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Abstract The tribe Platycerini is a small group in the family Lucanidae, which

is divided into three genera, Platycerus, Platyceroides and Platyceropsis (B:C:H=,

1946). We have analyzed the mitochondrial 16S rRNA and COI gene sequences of

approximately 300 specimens consisting of 37 species of this tribe of the world. The

molecular genealogical trees suggest that the Platycerini is divided into two major

lineages, the Platyceropsis � Platyceroides lineage and the Platycerus lineage, and the

branching point between these two is considerably deep. The Platycerus lineage is

further divided into four geographically linked lines, namely, the Japanese, North

American, West Eurasian, and East Eurasian sublineages. Based on the molecular

phylogenetical data, a probable evolutionary history of the platycerine lucanid beetles

is discussed.

Introduction

The tribe Platycerini MJAH6CI, 1842 (sensu B:C:H=, 1946) is a unique group of

lucanid beetles, characterized by small body usually less than 15 mm in length, short eye

canthus less than one-quarter of the eye, partially geniculate antennae, and arcuately

curved lateral margin of the pronotum (HDL9:C & L6LG:C8:, 1974). This tribe has

been considered to include three genera, namely, Platycerus G:D;;GDN, 1762, Platy-

ceropsis B:C:H=, 1946, and Platyceroides B:C:H=, 1946. Of these, the genus Platycerus

contains more than 40 species widely distributed in the Holarctic Region, and particu-

larly diversified in China and Japan where approximately 30 species have been recog-

nized, while the other two genera are endemic to western North America, containing

only a single (Platyceropsis) and seven (Platyceroides) species, respectively.

In this study, we have analyzed the mitochondrial gene sequences of 16S rRNA and
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Table 1. List of the specimens used in this study

No. Scientific name Locality
DDBJ Accession

No. (16S)

[Platyceroides]

1 Platyceropsis keeni (C6H:N, 1895) Curry Co., Oregon, NW. USA AB490781

[Platyceropsis]

2 Platyceroides aeneus (V6C DN@:, 1928) Del Norte Co., California, W. USA AB490780

[Platycerus]

Japanese lineage

3 P. acuticollis Y. KJGDH6L6, 1967 Hôshi, Gunma, C. Japan AB490400

4 P. albisomni KJ7DI6 et al., 2008 Mt. Gassan, Yamagata, NE.Japan AB490401

5 P. takakuwai FJ?>I6, 1987 Daibosatsu Mts., Yamanashi, C. Japan AB490406

6 P. viridicuprus KJ7DI6 et al., 2008 Mt. Hyôno-sen, Hyogo, SW. Japan AB490408

7 P. sue IBJG6, 2007 Ishizuchi Mts., Ehime, SW. Japan AB490407

8 P. sugitai O@J96 et FJ?>I6, 1987 Ishizuchi Mts., Ehime, SW. Japan AB490404

9 P. urushiyamai IBJG6, 2007 Kujû Mts., Oita, SW. Japan AB490409

10 P. akitaorum IBJG6, 2007 Odaigahara, Nara, SW. Japan AB490405

11 P. kawadai FJ?>I6 et I8=>@6L6, 1982 Misakubo, Shizuoka, C. Japan AB490403

12 P. delicatulus L:L>H, 1883 Asahi Mts., Yamagata, NE. Japan AB490402

North American lineage

13 P. oregonensis W:HILDD9, 1844 Santa Clara Co., California, W. USA AB490170

14 P. virescens (F67G>8>JH, 1775) Palos Forest Reserve, Chicago, NE. USA AB490171

West Eurasian lineage

15 P. caprea (D: G::G, 1774) near Mt. Grebeni, S. Uralskiy Mts., Russia AB490165

16 P. caraboides (L>CC:́, 1758) Dokutchaeva Vil., Kharkov, N. Ukraine AB490166

17 P. caraboides (L>CC:́, 1758) Fontainebleau, Paris, France AB490168

18 P. caraboides (L>CC:́, 1758) Banska-Bystrica, C. Slovakia AB490167

19 P. caraboides (L>CC:́, 1758) Zlata Idka, Kosice, E. Slovakia AB490169

20 P. caucasicus P6GGN, 1864 Mt. Lysaja, Krasnodar, NW. Caucasus, Russia AB490172

21 P. primigenius E. W:>H:, 1960 Mt. Azish-Tau, Krasnodar, NW. Caucasus, Russia AB490779

East Eurasian lineage

22 P. tangi IBJG6, 2008 Mt. Jiuding Shan, NC. Sichuan, SW. China AB490298

23 P. hiurai hiurai T6C>@69D et T676C6, 1997 Baoxing Xian, C. Sichuan, SW. China AB489987

24 P. tieguanzi IBJG6, 2007 Mt. Erlang Shan, C. Sichuan, SW. China AB490174

25 P. cyanidraconis IBJG6, 2008 Mt. Jiuding Shan, NC. Sichuan, SW. China AB490299

26 P. cupreimicans IBJG6, 2006 Yunling Mts., NW. Yunnan, SW. China AB489984

27 P. tabanai tabanai T6C>@69D et O@J96, 1994 Qinling Mts., S. Shaanxi, C. China AB489982

28 P. dundai IBJG6 et B6GIDADOO>, 1994 Hailuo Gou Valley, C. Sichuan, SW. China AB489983

29 P. ladyae IBJG6, 2005 Mt. Erlang Shan, C. Sichuan, SW. China AB490301

30 P. feminatus T6C>@69D et T676C6, 1997 Meigu Xian, SC. Sichuan, SW. China AB490696

31 P. feminatus T6C>@69D et T676C6, 1997 Heizhu Gou, SC. Sichuan, SW. China AB489986

32 P. hongwonpyoi hongwonpyoi IBJG6 et C=D:, 1989 Mt. Gaji-san, Gyeongsangnam-do, S. Korea AB490699

33 P. h. hongwonpyoi IBJG6 et C=D:, 1989 Mt. Jiri-san, Gyeongsangnam-do, S. Korea AB490698

34 P. h. hongwonpyoi IBJG6 et C=D:, 1989 Mt. Odae-san, Gangwon-do, S. Korea AB490700

35 P. h. shennongjianus IBJG6, 2008 Shennongjia, W. Hubei, C. China AB490704

36 P. h. qinlingensis IBJG6, 1993 Qinling Mts., S. Shaanxi, C. China AB489979

37 P. h. qinlingensis IBJG6, 1993 Ningshan Xian, S. Shaanxi, C. China AB489985

38 P. rugosus O@J96, 1997 Mt. Guangtou Shan, N. Chongqing, C. China AB489980

39 P. rugosus O@J96, 1997 Shennongjia, W. Hubei, C. China AB490703
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the cytochrome C oxidase subunit I (COI) of approximately 300 specimens consisting of

37 species of all the above three genera from various regions of the world. The examined

species consist of more than 70� of all the known species, and their localities cover most

of the overall distributional ranges of the tribe. On the molecular genealogical trees are

recognized two major lineages each corresponding to Platyceropsis plus Platyceroides

from western North America and Platycerus from the whole range of the Holarctic

Region. In the latter lineage are recognized four geographically linked phylogenetic

lines, namely, the Japanese, North American, West Eurasian, and East Eurasian

sublineages. No cross contaminations of any species within a given lineage to other

lineages have been found. Based on the results obtained, a probable evolutionary history

of the platycerine lucanid beetles is discussed.

Materials and Methods

Sampling

The specimens analyzed for mitochondrial 16S rRNA gene (512�514 bp) are listed

in Table 1, and the localities where the samples analyzed were collected are shown in

Figure 1. The representative species used in this study are shown in Figure 2. The gene

sequences of most species were also analyzed for mitochondrial COI (552 bp). The

scientific names used herein are according to those routinely adopted by the taxonomists

without considering any molecular data. To prevent DNA degradation, the beetles were

immediately killed in 95� ethanol and sorted in the same solution until use. Thorax

muscles from adult individuals were used for DNA extraction. For several examples

(some of the European and North American species and P. kitawakii from China), dried

specimens were used for DNA extraction.

Table 1. List of the specimens used in this study

No. Scientific name Locality
DDBJ Accession

No. (16S)

40 P. rugosus O@J96, 1997 Micang Shan Mts., NE. Sichuan, SW. China AB490701�490702

41 P. businskyi IBJG6, 1996 Ningshan Xian, S. Shaanxi, C. China AB489981

42 P. turnai sichuanus IBJG6, 2008 Wolong, C. Sichuan, SW. China AB490300

43 P. turnai turnai IBJG6, 2001 Shennongjia, W. Hubei, C. China AB490697

44 P. xiongmao IBJG6, 2008 Baoxing Xian, C. Sichuan, SW. China AB489988

45 P. consimilis phagophilus IBJG6, 2005 Micang Shan Mts., NE. Sichuan, SW. China AB490694

46 P. consimilis consimilis T6C>@69D et T676C6, 1998 Miyaluo, NC. Sichuan, SW. China AB490695

47 P. consimilis consimilis T6C>@69D et T676C6, 1998 Bipeng Gou, NC. Sichuan, SW. China AB490173

48 P. nagahatai IBJG6, 2008 Qinling Mts., S. Shaanxi, C. China AB490293

49 P. bashanicus IBJG6 et T6C>@69D, 1998 Guangtou Shan, N. Chongqing, C. China AB490296�490297

50 P. yeren IBJG6, 2008 Shennongjia, W. Hubei, C. China AB490294

51 P. kitawakii IBJG6 et T6C>@69D, 1998 Daba Shan Mts., N. Chongqing, C. China AB490295

�Numerals correspond to those shown in Figs. 1�3.
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Fig. 2. Habitus of the representative species of the tribe Platycerini. Numerals correspond to those

used in Figs. 1, 3, and Tab.1. Left � male; right � female. Identification of Specimen No. 2

(Platyceroides aeneus) is tentative, since we were unable to make a direct comparative study

between the type specimen.
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DNA extraction, amplification (PCR) and sequencing

Total DNA was prepared using DNA Extraction FM Kit (Wako, Osaka, Japan).

DNA for each specimen was finally dissolved in 12 ml reaction system, and ca. 50 ng of

solution was used as template for amplification of DNA fragments by polymerase chain

reaction (PCR). The fragment of the mitochondrial 16S rRNA DNA containing 512�
514 bp 3�-region was amplified using a primer pair (forward 5�-A ATG ATT TTT AGG

ATT GGA AGT GTC-3�; reverse 5�TTT AAT CCA ACA TCG AGG TCG-3�).

Direct sequencing was performed with Big Dye Terminator v1.1 Cycle Sequence Kit

(ABI, Foster, CA)� The following primers were used for amplification of the COI gene

(552 bp): LCO1490 and HCO2198 (H:7:GI et al., 2003). Details for the PCR

amplification and direct sequencing methods were described in a series of papers on the

phylogenetic studies of carabid beetles (e.g., SJ et al., 2005)�

Phylogenetic analyses

The 16S rRNA gene region (512�514 bp upstream from the 3�-terminal), and the

COI gene region (552 bp upstream from the 3�-terminal stop codon) were used for

phylogenetic analyses. Sequence alignments were carried out using the multiple align-

ment program MEGA 4.0. The following analyses were made: neighbor-joining (NJ)

(S6>IDJ & N:>, 1987), unweighted pair-group method with arithmetic mean (SD@6A &

M>8=:C:G, 1958) and maximum parsimony (MP) (F6GG>H, 1970). Construction of

the NJ- and UPGMA trees was made using evolutionary distance (D) computed by

K>BJG6’s two-parameter method (K>BJG6, 1980). A heuristic search to determine

the MP tree was performed using tree-bisection-reconnection (TBR) branch-swapping.

The string tree was obtained via stepwise addition. All the trees were evaluated using

the bootstrap test (F:AH:CHI:>C, 1985) based on 1,000 replicates. The 16S rRNA tree

and the COI tree were outgroup-rooted using the gene sequences of six lucanid species

and two lucanid species, respectively, taken from the database of the DDBJ. The

nucleotide sequence data reported in this paper appear in the DDBJ, EMBL, and

GenBank nucleotide sequence database (Table 1).

Results

The number of insertion-delition of the 16S rRNA was 0 to16 (three in average) in

pairwise sequence comparisons between two species. The G�C contents were nearly

constant (22.3�1.1� for the 16S rRNA gene and 33.3�1.5� for the COI gene). The

16S rRNA tree showed essentially the same topology with the COI tree. Some minor

di#erences between the 16S and COI trees were found in the branching order within

some subclusters. Since this did not a#ect the main conclusion and discussion, the 16S

rRNA tree was mainly used in the following results and discussions.
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Molecular phylogeny of Platycerini based on the 16S rRNA gene sequences

Figure 3 shows the NJ-phylogenetic tree of the three genera treated in this study,

together with six representative species of other genera belonging to the family Lucani-

dae as the outgroup. From the tree were recognized two major lineages, the Platycerop-

sis � Platyceroides lineage and the Platycerus lineage. The branching point between these

two lineages was considerably deep. Their di#erentiation seems to have taken place long

ago, and would have been traced back to almost the same period of di#erentiation of

several other major genera belonging to the family Lucanidae, e.g., Dorcus, Lucanus and

Prismognathus, etc. On the tree, the Platycerus lineage was further divided into four

sublineages.

The Platyceropsis � Platyceroides lineage

This lineage contained two North American genera, and was divided into two

branches, each composed of Platyceropsis keeni C6H:N, 1895, from Oregon of north-

western USA, which is a single component of the genus Platyceropsis, and Platyceroides

aeneus V6C DN@:, 1928, from California of western USA, which is one of the seven

species belonging to the genus Platyceroides. The branching point between the two

branches was very deep, which means that their di#erentiation have taken place long

ago.

The Platycerus lineage

All the species in this lineage belong to the genus Platycerus, and was radiated into

four sublineages within relatively short time. It is worth noting that each sublineage was

apparently linked with the geography. The precise branching order among the subline-

ages could not be determined presumably because of their almost simultaneous emer-

gence, though the diversification of the Japanese species seems to have taken place a little

earlier than that of the species distributed in other regions. This was suggested from

both the 16S rRNA and COI trees.

The first sublineage was represented by the species distributed in Japan alone, and

we call it the Japanese sublineage. Only selected examples were included in this tree

among much more specimens analyzed, including all the species and subspecies distrib-

uted in Japan. This sublineage was further divided into two clusters; one was composed

of P. acuticollis and its allied species, and the other was composed of all the remaining

species containing both the species-group of P. sugitai and the P. delicatulus-complex. In

the latter cluster, greater parts of the species were di#erentiated within very short time,

and the result of the present phylogenetic analysis did not reflect the morphological

classification.

The second one, called the North American sublineage, was composed of two out

of four North American species, P. oregonensis and P. virescens. The former is from

California of western USA and the latter is from Chicago of northeastern USA.

The third sublineage consisted of four out of nine �according to B6GIDADOO> &

SEG:8=:G-U:7:GH6M, 2006� species distributed in the western part of the Eurasian
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Continent, and we call it the West Eurasian sublineage. This sublineage was further

subdivided into two clusters. One cluster included two species, P. caraboides from

Slovakia, Ukraine and France, and P. caprea from Russia. Another cluster included the

two species, P. primigenius and P. caucasicus, both from Caucasus.

The fourth one, here called the East Eurasian sublineage, consisted of all the known

species from the eastern part of the Eurasian Continent, and was further divided into

Fig. 3 Neighbor-joining (NJ) phylogenetic tree of the Platycerini of the world constructed from

mitochondrial 16S rRNA gene sequences. Numerals at each branching point indicate bootstrap

percentage. Those shown after the scientific names correspond to those used in Figs. 1, 2, and

Table 1. The species currently regarded as belonging to the P. acuticollis-complex (bearing sharply

pointed pronotal hind angles) are boxed in gray shadow. Scale bar represents K>BJG6’s 2-

parameter evolutionary distance.
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four clusters. The first cluster consisted of four species from central Sichuan of

Southwest China. Externally, all the species belonging to this cluster are characterized

by small male mandibles and characteristically shaped endophallus of the male genital

organ. It is interesting that P. hiurai belonged to this cluster. This species is peculiar in

having entirely black legs and can be distinguished from any of other East Eurasian

species at a glance. The second cluster contained five species mainly distributed in the

southwestern part of the distributional range of the genus Platycerus in China. It is

remarkable that P. tabanai of southern Shaanxi belonged to this lineage. This species

bears sharply pointed hind angles of the pronotum, and has been regarded, together with

P. hongwonpyoi and P. rugosus, as belonging to the P. acuticollis-complex. The third

cluster contained two species from Korea and China, namely, P. hongwonpyoi distrib-

uted from the Korean Peninsula to Central China and P. rugosus which are distributed

from western Hubei to northeastern Sichuan of Central China. Both of these species are

characterized by having sharply pointed hind angles of the pronotum, and, as mentioned

above, have been regarded as belonging to the P. acuticollis-complex to which all the

Japanese species with pointed pronotal hind angles also belong. The fourth cluster was

represented by eight species from western Hubei to central Sichuan of China. Of these,

P. businskyi from southern Shaanxi, P. turnai from western Hubei and central Sichuan,

and P. kitawakii from northern Chongqing are unique in having peculiarly shaped male

genital organ, and readily distinguished from each other. All the remaining five species

belong to the species-group of P. bashanicus, which are characterized by small mandibles

and uniquely featured male genital organ.

Discussion

Morphologically, the two North American genera, Platyceropsis and Platyceroides,

have been placed, together with the Holarctic genus Platycerus, in a single tribe

Platycerini (B:C:H=, 1946). However, the present genealogical tree shows that they are

phylogenetically remote from each other. The genus Platyceropsis is monotypical,

represented by a flightless species, P. keeni, distributed from British Columbia to

northern California along the Pacific coast (B:C:H=, 1946), where this species is found

under the decayed driftwood on sandy beach. The genus Platyceroides contains seven

species, the distributional range of which are from British Columbia to California

throughout the Cascade, Sierra Nevada, and the Coast Mountains. The male of this

genus is fully-winged and can fly, but the female is flightless (B:C:H=, 1946). Accord-

ing to Taro EA9G:9<: of New York (pers. comm.), they are found from relatively

matured mixed- or broadleaved forest and the larvae prefer to feed on white-rotten

branches. Since we have been unable to analyze any of the six other species of this

genus, discussion as to the phylogenetic relationship among them will have to be left

until these species become available for analyses. Very recently, P6JAH:C and H6L@H
(2008) established a new tribe, Platyceroidini for these two genera (type genus:

Platyceroides) mainly based on the peculiar morphological characters. The two Ameri-
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can authors’ view is questionable, because these two genera are phylogenetically quite

remote from each other. However, it is possible to regard these two higher taxa as two

subtribes of the tribe Platycerini.

On the mitochondrial 16S rRNA as well as the COI trees, all the species belonging

to the genus Platycerus consist of a single, distinct phylogenetic lineage which is

supported by a high bootstrap value of 99�. The most noticeable is that the Platycerus

lineage is di#erentiated into four geographically well-linked phylogenetic lines, namely,

the Japanese, North American, West Eurasian, and East Eurasian sublineages. This

genus has been currently classified into two species-complexes according to the shape of

hind angles of the pronotum; one is the P. delicatulus-complex with the hind angles of

the pronotum rounded, and the other is the P. acuticollis-complex with the same angles

sharply pointed. On the present 16S rRNA as well as the COI trees, however, the

morphology of pronotal hind angles and molecular phylogeny does not always run

parallel. For example, eight of the 10 Japanese species, all the European species, and

three of the 19 Chinese species are morphologically classified into the P. acuticollis-

complex, and yet they appear in three of the four di#erent sublineages on the molecular

genealogical trees (see gray-shaded parts in Figure 3). The species morphologically

classified into the P. delicatulus-complex also appear in three of the four di#erent

sublineages. All the North American species, two of the 10 Japanese species and a

greater part (16 of 19) of the Chinese species are of this type. So far as the morphology

of the pronotal hind angles is concerned, the two types of character states, namely, either

rounded or pointed, appear randomly in each sublineage, and therefore cannot be

regarded as synapomorphy. Rather, it should be regarded as homoplasy most probably

depending on the living environment, mating strategy, and ovipositional behavior of

each species.

To discuss about the origin and establishment of the present distributional ranges of

the platycerine lucanid beetles, the phylogenetic position and distributional range of the

two genera, Platyceropsis and Platyceroides, must be important. Both of them are

considered to be plesiomorphic in both the external and male genitalic morphologies,

and rather narrowly extant in the western part of North America. One possible scenario

on the origin and process of dispersal of the genus Platycerus as deduced from the 16S

rRNA (as well as COI) phylogenetic profile is that this genus emerged in North America

from the common ancestry of Platyceropsis and Platyceroides and expanded its distribu-

tional range to the Holarctic region. They radiated into four geographically liked

sublineages within a short time, although their branching order cannot be determined

with certainty. The speciation would have initiated shortly after establishment of each

sublineage. Above all, an explosive diversification of the species seems to have taken

place in the Chinese Continent. Our knowledge of the platycerine fauna of this region

is still insu$cient, and yet more than 20 species have been known up to the present

(including a new species described from Guizhou by IBJG6 in 2009). This situation is

comparable with the evolutionary history of the tribe Cychrini in the family Carabidae

(SJ, pers. comm.). As to the Chinese sublineage, we have already finished molecular
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and morphological analyses for all the known taxa, the details of which will be

introduced in our next paper.

Acknowledgements

We wish to express our deep gratitude to Dr. Syozo OH6L6 for giving invaluable

suggestion and critically reading the manuscript of this paper. Deep gratitude is due to

the following colleagues who kindly helped us in various ways: Katsumi A@>I6 (Tsu),

Luca B6GIDADOO> (Firenze), Igor A. B:ADJHDK (St. Petersburg), Taro EA9G:9<:
(New York), Ting F6C (Chengdu), Young-Chul J6C< (Seoul), Shinya K6L6> (To-

kyo), Munetoshi M6GJN6B6 (Kyushu University), Matt J. P6JAH:C (Nebraska),

Zhi-Hui SJ (JT Biohistory Research Hall, Takatsuki) Motohiko T6C>@69D (Osaka),

Jaroslav TJGC6 (Czech Republic), Kazuo UB:OJ (Yamagata University), Seiichi

UGJH=>N6B6 (Tokyo), Shigeru Y6B6<J8=> (Tokyo), and Kentaro Y6B6O6@> (Ya-

magata University).

� �

��������	
 ������ 16S rRNA��� COI����������� !"
�#�$%&'(�)*+,-. �� #�$%&'( Platycerini/#�$%&'0 Platycerus,

123#�$%&'0 Platyceropsis, 45#�$%&'0 Platyceroides� 306�789:;<
=. >?@A/B !"CD��EFG B H(�9:I� 7JKL6MNO=P 37IB Q 300R
S6TU8B ������ 16S rRNA��� COI��������VWXG8Y�)*ZV
[\GB ]^V_`a . b�cdB 123#�$%&'0�45#�$%&'0�ef+#�
$%&'0+�Yg/h_B b�ij/$%&'13k�l�mno0pY-G ij6qAr
st=u+pvwG . xyB !"�#�$%&'0/Yz{+|}6~�G 4)* ��>)B
��)B ����3�)B ����3�)� 6Y�<B u<qA0��)*V��=LA��;
<8� ���������/B Y�)*+/�~�6C)*6���16��O=u+pvw
G . >0/�b�_B ����6�U8123#�$%&'0�45#�$%&'0+� �
¡¢I��Y-GB £¤¥¦§6¨�©ª+YzV«¬B �� 4mnYz{6�U8IY-V
®uG ¯�A°±t+²a�<=.

References

B6GIDADOO>, L., & E. SEG:8=:G-U:7:GH6M, 2006. Family Lucanidae L6IG:>AA:, 1804. In LD̈7A, I., & A.

SB:I6C6 (eds.), Catalogue of Palaearctic Coleoptera, Vol. III, Scarabaeoides � Scirtoidea � Dascilloidea �
Buprestoidea � Byrrhoidea: 63�77.

B:C:H=, B., 1946. A systematic revision of the Holarctic genus Platycerus G:D;;GDN (Coleoptera: Lucani-

dae). Trans. Am. ent. Soc., 63: 139�203.

F6GG>H, J. M., 1970. Methods for computing W6<C:G trees. Syst. Zool., 19: 83�92.

F:AH:CHI:>C, J., 1985. Confidence limits on phylognetics: an approach using bootstrap. Evolution, 39: 783�
791.

Phylogeny and Evolution of the Tribe Platycerini of the World 271



H:7:GI, P. D. N., A, CNL>CH@6, S. L. B6AA & J. R. 9:W66G9, 2003. Biological identifications through

DNA barcoding. Proc. r. Soc. Lond., (B), 270: 313�321.

HDL9:C, H. F., & J. F. L6LG:C8:, 1974. The new world Aesalinae, with notes on the North American

lucanid subfamilies (Coleoptera, Lucanidae). Canad. J. Zool., 52: 1505�1510.

K>BJG6, M., 1980. A simple method for estimating evolutionary rate of base substitutions through

comparative studies of nucleotide sequences. J. mol. Evol., 16: 111�120.

P6JAH:C, M. J., & D. C. H6L@H, 2008. Platyceroidini, a new tribe of North American stag beetles

(Coleoptera: Lucanidae: Lucaninae). Insecta Mundi, Gainesville, (58): 1�2.

IBJG6, 2009. Discovery of the genus Platycerus (Coleoptera, Lucanidae) from Guizhou Province, South

China. Elytra, Tokyo, 37:77�81.

S6>IDJ, N., & M. N:>, 1987. The neighbor-joining method: a new method for reconstructing phylogenetic

trees. Mol. Biol. Evol, 4: 406�425.

SD@6A, R. R., & C. D. M>8=:C:G, 1958. A statistical method for evaluating systematic relationship. Univ.

Kans. Sci. Bull., 28: 1409�1438.

SJ, Z.-H., Y. IBJG6 & S. OH6L6, 2005. Evolutionary history of Calosomina ground beetles (Coleoptera,

Carabidae, Carabinae) of the world as deduced from sequence comparisons of the mitochondrial ND5

gene. Gene, 360: 140�150.

Elytra, Tokyo, 37(2): 272�274, November 14, 2009

Food Plants of a Supralittoral Hydrophilid Beetle,

Cercyon (Cercyon) dux (Coleoptera, Hydrophilidae)

Norio KOBAYASHI

The Hokkaido University Museum, Hokkaido University,

N10 W8, Sapporo, 060�0810 Japan

Cercyon (Cercyon) dux S=6GE, 1873 is a supralittoral Hydrophilid beetle that is widely

distributed along the shorelines from the southern Kuril Isls. to Kyushu Is., and it is commonly

present along the cobble and shingle beaches of Japan (O«=6G6 & J>6, 2006; S6ID̂, 1981, 1989;

S=6GE, 1873; S=6IGDKH@>N, 1989, 1992). Its adults feed on detritus such as seaweeds and sea

grasses that drift ashore (H6CH:C, 1999; O«=6G6 & J>6, 2006). However, it is still poorly known

for the food plant utilization of C. (C.) dux to each seaweed and sea grass, although they would

be frequently observed under the decomposed sea tangle more than the other seaweeds and sea

grass in field condition (O«=6G6 & KD76N6H=>, personal observations). In this paper, I examine

the food acceptance tests of C. (C.) dux for the commonly observed seaweeds (sea tangle, sea
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lettuce, and gulfweed) and sea grass (tape grass) along the seaside shorelines of Hokkaido.

Materials and Methods

Non-choice feeding tests were carried out to detect the acceptability for seaweeds and sea

grass. A total of 31 adult individuals of Cercyon (Cercyon) dux were sampled from four localities

in Hokkaido as follows: Onishika, Obira, Rumoi (N 44�03�14�, E 141�39�14�, 4 indiv.); Bikuni,

Furubira (N 43�17�44�, E 140�36�47�, 8 indiv.); Nishikioka, Tomakomai (N 42�35�20�,
E 141�27�09�, 3 indiv.); Ayoro cape, Noboribetsu (N 42�27�11�, E 141�12�21�, 16 indiv.). In

this experiment, three species of seaweeds, sea lettuce (Ulvaceae: Ulva sp.), gulfweed (Sargas-

saceae: Sargassum sp.), sea tangle (Laminariaceae: Laminaria sp.), and one species of sea grass,

tape grass (Zosteraceae: Phyllospadix sp.) were examined because these four plant species are

commonly found along the beaches of Hokkaido. All plant species were sampled from Shioya,

Otaru (N 43�12�54�, E 140�55�16�). Seven to nine individuals were tested for each plant

species.

Pieces of plants (about 0.1 g) were each placed in a transparent polystyrene case (65�55�
20 mm), the bottom of which was covered with moist filter paper soaked in marine water. A

beetle was released into the case and was allowed to feed on one of four plant species during 48

hours. Prior to the examination, beetles were settled on starvation for 48 hours. The experiments

were performed at 20� in dark conditions. Since it is impossible to assess the amount of the

feeding trace, I checked the acceptance of each plant by the number of beetles’ fecal pellets after

48 hours. I pooled the data of di#erent sex and di#erent locality samples, because each sample size

is very small. I examined the number of fecal pellets among the treatments using ANOVA. And,

for pair-wise comparison between treatments, I used the Turkey-Krammer method.

Results and Discussion

Observed numbers of fecal pellets of Cercyon (Cercyon) dux among treatments were di#erent

in food acceptance tests (F�29.834, d.f.�3, p�0.0001, one-way ANOVA). And, in pair-wise

comparisons, the number of fecal pellets of C. (C.) dux between treatments was significantly

di#erent, except for that between Sargassum sp. and Laminaria sp. (Table 1).

Fecal pellets of C. (C.) dux were observed in the seaweeds treatments, but they were not

observed in the sea grass� (Phyllospadix sp.) treatment. Adults of C. (C.) dux would not use

Table 1. Number of fecal pellets of adult individuals of Cercyon (Cercyon) dux for four plant species

during 48 hours in non-choice feeding test.

Plant species (N)
Number of fecal pellets

in each beetle
Mean	SD

Ulva sp. (Ulvaceae) (8) 10, 10, 9, 11, 6, 9, 18, 12 10.63	3.46a

Sargassum sp. (Sargassaceae) (7) 2, 8, 8, 6, 3, 2, 3 4.57	2.70b

Laminaria sp. (Laminariaceae) (7) 6, 4, 5, 7, 3, 8, 6 5.57	1.72b

Phyllospadix sp. (Zosteraceae) (9) 0, 0, 0, 0, 0, 0, 0, 0, 0 0	0c

N means the examined number of beetles. Values with di#erent letters are significantly di#erent

(Turkey-Krammer method, P�0.01).
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Phyllospadix sp. as their food plants. In the comparisons of three species of seaweed, the average

number of fecal pellets for Ulva sp. was significantly higher than those for the rest. The present

study suggests that Ulva sp. presents a suitable food plant for C. (C.) dux, more than Sargassum

sp. or Laminaria sp. Surprisingly, this result is not consistent with the abundance of C. (C.) dux

in the field observation. As mentioned above, adults of this species frequently occur under

Laminaria sp. more than other seaweeds. Although this inconsistency has not been satisfactorily

clarified yet, some other factors could be also influential for the food selection of C. (C.) dux in

field conditions, for example, richness of seaweeds at the shoreline, degree of decomposition of

seaweeds, etc. Further examinations are highly required.
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