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A bs t r ac t Higher classification of t1、e genus Ca,abus(s lat ) is re-examined based
on a phylogenetic tree constructed from the mitochondrial ND5 gene sequences of 45
species representing all the8 subdivisions(IMuRA,1996 a) (see Su et a1.、 l998). The sub-
genera belonging Io these subdivisions emerged almost simultaneously and therefore fur-
ther grouping of these subdivisions seems to have little phylogenetic significance. It seems
more appropriate to regard them as equivalent divisions. Special attention is focused on the
pl、y1ogenelic positions of Apotomopte,・fis. Limnoca'at'lus andEtlleptoca''abtls. The species
belonging loApoto,11opte,-tls form a single cluster on the ND5 tree, while those of I_.1'n'10-
ca,abus and Etl/epto(・al-.abus constitute another monophyletic cluster. A new division is

therefore proposed for the latter two subgenera under the name Lepidospinulati nov., to-
gether with a new form, lcpidospinula, for their characteristic basal sclerite on the en-
dophallus.

In t roduct ion

Current higher classification of the genus Ca,abus(s. lat ) has been done mainly
on the basis of endopha11ic characters of the male genital organ, the use of which was
first proposed by IsHIKAwA(1973, '78, '79). A historical account after ISHIKAWA's Pro-
posal was already documented by IMURA(1996 a). IMURA(l996 a) proposed a new Sys-
tem, in which the genus Ca,・ablis (s. lat ) is first divided into two large divisions,
namely, Carabogenici and Multistriati; the former is composed of three subdivisions
containing 14 subgenera, and the latter comprises five subdivisions containing80 sub-
genera.

In the first part of the present paper, the higher classification is evaluated by a
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phylogenetic tree o f the mitochondrial ND5 gene using 45 species of the genus
Ca,・abus(s lat ) representing all the8 subdivisions(sensu IMURA,1996 a) (SU et a1.,
1998).

Apotomopte,-tls is the largest subgenus in the genus Calabus(s lat), which con-
tains nearly 100 species distributed in the southeastern part of the Eurasian Continent,
mainly in China and the adjacent regions including Taiwan. It is characterised by the
absence of an ostium lobe on the membraneous preostium and the presence of a small
sclerite at the basal part of the endopha11us, a unique morphology of the male genital
organ in Ca,・abus.

These characters are also shared with the other two subgenera, Limnoca,・abus and
Eilleptoca,abtls. Limnocalabus is rather sporadically but widely distributed in the
northern parts of the Eurasian Continent including several ad隔nct ive  islands,  and  i
usually treated monotypica1, though the type species, Ca,-abus (L) clath''atus, shows
marked geographical variation and is separated into several subspecies. For the reasons
to be mentioned below, we regard Limnoca1・abtls as containing at least two different
species, clathlatus and ,naacki. The population occurring in Japan is represented by
subsp aquatilis, belonging most likely to the latter species. Elileptocalabus is com-
posed of a single type species, C. (E ) pc,-1-ectico11is, which is endemic to Honshu, the
mainland of Japan. It is separated into two local races, i.e., nominotypical subspecies
and subsp kansalensls, but the geographical variation of the species is more compli-
cated (KIM of a/., to be published).

IsHIKAwA(1978, p 63) unified these three subgenera into a single group, Spinulati
(=equivalent to the genusApoto,nopte,・fis in his sense), as one of his three divisions of
the subtribe Carabina, mainly on the basis of unique characters of the male genitalia as
mentioned above. This arrangement has been subsequently supported by such taxono-
mists as DEUvE(1991, '94, '97) and IMURA (1996 a), though they ranked the Spinulati
as one of the subdivisions between the genus and its component subgenera. However,
phylogenetic relationships among the subgenera and/or species belonging to this sub-
division have not been satisfactorily established.

SU et al. (1996) reported that two Japanese species, Li,nnocatabtls maackl
( =Ca''a加s ( . ) maac人'1 a l,aft/Is in the present sense) and lf/epfoca,-a加s o, ,-ecr!co/-
11s( = C. (,Etlleptoca''abtis) pc'1'ect1(、0111s, lde,n ) are clustered together, and clearly sep-
arated from the other Japanese carabine species on the phylogenetic tree of the mito-
chondrial ND5 gene sequences. Evolutionary distance between these two species is
rather small, though they are morphologically separated from each other at the sub-
generic level as noted above.

In the second part of the present study, we will analyse both morphologically and
molecular phytogenetically 12 taxa belonging to the above three subgenera from
China, Vietnam, Taiwan, Germany and Japan to clari fy their appropriate phylogenetic
positions.
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A NJ-phylogenetic tree was used of the mitochondrial ND5 sequences(Su et l l.,
1998) containing45 species of the genus Ca,abtls (s. lat ) representing ail the8 subdi-
visions (sensu IMuRA, 1996 a), and a higher system proposed in the present paper is
shown in the right column. For morphological notes and collecting data of the speci-
mens of Apoton1opterus, Limnoca1-abus andEuleptoca,abus used in this study, see Ap-
pendix.

Scannl,lg elect1-o,1 mlc1-oscopv. The male genital organ was dissected out from
several specimens of Apotomopte1・us, Limnoca,abus and Euleptoca,abus. A smal l
basal sclerite on the endophallus was cut out, air-dried, coated with gold and examined
under a scanning electron microscope (SEM) (JEOL, JSM-5300L;V).

Resu lts and Discussion

Twenty-one clusters, which are supported by the branch length with the bootstrap
value of more than70%, were recognized on a ND5 phylogenetic tree of45 species of
the genus Ca,・abiis(s. lat ) representing all the8 subdivisions(Fig. 1). The lineages so
recognized are: 1 ) Limnocal・abus十E1lleptoca,abus,2) C;1aetocalabus/Platycalabus,3)
He,川calabus/Ho,noeoca1・abus, 4) Apotomopte,・us, 5) Chrysoca1・abus, 6) Damaster (s.
lat ), 7) P,-octustes/Megodont1ls, 8) 0;1omopte1'us, 9) Ca;abus (s. str )/Euca''abus, 10)
fs!oca,-a加s i t ) ,-c11aeoca,-a加s*, 12) ,・c11lca,・a加s, 13) Mo,p1loca,-a加s, 14) Meso-
ca,-abus,  15) Pentaca,abtts,  16) T◆(omoca,abus,  17) Asthenoca,abtls,  18) Scambo-
ca,-abus, 19) Leptoca,-abus(s lat ),20) 0,・coca,・abus and21) .R11tgoca,・abus. The lin-
eages5)-7),8)-11 ) and 14)-21 ) could respectively form one cluster. If so, the number
of the lineage could be reduced to 9. IMURA (1996 a) recognized two major divisions,
the Carabogenici and the Multistriati, between the genus and the subdivisions. Since
the branching order of these9 lineages cannot be determined presumably because of
their almost simultaneous emergence, they should be treated as“equivalent” taxa with-
out further grouping. Thus, the bl-divisional classification seems to have little phyloge-
netic significance from the ND5 tree, and it would be appropriate to raise IMURA's sub-
divisions to divisions directly above the subgenera(Fig. 1). These9 lineages well cor-
respond to the subdivisions of the Carabina proposed by IMuRA(1996 a) with only one
exception. Apoto,nopte,-lts (s. str ) (4) and Limnoca'abus十Euleptocalabus (1) were
combined by IMURA(1996 a) in a single subdivision Spinulati, while these two are sep-
arated on the ND5 tree(see below).

The species belonging to the subdivision Spinulati in IMURA's sense appear on the
tree as two separate clusters. All the species belonging toApoto'nopte''fis form a clear
single cluster(AP-cluster), while the species belonging toLimnocalabtls and Eulepto-

* IMURA and MlzUsAwA (1996) treatednanoso'nits and pa''Is as members of Ca'abus (s. str )、but they
form an independent cluster from other Ca,-abus (s. str ) spp. o n the N D5 t ree. Therefore、 we tentatively
adopt the subgenusA1-c/1aeoca,abus (type species: ,・e/Ictus, male is unknown) for these Chinese species.
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cal・abtis constitute another monophyletic cluster (LE-cluster). There is no indication of
any phylogenetic relatedness between these two lineages.

The AP-cluster is composed of three subclusters: the first cluster containing C.
(A) clermontlantts from North Vietnam and two species from South China, i.e., C. (A)
ar,-o - and C (A) laos11antctls(containing two subspecies), the second one containing
all the three subspecies of C. (A ) salttet-1 from the Chinese Continent and Taiwan, and
the third one consisting of C. (A) tonkinen.sls from North Vietnam and C (A) tou1-
goet1 from South China. The LE-cluster contains C. (L加noca1-abus) clath,-atus clath,atus
from Germany, C. (L) ,naacki aquatilis from Japan, and C. (E1lleptoca,abus) pol,・ecti-
co//Is from Japan.

The Apotomopte,・its species are clearly monophyletic. In spite of morphological
similarity of the male genital organ, Lim,10(:・a,abus and E1lleptocalabus are quite re-
mote fromApotomopte1'tts. This suggests that the unique morphology of the male gen-
ital organ must have developed in parallel in these two independent phylogenetic lines.
We therefore consider that Limnocalabus and Eilleptocalabus should not be included
in the same lineage asApoto,noptet・us. By the same token, there would be no rationale
to place the morphologically similar but phytogenetical ly independent groups in the
Spinulati. Therefore, here we propose a new division for the LE-cluster under the
name Lepidospinulati nov. As to the terminology for the basal sclerite of endopha11us
observed in the species belonging to the n e w division, we propose lepidospinula,
named after scale-like microstructure on its sur face.

The Lepidospinulati nov. is discriminated from the Spinulati not only molecular
biologically but also morphologically as shown in the following key:
l (2) Membraneous preostium not so strongly inflated and not markedly rugulose on

the surface; basal sclerite of endophallus (=spinula) more or less leaf-
shaped, widely connected with the membraneous wall, developed horizon-
tally along there, without scale-like microstructure on the surface; para-
praeputia1lobes more or less developed; apical portion ofendophallus not
so remarkably inflated or rather do;目ated, with the apical lobes at most mod-
erately developed. Southeast Eurasia

2 (1 ) Membraneous preostium apparently inflated, with the sur face remarkably rugu-
lose; basal sclerite (= lepidospinula) spine- or thorn-shaped, more narrowly
connected with the membraneous wall, developed therefrom nearly verti-
cally, and densely covered with scale-like microstructure at least partly;
parapraeputial1obes vestigial or at most weakly developed; apical portion of
endophallus disproportionately large, with the apical lobes extraordinari ly
in ated. Nor th Eurasia

Y uki IMしRA et al

Spinulati

Lepidospinulati nov.
In the cluster of the Spinulati (=Ca,abus(Apoto,nopte,-tls)), three distinct sub-

clusters are recognized (Fig. 1): the first one contains ole,・,nontlan1ls a,・l-o - and two

Fig. 1. Neighbor-joining (NJ) phylogenetic tree of the Carabina constructed from mitochondrial ND5
gene sequences(taken from SU eta1.、l998).
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subspecies of laos/1anlcus, the second one is composed solely of salite,-l and its sub-
species, and to,tkinensts and tottigoetl belong to the third group. The structure of spin-
ufa seems group-specific as revealed by SEM (Figs 6-11,17-22). IfApotomopte,・fis is
regarded as a distinct genus, these threesubclusters should be expressed by such sub-
generic names as Laocalabus LAPoUGE, l916 (type species: vltalisi), Apoton1opte1'us
(s. str ) HOPE, l838 (type species: pl'odigus) and Slamocalablis IMURA, 1989 (type
species: ,nastanotol), respectively. Their morphological characteristics may be summa-
r ized as follows:

Subcluster 1 (Laoca,ab1ls). Body comparatively large; spinula leaf-shaped and
depressed, with the surface glabrous or longitudinally rugu1ose; endopha11us with the
basal lateral lobes inflated and apical lobes unremarkable.

Subcluster 2 (Apoto,nopte,-tls s. str ). Body variable in size; spinula peg-like in
shape and not markedly depressed, with the surface smooth; endophallus with both the
basal lateral and apical lobes well-recognized.

Subclustcr 3 (Siamoca/ab1ls). Body medium-sized or rather small; spinula not
so strongly sclerotized and paler in colour, acutely convergent toward apex, with the
surface rugu1ose; endopha11us with the basal lateral lobes not inflated, but apical lobes
moderately developed.

Based on the findings described in the present paper, a tentative system for the
higher classification of the Carabina (=genus Cal・abus s lat ) is presented in the right
column of Fig. 1 .

Appendix
Morphological  identification and description o f the Apoto,11opte,・fis, Litn,1o-

calabus and Etlleptocalabus species used in this study are given below.

1) Carabus (.?ll?otomopterus) clermontiam‘s BREuNING
(Figs 2、6-7)

Calabus (4pototnopte''us) ole''''10'1tla'1us' BREUNIN(1. l933, Ent. Nachr.、7、 pp 21-22; type locality: Tonkin,
Prov. Vinh-Yen. Tam-ciao, 1 ,400m.

Male go,1italia. See IMuRA(1995, pp 4-5, figs 7-10). Supplementary descrip-
tions: - Endopha1lus with the basal lateral lobes only weakly inflated, median lobe
(=“vertical lobe”sensu IMURA,1995, p 4) extraordinarily developed to form a horn-
l ike projection, parapraeputia11obes moderately developed with the left one a little
larger than the right, both podian and apical lobes(newly proposed term in this paper,
see Figs 2 & 4) not so remarkably inflated.

Specimens exa,mned. 1 (5 ( for morphological examination of genitalia), Tam
Dao, 1,200m, Vinh Phu Prov., N Vietnam, 24- IX-1994, S. UENo leg ; 1 ( for SEM),
same locality, V-1993, H. KARUBE leg ; l ( for DNA analysis in SU of a/., 1998),
same locality (950m in alt ),17-VI-1997, S. NoMURA leg.
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2) Carabus(Apoto″lopterus) arrowl arrog、antior DEUvE
(Figs 3,8-9)
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Ca,abusいpete,t1opte1-tls) a,-l・ogantlo,・ DEUvE, 1991 . Nouv. Revue Ent., (N. S), 8, p. 102; type locality:
Chine, Guangxi, Longshcng Gezu Zizhixian, Huaping.

Ca,abus (Apoto,nopte,・fis) a,-,て_・l a,-,oga,1tio1・: IMuRA, 1996、Elytra, Tokyo 24、p.187. fig 7.

Male genitalia. See IMURA (1996b, p.187, fig. 7).  Supplementary descrip-
tions: - Basal lateral lobes extraordinarily inflated on both sides, median lobe hardly
developed, parapraeputia11obes rather strongly protrudent dorsad and almost symmet-
rical, apical portion ofendophallus very short and undeveloped, both apical and podian
lobes not swollen at all.

Specimens examined. 2 (for morphological examination of genitalia), 1
(for DNA analysis), above Antang Ping(1,820m), on Mt. Miao'or Shan in Xing'an
Xian of northeastern Guangxi, South China, 25~27-V-1996, Y. IMURA leg.

3) Cafa加s(dpofomopterl‘s) laosha_cMslaoshaMeMs IMURA
(Fig 4)

Ca,abusいpete,nopte;・us) l,1agakii /aos/1anlc1ls IMuRA, l995, Gekkan-Mushi, Tokyo、 (287), p 9, figs 5-6,
13 -15, type locality: Mt. Lao Shan on the Dayao Shan Mts., Jinxiu Xian, Guangxi. South China.

Ca,ab1lslApoto,nopte,-tls) laos/1antcus: IMuRA& MIzUsAwA、 l996, The Ca'abus of the World, p. 130, pl.
21, figs. 170- l ,、 .

Male go川talia. See IMURA (1995, pp 9-10, figs. 13-15). Supplementary de-
scriptions on the endopha11us: - Basal lateral lobes well-developed and strongly in-
flated laterad on both sides with the left lobe a little larger than the right, median lobe
absent, parapraeputia1lobes rather small and only weakly and roundly inflated dorsad,
apical lobes rather remarkably protruded though small, podian1obes inconspicuous.

Specimens exa,nlned. 2 (1 for morphological examination of genitalia,1
for DNA analysis), Dayao Shan Mts. in eastern Guangxi, South China, VIII-1996, col-
lected by a native collector.

4) Carabus(?ipotomopterus) laos1tani'cusliaorMn CAVAZZUTI, stat nov.
(Figs 5、10-11)

ca,abtls (Apoto,l1opte,・fis)1nagakii liao1・t″n CA、AzzuTI, l995, Lambillionea, (95), p 38, figs 2 b,3 e-f, 4c;
type locality: Mao Er [sic] Shan,1.500m, Guanxi [sic] N-occidentale[sic], Cina.
Male genitalia. Aedeagus already described and figured by CAvAZZuTl, (1995,

pp 38-39, figs 3 e-f). Basic structure of the male genitalia almost the same as that of
the nominotypical subspecies, though considerably different in shapes ofaedeagus and
spinula.

Specimens eMmined. 2 (for morphological examination of genitalia), 1
(for DNA analysis), Hongjun Ting(1,550m),on Mt. Miao'er Shan in Xing'an Xian of
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Figs. 2_5 (on p. 24). Male genital organ of the Spinulati. - 2, Ca''abtls (Apoto'i!opte''fis) ole'''no'1-
rfa川Is;3, C ( ) al・,・o、l・1 a,・,・oga,1'Io,・; 4. C ( ) /aos/1a,1lc1ls/aos/1anlc1ls;5, C ( ) /. /lao''1″'l; a, aede-
agus with fully everted endophallus infeft subdorsal view; b, endophallus in caudal view; c, ditto in
apical view, d. spinula in dorsal view; e, ditto in basal view; AL=apical lobe. Scale:2 mm for a-c l mm
for d & e.

Fjgs 6_l l (on p 25). SEM photographs ofspinula. - 6-7, Carabtls(Apoto't1opte''fis) ole' 'nontian1ls;
8_9. c ( ) a,-1・ell,l a,・,vganflor; 10- l l. C ( ) faos/1a,llc1ls /iao,-1″,1. Magni?cation ratios arc indi-
cated at the bottom of each photograph.
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Figs.  l2- l 6 (on p. 26). Male genital organ of Spinulati. - l2, Ca'-abtlsいpoto1nopte''fis) sailte''i
sa1l le,f: 13, C (.4.) s fa1・aos/1a,11clls;14、C (.4.) s. _、・1″IA,cac1ls; 15. C (,4.) ro,IA-1,Ie,Isis;16、C (,1.) roll/-
goeti; a, aedeagus with fully everted endophallus in feft subdorsal view; b, endopha11us in caudal
view: c、 ditto in apical view: d. spinula in dorsal view・ e, ditto in basal view. Scale: 2mm for a-c ,
1 mm for d & e.

Figs.  17-22 (on p. 27). SE M photographs of spinula. - l7-18, Ca,abus (Apoto,11opte1・11s) satlte''i
satlte1-1; 19-20、C、. (A ) tonki,Ie,Isis: 21-22、C (A ) totl/goett. Magnification ratios are indicated at the
bottom of each photograph.
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northeastern Guangxi, South China,27-V-1996, Y. IMuRA le9.
Notes. This taxon was originally described as a subspecies of C. (A) Ina9akii.

Judgjng from both morphological and molecular phylogenetic viewpoints, it Should be
regarded as a subspecies of C. (A) laoshanicus.

5) Carabus(Apotomopterus) sauteri sauteri ROESCHKE
(Figs.12, l7- l8)

ca,abus saute1・l RoEscHKE, l912, Suppl ent., Berlin,1、 pp.4-6; type locality: Suisha「yo( =Shui-She-liao)、
Tai wa n.

Malegenltalja. See IMURA(l994, pp. 4-6, figs 32-33). Supplementa「y desc「iP-
tjons on the endopha1lus: - Basal lateral lobes moderately developed and both the
lobes almost the sa m e in size, median l obe inconspicuous, parapraeputia11obeS
strongly protruded dorsad with weaker lateral projections on both sides at basal PO「一
tjons, praeputiaI pad remarkably raised and strongly pigmented, both apical and POdian
lobes not so strongly inflated though apparently recognizable.

specimens examl,led. 1 (for morphological examination of genitalia), Mt. Pei-
chatien Shan in Taipei Hsien, northern Taiwan,9-VII-1994, M. TANIKADole9.; l
(for SEM), Mt. Kuan-tao Shan in Jen-al Hsiang of Nan-tou Hsien, central Taiwan,
5_ V_1981, M. TANIKAD0 1eg ; 1 (for DNA analysis), Nanshanchi in NantOu HSien,
central Taiwan, H. NARAleg.

6) Carabus(Apoto″lopterus) sauteri dayaos1laMcus IMURA
(Fig. l3)

Ca1abus(Apoto,nopte,・fis) satlte,・Ida、,aoshanictls IMuRA,1995, Gekkan-Mushi, Tokyo, (287), p 9, fl9S.
3_4 10_12、 type locality: MI. Lao Shan on the Davao Shan Mts., Jinxiu Xian, Guangxi, South China.
Male go,utalia. See IMURA (1995, p 9, figs. 10-12). Basal lateral lobes ofen-

dopha11us wjth tho le量one larger than the right, parapraeputia11obes more roundly
shaped at tips with the basal lateral projections weaker.

specimens exa,Mned. 2 ( l (3 for morphological examination of genitalia, 1
for DNA analysis), Davao Shan Mts. in eastern Guangxi, South China, VIII-1996, Col-
lected by a native collector.

7) Carabus(Apotomopterus) sauteri yunkaicus DEUVE
(Fig.14)

ca,-abusいpete,t1opte,-tls)、・unkaicus DEuvE,1991, Bull. Soc. ent. Fr.、 96, pp 224,226, fig 3; type locality:
Chine, Guangxi, Longsheng Xian, l ,420m.

Ca,abus( lpoto,11opte,-us) satlte,・t、,・t″1kalct.Is: IMuRA, l994, Elytra、 Tokyo, 22, pp.12- l3, figS. 14- l5, 23-
31 40.

Male genitalia. See IMURA(1994, pp. 12-13, fig 40). Supplementary descrip-
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tions: - Membraneous preostium obviously swollen in fully everted condition, basal
lateral lobes a little more strongly inflated than in the above two subspecies, para-
praeputial lobes almost the same in shape as those ofsubsp dayaoshanlc1ls.

Specimens examined. 1 (for morphological examination of genitalia), 1 ( for
DNA analysis), above Antang Ping(1,820m),on Mt. Miao'er Shan in Xing'an Xian of
northeastern Guangxi, South China, 25~27-V-1996, Y. IMuRA leg.

8) Carabus(Apotomopterus) tonkine'Isis DEUvE
(Figs. 15. 19-20)

Ca1abtls (Apoto,nopte,・us) to,lkinensis DEuvE. 1990, Bull. Soc.Sci. Nat、 (65), p 26. figs. 1、4; originally
designated type locality: ''Vietnam Tonkin, Tam Dao' '.

Ca,abus(Apoto,11opte,-tls) to,1kinensis: IMuRA, l995, Bull natn. Sci. Mus.. Tokyo. (A),21, pp 2-4, figs.1-
6; most probable distributional area: the high altitudinal area of the northwestern part of N Vietnam
around Phang Si Pang.

Male genitalia. See IMuRA (1995, pp 2-4, figs 3-6). Supplementary descrip-
tions: - Endopha1lus with the basal lateral lobes not swollen at all, median lobe appar-
ently recognized, with a small accessory projection at a little right side, parapraeputial
lobes well-developed and symmetrical, with the basal portions strongly inflated ven-
trad, praeputia1 pad vestigial, apical lobes roundly inflated, podian1obes very small but
clearly recognizable.

Specimens examined. 1 (for morphological examination of genitalia), Hoang
Lien Son Mts., N of Phang Si Pang,1,920m, Lao Cal Prov., N Vietnam,10-X-1994,
S. UEN0, M. SAT0& Y. NIsHIKAwAleg;1 (3(for SEM), Sa Pa,2,300m, SW of Lao Cal,
20~26-VI-1991, M. ITO leg ; 1 ( for DNA analysis), Doc Tram Ton, 1,950m, Lao
Cal Prov., N Vietnam, 29-VI-1997, S. NoMURA leg.

9) Carabus(Apotomopterus) toulgoeti DEUVE
(Figs.16,21-22)

Ca,abtls(Apoto,nopte,-tls) tolllgoet1 DEUvE.1989、 Nouv. Revue Ent.、 (N. S)、6、 p. l61 ; type locality: Chine.
Guangxi、Miao'or Shan.

Male genitalia. See IMURA (1996b, p.185, fig 5). Supplementary descriptions
on the endopha1lus: - Basal lateral lobes not developed, medial lobe not triangularly
projected but widely rounded out at a little left side, with an accessory inflation at the
right side near base, parapraeputia11obes moderately protrudent and almost symmetri-
cal, both apical and podian1obes not so remarkably developed though observable.

Specimens examined. 2 3 (for morphological examination of genitalia), 1
(for DNA analysis), Tieshan Ping(2,000m),on Mt. Miao'er Shan in Xing'an Xian of
northeastern Guangxi, South China, 24~25- V - l996, Y. IMURA leg.
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Figs. 23 -25 (on p. 30). Male genital organ of Lepidospinulati nov. - 23, Ca,abus (L加noca'abus)
clathratus clath1-atus; 24, C (L ) ,naacki aquatilis; 25, C (Euleptocarabus) pc' ''ecticoltis; a, aedeagus
with fully everted endopha1lus in left subdorsal view; b, endophallus in caudal view; c, ditto in apical
view; d,1epidospinula in dorsal view, c, ditto in basal view. Scale:2 mm for a-c, l mm ford& e.

Figs 26-31  (on p. 31).   SEM photographs of lepidospinula. - 26-27. Ca,abus (L加noca'abus)
cfar加・aft‘s c/a' /1,・a'l‘s; 28-29, C (1.) ,naac人,f a l ,af,11s; 30-31, C (al1epfoca'-a加s) pc''''ec'ice//is.
Magnification ratios are indicated at the bottom of each photograph.
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10) Carabus(L加nocarabus) clathratus clathratus LINNE
(Figs 23,26-27)

ca,abus clath,utus LINNE, l761 , Faun. suec.,2nd ed., p 218; presumable type a「ea: NO「th Go「many
Mae genjtalia. Aedeagus as shown in Fig. tea. Membraneous P「eOStium

strongly in ated and remarkably rugulose on the surface. Endopha11us with a SPine-
1jke basal sclerite(=lepidospinula) almost glabrous on the surface except fo「 the basal
part whjch js densely covered with scale-like microstructure as observed by SEM
(Fjgs26_27), basal lateral lobes absent, median lobe markedly developed and t「iangu-
1arly shaped, with sharply pointed apex, parapraeputia11obes vesti9ia1, apical lobes
strongly inflated, podian1obes also well-developed though much smaller than apical
lobes.

specjnlens exammed. 1 (for morphological examination of genitalia), between
Gartow and pevestorf, E of Dannenberg and Liichow, NE Niedersachsen, N Ge「many,
l8_vI_l986, K. STAvEN leg ; 1 (for SEM), 0ppenweher Moor, NW of Minden,
Njedersachsen, N Germany, V-1977, REBIscHKE leg; 1 (for DNA analysis), Datums
Moor near Lingen, W Niedersachsen, N Germany,17-VII- l997, K STAVENle9.

11 ) Carabus(Limnocarabus) maacki aquatiiis BATES
(Figs 24, 28-29)

ca,abus aquatlljs BATES,1883, Trans ent. Soc. London,1883, p224; type locality: “ShimOnOSuWa Lake”
(=presumably Lake Suwa-ko in Nagano Prefecture, central Honshu, Japan).
Male genltalja. Aedeagus much longer, slenderer and less acutely bent ventrad

at tjp than jn C. (L) c. clathlatus. Lepidospinula a little shorter, robuster and hardly
sinuate throughout, its surface fully covered with scale-like microstructure as Shown in
Fjgs 28_29. Membraneous part of endopha11us as in the German species, though the
median lobe a little larger and robuster.

specimens examined. 2 (for morphological examination of genitalia), the
rjversjde marsh of the Riv. Iwaki-gawa, in Nakasato Town of Kita-tsugaru County, Ao-
mori Prefecture, near the northern end of Honshu, Japan, 5-VII- l987, Y. IMURA le9.;
1 (for DNA analysis), same locality.

No tes. The taxon aqtiatilis has been treated by most authors as one of the local
races of C. clathr・atus, though sometimes regarded as a synonym of subsp maacki (cf.
NAKANE, 1962, p 44), or as a subspecies of Apotomopterus (L加moca''abus) maaCki
(cf. IsHIKAwA, 1985, pp 32-33). Here we regard maacki as a race specifically differen-
tiated from C clatt1,・atus, and place aquatilis as a subspecies of C. (L) maacki, based
upon both morphological and molecular phylogenetic findings.
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l2 ) Carabus(Eulept,ocarabus) porrecticouis BATES
(Figs 25,30-31 )

33

Carabus per,・ectico111s BATES, l883, Trans ent. Soc. London,1883, p 228; type locality: “Urasa, and on the
north-west coast at Aki ta and Sakata” (Urasa is situated in Yamato Town of Minami-Uwonuma
County, Ni igata Prefecture, central Honshu, Japan).

Male genitalia. Aedeagus as shown in Fig. 13 a, which is very small as com-
pared with the body size. Membraneous preostium strongly in ated and remarkably
rugu1ose as in the above two species. Endopha11us with lepidospinula as figured in
Figs. 13 d-e, very small, short and them-shaped, with the surface rather sporadically
covered with scale-like microstructure as observed by SEM (Figs 3()-31), basal lateral
lobes absent, median lobe large and triangularly shaped, parapraeputia11obes recog-
nifed though small, praeputia1 pad vestigial, apical portion disproportionately large,
wiih extraordinarily inflated apical lobes and relatively small podian1obes.

Specimens exammeal. 1 (for morphological examination of genitalia), Kamado
in Mizunami City, Gifu Prefecture, central Honshu, Japan, 9-IV-1975, Y. IMuRA leg ;
1 (for SEM), southern slope of Mt. 0gura-yama near NikkO City, Tochigi Prefec-
ture, central Honshu, Japan, 11-III-1973, Y. IMuRA leg ; l (for DNA analysis), be-

Fig. 32. Map showing the distributional range of Spinulati (S) and Lepidospinulati nov. (L)
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tween Nenoue-kogen and Agi in Nakatsugawa City, Gifu Prefecture, central Honshu,
Japan, 10-X-1997, 0. ToMrNAGA leg; 1 (idem), Hiraizumi-cho, Iwate Prefecture,
northern Honshu, Japan,22-XI- l996, 0. ToMINAGA leg;1 (idem), Komagane City,
Nagano Prefecture, central Honshu, Japan, 24-XII- l996, 0. ToMINAGA leg.
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要 約

并村有希・ 金 衝i中・ 蘇 智意・ 大i畢省= : 形態と分子系統に基づくォサムシ亜族の上位分
類体系構築の試み一とくにトゲオサムシ, マー クオサムシおよびアキタクロナガオサムシ各亜
属の系統学的位置について. - オサムシ亜族 ( = 広義のオサムシ属)  を構成する8 亜辞

(IMuRA, 1996) のそれぞれから抽出した, 計45種のオサムシを用いて,  ミ トコンドリアのND5
遺伝子解析に基づく分子系統樹を作成し, 上位分類体系の再検討を行った. 分子系統は,
IMuRAの形態学的分類におおむね一致しているが, 各亜群はほぼ同時期に分岐, 放散している
ので, それぞれを等価な群と認めてよく,  さらに上位のレベルでこれらを真正オサムシと多条
オサムシの2辞にグルー ピングする必要はなさそうである. 唯一の例外は,  トゲオサムシ(亜) 群
Spinulatiである. 同辞は, (f 交尾器内袋基部に基練と呼ばれる硬化片を有する点を最大の特徴
とし,  これまでトゲオサムシ, マークオサムシ, アキタクロナガオサムシの3亜属がここに含
められてきた.  しかしながら, マークオサムシとァキタクロナガオサムシの両亜属は, 分子系

統樹において,  トゲオサムシ亜属とは異なる, 独立したクラスター を形成し, 走査型電子顕微,
鏡を用いた基棘表面の微細構造の観察などから, 形態学的にも両者はかなり異なっていること

が明らかになった.  これらの3 亜属が共有する固有子孫形質と考えられてきた “基棘” は, ふ
たっの異なる系列において, それぞれ独白の発達を遂げた器官なのであろう.  したがって, マ
クオサムシ, アキタクロナガオサムシの両亜属にみられる内袋基部硬化片を, その特徴的な
表画構造にちなんで, 棘1epidospinulaと名づけ,  これらふたっの亜属により構成される新し
い上位分類単位, Lepidospinulati nov. (マー クオサムシ詳) を設立した.
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