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FOREWORD

Brought to the attention of the reader is an investigation devoted to a survey of
the historical development of one group of Heteroptera insects of the infraorder
Nepomorpha. It is based on the study of diverse extinct Heteroptera and a compre-
hensive examination of the features of presently living representatives of the
infraorder.

The author sets out the results of the investigation in six chapters, beginning
with an historical study, a geological=geographical gection, a survey of morpholo~
gical features, then the taxonomy and descriptive part, and ending with an exami-
nation of the phylogenetic relationships of the entire infraorder as a whole and the
superfamilies comprising it.

The geological-geographical section includes a survey of all known fossil finds of
Nepomorpha and partly of other Heteroptera. Lists are given of all localities (29
in all) indicating species found, and conditions of burial of the studied insects
are discussed., This chapter undoubtedly will have important comparative significance
for later investigators,

The extensive, well illustrated morphological chapter reports the basic data on
structure necessary for understanding the phylogenetic relationships and taxonomy of
the studied insects. This section of the investigation is based primarily on zoolo=
gical data, and in many cases all the avallable data on extinct forms have been
utilized. Thus, the morphological survey is the main source of factual evidence
of the various taxonomic-phylogenetic generalizations.

The survey of taxonomy is not limited to the Nepomorpha: at the beginning of the
chapter, the author provides a division of the entire order Heteroptera into large
taxons, infraorders and superfamilies. Critically examining the schemes of other
authors, the author sets out his taxonojic scheme of the whole order, subdividing
it into six infraorders and later in more detail establishes the division of the
infraorders Nepomorpha and Leptopodidomorpha™ into superfamilies and families.

This taxonomic survey is undoubtedly very useful in bringing order and precision
into the interrelationships of the large taxons of the known groups of aquatic
Heteroptera.

The 'taxonomic portion includes descriptions of all large taxons of the infraorder =
5 superfamilies, 12 families (of which two are new), 22 subfamilies (of which four
are new) and some new tribes (5), genera (12) and species (13) of Mesozoic and
Cainozoic fauna. These descriptions, apart from the diagnostic features, include
data on distribution and ecology. Thevalue of this taxonomic survey is great as a
guideline for later investigators of the fauna of the geologic past, on the one hand,
and is a basis for phylogenetic surveys on the corresponding groups of the Nepomorpha,

".on the other.

Finally, the last chapter is a survey of the directions of the evolution of the
Nepomorpha, where the phylogenetic interrelationships of this infraorder with the
one closest to it, Gerromorpha, are examined, and then the rhylogenies of the separate
superfamilies are described. The comprehensivenecs of the argumentation in the
discussion of the paths of phylogeny is noteworthy. Basic is the appraisal of the
biological adaptations which have occurred in the history of these insects - first
of all of feeding (predatory or vegetarian), respiration (in connection with the
transition to an aquatic form of life), ontogenesis (with respect to the features
of embryological development), and finally the methods of movement (with an examina-
tion of the features of the transformation of leg structure). All this gives depth
and interest to the phylogenetic section.

In conclusion, first of all the originality of the entire work must be emphasized:
up to now no phylogenetic investigations have appeared for the order Heteroptera,
and even for the whole superorder Rhynchota, based on a complex study of living fauna
and the fossil materisl om sych a select scale ~ on the level of taxons of large
ranks, infraorders and superfamilies. As a result, we can with confidence recognize
that our knowledge of the pathes of evolution of one large and important in many
respects order of winged insects has been considerably increased. This monograph
on the evolution of aquatic Heteroptera is one of the most far reaching steps in the

study of the historical development of insects, conducted by the Paleontological

Institute of the Academy of Sciences of the USSR. B.B. ROKRDENDORF
1l ppparently, the correct name must be considered "Gerromorpha."
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INTRODUCTION

Real Heteroptera, or bugs, have been investigated by many taxonomists and morzho-
logists. The reason for this interest in them is the extreme diversity of ‘their
acology: from quickly moving physophags (Cydnidae) and mitsetophags (Aradidae,
Brachyrrhynchidae) to the living pelagic forms, which live on the ocean's surface
and are active predators (Hallobatinae, Gerridae).

The diversity of the form of life, the habitation in different ecological conditions
led to considerably diversified morphological adaptations (structure of head, thorax,
abdomen, terminalia, the numerous sexual isolating mechanisms, etc.) and the existence
of a comparatively large number of species. An estimate of the number of the latter
varies from 25,000 (Beier, 1937) to 26,000 (Obenberger, 1958) or even to 40,000
(Bei-Bienko, 1967). In my opinion, the most realistic figure is 30,000 {or somewhat
more) living species (considering that each year aprroximately 100 to 300 new speciles
are described), of which about 1,600 species belong to the aquatic group of bugs
of the infraorder Nepomorphae.

Notwithstanding the abundance of taxonomic and morphological literature on this
qQuestion, only comparatively few authors have devoted their works to the evolution
of the bugs. Most investigations on the question of the phylogeny of the Heteroptera
are based exclusively on morphological and ecological material, often devoid of
explanations of any determining morphogenetic processes or even more of paleontological
argumentation., The latter is excused by the lack of studies of described paleontow .

. logical material (particularly from Mesozolc deposits). This approach ie charace
teristic with respect to the existing literature on the evolution of large taxons
of the order,

Recently more than 50 Mesozoic representatives of the order Heteroptera have been
described, of which about 10 belong to the Nepomorpha (=Hydrocorisae, Cryptocerata).
The taxonomic position in a number of cases has been incorrectly determined, and the
quality of many déscriptions leaves much to be desired, As for the described Cai-
nozoic Heteroptera, their number is high (over 500 species), and their family belonging
more or less clear, i .

The status of the study of Paleocene and Neocene aquatic Heteroptera is analogous
to that of other orders of ingects: the general volume of material is large, but
it has been superficially described, basically in the past century by investigators
of a wide profile (Germar, Deichmuller, Heer, Oppenheim, Scudder, Handlirsch, and
others), and at present the material is difficult to obtain for revision. Besldes,
for the separate groups of the order the material is very irregularly distributed.

There are great difficulties in utilizing the described fossil bugs in clearing 6
up their phylogenetic relationships within the order: the lack of a proper standard
of description (the basic mass of species was described in the 19th century!), the
small difference of the Cainozoic forms from the Recent and because of this the
possibility of reconstructing only the last stages of formation of the living fauna
({mainly, evolution on the generic level), and also in many cases the.poor preservation
of the remains. Thus, research of the rich material of Mesozoic Heteroptera preserved
in the collections of the Paleontological Museum of the Academy of Sciences, USSR,
is highly desirable. It would also be useful to conduct a revision of the fossil
Heteroptera described earlier from foreign collections.

In the present paper, I have limited the examination to one of the most specialized
groups of bugs, which are adapted to an aquatic or littoral form of life, the infra-
order Nepomorpha (=Cryptocerata, aquatic), which is considerably less in size than
the infraorder of terrestrial bugs (=Gymnocerata, terrestrial)., This investigation
is only the first step in a planned study of the Héteroptera, basically Cainozoic,
both from our own and from foreign territories., The infraorder Nepomorpha was chosen
because they are the most complete in paleontologlcal material in coriparison with
other groups of-bugs. Actually, elght families of aguatic bugs are represented in
the Mesozoic, and remeins of representatives of the living families Naucoridac,
Corixidae and Notanectidae are found in Lower Jurassic deposits,




‘The basic collection of Mesozoic Nepomorpha (except the Jurassic of West Europe)
is concentrated in the Paleontological Institute of the Academy of Sciences, USSR.
They number over 2,000 determinable specimens, preserved basically from the Meso~
zoic deposits of Central Asia and Eastern Siberia., Of the Cairozoic aquatic bugs
within the USSR, only the material found in Mesozolc deposits of the North Caucasus,
Central Asia (Central Tien~-Shan) and Vest Siberia have been used, comprisong about
100 specimens of aquatic bugs of the family Corixidae and one belostomid specimen.
Also studied were Mesozoic bugs from the collection of the Munich Paleontological
Museurs (11 specimens), which holds mosi of the types of aquatic Heteroptera from
the Upper Jurassic localities of Bavaria (FRG, Solnhofen shales). From the British
Museum of Natural History in London were received 60 specimens collected from
Solnhofen and the locality of Ridgeway (Upper Jurassic, England), and also a few
specimens of Corixidae from the Oligocene deposits of Florissant (Colorado, USA).
Also studied were eight specimens of Upver Oligocene Notonectidae from Rott (Baden),
kindly sent by Prof., W. Struve from the Geological Museum of Frankfurt-on=Main,
Thanks tothe kindness of Dr. J. Kukalova (Prague, CSSR), I studied the original of
the recently described Oligocene belostomid Lethocerus sulcifemoralis Rihe. et Kuk.
from North Bohemia., Several species were studied from enlarged photographs,

Thus, I studied many Mesozoic¢c Heteroptera, described from West Europe, first hand.
Unfortunately, the few Cainozoic West European aquatic bugs remain partly uninvesti-
gated and the description in a number of cases was obtained only from literature.

In working up the descriptive and particularly the morphological sections, the
fairly extensive material on living aquatic Heteroptera from both the temperate
zones and the subtropical and tropical regions of the earth was used,

In the present work are given descriptions of the overwhelming majority of extinct ?
genera of aguatic Heteroptera; species are described only if they are new or needed
in a sub=-generic survey, Most species are understood only through corresponding
genera, Besides, I propose a new system of the order Héteroptera with a different
size and names (not typological) of superfamilies, joined into six new taxonomic
units ~ infraorders.

I have established the new families Shurabellidae (Corixoidea) and Mesotrephidae
(Notonectoidea), subfamilies Stygeonepinae (Belostomﬁt1 .’19%\1 Iggﬂectinae (Corixidae),
Sphaerodemopsinae (Naucoridae) and tribes Liadonaucofghley'nggron%étini, Aidiini,
Cataractocorini, and Coleopterocorini (Naucoridae). Also described are new species,
which, with a few exceptions, belong to new genera, Laccotrephes incertus sp.nov,.
(Nepidae), Lethocerus turgaicus sp.nov., Stygeonepa foersterl sp.nov. (Belostomatidae),
Ijanecta angarica spe.nov., Gazimuria scutellata sp.nov., Mososigara kryshtofovich,
Sps NOV., Diacorixa miocaenica sp.nove (Corixidae), Liadonaucoris rohdendorfi sp.nov.,
Heleonaucoris maculipennis sp.nov., Angaronecta longirostris sp.nov. (Naucoridae),
Mesotrephes striata sp.nove (Mesotrephidae), Pelonecta solenhofeni sp.nov. and
Liadonecta tomiensis sp.nov. (Notonectidae). For Corixa florissantella Cock. the
new genus Sigaretta gen.nov, was established, and also redescribed were Sphaerc=
demopsis jurassica (Opp.), Mesonepa primordialis (Germ.), Mesobelostomum deperditum
(Germ,), Clypostemma xyphiale I. Pop., Karataviella brachyptera B.=M., Shurabella
lepyroniopsis B,.-M, and Nepldium stolones West, The synonymy of some extinct aquatic
Heteroptera was established.

The studied Nepomorpha belong to 12 families, 22 subfamilies, 36 genera and 67
speices, of which tlp overwhelming majority of genera and species are encountered
almost exclusively in the fossil state. Described for the first time in the present
work are 34 taxons, including one infraorder, two families, four subfamilies, five
tribes, 11 genera and 12 species. ’

At preseni the accumulation of factual material on Mesozoic representatives of the
infraorder, of course, has not been exhausted and thus is far from sufficient for
final conclusions about the evolution of the infraorder and the order as a whole;
all the more so since the littoral families Gelastocoridae and Ochteridae, which
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stand, in the opinion of contemporary hemipterologists (China, 1955; Miyamoto, 1961;
Parsons, 1965, 1962a), at the base of the phylogenetic tree of Nepomorpha, have not
been found in either Mesozoic or Cainozoic deposits. Available paleontological data
shed light only on some stages of evolution, Such,for examvle, 1s the statement of
the existence of numerous Nepoidea in the late Jurassic in West Europe and Corixoidea
and Notonectoidea in the early Jurassic of Asia., Thus, the study of the evolution

of the order as a whole requires a special and as far as possible comprehensive
comparative investigation of its living representatives,

The data obtained in the process of studying both fossil (mainly Mesozolc) and-
living fauna, unfortunately, did not provide material for resolving judgment on the
origin of the infraorder Nepomorpha, and the phylogenetic ties of the order Heteropw
tera with the related to it order Homoptera. However, the investigation of living
material and paleontological finds proved sufficient for a preliminary clarification
of the phylogenies of families within the infraorder, for enlightening the separate
evolutionary moments in the families of aquatic Heteroptera, oxceot the littoral
Gelastocoroidea, and also the path of historical develorment of the aquatic group
of bugs of this infraorder as a whole. The paleontological material which I studied
showed that the fossil fauna of the bugs, particularly in the Mesozoic, in the nume - 8
ber of large taxons (not below subfamilies) not only do not yield to living, but
even in a number of cases somewhat exceed them. Thus, of 1l families of the infra-
order, seven are found in the Mesozoic, two of which are now completely extinct,
Apparently, the infraorder Nepomorpha as a whole did not flourish at that time, which
is particularly true, from my point of view, for the families Nepidae, Pleidae,
Helotrephidae, and the littoral family Ochteridae. .

The author takes this opportunity to express his sincere appreciation to the persons
who gave him ecologlical material on living aquatic bugs for study and permanent use -
Prof, T. L. Jaczewski, Zoological Institute, PAN, VWarsaw, Poland; Prof. J. W. Evans,
Sydney, Australia; Dr. A, Menke, University of California, Davis, USA; Dr. D. Lauck,
Humbold State College, Arcata, USA; Prof. J, Carayon, National Huseum of Natural i
History, Paris, France; Dr. E, C, Young, University of Canterbury, Christchurch,

New Zealand; Dr. J. D, Lattin, Oregon State University, Corvallis, USA; Prof. Ira
La Rivers, University of Nevada, Reno, USA; Prof. A. V. Wroblewsld, Zoological In=-
stitute, PAN, Poznan, Poland, and I. M. Kirchner, Zoological Institute, Academy of
Sciences, USSR, Leningrad, With thanks is noted the great help of the following
people in the loan of fossil material from foreign collections: Prof, W. Struve,
Natur-Museum und Forschungs=Institut, Senckenberg, Frankfurtean=-Main, BRD; Dr. R.
Forster, University Institute of Paleontology and Historical Geology, Munich, BRD;
Dr. R. Backer and Dr. S, Morris, British Museum (N.H.), London, England; Dr. R.
Wooton, Exeter University, Exeter, England; Dr. F. Bachmayer, Natural History Mu--
seunt, Viemna, Austria, and Dr, J. Kukalova, Karlova University, Prague, CSSR,

The author offers deep thanks to Prof. Boris Borisovich Rohdendorf, under whose
direction the present study was conducted, and to Prof., Thadeus Jaczewski. (Institute
of Zoology, Warsaw), who repeatedly gave valuable advice and supplied necessary
scientific literature, and also all the co~workers of the Laboratory of Arthropods,
particularly E., E. Becker-Migdisova, V,V., Zherikin, A. G. Ponomarenko and A, P.
Rasnitsin. I also wish to thank the artist V. I. Doropheev for faultlessly come
pleting many illustrations and photographs, N. P. Phinogenova (deceased) for many
excellently done photographs, Of great help in preparing the paper for publication
were E. V., Shnitnikova, I. L. Dobrokhotova, I. D, Sukacheva and L. I. Pritikina,



CHAPTER I

HISTORY OF THE STUDY

Por the most authentic studies of the historical development of any group of
animals, in this case bugs, the most complete and cowprechensive data are needed
not only on the occurrence of extinct forms, but also on the diversity of the
examined group, the originality of its conditions of existence, history and phy=-
logeny, not to mention the morphological side of the study, Naturally, thus, the
most complete objects are the Recent, not living on earth, fauna of leteroptera,
which are the best preserved and most easily obtainable for such a conprehensive
study, Thus the greatest attention will be given to an analysis of living forms,

Ve find the first mention of aquatic bugs in the work of Aldrovandi (1618), "De
animabilis insectis." Somewhat later, in 1634, Mouffet, in "Insectorum theatrum,"
published drawings of representatives of the genera Kepva, Ranatra and Notonecta.

Good drawings of aquatic bugs appear in Merian (1726), who also drew belostomids
attacking a frog. Numerous studies followod, Frisch (1727-1728), Swammerdan (1737-
1738), and also linnaeus, Rosel Geoffroy, Fabricius and many other later authors,.
who took up both the taxonomy of aquatic Heteroptera and their bilology. '

The literature dealing with the taxonomy and faunistics of living aquatic bugs
is so erroneous that it can be dealt with at a glance.

The most serious account of the study of aquatic Heteroptera was done by Kirkaldy
(1897, 1698, 1904, 1906, 1907, 1909), who embraced in his studies almost the entirety
of this group on a worldwide scale. Besides a taxonomic development of the separate
femilies (Notonectidae, Naucoridae, Nepldae, Belostomatidae), he presented a list of
all the then known genera of this group (Kirkaldy, 1906). Almost simultaneously
the Russian hemipterologist V. F. Oshanin made two complete catalogues of Heteroptera
of the Pale?ﬁctic Region (1906, 1909, 1910, 1912), and somewhat later an analogous
catalogue o Agugs of North America appeared by the Mexican Van Duzee (1917).

Particularly good progress has been attained in the course of the last decade,
when our knowledge with respect to taxonomy, morphology and the form of life of
aquatic Heteroptera, not only of the temperate but also of the tropical zones,
increased considerably. Right, we do not yet have complete catalogues for the world
fauna of tl® infraorder Nepomorpha or for some families of terrestrial bugs. Thore
is a great number of monographs of surveys or general summaries on separate groups
or regions, and also very many partial taxonomic worlks and an enormous number of
articles on the ecology and biology of aquatic bugs. Of the largest contemporary
studies, we must note, in tie first place, the general summaries of the group of 10
Heteroptera by Poisson (1924, 1949, 1951) and Usinger (1956), tle monograph by
Hungerford on the biology and ecology of aquatic bugs (1919), and also on the Cori-
xidae of the Western Hemisphere (1948)., On the aquatic bugs of Africa, there are
a number of works by Hutchinson (1929, 1930, 1932, 1933) and Poisson (1950, 1955,
1963, and others); Arabia, Brown (1945); West Europe, Jaczewski (1924, 1925, 1934),
Jordan (1935, 1950), Vrublevsky (1958), Poisson (1957), Stichel (1925-1938, 1955),
Macan (1956), Leston (Southwood, Leston, 1959) and others; European USSR, Kirichenko,
(1930, 1940, 1951), Jaczewski (Jaczewski, Kirchner, 1964); Turkey, Hoberlandt (1948a);
on the oriental aquatic Heteroptera, Paiva (1918), Esaki (1926), Lundblad (1933a,
1934), Hoffmann{1925, 1927, 1930ab, 1930=-1931, 1933ab, 1941) and others; Japan,
Matsumura (1905, 1915), Horvath (1879, 1905), Uhler (1896~1897) and othrs; Australia
and New Zealand, White, 1878), Hutton(1904), Hale (1922, 1923ab, 1924abBg, 1935),
Myers (1922, 1926; Myers, China 1928), Tillyard (1926), Hungerford (1933b, 1943,
1947), Young (1962) and others; Canada, Brooks and Kelton (1967); Cuba, Palmau (1967);

Trinidad and Tobago, Hynes (1948); Central and South America, Melin (1928), De Carlo

(1930, 1931, 1932, 1934, 1938, 1951, 1964)and others.

Many familles were especially studied for an extent of many years by different
speclalists., The beginning of a detailed study of the largest and most numerous
species of the family Corixidae is connected with the appearance in the 19th century
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of the works of Leach (1818) and Sahlberg (1819). The next step in the matter of

the study of this group of bugs was the works of Fleber (1848, 1851, 1661, Flor
(1860) ,Douglas and Scott (1865), Thomson (1869), White (1873), Puton (1880),

Sahlberg (1875), Saunders (1875, 1892), Wallengren (1894), and some others., Pare
ticularly important are the already mentioned works of Kirkaldy, who gave a descrip-' .
tion of the different species of Corixidae on a new, higher level, and also estab=-
lished the synonymy of a whole number of genera. Later followed the taxonomic-
faunistic works of Horvath (1904, 1926), Abbot (1912, 1917, 1918), Lindberg (1922),
Deay (1935) and others, and also -the numerous articles of Hungerford, including

his study on the monograph of Croixidae of the Western Hemisphere (1948). Already

for many years the Corixidae had been intensively studied by the renowned Polish
hemipterologist T. Jaczewski (1924, 1926, 1928, 1929ab, 193lab, 1933, 1934, 1936,
11939; 1960abB, 1961, 1962ab, 1963ab, 1964, 1968 and others). Many hemipterologists
studied Buropean and North American Corixidae (Poisson, 1924, 1938, 1951, 1957;
Lundblad, 1925aB, 1926, 1927, 1928aBc, 1929, 1936; Poisson, Jaczewskl, 1928;

Walton, 1936 Jordan, 1937; Macan, 1939, 1941, 1954ab; China, 1943; Griffit, 1945;
Wagner, 1947, 1952; Horegott, Jordan, 1954; Leston, 1955ab; Lansbury, 1955, 1960;
Roubal, 1957; §oos, 1961). The subfamily Micronectinae presently in its entire
taxonony has been developed by Vroblewski(1960ah, 1962ab, 1963ab, 1964ab, 1967, 1968).

The family Notonectidae has also been intemsively studied by many investigators.

The earliest works which appeared on this group of bugs are "Classification of
Notonectiden," Leach (1818), the works of Spinola (1837, 1840) and Fieber. (1851).

‘The next most important stege in the knowledge of the femily Notonectidae as a
whole, again, was done by Kirkaldy. The most important of his articles must be 1l
considered the revision of the family Notonectidae (1897) and one of his last works,
"Uber Notonectiden," (1904) in which he examined all of the then known species and ,
established the synonymy of different taxons. Finally, his last fundamental survey
together with Bueno is a catalogue of American aquatic and semi-aquatic Heteroptera
(1909). Bueno also is the author of a number of specialized works on aquatic bugs
(1902ab, 1905, 1908, 1925). In 1923 Hale published descriptions of new species
from Australia, Lundblad described many. species from the oriental region (1933},
and finally, in Jaczewski's works (1949, 1958), besides new descriptions, the taxonomy
of - the Notonectidae was considerably improved,

The third stage in the study of the Notonectidae consists of the numerous works
of the greatest specialist of this group of aquatic bugs, the already mentioned
Hungerford, of which must be selected his monograph on the genus Notomecta (1933),
then the works of Esaki (1915), Brooks (1948, 1951), Truxal (1953), the mmy which
followed in tle knowledge of the oriental fauna of Notonectidae by Lansbury (1962,
1963, 1964ab, 1965ab, 1966, 1968), and also the great number of articles of otle
hemipterologists: Poisson, Jordan, Leston, Jdaczewski, Kirichenko, Leon, Fernando,
Nieser and others.

The family Naucoridae, most representatives of which live within the Palearctic,
in the past was studied by Stal (1965, 1870, 1897), Puton (1880) and Montandon (1895,
1897ab, 1898). Usinger made intensive studies in the 40's (1938, 1941, 1946, 1947),
and also HBungerford (1941, 1942). Presently Naucoridae of the Western Hemisphere
are actively being studied by the American hemipterologist La Rivers (1951, 1953,
1956, etc.). Naucoridae of other regions have been studied incidentally, although
with less completeness, by many other hemipteroclogists.

The families of aquatic scorpions (Nepidae) and Belostomatidae, at the beginning
of the 20th century, were studied by the Swedish hemipterologists Stal and Montandon.
The early work of Ferrari (1888) dealing with Nepidae i1s also noteworthy. Much was

" done for the knowledge of these families by the Japanese hemipterologist Esaki (1926b,
1928) and by tle above-mentioned works of De Carlo from Argentina. Recently, the
taxonony of the Belostomatidae' has been worked out by the American entomologists
Menke and Lauck (1961), in the practically complete studies of the Belostomatidae
of the Western Hemisphere (Lauck, 1958, 1959, 1962, 1963; Menke, 1958, 1959, 1960,
1961, 1962, 1963abc, 1965, 1966; Menke, Lauck, 1962; Menke, Truxal, 1966).
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The family Pleidae was partly studied by various authors, Stal, Kirkaldy, Poisson,
etc. Finally, the last family, not known in a foséil state, the Helotrephidae, have
been studied basically by the English hemipterologist China (1932, 1935, 1936, 1940).

The special group within the Nepomorpha which forms the two littoral families
Gelastocoridae and Ochteridae also has been given attention by investigators. The
first studies on representatives of these families were done by Latreille (1802) and
Leach (1815), Later the families were studied in detail by many hemipterologists

. (Westwood, 1840; Spinola, 1850b; Fieber, 1861, Stal, 1865, 1870; Kirkaldy, 1897,

1906; Reuter, 1910; Horvath, 1911; Hungerford, 1922; Martin, 1928; Schell, 1943;
Poigsson, 1951, 1957; Todd, 1955, 1956, 1961, and others).

Such in a very compressed view is the character of the state of the study of the
living representatives of the present Heteroptera of the infraorder Nepomorpha; it
was not possible for me to give the numerous available works on morphology, ecology,
and biology of aquatic bugs, although some parts of these are given later in the text.
Considerably poorer is the history of the study of fossil forms of the infraorder
of aquatic bugs.

The first data on fossil Heteroptera of the infraorder we find in Serres (1829) and
Berendt (1830), who collected two representatives of aquatic scorpions from Oligocene
localities of Europe. Later in Oligocene deposits of Western Europe and America
were found two more species of Heteroptera belonging to the families Nepidae and
Notonectidae (Hope, 1847), and also the first aquatic bugs from the rich Upper 0Oligo=
cene localities of Rott in West Germany (Germar, 1837; Heyden, 1859). Subsequently,

" from Rott were described four more aquatic bugs belonging to the families Corixidae,

Notonectidae and Nepidae (Deichmuller, 1881; Schlechtendal, 1894; Statz, 1950, and

.Jordan, 1953).

Germar first described Jurassic Heteroptera (Mesonepa primordalis Germ. and Meso=
belostomum deperditum Germ.) from the lithographic shales of Bavaria (Solnhofen),
which he (and all later authors who have studied this fauna) placed in the living
families Nepidae and Belostomatidae (Germar, 1839). On the basis of my study of the
types of these species, they belong only to the one family Belostomatidae. Subse=
quently, from Solnhofen, some remains were described which were placed in the aquatic
buge (Weyenbergh, 1869; Deichmuller, 1886, Oppenheim, 1888; Handlirach, 1906).
However, some of tlme turn out to belong to earlier described specles; others were
incorrectly determined and actually belong to insects of other orders.

Of the oldest representatives of Heteroptera described at the beginning of the
century by Handlirsch (1906) which come from the Liassic deposits of West Europe
(Dobbertin), one belongs to the living family Naucoridae., Another representative
of the early Jurassic aquatic bugs described from Braunschwelg (FRG), Megalocoris
laticlavus Bode (1953), apprently belongs to a special, still not described, Jurassic
family, ' .

A great number of Nepomorpha are known from the Neocene localities of Weat Europe
and North America. Heer (1853, 1865) described the rich Upper Miocene fauna of
Oeningen (Bavaria), where he found five specles of agquatic bugs of the families
Naucoridae, Nepidae, Belostomatidae, and Corixidae. Later to these were added two

more representatives of the families Notonectidae and Belostomatidae (SchBberlin, 1888).

Thus, from this one locality were found representatives of most living aquatic fami-
lies (five out of nine), From Oligocene deposits of Florissant, Colorado, at first
Scudder (1881, 1890) and then Cockerell (1906, 1908), Hungerford (1932) and Lauck
(1960) described eight representatives of aquatic bugs of the family Nepldne (one
species), Naucoridae (two species), Notonectidae (one species), and Corixidae (four
epecies), Quite a few Heteroptera were found in the Upper Oligocene deposits of Rott
(FRG), of which Germar (1837) described one species of Belostomatidae, Heyden (1859)
one species of Notonectidae, Deichmuller (1881) one species of Notonectidae, Schlech=
tendal (1894, 1898) two species of Naucoridae and Corixidae and Statz (1950) two
species of Corixidae. Piton published descriptions of two new specles of the recent
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~ genera Naucoris and Notonecta from Mio=Pliocene deposits of South France (Piton,

1942; Piton, Theobald, 1935). Hutchinson: (1942) noted a subfossil representative
of the Notonectidae, Buenoa Kirk., from late=glacial deposits of North America. 13
Later from Plelstocene deposits of California, two speciesof Nepidae and one species
of Notonectidae were described also (Pierce, 1948). The quality of the recent works
of the German hemipterologist K. Jordan (1967), with a description of Pliocene bugs
from the locality of Willerhaus (GDR) is regrettable. As for the above-mentioned
work of A. Bode (1953) on lLiassic bugs, this article is also not suitable for any
conclusions. Although among the described Heteroptera, there are real aquatic forms,
one out of two of the newly established monotypic familles treated as aquatic I am
forced to make some reproofs about.

Jordan established the new family Pseudonepidae for Pseudonepa bitarsalis Jordan,
which has two-segmented tarsi of all pairs of legs, non=walking fore legs and wealkly
developed claws, Judging by the description and figure (which, however, are entirely
unsatisfactory), this specimen cannot be considered as belonging either to a repre-
sentative of aquatic bugs or in any way at all to the Heteroptera. More likely,
this is some kind of orthopteroid insect, the ovipositor of which was taken by Jordan
to be the respiratory tube.

On the other hand, most forms described as terrestrial bugs, including Atoposita
angulosa Jordan, separated into a special family, apparently belong to the genus
Naucoris (Naucoridae), It is possible that they actually all belong to one species.

The existence in Pliocene times of individuals different from living families is
entirely very improbable.

Untid recently, fossil aquatic Heteroptera within the USSR were not known. However,
now, thanks mainly to the recent finds of the expeditions of the Paleontological
Institute, USSR, Academy of Sciences, we have been able to add considerably to our
knowledge of fossil Nepomorpha from the territory of the USSR. The first aquatic
Heteroptera described from our territory must be considered the Liassic Shurabella
lepyroniopsis B.=M. and the Upper Jurassic Karataviella brachyptera BeM. from Central
Asia, at first incorrectly placed in the cicadas of the superfamily Jassoldea (Beckere
Migdisova, 1949). Subsequently, their belonging to the superfamily Corixoidea was
cleared up., Later another speciesc of the Upper Jurassic locality of Karatau (South
Kazakhstan) was described, which belongs in the Notonectidae (B.-M., Popov, 1963).
Very recently from the same locality of Karatau, Popov described five more species
of aguatic bugs, one of which belongs to the special Jurassic family of pleid-like
Scaphocoridae (1968).

Bepldes, from the Lower Cretaceous deposits of the Transbaikals, I recently described
the new subfamily Clypostemmatinae (Notonectidae). In this subfamily the Upper
Oligocene bugs from Rott have been included which were originally described as
Notonecta primaeva Heyd. and later put into the special genus Clematina Popov (1964).
Subsequently, from the same locality were described two more species of the living
family Corixidae (Popov, 1966).

These data conclude our knowledge about fossil aquatic Heteroptera of tie infraorder
Nepomorpha. Completely lacking are any data on representatives of the aquatic families
Helotrephidae, Pleidae and what is particularly annoying, presently entirely nissing
from paleontological annals are the plesiomorphic, littoral families Gelastocoridae,
and particularly, Ochteridae, from which the studied aquatic bugs derive phylogenetically.
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CHAPTER II

GEOLOGICAL AND GEOGRAPHICAL DISTRIBUTION OF THE EXTINCT NEPOMORPEA

Remains of fossil Heteroptera, as with most fossil insects, very rarely are of a
completely preserved body; as a rule, only the tegmen, pronotum, abdomen or strongly
dismembered body devoid of terminalia are preserved; finds of hind wings are ox-
tremely rare. In burial, in most cases, the body of the insect was carried more
or less far by water torrents, in the process of which, it, as a rule, was macerated
and the skeleton partly destroyed and. deformed. Because of this, even relatively
well preserved insect remains are usually only of parts of the dorsal and ventral
sides of the body without antennae and legs. A determination of the taxonomic
position of the insect from such an imprint is not always possible. In connection,
with this, most systems of fossil insects in one degree or another are parataxonomic.

In some special conditions, fossilization and the definite composition of the
containing rock can also create other difficulties. Thus, in the process of the
study of the fauna of the Liassic locality of Shurab, it was found that the fine-
grained and argillaceous rock containing insect remains had undergone compression
or tension. This very much distorted the diménsions and form of the specimens,
including remains of the aquatic bug Shurabella lepyroniopsis B.-M. From the
figures (Table 1, fs., 1=2), it is distinctly visidble that two specimens which are
set in a row on the same plane almost at right angles to each other have an entirely
different form and body proportion. This was the reason for it he incorrect placing
of the same specles into different genera., An analogous taxonomic error was made
in another case when from the Jurassic locality of Karatau two different species of
the genus Karataviella were described: K. brachyptera B.-M. and K. brachynota B.=-M.
(1949), which turn out in the same manner to beidentical (Popov, 1962). In this
case, the original error was because of the different degree of maceration of the !
specimens, Similar distortions were found, for example, in the numerous finds of
beetles from Dzhailiaucho (South Fergana) in Ponomarekno's work (1969) and the
Hymenoptera from the same locality in Rasnitsin's work (1969). In cases of asym=
metry of tie specimen, different methods of restoration changed the symmetry and
proportions by means of coordinated reorganization or photography under correspon=-
dingly select angle (D'Arcy Thomson, 1942; Sdzuy, 1962, and others).

Among fossil true Heteroptera of the infraorder Nepomorpha, up to now only aquatic
forms are known (Hydrocorisae), and in the past century as far as that goes, mainly
. only this group of aquatic bugs (except the very doubtful Oligocene Necygonus rotun=

datus Scudder, incorrectly put in the Gelastocoridae, and the very similar to
Gelastocoridae, according to the drawing, Miocene Diplonychus rotundatus Heer).

Remains of fossil Heteroptera, particularly aquatic, until recently were known
mainly from Tertiary and Jurassic deposits of West Europe and North America. Un- 15
fortunately, many of the fossil forms up to now remain almost nzt studied. Within
the USSR, fossil aquatic bugs were found only recently, some of them (Shurabella
lepyroniopsis B.~M., Karataviella brachyptera B.~M.) earlier were considered re-
presentatives of another order - Homoptera.

. MESOZOIC NEPOMORPHA

The first certain remains of aquatic bugs are found in the lower Jurassicl, poartie
cularly in the Upper Lias of Western Germany (Handlirsch, 1906~1908, 1939). They were

“In my study of remains placed in the genus Triassocoris from the Upper Triassic of
Australia (Denmark Hill), it seems that one part of the species belongs to the
special famlily Actinoscytinidae of terrestrial Heteroptora and the other part to
Homoptera. Thus, the earlier discussed presumption that Triassocoris is o possible
ancestor of the group Naucoridae (Becker-Migdisova, 1962) cannot now be accepted.
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put into several special families (Aphlebocoridae, Archegocimicidae, Progonocimicidae,
Apopnidae and Probascanionidae), but unfortunately any serious discussion is hardly
possible because of the extremely unsatisfactory descriptions and drawings. This is
true with respect not only to species established by Handlirsch, but also for the
forms later described by Bode (1953) from the same locality.

Within the USER; the first aquatic bugs were found in deposits of the Lower Jurassic
in Central Asia , and also West and East Siberia. The original early Jurassic fauna
of the group ies represented here by the special superfamilies Corixoidea and Notonec-
toidea and also the superfamily Naucoridoidea, -

One Liassic family, Shugabellidae, which was found in deposits of the Lower Jurassi
close to Shurab (Fergana)” belongs to the Corixoidea. Remains of the presently single
representative (Shurabella lepyroniopsis B.=M.) of this endemic specialized family were
collected in a great quantity (about 1,000 specimens). It is most probakle that Shura-
bella lived in the zone of humid and warm ginko-sago forests on the north shore of the
tropical sea Tetls (Sinitsin, 1962). It is interesting to note that, besides the above~
mentioned species, other unquestionable remains of aquatic Heteroptera have not yet been
found here.

Burial occurred in the locality of Shurab, apparently on the spot of silty shallows’
with rich vegetation, which is verified by the large number of vegetative remains,
Remains of aquatic bugs here are often represented by complete remains of the body.

As for the precise age of this locality, a determination now is difficult to make,
Some authors consider it Lower Liassic (Martynov, 1937, 1938; Martynova, 1949; Rohden=
dor, 1957), and others Mid or Upper Liassic¢ (Kuzichkina, Repman and Sikstel , 1958).

Early representatives of Naucoridae (liadonaucoris rohdendorfi, sp.n.) have been
found in another Central Asian locality of approximately the same age (Kizil-kia in
South Fergana).

Families of true Notonectidae and Corixidae, represented by one monotypic genus each, 16
are known from the Lower and Mid-Jurassic deposits of Siberia, A few of their remains
are found in different localities of approximately the same age (Kuznetzk Basin, Tom
River; and East Siberia, Iya River).

In the lLower Jurassic locality of East Transbaikals (Gazimur) was found one of the
first certain representatives of living Corixidas which belongs to a special monotyplc
genus, Gazimuria, gen.n., and which I have put into the living Australian relict sub-
family Diaprepocorinae. This find of a Corixoidea in the Lower Jurassic of Angarida,
apparently, is indirect evidence of their derivation from the common Nepomorpha stem
before the isolation of the Notonectidae and Naucoridae.

These finds in Central Asia and East Siberia, comparatively speaking ,also complete
our data on the early Jurassic fossil Nepomorpha in the USSR.

Thus, one of the earliest known aquatic bugs of the families Shurabellidae and Cori-
xidae (Diaprepocorinae) appeared at least no later than the early Liassic on the terri-
tory of ancient Angarida in its western and southwestern regions. The most ancient
true Notonectidae (lLiadonecta tomiensis, spe.n.) also existed then. Within the terri-
tory of the present Central Asia there appeared at the same time side by side with
Corixidae also the first representatives of the Naucoridae. The Liassic fauna of agatic
Heteroptera of Fennoscandia (West Europe) are entirely different from those of Angarida.
Considering the Liassic finds in FRG (Braunschweig), despite their being somewhat pro-
blematic, 1t is possible to speak preliminarily about the beginning of a special early
Jurassic Hemiptera-fauna of Fennoscandia, most families of which are never again met
anywhere. On the western edge of Angarida at the Bame time began to appear the first
representatives of Living Corixidae (the subfamily Diaprepocorinae), Notonectidae
and Naucoridae, the development of which originated under conditions of a humid moderate
c¢limate in the zone of conifer~ginko (sagos) foreste (Sinitsin, 1962).

15

“In 1970, in the Upper Triassic, (Norris layer) in South Kirghiz (Madigen horizon), N.
I. Novozhilov found a specimen of an abdomen of Naucoridae, which must be considered
Sor now as the olded fossil find of aguatic dbugs.

I take this opportunity to thank N. I. Novozhilov for help and consultation on the
Lower Jurassic localities of the USSR,
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Mid Jurassic Heteroptera fauna presently remain unknown (if only the above listed
Siberian localities do not actually belong to the Dogger), and more or less significant
complexes of Heteroptera are found only in later depcsits.

* Thus, the subsequent actually known Heteroptera fauna belong to t he late Jurassic
times (beginning with the late Dogger). On the one hand, still preserved here in places
are significant complexes consisting mainly of Mid=Jurassic elements and, apparently,
even elements of early Jurassic fauna, First of all, to this locality must be placed
the entirely special and isolated lagune fauna of the Solnhofen lithographic shales
of the FRG (Solnhofen, Eichstatt, Schernfeld, Langenaltheim, etc.)

On the site of a former sea, the Upper Jurassic locality in Bavaria™ was formed by a
saltish lagune of the south shre of Fennoscandia representing an arm about 100 km long
and approximately 30 km wide (Kuhn, 1961) and arose because of the sharp cutback and

--shallowing of the epicontinental basin of the European cycle. The lagune was a flat
basin about 0.5-12.0 n deep, separated on the south from the sea by a number of barrier
reefs with fairly wide straits. The conditions in the lagune were normal, without 17
helghtened salinity or hydrogen sulphide. From time to time the lagune dried up con=
siderably amd then, apparently, somewhat smaller lagunes were formed, including the
Solnhofen and Eichstatt (Mayr, 1967). Evidently, burial occurred in lime-argillaceous
silt. The lime matter was formed by dissolution of the coral reefs found on the south
and southwest of the Titon Sea and brought into the lagune by currents (Rothpletz, 1909;
Abel, 1924; Schwertschlater, 1925; Kuhn, 1957). Besides, some of the remains were
preserved in argillaceous alluvia of the river mouths (Kuhp, 1961), and also as a
result of the movement of water in running with the sea, when the raised silt was
brought into the lagune (Mayr, 1967).

The reason for the death of animals in the lagune is explained, on the one hand, by
the periodic widespread droughts, as a result of which the temperature and salinity of
the water rose sharply with a simultaneous lowering in the accumulation of 0, (Barthel,
1964; Mayr -, 1967) and, on the other hand, by superfluous freshening because of deposits
resembling present tropical clouddbursts, along with currents of water with matter (Wal-
ther, 1904)., It must be noted that Mayr.-'s suggestion (1967) regarding the entering
nature of insect fauna of the Solnhofen and Eichstatt lagunes to a considsrable degree
18 exaggerated, since the aquatic bug fauna appear on the local scene later in the couse
of this period. This is particularly true for Nepoidea, which are preserved by whole
undamaged specimens in large numbers. The ecology of living forms also verifies my
opinion. The conditions of the Solnhofen and Eichstatt lagunes, apparently, were not
entirely identical, which, to some degree, is verified by the composition of the buried
animal remains. This region then belonged to the zone of hybrid cicadophyte=-conifere
ginko foreste with a tropical climate (Sinitsin, 1966).

The deposita we are discussing have usually been placed in the Portland, i.e., the
uppermost Jurassic. However, in the Reports of the 22nd International Geological Congress,
G. J. Krimholtz, V. A. Vakhrameev and others (1964) suggested dropping the use of the
term "Portland" because of the non~synonymous lowsr: borders of the Portland and the
lack of coordination in the stratigraphic sections of the continental and sea facots,
and adopting the more correct name - Titonic layer = for designating the entire interval
from Kimeridge to the beginning of the Cretaceous. Most recently (1967), Mayr dated
the Bavarian shales Kimeridge or Lower Titon, i.e., Upper Cretaceous. 1

All the bug remains of these localities were initially put into four living fomilies:
Kepidae, Belostomatidae, Naucoridae and Notonectidae (Handlirsch, 1906-19C3). The
revision I made of the greater portion of the earlier described material disclosed a
different map of the faunistic complex of the Bavarian locality. It was found that

1 Elég wish to thank Prof. R. F, Gecker for help and consultation on this locality.
esocorixa tenuelytris (Germ.), described as a representatives of the aquatic
family Corixidae, as established by Alten (1958), actually is a synonym of the Mesozoic

blattid Lithoblatta lithophila (Germ.)
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Notonectites elterleini (Deichm,), "Naucoris" lapidaria Germ. (=Palaeoheteroptera Men.),
Mesonepa primordialis (Germ.), Mesobelostomum deperditum (Germ.), and Laccotrephes

incertus, sp.n., which I have described .below, are representatives of living Notonectidae,

Naucoridae, Nepidae and Belostomatidae. The greatest specification is present in the
Nepoidea, particularly the belostomatid complex of the genera Mesonepa, Mesobelostomum
and Stygeonepa. Thus, the first iwo genera belong to living subfamilies of the Belo=
stomatidae, According to level of organization, the West European aquatic scorpions 18
cannot be considered primitive and are fully similar to living representatives of two
families of this superfamily, Nepidae and Belostomatidae. In degree of specialization
and diversity, Jurassic'Nepoidea[bagg;xmygplg,tg)%}y%ggﬁ{grmstw(has olmest as much as)

Thus, the Nepomorpha fauna of the Solnhofen shales is very original and specified
and in some forms (Stygeonepa) does not have close analogies among living (except
families of true aquatic Nepidae) or among other known ancient fauna, Considering
the finds in the close in age localities in England (Ridgeway) and Kazakhstan (Karatau),
Nepoidea from the Solnhofen shales of Bavaria can be considered, apparently, as autoch=
thonic-estuary forms. In support of this is also the lack of any traces of aquatic bug
faina in analogous littoral shales of the same age in France (Cerin), FRG (Wlrtemburg,
Nusplingen), Spain (Sierra Montsech), Australia (Talbrager), Congo (Kinshasa), South
America, etc., aml even the lack of Nepidae in the above-mentioned localities,

From another Upper Jurasiic locality of West Europe (Ridgeway, England), placed in
the Oxford layer (Purbeck)™, only one true representative of aquatic buge is known -
Nepidium stolones Watw., which, in my point of view, belongs to the living family No-
tonectidae,

For the Mid-Mesozolc localities of Asian USSR, abundance of living families, usually
represented by several genera, is characteristic. Thus, in the Upper Jurassic deposits
of South Kazakhstan (Karatau), we find four geénera of Naucoridae, of which only one
(Aidium Y. Pop.).belongs to the special tribe Aidiini. :

The presence of a huge number of remains of. representatives of the now living family
Corixidae must be noted - Karataviella brachyptera B.=M. (over 1,000). Like Gazimuria
gen.n., this genus belongs to the living relict subfamily Diaprepocorinae. Another
genus of this family, Archaeocorixa V. Pop, I separated into the new subfamlly Archae-
corixinae (Popov, 1968); some later Mesozoic forms belong to this subfamily (see below).
Only one genus of Notonectidae is found in Karatau (Asionecta Y, Pop.). Besides, the
special Jurassic chelotrephoid family Scaphocoridae (apparently endemic) of the super-
family Notonectoidea is represented here. Aquatic bugs found in Karatua comprise about
90% of all Heteroptera known from this locality, which in its turn comprises 6.6% of
the whole number of insects (Panfilov, 1968)., The locality of Karatau was formed on
the site of a small lake or number of small lake reservoirs (Gecker, 1948; Panfilov,
1968). At least some aquatic bugs (for example, Karataviella B.-M.), judging from the
preservation of the remains,wére. brought:into:the lake fram: piwers.: :Insect-parts.are
vory boyyant and sink only after 10~15 days (judging from my experiments), so that they
have already lost their terminalia. As for Corixidae, phytozoophagous, they prefer to
stick close to vegetative undergrowth in more or less shallow areas in which there are
plankton. However, according to data of Yakovlev (1962), the Jurassic lake was weak in
aquatic vegetation and plankton, which one again verifies the transport of Corixidae
remains from outside to the place of burial, According to later data (Gallitsky, Gecker,
Kostenko, Sakulina, 1968), the Karatau reservoir was a lake with fresh hard water,
rich in Ca and Mg, the surroundings of which on rocky areas had sparse tree growth, 19
mainly conifers and bennettites, and.also ferns and ginkos. The seasonal climate
changes alternated between dry and wet periods. The character of the flora of the
Kara-bastau series indicates an aridization of the climate in comparison with the older
series of the Jurassic of Karatau (Vakhremeev, 1964).

T
During the above~-mentimed Congress, a colloquium of the Congress also recommended

avoiding the use of the term "Purback" as a designation of the sublayer of the Oxford
layer (Krinmholtz, Valthrameey and others, 1964).
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There is no single opinion regarding the precise age of the locality of the Jurassic
lake Karatau. Most authors consider it Late Jurassic (Martynov, 1925ab; Gecker, 1948;
Yakovlev, 1965a). Rohdendorf definitely considers the Karatau deposits as Mid-Jurssic.
‘By later investipators.(Gallitsky and others, 1968), the insect bearing thiclkness was
separated into a special Kara~bastau series of Late Jurassic age, dated Kellov~Titon
on the basis of the latest spore-pollen studies (Murakhovskaya, 1968; Sakulina, 1968).
However, even the latest complicated study of the insect fauna does not allow maiting a
definite determination of their age (Survey = “Jurassic Insects of Karatau," 1968).

In connection with this, 1t i3 not without interest to set forth the basic data on
the Karatau bug fauna which I have at hand. Of 11 familles, seven are living; anong
the rest, two are clearly speclalized aguatic families (Scaphocoridae and Karanabidae),
and the other two terrestrial families (Mesopentacoridae and Actinoscytinidae) appare-
ntly are phylogenetically relicts of the early Mesozoic. This is esvecially correct
for the latter, which was richly represented in the Triassic and Liassic. In connection
with this, of great interest is the Upper Liassic bug Megalocoris laticlavus Bode from
Braunschweig (1953), which, in my opinion, belongs to a special family. Besides, _
Eogerridium gracile Bode from the same locality, which was incorrectly placed by Bode
(1953) in the terrestrial Liassic family Diatilidae™ ;* judging from the figure, is
similar to the Karatau Karanabis kiritshenkoi B.=M. With respect ®© this, the opinion
of V. N. Yakovlev {(1967) is interesting, who noticed the considerable similarity of the
Upper Jurassic Karatau fish with those of the Mid=Jurassic of Ust~Balei.

At the pame time, the Karatau form has some traits in common with the clearly younger
fauna of the Tmsbaikals (Bais), the age of which presently has been determined as
Lower Cretaceous (Kolesnikov, 1964). Here we already see another map: endemic and
the nmore relict Jurassic families are entirely missing. The most numerous are Koto=-
nectidae am Corixidae, the latter represented by two genera (Diapherinus Y. Pop. and
Baissocorixa Y. Pop.) of the special subfamily Archaecorixinae, found in Karatau.

The peculiarity of the basin locality is that burial was directly on site (in situ),
without any significant crrying by water currents from without, as occurred in all
previous (except, possibly, Solnhofen) localities and, thanks to this, the most
complete preservation of insect remains.

The character of burial in the numercus Bais layers is extremely diverse, AccordiEg
to facial conditions (Sukacheva, 1968; Rasnitsin, 1969), they fall into three types:
layers of deposits of which conditions for burial were unfavorable (23 and 19), and
layers with conditions most favorable for burial and development of aquatic fauna (2,
4, 7, 21, 22, 25, 31 and 35). Actually, the data on bugs in general also verifies
such a subdivision of layers (Table 1).

TABLE 1 20
DISTRIBUTION OF FINDS OF REPRESENTATIVES OF VARIOUS FAMILIES OF AQUATIC BUGS
IN THE INSECT-BEARING LAYERS OF THE LOCALITY OF BAIS

Number of finds and percent of entire number of aquatic bugs in layer (in brackets)

Distribution of finds according to layer In All
Families 2 4 19 25 31 35
Notonectidae 12(60) =  5(100) = 51(96) . 2(40) L 7i(82,2)
Corixidae (Diapherinus) L4(20) - - - 1 2) - 5( 5,6)
.Corixidae (Baissocorixa) 4(20) '1(100) =~ 12(100) = 4(60) 10(11)
Naucoridae - - - - 1 2) - (1, 2)

K T —y—y ‘

In ny opinion, the family Diatillidae is not independent but ldentical to the othr
Liassic family Protocoridae,

Numbering of layers of the Bails locality gilven according to Martinson (1961).
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It is remarkable that among Notonectidae remains specimens of larvae were found,
and in the 31st layer larvae of all five.ages were found, Thus, we concluded that
the Notonectidae were buried without being transported = in situ. Besides, the
distribution of the two basic groups of bugs is such that the majority of the Noto-
nectidae are in the 3lst layer (96%) and the Corixidae ain the second layer (LO%.).
Thus, their percentage ratio in the first case 1s 96 and two, and in the second 60 and
40%, As is known, the Notonectidae prefer a more or less undergrowth vegetative
locality (at rest they adhere to plant stems); Corixidae, on the other hand, try to
stay on smaller areas free from vegetation, in a condition of rest placing the hind
legs on the ground., The distribution of finds of these aquatlc Heteroptera justifies
suggesting a lessening of depth and changing character of the vegetation of the
reservoir from the 35th to the second layer (Sukacheva, 1968).

As for the age of the Bois finds, here again we have no single opinion: some
authors consider this locality Late Jurassic (Martynova, 1961; Chernova, 1961; Novo-
zhilov, 1954, 1963), others early Cretaceous (Martinson, 1961; Kolesnikov, 1964;
Yakovlov, 1965a). In my ovinion the most correct conclusion was given by Kolesnlkov
(1964) in his work on the stratigraphy of the continental Mesozolc deposits of the
Transbaikals, He puts the Bals layer in the Bais series of the Vitim tableland and
thinks that the fauna of molluscs, conches and fish sufficiently correctly indicate
their Lower Cretaceous age (Lower Neokom). Kolesnlkov suggests a border with the Lower
Cretaceous/Upper Jurassic Romanovsk series, according to the coarse-pebbly conglome=-
rate and phonglomerate, In his article on the border of the Jurassic and Cretaceous
in East Asia, Yakovlev (1965a) finally comes to the conclusion that whichever horizons
have Lycoptera and corresponding insect fauna anywhere are Lower Cretaceous.

The climate in the Late Jurassic and Early Cretaceous (Neokom) times in Kazaklistan
and Siberia, where the localities of Karatau and Bals are found, was getting consid=-
erably arid: the forest vegetation disappeared, xerophilous, sparse tree growth and
savannas appeared, and in connection with this carbon accumulation ended, The number
of ferns and ginkos diminished; conifers and cicadophytes became the host group (Si-
nitsin, 1966). S

As follows from the above discussion, in the Jurassic period occurred the development
of the basic living aguatic families of the infraorder Nepomorpha, belonging mainly to
the Corixoidea, Naucoroidea, Notonectoidea and Nepoidea. The superfamily Corixoidea, 21
apparently isolated at the end of the Triassic, was represented by the special Early
Jurassic family Shurabellidae, To this time belongs the appearance of the first re-
presentatives of true Corixidae (Gazimuria), which I have put in the living relict
subfamily Diaprepocorinae. In the Late Jurassic, along with the superfanily Diapre-
pocorinae, was found the first representative of the MidwMesozoic subfeamily Archae=-
corixinae, which according to paleontological finds, was the most diversely represented
in the Lower Cretaceous. MNaucoridae and Notonectidaes also appear no later than the
Early Jurassic in the living families Naucoridae and Notonectidae., In the Upper
Jurassic, Notonectidae and Naucoridae are represented by Late Jurassic and threo living
subfomilies. The third group of aguatic bugs dominant in the Mesozoic 1s the super-
family of aguatic scorpions Nepoidea, represented by the original Beolostomatid-nenid
complex in the Torton age. Thus, the original Mid-Nesozoic fauna of aguatic bugs, on
the one hand, is represented already by a considerable number of now living families
(Nepidae, Corixidae,Naucoridae, Notonectidae), on the other hand, includes still one
.original only to the Jurassic family Scaphocoridae and, in the rdchness of large taxons,has
abpost as many. as.. living fauna (such are the remarkable Jurassic subfamily of the
Belostomatidae, Stygeonepinae, and Naucoridae, Sphaerodemopsinae, or the early repre-
sentatives of the Mesozoic subfamily of the Corixidae, Archaeocorixire). This latter
phenomenon is particularly true for the superfamily Nepoldea with its diverse Jurasgic
genera of aquatlc bugs (Stygeqnepa, Mesobelostomum, Mosonepa and othrs). Characteris-
tic also is the existence of the living gonue of aquatic scorpions, Laccotrephes, in
the Upper Jurassic of Bavaria, .



Finds of Cretaccous insects are extremely few. As for Cretaceous Heterovtera,
besides the two finds of terrestrial bugs from Northeast Caina (Ping, 1926), up to
now nothing has been found, With respect to Heterontera, I have filled this gap
only to a small degree in the present study with material on finds from two Upner
Cretaceous deposits (Turon and Maastricht) in South Kazalhstan and the Far East.

The Upper Cretaceous locality of Kizil=Jar is found in the northwestern part of
Karatau and is a mound, the argillacecus layer of which contains both vegetative
remains and insect bodies, This layer was separated into the Beleutin series
(Nikiforova, 1960), the age of which was determined as Turon=-Santon. However, the
question of the age of the insect bearing layer has not yet been deternined. Hany
palecbotanists consider these deposits to be Senoman=Turon (Yarmolenko, 1935; Vakh=
‘rameev, 1952; Baikovskaya, 1956)s Once even the possibility of Paleocene age was
suggested (Yarmolenko, 1935). However, most authors prefer to consider them Turon
(Yanshin, 1953; Samsonov, 1966), or Turon~Santon (Niliforova, 1960)

The climate of the Turon era in this region was sufficiently hot and relatively drye.
According to Vakhrameev (1952), the locality of KizileJar was found within the linmits
of an arid zone. Vegetation was represented mainly (75%) by diverse plane trees and
other arboreals, and also shrubbery characteristic for tropical and sub~tropical
regions, On the basis of this, the conclusicn was made that the Turon forest of
Kizil=Jar in richness is closer to the troplcal jungle than to the forest of the
temperate zone, but with an admixture of subtropical forms of dry-loving type (San=-
sonov, 1966). These arboreal and shrubbery assoclations grew on a comparatively
small territory near the shore of the. Turon Sea. In Samsonov'!s opinion (1955), this
locality represented a wasteland comnected with a sea lagune, which was fresh because
of the rivers running into it.

In the Cretaceous locality in South Kazakhstan, a special Cretaceous family of 22
aquatic bugs was found, Mesotrephidae, which is gomewhat similar, on the one hand,
with the living families Pleidae and Helotrephidae and, on' the other, rosembles the
Jurassic family Scaphocoridae. These finds confirm the early isolation of the
. zhelotrephoid branch and 1ts existence in the course of a very long time, From the
same locality, in the collection of the Paleontological Institute, there are about
ten undescribed Hoteroptera remains of the ligeii~coreid complex, and the oldest of
the -up to- now kmown Tingidae was actually found.

0f special interest is another, later Asiatic ‘Upper Cretaceous locality, Cagayan,
Pri-Amur, JIn the MideAmurian depression are widely distributed weakly cemented, loose
pand-argillaceous deposits, which are separated into the Cagayan synclose (Krishtofo-
vich, Baikovskaya, 1966). The latter is divided into three sories: Archarin and
Tyukan, dated in Senon time, and Kivdin, placed in the Paleocene (Kirshtofovich,
Baikovskaya, 1966). 4. N. Krishtofovich considers the Cretaceous series of the Byne
close to be Danish; recently, on the basis of data of a spore-pollen analysis, their
age was determined to be Maastricht (Bratseva, 1966, 1969), The climate of the Prie
Amur at the end of the Cretaceous was warmemoderate with some xerothermization. The
vegetation was primarily represented by trochodendron forests with a considerable
intermixture of plane trees and some conifers (Taxodium dubium, Metaseguoia disticha
and others). In character of vegetation, Cagayan was close to the warm=moderate Late
Crotaceous flora of the Arctic, Greenland and North America.

In Cagayan deposiis which belong to the Tyukan series, in the lower course of the
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Burey River, one representative of Corixidae was found, Mesosigara kryshtofovichi, Ep.n.,

which was put in the Mid-Mesozoic subfamily Archaecorixinee. However, this Corixidae,
the closest ancestral form of which survived the great readjustment of the entire
continental flora and fauna in connection with the further aridization of the climate
of Eurasia and formation of the zone of warnm temperate climate (Sinitsin, 1966), along

-1———-——-—-—

Tingiopsis reticulata B.-M., described from the Trias of Central Asia as a represon-
tative of the bug Tingidae (1953, 1963), was correctly transferred to the order
Homoptera (Evans, 1957, Drake, Rudhoff, 1966).
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with the preservation of the basic characterlstics of the archedictyon, already had
sornie characteristics of the Cainozoic Corixince = terminally reduced venation and
embolium rim and, also, apparently, asymmetry of the last abdominal male segments.
Thus, this form permits leading to the Cainozoic Corixinae directly from the lesozoic
Archaecorixinae, '

L reconstruction of the complete map of the geographical distribution of the
Mesozoic Nepomorpha on the basis of the paleontological material lmown to us is not
presently possible. This is particularly so in the distribution of genera and more
so of species, We do not know one species found at two points at all remote from
‘each other, :

The distribution of families in the Mid=Mesozoic i1s given in Table 2.

As can be seen from Table 2, the first characteristic of the Mid-Mesozoic fauna is
the wide distribution of the families Notonectidae and Naucoridae, so that the latter
in Vest Burope and in Kazakhstan are represented by three genera., The second charac=
teristic is the presence of the special Jurassic speclalized family Scaphocoridae
of the superfamily Notonectoidea.

Comparing Mesozoic forms with living ones related to them, we can note only separate 23
instances of zoogeographical sequence, Thus, revresentatives of the subfamily Diapre-
pocorinae, known now only in southeastern Australia, in Tasmania and New Zealarnd, are
found in the Lower or MideJurassic of the Far East and Upper Jurassic of Kazalkhstan.

Some mass aquatlic bugs, such as the liassic Shurabella lepyroniopsis Be=M., the
Upper Jurassic Karataviella brachyotera B.-M., the Lower Cretaceous Clyprostemma xy=-
phiale Y. Pop. and Baissocorixa jaczewskii Y, Pop., can have the same stratigraphical
importance as, for example, the Lower Cretaceous fish Lycoptera middendorfii lMill.
and others,

TABLE 2
DISTRIBUTION OF FAMILIES OF AQUATIC BUGS FROM AVAILABLE FINDS IN THE UPPER
" JURASSIC=LOWER CRETACEOUS
Figures indicate number of genera

Locality Fanily
: . Nepidae Belosto=~ Naucoridae Notonec= Corixidae Scaphocoridae
- natidae tidae
England (Ridgeway) - - - 1 - -
FRG (Bavarisa) 1 3 2 1 - -
Kazalkhstan (Karatau) - - 4 1 2 1
Transbaikals (Bais) - - 1 1 2 -

BASIC LOCALITIES OF MESOZ0IC NEPOMORPHA

1. Sai Sagul (Shurab III}, Kirghiz, Oshsk Prov., Batkensk region. Found 12 km south-
west of the Shurab River, About 1,000 specimens of Heteroptera collected, mainly
aquatic Shurabellidae, and about 20 specimens of terrestrial Actinoscytinidae in the
lower insect-~bearing horizon of argillaceous shales. Age of deposit determined as Mid-
or Upper-Iias (Kuzichkina, Repman and Sikstel, 1958). Collection of the Paleontological
Institute of Science (PIN) Nos. 495, 1724, 2032 and 2061 (Becker=Migdisova, 1949).

Shurabella Lepyroniopsis B.=M, '

2., Kizil-Kia, Kirghiz SSR, Oshsk Prov., Near Kizil-Kia in 1937, B. B. Rohdendorf found
one spocimen of an aquatic bug of the family Naucoridae in deposits of the Lower Lias
(Martynov, 1937} according to Kuzichkin, Repman, Sikstel, 1958 -~ Mid or Upper lias).
Collection PIN No. 166,

Liadonaucoris rohdendorfi Y. Pop., Spe N

———— e e
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3+ Cherni Etan (Black Stop), West Siberia, Kuznetzic Basin, Kemerov Prov., Krapivinsk
region. In 1948, Lebedev found one specimen of a Liassic Notonectidae on the left
bank of the Tom River above the village.of Cherni Etap II (Tersiusk series, Lower or
Mid-Jurassic). Collection PIN No. 1068.

Liadonecta tomiensis, sp.ne

k. Iya, East Siberia, Irkutsk Prov., Tulun region. The 1959 Expedition of the Palew
ontological Institute collected on the left bank of the Iya River in the region of the
town of Vladimirov, in deposits of Ust-Balei horizon, four specimens of numphs of aquatic
Corixidae., Rasnitsin (1969) notes the closeness of the Liadoxyella Hart. representatives
found 1n these deposits to those from the Liassic deposits of South Fergana. Collection
PIN No. 1669.

Ijanecta angarica, Sp.n.

De Gazimur, Southeast Transbaikals, Chitin Prov. The Jurassic study party of the
Chitin Geological Department (1958~1961), near Borov on the right shore of the Gazimur
River, in the Aleurol-Akatuev geries, found some specimens of aquatic Corixidae, which 24
Martynova preliminarily placed in the family Notonectidae (Kolosnitsina, 1962). The
locality is dated from sea fauna remains as Mid or Upper Lias (Mushnikov, Apashkina),
Olexin, 1966).

Gazimuria scutellata, spen.

6. Braunschweig, FRG, Localiity of Upper Lias age in which were found about 50 specimers
of Cryptocerata., Of 26 described species, only one can be placed in the aquatic bugs
(apparently to a new family), conditionally placed by Bode (1958) in the family Archae=-
gocimicidae, '

Megalocoris laticlavus Bode, 1953,

7. Dobbertin, Meklenburg. Locality of Upper Lias age in which was found a large number
of Heteroptera remains, belonging almost exclusively to terrestrial bugs. Only one form
is an aquatic Naucoridae. It was incorrectly separated by Handlirsch into tte special
family Aphelocoridae (1906~1908),

Aphlebocoris punctata Handlirsch, 1906, .

8, Bavaria. Solnhofen, Eichstatt, Schernfeld, Langenaltheim., FRG. Lithographic shales
in the region of Eichstatt represent lagune deposits, by the name of Solnhofen, formed
in the Late Jurassic in the sea lagune of the south shore of Fennoscandia (Kuhn, 1961).
About 100 Heteroptera remains were found in this locality, of which about fifteen belong
to the superfamily Nepoidea, and also to the families Notonectidae and Naucoridae.
According to the paleoentomolegist F, Carpenter (1932), the aquatic bugs were preserved
in salty deposits and fell there by means of flight from neighboring fresh reservoirs.
The Solnhofen deposits are placed into the Uppermost Jurassic (Portland), Preservation
of the material in many cases is very poor and thus a large part precludes re-examination
of the already described species, leaving them mostly in a parataxonomic state, (Germay,
1839; Quenstedt, 1852; Weyenbergh, 1869, 1873, 1874; Assmann, 1877; Deichmuller, 1881,
1886; Oppenheim, 1888; Haase, 1890; Meunier, 1897, 1898, 1900; Handlirsch, 1906).

Presently the described remains are preserved in various West European museums - in
Munich, Frankfurteam-lain (FR@), Rostok (GDR), London, etc., and also in some museums
of the USA (Carnegia Museum and Museum of Comparative Zoology in Cambridge).

Mesobelostomun deperditum (Germar, 183%)
Mesonepa primordialis (Germar, 1839)
Stygeonepa foersteri, sp.nove

Laccotrephes incertus, sp.nov.

Pelonecta solnhofeni, Ep.nov.

"Naucoris" lapidarius Weyenbergh, 1869
Notonectites elterleini Deichmuller, 1886
Sphaerodemopsis jurassica (Oppenheim, 1888),
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9. Ridgeway, England, Dorchester. Locality of Upper Jurassic age, in which in 1853,
Fisher found 12 insect specimens. Among the found specimens were two Heteroptera
which belong to aquatic bugs and were preliminarily placed in the family Naucoridae
{(Westwood, 1854; Handlirsch, 1906). Actually, in body form they resemble Naucoridae;
however, in structure of the preserved body parts, they are typical Notonec¢tidae.

Nepidium siolones West,, 1854.
10, Karatau, South Kazakhstan, Chimkent Prov., Algabassregion. One of the richest
localities, located in the southwest part of the Karatau Mountains, in which in the
course of many years, beginning with the collections of A. V. Martynov (1924), about
18,000 fossil insects have been collected (Panfilov, 1968). Over 1,000 specimens
belong to representatives of the Heteroptera, The basic finds were made close to the
village of Michailovka (confluence of Aulie and Kara-bastau) and at the village of
Uspensk (near Galkino), and belong to the Karsbastau series, Age of the locality is
considered tc be Upper Jurassic (Kellov=Titon). Collection PIN Nos. 124, 126135,
138-142, 152, 167, 172, 183-185, 965, 1789, 2066, 2231, 2239, 2255, 2384, 2452, 2554
(Becker—Migdisova, 1949; Becker-Migdisova, Popov, 1963; Popov, 1961, 1962, 1968).

Aidium pleurale Y. Popov, 1968

Nectonaucoris lariversi Y., Popov, 1968

Nectodes maculatus Y. Popov, 1968

Heleonaucoris maculipennis, sp.nov.

Asionecta curtipes, Y.Popov, 1963

Karataviella brachyptera BecYer-Migdieova, 1948

Achaecorixa lata Y. Popov, 1968

Scaphocoris karatavicus Y. Popov, 1968.
12, Bais. Transbaikals, Buriat ASSR, Eravin region. The basic collections were made
by the Paleoentomological Expeditiona of 1958 and 1961, Over 200 Heteroptera specimens 25
were collected, of which about 50 are aquatic. As already stated, according to Kalesg-
nikov (1964), this locality belongs to the Bails series and is considered to be Lower
Cretaceous (Neokom). Collections PIN Nos. 1668, 1989 (Popov, 1964; 1966).

. Angaronecta longirostris, sn. nov,

Clypostenma xyphiale Y. Pcpgv, 1964

Diapherinus ornatipennis Y. Popov, 1966

Baissocorixa jaczewskil Y. Popov, 1966,
13. Kizil-Jar. South Kazakhstan, Kizil-Ordin Prov,, Chiliisk reégion. The Paleocento=
mological Expedition in 1963 collected about ten specimens of terrestrial and four of
aquatic Mesozoic chelotrephoid Heteroptera of the Mesotrephidae in the Upper Cretaceous
(Turon) deposits of Beleutin series on northwest sectors of Karatau. Collection PIN
No. 2383,

Mesotrephes striata, sp. nov,
1L, Bureyg Khabarov Territory, Amur Prov,, Archarin region. In 1914, A. Krishtofovich
found several specimens of Corixidae in Upper Cretaceous deposits of the Tyukan series
(Maastrich~dat) on the BureyaRiver at Cagayan. Collection PIN No. 324.

Mesosigara kryshtofovichil, spe. nov.

CAINOZOIC HETEROPTERA

According to the number of specimens found and described (over 500, species), Tertiary
bugs considerably exceed Mesozoice. Right, the number of Cainozoic localities exceeds
the number of Mesozoic, Most finds were made in VWest Europe and North America. In
Tertiary doposits, we already find not nne new family which would be absent in living
fauna; the entire make up of the living Heteroptera fauna is unusually similar to that
in the Paleocene, and particularly, the Neocene period: many genera are found in
fossil state and are identical to recent fauna,

\



-~

19
25

Nepomorpha in the Paleocene and Neocene (more precisely, in the Oligocene and Mio-

. cene) are represented by five living families (Nepidae, Belostomatidae, Naucoridae,
Notonectidae, Corixidae), the largest number of species of which is over 40, Repre=
sentatives of thse families belong to now living genera, possibly with some exceptions.
Thus, the Upper Oligocene Notonectidae from Rott, Clematina primaeva (Heyd.), still
preserves some traits of the Mesozoic subfamily Clypostemmatinae. How strongly dif=-
ferent from each other in specific and generic composition are the Neocene and Paleo=
cene representatives of aquatic bugs is now difficult to judge, and because of this,
except for a review of the already known Cainozoic material, new finds are also needed.

The Quartenary period was not completely favorable to burial and preservation of
insect remains and we know very little about either the changes of the local fauna or
the general appearance of the gradually changing fauna of the large territories during,
for example, the glacial freezes and thaws,

In sum, we know not more than ten remains of Quartenary aquatic Heteroptera of the
families Nepidae, Notonectidae and Corixidae, There is also mention of a find of
a Holocene belostomid, Lethocerus americanus (Leidy), in Pleistocene deposits near
Los Angeles (Lauck, Menke, 1961).

Real ‘Paleocene Heteroptera fauna of West Europe developed in the zone of changing
subtropical evergreen vegetation (Poltav, Turgan flora), located in the tropical humid
lithogenetic zone of Mediterranean type with subtropical, close to tropical, climate
(humid-subtropical)s In the Miocene, the vegetation remained basically of the same
but more Turgan type, i.e., leaf shedding. Because of reduction of the water of the
ancient Tetis, the climate often became subtropical with further continentalization 26
and aridization, particularly in the Asiatic part of Eurasia (Kazakhstan, South Siberia).
On this territory, the forest vegetation represents a mixture of derivatives of Turgan
and Poltav flora, which formed a new type of Neocene flora~-the ancient Mediterranoan
(Kornilova, 1966). The savannas began to be replaced by degrees and at the end of the
Miocene, beginning of the Pliocene, all of the subtropical savanna had disappeared
end basically the steppes remained. In the Pliocene a gradual general cooling and
continentalization of the climate began, the flora of the Mediterranean region became
xerophilous, in Europe the displacement to the south of the geobotanical zone occurred,
in Siberia the dark coniferous forest appeared (first stage of the taiga), in Tien=-
Shan the Neocene turgan flora formed, and the desert.landscape of Central Asia and
Kazakhstan appeared, etc. (Sinitsin, 1966).

Of the foesil insect bearing Tertiary deposits of the territory of the USSR, we are
interested in thf Miocene locality of Chon-Tuz in the upper reaches of the Chu River
(North Kirghiz).” In the layer of lake shales and aleurolites with conglomerate layers
(breccia and gravellites of 300 to 1,500 m thickness) in the southern part of the
Kochkor diggings, numerous insect remains were found. Besides insects, tese deposits
(Martynov, 1938; Becker=-Migdisova ,Martynova, 1951) contain fish also (Yakovlev, 1959),
and numerous flora remains (Kornilova, 1966), which most authors place in the Mid-
Miocene (Sikstel, 1939; Petrushevsky, 1948; Kornilova, 1962, 1966). A preliminary
determination of the flora by I. V. Palibinin and M. D, Zalessky indicates also Sarmat
age. A later spore-pollen data analysis (Abuzyarova, 1954) determined the age of the
deposits as Lower-Mid Miocene. To the latter determination of dating the age, add
aleo S. A, Tarasov (1968), who separated these deposits into the Shabirkol series.

As to the conditions in which the development of the Miocene aquatic bugs occurred,
some data have been provided by A. V. Martynov (1938), who discussed the existence of

~a.large lake with fresh, or at times weakly salty, water which was not very deep. S.
A. Tarasov (1968) comes to the same conclusion on the basis of the presence of a large

number of tiny=fragmented thin layered rocks of lake genesis and the lack of salt

bearing rock.
Such are the general traits of the characteristics of the Cainozoic aquatic Heterop-
tera and the conditions in which they developed.

11 take this opportunity to express thanks to the acienco student of the Paleontological
Institute, V. I. Zhogalle, who was of great help in the locality characteristics.
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BASIC LOCALITIES OF CAINOZOIC NEPOMORPHA

1. Baltic Amber, Pribaltic. About 50 specimens of bugs have been found in the
Lower Oligocene amber. Only one specimen is a Nepomorpha representative. Also in
te collections of the PIN, Academy of Sciences (AN), US3R, there are specimens of
undescribed Corixidae nymphs.

Nepa sp. Berendt, 1830.

2, Aix-en-Provence, France, Provence. Over 30 specimens were collected from deposits

of the Mid-Oligocene, including one Notonectidae amione supposed aqutic Nepidae.
Nepa? Serres, 1829
Notonecta sp. Hope, 1847, y

3. Rott, FRG, RHhire Region. About 650 specimens were found in the locality of Upper
Oligocene age, of which about 600 belong to.aquatic bugs. 47 species of terrestrial
and 12 species of aguatic Heteroptera have been described (Germar, 1837; Heyden, 1859; 27
Deichmuller, 1881; Schlechtendal, 1892, 1894, 1898; Statz, 1950; Statz, Vlagner, 1960;
Jordan, 1953), of which the Corixidae designated by Statz as Corixa vidua is apmrently
identical to Corixa rhenana Stz. (Statz, 1950)., Besides this, it is possible that all
of the Corixidae belong to one species,

"Belostoma" goldfussi Germar, 1837
Naucoris rottensis Schlechtendal, 1898
‘Clematina primaeva (Heyden, 1859)
Soevenia heydeni (Deichmuller, 1881)
Corixa elegans Schlechtendal, 1894
Corixa rhenana Statz, 1950
' Corixa vidua Statz, 1950,

4., Florissant. USA, Colorado. One of the richest Cainozoic localities from which
153 species of Heterdptera have been described, including six species of Nepomorpha.
Its age was determined earlier as Miocene (Scudder, 1881, 1890; Cockerell, 1908; Hune
gerford, 1932; MacGiniti, 1953; Lauck, 1960), now as Mid or even Lower Oligocene, Mac-
Giniti, 1960),

Nepa vulcanica Cockerall, 19082
- (Discostoma) sp. Scudder, 1890
Notonecta emersoni Scudder, 1890
Notonecta (Paranecta) binuda Lauck, 1960
Corixa immsrsa Scudder, 1890
Corixa vanduzeei Scudder, 1890
Sigaretta florissantella (Cockerell, 1908).

5. DeEin, CSSR, North Czechoslovakia. One representative of Beldstomatidae has been
described from 0ligo=Miocene deposits at the village of the Lower Dolni Bechlejovice
(Riha, Kukalova, 1967). ‘ .

'+ Lethocerus sulcifemoralis Rh. et Kuk. :

6. Kutschlin, CSSR, Czechoslovakia. A single bug specimen was found (Notonectidae)
in deposits of the Lower Miocene (Deichmuller, 1881; Statz, 1950).

Soevenia kutschlini (Deichmuller, 1881).

?. Oeningen, FRG, Baden. 94 species of bugg have been described from an Upper Miocene
locality, eight of which helong to Nepomorpha (Keferstein, 1834; Heer, 1853; 1865;
SchBberlin, 1888), )

Nepa, Keferstein, 1834

Nepa Sch¥berlin, 1888

“Belostomates" speciosa Heer, 1865

"Belostomates" harrisi Schiberlin, 1888
¥ Naucoris dilatatus Heer, 1853

(Diplonychus) rotundatus Heer, 18535

Corixa fasciolata Heer, 1853,
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8. Chon-Tuz, Northeast Kirghiz, Kochkor region. In 1938, A. Y. Petrosian,.and in
1942 the Expedition of the PIN, USSR, in the south side of Tersk-Alatau (Central
Tien=-Shan, in the Kochkor diggings on the right bank of the Chon=Tuz River, in
Miocene deposits of the Shabirkol series, collected about 150 specimens of Heterop-
tera, among which about 90 belong to aquatic bugs of the family Corixidae. Collection
PIN No. 372.

Diacorixa miocaenica Y. Porov, sp. nov,.

9., Tara, West Siberia, Omsk Prov. In beds of Miocene age, on the left bank of the
Abrosimovki River, at the village of Ekaterinoslav 10-12 lm south of Tara, on the
Irtysh, a specimen of a true Belostomatidae was found.

Lethocerus turgaicus Y. Popov, 8p. nov.
10, Stavropol, 1 (Voroshilov), North Caucasus, Stavropol region, Balka Vishnevaya,
2 lm above the mouth, west bank of Lake Sengileev. In 1939, the Expedition of the
Paleontolog1ca1 Institute found a single specimen of an aquatic Corixidae in spanio-
dont argillaceous layers among numerous Heteroptera, Collection PIN No. 254/2962.

Sigara sp,
11, Lac Chambon, France, Central Massif. Four species have been described from
deposits of Mio=Pliocene age, two of which belong to Notonectidae and Naucoridae (Piton,
Theobald, 1935; Piton, 1942).

Naucoris crassus Piton, 1935

Notonecta arvernica Piton, 1942. )
12, Willerhaus, South Saxony,near Gartz. 21 Heteroptera speclies were described from 28
deposits of Upper Pliocene age, four of which belong to Naucoridae (Jordan, 1967).

"Cydnopsis!" ventralis Jord.

"Cydnopsis" affinis Jord.

“Coreides" latus Jord.

“Atoposita" angulosa Jord.
13. Re, Italy . In literature appears one spocimen of an indeterminate bug from
‘Quarternary deposits (Benassi, 1896).

Corixa sp. Benassi, 1396. '
4. Mac=Kitrik, USA, California. Two species have been described of aquatic Nepidae
and one species of Naucoridae from layers of Pleistocene age (Pierce, 1948).

Ranatra asphalti Pierce, 1948

Ranatra besscomi Pierce, 1948

Notonecta (Paranecta) badia Pierce, 1948,
15. Boryslaw, West Ukraine, Lvov Prov. Four specles of Corixidae have been deacribed
from a Pleistocene locality (Lomnicki, 1894; Jaczewski, 1923, 1929, 1949), one of them
recent (S, producta Rt).

Sigara (Arctocorisa) horvathi (Lomnicki, 1894)

Sigara (Callicorixa) vproducta (Reuter, 1880)

Sigara glacialis Lomnicki, 1894

Sigara boryslavica Lomnicki, 1894.

_ "As drawn and described by Scudder, Necygonus rotundata Scudder in no way corresponds
to characteristics of the family Gelastocoridae.

2Most likely this is tle genus Naucoris L,

3It is more probable that this species is identical with Corixa vanduzei Scd., which
‘actually differs only slightly in dimensions of the ninth segment.

4Judgxng from Heer's drawing, Nepa atavina Heer (Heer, 1853, t.X, fig. 9ab) can in
no way be put in the aquatic bugs.

slt is possible that this is a representative of littoral Gelastocoridae.
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GENERAL MORPHOLOGICAL SURVEY OF THE NEPOMORPHA

The body structure of true Heteroptera as a whole has been studied sufficiently
completely beginning with the works of Dufour{1833) and Geise (1883). This problem
has interested many investigators in our century (Taylor, 1918; Hoke, 1926; Tanaka,
1926; Ekblom, 1926, 1930; Weber, 1930; Snodgrass, 1935, 1938; Elson, 1937; Spooner,
1938; Butt, 1943; Larsen, 1945ab, 1950; Southwood, 1955, 1956; Poisson, 1957; Pen-
dergrast, 1957; Scudder, 1959; Miyamoto, 1961, and many others). However, studies
which give a detailed account of the basic body sections and their comparative-
morphological analysis are still very few (Becker, 1929; Wefelscheid, 1912; Ferriere,
1914; Hamilton, 1931; Rawat, 1939; Griffith, 1945; Sutton, 1951; Marks, 1958, 1959;
Benwitz, 1959; Parsons, 1958, 1959, 1960, 1962, 1963, 1964, 1965, 1966ab, 1967, and
others).

A detailed examination of the structure of Heteroptera of the infraorder Nepomorpha
does not fall within the problems of this study. Except for a general plan of the
body structure, I have touched upon only those morphological features which play an
especially important role in the restoration of the path of historical development
of the infraorder and explain the phylogenetic relationships of the basic taxons
included in it, Besides, I propose a new interpretation of the separate elements
of the skeleton.

GENERAL STRUCTURAL CHARACTERISTICS

Families of the infraorder Nepomorpha are characterized by sufficiently clearly
expressed adaptive traits, which along with other features, pufficiently clearly
separate one from the other. The body plan is flat and narrow in the Corixidae;
cigar-like amdin sections almost three-edged in Notonectidae; flat, widely=oval or
almost disc=like in most Naucoridae; flat, more or less oval in Belostomatidae;
elongated, batonelike in Ranatrinae and flat, oblong-oval in rost Nepinae (Nepidae);
short, with reof-shaped folding wings in Pleidae and Scaphocoridae; finally, more
or less oval and fairly strmgly convex in Ochteridae, Gelastocoridae, Helotrephidae
and Mesotrephidae. The mouth apparatus is gcraping-sucking in Corixidae and thrusting=-
sucking in the rest of the Nepomorpha. The fore legs are grasping in Gelastocoridae
Naucoridae and in all families of the Nepoidea; in male Corixidae the tarsi are often
spade-like (palae). Tha hind legs are usually natatory, often with more or less
flat+ened tarsal segments and with a developed dense brush of hairs in Corixidae,
Angarocorini (Naucoridae), or even like very broad paddles in Stygeonepinae (Belo=
stomatidae). The usually non-flatteped hind tarsal segments, covered with thick
hairs, are characteristic for Notonectidae and most Naucoridae. The hind tarsi of
Pleidae, Aphelocheirinae and Crypocricinae (Naucoridae), Helotrephidae and Mesotre- 30
phidae differ in the presence of sparse long hairs, Walking hind legs are peculiar
to Nepidae and Helotrephidae. In Nepidae, the coxae are woll separated and the
sternal rgion of the thorax is well developed; in all remaining Nepomorpha, the
coxas are pushed together and adjoin by the inner sides, ard the sternal region is
strongly reduced. In most male Corixidae, the abdominal segments are asymmetrical,
with a split eighth segment., In Nepidae, long (but in Belostomatidae and Stygeone=
pinae, short) respiratory tubes are developed.

The use of the above=listed morphological features of rapresentatives of these
families often makes it possible to doetermine fossil remains accurately and depen-
dably, not only from the whole bady, but also from partially preserved body parts.
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The Nepomorpha head frequently is more or less pulled into the prothorax and fairly
sharply articulated from it. In some Helotrephidae (Paskia, Idiocoris), in contrast
to all other Heteroptera (even the overwhelming majority of all other insects in
general), the head and prothorax are fused without any traces of articulation (f. 107)
end form the so-called cephalothorax (cephalonotum)s In representatives of the
families Nepidae and Naucoridae, the head is especially deeply pulled in, so that
a large part of it is found in a special cavity of the pronotum (f. 1). In the
other Nepomorpha, the fore margin of the pronotum is more or less straight, and the
head is weakly or entirely not drawn in. In a number of cases, the almost complete
fusion of the antewor sclerites of the head (clypeus, frons, vertex, genae) does not
allow precisely discerning their borders, ‘which are visible topogrnphicaliy only at
the point of articulation of the separate muscles,:. the fore "tentorial" ‘pits, some
internal skeletal parts of the head or along the direction of the facial sutures.

The mouth organs are like a rostrum, attached to the fore part of the head and
formed of the labium, the mandibulae and maxillae, which are transmuted into long
stylets, In a state of rest, the rostrum usually dies under the thorax, but during
feeding it usually stands at a right angle to the body, so that the rostrum is
shortened, freeing the tips of both pairs of mxillae/mandibulae,

The labium is segmented, usually consisting of four segnents; the basal segment is
Joined by means of a membrane to the ventral sector of the head capsule, The labium
Eerves as a case for the mandibular and maxillary stylets. The basic modifications
of the Nepomorpha labium are shown in figure 2.

The mandibulae are represented by two thrusting mandibular stylets which lie, as a
rule, with respect to the maxillary stylets, ventrally within the head (f. 3) and
laterally within the labium (f. 4). Theyserve to pierce. the body of the prey and
fix the rostrum in it. The base of the mandibular stylet is widened and serves as
a place of attachment of the muscle~retractors, which, in their turn, are directly
attached to the head capsule, The stylets have another point of articulation to the
inner wall of the head at the lateral end of the loro~genal suture by means of the 31
so~-called mandibular lever. This lever is a plate which lies horizontally in the
head and serves to support the mandibular stylets and direct their movement., The
apex of the lateral surface of the mandibles bears somewhat sabre~like projectims,
the apices of which are directed backward, which facilitates the fixation of the
mandibles in the body of the victim during sucking (f. S).

In manner of attachment and in form, there are four types of mandibular levers (f. 6)
(Ekblom, 1929), The first type of lever is triangular, attached to a membrane, which
surrounds the base of the mandibular stylet. The second type of lever is three=
branching, directly attached by one end to the stylet. The third type of lever is
triangular, the fore end of which, turned downward, is directly contiguous to the
stylet, and the hind to the head capsule., The fourth type is a quadrangular lever
with double walls, which lie close to the base of the stylet, but &enot fused with
it. Spooner (1938), who studied a large portion of the families in detail, found,
in the families which I include in the Nepomorpha (except Corixidae), the second
type of lever. The third type is inherent only to the Corixidae, and the fourth to
the littoral families Ochteridae and Gelastocoridas. All terrestrial Heteroptera
have the first type of lever.

The maxillae are represented by maxillary stylets, which serve to carry food and
inject saliva. On the inner side of each stylet there are two grooves which, when
folded, form two canals: the upper, feeding and lower (usually much more narrow),
salivary (f. 4). In form, the maxillary stylets are similar to the nmandibular;

Bugs have no real tentorium (see below). However, I have preserved the torm "ten=
torial¥pits, accepted in hemipterological literature, since the true nature of these
indentations has not been established.




however, their base is slightly thicker, since it serves as the place of articulation
of the muscle=retractors and musclewprotractors. These muscles are attached directly
to the head capsule. The other point of articulation of the stylets is the maxillary
lever like a thin, curved bar (f. 5), which is attached to one of the hypopharyngeal
wings and is not connected to any muscle (f. 3). Often, the right and left stylets
are different from each other. There is a system of hairs and stylets on the apex

of the maxillary stylet which, as Parsons (1959) suggests, help in filtexring the
sucked in food,

The labrum is attached to the ventral or distal margin of the clypeus, particularly 34
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to the fore margin of the anteclypeus an¢:ﬂixillary piates with the help of a narrow
membrane. It is usually triangular (fs. 8a, 15a, 16)", wider in Gelastocoridae and

Naucoridae (fs. 9a, lha) and narrower in Nepidae, Belostomatidae (fs. lla, 12a, 13a)
and particularly in Corixidae (fa. 18, 19).

The clypeus, on the outside in terrestrial Heteroptera, is divided into two parts:
anteclypeus and postclyveus. The hind border of the latter is not clearly or not at
all pronounced, On the sides, the anteclypeus is distinctly separated by deep clypeo=
loral sutures (suturae clypeolorales), which in the common ancestor of the Nepomorpha,
apparently, reached the fore ftentorial" pits. In most aquatic bugs, these sutures
are misinge In.the superfamily Nepoidea,.they.are distict but are strongly shortened
due to the complete or almost complete fusion of the proximal part of the postclypeus
with the laterally situated sclerites (lorae) (fe. 7)e The anteclypous usually is-
completely fused with the postclypeus without any distinct sutures. However, in some
fossil agquatic bugs (Clypostemma Xyphiale Y. Pop.), these parts are divided by the
clypeal suture (sutura clypealis). In places, the inner surface of the antgclypeus
and the labrum forms a membranous roof of the fore section of the food canal or
cibarium, the so-called epipharynx. This section of the food canal sucks in food
because of the vertical movement of the epipharyngeal surface and thus is often called
the food pump., We will use this term from now on. '

The maxillary plates (laminae maxillares) are situated on the dorsal surface of the
epicranium (& 8-17). A large portion of them are submerged within the head, from
the skeleton of which they leave at the level of the fore and hind "tentorial' pits.
These plates are delimited from the loral plates by the loro-genal sutures and
situated laterally at the fore margin of the clypeus. In Nepomorpha, the outer
sclerite is proximally fused with the gonal region, having only one more or less
clearly marked suture = the loro-genal, which is differently developed in represen=
tatives of different families (f. 7).

The loral or mandibular plates (loral plates, mandibular plates, paraclypeus, jugum)
are formed by the emergence onto the dorsal surface of the so-called loral fields or
lorae (lorae, laminae mondibulares), which are the inner side walls of the food punmp,
forming the hypopharynx. The loral plates are well developed in all families of the
infraorder (fs. 8-17) and separated from the surrounding sclerites by the loro-genal
(suturae lorogenales) or clypeo-loral (suturae clypeolarales) sutures (f. 7). The
loral plates border the genal region only along the distal part of the strongly
shortened loro-genal suture; however, for the greatest extent they are fused with the
genae.

The genae and postgenae are strongly spread out and completely fused with their
surrounding sclerites without any traces of articulation, Only remnants occur of the
already above-mentioned loro~genal and ventral (apparently, hypostomal) (sutura ven=
tralis) sutures, the latter coming from below along the central line.

Spooner (1938) isolated three types of labrum structure: a wide wing-shaped labrum
is met in Naucoridae, Notonectidae and Corixidae of the Nepomorpha; a long and narrow
triangular labrum in Belostomatidae; a wide wing-shaped labrum with long, epipharyn=-
geal projection in Ochteridae and Gelastocoridae. However, this division is morpho-
logically incorrect, all the more 8o since there is a transitional form between the

first two types.
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The postgenal bridge or genopont (genopons, pons postgenalis) is formed, in my
orinion, by the accretion of the ventral margins of the postgenae and, aupnrently,
the hypostomi also, which sometimes are divided (particularly in the nymphs) by
longitudinal sutures, From the caudal’ slde of the epicraniunm, the above-mentioned
sclerites occupy a sector in the closing of the foramen occipitale. From the oute
side, the genopons is usually smooth (fs. 9b, 11B), weakly=knobbed (f. 10b) or with a
strongly developed mound (f. 14b).

In hemipterological literature, this region is usually called the gular plate or
gula, which basically is an independent sclerite of the neck membrane, However, in
this case apparently, the process of s*r€n4+henm9 of the ventral part of the head
occurs in .a different way, namely, by the growth™and closing of the medio=ventral
nargins of the head capsule, Snodgrass (1960) holds a similar point of view, calling:
this formation.in the Notonectidae and Naucoridae the postgenal’ bridge. Some other
investigators (MacGillivray, 1923; Spooner, 1933) also held the opinion that the
occipital aperture in bugs is closed not by the gular plate itself, but by the som=.
called genopont. The preservation, in nymphs, of some forms of hypostomal sutures
(and, apparently, distal parts of the post-occipital) permits suggesting that the
foramen occipitale is closed not by the post-genal, but by the hypostomal (+post=
oscipltal ?) bridge. For convenience, I will conditionally designate this sclerite
as posteoccipital. : '

The frons gets smaller in those cases where the dimensions of the vertex, eyes and
clypeus increase, We can judge the dimensions of the latter only from the position
of the fore “"tentorial" pits, which appear on the hind border of the clypeus, since
the frons-clypeal, or eplatomal, suture is missing in Heteroptera.

The vertex in Nepomorpha occuples the uppermost part of the head capsule and, as.

a rule, is not large, Its size depends on the form of the head,

Completely missing in real Heteroptera is the system of strongly chitinized internal
supporting bars perpendicular to the surface of the head capsule = the so=called '
tentorium, which is so characteristic for Homoptera, where they, besides fixing 42
the mouth apparatus for work, serve as the site of attachment of the muscles cone
nected with them. For directing the maxillary stylets in the head.capsule of bugs
there are structures which resemble tentorials, like the so~called hypopharyngeal
projections or wings (f. 3), to which the throat muscles, and also the maxillary
levers, are articulated, The hypopharyngeal wings have been designated in hemip-
terological literature (Hamilton, 1931; Butt, 1943; Guadri, 1951; Benwitz, 1956;
Parsons, 1959, 1960, 1962, 1963, 1964, 1966; Matsuda, 1965) as "hind plates of
the hypopharynx (Snodgrass, 1938), “sclerotized plates of the genal apodeme" (Rawat,
1939), “maxillary coverings" (Sprague, 1956), and finally, as parts of the tentorium
(EKH;lew}Qgﬁé Becker, 1929). All these supporting structures,sme- on a level with

Pnggyﬂ‘ the tentorium,in Homoptera.,. Thus, the corresponding parts of %he endoskeleton of

the head of bugs in no way can be considered as rudiments of the tentorium,

The reason for the loss (if Heteroptera arose directly from the Homoptera) of one
of the basic supporting. structures of the epicranium in Heteroptera apparently must
be looked for in the transition from phytophagy to zoophag where an unusually
powerful cibarium pump, available in cicadas, is necessary,?gonsequantly, not a
tentorium. In bugs, undoubtedly, phytophagy ie a secondary phenomenon, all the
more 50 since vegetarlianness often bears the character of phytozoophagy.

The structure of the special filtering system in the fore section of the. food »
canal (cibarium), which is very characteristic for most Nepomorpha, deserves special
attention = the so=-called pharyngeal teeth, which are very significant for under-
standing the historical development of the entire group of aquatic bugs as a whole,
This system has recently been studied in detail by the Canadian morphologist, Paraons

(2959, 1965, 1966, etc.).

e e

§




=

[ SN

24) | 11

o

As is known, the food pump, or cibarium, is a canal which begins from the place
where the mandibular and maxillary stylets part and is situated in the dorso-medial
part of the head capsule (f. 18)., The dorsal surface of the pump (roof) is partly
a mertbranous epipharynpgeal formation of the inner surface of the anteclypeus; the
ventral is the chitinized dorsal surface of the hypovharynx (Parsons, 1966). In
the widened central portion of the food pump on the epipharyngeal surface is an
original system of parallel, low, flat Fiblets which are joined into two as the so=
called transverse plates in the families Ochteridae (f. 19ab), Gelastocoridae (f.
20ab), and Naucoridae (f. 2lab), or in an unpaired transverse plate in Notonectidae
(f. 22), and Corixidae (fs. 23, 24ab). These riblets bear a small thickening or
elevation, which is repeated at regular intervals and thus creates an original
covering, Thus, in the beginning they were called "striped plates" (Parsons, 1959).
In Ochteridae, these plates divide into fore and hind sectlons: the fore section
consists of riblets with thickenings, almost analogous to those in the family Gelas-
tocoridae, and thus creating stripes directed slantingly with respect to the longi-~
tudinal axis; in the hind section the elevations of the riblets are smaller and
closer, perpendicular to those in the fore section (f. 20b). The transverse pktes,
together with the opposing projections and hairs on the hypopharyngeal surface of
the food pump, bear the function of pulverizing and filtering food particles.
Sometimes, these plates are devold of rlbjets, creating a stripedness; for example
in the hind sector of the unpaired transverse plates of Notonectidae (f. 22). The
projections and thickenings of the epipharynx, in this case, basically bear the Wl
function of pulverizing food particles, and the hypopharyngeal surface is furnished
only with hairs and participates only in filtering. In Naucoridae this filtering
apparatus is somewhat more complicated in structure and consists of a pair of transe
verse plates, furnished with numerous longitudinal rows of teeth, with corresponding
fore and hind sectors (£, 21b). The filtering function of the transverse plates in
Naucoridae was studied experimentally by M. Parsons (1966). Note: I didat expernneqt (M.C.P.

The construction of the filtering apparatus is of an entirely different form in
Corixidae. Here we find the greatest complexity of the transverse plates, which
have been studied by a number of authors. Just as in the above~mentioned families
(except Gelastocoridae), the unpaired transverse plate is divided into fore and
hind sections, each of which, in its turn, is articulated into two zones (f. 23).

The strong development and complexity of the filtering apparatus of Corixidae is
caused first of all by a special (for aquatic bugs) type of feeding ~ phytophagy
(more precisely, detrito~ and algophary), which requires intensive pulverization

and filtering of the food substrate., The basic pulverization of the food takes
place in the first two zones, and filtering occurs in the third zone., The trans- 45
verse fold, as in Notonectidae and Naucoridae, is furnished with long filtering
halrs on the inner side,

In Nepidae and Belostomatidae, the filtering apparatus is weakly developed., It
is represented by two rows of longitudinal projections on the epipharynx, situated
laterally from the central line, and by two analogous formations on the hypopharyngeal
side, The projections of the epipharynx bear a row of small sclerotized stylet-like
projections, which in Belostomatidae are dorso=laterally curved (f. 25). In Ranatra
(Nepidae), the sclerotized projections on the epipharyngeal side (f. 26) are extre=
mely small, directed vertically downward and resemble those in Saldidae. At the
same time, in Nepa the corresponding region is smooth and appmrently devoid of any
projections, '

The maxlllary glands of Notonectidae, Naucoridae, Pleidae, Corixidae and Belosio=
matidae are localized basically at the base of the rostrum (fs. 27a=B). In Nepidae
they partially (f. 27B) or wholly come into the prothoraci¢ sector, Around the
discharging pores there are hairs which are especlally developed in Notonectidae
and Pleidae. In Corixidae and Naucoridae, these hairs are weakly developed, Not
one opinion exists presently as to the relative function of these glands.

#* 2one ?
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According to Poisson, their secretion, dispersed close to the victim, either paralyzes
it or frightens predators (Poisson, 1958; Benwitz, 1956). Khanna (1964) considers
that the secretion of the maxillary glands serves only as lubrication for the stylets
of the rostrum. The excretory function of these glands was suggested by M. Bordas
(1909, E.G. Becker,(1929), and L. V. Puchkova (1965).

Nepomorpha antennae, as a rule, are very shortened, shorter than the head, and at
rest are concealed on the lower side of the body in speclal depressions, so that seen
from above they are almost not visible. Apparently, this is connected with the
aquatic or littoral form of life, Usually they consist of three or four segments
and are attached, as a rule, under the eyes. The form and hairy cover of the antennae
vary greatly in the different families. In Corixidae and Naucoridae, the antennae are
four-segmented, more or less cylindrical, the second and third segments almost bare.
In Naucoridae, these segments are covered with long hairs (f. 28). In Notonectidae,
the antennse are either four-segmented - Notonecta, Enithares, Martarega (then all 50
segments are cylindrical, f. 29) = or three-segmented (Anisopinae). In this case,
as a rule, the last segment is condensed and stretched. In Nepidae, the the antennae
are three-segmented, of fairly original form, almost naked (f. 30). Antennae are
very variable in representatives of the family Belostomatidae (Lauck, Menke, 1961).
Here we find both three-segmented (f& 3lz-i) and four-segmented antennae (fs. 31a=zh).
In this case, it is possible to follow the paths of change from the most simple line
of antennae, for example in Belostoma and Abedus (fs. 31 Z=1), to their highly unusual
structure, for example, in Lethocerus or in Horvathinia and Limnogeton (fs. 3la=B).

In Pleidae, the antennae are always three-segmented, cylindrical (f. 32), whereas in

the related family Helotrephidae, the antennae are two- (f. 33) or even one-segmented
(Idiocerinae), Some Naucoridae {Aphelocheirinae, Potamocorinae) and Ochteridae have

the longest among Nepomorpha four-segmented antennae, which are only slightly shorter ‘
than the head (f. 34) and are not hidden in the furrows. In Naucoridae, they 51
even bend onto the dorsal side of the head(f. 15).

/The thorax in true aquatic Heteroptera is usually a compact formation, with more or
less whole segments, Pleurites arwmost<0ften expressed (fs. 35-45). s¥or the mast part,are

The prothorax is more or less mobole, sometimes partially (Pleidae, Helotrephidae,
Scaphocoridae) or completely (subfamily Idiocorinae in the family Helotrephidae)
fused with the head, clearly visible from above like a fairly large pronotum. In
Nepidae and Belostomatidae, the pronotum is divided by a transverse break into fore
and hind fields; in aguatic scorpions it is highly sculptured, but in other families
smooth or punctured (in Pleidae),

The lateral margins of the pronotum are usually strongly wrapped onto the ventral
side and often fused with the thoracic pleurites. Only in bugs of families Belosto-
matidae and Notonectidae are the noéileural sutures more or less marked (fs. 39, 45).
In the family Naucoridae and particularly the Nepidae, there is a place of fusion of
the pronotum with the ventral sclerites. Thus, in Nepinae the epimeres and eplaterna
do not have notopleural sutures and, are wholly accreted with the lateral margins of
the pronotum (f. 37). In Ranatrinae, there are remains of epimeres at the base of the
gtrongly moved forward coxae (f., 38). In Corixidae, the sides of the pronotum are 52
expressed as small, clearly visible lobes; the basisternite is hidden (fs5. 40, 41).
The coxal cavities in aquatic bugs, as a rule, are closed.

The mesothorax in aquatic bugs is of more monotypic structure. The characteristic
feature is the close jJunction of the sternal region and the pleurites, of ten divided
by the pleuro=-sternal suture, which occupies a variable position, but is always longi-
tudinal. Exceptions in this respect are the plesiomorphic Ochteridae (f. 39) and the
specialized Pleidae (f. 44), in which the basisternite is a separate sclerite. In
the family Notonectidae (f. 45), this fissure runs vertically and takes up only a

'



phidae,

portion of the baslsternum and episternum {(

52

pre-episternum according to Matsuda, 1962),

already fused into a single sclerite. " In most Corixidae, for example in Hesperocorixa
(Matsuda, 1962) and Coriza, the pleurosternal suture is developed: 1t is tarticularly

distinct, deep and complete in Sigara. In

all other families, the basiste rnum and

episternum are completoly fused without any traces of sutures, The basisternunm,
usually along a central line, is more or less curved. Only in Nepidae, in connection
with strongly moved apart coxae, is this sclerite fairly convex. Thus, the segmentation

of the sternopleural region in aquatic grou

ps of Heteroptera is lost as a result of

the almot complete fusion of the separate sclerites. Apart from the visible junction

of the episternal region in living aquatic

bugs (except Nepidae), an outgrowth of 53

its hind section also occurred, with the formation of the so-called supracoxal sector
(Matsuda, 1962), which completely covers the base of the coxae. In Notonectidae,
Naucoridae, Belostomatidae, Pleidae, this region is well déveloped, in Corixidae,

weaker, in Helotrephidae, represented as a
region is also developed, but basically in

narrow transverse stripe. The epimeral
back and laterally, It is always separated-

from the episternal region by a deep suture which runs from the place of articulation

of the mid coxae to the base of the wing.
On the inner side, this suture corresponds

I am designating this suture as pleural.
to0 a comb, or columella, This region

occupies the most lateral position in Notonectidae, in that the epimere is noved
slightly onto the dorsal side so that its inner region (anepimere) is not visible
from below (f. 45). In mot Corixidae (except the South American Tenagobia), this

sclerite is weakly devebped and less moved.

Its segmentation into an~ and catepimeres occurs only in some forms. This segmentation
is most distinct in the oriental Xenocorixa and partly in the primitive Australian
genus Diaprepocoris (f. 40). In Naucoridae and Belostomatidae, in connection with the

unusually strongly developed episternal region and strong dorso-ventral flatening.:

of the thorax, the epimeres are very small.

Well developed in some aquatic bugs (Halotre~

Pleidae) and also littoral forms (Ochteridae, Gelastocoridae), is the central projection
of the hind margin of the basisternite (mesocdyphus)(fs. 35, 26, 444), which is just
noticeable in representatives of the families Belostomatidae, Corixidae and most
Naucoridae (fs., 39, 40, 41, 43) and is entirely missing in aquatic scorpions and some

Notonectidae (fs. 37438). The catepimere (
1962), in the hind lateral corner, bears a c

external epimere, according to Matsuda,
one-shaped projections, which holds S4

(clasps) the tegmen in a state of rest. The trochantin is often well developed but,

as a rule, is partly covered by the episternite. It is present in Notonectidae and

in most Corixidae (except Tenagobia), but is missing in Helotrephidae and Pleidae.
In structure of the ventiral side of the thorax, Nepidae occupy a special positlon,

having preserved moved apart coxae and the
this. Their basisternum, which is complete

position of the sclerites connected with
1y without any tmces of a suture, is

fused with an unsegmented (?) -épisternal region. The epimere is also represented as

a single sclerite (fs. 37, 38).

The metathorax in structure of the ventral side is general sinmilar to the mesothorax.

Division of the basisternum and episternum

by a sternopleural suture is missing in

most aquatic bugs. The episternum has a constant division into a very small anepl~
sternum, which often is not visible from above, and a very strongly developed catepi=

sternum, which covers the base of the hind
basisternite is best developed in Nepidae,

coxae. Fused with the proepisternum, the
Belostomatidae and Notonectidae (fs. 37,

38, 39, 45). In the latter, there is a well developed central projection of the hind

margin of the basisternite (metacyphus). I
bugs (fs. 35, 36, 40=43), the basisternite
cyphus is often strongly developed (oxcept
And, finally, in Nepldae (fs. 37, 38), the

n Corixidae, Naucoridae, and the littoral
occuples a much smaller place; the metae-
representatives of the genus Tenagobia)e. 55
basisternite is like a convex transverse

plate with fused pro- amd anbasisternum, divided only by a deep longitudinal indentation.
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The epimeres of the metathorax are most strongly developed in Pleidae (f. 44) and

in some Helotrephldae, where the unsegmented epimeral sclerite occupies a considerable
portion of the ventral surface of the thorax, wholly covering the anepisternum and
partly the catepimere of the mesothorax. A feature of the pleural region of the
metathorax of aquatic Heteroptera is the lateral articulation of the proepisternunm

to the strongly overgrown catepisternum, and not to the anepisternum, as is usual.

The strongly developed catepisternal region in Nepomorpha in front usually fully:

or partially covers the anepimere and hind margin of the bases of the hind coxae.

It usually fixes the position of the coxae for rowing movements of the hind legs.

In aquatic scorpions (Nepidae), the hind coxae are very far apart, since their legs
are adapted basically for walling and not for swimming. The epimeral region in all
Nepororpha is weakly developed. In some forms, the epimeres are gggé;éﬁg;z;ggyEggg
by the catepisternum, for example, in Belostomatidae (f. 39), Naucoridae (f. 43), 58
Helotrephidae; in others, it is partly visible from above, as in Corixidae (& 40,
41) and Nepidae (f. 37)e In Notonectidae, the epimeres are covered by the tegmen.

In aquatic scorpions, due to the special position of the coxae, one more section of
the sternal region is preserved ~ the furkasternite (f. 37

Laterally to the metacyphus in some aquatic bugs is preserved a narrow, triangular
plate, called tle ventropleurite, which conjecturally is treated as the anopleural
ring of the subcoxa (Matsuda, 1962). This sclerite partly (in some Notonectidae) or
completely (Notonectidae, Corixidae) is fused with the catepimere, Along the fore
margin of the episternite runs the shallow canal of the odor glands, the fore part
of which usually is covered by the epimere of the mesothorax, as, for example, in
Notonectidae or in the overwhelming majority of the Corixidae. In Tenagobia (Micro=
nectinae), this canal 1s open for its entire extent and consists of two parts.

The legs in aquatic Heteroptera consist of the coxae, trochanter, femor, tibia
and tarsus; the tarsi in their turn consist of the tarsus proper and the pretarsus. \

The fore legs are usually very different from the mid and hind legs and, as a rule, '
bear the function of seizing and holding prey; however, the degree of adaptation in
Nepomorpha is variably expressed (fe 46)s The mot specialized forms, in this res-
pect, are represemntives of tle superfamily Nepoidea. Their fore legs have forward
directed coxae, which permits increasing the width of the capture. The best developed
seizing legs are found in the extinct Stygeonepinae (fe 77), and also in the living
Nepidae and Belostomatidae. In them, the femora are usually strongly widened and, .
due to the elongation of the coxae, are borne in front of the head, the tibia are
somewhat shorter than the femora and, in a state of rest, fold beyond the sharp thorn
at the base of the femora, often secured here with the help of a clawlike tarsus (f. 1)
However, the number of tarsal segments and degree of development of the claws in
living forms of Belostomatidae vary greatly.- The highest degree of specialization
for geizure occurs in living aquatic scorpions of the subfamily Ranatrinae (Nepidae).
These are predators which lie in wait and possess unusually strongly elongated coxae,
the length of which twice exceeds the length of the head together with the forward
elongated rostrum, due to which the basal part of the legs is carried far beyond the
head., Their femora are more than twice longer than the thin and comparatively short
tibia.

In living Naucoridae, we find fairly original preying legs, the femora of which are
the mot strongly thickened; for example, in the American genus Ambrysus, their length
exceeds the width only 1.5 times, but the tibla ls fused with the tarsus like a sharp,
slightly curved needle. In this family, as in the above-mentioned family Belostoma-
tidae, and also in Gelastocoridae, there is a great number of forms with less speciale
ized seizing legs. Often the fore femora are as wide as those of the mid and hind
legs, the tibia are almat straight, the tarsi two or three~segmented, rarely one-
pegmented, divided by a pair of divided claws.
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The least specialized seizing legs, the structure of which is almost identical to
the mid and hind legs, we find in all representatives of the littoral family Oche
teridae, and in llotonectidae, and also in some Naucoridae, for example, Aphelochei=
rinae. The fore legs of Corixidae are of special structure in connection with their
algophagy and detriphagy, and also the development of a srecial stridulating appara=-
tus on the tarsi and femora. In them, the fgwgra are strongly thickened, short,
their length less than 1,5 times greater thanpwidth, the tibia are very short,
almost twice smaller than the femora, and the tarsi are one-segmented. In the 59
tribe Cymatiini, sexual dimorphism does not appear in the structure of the tarsl.

In other Corixidae, the male tarsl are converted into a free pala, which is fur-
niched with long, strong stylets and hairse, and also stridula ting teeth (see further
on), placed in one or two rows. The inner surface of the femora often bears a

small section, the so-called pars stridens, covered with a great number of tiny
teeth, In the female, the tarsi is simple, narrow,also armed with stylets and hairs.
In the subfamily Micronectinae, the femora and tibia are somewhat thickened, the
tarsi are of free form, but do not form the above-mentioned palae. In the subfamlly
Diaprepocorinae, the slightly thickened femora aré almost equal or Jjust shorter than
the tibia, which are fused with the tarsi. In both latter subfemilies, the stridu-
latory apparatus on the fore legs 1s not developed, the tarsi in both sexes are
identically constructed. The stridulators, like the stridulating combs on the tibia,
appear also iln some Notonectidae (Anisopinae).

Coxae in all Nepomorpha (except the superfamily Nepoidea) are long and directed
backward, but their length usually depends on the form of the trochanter and the
place of attachment of the latter to the coxae., In some cases(superfanily Nepoidea) ,
the coxae can be spherical, partially sunk into coxal pits, able to move together
with the legs (pagiopod type)e. In most cases, coxae are elongated, remain practi=
cally immobile in movement of the insect (trochalopod type). Usually in the latter
type, the coxae have special lateral projections which fix the movement of the logse

The Heteroptera pretarsus is the most apical part of the tarsus, consisting of a
kind of drawn out plate, empodium, parempodium, areola, stylet and claws (fo 47).
The base of the pretarsus is 2 drawn out plate, which has been studied in detall by

Dashman (1958), who established the diversity of the structures and made them suitable 60

as family characteristics. The drawn out plate consists of straight rows of tiny,
scale~like chitinized plates which 11e one on the other. Its functional significance
is to give increased flexibility to the pretarsus. In form, the drawn out plate

is spade=like (Notonectidae), very transverse (Gelastocoridae, Nepidae), or weakly
transverse {Naucoridae, Belostomatidae, Corixidae). The empodium 1s usually furnished
with a parempodium but then, as a rule, the stylets are missing (Gelastocoridae,
Naucoridae, Notonectidae, Nepidae) or, if they are present, the parempodium 18

missing (most of the Belostomatidae).

The claws usually are attched to the distal part of the drawn out plate and in each
family there are numerous variants of structure: from very short and divided the
entire length to unpaired, claw=1like formation.

The mid legs of aquatic Heteroptera, more alike in structure and form, bear a dif=
ferent function (f. 48). In swimming, they usually do not participate, In the sub-
family Notonectinae, the mid legs, analogous in structure and form to the fore, apart
from participating in sywimming, are apparently also uged in holding prey, since they 61
have sharp and straight claws, which are curved only at the very end., In the sube
family Anisopinae (Notonectidae) , the mid legs are longer and thicker, but the claws are
as. curved and sharp and, ovidently, also used for holding the victim. In Naucoridae,
the mid legs are thin, with a pair of straight, sharp claws, curved only at the very
end, In Corixidae, they are very long, somewhat shorter than the tarsus, weakly curved
the entire length and bear the function of attaching to the substrate at rest. In

i o e



Belostonatidae (f. 63), the mid legs are similar in form and structure to the hind,
in that on the outer and inner hind margins of the femora, at the places of attache
ment to the trochanter, there are small projections which limit the movenent of
the legs to one plane = horizontal, necessary for swimming; the inner side of the
tibia is covered with one row of dense, long hairs. In aguatic Nepidae, and also 62
in Gelastocoridae, the mid legs in all details repeat the structure and form of the
hind legs, only slightly exceeding them in length. In Helotrephidae, on the other
hand, the mid legs repeat the structure of the fore. The tarsi of the mid legs in
Belostomatidae, Corixidae, Naucoridae and some Pleidae are two-segmented, in Nepidae,
Helotrephidae and some Corixidae, one~segmented but long., The center coxae in all
representatives of Nepomorpha, except Nepidae, are closed.

The hinllegs in most bugs are adapted for swimming (f. 49). In living aquatic
Heteroptera tht swim well, the legs are relatively shorter, and the tarsi longer
than in the related terrestrial and some fossil aquatic forms. That is, the legs
work with a greater frequency. The best rowing legs are in Belostomatidae and Corie
xidae, In the Belostomatidae, the femora are flattened. and bear projections on the
apex, limiting movement, the tibia are {£lattejied and somewhat widened at the avex,
forming a single flat oar out of the femur and tibia , The inner surface of the
tibla and tarsus is thickly covered with a one-row brush of dense and long hairs.
The two-seguented tarsi are also flat+tened, The coxae have limiting projections
analogous to the mid coxae (f. 39)., The highest degree of specialization is found
in the Jurassic belostomatid Stygeonepinae (fs, 77ab). In living Corixidae, the
most strongly developed and condensed is the twomsegmented hind tarsus (f. 49ab) ,
which is furnished with a special system of strong outer and thin inner swinming
hairs, which are especially significant in increasing the effectiveness of the rowing
thrust. As Schenke studies (1965) showed, each hair is connécted with the surface
of the legs by means of a specialized joint and is furnished with a restriction

FV¢“°"+5 which 4ie-a bend of the hair in an undesirable direction. The tibia is somewhat

shorter than the tarsus; the coxae are also furnished with projections limiting the
movement of the legs only in one plane (fs. 40, 41). An original type of swimming
leg is found in the extinct Shurabellidae, which have thin hind legs with a thick
brush of long, swinming hairs (f. 79), Farther in degree of adaptation to swinming
are the Notonectidae; in which a not-widened two-segmented tarsus is almot equal
in length to the tibia and thickly covered with long hairs placed in one row., Their
legs are longer than in Corixidae, the coxae also have limiting projectiong (f. 49).
In Naucorldae, Helotrephidae and Pleidae, the legs are less adapted to swimming,
the innder surface of the long tibia is covered with dense hairs of moderate length,
the two-segmented (in Helotrephidae, three-segmented) tarsi are considerably shorter
than the femora. TFinally, the aquatic scorpions have preserved true wallking legs
vith one-segmented, long tarsi. In Belostomatidae, Naucoridae, Helotrephidae and
especially in Nepidae, the claws are well developed, In Notonectidae and Corixidae,
the claws are reduced, '

In aquatic bugs, both fore and hind wings are well developed (except Pleidae, in
which the hind wings are strongly reduced), The Corixidae fly especially well,
The fore wings, or tegmen, usually are strongly chitinized, the hind wings membranous,
At rest, the wings usually fold flat on the abdomen, so that the anal mrgins of the
tegmen are contiguous, and the membranous, apical portion of one tegmen lies on the
corresponding region of the other. Thus, the fore wings in a state of rest usually
lie flat against the thorax with the help of a cone-shaped projecton of the same part
of the epimeres which is moved to the dorsal side. 1In its turn, this projection
comes deep into the costal margin of the fore wing. Besides, usually the thickened
part in the rest of the margin of the tegmen comes beyond the lateral side of the
abdomen (connexivum) and thus further strengthens the folded tegmen-in a state of
rest.




The tegmen (hemelytrae) usually have a more or less chitinized basal sector and a
membranous apex, rarely are entirely coriaceous = in Helotrephidae, Mesotropaidae, }
Pleidae and in the overvhelning majority of Corixidae (f. 50). The chitinized '
togmen with membranous apex is undoubtedly characteristic for the initial type of

structure of the true bugs. However, there are cases of half or almost half reme
branization, for example, in representatives of the subfamily Anisopinae (fanily
Notonectidae). In most aquatic bugs, as & rule, the tegmen reach the apex of the

abdomen (not counting the respiratory tubes in Nepidae and Belostomatidae). True
brachyptery among aquatic bugs is unusual and encountered only in Aphelocheirinae

and Cryphocricinae (Naucoridae), full-winged individuals of which are very raree.

In Nepidae and Naucoridae, the wings are not longer than the abdomen, in Belostona=-

tidae even somewhat shorter. The tegmen of many aquatic bugs are smooth (Belosto=

matidae, most Naucoridae, Corixidae) or slightly sculptured (some Ochteridae, Nepidae,
Naucoridae, Helotrephidae)s In Gelastocoridae, the sculpture is very much developed.

They usually do not have venation (Naucoridae, Notonectidae, living Corixidae, and

others); rarely venation is partially preserved (Nepidae) or almost completely
(Belostomatidae and the Mesozoic Shurabellidae).

The basic chitinized portion of the tegmen bears the name of corium, Just behind
it, the locking part of the tegmen, or clavus, which at rest lies along the scutellum,
is usually similar in structure to the corium, most often not very long (except
Corixoidea and some Nepoidea), almost linear, Very rarely the clavus disappears,
fusing completely with the basal part of the tegmen (Helotrephidae, some Naucoridae) .
The outer (fore) part of the wing often is separated into a speclal sector - the
embolium, which is delimited by a nodal fissure (fracture). In Corixidae, at the
gite of the embolium and farther to the wing apex,there is a very narrow sector, the
basal plane of which is almost perpendicular to the surface of the tegmen, which can
be called the embolium rim. Right, Hungerford (1948) used the name Yembolium groove' \
for this sector of the wing, later used also by Poisson (1957). However, to me the
use of the above-suggested term Hembolium rim" seems more correct, since its distal
part does not form a groove; it is strongly condensed and gsituated on the same plane
with the corium, and the nodal fissure in a number of cases is misainge.

The apical part of the tegmen is usually membranous (mombrana). In Corixidae,
Naucoridae, Notonectidae, it is completely devoid of venation. In Nepidae and Och=
teridae (fs. 50, 66), there is a free set of veins on it. In Corixidae, a weak,
light stripe can be distinguished between the corium and the very chitinized membrane
(Heliocorisa, Vermicorixa, Sigara and others); rarely the entire apical sector of
the tegmen is of a lighter color (Ramphocorixa, Agraptocorixa, Morphocorixa and others).
In Heterocorixa, the left tegmen, lying on the right, has a true membrane. From the
outside the right and left tegmen close at the inner side of the clavus, forming a
claval suture (commissura clavi), the length of which varies in different families.
The venation of the fore wings of most aquatic bugs is very reduced and is usually
represented by only one, rarely two, anal veins on the clavus. The most complete
venation is found in the Belostomatidae, in which the radial (R) and medial (1) veins
are present, strongly moved toward the fore margin of the wing, often fused at the
root of the wing. The fore margin of the wing is strongly curved on the ventral 65
side, so that the visible fore veins turn out to be the fusing subcostal, radial
vein and radial sector (RS). The cubital vein (Cu) is strongly moved to the anale.

Tn most Belostomatidae, as in Corixidae, there is a nodal fissure. In aquatic
scorpions, the venation is weakly expressed and the basic veins are thin, whereas
the membrane has preserved a rich sot of veins (f. 69)s In fossil Belostomatidae
(Mesonepa) , the venatlion is more or less complete and resembles that of living
Belostomatidae (£ 73). ,

The hind wings are always membranous, tranaparent, soft. At rest, they fold com=
pletely under the tegmon and partly the scutellum, bending along 2 longdtudinal fold,
which separates the Jugal lobe., In some Helotrophidae and Pleidae, the hind wings
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are missing, The wing is differentiated into a basal sector, or archeala, into
which come the basic veins R, M and Cu, and the accessory neala, in which are located
the anal (Al, A3) and jugal (Jul,2) veins. The wing surface is divided into four
lobes: fore, pre=anal, anal and jugal. The wing is Joined to the thorax by means

of strongly developed axillary and medial plates.

The general plan of distribution of the basal sclerites of the hind wing in aaguatic
Heteroptera is considerably different from that in other insects and, particularly,
in terrestrial bugs., Due to the reduction of C and Sc, the 2nd axillary plate (Ax2)
it moved to tie fore margin of the wing and occupies a distal position with respect
to the first axillary plate (Axl), from which R comes (f. 51). The first medial
plate (Medl), which corresponds to the medial distal, according to Snodgrass (1938),
or mid plate, according to Puchkova (1961), also changes its position, moving to the
first axillary plate, This sclerite sometimes is actually divided into outer and
inner parts (for example, in Notonectidae) or here has only a stretching, as in
Corixidae, The veins M, CuA and CuP come into it. The second medial prgximal plate
(Med2) occupies a distal position, is usually strongly elongated, and Al and A2
leave from it. The third axillary plate (Ax3) usually has three longitudinal branches:
outer, fore and hind. In Nepidae, the medial humeral plates are fused and appear as
a large chitinized section at the base of the wing, continuing far along the hind
cubital and anal veins. In Aphelocheirinae (Naucoridae), the sclerotized basal sector
of the wing arose because of the spread of the second medial plate along the anal
and jugal veins. The membrane of the hind wing is divided by longitudinal folds into
a pumber of lobes, which I distinguish according to Puchkova's terminology (1961). 67
A characteristic feature of aquatic bugs i1s.the strongly developed anojugal region,
or neala, which is delimited from the archeala by the anal fold (plica analis), In
gome forms, for example, in the families Naucoridae and Corixidae, there is a small
fold, named by some authors the preanal (Puchkova, 1961)e It begins in the central
part of the anal fold; in most Nepomorpha this fold 1s not expressed., The distal
sector of the anal and preanal fold (plica anterlor analis) forms the preanal lobe
(lobus praeanalis), in which there is often a cubital vein (CuP), especially distinct
in Corixidae. The jugal fold (plica jugalis) begins from the very base of the wing
behind the apex of the outer sector of the third axillary sclerite anl separates the
jugal lobe (lobus jugalis) from the anal. The jugal lobe in aquatic Heteroptera is
very well developed. It 1is especially large ln Ochteridae, Corixidae and in some
Notonectidae, In Nepidae, this lobe has a semieround foxrm or is triangular, as in
Belostomatidae. At the ends of the folds, the outer margin of the wing is usually
more or less truncatedf. 52).

For aquatic bugs, as, apparently, for the overwhelming majority of terrestrial ones,
the lack of a free Sc is characteristic. The radial, medial and cubltal veins are
always well developed. R leaves from the second axillary sclerite, occupies a mar-
ginal position and, as a rule, almost reaches the apex of the winge. M begins in the
first medial plate and is the most mobile component in the system of basic veins of
the archeala. In some families (Ochteridae, Corixidae), in its proximal sector, it
is completely fused with R, in others separated from the latter its entire extent
(Nepidae, Naucoridae, Notonectidae)e In the distal sector, M fused with Cu and
later, joining with R (directly with the aid of the :crossvein r-m), forms a cell.

This cell is well expressed in most terrestrial Heteroptera; in Ochteridae, Corixidae

and in some Naucoridae (Aphelocheirinae), it is practically missinge In the latter,

the medial vein is interrupted in the central sector, forming a wing cell between

R and Cu, which appear only like slanting cross short sectors. This cell, due to

the reduction of the venation, is entirely missing in Helotrephldae. The fore cubital

vein also leaves from the first medial plate and in its distal sector usually fuses

with M (Nepidae, Aphelocheirinae, Corixidae) or fuses only at one point (Hotonectidae)

or is even joined with M by means of a crossvein me=cu., MNow and then (in Corixidas),
arently, remains of the second branch of the cubital vein (CuP) are present in

In my opinion,,some authors incorrectly consider Al to be CuP (Pcu), Puchkova,

1961; Davis, 1961.
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the preanal region (f. 51). The venation in the anojugal lobe of the himl wings is .
considerably reduced, and its homologization in a number of cases is made difficult.

In the anal sector, Al distally usually comes close to A2 (Naucoridae, Notonectidase).
Scmetimes they diverge (Aphelocheirinae) or are parallel, and later fuse with each 68
other (Nepidae), or, finally, are joined by the crossvein al-a2 (Corixidae). The
distal ends of these veins, a5 a rule, gradually disappear, not reaching the outer
margin of the wing. In aquatic Nepidae, the lower margin of the chitinized sector

of the wing between Al and A2 bears traces of five=six parallel branches. In the
jugal lobe there is usually one vein only, which leaves Jl. In Nepidae and Belo=-
stomatidae, in connection with the development of this lobe, a second jugal (J2)

is also well developed. In Corixidae, a residual trace of this vein has been pre-
served, Usually the second jugal vein is expressed as a short curved arc,

Besides the above-mentioned crossveins (re-m, mecu, al-a2) and remains of these in
the preanal and anal lobes, in the families Nepidae, Belostomatidae and Corixidae
are preserved traces of a rich archedictyon on the archeala of the hind wing, which
apparently has a secondary character., The presence of such a supporting Mattice"
is, apparently, an important adaptation to flight for such large fiying forms as the
aquatic scorpions or belostomids.

In conclusion, it must be stated that the homology of some basic veins of the
ano-jugal sector in aquatic and in terrestrial bugs has still not been conclusively
explained, Thus, with respect to the Nepomorpha, the first vein from the fore
pargin is treated as the radial, is independent or in some cases partly fused with
the medial (Davis, 1961; Puchkova, 1961). Some authors consider it the sub-cubital
(Poisson, 1957), which is actually missing in these insects. .The remains of Sc are
fused at the very base with R, Correspondingly, Poisson designates the medial vein
as the radial, and the cubital as the medial. Different from Western authors, L.

V. Puchkova (1961) entirely correctly pointed out the anojugal region to be the
jugal region and designated the veins in it as jugal.

The abdomen consists of 11 segments, The first tergite and the first two sternites
are mlmost entirely reduced. The 2nd-7th segments, designated as pregenital, are of
identical structure in females and males (except Corixidae), except that the seventh
sternite in females is often represented as single, the so=called subgenital plate,
devoid of the central fin and having great taxonomic significance in the families
Nepidae and Belostomatidae, The eighth and ninth segments (genital) are greatly
variable and adapted for sexual functions, The eighth segment often completely covers
the following ninth, which in males forms the genital capsule. The ninth and 1llth
segments (postgenital) are strongly reduced. The tenth is transformed into the
anal ring, the 11th into its valve.

Each segment. consists of the dorsal part (tergite) and the ventral (sternite), from
each of which additional sclerites are separated laterally: the latero~tergites
(paratergites) and laterosternites (parasternites), which are accreted (f. 53).

The laterotergites are strongly moved onto the ventral side and bear stigma (respi-
rators); they are always clearly separated from the tergites on the dorsal surface
by a longitudinal pressed in fissure and often slightly raised like a condensed outer
lateral cushion of the abdomen, the so-called abdominal rim (connexivum), Thus, the
abdominal rim is two~layered, fromed by the laterotergites folded in two. The scle-
rites, situated between the sternites and the laterotergites, usually are called
parasternites (laterosternites)., Sometimes the parasternites are curved inward, for
- example, in Ranatrinae (Nepidae), and are not visible from the outside (fs. 38, 53).

The abdominal sclerites are joined by an intersegmental membrane, which, together
with the iwo~layered abdominal rim, can stretch considerably by taking a considemble
portion of food and even during copulation (Poisson, 1957). The borders of the ter- 69
gites usually are straight or.with small projections on the central segments; the
sternal borders are straight, angular or arched, for example, in male Corixidae (f. 41).
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The digestive system consists of the basic digestive apparatus (fore, mid and hind
gut), and its appendages, such as the salivary glands and malphigian tubes (f. 54).
As a rule, the digestive tract exceeds the body length almost twice, and in some
cases its length is three tims greater than the body length (Belostomatidae).

The fore gut is almost entirely situated in the prothorax and is represented by
the esophagus . In Ochteridae, Gelastocoridae, Pleidae, Notonectinae, the esopha-
gus is short, especially in representatives of the latter family. In all other
Nepomorpha, mainly, Nerthrinae (Gelastocoridae), Corixidae, Ranatrinae (Nepidae),
Anisopinae (Notonectidae), Naucoridae the esophagus is long.

The mid gut in most cases consists of two sectors (Nepidae, Belostomatidae, Helo=
trephidae, Corixidae), sometimes weakly expressed (Notonectidae and Pleidae): the
stomach and tubeular sector. In Ochteridae, Gelastocoridae, Notonectidae, Nepidae,
Naucoridae and Corixidae, the stomach is very large and only in some Gelastocoridae
(Nerthrinae) and Belostomatidae is it either short, or narrow, of comparatively
small size. The tubular sector in most Nepomorpha is like a long and repeatedly
curving tube (especially long and sinuous in Belostomatidae) and only Helotrephidae
and Corixidae are exceptions. In littoral Nepomorpha (Ochteridae and Gelastocoridae)
and in aquatic Naucoridae, besides the two above-mentioned, there is another bubble=-
1like section of the mid gut like a thickening of the hind end of the tubular sector. 72

Between the mid and hind gut a small tubular sector is situated bearing the name
of pylorus, which is considered as the foremost sector of the hind gut. In Nepomorpha,
it is very short and barely distinguishable, except in Nepidae and Belostomatldae.
From the pylorus come two pairs of malphigian tubes like thin and long tortuous
{particularly in Nepldae) tubes, the apices of which usually are contiguous (Gelas=
tocoridae, some Naucoridae, Notonectidae, and Corixidae), rarely joined in pairs or
all togetlr (Nepidae, Belostomatidae).

The hind gut in Nepomorpha always consists of two sections; ilium and rectum,
which often (particularly the ilium) have thick walls. The most variable is the
i1lium. In most families it is fairly short (Ochteridae, some Gelastocoridae.and
Naucoridae, Helotrephidae, Pleldae, Corixidae), but in some aquatic bugs the ilium
is long (some Gelastocoridae, Naucoridae and Notonectidae). It reaches greatest length
and sinuosity in Nepidae and Belostomatidae. The rectum, as a rule, has the appea-
rance of a bubblee-shaped widening, sharply narrowed at the end, with a disappearing
rectal covering. In Nepidae and Belostomatidae the rectum is strongly elongated.

In Naucoridae and Pleidae, this section is provided with a diverticulum.

- The salivary glands consist, together with their conductor ducts, of baslc and
auxillary glands; the basic salivary glands are the most variable in form and
structure in each family. The basic glands are alwost always dichotomous, in most
cases consist of numerous bubble cells (field); however, the fore section usually

is considerably smaller than the hind. This latter sometimes is like one large
semi-transparent bubble-like formation, for example, in Pleidae, The exception is
Helotrephidae, in which there are unusually original five~part basic glands, and the
four sections consist of the above-mentioned bubble cells, the fifth like a semi=
transparent bubble., The accessory glands are strongly lengthed sack=like formatlons;
in size they often are larger than the basic glands. The siructure of the accessory
glands is most different in Belostomatidae, where they look like an elongated sack
with very long tubular diverticulum (especially in Diplonychus).

The male genital capsule (f., 55), formed by the ninth abdominal segment, is furnished
with one pair of mobile segmented more or less chitinized plates (P1, P2), the so=-
called parameres, moved by corresponding muscles. In come forms the parameres are
strongly reduced or entirely missing. The base of the genital capsule from the
inside is formed by a system of articulated plates, the so-called basals, These
plates, together forming the so~called strema, envelop the vhallus (or aodoagus)

“The terminology and description of the structure of the digestive organs basically
are taken from Miyamoto (1961).

—
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and are its sectors. The phallus consists usually of two basic parts: the phallocum
ami endocum, which together form the aedeagus. In Nepomorpha the phallocum is come
pletely membranous. The apex of the phallus is sclerotized, the phallocum is formed
only by a part of the membrane, so that the movement of the phallus is regulated by
the bend of the so~-called ligaments, which are connected with the basal plates. In
its turn, the more or less accreted basal plates form the ventral plate, by movement
of which the apical part of the phallus usually is drawn backward. The structure of
the phallocun of Nepomorpha, in connection with its membranous part, has not been
sufficiently well studied. In Naucoridae, Pleidae, and Corixidae, the male genital
segments, particularly the parameres, as a rule, are asymmetrical.

The internal reproductive organs consist of paired testicles (left and right),
vasa deferentia, ductus ejaculatorius and the accessory glands, or mesodenia. In 73
all Nepomorpha, the bulbus ejaculatorius is missing, the widened part of the fore
end of the ductur ejaculatorius, which is present in other bugs.

The right and left testicles consist each of 4«7 follicles or sperm tubes, which
are connected together by a common peritonal jacket. The testicles are usually fairly -
strongly elongated, and their apical portion is spirally rolled up, as, for example,
in Gelastocoridae, and the basal uncurved part cuts across the entire abdomen. %he
follicular cavities of each field of the testicles fall into a single vasa deferentia,
which is a simple, often curved, thin tube, In some aquatic bugs (Nepidae and Belo=
stomatidae), the latter in the distal part forms a widening which contains the vesi-
cular seminalis (f. 56). The left and right vasa deferentia are joined into one
unpaired ductus ejaculatorius, which is like a fine irregularly curved long (parti-
cularly in Ochteridae) tube, which runs directly into the aedeagus. At the base of
the vasa deferentia at the point where the vasa deferentia leave, the mesodenia are
revealed, delimited from them by the peritonal membrane. In some Nepomorpha, for
example, in all Nepidae and Belostomatidae, the mesodenia are missing.

The female genital and anal appendages are formed of the eighth to 1lth segments,
and their appendages. The postgenital segments (10th and 1lth) are dorsally situated,
fusing laterally and ventrally with the seventh segment., The tenti segment is only
an anal tube, the 1llth is the anal segment proper. The ovipositor™ (f, 57) is formed
of the appendages of the eighth and ninth segments. The ventral portions of the 74
segment, the paratergites, which bear respirators, bear the basal sclerites of the
‘first pair of folds of the ovipositor, or gonococae (=first valvifers), from which
leaves the distal part of the fold, or gonapophyses (=first valvules). The first
pair of folds is situated ventrally and outside, forming the basal outer part of the
ovipositor. The apical part of the first gonapophyses, in connection with laying of
the egg in plant tissue, sometimes is serrated and is the most chitinized (Notonec=
tidae and Pleidae). The second pair of folds is attached by the basal part, desige~
nated as the second gonococae (=second valvifers), from which leaves the distal part
of the fold, or the second gonopophyses (= second valvules). The apical tip of these
-folds in very rare cases, for example, in Naucoridae and Notonectidae, is also serrated,
The characteristic feature of the ovipositor in bugs is the presence of a more powerful
first pair of gonococae in comparison with the second. In some cases (Aphelocheirinae,
Anisopinae, Gelastocoridae), the second gonopophyses are strongly reduced., The third
pair of folds is formed by the projections of the second gonococae and bears the name
of gonoplak (=third valvules). In most cases, the gonoplak is well developed, reaching
maximal size in Naucoridae, Holotrephidae, Ochteridae and Gelastocoridae. Only in
Corixidae is it entirely reduced in connection with the complete fusion of the second
pair of gonococae with the ninth paratergite. From theninth segment in bugs usually

*Untll recently, basically the terminology of the component parts of the insect ovi-
positor, particularly of Heteroptera, given by Snodgrass (1933, 1935) has been used.
However, recently the Canadian entomologist Scudder conducted a number of morphological
studies of the structure of the ovipositor of both insects as a whole (1957, 196lab)
and of real Heteroptera (1959) separately. He made a new interpretation of the
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leaves another sclerite, the so=-called gonangulum (=fore, or triangular, plite),
which inside is connected to the first gonapophyses. In many Mepomorpha, this
sclerotized plate is considerably reduced (Ochteridae, Gelastocoridae, belostona=
tidae, Helotrephidae, Corixidae) or even entirely missing (Pleidae), but in Nepidae,
Notonectidae, and soue Naucoridae, the gonangulum 1is well developed.

The structure of the internal female reproductive organs, particularly the semen-
collector, in a number of cases also has great significance 2s a characteristic of
large taxons not only of separate families, but. even of families and suborders.

Their structure in most Heteroptera as a whole is subject to a single plan (f. 58).
Within the female reproductive organs come the laterally situated ovaries, each of 75
which in Nepomorpha, as & rule, consists of seven egg tubes. From the ovaries come
the left and right lateral oviducts, which ‘join into a common (redial) oviduct,

which in Nepidae and Bolostomatidae is usually shorte 1In its turn, the oviduct comes
into the bubble-shaped copulatory pouch, or vagina, which is connected with the
spermatika (semen-collector) by a long and sinuous (Gelastocoroidea,'Naucoroidea,
Notonectoidea) or short curved (Nepoidea) sperm duct. The spermatika in most Nepo=
morpha is narrow and long, like a simple weakly curved fine tube; however, in Gelas=
tocoroldea, it is strongly widened at the apical part. In Naucoridae, Corixidae and
Ochteridae, the apex of the spermatika has a long diverticulum, joining the sacretory
cells; the longest projection occurs in Corixidae, The cavity of the spermatiki, as
a rule, is covered by a thin, gemi-sclerotized cuticle (intima). In some cases,(in
Gerromorpha), in the spermatiki there is a second duct, the so=-called fertilizing
canal, through which the sperm come to the eggs in the common oviduct through the
vagina. An analogous canal we encounter in other orders also, for example, in
peetles of the famlly Carabidae.

Organs of Respiration.Bugs usually have ten pairs of stigma and thedir tracheal
pysten consists of two longltudinal dorsal stems, fronm which leave branches, parallel
to the stigma. The basic abdominal stems do not have transverse segmental branchings,
which occur only in some bugs (Belostomatidae)\ﬁ:af in the thorax, rarely in the
abdomen. The stigma of the terrestrial and amphibious bugs are furnished with closing

/’ggggggtuses of different types. In aquatic they are more or less deoply set into

"ﬁaqumedT the cever, do not have a closing apparatus, end their opening is assured by a thin
perforated membrane or group of hydrophobic styleis. Aquatic species have yet otler
features. All stigma in the nymphs of Nepa, for exanmple, are ventral and situated
one on the border of the fore and mid thorax (midthoracic stigma), the second on the
metathorax and the third pair on the border of the abdomen and the metathoraxe The
other stigma lie in the pleural fold of the last abdominal segment, which forms the
breathing cavity. In adult Nepa, the pair of metathoracic stigma and the first ab-
dominal shift dorsally: a pbreathing siphon is formed from two syrmmetrical halves,
joined by meanse of small hairs. To breath, agquatic scorpions push the apex of the
piphon to the surface of the water and, due to the movement of the abdominal muscle=
respirators, drive air in and out through the tenth pair of stigma, situated at the
base of the siphon on the proximal plate of the anal apparatus, From time to time,
the alr, pulled under the tegmen, reaches the 2nd=-3rd pairs of stigma, sometimes. the
first pair. The hth, Sth amd 9th pairs of stigma of adult Nepa do not function, and
the 6th-8th are connected with the sensory static organs. Only Notonectidae have .

: 7. ning pairs of stigma. The stigma of thelr elghth segment serves for breathing (in

) @Tandah“'and outy; respiration also occurs through the etigma of the thoracic segments., Nau=

19 ﬁgﬁégf coris also almost breathes; in 4t the first six peirs of abdominal stigma are ventral,

structure of the ovipositor in bugs, and also uesed the terminology first given by
Grassi (1887) and subsequently by Tuxen (1956). In this papor, I am using the texr—
minology used in the above-mentioned works of Scudder for Heteroptera, phowing in
brackets the widespread synonymGe.



&) s

the seventh pair lies at the base of the eighth segment. Air does not come from
the ventral side of the body, but from the dorsal. These bugs adjoin the surface
of the water by the dorsal side of their abdomen. In Corixidae, which live at the
surface of water, breathing is accomplished by the following manner: in = by the
first abdominal stigma, and 6ut by all the other stigma.of the abdomen and thorax
(Brocher, 1905), Corixidae, different from large aquatic bugs with an open tracheal
system, get air with exceptional speed, remaining on the surface of the water for
only a fraction of a second. This method of breathing permits them to run to attack
prey., To implement with instant rapidity such a complicated process as the renewal 78
of air in the outer thoracic chambers of the firat and segcond segments, under the
wings of the bug and within its tracheal system, serves a complicated system of pus-
cles in the region of the thoracic and the first two abdominal segments. At the
moment of attachment of the fore end of the body of the corixid to the surface of
the water, strong ventral muscles of the abdomen are compressed, curving it and
opening, in the region of the thorax, an access to the atmospheric air to the organs
of respiration (Larsen, 1954). The integument of aguatic bugs is covered by hydro=
phobi.c hairs, lubricated by wax secretion. On the surface of the body there are
often respiratory chambers and air sacs. On the ventral surface of the abdomen,
Notonectidae have rows of dense hairs (two rows along the middle and two lateral).
These hairs are distributed in such a manner that they form similar canals right and
left which are usually used for respiration (f. 59). The air accumulates in the
cavities, the so-called air reservoirs, which are situated on the sides of the thorax,
under the fore legs, and also under the pronotum or under the tegmen (Naucoridae,
Notonectidae, Corixidae, Belostomatidae). This air, already used and impoverished
of oxygen, serves as a gaseous reserve and plays a hydrostatic role.

Corixidae, in swimming, with the aid of the hind legs direct the currents of water 79
which concentrates the.thoracic supply of air oxygen. These movemenis of the legs
reflectorily give rise to the accumulation of carbon dioxide in the body of the in=-
sect. In such good swimmers as representatives of the familios Naucoridae, Notonec=~
tidae, Corixidae and Belostomatidae, this supply of air, besldes the hydrostatic role,
fulfills the function of supply of oxygen and is renewed through its diffusion from
water, Oxygen from the air bubble is adsorbed and changes into CO2; 02, dissolved in
water, has a greater pressure than in the bubble, whereas tke pressure of nitrogen is
almost the same; thus, 02 can be concentrated in the bubble. Nitrogen, in the end of
onds, dissolves in water, and the insect surfaces to get a new supply of nitrogen,
and also oxygen., Tests show that Notonecta live six hours in water containing atmos-
pheric ‘ajr and about 35 minutes in water where oxygen is dissolved and nitrogen is
missing. Consequently, in the lack of nitrogen, the insect ‘cannot get oxygen neces-
sary for respiration. If the aquatic bug moves a 1little in water containing only
nitrogen, then the duration of remaining under.water is shortened to five minutes

. (Poisson, 1951). Surfacing is a feature which varies in different aquatic Heteroptera.
Naucoris prefers life in water rich in oxygen, but in replenishing the air supply
vater penetrates the trachea; in a lower content of oxygen, water does not fill the
trachea, In Corixidae and Notonectidae, smaller volumes of air supplies are found,
since they discharge a small amount of CO, in water.

Around the stigma is a ring of hydrophiiic hairs from outside and hydrophobic from
within., Whon the insect rises to the surface of the water, the surface tension gives
rise to a compression of the external hydrophilic ring and allows air to enter the
stigma. During swimming the ring locks the air chamber and the hydrophohic ring
impedes the penetration of water into the stigma. Respiration of young nymphs of
aquatic bugs generally is cuticular. Aphelocheirinae nymphs are benthoid, like the
imago, but devoid of a supply of air on the thoraclc surface, which is present in
the imago, and their respiration to the last imagal stage is done exclusively through
the cuticle. In adult forms around each stigma is a rosette in the center of which




is the trachea, The rosette ic formed from chitinized exocuticular tubes, furnished
with tiny pores. In the center of tne rosette there is sometimes a crack - a variant
of the primitive stigma. Aquatic bugs have the so=-called gas plastron on the thorax,
which contains a constant supply of air; the gas plastron is enclosed:< by a snall
hydrophobous hairinces, densely covering the sternite. Oxygen of the plastron
diffuses in the trachea through the tiny aperture of small stigmal tubes.

STRUCTURE OF THE PREIMAGAL PHASE’

Eggs of aquatic Heteroptera are very well differentiated in each family (f. 60).
The most characteristic element of the eggs of bugs is the covering, situated on the
upper pole amnlopening in the emergence of the nymphs from the ege(f. 61). Highly
original are the eggsB in living Corixidae, which are attached to the substrate by
a special sticky disc on the stem. However, most often the egg is attached by a 80
sticky secretion of the accessory glands or is inserted into the plant tissue, as
for example, in many Notonectidae, some Naucoridae and Nepidae. Some representatives
of the family Notonectidae, for example, Notonecta glauca L., plunge each egg at
an angle for 3/4ths of 1ts length into an aquatic plant (. 62); othors, for example,
Notonecta maculata F., stick directly to the surface of the substrate {Poisson, 1957).
Pleidae insert the eggs at one place directly into the plant tissue, just as some
Naucoridae (Iliocoris cimicoldea L.); however, others (Naucoris maculatus F.) lay
each egg singly into the plant. Some Naucoridae (Aphelocheirus) lay eggs on the
shells of lamellibranchia or under rocks on the ground (Poisson, 1957). In some
cases the eggs are laid directly on the dorsal surface of the body of the male 81
(many Belostomatidae) and stay here for ten to twelve days up to the hatching of
the nymphs (Chen, Young, 1943)e These eggs usually are attached to the tegmen and
scutellum by a special substance which does not dissolve in water (fe 63)

Nymphs (f. 64)s The process of hatchigin some aquatic bugs, for example, in
Trichocorixa najas Kirke (Corixidae), is connected with the osmotic expansion of
t{he bubbles within the egg in front of the head end of the nymph. The expanding 83
bubble breaks the corion. Then the nymph begins energetically to paddle water,
increasing in dimensions and, pressing on the bubble, breaks lits wall, The process
concludes by means of the emancipation of the nymph from the surrounding covering
and emergence from the ogg (Davis, 1965).

The position and degree of development of the odor glands are variable, In the
imago they are situated in the motathorax, in nymphs on the abdomen. In the imago
the dorso~-abdoninal odor glands always are completely reduced, The number of abdo=
minal glands among nymphs is also the same. In Corixidae, ite secreting pores of
the gland are sltuated on the hind margin of the third to fifth abdominal tergites.
In Naucoridae, Helotrephidae, and Pleidae, the odor glands are preserved only on the
third tergite of the abdomen. In Nepidae and Notonectidae, abdominal glands are
entirely missing in the larval stage.

Nymphs of aquatic bugs are st11l poorly studied and there are only very general
data about them (Poisson, 1951, 19573 Kirichenko, 1940, 1951; Teidzo, 1959, and
others)., In this respect, there i1s some exclusion in the work of Cobben and Moller
(1960) on the nymphs of the Corixidae of Holland, where descriptions and comparative
characteristics of the nymphal stages of the Corixidae are given in sufficiont detail.
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CHAPTER 1V

5YSTEMATICS OF THE INFRAORDER NEPOMOKRPHA AND SOME QUESTIONS ON THE GENERAL CLASSIFICATION
OF THE HETEROPTERA

The phylogenetic natural system of the order Heterontera is at present not satis-
factorily worked out. A number of unclear questions exist in differentiating the
order Heteroptera from the other closely related order, Homoptera, and in dividing
the order into suborders and superfamilies and clarifying their true phylogenetic
connections.

On the basis of recent morphological works (Carayon, 1950, 1954,; Southwood, 1955;
Benwitz, 1956; Pendergrast, 1957; Snodgrass, 1960; Miyamoto, 1961; Parsons, 1959,
1960, 1962, 1963, 1964, 1966, 1967; Cobben, 1968), it is possible to divide the
‘Homoptera and Heteroptera rellably on at least three apomorphic characteristics.

The first, and in my opinion, the most important differentiating characteristic of
the order of true Heteroptera is the lack of a supporting skeleton of the head =
tentorium (projections of the inner walls of the head capsule) and the presence of
only one supporting formation of the epicranium - hypopharyngeal wings. The second
characteristic of the order is the presence of a special sclerotized formation of
the caudal side of the eplcranium, the so-called postgenal bridge (better known in
recent literature under the name of "gula" and "gular plate®, about the error of

the application of which see Ch. III), which is missing in Homoptera. The third
feature of Heteroptera is the different structure of the coupling of the fore and
hind wings in comparison with Homoptera (f. 65)s .Other (basically ecological) im=
portant differences of these orders also exist, for example the existence of true
aquatic forms whose entire cycle of development takes place entirely in water, and
the zoophagy of many groups of Heteroptera, not to mention true ectoparasites (Cinmie-
cidae and Polyctenidae)., As for the other usually mentioned morphological features,
for example, the division of the tegmen into coriaceous and membranous sectors, the
position. of the tegmen with respect to each other, body form, dimensions, etc., all
these traits are found in different representatives of both orders. All of the above=-
mentioned once again emphasizes the genetic closeness of these orders and thus the
difficulty of their strict division. Apparently for this reason, by some authors,
particularly in-the new works of Goodchild (1966) and Cobben (1968), the orders
Heteroptera and Homoptera are considered only suborders. True, in the little known
work of Verhoeff (1893, Vergleichende Untersuchungen uber die Abdominalsegmente der
wieblichen Hemiptera-Heteroptera und-Homoptera), Homoptera and Heteroptera are even
considered as a class Hemiptera s. Rhynchota, and for the Homoptera and Hemiptera
there 1s a corresponding range of subclasses, which, of course, it a clear exaggeration.

Turning to a discussion of the division of the Heteroptera into suborders, it must
be emphasized that the overwhelming majority of contemporary authors do not try to
make such a division and restrict themselves only to characterization of families, 85
superfamilies and ta a general series of superfamilies. The history of the division
of the Heteroptera into suborders (groups) and, in connection with this, the esta-
blishment of their ecological forms, was begun by Latreille (1802, 1825} who divided
the bugs into two groups: "Hydrocorises", or aquatic bugs, and "Geocorises", or
terrestrial bugs. Later Dufour (1833) isolated still another group, “Amphibiocorises",
in which he included also the trueé.aguatic Corixidae., However, Borner (1904) core
rected this error, separating the Corixidae into the independent group Sandaliorrehynchae.
Fieber (1861) first divided the Heteroptera into two groups (Cryptocerata and Gymno-
cerata) on the structure of the antennae, Some other authors followed this subdie
vision, particularly Reuter (1912), Butler (1923, Borner (1934), Belor (1938),

Poisson (1951), Obenberger (1958) and some others. Right, Poisson (1957) later
rejected this principle of Heteroptera division, not however offering any other
system. In the above~mentioned work of Verhoeff (1893), on the basis of a comparative
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study of the female abdoninal segments (mainly I, II, VII-X) of Homoptera and Heterop-
tera, and also on the basis of an analysis of a nunber of previous morovhological
works, the author also sugnested dividing all bugs into two groups (subclasses)
"Hydrorhynchota (Cryptocerata) and Gymnocerata. Thus, the true aguatic Heteroptera
were placed into the formor group, in four orders: Corisaeforrdia (Corixidac),
Notonectaeformia (Notonectidae), MNaucoriformia (Naucoridae) and Nepaeformia (liepidae,
Belostomatidae). Kirkaldy (1907, 1909) objected to this nethod of dividing the
Heteroptera and he divided all Heteroptera into two groups (phalanges) on the manner
of the articulation of the leg coxae., Trochalopoda (with rotating coxae) and Pagio-
poda (with coxae which move in one plane).’ Into the former group, Kirkaldy put the
superfamilies Cimicoidea and Nepoidea, the latter of which contain the extremely
diverse anf far from each other families Nabidae, Gerridae, Reduviidae, lepidae,
Phymatidae and Enicocephalidae. Into the other group were joined tio two super=
families"Mirioidea" and "Notonectoidea". In the latter belonged the Saldidae, Och=-
teridae, Naucoridae, Belostonmatidae, Corixidae and Notonectidme. As can be seen

from this list, thesuperfamily Notonectoidea is also artificial and not entirely
"successful. Kirkaldy's systém was not recognized by later hemipterologists,

The most natural organization of the families of bugs was developed by Reuter (1910,
1912), who conducted a survey of the entire system of the Heteroptera. At this time,
the division of the order into separate families had already been donc by Handlirsch
(1906=~1908) , and Reuter's schene then numbered already 40 families (not counting
Peloridiidae). ‘

In his 1910 work, Reuter still had not divided the Heteroptera into two suborders,
but had established the basic superfamilies and series of vital forms, Without dis=-
cussing his scheme in detail, since it was subjected to an analysis later in Russian
‘literature (Xirichenko, 1951), I want to point out only that my infraorder Mepomorpha
fell into the series Hydrobiotica as two supirfamilies: Ochteroidea, including the
Ochteridae, Gelastocoridae, and Peloridiidae , and Notonectoidea with the families
Nepidae, Belostomatidae, Naucoridae, Notonectidae and conditionally Corixidae.

Reutor's scheme was based mainly on the lack or precence of ocelli and areola,
form and structure of the ovum, and also the structure of the sternal sclerites,
Right, the significance of these characters has been questioned by some later authors,
who have pointed out the variability of the sternal structures dependent upon the
development of the wings (McAtee, 1924, 1925, 1926; McAtee, Malloch, 1933), the
difficulty of using the form of the ovum for phylogerne tic conatructions (Ekblom, 1929)
and algmo the unreliability of the structure of the areola for these schemes (Myers,
1924; Holway, 1935). However, despite the expressed objections, tho Router series
of Heteroptera has been used by various authors with few changes (Oshanin, 1912;
SinghePruthi, 1925, Esaki, China, 1929, and others).

Subsequently, Reuter (1912) clearly divided the order Heteroptera int o two sub-
orders: Geocorisae (terrestrial) and Hydrocorisae (aquatic). He divided.the suborder
of aguatic bugs.into four superfamilies: ILdtoralia (Gelastocoridae, Ochtaridae),
Nepaeformis (Nepidae, Belostomatidae, Naucoridae), Notonectaeforme (Yotonectidae,
Pleidae) and Corixoideae (Corixidae). The latter family Reuter, folloving Borner
(1904) again put into thespecial series Sandaliorrhynchae. Placement of the littoral
Ochteridae and Gelastocoridae into the group of aquatic bugs was subsequently done
by Beier (1938). . _ .

Oghanin (1912) held basically to Reuter's system in the catalogue of Palearctic 87
Heteroptera, and distributed the Nepomorpha into two peries: Sandaliorrhyncha (Co=
rixidae) and Hydrobiotica. The terrestrial ones were put into five other series:
Trichoteloceras, Anonychia, Onychiophora, Phloeobiotlca and Polyneuria, all the
Gerroidea falling into the latter.

Y+ Ghina (1929) later correctly puts the Peloridiidae into the Homoptera.
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Later China (1933) drew up a scheme (dendrogran) of the congeneric relationships
of the families of all true Heieroptera, which subsequently received sufficiently
wide distribution. In this scheme, the common sten of Nepoidea and Naucoroidea
was indicated, the divergence of which in time is noted only as a late process,

As shovn in my subsequent analysis of these groups, such a close connection of the
Nepoidea to the Naucoroidea is hardly expedient.

" Another essential moment of China's scheme is the separation of the Corixoidea
after the branching off of the stems of the Nepoidea = Naucoroidea and Notonectoided.
This hardly corresponds to reality. As I proved later, the phylogenetic closeness

of the two latter superfamilies and the igolation of ‘he Corixidae are unquestionable.
The opinion that the Nepidae and Belostomatidae arose from the littoral Gelastocoridae
is in general correct and has subscquently been proven by many authors (China, 1955;
Miyamoto, 1961; Parsons, 1965); however, in detail, China's scheme 1s less correct
(see below), The origin of the Saldidae and Ochteridae through the specialized
Gelastocoridae, in my opinion, is inadmissible. Miyamoto's work {1961) on the
comparative anatomy of the digestive organs of the order Heteroptera showed suffi-
ciently convincingly the most primitive condition of the Saldidae, not only in com=
parison with true aquatic (=Hydrocorisae) and semiaguatic ( =Amphiblocorisae) bugs, but
nlse evidently, with the other Heteroptera in general. China's scheme as a whole

is now only of historical interest.

Also only of historical significance are the schemes of Esalki and China (1927, 1928)
which are devoted to the classification of the Heteroptera connected with water., In
these, the authors grouped the fomilies into four series. The most artificial and
heterogeneous is te series Telmatobia. The family Leptopodidae ‘placed in it i=s only
partly littoral, although its ancestors apparently existed in littoral localities,
_and the "family" Velocipedidae (=Scotomedidae) is actually only a subfamily, not
related to aguatic bugs, of the family Nabidae (Kirichenko, 1951; Kirchner, 1966),
not to mention that these families, and also the Saldidae, are not related to other
members of the group Hycrocorisae (in China's understanding). The preliminarily
suggested series Cephalonotera (1927), including the single family Helotrephidae
(s. lato), was already in the 1927 work of Esaki and China put into the series Hy=-
drobia, where all the other families of aquatic bugs were put. The family Corixidae
was put into the special series Sandaliorrhyncha. And,finally, connected with thse
groups was the seriés Phanoptocorisa with the original family Peloridiidae = primitive
Homoptera of the special suborder Coleorrhyncha (China, 1929; Evans, 1941).

In a later work, these authors (Esaki, China, 1927) united the families of aquatic
bugs (Hydrocorisae) on a somewhat different principle, choosing the superfamilies
Nepidae (Nepldae, Belostomatidae), Notonectoldea (Notonectidae, Naucoridae, Aphelo=-

w., v, cheiridae) and Pleoldea (Pleidae, Helotrephidae). Here were also placed the littoral
X Her€# Ochteridae and Gelastocoridae under the name Telmatoblia, where were also included
HydrototS® 4o Saldidae and Leptopodidae. Ac my analysis of the familial characters of this
group of bugs showed, the closeness of the Notonectidae to the Pleidae 1s more obvious 88
end the union of these families into one superfamily is natural.

Butler (1923), in a monograph on the bilology of the Heteroptera, following Latreille,
divided the order Heteroptera into two basic groups: Cryptocerata and Gymnocerata.

Ekblom (1929), using the earlier mentioned schemes of Dufour (1833) and Borner (1904),
divided all bugs into four groups on the basis of the structure of the mouth parts:
Geocorisae, Hydrocorisae, Sandaliorrhyncha and Amphibiocorisae, The author considered
the littoral representatives of the family Saldidae as the closest to the ancestors
of the Heteroptera, according to the general structure and form of life., Based on
the structural features of the mouth apparatus (mandibular and maxillary articulations)
and the littoral form of lilfe, the phylogenetic initial position of the hypothetical
Protosaldidae was first more or less validly indicated by Ekblom.

“It ig difficult to judge a more precise time of the divergence of the various phylo-
genetic branches (stems) according to China's schome, since the designiations of
geologic time are nmissing.
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SinghePruthi (1925) made an attempt to classify the families of true Heteroptera

on the basis of the structure of the male copulatory apparatus. In the scheme he

offered, all Heteroptera are distributed according to type of genitalia into two
large groups: the nost primitive reduviid type forms all Hydrocorisae, Amphiblo-
corisae and Cimicomorpha, the pentatomids all the other Geocorisae, and also Lepto-
podoidea. This method of classifying families was apparently not entirely successful
because of the clearly one=sided analysis and presence of convergent traits in the
structure of the male copulatory apparatus. However, it is interesting. The exis-

t ence of convergency iln the structure of the male reproductive organs and the con=
tradiction of conclusions, based on their .studies, regarding the congeneric ties of
the families of Heteroptera is ¢learly evident in the works of Pendergrast (1957)

and -Kumar(l961) .

The scheme of interrelationships of the families of Heteroptera constructed by
Spooner (1938) on the vasis of the features of the epicranial structures of the imagal
and nymphal phases is noteworthy. Despite the hypothetical nature of the conclusions
and the known morphologlcal inaccuracles, this scheme is interesting. Thus, the
family Corixidae is considered a very isolated and highly apecialized group, repre-
senting the special séries Sandaliorrhyncha, In form of anteclypeus, the Corixidae
are preliminarily connected with the Saldidae, the hydrocorisae are a speclal, isolated
group composed of four families: Nepidese, Belostomatidae, Naucoridae and Notonectidae.
In type of structure of mandibular lever (see morphological section), Nepidae .and
Belostomatidae are joined into one group having a three~branching lever; Naucoridae
into another, with a narrow and loop-shaped lever and, finally, the Notonectidae in-
to the third (lever composed of two parts).

Spooner included the femilies Gelamtocoridae (=Nerthridae) and Ochteridae (=Pelc-

- gonidae) into the series Anphibiocorisae together with the Heteroptera that live

on the surface of water (Gerridae, Veliidae, Hydrometridae and others). The presence
of an epipharyngeal projection and the form of the mandibular levers woere used as

the baslis for this consolidation. However, in Ochteridae and Gelastocoridae, this
projection is very short and the lever is of different type (lever not qadrangular,
but almost triangular). In a number of apomorphic morpholegical characters (inner
skeleton of the head, structure of the thoracic sclerites, etc.) and also in the form
of life, as Kirichenko (1951) pointed out, these ancient families are well differenw
tiated from the series Amphibiocorisae, which is the basic ancient stem of Nepomorpha
in a wide sense, Nevertheless, the possibility of the isolation (see below) of the
above-water bugs (Gerroidea) from ochterid-like ancestors cannot be excluded,

In form of anteclypeus with widened distal margins, the author places the littoral 89
families Ochteridae and Gelastocoridae close to the aquatic Naucoridae and Notonec-
tidae, holding the opinion (subsequently supported by Parsons) that they are inter=
mediary forms between the Hydro- and Amphibiocorisae.

In 1955 China suggested a nsw, more developed and substantiated phylogenetic schome
of families of aquatic Heteroptera. He placed the most generalized families Ochteridae
and Gelastocoridae at the base of the phylogenetic stem of Hydrocorisae, Farther
along, he put the Naucoridae, from which the Nepidae, Belostomatidae and Corixidae
come independently, and also the common branch of the Helotrephidae, Pleidae and
Notonectidae (see later on for more details).

The certain belonging of the Ochteridae and Gelastocoridae to the Nepomorpha (=

_Hydrocorisae) and their relationship to each other was definitely proven by Miyamoto

(1961) on the basis of an anatomical study of the structure of the intestinal tract

of representatives of 36 families of Heteroptera; by Pendergrast (1957) ,who studied

the structure of the reproductive organs, and also by Parsons (1959, 1960, 1965, 1966),
who made a detailed study of the structure of the head capsule of Nepomorpha. China
also notes the isolation of the Corixidae in the framework of the Hydrocorisae and
Saldidae among the Amphiblocorisae, considering the latter family the most primitive
in the Heteroptera common stem. Thus, the opinion of Reuter and Beier about the
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:hecess;ff'Ly of placing the Ochteridae and Gelastocoridae into the group of aquatic
Hydrocorisae is supported, .

China removes all aguatic Heteroptera directly from the hypothetical terrestrial
forms (Proto-Heteroptera); however, the presents ro discussion and does not substan=
tiate this position. He derives #e other group of aquatic bugs of the series Amphibio-
corisae, or Gerroidea, from saldid-like ancestors (Protosaldidae) of soms kind of
terrestrial Heteroptera (Proto-Heteroptera terrestrial), again with no discussion,
Thus, according to China, the two basic evolutionary branches of aquatic bugs (Hydro-
corisae and Amphibiocorisae) are not closely related and arise independently from
different terrestrial ancestors. I cannot agree with these conclusions for reasons
spelled out in Chapter VI,

In his survey of Heteroptera, Poisson (1951) divides the order Heteroptera into two

-suborders: Cryptocerata, or Hydrocorisae, and Gymnocerata or Geocorisae., In the sub-

order Crypocerata, he includes only the true aquatic bugs (Hydrocorisae sensu Latreille),
represented by four superfamilies: Corixoidea (Corixidae), Notonectoidea (liotonectidae),
Pleoidea (Pleidae, Helotrephidae) and MNepoidea (Nepidae, Belostomatidae, and Naucoridae).
The lack of the littoral Ochteridae and Gelastocoridae and also the size of the BUg~
gosted superfamilies, clearly demonstrate the error of such an interpretation of the
suborder, In another of his monographs on the aquatic Heteroptera, Polsson (1957)

calls into question the expediency of dividing the order of bugs according to the
character of the antennae into the two groups Cryptocerata ami Gymnocerata pacause

the littoral families Ochteridae and Gelastocoridae are not inhabitants of open water
and they can be considered as transitional forms between the Hydrocorisae and Amphibio=
corisae. Thus, Poisson prefers to stick to the earlier suggested division of Heterop-
tera into four typological groups: Sandaliorrhyncha, Hydrocorisae, Amphibiocorisae,

and Geocorisae (Dufour, 1833; Borner, 1904; Ekblom, 1929; Spoonez 1938 and others),

In morphological structure (mouth apparatus, thoracic sclerites, etc.,), Poisson praposes
the heterogeneity of aquatic bugs, particularly the groups of Hydrocorisae which, in

his opinion, are joined by an aquatic form of life., The error of this opinion, from

my point of view, has been convincingly proven by the mbrphological works of the last
decade. :

In a general list of families and subfamilies, China and Miller (1959) offer a 90
phylogenetic scheme of families analogous to that given by China earlier (1933),
wherein the Heteroptera are considered only as a Buborder of the order Hemiptera,

Once again the subdivision of true Heteroptera is in three groups: Hydrocorisae
{including the littoral families), Amphibiocorisae and Geocarisae. Within the
Geocorisae are two groups: Cimicomorpha and Pentatomomorpka. The general number

of families in comparison with the former scheme is increased by one only (52); how=
evér, within the order itself there are a few changes: Aphelocheiridae are included
as a subfamily in the Naucoridae and the Aepophilidae in the Saldidae; soparated into
independent families are the Lestoniidae from the Pentatomidae (s. lato) and Steno-
¢ephalidae from the Coreidae (s. lato), and the new family Vianaididae, close to the
Tingidae, is given. The greatest changes are in the construction of phylogenetic
femily trees; they are distinctly seen in comparison with the above-mentioned schomes.

Pendergrast (1957) conducted a study of the reproductive organs of Heteroptera
analogous to those done by Larsen (1938) and Singh~Pruthi (1925), and offered a ge=
neral classification of the order, On the basis of a study of female spernatill and
the male reproductive organs (including the sex glands), all bugs were divided into
four groups, one of which is represented by the entire group of aquatic Heteroptera:
Naucoridae (+Aphelocheiridae), Nepidae, Belostomatidae, Notonectidae, Pleidae, Coriw
xidae, Ochteridae and Gelastocoridae. Noteworthy are Pendergragt's analysis and
critical rfemarks of the five systems he examined (Reuter, 1912; China, 1933; Borner,
1934; Beier, 1938, Poisson, .1951), which led to the following. First, he correctly
objects to placing the Corixidae inte a speclal series, since the reproductive organs
basically are of the same type as in other aquatic bugs and, particularly, the single




type of female spermatiki is found in Corixidae and Naucoridae. ' Secondly, in his
opinion, Ochteridae and Gelastocoridae must be considered as one unit with the
strictly delimited group of true aguatic bugs, and joining them with the Saldidae,
Leptopodidae and Leotichiidae is somewhat artificial. Thirdly, concerning the No-
tonectidae., he suggests following China's scheme (1933), in which the notonectids
are Jjoined with the Pleidae and Helotrephidae into one group, on the basis of the
identical structure of the spermatiki. Finally, Pendergrast objects to Jjoining the
Nepidae, Belostomatidae and Naucoridae (also the Aphelocheiridae, which figures as
in independent family in this work), since the spermatiki of the Naucoridae are
essentially different from those of the Nepidae and Belostomatidae, and thus the
superfamily Nepoidea should include only the latter two families., For a general
classification of the Heteroptera, Pendergrast follows Dufour (1833), i.e., he
--divides the order into three basic groups, Hydrocorisae, Amphibiocorisae and Geo-
corisae. . )

We find a somewhat different and, in my opinion, poorly based division of all
Heteroptera into three hetsrogeneous groups in Scudder (1959). The first group
includes all the Pentatomomorpha, the second Cimicomorpha, Nepomorpha (=Hydrocori-
sae) and Gerromorpha (=Amphibiocorisae), and the third only the Corixidae. This
division of tle buge, based mainly on the structure of the female genitalia, is
undoubtedly to a considerable degreéeeiartificial., Of definite interest here is the
somewhat isolated position of all Pentatomomorpha, and also tie similarity of the
female genital structure of Saldidae and Mesoveliidae, to be discussed below,

On this morphological base, Scudder suggested the following size of superfamilies:
Nepoidea (Nepidae, Belostomatidae), Naucoroidea (Naucoridae, Aphelocheiridae),
Notonectoidea (Notonectidae, Pleidae), Ochteroidea (Ochteridae), Corixoidea (Co~
rixidae). The structure of tle genitalia in Gelastocoridae and Helotrephidae is
80 original that he put isse families into the group Heteroptera incertae sedis.

Noteworthy are the recent morphological works of Parsons and the phylogenetic
constructions connected with them (1959, 1965).  This author prefers to hold to
Fieber's division of real Heteroptera into the two suborders Cryptocerata and
Gymnocerata, On the basis of histological studies of the midgut (Parsons, 1959),.
& preliminary phylogenetic scheme was constructed which differs from that of China
(1955a) by connecting the Corixidae with the nepid-belostomatid complex and
deriving them from the ancestral branch of Nepoidea.

On the basis of the structure of the endocranial elements of the head, and also
the suctorial system of the rostmm and the structures connected with it, Parsons
(1966) suggested a new scheme of phylogenetic relationships of seven families
of the aquatic group of bugs which differs significantly from others, mainly from
that of China (1955a): from the beginning the Nepoidea were. isolated from the
basic heteropteroid stem, then the Corixoidea and in turn the Gelastocoroidea
and the Naucoroidea with the Notonectoidea.

" Of special interest is the newest monographic work on the egg structure and
embryogenesis of Heteroptera by Cobben (1968), which is a great step forward in
comparison with the studies which havebeen available up to now on the bugs as a
whole., In this work, the author, on the basis of features of egg structure, sug=
gests dividing the Heteroptera into the following more or less, from his point of
view, equivalent groups: Cimicomorpha (s. str.), Dipsocoroidea, Enicocephalidae,
Joppeicidae, Reduviidae, Thaumastocoridae, Pentatomomorpha, Amphibiocorisae, and
finally Hydrocorisae, From a nomenclature point of view, these groups are scarcely
equivalent taxons in the rank:of.infraorder;-Right, Cobben does recognize this
indirectly, placing all groups (except the latter two) into the Geocorisae and thus
specifying the noneequivalency of the latter Amphibiocorisae and Hydrocorisae, and
also correctly demonstrating the polyphyletic origin of the terrestrial Heterop«
tera Geocorisae.

91
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And thus the. basic disagreements in the existing classification schemes of aquatic
Heteroptera reduce to a determination of the placement of the littoral families
Gelastocoridae, Saldidae and Ochteridae and the aquatic Corixidae, Nepidae and Be~
lostomatidae, and also the principles of the higher classification of the order,
and particularly, the establishment of the superfamily taxons and their size. Une
doubtedly, the division of the order Heteroptera into the two suborders Cryptoce=
rata (Hydrocorisae) and Gymnocerata (Geocorisae) or the series Hydrocoriaae, Amphi-
biocorisae and Geocorisae, to a sufficient degree,is established and is more a
typological than a phylogenetic division (this is particularly true in the size of
the polyphyletic group Geocorisae). Their use is based more on traditional practice
than on well developed scientific principles.

Thus, at present there is no cne opinion on the system of the large .taxons of the
present Heteroptera, Up to now, some authors have considered the Heteraptera as a
suborder of tie Hemiptera (Rhynchota), along with the Homoptera (Brues, Melander,
Carpenter, 1954; China, 1955b, China, Miller, 1959; Southwood, Leston, 1959; Goode=
child, 1955; Cobben, 1968). However, another group of contemporary researchers of
true Heterovtera considers them as the special order Heteroptera (Hemiptera), which,
from my point of view, apparently is much more expedient (Kirichenko, 1951; Poisson,
1957; Matsuda, 1961; Becker-Migdisova, 19623 Jascewski, Kirchner, 1964, and others).

Taxonomically, the largest taxons of the order (suborder, superfamily) are still 92
insufficiently developed and, as was already discussed above, the division of the
Heteroptera into a series of superfamilies , and also the establishment of super-
family ranks is far from accepted by all researchers in ldentical size.

In characterizing such large taxons, it is very difficult to choose traits which
would strictly delimit them, Thus, the higher the rank of taxonomic unit, the more
difficult it is to find unique characteristics. Many structures (external and
internal) vary and cannot, naturdly, serve as determining characters of the taxon.
However, in some cases, one character in some taxons varies, and in others is stable,
g0 that it can serve as a characteristic. For example, in aquatic groups of Hete=
roptera (Nepomorpha and Leptopodidomorpha), according to Pendergrast's data (1957),
the number of ovules in the ovaries does not vary, wheras in the so-called Enico-
cephalomorpha, Cimicomorpha and Péntatomomorpha, this number varies from four to
seven. In all primitive groups they are always seven.

As a result of an analysis of the general morphological works and studies of fossil
forms, the genetic ties of the basic groups of Heteroptera and the main directions
of adaptation to surrounding conditions have been preliminarily established. On the
basis of this, we now suggest turning from the more or less widely accepted division
of the order Heteroptera into . . two suborders (Cryptocerata and Gymnocerata or
Saldinea and Cimicinea, sensu Popov, 1968) or series (Hydrocorisae, Amphibiocorisae
and Geocorisae), to the new concept "infraorder" (an intermediary taxon between sub-
order and superfamily) for the taxonomy of the order Heteroptera. The introduction
of infraorders, as the practice of their application has shown (Principles of Paleon-
tology, Arthropoda, Tracheids, Chelicera, 1962), is fully justified, In any case,
the division of the Heteroptera into infraorders, from my point of view, 1is more
natural than the division suggested by various authors intoc suborders and sories,
since both these divisions had 5o many exceptions and, besides, in many cases, the
transitions between them are so gradual, not to mention the apparent individual
origin of the true terrestrial groups of bugs (onthe one hand, Enicocephalomorpha+t
Cimicomorpha, and on the other, Pentatomomorpha). ' The indraordinal taxon corres-
ponds well with the basic phylogenetic stems and evolutionary directions of develop~
ment of true Heteroptera and, thus, all infraorders are strictly morphological.
Probably, all the bug infraorders which I have suggested, in the degree of their
supposed closeness and organization, can be joined into four independent groups,
giving them the rank of suborders: 1) NepomorphatLeptopodidomorpha, 2) Enicocepha=
lomorphatCimicomorpha, 3) Pentatomomorpha, 4) Actinoscytinomorpha (Triassocoridomorpha).
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However, to finally solve this problem weo still need a special study in this direc-
tion, which, apparently, will be realized in the near future by the joint efforts
of a number of hemipterologists.

In general, the idea to rcmove the monophyletic groups of Heteroptera into the
size of the infraorder I have suggested is not new and has already been discussed
in one form or another. Thus, for pentatomoid and cimicold groups the ending '"morpha
has -been used (Leston, Pendergrast, Southwood, 1954). Stichel (1955) gave the
following names for the groups (divisiona) #hich be isolated: Hydrocoriomorpha,
Amphibiocoriomorpha, Hemicocephalomorpha of equal rank to Cimicomorpha and Pentato=
morpha. An analogous attempt was undertaken (Miyamoto, 1961) on the basis of mor-
phological studies of the digestive tract of almost all Heteroptera families: 93
Hydrocorisae, Amphibiocorisae, Dipsocorimorpha (=Heni.cocephalomorpha), Cimicomorpha,
and Pentatomororpha. '

The order of true Heteroptera, or bugs, thus is subdivided into a series of more
or less equivalent, from ny point of view, infraorders: Nepomorpha (=Hydrocorisaé,
Leptopodidomorpha (=Amphibiocorisae), Enicocephalmorpha (=Dipsocorimorpha, Henicoe
cevhalonorpha),, Cimicomorpha, Pentatomomorpha and the extinct Actinoscytinomorpha
(Triassocoridomorpha). In turn, the most intersting to me systems of the.prelated infra-
orders Nepomorpha and Leptopodiddmorpha, I have put into the following subfamily
categories:

INFRAORDER NEPOMORPHA
Superfamily Gelastocoroidea
Family Ochteridae Kirkaldy, 1906
Family Gelastocoridae Kirlaldy, 1397
Superfamlly lNepoidea
| Family Nepidae Latreille, 1802
Family Belostomatidae Leach, 1815
Superfamily Corixoidea
Family Corixidae Enderlein, 1912
' Family Shurabellidae, fams nove .-
Superfamily Naucoroidea
Family Naucoridae Fallen, 1814
Superfamily Notonectoidea
Family Scaphocoridae Y. Popov, 1963
Famlly Mesotrephidae, fam. novs
Family Pleldae Fieber, 1859
Family Helotrephidae Esaki, China, 1927
Family Notonectidae Leach, 1315
INFRAORDER LEPTOPODIDOMORPHA
Superfanily Leptopodoidea :
Family Leptopodidae Brulle, 1835
Family Leotichildae China, 1933
Family Saldidae Costa, 1852
Superfamily Gerroidea
Family Mesoveliidae, Puton, 1879
Family Hebridae Amiot, Serville, 1843
Family Hebroveliidae Lundblad, 1939
Family Veliidae Amiot, Serville, 1843
Family Macroveliidae MacKinstry, 1942
Family Gerridae Leach, 1815
Family Hydrometridae Baer, 1860

Some of the principal differentiating traits connected with the new divisions of
the closely related infraorders of aquatic bugs are the varied structure of the
digestive system, the internal reproductive organs, structure of the egg, .embryo-
genesis, and also the varied position of the antennae. Hidden antennae in the




asY
se0?;

infraorder Nepomorpha is the result of adaptation to aquatic living corditions, and
the -corresponding changing function of this organ, which anpeared originally in the
littoral forms of the type of representatives of the recent family Gelastocoridae,
which, as already discussed above, from time to time settles an aquatic area. Only
in a few Nepomorvha do we find freely set antennae, which in some cases have a cloarly
secondary character, for exomple in the aguatic Aphelocheirinae (liaucoridae), in
connection with digging in silt (Puchkova, 1964) and in others, undoubtedly, are
primary, as in thke littoral Ochteridae. 9
Up to now, we still have not resolved conclusively the question of tle true cone
genoeric interrelationships of the littoral families Ochteridac and Saldidae, which
are vlaced corresvondingly at the base of the phylogenetlc trees of the infraorders
Nepomorpha and Leptopodidomorpha, The most recent morphological investigations of
Cobben (1968) proved that in structure and oriéntation of the micropiles, in the
character of the brealking when nymphs hatech frum the egs, the real aquatic and
littoral Heteroptera are joined into the one group lNepomorpha and are placed,'alonraldp
witbh the Leptopodoidea, i.e., Leptopodidomorpha (s.m.) In structure of the mandie .
bular levers (Bueno, 1923; Ekblom, 1929) and presence on the head of three pairs of
trichobotri (China, 1955a), Saldidae are similar to the Gerroidea., However, in struc-

“ture of salivary glands and malpighian tubes, Saldidae resemble the terrestrial

Cimicomorpha, wheras the salivary glands of Gerridae are clearly of ochteroid type
(Miyamoto, 1961)., On the other hand, the structure of the hind gut of the Saldidae
is similar to that of the Hepomorvha, Cimicomorpha and even the Gerroidea. The
structure of the reproductive organs resembles that in Pentatomomorpha (Pendersrast,
1957). The study undertaken by Kumar (1964) of the intermal structures of tho male
reproductive organs of Enicocephalidoe and Leptopodidae also shows indirect connece
tions of the Saldidae (through Mesoveliidae!) with the infraorder Enicocephalomorpha,
which occuples an intermediary position between the Leptopodidomorpha (=CGerromorpha
sensu Kunmar) and Cimicomorpha, Such a mix of tralts of structure of internal organs, |
peculiar to both Leptopodidonmorpha and tiethe terrestrial grouns of Heteroptera
referred to, in Hiyamoto's opinion,(1965), permits suggesting that the family Sal=
didae is one of the most primitive groups of bugs, occupylng an intermediaxy position be-
teen. thereal terrestrial and aquatic groups of Heteroptera.

In th infraorder Neponmorpha are the most primitive representatives of the supor-
family Gelastocoroidea, consisting of the two living farmdlies Ochteridae and Golasto-
coridae, Spooner (1933) considered the Ochteridae and Gelastocoridae as a bridge
between the aquatic and semiwaquatic groups of Heteroptera, judging thenm closest to
the amphibial group. He proceeded from the presence in thenm of an eplpharyngeal
projection and the single type .0f mandibular lever.. On the basis of this, he put
the Ochteridae and Gelastocoridae into the series Anphibiocorisae, and the Saldidae
into the terrestrial group Geocorisae. However, subsequently, Parsons (1959) estaw

‘blished the error of the identification of the levers in these groups. lonetheless,

many of the already mentioned later works on the taxonomy and phylogeny of the
Heteroptera have convincingly shown that the littoral Ochteridae and Gelastocoridae
belong to the aquatic group of Heteroptera.

The problem of the phylogenetic relationships of the littoral families Ochteridae
and Gelastocoridae was solved in the morvhological studies of Pendergrast (1957,
Miyamoto (1961), Parsons (1959, 1960, 1962 and othern) and Cobben (1965, 1968).

A1l these authors place the Ochteridae and Gelastocoridae into the grouvn of aquatic
bugs, i.e., the infraorder Nepomorpha (=Hydrocorisae)., However, opinions on their
congeneric relationships with other families turn out to be different. On the basis
of the structure of the reproductiw organs, Pendergrast came to the conclusion

that uniting the littoral families into one group was artificlal, since the Ochte=
ridae showed a greater similarity to the Naucoridae and Corixidae than to the
Gelastocoridae, and the latter turned out to be closer to the Notonectidae, On

e .
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the other hand, morphological studies of the head (Parsons, 1959) and digestive
organs (iiyamoto, 19G1l) confirm the closeness of time two famllies. From my point 95
of view, the morphological data of the works of thece two authors is more conclu-
sive, gince the structure of the reproductive organs ic less constant, which is
also evidont from the recent morvhological works of Kumar (1961, 1964). The creater
closeness of the Gelastocoridae to the Naucoridae, Notonectidae and Corixidae than
to the Nepoldea, as more specialized forms, and consequently the earlier dsolation
of the nepid from the ochterid branch was well proven by the studies of Parsons (1959) .

In the structure of tie food pump and its musculature (Parsons, 1959), Gelastocoridae
show similarity to llaucoridae and Notonectidae, but in structure of labium resenble -
even the Nepidae. The:labial musculature of the thoraclc sclerites (Parsons, 1960) "labial "2
and the.veproductive.organs (Pendorgrast, 1957) of renrcsentatives of this family {tengitudinal’,
also strongly resermble those of the liotonectidae, The structurc of the digestive ot
orgcans (liyamoto, 1951) as a whole is closest to that of Naucoridae, evidencing.simi=
larity; on the one hand, with Ochtoridae and on the other with Notonectidae.

The suporfamily Nepoidea is exclusively aquatic and joins the two living families
Nepidae and Belostomatidae. In structure of head capsule (not=widened distinctly
marlked sutures of the clypeus, weakly formed filtering systen of the throat, etc.)
developed venation of the fore wings, features of the respiratory system and some
other characteristics, this superfamily differs sharply fronm all other aquatic bugs
and occupies an isolated position.

The closeness of the living Nepidae and Belostomatidae was well oproven by Larsen
(1938), who indicated the similarity in the structure of their respiratory tube and
abdominal musculature, and also by Spooner (1958), who pointed out the identical
structure of the mandibular levers, Pendergrast (1957) found much similarity in
these two families in the structure of the semen~holder, IMiyamoto (1961) showed
the undoubted similarity of the structure of their digestive organs; the American
hemipterologists Louck,ahd Menke (1961) also showed the similarity in the structure
of the antennae. The family Belostomatidae evidences the following similar character=
istics with the Fepidae: 1) fore coxae are short, 2) in some Laccotrephes (liepidae)
and Lethocerus there am two furrows on the fore tibia, 3) the abdominal sternites
are divided into mid section and parasternites, 4) the apical projections of tie
abdomen form the air canal of the respiratory tube, analogous to the siphon of
Nephidae, 5) the phallus has a divided aedeagus and ventral diverticulum, However,
the ability to use a shorter respiratory tube and lay esgs on the surface of plants
(Nepidae lay in the tissue of plants) sharply differentiates the Belostomatidae
from the Hepidae. o

The superfamily Kaucoroidea consists only of a single family which in number of
pubfamilinl taxons (5) is comparable only to the Corixidae (6). In structuro of
digestive organs, Naucoridae resemble the littoral families of the Nepomorpha,
particularly the Gelastocoridae., The: structure of the basic salivary glands in
some of the studied Naucoridae (Aphelocheirinae) also shows similarity with the
superfamily Gelastocoroidea. The anteclypeus of Naucoroidea is similar to that in
Gelastocoridea, Notonectoidea, and Corixoidea in being strongly widened and fused
with the loral sclerites of the head capsule. @£y$vsed‘n

In general, among living Nepomorpha, Naucoroidea are most similar to rerresentatives
of the families Gelastocoridae and Notonectidae: form of maxillary plate, lack of a
distinct stylet groove at the base of the second Begment of the rosirum, presence
of more than one supporting tendon between the first two segments of the rostrum,
and lack of an intermediate sclerite in the latter (Parsons, 1966a) spealt in favor
of their being close to these groups. In structure of cpermatiki, Naucoridae are 96
similar to the Corixidae and Ochteridae (Pendergrast, 1957). The original South
American subfamily Potamocorinsde is similar to the primitive Helotrephidae of the

Notonectoidea.

(_-ar:'»("l6
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The superfamily MNotonectoidea joins the three living fanilies Helotrephidao,
Pleldae and MNotonectidae and the two cvnecialized extinct Scavhocoridae and Meso=--
trephidae, This superfamily is represented by aquatic forms with wings which are
roof-shaped when folded, an occurrence unique in the order Hetoroptera and charac=-
teristic for the related order Homoptera, and, undoubtedly, in this case a convergent
characteristic, Most probably the Notonectidae separated from some form of noucordid
stem and evidence a fairly significant similarity with the latter. The study of
the filtering system of Notonectidae in general showed a structure analagous to that
of the Naucoridae, but somewhat more sinple (Parsons, 19662), and together with it
the single type of modified clypeus (Parsohs, 1965). In similarity of structure
of the labium, living Notonectidae, just as Naucoridae, are close to the littoral
fanily Gelastocoridae (Parsons, 1966b). With the latter family, Notonectidae (Helo=
trephidae and Pleidae) are similar also in structure of spermatiki and the male
reproductive organs (Pendergrast, 1957). Studies of the digestive organs (Miyamoto,
1961) showed tlp closeness of living notonectids: Helotrephidae, Pleidae and Noto-
nectidae, thus confirming the naturalness of their being united, which Esaldi and
China-already suggosted (Isaldi, China, 1928; China, 1955).

The last superfamily I examined, the Corixoidea, ise‘the most speclalized and
isolated among Nepomorvha; it consists of the very extensive living family Corixidae
and the extinct lower Jurassic Shurabellidae.

Representatives of this original superfamily have separate tralts of similarity
not only with all aquatic bugs of the infraorders Nepomorpha,and Leptopodidomorpha
(Ochteroidea, Nepidea, Naucoridea, Leptopodoidea, Gerroided), but also with all the
other terrestrial Heteroptora (in the presence of abdominal glands in the nymphal
Stage) .

Such are the basic traits and slze of the five proposed superfamilies comprising
the infraorder Nepomorpha which I have established. '

Key for Determining the Superfanilies and Families of the Infraorder Hepomorphal

1( .2) . Antennae as long or longer than head, always free; claws of tarsus with

areoli or.without arcola. Above water and littoral forus.
' ' Leptopodidomorpha

2( 1) Antennae shorter than head, usually (except Ochteridae and Aphelocheirinae
and Potamocorinae of .the Naucoridae) concealed in pits undor the eyes between
the head and prothorax; tarsal claw without areola. Aquatic and littoral
forns ’ Neponorpha

%( 6) Rostrum very short and wide, semi-conical, sunk into the c¢lypous, indistinctly
segnented, base of head lamellate, overhanging the pronotum in front; fore
tarsi of males transformed into palae or almost cylindrical, bordered by
hard stylets; nynphs with three dorsal abdominal apertures of odor glands.
Aquatic. Corixoidea

4( 5) Tegmen with leaf-lile widenings along entire length of fore margin and
remains of venation; hind tibia and tarsi not flattened with brush of very
long swirming hairs; head narrower than pronotun, Shurabellidae,

_ 5( 4) Tegmen with not=widened fore margin; embolium rim usually well expressed 97
or nodal fissure present; venation very reduced (except Mesozoic Archae-
corixinae); hind tibia and tarsi flattened and densely covered with swimhing

. hairs; head not narrower than pronotun Corixidae
6( 3) Rostrum cylindrical or conical, distinctly three- or four-segmonted; fore:
tarsi of usual form; base of head comes into prothorax; nymphs without
abdominal glands or only with one unpaired dorsal aperture of the odor plando.
7(24) Head and pronotum not fused or partially fused, but then fissure belweon
them deep and straight; antennane three- or fouresegmented.

* Mo ease determination in many cases theses and antitheses which directly charace
terize family taxons ore furnished with additional dosignations vwhich are not in
opposition.
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Ocelli vresent; mid and hind legs not flattened, wallding and not covered

with swirnming hairs. Littoral Gelastocoroidea

Head transverm, seni~stalked eyes widely set apart; rostrunm short, does

not come beyond fore coxae; antennae Iron above not visible, set in grooves

under the eyes; fore lefs ceizing, femora fairly powerful and wide, with

fissure or riblet on inner suriace; scutellum unevenly conveie
Golastocoridae

Head with vertex slightly wider than diameter of one eye; eyes not soni-

stalked; rostrum long, reaching hind coxae at least; antennae visible from

above; fore legs simple, similar to mid and hind legs, running; scutellum

flat, ’ Ochteridae

Ocelli missing. Mid and hind legs, as a rule, swinming, covered with dense

brush of hairs. Aquatic foruse. :

Body strongly condensed or widely=-oval, rarely elongated; tegmen 1ie flat

on back; coxae of fore legs attached at fore margin of prothoraxi fore

legs grasning. '

Body videly- or elongatedly-ovalj nembrane without veins. teguen with reduced

vonationjabdomen at apex without respiratory tube; of moderate size (I'au=

coroidea). Head transverse; rostrum short, conical, reaches only fore coxae,

rarely comes beyond them; mid and hind legs with rov of swinming stylets

or alnost without then Naucoridae

Body oval, elongatod, tegmen with venation preserved, membranc with veins,

usually forming a distinct netting; abdomen at apex with respiratory tube

(siphon); large Nepoidea

Leg coxae strongly set apart, sternal region from outside strongly developed,

Abdomen with very long thin respiratory tube; fore legs strongly developed,

grasping; tegmen with weakly expressed venation; membrone with thick set

of veins Hepidae

Leg coxae not set apart and contiguous, sternal region from outside wealcly

developed; abdomen with shorter, thin or widely flattened respiratory tube;

venation o tecmen well expressed Belostonatidae.

Body elongated; cylindrical, from above strongly convex, tegmen lie roof-

shaped (except some Helotrephidae); coxae of fore less attached at hind margin

of prothorax; fore legs simple, not grasping Notonectoidea

Body stretched out, cigar-shaped, dntennae usually four—segmented; . hind. legs

long, paddle=shaped,without distinct claws; hind tibia flattened; tarsi

two—-segmented, of medium size Fotonectidae

Body oval, hind legs short; basically small forns

Hind margin of pronotum strongly developed and completely covers a small

scutellun; tegmen with membrane; femora short and doe not project beyond

lateral margin, hind tibia and one-gegmented tarsi thicl, tarsi covored

with long swimming hairs, of medium size, not less than 4 mm.

’ . Scaphocoridae

Hind nmargin of pronotum less strongly developed, scutellun froe; very small

forms, body length not more than 2=3 e

Pronotun almost rectangular, transverse, scutellum relatively large,

membrane missing, antennae three~segmented Pleidae
Pronotum oval, strongly transverse, scutellum very small, tegmen with
membrane, lateral margins widened : Hesotrephidae

Head fused with prothorax, forming cephalonotun; connection betweoen head
and prothorax usually designated by a dorsal curved suture; antennae
onex or two-segmented, nembrane strongly reduced, Helotrephidae.
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TAXONOMIC SECTION

INFRAORDER KEPOMORPHA - INFRACRDO NOVUS

Description. Bugs of the most diverse slze, from very small forms less than 1.5 mm
(HBelotrephidae) to the real giants among Heteroptera, reaching 110 mm (Belostomtidae) .
The main features which characterize the group are the structure of the digestive
system - the scarcely visible pylorus, the presence of an ilium, the narrow aperture
of the basic salivary glands (except Corixidae) = and also the lack of a bulbus
ejaculatorius in the male reproductive organs, and the presence of strongly shortened
antennae, hidden, as a rule, in speclal pits (grooves) directly under the eyes or
between the head and the prothorax. Being basically a predatory group, representa-
tives of the suborder, in most cases, have grasping fore legs. This group of true
Heteroptera, comparatively small in size (about 1,600 species), is adapted to life

in water, and also to littoral conditions. The development of aquatic vegetation,
the lack of currents and large waves, small shallows favor a rich development of

aquatic bugs.

Comparison. Differs from the infraorder Leptopodidomorpha in the undeveloped pylorus
of the digestive system, the hidden position of the antennae, the submarine form of
1ife in most representatives and also the, difference in the. structure of the mandibular
levers, the absence of the head trichobogpy and the second duct, connecting the semen-
collector with the vagina (the so-called "fertilizing canal'). i

Composition, Five superfamilies: Gelastocoroidea, not known in the fossil state,
live in the tropics and subtropics; the extinct Nepoidea - Jurassic of West Europo,
Paleocene and Neocene of North America and West Europe; Naucoroidea = Jurassic of
West Europe and Asian USSR, Cainozoic of North America and West Europe; Notonectoldea -
Jurassic of West Europe, Cretaceous of Kazakhstan, Cainozoic of North America and
West Europe; Corixoidea - Jurassic of Asian USSR, Cainozoic of Norih America and
- West Europe; living representatives of all the above-named superfamilies are widely
distributed in all zoogeographic regions.

SUPERFAMILY GELASTOCOROIDEA Kirkaldy 1897

Description. Representatives of this superfamily are flat, thickset, with uneven,
often knobby body surface. Head lies flat against the pronotum; anteclypeus in
living forms is not expressed; rostrum is four-segmented, often moved'tobase of head;
four-segmented antennae not of identical length, thus the manner of being hidden is
variably expmssed, but, as a rule, the antennae are hidden under the large eyes;
ocelli present. Mid and hind legs are walking, coxae of the legs pagiopod. Lead

a littoral form of life. ' '

Comparison, Representatives of Gelastocoroidea differ from all other Nepomorpha
(except Diaprepocorinae of the Corixidae) in the presence of ocelli and lack of
swimming legs, and also the littoral form of life. 99

Composition. The families Ochteridae and Gelastocoridae are not known in te fossil
state, Living representatives of these families are distributed worldwide in tro-
pical and subtropical areas. The world fauna numbers about 130 species,

Commentss The original form of life of these insects has raised doubts on te possi~
bility of their being placed in the aquatic or in the terrestrial group of bugs.

The form of life in common with representatives of some littoral families (Saldidae,
Leptopodidae and Leotichiidae) and even in some cases the similar external appearance
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led to their being joined with the latter, especially the Saldidae (Westwood, 1840;
Dohrn, 1859).

Thanks to recent morphological studies, the Gelastocoroidea must be considered
conclusively as belonging to the aquatic group of the infraorder Nepomorpha (Pender-
grast, 1957; Matsuda, 1961; Parsons, 1939, 1960, 1962, 1964, 19663 Cobben, 1963).

FAMILY OCHTERIDAE Kirkaldy 1906 F, 66

Description. Body, small, oval, short, flattened out, resemhling Saldidae, which
live in similar biotypes. Insects of dark color, usually bluckevelvety with diffuse
bluish spots on the tegmen and ysllow-orange spots on the margins of the pronotum and
tegmen. Head short; from above along the entire length of the c¢lypeus and the frons
runs -a shallow central fin, eyes large, convex, two simple eyes mom or less set

apart and situated at the base of the head. Rostrum four-segmented, thin, very long,
reaching the 1lth abdominal sternite; antennae four-segmented, first two segments
strangly shortened, last two seguments elongated and thinner. Tegmen divide into
clavus, corium, embolium and membrane: the large pentagonal cells of the latter are
curved toward the inner side; the margin of the membrane has radial grooves. Venation
of the hind wings very similar to that of the Notonectidae and Corixidae., Fore and
mid tarsi are two-segmented, hind three-segmented, basal segment in all three pairs
very small. Two simple claws on the very apex of the tarsus, Male abdominal seg-
ments asymmetrical, beginning with the sixth, but to a much lesser degree than in
Corixidae. Ninth segment is very deformed, twisted, sternite is convex as well,
tergal region narrow, Parameres strongly asymmetrical, left side reduced, simple;
right side, on the other hand, strongly developed and of complicated structure. In
females, the ovipositor is reduced. Structure of female genitalia is similar to that
in Notonectidae,.

Blology. These bugs form a small family of predatory insects which live along the
banks of fresh reservoirs, especially running. Their ecology is still poorly studied.
Some species have a wide geographical distribution. They live in moist zones along
the margins o running water, where they are observed in the sand, buried under rocks,
in sparse vegetation in the river. They move about by very careful and quick springs;
eat small Diptera larvae which live in the pits of sand deposits along the water
(Poisson, 1957), and also various crayfish side-swimmers of the genus Gammarus. They
hibernate in the 4th, 5th nymphal stages and as adults, the emergence of the insects
is observed in early spring. The ezg before laying develops slowly and only two= 100
three eggs are found simultaneously in the oviduct. The eggs are laid in groups of
25-30 onto the surface of various objects: on grains of sand, plant remains, but not
within plants. They develop about two months (Takahashi, 1923; Jaczewslki, 1934;
Schell, 1943; Bobb, 1951), .

" Comparison, Ths family differs from the Gelastocoridae in the considerably longer

rostrum, longer antennae, homonomous legs and velvety body surface, and also the
different position of the more widely set simple eyes on the head.

Conmposition. Two living'generalz Ochterus Latreille is widely distributed in the
south Palearctic, in Ethiopia, Oriental and Nearctic regions; liegochterus Jaczewski
in Australia. About 20 species combined. !

FAMILY GELASTOCORIDAE Kirkaldy 1897 F. 67

Description. Squat, of moderate size (not more than 10 mm), whole body surface rough,
usually knobby-warty, color groylsh. Head in front triangular, pushed into a hollow
between the fore corners of the pronotum; eyes large, reniform, highly convex and

£

T he other described ochterid genus Ocyochterus (Drake et Gomez=Menor, 1954) from the
type specimen Ochterus victor Bolivar from Ecuador, judging from the comparative
characteristics given and tk drawing, can hardly be considered a'Sepanufe genvs.
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projecting dorso=laterally; ocelli usually present. Rostrum four-segmented, thick,
short, reaching fore coxae, Antennae short, fouresegmented, set under the eyes and
hidden betwecen the head and prothorax; the two simple eyes are drawn together and
nore or less far from the hind margin of the head. Pronotum large, slightly wider
than the head, convex. Scutellum usually fairly large, triangular, projecting.
Tegmen with clavus, corium, often with embolium and weakly expressed membrane, often
partly or wholly reduced. Fore legs grasping, mid and hind of walking type. Nymphs
always with simple eyes.

Biology. All species, apparontly, are predatory, since thelr fore legs are grasping.
They catch small insects which live in the same environment with them. Species of
the subfamily Gelastocorinae live in mud silt or sand, along the shores of tributaries,
ponds, lakes, etc, Some species of the subfamily Nerthrinae live in rotten partas of
bananas (Melin, 1929) or on the ground in small groups of dry leaves, and also spend 101
much timeé 6n the ground under rocks (Kevan, Keith, 1942; Todd, 1955). Representatives
of other species are encountered in small, thoroughly warmed reservoirs under rocks,
semi-submerged trees or submorged plants where they crawl in search of prey; nymphs
are encountered together with the imago (La Rivers, 1953) ., Apparently they fly poorly
on what appears to be a partial reduction of the membrane of the hind wings.

They hibernate in the adult state or are active year round, The eggs are laid in
the uppernost layers of sand, their coloring and structure correspond so well with the
surface of the soil that it is very difficult to recognize them. One female lays up
to 200 eggs in a season, from one to 13-14 eggs daily., The development from egg to
imago generally lasts 60=-100 days (Hungerford, 1922).

Comparison., This family differs from the Ochteridae in the strongly shortened rostrum,
the fore tarsi merged with the tibia (in the case of articulation the tarsus is one=
seguented), the more deeply sculptured dorsal body surface, the different position of
the drawn together simple eyes, and also the grayish body coloring immitating the
substirate.

Composition. Two subfamilies: Gelastocorinae Kirkaldy and Nerthrinae Kirkaldy. Not
known in the fossil state, living representatives of these subfamilies are distribu=
ted in the tropical amisubtropical zones of the world.  The world fauna numbers about
100 species,

. Table for Determining Subfamilies of the Famlly Gelastocoridae

1(2) Fore tarsi not fused with tibig, two well developed tarsal claws on apex of
fore legs. Rostrum leaves apex of head, strong and thick, curved below and
backward (f. 68a) . Gelastocorirae

2(l) Fore tarsi fused with tibia; one strong claw on apex of fore legs. Rostrum
leaves from ventral side of head, thinner and directed at first backward
and then forward (f. 68b) Nerthrinae,

SUBFAMILY GELASTOCORINAE Kirkaldy 1897

Description, Bugs with rostrum leaving apex of head, fairly thick and curved backward.
Fore legs with single articulated tarsal segment, which on the apex bears two well
developed claws. Ninth male abdominal sternite completely drawn into a deepem’hg

of the body aminot visible from outside. Male genitalia with hind prgection (fin)
first paramere strongly modified, aedeagus tubular (f. 68B), left paramere small,
simple. Female abdominal segments symmetrical from below (f. 63g)e. 102

Composition, One genus Gelastocoris Kirkaldy and more than 30 speé¢ies which are
distributed in tropical and subtropical zones of the Wester Hemisphere.

[ RN
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SUBFAMILY NERTHRINAE Kirkaldy 1906

Description, BuBs with rostrum leaving from ventral surface of head, modorately
thickened, usually directed forward at the apex. Fore legs with tarsus fused with
tibia, with one well developed strong claw on the apex. Ninth male abdominal ster-
nite clearly visible from the outside. Hind projection of male genitalia weakly
expressed; right paramere strongly developed and folded longitudinally, aedeagus 103
tubular, left paramere missing; female abdominal segments from below symmetrical

or asymmetrical, Very widespread brachypterye.

Composition. One genus Nerthra Say and 75 species, which are distributed in the
tropical and subtropical zreas of the Western and Eastern Hemispheres.

SUPERFAMILY NEPOIDEA LATREILLE 1802

Description. Head prognathous, with well marked anteclypeus. Rostrum four-segmented,
antennae very short, completely hidden, simple eyes missing. Filtering apparatus of
throat consists only of a system of hairs. Fore legs are grasping, fore tarsi long,
fore femora set in front of the prothorax. Tegmen with distinct venation and clearly
separated membrane, often bearing numerous veins., Leg coxae trochalopod or (hind)
paglopod, True aquatic insects which live on the bottom of reservoirs or swim freely.

Comparison. Differ from other superfamilies in the grasping fore legs, clearly
separated anteclypeus, rich wing venation, especially the membrane, and presence. of
a respiratory tube (siphon), and also the drawn apart coxae of the legs of Nepldae.

Composition. Two families: the fossil Nepidae Latreille, known from the Upper

Jurassic, Paleocene and Neocene of Western Europe and North America, fossil Belosto=
matidae Leach from the Upper Jurassic of the Paleocene and Neocene of West Europe;
families widely represented in the living fauna. Over 300 species in the world fauna. .

FAMILY NEPIDAE Latreille 1802 =~ Aquatic Scorpions

Description., Basically large (30-45 mm), rarely of moderate size (15-20 mm) bugs.
Body strongly condensed, from moderately elongated (Nepinae) to baton-like (Ranatri-
nae). Head small, almost horizontal, from above narrower or slightly wider than pro-
notum, often more or less drawn into the prothorax. Eyes most often small, as a rule,
projecting, spherical. Rostrum short or strongly curved, directed forward and sli-
ghtly downward, with rudiments of labial palps; mandibular lever three-branchinge.
Antennae three-segmented, very short, concealed on the lower side of the head under
the eyes, Maxillary glands developed, set at the base of the rostrum. Lateral mar=-
gins of pronotum very strongly turned onto the lower gide. Pleural and sternal regions
of prothorax strongly fused, so that the latter dten has no border with the accreted
lateral margins of the pronotum. Odor glands on the metathorax missing. Trochantin
well developed. Scutellum free, triangular, slightly shorter than claval suture.
Tegmen with partially preserved venation like weak veins, membrane with set of velns,
forming numerous cells., Hind Wings bear traces of an archedictyon. Coxal cavities
are closed, coxae trochalopod, adapted to rotating, widely set apart. Fore legs
grasping, coxae long, directed forward, tibia always thin, tarsi one-segmented, like
a talon., Mid and hind legs walking, tibla and femora thin, linear, tarsi one-segmented,
furnished with a pair of claws. Abdomen weakly widened or not widened, abdominal
sternites divided by longitudinal fissures or folds into central sternites (neso=
sternites) and parasternites, sub-genital plate fairly wide or narrov, Genital segments 10!
symmetrical. Spiracles.on the ventral side of the laterotergites. Surface of head,
pronotum and scutellum strongly sculptured.

Nymphs with two ventro-abdominal grooves, which take in air, which are missing in
adults that have a long caudal siphon, The function of the statlc. organ in nymphs of
pore genera is fulfilled by the short sensory hairs along the laterotergites on the
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ventral side of the abdomen. The difference in the size of the female subgenital
plates in each subfamily of aquatic scorpiions is connectgd with the different manner
of the ovipositing, according to many authors. Thus Larsen (1938) states that the
female of Ranatra makes an incision with the sharp subgenital plate into the living
or already withered plant and in this made cut lays the eggs by means of this samue
plate. Thus, the filaments of the eggs thus remain free. This process of laying is
1llustrated also in Hungerford's work (1920). The wide subgenital plate of the
female of true Nepinae, as many foreign works show (Wiley, 1924; Hoffmann, 1927;
Larsén, 1938), is not adapted to this form of egg laying, and they are laid in a
strongly softened subsirate, like moss, rotting vegetation or silt. The egge at the
micropyles have a variable number of so=called filaments or threads, the number of
which varies from 2 to 8.

Biology. Aquatic scorpions live in standing or moderately current reservolrs, move
slowly along the bottom, sometimes swarm in the silt (Népa) or move about aquatic
plants (Ranatra); they swim very poorly. Predators which lie in wait, they catch
prey in ambush, so that at rest the grasping legs project beyond the head, and the
mid and hind legs are extended along the abdomen;, they can be found in this condition
for a very. long time (reflex of immobility), but on condition that the end of the
respiratory tube is found above the surface of the water, They destroy many roe and
young of fish, Odonata and beetle larvae, and also fall upon the eggs of crayfish and
their young individuals (Sirotinina, 1921, Poisson, 1957). Nepidae hibernate usually
in an aquatic milieu. According to L. V. Puchkova (1962), hibernating in the bottom
silt of non-frozen springs, Nepa cinerea L. were active, had a well developed fatty
body, and 2-4 dozen mature eggs were found in the ovaries of the females. Eggs are
laid either on objects swinming in the water (Nepa) or on the stems or leaves of
plants (Ranatra)., Very characteristic for aquatic scorpions 1s the accumulation
around their bodies of green and diatom water plants, which apparently play a syme
biotic role,

Comparison, 'Nepidae differ from all families first of all in the set apart coxae of
the legs, and also the considerably longer fore coxae; from the family Belostomatidae
in the set apart coxae of all pairs of legs, directed forward fore coxae, and also
the lack of metathoracic odor glands,

Composition, Two superfamilies: Nepinae latreille, Upper Jurassic of West Europe,
Paleocene and Neocene of North America and West Europe and Ranatrinae Douglas and
Scott, which in the fossil state are known only from the Pleistocene of North America.
Ropresentatives of these subfamilies in living fauna number about 200 species, dis=-
tributed in various regions of the world, primarily in the Orient, Ethiopia and
neotropical regions,

Table for Determining Subfamilies of the Family Nepidae

1(2) Body oblong (except strongly elongated Austronepa). Head clearly narrower than
fore margin of pronotum. Pronotum trapezold. Coxae of fore legs short, do not
project beyond fore margin of pronotum. Abdominal parasternites visible,

. ’ Nepinae

2(1) Body strongly elongated (except weakly elongated Curicta). Head wider than 105
fore margin of pronotum or almost as wide. Pronotum long, narrow, Coxae of
fore legs very long, baton-like, come far beyond pronotum. Parasternites fused.

Ranatrinae.

SUBFAMILY NEPINAE Latreille 1802 F. 69

Description. Body oblong-oval, strongly flattened out dorso-ventrally; somp forms
are nore narrdw {Laccotrephes, particularly Curicta), others more wide (Nepa); length
from 15 to 45 mm; head narrower than fore margin of pronotum, noticeably pulled into
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a hollow of its fore margin; surface of coarse sculpturing. Eyes small, do not reach
fore corners of pronotun, ronotun always transverse, particularly in genus Nepa;

fore margin strongly hollowed in the central portion, in the hind third there is a
distinct cross fissure, particularly noticeable in the developed sculpturing on the
surface of the pronctunm; hind corners strongly bumpy, particularly. in the genus Lacco=-
trephes. Scutellum relatively large, usually with rough sculpturing. Plecural region
of prothorax with distinct fissure, which separates it fronm the lateral margins of the
pronotur, Basisternites of mid and metathorax transverse, convex, devoid of any kind
of projections on hind margine. Coxas very widely set apart. Abdonminal parasternites
foirly developed, wide (Nepa, Laccotrephes) or (Curicta) edpes of sternites are situated
at an angle to the central fin, rarely almost straight the entire extent (Curicta);
subgenital plate wide, strongly condensed; respiratory tubes very long (Laccotrephes) 106

or shortened (Nepa, Curicta). Eggs with two terminal filaments (f. 60b),
“7 ot2 Known only

Composition. Nine genera, of which exdy=% in living fauna = Borborophyes Stal, Nepita
Poisson, Nepella Poisson, Paranepa Poisson, Borborophilus Stal, Curicta Stal and Tel=-
matotrephes Stal = distributed basically in tropical and subtropical regions of the
Eastern Hemisphere (except the American genus Curicta Stal); the living genus Lacco=
trephes Stal is known from the Upper Jurassic of West Europe; rerresentatives of the
living genus Nepa Linnaeus are noted in the Paleocene and Neocene of North America

and West Europe. Number about 90 species.
LACCOTREPHES INCERTUS Y. Popov, SD. n.l T¢ 1, Fo 3; Fa 70

Holotype. Coll. Munich Univ., Section of Paleontology and Historical Geology, No.
1964 XXIII 98; direct imprint of insect body; Eichstatt, lithographic shales; Upper
Jurassic, Portland (found by R. First, 1967).

Description. Body fairly strongly elongated (length exceeds width 2.8 times), gradually
narrowing beyond widest part. Head more or less elongated, projects noticeably in
front of eyes, not wider than fore margin of pronotum, Pronotun weakly transverse,
barely wider than its length, noticeably narrowed in front; fore margin strongly in-
dented in central part, hind margin less ipdented, lateral margins straight in first
two~thirds; hind corners widely rounded and barely go beyond the base of the tegmen;
surface of clearly visible sculpturing, hind third noticeably raised and in hind
corners bumpy, Scutellum convex, its length equal to width, 1t is almost 1.5 times
shorter than claval suture., Tegmen come beyond apex of abdomen (not counting the
respiratory tube), venation and membrane weakly expressed on the poorly preserved
body imprint.  Coxae of fore legs do not reach the fore margin of the pronotum,
Femora of fore legs at the base strongly narrowed and have a clear indentation, the
outer margin is straight, the inner convex, gradually narrows toward the apex; length
excoeds width more than four times,

Dimensions., Body length 20 mm (not counting siphon), length of tegmen 18.5 mm, width,
10 nm. .
Comparison. Because of the very poor preservation, it is practically impossible to
make clear distinctions amongst living species. The most distinct differences are

in the form of the body and almost not sculptured surface of the pronotum. Living
speclies are distributed basically in tropical and subtropical regions,

Material. Besides the holotype, there is one more specimen from the same locality

in the Collection of the Munich University. No, 1965 III 21.

SUBFAMILY RANATRINAE Douglas, Scott 1865 Fe 71

Description. Body from long-oval (Austronepini) to baton-like (Ranatra); semie
c¢ylindrical, Head considerably wider (Ranatra) or almost of same width as fore
margin of pronotum (Austronopa); its surface, as a rule, has a more or less smoothed
ffulpturing, except Austronepa, Numbers more than 100 species.

“From the Latin word incertus = unclear.
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Eyos large, ucually noticeably project beyond fore corners of pronotum, Pronotun
slightly longer than its width, especially in genus Banatra, fore margin indented.
Scutellum very small, slightly shorter than claval suture, Pleural region of pro=
thorax completely or almost completely fused with lateral marging of pronoturi, Hind
basisternite with central projection between hind coxae, except genus Austronera,
which has an indented hind margin. Coxae are not very widely set apart, the distance
between them does not exceed their width; fore tibia with incomplete filssure along
fore margin., Abdominal parasternite wholly taken within and not visible from above;
bordors of sternites very straight the entire extent; sixth sternite almost as long
as the preceding ones; subgenital plate of female flattened out laterally into a
fin-shaped proje¢tion. Eggs have from 5 to 17 terminal filaments, distributed around
the micropyles (f. 60b). '

Composition, Four genera in living fauna = Ranatra Fabricius, Cercotmetus Amyot et
Serville, Amphischizops Montandon and Austronepa Menke et Stange; in the fossil state
representatives of the genus Ranatra are known from the Pleistocene of the USA.

FAMILY BELOSTOMATIDAE Leach 1815 « Belostomids

Description. Of medium (10=15 mm) or large (30-70 mm) size, sometimes glgantic dimene
sions for bugs (110 mm); dorso-ventrally tlattened; from above fairly smooth. Head
transverse, triangular, prognathous; eyes large, reaching the fore corners of the
pronotum; ocelli missing; rostrum four-segmented, strongly curved; antennae usually
four-segmented, rarely three or even two=segmented, wholly concealed in pits under
the eyes, of very diversified form, particularly the gecond and third segments due
to features of the lateral projections. Pronotum trapezoid, divided by a transverse
fissure into fore and hind sectors; the fore sector has two large indentations at the
base; the fore margin is weakly curved. Scutellum is large, triangular, almost equal
or equal in length to the claval suture., Tegmen with rich venation, sometimes ldile
a thick set of an archedictyon (Abedus), fore mrgin often slightly plate-like widened,
membrane with a row of parallel veins, odor glands on-metathorax present.

leg coxae are drawn together, fore coxae are directed backward; fore legs grasping,
usually the tibia and tarsus fold into a groove on the inner side of the femur or are
Hattened. and edged by bundles of hairs and setae (f. 46B); fore tarsli are two~ or
three-segmented, furnished with two claws; mid and hind legs of similar structure,
tibla and tarsi flottened and covered with a brush of thick swimming hairs; tarsli are
furnished with two claws. The laterotergites of the abdomen occupy a considerable
portion of the ventral side and are covered with long, silky, raised hairs; the female
genital plate is smooth on the apex, bears one or two bundles of stylets, the apex
ig widely rounded or insignificantly indented; the eighth segment bears a pair of
long, ddattened chitinized projections, which form the respiratory tube. Fanily
numbers about 140 species. ‘

Biology. The preferred place of habitation of thé Belostomatidae, for example the

‘cosmopolitan genus Lethocerus Hayr, is fresh water of ponds or lakes, which contain

a diverse aquatic vegetation; however, they are rarely found in channels or brooks
(Menke, 1963). They are also common in marine waters of the ocean shores in deltas of
alluvial rivers. According to the observations of a number of authors (Karny, 1834; 108
Dimmock, 1887; Heymons, 1915; Hungerford, 1919; Wilson, 1958), belostomids often fall
upon animals much larger then themselves - fish, frogs, tritons, salamanders, aquatic
serpents, and even once a woodpecker, and also on smaller objects. Thus, these bugs
can be one of ‘the basic predators in fish farms. When it bites, the large Lethocerus
apparently exudes a strong toxin to paralyze a prey which exceeds it in sizes Some
belostomids, for example, Limnogoton fieberl Mayr, are particularly selective in the
choice of proy, feeding exclusively on melluscs, and in this respect are significant
in the blological struggle with molluscs - intermediate hosts of the Schistosomatidae,

Trematodes (Voelker, 1966).

[ ———)
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In the little l:novm work of Buresch (1940), also Schumacher (1917), it is noted
that Lethocerus cordofznus Mayr lives both in sea water along the entire Dalmatian
shore of the Adriatic Sea and is often found on wharfs, and in wealtly salt lakes
(Ochridsk, Nezlobinsl). Adults and nymphs actively propagate and flourish in sea
vater on the Dalmatian Coast, attaining maximal number in June,

Egos are laid in masses on the stems of aquatic vegetation, According to Rankin
(1935), Lethocerus americanus (Leidy) takes somewhat more than a month to develop
from the egg to an adult, Sometimes the eggs (up to 150) are laid directly on the
dorsal surface of the male body (Junqua, 1955).

Belostonmatidae winter under ice in the water (Hungerford, 1920) or on the botton,
buried in the silt (Vilson, 1958). They fly well from birth, sometimes in large
numbers, particularly Lethocerus griseus (Say) and L. uhleri (Mont.) (Menke, 1963).

'Flights of some Belostomatidae (Lethocerus cordefanus Mayr, Diplonychus severinii

Latr,) are connected partially with the distribution of sediments in period of rain,

or even yet with phases of the mnoon,. - ’
osterierly

Comparison., Differ from Nepidae in the pushed together leg coxae,Adirected behimd

$e fore coxae and character of venation. .

Composition, Four subfamilies: Stygeonepinae sybfam, nov, from the Upper Jurassic

of West Europe; Lethocerinae Lauck et Menke from the Mesozoic and Cainozoic of West
Europe and the Cainozoic of Asian USSR; living representatives are distributed world=
wide; Belostomatinae Leach from the Mesozolc of West Eurove, living are distributed
in the Vestern Hemisphere; Horvathiniinae Lauck et Menke are known only from South
America,

Table for Determining Subfamilies of the Family Belostomatidae

1(2) Hind tibia and tarsi unusually strongly £lottened and widened like a paddle;
hind ‘femora strongly shortened; mid and hind tibia and tarsi without svinming
hairs; venation strongly reduced. Stygeonepinae

2(1) Hind tibia and tarsi more or less cylindrical, with small condensed rib the
entire length from the outside; hind femora almost as long as tibia; rich wing

venation, .
3(4) Abdominal sternites not divided by a fold; spiracles.: distributed in central
portion of laterotergites. Belosgtonatinae

4(3) V=VI abdominal sternites laterally divided by a fold; spirarbes: situated
near or on border of ventral parts of laterotergites.

5(6) The fold, ventrally delimiting the laterotergites, comes to the apex of the
genital plate; second and third antennal segments with fingershaped projections;

C fore tarsi three-segmented with one strongly developed claw. Lethocerinae

6(5) TFold of laterotergites comes to basal corner of gonital plate; second antennal
segment strongly widened and flattened.; third seguent large, dorsally +lattened;
fore tarsi one-segmented, with reduced claws, ’ " Norvathiniinae

- )
SUBFAMILY LETHOCERINAE Lauck et Menke 1961 , E;yﬁ%¢”°f‘"bock

Description, Here belong the largest representatives of the family (up to 110 mm).
Antennae four~segmented, 2nd=4th segments with finger=-shaped projections, fourth
with two small projections (f. 3la)., Fore tarsi three-segmented with one strongly
developed claw (f. 72a); hind tibia and tarsus strongly flattened and widoned,
paddle~shaped; IV-VI sternites of abdomen divided into central portion and para=
stornites by a weak fissure~like fold which begins at the basal corner of tho genital
prlate (f, 72e); central portion fin-ghaped; spiracles situated below at border of
laterotergites; projections of eighth gegment, which forms an air duct, fairly
elongated, closely contiguous'by its lateral margins, which are bordered by dense
and long hairs, Ventral divorticulum and eedeagus of phallus of males aro divided
(r, 721).

109

[P




6@ 109

Comparison., Differ from Belostomatinae in presence of a longitudinal fold which
from below separates the parasternites from the central portion of the abdomen, and
also the different position of the ispjratles on them; from Horvathiniinae, they
differ in the differcent position of the ventral fold of the laterotergites, form of
antennae and divided position of the diverticulum and aedeagus; besides, differ from
both subfamilies in the more condensed and widened tibia and tarsi and the structure

of the tarsi of the mid and hind legs.

Composition, Mesobelostomum Handlirsch from the Uppor Jurassic of the FRG, extinct
representatives of Lethocerus Mayr from the Upper Jurassic, Oligocene and Miocene of
the FRG, Oligo=-liiocene of Czechoslovakia 'and Oligocene of Asiatic USSR; and one living
genus Benacus Stal from South and Central America; representatives of living fauna
(fewer than 25 species) are widely distributed in &ll zoogeographic regions of tropical
and subtropical zones,

GENUS MESOBELOSTOMUM Haase 1890

Scarabaeides: Germar,1830, p. 21; Giebel, 1856, p. 360; Quenstedt, 1867, p, 573;
Weyenbergh, 1873, p., 239; Scudder, 1885, p. 782,

Belostoma: Hagen, 1862, p. 110, 113; Quenstedt, 1867, v, 373; Weyenbergh, 1869, p. 268;
Assman, 1877, p. 192; Deichm8ller, 1886, p. 61; Oppenheim, 1888, p. 233; Meunier, 1896,
Pe 93,

Belostomum: Weyenbergh, 1869, p. 268, .

- Mesobelosomum: Haase, 1890, p. 20; Handlirsch, 1906, p. 637; Handlirsch, 1925, p. 210;
Carpenter, 1932, p, 119; Statz, 1950, p. 77; Kirichenko, 1951, p. 5i; Kthn, 1961,
Pe 26, 30; 1963, Poe 19- : ’

Genotype: M. deperditum (Germ.); Upper Jurassic, lithographic shales, Eichstatt,
Solnhofen, Schernfeld, FRG. ,

Description. Large, 50-55 mm, Head from above elongated; eyes apparently large.
Pronotum strongly narrowed to fore margin, transverse, its width less than twice more
than length, lateral margins indented, fore margin of fold curved., Coxae of fore
pair of legs reach fore margin of pronotum; legs almost of same length, shorter than
hind; tibia of mid and hind legs strongly ¥latrened along entire outer margin like a
rib; first segment of hind tarsus larger than second, claws almost straight, weakly
curved their entire length., Scutellum in length almost equal to claval suture. Tege
men reach end of abdomen; veins R and RS fused their entire length into a single
branching vein; M and Cu in distal rortion of wing strongly branch like many parallel
veins. Abdomen from below with central fin which does not reach apex.

Comparison. Mesobelostomum Handlirsch is well differentiated from the living genus 111
Lethocerus Mayr in the weakly #lattened tibia and tarsi of the hind legs, considerably
set apart basic veins R, RS apd M, moved away from the fore margin of the tegmen, and
also the membrane being not expressed and devoid of venation.

Specific Composition, Monqtypic genus, .
MESOBELOSTOMUM DEPERDITUM (Germar 1839) T. II, F8, 1=3; F. 73

Scarabaeldes deperditus: Germar, 1839, p. 218; Table 23, f. 17; Giebel, 1856, p. 360;
Quenstedt, 1867, p. 373, Table 35, f. 5; Weyenbergh, 18?73, p. 239; Scudder, 1885,
p. 782, £, 994, :
Belostomum hartingi: Weyenbergh, 1869, p. 268, f. 35, f. 20,
Hydrophilus deperditus: Weyenbergh, 1874, p. 83,
Belostoma deperditum: Assman, 1877, p. 192; Deichmiller, 1886, p. 61, Table 5,
fs. 1-3; Oppenhoim, 1888, p. 233, Table 31, f. 3; Meunier, 1896, p. 93.
Mesobelostomum deperditum: Haase, 1890, p. 20, f. 8; Handlirsch, 1906, p. 637,
Table 41, fs, 22-25; Handlirsch, 1925, p. 2120, f. 191; Carpenter, 1932, p. 1193
Statz, 1950, p. ?77; Kithn, 1961, p. 30; 1963, Table 43, £, 6.
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Holotype. Colle. of Munich University, Section of Paleontology and Historical Geology,
No. AS VII 43; direct imprint of body of insect; Solnhofen, FRG, lithographic shales,
Upper Jurassic, Kimeridge-Titon.

Descrivtion. Body elongated, slightly widening in back. Head at base of same width
as fore margin of pronotum. Width of pronotum 1l.7-1.9 times more than its length, 112
lateral margins in central part slightly indented, fore margin almost twice narrower
than hind; surface of pronotum weakly knobby. Tegmen with straight outer margin, R
and RS fused into a single vein, slightly not reaching wing apex. M reaches wing apex
where it sends a row of small parallel branches, runs along the inner wing margln and,
in the distal part, dividing into a great number of small parallel branches, forms,
together with the branches of M, a comnmon distal set of veins; anal veins missing on
clavus. Scutellum smooth, transversely triangular, on apex moderately sharpened, its
-widthvexceeds length almost 1.5 times. Meso= and metathorax with longitudinal central
suture, most distinct at the base, in the metathorax the postepisternum and furka=
sternite are fused into a single sclerite and are separated by a cross suture from

the basal sternal-pleural region. The trochanters of the legs are articulated to the
femora on the outer side, femora of fore legs notlceably narrowed toward the apex,
tibia- linear; femora of mid and hind pair of legs are narrowed from the bases, slightly
widened at the apex; mid tibia almost not widened toward the apex; hind tibia notice=-
ably widened toward apex due to strongly developed outer rib-like condensation, higher
at the apex; first segment of hind tarsi more than 1,5 times longer than second.
Abdomen flat, its length exceeds width more than 1.5 times; central sector, delimited
by a central fissure, is slightly raised roof-shaped; borders between first abdominal
segments straight, beginning with fourth segment angular; respiratory tube, consisting
of two folds, comes past apex of abdomen for half its length.

Dimensions, Body length 54 mm, tegmen length 41 mm, width 20 mm. .

Material. Besides holotype, Oppenheim?s originals from the Collection of the Munich
University were examined: AS I 583 and three more specimens from the Upper Jurassic =
1961 III 100 Eichstatt, 1964 XXIII 52 and 1964 XXIII 53 from Schernfeld; three more
specimens from Solnhofen were studied from the collection of the British Museun =

In. 44429, In. L4431, and In, 44297, and also two specimens from the Museum of Natural
History in Vienna - No. Mo 2-19 and No. 1319, Carpenter (1932) discusses the presence
of eleven more specimens (Nos. 3843; 3845; 5150; 5151; 5152; 5153; 5154; 5155; 51563
5210; 1219), preserved in the Carnegia Museum and 19 specimens in the Museum of Com-
parative Zoology.

GENUS LETHOCERUS Mayr 1853
Lethocerus: Mayr, 1853, y. 171.

Genotype. L. cordofanus Mayr 1853; living species, distributed in Ethiopia and in
the southwest Palearctlc reglon.

Description., Large, reaching 40~110 mm., Head from above convex, part of the head in
front of the eyes fairly developed, clearly shorter than syntlipsis; syntlipsis from
narrow to wide, convex; i €Y€S longer than wide, outer margin noticeably convex, hind
lateral corners widely rounded; rostrum relatively short and strong, first segment
approximately as thick as long and comprises half the length of the second segment;
second segment almost 3/4 length of third segment; antennae with unevenly developed
segments, 2nd=4th with lateral projections. Side margins of pronotum slightly or
distinctly convex, fore margin one half smaller than hind margin; transverse fissure 113
distinct, large and slightly constrained. Legs Jagiry: or naked; fore fecmora evenly
or slightly widened, bear two grooves for enclosing the lower surface of the tibia;

“All synonyms of this genus are given in Lauck, Menke (1961, p. 647). The description
of the genus Lethocerus Mayr is taken from this work, :

s\/n-f-),t;s;g = inferocvivs of Lauek + ManKe 1961
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fore tibla and tarsus are squeezed dorsally and/;aterally; fore tarsus three=segmented.
First segment very small, to some degrqo{@yséd} but visible from below; second seg-
ment short, shorter than third; rectangular or rhomboid; third segment ends in a

single, large well developed claw (f. 72a)e Clavus with a thin set of veins; corium
with strongly anastomized, longitudinal veins; membrane of tegmen large, with numerous
branching veins, which form numerous elongated cells.Pubescence: of the laterotergites
of the abdomen as in F. 72e. Abdominal sternites evenly covered with short, little
talons; female genital plate with two bundles of stylets on apex, apex usually indented.

Comparison. Lethocerus Mayr is well differentiated from the Mesozoic genus Mesobelo=
stomum Handl. by the tlot¥ened hind tibia and tarsi, and also the ~venation of the
tegmen, .

Specific Composition.’ This cosmopolitan genus of circumtropical type of dissemination
numbers about 30 species, a large part of which (18 species) 1s dispersed in the
Westorn Hemisphere. Five species are known in the fossil state, of which two species
are from the Neocene of West Europe and three species from the Neocene of West Europe

and West Siberia. )
LETHOCERUS TURGAICUS Y. Popov, 8pe n.1 7, 111, Fo 2, Fo 74

Holotype. PIN No. 1096/9; reverse imprint of fore right leg; West Siberia, Omsk Region,

left bank of Abrosimovk River (tributary of Irtysh), village of Ekaterineslav, 10-12
km from tie city of Tara; Miocene. -

Description. Femur strongly developed, narrows noticeably at apex, length exceeds
width 2.5 times; apical inner corner well developed and projects strongly like a
widely rounded projection, apical outer corner weakly developed, indentation between
these corners distinct, base of femur from outside very convex and widely rounded,
Tibia weakly curved, more or leas narrow, lies flat, almost fused with tarsus, second
segment almost three times shorter than third, claw straight, not curved. Ratio of
length of femur, tibia and tarsus 50:37:15. :

Dimensions. Length of femur 12 mm, tibia end tarsi 12.5 mm.

Comparison, Well differentiated from all living species in the strongly developed
inner corner of the fore femur, from the Oligocene L. sulcifemoralis Riha et Kulzalova
in the wider femur and its apex, and also the more curved and narrow tibia with out-

ward directed claw (f. 74).

Distribution. Miocene of West Siberia.
Material., Holotype.

SUBFAMILY HORVATHINIINAE Lauck, Menke 1961

Description, Of medium size; body elliptical. Antennae four-segmented, with differ-
ently constructed segments; first segment short; thickened, second segment fairly
long, strongly condensed ventrally, with finger-shaped projection on dorsal side, 114
third segment short, with strongly set apart flattened dorsally blade-like projection,
fourth segment short, elongated dorso-ventrally (f. 31b)., Fore tarsi two-segmented,
thelr segments fused with two strongly reduced claws; hind tibia and tarsi flatt+ened,
angular, slightly widened, abdominal segments divided below into a central sector

and aparasternites by a shallow fold like a fissure, which comes to the basal corner
of the genital plate; aeraﬁl&SJare located from below near the edges of the ventral
parts of the laterotergites; projections of the eighth segment pulled apamt, short;
ventral diverticulum and aedeagus of phallfis fused (f. 72).

'

Comparison, Differs from Belostomatinae in the presence of a fold which from below
divides the parasternites from'the central sector of the abdomen, and also the dif=-
ferent arrangement of the'pgph&xc{es: on them; from Lethocerinae in the position of

“From the paleofloristic name "turgai flora',
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the ventral fold of the laterotergites, form of antennae and fused diverticulun and
aedeagus. In a number of characters, it occupies an internediary position between
the two other subfamilies; segmentation of abdominal sternites as in Lethocerinae.

Numbers nine species,
Composition. One living genus Horvathinia Mont. from South and Central America.

SUBFAMILY BELOSTOMATINAE Leach 1815 F. 75

Description. Of medium size, rarely large:. Antennae 2-4 segmented, with finger-
shaped projections on second and third segments, fourth segment finger-shaped (f, 31 115
B~i). Tibia and tarsi of mid and hind legs of same form, {lattened, angular, slightly

widened; fore tarsi one-three segmented, with two claws, which sometimes are accreted

(fs 72B=d), Longitudinal fold of abdominal sternites ends at basal corners of genital
plate (f. 72z); projections of elghth segment usually set arart, in most primitive
genera are contiguous; ventral diverticulum and aedeagus of phallus fused,

Comparison. Differs from the two preceding gubfamilies in the lack of a fold on the
abdominal sternites and central position of the ;sfiu11c(eﬁ on the laterotergites.
Apparently, a somewhat more specialized group than the Lethocerinae; the aedeagus
and ventral diverticulum of the phallus are fused, the abdominal sternites are not
differentiated, the abdominal projections of the respiratory tube do not form an air

.duct. Besides, the famales often lay eggs on the back of males, which also is consi=

dered a manifestation of specialization., The most primitive group, standing at the
base of the phylogenetic stem of this subfamily, is considered to be the African genus
ILimnogeton, with weakly developed grasping fore legs and swimming mid and hind termi-
nalia, three-segmented tarsi with two identically developed claws and falrly long
projections of the air tube on the apex of the abdomen,

Composition. One genus Mesonepa Handlirsch from the Upper Jurasseic of West Germany,

and also five genera in living fauna - Limnogeton Mayr, Hydrocyrius Spin., Sphaero- 116
dema Lap,, Belostoma lLatr., and Abedus Stal, which are not known for certain in the
fossil state; distributed in Neotropical, Nearctic, Ethiopian, Oriental, and southern
areas of the Palearctic Regions. Number more than 100 species. '

GENUS MESONEPA Handlirsch 1906 .

Nepa: .Germar, 1839, p. 206; Giebel, 1856, p. 370; Hagen, 1862, p. 111, 113; Weyen=
bergh, 1869, p. 273; Assman, 1877, p. 192; Scudder, 1885, p. 782; Deichmiiller, 1886,
p. 60; Oppenheim, 1888, p. 234; Meunier,. 1898, Table 20, fs. 59, 61.

Mesonepa: Handlirsch, 1906, p. 637; Handlirsch, 1925, p. 210; Kihn, 1961, p. 26, 30;
Carpenter, 1932, p. 120,

‘Gonotypes Nepa primordialis (Germ.); Upper Jurassic, lithographic shales, Solnhofen,

FRG,

Description. Body length 24-30 cm. Head from above weakly elongated, width exceeds
longth twice, sintlipsis not more than diameter of eyess Pronotum strongly trans-
verse, fore and hind margins indented,and lateral margin ;indenied.inonteriar. half; in

front weakly narrowed. Lateral sides of scutellum not straight. Tegmen come beyond
the apex of the abdomen; between the veins M and Cu are weak cross veins; border of
corium with the membrane almost stralght. Coxae of fore legs reach base of head,
tibia of fore legs together with one-segmented tarsus shorter than femora, mid femora
slightly thicker than hind, hind tibia slightly longer than hind femora. Short
respiratory tubes do not project beyond apex of tegmen.

Comparison. Very similar to living genus Belostoma Latreille in structure of strongly
developed grasping fore legs, head, pronotum and tegmen. However, the one~cegmented
tarsus, weakly developed inner projection on apex of femur, costal margin of tegmen,
which reached the membrane, and finally, the comparatively large membrane permit
differentiating Mesonepa Handlirsch from the compared living genus.




Specific composition. Besides the type, one other spccies is known from kichsbatt,
M. minor Handlirsch, 1906.

MESOMNEPA PRINORDIALIS (Germar, 1939) T, 1, Fo 4, Fo 76

Nepa primordialis: Germar, 1839, p. 206, Table 22, £. 7; Giobol, 1856, ze 3Y0;
Hagon, 1862, p. 11, 113; Veyenbergh, 1869, p. 273, Table 35, fo 223 Assean, 1877,
p. 192; Scudder, 1885, p. 782; Deichmliller, 1886, p. €0, Table 5, f. 5; Oppenhein,
1888, p. 234, Table 31, f, 11; Meunier, 1898, Table 20, fs. 59, 61.

Mesonepa primordialis: Handlirsch, 1906, p. 637, Table 41, f. 20; Handlirsch,
1925, pe 210; Carpenter, 1932, p. 120; Kuhn, 1961, p. 210.
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Holotype. Collection of Munich University, Section of Paleontology and listorical
Geology. No. AS VII 349; direct imprint of insect body. Solnhofen FRG, lithogravhic
shales, Upper Jurassic, Kimeridge-Titon.,

Description.\ Body elongated, its length 2.5 times exceeds width, widening at center,
later. again nariowing toward apex. Head almost as wide &s fore margin of pronotum,
eyes convex, sintlipsis slightly less than diameter of eyes. Pronotum trapezoid, in=-
significantly narrowed to fore margin; width twice greater than length; fore margin
weakly indented, hind strongly concave, lateral margins noticeably indented at fore
corners; fore half, separated by a transverse fissure, is more than twice longer than
hind; on hind half along central line runs. a distinct longitudinal rib, continuing 117
partly also onto the fore half; along central line are two low longitudinal knobs.
Scutellum with wavy lateral sides, its fore margin convex along the entire line; sur-
face uneven, with four knobs of round form along central line, hind pair of knobs

more elongated. Tegmen with costal margin reaching the membrane, forming C, Sc and R;
the isolated RS reaches the membrane; M is slightly curved at the base, at the apical
sector fused with the slantlng cross veins which come from Cu; Cu straight, also )
reaching membrane; weak cross veins are found in the distal part of the tegmen and -

are located almost at equal distances from each other, Trochanters of legs are attached
to femora on the outer side; femoraof fore pair of legs dremaximally thickened in their
central portion, at apex sharply narrowed and at the very apex indented, their outer
sides straight with distinct fisseure along them, the inner sides strongly curved;
length of femur exceeds width more than four tires; fore tibia sabre-like curved along
‘entire length, gradually thin toward the ayex and end in a one-segmented tarsus like

an almost straight claw. . Apices of hind and rarticularly of mid femora are directly
truncated, with the inner side indented, Tibia fairly' thin, with a central fissure
along the entire length, slightly narrowing toward the base, First segment of hind
tarsus 3.5 times shorter than tibia.

116

Dimensions., Length of body 30 mm, length of tegmen 22 mm, width 13 mm, 118 ﬁ

Comments, Thanks to the kindness of Dr. R. Frster, who sent the type and basic
originals, 1t was finally possible to definitively unravel (except M. minor, described
by Handlirsch in 1906) the complicated and confused synonymy of this species. Oppone
heim's beautifully preserved original (AS VI 9) turns out really to belong to this
species. As Germar explained in studying the type specimen, Gryllites dubius Germ.
(A5 VII 42), synonymized by Handlirsch (1906) with M, primordialis Germ,, should be
placed in the Homoptera, evidently (Homoptera inc. sedis) in the Cicadellidea. Quen=
stedt (1852) put Scaraebeides deperdites Germ. in the family Nepidae, but he later
tried to correct this error and already in the following work (1867) put it in the
family Belostomatidae, as also all other authors of that time. Handlirsch (1906)
established the new genus Mesonepa and, on Deichmiiller's drawing (1886), separated

a second species, M, minar Handl, the type specimen of which, unfortunately, is
‘missing in the material from West Furope which I studied, The final explanation of
the status of this species is deferred until a study is made of the type specimen,

It is most probable that M. minor Handl. is a Junior synonym of M, primordialis (Germ).

Material, Besides the holotype, there is one more imprint of a body from the same
locality as Oppenheim's original (1888).

SUBFAMILY STYGEONEPINAE Y, Popov, Subfam, -Nov,

Description. Large, condensed insects, of not less than 30 mm length. Head with
small eyes. Pronotum transverse, trapezoid, with concave hind margin and without
transverse fissure, Scutellum large, transveraely-triahgular, considerably shortor
than claval suture, Tegmen strongly chitinized, with traces of unclear venation,
membrane weakly expressed; costal margin ovenly thickoned along entire length.
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Coxae of legs set apart, diected backward; fore valr of legs of grasping type with
strongly developed femora, thin tibia and one=-segmented tarsus; mid and hind femora
thin; hind tibia with tooth on outer margin, like tarsus strongly $La+h3ned4 like a
wide paddle; tibia and tarsi devoid of swinming hairs., Abdoren with strongly de=-
veloped laterotergites, mid portion raised, with central fin almost its whole length;-
respiratory tubes present. Apparently, lived by a sea lagune and river estuaries,

Conparison, The described new subfamily is very close to the living family Belosto=
matidae in structure and form of scutellum, tegmen (particularly in the long clavus}
and fore legs., Together with these, the clavus and the strongly sculptured pronotum
resemble those in the real aquatic scorpions - Nepidae; however, in Stygeonepinae, the
pronotum is more trnsverse and the scutellum is larger. Stygeonepa is one of the

most specialized forms of aquatic bugs known up to now; the hind legs are widened

into a fan with wide lobes, which form the short and wide tibia and strongly widened
one-segmented tarsus; femora of fore legs moderately thickened with very thin,
slightly curved tibia.

Composition. One genue = Stygeonepa, gen. nove.

GENUS STYGEONEPA Y. Popov, gene nove 119

Genotype. S. foersteri sp.nov., Upper Jurassic, Portland, lithographic shales, Solne
hofen, FRG. ' )
Description., Body elongated-oval, slightly widened behind; length slightly more than
twice exceeds width, Head transverse, Pronotum considerably narrowed in front, fore
margin curved; its width slightly more than twice greater than length. Tegmen with
remains of veins R+M and Cu; anal vein preserved on clavus; thickened costal margin
runs beyond membrane; claval suture twice longer than scutellum; border of corium and
membrane barely visible, Coxae of fore pair of legs reach hind margin of pronotunm;
trochanters large, attached to base of femur along central line; femora long, their
width almost seven times less than length, with fissure along inner margin; tibia
shorter than femur; mid and hind femora almost of same thickness, mid tibia thin,
linear, hind short, wide, with projection on apex; tarsi very wide, equal in length
to femora and almost twlce longer than tibia. Abdomen very wide, its length almost
equal to width; laterosternites slightly wider than mesosternites; respiratory tube
long. .

Specific composition, Monotypic genus.
STYGEONEPA FOERSTERI Y. Popov, Ep. nov.2 T, III, Fe 1, Fo 77

Holotype. Collection Munich University, Department of Paleontology and Historical
Geology, No. 1952/183, direct and reverse specimens of body of insect; Langenaltheim,
FRG, lithographic shales, Upper Jurassic, Kimeridge~Titon.

Description. Elongated body gradually widening in back, widest at level of third
abdominal segment; its length exceeds width 2.3 times. Head, apparently, not wider
or barely wider than fore margin of pronotum; eyes of medium size. Lateral margins
of pronotum weakly convex, almost straight; disc in central portion with uneven
elevation, Scutellum more or less convex, its width exceeds length 1.2 times. Apex
of tegmen widely rounded, Costal margin of tegmen thickened like a low thin cyline
der, which almost reaches the apex; veins R and.M fused their entire length, fused

. at the base with Cu, scarcely reach the border of the membrane; membrane is large
and almost devoid of veins; anal veins like a very thin line, insignificantly curved
and parallel to the outer side of the clavus., Yore legs are fairly long, slightly
set apart; trochanters are linear; femora weakly thickened, elongated, their length

~ From the Greek word styx = name of a mythical river, and the name of the genus Nepa.
Named for the German zoologist R, Frster, who found this specimen,




,_\ﬂurn
bhnry“x
" C,_,rm.'t\ﬁ

67
ey 119
exceeds width 7.2 times; outer margin strairht, inner weally convex, ancx rounded,

a weak fissure runs along the outer margin almost the entire length; tibia rcla=-
tively thin, curved, gradually narrowing toward apex. lid legs thin and long.

Hind femora weakly thickened, their length exceeds width 6.5 times; tibia very

short, strongly condensod, cone-=like, widening toward apex, apex transversely irun-’
cated, with blunt mid tooth and small indentation from inner side, at apex their
length exceeds width only 2.2 times. Outer side of tibia with longitudinal rib,
strongly widened; tarsus strongly widened, 2.3 times longer than tibia, its outer
surface weakly convex. Abdomen with fairly flat laterosternites and roof-shaped 121.
convex mesosternites like a single lo"gitudlnal elevation, which reaches the anal
plate; respiratory tube comes far beyond apex of abdomen,

Dimensions. Length of body 31 mm; length of tegmen 20 mm; width_u.a mm,

Comments. This species is one of the most specialized forms among real aquatic Hee
teroptera. The analogous transformzation of the hind legs into real rowing oars
because of the maximal widening and . flaftening of the tibia and tarsus occurs only

in a few other groups of arthropods. In the class of insects, in the fossil larvae
of 'aquatic beetles of the family Coptoclavidae Ponomarenko, on account of the widened
tibia and tarsus, the mid and hind legs are truly natatory; in the class of score
plonomorphs, In aquatic helicerids of the Order Eurypterida, the sixth pair of ter-
minalla is natatory,,its two last segments are widened and form the so~calldd oar=
lobes or paddles. The hind coxae in many aquatic bugs and beetles are strongly

‘developed and immobile, often furnished with a small projection which delimits the

movenent of the swimming leg to one plane. In the given revresentative, there is
also one projection on the apex of the tibia, fixing the tarsus of the hind leg
in one plane with the tibia. Judging from the unusually strongly developed oare
shaped legs and the drop-~like body form, our species was an active, quickeswinming
predator,

Material. Holotype (found by R. F¥rster in 1965). No! AC always vnfused o
] Fa Y ode Mm.c.t’
SUPERFAMILY CORIXOIDEA Leach, 1815 . in Corixeded

Description, Head hypo~ or opistognathus, with well designated anteclypeus in some
fossil forms (Shurabella) or anteclypeus completely fused with neighboring sclerites,
Rostrum strongly shortened, antennae short, completéiy"hldden. Filtering apparatus
of throat complicated or consists of a system of lnobs, setae and hairs. Fore legs
not granping, hind natatory. Tegmen with strongly reduced venation, membrane devoid
of veins or has disappeared, Coxae of legs pagiopod. Last segments of abdomen very
strong1y~ﬂaf+ered o« In-living forms a stridulating apparatus is always developed,
Nymphs have odor glands on the abdominal tergites. True aquatic insects, basically,
algo- or detritophagous, rarely predators or phytozoophags.

Comparison. Differ from other superfamilies of the Nepomorpha in the rostrun hidden
under the overgrown labrum, the most complicatedly constructed filtering apparatus,
the strongly +lattened last abdominal segments, the stridulating apparatus, and also
the presence in nymohs 0f abdominal odor glands.

Composition, Two families: Shurabellidae, Lower Jurassic of Central Asia; Corixidae,
Upper Jurassic of Kazakhstan, Lower Cretaceous of East Siberia, Paleocene and Neocene
of North America, West Europe and Centrni Asigi in living fauna distributed worldwide,

FAMILY SHURABELLIDAE Y, Popov, Fam. Nov.

Description. Relatively small insects with condensed body, not more than 6 mm long.
Pronotun transverse, with clearly expressed sculpture. Head with traces of isolated

clypeus, eyes large. Scutellum triangular, somewhat shorter than claval suture.
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Tegmen strongly sclerotized, fore margin widened plate=lilke; venation strengly

strongly reduced, having only remains of Sc, R and M; membrane sclerotized and

fused with clavus, Hind legs long, thin; one~segmented tarsus covered with swimsing
4

hairs, In nympha, there are abdorminal glands on the third, fourth and fifth terzites. |

Comparison. Differs from Corixidae in the clypeus being clearly separated frcm the ;ﬁi%

frons and qerae, presence of riblets on the pronotum, leaf-like widened tegmen and: ¢ ,.0
cone=like elongated eighth tergite, and also comparatively not condensed hind legs. w .
Together with this, the form of the head and pronotum, the character of the tegmen Cerrnda
and the presence in the nymphs of abdominal glands permits drawing representatives M.
of the fossil family Shurabellidae close to the true living Corixidae.

Composition, One monotypic genus = Shurabella B.,~M. from the Lower Jurassic of
Central Asia, '

GENUS SHURABELLA Becker-Migdisova 1949

Shurabella: Becker-Migdisova, 1949, p. 28-29; BeckereMigdisova, Popov, 1962, p. 225.
Coleopteropsis: Becker=Migdisova, 1949, p. 29; Becker-Migdisova, Popov, 1962, p, 226,
syn. nov,

Genotype. Shurabella lepyroniopsis B.~M.; Liassic, Shuradb III, Oshsk Region, Kirghiz.

‘Description. Body small, 5«6 mm, oval, ,convex from above, with small pitting, Head

transverse, eyes contiguous on thelr inner sides with the clypeus; hind margin of

head between eyes 1s raised like a rib. Pronotum almost three times wider than its
length, smooth, with two longitudinal central ribs, which do not reach the hind margin;
fore and hind margin almost straight. Tegmen longer than abdomen or just cover the

caudal projections of the eighth tergite; the platelike widening is fairly wide with
remains of the veins Sc and R; M is comparatively long. Tibia and tarsi of hind legs

very thin., Abdomen from below with longitudinal fin along the entire length. \

Specific composition: Monotypié¢ genus.
SHURABELLA LEPYRONIOPSIS Bécker-Migdisova, 1949 T 1I, F., 43 T. III, Fs. 3=4, Fs. 78~79.

Shurabella lepyroniopsls B.=-M.: Becker-Migdisova, 1949, p. 29; Becker~Migdisova,
Popov, 1962, p. 226

Coleopteropsis dolichoptera B.-M.: Becker-Migdisova, 1949, p. 31, Becker=lMigdisoava,
Popov, 1962, p. 225; syn. nov,

Holotype. PIN No, 459/72; direct imprint of body without head and pronotum; Kirghiz,
Fergana Valley, Oshsk Region, Shurab III (Sai Sagul); Liassic,

Description., Adult form. Body in posterior half narrows gradually toward apex. Head
almost as wide as fore margin of pronotum., Eyes occupy almost the entire length of

the head and in front form practically one line with the c¢lypeus. The latter is dise
tinct, more or less flat, does not reach the center of the head; frons and vertex

fused and noticeably widen toward the base, hind margin of head with a distinct rib,
especially developed, apparently, in males, Lateral margins of pronotum almost straight
or slightly convex; its fore corners more or less round, hind sharp. Scutellum cqual= 123
sided triangular, almost threetimes shorter than claval suture. Tegmen strongly
sclerotized, with small and scattered pitting; M long, extends beyong center of wing,
delimiting the clovus proper and the leaf =like widening, which in the distal part

" fuses with the remaining portion of the wing; apex of. wing sharply-angled, Iind legs

with more or less thickened femora, longer than tibia,
Dimensions: Length of body 4.5-5.5 mm; length of tegmen 4.,0-4.2 nm; width 2,5 um.

Nymphs of the IlI=-V stages elongatedly oval. Pronotum strongly transverse, its widtih
four times exceeds length; fore margin almost straight, parallel to hind, lateral
sides straight and weakly narrowed in front; lateral corners relatively sharp. Ving
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case strongly shortened, far frem reaches base of abdomen; lateral lobes fairly wide
and directed along the body, inner sides strongly spread apart; central‘brojectinn
distinct and noticeably projecting; length of wing cace along central line almost

one and cne half times exceeds length of pronotum; larval suture oxpressed. Abdomen i

gradually narrows, rounded at arex. ) :
Dimensions. Length of body 3.2-4.5 mm, width 1.8-2.2 mm.

Comments., Originally insects of this genus were described as representatives of
Homoptera, conjecturally placed in the superfamily Jassoidea or Cicadelloidea (Becker=
Migdisova, 1949) on the basis of similarity of form cf scutellum and known dimensions 124
of the wing-integument both in living Cercopidae and in some fossil Scytinopteridae.
However, these characters turned out to be purely. external and insufficient for placing

‘them in ‘the Homoptera. Later, after re~examination of several specimens, they wore

put in the order of true Heteroptera (Becker-Migdisova, Popov, 1962). As a re-exanmination
of all the available materisl in the PIN collection showed, these Heteroptera must

be placed in the aquatic bugs (on the.presence of natatory hind logs) of the super=-

family Corixoidea (on the structure of the head, structure of tegmen and presence

of abdominal glands in nymphs). Division of the genera Shurabella and Coleopteropsis,
bagsed on the different form of the scutellum, turns out to be unfounded; this charac-

ter reflects only the different preservation of the remains and distortion of propore
tions because of the strain of the rock {see Chapter II). .

Material, Besides the holotypes. of both species, over 800 specimens are'presorved
in the collection 6f -the Paleontological Institute,

FAMILY CORIXIDAE Leach 1815

Description. Bugs of medium (8-16 mm) or small (1.5-6 mm) dimensions; body elongated,
condensed,dorso~-ventrally, its length approximately 2-3 times groatéer than the width,
Pronotum and tegmen often covered from sbove by more or less evenly alternating black |
and light, basically transverse, lines (stripes)., Head tucked in, fairly mobile, with
large eyes, from above wide, in front triangular; its hind margin lies on the pronotum,125
head sclerites almost completely fused. Simple eyes present only in Diaprepocorinae,
Antennae very short, considerably shorter than head, three- or four-segmented, attached
under the eyes and hidden between the head and prothorax. Rostrun strongly shortened,
wide, semiconical, not clearly articulated, from above enveloped by the fore part of
the head capsule. Mandibular and maxillary stylets short, not-thrusting, maxillary
stylets widened and asymmetrical (larger left one occupies a place in the formation

of the food canal, the right on the apex is toothed for mincing food), the mandibular
lever is triangular. The pleural region of the thorax is strongly developed, parti-
cularly the epimeres. Well developed also is tho central projection of the sternite

of the metathorax (metacyphus). Coxal cavities are open; coxae are pagiopod. Scu=
tellum is covered by the hind margin of the pronotum or remains free., The tegmen
reach the apex of the abdomen, are smooth or their surface has barely noticeable
transverse covering of lines (running through), particularly distinct on the pronotum,
¢lavus and basal half of the tegmen; divide- into clavus, corium, linoar embolium

(the embolium is missing in the African genus Stenocorixa) and membrane, which is
devoid of veins and usually is similar in structure to the corium, Venation.is rarely
present on the tegmen {Archaecorixinae). Fore legs very short, one~segmented tarsi
often fused with tibia and in males often turned into palae, set with strong sotae

" and small stridulating teeth; adapted for seizing and filtering food, stridulating,

and also for holding the female during copulation; tarsi end more or less in a do-
veloped claw. On the inner side of the fore femora (see f. L4Ge), there 1s a field

of very small chitinized stridulating teeth (pars stridens). In quick movement of

the fore legs along the head, the inner sides of the logs brush against the lateral
margin of the head and creatc sound waves by means of the above=montioned stridulating
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teeth. The mid legs are long, thin, ending in two long claws; adapted for movement
and fixation on the ground., The hind legs are adapted for svimming, longer than
the others; coxae with projection on the hind margin, limiting the moveument of the
legs to one plane; the two-segnented tarsi are considerably Fh}fencd, the claws
very short, Abdominal segments and copulatory apparatus of rales, as a rule, are
asymmetrical; on the sixth, sometimes on the fifth and sixth tergites in males
there is usually a strigil, which conscists of one or several combs or a system of
5aw:hKe teeth, . (Diaprepocorinae), eighth segment is not telescopic, strongly fla -
tened, divided into two plates. Females without ovipositor. Adults with well
functioning thoracic glandgupn_j-SthVsegmepts. Presence of developed sbdominal
glands, apparently, depends upon feeding specialization: in zoorhagy,it is not so neces-
Bary,as in phytophagy or in mixed feeding, to have developed abdominal £lands,

There are more than 520 species.in the world fauna, of which about 500 are living
species and more than 20 extinct.

Biology. Corixidae are often encountered in meadows, ponds, the littoral zone of

a lake; a very small number of species is known from running water (for examyple,

some species of the genus Sigara - Kirichenko, 1940, 1951) and even from roservoirs
in granite depressions (lipin, 1950). Some species are euryhaline and can live in 126
saltish water (Halicorixa stagnalis Leach, Cymatia rogenhoferi Fileb., Sigara lateralis

. Leach, S, assimilis Fieb., S. concinna Fieb. Davis (1965), for example, noted an
abundant population of Trichocorixa reticulata in an isolated meadow among mangrove’

thickets in Jamaica in water temperature of 39,59 and salinity of 43%(!). I have
also observed Sigara species in dried up and strongly silted saltish meadows, entirely
devoid of vegetation, in semie-desert Southeast Kazakhstan, Most live in fresh vater;
usually they stay on the ground, swarming in the substrate. The overwhelming majority
of species possess a protective coloring. Some species are connected with large
ronds, or lakes, in which they live constantly; however, they breed also in temporary
small reservoirs, which they abandon when conditions become unfavorable, particularly
during droughts,

Corixidae are phytozoophagous and eat basically various waterplants (Spirogyra,

'Mougeotia, Euglena, etc.), rarely diatoms and detritus, the organic rarts of which

are actively devoured by them, and also diverse benthic microfauna (Hungerford, 1919,
1948; Hale, 1922; Larsen, 1938; Kirichenko, 1940; VWalten, 1943; Sutton, 1951; Pave
lovsky, Lepneva, 1948). Besides, they actively fall upon larvae of Culicidae, Ten=
dipedidae and Chironomidea (Diptera), eat branch-eared crayfish (Cladocera), small~
stylet worms (Tubuficidae), Ephemeroptera nymphs, and in some cases small fish (Pois-
son, 1935; Sutton, 1951; Benwitz, 1956; Beresina, 1955; Jaczewski, 1961)., Some forms
are typical predators (Cynatia, Stenocorixa, Diaprepocoris) and often have long thin
fore legs, used as grasping organa. The hind legs, besides a swimming function,

also serve for cleaning the air regions, located under the pronotum and under the
tegmen, and also for alleviating the distribution of air supplies with the help of
the wings. In Corixidae cannibalism is observed from time to time (Poisson, 1957).
In their turn, Corixidae themselves kerve as an object of food for some Odonata
nymphs, for example, Aeschna juncea (L.) (Staddon, Griffiths, 1967).

Among Corixidae brachypterous forms are fairly often encountered: Cymatia, Micro=-
matia and Sigara (s. lato)., The distribution of fully-winged forms is determined by
migratory flights, occurring basically at night (Corixa punctata I11,, Sigara falleni
Fieb., S, nigrolineata Fieb., 5. lateralis Leac¢h and others)., These species, possese

- 8ing positive phototropism, are easily caught in light, Migration is determined

basically by biological factors, for example, ovarpopulation in reservoirs because
of rapid reproduction, and dependency on climatic conditions - temperature, humidity,
atmospheric pressure, and also on degree of lonization of the atmosphere (Lofeuvre,
4967) . ,

“The latter precise data on the specific composition of the family and lower taxons
are taken from T, L. Jaczewski's manuscript, "Checklist of the Aquatic and Semi-
Aquatic Heteroptera of the Holarctic," kindly lent by the author for this etudy,

[,
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Very important for Corixidae in moving about are the air bubbles (rhysical £illc); .
with the rising of temperature the ontry of 0p is lowered and at 25° ceases entirely;
with rising temperature and the corresponding lowering of retaining 02, the urge
to fly in Corixidae becomes sironger; tho the radius of flight is not more than 80
km, with passing air currents it can reach 5,000 kn (Popham, 19G4). Apparently,
instinct is also definitely imwortant, since in the fully-winged imago there is a

. tendency toward flight,

The egg is usually pear shaped, usually furnished with a stem, They are attached to
submerged or swimming plants with the help of a short stem, which ends in a sticky
fastening discj; rarely is the egg attached directly to a solid substrate, Corixidae
have five nymphal stages. The place of attachment of the stem to the egg is opposite
to the head end of the nymph., The wing case appears in the third stage; from this
stage the odor glands begin to function on the third, fourth and fifth tergites, 127

Nof _~7 which are subsequently c+u1nqecL . in the adult stage into one metathoracic gland.
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e Many Corixidae hibernate in the adult stage and only rarely in the nymphal or egceg

stages,

Comments. Sonme investigators (Hungerford, 1948; Poisson, 1957) separate three more
subfamilies according to the lack of an embolium rim (Stenocorixinae), the lack of
a nodal fissure and transverse furrowing of the rostrum (Cymatiinae), and also the
relative dimensions of the separate parts of the head and structure of the fore

margin of the wing (Heterocorixinae). However, one of the most authoritative spé-

‘cialists of this family « T, L, Jaczewski (1924)- questioned such a subdivision a

long time ago when the subfamilies were formally established (Bungerford, 1948).

5epar4h#n From my point of view, the :sn .. °. of the last three ‘Subfamilies is also inoxpedient

A

““and with regpect to morphology little Justified, The lack of a nodal fissure is

aleo noted in the American genus Tenagobla of the subfamily Micronectinae; in some.

genera of Corixinae, the transverse furrowing (running through) is weakly expressed,

and the ratio of dimensions of the separate parts of the head varies greatly within
the family. It must be noted, however, that the structure of the genital segment in
Stenocorixa really differs sharply from that in all the other Corixidae. It 1s
undoubted that the final solution of this question will be possible only after a
speclalized study of these aberrant forms.

Composition, Five subfamilies: Ijanectinae - Lower Jurassic of East Siberia; Archae=
corixinae - from the Upper Jurassic to the Upper Cretaceous of Kazalkhstan and
Siberia; Diaprepocorinae - Jurassic of East Siberia and Kazakhstan; extinct Corixinae

from the Paleocene and Neocene of North America, West Europe and Central Asia; ¥
cronectinae are not known in the fossil state; in the living fauna, Corixidae are

distributed worldwide,
Determinant Table of Subfamilies of the Family Corixidae

1(2) Venation of tegmen distinct, basic veins not reduced; pronotum completely
covers scutellun. Archaecorixinae
2(1) . Venation of tegmen strongly reduced,
3(y) Simple eyes present on vertex; scutellum free; stridulating apparatus on
sixth tergite only. . . Diaprepocorinae
4(3) Simple eyes missing,
5(8) Scutellun free, but covered by hind margin of pronotum
6(7) Pronotum strongly developed, weakly transverse; embolium rim of tegmen very
wide and flatj stridulating apparatus missing ‘ Ijanectinae
7(6) Pronotum considerably smaller, strongly transverse; embolium rim narrower
and raised; stridulating apparatus present on sixth abdominal tergite (or
is missing =Tenagobia) Micronectinae
8(5) Scutellum completely or almost completely concealed by the hind margin of
the pronotum; stridulating apparatus on the sixth tergite and on the fore
legs -~ seldom mis sing. _ - Corixinae
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SUBFAMILY ARCHAECORIXINAE Y. Popov 1968 T. IV, Fs. 1-5, Fs. 80-81

Description. Large or medium size (not less than 4 mm)e. Scutellum completely
covered by hind margin of pronotum. Tracery on tegmen like transverse alternating
black and white stripes is uissing, sometimes separate spots are present (genus
Diapherinus)(f. 81a), venation distinct, Sc usually fused with R the entire length,

M, as a rule, fused at the root with R and Cu or at places joins with R and Cu, 128
anal veins present; emboliwm rim not expressed., Male abdominal segments symmetrical
(except Upper Cretaceous Mesosigara), eighth tergite often large (f. 82a)., Hind

legs natatory, thickly covered with hairs.

Comparison. Well differentiated from all other subfamilies by presence of distinct
venation through lack .of embolium rim or embolium, and also the character of fusion
of the basic veins, Closest to the living subfamily Corixinae, which is considered
to be the next stage cf evolutionary development of ‘thé Mesozoic Corixidae.

Composition. Four genera: Archaecorixa Y. Popov, Upper Jurassic, South Kazakhstan;
Diapherinus Y. Popov, Baissocorixa Y. Popov, Lower Cretaceous, Transbaikals; and-
Mesosigara Y, Popov, Upper Cretaceous of PriAmur.

Determinant Table of Genera of the Subfamilies of the Archaecorixinae

1(2) R and M not fused in distal portion of tegmen; M leaves R, Archaecorixa
2(1) Veins R and M fused with each other in .distal half of tegmen; M leaves Cu.
3{L) Anal veins missing; male abdominal segments asymmetrical. Mesosigara

4(3) Anal veins distinct; male abdominal segments symmetrical.
5(6) Sc fused with R the entire length; M fused with R at center of tegmen; nodal
fissure clearly expressed; tracery spotted; membrane not expressed,
Piapherinus
6(5) Sc¢ fused with R only at basal sector of tegmen; M fused with R beyond center

of tegmen; nodal fissure miseing; tegmen unicolor; membrane distincte.
Baissocorixa

GENUS MESOSIGARA Y. Popov, gen. nov.1 . 129

Genotype. M. kryshtofovichi, ap, nov.; Upper Cretaceous, Bureya River, Cagayan
village, Kabarov Province.

Description. Comparatively small (4.5-6.0 mm), not colored, lateral lobe of pronotum
separated by a fissure, mesothorax from above with longitudinal central fissure.

R fused with Sc its entire length, M at base fused with Cu; anal veins missing,

last male abdominal segments asymmetricale

Comparison, Similar to Baissocorixa Y. Popov from the Mesozoic of the Transbaikals
in the structure of the pronotum and character of the venation, However, the fusion .
of R and Sc and the structure of the last abdominal segments strongly differentiate
it from this genus. By the middle of the Cretaceous period, apparently, one of the
first abdominal strigils began to form in the Archaecorixinae and, connected with

it, the asymmetry of the abdominal segments, beginning with the last, arose. These
are the smallest representatives of the suporfamily Archaecorixinae. In the author's
opinion, they are evidently the connecting link between this group and the living
subfanily Corixinae.

MESOSIGARA KRYSHTOFOVICHI Y, Popov, sBD. nov.2 T, IV, Fo 4, F. 82

Holotype: PIN 324/2a; direct imprint of insect body. Kabarov Province, Amur Region,
Arkharin District, Bureya River, Cagayan Village; Tiukan Series, Upper Cretaceous
{Dat ~ Maastricht).

EFrom the Greek word mesos = central, and the name of the genus Sigara.
Named for the well known paleobotanist A. N. Krishtofovich, who found the specimens.
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Description., Body dark, cigar-shaped; head, pronotum, and tegmen dark-brown.
Lateral lobes of prothorax tongue-shaped, directly truncated at the apex. Mesothorax
with shallow central fissure the entire length. Tegmen with clearly expressed
venation: Sc and R fused the entire length; M fused at basal sector with Cu, its
central sector free, but the distal sector is fused with the vein Sc-R; Cu, after
dividing from M, is free and runs along the entire claval margin; anal veins are
not expressed on the clavus. Tarsi of fore legs one-segmented, narrow, mid tarsi
long, thin, ratioc of length of hind tibia and tarsal segments is 5:5:3 (fs. 62bB).
Hind femora not thickened, Sixth abdominal segment in males is asymmetrical.
Eighth sternite is like two crescent~chaped plates,

Dimensions. Length (Holotype 324/2) 4.5 mm, width (Paratype 324) 1.8 mm.

Material., Besides the holotype, there are three other specimens of bodies: 324/2 beg
(collected by A, N. Krishtofovich in 1914).

SUBFAMILY DIAPREPOCORINAE Lundblad 1928 T V, Fo 1

Description., Medium sized (5«10 mm). Elongated. More or less unicolor, pronotum

in front darker, scutellum usually darkest. Head with two simple eyes on the vertex;
antennae four-segmented., Pronotum not less than twice wider than its length, usually
with weakly expressed cross and longitudinal fins., Scutellum large, triangular, not 130
covered by the hind margin of the pronotum. Tegmen with weakly expressed venation
like traces of Sc, R and Al; membrane expressed; embolium rim notdistinct, nodal
fisoure often missing, Male abdominal segments symmetrical; on sixth tergite often
{1iving genus Diaprepocoris) strigil present like little saws and comb. Fore tarsus
and tibia not fused; fore tarsal claw large; hind legs densely covered with swimming
hairs,.

Comparison. Well differentiated from all other Corixidae by the presence of simple
eyes on the vertex, from Micronectinae besides by the four-segmented antennae and
form of the claw of the fore tarsus, from Archaecorixinae and Corixinae by the free
scutellum,

Composition. Three genera: Gazimuria, gen. nov., Upper Liassic of Fast Transbaikals,
Karataviella B.=M., Upper Jurassic of South Kazakhstan, and the living Diaprepocoris
Hale, distributed in southern Australia, Tasmania, and New Zealand, Three specles

in living fauna.

Determinant Table of Genera of Subfamily Diaprepocorinael

1(2) Pronotum not less than five times wider than its length. Diaprepocoris
2(1) Pronotum not more than three times wider than 1lts length.
3(4) Scutellum 1,7-1.8 times narrower than hind margin of pronotum; venation

strongly reduced and only Al represented Karataviella
4{3) Scutellum large, almoest as wide as hind margin of pronotum; venatim is
represented by veins R, M and Cu, Gazimuria

GENUS GAZIMURIA Y. Popov, gen. nov.2

Genotype. G, scutellata sp. nov., Lower Jurassic, Akutaev Sories, Chitin Province,
East Transbaikals.

Description, Of medium size 9-10 mm, Head as wide as pronotum, from front moderately
convex, hind margin of vertex between eyes with low longitudinal cylinder, at its

hind margin there is a short cross rib, Fore margin of pronotum in central portion

“Unfortunately, the monotyplc genus Corixanecta Wlt. remains unknown to the author.

Judging from the drawing, given in Hungerford's monograph (1948), this genus is very
slmilar to Diaprepocoris Hall., appearing to be, moet likely, a synonym of the latter,
For the locality of Gazimur,
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straight., Scutellum large, not less than twice shorter than claval suture, Tegmen
with distinct veins R, M and Cu. HMid legs thin, long; first segrment of hind tarsus
shorter than tibia. : ’

Comparison, In general plan of structure similar to the Upper Jurassic genus 131
Karataviella B.~M. from South Kazakhstan; however, woll differentiated from it

in more transverse pronotum, larger scutellum, presence of fin on head, and also
form of body.

Specific Composition., Monotypic genus.

GAZIMURIA SCUTELLATA Y. Popov, Bp. nov.1 Ts V, Fo 2, F. 83
Holotype: PIN 1328/4; direct and reverse imprint of body; East Trangbaikals, Chitin

‘Province, right bank of Gazimur River (tributary of Amur), village of Borovsk;

Iiassic, Akutaev layer,

Description. Body elongated, in back slightly widened, pronotum and scutellum
strongly convex, head of same width as fore margin of pronotum; latter 3.5 times
wider than its length. Frons and vertex convex; width of vertex wider than eyes
at base of tibia; central longitudinal fin short, does not reach fore margin of
head. Pronotum more than 3.5 times shorter than width, in front slightly widened,

central portimof fore margin and hind margin straight and parallel, lateral portions

of fore margin slightly slantingly truncated, fore corners sharp, hind blunt,
Scutellum triangular, its length slightly less than lateral side; its fore end
barely narrower than pronotum. Tegmen smooth, tracery missing. Hind femora thicker
than tibia and tarsi ; hind tibia shorter than tarsi ; second segment of hind tarsi
slightly shorter than tibia. Abdomen gradually widens backward, segments almost 132
of equal length, borders of tergites straight, last segments symmetrical, himd mare
gin of seventh tergite with lateral projections,.

Dimensions. Length of body 9,2 mm, length of tegmen 7.2 mm; width 3,2 mm,
Material, Besides the holotype, six more specimens of bodios from the same locality.
GENUS' KARATAVIELLA Becker=Migdisova 1949 Te Vy, Fse 3=4, F. 84

Karataviella: Becker-Migdisova, 1949, p. 25; Rohdendorf, 1957, p. 86; Becker-
Migdisova, Popov, 1962, p, 225; Popov, 1962, pe 106; 1963, p. 143,
Genotype. K. brachyptera Be=M.; Upper Jurassic, Villages of Mikhailovka and Uspensk
(Galkino), Chayan Region, Chimkent Province, South Kazakhstan.

Description. Body elongated, cigar-shaped, in back gradually narrowing, 7.5=8.5 mm.
Head almost as wide as fore margin of pronotum, width of vertex exceeds width of
eyes Pronotum with weakly expressed central and transverse ribs. Its width excoeds
length twice, Scutellum triangular, its length at center line almost 1.5 tines

less than length of lateral side. Tegmon smooth, light-brown, without tracery,

Only Al preserved on clavus, Abdomen with almost identical segments, their borders

- straight, eighth segment strongly developed and slighfly exceeds seventh. Last

segments symmetrical,

Comparison, Differs from other genera of subfamily in strongly reduced venation,
form of pronotum and its sculpturing like weak riblets,

Specific Composition., Monotypic genus. '

SUBFAMILY IJANECTINAE Y. Popov, Subfam, Nov.

Description. Medium sized, about 5-8 mm. Body fairly wide. Pronotum strongly
developed, weakly transverse, Scutellunm small, free., Tegmen with completely
reduced venation; fore margin of wing like wide and f£lat ombolium fim, nodal fissure
present; membrane distinct, Hind legs flattened .

“From the Latin word scutollum .
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Conparison. Vell differentinted from the other subfamilies in strongly developed
wide and §lattened embolium rim, resembling that in the liassic Shurabellidae,

Composition, Subfamily monotypice One genus, Ijanecta Y. Pop. from the Lower
Jurassic of East Siberla,

GENUS IJAIECTA Y. Popov, goeh. noOVe

Genotype. - I. angarica, sp. nov,., Upper liassic of East Siberia.

Description., Pronotum not more than 2.5 times wider than its length; shoulder
corners distinctly expressed, not rounded, Scutellun completely free. Tegmen wide,
convex, nodal fissure approximately at level of apex of clavus; membrane completely
devoid of veins. Seoventh segment of abdomen with two small projections along hind
margin,

Specific Composition. Monotypic genus.
IJANECTA ANGARICA Y. Popov, 5pe nov.1 Ts V, Fs. 5=6, Fo 85 133

Holotype: PIN 1487/111; imago; direct and roverse imprints of body; East Siberia,
Irkutsk Region, Village of Vladimirovka, Upper liassic.

Description, Adult form, Body oval, woolkly elongated, from above noticeably conveX.
Pronotum ellipsocid, transverse, strongly convex, its width exceeds length twice; hind
lateral margins slightly concave. Scutellum very small, its length four times smaller
than length of claval suture., Tegmen reach apex of abdomen; clavus wide, its length
exceeds width slightly rmore than twice., Membrane large, occuples almost one third

of tegmen., Eighth abdominal segment like strongly £lattened and slightly set apart
plates with slightly sharpened apices. Length of imprint of body 6 mm, width 3.8

mm, length of tegmen 4.7 mm.

Nymph, Body elongated, parallel-sided, Head (together with eyes) strongly transverse,
Pronotum more than four times wider than its length; fore margin almost straight,
parallel to hind, lateral sides stirongly narrowed in front, hind margin straight,
curves upward at lateral sides; shoulder corners sharp, slightly projecting outward,.
Wing case shortened, but reaches first tergites of abdomen, lateral lobes fairly

wide, directed parallelly along body, their inner sides weakly set apart; central
projection distinct; length of wing case along central line equal to length of pro=
notum., Tarsi and tibia flaftemed;. tarsi thickly covered with strongly shortened
swimming hairs. Abdomen narrowed at apical quarter and rounded at apex.

Dimensions. Length of body =5 mm; width 2,0-2.2 rm.
Material. Besides holotype, three more specimens from same locallity.
SUBFAMILY MICRONECTINAE Jaczewski 1924 F, 86 134

Description, Small (1.5-6.0 mm), elcngated. More or less uniform in color; pronotum
and scutellum slightly darker. Antennae three-segmented, third segment longest and
covered with dense hairs., Pronotum transverse, not more than 2.5 times wider than
its length, smooth. Scutellum not covered by hind margin of pronotum. Tegmen with
reduced venation; embolium rim well developed, wide; nodal fissure present or missing.
Fore tarsus and tibia not fused, claw on apex of tarsus in nales blade=like; claw

on hind tarsus attached at very apex of last segment. Abdominal segments and nale
copulatory apparatus asymmetricale Ninth tergite with indentation on apex; on sixth
tergite there is a small strigily like a system of combs on a stem. Fully winged

or short winged forms, a

Comparison, ZEasily differentiated from the other subfamilies in the small dimensions.
Besides, differentlated from|Archaecorixinae in the lack of venation on tle tegmen,
from Diapropocorinac in the lack of simple eyes on the vertex and different type of
stridulators, from Corixinae in the free scutellum (except Oligocenc genus Sigaretta
Y, Pop.), not covered by hind margin of pronotum.

T
From the River Angara and the Latin word nectos - swinming.
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Composition. Three genera in living fauna = Micronecta Kirkaldy, Synaptonecta Lund-
blad and Tenagobia Berrroth, including more than 130 species; unknown in fossil
state; distributed werldwide, except Nearctic region (only one species, Tenagobia
mexicana Deay, penetrates into the Sonor subregion),

SUBFANILY CORIXINAL Leach 1815 F. 87 135

Description., Medium (5-9 rm) or large sized (12-16 mm), rarely small, elongated.
Upper side of body usually like alternating cross dark and light stripes. Surface

of pronotum and tegmen with barely visible small fissures (running through). Antennae
four-segmented, third segment longest. Pronotum weally transverse, usually its

width exceeds length 1.5 times; hind margin completely covers scutellum, Scutellum
very small, triangular. Tegmen with strongly reduced venation; embolium rih strongly
developed, wide, covered in fore section with white f£iln like hoarfrost; nodal furrow,
as a rule, present; precubital field like a narrow stripe, gradually narrowing and
crossing from a vertical to a horizontal plane (like the ombolium on the fore margin
of the tegmen); menbrane at base as hard as corium, or, in very rare cases, nore or
less membranous (lleterocorixa), the border between them is usually missing or is
visible gs a weak light stripe (Sipgara, Glaenocorlsa, Graptocorisa, Corisella,
Ahualtea™, Pseudocorixa and others)., Fore tarsus and tibia often fuséd into a single
tibio~tarsus, claw on apex always thorn-like; claw on hind tarsus projects from the
side before the apex of the last segment. On the fore tibia and tarsus there usually
is a system of stridulating teeth and setae. The male abdominal segments are asym=
metrical from the left or the right side; ninth sternite deeply split along the
center; on sixth tergite -the strigil is of the most diversified form, in rare cases

it is missing (Callicorixa, Neocorixa, Cymatia),

Comparison., Differs from Archaecorixinae in the lack of venation on the tegmen,
from Diaprepocorinae and Micronectinae in the scutellum completely hidden under the
pronotum and the system of stridulators,

Composition. About 30 genera, of which two are found only in the fossil state:

Sigaretta gen. nove. from the Oligocene of North America and Diacorixas gen. nove from

the Miocene of Central Asia; extinct representatives of the genus Corixa Geoffr,

from the Oligocene, Miocene and Pleistocene of North America and West Europe; repre-

sentatives of living fauna {over 350 species) are widely distributed in all zoogeo-

graphic regions,

Determinant Table of Genera of Subfamilies of Corixinae Found in thq Fossil State 136

1(2) Scutellum partially covered by hind margin of pronotum; asymmetry of male
abdominal segments weakly expressed Sigaretta

2(1) Scutellum completely covered by hind margin of pronotum; asymmetry of male
abdominal segments distinct,

"3(4) Tegmen with remains of Cu; embolium rim moderately developed, flat; asymmetry

of male abdominal. segnents right-sided. Diacorixa
4(3) Tegmen without Cu; emboliunm riT strongly developed, high; asymmetry of male
abdominal segments leftesided, carv;ax

'GENUS SIGARETTA Y. Popov, gen. nov.>

Genotype. Corixa florissantella Cockerell 1906; Oligocene, Colorado, USA

Description, Small 5.,8-6.5 mm, colored. Head in front convex, Pronotum large, but

only partly covers scutellum, with longitudinal central fin along entire length.

i Krizousacorixa Hunge

~ In the size I adopt, the genus Corixa does not include as a subgenus Hesperocorixa
Kirk, with rightesided asymmetry of the abdonon (Kirchner, Yachevsky, 1964).

" From the name of the genus Sigara.
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Tegmen with well developed'embolium rim; anal vein oreserved on clavuse. Rordor
of corium and rmembrane scarcely visible. Bighth tergite stronply develoced, Strigil
missing, asyametry of abdomen weakly expresscd.

Comparison. The redescribed Paleocene representative of Corixidoe differs sharpl
from all living rerresentatives of the subfamily Corixinne firct of all in the mr
sonce of a scutellum which is still not completely covercd by a well developed pronotun.

O 4

Comments, Apparently this is a relict fornm, still preserved from the Cretaceous
or even the Jurassic. perlods., This Paleocene Corixid, apparently, is phylogenetically
closest to the genus Cymatia Flor.

Specific Composition., Monotypic genus.
SIGARETTA FLORISSANTELLA (Cockerell 1906), comb., nove T, VI, By 1l-3, F. 83
Corixa florissantella: Cockerell, 1906; Handlirsch, 1906, p. 209.

Lectotype: British Museun (N.H.), Paleontology Depte, No. 8424a; direct dmprint of
body; Florissant, Colorado, USA, Oligocene. :
Descrintion. Body dark-brown, cigar-shaped, widest at level of scutellum; its length
exceeds width approximately four times. ' Head almost as wide as fore nargin of pro-
notum. TFrons convex. Vertex narrowor than diameter of eyes. Yidth of pronoctun
exceeds its length more than twice; fore margin almost stralght, lateral margins
strongly or evenly rounded, hind projecta backward in an arch; longitudinal fin dis-
tinct, developed along entire line of pronotum. Tegmen smooth, colored, enboliun
wéll preserved; postcubital field weakly expressed, only one weakly curved anal vein
preserved on c¢lavus, situated along its center. Mesothorax in fore part from above
with longitudinal shallow furrow; scutum of metathorax like wide long cross strivpes;
hind legs fairly long, come far beyond end of abdomen, second sogment of hind tarsi
twice shorter than first, Abdominal segments unevenly developed, third tergite

with projection on posterior side, larger than the rest, 4th-7th more or less of 137
equal size, eighth tergite strongly developed and like a transverse pentagonal plate.

Dimensions. Length 6.1 mm; width 1.5 mm.

Material., Besldes the lectofype from this locality there are two more specimenc of
bodies; British Museum, 8424b and 8425.

GENUS DIACORIXA Y. Popov, gen. nov.1

Genotype., D, miocaenica, Ep. nov.; Mlocene, Chon=Tuz River, Central Kirghiz.
Description, Hedium sized 10-11.5 mm. Head of males with indentation on frons.
Mesothorax from above with furrow along entire length. Teogmon with modorately de-
veloped flat embolium rim; R+M and remains of Cu present; on border of corium and
membrane is a well expressed light stripe. Asymmetry of male abdominal cepnents
right-sided, ‘

Comparison. The described representative of the new gonus Diacorixa is very similar
to the living Corixidae genera Sigara Fabr. and Corixa Geoffr. and some close genera
of the subfamily Corixinae. However, the presence of a deep furrow along the entire
length of the pronotum (in living representatives, it is well expressed only in the
fore third and sometimes continues like a weal: trace on the remaining portion, as

in species of the genus Corixa Geoffr.), presence of remains of a cubital vein,
insufficiently well developed longitudinal fracture of fore morgin of tegmen (embo=
lium rim), and also lack of the tracery which is characteristic for most genera of
the subfamily Corixinae of cross alternating dark and light stripes on the pronotum
and tegmen sharply differentiate this lMiocene genus from all living genera of this
subfamily, .

Specific Composition, Monotyplc genus,

“From the Greck word dia = between, among and coris - buge
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DIACORIXA HIOCAENICA Y. Popov, sp. nov.’ T. VI, Fs. 3=, Fu 89

Holotype: PIN 372/16; direct imprint.of insect body; Kirghiz SSR, Kochkor Region,
right bank of Chon-Tuz River, Ilocene.

Description. Body darkebrown, almost black; pronctum light-brown, tegmery. lght
with dark stripes along cubital vein and at outer corners of nembrane. Spotting
light=brown, small and delicate, denser at.inner.-corners of corium. Body form
cigar-shaped, widest at level of apex of clavus; ratio of length to width equals
2.5:1.

Head (together with eyes) almost as wide as fore rargin of - pronotum. Frons flat,
in males concave in front. )

Pronotum entirely covers scutellum. Tegmen light, with small spotting, tracery 133
of cross stripes entirely not expressed; embolium flat, linear, projects beyond
center of tegmen; postcubital field on same plane as dorsal surface of bedy, on
corium only one vein, ScvR+M preserved, occupying a section in the fracture of the
fore margin of the tegmen and the remainder of the cubital vein (Cu), dark=brown
color. Mesothorax with well expressed deep longitudinal furrow, from above runaing
the entire length of it, First segment of hind tarsus more than three times smaller
than second segment (f. 89b).

Assymetry in male abdominal segments right-sided.

Material., Besides the holotype, 90 other specimens of Corixidae are preserved in

" the collection of the Paleontological Institute (collected by A, Y. Petrosiam, 1938;

0. M. Martynova, 1942).
SUPERFAMILY NAUCOROIDEA Fallen 1814

Description. Of medium size. Body flattened dorso~\enfrally. Head opistognathous,
very rarely almost prognathous; outer sclerites of head not isolated, anteclypeus
not separated. Antennae four-segmented, as a rule, strongly shortened. Rostrun of
variable length., Simple eyes missing. Tegmen, as a rule, with completed reduced
venation., Nymphs sometimes with odor gland on abdominal tergites. Aquatic.

Comparison, Differ from Nepoidea in strongly fused cronral. sclerites (anteclypeus
not isolated) and lack of respiratory tubes on end of abdomen; from Notonectoidea
in dorso-ventral {lattemed abdomen and opistognathal head; from Corixoidea in free

" rostrum and less €lattencol or entirely not flattened hind legs.

Net

m.e.,

FAMILY NAUCORIDAE Fallen 1814

Description. Body 5-15 mm, strongly {lattened, oval, without hairs. Eyes usually

do not project from head and pronotum contour. Head transverse, its fore margin

does not protrude. Rostrum, as a rule, is short (except extinct Angaronectini and
relict Aphelocheirinae and Potamocorinae), three- or four-segmented, does not pro-
ject beyond or slightly projects beyond hind margin of head, mandibular levee is

thin, loop-shaped., Antennas four-seguented, shorter than head, compact, as a rule,
hidden (except Aphelocheirinae and Potomocorinae) and located under the eyes.

Pleural region of thorax, particularly the epimeres, is strongly developed. Opening
of odor glands on metathorax is missing. Scutellum is free, triangular, not shorter
than claval suture. Tegmen divided into clavus, corium, embolium end distinctly
separate membrane, wholly devoid of veins. Coxal cavities are oypen, coxae pagionod.
Fore legs strongly thickened, grasping, fore coxae are attached at the Hre nargin 139
of ‘the prothorax or below it; hind legs natatory; tarsi of fore legs one- or two=-
segmented, tarsi of mid and hind legs two~segmented with two claws, tibia and femur
of medium size. Abdomen fairly strongly widened, hind corners of tergltes slightly
project beyond margin of following tergite, respiratory tubes missing. Surface of
body smooth, brilliant. In nymphs, abdominal odor gland is paired (Aphelocheirinae,
Naucorinae) or unpaired, but strongly bifurcated and with two outlets (Potamocorinae).

“From discovery in Miocene
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Biology. Iive in water, on aquatic plants of the shores of ponds, lakes and other
standing reservoirs with 15-20° temperature. Most of the time they usually hang

over tre surface of water or cling to branches of plants. Swim venteal side dmun, with the
aid of. the hind legs, which are usually covered with swirmine hairs (except the ex-
tinet tribe aidiini and the living subfamily Potomocorinae), the dorsal side of the
abdomen adjoining tle surface of the water. Their green, yellow~green or yellow=-

_ <brown coloring merges well with the background of the surrounding vegetation am

ground, Hibernate under plant remains.

Some species of the American genus Ambrysus (A, mormon Mont.) live in streams with a
rocky bottom, swimming among rocks in search of prey. They primarily stick to quiet
or slowly running water along banks of streams, but can swim also in deeper water,
where the current is quick (Usinger, 1946). La Rivers observed this species in the
salt lake of Lachontan in Nevada (USA).. The shore of thls lake is rocky; its sali-
nity has been deternined as 1/10 the salinity of seawater, So long as its galinity,
apparently, gradually increases with time, it will be possible in the future to trace
the limit of salt concentration with which Ambrysus naucorids can live.

This investigator collected naucorids in two also unusual types of resorvoirs in
Nevada with strongly mineralized water and vory high temperature. In one case La
Rivers found a few individuals of apparently narrowly endemic species (Ambrysus
Mormon Mont., Pelocoris shoshone La Riv.) and oven a speclally specific genus Usin-
gerina, which lived in a warm spring with flowing, quickly running water of 24=32°
temperature, and pH 7.3=7.5 (La Rivers, 1950), In another case, in a stream with
36° temperature, he observed in fairly large numbers very small naucorids, represen-
tatives of the endemic specles Ambrysus funebris La Rive This original, in essence,
benthic naucorid basically crawls among rocks, looking for prey, and swims poorly
and reluctantly (La Rivers, 1951), The unusual similarity of this naucorid vith
aquatic scorpions (Nepidae) was noticed: the stretching directly forward of large
enlarged fore femora with grasping tibia, La Rivers also noted #hat. . . hau-
corids of one population rdrély,dﬂgclf_frhose.O'F:.another and, together with this, the limited
possibility of recognizing objects for a distance not more than 1.5=2 cm, which is
the reason for.frequent errors in selection of victims (La Rivers, 1951).

Males and rarely females stridulate. When irritated, naucorids exude an acrid liquid
from the rectal ampule., Nymphs and adults have odor glands. Eggs are 1aid either in
the tissue of aquatic plants or on the surface of rocks, Eggs are seni-~oval, often
with a small button-shaped microryle on the fore end. The freshly laid egg is
creamy-white, in ripening it becomes grey with reddish spots. Their laying occurs

in spring and the beginning of summer (Usinger, 1946). In temperate zones, Naucoridae
usually have one or two generations per year, the general span of dovelopment of the
nymphal stage takes about three months (Poisson, 1957). Embryonic development 2=3

weeks., In this respect, Aphelocheirinae are gomewhat different from other naucorids. 140

According to observations in natural conditions, and also in laboratory tests (Kra=-
jewski, 1966), it was established that egg-laying in Aphelocheirus aestivalis (Fabr.)
lasts all the summer months; from the egg, laid in the first half of the gummer,
after 2.5~3 months, the nymph ic born, and the eggs 1aid in the second half of the
summer, hibernate. Nymphs of the III-V stages, and also the imago are encountered
year round. Nymphs already from the first stage eat fairly large animals; according
to obgervations of Sirotinina(1921), nymphs of Ilyocoris cimicoidea L. sucked nymphs

_ of Notonecta, which exceed them in dimensions. The predators destroy various aquatic

insect larvae, small fish and prey even on fresh water trouser-leg? molluscs {Linnaocus,
Planorbis).
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Aphelocheirinze = primarily benthic reorhils - live on the bottom of quicli=gurrent
rivers, streams and in large reservoirs with flowing water, under rocks, in deptls
of snars and zmong plants, and also buried in sand, However, Aphelochierinne can
live also in standing pools in lskes and in salivater reservoirs. Their existence
in this kind of reservoir is possidle from the point of view of the rhyciology of
breathing, and has been corroborated by tests (Thorre, 1965). Their resziratory
plastron, located on the ventral side of the abdomen, is covered by small and dense
hydrophobic hairs. Adapted to breathing oxygen discolved in water, they thus do not
surface to renew a supply of air. After being laid, eggs stick to rocks and shells
of various molluscs (Unio, Anodonta). They are encountered at a depth of 0.5 to 7 m,
mainly on the rocky and also argillaceous or sandy bottom. Nymphs live together
with the imago. They cycle of development is fairly prolonged; for example, in
Sweden, it takes two years (Polsson, 1951), Adults live more than one year and they
hibernate in various stages (egg, larval and adult). Predators, they eat mainly
Trichoptera larvae (Hydropsyche ornatula Hcl.), chironomids and crayfish; they lead
a nocturnal form of life (Sirotinina, 1921; Kirichenko, 1940). .

Comments., Presently all living representatives of the family Naucoridae are divided
into eight subfamilies: Naucorinae, Limnocorinae, lLaccocorinae, Cheirochelinae,
Ambrysinae, Cryphocricinae, Potamocorinae and Aphelocheirinae. This classification
was first proposed by R. Usinger (1941) and subsequently accepted almost without
change by all hemipterologists. Only the status of the specialized Aphelocheirinae,
which many authors’ agcept as a gseparate family, remains questionable., However,
there are a whole number of little known tropical gencra whose taxononmic position
among subfamilies is not entirely clear. The preliminary comparative-morphological
analysis which I conducted of the external structure of the head, ventral and dorsal
sides of the body (Popov, 1970) led to the conclusion that the differentiating
indicators used for characteristits of subfamilies can hardly serve as subfamilial
indicators for a whole number of reasons. It is most probable that a large portion
of subfamily taxons are really only tribal groupings which ‘can be considered only

as tribes. |

The new taxonomic structure of living Naucoridae which I proposed (Popov, 1970)
reduces the number of subfamilies to four - Naucorinae, Cryphocricinae, Potamocori-
nae, Aphelocheirinae, including the remaining ngubfamilies" as the tribes Limnocorini,
Laccocorini, Cheirochelini and Ambrysini in the Naucorinae.

Composition, Five subfamilies: the extinct Sphaerodemopsipae - Upper Jurassic of
West Europe; the only relict subfamilies known for certain in the fossil state are
the Naucorinae in the Lower and Upper Jurassic of Asiatic USSR, the Paleocene and 141
the Neocene of North America and West Europe, which in living fauna ere represented
in all parts of the world; the recent Aphelocheirinae are distributed in the entire
Eastern Hemisphere, Potamocorinae and Cryphocricinae in the Western Hemisphero.

The world fauna of this family number more than 280 species, of which about 10 are
extinct.

Pable for Determining Subfamilies of the Family Naucoridae

1(6) Head narrow, weakly transverse, strongly projecting in front of the eyes.
Eyes strongly developed, convex. Rostrum and antennae long or short. Body
surface very rough from above.

2(9) Rostrum long and thin, at least as long as fore femora. Antennae come beyond
margin of head and thus are visible from above. Tarsi of fore legs mobile,
with two strongly developed clavs.
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3(4) Rostrum very long, reaching at least mid coxae, apical segment considerably
shorter than preceding one. Fore tarsi two-segiiented, basal segment very
small. lale genitalia asymmetrical. Usually brachypterous forms of mediun
size, i Aphelocheirinae

4(3) Rostrum considerably shorter, reaching only fore coxae, last two segments of
same length. Fore tarsi one-segmented. Male genitalia symmetrical, very

. small, macropterous forms only. Potamocorinae

5(2) Rostrum very short, considerably shorter than fore femora. Antennae short
and entirely hidden under the head. Lateral marginé of pronotum corrugated,
Tarsi of fore legs one~segmented and more or less fused with tibia, claws
coupletely reduced, Cryphocricinae

6(1) Head wide, strongly transverse, does not project or weakly projects in front
of eyes., BEyes developed, strongly condensed, Rostrum and antennae always
short (except Mesozoic Angaronectini). Lateral margins of pronotum smooth,
tarsl of fore legs more or less fused with tibia and usually with one-two
claws, or claws completely reduced, Surface smooth,.

7(8) Tegmen strongly chitinized, like flat elytrae, clavus unusually long and
reaches distal part of wing, forming a straight line together with the inner
margin of corium, Very large Sphaerodemopsinae

8(7) Tegmen significantly smaller, chitinized, usually wﬂth well expressed membrane,
clavus short, rarely longer than scutellum, Of medium size. Naucorinae.

141

SUBFAMILY SPHAERODEMOPSINAE Y, Popov, Subfam. Nov.

Description, Rather large, about 15 mm. Body in back widely rounded, hind femora
weakly thickened., Tegmen strongly chitinized, clavus strongly developed and occupies
almost one third of tegmen, membrane missing. Abdomen wide, borders of segments at
base straight,

Comparison. Differ from all known subfamilies in strongly chitinized tegmen (like
elytra of beetles) and strongly developed clavus. In degree of chitinization,of the
tegmen resemble living neotropical Potamocorinae (genus Coleopterocoris lHung.) and
some Naucorinae (genus Melloiella De Carlo) but differ in the strongly developed
chitinized clavus and dimensions (for example, more than ten times larger than Coleop-
terocoris Hung.).

GENUS SPHAERODEMOPSIS Handlirsch 1906 142

Sphaerodema: Oppenheim, 1888, p, 235.
Sphaerodemopsis: Handlirsch, 1906, p. 543.

Genotype. S. jurassica (Opp.), Upper Jurassic, Eichstatt, FRG,

Description. DBody oval, weakly elongated, greatest width at level of base of abdomen.
Tegmen with fairly wide and long clavus, reaching almost to apex of wing. Base of
scutellum strongly raised.  Abdominal sternites of equal size, VII sternite developed
best,

Generic Composition., Monotypic genus.
SPHAERODWOPSIS_ JURASSICA (Oppenheim, 1888) T. VII, Fse 3«4, F, 90

Sphaerodema jurassicum: Oppenheim, 1888, p. 235, T. 18, F. 90.
Sphaerodemopsis jurassica: Handlirsch, 1906, p. 543.

Holotype. Collection of Munich University, Department of Paleontology and Historical'’

- Geology, No, AS V2V, direct imprint of body of insect; Eichstatt, FRG, lithographic

shales, Upper Jurassic, Kimeridge-Titon.

[ o DR




} (

a ' 1
;) 42

C;q
r3 )

s
\w
Description., Scutellunm large, strongly elongated, at base strongly raised like a
semi~round horny elevation. Ternen strongly convex from above, smooth, with very
long wide clavus, reaching apical fourth of wing; fore margin of tegmen strongly
curved, especlally in central portion, hind margin straiciht, apex slightly directly
truncated; length of teguen 15 mm, width 7 mo, length ¢f clavus 10 mm, width 35 mu.
Borders of abdominal segments meet at center at somewhat of an angle, particularly
the last abdominal sternites (except VII) are more or less evenly developed.

Dimensions. Length of body 18-22 mm, width 12«14 mnm.
Material. Besides holotype, one more specimen No. AS I 728 from the same locality.

Comments. The imprint of the body (holotype) which is the basis for the description
is very stretched (almost 1.5 times); thus the description does not always concur

with the drawing given of the distorted specimen.

SUBFAMILY NAUCORINAE Fallen 1914 1#3_
Naucorinae: Fallen, 1914, P« 3,15. Laccocorini: Popov, 1970, P. 97
laccocorinae: Stal, 1876, pe 1l42. Ambrysini: Popov, 1970, pe 97.
limnocorinae: Stal, 1876, p. 1h2. Ambrysini: Popov, 1970, pe 97.
Anbrysinae: Usinger, p. 8, 9. Cheirochelini: Popov, 1970, p. 97,

Cheirochelinae: Montandon, 1897, p. 367,

Description., Body &hrHened;, oval or ovally elongated, from above slightly convex,
with smooth surface; from light-green to dark-brown color. Medium or large (5-15 mm).
Head strongly transverse and often strongly elongated into the prothorax; its fore
margln usually does not project in front of the eyes. Eyes more or less flat, as

a rule large. Antennae short and do not project beyond lateral margins of head.
Labrum usually well developed (except Cheirochelini) and on apex rounded. Rostrum
short with three visible segments (except Mosozolc Angaronectini), opisto= or hypo=
gnathous; 1if reaches or slightly extends beyond fore nargin of prothorax, then never
reaches fore coxae. Postgenal bridge, or genapont, long or short, often raised like
a rib. ‘Pronotum transverse, fore margin usually concave, hind margin straight for
entire extent. Sternal parts of thorax often raised like a fin of variable height;
pleural regions well developed and, as a rule, fusod with sternal without any traces
of sutures, Tegmen usually well developed and reach apex of abdomen, emboliunm dise=
tinctly expressed (except Laccocorinl). Fore legs grasping with strongly thickened
femora, curved tibia and, as a rule, more or less fused into one or two~=segnented
tarsi; mid and hirnd fermora and tibia thin (only in Kaucorini they are slightly widened),
tarsi two- or three-~-segmented, with well developed two claws. Abdomen with differ-
ently developed laterotergites, sometimes not seen from below;:spfraetbgn usually
occupy central position betweon laterotergite and sternal suture, the latter often
not expressed.

Comparison, Differs from all families in the wide and strongly transverse head,
ddat+tened eyes and smooth body surface, and also the short rostrum (except Crypho-
critinae). Differs from Cryphocricinae in the strongly sclerotized head capsule,
weakly indented fore and smooth nog—crimped lateral margins of the pronotum and
the character of the abdominal gpiracles .

Composition, Eight tribes, three of which (Liadonaucorini, Aidiini and Angaronec-
tini) are found in the Hesozoic of Asia; the fourth, Naucorini, appears in the
Jurassic of Central Asia and survives to the present, its living representatives
distributed worldwide. Living representatives at the present time number about
225 species.

ol it
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GENUS LIADOMAUCORIS Y, Popov, gen. nov.1

Genotype. L. rohdendorfi sp. nov., Liassic, Central Asia, Fergana.

Description, Surface of dorsal side of body slightly rough, especially the scutellum.
Scutellum transversely triangular. Embolium of togmen not expressed; venation very
reduced, only the radial and anal veins are distinctly preserved, Abdomen with
distinct elevation in central part of last segments, on ventral side of sixth ster=-
nite strongly narrowed.

Specific Composition. Monotypic genus.
LIADONAUCORIS ROHDENDORFI Y. Popov, EP. n‘ov.2 T, VII, F, 1, F. 91

Holotype. PIN 166/2,3; direct and reverse imprints of body; head and pronotum
missing. Central Asia, Kirghiz SSR, Oshsk Prov., Kizil-Kia city, liassic,

Descriptio ne Body oval, weakly elongated. MNesonotum strongly transverse, width 145
four times more than length; scutellum flat, surface noticeably rough, apical por=-
tion in transverse wavy fissures; fore margin in central portion slightly curved,
lateral sides straight. The radial vein is almost parallel to the outer margin of

' the tegmen and reaches its center; clavus fairly wide, Length of tegmen exceeds their

width approximately 2.5 times, claval suture 1.5 times longer than scutellum, la-
teral margins of tegmen Flattened, Visible portion of abdomen consists of five last
segments; borders between them straight; fourth-fifth segments almost of -same siz€;
hind margin of sixth segment with very deep indentation, seventh segment with angu=’
lar fore margin and strongly rounded in back, noticeably more than the others; eighth
segment like.two lateral curved plates; almost meeting behind seventh segment.

Dimensions. Length of body imprint 5.5 mm, width 4 mm, length of tegmen 5.5 mm.
Material, Holotype (collected by B, B. Rohdendorf in 1937).

TRIBE AIDIINI Y, Popov, trib. nov. Figs. 92 a, b’ :
Description. Relatively small. Fore margin of pronotum weakly concave. Tegmen ;

0

. with only one expressed anal vein, narrow long embolium present. Sternal and pleural

reglons well developed; basisternum of mesothorax separated, furkasternite also de=-.
veloped, Fore margin of abdominal sfernites jut forward angularly. Epimeres of .
metathorax strongly developed and widened blade-like, Hind legs, particularly the '
tibia and tarsi, long and thin, devoid of swimming hairse. Abdomeh below without
longitudinal central fin. .

Comparison, Differs in strongly developed sterno-pleural region of thorax, especiaily
strongly set apart epimerss of metathorax, and alsc very thin hind legs.

Composition, Single monotypic genus Aidium Y. Popov, in Upper Jurassic of Kazakhstan.

TRIBE ANGARONECTINI Y. Popov, trib. nov.

Description. Fairly large. Head strongly transverse, rostrum oplstognathous; labrum
almost triangular; rostrum thick, four-segmented, very long, reaching hind margin of
prothorax. Pronotum more or less trapezoid with concave fore margin. Propleura with
clearly oxpressed borders of sclerites, episterna partly fused with sternite; epi~
meres of meso- and metathorax strongly developed. Fore legs noticeably shortened; |

femora of all legs thickened; tibia and tarsi of mid and hind legs {lattened , pro= 146

with long swimming hairs; hind tarsi one-segnented; coxae of fore legs set far from
fore margin of prothorax., Abdomen with visible first sternite, apical sternites
along central line raised, :

TFrom Liassic locality and name of genus Naucoris.
Named for the entomologist B. B. Rohdendorf, who found the imprint.
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Dotorminant Table of Tribes of the Subfamily Naucorinae
1(2) Epimeres o metathorax form blade=like widening , coverin; the entire hind
coxae. Hind leps, especially tibia and tarsi, long and thin, not covered
with owinnming hadrse . Aidiini
2(1) Epimercs of metathorax do not form blade-like widening. Hind legs covered,
as a rule, by swinning hairs.

3(4) Clavus of tegnmen long, considerably longer than scutellum; corium with
: radial vein. Liadonaucorini

K(3) Clavus smaller than scutellun or equal to it in length.
%5(6) Rostrum long, comes beyond fore coxae and reaches hind margin of metathorax.
Tibia and tarsi of mid and hind legs strongly £lattened and thickly covered

with swirming hairs. Largee. Angaronectini

6(5) Rostrun very short, thick at base, conically narrowlng toward apex, does not 144

cone beyond fore margin of prothorax.

?(8) Epimeres of prothorax strongly set avart and fully cover hind part of sternite.
The ficlds surrounding the spwrucYaSﬂ;are sriooth, beyond each sp»rm&i&r
there is a transverse row of small, smooths -.aveasS. Aways fully winged.

R Ambrysini

8(7) Epimeres of prothorax developed, but do not meet and do not cover hind part

of sternite,

' 9{10) Rostrun attached in a deep indentation on the lower side of the head some:

distance from the fore margin, which projects beyond the eyes in lamellar
fashion; labrum usually strongly reduced. Cheirochelini

10(9) Rostrum leaves from fore margin of head; fore nargin of head does not project
in front of ‘eyes; labrum distinctly and well developed.

11(12)Fore tarsi two-segmented with two claws, often hardly noticeable. Fore margin
of head strongly curves below and backward, thus the rostrum distinctly leaves
bYehind it; labrum sharpened at apex. Mid and hind femora on inner side, be-
gides the two usual rows of short setae along the inner surface, have two
odditional rows of barely visible setae (stylets?). Laccocorini

_12(11l)Fore tarsi one=segmented, with one very small, barely differentiated claw or

without it. Fore margin of head usually less curved, sloping strongly bacle
ward, Hind and nid femora without distinct additional row of stylets.

13(14)Inner nargins of eyes spread forward. Rostrum opistognathous. Meso~ and nmeta=
thorax with projecting longitudinal fin, wide and bearing pits along the
cénter. Body widely oval, flattened. Limnocorini

14(13)Inner + nargins of eyes meet in front., Rostrum hypognathous. Meso- and neta=
thorax with small;'thinlla@ellar‘fin’br,Without“it.. Body strongly convox;
large forms. Naucorinil.

TRIBE LIADONAUCORIWI Y, Popov, trib. nov.

Descriptim. Fairly small forus. " Pegmen longer than abdomen, embolium not expressed;
radial vein present on corium; claval suture longer than scutellum. Abdomen vith fin
on ventral side,

Comparison, Differs from other tribes in very long clavus, considerably exceeding
length of scutellum, and presence of distinct, urreduced radial vein on fore vingse.
Composition., Single genus 1iadonaucoris Y. Popov in the Lower Jurassic of Central
Asia. - .
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Conparison., This subfamily differs from the others (except Arhelocheirinae) in the
unusually long {for Naucoriés) rosirum, which comes beyond hind nargin of prothorax
and consists of four distinct segments, and also the outer anterior sternite. Do=
sides, the strongly moved backward fore coxae and strongly $iatrenned tibla and
tarsi of the mid and hind legs also differerntiate 1t fronm the others, In cime of
fore legs and character of segmentation of the pleural region and degree of flaite=
hing . of the hind legs,'this family can approach only the living Palearctic sube

family Naucorinae.

Compesition, Monotypic subfamily = genus Angaronecta gen. nov. from the Lower
Cretaceous of East Siberia.

GENUS ANGARONECTA Y, Popov, gen. nov.l
Genotyve. A. longirostris, spe. nov.; Lower Cretaceous, Baisinsk Series, Vitim River.

Description. Head not more than twice wider than its length: labrum entirely on
ventral side of head, with weakly sharpencd apex; rostrum comes beyond hind marrin
of prothorax, its segments almost of identical length. Pronotum transverse, its
width more than twlce exceeds length; lateral mar;gins noticeably narrowed in front.
Sternal region of mesothorax well developed and fused with eplsterna, epineres large.
Width of fore femora almost twice less than their length; tibia and tarsi, except

the fore, are flattened, tarsi of hind legs almost equal in length to the tibia;

apex of hind tarsi with two claws. Abdomen slightly. transverse, strongly narroviing
toward apex; anterior sternite reaches lateral margins of abdomen; borders of seg- 147
ments more or less straight or slightly curved; central sector of fourth~seventh
sternites distinctly raised, eighth sternite does not come beyond seventh,

Specific Composition., Monotypic genus.
ANGARONECTA LONGIROSTRIS Y. Popov, &D. nov.l T VII, Fo 5, Fo 93 .

Holotype. PIN 1668/1742; direct and reverse imprints of body; Buriat ASSR, Eravnin
Province, left bank of Vitim River, lower mouth of Bais River, Lower Cretaceous,
Baisinsk Series, Baisin layer 31 (Martinson, 1961).

Description. Body oval, slightly widening in back, viidest at level of second=third
abdominal sternites; dorsal and ventral sides weakly convex. llead slightly projects
beyond fore margin of pronotum; length of part of head visible from below almost
four times exceeds width; labrum at apical sector strongly rounded and does not cover
first segment of rostrum; rostrum gradually narrows to apex. Pronotun transversc, its
width exceeds length almost 2.5 times, fore margin weakly indented, hind straight,
lateral margins slightly rounded, almost straight with narrow lateral rim along
entire margin; pleural region of prothorax vithout clear episternal and cpimeral
sutures, which in front of roxal cavities are widely fused. Hind margin of sternite
of mesothorax with small central projection (mesocyphus) and longitudinal suture on
it, lateral sides of episterna reach hind lateral corners of prothorax. Metathorax
with weakly developed sternal region, also completely fused with episternz, like a
small fairly wide tongue with curved hind margin; epimeres strongly developed, 148
\sferpadluost rectangular, considerably Jargerthan those of mesothorax; epimeres triangular
eg’?]{ with elongated inner side. Fore legs short, apices of femora do not reach lateral
‘ sides of vronotum, femora strongly flatfened’, especially in central portion, inner
side before the apex with small indentation and fin along the marging tibia and one-
segmented tarsus considerably shorter than $mora. Mid leogs natatory, feriore more
or less thickened; tibia Fwd+enedx, almost 1.5 times shorter than fomora; first
segnent of tarsus also floftened and coverod with swinming hairs. Hind legs natatory,

“From the paleogeographical name Angarida and the Groek word noctos ~ swimming.
lgrom the Latin words longus, long, ond rostrum,
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tibia and one-segnented tarsi strongly Llat+ened and covered with long, dense
swirming hairs, which on torsi are longer than their width; inner nargin of tibia

set with smnll talons. Abdomen of round form, widest at second and third seguents,
its width barely greater than length; seguments alnost of equal width, their posterior
lateral corners slightly sharpencd and project slightly beyond the following ones;
anterior sternitc partly covered by epineres of metathorax and hind coxae; central
portion of fourth-seventh steranites strongly convex, particularly on sixth-seventh
sternites; eighth sternite like two paired plates, sharpened on apices and out off

by the seventh sternite.

Dimensions., Length of body 14 mm, width 8 nm.
Material, Holotype.
TRIBE NAUCORINI Fallen, 1814 T. VII, Fo 2

Naucoridei: Fallen, 1814, ps 3, 15.
Naucoraria: Stal, 1876, p. 142,
Naucorinae: Usinger, 1941, p. 8.
Naucorinae: China, Miller, 1959, pe 16.
Naucorini: Popov, 1970, ». 97.

Description. Body moderately flattened, oval,brilliant, from above fairly convex,
usually of green or yellow=green color; fairly large (10=15 mn), Head weakly
withdrawn into the prothorax; fore margin does not protrude in front of the eyes;
inner margins of eyes meet, Labrum moderately develoved, rounded at apex. Rostrunm
short, hypognathous, from base widening conically toward apex and does not reach
fore margin of prothorax. Genapont fairly long, usually with rib., Fore nargin

of pronotunm weakly curved, Fore, mid and metathorax often with low lanellar fin,
pitted. Tegmen always well developed and reach apex of abdomen, Fore legs grasping,
femora strongly thiclkened, tibia curved and fused with one~segmented tarsl. Mid
and hind femora without longitudinal rows of setae along inner surface, with only
two distinct rows of short setae (stylets?). Mid and hind tarsi two-segnented,
with two claws. Ventral surface of abdomen without central longitudinal fin. Lo=
terotergites of abdomen well developed, wide, o spiraglec nLoino wr o, close

to parasternal fissurg which is distinctly expressed.

Comparison, Differs from Angaronectini in the very short rostrun, from Liadonaucorini
in the structure of the tegmen, from Aidiini in the not set apart epimercs of the
metathorax and thicker hind tibia, from Cheirochelini and Ambrysini in the weakly
indented fore margin of the pronotum, from Laccocorini and Limnocorini in the hypo=-
gnathous rostruu. -

Composition. Eleven genera and about 50 species, of which five gonera1 are found 149
in tip fossil state: Nectonaucoris Y. Popov,liectodes Y. Popov and Helaonaucoris,

gen, nov,, Upper Jurassic, Kazakhstan, Discostoma Scudder, Oligocene of lNorth

America and Ilyocoris Stal, Paleocene mnd leocene of West Europe,

Determinant Table of General of the Tribe Naucorini, Found in Fossll State2

1(2) ‘Tegmen with unexpressed embolium; clavus with small dark spots. Nectonaucoris
2(1) Tegmen with distinct ombolium; clavus with light large spot or unicolored.
3(4) Embolium parrow and oxvresscd only at base of tegmen; coriun spottye.
. Heleonaucoris
4(3) FEmbolium wide and clearly expresscd along entire line; coriunm unicolored.
5(6) Clavus almost 2.5 times chorter than tegmen, unicolored; membrane takes up
alnost half of tegmen; .togmen not shortor than 10 nnm. Ilyocoris
6(5) Clavus less than two times shortor than tegmon, spotty; membrane significantly
shorter ond occupies about one third area of tegmen; shorter than 7 mne
Nectodes,
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GELUS IISLLONAUCCRIS Y. Popov, [pens nove

Genotype, H. maculipennis, Spe nove ,

Description, Larse, not less than 15 mm, Clawus noderately developed, rore than
tivice shorter than leygth of teguen; anal vein clecorly cxpresscede  Zoboliun dife
ferentiated only at base of teguen; border of corium and neombrane indistinet,
nenbrane less thar half of toprmen and does not reach apex of clavus, Anex of
tegren with distinct outer and inner corners, its outer margin straight.

Comparison. Differs from other genera of this tribe in woaxly developed erbolium,
spotty tracery of tegmen and large dimenslons (excent Ilyccoris). Differs from
the most similar to it Mosozmoic gonus lHectodes frow the same locality of Karatau
in the considerably shorter clavus, narrow.emboliun, expressed only at the baso

of the tegmen, and directly truncated apex of tegnen. In coloring resembles the
1iving tropical genus Heleocoris of the tribe Laccocorini.

Specific Comnosition, Genotype.
HELEOLAUCORIS MACULIPENNIS,Y. Popov, Sps nov, T, VII, Fo 6, Fo 94

Holotype: Pin 2066/3630, rositive and negative imwrints of right tegmen; Upper
Jurassic of South Kazakhstan (Karatau mountains), locality of lichallovka.

Description. Tegmen elongated, length exceeds width three times. Clavus dis-~ 150
tinctly videned at avex; nmodorately wide, length excecds width more than 3¢5 times;
anal vein-very weakly curved, almost straight. Corium with clearly expressed
enboliun at basal sector of tegmen, length of differentiated portion of crbolium
3.5 mn, Coloring clear, lile separate clear spois at basal half of wing (£, 94),
distal half light.

Dimencsions, Length of tegmen 12 mn, width 4 mm.

Material, Holotype.

TRIBE . AVBRYSINI Usinger 194l F, 95
Ambrysinae: Usinger, 1941, p. 9=1l.

Anbrysinae: China, Miller, 1959, pe. 16.
Anbrysini: Popov, DP. 97, p.p. excl. Helloiella et Carvalhoiella.

Description. Body moderately flattened, oval, usually of various shades of green
color; mid or large size (7-15 mm). Head strongly dravm into prothorax; fore

nargin of head does not project in front of large, flat eyes, Labrun well developed,
its apex rounded. Rosirum short, directed below, leaving fore margin of head,

from base conically narrowing toward avex and not reaching fore margin of prothorax.
Genaront long, in central portion there is a longitudinal fin-shaped elevation on it.

lThe Jurassic genus Palaecheteroptera Meun., was established on the genotype of
"aucoris" carinata Opp. (Meunier, 1900). At my instructions, the types of "FHaucoris
carinata Opp. (1882, XVI 34) and “Naucoris" lapidaris Weynb. (1 564) from the Hunich
Museum were located, The first type specimen is a blattid (Blattidae), apparently
Lithoblatta lithophilla (Germ.) (Handlirsch, 1906). Thus, the gonus Palacohcteropw
tera, established earlier (leunier, 1900) than the genus Lithoblatta, must be con=-
sidered an old synonym of the latter, -

The second type specimen ("Haucoris lapidaria Veyenb.) is very poorly nreservod;
its drawing, acconpanying the oripinal description, does not corrospond with the
specinen; it cannot be ruled out that it roally should be placed in the liaucoridao;

however, it is not possible to determino itc true taxonomlc pocition,

Since the American Oligocohe Digcostora Scudder most likeoly is & synonym of the
genus Ylyocoris Stal, it is not included in this toblo.
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Fore uargin of pronrotum sharply concave. Epineres of prothorax stroangly overgrown
and protrude as lamellar vrojections onto hind part of sternite, joining along the
central line and conmpletcly covering its base. Tegmen well developed and always
reaci apex of abdouen. Tore less gracring, femora strongly thichkened, sonmetines
become almost spacrical, tibio more or less curved and fused with ono-senmented
tarsi; nid and hind tibia and tarsi noderately thin, tarsi three-sepnented with
woell developed vaired claws. Laterotergites of abdomen wealkly or entiroly not
expressed; gpkutbzsﬁpglocated close to clearly expressed parasternal fissuro.
Alvays fully winged. L

Comparison, Differs from the other tribes of the subfamily in the strongly over=

growvn epimeres of the prothorax, which fuse in back of the coxae; besides, from

the Angaronectini in the short rostrum and from Aidiini in the non-widoned cpimores

of the netathorax. T
Compogition. One cenusl and ‘about 70 cpecles in living faunaj in fossil state not 151
knovn; living represontatives are distributed in the Nearctic and neotropical

regions,

TRIBE CHEIROCHELINI Montandon 1897 F, 96
Cheirochelinae: !ontandon, 1897, p. 367.
Cheirochelinae: Usinger, 1941, p. 8.
Cheirochelinae: China, Hiller, 1959, p. 16.
Cheirochelini: Popov, 1970, D. 97.

Description. Body strongly Ehd*eneui, oval, of medium size. Head round=triangular,
strongly elongated into the prothorax; fore margin strongly projects in front of
small eyes., Labrun strongly reduced. Rostrum very short, directed below, base of
first segment submerged within the head and protrudes fairly far from its fore
margine.  Genapont long and not high. Tore margin of pronotun sharply concave.
Tegmen developed, but often do not reach apex of abdomen. Fore legs grosping,
femora stronsly thickened, tibia curved ond nore or less fused vith one-segmented 152
tarsi; mid and hind tibla and tarsi foirly thin and thickly coverod with swimning
hairs, tarsi three~segmented. ILaterotergites of obdouen not expressoed; g.pl_c‘a.-clt;s-
occupy central position between margin of obdomen and clear}y expressod parastornal
fissure.

Comparison. Differs from the other tribes in that the rostrum leaves some distance

from the fore margin of the head and the strongly reduced labrum; from Angaroncc-
tini in the short rostrum; from Aidiini in the not-widened epimeres of the metathorax.

Composition, Six genera and 1l specles; not lmown in the fossil state; all dis-
tributed in the Oriental region.

TRIBE LACCOCORINI Stal 1676 F, 97

Laccocoraria: Stal, 1876, p. 142.
Laccocorinae: Usinger, 1941, De 8. _
Laccocorinae: China, Miller, 1959, . 16.
Laccocorini: Popov,1970, p. 97.

Description. Body moderately &lattened, oval or ovally=-clongated, of yellow-brown
color and mediun size (7~12 mn). Head strongly transverse, slightly drawn into

“Two other monotypic genera, Mellolella De Carlo and Carvalhoiella De Carlo, fronm
South America, have been placed: in this group along with the type of the genus
Anmbrysus Stal. Unfortunately, tho. first genus is lnovn only from tie draving fron
above and the other remains in general inaccessible to tho author. Sinco tho
taxononic position and basic morphology of these gonera romain unclear, thay for
nov are not included in any of the tribes 4ncluded in the subfamily Naucorinae.
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prothorax; fore umargin of its frons=clyneal portion curves dovmward and baclwiard,
not vrojecting in front of the larse, £lat oyes. Lobzuin stron;ly develonod and o
apex distinctly shurpencd.' Rostrun, becavse clypeus ic sironply curved ontc thwe
ventral side, leaves some distance fron the fore rarcin of the hend; shori, dirccied
boackward, reaches or slijhtly colies beyond fore margin ol rrotheoroii. Genapont very
short, witiout longitudinal fin or clevation, Fore margin of pronotun weol:ly ine
dented, aluoct stbai:ht. Prothorax with larse sternal elevation 1i'e o firn, Seguen
well developed and reach avex of abdomen, orboliurm not expresced., Fore lesc less
modified for srasping, fenorza alnoct not widened, tibio straight vith two=sermented
torsi, furnished at apex with two snall clews, which arc well develored on mid ancd
hind tarsi; mid and hind fenora on lower ‘side with two longitudinal rows of very
small setae along with the two usual rows of short setae (stylets?) along the inner
surface, lLaterotergites of abdomen develoned; 5;P{raclts occupy o nore or less
central position or are located sonewhat closor to the weally cxpressed narasternal
fissure. '

\n
ro

Comparison., Differs from Angaronectini in strongly shorteoned rostrun, from Aldiind
in the not-widened enirieres of netathorax, from Liadonaucorini in short clavus,

fyom Lixmocorini ir two~sesmented fore tarsi, fron the other tribos in opistopgnathous
rostrum and weakly concave fore margin of -pronotum.

Comnosition, Eight genera and about 60 species in living faunaj; in fosgil state
not Imovm; distributed in Neoirowical, Ethiovia, Oriental and Australian regions.’

TRIBE LIIZJOCORINI Stal 1376 F. 98

Limnocoraria: Stal, pe 142 Limnocorinze: China, iilller, 1959, bp. 16.
Limnocorinac: Usinger, 1941, D. e ILimnocorini: Ponov, 1970, n. 97.

Description., DBody moderately Elottened., widely oval, small or of nedium size (5e2~
11 rm), lead weakly drawn into prothorax, fore nargin does not project in front 153
of large,flat eyes; inner margins of eyes spread apart in front. Labrum well
developed, apex noticeably rounded. Rostrunm short, directed backward, frou base
narrows carically toward apex, rcaches or slightly comes beyond fore margin of pro=-
thorax., Gonapont very short, often ending in a sharp rib at base of hoad, Fore
nargin of pronotun weakly concave; prothorax with large sternal clevation lile a-

fin; fheso- and métathorax :with wide projecting sternal fin in griall pits along conter.
Tegmen always well devolopod and reach apex of abdomen., Tore legs grasping, femora
strongly thickened, tibia curved and fused with one~sormented tarsi; mid and hind
femora with only two usual rows of short setac {stylets?) on inner side. Latoro-
tergites of abdomen wealkly develomed, narrow; sprraclese: stand far from latero-
tergites, parasternal fissumenoti oxpressed, .
Comparison. Differs from Angaronectini in strongly shortened rostrum, fron
Aidiini in notewidened gpimeres of metathorax, from Lisdoraucorini in structure
of teguen, from Cheirochelini and Ambrysini in backward directed rostrum and
weak:ly concave fore margin of vronotum; fron Laccocorini in onewsegrnented fore
tarsi and sharvened at apex lubrum, from Naucorini in "opistognathous" rostrum,
different divergence of inner nargins of cyes, and also flatter and wider body.

Conposition. Two genera and about 35 species; in fossil state not lknown; distributed
only in Neotropical and MNearctic regions,

e e ———
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SUBFAMILY CRYDLOCRICINAE ilontandon 1897 15

Cryptocricinac: Montandon, 1397, De G, DeD. excle lubrysus.
Cryphocricinae: Champion, 1901, pe 35khe

Cryohocricinae: Usinger, 1941, Dpe 8. ’

imbrysinae’ Usinger, 1951, p. 11=172; peP. quoad Cataractocoris.
Cryphoericinne: Usinger, 1947, e 333.

Cryphocricinae: China, ifiller, 1959, p. 16.

Description. DBody morec or less convex, from above rough, in small granules; of
variablo cize (6e5=1L nu). lead with rogtrum directed forward, strongly dravm into
nronotun; fore nargin noticeably projects in front of relatively small and convex
eyes.. Antennae short and entirely concealed under lateral margins of head. Labrun

i’ well developed, slightly olongated and wealily rounded at apex, hanging over at fore

margin of head; genal sclerites distinctly separated and project in front of head,
Rostrum threc-seguented, strongly shortened, conically anrrowing toward apex and
directed forward and slightly below. Genapont long with central fin along entire
line. Pronotwn transverse, lateral margins goffered, fore margin strongly concave,
hind quarter of pronotum more convex and separated by a distinct furrow; sternite
of prothorax is completely oven fron the back or covered at the base by accreted
epineres; sternites of meso~ and metathorax flat, not raised like a fin. Teguen
often underdeveloped, Fore legs grasping, femora strongly thickened, tibia curved
and fused with one-~segmented tarsi; mid and hind femora thin,{UaffcntvL; tarsi
three-segmented with unusually strongly developed paired claws, Laterotersites

of abdomen developed; :rpqrazdeg:: located close to the laterotergites; parasternal
fissure clearly expresseds srachypterous forms fairly common.

Conmparison. Differs from all sub:amilies in rostrum directed forward, clearly
expressed genal lamellae pushed in front of head, goffered margins of pronotum, and
also dorsal surface of body roughened in small granules.

Composition., Two monotypic tribes - Cryphocricini and Cataractocorini, not known
in fossil state; distributed in Nearctic (Sonor region) and Neotropical regions.

Comments: As recently shown in the preliminary comparative-morphological study
made of the external structures of representatives of the genera Aubrysus, Catarac-
tocoris and Cryphocricos (Popov, 1970), up to now placod in different subfamilies
(tontandon, 1897 a,B; Usinger, 1941, 1947; Poisson, 1951, 1957, and -others), the
genus Cataractocoris in a whole number of congeneric apomorphic characters (basically
the structure of the head and dorsal side of the body), from my point of view,
demonstrates greater similarity to the other Neotropical genus Cryphocricos than

to the genus Ambrysus which is combined with it. The latter genus, in its turn,

is more closely related to genera of the subfamily Naucorinae and particularly to
the tribe Cheirochelini. 1In connection with this, it was Lcc. suggested to transe
for the genus Cataractocoris from the higher subfamily Ambrysinae (sensu Usinger)

to the subfamily Cryphocricinae and at the same time to isolate the tribes Crypho=-
cricini and Cataractocorini as separate monotypic taxons, Also, the genus Ambrysus,

~Which possesses more differences. than relationships, but is, in my point of view,

. +ohhv€ﬂﬁme most closely related to Naucorinae of the Eastern Hé%isphere, is included as a

subfamily of the Naucorinae (sensu mihi) ae an independent tribe Ambrysini (Popov,
1970).

L
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Deterninant Table of Tribes of the Subfamily Cryphocricinae

1(2) Epineres of»prothorax~pvergrown,.covering the base of a suall poststernite.

-~~~ " Yentral surface of abdoren -, .. Fields surrounding gpiracles . srooth,
beyond each spiwacte _ there is a transverse row of small smooth orcas ..
Always completely winged Cataracticcorini

2(1) Epimors of thorax developed, but do not meet behind completely oven and
large poststernite.Ventral abdsmmal surfoca lacks pubescence. Around each spiracie
are perforated disc-formed fields. Sharply dimorphic, more commonly
brachypterous formse. Cryphycricini

TRIBE CRYPHOCRICINI Montandon 1897 F. 99

Description. Body strongly Hatiened , especially below, ovally elongated (mac-
ropterous forms) or widely oval (brachypterous forms); of medium size or small
(6.5 = 11,5 mm). Rostrum directed forward, very short; eyes strongly convex,
genal plates strongly project forward, genapont long, raised like a fin, Protho-
rax with strongly developed poststernite; -epimeres lie flat against sternal
portion and are separated by simple fissures; meso=- and metathorax with strongly
integrated sterno-pleural region, only pleural fissure preserved, Tegmen, as a
rule, weakly developed and far from reach apex of abdomen. Ventral surface of

~abdomen not .--;: laterotergites weokly developed; spiracles . situated along

laterotergites like perforated disc-shaped fields; parasternal fissure well 156
expressed. Usually brachypterous forms. )

Comparison, Differs from representatives of the second tribe in structure of
strongly f§a+femed ventral side of body, structure of sterno=-plcural rogion of
thorax and special morphology of :spwracles:.: of abdomen, and also strongly developed
brachyptery.

Composition., One genus, 1l species,

TRIBE CATARACTOCORINI Y, Popov, trib. nov, F. 100

Cryptocricinae: Montandon, 1897, p. 125, pep. excl. Anbrysus.
Ambrysinae: Usinger, 1941, p. 11=12, D«DP. quoad Cataractocoris,
Cataractocorini: Popov, 1970, p. 97.

Description, Body more or less fiattened. ., widely oval, fairly large (12-14 mm).
Rostrum less prognathous and slightly longer than in representativos of tyve of
tribe; eyes large, convex; genal lamollae noticeably project forward; genapont
long, strongly elevated like a central fin. Prothorax with weakly developed post-
sternite, covered at the base by strongly overgrown epimeres; mesothorax with
distinctly expressed sterno-pleural and epimeral fissures, which are separated by

_ corresponding sternal region and anepimeres. Tegmen well developed and always

reach apex of abdomen. Veontral surface of abdomen covered with hairs; lateroter-
gites well developed, more o less wide;'stadcs - located close to margin of
abdomen, of usual structure; parasternal fissure nost distinct on VII-VIII
sternites, Always fully winged forms.

Comparison., Differs first of all in structure of ventral side of body, less
prognathous and slightly longer rostrum, and also less pushed forward lamellae
and larger eyes,

Composition. Single genus with two species.
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SUBFAMILY APHELOCHEIRINAE Fieber 1860 F, 101

Description. Body strongly flattened ., ovally convex (macropterous forms) or
widely oval (brachypteous forms), of medium size (8«10 mm). Head with opistogna-
thous rostrum, spherical=triangular, frons from above visible, fore rargin projects
in front of eyes noticeably. Antennae thin, fairly long, slightly projecting
beyond lateral margins of head and thus visible from above. Labrum transverse,
apex rounded, located on ventral side. Rostrum three~-segnented, thin and very
long, reaching mid coxae; basal segment very short, second segment slightly longer
than third, Fore legs weakly adapted for grasping; femora weakly thickenod, tibia
straight, tarsi mohlle, two-segmented, ending in two claws, as well developed as on
the other legs. In brachypterous forms, tegmen are slightly rounded and do not
reach or barely reach first visible abdominal segment; in macropterous forms,
tegmen come beyond apex of abdomen, but are noticeably narrower than it. S e
Sbiraclcs' visible and surrounded by a rosette of radial branches. Male genital
segments asymmetrical; right parameres strongly curved and small, left parameres
more curved and masgive. Brachyvterous forms are most frequently encountered.

Comments. lany authors have placed the genus Aphelocheirus into an independent 157
family (Douglas, Scott, 1865; Handlirsch, 1906~1908, 1925; Melander, Brues, 1932;
Kirichenko, 1951; Poisson, 1951, 1957; Southwood, Leston, 1959 and others). At

the same time, other researchers include this genus in the family Naucoridae as a
separate subfamily.(Stal, 1876; Kirkaldy, 1906; Oshanin, 1906-1909; Beier, 1938;
Usinger, 1941; China, Miller, 1959 and others). Later specialized morphological
studies (Miyamoto, 1961; Parsons, 1966) and a taxonomic analysis of living and:
fossil naucorids have forced me to agree that this highly gpecialized genus belongs
to the family Naucoridae only as a special subfamily.

Comparison. Differs from representatives of other taxons (except Potamocorinae and
Angaronectini) in the unusually long and thin rostrum, reaching the mid coxae, and
also the fairly long antennae visible from above.

Composition. One genus Aphelocheirus Westw. (f. 100), which is not known as a
fossil; 13ving fauna number .about 30 species, distributed in the Palearctic, Ethiop-
jan and Australian regions, :

SUBFAMILY POTAMOCORINAE Usinger 1941

Description., Body moderately 44a+fenﬁ4, oval-convex, very small, about 2.7-2.8 mm,
Head with opistognathous rostrum, rounded-triangular, fore margin strongly projects
in front of small (especially in Coleopterocoris) eyes. Antennae four-scgmented,
fairly long, thin, noticeably projecting beyond lateral margins of head and thus
visible from above. Eyes strongly moved onto ventral side of head, occupying there
the same area as on the dorsal side. Labrum transverse, on apex round., Rostrum

2 -»three-segmented, thin, relatively short, reaching fore coxae, basal segment short,

last two segments of equal length, Postgenal bridge (genapont) long, without lon-
gltudinal fin {elevation) or widely raised. Pronotum strongly transverse; 1ts fore
margin noticeably indented, but straight in central portion, hind margin also in-
dented into the wide base of the neighboring scutellum. Tegmen always well developed;
embolium expressed. Prothorax evenlyconvex, mesothorax slightly raised. Fore legs
weakly grasping; femora more or less developed, tibia straight, tarsi one-segmented,
furnished with two claws, also well developed, as on remailning legs. Sfm;uc(es.
reduced, Abdomen without central fin below; male genital sersments symmetrical.

Comparison. Differs from all other subfamilies (except Aphelocheirinae) in fairly 158
long antennae, visible from above, and also thin and longer rostrum (oxcept Aphelo-
sheirinae and Angaronectini, in which rostrum is even longer).

[ —
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Composition. Two tribes: Potamccorini and Coleopterocorini, which arc not lnewn
as fossils; distributed in Souih Anericas

Determinant Table of Tribes of Subfamily Potamocorinae

1(2) Eyes large, rore or less close together; scutellum very large, termen clearly
delimited into clavus, corium and membrane, margins parallel, Potamccorini

2(1) Eyes small, widely set apart; scutellum considerably smaller, tezmen strongly
chitinized, like elytra, do not subdivide into separate parts, lateral margins
not parallel. Coleopterocorini

TRIBE POTAMOCORINI Usinger 1941 F, 102
Description., Body elongated. Head with large more or less £flotte ned eyes; genapont

‘6lightly shortened, Tlat. Scutellum strongly developed, triangular; tegmen well

developed, punctured, with distinctly expressed embolium, clavus and large ceibrane,
Legs thin, hind tibia and tarsi covered only with thin setae,

Comparison. Differs from otherfribe in large eyes, more triangular scutellum, less
sclerotized, differentiated tegmen, and also lack of swimming hairs on hind legs.

Compoeition. Monotypic tribe with single species from Brazil,
TRIBE COLEOPTEROCORINI Y, Popov, trib. nov. F, 103 159

Description. Body ovally-elongated., Head with small eyes, distance between which
more than 2.5 times dlameter of eyes, genapont long, evenly convex. Scutellun
strongly transverse, more or less triangular. Tegmen strongly sclerotized, not
divided into separate parts. Legs fairly long, hind tibia and tarsi with swimming
hairs on inner side.

Comparison, biffers from type of tribe in small widely distributed eyes, strongly
transverse and small in dimensions scutellum, strongly sclerotized tegmen and pre-~

sence of swimming hairs on hind legs.
Composition., Monotypic tribe with single species from Paraguay.

SUPERFAMILY NOTONECTOIDEA Leach 1815
Description. Body from 2 to 18 mm, flat below and convex above,|rare1y[?ﬁﬁ3h$40++encA

(Idiocorinae, Helotrephidae). Head hypognathous or opistognathous; outer sclerites
strongly fused, anteclypeus not distinctly designated (except Mesozoic subfamily
Clypostemmatinae, Notonectidae). Antennae strongly shortened and not visible from
above, usually three~four segmented, rarely one or two-segmented. Simple eyes
missing, Scutellum triangular, of variable size, Tegmen flat with reduced venation.
Fore legs simple, not grasping; coxae of legs drawn together. Aquatic. In nymvhs
of some Notonectidae there is one unpaired abdominal. odor gland.

Comparison, Differs from all superfamilies in strongly convex dorsal side of body
with wings folding roof-shaped (except some Helotrephidae).

Composition. Five families: Scaphocoridae, Upper Jurassic of South Kazakhstan;
Mesotrephidae, Upper Cretaceous of South Kazakhstan; Notonectidae, known from the
Liassic of South Siberia, UpperJurassic of Vest Europe and South Kazakhstan, Lower
Cretaceous of East Siberia and Paleocene and Neocenc of North America and Vest
Europe; Pleidae and Helotrephidae not known as fossils; representatives of living
fauna are widely distributed in all zoogeographical regions., Vorld fauna number
more than 250 species. '
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FAMILY SCAPHOCORIDAE Y, Porov 1968 T, VIII, F. 1, F. 104

Description. BRody short, boat-shaped, compressed from the sides with roof-shaped
tegmen folded like the bottom of a boat. Of medium size (4=6 mnm). IHead hyvoghas=
thous, strongly trarcverse, apparently partly accreted with the thorax; eyes cor-
paratively small and do not touch fore margin of pronotum, which is strongly deve-
loped and covers the scutellunm. Scutellum very small, Tegmen sclerotized, emboliun
not expresséd; completely covers abdomen, claval suture long, more than three times
exceeds length of scutellum; membrane devoid of veins and occupies almost one third
of tegmen, Hind legs not very long, oar=-shaped; tarsi one=cegmented and covered
with thick swimming hairs.

Comparison, Differs from all families of the superfamily in strongly developed
pronotum, completely covering scutellum, and one=segmented hind tarsi; from Helo=-
trephidae and Mesotrephidae in nmore convex Plcid body; from Pleidae and Notonectidae 160
in strongly transverse head and somewhat s.all eyes.

Composition. Honotypic family -~ genus Scaphocoris Y. Popov; from Upper Jurassic
of Kazakhstan.:

FAMILY MESOTREPHIDAE Y, Popov, Fam. Nov,

Description. Small, not more than 3 mm long; dorsal cide elevated roof-shaped, ventral
flat. Head strongly tucked under and completely hidden by pronotum from above. Pro=-
notun transverse, convex, of ellyptic form. Scutellum small, triangular, not covered
by pronotum. Tegmen reach apex of abdomen; fore margin widened in lamellar form;
venation strongly reduced, remains of veins along outer margin and anal vein on

clavus progent; latter well developed; membrane veakly expressed, Legs not swimming,
hind tarsi longer than tibia, apparently two-cegmented. Tracery usually present.

Comparison, The described Mesozoic Hemiptera resembles representatives of the recent
families Pleiduc and Helotrephidae in form of body and non-swimming legs. The pro-
notunm, apparently entirely concealing the head, 1s similar to that of the Upper

Jurassic Scaphocoridae, The small triangular scutellunm resembles that of living

South American Neotrephinae (llelotrephidae). In general plan of structure, this

family is closest to the Jurassic Scaphocoridae, apparently being its descendent, ngoyAS
However, the form of the pronotum which is unusual for Artil?, the strongly widened

outer margins of the tegmen, similar to those of living Belostomatidae, and the

hind tarsi distinctly differentlate the Cretaceous family from all others.

Composition. One monotypic genus, Mesotrephes gen. nov., from the Upper Cretaceous
of Kazakhstan,

GENUS MESOTREPHES Y, Popov, gen. nov.1

Genotype: M. striata, sp. nov.; Upper Cretaccous of South Kazakhstan.

Description, Pronotum strongly transverse, not wider than base of tegnen, lateral
margins rounded. Scutellum very small, more than three times shorter than claval 161
suture. Roof~=shaped tegmen like a turned over boat bottom; their fore margin widened
lamellar like with rémains of one vein along margin; clavus strongly developed and
occupies a considerable portion of the tegmen surface; anal vein runs along entire
clavus, Hind legs relatively short; tibia and tarsi of hind legs considerably thinner
than femora; hind tibia shorter than tarsus and femora. Tracery on dorsal side of
body distinct.

Specific Composition., Monotypic genus.

Trrom Greek words for center and {latfened.

'
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MESOTREPHES STRIATA Y. Popov, sp. nov.l T. VIII, F, 2, F. 105

Holotype. - PIN 2232/133; direct and obverse imprints of body; Scuth Xazachstan,
Kizil=-Ordin Province, Chiliis District, northeast spurs of Karatau mountains;
Upper Cretaceous (Turon-Santon).

Description. 'Bedy oval, widest in central portion at level of claval suture.
Tracery like distinct longitudinal dark=brown stripes on entire dorsal surface of
body. Pronotum strongly convex, barely narrower than base of tegmen; its width
exceeds length almost twice; fore margin evenly curved, hind widely rounded and
somewhat stretched backward, its lateral sides slightly indented, lateral corners
strongly rounded; three longitudinal stripes are wide and close to the center.
Tegmen long, come beyond abdominal apex; lateral lamellar widenings occupy more
than half the length of tegmen; vein (apparently SctR) is situated along entire
widening, but does not reach base of tegmen, where there is another weak vein;
lateral fore corners strongly rounded; clavus wide, its length slightly riore than
three times greater than width; apex of tegmen widely rounded; anal vein curved
and runs along entire clavus. Triangular scutellum slightly transverse with sharp
apex; lateral sides darkly~brown. Corium with three longitudinal stripcs; most -
harrow inner one comes only slightly onto weakly expressed membrane, and outer one

"1s the widest, central reaches apex of tegmen; clavus with two stripes: outer is
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wide and short, taking up a portion of the anal vein, and the inner one is long,
running along the entire clavus, partially taking up the lateral side of the
scutellum, Hind legs small; femora weakly thickened, evenly wide along entire
length; tibia short, almost 1.5 times shorter than femora and tarsi taken separately;
tarsi very long, almost equal in length to femora, slightly thinner than tibia.

Dimensions. Length of body 2,8 mm.

Material. Besides holotype, two other specimens of body from Karatau - PIN 2382/132
and 2783/255.

FAMILY HELOTREPHIDAE Esaki,China 1927 162

Description. Very small forms (l,3=5 mm). Body more or less flat, especially in
Idiocorinae, oval, without hairs. Head fused with thorax in greater (Idiocorinae,
Neotrephinae) or lesser (Helotrevhinae) degree, forming in separate cages the so=-
called cephalothorax, Antennae reduced (one to two segmonts) and shortened, entirely
hidden under the eyes, Simple eyes missing. Scutellum free, triangular and often
strongly elongated. Pleural region well developed, ospecially epimeres; projections
of meso-and metathorax very small, usually like setac. Openings of odor glands present
on metathorax. Tegmen strongly sclerotized, clavus usually missing, membrane not
expressed, Hind wings reduced. Coxal cavities open, coxae pagiopod. Legs moderately
long, number of tarsal segments varies strongly; pretarsus provided with two claws,
seta=like areola and membranous tube-like empodium. - In nymphs, there is an unpaired
gland on the dorsal side of the scecond segment of the abdomen, similar to Pleidae

and Notonectidae., Male genital scgments asymmetrical and moved to the left. The
biology of these bugs is almost unknown. )

Comparison, Differs from other families in fused head and pronotum; from Scaphocoridae in
Scutellum not coveréd by pronotum and hind one-segmented legs; from Mesotrephidae in
flatter body and form of pronotum, and also head less moved below; from Pleidae and
Notonectidae in-strongly reduced one or two-segmented antennac and less convex body.

Composition., Three subfamilies in living fauna: Helotrephinaec, Ncotrephinae and
Idiocoriniae, not known as fossils; distributed in tropical belt and numbors about

’

20 species.
L
From Latin word for striped.
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Determinant Table of Subfamilies of the Family Helotrephidae

1(2) Number of tarsal segments 3=3=3; dorsal surface of head serarated from ventral
by a distinct thin rib; scutellum at base wider than its length; female with
ovivositor Keotrephinae

2(1) Number of tarsal segments l-l=2; dorsal surface of head not serarated from
ventral by a thin rib or, if separated, then scutellum considerably longer
than wide; scutellun of equal width and length; female without ovipositor.

3(4) Body {lattened; suture between head and pronotum missing; antennae one=

segmented, strongly condensede Idiocorinae
4(3) Body strongly convex; suture between head and pronotum distinct; antennae
two-segnented. Helotrephinae,
SUBFAMILY HELOTREPHINAE Esaki, China 1927 F, 106

Description., Body of these small bugs very convex and resembles Pleidae., Suture
between head and pronotum sufficiently distinct and, as a rule, strongly wavy.
Antennae always twoc-segmented. Fore and mid tarsi one-segmented, nind two-segmented. -
Live in standing water of small reservoirs and lakes., This subfamily, apparently,

is the most primitive among all the other subfamilies,

Comparison. Differs from Neotrephinae and Idiocorinae in hemispherical body, fron
Neotrephinae in number of tarsal segments (1-1-2) and lack of ovipositor in females,
from Idiocorinae in distinct suture between head and pronotum.

Composition, Eight endemic genera: Helotrephes Stal, Esakiella China, Tiphotrephes 163
Esaki et China, Hydrotrephes China, Limnotrephes Esaki et China, Idiotrephes Lund=-
blad, Paralimnotrephes Poisson and Heterotrephes Esaki et Miyamoto.

SUBFAMILY NEOTREPHINAE China 1940 F. 107 '

Description. Body more or less flat, from above with fairly large, densely sot pits,
Head transverse; dorsal and ventral surface separated by distinct longitudinal rib;
suture between head and pronotum weakly expressed and not wavy. Eyes relatively
small and in shallow cavities. Scutellum short, slightly transverse. Tegmen without
any kind of subdivision. Legs thin, long; tarsi of all pairs of legs three~segmented,
Females have reduced ovipositor. ILive in mountain streams, which are devoid of
vegetation and have very quick currents, in the deepeninge between rocks, on the
bottom of which there is a thin layer of silt. Very sparse, only two to three
specimens live in one of these deependings within one to two kilometers.

Comparison. Differs from Helotrephinae and Idiocorinae in threc~segmented tarsi
and presence of an ovipositor, ’

Composition. Two genera from South America, Neotrephes China and Paratrephes China.

SUBFAMILY IDIOCORINAE Esaki, China 1927 F. 108

Description, Body fairly strongly gﬂa+fened. Brachypterous forms occur, Head and
thorax completely fused, without any fraces of sutures. Antennae onec-segmented,
strongly shortened, flattened and hidden under the eyes. Scutellum very long. Teg-

men not subdivided into clavus, corium. and membrane., Legs of .moderate length, fore

and mid tarsi one-segmented, hind two-segmented. Representatives of both..

genera were found under small rocks in Lake Tanganyika. l!Male genital segments 164
asymmetrical and moved to the left. The most specialized family.

Comparison, Differs from Helotrephinae and Neotrephinae in complete fusion of head
and thorax.

Composition. Two genera from Central Afrita - Idiocoris Esaki et China and Paskia
Esaki, .
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FAMILY PLEIDAE Fieber 1351 F. 109

Descrintion. Small aquatic bugs (2=3 mm). Body strorngsly shortened, its lernsth
approximately only two times larger than width, compressed at sides, from above
strongly convex, below flattened . Head and pronetux martizlly acereted; head
hypognathous, wide, with snall eyes, sclerites strongly fucede Anteince turec-
segnented, strongly shortened and completely hidden under head., Rostrum four-
secmented, relatively short, slightly projecting beyond forec coxac. Scutellun
small, free, scarcely transverse. Tegmen lie on dorsal side roof-chaped, project
beyond abdominal apox; strongly sclerotized and covered by a dense sculpturing 165
like small multi-angular pits; they are.almost triangular, divide into clavus and
corium, membrane strongly reduced and practically missing; teguen do not lie one

on the other in posterior half of body, forming a straight suture. Hind wings,

as a rule, strongly reduced, Pleural region of thorax well developed, especially
epimeres; sternites of meso- and metathorax with distinct central projections on
hind Margin, especially developed metacyphus., Coxal cavities open; coxae pagiopod.
Odor glande of metathorax present. Legs not very long, hind evenly covered with
fairly long hairs; tarsl of all pairs of legs three-segmented, of wallkirg, suction-
adhering type, provided with two claws; pretarsus with a pair of seta-like areolae
and central membranous empodium. Nymphs with unpaired central gland on dorsal
surface of abdomen. Males make sound with the aid of the hind margin of the pro=-
thorax, wich lookslike a saw, directed toward the mesothorax. Swimt on the back,-

.Ventral side above. Predators. ILive in standing waters of ponds and lakes with

rect
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plentiful vegetation, including saline., In moderate latitudes, hibernate in the
adult stage., Female lays eggs in plant tissue. In sorme places, for example,
Plea atomaria Fall, are actively eaten by grey mullet families of Atherinidae
(Tinarelli, 1962),

Comparison. Differ from Scaphocoridae and Mesotrephidae in narrower and more convex
body and less moved below head, and also free scutellum and few hairs on hind legs
(Scaphocoridae); from llelotrephidae in less reduced three-segmented antennae and
body form; from Notonectidae in more ghortened ‘body, three-segmented antcnnae and
considerably smaller dimensions.

Composition, One genus Plea, which contains about 20 specles, not known as fossils,
representatives of living fauna are distrivuted everywhere,

FAMILY NOTONECTIDAE Leach 1815

Description. Small and medium size (4.2-18 mm), Body elongated, torpedo=shaped
{especially genera Anisops and Martarega), length approximately 2.5-4 times greater
than width, with sides compressed, dorsal side strongly convex like the botton of a
boat, abdominal flat. Head opistognathous, head sclerites almost always fused.
Vertex occupies uppermost portion of head, the size of which depends strongly on
the size of the eyes. Anterior sector of clypeus (anteclypeus) is weally expressed
and is separated from the sides of the head only by sutures (except fossil sube
family Clypostemmatinae, which characteristically has a distinct subdivision of

the fore and hind parts of the clypeus). Antennae four-segmented, rarely thrce-
segmented (genus Nychia), very short, shorter than hcad, set under the eyes and
hidden between the head and thorax. Rostrum four-segmented, short, reaches only

to coxae of fore legs; mandibular lever threeé-branching., No labial palps. Eyes
large, reniform, occupy the greater portion of the dorsal surface of the head, in
some cases almost fusing at their inner sides (genera Anisops and Hartarega).
Simple eyes missing. Pleural region of thorax well developed, especially cplsterna
of metathorax; scternal projection fairly large and occurs usually at metathorax
{metacyphus). Coxal cavitles opon; coxae paglopod, Odor ;lands of netathorax
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‘weakly developed. Scutellum large, triangular, free. From below the thorax is

covered with bundles of long and dense hairs. Tegmen smooth or almost smooth,
divide into clavus, coriuz and embolium and membrare, devoid of veins, TForo and
mid legs adapted for grabbing prey and operate with the aid of strongly doveloped 166
claws; hind legs long, slightly §m+?ened, covered with dense swinming hairs; mid
femora have a comb for cleaning the rostrum, analogous adaptation for cleaning
occurs also on mid and hind tibia; tarsi two and three-segmented, sometimes one=~
segmented (genus Anisops), provided with two claws, which are strongly reduced on
hind legs; hind legs are provided with sensory organs; glandular ducts also open

on the legs secreting a substance that notonectids use to lubricate the body and
tegmen to keep from getting wet. The abidomen from below has a central longitudinal
fin, densely covered along the sides with long hairs, forming, together with the
hairs on the lateral margins, two stripes - air chambors; apex of abdomen is also
covered with thick hairs; respiratory tube is missinge. Femalos have ovipositor.
Male genital sepgments sysmetrical or asymmetrical. On male legs a stridulatory
apparatus like teeth or a comb is often developed. Swim on the baclk, abdomen silde

on top.

Bioiogy.l Notonectidae live in fresh water; settle basically various puddles,
brooks with weakly running water, ponds, primarily in zones well warmed by the sun,
rarely in the shade of aguatic plants. Some spocles live in somewhat marshy water.
Other species prefer water devoid of any vegetation, for example, various cepent
reservoirs. Different from Anisops, which willingly remain in depths because of
the presence of long setae on the fore legs which allow them to dive easily into
depths, Notonecta abide basically at an angle to the surface of the water, having
contact with air. In this position, the body forms an angle by which the mid legs
touch the water film, and the hind legs are directed forward and in case of danger
pernit instantaneous rowing., Representatives of the genus Enithares usually catch
onto semisubmerged objects or .run about the stems of aquatic plante to replenish
the supply of air (Hale, 1923). Anisoplnae prefer more running water and usually
balance themselves in the active state under the surface of the water, although
they have been noted (Anisops breddini Kirk.) in hugh numbers in fish ponds in
Singapore and Malaya (Leong,. 1962).

Notonectids are yredatory and in places incur appreciable harm to fish farms, fol=
lowing the young in the period of their emergence from their roe, beginning already

with the nymphal stage of the fifth instar (Gorai, Chaudhux, 1962), How Notonec=

tidae can be serious competitors and dangerous for young fish, 15 :showh. by data of ,
N:wﬁgrezigg,(l955)*dwhggg_ggggios show that in spawning ponds in an area 0,01, hectares, in

“one day 2.5-3.5 thousand young,were eaten by Notonecta glauca L. But basically

they prey on aquatic larvae of invertebrate Diptera, Ephemeroptera, Corixidae and
various Crustacea (Ostracoda, Cladocera, Copepoda), which they catch with the help
of long setae (stylets?) on the fore legs, which form a catching net, In their s
turn, Notonectidae are eaten by other aquatic predators: aquatlc scorpions, large
Odonata larvae, aquatic birds and also rarely fish.

Males of some Notonectidae, particularly Anisops, make sounds by means of friction
of teeth of the comb of tibia around the projection on the third segment of the
rostrum, They are differentiated by the positive phototropilsm which permits
catching them in light. L ’

Eggs are laid in the tissue of plants, most-often in leaves and stems, rarely are
they stuck to them; in some species there are special floats for attachment. Tho

“Basically, according to Poisson's (1951) data,
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egg is oval, oblong, bears two small projections in the anterior nole. Eubryonic
developnent tales about twosthree weelks on the average; develemient of nyunhs auout
one month, so that the last stage is of rgreatest duration. Usually hibernate In

the imagal stape, rarely in the egn stage, auong vecetative rewains,or both in the

adult stage and in the ecgp stage (Rice, 1954); somotimes, 1f the temperature is rot
very low, Notoncctidae can be encourntered swimming zctively below the ice,

Couparison, Differ from all families of the superfamily in the strongly elongated
torpedo form of body and densely hairy hind legs} from Scaphocoridae, lesotrephidae
and Helotrephidae (except Helotrephinae) In the strongly convex body from above;
from Pleidae in the less wide head, larger eyes and presence of well developed
nembrane.

Compositions Three subfamilies: Clypostemmatinae, Lower Cretaceous of the Tronge=
baikals, fossil Notonectinae from the Upper Jurassic of Kazakhstan, Cainconoic of
North America, ‘lest Zuroxe and Zuronean USSR, Anisopinae of the Paleocene of Vest
Europe, and also fossil remalns not determined to subfonily from the Urper Jurassic
of West Furope and Liassic of Asian USSR; representatives of living fauna distri-
buted worldwide, In world fauna over 200 spocies, of which about 15 species are
extinct, v

Deterninant Table of Subfamilies of the Family Hotonectidae

1(2) Clypeus has an isplated anterior sector (anteclypeus) Clypostennatinae

2(1) Clypeus whole, without isolated anteclypeus.

3(4) Tegmen without pits at base of claval suture; mid femora with spurred distal
. section; antennae four-scegmented; male genitalia syumetrical.

liotonectinae
4(3) Tegmen with pits, set with hairs; mid fomora simplec; antennae three-segmented;
nale genitalia, as a rule, asymmetrical. Anisopinac

' SUBFAMILY CLYPOSTEMMATINAE Y. Povov 1964 T. VIII, F. 6

Short Description. Elongated, almost cylindrical; fairly large. Head strongly
transverse; eyes of medium size, frons wide, anteclypeus separated by distinct
sutures from surrounding sclerites; rostrum four-segmented, reaching four coxac.
Projections of meso= and metathorax well expressed. Ventral side with longitudiral
central elevation., Tarsi of all pairs of legs two-segnented,

Comparison. Differs from other two subfamllies, Anisopinae and Kotonectirae, in
distinctly separated anteclypeus,

Conposition, Two genera: Clypostemma Y. Popov from Lower Cretaceous of Transbail:als
and Clematina Y. Popov from Oligocene of West Eurove. )

GENUS CLYPOSTEMIA Y. Popov 19641
Clypostemna: Popov, 1964, p. 6h.

Genotype. L. Xyphiale Y; Ponov,-1964; lower Cretageous, Baisin,series; Tranchaiizals,
Vitin River. :

Descrintion. Fairly large, 16-18 mm. Below strongly hairy, cspecially the thorax, 168
lateral sides and central ine of abdomen from bolow lest haoiry. Ilead aluost twice
wider than its length. interior sector of frons and fused posterior half of clypous

“I have given a conplete review of the lMesozoic Notonectidae in conncction with tho
imago found with well preserved legs and genital segment; originally, the last,
fifth stage of the nymvh was incorrectly described as an imago (Popov, 1004).
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(posteclypeus) form a narrov tongue into the anteclypeus. Labrunm well oxpresscd,
triangular, not less than the length of the first segment of the rostrun, Eyes
large, occupy almost half the head surface. Rostrum serments of unequal length.
Central projections of mesothorax (resocyphus) and metathorax (netacyphus) are
developed to an iderntical degree. Ventral surface of abdomen with wide central

elevation and small fin. Legs witn well developed claws on mid and hind tarsi.
Male genital segmenis symmetrical.

Specific Composition. Monotypic genus.
CLYPOSTEMIA XYPHIALE Y, Popov 1964 T, VIII, Fs. 3=5, F. 110
Clypostemma xyphiale: Popov, 196k, De 64=664

Holotype. PIN 1668/1733; positive imprint of body; Buriat ASSR, Eravnin Province,
Jeft bank of Vitim River, below uouth of Bais River; Lower Cretaceous, Baisin
series, Baisin layers 19, 31 and 35 (Martinson, 1961).

Description., Body narrow, cylindrical with almost parallel sides, length oxceeds
width 2.5=2.8 times, Head (together with eyes) almost as wide as fore margin of
pronotum; posterior half of clypeus runs deeply ‘into anteclypeus by a narrow convex
tongue; anteclypeus wide, less convex; labrum with slightly indented lateral sides,
apex of which slightly projects in front of first segment; rostrunm gradually thins
out toward apex, second segment longest and almost twice exceeds other segments,

each taken separately, Central projections of hind margin of meso- and metathorax
project like a tiiangular plate. Tegmen long and project beyond apex of abdomen.
Abdomen long, approximately 1.5 times longer than its apox; borders of second to
sixth segments almost straight; seventh sternite largest, eighth sternite has sides ‘
strongly narrowed backward, second and third valves like narrow longitudinal plates, ;
the latter covered from above by the eighth tergite; central elevation longitudinal,
on fourth-sixth sternites elevation wide and more or less flattened, on seventh-
eighth narrows noticeably and is raised, the longitudinal fin on it more distinct

and sharp. Fore and mid legs of similar structure, fore femora somewhat thiclker

than mid, tarsal segments of uneven length, first segment of fore tarsus twice longer
than second,first segment of mid tarsus 1,5 times longer than second, Hind legs
natatory, somewhat longer than others; femora thickor and with small talons on inner
side from below, somewhat longer than thin tibia; tarsi thin, twvo=segmented, first
segment more than twice longer than second; tibia and tarsi of hind legs covered with
dense swimming halrs, especially long on tarsi. Tibia of fore legs barely shorter
than femora and longer than tarsi, tibia of mid legs shorter than femora and longer
than tarsi. Lower surface of body thickly covered with long hairs, especially

thick on thorax, almost completely hiding the sternal-pleural region.

Dimensions. Length of adult bug 17-18 mm, width 6.5 mm.

Material. Besides holotype (nymph) from same locality, six specimens of adult
Notonectidae and over 4O paratypes of nymphs of all five stages,

SUBFAMILY NOTONECTINAE Leach 1815 T, IX, FEel=2 ‘ 170

Description. Of mediun size (8-16 mm), rarely smaller. Head with large eyes, most
strongly developed in Nychia and Martarega, in which the eyes are contiguous on
their inner sides; frons convox or slightly indented; antennae four-segmented,
rarely three-segmented (Nychia). Lateral margins of pronotum pitted like glands,
hind margin always straight or slightly concave. Scutellum large (llotonectini)

or weakly developed (Nychiini). Claval suture at base without sensory pit. Tarsi
of fore and mid legs two or three-semgneted, nid tarsi usually with two well
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develoved segments and one very small basal (Notonectini) or only with one well
develoved segmentj mid femora often with clear tooth at apex on ocuter surface,
Male genital segment whole (liotonectini) or split in back; genitalia morc or less
asyrmetrical, especially in Nychia; in Notonecta they are almost symmetrical,
vary fairly strongly; gonapovhyses of female fairly short, ir Enithares wealtly
developed.

Comparison. Differs from Clypostermatinae in the not isolated anteclypeus, from
Anisopinae in the lack of a sensory pit at the base of the claval suture and
presence of contiguous large eyes in representalives of some genera (liychia,
Neonychia, Hartarega). : .

Composition., Eight genera: Asionecta Y. Popov, Upper Jurassic of South Kazakhstanj
‘Pelonecta, gen. nov., Upper Jurassic of West Europe; fossil representatives of genus
Notonecta Linnaeus from the Paleocene and Neocene of North America and Vest Europe;
other genera not found as fossils; living representatives distributed worldwide.

GENUS PELONECTA Y, Popov, gen. nov.l

Genotype. P. solnhofeni, Upper Jurassic, Solnhofen, FRG

Description. Body oval, elongated, widest at base of abdomen. Hind margin of pro-
notum almost straight., Sternite of metathorax with distinct central fin; episterna
and epimeres strongly developed. Hind coxae, contiguous almost along entire line;
_trochanter strongly elongated; length of thickened hind ribs 3,7=3.8 times exceeds
their width; tibia shorter than femora and hind tarsi, Abdomen raised along central
line and delimited by laterotergal fissure; reaching genital segment; central fin
comes along entire abdomen.

Comparison, Differs from all known genera in structure of hind legs (powerful femora,
small thin tibia and very long,tarsi, exceeding length of tidia). Very similar in
preserved part of body to living genus Notonecta Linnaeus.

Specific Composition. Monotypic genus.

' :
Comments, The body imprint has acquired an oval-elongated body form, characteristic
for Naucoridae, as a result of the strain of the rock containing it along the cross
axis of the body.

PELONECTA SOLNHOFENI Y, Popov, Sp. nov.l T, IX, F. 3, F. 112 171

Holotype. Collection of Munich University, Department of Paleontology and Historical
Geology, AS V 8, direct and reverse imprints of body; Solnhofen,FRG, lithographi
shales, Kimeridge-Titon, Upper Jurassic. .

Description, Lateral margins of pronotum stralght,- gradually narrowing in front.
Basi-sternite, apparently, fused with eplsternum; epimeres strongly developed, almost
of same length as episterna. Inner margine of hind femora straight, outer noticeably
curved; tibia linear, thin, less than 1.5 times shorter than femora, devoid of hairs;
_ hind tarsi, apparently two-segmented, l.2 times longer than tibia, their whole surface
covered with a dense set of swirnming hairs of moderate lengths Abdomen in back of
third segment gradually narrows toward its apex, second and third segments largest

and widest; laterotergal fissures run along entire abdomen, almost roaching its base;
central fin well expressed and also reaches base of abdomen,

Dimensions. Length of body, 19,3 mm, width 9.6 mm,

“From the Greek words pelos (silt) and nectos (swinmming).
1From the locality in Bavaria ~ Solnhofen.
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SUBFAMILY ANISOPINAE Hutchinson 1929 T. IX, Fo 4, F, 112

Descrintion, Of nedium size, but not more than 12 mm, Illead with large, but never
contiguous eyes., Frons convex, often in males elongated in front into a triangle;
antennae four-segmented, Hind nargin of pronotum sometines curved (Paranisops).
Scutellun, as a rule, well developed, excent forms with reduced hind wings (Paranie
sops)e Claval suture at base with pit, in which sensor hairs are set. Tarsi of
fore and mid legs one or two=segmented; mid femora without teeth at apex. Abdomen
with developed ventral longitudinal $in, usually reaching last abdominal segment.
male genital segment, as a rule, whole, not split (excent Poranisops); genitalia
asymmetrical, weal:lly variable, A syctem of stridulating combs (plectrum) and ‘172
fields (pars stridens) is developed on the legs of males.

Comparison, Differs from rest of subfamilies in presence of sensory pit at base
of claval suture, system of stridulators in nales, and also narrow and elongated
body. ’

Conposition., Four general: Soevenia Statz, Upper Oligoceone of West Europe, other
genera -~ finisops Spinola, Paranisops Hale and Buenoca Kirkaldy not known as fossils;
representatives of living fauna distributed worldwide,

NOTONECTIDAE INCERTAE SEDIS

I have placed in the group Incertae Sedis species which for a whole number of charace
ters can be placed into some known genera, the closeness to which is insufficiently

valid,
GENUS LIADONECTA Y. Popov, gen, nov.2

Genotype. L., tomiensis, sp. nov,; Lower Jurassic (Lias), Siberia.

. Description, Of medium size, 4~6 mm, Head slightly narrower than pronotum, Pro-
notum strongly transverse, width exceeds length not less than 345 times; not wider
than base of tegmen, with central transverse fissure along entire line; fore margin
curved, hind straight. Central longitudinal fin distinct only in posterior half.
Viing case well developed, lateral lobes not set apart or slightly set apart. Hind
legs somewhat shortened at base at exvense of tibia, noticeably condensed, especi-
ally tarsi, which are considerably longer than tibia.

Specific Composition, Monotypic genus,

Comments,  The described remnant of a larval form is notin very. good preservation,
However, the very fact of finding the oldest real represuntative of the family
Notonectidae prompted the author to give it a preliminary description,

LIADONECTA TOMIENSIS Y. Popov, sp. nov.1 T. IX, Fo 5, F, 113 173
Holotype. PIN 1063/1; direct imprint of nymph body; Kermerov Provinces, Krapivin
District, left bank of Tom River, above village of Cherny LEtap II; Upper lLiassic.

Description. Body oval-elongated, its greatest width on level of meso- and metae
thorax. Head (together with eyes) transverse, width exceeds length slightly more
than twice; frons wide, more than less convex, syntlipsis almost twice more than
diameter of eyes; eyes fairly large, inner nargins almost parallel or slightly

separating toward apex, Width of vronotum 3.5 times exceeds length; fore margin

“Notonectites elterleini,(Deichm.), from the Upper Jurassic lithographic shales of
gavaria, can also for now be placed conditionally in this family, v

For discovery'in the Liassic and Greek word for swimming (nectos),
From the name of the Tom River.
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sliﬂqtly concave, alimost straight, parallel to hind; laterul sides slightly curved
and narvowed in front; hind margin wavily curved, central portilon corcave; lizeral
corners sharp, sliphtly nrojecting outward. Wing case otrongly shortered, loteral
lobes syread asort outward and do not reach fore abdcuinal torgites, thelr Inner .
sides srread amart, central projection between lateral lobes diztinct coid noticenbly
projecting; lensth of wing case (berinning with apex of central vrojection) alons
central line is 1.3 tines greater than length of pronotunm, Tarsi and tibla of hind
legs of same thiclmess along entire line, femora thiclier, wealily orcject beyond
lateral marcins of abdonien, tibia shorter than tarsi 1.5 times; tarsi thickly
covored with sonowhat shortened hairs. ‘Abdomen noticesbly narrowed toward apex,
length slightly more than width; borders of segments straight.

Dimensions. Length of body (holotype) 4 mm, width 2 rm,
Material, Holotype (collected by I. V. Lebedev in 1948).

GENUS NEPIDIUM Westwood 1354, comb. nov. 174
Nepidium: Vestwood, 1854, p. 384, 396; Handlirsch, 1906, p. 639.

Genotype. K. stolones Vestw.; Upper Jurassic (Maln), England,.
Description. Fairly small, about 8-9 mm, Head transverse, two times wider than its
length; hind nargin of head noticeably projecting; inner margins of eyes not pardllel.

‘Eyes very larse, occupy greatest portion of dorsal surface of head, Pronotum nore

or less trapezoid, lateral margins weally narrowed in front, Sternal region of
thorax well developed, Abdonen not transverse, gradually rarrowing toward aopex,
without longitudinal central finj margine of first cteranite reach lateral uargins,
borders of segments varinble; central portion of fourthmsoventh sternites distinctly
raised; eighth sternite projects beyond seventh.

Specific Conposition. Monotypic genus,

Comments. The redescribed remains originally were somewhat distorted by the strain
of the rock containing them along the longitudinal axis of the body, giving it a
somewhat “naucorid" form, Apparently, thus, Handlirsch (1906) put these remains

into the family Naucoridae. Also, he notes the presonce on the imprint of traces

of a tooth appeoratus; however, I have not been able to examine the original. The
presence of a central fin and cylindrical parasternites on the ventral side indicates
more that Hepidium stolones‘Westw. belongs to real notonectids,

NEPIDIUM STOLOHES Westwood 1854 Te VIII, Fo 4, ¥. 114

Nepidium stolones: Westwood, 1954, p. 384, 396, Pl. 13, F. 9; Handlirsch, 1906,
p. 639, Pl., 41, F, 27.

Holotype. British Museum (MN.I,), Department of Paleontology, 12460, roverse imprint
of body; Ridgeway, Dorset, England; Upper Jurassic, Lower Purbocl:,

Description. DBody oval-elongated, its greatest width on level with second abdoninal
segment; abdomen gradually narrows toward apex. Head with hemispherical convex eyes,
which occupy two thirds of head; inner margins of eyes toward base spread apart;

{frons narrov, smaller than diameter of eyes; vertex and occiput wide, two~throe

times vwider than frons; center of hind margin of head projects like a shorti.and
strongly transverse tonguc. Pronotum transverse, width exceoeds length 2.4 tines;

fore margin concave, hind straight, lateral margins slightly rounded, aluost straight;
fore corners distinctly sharponed, hind rounded; pleural region of prothoraA without
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in front of coxal cavities; lateral wings ol nreloev

a
 Jesothorax with strongly develomed enimeres, nartly ceverins thooe of Latt
and alrmost reaching abdomen; inner sides curved, Lnuer COrners lilie tonguceghazed
lobes, elorgated alen; fore s sin of mesothorams onineric of Lotothonn il trion-
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cular, considercbly mizaller than precedins ones, aind nor Lorder uron
fore lateral sides of first abdominal sternite. ibdouen widest at the base, its
width barely less than length; first sternite concave in central nortion of fore
norgin, " hind nargin almost straight, central portion slightly concave; foursh to
fifth sternites slichtly project into previous segnm ntoy cighth sternite like two
curved plates, sevarated by seventh starnite ond alnoct clogsing up under it 175
borders of {ifth to oighth sogmenis evenly curved along cntire linec; central
elevation of fifthe~seventh sternites strongly convex and fairly wide, rarrowing
toward base of fourth segument and lilie a narrow fin on fourth seguent, not reaching
third segrment and coming into beginning of fifth and sccond=fourth secrents in

a weak and wider oval elevation; lateral corners of sepgrents not vrojecting.

Length of body 8 rm, width 4.5 nn,

lMaterials Ilolotype.
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CHAPTER VI

ORIGIN AND BASIC DIRECTIONS OF EVOLUTION OF THE INFRAORDER NEPOMORPHA

Basic directions of morphogeneses in evolution, morphological prototypes of the
infraorder and phylogenetic interrelationships with the infraorder Leptopodidomorpha

Generally accepted presently is the opinion that the real Heteroptera, which are
connected with water, arose from terrestrial ancestors. Aquatic Heteroptera settled
the depths of water (Nepomorpha), its surface (Gerroidea), littoral areas at rivers,
lakes, etc. (littoral Ochteridae, Gelastecoridae and Saldidae), and in some cases
even the tidal zones of sea shores (Aepophilinae of the Saldidae). Different from
representatives of other insect orders (Odonata, Ephemeroptera, Plecoptera, Trichop-
tera, Diptera), in some, the larval stages are aquatic, and the imaghalterrestrial;
real aquatic bugs are in water the whole cycle of development, and in this respect,
Heteroptera can be compared only with aquatic beetles. Aquatic bugs spend a great
part of their time in water, and the adults abandon water only to fly to other
reservoirs or to find cover in winter,

Presently, there is little to raise doubt that all aquatic bugs initially were
predators. Popham (1964) has tried to give an answer to the question of why aquatic
bugs could have developed only from predatory forms. Bugs which eat plants can
procure food material from terrestrial plants and are connected with terrestrial -
biotypes: vegetarian forms could hardly have succeeded in adapting to life in water
and feeding on aquatic plants in connection with the great expenditure of energy in
this form of life, It is most likely that ancestral forms of aquatic Heteroptera
were multivorous (phytozoophagous = which is the most widely distributed type of
feeding in the order); however, they preferred animal food.

Right, in this respect the opinion of Goodchild (1966) is somewhat of an exception.
On the basis of Miyamoto's data (1961) on the digestive system of Heteroptera, Good-
child came to the conclusion that the ancestors of bugs were primarily mesophilic
sucking insects and sucked out plants like the living thrips (!). Cobben (1968)
correctly does not agree with this conclusion, citing the presence among et form Fiue,
Heteroptera forms of omnivorous or predatory bugs, a part of which secondarily re-
verted to phytophagy. Thisreturn really occurred (and possibly more than once),
but already on a different morphological basis: mobile head, lack of tentorium,
etc.; in other words, bugs are bound by their origin in the first instance, i.e.,
preditoriness.. In my opinion, Cobben's suggestion (1965, 1968, p. 376) about the

. primacy of predatory insects, both for Heteroptera and Homoptera, is contradictory
with this point of viewfand could hardly have occurred. 77

On the other hand, we can suggest that the surface of reservoirs is vielted by or
has carried onto it by the wind a large number of insects, which are a rich source
of food for Heteroptera which have settled the water. Besides this material, aquatic
bugs could have used a large number of small animals, which settled the bottom or

- thickets of subaquatic vegetation. It is completely natural that nymphs of predatory

bugs which lived on littoral vegetation from the beginning accidentally went into the
water in search of additional sources of feeding on animal food, and also for pro-
tection from drying in drought periods, The large number of animal organisms which
they could eat gave a push toward prolonging periods of staying under water both in
the larval stage and in the adult state up to the time that now, in the end of ends,

" their life cycle has become wholly aquatic. :

However, one of the groups of aquatic bugs (Corixidae) made good use of the not!eisqg
if not the ﬁxgrtafgr}f‘ﬁb intensification of the vegetative mass of aquatic plants,
turning gradually io phytophagy. Representatives of this group of aquatic bugs pos-
sess one feature -~ the presence of functioning odor glands in the nymphs in the 3prd-

5th abdominal segments (similar to terrestrial Heteroptera). In all other Nepomorpha
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there is only one pair of larval abdominal glands, It is necessary to suppose that
the presence of these odor glands in any form is connected with phytophagy. Thus,
in terrestrial predators of the family Reduviidae, the abdominal odor glands are
reduced, as in all predatory, aquatic Heteroptera, Thus, the presence of three pairs
of abdominal odor glands is, apparently, an ancestral character preserved in living
Corixidae.

Adaptation to life in water corresponds to changes of structure: this process also
entails changes in physiology, ecology and etiology. In the first place, the respi-
ratory system underwent radical changes, which is of the most important adaptive sig-
nificance for constant life in water. The process of carrying on and improving breathing
in aquatic surroundings occurred diversely. In this respect, among aquatic bugs of
the infraorder Nepomorpha, two basic evolutionary directions are noted: the earlier,
with the formation of the respiratory tube (siphon} and the conducting air canal
(Nepoidea) and the later, where breathing occurs with the help of air bubbles, the
go-called "physical gills" (Naucoroidea, Notonectoidea and Corixoidea).

One of the most important reasons which gave a push toward the settling of aquatic
surroundings, from my poimtof view, in the first place was the pursult for prey and
the finding of new victims, which settled plants partly submerged in water, i.e.,
active predation; and secondly, the departure from excaessive dryness, first to the
littoral mesophilic vegetation and later directly into the water onto the submerged
plants. The transition directly into the water, according to Popham (1964), promoted
hydrophobia of the cuticle of insects, permitting use of the surface tension of the
water, and also preventing water from penetrating inside the organism. Nepoildea de-—
veloped a respiratory tube, which connected the submerged body of the insect in the
water with the atmospheric air by an air canal., In all other real aquatic bugs (Nau-
coroidea, Notonectoidea and Corixoidea), breathing is realized through bubbles of air,
with body parts retained especially adapted for this, Subsequently, some representa=
tives of this group (reophilic Aphelocheirinae) acquired more specialized breathing,
allowing them to use oxygen exclusively dissolved in water for breathing. An exchange 178
supply is preserved in the spaces between the dorsal surface of the abdomen and the
tegmen, Interchange of gases is realized through air bubbles, retained basically by
hairs on the body surface and playing the role of Wphysical gills", which adsorb
oxygen from the surrounding water. Nymphs, especially in the early stages, have thin
and soft coverings and can carry on exchange of gases along the whole surface of the
body and all the easier realize breathing than the adults. From the beginning in
Corixidae, and.later in Naucoridae, in the course of the evolutionary process, the
dorsal-ventral fﬂxfﬁ:n;h‘:i of the body occurred, which visibly permitted the ventral
surface bearing the air bubbles (China, 1955; Pophan, 1964) to increase, making ex-
change of gases easier., In Notonectoidea the basic air supply is preserved in the
space formed by the flat dorsal surface of the abdomen and the roof-shaped folded
wings, and also in the rows formed by the lateral and central rows of dense hairs on
the ventral side of the abdomen (f. 59).

Transition to living in water occurred in aquatic Heteroptera ofthe infraorder
Neponorpha, most likely, through littoral and aquatic vegetation: such an intermediary
form of life is characteristic for the littoral Ochteridae and Saldidae, Thus,
representatives of living littoral families, for example, Gelastocoridae, were not
even once observed visiting plants or other objects seni-submerged or even
completely submerged in water (Todd, 1955). '

For all aquatic bugs, except Nepoidea, the. general process of accretion of the
extornal head sclerites is characteristic, which leads to the complete fusion of both
parts of the clypeus without any traces of sutures, the widening of its distal por=
tion -~ anteclypeus - and also the appearance of a special filtering system in the
throat, known under the name 'of gulan-or pharyngeal teeth. The process of fusion
of head sclerites, most likely, occurred independently and not simultancously in the
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various groups of true aquatic and littoral bugs, since we still observe an isolated

" clypeus in the Jurassic Shurabellidae and Clypostermatinae, even after the isolation

of true aquatic forms from the littoral. In the earlier sevarating Nepoidea, the

" isolated clypcus is preserved in the present time. Developuient of the above=mentioned

filtering system is a result of the use of small plant particles as well as living
animal food, As a result, detritophagy developed and, finally, based on it, many
living Corixidae realized almost complete transition to vegetative food.

The appearance of phytophagy among aquatic Heteroptera, like the algo= and detrito-
phagy in Corixidae, did not come from any sudden phenomenon, but was prepared for by
the entire path of historical development of the lepomorphae. The gradual trsforma=
tion and complication of the filtering apparatus can be traced in the infraorder I

. have studied. First of all, this was expressed in the appearance of the system of

small hairs and knobs on the epivrharyngeal and hypopharyngeal sides of the throat,
forming the most simply constructed filtering apparatus (lepoidea and, possibly, ane
cestral forms of the littoral Gelastocoroidea). The following stage of complication -
of the filtering system is observed in the living littoral families Ochteridae and
Gelastocoridae, in which there is a tranaversely ‘striad-ed. - chitinized plate (the
striped" plate) on the epipharyngeal surface of the esophagus. The subsequent im=
provenent of this apparatus oceurs in the Notonectoidea, and then the Naucoridae,
where it is represented by a system of "striped" plates and teeth (pharyngeal teeth)
on both surfaces of the throat which also fulfill the function of pulverizing food
particles by grinding them, And, finally, the most complex filtering apparatus is 179
attained by the aguatic phytozoophags of the living family Corixidae. - The origin and
developrent of te filtering system in Nepomorpha is a distinctly avomorphic phenome-
non, and its development occurred independently at least twice (Nepoidea and all the
other groups) or, perhaps, even three times (Nevoidea, Corixoidea and the remainig
Nepomorpha), as Parsons (1965) correctly affirms.

‘It seens that the real aquatic Heteroptera arose from littoral forms by at least
two independent branches, This, however, is contradicted by the later phylogenetlc
schenme of aguatic bugs suggested by China (1955), which essentially is a confusion of
the typological and phylogenetic principles of the construction of a scheme. The
original divergency of tie main branches of the infraorder - superfamilies (llepoidea
and, possibly, Corixoidea) or complex of superfamilies (Gelastocoroidea, Naucoroidea
and Notoncctoidea) -~ :consists -of. . the above-mentioned development of the respira-
tory apparatus and filtering system of the throat. The first stage of adaptation to
an aquatic form of life was nade by the littoral ancestors of the nepoid~belostomatid
branch (Nepoidea). Some of them in the new for them conditions of aquatic surroun-
dings initially became adapted to swimming, and subsequently development and distri=-
bution of the swimming belostomatid forms (Belostomatidae) arose in connection with
the increase of speed of movement and final transfer to active predation, In the
course of time, some of them came to lead a form of life of lying in wait for prey,
moving about slowly on the bottom. In a number of forms, for a closer connection to
the ground, arose the serious reconstruction of the sterno-pleural region of the
thorax, including lateral divergence of the leg coxae and development of the sternal
portion of the thorax (liepidae).

Representatives of Nevoidea demonstrate a great morphological similarity of the
sutures of the head capsule with those in representatives of the family Saldidae,
similarity of the basic salivary glands with those of the Ochteridae and have a weakly
developed filtering apparatus of the esophagus (at least in Nepidae and Belostomatidae),
which is plesionorphic within the limits of this suborder. An analogous divergence
of the coxae anidevelopment of the sternopleural region of the thorax we encounter
in the other closely related infraorder = Leptopodidomorpha - in representatives of
aquatic groups (Gerridae, Veliidae, Hebridae, etc.), but here these phenomena are

~connected with active movemont along the aquatic surface. Examples of secondary

—
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divergence of leg coxae occur also in other insects, for exanple, in the Hymenovntera
Chalcid’ lae in connection with parasitism opp -~ 5Scales and Scale wrseets in the

- sinuseS. of Ieavcs[{} or in Diptera, ectoparasites of Hipoboscidae for closer attach=

ment to the host; leg coxae are strongly moved apart in many insects which live under
bark, fo example, in bugs of the famlly Aradidae, beetles of the fomily Nitidulidae,
etc,

Isolation of the corixid=-like forms from the ochterid-like or even from the gelasto-
corid-like ancestors is the second stage of entry of littoral Heteroptera into water.
Development of the corixid branch occurred along the line of intensive specialization
of a whole number of organs {({latfening.: of, the body, especially the last abdominal
segments, strong modification of the mouth parts, development of the throat filtering
apparatus, appearance of diversely constructed stridulators, etc. ), on the one hand,
and preservation of plesiomorphic traits for the whole infraorder (presence of simple
eyes in the most.primitive forms, presence of three pairs-of abdominal odor glands,
wide aperture of the basic salivary glands), on the other.

The third stage of entry of the Heteroptera into water occurred somewhat later, after
the isolation of the littoral families Ochteridae and Gelastocoridae (or their ances- 180
tors), when true lNepidae amlthe first Corixidae had already finally been formed.

Most likely, these were some kind of swimming bugs. They moved actively from the
gilty and meadow=flooded banks directly into water, also using the submerged aquatic
plants and sunken terrestrial plants as a substrate, The active mobile form of. life
led in many forms to condensing of the tarsi or even the tibila of the hind legs and
appearance of long (Notonectidae, some Naucoridae), dense (Scaphocoridae and most of
the recent families) swimming hairs.

Later, part of the aquatic Heteroptera naucorid branch,(n steod; of flatly folding
wings, acquired a roof=-shaped folding, using the formed space as a reservolir of air
supply (llotonectoidea).

The most probable ancester of all Nepomorpha, as already mentioned above (seo Chapter
IV), nust be considered the hypothetical ochterid-like form, which possessed the

_paxinal nunber of plesiomorphic characters, mosaically preserved in the separate

families (superfamilies) of the infraorder, 1In -Hennig's opinion (1953, p. 13), ac-
cording to the principle of deviation and his idea about Ysister groups" (Schwestern-
Gruppen), the latter,is the plesiomorphic sister group,: which remains at the point
of origin of the othr, apomorphic in respect to it, Nepomorpha sister group.

The hypothetical ancestral.form I have suggested would have possessed the following

basic plesiomorphic characteristics:
P P (the ochhﬂnd ke #orn\)ls that repreSenfa+nJc

|n50r1- s
1. Body &lattened £ the -
2. . Head opistognathous.
3o Anteclypeus distinctly separated by external sutures.
4, Rostrum opistognathous, four-segmented, of moderate thickness and reaching
at least the base of the abdomen.
5. Eyes large, reaching fore corners of pronotum or projecting beyond them.
6. Two set apart simple eyes present,
7. Antennae four-segmented, long, not hidden under the eyes and visible from above.
8. Mandibular levers of the 4th type, i.e. h-rornered, directly adjoining the stylet,
9, Hind margin of pronotum indented, scutellum entlrely V. . fore cornors widened
like a leaf, vneancsal L(J
10, Tegmen well delimited into three sections: 1eathery clavus and corium and more
or less transparent menbrane,
1ll, HMembrane with five closed cells, which do not reach apical portion of wing.
12, Thorax with withdrawn sternal (cryptosternum) and strongly developed pleural regions.
135. Pleural region of meso-~ and metathorax segmenhui Metathorax with openings of
odor glands,
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14. Leg coxae strongly drawn together, often contiguous, of padiopod tyze, l.C.,
move in one plane,

15, The three pairs of legs homonomous, walking; all tarsi three-segnented; tarsal
claws apical, symmetrical. :

16. Male genital seguents and genitalia symmetrical; fenale genital segnoents with
ovipositor.

17. Ovipositor has the following structure: first gonapophysis long, smooth; second
gonapophysis long, its folds not fused; gonoplak well developed; gonangulun
developed like a triangular plate.

18, Filtering apparatus of throat consists of a system of lnobs and hairs. 131

19, Digestive system possesses the following features: esophagus short, midgut of
three sections = stomach, tube and bladder-lile sections; pylorus very short,
scarcely visible; hind gut of two sections - short jleun with covering and
sack-shaped straight gut with rectal covering; fa -salivary glands two-lobed,

accessory ——""ginple, smooth, with wide aperture; -=f-... - i = bubble-like and elongated, as
qlands long as main glands; malpighian tubes like two pairs of more or less long,
woally curved tubes, apices of which are free,

20, Male reproductive system consists of a two-lobed, spiral-like vasa deferentia,
containing not more than 4~5 follicles, a ductus ejaculatorius with a vesicula
seminalis at the basal portion and a mesodene at the apex of the ductus ejacue
latorius. : .

21, TFemale reproductive system consists of a short ovipositor, short bubble=like
vagina, long spermatica and long duct of the spermatica.

22, Form of life: littoral,

The described hypothetical proto-ochterid‘form must have been the initial plesio=
morphic group of the infraorder Nepomorpha, consisting exclusively of littiral repre-
sentatives of the Heteroptera. I have placed this ancestor at the very base of the
phylogentic tree of the Nepomorpha, and it must have arisen directly from anothor
hypothetical protosaldid form that belongs to the same group vhich, in ny opinion,
in its turn, must stand at the very base of the ordor Heteroptera.

Thus, the common ancestor of the entire group of the Heteroptera of the infraorder
Nepomorpha, or aguatic bugs, can be considered to be the hypothetical primitive
protoochterid forms of the ochterid branch and, correspondingly, all aquatic bugs
initially were littoral predators. The ancestors of the three superfamilies =
Nepoidea, Corixoidea and Naucoroldea, apparently went along this path independently.

The first splitting of the protoochterid stem evidently arose in the early Triassic
as a result of the appearance of aquatic protobelostomatid forms (licpoidea), which
possessed a short respiratory tube and more or less walking legs, and their isolation
from the less specialized forms of the basic littoral stems, This apomorphic nepid
branch is represented presently by the two aquatic families Nepidae and Belostomatidae,

The secom, later, splitting occurred apparently at the beginning of the second halfl
of the Triassic. As a result of it, two superfamilies were isolated: the littoral
Gelastocoroidea and the aquatic Corixoidea, Representatives of the former superfanily
possess a lesser number of apomorphic trajte, and living Ochteridae and Gelastocoridae
have preserved a whole number of plesiomorphic traits (head with long opistognathous
rostrum, simple eyes, 4th type of manidbular levers, venation of tegnen, structure
of separate internal organs, etc.). Representatives of the lattor corixid-like
superfamily, along with some ancestral plesiomorphic characteristics (sinple eyes
in some forms, wide aperture of salivary glands, presence of abdominal odor glands
in nymphs), acquired traits of atrong specialization (multivorous, stridulating
apparatus as an isolating mechanism, etc.), which permitted a considerable increase
in diversity (basically :. Lkﬂ.&xxwﬁiinﬁﬁ apecies) of the single living family
Corixidae. ' ' :
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The strongly specialized forms of this family are the most numerous group of recent
fauna of the infraorder (slightly more than half of all true aguatic).

The third large splitting occurred in the remaining littoral stem because of the 182
isolation of new aquatic predator forms (Naucoroidea) from the active littoral pre-
dators of the type represented by the living more or less specialized family Gelas-
tocoridae. The final departure of the naucorid aquatic branch (Naucoroidea), which
in the present epoch is represented by the one family Naucoridae, apparently occurred
not later than the Triassic. .

And, finally, the fourth, basic splitting, already the naucorid stem proper, was
realized by the isolation of aquatic helotrephoid=-like forms with strongly convex
body, fore legs weakly adapted for grasping, and strongly shortened thick rostrum,
which subsequently was transformed into a group of aquatic bugs with hypognathous
head, strongly convex body and roof-shaped folding wings. Thus arose the superfamily
Notonectoidea, which evolutionized into the direction of perfection of active preda-
tion. Apparently, the connecting 1ink between these superfamily groupings was a
fossil aguatic Heteroptera related to the living South American relict subfamily
Potamogorinae, which is the most primitive among 1living Naucoridae {China, 1936,

1940; Usinger, 1941; Hungerford, 1942). These emall aquatic bugs, along with basic
traits of the superfamily Naucorcidea, demonstrate some similarity to the primitive
Helotrephidae of tle New World (Paratrephes and Neotrephes), which served as the
reason, for China (1955) to branch the protohelotrephoid off from the naucorid-like
ancestors. The first Notonectoidea separated from the ‘ancient Naucoroidea, most
likely, at the border between the Trias and the Jurassic (notlater).

A more precise timing of the appearance of the avove-discussed superfamily unfortu-
nately for now remains not entirely clear and in each case nust be made with reserva-
tion, indicating only approximate periods of origin. This lies in the fact that
apparently the above-~noted splittings of the basic branches had relatively small
time hiatuses because of the existing convergent apomorphies of these groups. Judging
from the available sparse paleontological finds, the basic processes of divergency
of the superfamily groups of Nepomorpha occurred in the early Mesozolc: in the
interval of time between te Lower Trias and Lias (£. 115).

As has already been discussed above, the ochterid branch most likely arises directly
from the other littoral (protosaldid) group, which at the beginnirg apparently repre=-
sented a different, basic direction of evolution of the infraorder Leptopodidomorpha =
adaptation to life on the surface of water (Gerroidea). The lack of a single opinion
on the solution of the question of the true congeneric interrelationships between
living littoral families Ochteridae and Saldidae, placed correspondingly at the bases
of the phylogenetic trees of Nepomorpha and Leptopodidomorpha, does not permit me to
have a generally accepted point of view regarding their origin. One of the reasons,
in my opinion, is the most plesiomorphic condition of both discussed littoral families
among tle groups of Heteropters of the infraorders Nepomorpha and Leptopodidomorpha,
and also the difficulty of determining the character of the adaptive characterlstics,
Thanks to an analysis of the morphological traits of the most generalized recent
littoral famildles Ochteridae and Saldidae, it became possible to construct the above=
mentioned hypothetical initial ancestral protoochterid form, characterized by approxi=
mately twenty plesiomorphic characters. ' A

In my opinion, the initlal ancestral form for all groups of aquatic bugs (Nepomorpha
apd Leptopodidomorpha) of the order Heteroptera bagically must be differentiated from
the protoochterid form by the more distinctSegmeﬁh&um of thae external sclerites of 183
the head, the more drawn together simple eyes, the distinctly reduced membrane and
character of structure of the separate structures of the digestive system (mid gut
consists only of two sections, the malpighian tubes of two or possible even three
pairs of fairly short almost straight tubes). S
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However, the most difficult problem remains the origin of the amphibial Gerroidea
and, in connection with this, the taxonomic position of the Saldidae. For a long
time the opinion existed (Buenc, 1923; .Ekblom, 1929; China 1965a, Carayon, 1962,
Parsons, 1965, 1966a) that the most probable ancestors of the above-water bugs can
be hypothetical protosaldid forms. Recently, on the basis of thorough investigations
of the digestive organs of Heteroptera, this point of view has come into doubt
(Miyamoto, 1961). This study showed that the greatest differences of the Saldidae
from the Gerridae are contained in the structure of the basi¢ salivary glands, which
are unique among Leptopodidomorpha, and also the malpighian tubes., The constancy of

_structure of the salivary glands is strictly sustained for each infraorder of bugs

which I have established; on this basis, Miyamoto has shown the similarity of these
groups in the structure of baslc glands (same width of aperture of glands) and the

‘malpighian tubes (iwo pairs of short, weakly developed tubes) of the Saldidae with

those of Cimicomorpha, assessing this as proof, on the ore hand, of their relation- 184
ship and, on the other, of the great primitivenese of the family Saldidae.

However, as my analysis has shown, these characters in no way are synapomorphic
and, consequently, hardly have significance for explaining.the degree of the phylow=
genetic relationship of the littoral Saldidae and the terrestrial Cimicomorpha. The
structure of the basic salivary glands (simple two or one-segmented with wide aperture)
in the Saldidae (Leptopodidomorpha) and Cimicomorpha (and, also, consequently, in the
Pentatomomorpha) is different and indicates only the plesiomorphic condition of the
Saldidae and the apomorphic condition of the latter infraordinal groups of terres=
trial Heteroptera.

Actually, in the course ofthe historical development of the order Heteroptera, the
smooth covering of te basic salivary glands, consisting of numerous flat cells, came
to acquire a different structure, represented by large high cells, and the aperture
of the glands correspondingly became narrow. This apomorphic process arose both in
overwhelming majority of representatives of the aquatic groups of bugs (Leptopodido-
morpha, except Saldidae, and Nepomorpha, except Corixidae), and in a small part of
the terrestrial Heteroptera (Enicocephalomorpha), i.e., bore a definite divergent.
character and, -thus, also cannot be used as a definitive indicator of thelr phyloge-
netic relationship. -

In the basic nass of terrestrial Heteroptera (Cimicomorpha and Pentatomomorpha),
the development of structures of the basic salivary glands followed the line of
decrease of the size of cells and increase of their number, which led to a secondary
(autapomorphy) increase of the aperture of the glands., For Cimicomorpha and Pentato-
momorpha, the result of this process was synapomorphy and, consequently, excludes
their phylogenetic closeness. '

In the infraordinal groups of aquatic bugs (Nepomorpha and Leptopodidomorpha), in
the recent families Saldidae and Corixidae, the plesiomorphic condition was preserved
of the structure of these glands - smooth covering of flat cells with wide aperture,
Such a symplesiomorphy for these famllies, of course, cannot serve as an indicator of
close phylogenetic relationship. It can indicate the Saldidae as themost primitive
group of Heteroptera, ami for Corixidae serve as an indicator of the'veryiarg,isolation
of the latter from the basic stem of the Nepomorpha. ‘

The similarity of the Saldidae and the terrestrial Heteroptera in the structure of
the malphigian tubes, which are shortened and weakly curved in both groups, from my
point of view, must be considered as definite symplesiomorphy. The study of the struce
ture of the head capsule conducted by Parsons (1962) also- puts in doubt the possibility
of the Gerroidea actually branching off from the Saldidae. An analysis of a great
number of characters of the external and internal morphology of Saldidae and Gerroidea
conducted by Gupta (1963b) led him to the definite conclusion of the impossibility of
including the Saldidae in the Gerroidea (Amphibiocorisae s. Gupta). Recognizing the

Sc?amWQ identity of the Nepomorpha and the Cimicomorpha, this investigator, on the basis of
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the similarity of the structure of a number of structures, suggests Joining the
Saldidae either with the Cimicomorpha (labrum, additional salivary glands, distal
fusion of the veins R and M of the hind wings, and oval odor reservoir od the odor
apparatus) or with the Pentatomomorpha (structure of male genitalie and eggs), pro-
posing two variants, which are illustrated in the two schemes. Gupta, recognizing
parallelism in the evolution of the eggs and the male genitalia as the most probable
variant, in the end, is inclined to consider the Saldidae as the Cimicomorpha line.

In my opinion, such a similarity of a number of characters to the basic groups of
Heteroptera (Cimicomorpha, Nepomorpha, Pentatomomorpha and also, correspondingly, to
Leptodidomorpha) indicates first the most primitive condition of the Saldidae and 185
the mecessi+yiiy of putting them at the base of the heteropterous phylogenetic stem
within the infraorder Leptopodidomorpha, where the Gerroidea are clearly an apomorphic
branch of bugs, adapted to life on the surface of water and isolted, apparently, from
some kind of saldid-like ancient forms. Secondly, the little similarity in structures
having great convergency (eggs and genitalia) characterizes the Pentatomomorpha as

the most isolated group of bugs, representing a special evolutionary branch of the
Heteroptera, Nonetheless, a similar phylogenetic analysis is needed of leading
characters with a precise explanation of their ano- and plesiomorphology, and it is

on this basis, proceeding from the presence of synapomorphy, that it will be possible
to establish the true phylogenetic relationship.

Most recently, Cobben (1968) again called into serious question the existence of
proto=saldid forms as the supposed ancestors of both the Nepomorpha and tie Leptopodido-
morpha. Cobben considers the Gerroidea (Amphibiocorisae s. Cobben) as the initial
primitive group of Heteroptera which, in his opinion, possess a primitive type of
embriogenesis, egg structure and phallic structures., However, he for some reason

- completely ignored such a morphological indicator of clearly apomorphic character as
the set apart position of the coxae and, in connection with this, the secondary change
of the sterno~pleural region of the thorax. In connection with the transition to
life on the water surface, the set apart leg position was a consequent adaptation to
new conditions; this indicates that all Gerroidea arose from some littoral saldid-like
fornm and are undoubtedly a secondary groupe. We run across an analogous situation in
the family Nepidae, in the presence of many preserving plesiomorphy, where the strongly
set apart legs serve as an important adaptation to a benthid form of life. The
strongly specialized wing venation also testifies against considering the Gerroidea
as the initial group. Such a variable indicator as the structure of the reproductive
organs (in this case, phallic structures), which is applied a gread deal for differen-
tiating species and even genera, can hardly serve as a criterion for such relatively
large taxons as family, and even more so, superfamily or infraorder., In this connec-
tion, demonstrative are the erroneous phylogenetic conclusions of Kumar (1961) re-
garding the supposed closely -related connections of Coreidae and Hotonectidae, which
supposedly have a common terrestrial ancestor, or the Reduviidae and Belostomatldae,

¢ ( also not connected by a common origin, and, besides, the herersufy %y of 5epaﬂa lhﬂ

o “J°“° { the Nepidae and Belostomatidae as one group. A similar solution to phylogenetic

poﬂi}w(zproblems based only on some one morphological indicator and especially on such super=

nov

ficial and limited structures as genital, can hardly be accepted,

Cobben places great significance on the embrionic dewelopment of bugs, considering
the relations between the features of development of embryos as independent adaptations.
Thus, he considers that a comparison of the embriogenetic types furnishes the truest
data for the phylogeny in comparison with other indicators used for classification,
Determining the primitive type of embriogenesis as the invagination of the embryos
under conditions of preservation of connection of head parts with the serosa and
rotation of the embryo 180° before the basic complete turnover, Cobben came to the
conclusion a similar type of embrlogenesis “occurs: ,only in the Gerroidea (especially
in Hebridae) and the Cimicomorpha and, consequently, the Gerroidea can be considered
as the most primitive group. Sticking to his last/assertion, Cobben shows the gradual

3 >
revplu‘fu'w .

[




sy
]

» -,

\!-.!‘a?'): ) i ,'c".x.‘f!vft'-'i :" 185
loss of such an embryonic rotation before the complete turnover of the embryo in all
Pentatomomorpha and Reduviidae., However, from my point of view, this circumstance 156
can harly serve to show the actual primitiveness of the Gerroidea, all the more since
in Neponorpha such a "180o rotation" is preserved.

Furthermore, Cobben differentiates two basic types of ruptures (realized by four
methods) of the embryonic cuticle of the head as a result of the evolutionary develop=-
ment of the egg structures: transverse ruptures in the region of the clypeus (clypeal)
and longitudinal in the reglon of the froms (frontal). Thus the transverse ruptures
are considered as a plesiomorphic condition, and the longitudinal as apomorphic. In
some Gerroidea, Cobben considers the transverse type of rupture as initial (Hebridae
and Veliidae), which later changed into longitudinal (Gerridae, Hydrometridae, Mesow=
veliidae). In the Saldidae there are both frontal and clypeal ruptures, In this case,
the question is not asked whethr the presence of transverse and longitudinal sutures
simultaneously is a plesiomorphic condition in the case of the Saldidae., Thus, in
the course of historical development in some Heteroptera was preserved the transverse
nature of the embryonic factor of the head capsule (Leptopodidae, some Gerroidea),
in others longitudinal (some Gerroidea and all other Heteroptera)., The realization
of longitudinal rupture in various groups arises differently. If the transverse

. (clypeal) rupture is considered primary, then its position in the Saldidae (not like
in the Leptopodidae) is more “beginning', i.e., occupies a lower position than in
Hebridae and Veliidae, or is identical to the initial suggested archetype {(Cobben,
1968, f. 278). Cobben himself perceives something strange in this fact, explaining:
this as an increase of the anteclypeal reglon and the simultaneous shortening of the
vertex,

In the laying and orientation of the laid eggs, Cobben also distinguishes three basic
types, of which tle surface horizontal position of the egg (Tyve I) is considered to
be the initial primary one different from Type II (surface vertical position of the
egg) and Type III (egg basically intruded into the plant tissue). However this schenme
of evolution of ovipositing shows that the primary horizontal type has representatives
of all families and that beitween the other two types there are a number of transitions.
Besides, the questions of the primariness of the character of egg laying, apparently,
must bo considered solved, since in Homoptera Type III is most common, i.0., insertion
of the egg into the plant tissue. The position ofthe embryionic region also does not
provide proof of primitiveness for many groups. Thus, besides the Saldidae, which
have a primitive central position of the embryo, we find an analogous orientation in
Miridae, Cimicidae, Coreidae, a fairly close position in Hebridae, Reduviidae and
Nabidae. However, in Gerroidea the embryo distinctly occupiles a lateral position
like the majority.

And, finally, all schemes of closeness of groups, based on simlilarities of sone
stagés of ontogenetic development, usually do not correspond with their actual con=
generic ties and the evolutionary paths of the basic groups of taxons (approximately
in the rank of infraorder), established on morphological and paleontological data.

Without belittling the great significance of Cobben's excellent embryological book,

- which still is one important step in the matter of the study of the evolution of bugs,
I, however, can in no way agree with his idea about the Gerroidea (Anphibiocorisae s.
Cobben) as the initial group of all Heteroptera and in this case return to the last
opiniors of China (1955) and Carayon:. (1962) about the origln of the Gerroidea from a
saldid-like ancestor.

I have examined in somewhat greater detail the basic sfwu%dszof embryogenesis and
egg structures of Heteroptera, since many of them can be interpreted simply indepen~ 187
dently from the established point of view.

In connection with the problem of the position of the littoral families Ochteridae
and Saldidae in the system of aquatic groups of Heteroptera (llepomorpha and Leptopodido-
morpha) as supposed initlal taxons and connected with this question of their origin,
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not without interest also is an explanation ofthe congeneric interrelationships of
the superfamilies Gerroidea and Lentopodoidea. In the course of recent years, great )
interest has been drawvn to the arphibious family Mesoveliidoe., The fact is that ;
revresentatives of this family, apart from the basic characteristics of Gerroidea, |
also passess those of Levptopodoidea (Scudder, 1959; Gupta, 1963ab; Kumar, 1961, 1964):
a number of related traits of head, abdonen, to a lesser degree thorax, distal fusion
of the veins R and M of the tegmen, structure of female genitalia - particularly !
similar is the weakly concave, hard ovipositor and the correlatively connected with o
‘it method of egg laying (Type IIL according to Cobben), and also the separate 5ﬁagess i
of embryogenesise. All of this raised doubt in some authors regarding its taxonomic i
position, and attempts were even made to put the Mesoveliidae inte the Leptopodoidea E
(Scudder, 1959). The lack of a gonoplak in the female genitalia of the Gerroidea
.and the presence of the latter in one of the members of this superfamily, Mesoveliidae,
served as the basis, as Gupta (1963b) correctly explained, to consider the Mesovelli-
idae as a primitive group or a separate branch, which separated before the time that
all its other members lost the gonoplak. It is probable that this also served as one
of the reasons for Cobben to put the Gerroidea at the base of the entire Heteroptera
stem.- In connection with this, I have come to the conviction that, in view of a
whole number of such means (apomorphic and plesiomorphic), Mesoveliidae evidence a
true, although poasible a separate, relationship with the fanily Saldidae, and
apparently are one of the real connecting links between the amphibial Gerroidea
and the littoral Leptopodoldea. It is also possible that all Gerroldea arose from
some mesoveliid ancestor common to Gerridaet+Veliidae and Hebridae (?), isolated in
their time directly from the basic protosaldid stem (ks nlso. ndl” exclvded that.this was
'iéoSS'JH +. . the common ancestor of the Ochteridae and Saldidae). Since an explana=
tion of the phylogenesis of the closely related infraorder Leptopodidomorpha is not
basically part of the problem . of my investigation, just as I am limited in scope, ,
I am limited only by this preliminary opinion. '

Interesting also for the Saldidae as the post primitive group among living Heterop~
tora is the fact of the existence of the cross veins rm and mecu on the hind winge.
This is a unique clracter for Heteroptera, and we find it only in the closely related
order Homoptera, namely in the suborder Auchenorrhyncha. Apparently, this phenomenon
bears a purely convergent character.
- The'in raorder Leptopodidomorpha (together with the Nepomorpha), which is one of
the four main evolutionary directions of the order of real Heteroptera, in its phy=-
logenetic roots goes back deep into the Triassic and possibly even the Permian.
However, the Permian with respect to Heteroptera fauna for now remains for us an
absolutely blank spot and we can only assume that the infraorders of aquatic and ter-
restrial bugs had common ancestors. It is possible that these are the early Mesozoic
Actinoscytinidae, which apparently arise directly from tho Homoptera or even from a
common ancestor of the latter and the Heteroptera.

The phylogenetic schemes which I have suggested are to a considerable degree pre- 188
liwinary and in the future, probably, will be essentially supplemented and changed.

PHYLOGENY OF THE SUPERFAMILY NEPOIDEA Fo 116

The isolation of the apomorphic group of the nepid-like bugs from the plesionorphic
protochterid ancestors must have occurred approximately in the early Triassice In
intering the water in search of food, the first nepids gradually began to conquer
littoral areas: shore or semiaguatic plants -which grew in the shallows of various
closed basins, of estuary type, backwaters, flood plains, etc. With the development
"of a respiratory- tube, the ancient aguatic scorpions began to transfer to gradual

F—— :
The three other evolutionary directions are represented by the infraorders

EnicocephalomorphatCimicomorpha, Pentatomorpha and Actinoscytinomorpha.
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habitation in water. In these new places of habitation, they crossed over to a new
source of feeding: fish roe, young, small crustacea and molluscs and also aquatic
insects,

The first nepoids were small in size and apparently still had weakly developed
leg coxae, not very different from the plesiomorphic condition of those in the proto=-
ochterid ancostors, and also a more or less distinctly developed respiratory siphon,
It seems to me that the other characteristics are as follows: body became wholly
flat, not convex from above (apomorphy), weakly sculptured (plesiomorphy), head
prognathous, with distinctly separated anteclypeus (plesiomorphy) and L-segmented
more or less long rostrum, eyes large, but smaller than in ancestml littoral form
and do not project beyond fore corners of the pronotum (apomorphy), ocelli misgsing
(apomorphy), antennae 4~segmented, shortened and almost wholly hidden in the lower
side of the body (apomorphy), pronotum without leaflike widening at fore corners
(apomorphy) and with indented hind margin, rest of scutellum completely open (ple=
siomorphy)}, membrane of tegmen with more than five cells (apomorphy), fore legs
directed forward amimore or less grasping with unevenly developed tarsal segments,
mid and hind legs became more flaftened and somewhat longer than fore (apomorphy),
ovipoaitor basically similar to that of protoochterids, digestive system with more
or less long esophagus, divided mid gut (apomorphy), short pylorus, twice-dividing

“hind gut (plesiomorphy), salivary glands elongated, malpighian tubes of two pairs of

long curved tubes, apices of which free (apomorphy), male and female reproductive
system, apparently, analogous to that of protoochterids, ’
Subsequently, the ancestral forms of the nepoids became larger (by a few centimeters)
and basically mastered the deep waters as a result of activization of pursult of prey
and, in the appearance of adaptation to swimming, nektonic forms served to develop
the second basic direction = Belostomatidae. The establishment of the belostomatid
group was accompanied first of all by the acquisition of maximal body size for all
nepoids (up to 6 cm in fossils and to 11 cm in living forms), some increase of the
convex eyes, acquiring ellipsoid form and reaching the fore corners of the pronotum;
shortenings of the clavus (except Stygeonepinae) and scorrespondingly, the claval
suture (cpmnissura clavi) approximately to the length of the scutellum; transformation

. of the cells of the membrane of the tegmen into parallel veins and flattened mid and

hind legs in most forms.

In the second half of the Jurassic, among nepoids of belostomatid direction, the 189
quickly swimming Stygeonepinae became isolated with clearly expressed traits of
extreme specialization: strongly flottened car-shaped hind legs, thin and long mid
legs, adapted apparently for attachment to the substrate, similar to living Corixidae,
and also strongly developed original grasping fore legs and original elongated drop-
like body. Together with this, this form preserved an amount of plesiomorphy: such
as the long claval suture and relatively small convex eyes., Apparently, one of the
basic reasons for the extinction of the Stygeonepinae was the unsolved inner contra=
diction between locomotion and predatory form of feeding; 1e€ey on the one hand,”gér”*\
need to overtake quick-swimming (sustained for a long time) prey. Actually, in \\
Stygeonepa foersteri, spens, the long hind swimming legs with elongated femora and
oar-shaped tarsi with very shortened tibia did not permit operation with great frequency
and did not provide sufficient progressive movement according to the principle of

" resistibility.

Later, the development of the belostomatid branch followed the line of formation of
quici-swinmming forms like the separate and extensive family Belostomatidae through
the presrvation of less mobile and slowly-swimming forms of the sea genus Mesonepa,
which had weakly &latdened and fairly long mid and hind legs (particularly the tibla),
strongly developed fore grasping legs and less developed venation (nepid type)e In

_ connection with quick swimming, the mid and hind terminalia in most Belostomatidao

became shortened ami more-ﬂad#enzd, basically due to.the appearance and development
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of the longitudinal rib along the whole line of the tibia from outside (which we can
well observe in the Jurassic Mesonepa primordialis Germ. of the subfanily Belostoma-
tinae) and the direct widening of the tarsi with the formation of swimming hairs like
a thick short brush on the inner side of the tibia and tarsi. However, later in
representatives of Mesobelostomum deperditum Germ. - another Jurassic subfamily of the
Lethocerinae, which was isolated, apparently, from some Belostomatinae - a strong
roughness was preserved snd in places even an uneven dorsal surface of the body, which
apparently made quick swimming very difficult, and they became extinct in the Mesozolc.

The Cainozoic Belostomatidae (Lethocerinae, Horvathiniinae and Belostomatinae)
achieved a more successful development, in which along with gradual development of
swimming legs arose a hydrodynamic terminal development of the body with acquisition
of a smooth surface, confortable for quick swimming.

Especially interesting for the morphogenesis and phylogeny of the nepoids is the
center fissure on the sternites of the abdomen, which demarcates the parasternites and
laterotergites, In many living forms a fold occurs at this place (Nepinae), which
disappears in the most specialized representatives (Ranatrinae) due to the protrusion
of the parasternite under the laterotergite (f. 53b)e A different path occurred in
the disappearance of the above-mentioned fissure in living Belostomatidae: as a
result of gradual fusion of the parasternites with the sternites proper, on the one
hand, and the strong widening on the other,

Recent Belostomatidae are represented by three differemt in size subfamilies:
Lethocerinae, Belostomatinae and Horvathiniinae, of which Lethocerinae are recognized
as initial, and the Horvathiniinae occupy en intermediate position between them and
the Belostomatinae (Menke, Lauck, 1961). An analysie of the characters which charac=
terize these subfamilies showed that the Lethocerinae and Horvathiniinae together with
the Belostomatinae are not comnected with each other directly and only come, apparently,
from a common ancestor, which had distinctly expressed central fissures the whole
length of the abdomen and fairly narrow laterotergites. .

Actually, in Lethocerinae and Horvathiniinae practlically missing is distinct synapo=-
morphy (except the single apomorphic character - finger-shaped projections on the 2nd
and 3rd segments of the antennae, which, most probably, is convergency). At the same
time, many of the s.agnalyzed characters are either symplesiomorphic (4-segmented an-
tennae, presence of central fold on ventral side of abdomen, position of $fn121cisfn

" on laterotergites, length of siphon), or are autapomorphic, both for Lethocerinae
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(4th segment of antennae with projections, hind tibia and tarsi £latterad and widened,
folds of laterotergites come to apex of genital plate), and for Horvathiniinae (2-
segmented tarsi, fused ventral diverticulum and phallus, wide latercterpgites, etc.).

The central fold on tie ventral side of the abdomen, which serves as a basis for
drawing the Lethocerinae and Horvathiniinae close to each othr, is itself plesiomorphic.
At the same time, the existing synapomorphy connects the Horvathiniinae with the Belo-
stomatinae, and not with the Lethocerinsde. Synapomorphies of the Belostomatinae and
Horvathiniinae are distinct and definite (2-segmented tarsi, dorsally fused with each

other, wilde laterotergites, projections of 8th segment, forming the breathing sivhon, Char

strongly shortened and moved apart, ventral diverticulum and phallus fused). However, -
Horvathinia in structure of fore tarsi is very similar to Diplonychus (Belostomatinae), ¢
in structure of male genitalia ® the most primitive African genera of the subfamily
Belostomatinae, Limnogeton and Hydrocyrius. .

Thus, two basic branches of the belostomatids: arose from the common ancestral form: 191
the belostomatids promr (Lethocerinae), characterized by the partial fusion (beginning
with the first sternites) of the paratergites and laterotergiteg,in the preservation
of narrow laterotergites vith sppranlc&u situated along the borders, and general
belostomatidness (Horvathiniinae+Belostomatinae), which also has partially fusing
para- and laterotergites, but with a considerable widening of the latter (5.p1_rcuc1.e,5
occupy PF™Mi¥position = at the border), Subscequently occurred the isolation of tho
Belostomatinae because of the great widening of the laterotergites and fusion of the
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borders of the latter with the partially reduced central fissure (lLimnogeton, Hydro-
cyris) or, probably, by means of its simple reduction.(Diplonychus).

Along with the origin and develorment of nekton forms in the Mesozoic occurred also
mastery of the ground surface., These focms basically led a benthic form of life in
new deeper and often running water, where a more stable position of the body was
required with devendable attachment to the substrate. In some Nepoids this led to
a gradual increase of the ventral surface of the body, contiguous with the bottom
of the reservoirs, because of the gradual divergence of the leg coxae and, as a
consequence of this process, the protrusion of the sternal region of the thorax
outgﬂard. Such a large rebullding of the organism, apparently, took up the entire
Liassic period, in the course of which these ancient Mesozoic nepids led a more or
less predatory lie~in-wait form of life, falling mainly upon not very mobile animal
organismse. They are characzaerized by smaller eyes with their acquisition of spherical
shape; in sowme, besides, arose a reduction of the venation of the tegmen and a cel-
lular netting on the membrane was formed, This evolutionary direction led to repre=-
sentatives of the family Nepidae, the earliest forms of which apparently avpered in
the lLiassic, In the Jurassic period, in connection with the increase of aquatic
expanses and development of aquatic vegetation, in the nepids, which by this time
bhad already developed a whole benthic group, arose the opportunity to master new,
often much deeper places, In the nepid group, this led to further elongation of the
walking mid and hind legs, the final acquisition in most forms of grasping fore legs,
and the subsequent development of the respiratory system.

The descendents of the ancient aquatic scorpions survived to the presmt time as
relatively equal in size subfamilies: the apomorphic Nepinae and the still more apo=
morphic Ranatrinae, The morphological process of transition from the former to the
latter can be observed in living genera which comprise these subfamilies, The dew
velopment of aquatic scorpions of the subfamily Ranatrinae followed the line of the
narrowing of the body and the acquisition of the present drumstick form, accompanied
by the further process of fusion of the sterno=pleural regions of the thorax, the un=
usual elongation and development of the trochanters and femora of the first pair of

meant AR +Tansfdrmadﬂax\u, the fore legs were brought far forward beyond the head, so that
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the movement of the legs in catching prey became similar to the movement of the D re
legs of Mantoidea, The initial forms of the living specialized subfamilies of aquatic
Ranatrinae must be considered the Australian Austronepini, which undoubtedly arose
from the more specialized synapomorphic aguatic scorpions (Nepinae) of the tribe
Curictini, Thse tribes hardly differ at all from each other, and the differences

in the characteristics which separate the two subfamilies - the correlation of the
width of the head aml the fore margzin of the pronotum, the length of the leg coxae,
the structure of the fore legs, the sternal part of the abdominal segments and the
form of the body - are the least sharp.

The oldest known true fossil insect representing real aquatic scorpions (Nepinae) 192
must now be considered the Upper Jurassic Laccotrephes incertus Y. Pop. from the
Solnhofen shales of West Europe, Representatives of the othor subfamily, Ranatrinae,
are not known in fossil fornm, :

PHYLOGENY.OF THE SUPERFAMILY GELASTOCOROIDEA

After the aquatic nepids branched off from the common ancestral protoochterids, a
nev closely related littoral group separated from the latter - the superfamily Gelas-
tocoroidea.

Presently, this snall group of littoral bugs is known to us only from two living
families, Ochteridae and Gelastocoridae. Despite their presumed great antiquity, up
to now real fossil representatives of Ochteridae have not been found,

As a resultof sur.h
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The process of the isolation of the littoral superfamily Gelastocoroidea is included
in the appearance of the following apomorphy: partial fusion of the anteclyveal
sclerites with the other cranial parts, diminishing of nurber of +arsal SeqmiTs . %q-hgi’
£arst. - .0 07 ; on the foreiEqu later on the hind_legs : \;'333 asymmetry or
male genital segnents and genitalia, diminished size .f the agerture of the bvasic
salivary glands, final loss of the inner coverings o??gﬁgrﬁi? sut, elongation and
greater curving of the malphigian tubes, loss of vesiculum seminalis in the nale
reproductive systen,

The living family Ochteridae basically has preserved all tralts of tlpancestral
forms of this superfamily: prognathous head, 4-segmented rostrum and antennae, free
antennae, walling fore legs, tarsi of legs 2-2-3, spread apart ocelli, and also the
almost unchanged basic structure of the digestive system. Reductlon of the antennae
had already partially originated, apparently, in the ancient ochterid forms and was
noted for living representatives by Reuter (1910) even. However, reduction here was
insignficant and led to the shortening of the first and second segments. Sinultaneously,
the place of attachment of the antennae was moved under the eyes. The ancient oche~
torids continued to remain purely littoral forms and subsequently did not form any
branches, except the Gelastocorids which have been preserved up to the present tine
without essential changes in the tropical and subtiopical regions of the earth,

The family Gelastocoridae is undoubtedly related to the Ochteridae aml represents
a specialized branch of the ochterids. There is no doubt among most hemipterologists
of their direct origin from the latter (Reuter, 1910; China, 1933, 1935; Miyamoto,
1961; Parsons, 1959, 1966). The first Gelastocoridae were isolated, apparently, at
the end of the Triassic = beglnning of the Jurassic and were more closely connected

‘with water, frequenting very wet solil and littoral pools. In connection with this,
they acquired their characteristic external appearance with stirongly knobby structure,
The predatory form of life promoted the appearance of such avomorphic characters as
the acquisition of the more hypognathous positidn of the rostrum, its strong and
thickened shortening, reaching only the fore coxae, transformation of the walking
fore legs into grasping with fusion of the tarsi with the tibia. There arose also
& drawing together of the ocelli, some changes in the digestive system, and alsoc the
fusion of the second pair of gonapvophyses of the female ovipositor. Reduction of
the antennae, or, more precisely, thelr shortening, went further in the Gelastocoridae;
here all four segments became shortened and in a state of rest entirely concealed in
the antennal pit under the eyes. Todd (1955) suggested that the reason for this 193
shortening and position in a special pit of the antennae is either an adaptation to
in the s0il or adaptation to the aquatic conditions. For the latter suggestion, he
presents the single species Nerthra martini Todd, which was found both along the
shores of a reservoir and directly in the water. However, the overwhelming majorlty
of Gelastocoridae prefer life along rivers and streams and other similar places.

The residence of the above-mentioned species in water (Nerthra) must be considered
an accidental phenomenon and not permanent, ,

Presently the family Gelastocoridae is represented by two monotypic subfamilies,
which are widely distributed in tropical and subtropical zones: Gelastocorinae and
Nerthrinae. Analyses which I conducted ofthe subfamily characteristics do not confirm
Todd's (1955) opinion about the great primitiveness of the subfamily Gelastocorinae,
One of the basic characters differentiating the subfamilies = structure of the rostrum -
is apomorphic for Gelastocorinae (short and thick rostrum), and is closer to the
ancestral in Nerthrinae (longer and thinner, slightly curved forward). This permits
suggesting that most vrobably a common ancestral form existed in which the rostrum
was as-long as.wlde as in Nerthrinae, but entirely straight, free and directed backward.
Autapomorphy occurs both in Gelastocorinae (modified antennae sespecially their third
segment, ‘'withdrawn ninth abdominal male sternite, asymmetrical male genitalia), and
in Nerthrinae, although in a somewhat greater depree (fore legs with fused tibia and
tarsi, furnished with one claw, asymmetry in a number of cases of the female abdominal
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segnents, separate structures of the digestive system). In number of species, the
Nerthrinae more than twice (75 species) exceéd the Gelastocorinae (fewer than 30
species). The ovresent distribution of the two subfamilies does not permit making
a determination about the original distribution of the Gelastocorinae and the
Nerthrinae, and also about the probable geographic habitation of the ancestral fornmc.

PHYIOGENY OF THE SUPERFAMILY CORIXOIDEA Fo 117

A most difficult and now still practically not solved problem is the problem of
the phylogenetic relationships of the torixids.- Corixidae evolved from the Notonec-
tidae (Handlirsch, 1906=1908; Reuter, 1910; China, 1933), from the common hydrocorid
stem (Esald, China, 1928; Ekblom, 1929), directly from the littoral stem (Parsons,
1965), from the Nepoidea (Parsons, 1959), and even directly from terrestrial grouvs
of Heteroptera (Spooner, 1938); many hemipterologists have connected them with the
naucorid stem (Kirkaldy, 1909; Sutton, 1951).

In ny opinion, the most acceptable variant is the great phylogenetic similarity of
the Corixidae with the littoral group of bugs. A whole number of plesiomorphic charace
ters in the Corixoidea testify to this. For example, both in the Nepidae and Belo~
stomatidae, as also in the Corixidae, the histological structure of the epithelia
of the mid gut is identical, on the basis of which an attempt was even made to derive
the latter from the Nepoidea (Parsons, 1959). The extremely primitive structure of
the basic eallvary glands (wide opening with flat covering cells), besides the Corixe
idae, occurs only in the Saldidae, which stand at the base of the phylogenetic tree
of the entire suborder, Besides, the 'presence of three pairs of abdominal odor glands
in the numphs of the Corixidae is inherent only to tho suborder of terrestrial bugs
Cimicoidea. The unusually specialized structure of the separate organs of the Corix~
oidea (strongly developed filtering system of the throat, mouth apparatus and stri~ 194
dulating system) indicates the very early separation of the Corixoidea from the

" basic mass of the aquatic Heteroptera. The earliest isolation of the Corixidae is

corroborated also by paleontological finds of the latter from the Liassic deposits
of Asiatic USSR (Shurabellidae).

The history of the family Corixidae begins with the ancient Jurassic representatives
of the family Shurabellidae and the subfamily Ijanectinae, Separating from the
littoral protoochterid ancestors, the first corixids were still fairly strongly
differentiated from living Corixidae., In this respect, very interesting are the
oldest and, apparently, nmost primitive Central Aslatic Shurabollidae from the Low

7 Jurassic. In these bugs, the anteclypeus was still not fused with the sclerites

surrounding it and was widened like the recent ¢ COrlxinae ‘and Micronectinae, the
venation of their tegmen wag partially preserved, and the hind legs were not rlattened
and were covered with very long swimming hairs. In external appearance, they resemble
living Micronectinae. However, the phylogenetic interrelationships of the Jurassic
corixid family with true Corixidae is presently problematical and at the present
moment there is hardly any detailed discussion about them. The only thing that can
be said with certainty is that, in the presence of a general plesiomorphic strucire

of representatives of this family, the widened part of the fore margin of the tegmen
in Shurabellidae is an apomorphic condition.

In the same way, it is possible to discuss the other early Jurassic corixid subfamily
of true Corixidae, Ijanectinae. Like the Shurabellidae, representatives of the Ijo~
nectinae also had a strongly widened fore margin of the tegmen, but already with a
distinct nodal fissure., Apparently, such a strongly widened and flattened fore margin
of the wing in the most ancient reprosentatives of the Corixoidea must be considered
as one of the prototypes of the embolium rim of the later Corixidae, pqr*:cuhujy*he 195
Micronectinae. Such a structure of the tegmen, in the further activization of
swinming and the corrosponding transformation of the entirely not {tatrened hind
rowing legs (Shurabellidae) with long brush of swimming hairs and the strongly
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condensed legs with short brush of hairs, apparently, served as one of the reasons
... for their extinction.
In the most specialized living Corixidae, the anteclypeus is unusually strongly
| widened and comvletely fused with the head sclerites surroundihg it; besides, in
) them is observed a reduction of the venation and development of strldulating organs. .
At the present time, the Corixidae are represented only by . - twoArich in species wflfg“”
subfamilies(Corixinae and lMicronectinae) Known to us from the early Jurassic are ~ °r¢
the ancient Jurassic representatives of the primitive subfamilies Archaecorixinae
and Diaprepocorinae; a few forms of .the latter have survived up to owr day in the
southernmost Australian region as the single genus Diaprepocoris. However, in the
geological past several genera existed of which two are known to us: Gazimuria from
the Lower Jurassic of FEast Transbaikals and Karataviella from the Upper Jurassic of
South Kazakhstan. Corixidae of the subfamily Archaecorixinae existed only into the
Mesozoic era (beginning with the Upper Jurassic) and are known to us only from four
genera: Archaecorixa from the Upper Jurassic of South Kazakhstan, Diapherinus
and Baissocorixa from the Lower Cretaceous of the Transbailals and llesosigara from
the Upper Cretaceous of the Kabarov territory. Representatives of the Corixinae
proper are known only beginning with the Paleocene,’
On the basis of the.taxonomic study of the fossil corixids, a morphological study
of a whole number of living forms, and also from literature data, I have tried to
isolate some basic morphological processes, which originated in the course of the
historical development of the Corixdidae.
Corixidae occupy a somewhat isolated position among the other living aguatic bugs
of the infraorder Nepomorpha. This is connected, in the first vlace, with the special
method of feeding: algophagy and detritophagy along with predation. The adaptation
_to feeding on waternlants and detritus (basically in the soil) served the great re-
construction of the separate body parts - first the head and fore pair of legs. As
is lknown, Heteroptera possess a hypognathous type of head, i.e., nouth organs directed
forward through the horizontal or slightly fallen below position of the head. How-
ever, in connection with catching food from the bottom of reservoirs in the process
of evolution the position of the head acquired another direction: mouth and rostrum
from the beginning turned vertically dovmward (hypognathous type), and then in the
process of the further development, these parts, together with the head, became turned
slantingly backward and downward, i.e., acquired an opistognathous position. In the
) preservation of a general plan of structure of the mouth organs in Corixidae, the
No. . Trostrun was strongly shortened and in a state of rest hidden under the labrum. In

"Rostrum its turn, the labrum developed strongly and was covered inside with hairs and setae,
ghmﬂdbf the s;gnlfichnce of which relates to the filtration of diverse nartlcles which fell into
labrurm the throat. The unusual for aquatic bugs method of feeding is in line also with the
)b'ﬂfbc modification of tle fore legs, namely: fusion of tarsal segments into one, development
shzfom of a system of hairs and setae on them, and flattensig:: of the legs as a whole, When
QL' procuring food, Corixdldae stick ¢lose to the ground like an anchor with the mid legs,
Mc? maintain the body in a horizontal position with the hind legs, and quickly make rotary
movements with the fore legs, perching on the substrate itself and catching rising
particles and small organisms (Benwitz, 1956).
Original for aquatic bugs, and for the whole order of bugs, must be considered 196
zoophagy (predation), and tronsition to any other method of feeding is undoubtedly
a secondary phenomenon (apomorphic). In this case, transitlon to feeding on aguatic
plants and organic remains sharply widened the realm of feedlng in comparison with
obligatory predation ammaximally lowered competition on the part of other predatory
aguatic bugs. This, in its turn, gave impetus to the powerful development and dis=-
tribution of the corixids, the seizure of new ecological niches and the appearance of
numerous new. forns. Presently, this is the most numerous and flourishing group among
living aquatic Heteroptera, numbering over 500 specles; the separate genera in size
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represent some of the largest genera among all Heteroptera. For example, the genus
Micronecta has more than 100 species, and the genus Sigara {sensu lato) several
hundreds of species, . :

The presence of such a large number of specles in one genus was conditioned by the
ppearance of a special isolating mechanism. In the male Corixidae the characteristic
system of stridulators on the sixth tergite of the abdomen (strigils) and on the fore
legs, which arose independently of each other, reached wide distribution. In the
author's opinion (Popov, 1963), the stridulating organ on the abdomen appeared cone-
siderably earlier and represents a system of combs which move against each other, the
friction of which creates the varied frequency of sound, The form, number and dimene
sions of the combs vary greatly. Especially different in structure of strigils is
the relict subfamily Diaprepocorinae, where they consist of two simple toothed plates

N (f. 118b). Two other subfamilies of Corixidae, Corixinae and Micronectinae, have a

ﬁozath}“”'simiia@kstructure of strigils on the abdomen (f. 118a)s In the process of historical
5°tg¢ / development, representatives of the most numerous subfamily of #e Corixidae, Corixinae,

have develoved an additional stridulating mechanism on the fore femora and tarsi,
consisting of numerous teeth, The process of the farmation of teeth on the fore
tarsl, which look like little blades (f., 119), in the process of historical develop-
ment, went through the beginning of a system of hairs and setae, which gradually wore
transformed into small stridulating teeth, situated in one row, This single row of
teeth, in its turn, became two rows by means of a sharp curve at its central portion
as the first step, and the disappearance of teeth at the site of the curve. The two
forming rows bifurcated later (f. 119de). Apparently, another method of formation

a+e 7 exlsted by a second means of elongation of the existing row of stridulating teeth

*

)

5 -7 along the distal margin of the blade (f. 119 zh, z) and the loss of part of the teeth
at its apical end, The variability of size, number, form and distribution of the
stridulating teeth on the tarsi and femora, even in the case of a single genus, is
practically inexhaustible and much greater than of the strigils on the abdomen. The
advantage of this type of stridulators over the abdominal strigils is evident, In
the development of foot stridulators in some living genera, the strigils on the
abdomen have become partly reduced, as, for example, in the subgenus Vermicorixa
(Sigara) or in the genus Morphocorixa., Strigils are represented here only like the
Bo~called strigil stems In this case, the strigil is completely missing, as, for
example, in Callicorixa, Neocorixa , or partly in Neosigara. There are also cases
of loss of both types of stridulators, for example, in the relatively primitive among
Corixinae genus Cymatia. It is not excluded that in this case the abdominal strigil,
and even more so the leg stridulators, may not have arisen at all. The basic mass of
true living Corixidae has preserved some kind of stridulator. Also to be considered
is the fact of the possible participation of the genital apparatus of the males in
the stridulating work., Thus, Mitis (1935) shows that separate parts of the male 197
genitalia can participate in stridulation, particularly the parameres and the penis,
for example in the genera Sigara and Micronecta. Thus, in Sigara the parameres ap=
pear in the role of plectrum, and in Micronecta (in connection with the great distance
of the strigils from the genitalia) the parameres directly bear the function of ade
ditional strigils. = As can be seen in the figures in this paper, and also according
to numerous observations of Prof, A. Vrublevsky, there are emall fields with very
fine chitinized teeth on the left paramore (sometimes even at the base of the right
paramere) of Corixidae., Thus, in Micronecta such fields are sometimes also found
on the sternites of the eighth segment. Apparently, this entire system (left paramere
with toothed section, right hooked paramere, sector of ninth segment with scaly
apical margin and toothed fields of eighth segment) actually bears a stridulating
function also., This is particularly correct, evidently, for the very small Micro~
nectinae with a large number of species in the genus and relatively weakly developed

stridulating system,
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Thus, the basic process of sexual isolation of species in the subfamily Corixinae
followed the path of development and perfection of the stridulating apparatus of
the fore pair of legs. In the other subfamily, Micronectinae, this process of
developing means of isolation was arrested at the level of the existence of abdominal
strigils, and also, apparently, with the help of the separate parts of the male
genital apparatus, Micronectinae consist of four genera: three close genera are
distributed in the 014 World and one isolated genus in the New World, The main
feature of the single Amorican genus Tenagobia is the lack of a stridulating mechae
nism on the abdomen, which is so characteristlic for the three other genera (Micro=
necta, Synaptonecta and Micronectella). '

The probability of secondary disappearance of strigils, which arose already as an
isolating sexual mechanism without any analogous compensation, for example, the
stridulating system of teeth, as has occurred in the above-mentioned Callicorixa,
Neocorixa and some other genera in the subfamily Corixinae, could hardly have been
possible. Thus we must consider the lack of strigils as a plesiomorphic condition
in the American genus Tenagobia. DBesides, only in this genus is the scutellun 198
strongly developed and almost entirely not covered by the pronotum, like the primi-
tive living Corixidae of the Australian subfamily Diaprepocorinae, which are consi=-
dered as one of the possible initial forms of all living Corixidae. The lack of an
abdominal strigil in one genus of Micronectinae permits making very important conclu=
slons for the history of the development of the family Corixidae. In the first plxe,
&1l of the above discussion testifies to the fact that the isolation of represenfatives
of Micronectinae from the ancestral forms of the basic stem of the Corixidae occurred
very long ago at the time of the existence, at the beginning of the Mesozolc, of a
land connection with the American continent, when the resettling ancestral forms of
Micronectinae still had no stridulating mechanisms. Secondly, representatives of
the genus Tenagobia are remains of the ancient Micronectinae, which were isolated in
the course of the Mesozolc and the entire Calnozoic, and.. also had not developed
any kind of stridulating apparatus different from the micronectids of the 0ld World.
The geographic distribution of most living specles of the genus Tonagobia on the
American continent (14 species, of 16 in South America and only two in the Sonor
subregion of North America), apparently, reflects their ancestral condition. Fie
nally, in the third relict subfamily, Diaprepocorinae, the abdominal strigil is of
differmt structure and consists of a pair of mobile plates (f. 118b) apparently able
to issue sounds highly limited in amplitude.

The presence of asymmetry of the male abdominal segments so characteristic for
Corixidae, in the first place, is connected with the development of the abdominal
strigil, In the Australian relict Corixidae of the genus Diaprepocoris, abdominal
asymnetry is very insignificant, along with a very simplified structure of strigil.

Of definite interest Also is the problem of the perception of sound waves in Hetle=
roptera, particularly in the aquatic bugs, which, undoubtedly, in the future vill
help exvlain the evolutionary paths of the development of the bugs as a whole, Thus,
in the Corixidae, the probable perceptory site of sound  vibrations in both sexes must
be the space filled with air under the epimeres of the mesothorax (epm2). In many
Corixidae this pleural region is the thinnest, often almost transparent and very
supple, Apparently, in undulating vibrations, the epimeres can vibrate like a flexible
membranc. However, this still requires experimental corroboratione.

In many aquatic Heteroptara, the venatlon of the tegmen is strongly reduced: partie-
cularly strongly in Corlxinae. By means of a taxonomic survey of the fossil Corixidae
preserved in the Paleontological Institute, and also a review of a whole number of
living forms from various regions of the world, I succeeded in tracing the process
of relative variability and reduction of the basic veins of the tegmen and constructing
their morphological sequence, beginning with the Jurassic forms.

The appearance and particularly the formation of the embolium rim and the embolium
of the tegmen is accompanied by the gradual disappearance of venation by means of

Par 1, beqmn ! 5\1;-.}".!5 atese. primacily as an \Jala+1-§t’ mechamism . The Probaiu‘l.\"y of Fheir secendacy

dissapparance without any such ompensaton as, for sxample, the stridulating system of
leeth (ar has sccurred wn the abeve- mentioned Catlicoewa, Neoce rixa and’ seme olber gencra
in Jhe subfamily Cecixinae ) couvld hardly have begn Fﬁo‘ss;blc T
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the movement of the basic veins R and M forward toward Se (Archaecorixa) and later
the evolutionary vrocess of their fusion with the Jatter, and also in a number of
cases partial reduction. In one of the oldest Jurassic fossil Corixidae of the true
corixid branch - Archaecorixa lata Y. Pop. (Archaecorixinae) and another branci -
Gazimuria scutellata Y. Pop. (Diaprepocorinae), the basic veins are situated fan-like
and do not approach the fore margin of the tegmen, 'However, in the later Mesozoic
(Cretaceous) - Baissocorixa jaczewskii Y. Pop., Diapherinus ornatipennis Y. Pov.,
and Mesosigara kryshtofovichi Y. Pap. (Archaecorixinae), the venation is already
somewhat moved forward with partial fusion and reduction of R and M with Sce Thus,
in each genus the process of gradual fusion of the basic veins occurred individually
as in Balssocorixa jaczewslkii Y. Pop. (f. 81b) Sc and R are fused at the basal part 200
of the tegmen, M and Cu are divided only after the leaving of a single branch from
the basic stenm SctR, and later M fuses with R in the distal half. In Diapherinus
ornatipennis Y, Pop. (f. 81a), an isolated vein, R and M fused at the distal half
of the tegmen, M simultaneously remains fused with Cu at the basal portion, turning
into a common stem at the very base of the tegmen, What appear to be the anal veins
Al and A2 in both of these species are not yet completely preserved, although in
Baissocorixa these veins are less distinct. In the Upper Cretaceous corixid Meso=
slgara kryshtofovichi Y. Pop. (f, 82a), Sc and R are fused their entire extent,
the fusion of the vein M is analogous to that in Bajissocorixa, the anal veins are
already completely missing. However, already in the Jurassic specialized forms
existed with almost completely reduced venation, as, for example, Karataviella brae=
chyptera B=lM. The evolution of these Corixidae, which I have placed in the subfamily
Diaprepocorinae, followed the path only of reduction of venation, which excluded the
appearance of an embolium rim and the corresponding development of the embolium,
This type of norphogenesis of the .tegmen for Corixidae, apparently, turned out to
be not entirely advantageous hydrodynamically and these and forms analogous to them
devoid of an embolium ceased to exist, :

And so, in the Mesozoic Corixidae {Archaecorixinae), beginning with the Upper
Jurassic, the process of the movement of the basic veins R and M to the fore
margin of the tegmen occurted' almost simultaneously for the whole group, with the )
gradual development of the embolium rim. However, the real embolium or embolium rim

"had not yet appeared, although in Diapherinus ornatipennis Y. Pop. there is already

noted the longitudinal fissure like a weak tansverse fracture, Thus, in the basic
corixid stem (Archaecorixinae and Corixinae), the embolium was not entirely expressed
in most representatives of Mesozoic forms (Baissocorixa, lesosigara), the nodal
fissure appeared initially in Diapherinus, The subsequent process of tle formation
of the embolium rim of the tegmen can be traced into the Cainozoic corixids Diacorixa
miocaenica Y., Pop., from Central Asia and Sigaretta florissantella Coclk. from North
America., In the former, the veins R and M already definitely have fused and together
with S¢ occupy a section in the formation of the embolium rim, However, the nodal
fissure is still missing, Cu is weakly expressed and is represented like a residual
vein. In the North American corixid from ¥Florissant, the curve and reduction of the
vein has already practically been formed into a well expressed embolium rim, The
postcubital field is already well exprossed in the Mesozoic Baissocorixa jaczewsicii

o Pope Together with this, in the Weat European éorixid Corixa rhenana Statz fron
the Upper Oligocenc of Rott, the embolium rim has finally formed and the venation is
maxinally reduced like the living form. The nodal fissure is also nissing, along
with the still preserved anal vein on the clavus,

Thus, in aquatic bugs of the family Corixidae, the process of reduction of the
venation leads to the formation of the embolium or embolium rim, which arose becauso
of both the transfornmation of the basic veins R and M with the latter fusing with
S¢ into a single vein (rib of the embolium rim), and partial reduction., Thanks to
this process, the sharp isolation of the costal field and the changing of its position
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into vertical in the fore portion of the tegmen occurred. The appearance of a nodal
fissure (embolium) in the basic corixid stem was a later occurrence, i.e., at the
beginning the embolium rim was formed and later the nodal fissure, which in various
groups appeared at different times, In the diavprepocorid stem the process of fugion

of the basic veins remained incomplete and kept this state still into the Mesozoic, 201
apparently also because of the very early appearance of the nodal fissure in this
period, The cubital vein disappears later, the precubital field also occupies a

partly vertical position, so that at the base of the tegnen it is widest,

An appraisal with respect ta synapomorphy of the basic distinctive characters of
the subfamilies is very difficult, since the speed of these processes for each sub-
fanily can be different, a similar condition may not be reached simultaneously, and
correspondingly any synavormorphy can be convergent. Thus, 1f we assume that in the
rrocess of historical develonment the spaed of the formation of the enbolium rim in
the Corixinae aml Micronectinae is difforent and of different periods, then this
character can hardly be useful for determining the phylogenetic relationships. The
same could have occurred with respect to the hidden position of the scutellum, the
appearance of thestrigil, and the lack of a distinct membrane of the tegmen, The
difficulty is made greater by the lack of true palgontological finds of real Microe
nectinae,

_Despite this, we all the same can try to provide an approximate map of the phylo-
genetic development of the family Corixidae., The evolution of the Corixidae is based,
mainly, on the activization of bwimming, and also on the appearance and development
of phytophagy. The formation and development of the Corixidae followed two basic
directions, connected with the different, in my opinion, formation of the embolium rim.
. The first direction is characterized by the significant widening of the fore margin
of the tegmen with its preservation of a i&af*cnad condition in the early forms
(Shurabellidae and Ijanectinae). Subsequently, some forms, separating from the
connon stem of this direction (Shurabellidue+1Janectinae) gradually transformed the
widened sector of the wing into a narrower nargin, occupying a more or less vertical
pogition with respect to the whole vlane of the tegmen, i.e., forming the real embolium
rim, Through tils process occurred the gradual reduction of the basic veins, leading
in the final count to their complete disappearance, At the same time, the pronotum
remained very transverse, keeping the scutellum completely open. Thus appeared the
living Micronectinae., Thus, the representatives of the Western Hemisphere (Tenagobia)
preserved basically the sane appearance, whereas the Micronectinae of  the Rastern
Hemisphere (Micronecta) acquired a more changed appearance - isolated nodal suture
of the embolium by a more or less overgrown pronotum, development of a special strie
dulating system (strigils) on the abdominal tergites. All of this verifies my voint
of view on the early isolation of the Micronectinae still during the existence of the
Gondwana landmass, the more primitive condition of the American members of this sube
fapily and the similarity of' the latter with the Australian ropresentatives of the
relict Diaprepocorinae, which have preserved an undeveloped embolium rim.

The second evolutionary direction was develeped along the line of the formation of
the embolium yim (process of formation, see above), and also, apparently, the abdo-
minal strigil, by which some forms, evidently, in the course of the Jurassic, were
isolated into the independent subfaomilies Archaecorixinae and Diaprepocorinae., Thus
one section of the corixids had only begun (Archaecorixa) or had continued (Diaphe~
rinus, Baissocorixa) this process, which ended, evidently, at the very end of the
Cretaceous Period (lesosigara) = beginning of the Paleocene, Thus along with this
occurred the process of the growth of the pronotum and the scutellum hidden by its
hind end, and also the appearance of male abdominal asynmmetry in connection with the
develovment of abdominal strigils. In the Paloocene, nost probably, also occurred
the isolation of the subfamily Corixinae, one of the first representatives of which
(Diacorixa) still had a not strongly developed embolium rim. The subsequent development
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-of the stridulating system on the fore tarsi as a basic sexual isolating mechanisn,

and also the perfection of the erbolium rim (see above), the hydrodynamic refinexment

of the surface of the teguen, promoted the quick increase of the diversification of
this subfamily and, along with the develomment of phytozoophagy, promoted the whole
subsequent rapid flourlgnlng of this subfamily., The othor sector of the Corixidae of
this direction preserved more or less the ancestral condition of body structure:
entirely not develoved pronotum and because of this a completely free scutellun,
incomplete although considerable reduction of venation and correspondingly practically
entirely undeveloped embolium rim like a very narrow margin, almost symmetrical nale
abdomen, and, finally, sinnle eyes on the vertex. At the same time, remresentatives

of the Diaprepocorinae developed individually, in the differently constructed apparatus
on the abdominal tergites (see obove) which, along with adaptation to phygophagy, ’
permitted their preservation to the present time,

PHYLOGENY OF THE SUPERFAMILY NAﬂCOROIDEA F, 120

The naucorid brarch, as shown above, separated from the basic ochteridenaucorid
littoral stem after the isolation of the nepid and torixid., This evolutionary direction
of the aguatic bugs is revresented by the single family Naucoridae, fossil representa=
tives of which are known already from the early Jurassic.

In structure of digestive organs, the naucoroids resemble littoral living families
of Nepomorpha, particularly the Gelastocoridae. However, the structure of the basic
salivary glands of Aphelocheirinae indicates the intermediary position of the latter
between the Ochteridae, on the one hand, and the Gelastocoridae, on the other,

~“Phe r,ut.ec of the family Naucoridae, living representatives of which are basically

distributed in tropical regions, has been weakly developed, and paleontological nmaterial
on it is so0 sparse and fracnentary that now it is very difficult to estimate accurately
the similarity and differences between scme subfamilies, Apomorphic and plesionorphic
characters are unevenly and extremely mosalcally distributed and usually are charac-
teristic only for one subfanily. For example, for Aphelocheirinae, the strongly
overgrown anteclyvpeus (apomorphy) and the long, opistognathous rostrum (plesiomorphy)
are characteristic. In Cryphocricinae, on the other hand, the anteclypeus is small,
plesiomorphic, and the rostrum is apomorphic, strongly shortened and thickened. Thus
our description of their phylogeny must of necessity turn out to be preliminary and
incomplete, However, I have made a preliminary attempt to form an approximate map of
the interrelationships and path of development of the separate groups in the rank of
subfanily and tribe.

In number of separate subfamilies, this is one of the largest in size fanilies of
the infraorder Nepomorpha; according to the classification given above it numbers five
subfamilies, which differ basically in the structure of the head capsule and degree
of development of the rostrum, One of them - Sphaerodemopsinae, 1ls represented only
by fossil formes and four are living, the subfamily Naucorinae lmown from tle Lower
Jurassice

All Maucoridae form one more or less single conglomerate of aguatic bugs, in which
it is poseible preliminarily to isolate four groups of genetically close forms:
naucoroid, cryphocoroid, potamocoroid and aphelochelroid stems. To the first belong
the subfamilies Haucorinae am the liesozoic Sphaerodemcpsinae, to the second,
Cryphocricinae, to. tlethird, Potamocorinae and to the fourth the slightly isolatedly 203
standing Aphelocheirinae, Unfortunately, the presently available extremely frapguen=—
tary paleontological data do not permit accurately suggesting their ancestral group.
All the more so since one of their basic characteristics, the head capsule, in the
overwhelming majority of cases is not preserved in a fossil state. The basic direce
tions of the phylogenetic development are determined, in the first place, by the
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develorment of the head capsule, degree of developnent of the rostrum, and also the
sternopleural region of the thorax and abdomen in connection with adaptation to a
different tyve of respiration,.

The most clearly expressed plesiomorphic characteristics are possessed by the
Mesozoic Aidiini and Angaronectini in the subfamily Naucorinae, and also the living
South American Potomocorinae, and the Aphelocheirinae, distributed in the Eastern
Henisphere, Time subfamilies possess an opistognathous long rostrum, which attains
greatest length in the Angaronectini (Naucorinae) and Aphelocheirinae. I was not
able to observe a direct synapomorphic connection between these groups and must asaime
that they do.not form a monotypic groups. ZEach of these subfamilies has its own
peculiar apomorphy: in Addiini (Naucorinae) are the unusually strongly widened
epineres of the metathorax, in Angaronectini (Naucorinae) are the strongly thicicened
and elongated rostrum, the shortened grasping fore legs with thickened femora and
one-segmented tarsus fused with the tibia, considerably $hrkﬁznmd>hind swimning legs,
in Potamocorinae are the long rostrum, relatively wealkly developed, but already adapted
for grasping, fore legs with one-gegmented tarsi, scutellum very large (Potamocorini),
tegmen strongly chitinized like elytra (Coleopterocorini), and in Aphelocheirinae the
unusually long rostrum, lack of distinctly differentiated embolium, asymmetrical
genital segments, strongly developed brachyptery and specific plastronic brething.

A special type of iranspiration, which resembles somewhat the plastronic in Aphelo- 204
chelrinae, is possessed by some menmbers of the subfamily Cryphocricinae (Cryphocricini).

The ancient fossil Naucoroidae are fairly diversified; their representatives belong

> to at least two subfamilies am tribes: Sphaerodemopsinae and Naucoridae = Liadonaue
‘“b°°“4cz corini, Aidiini and Angaronectini and Naucorini., Basically these groups, which were

isolated in the Mesozoic, are characterized by the definite number of plesiomorphic
characters (fairly long rostrum, which reaches at least the fore coxae, the weakly
adapted for grasping fore legs, etc.)s. They, however, had already developed a whole
nunber of apomorphic traits, noted partly above,

Between the fossil and living subfamilles, according to known distinctive characters,
there is a definite break because of their autapomorphy. In character of segmentation
of the pleural region of the thorax, living Aphelocheirinae somewhat resemble the
Upper Jurassic Aidiini (Naucorinae) and also the Cryphocricinae., On the other hand,
some common traits exist between them, for example, in ILiadonaucorinae, as alse in
Aphelocheirinae, the embollum is missing, the wide and flat head of the Mesozoic
Angaronectini is similar to that of all living Naucorinae. However, the Mesozoic
haucorids are lmown to us so fragmentarily that it is presently difficult to determine
their similarity and difference correctly, '

With the development of adaptation to mredation, the changes of the morphology
of the head capsule consisted of the outgrowth, from outside, of the anteclypeus,
the shortened anl thickened rostrum and the acquisition of a hypognathous position in
nost living Naucorinae, Laccocorini, Limnocorini, Ambrysinae and Naucorini, In the
Cheirocheilini, the partial shortening of the rostrum was accompanied by its original
gurving., In the specialized Cryphocricinae the rostrum talkes an extremely prognathous
position (entailing the reduction of the labrum), directed forward am slightly below
Jike the living nepid Ranatrinae (Nepidae), However, the growth of the anteclypeus
is the least among -livihg haucorids, In most representatives of the subfamily which
have a short rostrum, the genopont has acquired a central fin (Naucorini, Limnocorini,
and Cryphocricinae) or has been transformed into a very convex elevation (Ambrysini).
In Laccocorini the genopont is very short and without a rib, which is, apparently,
an extreme degree of specialization,

The perfection of the fore legs, adapted for seizing and holding prey, occurred
gradually, and apparently not simultaneously in the various subfamilies. The trange
formation of walking legs into grasping was accompanied by a thickening of the femora
and preservation of twoesegmws nted tarsi (Laccocorini); afterward the tarsi in most
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naucorids was reducéd to one serment and fused with the tibla. Apparently, there
existed other paths of transformation of the fore legs into a predatory type,
beginning with the reduction of the tarsi (Potamocorinae).

Naucoridae are the single true aguatic family, some representatives of which have
free antennae visible from above (Potamocorinae and Avhelocheirinae)., Apparontly,
the ancestral forms, and also reoresentatives of some extinct subfamilies, had long
antennae, which in the course of evolution of the families shortened and came to
fold into special deepenings on the head under the eyes and partly on the prothorax.
Although- the possivility of secondary elongation of the antennae in Aphelocheoirinae
should not be excluded,

In Naucoridae there is also the tendency to fusion of the coriaceous parts of the
tegmen (clavus and corium), which we see in Coleopterocoris Hung. {Potamocorinae),
Melloiella De Carlo (Haucorinae), and also in the fossil Sphaerodemopsis Handl,

(Sphaerodenopsinae). Besides, -there is a widely distributed tendency toward brachyp- 205

tery, connected, most probably, with the special Wplastron® type of breathing, so
characteristic for Aphelocheirinae and partly for Cryphocricinae (Cryphoerdicini).

; In degree of segmentation of the head capsule, bugs of this family can be separated
into two groups. The first group, to which belongs the subfamily Cryphocricinae

with the two tribes Cryphocricini and Cataractocorini, has the greatest segmentation
of the head capsule into sclerites with strongly developed convex eyes and distinctly
differentiated and strongly moved forward genal plates. With this character is
correlated also the rough, like small granules, surface of the dorsal side of the
body., To the secom group with strongly integrated head capsule belong all the other
Naucoridae, The latter, in its turn, in degree of developnent of the rostrum falls
into two more groups: with the long opilstognathous rostrum = Aphelocheirinae,
Potamocorinae and the Mesozoic Angaronectini (Naucorinae), and with the short,
directed below, most of the remainiy Naucoridae. Thus, in the subfanily Maucorinae
we find practically an uninterrupted transition of changing of the nosition of the
rostrun from opistognathous = Laccocorini, Limnocorini, through hypognathous -
Cheirochelini, to slightly prognathous condition = Naucorini, Ambrysini. The posi-
tion of the rostrum, and also the degree of development of the frons and labrum, in
the subfamily Haucorinae well indicate the phylogenetic directions of development

of the groups of genera in the rank of the above-nentioned tribes.

Great variability also appears in the structure of the ventral side of tlebody,
together with the positioning of the abdominal splrawless on the sternites of the
abdomen, Here we have also a series of transitions in the structure of the sterno-
pleural regions of the thorax. Among these characters, from the point of view of
phylogenetic ties, the structural data in the tribes of the subfamilies Cryphocricinae
and tribe Ambrysini in the subfamily Naucorinae interest us,; Veriants—of—sinmiiar
stxnctume~e£ﬂ%hefsternopleural_reginnsmoﬁ»thamthorax'in”nmbrjsini (for oxanple,
the lateral marpin of the npronotum not turned onto the ventral side, the strongly

.developed sternal region of the prothorax, and the degree of development of the

epineres of the mesothorax) we~see-bothin-LCryphecricini-und 1n Catardctocorint
Apparently. only representatives of Ambrysini of the real Naucorinae have a true
relationship with representatives of the subfamily Cryphocricinae through tlo conmon
hypothetical ancestor, one of the descendents of which became clearly specialized
(Cryphocricos). In its turn, the Ambrysini, evidently, are connecied with the other
members of the subfamily Naucorinae through representatives of the tribe Cheirochelini =
some similarity, for example, appears in the common structure of the head. All
these data are still not sufficient to classify them validly and for now allow only
discussions of some views about theilr phylogeny.

These groups of aquatic bugs, apparently, were widely distributed still in the
Mesozoic¢ (beginning with the Jurassic), as testified by their paleontological finds
in localities tthich areé very diverse’and far from each other. They actively settled

In both Cryphocciemy and Cataractorni we see vaniatiens of fhe strueture. of the sterneplovral
requons of the thovax which are similas fo those n Ambrysin; ('Fcr example Ihe labenad
margn of the pronstum e ), ’
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various fresh wator reservoirs thanks to good flight and swimning 2bility, relatively
large dimencions and quicl:ly perfecting preodation, However, presently only some
genera have a large number of species, widely distributed in geographic regions,

for exanple, in the genus Aubrysus they number about 70, in the genus Lirnocoris
about 35, and in tle genus Aphelocheirus about 30,

PHYLOGENY OF THE SUPERFAMILY NOTONECTOIDEA F, 121 - 206

The development of this branch of aquatic bugs, as the study of the morphology of
relict families and fossil representatives shows, followed two basic directions:
notonectid proper and :helotrephoid,

The isolation of these two branches, réflecting the above-discussed direction of
evolution of the Notonectoidea, occurred no later than the second half of the Jurassic
Period, in which the first, the notonectid direction, more specialized and progressive,
attained real flourishment in the present epoch. The wealkly swinming helotrepholds,
with a fairly wide body, having the following characteristic indicators, must be
considered initial for Heteroptera of this suverfamily: head hypognathous with
relatively small eyes, four-sepmented rostrum and antennae, pronotum of moderate
size, not covering the moderately developed scutellum, tegmen with woalkly developed
veins, dividing into elavus, corium, embolium and well developed membrane, fore legs
grasping, but little perfected, tarsi in all pairs of legs three-segmented, male
genitalia symmetrical, odor glands in adult form developed on metathorax and on
second abdominal tergite in nymphs.

The first direction in the present time is represented by the cingle family Noto-
nectoidea, the first representatives of which are known from the Lower (liadonecta)
and Upper (Asionecta) Jurassic of Asian parts of the USSR; in the process of evolu~
tion, bugs of this family acquired a strongly elongated torpedo-shaped body forn,
strongly narrowed at the sides, and swimming hind legs, thickly covered with hairs,
and also a stridulting systemn., The structure of the ovivositor and its aprendages
indicates their still weally spocialized condition, with the exception of the appearance
of serration on the apex of the first gonapophyses and well develoved gonangulun,

" The condition of the digestive system of living Notonectidae is also the least apo~

morphic among notonectids and only two distinct apomorphies are observed: weakly
developed bubble~like section of the mid gut and adjoining apices of the malphigian
tubes, In the living fauna this is one of the most numerous groups of aquatic bdugs,
second only to the Corixidae. '

The first Notonectidae still possessed an_anteclypeus segemented from the outside
and consisted of the independent subfamily Clypostenmatinae, separate reprosentatives
of which existed in the Cretaceous (Clyvoatemma) and Paleocene (Clematina). However,
in the basic mass of Notonectidae, the widening of the anteclypeus and its fusion with
the sclerites bordering it (loral, maxillary, mandibular, genal) occurred fairly early,

. and also thediminishing in a number of cases of the number of segments of the antennae,

oxcessive increase of the eyes and integration of parts of the genital segment in
living forms, ) AN angelac n

Already from the late Jurassic in Kazakhstan (Asionecta), true representatives of a
subfamily of real Notonectinae are known to ws. In the Paleocene and Neocene, Noto=
nectinae occupy a predominant position and most of the known paleontological finds
of the Cainozoic Notonectidae (see Ch, II) belong to this subfamily,

The loss of some plesiomorphic characters (sensor pits at the apex of the clavus,’
some details of the digestive system) and acquisition of new apomorphic ones (reduction
of number of segments of the tarsi to one, further distribution among members of the
family of integration of genital segments and their symanetry, and also formation of
the stridulating system) conditioned the isolation of the more apomorphic subfamily
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Anisopinae. The nost remarlkableé adaptive acquisition of this groun of notonectids
oust be considered the system of the stridulating combs (plectrum) ami fields (pars 207
stridens) on the male legs (f. 5le), which allowed the similar living Corixidae to
isolate a great number of closely related specles (over 120 species in the genus
Anisops). Ih connection with this, it is interesting to note that in the subfamily
Totonectinae isolation of nwrerous coecles of the genus liotonecta (about 100 species)
occurred basically because of the unusually large variability of the male genitalia
and in the features of their parameres., The second direction of development of the
notonectids is characterized by a wider and in some cases. oven slightly £lad Fened

body (in Idiocorinae in the family Helotrephidao-ﬂa++ennnqhu.is undoubtedly a seocondary
charactr) with not-“n*ﬁﬁned thin, hind legs, thickly covered with svinning hairs,

and also the loss of a clearly expressed embolium, The first helotrevhoids arose,
apparentlj, from the above=nentioned -helotrephoidelilie ancestor; some of the
Helotrephidae have preserved to the present time a more or less %Ua+ﬂ1mei body, not
raised roof-shaved fror above (Neotrephinae and Idiocorinae, Helotrephidae).

The earliest -.helotrevhoids are known from the Upper Triassic of Kazalhstan, such
as the independunt apomorphic family Scaphocoridae, which stands somewhat by itself
among notonectids of this direction {strongly develoved vpronotum, completely covering
a very small scutellum and the shoriened swinning legs with one-segmented tarsi),

In the late Cretaceous one more svecialized extinct family, Mesotrephidae, exists,
which also has no distinct connection with living forms, but somewhat resembles the
above-mentioned Jurassic family (strongly developed pronotum and small scutellum).
The Cretaceous Mesotrephidae differ essentially from the Scaphocoridae in the less
roof=-sghaped body, free scutellum and unusually long thin hind legs. The lack of dis- 203
tinct synapomorphy does not allow connecting these Hesozoic families directly, so
that in sore characters (completely reduced venation of the tegmen, free scutellum)
the Cretaceous Mesotrephidae turn out to be more plesiomorphic than the Jurassic
Scaphocoridae, and in other charactoristics more apomorphic (strongly opistognathous
head, with is not visible from above, weakly cxpressed sclerotized mombrane of the
tegmen), '

Then follows a long break in the paleontological chronicle of the Notonectoidea,
and right up to the present time no finds of these bugs have been made. Two living
families of this direction, Helotrephidae and Pleidae, in external characters (mor-
phological) also have little connoction with each other., Helotrephidae, in many
characters (fusion of head capsule with the prothorax, fusion of clavus and corium
of the tegmen, reduction in a number of cases of tarsal segments to one, structure
of ovipositor, and its appendages), are undoubtedly more specialized than the Pleidae,
s0 that tle specialization of the Helotrephidae is autapomorphic, In structure of
the digestive system, Helotrephidae show greater apomorvhy also (long esophagus,

mid gut divided into only two sectors and unusual structure of the basic salivary
glands) than the Pleidae (straight gut with diverticulum and somewhat original
structure of the basic salivary glands).

The Pleidae are a monotypic family, species of which (about 20) are widely distributed
in all zoogeographic regions. The family Helotrephidae consists of three subfanmilies:
Helotrephinae, Neotrephinae and Idiocorinae. The last of these is clearly the most
apomorphic (strongly flattened body, complete fusion of head with prothorax, one-
segmented and strongly shortened antennae, not differentiated into sections tegmen,
etc.), Of the two other subfamilies, the first, apparently, is somewhat plesiomorphic
(presence o ovipositor, the least fusion of the head with the prothorax); however,
the reduced leg tarsi analogous to the Idiocorinae (l=-1-2) and roof-shaped body,
and also lack of other data common for all three subfamilics males it difficult to
estimate the phylogenetic condition of the Helotrephinae and Neootrophinae moro or
less definitely- It is possible that the Helotrepnldae rcoresent a hetgropenoous ..
group of aquatic bugs,(Whére the Idiocorinae, apparently, are an indopondent fouily,/
and are subdivided only into two subfomiliés:Néotrephinao and'uelotfbbﬁinae) T
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Shurab, Tadzik SSR; lias. Clearly vieible longitudinal section of body

seme locality. Clearly visible cross section of body {
Holotype p. 151. Specimen of Munich University Zichstatt FRG Upper Jumssic
Paratype (p. 173). Specimen from hkunich Univ, sane locality

Spec, from Munich Univ, Eichstatt FRG, Upper Jurassic

Original Oppenheim 1888, p.164s Coll. Nunich Univ, Eichstatt, FRG, Upper Jurassi:
a, direct imprint; b. reverse imprint

ve 154, Coll, British Mus. Solnhofen, FRG, Upper Jurassic

p 185-6, Shurab, Tadzhik SSR, lias, Wing.

Holotype $. 156. Coll, Munich Univ, Langenalthein FRG, Upper Jurassic
Holotype p. 168. Tara, West Siberia, Miocene

Shurab, Tadzhik SSR, Lias

Nymph, same locality,

Paratype Bals, Transbaikals, Lower Cretaceous

Holotype same locality

Holotype Kratau, South Kazakhstan, Jurassic

Holotype Cagayan, PriAmur, Upper Cretaceous, Imprint of insect bay lying on side
Holotype Tegmen, Bais, Transbalkals. Lower Cretaceous

Living, New Zealand ’ .
Holotype Borov, Transbaikals, Liassic ‘
Karatau, South Kazakhstan, Jurassic =
Nymph same locality
Holotype Vladimirovka, East Siberia
Nymph same loality

Col, British Mus, Florissant, USA, Oligocene
Col, British Mus. same locality

Paratype Chon-Tuz, Tian=Shan, Miocene
Holotype same locality

Holotype Kizil-Ki, Kirghiz SSR ,Lias

Holotype Karatau, South Kazakhstan, Jurassic

Holotype Col, Munich Univ. Eichstatt, Upper Jurassic
Paratype Col, Munich Univ. same locality

Holotype Bals, Transbaikals, Lower Cretaceous

Holotype Karatau, South Kazakhstan Jurassic

Holotype KXaratau South Kazakhstan Jurassic

Holotype KizilwDzhar, Karatau, Uppeér Cretaceous

Bais, Transbaikals, Lower Cretaceous

Holotype Coll. British Museum, Ridgeway, England, Upper Jurassic
same locality

Rott, FRG, Oligocene

\
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Karatau, South Kazal:hstan, Jurassic

same locality

Holotyve. Coll, Munich Univ. Solnhofen FRG, Upper Jurassic
Rott, FRG, Oligocenc

Holotype Tom River, Blaclk Stop, Vlest Siteria, Lias
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Figures: : (E3?a}
P, 31 F.l Forepart of trunk — Weber 30
3e 2 Labiun, a. general scheme, z, Parsons (6
For designations for this and all following figures sce p. 225.
33 3-6 3. cndosleletal head structure Parsons 59
L, Cross scction of base of rostrun Parsons 59
5« Stylets of rostrum « a. mandibular stylet, b. maxillary stylet,
B. avex of mandibular stylet, g. a»ex of l-r mcxillary styleis Fr=scns 50
6. Types of Het mandibular levers, (tyve V = Spoerecr 38)
3L 7 Scherne of head structure Parsons 65
36=40 8-17 Head, (orig.) a. from the front, b, from below, c., from the side.
42 18«20 18, Salivary pump and epipharynx Parsons 59
19-20 Epipharyngeal surface of throat - a. gen. view, b, transverse nlates P&Ga
43 21-23 21, Epipharyngeal surface of throat = a., gen. view, b. trancverse nlates PAGL
22-23, Evipharyngeal surface of throat Parsons 66a
Ly 24=26 24, Longitudinal section of throat - a. S5th nymphal stage, b, image Pars.S6a
25. Epipharyngeal surface of throat Parsons 66a
26. Cross section of throat in 5th nymphal stage Parsons 66a
45 27 Haxillary glands Puchkova 65
46 28~34 Antennae - Kirichenko 51, Weber 30, Poisson 51, Lauck, Menke (1, Poisson 51,
Esaki, Chira 28, Poisson 57 :
47=49 35-39 Ventral side of body (orig)
50 4O Ventral side of body (orig) a. famale, b. male
51=55 41-45 Ventral side of body (orig)
56=57 46 Fore legs M-stridulating comb of the same species (a Weber 30)
(e,z Poisson 57, K Hungerford 41, w~H Lansbury 62, b,B,s,d,i,l orig)
59 47 Drawn cut plate of pretarsus Dashnan 53 '
60 48 Mid legs a=d original g. Hungerford 41
61 49 Hind legs a-d original gE. Hungerford 41
64 50 Tegnen a Parsons 59, b,g Lundblad 33, B,d Poisson 57
65 51 Basal part of hind wing Puchkova 61
66 52 Hind wings a-B, d-z Puchkova 61, g-Davis 61, u Esaki, China 23
69 53 Abdomen of Wepidae (schematic cross section of abdomen)
(b-ventral side of abdomen) ¥encke, Steinge o4
?70-71. S4 Digestive systen , :
73 55 Male genitalia <a,b genital capsule; B,g copulatory organs Poisson 51
74 56 Internal male copulatory organs Pendergrast 57 '
P, 76=77 F. 57. Temale genitzl and anal oppondates u~f Scudder 59
78 58 = Female incrnal copulatory organs Pendergrast 57
79 59. Ventrcl side of chdoiuion Poisson 51
80 60 Eggs z cover? of egp Poisson 57
80 61 Hatching of nymph from egg Vieber 30
81 62  Laying of eggs Jordan 50
81 63 Maturing of egss on back of nale . Poisson 51
82 64  Nymphs a~zh, i Poisson 57, z Esaki + China 28
35

65 Couplings of fore.and hind wings Vleber 30
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Heteroptera
Helotrephidae
Belostomatidae
Corixidae
Gelastocoridae
Ochteridae
Pleidae
Naucoridae
Nepidae
Notonectidae
Scaphocoridaec (fossil)
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Ochterus marginatus latr., living (orig.)

Gelastocoris vicinus Champ., living (Poisson, 1951)

Family Gelastocoridae, living a- head of Gelastocorinae;
b- head Nerthrinae; 5- male copulatory organ; g- female
last abdominal segments (Todd, 1955) :

Nepa cinerea L., living (Poisson, 1951)

Laccotrephes incertus sp. nov.; paratype, iunich Univ.
collection, 1965 111 21, Eichstatt FRG, Up. Jur.

Ranatra linearis L., living (Poisson, 1951)

Family Belostomatidae; living a-d~- fore tarsi;

e-z- ventral part of abdomen; i-k- genitalia of male
(Lauck and ilenke, 1961)

Mesobelostomum deperditum (Germ.) original (Oppenhein,
1888); Coll. Munich Univ.; AS I 583; Eichstatt FRG;
Up. Jur. .

Lethocerus turgaicus sp. nov.; holotype. a- foreleg;
PIN specimen 1096/9; Ekaterinoslavsk, W. Siberia;
Miocene. b- holotype, foreleg, Coll. of Dechin iiu-
seum; Northern Bohemia, CSSR, Oligo-iMiocene.

Abedus indentatus (Hald.); living (Menke, 1960)

Mesonepa primordialis (Germ.) a- original (Oppenheim
1888)3 Coll. Munich Univ. AS VI 9, Solnhofen FRG;

Up. Jur; b- reconstruction :

Stygeonepa foersteri sp. nov. a- holotype, Coll, Munich
Univ., 1952/183; Langenaltheim, FRGy Up. dJur.

b- reconstruction

Shurabella lepyroniopsis B.-il; specimen PIN imago
a- insect body ~ 2032/255; b- insect body 2032/261;

B~ wing, 2038/256; g- nymph, 2032/244; Shurab I11I,
Kirghiz SSR, Lias

Shurabella lepyroniopsis B,-i; reconstruction

Archaecorixa lata Y. Pop.; Karatae, S. Kazakhstan, Jur.

Forewings of lower Cretaceous Corixidae (Archaecorixinae)
a- Diapherinus ornatipennis Y. Pop.; b~ Bailssocorixa
Jaczewskii Y. Pop. '

Mesosigara kryshtofovichi sp. n.; holotype; specimen
PIN 324/2a, Cagayan, Priamur ; Up. Cretaceous
a- insect body; b- middle leg; B- hind leg

Gazimuria scutellata sp. nov., holotype; specimen PIN

kabd?8¢t 41187 RY Sk FTaRsPRikRLS, Lias

. Karatau, S. Kazakhstan,
Jur. a, b~ reconstruction

Ijanecta angarica sp. nov.; holotype; Coll. PIN 1437/111
a~ imagoy b-nymph; Vladimirovka, E. Siberia, Lias

Micronecta minutissima L.; living (Lundblad, 1927)

Sigara mayri Fieb, living (original)

Sigaretta florissantella (Cock.,) Coll. Brisish Mus.,
Florissant, Colorado, USA, Oligocene

Diacorixa miocaenica sp. n, holotype; Specimen PIN
372/16 a- insect body; b- imprint of hind leg, para-
type  372/19; Chon-Tuz, Tian-Shan

Sphaerodemopsis jurassica (Opp.); holotype, Coll. Munich
Univ., AS V2V, Eichstatt, FRG, Up. Jur.

Liadonaucoris rohdendorfi Sp. nov.; holotype, specimen
PIN 166/2 3, Kizil-Kia, Lias

Aldium pleurale Y. Pop.; Karatae, S. Kazakhstan, Jur.
a- from above; b- from below .
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Angaronecta longirostris sp, nov.; holotype, specimen
PIN  1668/1742; Bais R., Transbaikals, L. Cretaceous
Heleonaucoris maculipennis Sp. nov; holotype, PIN specimen
2066/3680; siichailovka, Karatau, S, Kazakhstan, U, Jur.
Ambrysus mormon F,; living (original)
Asthenocoris luzonensis Using,; living (Usinger, 1938)
Laccocoris limicola St31.; living (original)
Limnocoris signoreti kiont.; living (original)
Cryphocricos barozzi Sign.; living (original)
Cataractocoris macrocephalis HMont,; living (original)
Aphelocheirus aestivalis Fo3 living (original)
Potamocoris parvus Hung.; living (Hungerford, 1941)

Coleopterocoris kleerekoperi Hung.; living (Hungerford, 1942)

Scaphocoris notatus Y. Pop, a- holotype; PIN specimen
2254 /406; Michailovka, Karatau, S, Kazakhstan, Jur.

b- reconstruction

llesotrephes striata S5p. nov.; holotype; PIN specimen
2383/?33;_Kizil-Dzhar. Karatau, S, Kazakhstan; Up, Cret.

Limnotrephes campbelli es, et Ch.; living (Poisson, 1951)

Neotrephes usingeri Ch.; living (Poisson, 1951)

Paskia minutissima Es., Ch.; living (Esaki, China, 1928)

Plea minutissima L, a- species from above; b- species from

sidey living (Poisson, 1957)

Clypostemma xyphiale Y, Pop. a- specimen PIN 1989/3480;
Bais R,, Transbaikals, Low. Cretaceous; b- specimen PIN
1668/1843; Bais R., Transbaikals, Low. Cretaceous

Pelonecta solnhofeni Sp+ n.; holotype, Coll, iunich Univ.,
AS V 8; Solnhofen, FRG, Up. Jur.

Anisops sardea H,-S.; living (Poisson, 1957)

Liadonecta tomiensis Sp. nov.; holotype; Coll., Munich Univ.,,

1068/1; nymph, Tom R., Black Stop; lias

Nepidium stolones Westw,; holotype; Coll, British Mus,

12480, Ridgeway, England; Up. Jur.,
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