
ies of species, extremely close in external form
but differing in color, reflect within themselves
the topographical-climatic characteristics of
their habitats. And only in the severe conditions
of the desert, when the drought climate was at
times more xerothermic than at the present, did
two to three species show sharp digressions

from the general type due to new hunting habits
(S. porcu.

We shall discuss in more detail the species of
the group Macilentus (Table 1). The distribu-
tion of this group is more typical for representa-
tives of Anagrskii fauna, and the abundance of
species in Middle and Central Asia confirms
this. Variations in the structure of the
hypandrium affirm the presence of smaller sub-
divisions within the group, i.e., subgroups
whose dispersion took place in three migration
waves from Central Asia. The first pioneers
werePronigriventris whose relatives at the
present time occupy Southern Europe and Asia
Minor after having assimilated all topographi-
cal-climatic zones (Table 1). During the glacial
periods, representatives of these subgroups
were isolated from their original habitats, and
this, possibly, can explain the great split in dis-
tribution between them and the Central Asian
forms. Only in Outer Baikal do we find a varia-
tion of S. macilentushat is close in genitalic
structure t&S. callosusThe period of migration
came, probably, at the end of the Tertiary pe-
riod, during one of the first interglacial periods.
Significantly later, possibly during one of the
last xerothermic periods, a second migration
occurred. On the one hartsl, macilentupen-
etrated into the European plains. But somewhat
earlier, probably following the recession of the
glaciers from Asia Minor, representatives of the
groupsabaudusnoved there. Thus, in the form
of a convergent specieS.(sabaudysa dweller

of the same biocoenosis 8snacilentusthe

latter met a serious competitor. This assumption
can explain the rarity . macilentuin Eu-

rope and the absence of close representatives in
other topographical-climatic groupings. At the
same time, in Middle Asia during this time span
S. macilentupossessed typical variations of
both an inhabitant of alpine meadows and of the
plains (Table 1). Aside from this, in the collec-
tions from the European part of the Soviet
Union there are a total of six specimensof
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macilentughat composes 3 percent of the col-
lections of this species from other parts of the
distributional area. At the same ting,
sabaudusvas collected from the same places
for a total of 224 individuals.

At approximately the same time, there probably
occurred a resettlement 8f flavibarbisfrom
Kuen-Lun to the sub-alpine and alpine mead-
ows of TyanShan and Pamiro-Altai. The low
position of the glaciers in the mountains of
Middle Asia contributed to this species over-
coming the low mountain ranges covered at the
present by deserts and semi-deserts and to its
reaching Tavor. Due to a rather long geographi-
cal isolation, the original form gave rise to a
rather distinctive subspecies, flavibarbis
occidentalis Just a$S. macilentusound a com-
petitor in the form ofs. sabauduim the Euro-
pean territoryS. flavibarbisfoundS. caracinus

in Asia Minor. At this time all the topographical
zones were already occupied by forms, related
to the last named species (Table 1), and this
probably explains the absence at the present
time of forms related t8. flavibarbisin other
topographies. This species did not penetrate
into the Outer Caucasus. This “corner” was al-
ready occupied by convergent forms of several
groups that had succeeded in aptly adapting to
the new environment. Finally, the third resettle-
ment took place from the beginning of the Ho-
locene period up to present time. Following a
warm period, two convergent forms entered
into the steppes of Kazakhsta&h:callosusrom
the west an&. albociliatusfrom the east. The
former of these is more mesophilous, and this
explains the occurrence of these species in one
another’s distributional area. Hence, the migra-
tions of species to larger areas during histori-
cally long periods contributed to their geo-
graphical isolation, i.e., to a geographical for-
mation of a species.

But we are convinced that populations can di-
verge because of “their ecological preferences

and can attain the state of a subspecies and even

a species by sympathetic means” (Mayr, 1947,

p. 303). Somewhat earlier Mayr wrote, “All
geographical races represent at least to some
degree, ecological races...” (p. 288).

The examples mentioned earlier showing how a
species acquired a distinctive color and body
down under the influence of a particular envi-
ronment (climate) testify to the reality of eco-
logical (sympathetic) species formation. In ad-
dition, the desert species of each robber fly
group are always easily distinguishable by their
genitalic structure from the original representa-
tives of the third topographical grou$.[
marikovskij S. avusand others (Table 1)]. At
the same time, the inhabitants of the first topo-
graphical group are easily distinguished by
color from those considered original forms and
are almost never discernable by their genitalic
structure & flavibarbisandS. macilentusS.
laevigatusandS. sabaudys The degree of
variation can be compared to the amount of
time a certain topographical area has existed
(their habitat). Alpine meadows of any of the
aforementioned mountain ranges are probably
much younger than the steppes or deserts. On
this basis, the majority of groups and subgroups
shown in Table 1 can be considered polytypical
species, while their topographical variations are
subspecies. And within this polytypical species,
there will be forms on different levels of spe-
cies evolution—from those very isolatesi,
avusandS. marikovskjito those practically in-
distinguishableS. laevigatuandS. sabaudus
Here, possibly, it is better to consider not only
the geographical but also the ecological isola-
tion because contact between the mentioned
“species” occurs constantly. Simultaneously, in
spite of our small amount of material, we are
convinced that the variations of several close
forms from Asia Minor are more important than
those of the same species found in the European
part of the USSR. In the first case, these are ac-
tual species, but in the second they are merely
subspeciesS. harpaxa typical specimen from
Asia Minor, obviously differs frons. sabaudus
and fits among the inhabitants of the fourth to-




pographical group, while at the same time all
six individuals from the Ukrainian steppes,
which are close t&. harpax can be only con-
sidered as transitional forms. We can say the
same abous. laevigatuandS. sabaudusThe
glacial epoch is, possibly, an explanation of
this. When the Asia Minor forms were ecologi-
cally isolated for a relatively long time, the Eu-
ropeans were still in the beginning stages of
this process. Here we can clearly see the influ-
ence of two factors: environment (ecology) and
time.

We can create an analogy to this for other rob-
ber fly genera, whose ecology is more or less
known to us. We have already discussed
Promachusalthough with it this process is less
definite than withStenopogonThere are no
variations in genitalic structure that can be ex-
plained by their later start in division of forms
(the beginning of the Holocene period). They

subfamily of Leptogastrinae has typical relicts.
This isL. helvolaLoew, which has no close
species, and probably has remained unchanged
from the end of the Tertiary period or even
more remote timeguscelidia conopsoides
Pallas is in the same position. However, if the
former of these is an inhabitant of the ancient
Central Asian steppes, then the latter is a
dweller of the Mediterranean steppes. It is pos-
sible, of course, that. cylindricais also an al-
most unchanged “relict” of the Tertiary period,
but all the same, under the influence of the
sharp climatic fluctuations of the glacial age, it
divided into two subspecies. An example of a
relict genus with several speciesd&nota

which has remained unchanged at least from
the beginning of the Neocene period when it
reached its height of development on a huge
area of saltmarshes of estuary basins—the re-
mains of the ancient Tethys Sea.

did not move beyond the edges of the steppes orConclusion

deserts and did not leave any representatives in
the high mountain belts or on the cool northern
plains. But a species formation similar to
Stenopogoran be found in the example of
LeptogasterOn the basis of distribution, char-
acteristics of habitat, and pigmentation, we can
compare the species formation process, on the
one hand, oEeptogaster cylindrica hispanica
with S. flavibarbisand, on the other, of
Leptogaster stackelbergndS. macilentusAl-
though we do not know very much about the
ecology ofL. stackelbergilL. cylindrica
tesquorumcompared to an original species, is
the same aS. marikovskiin relation toS.
macilentus However, the sharp morphological
differences ot. cylindricas. str. fromL.
stackelbergallow us to assume their division
began before the advance of the glacial epoch.
At the same timd,. c. tesquorunis a phyloge-
netically young form, whose evolution from an
original form in the dry steppes began, evi-
dently, before the end of the glacial period, and
whose habitat in comparison with its original
form is close to that d?. leontochlaenusA

We have attempted to present a picture of the
process of species formation under the influ-
ence of climate, feeding, changes of insect be-
havior, and on a knowledgeable basis of the
many sides of a robber fly’s life.

In search of abundant or at least enough food,
predatory robber flies, usually on the edges of a
distributional area, gradually move from one
zone or belt into another over a great span of
time in sections of their populations. The final
settlement of new areas probably incurred a
“change in the albuminous conditions of the
tissue” (Ushakov, 1958), which can be seen in
the steady changes of pigmentation. An en-
trance into new biocoenoses created the neces-
sity to develop new habits, another behavior
pattern that contributed to changes in the geni-
talia. But differences in the characteristics of
habitat were not so important as to change the
basic form of these species. Despite their abun-
dance and great variety, they have remained
monotypes as their behavior and hunting meth-
ods have also remained monotypical. And only
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the severe conditions of the desert allowed a
sharp morphological isolation of some groups,
i.e., an intensified development of a particular
habit—to hunt seated and non-moving prey. Lo-
cust nymphs, the prey that was able to support
the existence db. porcus,was one of the most
numerous insects of certain deserts and steppes
Peculiarities of behavior as an evolutionary fac-
tor were the cause of new forms, more concrete
and sharp than all the climatic changes of habi-
tats during a great span of time and geographi-
cal isolation. But even this process was not at

all sudden. In difficult conditions there devel-
oped and became secure one feature that ap-
peared in separate years among many close spe

cies: the hunt for almost inaccessible, crawling,
and non-flying insects.

In this article we have not tried to illuminate all
the many actual and possible causes of robber
fly species formation. The general assumptions
about the influence of climate on an organism
are widely known (Mayr, 1947; Shapov, 1955;
and others). Many examples can be taken from
the field of agriculture. Despite the seeming
contradictions of these ideas, the cause is the
same—a change in habitat and climate, the ba-
sic components of this environment. The turnip
moth serves as a good example (Kozhanchikov,
1959).
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