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A remarkable differentiation at the species and subspecies level in the subtribe
Carabina is considered to be owing largely to the degeneration of hind wings that
restricted their possibilities of dispersal and thereby intensified the effect of geographical
segregation among them. Notwithstanding their superficial diversity in form and
color, there are actually few morphological features which should be used for grouping
species into supraspecific taxa of the subtribe; most of the characters so far used are
in reality features of simple structure which may vary adaptationally even at the species
level. Naturally, therefore, the estimation of these features as taxonomic characters
is different according to authors, as shown by the fact that the principal systems pro-
posed by THOMSON (1875), REITTER (1896), LAPOUGE (1931-1932), BREUNING (1932~
1937), etc. differ from one another so remarkably; nevertheless they were established
practically upon the same sorts of characters. It is required, accordingly, to found a
system on more reliable, if possible, characters of complex structure than those of
simple one on which existing systems are exclusively based.

The present study on the subtribe Carabina was intended primarily to revise some
genera and subgenera of seemingly mere assemblage of heterogeneous species on the
basis of the genitalic characters rather than the extragenitalic ones of traditional use.
The first provisional part was already published (ISHIKAWA, 1973) and this is an exten-
sion of it. Since that time, I have been able to examine a large number of additional
species representing the great majority of genera, subgenera and sectiones so far
established, and came to be convinced that the taxa of suprageneric level should also
be revised. In the present paper, discussions on the taxonomic significance of the
genitalic and extragenitalic characters are given, and, as a conclusion, a new system
for the subdivisions of the subtribe is proposed. The revisional studies of the genus
and species level upon which this conclusion is based are too lengthy to be included
here, but will be published separately in succession.

Before going further, I must express my gratitude to entomologists who supported
me in the course of the present study. I am most greatly indebted to Mr. Carl L.
BLUMENTHAL, Troisdorf, Germany, because this study would have never been attempted
but for his friendly support in many ways for nearly twenty years. Mr. Walter
HEeinz, Wald-Michelbach, Germany, offered to me so generously valuable specimens
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of great taxonomic importance which were not otherwise possible to get, and also took
trouble of copying literature for me. Dr. Stephan BREUNING, Paris, and Dr. Karl
MANDL, Wien, both authorities who have founded the basis of the modern carabology,
kindly sent me a number of specimens and publications which were indispensable to
this study. As to the material of the USSR, I am obliged to Dr. O. L. KRYZHANOVSKJ,
Leningrad, who gave me opportunities to examine a series of Asiatic species of
taxonomic importance which were not accessible in other ways. Mr. Toku WATANABE,
Sendai, kindly kept for my study a drowned pair of Carabus insulicola in copula which
evidenced my presumption of the function of the copulatory organs as mentioned in
the text.

Finally, I have to thank Dr. Yoshihiko Kurosawa and Dr. Shun-Ichi UENo of
the National Science Museum, Tokyo, for their friendly help in various ways ever
since I began taxonomic studies of the Carabina.

Taxonomic Significance of Endophallic Characters

The use of the endophallic characters as taxonomic bases was attempted in my
studies primarily for the simple reason that the basic structure of the endophallus is
remarkably similar among related species particularly those which range close together
within certain geographically defined areas. Although sclerotized parts of the male
genitalia, such as the aedeagus, the copulatory piece and others have been used as
taxonomic characters for discriminating among species or subspecies, they are not
more than components of the organ and too simple structurally to characterize higher
taxa because of a resemblance in their features alone. On the other hand, the male
copulatory organ as a whole, the endophallus in particular, has so elaborate an
external structure including the sclerotized parts that a resemblance in it between taxa,
if any, cannot be regarded simply as the result of convergence or coincidence, but is
considered more properly to evidence their phylogenetic relationship provided that the
homology of the component parts is established. This judgement is based, however,
primarily upon a hypothesis that the more complex a structure the taxa have in
common, the higher its reliability is as a character to evidence the affinity between
them. It does not mean, therefore, that the extragenitalic characters are less signi-
ficant taxonomically than the genitalic, but, in reality, most of them are features of
simple structure, and difference in them for taxonomic use is not more than the
difference in the degree of specialization in certain parts of body, so only a share
of them in common is not always sufficient to evidence an affinity between taxa unless
presence of any correlation with other, more reliable character is established. In
this respect, the endophallus is the most compact unit of characters that constitute an
intromittent apparatus and work together in one body. It is my opinion that the
likeness in the basic structure of endophallus between taxa, if any, is one of the most
reliable morphological bases that suggest their relationship, whereas simple extrageni-
talic characters are apparently more circumstantial, and only supplementary to the
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genitalic ones, at least as characters for grouping species into higher taxa.

It should not be overlooked that their structures are greatly concerned with their
function. In the Carabina, the endophallus is the real copulatory organ of male that
works as an intromittent apparatus. Its size and the peculiar shape, if any, are
presumed to take part in fitting itself with the female copulatory receptacle of the same
species or subspecies during copulation. Possibly, the characteristic features of the
endophallus have the same relationship to those of the vagina as the serration of a key
does to its lock. I was able to confirm the lock and key relationship in Carabus
(Ohomopterus) insulicola insulicola CHAUDOIR by dissecting a pair in copula which
died by drowning in a baited trap. In this case, both the copulatory organs were com-
bined in exactly the same condition as I illustrated (ISHIKAWA, 1973, p. 209). In the
subgenus Ohomopterus, the female copulatory receptacle, the vagina, bears a mem-
braneous pocket termed the vaginal appendix which is correlated in size and shape
with the copulatory piece of the male of the same species or subspecies (Figs. 1-8).
These parts of the copulatory organs exhibit the utmost development in C. (O.) uenoi
ISHIKAWA (see ISHIKAWA, 1973, p. 210). Thus, there is little doubt in that these
structures of the copulatory organs would work for segregation of lower taxa in this
group of species. Similar morphological correlation both in size and shape between
the male and female copulatory organs exists in some other genera or subgenera.
Notable examples are found in the species belonging to Sphodristocarabus (Figs. 9—
18), Tribax (Figs. 19-28) and Neoplectes. In these groups of species, at least, the
copulatory organs are supposed to play an important part in the reproductive isolation
which is considered to work eventually for differentiation in diverging populations.
Naturally, therefore, their features seem to have considerable taxonomic significance
also as characters at the species level. Another important nature of these characters
to be noted is that the endophallus does not possibly change itself without structural
correlation to the female copulatory receptacle as its counterpart. In this respect,
the copulatory organs differ from other functional structures in that their morpholog-
ical modifications cannot be considered to be an adaptation to other environmental
factors, but more possibly be a result of reciprocal correlation of the organs between
the opposite sexes of the same species or subspecies.

It is my conclusion that the genitalia as a whole, not their component parts, bear
useful and significant taxonomic characters not only for separating between superfi-
cially resembling taxa of species or subspecies level by different features of their
component parts but also for grouping them into higher taxa, at least those just
above the species level, such as subgenera or genera, by the resemblance in their
basic structure.

Genitalic Characters for Subdivisions of the Carabina

No attempt has been made to classify suprageneric taxa of the Carabina on the
basis of the genitalic characters doubtless because the membraneous parts of them
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Figs. 1-8. Copulatory organs of Carabus (subgenus Ohomopterus) in which the copulatory
piece (cp) corresponds in size and shape with the vaginal appendix (va) of the same species or
subspecies; 1, 3, 5 & 7, aedeagi with the endophalli everted; 2, 4, 6 & 8, vaginae. —— 1 &
2, C. (0.) esakii Csik1; 3 & 4, C. (0.) yaconinus Bates; 5 & 6, C. (0.) insulicola CHAUDOIR ;
7 & 8, C. (0.) dehaanii tosanus NAKANE et al.
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Figs. 9-18.

Copulatory organs of Sphodristocarabus in which the praeputial pad (ppd) of the
endophallus shows a tendency to become digitate, and it corresponds in length with the
vaginal appendix (va) of the same species or subspecies; 9-13, vaginae; 14-18, aedeagi
with the endophalli everted. —— 9 & 14, S. esperanzae esfandiarii HeiNz; 10 & 15,
S. macrogonus schweigerinae SCHWEIGER; 11 & 16, S. separatus persa LAPOUGE; 12 & 17,
S. sovitzi gilnicki DEYROLLE; 13 & 18, S. tokatensis ROESCHKE.
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were overlooked or neglected. NAKANE (1960) suggested the polyphyletic origin of
the Carabina because of diversified features of male genitalia in this group, but did
not propose any concrete system for them on these characters. As a matter of
fact, there are few single features of the male genitalia which seem to be absolutely
diagnostic all alone for subdivisions of the Carabina just below the subtribe level,
yet, examinations of the genitalia of the great majority of species made it evident that
the features of the ligula and of the preostium, whether there is an ostium lobe or
not, are a useful diagnostic character for grouping genera into three major sub-
divisions, with but few exceptions at the species or subspecies level.
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Figs. 19-28 (on pp. 50-51). Copulatory organs of Tribax in which the endophallus corresponds
in size with the vagina of the same species; 19, 21, 24, 25 & 27, vaginae; 20, 22, 26 & 28,
aedeagi with the endophalli everted; 23, apical part of the endophallus. 19 & 20,
T. puschkini ApAMs; 21 & 22, T. platessa platessa MOTSCHULSKY ; 23 & 24, T. circassicus
Jjustinae REITTER; 25 & 26, T. biebersteini ishikawaianus BREUNING et RuspoLl; 27 & 28,
T. agnatus GANGLBAUER.

The species that do not bear an ostium lobe in the preostium (Figs. 29-31) con-
stitute a group which corresponds approximately to the Carabi carabogenici (sensu
BREUNING = Carabogéniens LAPOUGE, 1931); whereas the species that bear an ostium
lobe (Figs. 32-35) constitute another well defined group which comprises the Carabi
multistriati (sensu BREUNING=Multistriés LAPOUGE, 1931>Carabi multistriati REIT-
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