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Abstract Phylogenetic trees have been constructed from the mitochondrial
NADH dehydrogenase subunit 5 (NDS) gene sequences of 13 species (27 specimens) of
Carabus (Apotomopterus) with C. (Limnocarabus) clathratus and C. (L.) maacki as out-
group. The NDS5 trees indicate that there are three main lineages. One of the species, C.
(A.) sauteri, is morphologically divided into several subspecies by slight differences. Seven
specimens of four sauteri subspecies from various localities in mainland China and Taiwan
have been classified by the ND5 gene sequences into three clades with their ancient separa-
tion ca. 22 MYA. Carabus (A.) hupeensis, which shows considerable morphological differ-
ence from C. (4.) sauteri, branched off from one of the sauteri stems.

Introduction

The subgenus Apotomopterus of the genus Carabus (s. lat.) comprises nearly 100
species distributed in China and the adjacent regions including Taiwan. In the previous
paper (IMURA et al., 1998), a phylogenetic tree of the NADH dehydrogenase subunit 5
(NDS5) gene sequences from 9 taxa of the subgenus Apotomopterus was reported. In
the present study, revised phylogenetic trees have been constructed by adding 10 taxa,
using two Limnocarabus sequences as outgroup. Based on the trees, evolutionary his-
tory and diversification pattern within the subgenus Apotomopterus are discussed.

Materials and Methods

The species analysed for the ND5 gene sequences including the previously re-
ported ones (IMURA et al., 1998) are listed in Table 1. For the analytical methods and
construction of the phylogenetic trees, see Su et al. (1996, 1998) and KiM, ZHOU et al.
(1999). Using the neighbor-joining (NJ) method (Saitou & NEI, 1987) and unweighted
pair-group method with arithmetic mean (UPGMA) (KUMAR et al., 1993), the phyloge-
netic trees were constructed using the sequences containing a 1069 bp 3'-region of the
ND5 gene of 19 taxa of the subgenus Apofomopterus. Bootstrap analysis was per-
formed for the trees based on 500 resamplings (FELSENSTEIN, 1985). The evolutionary
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distances (D) were computed by KIMURA’s two-parameter method (KiMURA, 1980). For
setting the time scale, a 0.01 D unit corresponding to 3.6 million years (MYR) was
used (Su et al., 1999).

Results and Discussion

Origin and Phylogeny.

Apotomopterus is the sole subgenus in the division Spinulati of the grand genus
Carabus, and its members constitute a well-defined monophyletic cluster on the ND5
phylogenetic trees (IMURA et al., 1998). The present phylogenetic trees indicate that
there are three main lineages of the Apotomopterus species that have been examined
(Fig. 1). The first lineage includes C. (4.) kouichii from North Vietnam, C. (4.) sauteri
and C. (4.) hupeensis from the Chinese Continent and Taiwan. Carabus (A.) kouichii
and C. (4.) sauteri separated long time ago [ca. 32 million years ago (MYA)]. Follow-
ing this, three C. (4.) sauteri sublineages diverged at about the same time ca. 22 MYA.
One of them containing C. (4.) s. dayaoshanicus and C. (4.) s. ssp. also includes five
specimens of C. (4.) hupeensis, indicating that C. (4.) hupeensis from various locali-
ties branched off from one of the sauteri stems. The second lineage contains C. (4.)
tonkinensis from North Vietnam and C. (4.) toulgoeti, C. (4.) delavayi, and C. (4.)
tuxeni from Central and South China. Carabus (A4.) toulgoeti and C. (4.) ton-
kinensis /| C. (A.) tuxeni/ C. (A.) delavayi separated ca. 25 MYA, followed by diversifi-
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cation of the latter three species ca. 14 MYA. The third lineage consists of C. (4.) cler-
montianus from North Vietnam, and C. (4.) cyanipennis ssp., C. (4.) iris, C. (4.) sp.
(allied to C. breuningianus; IMURA et al., 1999), C. (A.) arrowi, C. (4.) laoshanicus
liaorum and C. (A.) I. laoshanicus from Central and South China. Carabus (A.) cler-
montianus and C. (4.) sp. separated from a common ancestor ca. 26 MYA, and the re-
maining species diverged ca. 18 MYA into two sublineages, i.e., C. (4.) cyani-
pennis/ C. (A.) laoshanicus liaorum/ C. (A.) I. laoshanicus and C. (A.) arrowi/ C. (4.)
iris. Further diversification into three and two descendant species took place within the
respective sublineages less than 5 MYA.

The origin of Apotomopterus is old and can be traced back to the time of the ex-
plosive radiation of the Carabina 50-40 MYA (see Su et al., 1999). Thus, 4Apoto-
mopterus may be considered as one of the groups originated upon the radiation.
Shortly after the radiation, three lineages shown in Fig. 1 and discussed above diverged
almost simultaneously presumably somewhere in the southeastern region of the Chi-

Fig. 1 (on pp. 644-645). Phylogenetic trees of the mitochondrial ND5 gene (1,069 bp upstream from 3’
terminal stop codon) from the Apotomopterus species. The UPGMA tree (A) and the NJ tree (B). The
bootstrap confidence level (%) (based on 500 resamplings) is shown at each branching point. Distance
(D) denotes KIMURA’s two-parameter evolutionary distance (KiMura, 1980). The sequences of the
specimens 8-10, and those of 19 and 20 were identical, respectively.
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Fig. 2. Map showing the collecting sites of the Apotomopterus species used in this study. Numerals
correspond to those shown in Table 1 and Fig. 1. @, lineage 1; A, lineage 2; M, lineage 3.

nese Continent (see fig. 32 of IMURA et al., 1998). Figure 2 and the ND5 trees indicate
that the distribution ranges of the three lineages are wide and overlap considerably. No
definite distribution boundaries between them can be drawn, This suggests that the
Apotomopterus ancestor was divided into at least three isolates upon geographic
changes of the continent ca. 37 MYA. Then each isolate expanded its distribution to
occupy the present habitat.

Pattern of morphological evolution.

Four sauteri subspecies, dayaoshanicus, yunkaicus, sauteri and ssp. (population
from Mt. Jinggang Shan) differ only slightly from one another, even though they have
been classified as subspecies within the same species (IMURA, 1994, 1995 & 1999).
However, their separation occurred long time ago, ca. 22 MYA (Fig. 1). Carabus (4.)
clermontianus and C. (A.) sp. are also similar in morphology, but they show a remote
phylogenetic relationship, separated ca. 26 MYA. Thus, even if more than two taxa are
treated as the same or allied species because of similar morphology, their time of di-
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vergence is not necessarily recent. Such a “silent morphological evolution” can be rec-
ognized in other carabids such as Damaster blaptoides, Phricocarabus glabratus, To-
mocarabus spp., etc. (Su et al., 1999).

As noted above, C. (4.) hupeensis split from one of the C. (4.) sauteri stems in-
cluding C. (4.) s. dayaoshanicus and C. (4.) s. ssp. This suggests that C. (4.) hupeen-
sis emerged with a considerable morphological change from C. (4.) sauteri whose
morphology has remained almost unchanged for a long time. The speciation of this
type resembles the branching of C. (Euleptocarabus) porrecticollis from the C. (Lim-
nocarabus) clathratus stem (IMURA et al., 1998; KiM, Su et al., 1999; Su et al., 1999).
The difference in morphology between C. (4.) cyanipennis and C. (4.) laoshanicus,
and between C. (4.) arrowi and C. (4.) iris are considerable, and yet their diversifica-
tion occurred recently. Thus, evolution of Apotomopterus has been brought about by
having a silent phase and a phase accompanied by a considerable morphological
change, as has been widely recognized in the other carabid groups (Su et al., 1999)
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e ARTCIAE) & C (4.) clermontianus & FEARTZIEIZ 72052 & KTV 255, mtDNA 2 5 &
FIEFICH VEHICME L T B S EATRENT. —TF, C. (4.) sauteri D—DDFH 5 C. (4.)
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hupeensis D553 L TV 545, TOHEEL, RUHWIZTBERLINTIE A LR 5 2 sauteri 5,
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