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Abstract

A total number of 6 genera, 67 species and 8 subspecies of the BaCrisocenus  complex or

the f&h division of the subtribe  Batrisina occurring in Japan is revised.

Number of species and subspecies for each germs treated is as follows: 23 species

and 1 subspecies in Bakisoplisus  (includiug  18 new species and 1 new subspecies), 16

species and 1 subspecies in Batriscenellus  (including 11 new species and 1 new combi-

nation), 7 species and 2 subspecies in Bafriscenaufar(including  3 new species and 2

new subspecies), 3 species in Pf?vsomerinus  (including 1 new species and 1 new combi-

nation), 16 species and 3 subspecies in Arthromelodes (including 14 new species, 3 new

subspecies and 1 new combination) and 3 species in Batrisceniola  (1 new species and 1

new combination). The genus Pseudobafriscenus Jeanne1 is synonymized with Ar-

thromelodes. Descriptions of and keys to genera and species are presented and the

important characters are illustrated for all species. Biological informations are noted

for some species.

The characters and their polarities are discussed in detail from the view point of

phylogenetic systematics.  The dimorphisms of the wings and the male genitalia are

noticed for the fast time in this group on 13 and 6 species respectively.

* Contribution from the Entomological Laboratory, Faculty of Agriculture, Kyushu University,

Fukuoka (Ser. 4, No. 26).
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L LNTRODUCDON

The pselaphid beetles occur in leaf litter, rotten logs, and other habitats which contain decaying
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organic matter. Most species may be predators and some are known to be myrmecophilous. They are

important not only as a component of the soil ecosystem as predators, but also as indicator species of the

soil environment. This famiIy is worldwide in distribution and greatly diversified in the tropics. Japanese

fauna of the Pselaphidae contains about 170 species so far recorded, but no less than one thousand species

could be estimated actually living in Japan upon my collecting data. Present paper is a first part of my

study on Japanese pselaphids, containing the comparative morphology, phylogeny and systematics  of the

genus Barrisoplisus and its allies.

Jeanne1 (19X$1959)  divided the subtribe Batrisina belonging to the subfamily Batrisinae in the famiIy

Pselaphidae into five divisions; his fifth division is clearly defined group including 20 genera and 283

species ah over the world. I called this division “the Batrisocenus complex” ( = BC) in the present study

after a representative germs of this group widely used since Raffray (1903),  etc. The genera and numbers

of species included in this group from the world are enumerated as follows after Lob1 (pers. comm.)  and

Newton & Chandler (1989),  with these on record from Japan are added in parentheses.

The Batrisocznus  complex

1 Genus Batrisoplisus Raffray, 1908

2 Genus Batrisocenus Raffray, 1903

3 Genus Batriscenirms  Jearmel, 1952

4 Genus Batriscenellus  Jeannel, 1958

Subgenus BatriscenelZus  s. str.

Subgenus Scaioscenellus JeanneI,  1958

5 Genus Seydelies Jeannel, 1951

6 Genus Arthromelus Jeanne&  1949

Subgenus Arthromelus  s. str.

Subgenus Scaiomelus JeanneI,  1951

Subgenus Euthiomelus JeanneI,  1957

7 Genus BattisieUa  Raffray, 1904

8 Genus Cratna  Raffray, 1890
9 Genus Physomerinus  Jeannel, 1952

10 Genus BatriscenaulaxJeannel,  1958

11 Genus Arthromelodes  Jeannel, 1953

12 Genus Pseudobatriscenus  JeanneI,  1958

l3 Genus Batriscenodes JeanneI,  1952

14 Genus Batristhenes JeanneI,  1960

15 Genus Plocamarthrus  Jeannel, 1960

16 Genus Trisiniotus  Jeannel, 1960

17 Genus Triisnarlhrus  Jeannel, 1960

18 Genus Batrikceniola  Jearmel, 1958

19 Genus Eubatrisus Raffray, 1890

20 Genus Batriscenites Jeannel, 1952

5 (5) SPP.

92 (0) SPP.

5 (0) SPP.

4 (4) SPP.

7 (0) SPP.
110 (0) spp.

15 (2) SPP-

13 (0) SPP.

9 (1) SPP.

4 (4) SPP.

2 (1) SPP.

l(1) sP*

5 (0) SPP.

2 (0) SPP.

4 (0) SPP.

l(0) sp.

l(0) sp.

l(1) sp.

l(0) sp,

l(0) sp.

These species are mainly distributed in Oriental and Ethiopian regions. From Japan, 8 genera, 20
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species and 1 subspecies were described by Sharp (1874,1883),  Weise (1877), Raffray (1909,1911),

Kubota (1943),  Jeanne1 (1958) and Lob1 (1973). These genera are, however, necessary to be redefined,

because every genus was almost defined only by the sexual character of the male which is inappropriate

for the generic taxonomy in my opinion, causing impossibility for the identilication  of the females.

Many species of the BC are inhabitants in the litter of the forest floor; the others inhabit under bark

of the rotten wood, in the sandy soil of the riverside or in the litter of the grassland. No symbionts of the

ants, wasps or termites, and no cavemicolous species have been known in this group.

The morphological studies of the adult pselaphids have been presented by Kliiger (1910),  Jeanne1

(1950, etc.) and Naomi (1985b,  etc.). Recently, the character evolution of the foveae of the thoracic ven-

trite is argued by Grigarick & Schuster (1980),  Carlton (1983) and Chandler (1988c); the internal process-

es of the abdominal integument were also documented by Ohishi (1986) in detail. But as for the BC, the

male genital structure was discussed only by Jeanne1 (1951a).  Referring to the phylogenetic position of

the Pselaphidae in the superfamily Staphylinoidea, there is hot controversy by Lawrence & Newton (1982),

Thayer (1985),  Naomi (1985) and Newton & Thayer (1989). In the family Pselaphidae auct.,  the phyloge-

netic analyses have been made for the American genera of Euplectini by Grigarick & Schuster (1980),  for

seven species of Conopledus  of Euplectinae  by Carlton (1983), and for Near& ~findrarctus  and world

genera of Tychini by Chandler (1988a,  1988b).

This study treats first the comparative morphology and the polymorphism of the adult pselaphids.

Then, the phylogenetic relationship among the genera and species occurring in Japan are inferred mainly

on the characters of the external structures by the cladistic method. Furthermore, a total number of 67

species and 8 subspecies are newly described and redefined in 6 genera in this study, of which 47 species

and 7 subspecies are new to science, together with illustrations of the important characters and notes on

the biological informations.

IL MATERIALS AND MEMODS

1. Species Examined

In the course of this study, I have dissected and examined the following 72 species and 6 subspecies

including 8 exotic species (the latter localities are parenthesized in the list) of the BC, and about 20

species of the out-groups for the purpose of determining the polarity of the morphocline for the cladistic

analyses in addition.

A. The Batniocenus complex

The genus Batrisoplisus  Raffray: sagamianus sp. nov.; galloisi sp. nov.; sawadai sp. nov.; satsuma-

LIUS sp. nov.; subtilis sp. nov.; veoustus Jeannel; tenuiformis sp. nav.;  esakii sp. nav.; tosanus sp. nov.;

tanabei sp. nov.; okamotoisp. nov.; raffrayi  Jeannel; torticornis sp. nov.; tamino sp. nav.;  constrictus sp.

nav.;  monostatos sp. nov.; volucam’nsulanus  sp. nov.; uroceratus uroceratus sp. et subsp. nov.; u. brevis-

pinis  sp. et subsp. nov.; inermis sp. nov.; parallelus sp. nov.

The genus BatriscenellusJeannel:  The subgenus Batriscenelluss.  str.: japonicusjaponicus

(Sharp); j. vicarius  Lobl; punctatus sp. nov.; fallax(Sharp);  omogensis sp. nav.;  kujumontanus sp. nov.;
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fragilis (Sharp); noduliher  sp. nov.

The subgenus Nipponoscenellus nov.: transformis sp. nov.

The subgenus Scaioscenellus Jeannel: simihs (Sharp); shiranui sp. nov.; ohishii sp. nov.; insulicola

sp. nov.; orientalis (Lobl); pilosehus  sp. nov.; s&ii sp. nov.

The subgenus Batriscenellirms  nov.: uenoisp. nov.

The genus Physomennus  Jeannel: pedator (Sharp); s&e&ii@ (Raffray); hasegawai sp. nov.

The genus BatriscenaulaxJeannelz  modestus  (Sharp); longipes longipes Jeannel; 1. kumaso subsp.

nov.; 1. hayato subsp. nov.; furuhatai (Kubota); kleinzach sp. nov.; kunigamensis sp. nov.; nagensis sp.

nov.

The genus Arthromelodes Jeannel: cariei Jeanne1 (MADAGASCAR); punctifrons sp. nov.; gi-

ganteus sp. nov.; pilicollis sp. nov.; kiiensis sp. nav.; gyoja sp. nov.; thysanoventris sp. nov.; corniventris

sp. nov.; mercurius  sp. nov.; hikosanus sp. nov.; loebli sp. nov.; dilatatus daibosatsuanus subsp. nav.; d.

shiranemontanus  subsp. nov.; d. fujimontanus subsp. nov.; sinuatipes sp. nov.; aizuanus sp. nov.; saikaien-

sis sp. nov.; crucifer  sp. nov.

The genus Batrisceniola Jeannel: a!kimilis (Sharp); hiranoisp. nov.; senzpunctulata  (Raffray).

The genus Cratna Raffray: abdominalis Lob1 (TAIWAN); torticornis Raffray (MALAYSIA);

denticornis  Lob1 (SINGAPORE); 2 species undetermined (TAIWAN, N. SUMATRA).

The genus Ttisiniotus  Jeannel: 1 species undetermined (N. SUMATRA).
The genus Arthromelus Jeannel: Iabiatus Jeanne1 (BELGIAN CONGO).

The genus Seiderites Jeannek afBms  Leleup (COTE D’IVOIRE).

B. The out-groups

Batrisinae: Batrisoschema euplectiforme (Sharp); Cotyphomodes  spinicolhs  (Sharp); Mina elegans

Raffray; Batristilbus politus (Sharp); Tribasoditespicticornis Nomura;  Tribasodes longicornis (Sharp);

Basitrodes sp.; Batrisodes (Excavodes) dorsalis Jeannei;  Batrisodes? quinquesulcatus (Raffray); Batri-

sodellus  &or Tanabe & Nakane.

Goniacerinae: Barbiera sp.; Takaorites torticornis Jeannel; T. spp.; Nipponobythus  omissusL6bl;

N. spp.; Batraxis splendida Nomura; B. sp.; Bryaxis  spp.

Euplectinae: Euplectus sp.; Acetahus  dubius Sharp; Philoscotus spp.

2. Methods of Dissection and Observation

Most of the specimens examined were extracted from soil by using the Berlese funnel and by hand-

shifting methods; some specimens were captured by light trap. They were preserved in 70% ethanol.

They were dissected in glycerin or in 70% ethanol and were observed with both a stereoscopic micro-

scope under 10X to 80X magnification and a compound microscope under 100X  to 400X  magnification

according to sizes of the structures. Surface structures of the integument and the vestures are examined

in detail by a scanning electron microscope under 50X to 10000X magnilication.

3. Methods of Phylogenetic Reconstruction
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In the present study, phylogenetic relationships of the BC are documented in the chapter IV on the

basis of the general morphology argued in the chapter III. The methods of the cladistic analyses by

Hennig (1966) and Wiley (1981) were adopted in the course of this study in principle. For the purpose

of determining the polarity of the character transformation series, “out-group comparison” by Watrous &

Wheeler (1981) was adopted. Any phylogenetic character (autapomorphy and synapomorphy) used in

the cladistic analyses must be a result of the evolutionary event once occurred in the common ancestor

of the taxa. As the policy of this cladistic analyses, any apomorphic character of the atrophied or rudi-

mentary organs and the relative reduction in any quantity are omitted from the cladistic analysis in the

chapter IV. Such characters often tend to mislead us to incorrect phylogenetic system, because not only

each of them is easily occurred more than once in the course of the evolutionary process, but also it has

no identity as a single character state. The cladograms illustrated in this study have some polychoto-

mous branching points. These mean no phylogenetic event but the diapomorphic conditions derived

from a single plesiomorphic character state or the poor phylogenetic information in the group. The

apomorphic character unique to one species or subspecies is not treated in the clad&tic  study, but it is

important for determinin g the polarity of the character transformation series.

III.  GENERAL  MORPHOLOGY

The morphology of the Eatrisocenus  complex and the discussion on the phylogeny are treated in

this chapter. Each of the structures from head to abdomen and the setiferous structures is argued about

1) the general structure, 2) the variation within the group in question, 3) comparison to the out-groups

and 4) determination of the polarity and phylogenetic evaluation.

1. Head

1.1. Cranium

1.1.1. Structure of cranium (Figs. l-7)

The cranium is thick and ovoid to quadrangular in dorsal view, sloping from the frons to the clype-

us in anterodorsal part. Naomi (1987a) pointed out that the head sutures are almost lost in Pselaphidae;

even the gular sutures are reduced at the anterior part in the BC. Thus each part of the cranium called

clypeus, frons, vertex and gena in description is not demarcated by suture.

The clypeofrontal area is the anterior margin of the cranium including the sloping area, and is

arcuately expanded anteriorly and marginate in some species. The frons is highest at both sides and flat

or weakly concave in the median part with a pair of foveae at the bases of the antennae; there is a trans-

verse sulcus in the median part of the frons. The vertex is convex and has a pair of distinct foveae which

are identified with dorsal tentorial pits; between these foveae, there is usually a longitudinal ridge run-

ning from the middle of the frontal sulcus to the base of the occiput. The postgenae are short in general

and flat or weakly rounded in dorsal view. The occiput defined by the occipital constriction from the

gena is subcylindrical and bears a pair of posteriorly divergent sutures.
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The clypeus is strongly expanded anteriorly and the posterior part of the cranium from the frons to

the postgenae is short and transverse in Batriscerriola.  This character is useful to key out this genus from

the others, but it is observed in some out-groups (Takaorites, Nipponobythus:  Goniacerinae, Tanypleu-

rim).
The paired frontal foveae (Fig. 2B) are indistinct or absent in the most of the BC except for B&is

opfisus,  in which these foveae are distinctly observed. Although this distinct condition is unique for Ba-

trisoplisus in the BC, the polarity of this character cannot be determined by the following two reasons:

1) those foveae are very small structure, and poorly known in the out-groups, 2) whereas they are located

at the points where the anterior arms of the tentorium are attached to their internal surface in the other

staphylinoid groups, the anterior tentorial arms are not distinctly recognized in the BC. In short, the

frontal foveae may be the rudiment of certain primitive organ.

The frontal sulcus is variously modified in the BC; it is reverse U-shaped connecting the dorsal

tentorial pits in Batrisoplisus, reverse U-shaped and indistinct near the tentorial pits in Physomerinus

and Batriscenaulaxkleinzach,  horizontal to flatly V-shaped distant from the tentorial pits in some spe-

cies of Batrisceoaulax, Batriscenellus,Arthromelodesand  Batrisceniola, ClearlyinverseT-shapedin

Cratna. The last condition is unique and clearly autapomorphic for Cratna.

The vertex has a raised ridge in the most species of the BC as a fine structure, but it is completely

lost in Batriscenaulaxlongipes,  B. kleinzach  and Arthromelodesgiganteus. In Cratna abdominalis,  this

vertical ridge is replaced by the sulcus in its posterior l/3.

The cranium bears a pair of horns on both anterolateral sides exterior to the maxillae in Batrisopli-

sus (Fig. 2C). This characteristic horns are recognized as an autapomorphic character. This character

state is different from the similar structure occurred in Acetalius  dubius of Euplectinae by absence of

the dense setae on the horns (Fig. 2D).

The division V ( = BC) of the subtribe Batrisina was characterized by the short postgenae and the

elytron with two foveae. The short postgenae means the short distance between each eye and the occipi-

tal constriction. Such condition is generally occurred in the BC, but the long postgena is observed in a

few species of the BC, for example, Arthromefodes dilatatus. On the other hand, some species have

short postgenae in the out-groups of Batrisina. The short postgena is considered to be a secondary

reduction, and such character is inappropriate for the key character nor autapomorphy.

1.1.2. Gular area and tentorium

The anterior part of the gular area is reduced to a posteroventral fovea. The posterior part of the

gula is broadened posteriorly to form a triangular plate posterior to the occipital constriction. It is clear-

ly demarcated from the occiput by a pair of divergent gular sutures. The tentorium, namely the endo-

skeleton of the cranium, is V-shaped or inverse A-shaped in posterior view, which is derived from the

posterolateral foveae, and the dorsal tentorial arms reach pass dorsally to become attached to the inter-

nal surface of the vertical foveae, sometimes together with a thin transverse bridge at the basal part. The

anterior tentorial arms are not recognized. The structure and the shape of the gula and tentorium are
hardly varied among the genera and the species.

1.1.3. Postocciput and cervix

The postocciput is recognized behind the occiput and demarcated by the postoccipital suture. This
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plate is observed in some species of the BC as an indistinct ring-shaped sclerite (Fig. 2E). The cervix

between the postocciput and the pronotum is completely membranous and no cervical sclerite is

present. These characters are of little importance for the phylogenetic study.

1.1.4. Eyes

The compound eyes are each ovoid and convex, and composed of 10 to 40 semispherical facets in
the BC. Each eye of the male is a little larger in number of the facets than that of the female in general.

In the dimorphic species, the macropterous male has many facets than the apterous one in the Acetalilna

(Nomura, 1988a-c); but those are hardly different between the macropterous and the brachypterous

males in each species of the BC.

1.2. Appendages of the Head

The antennae and the mouthparts are treated in this chapter.

1.2.1. Antennae (Fig. 8)

The antennae are eleven-segmented in all species of the BC. The first antennal segment called the
scape is generally thicker than any segment of the flagellum; this segment is articulated with the cranium

at the ventral face of the excavation of anteroventral side, and is strongly curved anteriorly, subcylindri-

cal at the apical part and is excavated at apex. The second segment called the pedicel is articulated to

the first segment at its apical excavation, and is elongately ovoid to subcylindrical. The third to eighth

segments are each ovoid to subcylindrical conjointly forming the slender flagellum. The ninth to elev-

enth segments are thicker than the flagellum, which are united to form an indistinct club; the ninth to

tenth segments are each ovoid to subglobose, and the eleventh segment is largest in general, and is

subspherical at base and is narrowed apically.

The antennae are usually covered with dense pubescence and setae; the distribution of the setae

are treated in the paragraph 4.1.2. In some species, the sexual feature like the sexual patch and the non-

sexual setiferous structure are present in the antenna, they are shown in the chapter 4. The ninth

segment of the male is thicker than that of the female in four species of the uroceratus-group of the

genus Batrisoplisus. The similar feature is also observed in the eighth to tenth segments of the male of

Arthromelodes guoia.

1.2.2. Labrum (Fig. 9C)

The labrum is a thick and transverse plate, which is narrowed apically and angulate basilaterally; its

basal part hidden below the clypeus is narrower than the apical part and subparallel-sided. The labrum
bears several long bristles at the anterolateral parts, and one or two pairs of bold setae each with round

apex on the anteromedian margin.

In Batrisoplisus and Physomerinus,  the labrum has a pair of bold setae, whereas these are two

paired in the other Japanese genera of the BC. But the both conditions are widely observed in the out-

groups as already illustrated by Raffray (1908),  hence the polarity of these characters cannot be deter-

mined.
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1.2.3. Mandibles (Figs. 9D-F)

The mandible is broad and thick at base and sharpened apically.  It bears three to five inner teeth

in the apical half, and a bold bristle arisen from near the middle of the outer margin reaching near the

apex of the ramus.  The right mandible has a slight difference from the left in shape that the most apical

tooth is closer to the ramus.  These characters are generally observed in Batrisina.

The uroceratusgroup  of the genus Batrisoplisns  is extremely unique in having a large projection in

the right mandible just outside the bristle in the male (Fig. 9E, F). This projection is not found in the

other group of the BC nor the out-group as shown in B. torticornis (Fig. 9D), and is recognized to be

autapomorphic.

1.2.4. Maxillae (Fig. 10)

The maxillae are each divided into five parts, cardo,  stipes, maxillary palpus, lacinia and galea. The

cardo  is a transverse and thick plate situated at base of the maxilla; the ventral surface of it is almost

glabrous and flat, but there are a few short setae in the outer part. The basal part of the stipes is divided

into two sclerites; the inner sclerite is broad and triangular articulating with the cardo at the posterior

margin, and has a seta in the outer part in some species; the elongate outer sclerite is termed the palpif-

er, and bears a few long setae in many cases. The maxillary palpus  is 4-segmented in appearance since

the fifth segment is completely invisible; the first segment is short, with subcylindrical to subconical

apical part; the second segment is elongate and is distally thickened; the third segment is small and

subcylindrical, and shortened on the inner side; the fourth is a large fusiform segment swollen near the

middle. The lacinia bears hyaline dense hairs at the apical part. The galea is indistinctly demarcated

into 2 parts, the proximal part is the subgalea, which is sclerottied and articulated to the inner sclerite of

the stipes, and the distal part which is similar to the lacinia in shape and structure is located on the inner

side of the lacinia. The lacinia and the apical part of the galea are mostly concealed by the labium in

ventral view.

The cardo  bears a patch with dense pores on the basilateral side in all genera of the BC except for

Batrisoplisus.  This character is also observed in the divisions II and IV of Batrisina; but it is difficult to

determine the polarity, because this very minute structure is visible only by SEM and has not been stud-

ied enough in the out-groups.

The maxillary palpi are modified in some groups as follows: These are uniquely elongate in all

segments, and bear many long setae in Cratna.  This is not only a practical key character of the genus but

also a good autapomorphy. In the exotic genera, Batriscenites, Batriscenodes and Batrisceninus,  the

fourth segment of the maxillary palpus is pedonculate according to Jeanne1 (1952),  but this character is
indistinct in Japanese species and is not useful for their classification. The fourth segment is broad and

flattened in the internal surface in the galloisi-,  venusrUS-  and rafXra_ti-groups  of the genus Batrisopfisus,

this segment is expanded basilaterally in the male of Physomerinus  hasegawai  These two characters are

unique for the group and the species, respectively, and they are regarded to be autapomorphic charac-

ters.

1.25 Labium (Fig. 11)

The labium is composed of mentum  + submentum, prementum, labial palpi and ligula. The
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mentum is fused with submentum to form the postmentum; the postmentum is an apically broadened or

round-sided large plate and has two or three pairs of short setae near the middle of the ventral surface.

The prementum is mostly membranous bearing a pair of small sclerites called palpiger; the latter bears

two or three setae. The labial palpi are s-segmented; the fust segment is very short and subcylindrical,
with a short seta at the basilateral  part in some species; the second segment is elongate and thick, which

is weakly carinate on the anterior side in some species, and bears a long and bold bristle at apex; the

third segment is very slender and bristle-like, but it is clearly stouter than the surrounding bristle or

hairs, and bears a short bristle at the base and three to four small swellings at the apex. The ligula

(“synglossa”  in Naomi, 1988b)  is bilobate, each lobe is elongately tongue-shaped and densely hairy in the

apical part of the anterior margin.

These characters of the labium are of little variations not only within the BC but also the subtribe

Batrisina in general, and are consequently regarded to have little importance for phylogenetic study.

2 Thorax

2.1. Structure of Thoracic Segments

The dorsolateral part of the tergum and the dorsal part of the pleuron covered by the elytra in the

pterothorax are more or less reduced to be membranous. Each plate or suture is partially visible, and

these characters have not been described nor discussed in detail in Pselaphidae. These plates therefore

cannot be argued in their homology nor phylogenetic evaluation. In this study, the lateral and dorsal

plates of the meso- and matathoraces and the flying armatures (furca, axilla and veins) are observed in

detail on the following five species: Batrimplisus  raf?rayi Jeamrel,  Batrixenehs  kujumontanus  sp. nov.,

Batriscenaulax longipes  Jeannel,  Cratna  abdominaLis  Liibl and Batrisceniola ahimilis  (Sharp).

2.1.1. Prothorax (Figs. 12-15)

The prothorax is a large tube composed of pronotum, paired hypomera and prosternum together

with endostemites (profurca), and is emarginated in the posteroventral part forming the procoxal cavity.
The pronotum is a large semitubular plate, it bears four sulci, a pair of dorsal carinae, two pairs of

lateral foveae and two pairs of antebasal  foveae at most as follows: the median longitudinal sulcus  varies

in length, but it is not completely lost in all Japanese species of the BC. According to Jeanne1 (1951,

1952,1960), it is absent in the component species of the genera Seiderites, Trisiniotus, Batristhenes,

Batrisceninus,  Batrisceoodes and Batriscenites. In fact, such character state is observed in Trisiniotus

sp. from Sumatra; that sulcus tends to be lost in some genera of Batrisina as Mina of the division II in

various degree. Thus the efface of the median longitudinal sulcus is evidently secondary, hence it must

not be a practical key character.

Each of the paired lateral sulci is U-shaped and surrounds the lateral expansion of the pronotum

posteriorly connecting two lateral foveae on each side. This character is constantly present in all species

of the BC. and rarely effaces. These sulci are rudimentary in Batriscenites according to Tanokuchi

(1989),  however Jeanne1 (1960) considered them to be absent. In the out-groups of the subtribe Batrisi-
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ni, there is no species having a U-shaped lateral sulcus on each side connecting with two lateral foveae.

The transverse sulcus connects the dorsolateral foveae across the median longitudinal sulcus; it is

shallow in Batrisoplisus, or medially broken in Cratna abdominaiis,  but is not so distinctly occurred in

the other Batrisina. The U-shaped lateral sulci and the transverse sulcus are considered to be an auta-

pomorphy. As the similar condition is known in some genera of Euplectinae (Paraplectus, etc.). These

two states are seemed to be evolved independently in Euplectinae and Batrisinae.

The paired dorsal carinae are indistinct in Batrisoplisus, and completely obliterated in the other

genera of the BC. This character is present more distinctly in some out-group species of the division II

or IV, and is consequently regarded as a plesiomorphic to the Batrisina.

The lateral foveae include the dorsolateral and ventrolateral pairs; they are located on both sides of
the pronotum in the basal constriction.

The antebasal foveae near the posterodorsal margin are two-paired in most cases. These foveae

are distinct in Batriscenellus, Batriscenaulaxand Physomerinus in the BC, and indistinct in the rest

genera and some out-groups of Batrisina. They are not important for the phylogenetic study by their

variability in out-groups.

The hypomera are glabrous plates forming the lateral walls of the procoxal cavity, but are indistinct-

ly demarcated from the prostemum. This parts are scarcely modified in the BC.

The prosternum is transverse and densely pubescent in the anterior part, and glabrous forming

anterior wall of the procoxal cavity in the posterior part. There are a pair of large foveae just anterior to

the coxal cavity, and a pair of small ones each within the anterior wall of the coxal cavity; the former are

called the antecoxal foveae and the latter are the subcoxal foveae in the present study.

The profurca (endosternite) extends internally from the antecoxal foveae, which is bisinuate above

the base of coxae and from the middle of each arch, vertically stalked to reach the middle height of the

prothorax. The phragmata of the prothorax is well-developed on the anterior and posterior margins, but
are indistinctly continued to the lamelar endosternites inside of the thoracic wall.

2.1.2. Mesothorax (Figs. 16-21)

The well-defined mesosternum of the BC is composed of the anteriorly narrowed mesonotum and

anteriorly narrowed large ventral plate (mesopleura and mesosternum). However the mesothorax is

fused with metathorax ventrolaterally and incompletely demarcated from it in some groups of Pselaphi-

dae (especially in Macroscelides, as Naomi, 1988 shown in La.&m.r).

The mesonotum (Figs. 16,17) is very small and its posterior part is exposed between the elytra; its

anterior part appears when the articulation between the pro- and mesothoraces is relaxed. In the ante-

rior part of the mesonotum, the prescutum is reduced to be indefinable. The main sclerite of the

mesonotum is occupied by the scutum + scutellum, and is articulated with each elytron by the anterior

arm and the laterally extending ligament from the posterolateral side of the scutum; phragmata are not

recognized.

In the mesothoracic ventrite of many pselaphids including the BC, the distinct anapleural sutures

divide the anepisterna and the composite ventral plate. The anterior part of the ventral sclerite is a

crescent collar so-called prepectus, and defmed by the narrow membranous part or suture. The pleural

sutures are absent (completely present in Eupfectus), and the epimeron and the anepisternum are united

to form a large glabrous ventrolateral plate on each side together with a lateral suicus  where the elytron
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are attached. The composite ventral plate is divergent posteriorly and pubescent forming the anterior

wall of the mesocoxal cavity together with an angular posteromedian projection between the mesocoxae.

In Ba~risopfisu~  this posteromedian projection has a pair of small processes (Fig. 19A-D);  this character

is unique and constantly observed in this genus, hence it is regarded as an autapomorphic character of

this genus.

The foveation of the thoracic ventrite  in the BC almost corresponds with that of American Euplec-

tinae reported by Grigarick & Schuster (1980) in the structure and the arrangement (Fig. 16A). In their

terminology, there are two sorts of mesothoracic foveae: first is the forked median mesosternal fovea at

the mediobasal part of the composite ventral plate, and second is a pair of lateral mesosternal foveae

located on both sides of the former foveae each of which is forked into two.

The mesofurca is represented by a pair of slender endosternites which originate from the paired

small foveae at the bottom of the mesocoxal cavities (named subcoxal mesosternal foveae in this study).

Each has a very thin dorsal arm reaching close to the lateral base of the elytron.

The shape and the structure of the mesothorax have little variation within the BC and Batrisina,

and not so important phylogenetically except for the antecoxal processes of Batrisopfisus.

2.1.3. Metathorax (Figs. 19-2.5)

In Pselaphidae the metathorax except for the hind wing is wider than the mesothorax in general, it

is posteriorly broadened and connected with the membranous first segment of the abdomen. It is divid-

ed into large and weakly sclerotized metanotum, a pair of more or less membranous metapleura support-

ing the hind wings at the anterior part, and strongly sclerotized metasternum. Since the metathorax has

the flight muscles, the metanotal and the metapleural sclerites differ among the macropterous male, the

brachypterous male and the brachypterous female. The sclerotization and shape of the muscle attach-

ment as the muscle discs are also varied according to the length of the hind wing.

The metanotum (Figs. 22-25) is weakly sclerotized in the macropterous male; the acrotergite is

indistinct or very short; the antecostal suture is arcuate together with large phragma vertically hanging

from the internal surface of the prescutum, which is transversely divided into two lobes, the semilunar

dorsal lobe and the bilobate ventral one; the prescutum is transverse and is bordered by a narrow

membranous area at the posterior margin; the prescutal muscle discs are paired and each composed of

two sclerites located on the lateral end of the prescutum; the scutum is very broad and divided by the

scutellum into two large pieces, each tapers posteriorly and is provided with the well-convex alacrista at

the anteromedian part, the well-demarcated suralare at the humeral angle and the medially punctuated

transverse suture at its lateral and median sides; the scutellum is triangular and posteriorly broadened;

the postnotum is broad and transverse, divided into a median and a pair of lateral pieces by a pair of

oblique sutures in some species; the postnotum protrudes anteriorly on each side to form the postnotal

wmg process reaching the subalare, and laterally to adjoin the posterior part of the epimeron.

In the brachypterous male, the metanotal sclerites are almost of the same in structure and shape as

those of the macropterous male except for the flatter antecosta, the smaller anterior phragma and the

reduced prescutal muscle discs. In the brachypterous female, the metanotal sclerites are fused to form a

less sclerotized large plate; its suralare and scutellum are distinct in Batrisceniola  dissimilis  and broadly

membranous without the sclerotized suralare in Bafrisoplisus  raff?yi  and Batriscenellus  kzzjumontanus.

The metapleuron  (Figs. 18, 22) is composed of weakly sclerotized metepimeron and strongly sclero-
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tized metepistemum and exposed on the ventral side. The elongate metepimeron is usuahy  concealed by

the elytron and angularly protrudes to the metanotal postnotum. The metepimeron is divided into two

parts, the notepimeron and the sternepimeron by the sternepimeral line according to Blackwelder

(1936); the medial part along the sternepimeral line is well-sclerotized in pselaphids. Its anterior end is
nodulated to form the pleural wing process.

The metepisternum is indistinctly demarcated from the composite ventral plate, and is elongate and

narrowed posteriorly. The pleural suture probably corresponds posteriorly with the lateral ridge of the

ventrite to which the elytron is attached, but in the anterior part, it is indistinct that the pleural suture fits

with the lateral ridge. The basalare is represented as a tubercle anterior to the epimeron distant from

the composite ventral plate.

The anapleural cleft runs from the posterolateral angle to the metacoxa in Euplectus dividing the

metapleuron and the matasternum, which is indistinct in many pselaphids (Fig. 18C).  In the BC, the

metathorax bears three pairs of indistinct lateral sutures or border lines on the ventrite. As compared

with the out-group species having many plesiomorphic characters, such as Batrisoschema  euplectiforme,

the most inner pair may be the anapleural clefts, and the outer two pairs may be the secondary sutures

(Fig. 18B).

The composite ventral plate is usually represented by a very large, transverse and posteriorly

broadened plate occupying the ventrite of the metathorax. Adopting the terminology of Grigarick and

Schuster (1980),  it bears two pairs of foveae, the outer pair is the mesocoxal foveae located on both sides

of the mesocoxal cavities, and the inner pair is the metasternal foveae lying posterior to the mesocoxal

cavities. The composite ventral plate is flattened or concave on the median part in the male of many

species in various shape and structure, and its phylogenetic importance cannot be evaluated. The sexual

patches often arise at this part in some species as treated in the chapter 4. The posteromedian part of

the composite ventral plate between the matacoxae is broad and posteriorly truncate in Batri~oplisus,  or

arcuately expanded and medially notched at the apex together with a short and shallow longitudinal

groove in front of the notch in the other genera of the BC. Both character states are observed in the

other pselaphid groups. The distant metacoxae by the posterior extension of the metasternum is regard-

ed to be an apomorphic condition. A large conical spine between the metacoxae is unique in the male of

Batriscenellus transformis. This character is recognized as a good autapomorphy of the subgenus

Nipponoscenellus.

2.2. wings

2.2.1. Structure of the elytra (fore wings) (Figs. 26-28)

The elytra cover generally the dorsal surface of the meso- and metathoraces and the first to third

abdominal tergites in Pselaphidae. They are more or less narrowed anteriorly, rounded on both sides

and convex dorsally, and intraspecific variation is observed in shape and length such as the elytra are

generally larger in the male than in the female and more narrowed anteriorly in the brachypterous indi-

vidual than in the macropterous one. As epipleural ridge is always absent in the BC, the epipleuron is

not demarcated. The inner surface of the elytra is lined with membrane, and provided with several pits

for setting them on the dorsum, which are argued in the next paragraph. Each elytron has two basidor-
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sal foveae and a basilateral fovea, each of which is accompanied posteriorly by a shallow longitudinal

sulcus.

The divisions of Batrisina were defined by Jeanne1 (1958, 1959, 1960, 1961) mostly on the conditions

of foveae; namely the divisions III, IV and V were defined by having two pairs of the elytral foveae (two

pairs of the basidorsal foveae in the present study), whereas they are three paired in the divisions I and

II. In Corypnomodes  spinicollis belonging the division IV, however the most inner fovea is composed of

two small foveae in the observation by SEM (Fig. 27F). This character state means evidently the

presence of three pairs of the basidorsal foveae on the elytra exclusive to the definition. With the excep-

tion of the elytral foveae, Corypbomodes  is very similar to those of division II in many characters. As a

consequence, the character state that have two pairs of simple elytral foveae on the elytra may not be

treated as a synapomorphy in the BC, but a reductive apomorphy, because there is no evidence denying

that the character state with two pairs of the basidorsal foveae arise from that with three pairs of the

foveae by reduction. Chandler (1988a) treated such reduction of the elytral foveae as an autapomorphy

in his cladistic  analyses, but I exclude it in this study.

The basilateral foveae are absent in Arthromelodesgiganteus, A. saikaieosis,  A. mercurius,  A.

tbysanoventris,  A. dilatatus and Cratna abdominalis. This character state is regarded as a parallelism

due to atrophy.

2.2.2. Axillae of the elytra (Figs. 16,17)

The axillae of the elytra are very small and difficult to observe. The first axillary sclerite is a distinct

subspherical sclerite appearing at just inside the anterior joint between the outer process of the elytron

and the prealar arm of the mesonotum. The second axillary is an elongate sclerite which is larger than

the first, medially membranous, and is located between the inner process of the elytral base and the

lateral expansion of the mesoscutum. The third axillary is the smallest sclerite located at the lateral end

of the ligament (axillary cord) extending from the posterolateral part of the scutum to the inner base of

the elytron when it is present; or it is hardly distinguished from the ligament. The axillae are scarcely

varied in the shape and arrangement within the BC, and have little importance for phylogenetic analyses.

2.2.3. Locking device of the elytra (Fig. 29)

The locking device of the elytra of Ips typographus  in Scolytidae is represented by two processes in

each mesopleuron and the corresponding two concavities on the anterolateral margin of each elytron

(Larsen, 1966). In Pselaphidae, the position and the structure of the locking device are very unique

among Coleoptera as follows.

The locking device of each elytron of the BC is represented by the following seven pairs of locking

processes and the receiving pits (Fig. 29A-I).  In the mesonotum, the lateral nodules of the scutellum

each fits the concavity at the anterior end of the inner margin of the elytron (Fig. 29A); the two meso-

pleural processes pointed out by Larsen (1966) are almost atrophied, but the corresponding two pits are

present on internal side of the anterolateral margin of the elytron where the expansions of the wing base

may be filled in (Fig. 29B,  C); a shallow longitudinal groove is present on the anterior inner margin of

the elytron for receiving the inner ridge of the metanotal alacrista (Fig. 29D); the thickened hind margin

of the elytra is inserted into the transverse groove between the third and the fourth abdominal tergites

(Fig. 29E); the anterior margin of the third abdominal segment is convex anterodorsally, it is received
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into the transverse groove along the inner posterior margin of the elytron (Fig. 29F); a large and deep

concavity at the posterolateral angle of the elytron receives the anterolateral nodule of the third abdomi-

nal tergite which is composed of many semihyaline bristles (Fig. 29G); an inner nodule and an outer

excavation interior of the posterolateral corner of the elytron are caught into the short lateral ridge and

the proximal deep groove at the anterolateral part of the fourth abdominal tergite respectively (Fig. 29H,

I). Along the sutural line, the longitudinal ridge and groove of one elytron engage with the groove and

ridge of the other.

These locking processes and pits are developed in the brachypterous individuals than the macropt-

erous ones as shown in Fig. 30. These characters are broadly distributed within Pselaphidae.

2.2.4. Hind wings (Fig. 31)

In some species of the pselaphids, there are two male forms on the hind wings, the macropterous

form with very long hind wings and the brachypterous one with short wings; the female is uniformly

brachypterous having short wings which are shorter than those of the brachypterous male in general. In

some species of the BC, especially the dimorphic species, the wing length (abbreviated WL as below)

and the body length ( = BL) are measured and the histograms of the relative length of the wing (WL/BL)

are made. Obtained result shows two peaks on the relative length separated by a point about

WLiBL = 0.9. The value is constant for separating the two forms among the species examined and used

fulIy for sorting the specimens into forms in this study.

The hind wing is longer than whole body length in many macropterous individuals, dilated apically,

broadest near the middle and is gradually narrowed basally without distinct vannal region. It is ciliate

along the hind margin from its base to near the apex. The veins are mostly thin and short, mainly con-

sisting of costa, subcosta, radius, media, cubitus  + posterior cubitus and anal vein (as for the hind wing

venation, the terminology of Morimoto (1983) is adopted). The costa (C) is short, broad and strongly

sclerotized covering the anterior part of the wing base. The subcosta (S C) is strongly sclerotized behind

the costa,  broadened and weakly sclerotized in its apical part. The radius (R) is thin at base, and broad-

ened distally reaching the basal l/4 to l/5 of the wing; the apical end of which is weakly sclerotized to

form an indistinct stigma where the longitudinal foldings are concentrated. The media (M) is very thin,

distant from axilla and sometimes fused with the cubitus at base. The cubitus  and the posterior cubitus

(C + PCu)  are united to form a weakly sclerotized bold vein which is bifurcate in its apical part; the

anal vein (A) is short, broadened and weakly sclerotized at base, and obsolescent towards the hind

margin of the wing. The hind wing is folded longitudinally three to four times and transversely about

seven times in the macropterous male of Batrisceniola  dksimih.

In the brachypterous male, the hind wing is usually 0.2 to 0.7 times as long as the body, short and

elongate. Each veins of the brachypterous male is defmite, however it is shorter than that of the mac-

ropterous male. The hind wing is folded transversely two to four times without longitudinal fold in the

brachypterous male of Batrisceniola dissimih.  In the brachypterous female, the hind wing sometimes

tapers or wrinkles clinging to the metanotum, and is 0.1 to 0.3 times as long as the body in general. The

veins are rarely recognized in the female except for the very short C + SC? at the base.

2.2.5. AxiIlae of the hind wings (Figs. 22-2.5)

The axilla of the hind wing is composed of three sclerites, to which the flight muscles are inserted in
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the macropterous form of the BC. The first axillary sclerite (lAx) is tapered anteriorly and curved dis-

tally and broadened posteriorly; it is connected with the subcostal vein at the anterior end and associated

with the suralare  internally. The second axillary (2Ax) is articulated with the under side of the lAx, and

is nearly T-shaped; its anterior arm is attached to the internal end of the radius and the inner posterior

arm is articulated with’the pleural wing process. The third axihary  (3Ax) is elongate, weakly sclerofized

and located posterior to the 2Ax at a distance; its basal end is comiected  with the postnotal wing process

and the apical end is associated with the base of the anal vein.

In the brachypterous male, all axillary sclerites are clearly defined, but is shorter than those in the

macropterous male. But in the brachypterous female, they are fused each other to form a very small

sclerite, or indistinguishable from the costa or the metathoracic wing processes.

22.6. Dimorphism of the hind wings (Figs. 32-34)

The phenomena that the long-winged individual and the flightless one with rudimentary hind wings

are mixed in the same taxon or species are observed in some Coleoptera. In some groups of Pselaphidae
including the BC, such wing dimorphism occurs in the male. The macropterous male (Mm), the brac-

hypterous male (Bm) and the brachypterous female (Bf)  are observed in the BC. Each species of them

has the Mm + Bf, the Bm + Bf or dimorphic (Mm + Bm) + Bf. The female is monomorphic and

brachypterous in all species. The ratio of the Bm in the population is shown in Table 3-l on the species

of the BC examined.

The wing reduction in the male of each genus is summarized as follows. In Batrisoplisus,  four

macropterous and seven brachypterous species are monomorphic, five species are dimorphic, and no

macropterous individual is found in four species of the uroceratus-group. In Batriscenellus, seven spe-

cies are macropterous and three species are dimorphic. No brachypterous individual was occurred in

Physomerinus. Brachyptery is dominant in Batriscenaulaxwhich includes three dimorphic species and

three brachypterous species. All males in Artlxomefodes  are brachypterous without exception. In

Bafrisceniola,  two species are dimorphic and the rest one, B. semipunctulata  is always macropterous.

Furthermore, for the purpose of observing the correlation between the wing size and the body

length and their frequency, the following six species from 10 local populations are measured on the body

length (BL) and wing length (WL):

Batriscenelfus  kujumontanus:  Mt.Kurodake,  Kuju, Oita Pref.(KUJIJ).

Batriscenaulaxion&eJ:  Mt. Haigamine, Kure City, Hiroshima Pref. (KURE).

B. furtiatti Kamagari-cho, Hiroshima Pref. (KAMAGARI).

Bartisceniola aK&nilis.  Mt. Towari, Towada lakeside, Aomori Pref. (TOWADA); Futakuchi vail.,

Miyagi Pref. (FUTAKUCHI); Chuzenji lakeside, Nikko, Tochigi Pref. (NIKKO); Mt. Ogasa,

Daito-machi, Shizuoka Pref.  (OGASA); Kamagari-cho, Hiroshima Pref. (KAMAGARI).
B. hiranoi:  Kurose-machi, Hiroshima Pref. (KLJROSE).

B. semipunctdata:  Higashi-Onuma, Oshima, Hokkaido Pref. (ONUMA).

The measurements are shown in Table 3-2 and the frequency distributions of the relative wing

length are shown in Table 3-3, and the ratios of the macroptery and the brachyptery in some local

populations of Batriscenaulax longipes  and Battisceniola dissimdis  are illustrated in Fig. 32 and the
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Table 3-1. The ratio of the brachypterous male to the total male on each species of the Bafrisocenus

species N Bm Mm Bm/N(%)

Batri~oplisus

B. sagamianus

B. galloisi

B. sawadai

B. venustus

B. esakii

B. tosanus

B. tanabei

B. okamotoi

B. ratTrayi

B. monostatos

B. torticomis

B. wnstrictus

B. volucaninsulanus

B. uroceratus urocaratus

B. inermik

B. parallelus

Batnisceneilus

B. japonicus japom’cus

B. japonicus vicarius

B. punctatus

B. fallax

B. kujumontanus

B, L-agilis

B. transformis

B. similis

B. ohishii

B. pilosellus

Physomerinus

P. schenklingi

P. hasega wai

1

10

1

11

3

10

1

23

2

4

4

1

1

2

1

8

3

2

2

67

2

9

10

2

5

21

2

N: total number of the male examined, BP: brachypterous; MP: macropterous; *: a few specimens (all

1 0 100
1 9* 10
1 0 100
3 8 27
1 2 33
0 10 0

0 1 0
4 19 17

0 2 0
0 4* 0
2 2 50
1 0 100
1 0 100
2 0 100
1 0 100

8 0 100

0

0

0

0

9

0

2

6

0

0

3*

1

2

2

58
2

7

4

2

5*

0

0

21*?

2*?

0

0

0

0

13

0

22

60

0

0

0

0



BAl7USOPLISUSANDITSALLIESFROM  JAPAN 19

complex examined.

species N Bm h4m B&N(%)

Batriscenaulax

B. longipes  loogipes

B. I. lcumaso

B. 1. hayato
B. ftiatai

B. ldtich
B. ku&amensi~

Arthromelodes

A. punctifrons

A. giganteus

A. pi!icolli

A. kiiensis

A. thysanoventrii

A. corniventri~

A. loebli

A. dilatatus  daibosatsuanus

A. d. shiranemontanus

A. d. fujimontanus

A. sinuatipes

A. aizuanus

A. saikaiensiis

A. cruder

Batrixeniola

B. dissimilis

B. hiranoi

B. semipunctulata

49 46
8 5

3 3
45 42

4 4
1 1

1 1 0 100
4 4 0 100
1 1 0 100
8 8 0 100
7 7 0 100
1 1 0 100
9 9 0 100
3 3 0 100
3 3 0 100
3 3 0 100
2 2 0 100
1 1 0 100
3 3 0 100
4 4 0 100

293 285 8 97
40 25 15 63

25 0 25 0

94

63

100
93

100
100

macropterous) caught by light trap.
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Table 3-2. Measurements of body length, wing length and relative length of wing on 6 species of the
Batrkocenus  complex in 10 populations

species (site of population)
Form N BL (mm) WL (mm) WLIBL

Batriscenellus  kujumontanus  (KUJU)
Mm 24
Bm 5

Batriscenauiax  longipes  (KURE)
Bm 30

Batriscenaulaxfuruhafai  (KAMAGARI)
Mm 3
Bm 24

Batrisceniola  distimilis  (TOWADA)
Bm 20

(FUlkUCIII) 22

Mm 8
Bm 38

(NIKZ) 27

Bm 33
Bf 30

(OGASA)
Bm 12

(KAIZGARI) 18

Bm 30
Bf 40

Batrisceniola hiranoi  (KUROSE)
Mm 15
Bm 25
Bf 40

Batrisceniola semipnctulata  (ONUMA)
Mm 25
Bf 38

2.02(1.86-2.29)
2.02(1.92-2.11)

1.65(1.52-1.74)

1.59(1.57-1.61)
1.63(1.52-1.75)

2.14(2.00-2&J)
2.25(2.08-2.39)

2.25(2X-2.41)
2X3(2.11-2.47)
2.08(2.06-2X3)

2.14(2.02-2.28)
2.09( 1.98-2.20)

2.22(2.10-2.33)
2.19(2.06-2.33)

2.17(2.00-2.28)
2.14(1.94-2.29)

2.21(1.98-2.39)
l&(1.22-1.60)

1.10(0.90-1.46)

1.60(1.53-1.66)
1X(0.95-1.47)

1.09(0.95-1.27)
0.52(0.36-0.57)

2.38(2.17-2.54)
1.05(0.64-1.41)
0.34(0.23-0.53)

1.05(0.79-1.50)
0.42(0X8-0.59)

0.71(0.48-0.84)
0.42(0.29-0.59)

0.56(0.36-1.27)
0.31(0.19-0.37)

1.10(0.97-1.22)
0.73(0.62-0.83)

0.67(0.54-0.88)

1.00(0.98-1.02)
0.68(0.57-0.84)

0.49(0.41-0.56)
0.21(0.17-0.24)

1.06(0.98-1.21)
0.47(0.29-0.59)
0.16(0.11-0.26)

0.49(0.37-0.64)
0.19(0.14-0.29)

0.32(0.22-0.38)
0.19(0.14-0.27)

0.25(0.16-0.58)
0.14(0.08-0.18)

2X(2.05-2.23)  2.51(1.94-2.64)  1.19(0.90-1.28)
2.12(2.01-2.25)  1.35(1.15-1.60)  0.63(0.54-0.79)
2.07(1.89-2.22)  0.40(0.17-0.64)  0.19(0.08-0.31)

1.91(1.78-1.98) 2.15(1.98-2.51)  1.13(1.06-1.33)
1.89(1.72-2.02) 0.45(0.33-0.59)  0.24(0.18-0.32)

M: macropterous; B: brachypterous; m: male; f: female; N: number; BL: body length; WL: wing length;
WL/BL:  relative length of wing.
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Table 3-3. Frequency distribution of the relative wing length of 6 species of the Bakisocenus  complex in 10
pOpd&iOll!L

species(site) from 0 .l .2 .3 .4 .5 .6 .7 .8 .9 1.0 .l .2 .3

sex to .l .2 .3 .4 .5 .6 .7 .8 .9 1.0 .1 .2 .3 .4

Batriseenellus  kujumontams (KUJU)

male

Batriscenauhlong&es  (KURE)

male

B. firuhatai  (KAMAGARI)
male

Batrisceniola di~timi&T0WADA)
male
female

(FUTAKUcHI)
male
female

w=O)
male
female

(OGASA)
male
female

(KAMAGARI)
male
female

B. hiranoi  (KUROSE)
male
female

B. semipnctulata  (ONUMA)
male

113 6
5 17

1 6
24 3

2 17

18 9

3 9

11 7

2 24 2

2 38

1 21 17 1

5 32 1

15

9

1

6

2 21 6

3

16

I.2 7

1

11 6 4 3

2 2 7 11 2

2

5 1 1

io 10 4 1
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histograms of the relative wing length are shown in Figs. 33 and 34.

As a result of the observation, the following two can be pointed out:

1) Pattern of the frequency distribution of the relative wing lengths differs among several dimorphic

species. For example, the distribution is continuous and the mean values of the macropterous and the

brachypterous forms are close to each other in Batrixenellus kujumontanus  and Batrixenaulax fur&a

taii  but in each of Batrisceniola  disshrdis and B. hiranoi,  the distribution curve is clearly divided into two

peaks.

2) The frequency distributions of the wing length varies among the local populations for each

species. The monomorphic brachypterous and the dimorphic or monomorphic macropterous local

populations are observed in the same species in the cases of Batriscenaulaxlongipes and Batrisceniola

dissimifis.  Furthermore, the distribution range of the relative wing length differs significantly among the

brachypterous populations. This fact is also observed in the female populations of Batrisceniola  dissimi-

liq while the differences are small.

The wing dimorphism has not been studied in detail in Pselaphidae, but that is well-studied from

various aspects in Carabidae. In Carabidae, the genetic mechanism of the wing dimorphism was con-

cluded by Lindroth (1946) that the brachyptery is single dominant and the macroptery is homozygote.

The evolutionary processes related to natural selection of the hind wing atrophy have been argued by

Darlington (1936),  Den Boer et al. (1980) and Kavanaugh (1985). Darlington assumed that the wing

dimorphism is an intermediate stage in the evolutionary process from the macroptery to the brachyptery

and pointed out some dynamic factors of the atrophy. Den Boer et al. proposed a hypothesis that the

environmental fluctuation results the selection of the intermediate individuals in wing length, and it

accelerates the dimorphism and atrophy. Kavanaugh illustrated the process of atrophy from the view-

point of morphology, and inferred that the wing atrophy occurs independently in many times in Near&

Nebria, placing the wing-atrophied taxa on its phylogenetic tree.

The wing atrophy and the dimorphism are almost congruent with the case of Carabidae in Psela-

phidae in phenomenal level. But the wing dimorphic pselaphids have a striking feature that the female is

always flightless. The brachyptery is apparently an apomorphic character probably occurred in many

times in the BC, and has poor phylogenetic importance.

2.3. Legs

The structure of the legs, especially of the coxae, trochanters and tarsi has ever been regarded as

very important characters for the taxonomy of Pselaphidae and used for dividing it to Brachyscelides and

Macroscelides. Each leg consists of coxa, trochanter, femur, tibia, tarsus and pretarsus. These struc-

tures are illustrated on Batriscenellus  ohishii in Fig. 35.

2.3.1. Coxae

The coxa is the most basal segment located on the emargination of the hind margin of each thoracic

segment. Originally, each coxa is articulated with the eutrochantin (coxopleurite) in its basal part, but

which is often reduced or absent in Pselaphidae; then the original sutures of the coxae are hardly recog-

nized.
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The fore coxa is elongate, protrudes ventrally and is constricted medially; its apical part is strongly

sclerotized and ovoid being slightly narrowed posteriorly, and the basal part of which is weakly sclero-

tized and articulated with the eutrochantin. The eutrochantin is elongately lamelar, partially membra-

nous and articulated with the coxa at two points.

The mid coxa is short, basally rounded and subconical in the apical part, and articulated with the

lateral bottom of the coxal cavity; its articulate part is strongly constricted, but no eutrochantin was

recognized at the base.

The hind coxa is articulated with metasternum at two points near the median line, is thickened

medially, and its posterolateral angle is transverse. The coxae are distant Gem each other in J3atriso@i-

SW, slightly close to each other in the other five genera studied. The latter state is not the same as that

of Euplectinae bearing the contiguous hind coxae, because the coxae are evidently separated from each

other by the notched metastemal expansion with a short longitudinal sulcus (see the paragraph 21.3.).

2.3.2. Trochanters (Fig. 37)

The trochanter is a short segment in Brachyscelides, articulated with the apex of the coxa, and is

very close to the basal end of the femur. Each trochanter is shorter than its preceding coxa, and is trian-

gular in ventral view or subconical having a semilunar lobe where the basal end of the femur is attached

ventrally.

2.3.3. Femora

The femur is usually the largest segment in the leg, which is obliquely truncate at the basal articu-

late part and internally notched at the apex where the basal end of the tibia is inserted.

The fore femur is medially thickened and shorter than the posteriors in the BC, and has a shallow

excavation with pores and setae on the basal inner side. This setiferous organ was called the sensory pit

by Grigarick & Schuster (1980),  and is argued here in the paragraph 4.2.3. The mid femur is usually

longer and thickened in the more apical part than the fore one. The hind femur tapers longer in the

basal part than the mid one.

2.3.4. Tibiae (Figs. 38-40)

The tibia is slender and internally curved near the basal end which is inserted into the apex of the

femur together with the four tendons as follows: the internal tendons are paired, and each tendon is

subcylindrical together with flexor muscles at the apex; the external tendon is short and weakly acumi-

nate at apex; the middle tendon is very short and very weakly sclerotized. The latter two are probably

associated with the extensor muscles. This structure is common with fore, mid and hind tibiae (Fig. 35B,

D, I?.
The fore tibia is usually shorter than the others and bears a very small denticle near apex in the

male of some species of the galloisi, vemstus and torricornis-groups of the genus Batrisoplisus. This

delicate structure is not practical for taxonomy. The male of Batrisoplisus uroceratus uroceratus, B.

uroceratus brevispinis  and B. inermis  is characteristic in having the conspicuous mucro at each apex of

the fore tibiae, hence the latter character is proposed to be autapomorphic.

The mid tibia has a mucro at apex in the male of many species in the BC. In Pselaphidae, such

male modification raised in the fore and mid tibiae, the mid femur and all of the trochanters. As these
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male features are various in pselaphids, they are diflicult to be correctly graded.

The hind tibia is generally largest among the tibiae, weakly thickened in the apical part, and rarely

mucronate in the BC. It is mucronate only in the male of ArUrromelodes fhysanoventris.

2.3.5. Tarsi and pretarsi (Fig 36D,  E)

The tarsus is three-segmented in all species of Pselaphidae and has common structures as follows:

the first segment is shortest and triangular or subconical, and is shortened on the upper side where the

second segment is attached; the second segment is usually longest, slender and slightly thickened distally;

the third segment is feebly shorter than the second or as long as it in general, slender and slightly nar-

rowed distally. The hind tarsus is usuahy  longest, and the mid one is longer than the shortest fore one.

The pretarsus  is composed of a small empodium and two tarsal claws in the BC. The empodium is

a very small hairless tubercle sometimes retracted into the inner base of the claws. One of the tarsal

claw is articulated with the third tarsal segment making an acute angle and predominantly larger than

the other one.

3. fJniomen

The abdomen is g-segmented in both sexes, basal three segments are covered by the elytra, fourth

segment is predominantly large, fifth to eighth segments are each short, 9th segment (sternite) is partly

exposed in the male, formed into ovipositor in the female.

3.1. Basic Structures of Abdominal Segments

3.1.1. Fist to third segments

The basal three segments are more or less reduced as in the other group of pselaphids. The first to

second abdominal tergites are entirely membranous. The first to second sternites are atrophied to

become a narrow membranous joint between the metasternum and third abdominal sternite. The third

segment is short; third sternite is partially fused with the third tergite to form the posterior wall of the

metacoxal cavity with a ventromedian process.

These basal segments are scarcely varied within Batrisina, and they have poor importance for

phylogeny.

3.12. External structure of fourth abdominal segment (Figs. 41-43)

The fourth abdominal segment is conspicuously larger than any other abdominal segment, it is

subcylindrical and shortened on ventral side especially in the male. The fourth tergite bears a short

basimedian carina on each side between the dorsolateral fovea and the dorsomedian depression. When

a pair of paratergites are demarcated from the tergite, they are bordered by a pair of lateral carinae

each obliquely running from the outside of the dorsolateral fovea to the posterolateral corner of the

dorsum. The tergite and sternite are more or less fused to each other; the suture between tergite (parat-

ergite) and sternite is weakly carinate and is called tergosternal ridge at basilateral part in this study.
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The fourth sternite has a pair of ventrolateral carinae running subparallel or weakly dilated, each of

which located between the ventromedian fovea and the ventrolateral fovea is narrow and straight in

general; it is conglutinate with the third sternite at ventromedian part forming a broad nodule between

the metacoxae.

The tergosternal ridges are distinct in the most species of Batrisoplisus and Batriscenellus, rudi-

mentary in Batrisceniola  and some species of Arthomelodes.  The paratergites are clearly demarcated

by the paratergal suture only in Batrisoplisus. The basimedian carinae are varied in length within Batri-

sina, for example, there are distinct carinae reaching the middle of the segment in Arthromelodes piliwl-

lis, though they are entirely atrophied in its allied species. The metacoxae are broadly separated by the

ventromedian nodule in Batrisoplisus. The ventrolateral carinae are modified to be triangular broad

type in Batrkoplisus uroceratus.

In some groups of Pselaphidae, fusion of the fourth abdominal tergite and sternite appears in paral-

lel in various degrees. The tergite and sternite are completely amalgamated in the terminal condition,

and such is observed in the out-groups, for example, Acetalius of Euplectinae, Batraxis  sp. of Goniaceri-

nae, Mina and Batristilbus of Batrisina examined in the present study. Such a series of atrophies and

reductions of the original structure are evidently apomorphic transformations, but they are useless for

clad&tic  analyses, because of their parallel occurrences.

3.1.3. Internal processes of the fourth abdominal segment (Figs. 44-46)

The internal processes of the fourth abdominal segment of Pselaphidae are discussed by Ohishi

(1986) for the first time. These processes are located behind the antecosta at the basal part of the fourth

segment as Ohishi (1986) stated. These invaginations of the integument are connected to each other at

their apices to form internal arches; each of which is visibly a depression or a fovea in the external

appearance. The terminology of the internal processes by Ohishi (1986) corresponds to my terminolo-

gy as follows:

Internal process

Tergite

dorsomedian process (DMP)

( = medial cavity by Ohishi, 1986)

External appearance

- dorsomedian depression (DMD)

dorsolateral process (DLP)

( = lateral cavity by Ohishi)

- dorsolateral fovea (DLF)

Stern&e

ventrolateral process (VLP)

( = lateral process by Ohishi)

- ventrolateral fovea (VLF)

ventromedian process (VMP) -- ventromedian fovea (VMF)

The structure of these processes are summarized in Table 3-4. Furthermore, the shape of each

processes and relative width of each arches in some species of the BC are shown in Table 3-5.
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Table 3-4. Basic structure of the internal processes of 4th abdominal segment in the Batrisocenus  com-
plex

internal process structure external appearance

c Tergite >
DMP bifurcate DMD

arched: Acl (paratergal carina)

DLP bifurcate,  paired

< Stemite > arched: Ac2

VLP bifurcate, paired

VMP

DLF

(tergostemal ridge)

VLF

arched: Ac3 (ventrolateral carina)

bifurcate or divided
to 2, paired VMF

arched with the
other one: Ac4 (ventromedian nodule)
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Table 3-5. Shapes of the internal processes and the relative widths of arches of 4th abdominal segment
in the species of Batrisocenus  complex.

species D M P  A c l DLP Ac2 VLP Ac3 V M P  Ac4

Batrisoplisus
B. raffrayi

B. parallelus

B. uroceratus

Batrisceneilus
B. kujumontanus

B. uenoi

Physometinus
P. schenklingi

Batriscenaulax
B. furuhatai

B. kleinzach bf

Cratna
C. abdominalis

Arthromelodes
A. puncrifons

A. gigmteus

A. kiiensi~

A. thysanoventris

A. mercurius

A. saikaiemis

A. crucifer

Batriscem*ola
B. dissimilis

B. semipunctulata

bf

bf

sP

bf

sP

bf

bf

sP

bf

bf

bf

sP

bf

bf

bf

bf

bf

L

L

M

L

L

S

L

M

M

L

R

S

M

M

S

L

M

L

n

n

bf

bf

bf

bf

bf

bf

bf

br

br

bf

bf

bf

bf

bf

br

bf

L

L

L

L

L

L

M

M

M

M

S

M

M

M

M

M

M

M

bf

bf

bf

bf

bf

bf

bf

bf

bf

br

br

bf

bf

bf

bf

bf

bf

bf

L

L

L

L

L

M

M

M

S

M

S

L

L

M

L

L

M

L

bf

bf

bf

bf

bf

sP

sP

sP

sP

bf

sg

bf

bf

sg

bf

bf

sg

bf

L

L

L

M

M

S

L

M

S

L

L

M

L

M

M

L

R

M

bf: bifurcate; br: broad; L: large; M: medium; n: narrow; R: reduced; S: small,  sp: separated; sg: single.
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(1986) as the type Il. If the internal processes of Batrisoplisus  rafYrayi and I?. para.!Zelus  having parater-

gites can be assumed a primitive condition, namely a ground plan of the BC, the following character

evolution can be suggested for the shape of each internal process: The separated DMP is derived from

a bifurcate shape becoming the DMD shallow; this derived state appears in Batrisoplisus uroceratus,
Batrisceoellus  uenoi, Cratna abdominalis  and Arthromelodes thysanoveotris. The Acl formed by the

lateral arms of the DMP and DLP is reduced in the apomorphic condition; this reduction also observed

in some genus in various degree, but these arches are lost in Arthromelodesgiganteus. The DLP is

narrow in primitive condition, from which the bifurcate form is derived and reduced to be the broad

form; the terminal condition is found in Arthromelodespunctifrons and A. gigaoteuswhich is regarded

as the most apomorphic type of the internal processes. The large Ac2 shows evidently primitive state

because of the presence of the paratergite which originally has movable articulation; Ohishi (1986)

concluded that the closed Ac2 of the BC was derived from the internally opened form as the paratergal

articulation had become rigid. The primitive state of the Ac2 is found in Batrisoplisus, Batriscenellus

and Physomerinus, and the apomorphic reduced form distinctly appears in Arthromelodes giganteus.

The VLP is large and bifurcate in many species, but it is also reduced to be broad and shallow in Ar-

thromelodespunctifrons and A. giganteus. As for the VMP, the bifurcate form is evidently primitive,

from which the separated and reduced single forms are derived; separated form is observed in Physom-

erinus,  Batriscenaulax  and Cratna abdominalis,  and the single form appears in Arthromelodes giganteus,

A. mercurius and Batrisceniola dissimiLis.  The Ac3 and Ac4 are each successively reduced in the de-

rived condition, such as the other arches.
According to Ohishi (1986),  the arrangements of the internal processes of 4th abdominal segments

in Batrisina are classified into three types (J, I&12) and these conditions are not observed in the other
subfamilies. In Batrisoschemq  the dorsomedian process is absent (type 12 of Ohishi). But the most spe-

cies of Batrisina have the same type of the internal processes in general. An evolutional tendency of the

internal processes is apparent from the deep or bifurcate form to the shallow and broad form by gradual

reduction. Additionally, the internal arches constructed by these processes are successively reduced or

lost in the apomorphic state, which is typically arisen in Arthromelodesgiganteus. These series of

reductions have little importance for cladistic analyses, not with standing the evolutionary process has

been clearly documented.

3.1.4. Fifth to seventh abdominal segments (Figs. 47-50)
The fifth to seventh abdominal segments are conjointly tubular and more or less narrowed posteri-

orly. In each segment, the tergite and the sternite are demarcated from each other by the tergosternal

ridge or suture on each side; the paratergites of fifth to seventh segments are sometimes indefinite. The

fifth and sixth segments are often strongly shortened on the ventral side, especially in the male. The

seventh segment is distinctIy  larger than the fifth or sixth segment in dorsal view. The seventh segment is

enlarged in all species of this groups, but the fifth to eighth segments are successively shortened in the

other groups of Batrisina. This is a heteronominal change of the segmentation, and considered to be

apomorphic. But there is a problem whether it is an autapomorphy, because similar enlargement of the

seventh abdominal segment is commonly observed in the subtribe Euplactina of Euplectinae, and some-

times occurred in the other division of Batrisina. If the enlarged seventh abdominal segment of the BC

is homologous with that of Euplectina, it may be plesiomorphic character. This problem is the same as
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the pronotal sulci shown in the paragraph 2.1.1. Considering this fact, this character is tentatively con-

sidered to be an autapomorphy.

The internal processes are also present in lateral part of the fifth to seventh segments, and each of

them is very small, subconical and connected with the antecosta of each plate. The tergal and the sternal

processes are connected with each other at their apices. The internal processes appears as lateral

foveae in the external view (lc: lateral cavities of Ohishi,  1986). A pair of median cavities are represent-

ed by rudimentary pits on median part of each sternite in the BC when they are present. These proc-

esses or cavities are clearly observed in the divisions II and IV of the subtribe Batrisina (Fig. 50E,  F).

Compared with the out-groups, the lateral cavities are assumed to be present in each plate of fifth to

seventh segments and the median cavities are also in each stemite in the ancestral condition of Batrisina.

The reduction of these structures must be occurred secondarily in the BC.

3.1.5. Eighth to ninth abdominal segments

The posterior end of the abdomen is a composite circular plate consisting of the eighth segment

and the ninth sternite in male. The eighth tergite is emarginate at the posterior margin with a short

internal folding. The eighth sternite is short and shallowly emarginate at the posteromedian margin.

The ninth stemite is very small, the posterior part is exposed, and the basal part extends internally below

the eighth stern&e  and asymmetrical in some species.
In Arfhromelodes  mercurius,  the eighth tergite bears a transverse groove in the middle part (Fig.

49D-F).  There are a pair of longitudinal carinae in all length of the eighth sternite in the subgenus Ba-

tnxenellus.  The ninth stemite is absent in the male of Physomerinus  pedator,  etc. Each of these modi-

fications being unique to each taxa or species is regarded as an autapomorphic character.
The eighth tergite and stemite form the pygidium in the female. The eighth tergite and stemite are

similar in shape. The eighth tergite is internally folded at the posterior margin. The eighth tergite is

uniquely convex in the female of three species of the uroceratus-group of the genus Batrisoplisus  except-

ing B. parallelus, namely, this tergite is short, but distinctly convex in B. volucaninsulanus,  projected to

form a semispherical nodule in B. inermis,  and conically projected in Batrisoplisus uroceratus.  The

morphocline from the flat to projected conditions of the eighth sternite is recognized as a series of

autapomorphies showing the phylogenetic relationship among these three species.

3.2. Spiracles and Abdominal Glands

3.2.1. Abdominal spiracles (Figs. 51-53)

The abdominal spiracles are present on the fourth to eighth abdominal segments, but are minute

and almost invisible under the low magnification, and they are observed by the SEM in this study. These

spiracles are located each on the lateral carina or suture between the paratergite and tergite in general.

The spiracles of fourth abdominal segment (here in after denoted as spiracle 4 or Sp4) is each located

on lateral carina, or if the carina is absent, it appears on dorsolateral part of the fourth segment behind

of the dorsolateral foveae at a distance. The spiracle 4 is a very small and weakly tubercular simple hole

or sometimes lost. Each of the spiracles 5 to 6 is also a simple hole and is located on each posterior end

of the lateral carina. The spiracle 7 is larger than any other spiracle with swollen periphery. The spira-
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cle 8 lies at the basal part of the eighth tergite and concealed below the hind edge of the seventh seg-

ment.

Atrophy pattern of the spiracles 4 to 8 is varied in the species of Batrisina as shown in the Table 3-6.

The spiracle 4 in the female has a tendency to become lost in general.

Table 3-6. Atrophy pattern of spiracles in fourth to eighth abdominal segments in Batrisina.

species SP4 SP5 Sp6 SP7 Sp8

BatrisopLisus  raffrayi

male + +

Batn&ezeUus  kujumontanus

male

female

+ +
R +

B. oh&ii

male

female

+

Batriscenaulaxfuruhatai

male

female

+

Batriiceniola  a!issimilis

male

B. hirauoi

female

+ + +

+ + +
+ + +

< out-group  >
Batrisoschema euplectiforme

female

+ : present; -: absent; R: reduced; ?: not observed.

Lawrence & Newton (1982) pointed out that the adult spiracles on the fourth to sixth abdominal
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segments are atrophied in Pselaphidae, Dasyceridae, Micropeplidae, and Neophoninae and Proteininae

of Staphylinidae; Newton & Thayer (1988) justified again this apomorphic character. But, Naomi

(1989c) suggested that the spiracles are present on the first to eighth segments in Pselaphidae in princi-

ple, and tend to atrophy in various degree from the fourth to sixth segments.
In my observation, all spiracles on the fourth to eighth abdominal segments are basically present in

Batrisina. If these spiracles retain their function, this fact produces a counterevidence to Lawrence Kc

Newton (1982) and their following studies, and support the consideration by Naomi (1989c). These

series of atrophies cannot be evaluated in my cladistic analysis, however such atrophies are apomorphic

and showing the various atrophy patterns.

3.2.2. Abdominal defensive gland (Fig. 54)

The defensive gland arises at the basimedian margin of the eighth abdominal sternite in some

staphylinids (Omaliinae group of Lawrence & Newton, 1982), and its secretory structure was studied in

detail by Klinger  & Maschwitz (1977). This organ is also observed in some groups of Pselaphidae in-

cluding the BC. It is very small and fragile structure fixed at the middle point of the basal margin of the

eighth sternite in general; it cannot be recognized in the externalview (Fig. 54A).  In Batriscenellus

kujumontanus,  this organ is a spoon-like vestige (Fig. 54B). It arises as a distinct nodule in Hrysomeri-

nus schenklingi (Fig. 54D)  and a large membranous sac in Batrisceniola dissimdis  (Fig. 54E,  F). This

organ is rudimentary in Batrimxaulaxfkmhatai  (Fig. 54C)  or almost absent in Batrisoplisus  rafTi-ayi and

Batriscenellus trandormis  etc.

This variously reduced defensive gland on the eighth sternite is regarded to be a positive apomor-

phic character. Lawrence and Newton (1982) pointed out that the defensive gland originally arose on

the eighth sternite in some taxa of the Omaliinae group of Staphylinidae and Dasyceridae, but was

absent in Pselaphidae. Thayer (1987) suggested that some pselaphids had the reduced abdominal defen-

sive gland, but many ones had nothing, and she assumed that many pselaphids had lost this organ at the

stage of the common ancestor. Although the defensive gland is reduced to small one, it is a synapomor-

phy justifying the Lawrence & Newton system in my opinion. Thayer’s hypothesis must be almost rea-

sonable, but the more original type of the defensive gland in the BC proves that the reductions and

atrophies of this organ had occurred in parallel in many times within Pselaphidae.

3.3. Male Genitalia

3.3.1. Parameres

The male genitalia have specialized structure of the trilobed type in the superfamily Staphylinoidea

(Sharp and Muir, 1912, Blackwelder, 1935, Jeannel,  1955, Matsuda, 1976, Naomi, 1985b etc). In many

groups of Staphylinoidea, the basal piece is reduced to tiny structure or absent, then the parameres are

fixed at the basal foramen  of the aedeagus (median lobe). Thus, parameres are the only component of

the tegmen in Pselaphidae. But in Batrisinae, they are generally fused to each other forming a weakly

sclerotized plate attached to the apical margin of the basal foramen of the aedeagus. The parameres are

independent from the ejaculatory duct. Some muscles are inserted to the ventral side of the paramere in

some cases (Batriscenaulaxfongipes  etc.). These muscles may act the aedeagus to stome into the



32 S. NOMUFCA

abdominal segments. This simple structure is shared by all species of the BC. The less reduced para-

meres than the BC are observed in Tribasodites picticornis, which is composed of three plates, and

two pieces are identified as the rudiments of paired parameres.

3.3.2. Aedeagus (Fig. 55)

The aedeagus is composed only of well-sclerotized median lobe, and is clearly divided into the

basal bulb and the dorsal apophysis in the BC. This type of aedeagus is apparently asymmetrical without

sclerotized endophallus. The basal bulb is bulbous or subconical always bearing a large and well-stalked

projection called the ventral stalk in this study. The basal bulb is thick around the basal foramen,  and

adorned sometimes with a knob or projection called basal strut at the basal end. In some species, the

apical foramen is covered with membrane and has two or three processes named articulate processes in

this study to which the dorsal apophysis is articulated. The dorsal apophysis is various in shape, and

bears membrane continued from the apical foramen  of the basal bulb near to the apex. The muscles

arise from the inner surface of the basal bulb and inserted into the base of the dorsal apophysis. The

contraction of the muscles draws the apex of the dorsal apophysis near the apex of the ventral stalk, thus

the articulated apparatus may act as the clasper or the fixer to the vulva.

In Batrisoplisus, the aedeagus is complicate in shape, and has an elongate basal bulb along the

median axis, whose dorsal apophysis contains two or three sclerites being almost immovable. Each of

the other Japanese species in the BC has such a movable dorsal apophysis that their apophyses are clas-

sified into four types by their shape as follows:

1) The Batriscenellus type. In the large genus Batriscenellus, the dorsal apophysis curves strongly

at the basal part, and extends to the outside of the ventral stalk or sometimes crosses the apex of the ven-

tral stalk.

2) The Physomerinus type. In Physomerinus and Batriscenaulax;  the dorsal apophysis is articulat-

ed at one point, elongate and nearly straight in dorsal view, with a narrow membranous part along the

internal side.

3) The Arthromefodes  type. In many species of Arthromelodes,  the dorsal apophysis is subconical

to subtubular with apical spines or projections, and it is broadly covered by membrane arisen from its

basal part.
4) The Batrisceniola type. The special type is observed in Batrisceniola. The dorsal apophysis is

articulated to basal bulb at the distant two points, tapers, strongly curves and is surrounded by mem-

brane in the basal part.
As for the origin of the dorsal apophysis, Jeanne1 (1949) suggested that it is formed from paired

parameral  plates after examining  in some species of Batrisocenus  from New Guinea. But this is doubtful

in the following two points: 1) the dorsal apophysis is the most distant from the basal foramen in princi-

ple, 2) the rudimentary parameres are independently observed from the dorsal apophysis at the posteri-

or margin of the basal foramen,  for instance, the parameres appear evidently in Physomerinus schenk-

l&i and Tribasoditespicticornis. Later, Jeanne1 (1951a) denied his own hypothesis and correctly sug-

gested about the formation of the dorsal apophysis that it originates in the dorsal wall of the median

lobe.
The character transformation series of the dorsal apophysis in Batrisina are inferred from the ob-

served morphocline and the polarity determined by out-group comparison in the present study as fol-
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lows:

Step 1: The male genitalia are in the shape of a jar with basal foramen on its side and sclerotizcd

endophallus, and the parameres are reduced to a simple lobe. The aedeagi of many species in the divi-

sions II and IV of Batrisina, especially the type of Bafrisodes are derived from this step by reduction of

the genital sclerite in the dorsal walI of the median lobe.

Step 2: The dorsal wall of the median lobe is broadly expanded apically to form an incomplete

dorsal apophysis, and the endophallus is more or less reduced. Tribasodites picticornis, Tribasodes

longicomiis  and Basitrodes sp. have the aedeagi of this step.

Step 3: The dorsal apophysis is almost immovable and broad or complicate in shape, for instance,

it is represented by a shield-like plate in Batrisocenus spp. from New Guinea (Jeannel,  1949) or two or

three pieces of sclerites in Batrkoplisus.

Step 4: The dorsal apophysis is movably articulated with the basal bulb having the clear muscles;

and the endophallus is not sclerotized. This step shows the apomorphic condition observed in most

species of the BC except for Batrisoplisus  and Batrisocenus.

The character in the steps 3 + 4 is treated as an autapomorphy supporting the monophyly of the

BC in the present cladistic analysis, but there are following two problems: Jeanne1 (1951) pointed out

that the dorsal apophyses are occurred in the aedeagi of the other groups, for example, Parabatrisus  in

the division II of Bat&ma.  Jeanne1  (1952) also described the male genitalia of Batrixenites  morulus be-

longing to the BC, which are similar to those of the step 1. Judging from literature on these species, the

dorsal apophysis of the former species is probably not homologous with that of the BC, and that the

latter species is considered to have the step 4 of aedeagus according to Tanokuchi (1989).

3.3.3. Dimorphism of the male genitalia (Figs. 56,57)

The male genitalia of this group are asymmetrical without exception. A type of the male genitalia

with a dorsal apophysis on its right side of the basal bulb is named as the right-articulated type (RA) in

this study, and the contrary type for the left side is named as the left-articulated one (LA) in the same

way. The genitalia are allocated to RA and LA on each species of the BC as shown in the Table 3-7. In

some species, both of the RA and LA are found in the same population of one species, which is denoted

here as dimorphic (Fig. 56).

As a result of the comparison, the situation of the dorsal apophysis on the male genitalia of each

genus is clarified as follows:

In Batrisoplisus,  the dorsal apophysis is composed of two or three sclerites, and articulated at both

sides. Judging from the situation of the ventral spine, one type of the genitalia with the spine on the left

side must be the RA, and the other for the right side is the LA. In this way, every specimens examined

excepting the torticornis-group is classified to the RA. The torticornis-group is composed of three

species having a different type of genitalia respectively from the other species-groups, two of which are

settled to the LA, and torticormi  is dimorphic.

The dorsal apophysis of Batriscenellus  is articulated on the left side of the basal bulb without

exception, and curves rightward in the basal part to reach right side of the basal bulb.

In Pbysomerinus,  P. shenklingiis  uniformly LA, and the rest two species are settled to the RA;

there is no dimorphic species.



34 S.NOMURA

Table 3-7. Number of right- and left-articulated types of male genitalia in each species of the BatriiscF

species N RA L.A RA or LA

Batrisoplisus
B. sagamianus 2 2 0
B. galloiS 3 3 0
B. sawadai 2 2 0
B. satsumanus 1 1 0
B. subtilis 1 1 0
B. venustus 5 5 0
B. tenuiformis 1 1 0
B. e&ii 4 4 0
B. tosanus 1 1 0
B. tanabei 2 2 0
B. okamotoi 2 2 0
B. raffayi 9 9 0
B. amamianus 1 1 0
B. monostatos 6 6 0
B. torticornis 10 4 6
B. tamiho 1 0 1
B. constrictus 1 0 1
B. volucaninsulauus 1 1 0
B. uroceratus uroceratus 2 2 0
B. uroceratus brevikpiins 1 1 0
B. inermii 1 1 0
B. parallelus 8 8 0

BatrisceneuuS
B. japom‘cus  japom’cus
B. j. ticarius
B. punctatus
B. falh
B. omogensii
B. kujumontanus
B. fragilis
B. nodulifer
B. transformis
B. shiiis
B. oh&ii
B. insulicola
B. orientalis
B. piloselh
B. sahii
B. uenoi

1
2
3
3
1

68
1
1

10
10
4
1
1
1
1
4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
2
3
3
1

68
1
1

10
10

4
1
1
1
1
4

RA
RA
RA
FL4
FL4
RA
RA
RA
RA
RA
RA
EL4
R4
RA

dimorphic
LA
LA
RA
RA
R4
RA
RA

LA
LA
LA
IA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA

N: number of males examined; RA: right-articulated type; LA: left-articulated type.
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CeLlus  complex.

species N RA LA RAor  LA

Physomexinus
P. pedator
P. schenkliugi
P. hasegawai

Batriscenaulax
B. modestus
B. Ion&es Ion&es
B. 1. kumaso
B. 1. hayato
B. fiuuhatai
B. Ideinzach
B. kun&mensis
B. nagensik

Arthromehxies
A. punctifrons
A. giganteus
A. pticollis
A. kiiensk
A. ffoja
A. thysanoventrik
A. comiventris
A. mercurius
A. hikosanus
A, loebli
A. dilatatus  daibosatsuanus
A. d. shiranemontanus
A. d. fujmontauus
A. sinuatipes
A. aizuanus
A. saikaiensk
A. crutier

Batriscem’ola
B. okimiiis
B. hknoi
B. semipunctulata

2
23
1

2
0
1

0
23
0

RA
LA
FtA

1 1 0 RA
49 0 49 LA

8 0 8 I-4
3 0 3 LA

27 0 27 LA
5 5 0 FL4
1 0 1 LA
1 0 1 LA

1 0
1 0
1 1
8 8
1 1
8 3
1 0
1 1
1 1
8 5
1 0
1 0
1 0
1 0
1 1
4 0
1 1

1
1
0
0
0
5
1
0
0
3
1
1
1
1
0
4
I

109
108
25

LA
LA
R4
RA
RA

dimorphic
LA
RA
FL4

dimorphic
LA
LA
LA
LA
FS
LA

dimorphic

293
237

25

184
129

0

dimorphic
dimorphic

LA
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In Batriscenaulaq B. kleinzach and B. modestus  are each RA and the rest four species and two

subspecies are of the uniformly LA; but B. longipes  scarcely differs morphologically from B. modestus  in

appearance and the structure of the male genitalia without the direction, hence these two species are

suspected to be of two morphotypes of the same dimorphic species.

In Arthromelodes,  six species and two subspecies are uniformly of LA, other six species are of  RA,

and three species, A. thysauoventris,  A. loebfi  and A. crutier  are dimorphic.

Each of two species of Batrisceniola, B. dissimilis and B. hiranoi is dimorphic and the rest one is

settled to the LA.
Furthermore, on some local populations of the dimorphic species, Batrisceniola dissimilis, the

ratios of the RA and the LA were compared. These data are shown in Table 3-8 and Fig. 57.

Table 3-8. Number of right- and left- articulated types of male genitalia in the different populations of

Batrixem~ola  o!issimJis.

localities N RA LA M(S)

TOWADA  (Aomori Pref.) 20

FUTAKUCHI (Miyagi Pref.) 38

NIKKO (Tochigi Pref.) 33

HAKONE (Kanagawa Pref.) 14

OGASA (Shizuoka Pref.) 12

HIKIMI (Shimane Pref.) 24

KAMAGARI (Hiroshima Pref.)

The other localities

30

122

12

22

17

0

7

19

19

95

8 60

16 58

16 52

14 0

5 58

5 79

11 63

39

Total 293 184 109 63

N: number of males examined; RA: right-articulated type; LA; left-articulated type.

The morphotypes of the RA and the LA are both observed and the ratio is a little larger for RA
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than the LA in most populations. The population in Hakone is an exception where fourteen males are

allofLA.
Jeanne1 (1955) referred to the inversion of the asymmetrical male genitalia in the pselaphids and

carabids in his review on the morphology of aedeagus, and regarded it as a mutation on the evolutionary

process. But the “inversion” in his sense indicates interspecific or intersubspecific variation and never

means intraspecific one. He explained an example of the inversion in Pterostichus  ruf7pe.s  of Carabidae

as an intraspecitic  mutation and exceptional.

Concerning the dorsal apophysis of the BC, Jeanne1 (1951a)  assumed that the LA was primitive and

the RA was derived from the LA by the mutation based on the fact that RA was more generally ob-

served in the BC than the LA (but some groups examined by Jeanne1 are excluded from the BC in my

opinion). Thus, he classified the African genus Arthromelus into two subgenera on the types of the male

genitalia, namely, Scaiomelus of the LA and Arthromelus s. str. of the RA. Additionally, he suggested

that Arthromelodes csriei is most primitive because of its nearly symmetrical male genitalia. In short, he

hypothesized the following evolutionary process of the male genitalia: Arthromelodes carice (symmeti-

Cal) - subgenus Scaiomelus (LA)- subgenus Arthromelus (RA).

But the present study evidently demonstrates that the change from the LA to the RA (or from the

R4 to the LA) is not an evolutionary event once occurred in the BC, and his observation that the male

genitalia of Arthromelodes cariei is symmetrical is inappropriate. The hypothesis that the symmetrical
male genitalia are primitive in Batrisina is reasonable, but every genitalia having dorsal apophysis is

clearly asymmetrical without exception in my observation. The dimorphism of the male genitalia as the

RA or LA is not a result of the evolutionary event, but is probably a genetic variation occurred in paral-

lel in some groups of the BC. Such dimorphic character should not be treated as a phyiogenetic charac-

ter for the taxonomy.

3.4. Ovipositor

The ovipositor is composed of the ninth abdominal sternite and the genital plate in Batrisina. The

vagina is located between two hemistemites of the ninth stern&e  (Fig. 58).

3.4.1. Ninth abdominal stemite

The ninth abdominal stern&e  is divided into two hem&err&es  by a narrow and transverse membra-

nous part including the vagina. These hemisternites are named fore and hind lobes in this study. The

apical margin of the hind lobe is connected with the ventral side of the anus. In four Japanese genera of

the BC excepting Batrisoplisus and Batriscenellus,  the hind lobe bears a transverse or ovoid median

membranous area. The fore lobe of ninth sternite is more or less narrowed, and has a pair of ventral

processes running in subparallel  at the basal part in many species.

The internal structure of the female reproductive organ located anterior to the ninth sternite con-

tains the bursa copulatrix, ovary, spermatheca and a pair of glandular vesicles (Jeannel, 1950). The

bursa copulatrix is very large, and attached to the fore lobe containing ventral processes, and dorsally

supported by the lateral arms when these are well-developed. The glandular vesicles was first reported

in Cfaviger  testaceus by KItiger (1910). The duct from the vesicles is attached each to lateral extension
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of the hind lobe at the basal margin in the BC. The position and shape of the spermatheca and ovary of

the BC are not examined in the present study.

In Bafri~oplisus,  the ninth stemite is almost membranous, and the fore and hind lobes are indefinite

without ventral processes. The ninth sternite of Batriscenellus  is weakly sclerotized, and the fore and

hind lobes are clearly distinguishable and partially overlapped in the ventral view. Its hind lobe has no

distinct median membranous area, and the fore lobe has a pair of small ventral processes. Every species

of the other four genera Physomerinus,  Batnxenaul~  Batrikceniola  and Arthromelodes  has the similar

type of the ovipositor in having the median membranous area on the hind lobe and the well-developed

ventral processes. Each of the two species of Cratna examined in this study also has the hind lobe of the

same type, but bears no sclerotized ventral processes on the fore lobe. The ninth sternite of Arthrome-

lodes punctifrons  is very weakly sclerotized and has indistinct ventral processes, but this character is

regarded due to a secondary reduction, because the sclerotized frame of that type of the sternite re-

mams.

In many species of the division II of Batrisina, the ninth stemite is a weakly sclerotized single plate
in general, which is probably the primitive condition of the ninth stemite in Batrisina. The divided ninth

sternite shared by the five Japanese genera and Cratna is considered to be the derived condition. The

fore lobe having a pair of well-developed ventral processes in four Japanese genera are regarded as

apomorphic. The median membranous area of the hind lobe found in four Japanese genera and Cratna

is regarded to be a derived character. Each of these three characters is unique to each group, hence it is

recognized as a good autapomorphy.

3.4.2. Genital plate

The genital plate is a small sclerite located at the dorsomedian part of the bursa copulatrix, this

sclerite is composed of a median wall and a pair of lateral walls in the general form. This plate in Proba-

trisus called “pi&e papilionacke”  was regarded to be homologous with the “plaque vaginale  (apophyse

vaginale)”  (Jeannel, 1941) of Carabidae by Jeanne1 (1949). In some species of the BC, the genital plate is

very large, strongly sclerotized and laterally extends to form a pair of robust arms, which are called the

lateral arms in this study. In these species, muscles arise from the ventral processes and are inserted to

the apical part of the lateral arms.

The genital plate of Batrisopfisus is weakly sclerotized and not laterally extended to form lateral

arms. In Batrisceneflus,  the genital plate is small, slender and T-shaped, and its lateral arms are very

short without distinct muscles. Similar T-shaped but large genital plate is present in two species of

Cratna examined in this study. In the other four genera, the genital plate is large and strongly sclero-

tized with well-developed muscles, and the lateral arms are very long extending anterolaterally.

The genital plate of Batrisopfisusbelongs to the general type of Pselaphidae, which apparently

shows primitive condition. The T-shaped genital plate of Batriscenellus and Cratna shows apomorphic

state. Furthermore, the type with anterolaterally extending long lateral arms must be derived from the

latter type. The latter two characters are each recognized as an autapomorphy.
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4. Hairs and Setiferous Structures

4.1. Hairs of the Body

4.1.1. Normal  hairs

The normal hairs mean the hairs covering the integument of the body without distinct secretory

pore nor modification as sensory pit in this study. Each hair is sharpened toward apex and furrowed

longitudinally and its socket is simple. The direction of the hairs has the following manner. The hairs

are anteriorly directed on clypeus, anteriorly or laterally on the frons, toward the center or anteriorly on

the vertex, toward apex or erect on the antenna, toward the center on the pronotum, posteriorly on the

elytra, laterally or posteriorly in the median part of the mesosternum, posteriorly on the metasternum,

toward apex in general, but with some ,modification  on the legs. On each of fourth to seventh abdominal

segments, the hairs in the anterior part of the dorsum are directed toward the hind margin and turned

internally on the posterior part. These are internally directed on the eighth tergite, and posteriorly on

the eighth stemite. This principal direction of the hairs has some exceptions, for instance, in Batri~ceni~

ala dissimilis and B. hiranoi,  the hairs on the frons are directed posteromedially. It is modified in ac-

cordance with the sexual patch on the frons.

The direction of the hairs is common to the most species in Batrisina or to some taxa in Pselaphi-

dae.

4.1.2. Suberect long hairs

The suberect  long hairs are distinctly longer than the surrounding hairs, erected on the integument

and are paired symmetrically, but they are very similar in structure to the normal hairs. The suberect

long hairs arise on the first, second, fifth, seventh and ninth to eleventh antenna1 segments in most spe-

cies, sometimes on the lateral and dorsal sides of the pronotum and the dorsal side of the elytra or

dorsal part of the fourth abdominal segment; a pair of those hairs are observed on each segment of fifth

to eighth abdominal segments in many cases. They are observed in many species of Batrisinae.

In five species of Arthromekxfes,  the suberect hairs varied in number, position and length as shown

in Fig. 59. The suberect hairs also densely arise on the postgenae in many species of Batrisina, but are

not so developed in the BC.

4.2. Non-Sexual Setiferous Structure

4.2.1. Trichome and allied structure of first antennal segment (Figs. 60-62)

The first antenna1 segment has a trichome consisting of several bold and semihyaline setae on the

outer apical part in both sexes of some species in the BC. This organ is developed to be a conical pro-

jection in all species of Batrisceneflus  (Fig. 60B-F); the same structure is present in the scape  of Ar-

thromelus  labiatus,  and SeidehYes  af?inis from Africa in my observation; there is a small t&home on the

same position in some species of Arthromelodes, Batriscenaulaxand Batrisceniola;  these setiferous
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structures are completely absent in Batrkoplisus  and Physomerinus. In Cratna belonging to the BC from

south-east Asia and Taiwan, the first antenna1 segment projects apically from the outer side, and the

projection is truncate and unifoveate at the apex in both sexes (Fig. 6lA, B).

Lijbl (1986) pointed that the secretory organs are also present on the scape in male of many species

of Batrisinae, but these non-sexual modifications are unique to Cratna. In my observation, the micro-

structure of these setiferous organs are presumably characteristic to each genus group or the genus

within Batrisinae. Therefore, I recognize the conical trichome of Batriscenellus and allied genera, and

the truncate and unifoveate projection of Cratna as an autapomorphy of each genus group or the genus,

respectively.

42.2. Trichome of maxillary palpus (Fig. 63)

In both sexes of all species of the BC examined, a small trichome composed of several short and

bold setae is observed at the outside of the fourth segment of the maxillary palpus. This structure is

widely found in the subfamily Batrisinae, and was illustrated by Lob1 (1979a,  19796) in Megabatrus and

Satbytes  (division II).

4.2.3. Sensory pit of fore femur (Figs. 64-66)

In many pselaphids, the fore femur has the setiferous organ or sculpture of the integument called
“sensory pit” by Grigarick & Schuster (1980) in the shallow groove on the inferior surface, which is

observed by SEM in detail in this study. This organ comprises basically several setiferous units in a

longitudinal lines on the internal side, and each unit is composed of a group of pores and a suberect

seta. This basic structure and its moditications of the sensory pit are generally observed in some groups

of Euplectinae and Batrisinae. This sensory pit is supposedly a trace of the evolutionary event that the

subfamily Batrisinae are derived from a certain group of the subfamily Euplectinae.

This setiferous structure is completely absent or rudimentary in Batrisoplisus (Fig. 64A). Many

pores densely arise and suberect setae are arranged at short distances in Batriscenellus (Fig. 64B,  C).

This organ has many short setae around the pores in Batriscenaubx  and Physomerinus (Fig. 65A-E). In

three species of Cratna examined, the basal part of this organ is similar to that in Batriscenellus, but

each unit of the apical part bears a characteristic suberect  seta, which is distinctly larger than those of

basal units (Fig. 64D,  E). This seta is longer and bolder than the around normal hair, and branched

complexly, each branch of which is short and clavate (Fig. 64F, G).

The pores and the suberect setae are also observed in some species of the out-groups, for example

Batrisodes (Excavodes) dorsalis (Fig. 66F). Then, the short setae surrounding the pores and the suber-

ect setae are considered to be an autapomorphy of Physomerinus + Batriscenaulax  because of the

absence in the out-groups. Although the branched long setae uniquely observed in Cratna in the BC, the

same character arises in some species of the division II of Batrisma (Batrisodes? quinquesukatus,  Batri-

sodeflus  risor,  etc.). Such type of the setae may have been evolved at the genus Cratna and some out-

groups in parallel.

4.2.4. Setiferous structure of tibiae (Figs. 38-40)

Through the observation by SEM, the tibia has the following five sorts of setae at most. First, the

normal and pointed setae which are dense on the basal part of the tibia sparser apically; second, only
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one long and slender seta borne at the base of the ctenidia on the apex of each tibia. This is probably a

kind of sensory organ, but it is very similar to the normal hair in structure; third, spatulate setae abun-

dant on the apical part of the tibia, which are as bold as the normal hairs at the basal part, and are

broadened apically and flattened or shallowly excavated; fourth, ctenidia arranged around the apex and

live to ten in number, each ctenidium round at tip, and shorter and apparently bolder than the other

sorts of setae; fifth, a group of secretory setae formed into pencil or spur, each seta is truncate or spatu-

late, and twisted at the apex.

The first four sorts of setae are present on almost all the tibiae in the BC, but the last secretory

setae are characteristic to the male of the four genera Bafriscenaul~ Physomerinus,  Arthromelodes and

Batrisceniola. This type of seta is treated in the paragraph 4.3.2.

4.2.5. Brush-like organ of seventh abdominal tergite (Fig. 67A-C)

In both sexes of Batrisceniola, the seventh abdominal tergite bears a brush comprising of several

short setae of round head. This is a good autapomorphy for this genus.

4.2.6. Spatulate setae in the concavity of integument (Fig. 67D-G)

The spatulate setae arise in the concavity of the integument, for instance, on the lateral cavities of

the abdominal segment in many species. They are observed in a line in the outer dorsal sulci of the

elytra and the lateral sulci of the pronotum in Physomerinus  hasegawai  and Cratna abdominalis (Fig.

67E, F), and are also present in the T-shaped sulcus  of the from, in Cratna abdominalis  (Fig. 67G).

Such setae are found in some species of the out-groups in parallel, for example, Grigarick &

Schuster (1980) showed this type of setae in the Nearctic Euplectinae. These setae are various in shape

and position, and consequently difficult to evaluate the phylogenetic importance.

4.3. Sexual Patch

“Sexual patch” indicates a patch of the secretory organ and the accompanied structures occurred in

the male and often containing secretory setae. It shows the complex appearance in many cases and is

important for the practical taxonomy and the phylogeny of the BC.

4.3.1. Position and macrostructure of the sexual patch

The sexual patch occurs in the various position of the integument having the various macrostruc-

tures. This patch can be classified into the types Al to A3.

Al. Setiferous patch or acinona patch (S): the flattened area uniformly covered with many secre-

tory setae or acinous glands.

A2 Excavation with setae (E): the large excavation containing a certain sort of secretory setae or

pores.

A3. Fringe (F) and t&home  (lJ: the brush-like structure consisting of several bold hairs or secre-

tory setae, lined with setae (F) or pencillate at a point (‘I’).

Furthermore, these structures are located and arranged as in the following Bl to B3:

BL Siie structure above the median line (s).
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Table 3-9. Position, arrangement and macrostructure of the sexual patch in each species of the Batri

species/position 8A 9A MS

Batriisoplisus
antenna nodiform type 14 spp.* - @+E)P  -

B. torticomkgroup
antenna nodiform type 2 spp. @+E)P - SC

B. wnstrictus - - SC

antenna moniliform type 5 spp.** - - -

*: B. galloisi,  venustus and ra&-a_+groups  except for B. coifhiti.
**: B. monostatos and uroceratus-groups.

species/positions MS HF ST 6T

Batrixeneh
Subgenus Batriscenehs I spp. - - Fs+Sc Es

B. transformiis - - - Es+Sc

B. simdis  etc.* SC - Es Es

B. orientalis etc.** SC - ss SS

B. uenoi - SP - -

+: B. similis and B. shiranuil
* *: B. orientali, ohishii, insuiicol~  pilosellus  and sakaii.

SA-1OA:  dth-10th antenna1 segment; F: frons; MS: metasternum; EL: elytra; FT: fore tibia; MF: mid
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socenus complex.

species/positions EL FT MF HF 4T

Physomerinus 3 spp. - Tp - Ep -

Batriscenaulax6 spp. - Tp - - Es+&

B. kleinzach SP TP SP SP ES-I-SC

Cratna
C. abdominalis - - - - -

c. sp. - - - - Es

species/positions 9A 1OA  F HF HT 4T 7T

Arthromelodes
A. gi,,anteus Sp Sp - Ep - - -

A. puncrifrons,  etc.* - - - - - - -

A. thysanoventris, etc.** _ _ - - - - Es

A. mercurius, etc.* * * - - - - Ep - -

A dilatatus etc.**** _ - - - - Es+Sc -

Batrkceniola
B. semipunctulata _ - - - - Es+SC -

B. o&i&s  and hiranoi - - EC _ - - _

* : A. punctitrons,  pticollis  kiiensis  and gyoja.
* * : A. thysanoventris and corniventris
** *: A. mercurius, loebli and hikosaaus.
* ** *: A. o!ilatatus,  sinuatipes, ~~ZLKGILIS,  saikaiensis and cruciter.

femur; HF: hind femur; HT: hind tibia; 4T-7T:  4th to 7th abdominal tergite.
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B2. Coupled struchms  both located on the sides of the segment (c).

B3. A pair of structures located on the paired organs or appendages in each @).

These positions and the macrostructure of the sexual patch in all species of the BC from Japan are

shown in the Table 3-9.

The sexual patch varies in the position and macrostructure within not only the BC but in some

monophyletic taxa in the out-groups. Some arise similarly on the homologous organ among the distantly

related taxa,  for instance the fourth abdominal tergites of Batrisceoaulax,  Cratna sp., Batrisceniola

semipunctulata,  Arthromelodes dilatatus  and the allied species. The sexual patches appear on the same

position and with the same macrostructure, but they can be often classified into many character states.

Hence, the position or macrostructure itself should not be identified as a single character state.

Additionally, the species with and without sexual patch are often present within the same genus or

species-group, for example, the torticornis-group of the genus Batrisoplisus contains B. constrictus

without secretory organ in the antenna and two species with complicate sexual patches. These phenom-

ena are also observed generally in Batrisoplisus, Batriscenellus, typically in Cratna, and Arthromelodes.

Therefore, any genus cannot be defined by the macrostructure and position of the sexual patch.

4.3.2. Secretory setae and the related structure of the sexual patch

The sexual patch accompanies a secretory organ containing the secretory setae, pores of gland or

acinous gland. It differs apparently from the non-sexual secretory organ treated in the paragraph 4.2. or

that of the myrmecophilous species. Such sexual patch is widely distributed in Coleoptera shown by

Faustini and Halstead (1982),  etc. The secretory setae in the sexual patch are varied in structure and

size. In some cases, several sorts of setae arise within the sexual patch of one species. The form, the

number and the position of the setae are strictly specific. The structure of the secretory setae and the

related structure are classified as in the following Cl to C4 for the convenience in this study:

Cl. Subtubular seta (A): the more or less tubular seta with a pore at the center. This seta con-

sists of a basal socket and an apical lobe. The basal socket is ring-shaped or tubular with modifications

as a concaved ringed at the base (Physomerinus schenklingi - Fig. 84A) or a tapering projection (Ba-

triscenellus  kujumontanus  - Fig. 73F, etc. ). The apical lobe is slender, rounded at the apex and shoe-

horn-shaped or semitubular in many cases. It is broadened at the basal part and sharpened apically in

Batnxenellus  uenoi (Fig. 8lA), and divided into three pieces in B. nodulifer  (Fig. 76F).

C2. Non tubular seta (B): the seta pointed apically without tubular socket, and accompanies one

or a few pores at the base, but the surface structure is various. In some species, it is striate longitudinally

as in the normal hair, but usually bolder than the normal hair.

C3. Acinous  gland  (C): the granular area without pore or with very minute pores. The glands of

this type are usually grouped together to form a granular patch, which is called the acinous patch in this

study. This is observed on the ninth segment of the nodiform antenna of Batrisoplisus (Fig. 70A-C) and

on both sides of the fourth abdominal tergite in Arthromelodes cruciter  (Fig. 99F).

C4. Pore &ui secretory pit (P): the opening of the gland without seta. The opening of this type is

uncommon in the secretory gland and observed on the hind femur of Arthromelodes giganteus (Fig.

93C,  D) and the sixth abdominal tergite of the Batriscenellus nodulifer (Fig. 76G). In all species of

Batrixenaulq  the pores are crowded to form some patches each surrounded by the other type of setae,

which are located in the median concavity of the sexual patch on the fourth abdominal segment (Figs.
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87C,  F, 88B, E, 9lB, C).

Furthermore, secondary structures formed by a kind of the setae or the openings of the glands are

denoted as in the following D1-k

Dl. Edament  (M): one or a few pairs of the bold setae or the supporting structure of the small

setae locating at the central part of the sexual patch.

D2 Setiferons patch and acinous patch (P): a certain area where a kind of setae or acinous glands

are crowded.

D3. Fringe (E) and trichome  (‘I): the same structure as A3 in the foregoing paragraph 4.3.1.

D4. The solitary seta and the sparse setae are denoted by the number of the setae in this study.

Combining the Cl-4 and Dl-4, the sorts and the secondary structures of the setae and glands are

shown in the Table 3-10.

The sexual patches had evolved into the similar forms in parallel probably for the function as senso-

ry or secretory organ, because the similar structures occur in the distant groups or on the non-homolo-

gous organs. Most of these non-homologous characters are certified by the discordance of their posi-

tions and types of the setae. The characters of Nos. 432-l-39 are proposed to be autapomorphic, the

identity of these apomorphic characters is verified by the conformities of their positions and types of the

setae of the sexual patch on a segment.
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Table 3-10. Position and structures of the setae and secretory organs in species of the Bafrkocenus

species position setae and Code No. of
secretory organ apomorphy

Batn~oplisus

B. galloisi

B. venustus

B. okamotoi

B. raErayi

B. torticornis

B. constrictus

B. monostatos

Batnxenellus

B. kujumontanus

B. fallax

B. nodulifer

B. transformis

B. sim.ilis

B. ohishii

B. piloseUus

B. uenoi

Physomerirws

P. pedator

P. schenklingi

P. hasega wai

9A A2+B3+CP

9A A2+Bl2+BT+CP

9A A2+BL5+CP

9A A2+Bl2+B12

E G+AM+A2+B10
MS BP

MS BP

E E
9A AP

AP+BF
AM+BM+BF+P6

6T AM+AP+AT

z
MS

AP+BM

%+BT+B1O

2 I3
MS BP

z; s
MS BP

HF

i% E-5
HF AP+AP+PlO

AP+BF
AP+AP+AT

AP+BF
AP+AP+AT

AP+AP

g+B6+BlO+Pl

::+AP+B8+BT+P2 ;;;I:;

432-l

432-l

432-l

432-l

:;;I;
432-4

432-4

432-5
432-6
432-7

432-8
432-9

432-8
432-9

432-8
432-10

432-11

:;;I:;
432- 14

:;;I:;
432-14

:;;I;;
432-14

432-17

432-18a
$;:;;5

432-18a
432-21
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complex.

Speck position setae and Code No. of
secretory organ apomorphy

B. longipes

B. furuhatai

B. kltich
FL

z/F
4T

Arthromelodes

A. thysanoventris

A. mercurius

A. dilatatus

A. saikaiensik

A. cruciter

Batnxeniola

B. semipunctulata
E

B. a%.Guilis

B, hiranoi

F

F

I2.F
AP+(BF+PP +BT+(BF+

dPP)+(B+P) +BT

E
AP
BP+Pl

ET
BT
BT

FiT
E+BM+BT+BT

Z+BM+BT+BT+BT

432-18b
432-23

432-18b
432-23

g:gb
432-25
432-26
432-23

432-27
432-31
432-32
432-33

g;;;:

432-27
E+BM+B2+B2+BT+BT+BT+
BT 432-38

5 :;;I;;

z
432-24
432-36
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IV. PHYLOGENY

The phylogenetic relationship of the genera and species of the BC is inferred from the characters

evaluated in the chapter III. In this study, 6 genera, 67 species and 8 subspecies of the BC are treated

from Japan, together with four species of the exotic genus Cratna from East Asia for comparison and

also information in the literatures are consulted. The characters used for this analysis are tabulated and

appended at the end of this chapter.

1. Phylogenetic relationship of Japanese genera of the Batrisocenus complex and systematic position of

the genus Cratna (Fig. 103)

The short postgenae and the sulcate elytron with two dorsal foveae used as the key characters of

the BC by Jeanne1 (1958,1959,  etc.) are not appropriate for their autapomorphy as mentioned already

(l.l.l., 2.2.1.). The apomorphic characters supporting the monophyly of the BC are the U-shaped later-

al sulci and the transverse sulcus of the pronotum (2.1.1.) and the male genitalia with a distinct dorsal

apophysis (3.3.2.). The relatively large seventh abdominal segment (3.1.3.) is proposed also an autapo-

morphy of the BC. But every autapomorphic character supporting the monophyly of the BC includes
some problems about the homology or polarity as discussed in the foregoing chapter. As a result of the

cladistic analysis, this monophyletic group is divided into the following five monophyletic subgroups:

The genus Batrisoplisus, the genus Batrisceoellus, the genus Cratna, the genera Batriscenaulax +

Physomerinus  and the genera Arthromelodes + Batnxeniola.

The genus Batrisoplisushas many plesiomorphic characters as the well-demarcated abdominal

paratergites, but it is a monophyletic group defined by the following two autapomorphic characters, the

paired horns in the ventral surface of the cranium (1.1.1.) and the paired small processes between the

mesocoxal cavities (2.1.2.). The remaining six genera are regarded as a monophyletic group on these

characters, the well-sclerotized ninth abdominal sternite (3.4.1.),  the T- or W-shaped genital plate

(3.4.2.) and the dorsal apophysis of the male genitalia composed of a single sclerite and membrane

(3.3.2.).
Among these six genera, Batriscenellus is defined as a monophyletic group by the fist antenna1

segment with a conical setiferous organ (4.2.1.) and by the basally curved dorsal apophysis of the male

genitalia (3.3.2.). In my observation, Arthromeluslabiatusand Seiderites affinisalso have the same

features, thus some species of these genera may join in this monophyletic group. The other five genera
are proposed to be monophyletic by the ninth abdominal sternite with a transverse or ovoid membranous

part in the female (3.4.1.).
The genus Cratna is a good monophyletic group defined by the elongate maxillary palpus with

many long setae (1.2.4.); which also bears three distinct autapomorphic characters, the obliquely trun-

cate projection of the first antenna1 segment with an apical pore (4.2.1.),  the T-shaped frontal sulcus

connected with the vertexal  ridge (1.1.1.)  and the fore femur with long, suberect and branched setae

(4.2.3.). This genus is probably most allied to Batriscenaulaxin  having the similar small male genitalia

with a short median lobe and the fourth abdominal segment with two pairs of separated ventromedian

foveae, however they are not recognized as autapomorphic.
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The four genera, Batriscenaulaq Physomerinus, Arthromelodes and Batrisceniola are also regard-

ed to form a monophyletic group on two autapomorphk  characters, the fore tibia with twisted setae near

the apex in the male (4.2.4.),  and the female genital plate with a pair of anterolaterally extending long

lateral arms to which muscles are inserted (3.4.2.). These four genera are divided into two and two; a

group composed of Batriscenaukr  and Physomerinus is monophyletic by the fore femur with long and

short setae in the ventral surface (4.2.3.) and the spatufate and twisted setae of the fore tibia formed into

a pencil (4.2.4.). The other comprising Arthromelodes and Batrisceniola is tentatively defined a mono-

phyletic group by the fore tibia with an apical spur formed by the twisted setae (4.2.4.).

2. Phylogenetic relationship among species-groups, species and subspecies of the genus Batrisoplisus

(Fig. 104)

The endemic genus Batrisoplisus in Japan contains twenty-four species. Twenty-two species of
them have been examined in this study excepting B. antennatus and B. coiffaiti. They are classified into

following six species-groups: The uroceratus, monostatos-, torticomis-, raEra_vi~, venustus- and galloisii-

groups.

First, the uroceratus-group is good monophyletic sharing an autapomorphy of the right mandible

with a large external projection (1.2.3.) is a good monophyletic group. The four species constitute a

sister group to B. paraflelus in this group on the convex eighth abdominal tergite in the female (3.1.4.).

Another sister group comprising B. uroceratus and B. inermis is characteristic in having the more

advanced apomorphic characters, the nodulate or conically projected eighth tergite in the femele

(3.1.4.),  the fore tibia with a mucro (2.3.4.), and the mid trochanter with a curved spine in the male. The

two subspecies of B. uroceratus are so similar to each other on the conical projection of the eighth

abdominal tergite in the female and the long mucro of the fore tibia in the male.

Second, the monostatos-group contains one species, B. monostatos. This group is defined by the

fifth abdominal sternite with a posteromedian ventral process in the male, but its cladistic position

among those species-groups is unsettled.

Third, the torticornis-group containing three species is regarded as monophyletic by the sexual

patch on the metasternum (432-4) and by the characteristic male genitalia composed of a rectangular

basal bulb and a dorsal apophysis, the latter consists of three sclerites. In this species-group, B. torticor-

nis and B. tamino are closely related in having the sexual patch on eighth to ninth antenna1 segments

(432-2, 432-3). B. constrictus has sister relationship with these two species on the absence of distinct

sexual patch in the antenna.
The remaining three species-groups and probably B. antennatus are recognized as monophyletic by

the sexual patch on the ninth antennal  segment in the male (432-l). The cladistic relationship among

this clade and the other three species-groups mentioned above is indefinite. The raffrayi-group is a

monophyletic group containing three species (B. coiffaitihas not been examined), and characterized by

the externally expanded ninth antenna1 segment in the male and the fourth abdominal sternite with a

pair of ventral processes in the male. Its phylogenetic relationship is uncertain. The venustus-group

comprising six species is tentatively regarded monophyletic supported by an autapomorphy, the fourth

abdominal sternite with a posteromedian ventral process. This character is also shared with B. parafle-

fusof the uroceratus-group. This disagreement of the apomorphic character must be regarded as a

parallelism from the viewpoint of parsimony, i. e. this apomorphic character is antagonistic to the two
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autapomorphic characters, the right mandible of the uroceratuqroup  and the ninth antennal segment of

the sister group formed from the three species-groups. Within the venusrus-group,  the phylogenetic

relationship among the species is not settled. The galloisi-group is characterized by the absence of the

ventral process in the fourth abdominal sternite in the male, so this group may be paraphyletic contain-

ing live species of the undecided phylogenetic position.

3. Phylogenetic relationship among subgenera, species and subspecies of the genus Batriscenellus (Fig.

105)

The genus Batriscenellus contains 4 subgenera, 16 species and 1 subspecies and all of them is

examined in the present study. This genus has been reported from Japan and North Korea, but may

possibly be a synonym of Arthromelus or Batrisiella. At least some species described in Arthromelus,

Batrisiella and Batrisocenus (sensu Raffray) may belong to Batriscenellus. Each of four subgenera has

been represented by a monophyletic group, but their phylogenetic relationships are uncertain. The

phylogenetic relationship among the species is partly hypothesized by the sort and arrangement of the

secretory setae of the sexual patch as mentioned in the foregoing chapter (4.3.2.),  etc.

The subgenus Batriscenellus composed of 8 species is defined by the autapomorphic character of

the number 432-8 in the foregoing chapter, namely the fifth abdominal segment with two sorts of secre-

tory setae. The seven species in this subgenus excluding B. nodulifer constructs a sister group well-

defined by the two autapomorphic characters, one of which is numbered 432-9, the other is the seventh

to eighth abdominal sternites with a pair of longitudinal carinae. On the other hand, B. nodufifer is

characteristic by the sexual patch on the sixth abdominal segment of the number 432-10. In the remain-

ing seven species, B. kujumontanus and B. fragilis are regarded as monophyletic by the shallow median

depression on the sixth to seventh abdominal tergites. The other five species are paraphyletic and their

phylogenetic relationships are undecided.

The subgenus Scaioscenellus  described by Jeanne1 constructs a monophyletic group well-defmed by

the sexual patch of the metasternum (432-14). In this subgenus, seven component species are classified

into the group whether the fifth abdominal tergite is concave or not. The former group including B.

similis and B. shiranui  is regarded monophyletic by the autapomorphies of the sexual patches numbered

432-12 and 432-13. The rest of this subgenus have the sexual patch formed of a sort of the secretory

setae, and are tentatively assumed monophyletic, because the character state of the sexual patch with

many sorts of setae is possibly evolved from that with one sort (432-l&432-16);  in this case, the remain-

ing live species may be invalid as a monophyletic group.

The subgenera Nipponoscenellus and Batriscenellinus each containing one species are neither

closely related to the other clades.  The genus Nipponoscenefhrs  is characterized by the posteroventrally

projected conical spine at the posterior end of the metasternum in the male (2.1.3.) and the sexual patch

on the sixth abdominal tergite (432-11). The subgenus Batriscenellinus is different from the other

subgenera by the sexual patch on the hind femur (432-17).

4. Phylogenetic relationship among species and subspecies of the genera Batriscenaulax  Physomenmrs,

Arthromelodes and Batrisceniola (Fig. 106)

The genus Batriscenaulaxis endemic to Japan, consisting of seven species and two subspecies.

Excepting one species, B. puncticollis  unknown to me, the whole of this genus is regarded as a monophy-
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letic group supported by the character state of the sexual patch numbered 432-23. The shape of the

secretory setae on the fore tibia is also characteristic to this genus (432-18b).  There are some apomor-

phic characters each specific to one species, B. kleinzach,  for instance, the characteristic sexual patch in

the states numbered 432-24,432-25  and 432-26, but autapomorphic character for the relationship of the

species is not found.

The genus Physomerinus  contains three species from Japan and Taiwan and the generic type-spe-

cies in Indochina but the type species was not examined in this study. According to the original descrip-

tion by Shaufuss (1877) and the redescription by Jeanne1 (1952),  the type species of this genus is distant

from the Japanese species on the structure of the male genitalia, etc. Concerning the three Japanese

species, their monophyly is evident by the very slender and bent dorsal apophysis of the male genitalia,
but their phylogenetic relationships within this sister group are not fured.

By comparing the type species of the genus Arthromelodes, A. carieiwith Pseudobatriscenus dila-

tatus  and allied Japanese species, they all should be grouped into one genus Arthromelodes. The spe-

cies in this genus have not any evident autapomorphy, therefore they may be paraphyletic in disregard of

their similarities on morphological and biological features. In this genus, A. thysanoventris and A. cor-

niventris have close sister relationship characterized by the sexual patch (432-31, 432-32, 432-33); A.

mercurius, A. hikosanus and A. loebli constitute monophyletic group by 432-34 in the same way as

above; A. dilatatus containing four subspecies is also monophyletic by the characteristic lateral lobe of

the fourth abdominal segment. Five species each having a large concavity and a pair of setiferous patch

on the fourth abdominal segment are different from each other in the sorts and arrangement of the

secretory setae, therefore their phylogenetic relationships cannot be inferred. Remaining five species

without abdominal sexual patch are also uncertained for their phylogenetic relationships.

The genus BatriscenioZa  is a monophyletic group well-defmed by the seventh abdominal tergite with

a brush-like organ in both sexes (4.2.5.). Within the component three species, B. dissimilis  and B. hira-

noi are similar species sharing the frontal sexual patch numbered 432-39. B. semipunctulata is distant

from them by the abdominal sexual patch named 432-38, but evidently belongs to this genus by having

the brush-like organ on the seventh abdominal segment and the similar male genitalia.
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Appendix 1: Plesiomorphy and apomorphy of the characters used for a cladistic analysis of the Batrisoce-

Plesiomorphy Apomorphy

1.
2.
3.

4.
5.

cranium without horn
frons with a transverse sulcus
9th antermal  segment rounded
rounded laterally in male
right mandible normal
maxillary palpus short

pronotum with longitudinal sulci

mesosternum normal

metasternum truncate or notched at
posterior end
fore tibia without mucro

10.
11.

12.
13.

14.
15.

4th tergite without lateral lobe in male
4th stemite without ventral process

5th stemite without ventral process

16.8th tergite slightly convex in female

6th to 7th tergtes  almost flat in median

Part
7th tergite normal
7th to 8th sternites without carinae

la. cranium with a pair of horn on both sides of maxillae
2a. frons with a T-shaped sulcus
3a. 9th antennal segment expanded laterally in male

4a. right mandible with a large external projection
5a. maxillary palpus elongate with many long setae

THORAX
6a. pronotum with a pair of U-shaped and a transverse

SLllCi

7a. mesosternum with a pair of small processes between
mesocoxal cavities

8a. metasternum with a conical spine at posterior end in
male

9a. fore tibia with a mucro at apex in male
9b. fore tibia with a long mucro in male

ABDOMEN

17a. 8th tergite distinctly convex in female
16b. 8th tergite nodulate in female

10a. 4th tergite with a pair of lateral lobes in male
lla. 4th stern&e with a pair of ventral processes in mate
llb. 4th stemite with a median ventral process in male
12a. 5th sternite with a median ventral process in male
13a. 6th to 7th tergites each depressed in median part

14a. 7th tergite distinctly longer than 6th
15a. 7th to 8th sternite with a pair of longitudinal carinae

16~. 8th tergite conically projected in female
17. male genitalia with a basally rounded 17a. male genitalia with a rectangular basal bulb

basal bulb
18. male genitalia without distinct dorsal Ba. male genitalia with a distinct dorsal apophysis

apophysis
19. dorsal apophysis composed of 2 sderites 19a. dorsal apophysis composed of 3 sclerites
20. dorsal apophysis composed of 2 sclerites 21a. dorsal apophysis formed from a single  sclerite and

membrane
21. dorsal apophysis erected on basal bulb 21a. dorsal apophysis curved at basal part
22. dorsal apophysis broadened at base 22a. dorsal apophysis very slender and bent internally
23. 9th sternite almost membranous in 23a. 9th sternite well-sclerotized in female

female
23b. 9th sternite with an ovoid or transverse membranous

Part
24. genital plate membranous 24a. genital plate well-sclerotized, T- or W-shaped

24b. genital plate with a pair of anterolaterally extending
lateral arms
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Plesiomorphy Apomorphy

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

SETIFEROUS  STRUCTURE
1st antennal segment without setiferous 25a. lst antennai segment with a conical setiferous organ
organ
1st antennal roundly expanded 26a. 1st antennai segment projected anterolaterally, trun-
anterolateraJly cate and with a pore at apex
fore femur with pores and long setae 27a.  fore femur with pores, short and long setae
7th abdominal tergite without brush-like 2Sa. 7th abdominal tergite with a brush-like organ
organ
frons without sexual patch 29a. frons with a pair of deep excavations containing

secretory setae (432-39)
8th  to 9th antennal segments without 30a. 8th to 9th antennal segments with sexual patch (432-2,
sexual patch 432-3)

metasternum without setiferous patch

9th anterural  segment without sexual

on middle part

patch as 432-l
31a. 9th antemal segment with sexual patch (432-l)

metastemum without setiferous patch
between metacoxae
fore tibia without secretory setae

32a. metastemum with setiferous patch on middle part
(432-4)

33a. metastemum with setiferous patch between metacoxae
(432-14)

34a. fore tibia with a pencil composed of twisted setae
near apex

hind femur without sexual patch
hind tibia slender

4th abdominal tergite without sexual

5th abdominal tergite without sexual
patch as 432-23

patch as 432-12
5th abdominal tergite without sexual
patch as 432-8
5th to 6th abdominal tergite without
sexual patch as 432-15 nor 432-16
5th to 7th abdominal tergite without
sexual patch as 432-31,432-32  nor
432-33
6th abdominal tergite without sexual
patch as 432-9
6th abdominal tergite without sexual
patch as 432-11

34b. fore tibia with an apical spur formed from twisted
setae (432-27)

35a. hind femur with sexual patch (432-17)
36a. hind tibia swollen, with an oblique groove and secre-

tory setae (432-34)
37a. 4th abdominal tergite with sexual patch (432-23)

38a. 5th abdominal tergite with a shallow concavity and sec-
retory setae (432-12)

39a. 5th abdominal tergite with a friie of bold setae and a
pair of setiferous patches (432-8)

40a. 5th to 6th abdominal tergite covered with a sort of
secretory setae (432-U, 432-16)

43a. 5th to 6th abdominal tergite with bold setae; 7th with
an excavation, a nodule and bold setae (432-31,432-32,
432-33)

44a. 6th abdominal tergite with a semihmar excavation inc-
luding secretory setae (432-9)

45a. 6th abdominal tergite with a transverse excavation and
a pair of setiferous patches (432-11)
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Appendix2:  Charactermatrixusedfor a cladistis analysis of the Batn~ocenus complex.

species\No.ofcharacter 1 2 3 4 5 6 7 8 9 10 11 12 13 14 I.5 16 17 18 19 20 21 22

Batnisoplisus
sagamianus
galloisi
sa wadai
satsumanus
subtilis
venustus
tenuifonnh
esakii
tosanus
tanabei
okamotoi
raEia_yi
amamianus
monostatos
tortiwrnis
tamino
constnicus
volucaninsulanus
uroceratus uroceratus
u. brevispim’s
inermis
pZil%luS

Batriscenellus
japom’cus  japom.cu.9
j. vicarius
punctatus
fallax
omogensi.9
kujumontanus
fragilis
nodtier
transformis
SilUiiiS

shiranui
OhiShii

insulicola
orientalis
pilosellus
sakaii
uenoi

1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
100001100000010?010000
100001100000010?010000
100001100000010?010000
1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0
1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0
100001100010010?010000
1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0
100001100010010?010000
1 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0
1 0 1 0 0 1 1 0 0 0 2 0 0 1 0 0 0 1 0 0 0 0
1 0 1 0 0 1 1 0 0 0 2 0 0 1 0 0 0 1 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0
1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0
1 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
1 0 0 1 0 1 1 0 2 0 0 0 0 1 0 3 0 1 0 0 0 0
1 0 0 1 0 1 1 0 2 0 0 0 0 1 0 2 0 1 0 0 0 0
1 0 0 1 0 1 1 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0
1 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

000001000000011?010110
0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 1 1 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 1 1 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 1 1 0
000001000000111?010110
0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 1 0 1 1 0
000001000000011?010110
000001000000010?010110
0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 1 0 1 1 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0
000001000000010?010110
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0
000001000000010?010110
000001000000010?010110
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0
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species\No. of character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Cratna
abdominalis
torticorniis
sp. 1
sp. 2

Physometius
pedator
schenkliq+
hasega wai

Batrixenaulax
modestus
longipes  longi>es
1. kumaso
1. hayato
furuhatai
kleinzach
kunigamensis
nagensii

Arthromelodes
pun&irons
gigaoteus
piiicollis
kiien.&
gvoia
thysanoventris
corniventris
mercurius
hikosanus
loebli
dilatatus  daibosatsuanus
d. shiranemontanus
d. fujimontanus
sinuatipes
aizuanus
saikaiensis
crucifer

Batnxem’ola
diSSiIlliliS

hiranoi
senupunctulata

0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
010011000000010?010100
010011000000010?010100

0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 1

000001000000010?010100
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
000001000000010?010100

0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
000001000000010?010100
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
000001000000010?010100
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
000001000100010?010100
000001000100010?010100
000001000100010?010100
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0

0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0
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species\No. of character 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

Batrkoplisus
sagamiaous
galloisi
sawadai
satsumauus
subtilis
venustus
tenuiformk
esakii
tosam.ls
tanabei
okamotoi
raEray’
amamianus
monostatos
torticornk
tamino
constridus
volucanillsulanus
uroceratus uroceratus
u brevispinis
inermis
parallelus

Batl-kCellellus
japom’cus japom’cus
j. vicarius
punctatus
fallax
omogensiis
kujumontanus
fragih
m&lifer
transformis
similis
shirauui
OhiShii

insulicola
orientalis
piloseilus
S&ii

uenoi

0000?0001000000000000
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
??00?0001000000000000
??00?0001000000000000
??00?0001000000000000
000000001000000000000
0000?0001000000000000
??0000001000000000000
0000?0001000000000000
??00?0001000000000000
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0000?0001000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0
0000?0010100000000000
0000?0000100000000000
0000?0000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0000?0000000000000000
0000?0000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

??10?0000000000010010
1110?0000000000010010
1110?0000000000010010
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
??10?0000000000010010
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0
??10?0000000000010010
??1000000000000010000
1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0
??10?0000010000100000
1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
??10?0000010000001000
??10?0000010000001000
1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
1110?0000010000001000
1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
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'species\No.  of character 23 24 25 26 27 28 29 30 31 32 33 34 3.5 36 37 38 39 40 41 42 43

Cratna
abdominalis
tortiwmi~
sp.1
sp.2

Physomexinus
pedator
schenklingi
hasega wai

Batrixenaulax
modestus
long&es longipes
I. kumaso
1. hayato
lilruhatai
kleinizh
kuuigamensii
nagensis

Arthromelcdes
puncrifron
g&nteus
pilicollis
kiiensii
gYoja
thysanoventris
corm’ventris
mercurius
hikosanus
loebli
o!ilatatus daibosatsuanus
d. shiranemontanus
d. fujimontanus
sinuatipes
aizLlanus
ZlikSiellSii

cruder

Batriscemioa
diS&S

hiranoi
senupunctulata

2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
??0100000000000000000
??0100000000000000000

2 2 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2 2 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2 2 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

??00?0000001001000000
2 2 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
2200?0000001001000000
2200?0000001001000000
2 2 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
2 2 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
2200?0000001001000000
??00?0000001001000000

2200?0000001000000000
2 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
??00?0000001000000000
2 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2200?0000001000000000
2 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0
??00?0000001000000010
2 2 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
2200?0000001010000000
2200?0000001010000000
??0000000001000000000
??00?0000001000000000
??00?0000001000000000
??00?0000001000000000
??00?0000001000000000
2 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

2 2 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2 2 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
2 2 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
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FIGUREfSFORTHJZUWPTERSOFGENERAL MORPHOLOGY AND PHYLOGENY

@ks- l-106)

F~LSchemata  ofcranium.

A-C, Batrkceniola  semipmdzdata (Raffray).

A, dorsal view.

B, lateral view.

C, ventral view.

D, B. dissimilis (Sharp).

D, internal view.
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