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DEVONIAN TRILOBITES OF JAPAN IN COMPARISON 
WITH ASIAN, PACIFIC AND OTHER F AUNAS* 

By 

Teiichi KOBA Y ASH! 

Japan Academy, Tokyo 

and 

Takashi HAMADA 

Department of Earth Science and Astronomy, 
College of General Education, University of Tokyo 

Abstract 

KOBAYASIlI, T. and HAMADA, T. (1977): Devonian Trilobites of Japan in comparison with 
Asian, Pacific and other Faunas. Pa/aeont. Soc. japan, Sp. Pap. No. 20, pp. 202, pis. 13. 

A rich collection of Devonian trilobites from Fukuji and Oise areas in the Hida plateau, 
West Japan here described contains 24 species. Their age is in a range from Gedinnian to 
Eifelian. An ecological consideration is made of the Fukuji fauna. Besides, four Middle 
Devonian species are known from the Kitakami mountains, Northeast Japan. These Japanese 
trilobites belong to the Scutelluidae, Odontopleuridae, Lichidae, Cheiruridae, Phacopidae, Caly
menidae, Proetidae, Dechenellidae and the Otarionidae. Little is so far known of the Upper 
Devonian ones. 

The Devonian trilobites of Japan comprise no element typical of the Rhenish fauna, Appo
himchi fauna or the Malvinokaffric fauna. The Oriental trilobite subprovince was proposed 
recently for the area of Eastern Asia extending from the Yangtze basin (Central China to 
Viet-Nam) to the Chichibu geosyncline (Japan) and the Burmese-Malayan geosyncline. This 
subprovince was combined with the Tasman-New Zealand subprovince in the Western Pacific 
province which in turn was a part of the Old World realm. 

As the result of an extensive comparison among the known trilobite faunas the authors 
are enabled to distinguish two realms, five provinces and ten subprovinces. The Old World 
realm consists of the Rhenish-Bohemian, Arcto-Pacific and IVestern Pacific provinces and the 
New World realm of the Eastern Americas province and the Malvinokaffric province. 

On this occasion three forms of trilobites from Northeast China (Manchuria) and Thailand 
are described two of which being new species. Comments are given on several species from 
China and Indochina. Many new species are found among the Japanese trilobites. Hidascllteilll1n 
is a new genus of the Scutelluidae, and Geracephalina a new subgenus of Crotalocephalina. 
Certain families and genera are discussed in some detail. 

Among the secondary stocks of the Trilobita those of odontopleurids, and cheirurids are 
more probably derived from the Corynexochidian stock than any other primary stock originated 
in the early Cambrian Period. Specializations which occurred on the glabella and the axial 
lobe of the dorsal shield are discussed in some length. The trilobation is quite conspicuous 

* Studies on Japanese Trilobites and Associate Fossils, III. 
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on the glabella of certain polymeric trilobites whereas it is more advanced in the pygidium 
than the cephalon in the agnostidians. Progressive and retrogressive specializations are seen 
on the glabella of the Cheiruridae in the phylogerontic stage. 

Finally, this volume consists of 15·1 pages of text and 13 plates in total. Twelve lists, 
eight tables, and five text.figures are inserted in the text and a bibliography in 23 pages, an 
index in 20 pages and postscripts and place names in alphabet and Chinese characters are 
appended in the terminal part. 

Preface 

In Japan the Trilobita belonged to a little known group in the Devonian biota as 
represented only by five species. viz. Phacops okanoi, Phacops no nakai, Thysanopeltis 
paucispinosa, Dechenella minima and Crota/ocephalus japonicus beside a few specifically 
indeterminable forms. All of these species were found in the Sakari area in the Kita
kami mountains, Northeast Japan, except for the last species which was collected from 
the Fukuji area in the Hida plateau, Southwest Japan. 

Recently the Fukuji and Oise areas respectively in the eastern and western part 
of the plateau were found to be very prolific in trilobites and other fossils. The present 
authors examined a large number of trilobites collected from the two areas by many 
persons. As the result they could distinguish 24 species in addition to two subspecies 
in 12 genera and 7 families of trilobites. Their age is in a range from Gedinnian to 
Eifelian whereas the Sakari trilobites are Eifelian-Givetian. These Devonian trilobites 
are all described in this volume. Little is, however, known as yet of Upper Devonian 
trilobites in Japan. 

In the biostratigraphic part of this volume the geological age of the Japanese 
trilobites and the ecological condition of the Fukuji fauna are discussed in some length. 
Then, summarizing the existing knowledge on Devonian trilobites of Eastern Asia, 
some 100 species in total, are analysed. They belong to 38 genera and 13 families. 

Setting aside the trilobites of the Eastern Mongolian geosyncline, those known from 
the Chichibu geosyncline in Japan, the Yangtze basin of Central and South China 
and adjacent Indochina and the Burmese-Malayan geosyncline constitute the Oriental 
trilobite subprovince of the Western Pacific province. The Kroh fauna in the Thai
Malay peninsula is, however, very aberrant. 

A critical review of Devonian trilobites is made of the rest of the Asiatic continent 
and areal specialities are pointed out. For example, the Rhenish facies is so far confined 
to South Asia to the west of the Himalayas. The Mongolian and Siberian faunas bear 
their own characteristics. The Devonian trilobites of Asia so far known at present 
consist of about 80 genera in 14 families among which there are many endemic genera 
and subgenera. The Pseudotrinodidae reveal a unique family indigenous to the Thai
Malay peninsula. 

As the result of an extensive review on the Devonian trilobites in other continents, 
the trilobite world of the Devonian Period is tentatively divided into two realms, five 
provinces and ten subprovinces. The early and middle Devonian trilobite provinces 
are shown in a palaeogeographic map. Furthermore, the base of the Devonian System 
in Asia and neighbouring continents is briefly discussed with reference to trilobites 
and conodonts. 



iii 

In the palaeontological part twenty-six species of Devonian trilobites of Japan III 

sixteen genera and nine families are all described and illustrated beside three species 
from Thailand and North Manchuria, Northeast China. Comments are presented on 
seven trilobite species from South China and Indochina. A new genus, Hidascutellum 
and a new subgenus, Crotalocephalina (Geracephalina) are proposed in this monograph. 

Seven families of the Trilobita are discussed at least two of which are considered 
to be corynexochidian derivatives. As a general problem of trilobitology progressive 
and retrogressive specializations seen on the glabella as well as the axial lobe of the 
dorsal shield are discussed in some detail. 

The Devonian trilobites of the Fukuji fauna described in this monograph were 
greatly amplified by Messrs. H. KorZUMI, Y. OKAZAKI, T.ONO, T.OHNo, Y. TANAKA, 
S_ Y AMAKOSHI, S. W AKA TA and other persons to whom the authors express their warm 
thanks. In the course of this study the authors have received assistances in various 
ways from many geologists and palaeontologists, particularly from Professor A. J. 
BOUCOT of the Oregon State University, Corvalis, Dr. Ivo CHULPAC and Dr. Jii-i VANf~K 
of the Ustredni ustav geologicky, Praha, Prof. K. ERBEN of the UniversiUit, Bonn, Dr. 
Z. A. MAXIMOVA of the VSEGEI, Leningrad, Dr. A. R. ORMISTON, AMOCO Production

Company, Tulsa, Oklahoma, Prof. T. HANAI of the University of Tokyo, Dr. N. KAMBE 
of the Geological Survey of Japan, Prof. T. KAMEl of the Kyoto University, Prof. H. 
IGO of the Tsukuba University, Prof. T. MATSUMOTO and Prof. K. KANMERA of the 
Kyushu University. The authors thank here to all of them sincerely for their kindness_ 
Finally, it is recorded with high appreciation that this monograph is a product of 

a research on Japanese trilobites and associated fossils undertaken with a grant.in aid 

of the Japan Academy and its publication is facilitated through Special Papers No. 20 
of the Palaeontological Society of Japan with a subsidy from the Ministry of Education. 



iv 

Contents 
Page 

Abstract ................................................................................. . 

Preface ii 
Contents .................................................................................. iv 
Biostratigraphy 
I. The Trilobite-bearing Devonian Formations in Japan ............................... . 
II. Devonian Trilobites of Japan and the Age of the Trilobite Horizons 

a. Devonian trilobites of the Fukuji Series in the Hida plateau and their age .... 2 
b. Palaeoecology of the Fukuji trilobites .......................................... 9 
c. Devonian trilobites from the Kitakami mountains and correlation of trilobite 

horizons in Japan ............ , .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. ... 11 
TIL Devonian Trilobites of Eastern Asia 

a. The Mongolian geosyncline. .. .. .. .. .. .. .. .. .. .. .. . . .. . . .. . . .. . . .. .. .. .. .. .. . . ... 12 
1. Mongolia (12), 2. The Amur region (13), 3. North and Central Manchuria, 
Northeast China (13),4. Primoria, U.S.S.R. (14) 

b. The Chungchao massif. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 16 
c. Northwest China ................. " .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 17 
d. Central and South China and North Viet-Nam .................................. 17 
e. The Burmese-Malayan geosyncline .............................................. 20 

1. Burma (21), 2. The Thai-Malay peninsula (22) 
f. Devonian trilobites of Eastern Asia ............................................ 24 
g. Correlation of the Devonian trilobite horizons in Eastern Asia.................. 25 

IV. Devonian Trilobites of South Asia.................................................... 27 
V. Devonian Trilobites of Siberia and Turkestan, U. S. S. R. ............................. 31 
VI. Devonian Trilobites of Asia ............................... " .. .. .. .. .. .. .. .. .. .. .. ... 41 
VII. Devonian Trilobites of Australasia ................................................... 46 
'vlII. Devonian Trilobites of North America... ........ .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. ..... 54 
IX. Devonian Trilobites of South America and the Malvinokaffric Province.............. 57 
X. On the Silurian-Devonian Boundary and the Trilobite and Conodont Horizons near the 

Boundary in Japan and other Part of the Asia-Pacific Area... .. .. .. .. .. .... .. .. .. ... 59 
XI. Trilobite Provinces in the Early and Middle Devonian Period. .. .. .. .. .. .. .. .. .. .. ... 62 
XII. Summary and Conclusion ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 
Palaeontology 
Introduction and Summary. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. . . .. .. .. .. . . ... 71 
The Trilobation of the Axial Lobe in the Miomeric and Polymeric Trilobites ............ 72 
Family Pseudotrinodidae 

Genus Pseudotrinodus 
Pseudotrinodus constrictus, sp. nov. ................. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 74 

Family Scutelluidae 
Protuberances on scutelloid cranidia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75 
Subfamily Planiscutelluinae .................................. , . . . . . . . . . . . . . . . . . . . . . . . . . .. 76 
Subfamily Scutelluinae 

Genus Hidascutellum, gen. nov. ....................................................... 76 
1. Hidascutellum multispinzjerum, sp. nov. ........................................ 76 

Genus Scutellum 
2. Scutellum densigranulatum, sp. nov. ............. .. .. .. .. . . .. .. .. .. .. .. .. .. .. ... 79 
3. Scutellum (?) sp. indet. ........................... .. .. .. . . .. .. .. .. .. .. .. .. .. ... 80 

Subfamily Thysanopeltinae . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 80 
Genus Thysanopeltella 
Subgenus Septimopeltis 

4. Thysanopeltella (Septimopeltis) paucispinosa .................................... 80 
Family Eoacidaspididae ................................................................... 81 

Subfamily Eoacidaspidinae .............................................................. 81 



v 

Subfamily Amgaspidinae ................................................................ 82 
Family Bestjubellidae. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 
Family Odontopleuridae .................................................................. 82 

Distribution of odontopieurids in Asia .................................................. 84 
Subfamily Odontopleurinae 

Genus Primaspis 
5. Primaspis (?) tanakai, sp. nov. ................................................ 85 

Subfamily Miraspidinae 
Genus Ceratocephala .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 86 

6. Ceratocephala nipponica, sp. nov. .............................................. 86 
Family Lichidae .......................................................................... 88 

Genus Craspedarges.................................................................... 90 
7. Craspedarges superbus, sp. nov. ................................................ 92 

Genus Acanthopyge 
8. Acanthopyge (Lobopyge ?) sp. indet. ........................................... 94 

Family Cheiruridae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 94 
Subfamily Pilekiinae .................................................................... 95 
Subfamily Cheirurinae 
Phylogerontic specialization of the glabella in Silurian and Devonian crotalocephalids . . .. 96 

Genus Crotalocephalus .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 98 
Distribution of "Crotalocephalus" in Asia and the Ural Mountains ...................... 100 
Distribution of "Crotalocephalus" in Australia and Tasmania .......................... 102 

Genus Crotalocephalina ................................................................ 102 
Subgenus Crotalocephalina ............................................................ 102 

9. Crotalocephalina (Crotalocephalina) sp. indet. .................................. 103 
Subgenus Pilletopeltis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . .. 103 

10. Crotalocephalina (Pilletopeltis) japonica .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 104 
(10') Crotalocephalina (Pilletopeltis) japonica granulata, subsp. nov ............... 105 

11. Crotalocephalina (Pilletopeltis) kameii, sp. nov. . ............................... 106 
Subgenus Crotalocephalides ........................................... ' ................. 106 

12. Crotalocephalina (Crotalocephalides) sp. indet. . ............................... 107 
13. Crotalocephalina (Crotalocephalides ?) sp. indet. ............................... 107 

Subgenus Geracephalina, subgen. nov .................................................. 107 
14. Crotalocephalina (Geracephalina) secta, sp. nov ................................. 108 

(14') Crotalocephalina (Geracephalina) secta projecta, subsp. nov. . ............... 109 
15. Crotalocephalina (Geracephalina) convexa, sp. nov .............................. 109 
16. Crotalocephalina (Geracephalina) euryrachis, sp. nov. . ......................... 110 

Subgenus indet. 
17. Crotalocephalina, subgen. et spp. indet. ........................................ 110 

Family Phacopidae ........................................................................ 111 
Devonian phacopids in Asia .............................................................. 111 
Phacopids in Australia .................................................................. 114 
Subfamily Phacopinae .................................................................... 115 
Genera and subgenera, their type-species and distribution .............................. 115 

Genus Phacops ........................................................................ 116 
Phacops (subgen. nov. ?) manchuricus, sp. nov ....................................... 117 
18. Phacops okanoi . ................................................................. 120 

(18') Phacops cf. okanoi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 120 
Genus Reedops ........................................................................ 121 

19. Reedops nonakai ................................................................ 121 
Family Dalmanitidae 

Subfamily Daimanitinae 
Genus Odontochile .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 122 

Odontochile sp. indet. ............................................................... 122 
Family Calymenidae ...................................................................... 123 



vi 

Four subfamilies of the Calymenidae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 124 
The Calymenidae, s. str. in Asia and Australasia 
Subfamily Flexicalymenidae 

• eo.o.o.o.O.O.O.O '0.0.0.0. 0 • 0 • 0 ••••• 0 • 125 

Genus Gravicalymene 
20. Gravicalymene yamakoshii, sp. nov. . ........................................... 127 

Gravicalymene maloungkaensis .................................................. 130 
21. Flexicalymenid, gen. et sp. indet. . ............................................ 131 

Family Proetidae ........... " ............................................................. 132 
Subfamily Proetinae 

Genus Proetus ........................................................................ 132 
Subgenus Coniproetus 

22. Proetus (Coniproetus) jukujiensis, sp. nov ....................................... 133 
Subfamily Unguliproetinae 

Genus Unguliproetus .................................................................. 134 
23. Unguliproetus oisensis, sp. nov. . ............................................... 134 
24. Proetid, gen. et sp. indet. (a) ................................................. 136 
25. Proetid, gen. et sp. indet. (b) ................................................ 136 
26. Proetoid, gen. et sp. indet. .................................................... 136 

Family Dechenellidae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 136 
Synopsis of genera and subgenera of the Dechenellidae ................................ 138 
Notes on some Devonian dechenellid genera ............................................ 139 
Distribution of dechenellid and dechenelloid genera .................................... 140 
Dechenellid species in Asia and North America , ....................................... 141 
Subfamily Dechenellinae 

Genus Dechenella 
Subgenus Dechenella 

27. Dechenella (Dechenella) minima ................................................ V13 
Dechenella (Dechenella) indosinensis ............................................ Vi3 
Dechenella (?) chengi .......................................................... 1,1..1 

Subgenus M onodechenella 
Dechenella (Monodechenella ?) aff. macrocephala .............. ,' ................. 145 

Subgenus Basidechenella 
Dechenella (Basidechenella ?) blondeli .......................................... 145 

Subfamily Cyrtosymbolinae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 146 
Genus Waribole 

Waribole elliptica ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 146 
Family Otarionidae 

Subfamily Otarioninae .................................................................. 147 
Genus atarion 
atarion in Asia and Australia ........................................................ 147 

28. atarion megalops, sp. nov ...................................................... 150 
atarion giraudi ................................................................ 154 
atarion tiaomachiensis .......................................................... 154 

Bibliography .............................................................................. 155 
Place Names .............................................................................. 178 
Postscript. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 179 
Index . ...................... " ............................................................. 182 

Fossil lists 
Fossil list 1. Devonian trilobites of Japan ............................................ ,1 
Fossil list 2. Devonian trilobites of the Mongolian geosyncline........................ 14 
Fossil list 3. Devonian trilobites of Central and South China and North Viet-Nam. ... 19 
Fossil list 4. Devonian trilobites of the Burmese-Malayan geosyncline. .. .. .. .. .. .. ... 23 
Fossil list ". Devonian trilobites of West Turkey .................................... 28 
Fossil list 6. Devonian trilobites of Turkestan....... .... .. .. .. .. .. .. .. .. .. .. .. .. .. ... 32 



vii 

Fossil list 7. Devonian trilobites of Kuznetsk, Altai and Kazakhstan ................ 35 
Fossil list 8. Dechenellids of West Siberia ............................................ 39 
Fossil list 9. Devonian trilobite genera in Asia ..................................... '" 42 
Fossil list 10. Devonian trilobites in Australasia ...................................... 48 
Fossil list 11. Devonian trilobite genera in Australasia ................................ 53 
Fossil list 12. Devonian lichids in Asia and Australia ....................... " .. .. . . ... 89 

Tables 
Table 1. The Fukuji Series and the Favosites zones... . . .. . . .. .. . . . . .. .. .. .. . . . . . . . . .. . 3 
Table 2. Correlation of the Devonian trilobite horizons in Japan ...................... 6 
Table 3. Correlation of the Devonian trilobite horizons in the Mongolian geosyncline.. 15 
Table 4. Division of the Devonian System in China and its correlation to the European 

sequence ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17 
Table 5. Correlation of the Devonian horizons in Eastern Asia. . . . . . . . . . . . . . . . . .. .. ... 26 
Table 6. Correlation of the Devonian System of the northern continents .............. 34 
Table 7. 
Table 8. 

Devonian biogeographic realms, provinces, subprovinces and regions 
Early and middle Devonian trilobite realms and provinces ................... . 

Text·figures 
Text.fig. 1. 
Text-fig. 2. 

Devonian areas and trilobite localities in Japan ........................... . 
Palaeogeographic map showing early and middle Devonian trilobite pro-

64 
68 

2 

vinces .............................................................................. 69 
Text-fig. 3. Restoration of the Scutelluidae, Odontopleuridae, Proetidae, Dechenellidae 

and Otarionidae .................................................................... 149 
Text-fig. 4. Restoration of Crotalocephalina ............................................ 151 
Text-fig. 5. Restoration of the Lichidae, Phacopidae and Calymenidae ................ 153 

Plates 
Plate 1. 
Plate 2. 
Plate 3. 
Plate 4. 
Plate 5. 
Plate 6. 
Plate 7. 
Plate 8. 
Plate 9. 
Plate 10. 
Plate 11. 
Plate 12. 
Plate 13. 

Hidascutellum spiniferum (Cephala) 
The Scutelluidae (pygidia) 
Pseudotrinodus, Primaspis, Ceratocephala, proetoid and Otarion 
Craspedarges superbus 
Crotalocephalina 
Crotalocephalina 
Crotalocephalina 
Thysanopeltella, Crotaloceplwlina, Phacops, Dechenella and proetoid 
Phacops, Reedops and Odontochile 
Gravicalymene and Flexicalymenid (Cranidium) 
Gravicalymene (Free cheeks, hypostoma, thoracic segment and pygidia) 
Unguliproetus 
Unguliproetus, Coniproetus and proetoid 



Biostra tigra phy 

I. The Trilobite-bearing Devonian Formations in Japan 

In Japan Carboniferous had long been the oldest fossiliferous system until NOD A 
discovered Upper Devonian brachiopods in his Tobigamori formation in Nagasaka 
district, Iwate Prefecture, in Northeast Japan and Y ABE identified Spirifer verneuili 
among them (Y ABE and NODA, 1933, NODA, 1934). Subsequently Halysites and other 
Silurian fossils were found in the Sakari district by ONUKI (1937) and Silurian-Devonian 
rocks were classified by SUGIYAMA (1940) into five units, namely, the Silurian Kawauchi 
and Takainari Series and the Devonian Ono, Nakazato and Omori Series in ascending 
order. According to ONUKI (1969) the Takainari Series is unconformably overlain by 

the Ono Series, but according to MURATA and others (1974) the Takainari and the 
uppermost part of the Kawauchi Series are referrable to the Ono Series and the Ono 
and Kawauchi Series redefined by them are conformable with each other. As detailed 
later, Phacops and a few other trilobites were reported to occur in the Nakazato and 
Omori Series by SUGIYAMA, OKUBO and others. 

In the Hida plateau of West Japan, Favosites found at Fukuji had been considered 

a Silurian tabulate coral by SUGIYAMA (1941) and KAMEl (1951) until KOBAYASHI and 
IGO (1965) and HAMADA (1959) pointed out the Devonian age of the so-called Silurian 
rocks of Fukuji, in describing Crotalocephalus japonicus and discussing Favosites hidensis 
respectively. The trilobites from Fukuji and Oise in the Hida plateau constitute the 
principal part in the description of this monograph. 

Incidentally, the existence of Silurian rocks in the Fukuji area was verified at 
length by Encrinurus fimbriatus KOBAYASHI and HAMADA, 1974, which was discovered 
at a new locality, Hitoegane, adjacently in the northeast, but isolated from the Devonian 

area in the west within the Fukuji district. 
It is known at present that the Devonian formations exist not only in Northeast 

Japan but also in the inner and outer zones of Southwest Japan (HAMADA in T AKAI 
et a!., 1963), although each locality is a very small area (see Text-fig. 1). Devonian 
fossils are especially rare in the outer zone. No Devonian trilobite is so far collected 
from the outer zone of Southwest Japan. It is, however, of great interest that 
Leptophloeum rhombicum DAWSON was discovered by HIRATA (1966) in his Ochi forma

tion at Mt. Yokokura. It is nearly coeval with the plant-bearing bed of the Tobiga
mori formation from which T ACHlBANA (1963) reported Leptophloeum ct. rhombicum and 
Cyclostigma sp. 

The Devonian biota of Japan consists of various corals, brachiopods, trilobites and 
other fossils including land plants. of which descriptive works were done only partly 
on corals, brachiopods, trilobites, cephalopods, ostracods, trilobites and plants by SUGI
Y AMA and OKANO (1941), OKUBO (1950), TACHlBANA (1950, 1953), HAY ASAKA and 
MINATO (1954), OZAKI (1957), KAMEl (1955), KOBAYASHI and IGO (1956), KOBAYASHI 
(1958), HAMADA (1959, 1971), KOBAYASHI and HAMADA (1965) and OKAZAKI (1974) beside 
a preliminary fossil list of the Devonian fauna of the Fukuji Series by KAMEl (1961). 
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SOOkm 

Text-fig. 1. Devonian areas and trilobite localities in Japan. 

T: Lower and Middle Devonian trilobite localities. 
U: Upper Devonian f03sil localities without trilobites. 

Thus the larger part of the Devonian fossils still remains undescribed. The 
trilobites have been such a rare group that only a few species already described were 

nearly all that have been collected from the Sakari district. Fortunately it was found 
recently that the Fukuji Series at Fukuji and Oise was rich in trilobites (KOIZUMI and 
KAKECAWA, 1970, OKAZAKI, TANAKA and TANAKA, 1974). A large collection which 
was made by Y AMAKOSHI and many other persons was submitted to the authors for 
description. The Fukuji trilobite fauna which comprises 24 species including some 
exactly indeterminable ones is indeed the richest Devonian trilobite fanna so far known 
in the Northwestern Pacific side. The age of the Fukuji fauna is within the limits 
from lower Gedinnian to lower Eifelian. It is noteworthy that the lowest Gedinnian 
conodont horizon was discovered by Ico, KOIKE and Ico (1975) very recently. 

II. Devonian Trilobites of Japan and the Age of the Trilobite Horizons 

a. Devonian trilobites of the Fukuji Series in the Hida plateau and their age 

In the Inner Zone of West Japan pre-Carboniferous fossils are known from three 
small areas in the Hida plateau called Fukuji, Naradani and Oise districts from the 
east. Middle Palaeozoic rocks occur there in tectonic slices shut in within the shattered 
zone along the Median Line of the Inner Zone (KOBAYASHI, 1951). Because the geologic 
structure is strongly disturbed in the zone, it requires much more detailed field survey 
before its stratigraphic sequence can be established precisely. 

SUCIY AMA (1941) was the first to call for attention to Silurian Favosites d. asper 
which had been procured by Kozu (1911) at Fukuji, Kami-takara village, Yoshiki 
county, Province Hida, Gifu Prefecture. Subsequently, Favosites limestones were found 
at Oise and other places in the upper Kuzuryu tributary, Fukui Prefecture by ISHIOKA 
and KAMEl (1950) and at Naradani, Kiyomi village, Ono county, Gifu Prefecture by 
FUJIMOTO, KANUMA and MmoRIKA w A (1953). 
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The Silurian formation in question is composed of shale, sandy shale, clayslate, 
limestone and acidic tuff among which the Favosites limestone is most conspicuous. 
The best known of the formation among the three areas is the Fukuji district. KAME! 

(1950) mapped the geology of this district and classified the Silurian Fukuji formation, 
260 to 280 m thick, into three parts. Later (19;)5) he zonated it into two zones and 
four subzones by means of Favosites as tabulated below. He correlated the lower zone 
(F1) to the Middle Silurian Kawauchi formation of the Kitakami mountains, Northeast 
Japan and considered the upper part to be probably Upper Silurian. 

Table 1. The Fukuji Series and its Favosites zones (after KA~IEI, 1955). 

F2d (sandy shale) F. icilillo/allellsis subzone 

Upper limestone 
<l) 
t:: 

and shale member Fz, (limy shale) F. .flex/los/ls subzone 0 
N 

.~ 

(l30m thick) ~ 
""'" F210 (limestone) F. /lilijormis subzone '" .~ 
;g 
'" ~ 

Middle tuff member 
F2, (tuff & limestone) F. izideJlsis subzone 

(50m thick) 

Lower limestone member 
Fl F. haC/( /oides zone 

(SO-100m thick) 

KOBAY ASH! and IGO (1956), on the contrary, pointed out the Emsio·Eifelian age 
of the upper part CF2d), in describing Cheirurus (Crotalocephalus) Japonicus, nov. and 
proposed" Takaharagawa formation" for the Devonian part. Subsequently, HAMADA 
(1959) discussed Favosites hidensis and in placing the hidensis zone in the Middle and 

Lower Devonian, he suggested that the lower part (F l , F2a ) may be Gedinnian or 
Siegenian. 

Then, KAMEl (1961) transferred the Favosites.bearing Fukuji formation inclusive 
of the Takaharagawa formation to Middle Devonian or Eifelian on the basis of the 
inclusion of Gephuropora, Tipheophyllum and Keriophyllum in addition to Undispirifer 
and Elyta according to MINATO'S identification of these brachiopods. In agreement 

with MINATO (1959), KAMEl concluded that the Fukuji formation was heteropic from, 
but synchronous with the Middle Devonian Nakazato Series of the Kitakami mountains. 
Thus, the age of the formation became a moot question. 

Beside these articles there were descriptions of a nautiloid (KOBA Y ASH!, 1958), 
an ostracod (HAMADA, 1959) and a trilobite (KOBAYASHI and HAMADA, 1965), and more 
recent studies on Calceola sp. indet. (HAMADA, 1971), Rhizophyllum (KAMEl et aI., 1973) 
and some trilobites (OKAZAKI, 1974). At length a Silurian spot was documented with 
Encrinurus fimbriatus, nov. which was discovered at Hitoegane within the Fukuji 
district. but outside of the aboye mentioned Devonian area. as the trilobite was de· 
scribed in a monograph on Silurian Trilobites of Japan by KOBAYASHI and HAMADA 
(1974). 
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Fossil list 1. Devonian trilobites of Japan. 

Fukuji Series 0 
-- .... rn 

CIl(1) 

Fukuji 
N._ 
CIl .... 

.>::(1) 

Distribution CIl(/J 
0 Z .>:: ..c: CIl --

U N '2 -(1) '8 0 CIl 
CIl <=: '2 '8 

~ 
.... .... 8 CIl CIl Trilobites .~ 0 CIl b() "0 CIl 

8 t:i » -(1) 
-oJ 

.>:: 
t:i :.a CIl .2 2 t:i CIl 

.... (/) 

~ ~ u 0 S (5 ~ >-< (/J 

----
1. Hidascutellum multispiniferum, n. sp. C C 

2. Scutellum densigranulatum, n. sp. R? R ? 

3. Scutellum (?) sp. indet. R 

4. Thysanopeltella (Septimopeltis) paucispinosa (OKCBO) R 

5. Primaspis (?) tanakai, n. sp. R 
------

6. Ceratocephala nipponica, n. sp. R 

7. Craspedarges superb us, n. sp. A 
8. Acanthopyge (Lobopyge ?) sp. indet. R 

9. Crotalocephalina (Crotalocephalina) sp. indet. C 

10. C. (Pilletopeltis) japonica (KOBAYASHI & rCO) C C C C 
--

C. (P.) japonica granulata, n. subsp. R 

11. C. (P.) kame ii, n. sp. C 

12. C. (Crotalocephalides) sp. indet. R 

13. C. (Crotalocephalides ?) sp. indet. R 
14. C. (GeracePhalina) secta, n. subgen. et n. sp. A C 

----
C. (G.) secta projecta, n. subsp. C C 

15. C. (G.) convex a, n. sp. C C 
16. C. (G.) euryrachis, n. sp. C C C 
17. Crotalocephalina, subgen. et sp. indet. R 
18. Phacops okanoi SUCIY Al\'IA R 

----
Phacops d. okanoi SUCIY AMA R 

19. Reedops nonakai (OKUBO) R 
20. Gravicalymene yamakoshii, n. sp. C C A A 
21. Flexicalymenid, gen. et sp. indet. R 
22. Proetus (Coniproetus) fukujiensis, n. sp. C 

-----
23. Unguliproetus oisensis, n. sp. A 
24. Proetid, gen. et sp. indet. a R R 
25. Proetid, gen. et sp. indet. b R 
26. Proetoid, gen. et sp. indet. ? R R 
27. Dechenella (Dechenella) minima OKUBO R 

----
28. atarion megalops, n. sp. R 

R: rare, C: common, A: abundant. 
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Although no trilobite was so far uncovered in the Naradani district, the Fukuji 
and Oise districts are known now to be rich in trilobites. Not only there are common 
trilobites between these two districts, but also the same Favosites limestone occurs in all 
of the three areas. Therefore the Devonian strata of these areas are here collectively 
called the Fukuji formation. The Fukuji trilobites described in this monograph total 
24 species in addition to two subspecies in 11 genera and 7 families, namely, the 
Scutelluidae, Odontopleuridae, Lichidae, Cheiruridae, Calymenidae, Proetidae and the 
Otarionidae. 

Among the eleven genera a new genus, Hidascutellum, and Craspedarges whose age 
is a matter of dispute should be excluded out of chronological discussion. The known 
geological range of the remainder is as follows: 

Scutellum, s. str. 

Primaspis 
Ceratocephala 
Acanthopyge, s.1. 
Crotalocephalus, s. I. 
Gravicalymene 

Proetus 
U nguliproetus 
Otarion 

Middle Silurian-early Upper Devonian 
(Adorfian) 

Middle Ordovician-early Middle Devonian 
Middle Ordovician-Middle Devonian 
Middle Silurian-Middle Devonian 
Middle Silurian-Middle Devonian 
Middle Silurian-Lower Devonian 

(or lowest Eifelian) 
Middle Ordovician-Middle Devonian 
Lower Devonian-Middle Devonian 
Middle Ordovician-Upper Devonian 

Incidentally, the range of Primaspis is cited JvJid. Ord.-U p. Ord. ? Silo in MOORE'S 
Treatise, but according to CHATTERTON (1971) Primaspis (Taemaspis) ranges from the 

Silurian (upper Wenlockian) to the Lower or Middle Devonian (upper Emsian or lower 

Eifelian). 
All of these genera appeared in the Ordovician or Silurian Period except for the 

last appearance of Unguliproetus in the early Devonian. Gravicalymene first died out 
with Lower Devonian or at the beginning of Middle Devonian, followed by six genera 
which survived until Middle Devonian and the two others remained by Upper Devonian 

or its early age. 
For a further limitation the sub generic range must be brought into consideration. 

Proetus (Coniproetus) to which a proetid species from the Gravicalymene bed of Sora

yama, Fukuji district belongs is so far known only from the rocks from Silurian to 
Lower Devonian in Europe and North Africa (ALBERTI, 1969). Therefore this sub
genus combined with Gravicalymene suggests the Lower Devonian or older age of the 
Coniproetus horizon. 

Since the senior author has described Cheirurus (Crotalocephaills) Japonicus with 
lco, Crotalocephalus of Europe and North Africa was examined in a great detail. 
According to LUTKE (1965) Crotalocephalus articulatus (MUNSTER) represents the 
articulatus group by itself, if Cr. cordai (BARRANDE) of dubious reference be ignored. 
MUNSTER'S species which is the type-species of the genus occurs in Wenlock-lower 
Ludlow beds and morphologically quite isolated from all other crotalocephalids. 
Devonian ones belong exclusively to C1-otalocephalina which involves four subgenera 
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Table 2. Correlation of the Devonian trilobite horizons in Japan. 

~ Age 
Hida Kitakami 

. 
Etroeungtian Palaeophillipsia horizon I . 
Famennian . 

? Omori phacopid horizon I 
Frasnian . 

. 
Givetian minima horizon 

w 
'" ·c 

o '" 
upper ~(f) 

N 

Eifelian jJaucispillosa horizon '" ~ 
lower I Z I I 

I I 

( cultrijugatus) I 
I 
I 

Emsian w 
~ 
:.0 
.3 

upper ·c 
E-< 

Siegenian .5' 
lower ..><: 

'" "'" 
Gedinnian 

I 

I 

Up. Silurian I Hitoegane Tril. 
I 

including a new subgenus. Geracephalina. The geological ranges of the three others 

are shown below. 

~ 
SILURIAN LOWER DEVONIAN MID. DEY. 

AGE 
v 

G., Siegenian 'Emsian U :> 
Q) .g ~ v 

SUBGENUS - v ..... >-
Q) - Lochkov. Prag. Z. ~ (3 
~ ..:l 

Crotalocephaills ? 

Crotalocephalina 

Pilletopeltis 

Crotalocephalides 

Geological range of four subgenera of Crotalocephall1s (after LVTKE, 1965 
and G. ALBERTI, 1969). G: Gedinnian, Z: Zlichovian. 

Subgenus Pilletopeltis to which Cr. japonicus belongs, is well represented in the 

Fukuji fauna. In addition, the two other Devonian subgenera are found also in the 

fauna. Assuming the above subgeneric range be applicable to the Fukuji fauna at 
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its face value, two subgenera Crotalocephalina and Pilletopeltis combined limit the 
Crotalocephalina beds in a range from Praguian to lower Eifelian and Crotalocephalides 

does the Crotalocephalides horizon within the Praguian. Unfortunately Crotalocephalina 

s. str. and Crotalocephalides are represented in the fauna by poor specimens. The 
above age determination is, however, in support of Rhizophyllum enonne ETHERIDGE 
(Siegenian-Emsian, Australia) identified by KATO (KAMEl et ai., 1973). At the same 
time, this chronology does not contradict against the inclusion of Hidascutellum, nov. 
and Craspedarges in the Fukuji fauna, because, as discussed later, the closest allies of 

Hidasc lltellllln multispiniferum, nov. are Bojoscutellum crassicostatum SNAJDR from the 
Lower Devonian Koneprusy formation of Bohemia and Weberopeltis ant/eatus (WEBER) 
from the upper Ludlovian of the Urals and the age of Australian Craspedarges wilcan

niae GURlCH is probably Lower or Middle Devonian rather than Upper Devonian: 
Beside these the Fukuji fauna contains Crotalocephalina (Geracephalina). This new 

subgenus includes Crotalocephalus expansus MAXlMOVA (1968) from the upper part of 
the Kochbaital horizon in central Kazakhstan whose age is lowest Devonian rather 
than uppermost Silurian (MAXlMOVA, 1971). Therefore it is probable for the lower 
limit of the Fukuji trilobite beds to extend as far as the base of the Devonian System. 

As shown in the fossil list, Crotalocephalina (Pilletopeltis) japonica and Cr. 

(GeraceP/wlina) euryrachis are known from three places among Sorayama, Ichinotani, 
Kanajiro-zako and Kinma-michi and Cr. (Geracephalina) secta projecta and Cr. (G.) 

convexa from Ichinotani and Kanajiro-zako, but many other trilobites were recorded from 
only anyone of the four places. 

Kanajiro-zako, Sorayama, Ichinotani and Kinma-michi yielded 11, 9, 7 and 5 forms 
of trilobites respectively. Some of them were collected from exposures, but some 

others found among boulders and river floats. Most of KOlZUMl and KAKEGA w A'S 
collection were floats at Osobu-dani and Kanjiro-zako in the Takahara-gawa area. These 
collectors consider from their lithology and topography of the area that they have 
been derived from KAMEl'S F2b subzone in Osobu-dani branch of the Ichinotani stream. 

At present it is unknown how many distinct trilobite horizons are safely distin
guishable by means of trilobite associations. Much is not known also of the strati
graphic relation among trilobite horizons. If there is any horizon which contains 
neither one of Crotalocephalina, Unguliproetus and Craspedarges, but other trilobites, 
its age is difficult to say out of trilobite ranges whether it is really Devonian or 
whether it is older. 

At Sorayama Gravicalymene yamakoshii and Proetus (Coniproetus) fukujiensis often 
occur together at different spots of exposures and m<lY be accompanied by different 
forms of Crotalocephalina. Cr. (Pilletopeltis) japonica and Otarion megalops are, however, 

rare trilobites procured at one or another point. Craspedarges superbus is found 

profused at a spot of Sorayama isolated from these trilobites. On the Sorayama 
promenade some trilobite horizons are distinguishable. The orthoceratid-bearing bed 
yields Gravicalymene yamakoshii and Crotalocephalina (Geracephalina) bisecta commonly. 
Assuming that there is no overturn of the present sequence. the main Craspedarges 

superbus bed lies above the orthoceratid-bearing bed. Below this bed are seen two 
distinct trilobite beds, namely, the Proetus (Coniproetus) fukujiensis bed above and 
the Otario71 megalops bed below. 
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Recently IGO, KOIKE and IGO (1975) discovered conodonts at Sorayama. The 

sequence of the so-called Fukuji fossil garden by them is as below. 

Lower part: Black calcareous shale intercalating argillaceous limestone layers: Crinoid 
stems, brachiopods, orthoceratids and other fossils ............. more than 8.5 m thick 

Middle part: Black thin-bedded very argillaceous limestone intercalating thin shale layers: 
Trilobites, brachiopods and others ......................................... 1.5 m thick 

Upper part: Medium to thickly bedded dark gray to black very fossiliferous limestone 
intercalating thin layers of black limestone: Favosites, rugose corals, stromatoporoids, 
brachiopods and other fossils. . ................................. more than 11 m thick 

According to them the above sequence corresponds to part of KAMEl'S lower Fu
kuji formation, i. e. the F, zone. They obtained Drepanodus spp., Panderodus striatus 

striatus (STAUFFER) and Panderodus sp. from the upper part of the orthoceratid black 
shale and Drepanodus spp., Icriodus woschmidti worschmidti ZIEGLER, Panderodus sp. 
and Spathognathodus remscheidensis ZIEGLER from the trilobite-bearing black limestone 
from which OKAZAKI reported Crotalocephalus japonicus. The latter conodont horizon 

is lowest Gedinnian in age. 
They found furthermore Panderodus striatus striatus (STAUFFER) and Panderodus 

d. subquadratus (STAUFFER) at Ichinotani near the top of the KAMEl'S bed 9 or the 
upper part or his F b2 zone which lies approximately 200 m above the trilobite-bearing 
thin-bedded limestone. Because these species are known from the Emsian of South
eastern Spain, they contend the upper Fukuji formation to be possibly upper Emsian. 

As detailed in the palaeontological part of this volume Crotalocephalus (Crotalo

cephalus) japonicus by OKAZAKI, 1974 comprises different forms in two or more sub
genera of genus Crotalocephalina. No trilobite from Sorayama at hand is exactly 
identifiable with Crotalocephalina (Pilletopeltis) japonica. It is uncertain that the 

orthoceratid-bearing black shale by IGO et a!., corresponds exactly to the afore-mentiond 
orthoceratid-bearing bed which yields Gravicalymene yamakoshii and Crotalocephalina 

(Geracephalina) secta commonly, because trilobites appear uncommon or absent in 
IGO and other's black shale. It is more difficult to allocate the trilobite horizons of 
Sorayama promenade in the sequence given by IGO et al. safely. 

It is far more difficult to correlate fossil beds of the four areas of Fukuji district 
because of dense forest and geologic structure strongly complicated by intense folding 
and faulting. Because the exposure of rocks is relatively better, KAMEl took the Ichino
tani stream for the type section of the Fukuji Series. His classification and zonation, 
however, require much revision. 

Of the upper limit of the whole Fukuji formation it may extend beyond the Emsian 

stage, if the· middle Devonian age of some corals and brachiopods emphasized by 
KAMEl and MINATO can be brought into consideration. More precisely, the age of 
three coral genera and two brachiopod genera in concern are according to MOORE'S 
Treatise, Part F. 1956 is as follows: 

Gephuropora 
Heterophrentis (i. e. Tipheophylium) 
Keriophylium 
U ndispirifer 
Elita (i. e. Elyta) 

L. M. Dev., E. Austral.-Belg. 
L. Dev.-Mid. Dev., N. Am. 
M. Dev., Eu. 
M. Dey. (Giyet.)-U. Dev. (Fras.), Eu. 
M. Dev.·U. Dey., Cosmop. 
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Thus, Undispirifer is a sole genus whose age is definitely Givetian and later. 
Because the reference of the Fukuji brachiopod to either Undispirifer or Elita was 
indeterminable for MINATO exactly, it cannot be a definite determiner. On the other 
hand Gephuropora is restricted to Eifelian. Therefore, if its identification is reliable, 
the Gephuropora horizon may be Eifelian in age, although none of these Fukuji species 
referred to these genera has been either described or illustrated. Calceola has long 
been a keen index to Middle Devonian, but it is known now to range widely from 
upper Emsian to lower Frasnian (HAMADA, 1971). Therefore any further restriction 
cannot be made with Calceola sp. indt. from Fukuji. By these reasons it cannot be 
said definitely that neither corals nor brachiopods so far known allow one to insist 
Givetian age of the Fukuji fauna. In other words, it is quite improbable that the 
trilobite beds which are distributed widely from bottom probably to top reach as high 
as Givetian. It is now warranted that the Fukuji formation is within the range from 
Gedinnian to Eifelian or probably lower Eifelian and by no means contemporaneous 
with the Middle Devonian Nakazato Series, although the basal part of the latter may 
happen to be coeval with the top part of the former. Judging from the known trilobites 
the upper limit may be Emsian inclusive of the cultrijugatus beds or thereabout. 

The Oise area in the upper Kuzuryu tributary is another Devonian area from 
where are known four species of trilobites. Unguliproetus oisensis is the most common 
trilobite at Oise, but unknown from the Fukuji district. The association of Gravicaly
mene yal1lakoshii either with Unguliproetus oisensis or Proetus (Coniproetus) fukujiensis 
means probably a slight time-displacement between the oisensis horizon of Oise and 
the fulzujiensis horizon of Fukuji but these two horizons are evidently within the life 
range of G. yamalwshii. Hidascutellum multispiniferul1l, Crotalocephalina (Pilletopeltis) 
japonica and Gravicalymene yamakoshii occurring both in Oise and Fukuji areas show 
that the trilobite faunas of the two areas are not much different in age. 

Finally, Hitoegane is an isolated small area in the northeastern part of the Fukuji 
district_ The present authors (1965) have described Scutellum ? sp. as a Silurian 
trilobite. It is represented by an imperfect pygidium which is known now to be very 
similar to that of Hidascutellum multispiniferum. Therefore, it suggests the presence 
of Devonian rocks in Hitoegane. Then, the relation between this scutelluid horizon 
and the Silurian Encrinztrus fimbriatus horizon becomes an important problem. 

b. Palaeoecology of the Fukuji trilobites 
Now the biotope of the Fukuji Series in which these trilobites are contained is 

discussed. This discussion is made in comparison with the Devonian Kroh fauna of 
Malaya and the Silurian Yokokura fauna in Shikoku Island, Japan. The most cons pi co us 
aspect of the Fukuji trilobites is the development of protuberances, such as nodes and 
spines on the carapace. Hidascutellum has this kind of cephalon having most numerous 
spines or protuberunces in the Scutelluidae, although the spines are neither so large 
nor so long as those of Ancyropyge. Hidascutellum is most closely allied to Weberopeltis 
in cephalon, although the pygidium of Hidascutellu/1l has an entire margin. 

Craspedarges is a lichid having the pygidium with well developed numerous spines. 
It is certainly a remarkable distinction from Apolichas truncatus of the Yokokura fauna, 
since marginal spines are almost completely truncated on the pygidium of the Yoko-
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kura lichid. 
Crotatoceplwlina also has lateral spines produced from the pleural lobes of the 

pygidium. It is particularly noteworthy that Cr. (Geracephalina) convexa has sharp 

paired vertical spines on the axial rings including the occipital ring. beside the long 
lateral spines of the thoracic and pygidial pleurae, because such axial spines are 
quite rare in Crotalocephalina and its allies. Primaspis and Ceratocephala are well 
known spiny trilobites. Two cephala of C. nipponica, one small and the other moderate 
in size and a very small cephalon of Primaspis ? tanakai are contained in the Fukuji 

collection. 

Genal spines are present in two proetids and O/arion megalops which are com
paratively long for these genera, and evidently more developed, if compared with the 
Yokokura proetids. The pygidium of O. megalops is serrated along the margin which 
is uncommon for Otarion. It is quite unusual that pregenal spines, though short, are 
maintained in Crotalocephalina (Crotalocephalides ?) sp. indet. until the mature stage. 
An exception of Fukuji species of Crotalocephalina is Cr. (Geracephalina) euryrachis 
in which genal spines are rudimentary. Gravicalymene yamakoshii is another exception 
among Fukuji trilobites which lacks genal spines. The genal angle is, however, fairly 
well pointed in G. yamakoshii for the Calymenidae. It would be reasonable to consider 
that the spines served generally for self-guard. 

Beside the trilobites the Fukuji fauna comprises various animals such as anthozoans, 
tabulate corals, stromatoporoids, conulariids, brachiopods, pelecypods, gastropods, nauti
loids, crinoids, ostracods, conodonts, fishes and others among which fishes and nautiloids 
were presumably powerful enemies for the trilobites. 

Because the Kroh trilobites of Perak, Malay are mostly blind or degenerated eye
bearers, their habitat is judged to have been either an aphotic zone or a disphotic 
zone. Plagiolaria poothaii having normal phacopid eyes. though reduced in size, is a 
member of this fauna which suggests the latter zone for its habitat. Many of the 
trilobites were probably bottom dewellers. Most carapaces are dismembered, but post
morten transportation was almost negligible in distance for some individuals. This mode 
of fossil occurrences suggests a dark quiet muddy bottom which have been probably 
a shelter for Pseudotrinodus, Blanodalmanites and Bailielloides. It is possible that the 
muddy floor of Kroh was a moulting site for them (KOBAYASHI and HAMADA, 1972). 

Because none of the Fukuji trilobites is blind, their habitat was within the photic 
zone. Spiny Ceratocephala nipponica having short but stalked eyes would have been 
a good swimmer and probably nocternal. Most carapaces of the Fukuji trilobites are 
dismembered, but some cephala and thoraces are not, as exemplified by some remains 
of Otarion mega lops and Crotalocephalina (Pilletopeltis) japonica. Though less common, 
the dorsal shield is complete as illustrated in fig. 3, PI. 8 of Cr. (P.) japonica. 

While the bottom water of Kroh was stagnant, the Fukuji sea was fairly well 
agitated and ventilated. It is evident, however, that the sea was by no means so 
rough as the Silurian Yokokura sea, as thoroughly discussed already (KOBAYASHI and 
HAMADA. 1974). The Yokokura trilobites are all dismembered and no thoracic segment 
has as yet been found. Morphologically, it is a remarkable contrast that many of the 
Yokokura trilobites have carapaces strongly convex or even globular and spines are 
absent, or they are incomparably shorter than those of the Fukuji trilobites. The 
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mother rock is light coloured pure limestone which is a kind of reef-breccia and 
halysitid limestone is its leading coralline component_ The limestone of the Sphaer
exochus hiratai horizon in particular suggests that it was deposited in a very rough 
oceanic side of a reef slope_ 

In comparison with the Kroh sea of Malaya the Fukuji sea was shallower and 
probably in the photic zone. It was not stagnant as the Kroh sea. but not so rough 
as the Yokokura sea and the water was not so purified by oceanic current. The Fukuji 
sea was probably nearer to land compared to the Yokokura site. Its neritic fauna 

consists of various animals and the trilobites suggest severe struggle of existence 
among them. 

c. Devonian trilobites from the Kitakami mountains and correlation of trilobite 
horizons in Japan 

In the Sakari district. Of una to city, Iwate Prefecture the Ono Series which is 
considered generally Lower Devonian contains some corals but no trilobite. The middle 
division of the Kitakami Devonian is the Nakazato Series from which a few trilobites 
are reported beside various brachiopods, some corals and other fossils. SUGIYAMA 
and OKANO (1941) described Phacops (s. str.) sp. indet. from the southeastern foot of 
Takainari-yama which was an antero-lateral fragment of a cephal on. Later SUGIYAMA 
(1974) named it Phacops okanoi and compared it with Phacops lati/rons. 

Subsequenstly OKUBO (1951) described Thysanopeltis paucispinosa nov. from the 
middle part of a valley between Ohmori and Higuchizawa and Dechenella minima nov. 
from the middle part of Higuchizawa. He considered them two Middle Devonian 
species. Later KOBA Y ASH! (1957) restudied them and dated Scutellum (Thysanopeltella) 
paucispinosa and Dechenella (Dechenella) minima at Eifelian and Givetian respectively. 

According to the recent classification of the Scutelluidae the former belong probably 
to Thysanopeltella (Septimopeltis) (KOBAY ASH! and HAMADA. 1974) and the range of 
subgenus Septimopeltis is restricted to Eifelian in Bohemia (PRIBYL and VANEK, 1971). 
In the pentagonal outline of the pygidium this Jananese species looks more specialized 
than T. (5.) clementa (BARRANDE). Therefore D. minima may be a little younger than 
T. (5.) paucispinosa. According to OKUBO the paucispinosa horizon lies about 100 m 
below the minima horizon. 

OKUBO (1956) amplified the Nakazato fauna in describing 10 species of brachiopods 
and Phacops nonakai. nov. also from the middle part of Higuchi-zawa. This trilobite, 
however, may be better placed in Reedops. As this trilobite horizon is located in the 
upper part of the Nakazato Series, its age is probably Givetian and near the minima 
horizon. 

Beside them Phacops sp. was reported from the Omori Series lying immediately 
above the Nakazato Series. It was a poorly preserved pygidium not yet described. 
Otherwise the Omori Series is unfossiliferous. 

SUCIY AMA (1944) described Palaeophyllipsia japonica, gen. et sp. nov. from the 
uppermost Devonian at Ch6anji in the same district. but later studies by OKUBO (1951) 
and others have shown the lowest Carboniferous age of the Ch6anji fossil bed. Accord
ing to E"DO and MATSUMOTO (1962) the trilobite is probably conspecific with Phillipsia 
ohmoriensis OKUBO, 1951, although the identification cannot be thoroughly confirmed 
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beca'use the type specimen was lost. By these reasons -P. japonica is here eliminated 

from the Devonian fauna of Japan. 
The Tobigamori Series of the Nagasaka district with which the Nakakura for

mation by TACHIBANA is synonymous yeilds Upper Devonian Spirijer (Cyrtospirijer) 
verneitili MURCHISON and many other -brachiopods and several mollusc us beside Lepto
phloeum and Cyclostigma, but tare trilobite. It is overlain by the Karaumedate formation 
containing the Etroeungtian -fauna in the lower part and the Tournaisian fauna in the 
upper part. Griffithides (?) sp. and Phillipsia sp. which T ACHIBANA (1952) collected 

from the lower part of the Karaumedate formation are as yet neither described nor 
illustrated. 

In conclusion the age of the Fukuji trilobite beds are in a range from Gedinnian 
to Emsian or lower Eifelian and those of the paucispinosa and minima horizons of the 
Ono Series are Eifelian or upper Eifelian, and Givetian respectively (see Table 2). 

III. Devonian Trilobites of Eastern Asia 

a. The Mongolian geosyncline 

From the viewpoint of the high altitude geotectonics of Asia it can be said that 
the Mongolian geosyncline s. I. is a megageosyncline between the Angara megakraton 
and the Koreo-Chinese heterogen (KOBAYASHI, 1953). Biogeographically it is a grand 
highway of -equatorial migration for halobios in the middle Palaeozoic Era. In the west 
it was combined with the Sayan-Altai geosyncline. while in the east it extends as far 

as the Okhotsk sea. Hence the name Mongolian-Okhotsk geosyncline as commonly 
so-called by Soviet geologists. 

The Manmo 'Group was proposed for the collective term of sediments accumulated 
in this geQ'syncline (KOBA Y ASH! and NONAKA, 1942). The oldest fossiliferous beds in 
the eastern part of the geosyncline yield Lower Cambrian Redlichia and archeocyathids 
in Transbaikalia, Ordovician graptolites, trilobites and brachiopods in the Great 
Khingan range, Silurian shelly faunule in the East Manchurian mountainous land but 
the oldest fossils are Lower Devonian in the north Manchurian plateau. The group is 
tentatively divided into three parts, namely, the Sinian-Silurian Infra-Manmo Subgroup, 
Silurian-Carboniferous lower Manmo Subgroup and the Permian-Middle Triassic upper 
Manmo Subgroup, all of which are intensely folded and faulted by the Triassic Aki
yoshi and older orogenies (KOBAYASHI, 1971). 

The sea flooded there extensively in the Silurian Period. Trilobites, mostly 
Wenlockian, are known from Western Mongolia, the Upper Amur valley and the East 
Manchurian mountainous land. The Devonian trilobites are also reported from several 
localites as summarized below. 

1. Mongolia 
In 1937 TSCHERNYSHEVA has described the following trilobites from the Lower 

Devonian of the Khangai highland (1) and the south slope of the Bairim range (2) in 
Mongolia. 

Phacops sp. (1, 2) 
Dalmanites aft. 11l11ltiannlllatus CI-IER:'\YCHEY (2) 
Dalmanites sp. no. 1. (2) 



Dalmanites sp. no. 2. 
Dalmanites sp. no. 3. 
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Recently MAXIMOVA (1974) added three species of early Middle Devonian trilobites 
from the Mongolian Altais as follows: 

Radiolichas (?) asiaticus MAXIMOVA 

Paciphacops (Viaphacops) mongolicus MAXIMOVA 

DechenellurllS sp. 

2. The Amur region 

According to MODZALEVSKA Y A (1967) trilobites occur successively in the Lower 
and Middle Devonian formations in the Upper and Middle Amur .region induding 
Verkneye Priamurye (VP), Zeisky region (Z) and Urmisky region (U) as follows: 

(1) Gedinnian-Helderbergian, lower part of Bolsheneverskaya suite in VP. 

Paciphacops (Paciphacops) logani asiaticllS (MAXIMOVA) (VP) 
Calymene sp. (Z) 
Proetlls (Crassiproetlls) sp. 
Dechenellllrlls d. granijer MAXIMOVA 

(2) Coblenzian-Ulsterian, upper part of Bolsheneverskaya suite. 

Paciphacops (PaciplwcoPs) mushensis (MAXI:-'IO\' A) 

Paciphacops (V iaphacops) aff. cristata (HALL) 

Dalmanites urkanensis (MAXIMOVA) (VP) 
Anchiopella extrema MAXIMOV A 

Odontochile (Kasachstania) aff. ulrichi (DELO) (VP) 

(3) Eifelian (Onondaga) limestone, lmatchinskaya suite. 

Paciphacops (Viaphacops) pipa (HALL and CLARKE) 

Reedops .aff. cephalotes HAWLE et CORDA 

Odontochile (Reussia) kailensis MAXIMOV A (Z) 
Calymene sp. 

(4) Givetian (or Hamilton) Oldoiskaya suite In VP. 

Acanthopyge aff. haueri BARRANDE 

Phacops guranensis MAXIMOVA 

Phacops rana subsp. milleri STEW AR T 

Dechenella (?) bejel/sis MAXIMOVA 

3. North and Central Manchuria, Northeast China 

In the Lesser Khingan range the Coblenzian-Eifelian Houlungmen formation is very 
fossiliferous. Recently the junior author (1971) described 30 species of brachiopods in 
29 genera which were considered Siegenian-Emsian. and possibly early Emsian age. 
Fossil collections made by KONDO, YAMAMOTO and NON AKA from the formation near 
Houlungmen contain various fossils, beside these brachiopods. including a phacopid 
and a dalmanitid which are described here with the names mentioned below. 

Phacops (subgen. nov. ?) manchuriclls KOBAYASIII and lL"'''IADA, sp. no\'. 
Odontochile sp. indet. 
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While the former resembles Paciphacops (Viaphacops) altaicus (TcHERNYSHEv) 

as well as Phacops subcristata KHALFIN, the latter is allied to Probolium altaicum 
(KHALFIN). 

The below mentioned trilobites were reported from North and Central Manchuria, 

but they are neither described nor illustrated. 
A trilobite resembling Basilicus d. nobilis BARRANDE (?) is reported from the 

Nichiuho formation which overlies slightly metamorphosed Silurian-Ordovician for

mations unconformably and considered Gedinnian-Ludlovian in age (WANG and YD, 

1964). 

Phacops breviceps BARRANDE was collected in the Great Khingan range from the 

Lukou formation which extends from Lower Devonian to Silurian and overlies the 

Ordovician Suhuho Group unconformably (WANG and YD, 1964). 
Proetus-like trilobite is reported to occur in the Middle Devonian Heitai formation 

in East Manchuria where it overlies Pre-Cambrian (?) gneiss. Many species of corals, 

bryozoans, brachiopods and a blastoid were described from the formation near Heitai 

by Y ABE (1940), Y ABE and SUGIYAMA (1942), Mu (1955), YANG (1956), Hou (1959), and 

others. These authors disagree with one another in the age of the fauna, their opinions 

deviating from early Devonian to Frasnian, but the age is probably middle Devonian. 

4. Primoria, U. S. S. R. 
To the east beyond the national border the following calymenids were recently 

discovered in terrigenous strata of the Grodekovsk region, West Primoria. 

Fossil list 2. Devonian trilobites of the Mongolian geosyncline. 
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Acanthopyge aff. hammeri BARRANDE x 
Radiolichas ? asiaticus MAXIMOVA B 

Phacops guranensis MAXIlVIOVA x 
Phacops milleri STEWART x 
Phacops (subgen. nov. ?) manchuricus KOBAYASHI & HAMADA X 

f--
Phacops sp. A 

Reedops aff. cephalotes HA WLE et CORDA x 
Paciphacops (Paciphacops) logani asiaticus MAXIl'vIOVA x 
Paciphacops (Paciphacops) mushensis (MAXIl'vIOVA) 
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x 
Paciphacops ( Viaphacops) mongolensis MAXIMOVA B 

------
I 

Paciphacops (Viaphacops) pipa (HALL & CLARKE) X I 

Paciphacops (Viaphacops) aff. cristata (HALL) x 
Dalmanites aff. multianllulatus OHERN A 

Dalmanites urkanensis MAXIl'vIOVA x 
Dalmanites spp. nos. 1-3 A I I 

I I I I 
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Anchiopella extrema MAXI~IOVA 

Odon tochile aff. ulrichi (DELOv) 

Odontochile (Reussia) kailensis MAXI~IOVA 

Odontochile sp. indet. 

Calymene aff. blumenbachi BRONGNIART 

Calymene 2 spp. 

Proetus (Crassiproetus) sp. 

Dechenella ? bejensis MAXIxIOVA 

Dechenellurus d. granifer MAXIMOV A 

Dechenellurus sp. 

TSCHERNYSIIEVA (1937), West Mongolia (A) 
MAXIMOVA (1974), Mongolian Altai (B) 
MAXIMOVA (1969) in MODzALEVSKAYA, Amur 
KOBAYASHI and HA~'IADA (1976, this paper), Lesser Khingan 
MAXIMOVA and ORGANOVA (1959), Primoria 

Calymene ex gr. blumenbachi BRONGNIART (pygidium) 
Calymene sp. (cepahlon and thorax) 

15 

x 
x 

x 
x 

x 
------

x 

x 
x 
x 

B 

The latter resembles Calymene platys HALL and CLARKE from the lower Middle 
Devonian of North America, while the former is closely allied to Calymene macroceplwla 

MAXIMOVA from the Lower Devonian of Northeast Pribalkhash, Kazakhstan. Their 
age is considered to be Lower Devonian by MAXIMOVA and ORGANOVA (1959). 

As shown in Fossil list 2, 28 species of trilobites including specifically indeterminable 
forms which were described from the zone of the Mongolian geosyncline are distributed 
in 12 genera and 7 families, viz. the Odontopleuridae, Lichidae, Phacopidae, Dalman
itidae, Calymenidae, Proetidae and the Dechenellidae. They are contained in Lower 
and Middle Devonian rocks, more widely in the Lower Devonian than the Middle 
Devonian ones and so in the Eifieian than the Givetian stage. Four fossil beds are 
distinguished in the Upper and Middle Amur region. These trilobite horizons of 
the Mongolian geosynclinal zone are tentatively correlated and shown in table 3. 

Table 3. Correlation of the Devonian trilobite horizons in the Mongolian geosyncline. 

Devonian West Mongolia Upper and Middle Amur Lesser Khingan Primoria 

Upper 

(l) 
Givetian Oldoiskaya suite 

-0 
Mongolian Altai -0 

:E Eifelian Jmatchinskaya suite 

Coblenzian Upper 
\.. part (l) Bolsheneverskaya ::: Bairim Range suite Houlungmen ::;rodakovsk 
0 Siegenian- I Lower ....l 

Gedinnian part 

Acanthopyge, Phacops. Dalillallites, Odontochile and Calymene are almost cosmo
politan genera and Reedops is known from three northern continents. Dechenella is 
unkown from Australasia except for Dechenella (Eudechenella) mackayi ALLAN whose 
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generic reference is a question. 
Radiolichas is a rare Middle Devonian genus in Germany. Anchiopella (or An

chiopsis) and Crassiproetlts are on the other hand two North American genera occurring 
in the Mongolian geosynclinal zone. In 1960 MAXIMOVA instituted Dechenellurus on 
Dechenellurus ursus MAXIMOVA to include some species in Kazakhstan, Far East of 
the U.S.S.R. and North America. Paciphacops is another genus she proposed with Phacops 
logani HALL as its type-species (1972). These trilobite genera indicate the faunal 
connection from Kazakhstan to North America through the Mongolian geosyncline. 

It is certain that the Mongolian geosyncline was an important route of migration 
in the northern hemisphere. When the whole fauna of the geosyncline is clarified, 
however, the faunal composition will be found to be very complicated. The junior 
author has already found among the Houlungmen brachiopods various elements, 
namely, Bifida and some other genera reveal affinities to the Rhenish-Bohemian faunas 
and further to the Cordilleran faunas, Chonostrophiella and Dalejina which are Appa
lachian and Appalachian-Bohemian genera respectively and Wilsoniella and Reeftonia 
which are Uralian (Altai) and Tasman-New Zealand genera respectively (1971a). 

Finally, it is noted that the Clymenia limestone marks off the top of the Devonian 
sequence in the northern part of the Great Khingan range (CHANG, An-chi, 1958, 1960), 
although nO Upper Devonian trilobite is as yet known in the Mongolian geosynclinal 

zone. 

b. The Chungchao massif 
The so-called Chungchao massif by HUANG extends from North China to Korea 

and South Manchuria. Older sedimants were accumulated on the massif in the areas 
which the senior author collectively called "Hwangho basin". These sedimentary 
areas were different in outline and the thickness of contemporaneous sediments greatly 
varied among the areas, because the Chungchao massif is a heterogen or a hetero
geneous aggregate of kratonic, and quasikratonic blocks and minor geosynclines. 

Two geosynclines were wedged into Korea from the east side. The Sinian and 
Cambro-Ordovician sediments accumulated in the P'yeongnam geosyncline in North 
Korea and the Liaotung peninsula of South Manchuria attained more than 10 kilometers 
in thickness. The thickness of the Cambro-Ordovician formation there was about 
1,000 to 1,300 m. In the Okch'eon geosyncline in South Korea the Cambro-Ordovician 
formation which overlies metamorphic rocks of the Pre-Cambrian basement is 1,500 
to 2,000 m on an average thickness. In other words it is much thicker in the Okch'eon 
geosyncline than in the P'yeongnam geosyncline. It is a general tendency for the 
thickness of the Cambro-Ordovician formation to decrease westerly into the Shansi 
and Shensi basins from the P'yeongnam-Liaotung geosyncline. 

The Hwangho basin was emergent in the middle Palaeozoic times from Ashgillian 
to early Carboniferous except for these two minor geosynclines. The Silurian sea has 
ingressed into part of the P'yeongnam geosyncline as indicated by Silurian corals 
contained in boulders of the older Mesozoic Kyeomip'o limestone conglomerate (KOBA

YASHI and HAMADA, 1974). 
A few Devonian corals were reported from two localities in the two geosynclines 

as follows: 
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i. Imoktong, Cheongseong.ni, Sinchang-myeon, Suncheon-kun, P'yeongan-namdo, North 
Korea; P'yeongnam geosyncline (Y ABE and SUGIYAMA, 1939). 

ll. Kosuri, Kumko-myeon, Tangyang-kun, Chungch'eong.bukto, South Korea; Okch'eon 
geosyncline (Y ABE and SUZUKI, 1940). 

According to KA TO (1972), howeyer, their identification is erroneous. More 
precisely, their Phillipsastrea sp. and Disphyl/ll711 (Phacelophyllum) sp. are respectively 
Arachnastraea Iwipingensis (GRABAU) and Diphyphyllu71l sp. which indicate the middle 
Carboniferous age for the Devonian Cheongseong-ni Series which \Vas proposed for 
these fossil beds. Be KA TO'S opinion acceptable, the series is nothing but part of the 
Hongjeom (or Koten) Series in the Moscovian-early Triassic P'yeongan Group. 

On the other hand several Deyonian brachiopods were reported by PAK to occur 
in the Kyeomip'o limestone conglomerate near Kyeomip'o, Hwanghae-do, North Korea 

together with Silurian and older fossiliferous boulders as derived fossils (KATO, 1972). 
Although the authors have no access to PAK'S report. his find suggests that sea 
ingressed into a certain limited area in North Korea in the middle ? Devonian age. 
No Devonian trilobite is, however, as yet found from Korea. 

c. Northwest China 

The Devonian System is widely distributed in the Chinese Altai. Eastern Tienshan, 
West Kuenlun and Kilien-shan as ascertained by various brachiopods, corals and other 
fossils including land plants in the upper part. Devonian trilobites appear very scarce, 
although Upper Devonian Proetlls is reported from the western part of the Tsaidam 
basin (WANG and YD, 1964). 

d. Central and South China and North Viet-Nam 
The Yangtze basin became emergent extensively near the end of the Silurian 

Period when the so-called Kwangsi disturbance by TING has taken place in Kwangsi 

Series 

Upper 

Middle 

Lower 

Table 4. Division of the De\'onian System in China and its correlation 
to the European sequence. 

WANG and YU WANG, YU and Wl: I European Sequence (1964) (197-1) 

Stage Stage Bohemia 
I 

\Vest Europe 

Hsikuangshan Hsikuangshan Famennian 
I 

Yiitienchiao I Ylitienchiao Frasnian 

Tungkangling I Tungkangling Givetian 
I 

b!J Tiaomachien I Peiliu Eifelian I Couvinian t:: 

I 
'" 

I 
:.a Zlichovian t:: u Yiichiang Ylichiang " ::l Emsian >-

I 
I 

N 
::: 

Praguian <lJ 

Szupai I Nakaoling :0 

I 

0 

I 
Siegenian 

~ 

I I Lunghuashan 
I 

Lienhuashan 
I 

Lochkoyian 
I Gedinnian 

I 
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and adjacent Kwantung. There the base of the Devonian formation is marked off by 
a strong unconformity. A contemporaneous movement occurred in the Tsinlingshan 
where the Devonian sequence begins with a tremendously thick clastic sediments. 

Lower Devonian formations are known to exist only in East Yunnan, West 
Szechuan, Kwangsi and North Kwangtung. Sea, however, flooded again extensively in 
the Yangtze basin in the middle and late Devonian epochs. Embracing this basin 
from the east side, Fukienia protruded from the Chungchao massif as a peninsula 
between the Yangtze basin and the Chichibu geosyncline and extended largely to the 

southeast side of the lower Yangtze in Table 4. 
The Devonian stratigraphy of China once schematized by WANG and YU in 1964 

was recently revised and correlated to European classical sequence by WANG, YO 

and Wu (1974) as shown in Table 4. 
This classification is made in China chiefly on the basis of brachiopods and corals. 

The boundary between the lower and middle divisions is drawn there between the 

Siegenian and Emsian, instead of the Coblenzian and Eifelian stages. 
Trilobites are neither common nor very varied and only ten species or so have 

so far been known from Central and South China. YIN (1938) described an occurrence 
of Calymene maloungkaensis MANSUY and Proetus indo sinensis MANSUY in the Pochiao 

shale of East Yunnan. The former was later transferred to Gravicalymene by Lu et at. 
(1965). The latter was reported also from the Eifelian of Kwangsi. Two of them were 

known to be Eifelian trilobites of Szechuan (WANG arid YO, 1964). 
Recently four species of trilobites were added to the Kwangsi fauna by CHANG 

(1974) as follows: 

Gravicalyrnene rnaloungkaensis (MANSUY) from the lower part of the upper Yiichiangian 
Tingting formation at Luofu, Nantan. 

Dechenella (?) liujingensis CHANG from the upper Yiichiang formation at Liouching, Heng
hsien. 

Phacops guangxiensis CHANG and Phacops luofuensis CI·IA~G from the Peiliuan Tanghsiang 
formation at Luofu, Nantan. 

Prior to this Dechenella aff. macrocephala (HALL) was reported to occur in the 
Middle Devonian at Kaiyuan (Tche-T'souen, environs d' Ami-cheou in PATTE, 1929) in 
Yunnan. This form was later referred to Monodechenella of Dechenella by Lu et at. 
(1965), because Proetus macrocephalus HALL is the type-species of Monodechenella. 

In 1937 SUN described Cyphaspis tiaomachienensis nov. from the Middle Devonian 
Tiaomachien formation and Proetus chengi nov. from the upper Hsikuangshan form
ation, both in Hunan. The former was later transferred to Otarion by Lu (1957) 
and its age was considered late Eifelian by TIEN (1957). The latter was placed in 
Dechenella with querry by Lu and others (1965). It is noted further that the latter 
has been procured probably from the Frasnian Yiitienchiao formation, instead of the 
Famennian Hsikuangshan formation s. str. Phacops granulatus MUNSTER was reported 
from the I-Isikuangshan formation (WANG and YO, 1964). 

CHANG (1955) described Typlwproetlls sinensis nov. from the Upper Devonian at 
Lingchan, Kwangsi. In North Kuantung Dechenella d. kllhuaensis YOI-I was reported 
to occur in the late Upper Devonian Maotzuling shale in the upper part of the Kuhua 
limestone formation (Stratigraphic Tables of China, Suppl., 1958), although the authors 
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could not see yet YOH'S descriprion of D. kuhuaensis. 
Finally, Proetus (Euproetus) mediospinus REED (1929) occurs III Eifelian limestone 

at Chinchangkai, northeast Tali, Central Yunnan. 

In the Indochinese peninsula the Lower Devonian seems to be represented mostly 
by the Old Red Sandstone facies, although marine sediments are continuous from 
Silurian to Devonian near Vinh. The Emsian and higher Devonian rocks are fos

siliferous. The Emsian and Couvinian ones are especially rich in corals, brachiopods 
and other fossils including trilobites. 

In North Viet-Nam Proetus namanensis MANSUY, 1916, was described from the 
Emsian shales of Na-man and Kim-Iu in the Thak-khe sheet area, Tonkin. Beside 
some indeterminable trilobites Eifelian ones are as follows: 

Lichas aff. decheni HOLZAPFEL (PATTE, 1926) 
Calymene maloungkaensis MANSUY, 1916 .................. Gravicalymene 
Proetus indosinensis MA).'SUY, 1916 ........................ Dechenella 
Proetus blondeli PATTE, 1929 .............................. Dechenella ? 
Proetus (?) sp. (MANSUY, 1918) ......................... . Proetus (Proetus) vietna7llensis 

KOBAYASHI and HA~IADA, 19H 
CYPhaspis giraudi MA:--iSUY, 1918 ......................... . Otarion 

These trilobites are widely distributed in Tonkin and (?) Proetus indosinensis was 
reported to occur in Schistes a Spirifer speciousus de Tho-phuong, near Thanh-hoa, 
Annam. 

Recently four phacopids were added to the Eifelian fauna of North Viet-Nam by 
MAXIMO VA (1965) from Provinces Son-La (a) and Bankan (b) as follows: 

Plagiolaria (?) orientalis MAXI:\IO\,A (b) 

Denckmannites vietnamicus MAXI:\-!o\,A (a) 

Denckmannites sp. (b) 
Ductina vietnamensis MAXIl\IO\'A (b) 

The authors' comments are given on certain species from China and Viet-Nam in 
the palaeontological description. 

Fossil list 3. Devonian trilobites of Central and South China and North Viet-l'\am. 

s I -:==~:. ,.d Ag' 

e;! ;; ;; ;; 
~ 

I Q) 

'" 

I 

Q) Q) 

to: Q Q Q 
Trilobites ____ ..c: Q) 

-----------
U i> ,j ::;2 :::J 

Lichas aff. declieni HOLZAPEL 

I 
x i x 

I 
Phacops guangxiensis CHANG x x 
Phacops luofuensts CrIA).'G x x i 
Phacops transversalis YI and HSIAV; x x 

I Plagio/aria nandanensis CHA).'G x x 

Plagiolaria ? orientalis MAXIMO\,A 

I 
I 

X i x 
Denck7llannites vietnamicus MAXI~IO\',-\ x ! x 
Denckmannites sp. by MAXIMOVA X I x 
Ductina vietnamensis MAXIMO\,A x I x 

I 
Gravicalymene maloungkaensis (MA).':;CY) x x 

I 
x I I 
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Proetus mediospinus REED I X I x ! 

Proetus namanensis MANSCY 
! 

X x 
Proetus vietnamensis KOBA Y ASH I and HAMADA x x 
Dechenella indosinensis (MANSUY) x x 
Dechenella ? liujingensis CHANG x 

Dechenella ? chengi (SUN) I X 

I 

I x 
Basidechenella ? blondeli (PATTE) 

I 
x 

Monodechenella aff. macrocephala (HALL) x x 
Typhoproetus sinensis CI-IA:XG 

I 
x x 

atarion giraudi (MANSUY) x 

atarion tiaomachienensis (SUN) I x 
Cyphaspides orientalis YI and HSIANG 

I 
x x 

Cyphaspides paradoxus YI and HSIANG 
! x x 

Of the age of Calymene maloungkaensis in Viet-Nam the limestone-shale beds 
containing this trilobite together with Spil'ifer speciosus were placed by MANSUY and 
other French geologists in the Eifelian stage in the sense inclusive of the cultrijugatus 
beds or Couvinian (GIGNOUX, 1955). The cultrijugatus-Schichten have, however, been 
referred in part to the Coblenzian (KAYSER, 1923) and still located at the transition 
between the Emsian and Eifelian stages or in the former stage (BRINKMANN, 1960, 
GRABERT, 1967). The Eifelian age of GravicalYl1lene maloungkaensis was previously 
accepted also in China, but recently it is taken for a member of Yiichiangian fauna 
whose age is Emsian-Zlichovian or pre-Eifelian (WANG, YU and Wu, 1974). Now the 
authors contends to be relevant that the age of the maloungkaensis horizon is approxi
mate to the cultrijugatus.Schichten in Europe and within the range from upper Emsian 
to lower Eifelian. 

As shown in Fossil list 3, some twenty species of Devonian trilobites known from 
Central and South China and North Viet-Nam belong to twelve genera in six families, 
namely the Lichidae, Phacopidae, Calymenidae, Proetidae, Dechenellidae and Otarionidae, 
most species of which are Emsian-Eifelian in age. 

The occurrence of Ductina at Ban-kan is noteworthy as it is an Upper Devonian 
genus of Europe. Two Viet-Nam species of Denck11lannites would be links of Australian 
forms with the Europe-Mediterranean ones of the same genus. Combined with Plagio
laria poothaii of the Thai-Malay peninsula Plagiolaria ? orientalis probably indicates 
the Oriental Tentaculiten-fazies of the Coblenzian-Eifelian age. 

Gravicalymene maloungkaensis is an exception in distribution so wide from Viet
Nam to South and Central China on one side and possibly to the Shan States, Burma 
on the other. The maloungkaensis horizon is within the time limits of the Fukuji fauna 
and probably penecontemporaneous with the Gravicalymene bed of Sorayama, although 
their faunal assemblages are not quite similar to each other. 

e. The Burmese-Malayan geosyncline 
In Southeast Asia there was the Burmese-Malayan geosyncline in the Palaeozoic 

Era (KOBAYASHI, 1973, HAMADA et al., 1975). It was extended from the Shan plateau, 
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Burma and West Yunnan to the Thai-Malay peninsula and further into Borneo. In 
Burma the Silurian-Devonian boundary is very gradual. The age of the Zebingyi stage 
in East Burma has long been a moot question. because it contains Silurian graptolites 

as well as Devonian shelly fossils. Recently Lower Devonian graptolites were found 
in the geosynclinal sediments in Bu.rma, Thailand and Malaya. Devonian trilobites 
are known as far as Perak in Malaysia to the south. 

1. Burma 

In the Shan States the Zebingyi Series has long been referred to the Silurian System 
notwithstanding the fact that the Hercynian elements were contained in the Zebingyi 
fauna. The series yields four species of trilobites as follows: 

Dalmanites (Odontochile ?) swinhoei REED at Zebingyi 
Phacops shanensis REED at Kyinganaing 

in the Northern Shan States, and 
Phacops ponensis REED 

Phacops cf. sternbergi BARRA:-;DE 

in the trilobite bed near Pon in the Southern Shan States. 

REED noted that D. (0.) swinhoei is intimately related to Phacops sternbergi from 
the Lower Devonian of Bohemia. So is P. shanensis and P. ponensis to P. latijrons 

and P. jecundus from the Lower Devonian or early Middle Devonian. 
D. swinhoei was found associated with lvlonograptus dubius, the typical Wenlock 

species but ranging up to lower Ludlow. Therefore its age was a question, but the 
three others are, as pointed out already (KOBAYASHI and HAMADA, 1971), have no 
objection against their Devonian age. 

According to BERRY and BOUCOT (1972), "Monograptus dubius" and "M. d. 

riccartonensis" from Pyintha, Northern Shan States belong to the M. hercyniclls group; 
Monograptus dllbius from Twinnge, Northern Shan States is probably a new species 
most similar to Emsian Monograptus atopus. Therefore it is warranted that part of 

the Zebingyi beds is Lower Devonian. 
The Padaukpin limestone in the Lower Plateau Limestone in the Northern Shan 

States contains 

Phacops latifrons (BRO:-iN var.) 
Phacops (Dalmanites) cf. stellifer BCR~1. 
Phacops (Dalmanites) punctatus STEIN. 

They were considered by REED (1908) to be Eifelian in age. This chronological 
conclusion was further confirmed by ANDERSON et al. (1969) in their study on brachio
pods. 

The Wetwin shale intercalated in the lower part of the Plateau Limestone yields 
Phaetonides aff. cyclurus HALL which species was described primarily from the lower 
Helderberg Group but the Wetwin fauna is considered close to the Hamilton fauna of 
North America. 

It is noteworthy that Calymene d. maloungkaensis MAKSUY was reported to occur 
in the Lawksawk State (SAHi'H in HERON, 1936) since it reveals affinities of the Burmese 
fauna to those of North Viet-Nam and South China. 

Recently U Thaw TINT and U Ula W AI (1970) described Siegenian (?) trilobites 
from the lower unit of the Lower Plateau Limestone exposed about one and a half 
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miles north-northwest of the Taungtaloen Peak (4,064 feet) east of Medaw, Maymyo 

district as follows: 

Scutellum (Scutellum), n. sp. 
Phacops giganteus, n. sp. 
Phacops taungtalonensis, n. sp. 
Phacops thahlai, n. sp. 
Phacops minlltus, n. sp. 

According to them the trilobite beds belong to the Hercynian facies higher than 
the Zebingyi beds and their equivalents containing Phacops shanensis REED and 
Phacops (Dalmanites) swinhoei REED in the Northern Shan States and Phacops ponensis 
REED and Phacops d. sternbergi BARRANDE in the Southern Shan State. The Eifelian 
Padaukpin coralline beds containing Phacops latifrons lie well far above the Taung
talone Phacops-Scutellum faunal zone. 

2. The Thai-Malay peninsula 
In Thailand the existence of the Devonian rocks was first proved with Plagiolaria 

poothaii KOBA Y ASH! and HAMADA, 1969 and its varietal form which were procured in 
the TentaClllites facies between Trang and Phatthalung in the peninsular part. Their 
age was considered Emsio-Couvinian. 

Crossing the national border a very unique fauna of a similar age was dis

covered in Malaya at Kroh in upper Perak which included the following trilobites: 

Pseudotrinodlls enigma KOBAYASHI and HA~1ADA, 1971 
Agnostoid, gen. et 2 spp. indet. 
Plagiolaria poothaii KOBAYASHI and HAMADA, 1969 
Blanodalmanites nubelania KOBAYASHI and HA:VIADA, 1971 
Blanodalmanites kokeshifonnis KOBA YASI-II and HA~'IADA, 1971 
Perakaspis trapezoidalis KOBAYASHI and HA:VIADA, 1971 
Perakaspis (Krohbole) elongata KOBAYASHI and HA:VIADA, 1971 
Perakaspis (Krohbole ?) burtoni KOBAYASHI and HAMADA, 1971 

, Perakaspis (?) sp. indet. 
Proetoid, gen. et sp. indet. 
Bailielloides inexpectans KOBAYASHI and HAMADA, 1971 
Harpes (s.l.) kylindrorhachis KOBAYASHI and HAMADA, 1971 

Because visual organs are degenerated in the Kroh trilobites and they suffered 
little from postmortem destrution, their habitat would have been a deep and dark 
quiet shelter. Because the Kroh brachiopods are dwarfed, stagnant water on muddy 
bottom was unfavourable for the benthic life. 

Pseudotrinodus is possibly an isolated relic genus of the Agnostida. 

Another locality of Pseudotrinodus is in the Kanchanaburi -district, West Thailand 
where P. constricutus, nov. described in this monograph was found together with a 
small proetoid free cheek and other fossils. 

Finally, the Langgon red beds in Northwest Malaya yield Langgonbole vulgaris 
KOBA Y ASH! and HAMADA, 1973 at Pulau Langgon, Langkawi Islands, Waribole perlisensis 
KOBA Y ASH! and HAMADA, 1966, in Perlis and Macrobole Iwdahensis KOBA Y ASH! and 
HAMADA, 1973 and Diacoryphe ? sp. in Kedah. The first species is probably early 
Famennian or older, the second late Femennian and the last two early Tournaisian. 



Devonian Trilobites of Japan 23 

Fossil list 4. Devonian trilobites of the Burmese-Malayan geosyncline. ------- Area Burma Thai-

I 
Malaya Trilobites land 

Pseudotrinodus enigma KOBAYASHI and HA~IADA K 

Pseudotrinodus constrictus KOBAYASHI and HAMADA x 

Agnostoid 2 spp. K 
Scutellum (Scutellum) sp. by TINT and WAI T 
Phacops latifrons (BRONN) var. P 

Phacops shanensis REED Z 
Phacops ponensis REED Z 
Phacops d. sternbergi BARRANDE Z 
Phacops giganteus TINT and W Al T 

Phacops taungtalonensis TINT and WAI T 

Phacops thahlai TINT and W Al T 

Phacops minutus TINT and W Al T 

Plagiolaria poothaii KOBAYASHI and HAMADA x K 

Plagiolaria poothaii KOBAYASHI and HA~IADA var. x 

Dalmanites punctatus STEIN. P 

Dalmanites d. stellifer BURM. P 

Odontochile ? swinhoei REED Z 

Blanodalmanites nubelania KOBAYASHI and HAMADA K 

Blanodalmanites kokeshiformis KOBAYASHI and HAMADA K 

Gravicalymene maloungkaensis (MANSUY) (T) 

Perakaspis trapezoidalis KOBAYASHI and HA1,IADA K 

Perakaspis (Krohbole) elongata KOBAYASHI and HAMADA K 

Perakaspis (Krohbole ?) burtoni KOBAYASHI and HA1\'IADA K 

Perakaspis ? sp. indet. K 

Proetoid, gen. et sp. indet. x K 

Prionopeltis aff. cyclurus (HALL) W 

Bailielloides inex pectans KOBAYASHI and HAMADA K 

Langgonbole vulgaris KOBAYASHI and HAMADA L 

Waribole perlisensis KOBAYASHI and HAMADA 1 L 

Harpes (s.l.) kylindrorhachis KOBAYASHI and HAMADA I "1 K 

P : Padaukpin, Z: Zebingyi, T: Taungtalone, 
'vV: Wetwin, K: Kroh, L: Langgon red beds 

In summarizing the above statements it is found that the Devonian trilobites of 

the Burmese-Malayan geosyncline total 30 species and 14 or more genera in 8 families, 
namely the Pseudotrinodidae, Scutelluidae, Phacopidae, Dalmanitidae, Calymenidae, 
Proetidae, Dechenellidae and Harpidae. Plagiolaria and Gravicalymene 11laloungkaensis 
are two key trilobites showing the faunal connection with trilobite faunas of North 
Viet-Nam. The Kroh fauna comprising so many new genera is quite aberrant. 
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f. The Devonian trilobites of Eastern Asia 
As shown below the Devonian trilobites so far known from Eastern Asia total 100 

specie!;! including specifically indeterminable ones. They are distributed in 39 genera 
and 12 families. 

Area ~ Species Genera Families 

Mongolian geosyncline (1) 28 11 7 

Yangtze basin (2) 20 
I 

12 6 

Chichibu geosyncline (3) 21 

I 
15 9 

Burmese-Malayan geosyncline (4) 31 14 8 

~ Taxa (1) 
I 

(2) 
I 

(3) (4) 

Pseudotrinodidae 

I 
1 

Scutelluidae 3 1 
Odontopleuridae 1 1 

Lichidae 1 1 1 
Cheiruridae 1 
Phacopidae 2 4 2 2 
Dalmanitidae 3 3 
Calymenidae 1 1 1 1 
Proetidae 1 1 1 2 
Dechenellidae 2 4 1 3 
Otarionidae 1 1 
Harpidae I 1 

* Number without brackets means a number of genera in each family. 

The geographical distribution of these genera in East Asia is shown in Fossil list 
9 on page 42 et seq. 

1. Nearly cosmopolitan genera: Scutellum, Ceratocephala, Lichas, s.l., Acanthopyge, 
Phacops, Dalmanites, Odontochile, Calymene, Proetus, s.l., Otarioll, Harpes, s. 1. 

2. Northern hemisphaeric genera: Reedops, Dechenella, Basidechenella. 

3. Eurasiatic genera and subgenera (North Africa inclusive): Crotalocephalina 
(Crotalocephalides), Plagiolaria, Ductina, Thysanopeltella (Septimopeltis) , Radio

lichas, Proetus (Coniproetus), U nguliproetus, Prionopeltis, Typhoproetus, Waribole. 

4. Asian-North American genera and subgenera: Paciphacops (Paciphacops, Viapha-
cops), Anchiopella, Crassiproetus, Dechenellurus, Monodechellella. 

5. Eurasian-Australian genera and subgenera: Crotalocephalina (Crotalocephalina, 
Pilletopeltis, Geracephalina), Denckmannites, Gravicalymene. 

6. Western Pacific genera: Craspedarges. 
7. Endemic genus to Japan: Hidascutellum. 

8. Endemic genera and subgenera to the Thai-Malay peninsula: Pseudotrinodus, 
Blanodalmanites, Perakaspis (Perakaspis, Krohbole), Bailielloides, Lallggonbole. 
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More than a half of the above genera are distributed world-wide or extensively 
1D the northern continents. Among the remaining genera about a third of them are 
Eurasiatic genera. Another one-third of them are endemic and most of such genera 
belong to the aberrant Kroh fauna (8). Still another one-third of genera show affinities 
either to the North American fauna (5) or to the Australian fauna (6). The genera 
of the former category are known all from the Mongolian geosyncline except for 
Monodechenella. Those of the latter category occur in Eastern Asia in the Oriental 
regions including the Yangtze basin, Chichibu and Burmese-Malayan ·geosynclines. 

From the Devonian palaeogeographic point of view Eastern Asia can be divided 
into the Mongolian and Oriental subprovinces and the latter subdivided into these 
three regions. 

The trilobites of the Mongolian subprovince are characteristized by the inclusion 
of genera showing affinities to eastern North American faunas. 

The Oriental subprovince reveals closer faunal relationship toward Australasia than 
North America, although Monodechenella is a North American genus. The generic 
composition is fairly different among the three Oriental regions, but Gravicalymene 

occurs in Japan, South China, North Viet-Nam and probably in Eastern Burma. The 
Kroh fauna of the Thai-Malay peninsula is very unusual and quite distinct from 
the Burmese fauna, but Plagiolaria is a linking genus between the Kroh fauna and 
the Eifelian fauna of Son-La and Ban-kan, North Viet-Nam, both in the so-called 
Tentaculites facies. 

Gravicalymene was a leading genus not only of the oriental faunas but also of the 
faunas of New Zealand and the Tasman geosyncline. Craspedarges is an endemic 

genus to the Western Pacific province. 

g. Correlation of the Devonian trilobite horizons in Eastern Asia 
In the Devonian Period there were in Eastern Asia the Mongolian geosyncline, 

Chungchao massif, Yangtze basin, Chichibu geosyncline and the Burmese-Malayan geo
syncline. The Mongolian geosyncline extending latitudinally was separated from the 

Yangtze basin by the Chungchao massif, but the geosyncline was probably contact 
with the Chichibu geosyncline between Primoria and the Bida plateau. 

The Chungchao massif was widely emergent in the Middle Palaeozoic Era except 
for North Korea where it is certain that sea ingressed during the Silurian Period. 

It is, however, yet uncertain whether or not a Devonian ingression has there taken 
place. At any rate neither Silurian nor Devonian trilobite has so far been reported 
from Korea. 

In the Devonian Period the Fukien peninsula wedged in between the Yangtze basin 
and the Chichibu geosyncline from South Korea. The basin, however, largely opened 
its mouth in the southwest toward Viet-Nam as well as Burma. The Chichibu geo
syncline was on the other hand bifurcated westerly and its branch on the continental 
side ran into North Viet-Nam, while another branch on the oceanic side was connected 
with the Burmese-Malayan geosyncline through Borneo. although no fossil older than 
Permian is as yet known from Tai,van and the Philippines. It is presumed that the 
Indosinian massif was intercalated between these two branches. 

In the Mongolian geosyncline the best Devonian sequence is found in the upper 
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and middle Amur region where the Lower and Middle Devonian strata are classified 
into four suites, all yielding trilobites. The Houlungmen trilobites of the Lesser 
Khingan range are about the same age with the upper Solsheneversk fauna. 

The Fukuji trilobites are within a range from Gedinnian to Eifelian and the younger 
part of this fauna is nearly coeval with the Yiichiang fauna of China. The age of 
the Qno trilobites are all Middle Devonian. Gravicalymene yamakoshii is intimately 
related to G. maloungkaensis widely distributed in South China, North Viet-Nam and 
probably in East Burma, although they are two distinct species. The Thysanopeltella 
(Septimopeltis) paucispinosa and Dechenella minima horizons are most probably Eifelian 

and Givetian respectively. 
Now it is certain that the Zebingyi trilobites are mostly Devonian or Lower 

Devonian ones. The Padaukpin and Wetwin trilobites are Middle Devonian and the 
former is Eifelian in age. The Emsio-Eifelian trilobites of the Kroh fauna are wide 
spread in the Thai-Malay peninsula. They are quite distinct from the Burmese ones 
probably because of the difference of their ecological condition. Plagiolaria in this 
fauna is a phacopid genus known not only in Thailand and Malaysia but also in 
Kwangsi and North Viet-Nam. The Langgon red beds in Malaya yield Upper Devonian 
and Tournaisian trilobites. 

These trilobite-bearing Devonian formations in Eastern Asia are tentatively cor
related as shown in Table 5. 

It can hardly be overlooked that trilobites have flourished in Eastern Asia most 
in the Praguian-Zlichovian or Emsian-Eifelian times. The Gedinnian, Givetian, Frasnian 
and Famennian ones are contained in the lower Bolsheneverskaya suite and the lower 

Table 5. Correlation of the Devonian trilobite horizons in Eastern Asia. 

~ Area Gedinnian I Siegenian I Emsian I Eifelian I Givetian I Frasnian I Famennian 

Mongolian 
lower upper 

Bolsheneverskaya Jmatchinsk Oldoisk 
Geosyncline 

Houlungmen 

Chichibu 
Fukuji 

Geosyncline Ono+ Nakazato 

Central and YUchiang Yutienchiao 
South China Peilieu 

C. maloll11gkael1sis 
North Viet-Nam 

P. namanensis 

-Zebingyi 
Buni.1a Padaukpin 

-
Wetwin 

Malaya Kroh Langgon 
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Fukuji Series (1), the Oldoiskaya suite and the upper part of the Ono series (2), the 
Yiitienchiao stage (3) and the lower part of the Langgon red beds (4) respectively. 

IV. Devonian Trilobites of South Asia 

In South Asia the best Devonian sequence is known from Bithynia, West Turkey 

where Palaeozoic strata from Ordovician to Middle Carboniferous are accumulated 
continuously as thick as 3,000 m. The Devonian sediments about 700 m thick are 
divided into three formations by HAAS (1967) as below. 

Tuzle formation 

Marmara formation 

Akviran formation 

{ 
Denizli beds 

Gelze beds 

1 
Dele beds 

Kurtdogmu§ beds 

Kartal beds 

Soganli beds 

top part of 

Givetian to Upper Devonian 

Eifelian 

Upper Emsian 

Lower Emsian·Siegenian 

Gedinnian 

As shown in Fossil list 5, Devonian trilobites described by RICHTERS (1937) and 

HAAS (1968) attain 60 species in 27 genera and 12 families, namely, the Scutelluidae, 

Odontopleuridae, Lichidae, Cheiruridae, Phacopidae, Dalmanitidae (Dalmanitinae, 

Acastavinae, Asteropyginae), Calmoniidae, Calymenidae, Homalonotidae, Proetidae, 
Dechenellidae, and the Otarionidae. Cheirurus (Crotalocephalus) copius and Cornu

proetus (Lepidoproetus) regius from the Soganli beds are allied to Praguian species of 

Bohemia and Morocco. The beds (marl with limestone nodules) belong to the mixed 

Hercynian-Rhenish litho- and bio-facies, in the higher part of which appear asteropygids 
and acastids. The Rhenish aspect becomes emphasized in the superjacent Kartal beds 
(sandy shale) by appearance of homalonotids and disappearance of Hercynian elements. 

The Kurtaogmag beds (calcareous graywacke and thick bedded crinoidal limestones) 
are of the Rhenish facies, but reveal some facies differentiation. 

In the Dele beds all of the Rhenish elements disappear from the Bithynian shore. 
Odontochile spinifera orientalis, Cheirurus (Crotalocephalus) sternbergi, Phacops (Reedops) 

sternbergi filius and Cornuproetus (Cornuproetus) exanthemoides filius show that the Dele 

fauna is late Emsian, while Leonaspis leucothea from the Gebze beds is so closely allied 
to L. elliptica that it indicates Eifelian age of the beds. The Gebze beds (marl and 

marly limestone) and the Denizli beds (nodular limestone) contain Hercynian cephalo
pods. 

In Afghanistan Middle and Upper Devonian marine limestone formation is underlain 

by non-fossiliferous sediments which are clastic beds, 2.000 m thick, lying on Ludlovian 

marl in Central Afghanistan and evaporites and red beds in Western Afghanistan 

(DuRKooP et aI., 1967). Similar Lower Devonian red beds are present in Eastern and 
Southern Iran (RUTTNER et al. 1968, HUCKRIEDE et al. 1962). Only Upper Devonian 
sublittoral sediments are known in the Elburz range, North Iran (GAETANI, 1967). 

PILLET and DE LAPPAI~ENT (1969) described Devonian trilobites from Central and 
Eastern Afghanistan as follows: 

Middle Devonian: Said Habib and Bakan 
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Scutellum aff. flabelliferum (GOLDFUSS) 

Dalmanitacea 
Asteropyge sp. 
Neocalmonia imperfects PILLET 

Neocalmonia sp. 

Frasnian: Badragha, Ghouk, Bokan 

Scutellum costatum PUSCH 

Phacops sp. 
Asteropyge sp. 
Neocalmonia quadricosta PILLET 

Burmeisteria (Digonus) sp. 

Famennian: Ghouk, Robat-e-Pai 

Phacops accipitrinus (PHILLIPS) 

Phacops accipitrinus, subsp. nov. 

Neocalmonia was proposed as a new genus of the Calmoniidae by PILLET (1969) 
on Neocalmonia quadricosta nov. from the lower Frasnian at Badragha, Central Afghan
istan. 

Fossil list 5. Devonian trilobites of West Turkey. 
(After RICHTERS, 1937 and HAAS, 1968) 

c i ~ 
'" c i Cl 
'iii '" ! ,.: c:: C"oo -", .. E ci::r 

'5 ~ ~ .~ ;...: 

Age 

Trilobites ~,; "QJ!g! 

I------------------------------------------------------~~r~-~--j------~-·---+-~---: G 
Spiniscutellum larviferum HAAS 

Leonaspis panoptes HAAS 

Leonaspis belisatius HAAS 

Leonaspis leucothea HAAS 

Leonaspis aff. hoernesi (BARR.) 

Lobopyge erinacea HAAS 

Lobopyge ? pulex HAAS 

Crotalocephalus copiosus HAAS 

Crotalocephalus sternbergi sternbergi (BOECK) 

Phacops (Phacops) turico turico RICHTERS 

x 
x 

x 

x 

x x 
x 

x 

x 

x 

x 
I----------------------------------------------------i-------------I----i---

Phacops (Phacops) turico praecedens HAAS X !: 

Phacops (Phacops) pantichionensis HAAS x 
Phacops (Phacops) proponticus HAAS x 

Phacops (Phacops) corallinus corallin us RICI-ITERS 

Phacops (Phacops) corallin us successor HAAS 

Phacops (Phacops) confluens RICI-ITERS 

Phacops (Reedops) sternbergi filius HAAS 

Phacops (Reedops) seleniomma HAAS 

Phacops (Trimerocephalus) mastophthalmus RICHTERS 

Odontochile spinifera orientalis HAAS 

x 

x 

x 1---

:X 
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Petitlina goltzi HAAS 

Centauropyge pronomacea HAAS 

Cryphina personata HAAS 

Comura (Turcopyge) eduardi RICHTERS 

Echinopyge cathamm(l HAAS 

Feruminops crepida HAAS 

Feruminops ? declivis (RICI-ITERS) 

Asteropyge (Rhenops) hammerschmidti RICHTERS 

Metacanthina anatolica HAAS 

Metacanthus asiatica (VERNEUIL) 

Metacanthus acinacifera HAAS 

Metacanthus incisa HAAS 

Metacanthus fastigata HAAS 

PseudocrYPhaeus asteriferus HAAS 

Pseudocryphaeus proteus HAAS 

PseudocrYPhaeus prostellans (RICHTERS) 

PseudocrYPhaeus nais HAAS 

Pseudocryphaeus ? cameratus HAAS 

Pseudocryphaeus ? ecthetus HAAS 

PseudocrYPhaeus ?ophylax HAAS 

Sanidopyge baykali HAAS 

Asteroides (Asteroides) consobrinus consobrinus HAAS 

Asteroides (Asteroides) consobrinus asinarius HAAS 

Asteroides (Asteroides) paeckelmanni (RICHTERS) 

Asteroides (? Asteroides) psilodora HAAS 

Asteroides (? Asteroides) aspidium HAAS 

Asteroides (Talus) bithynica HAAS 

Gravicalymene eunoa HAAS 

? Homalonotus salteri VERNEUIL 

Trimerus (Dipleura) fornix HAAS 

Up. 

x 
x 

x 
x 
x 

x 

x x 

29 

x x 
x 

x 
x 
x 

--
x 

i 
x 

Coblenz. 

x 
x 

x 
x 

x 
x 
x 

x 
x 

x 

x 
x 

x 

x 

x 
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DURKOOP et al. (1967) listed the following trilobites fro;n the Middle and Upper 

Devonian of Afghanistan. 

Afghanopyge celata, n. gen. & sp. 
A. scalpta, n. sp. 
Asteropyge sp. 
Otarion sp. 
Phacops sp. 
Phacops accipitrinus 
Phacops batilliferus 
Quadroglyphaeus kakari, n. gen. & sp. 
Quadroglyphaeus obtusus, n. sp. 
Scutellum sp. 
Treveropyge sp. 

Up. Dey. 
Mid. Dey. 
Up. Dey. 
Mid. Dey. 
Up. Dey. 
ditto 
ditto 
ditto 
ditto 
ditto 
Mid. Dey. 

Subsequently, HAAS and MANSINK (1969) splitted Neocalmonia which they con
sidered a genus of the Asteropyginae of the Dalmanitidae, instead of the Calmoniidae, 
into three subgenera and they described ten species from Afghanistan and East Iran 

as follows: 

Neocalmonia (Bradocryplweus) afghanica H. & M. 
Neocalmonia (Heliopyge) caelata H. & M. 
Neocalm~nia (Neocalmonia) quadricosta PILLET 
N. (N.) milistana H. & M. 
N. (N.) imperfecta PILLET 
N. (N.) brinkmanni H. & M. 
N. (N.) batillifera H. & M. 
N. (N.) kakari H. & M. 
N. (N.) thaumata H. & M. 
Neocalmonia ? persica (R. & E. RICHTER, 1926) 

Eifelian-Giyetian 
Givetian 
Frasnian 
Frasnian 
Frasnian 
Frasnian 
Frasnian 
Frasnian 
Frasnian 
Frasnian (Iran) 

Devonian rocks appear to be distributed widely in Northern Pakistan and the 
Western Himalayas, although much remains to be investigated (STAUFFER, 1967, CHAE
TERJI, 1967). 

In Chitral, North Pakistan Proetus chitralensis REED, 1911, was described from the 
neighbourhood of the Baroghil pass and 

Phacops aff. latifrons BRO:-iN 

Phacops sp. 
Dalmanites (Asteropyge) koraghensis REED 
Dalmanites (Asteropyge) sp. 

from Koragh ridge (REED, 1922). The latter four trilobites are Upper Devonian or 
Frasnian and the former one is considered Lower Devonian. 

Devonian trilobites so far known from Southn Asia from Turkey to Pakistan total 
about 90 species some 50 of which are Lower Devonian ones of Bithynia, whereas 
almost all of Afghanistan and Pakistan are Middle and Upper Devonian trilobites. 

In the Bithynian fauna the Acastavinae and Asteropyginae of the Dalmanitidae 
and the Calmoniidae are well represented by many genera including HAAS' new genera 
and subgenera as follows: 

Subfamily Acastavinae STRUVE, 1958 
Petitlina, nov. 
Centauropyge, nov. 
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Subfamily Asteropyginae DELO, 1935 
Cryphina OEHLERT, 1889 
Comura (Turcopyge, nov.) 
Echinopyge, nov. 
Feruminops, nov. 
Asteropyge (Rhenops, RICHTER & RICHTER, 19,13) 
Metacanthina PILLET, 195,1 
Pseudocryphaeus PILLET, 195,1 
Sanidopyge, nov. 

Family Calmoniidae DELO, 1935 
Asteroides (Asteroides DELO, 1935) 
Asteroides (Talus, nov.) 

31 

Among them only Asteropyge is distributed easterly as far as Chitral in South 
Asia. 

Pelitlina and Centauropyge of the Acastavinae and Echinopyge, Feruminops and 
Comura (Turcopyge) of the Asteropyginae are all upper Emsian trilobites indigenous 
to Turkey. Sanidopyge is a Middle Devonian genus of the Bosporus region. Asteroides 

(Talus) ranges in Turkey from Praguian probably to lower Emsian. 
Among three new subgenera of Neocalmonia, Neocalmonia (Neocalmonia) is re

stricted to the Frasnian of Afghanistan, N. (Bradocryphaeus) is distributed in Spain, 
South England, North France, Belgium, Rheinischen Schiefergebirge, ? East Thuringia 
and Afghanistan from Eifelian to Frasnian and Neocalmonia (Heliopyge) in the Givetian 

and the Fransnian of North Spain, Belgium and Afghanistan. 
The family Homalonotidae is represented in South Asia by the followings: 

Homalonotus: Lower Devonian of Bithynia 
Trimerus (Dipleura): ditto 
Burmeisteria (Digonus): Frasnian of Pakistan 
Parahomalonotus: Lower Devonian of Bithynia 

These trilobite families and subfamilies typical of the Rhenish magnifacies (ERBEN, 
1962) are totally unrepresented in Eastern and Sontheastern Asia. On the contrary, 
the Scutelluidae, Odontopleuridae, Lichidae, Cheiruridae, Odontochile, Calymenidae, 
Proetidae, Otarionidae, and Harpedidae characteristic of the Hercynian magnifacies as 
well as dechenellids and crytosymbolids typical of the mixed facies of Europe are 
present in the Eastern and Southeastern faunas. 

v. Devonian Trilobites of Siberia and Turkestan, U.S.S.R. 

Marine Devonian formations are distributed widely around the Siberian platform 
and partly on it. Trilobites appear to be especially rich in its southwest side. Before 
going further, the correlation of the D j , De and Da divisions of the U.S.S.R. to the other 
sequences of Europe, China and North America is shown in Table 6, because the lower 
boundary of the Devonian System to be drawn either at the base or the top of the 
Tiverian has been an important problem and because the division of the system in the 
U.S.S.R. disagreed with that of the classical one in Western Europe, as does that of 
China. (RZHONSNITSKAY A, 1967, NALIVIKIN et aI., 1973). 

In his "Trilobites of the Turkestan", 1932, WEBER described about 45 species of 
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Fossil list 6. Devonian trilobites of Turkestan. 

(After WEBER, 1932) 

Trilobite species L. Dev. M. Dev. U. Dev. S.-D. 
1----------1-----1------1-------------1 

Revision 

Bronteus lichaoides WEBER 

Bronteus nalivkini WEBER 

Bronteus tarak WEBER 

Bronteus yakovlevi "WEBER 

Bronteus radiatus WEBER 

Bronteus elegans PEETZ 

Bronteus, n. sp. 

Bronteus sp. indet. 

Acidaspis cornuta WEBER 

Lichas (Euarges) planus WEBER 

Lichas sp. (L. planus) 

Lichas haueri BARRA?\DE 

Lichas sp. indet. 

Cheirurus sternbergi BOECK 

Cheirllrlls sternbergi BOECK ? 

Cheirurlls sp. (Ch. sternbergi) 

Cheirllrus strabo WEBER 

Cheirurus sp. (Ch. pengelli WlllDB.) 

Phacops ct. sternbergi HAWLE et CORDA 

Phacops turaniclls WEBER 

Phacops zorgensis KAYSER 

Phacops sp. I 

Phacops sp. II 

Phacops cf. batracheus WlllDBOR?\E 

Phacops sp. III 

Phacops sp. IV 

Phacops sp. V 

Calymene sp. indet. 

Proetus bohemicus HA \\"LE et CORDA 

Proetus sp. (P. bohemicus ?) 

Proetus d. oehlerti BAYLE 

Proetus chitralensis REED 

Proetus d. orbitatus NOVAK 

Proetus aff. gosseleli NARROIS 

Proetlls lepidlls BARRA1\DE 

Proelus (?) d. champerowni WHlDB. 

Proelus Iriangulus WEBER 

133 

133 

63b 

20 

16,268 

507 

289 

23 

16?, 268, 285 

1300 

23 

16 

1300 

268 

31 

31 

31 

1300 

268,510 

268,2t)5,1300 

285,289 

31 ?, 26tl 

510 

23 

268 

1899a 

13 

54 

13 

13 

697 

37 

697 

697 

697 

697 

54 

333 

697 I 

Scutellum 

Breviscutellum ? 
Weberopeltis 

Thysanopeltella ? 
Weberopeltis 
sidereus 
(WEBER) 1945 

Scutellum 

Isopleura 

Acanthopyge 

Acanthopyge 

Acanthopyge 

Acanthopyge ? 
Crotalocephalina 

(Pilletopeltis) 

Cheirurus, s. str. 

Reedops ? 

Phacops 
(Boeckops) 

Proelus 
(Bohemiproetus) 

Proetus 
(Orbitoproetus) ? 

Lepidoproetus 
(Lepidoproetus) 

AstYCOI"yphe? 
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Proetus sp. I 

Proetus (Cyrtosymbole ?) sp. II 

Cyphaspis ocellata WIIIDBORNE 

67 -68 1 Cyrtosymbolid ? 

67-68 

Harpes reticulatus altaiczts WEUER 

Harpes, n. sp. 

Harpes sp. I 

Harpes sp. II 

Hypostoma, gen. indet. II 

Age 

590 

507 

285 

697 

697 

P 

Otarion 

Reticuloharpes 

Collection Locality I 
1-----;--------1-------------------------------1 

Loc. No.1 

13 M. Dey. 

16 L. Dey. 

20 U. Sil. 

23 L. Dey. 

31 L. Dey. 

32 M. Dey. 

37 M. Dey. 

54 M. Dey. 

63b Sil.-Dey. 

67-68 U. Dey. 

133 Sil.-Dey. 

268 L. Dey. 

285 L. Dey. 

289 L. Dey. 

333 M. Dey. 

507 L. Dey. 

508? L. Dey. 

510 L. Dey. 

590 L. Dey. 

697 M. Dey. 

1300 L. Dey. 

1899a L. Dey. 

p M. or L. Dey. 

Bronteus yakovlevi accompanied by Calceola 
sandalina; river Kainemia; Volgulka river, 
Lunik coal-field, Ural 

Chil-mairam range, Ferghana 

With Middle Deyonian forms?; 
Keklik-Uchar, Ferghana 

On Mt. Khodja-bektau, Ferghana 

Lunieysk coral-field, river Kainemia; 
Volgulka river, Ural 

Khodjent district 

Khodjent district 

Chil-mairam, Ferghana 

Ferghana 

Ferghana 

Ferghana 

Ferghana 

Ferghana 

Ferghana 

Liaglian gorge, Ferghana 

Ferghana 

With Bronteus nalivkini; east slope of 
Keklik-Uchar 

N. YAKOVLEV 

D. MUSIIKETOV 

J. RHEIl'WALD 

D. MUSIIKETOV 

J. RI-IEI;\"WALD 

N. YAKOYLEV 

O. NEUMAj\;;\" 

O. NEUMANN 

W£BER 

NALlVKIN 

'WEBER 

WEBER 

"VEBER 

WEBER 

NALlVKI;\" 

D. MUSJ-lKETOV 

D. MCSI-IKETOV 

D. MUSIIKETOV 

NALlVI<I;\" 

WEBER 

"VEBER 

NALIYKI:-1 

Devonian trilobites including a few Silurian-Devonian transitional ones and many speci
fically indeterminable ones (see Fossil list 6). They were distributed in 9 genera and 8 
families, namely, the Bronteidae, Odontopleuridae, Lichadidae, Cheiruridae, Phacopidae, 
Calymenidae, Proetidae and the Harpedidae. Some 10 species of trilobites are either 
identifiable with or comparable to European ones. Another ten are WEBER'S species. 
Beside these one is PEETZ'S and another REED'S which the last is Proetus chitralensis 
REED from the Lower Devonian of Pakistan. It has already been noted that he reported 
Crotalocephalina, viz. Crotalocephalus myops and C. myops interruptus from three upper 
Ludlovian localities (KOBAYASHI and HAMADA,1974), but they may have been procured 
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Table 6. Correlation of the Devonian System of the northern continents. 

China Europe U.S.S.R. North America 

Dasberg·Stufe Etroeungt·Fazies 
Hsikuangshan Famennian Bradfordian 

Hemberg·Stufe Famennian 

Nehden·Stufe 
])3 

Chautauquan 

Yutienchiao Ac!orf·Stufe Frasnian Frasnian ' I Chemung 
Senecan\F' L k II1ger a e 

Tungkangl i ng Srbsko Givetian Givetian 
Tonghanic 

.H @ Tioughnioga 
.;:: 

Peiliu Hlubocepy Eifelian D, ~ Cozenovia 
Couvinian "Eifelian" 

Zlichov 
Yuchiang G '" Emsian 

Onesquethaw 
.~ 

"Coblenzian" @ 
Prag a::; 

Nakaoling ~ 
.~ 

Siegenian "Gedi nni an" D, t'l Deerpark 5 
Lienhuashan F Lochkov 

Krekovian 

Gedinnian 
Ti,·erian 

Helderberg 

Wang,YU anc! Wu HOnlY anc! Prantl Brinkmann Ixzhonsni tskaya Cooper et al. 
(1974) (1970) (1960) (1967) (1947) 

from the Silurian-Devonian passage beds or the Tiverian stage. 
Devonian trilobites in addition to some upper Ludlovian ones which were described 

from Kuznetsk, the Mountain Altai, the Rudny Altai, Central Kazakhstan and west 
Siberia respectively by TCHERNYSCHEVA, 1951, KHALFIN, 1955, MAXIMOVA, 1960, 1968 
and YOLKIN, 1968 attain nearly 170 species and subspecies in more than 40 genera 
and subgenera and 12 families, namely, the Scutelluidae, Odontopleuridae, Lichidae, 
Cheiruridae, Phacopidae, Dalmanitidae, Homalonotidae, Proetidae, Dechenellidae, 
Otarionidae and the Harpidae. 

In Central Kazakhstan the Upper Silurian Kochbaital horizon yields Crotalocephalus 

expansus which is typical of Crotalocephalina (Geracephalina). MAXIMOVA (1967) noted 
that Decoroscutellu71l indefensum was close to Decoroscutellu71l lepidum (BOUCEK) of the 
Lochkov beds and she concluded that the younger part of the Kochbaital including 
both late Silurian and early Devonian trilobite elements may be early Devonian in age. 
This part was considered equivalent to the Tiver stage in Podolia which is post

Ludlovian according to NIKIFOROVA. Recently MAXIMOVA (1971, 1972) proposed to 
draw the boundary in question at the base of the Ainasu beds, i. e. the lower Koch
baital horizon, emphasizing the appearance and development of Dicranurus, Crotalo

cephalus (i. e. Crotalocephalina), Paciphacops, Scutellum, s. str. and Odolltochile including 
three subgenera, Kasachstania, Reussia and Odolltochile s. str. 

The next higher is the Praguian Sardzhal horizon which contains Reedops cepha

lotes and Crotalocephalina hexaspinus. The former is a Praguian phacopid and the 
latter diagnostic of Crotalocephalina (Crotalocephalina) whose range in the European
Mediterranean region is, according to LUTKE (1965) and ALBERTI (1962), from Lochkov 
to early Eifelian. This horizon is overlain by the lower Eifelian Kazak horizon, then 
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Fossil list 7. Devonian trilobites of Kuznetsk, Altai and Kazakhstan. 

1 _________ s_p_e_c_i_e_s ________ :I __ s_2_;I_D_l DI ~ D~ _D_3-;-1 ____ R_e_v_i_s_io_n ___ 1 

Bronteus costatus PUSCII 

Bronteus elegans PEETZ 
= Scutellum elegans (PEETZ) 

Bronteus tullius HALL 

Bronteus sibiricus TSCIIERi':. 
= Scabriscutellum sibiricum (TSCIIER:\.) 

Bronteus arcticus WEBER 

Ku Ku,A 

Ku,A 

Ku Ku,A 

Ku 

Ku Scutellum 

" Scutellum" 

T hysanopeltella 
(Arctipeltis) 

I----------------------i--I---I---------I 
Bronteus eugeni TSCHERN. 

Bronteus tenuistriatus TSCIIER:\. 

Bronteus mirabilis TSCIIERN. 

Bronteus signatus GOLD FUSS 

Bronteus pustulatiformis TSCHERi':. 

Ku 

Kll 

Ku T hysanopeltella 

Ku Ku Bojoscutellum 

Ku Scutellum 

Scabriscutellum 

DeC01"OScutellum 
1----------------_·--------1----------1 

Bronteus aff. pustulatus BARRA:\DE 

Bronteus aff. bischofi ROENI ER 

Bronteus sp. no. 1 

Bronteus sp. no. 2 

Scutellum alutaceum (GOLDFUSS) 

Ku 

Ku 

Ku 

Kll 

A 

Metascutellum ? 

1-------------------1-------------1------------1 
Scutellum longicaudatum (MAXIMOYA) 

Scutellum d. orientalis (MAXIMOVA) 

Scabriscutellum aff. scabrum GOLDFUSS 

Weberopeltis aff. bublitchenkoi MAXI~IOVA 

Weberopeltis kurjensis MAXIMOVA 

A 
A 

A 

A 

A 

T hysanopeltella 
(Altaepeltis) 

T hysanopeltella 
1-----------------1--1-------1--1---------1 

Scutellum michnevitchi MAXI~IOVA 

Scutellum aff. lichaoides (WEBER) 

Decoroscutellum indefensum MAXI~IOVA 

Bojoscutellum ? aff. paliferum (BEYRICU) 

Acanthaloma (Acanthaloma) tenella 
MAXIMOVA 

Ka Scabriscutellum 

Ka 

Ka Ka 

Ka 

A Leonaspis 
(Leonaspis) 

1-----------------1--1----------------1 
Acanthaloma (Ketteraspis) d. derelicta 

(BARRANDE) 

Acanthaloma (Ketteraspis) aff. pigra 
(BARRANDE) 

Acanthaloma longispina BAL. 

Dicranurus sp. 

Ceratocephala sp. 

Lichas (Euarges) sibiricus TSCHER:\. 

Lichas (Euarges) parvulus var. COl1l'eXLlS 
TSCIIER"l. 

Lichas (Euarges) altirhachis TSCIIER:\. 

Lichas (Euarges) sp. no. 1 

Acanthopyge aff. haueri (BARRANDE) 

Acanthopyge aff. contusa 
(HALL and CLARKE) 

Ka 

Ku 

Kll 

I I 

Ka 

Ka 

Ka 

Ka 

Ku Kll 

Ku 

Am A 

-~III 

Leonaspis 
(Ketteraspis) 

Leonaspis 
(Ketteraspis) 

Leonaspis 

Acanthopyge 

Acanthopyge 

Acan thopyge 
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Acanthopyge ? sp. 

Lobopyge (Lobopyge) limbata MAXIMOVA 

Lo'Jopyge (Lobopyge) brevis MAXIMOVA 

Lobopyge (Lobopyge) longiaxis MAXIMOVA 

Lobopyge (Lobopyge) sp. 

Cheirurus aff. welleri RAYMOKD 

Cheirurus myops RODIER 
=Crotalocephalus myops (ROE'vIER) 

Cheirurus yavorskyi TSCHERN. 

Cheirurus strabo -WEBER 

Crotalocephalus sternbergi BOECK 

Cheirurus parvus TSCIIERN. 

Crotalocephalus aff. uratjubensis -WEBER 

Ka Ka 

Ka 

Ka 
--
Ka 

Ku 

Ku Ku 

Ku 

Am 

Am 

Crotalocephalus sp. Ka 

Cheirurus quenstedti orientalis MAXI~IO\' A Ka 

A 

--

A 

Ku 

A 

1----------------1--1------
Cheirurus sp. 

Crotalocephalus expansus BAL. 

Crotaloceplwlus gemmatus (WEBER) 

Crotalocephalus d. sternbergi (BOECK) 

Crotalocephalus hexaspinus MAXIMOVA 

Phacops rana GREEN 

Phacops /ecundus BARRANDE 

Phacops sublati/rons TSCHERN. 

Phacops aff. shanensis REED 

Phacops subcristata KI-IALFIN 

Phacops altaicus TSCIIERN. 

Phacops sternbergi HA \\"LE et CORDA 

Phacops potieri ulbensis MAXIMOVA 

Phacops oculeus MAXI~IOV A 

Phacops postaltaicus MAXIMOVA 

Phacops loganops MAXIMOV A 

Phacops d. cristata 
var. pipa HALL and CLARKE 

Phacops d. altaiclls TSCIIERN. 

Phacops aff. loganops MAXIMOVA 

Phacops aff. prollilli MAXIMOVA 

Phacops sp. 

Phacops /ecundlls orientalis MAXIMOVA 

Phacops aillasuensis BAL. 

Phacops kasachstaniclls BAL. 

Ka 

Ka 

Ka 

Ka 

Ku 

Ka 

Ka 

Ka 

--

Ku 

--

Ka 

--

Ku 

Am 

--

--
Ku 

Ku Ku 

Ku 

A 

A 

A 

A 

A 

A 

A 

A 

A 

----
A 

Crotalocephalina 

Crotalocep/wlina 

Crotaloceplwlina 
(Pilletopeltis) 

Crotalocephalina 
(Pilletopeltis ?) 

Crotalocephalina 
(Crotalocephalina ?) 

Dideropteon 

Crotalocephalina 
( Geracephalina) 

Dideropteon ? 

Crotalocephalina 
(Pilletopeltis ?) 

Crotalocephqlina 
(Crotal ocephalina) 

Ku Phacops (Phacops) 

Ananaspis 

Paciphacops 
(V iaphacops) 

Reedops 

A 
--

A 
Paciphacops 

( Viaphacops) ? 
Paciphacops 

(ViaPhacops) ? 

Paciphacops 
(Paciphacops) ? 

A 
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Phacops logani balchaschensis MAXIMOVA 

Phacops kotanbulakensis MAXI~-IOVA 

Phacops saryarkensis MAXIMOV A 

Phacops aff. boecki HAWLE et CORDA 

Phacops praepipa MAXIMOVA 

Phacops dentatus MAXIMOVA 

Phacops ex gr. cristata HALL 

Phacops pustulatus MAXIl\IOVA 

Phacops acutus MAXIMOVA 

Phacops angulatus MAXINIOVA 

Paciphacops aff. 
fecundus degener (BARRAXDE) 

Phacops rhinoceros MAXIl'vIOVA 

Phacops aff. pustulatus MAXIMOVA 

Phacops sp. a 

Phacops sp. fi 
Reedops cephalotes (HAWLE et CORDA) 

Reedops aff. sternbergi (HA WLE et CORDA) 

Phacopidella primitiva MAXEVIOVA 

Phacopidella sp. 

Probolium altaicum (KI-IALFIN) 

Probolium ? sp. a 

Probolium ? sp. fi 
Dalmanites septicostatus MAXI:\-IOV A 

Dalmanites kasachstanicus BAL. 

Dalmanites saryarkensis MAXI~IOV A 

Odontochile kiikbaica MAXn-IOV A 

Odontochile pristina MAXIl'vIOVA 

Odontochile graciosa BAL. 

Odontochile idonea MAXIMOV A 

Odontochile batymarginata MAXIMOV A 

Odontochile aff. micrurus (GREEN) 

Odontochile crassa MAXIMOV A 

Odontochile frontale MAXIl\-IOV A 

Ka 

Ka 

Ka 

Ka 

Ka 

Ka 

Ka 

Ka 

Ka 

Ka 

--
Ka 

Ka 

Ka 

Ka 

Ka 

--
Ka 

Ka 

Ka 

Ka 

Ka 

------
Ka 

Ka 

Ka 
--

Ka Ka 

A 

A 
Am 

A 
----

A 

Ka 

------

Ka 

Ka 

Ka 
--

Ka 

Ka 
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Paciphacops 
(Paciphacops) 

Paciphacops 
(Paciphacops) 

Paciphacops 
(V iaphacops,) 

Paciphacops" ,"" 
( Viaphacops) 

Paciphacops 
( Viaphacops) ? 

Paciphacops 
( Viaphacops) 

Ka 

Paciphacops 
(Paciphacops) 

Paciphacops 
(Paciphacops) ? 

Paciphacops 
( Viaphacops) ? 

Reedops (Reedops) 
--

Odontochile 
(Kasachstania) 

Odontochile 
(Kasachstania) 

Odontochile 
(Kasachstania) 

Odontochile 
(Reussia) 

--
Odontochile 

(Odontochile) 

Odontochile 
(Odontochile) 

Odontochile 
(Reussia) 

Odontochile 
(Reussia) 

Odontochile 
( Odontochile) 
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Odontochile ulrichi asiatica MAXI~IOVA Ka 

Odontochile cm inata MAXIMOVA Ka 

Odontochile bi/urcata MAXIMO\' A Ka 

1----------------1---------
Odontochile arcuata MAXIMOYA 

Odontochile aft. carinata MAXIyIOVA 

Odontochile sp. a 

Calymene ex gr. blumenbachi BRO:'\GNIART 

Calymene kokbaitalensis MAXI:VIOVA 

Calymene weberi MAXIMO\"A 

Calymene aft. weberi MAXIr\IOV A 

Calymene sp. 

Trimerus sp. 

Proetus carinatus KIIALFI:,\ 

Ka 

Ka 

Ka Ka 

Ka 

Ka 

Ka 

Ka 
Ka 

A 

Am 
1----------------1-----------

Proetus buchi HAWLE et CORDA 

Proetus subplanata 
var. granulata TSCIIER:\". 

Proetus peetzi TSCHERN. 

Proetus lazutkini TSCHERi'\. 

Proetus kuznetskiensis TSCHER,\;. 

Ku 

(in conglomerate] 

Ku 

Ku Ku 

Ku 
1----------------1-----------

Proetus ex gr. 
bohemicus HAWLE et CORDA 

Proetus aft. laevigatus MAl:ER 

Proetus sp. 

Proetus (Proetus) oehlerti BAYLE 

Proetus (Proetus) sibiricus TSCHER:,\. 

Ku A 

A 
A 

Ku 

Ku 

1-------------1--1-------
Proetus (Proetus) bohemicus 

supraconvexus MAXI~IOV A 

Proetus (Proetus) ex gr. 
bohemicus HAWLE et CORDA 

Proetus aft. retroflex us BARRA:\"DE 

Proetus (Proetus) 
pseudocarbonicus MAXIMOV A 

Cornuproetus altaicus MAXIMOVA 

A 

A 

A 
A 

A 
1----------------1-----------

Cornuproetus d. holzap/eli (NOYAK) 

Eremiproetus d. eremita (BARRA:,\DE) 

Proetus (Crassiproetus) globosus MAXIMOVA 

Dechenella salairica TSCHER,\;. 

Dechenella batchatensis TSCHERN. 

Declzenella d. dombrowiensis GeRICH 

Declzenella d. onyx RICHTER 

A 

A 
Ka 

Ku Ku 

Ku 

-KuIKUI 
Ku Ku 

Odontochile 
(Kasachstania) 

Odontochile 
(Odontochile) 

Odontochile 
( Odontoclzile) 

Calymene blumenbachi 
asiatica WEBER 
(pars 1951, pI. 4, 
fig. 8) 

Khalfinella 

Cornuproetus 
(Buchioproetus) 

Cornuproetus 
(Quadratoproetus) 

Proetus (Proetus) 

Proetus (Proetus) 

Praedechenella 

Proetus 
(Bohemiproetus ?) 

Unguliproetus 
(Unguliproetus ?) 

Proetus (Proetus) 
peetzi ? 

Proetus (Proetus) 

DecheneIIid 

Lepidoproetus 
(Diademoproetus) ? 

Schizoproetus 

Ganinella 

I Ganinella ? 
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Dechenellurus ursus MAXIMOV A 

Dechenellurus grani/er MAXIMOV A Ka 

Dechenellurus parvus MAXIMOV A 

Dechenelmy-us- pro/ltsu·s· MAXIMOV A 

Dechenellurus aft. parvus MAXIMOV A 

Dechenellurus grani/er MAXIMOV A 

Dechenella ? aft. planimarginata (MEEK) 

Praedechenella kazachstanica MAXIMOV A 
--

Cyphaspis convexa HAWLE et CORDA 

atarion kiikbaicum MAXIMOV A Ka 

Harpes reticulatus HAWLE et CORDA Ku 

Harpes reticulatus HAWLE et CORDA 
var. altaicus WEBER 

Harpes pansa MAXIMOV A Ka 

Ku: Kuznetsk basin, TSCHERNYSCHEV (1951) 
Am: Mountain Altai, KI-IALFIN (1955) 

A: Rudny Altai, MAXIMOV A (1960) 
Ka: Central Kazakhstan, MAXIMOVA (1968) 

Ka Ka 

Ka Ka 

Ka 
I~ ---
Ka 

Ka 

Ka 

Ka 

Ka 
----
Ku Ku 

Ku A 

A 

--

--
Ku 

Fossil list 8. Dechenellids of West Siberia. 
(After YOLKIN, 1968) 

Age 

I 
Dj 

Species 

Lacunoporaspis antiqua YOLK IN A 

Lacunoporaspis contermina contermina YOLKI:\, 

Lacunoporaspis contermina convexa YOLK IN 

Lacunoporaspis pulchella (KHALFIN) 

Khalfinella prima YOLKIN Am 

Khalfinella attenuata YOLKIN 

Khalfinella glabra YOLKIN 

Khalfinella elegantula YOLKIN 

Khalfinella carinata (KHALFIN) 

Praedechenella kuznetskiensis (N. TSCHERNYSHEV A) 

Praedechenella liniclivosa MAXIMOV A 

Basidechenella altaica YOLKIN 

Basidechenella kuvaschensis YOLKIN 

Schizoproetus salairica (N. TSCHERNYSHEV A) 

Ganinella gurjevskiensis YOLKIN S 

Ganinella tchernyschevae YOLKIN 

Ganinella diversa YOLK IN 

Ganinella dombrowiensis dombrowiensis (GORICH) 

Ganinella dombrowiensis brevis (GURICH) 

Ganinella batchatensis (N. TSCHERNYSHEV A) 

Ganinella schebalioensis YOLKIN I 
S: Salair, Am: Mountain Altai 

39 

atarion 

Reticuloharpes 

Reticuloharpes ? 

Dr D1 
2 D§ 

Am 

S,Am 

Am 

S,Am 

S,Am 

S 

S,Am 

S,Am 

S 
Am 

Am 

S 

S,Am 

S,Am 

S 

S,Am 

S,Am 

I Am 
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the latter by the upper Eifelian Besoba horizon and the last in turn by the Givetian 

Aidarla horizon. 
According to RZHONSNITSKAY A (1976) the D1-D2 boundary is relevant to be drawn 

between the lower and upper Emsian. YOLKIN (1967) zonated the late Lower Devonian
early Middle Devonian formations in Salair and the Mountain Altais by means of 
dechenellids with the result he reached the conclusion that the boundary in question 
should be drawn in this area beneath the Khalfinella eleganta-Ganinella dombrowiensis 

dombrowiensis zone in the Salairkinsk beds of Salair and the Kireyevsk beds of Altai. 
He correlated the base of these beds to the base of the cultrijugatus beds of Ardennes 
and the top of the Zlichov stage of the Barrandean sequence. Whether or not the 

base of the cultrijugatus beds is exactly in the same level with the top of the Zlichov 

stage in Bohemia is rather difficut to convince, because there may be any gap or 
duplication between the Zlichovian and Couvinian ages. 

According to MAXIMOVA 28 out of 74 Kazakhstan trilobite species are of prime 
importance for the faunal connection and 11 and 17 species of them reveal affinities 
toward the Barrandean and the eastern North American fauna respectively, notwith
standing the fact that the Upper Silurian trilobites are not similar to North American 
ones. 

She is of opinion that Paciphacops saryarkensis is the progenitor of Paciphacops 

which was presumably derived from Phacops (or Ananaspis) fecundus and that Paci

phacops migrated easterly through the Mongolian geosyncline as far as Eastern North 
America. Dechenellurus and Crassiproetus were also Kazakhstan products which made 
the trans-Pacific migration through the same route in the Middle Devonian Epoch. 

Weberopeltis, Thysanopeltella and their allies have developed not only in the Altai
Sayan area but also in the Tienshan, Ural and the Arctic areas. In Novaja Zemlya 
there occur Scabriscutellum miloradovitchi MAXIMOVA in the Coblenzian, Scutellum 

alutaceum arcticum MAXIMO VA and Thysanopeltella (Arctipeltis) arctica (WEBER) in the 

lower Eifelian and Thysanopeltella tcherkessovae MAXIMO VA in the upper Eifelian stage. 
The Lower and Middle Devonian faunas of Northern Asia are related to the 

Canadian ones on the east side and the Uralian ones on the west side. In the Taimyr 
peninsula Boreoscutellum boreum (MAXIMOVA) is found in the Gedinnian and in part in 
the Siegenian and Scutellum aff. elegans (PEETZ) in the Middle Devonian. The former 
species is common in Kuznetsk, Altai and Turkestan. The latter is found in the early 
Lower Devonian of the New Siberian Islands, the Soviet Arctic and the Tichyi Ruchei 
horizon of eastern Siberia, Northeast USSR. Dechenella verneuili (BARRANDE) and its 
allies are distributed widely in the Givetian of Vaygatch in the Soviet Arctic and the 
Middle Devonian of the Siberian platform. In the western slope of the Urals Dechenella 

tschernyshevi RICHTER occurs in the upper Eifelian with D. verneuili and Dechenella 

(Praedechenella) d. markovskii MAXIMOVA and Phacops granulatoides MAXIMOVA are 
known from the Givetian. The Eifieian fauna of eastern Siberia comprises Thysano

pletella, "Crotalocephalus" and Ganinella (MARKOV et aI., 1967, NIKOLAEV et al.. 1967, 
KRYLOVA et aI., 1967, KODIAIN et aI., 1967), but Crotalocephalina is as yet unknown 
or extremely rare in North America (see Postscript 2). 

Trimerus sp. in the Tiver stage of Central Kazakhstan is a solitary homalonotid 
in the Asiatic part of USSR. Neither the Acastavinae nor the Asteropyginae are 
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present in the area. 

VI. Devonian Trilobites of Asia 

Insofar as the authors are aware, Lower and Middle Devonian trilobites of Asia 
belong probably to some 80 genera beside many subgenera, in 14 families in addition 
to some subfamilies. These families are the Pseudotrinodidae, Scutelluidae, Odonto
pleuridae, Lichidae, Cheiruridae, Phacopidae, Dalmanitidae, Calmonidae, Calymenidae, 
Homalonotidae, Proetidae, Dechenellidae, Otarionidae and Harpidae. The Pseudotrinodi
dae are indigenous to the Burmese-Malayan geosyncline. As shown in Fossil list 9 
on page 42, the Scutelluidae are well developed in Asia, but as yet unknown from the 
Devonian formations in the Mongolian geosyncline and the Yangtze basin. The 
Odontopleuridae are unrepresented in the faunas of these two areas and also in the 
Burmese-Malayan geosyncline and the northern part of this continent. The Lichidae 
are unknown also from North Asia and the Burmese-Malayan geosyncline. The 
Cheiruridae are on the other hand widely distributed from Turkestan to the Kuznetsk 
basin and farther in the Eifelian of eastern Siberia. Baside these Soviet territories 
Crotalocephalina has thrived in Japan and Turkey. 

The phacopids are spread in Asia extensively, but unknown from the Soviet Arctic. 
The dalmanitids are particularly well flourished from Kazakhstan to the Mongolo
Okhotsk region. The Acastavinae and the Asteropyginae of the Dalmanitidae and also 
the Calmonidae and the Homalonotidae are restricted to occur in Asia to the west of 
the Himalayas, except for an occurrence of Trimerus in Central Kazakhstan. While 
Calymene is distributed from Kazakhstan to Primorie, Gravicalymene is a leading genus 
in the faunas of Japan, China and Viet-Nam. It occurs probably in Burma, but un
known in South Asia except for Bithynia. Otarion as well as various genera of the 
Proetidae are found in Asia at many places. Dechenellids are common trilobites in 
the Soviet territories. 

Among Devonian trilobites endemic genera and subgenera to part of the Asiatic 
continent are as follows: 

Pseudotrinodidae: Pseudotrinodus 
Scutelluidae: Hidascutellum, Boreoscutellum, Thysanopeltella (Altaepeltis, Arctopeltis) 
Dalmanitidae 

Dalmanitinae: Blanodalmanites 
Acastavinae: Pelitlina, Centauropyge 
Asteropyginae: Comura (Turipyge) , Echinopyge, Feruminops, Sanidopyge 

Calmonidae or Asteropyginae: Neocalmonia (Neocalmonia) 
Calmonidae: Asteroides (Talus) 
Proetidae 

Lepidoproetinae ?: Perakaspis (Perakaspis, Krohbo/e) 
Eodrevermannitinae ?: Bailielloides 
Cyrtosymbolinae: Langgonbole 

The Kroh fauna of Malay comprises a very unique assemblage of trilobites 
including Pseudotrinodus, Blanodalmintes, Bailielloides. Perakaspis and its subgenus 
Krohbole which thrived in a disphotic tranquile bottom along the axis of the Burmese
Malayan geosyncline, Southeast Asia. 



42 T. KOBAYASHI and T. HAMADA 

Fossil list 9. Devonian trilobite genera in Asia. 

~ 
Arctic Central 
USSR- SW Siberia- Mongolia- Japan China- Burma- Turkey-
East Turkestan Primoria Viet- Malay Pakistan 

Taxon Siberia Nam 

Pseudotrinodidae 

Pseudotrinodus x 

Scutelluidae 

Scutellum x x x x x 

B oj oscu tellum x 

Decoroscu tellu m x 

Hidascutellum x 

Weberopeltis x x 

Scabriscutellum x x 

Spiniscutellum x 

M etascutellu m ? 

Breviscutellum ? 

Boreoscutellum x 

Thysanopeltella x x x 

(Septimopeltis) + 
(Altaepeltis) + 
(Arctipeltis) + 

Odontopleuridae 

Primaspis ? 

Le:maspis x x 

(Leonaspis) + 
(Ketteraspis) + 

Ceratocephala x x 

Dicranurus x 

Isopleura x 

Lichidae 

Lichas s.1. x x 

Acanthopyge x x 

Lobopyge x ? x 

Radiolichas ? 

Craspedarges x 

Cheiruridae 

Cheirurus s.1. x 

Dideropteon x 

Crotalocephalina ? x x x 
( Crotalocephalina) + + 
(Pilletopeltis) + + 
(Crotalocephalides) + 
(GeracePhalina) + + 

Phacopidae 

I Phacopinae 
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Phacops x x x x x x 

(Boeekops) + 
Reedops x x x x 

Ananaspis x 
Paeiphaeops x x 

(Paciphaeops) + + 
(Viaphaeops) + + 

Plagiolaria x x 

Trimeroeephalus x 

Phacopidellinae 

Denekmannites x 

Duetina x 

Dalmanitidae 

Dalmanites s. 1. x 

Odontoehile x x 

( Odontoehile) + 
(Kasaehstania) + 
(Reussia) + + 

Neoprobolium x 

Anehiopella x 

Blanodalmanites x 

Acasta vinae 

Pelitlina x 

Centauropyge x 

Asteropyginae 

Asteropyge x 

(Rhenops) + 
Comura x 

(Tureopyge) + 
Cryphina x 

Eehinopyge I 
x 

Feruminops x 

Metacanthina x 

Pseudoeryphaeus x 

Sanidopyge x 

Calmoniidae 

Calmoniinae ? 

Neoealmonia x 

(Neoealmonia) + 
(BradoeryjJhaeus) + 
(Heliopyge) + 

Acastinae 

Asteroides I 

(Aste1'oides) 

I (Talus) 

x 

+ 
+ 

Calymenidae 

Calymene x x 

Graviealymene x x ? x 
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Homalonotidae 

Homalonotus ? 
Trimerus x x 

(Dipleura) + 
Burmeisteria x 

(Digonus) + 
Parahomalonotus x 

Proetidae 

Proetinae 

Proetus x x x x 
(Proetus) + + 
(Bohemiproetlls) + 
(Orbitoproetus) ? 
( Coniproetlls) + 

Cornuproetinae 

Cornuproetlls x x 
( Cornllproetlls) + 
(Bllchioproetlls) + 
( Qlladratoproetlls) + 
(Sclliptoproetlls) + 

Lepidoproetinae 

Lepidoproetlls x x 
(Lepidoproetlls) + + 
(Diadematoproetlls) ? 

Perakaspis 
x 

(Perakaspis) 
+ (Krohbole) 
+ Eremiproetinae 

Eremiproetlls x 
Crassiproetinae 

Crassiproetlls x x 
Tropidocoryphinae 

Tropidocoryphe x 
Astycoryphe ? 

Eodrevermanniinae ? 
Bailielloides x 

Prionopel tinae 

Prionopeltis ? 

Dechenell idae 
Dechenellinae 

Dechenella x x ? x x ? 
Dechenellllrus x x 
Praedechenella x 
Lacunoporaspis x 
Khalfinella x 
M onodechenell a x 
Basidechenella x ? ? 



Devonian Trilobites of Japan 45 

Schizoproetinae , 

Schizoproetus x x 
Ganinella x x 

U nguliproetinae 

Ungllliproetlls x x 
( Ungllliproetus) + 

Cyrtosymbolinae 

Waribole x 
Typhoproetlls x 
Langgonbole x 
Cyrtosymbolid ? 

Otarionidae 

Otarion x x x x 
Cyphaspides x x 
Harpidella 

Harpidae 

Harpes x x 
Reticuloharpes x 

x : genus, +: subgenus, ?: aft., dr., ?, etc. 

Six new genera and two subgenera of the Calmoniidae and the Acastavinae and 
Asteropyginae of the Dalmanitidae are all South Asiatic taxa in the Tethyan zone. 
They as a whole show a high localization, and combined with other Rhenish trilobites, 
the European-Mediterranean faunal province was extended as far as Pakistan. 

Arctipeltis and Altaepeltis of Thysanopeltella are two endemic subgenera of the 
Scutelluidae, known from the Kuznetsk basin and the Rudny Altai. The former occurs 
also in Novaja Zemlya and probably in the Canadian Arctic. Boreoscutellum boreum 

is a Gedinnian trilobite widely distributed in the Soviet Arctic and Eastern Siberia. 
While all of them have spiniferous pygidia, Hidascutellu71l of Japan has the pygidium 
with entire margin, notwithstanding that the cephalon is very much like Weberopeltis. 

Finally, Langgonbole is an Upper Devonian cyrtosymbolid in the Langgon red 

beds, Malaya, which would be a product of localization in the phase of marine regression. 
Many of the remainder are Eurasiatic or more widely distributed genera. Various 

dechenellids are well developed in Asia in the northern part. As pointed out by 
ORMISTON (1967), Ganinella and Lacunoporaspis are two of such genera which together 

with Reticuloharpes show the faunal connection between Siberia and Canada through 
Alaska. Likewise, the trans-Pacific faunal affinities from Kazakhstan to the Appalachian 
province through the Mongolian geosyncline are indicated by Dechenellurus, Crassi

proetus and particularly by Paciphacops (Paciphacops ar.d Viaphacops), Odontochile 

(Odontochile, Kasachstania and Reussia), Anchiopella and Neoprobolium, as emphasized 
by MAXIMO VA (1967, 1972). The occurrence of Monodechenella in North Viet-Nam 
suggests any relationship of the Eastern Asiatic fauna to the North American one. 
Nevertheless, the oriental fauna distributing in Japan. Central and South China, Indo
china and Burma is quite different in the development of Gmvicalymene which is also 
common and wide spread from New Zealand to the Tasman geosyncline. Like Gravi-
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calymene, Crotalocephalina and Craspedarges are two leading members of the Fukuji 

fauna. The latter is known now to be indigenous to the Western Pacific province. 
The former is well represented in the Tasman fauna as well as in the Fukuji fauna 
of Japan. Thus, they are important links between these faunas on the two sides of 
the equator. 

VII. Devonian Trilobites of Australasia 

In the last quarter of the ninteenth century many Middle Palaeozoic trilobites were 
described from Southeastern Australia by McCoy (1876), DE KONINCK (1876-1877), 
RA TTE (1887), FOERSTE (1888) and others. They were considered Silurian or Upper 
Silurian ones. As Upper Silurian of these days was used in the sense of MURCHISON, 
it means Silurian synonymous with Gotlandian but many of these trilobites are known 
now to be Lower Devonian in age. More precisely, the following Upper Silurian 
trilobites in Prodromus of Palaeontology of Victoria, Dec. 3, 1876 are revised by GILL 
(1939, 1948, 1951, 1962), as shown behind each species name. 

Phacops (Portlockia) fecundus BARRANDE ........ Phacops sp. nov. GILL, 1951, Yeringian, 
i. e. Lower Devonian 

Phacops (Odontochile) caudatus by McCoy (pars) ........ Dalmanites wadongensis GILL, 
Silurian (Melbournian) 

Forbesia euryceps McCoy ........ Proetus euryceps (McCoy), Yeringian 
Lichas australis McCoy ........ Acanthopyge australis (McCoy), Melbournian-Yeringian 

Incidentally, the last species was later transferred to Lobopyge by CRA TTERTON 
(1971). 

The Palaeozoic faunas of the continent were greatly amplified by DE KONINCK 
through Recherches sur les fossiles paleozoiques de la Nouvelle-Galles du Sud (Australie), 
1876-1877. This classical work contained 12 Silurian species of trilobites including four 
new species as follows: 

Staurocephalus clarkei DE KONINCK 
Encrinurus barrandei DE KONINCK 
Cromus murchisoni DE KONINCK 
Bronteus goniopeltis DE KONINCK 

1" • 

It is a great pity that DE KONINCK'S valuable collection was destroyed by fire in 
1882. 

Subsequently, RATTE (1887), FOERSTE (1888), GREGORY (1900-01) and GURICR (1901) 
added the followings to the Australian fauna. 

Lichas palmata var. sinuata RATTE, 1887 ........ Acanthopyge ? sinuata (RATTE), Lower 
Devonian (Corydocephalus (Trochurus) ETHERIDGE and MITCHELL, 1917, TRIPP, 1958) 

Acidaspis near A. donnitzeri CORDA by RATTE 
Acidaspis near A. leonhardi BARR. by RATTE 

Staurocephalus near S. murchisoni BARR. by RATTE ....... . Staurocephalus murchisoni (Lower 
Tril. beds), ETHERIDGE and MITCIIELL, 1917 

Encrinurus bowningensis FOERSTE 
Encrinurus mitchelli FOERSTE 
Phacops serratus FOERSTE 
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Cyphaspis spryi GREGORY 

Craspedarges wilcanniae GeRICH 
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MITCHELL and ETHERIDGE started the description of Silurian trilobites of Australia 
with their papers, 1887 and 1890. In parallel to the above workers as well as CHAPMAN 
(1912, 1915) MITCHELL and ETHERIDGE published The Silurian Trilobites of New South 

Wales with reference to those of other areas of Australia, Parts 1-6, 1892-1917 beside 
several separate papers, with which the fauna was immensely clarified. MITCHELL 
(1919), however, noted that the Upper and Middle Trilobite Beds of Bowning and 
the Yass Series perhaps include Lower Devonian rocks. This opinion was recently 
vindicated by JAEGER (1967) and LINK (1970) with graptolites and conodonts respec
tively. Broadly speaking, the Lower, Middle and Upper Trilobites Beds of Yass
Bowning area, N. S. W. seem to be middle to upper Ludlovian, upper Ludlovian and 
lower Gedinnian or Lochkovian respectively, but not very strictly. 

Following the current opinion the authors listed Silurian and Devonian trilobites 
of Australia and shown respectively in fossil list 4 of their Silurian trilobite monograph 
and Fossil List 10 in this monograph. There are. however, still much ambiguities 
attached to certain species as to their ages. 

As shown in the list 10 the Devonian trilobite fauna of Australia probably including 
some Upper Silurian ones consists of the following 13 families and 24 genera. 

Scutelluidae: Scutellum, Dentaloscutellum 
Odontopleuridae: Leonaspis, Primaspis (Taemaspis), Ceratocephala, Xenionurus 
Lichidae: Acanthopyge (Acanthopyge, Mephiaspis), Lobopyge, Craspedarges 
Cheiruridae: Crotalocephalina (Crotalocephalina, Pilletopeltis, Geracephalina) 
Encrinuridae: Encrinurus, Staurocephalus 
Phacopidae: Phacops, Denckmannites or Lochkovia, Austrocephalus 
Dalmanitidae: Dalmanites, Odontochile, Acastella 
Calmoniidae: Acaste 
Homalonotidae: Trimerus 
Proetidae: Proetus, Cornuproetus 
Otarionidae: Otarion (Otarion, Tricrotarion) 
Harpidae: Harpes 

The fossil list of the Silurian trilobites also containing probably some Lower 
Devonian ones, comprises 14 families. While the Illaenidae and Raphiophoridae have 
already dropped out of the above Devonian fauna, the family Encrinuridae is still 
represented in it by three species of Encrinurus beside one of Staurocephalus. Whether 
they have survived there until the early Devonian times is, however. a question. 

In describing the stratigraphy of the Hume Series in the Yass-Bowning area, 
N. S. W. in detail, BROWN (1941) concluded that the series containing the three Trilobite 
Beds in its upper part was Upper Silurian in age, because the beds yielded Cerato

cephala, Encrinurus, Cryptonymus, Odontochile and Sphaerexochus and because en
crinurids were well represented in the Upper Trilobite Beds. 

In New South Wales Encri7111rus rothlcellae ETHERIDGE and MITCHELL. 1915 and 
E. incertus MITCHELL, 1924, were described from the Upper Trilobite Beds respectively 
from the Bowning Series and Bounyongian Series. MITCHELL, (1924, p.47). however, 
stated already that" the uppermost beds (of the Bounyongian Series) at least, are of 
Lower Devonian age; and in these beds Encrinurlls is not known to occur" and that 
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Fossil list 10. Devonian trilobites in Australasia. ----- Area 
New Vic- Tasma- New 

South 
Trilobites -------- Wales 

tori a nia Zealand 

Scutellum bowningensis (ETHERIDGE & MITCHELL) u 

Scutellum crosswelli (CHAPMAl') y 

Scutellum greeni (CHAPMAK) y 

Scutellum calvum CHATTERTON T 

Scutellum (Scutellum) sp. indet. by STRGSZ DIm 

Scutellum sp. by TALENT DI 

Dentalosclltellum hlldsoni CI-IATTERTON T 
Dentaloscutellum (?) goniopeltis (DE KONINCI<) SD 

Leonaspis rattei (ETHERIDGE & MITCHELL) +-u aff. 

" Odontopleura" aff. rattei ETHERIDGE & MITCHELL DI 

Leonaspis jenkinsi (ETHERIDGE & MITCHELL) u 

Leonaspis calvus CIIATTERTON T 

Leonaspis sp. indet. by STRUSZ DIm 

Primaspis (Taemaspis) campbelli CHATTERTON T 

Ceratocephala longispina MITCHELL u 

Ceratocephala vex ilia CHATTERTOl' T 

Xanionurus bispinosus CHATTERTOK T 
Odontopleurid indet. by TALEl'T DI 

Odontopleurid hypos tome y 

Trochurus sinuata (RATTE) DI 

Lobopyge australis (McCoy) y 

Acanthopyge (Mephiarges) bifidus EDGELL Dm 

Craspedarges wilcanniae GURICH (DIm) 

Cheirurus sternbergi (BOECK) y 

Cheirurlls sp. s. str. by GILL (1948) DI 

Cheirurus sp. by CHAPMAN (1912) Dm 

Cheirurus (Crotalocephalus) regius FOLDV ARY DI 

Cheirurus (Crotalocephalus) packhami STRUSZ DIm 

Cheirurus (Crotalocephalus) sp. by TALENT DI 
Crotalocephalus ? sp. by ETHERIDGE & MITCHELL SD 

Staurocephalus ? clarkei DE KONIl'CK 

I " Phacops crossleii ETHERIDGE & MICHELL" by C!IAP1-IA1\ U DI 

"Phacops serratus FOERSTE" u y 

Phacops sweeti ETHERIDGE and MITCHELL DI 

Phacops mansfieldensis ETHERIDGE & MITCHELL DI 

Phacops aff. fecundus BARRA1\DE by GILL (1949) Y 
Phacops spedeni CHATTERTON T 
Phacops (Phacops), TI. sp. by TALENT DI 

Phacops sp. nov. by GILL (19:51) Y 
Phacopid hypostome by GILL I y 
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Denckmannites rutherfordi SIlER WI:,\ 

Adastrocephalu1ll teletypicum MITCHELL 

Dal1llanites aft. wandongensis GILL 

Odontochile meridianus (ETHERIDGE & MITCHELL) 

Odontochile loo1llesi (MITCIIELL) 

Odontochile formosa GILL 

Acaste longisulcata SHERGOLD 

Acastella frontosa SHERGOLD 

Encrinurus aft. silverdalensis ETIIERIDGE & MITCHELL 

Encrinurus rothwellae ETHERIDGE & MITCHELL 

Encrinurus incertus(MITCHELL) 

CalY1llene bowiei CHAPMAN 

CalY1llene killarensis GILL 

Calymene ct. blu1llenbachi BRONGNIART 

CalY1llene sp. nov. ? by STRUSZ 

Gravicalymene australis (ETIIERIDGE & MITCHELL) 

Gravicalymene angustior (CHAPMAN) 

GravicalY1llene quadrilobata CHATTERT01\ 

Homalonotus (Bur1lleisteria) huttoni ALLAi': 

Homalonotus (Digonns) expansus HECTOR 

Trimerus kingalensis GILL 

Trimerus lilydalensis GILL 

Tri1llerus zeehanensis GILL 

Proetus euryceps (McCoy) 

Proetus bowningensis MITCHELL 

Proetus (Praetus) talenti CHATTERT01\ 

Praetus nemus CIIATTERTON 

Carnupraetus, n. sp. by TALE1\T 

Dechenella (Eudechenella) mackayi ALLAN 

Otarian (Otarian) bawningensis (MITCHELL) 

Otarian yassensis (ETIIERIDGE & MITCIIELL) 

Otarian lilydalensis (CIIAnIAl\) 

Otarian (Otarian) dabrawni CHATTERTON 

Otarian (Tricratarian) struszi CHATTERTON 

Otarian 1Ilunraei STRUSZ 

Otarian sp. by TALENT 

I Harpes sp. by TALENT 

SD : Upper Silurian or/and Lower Devonian, 
DI Lower Devonian, Dm: Middle Devonian, 

SD 

u 

+--u 

+--u 

u 

u 

DIm 

DIm +--u 

DIm 

T 

+--u 

T 
T 

+--U 

T 

T 

DIm: Lower-Middle Devonian (ex. Gara formation, NSW), 
Y Yerringian (Lower Devonian), 

Y 

DI 

Yr 

Yr 

Y 

Y 

Y 

Y 

DI I 
Y 

Y 

DI 

Y 

Y 

Y 

DI 

DI 

DI 

DI 

DI, Y 

DI 

DI 

Yr : Lower Devonian (lower Gedinn-Siegenian, Ruddock siltstone, Victoria). 
Ludlow-Gedinnian beds in the Yass-Bowning area, New South Wales 

+--u: Middle and Upper Trilobite Beds; upper Ludlovian to lower Gedinnian, 
u Upper Trilobite Beds; lower Gedinnian or Lochkovian, 

x 

x 

x 

x 

TUpper Emsian-Iower Eifelian Taemas formation in Taemas-Cavan area near 
Yass, New South ""Vales. 
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"in New South Wales, and indeed in Australia, Encrinurlls (including Cryptonymus) 

is confined to the Upper Silurian and older formation." 
In the Murrumbridge river area, N. S. W. it is said that the Encrinllrus bearing 

Ludlovian beds contains Odontochile of Devonian aspect (PEDDER, 1976). Recently 
PHILIP (1971) quoted that" the Silurian-Devonian boundary is to be found within the 
Elmside formation" of which" Upper Trilobite Beds of the older literature on the 
Yass sequence (containing Encrinurlls rothwellae ETHERIDGE and MITCHELL) is a 

horizon. 
The present authors overlooked in their preceding monograph (1974) the Siluro

Devonian fauna of Queensland which had been described by McKELLER (1969) from 
the Rockhampton district. Because this fauna contains Encrinllnls aff. mitchelli 

FOERSTE beside a scutelloid and a proetoid whose generic positions are indeterminable, 

its age is late Silurian rather than early Devonian. 
In Western Tasmania Encrinllrus aff. silverdalensis was found in association with 

Cheirurlls sp. and many Lower Devonian fossils in the Eldon Group at a locality on 
the Lyell Highway. The cheirurid is represented only by a glabella whose trans
glabellar furrows are, however, typical of "Crotalocephallls" as noted by GILL (1948). 

Its X-connection between the posterior lateral and occipital furrows shows that it 
belongs to Devonian Crotalocephalina, instead of Crotalocephalus s. str. Therefore, 
assuming that they are exactly on the same time-lei vel, E. aff. silverdalensis which 
according to GILL, represents probably a new species, would be a rare relic species. 
In connection with this problem GILL called attention to the presence of Calceola on 
one side and Conchidium and Encrinurus on the other in the Kennett formation, Cali
fornia (COOPER et aI., 1942, p. 1769). 

BANKS (1957) stated that" From east of Queenstown, in a sandstone correlated with 
the Florentine quartzite, GILL (1949, 1952) has recorded PleurodictYllm megastomum, ... , 

Cheirurus sp., Dal71lanites aff. wandongensis, Encrinurlls aff. silverdalensis, Gravicalymene 

australis and Odontopleura aff. rattei." "This fauna occurs near the top of the for
mation and contains a number of species from Lower Devonian of Victoria, New South 
Wales and New Zealand." Encrinllrlls is, however, later eliminated out of the Eldon 
fauna by TALENT and BANKS (1967). 

Stallrocephalus is another genus in question which is generally known to have died 
out by the end of the Silurian Period. Staurocephalus clarkei was collected at Rock 
Flat Creek with Crolllus bohemicus. Bronteus goniopeltis which resembled Dentalo

scutelum closely (KOBAY ASHI and HAMADA, 1974) was collected from the same locality. 
Because their mother rocks were somewhat different in lithology, it is probable that 
the clarkei horizon lies below the goniopeltis horizon in the Silurian-Devonian passage 
beds. This species of Staurocephalus may be better excluded from the Devonian fauna 
because of the ambiguity of occurrence. 

Another question is the age of Crotalocephalus in the Silurian trilobite list. ETHE
RIDGE and MITCHELL (1917) have described the following three species in their Silurian 
trilobite monograph. 

Crotalocephalus silverdalensis ETllERlDGE and MITCHELL 

Crotalocephalus sculptus ETHERlDGE and MITCHELL 

Crotalocephalus ? sp. 
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The last from the Molong limestone was not illustrated. The two others look 
typical crotalocephalinids. They were considered Upper Silurian trilobites and C. 
sculptus was procured from the Lower Trilobite Beds. STRUSZ (1964), however, in
cluded C. sculptus in pI. 24, fig. 11 in his new species, Cheirurus (Crotalocephalus) 

packhami, which was collected from the Lower to Middle Devonian Gara Beds, N. S. W. 
Later he dated the Gara formation at the Emsian (1967). Cheirurus (Crotalocephalus) 

regius FOLDVARY, 1970 is another Crotalocephalina collected from Central New South 
Wales and considered lower Mid-Devonian in age. This species belongs probably to 
the subgenus Geracephalina having two glabellar rings bisected by a median longi

tudinal furrow. 
Cheirurus sternbergi by CHAPMAN, 1915, from the Yeringian of Lilydale, Victoria 

is also a Crotalocephalina and its age is according to GILL, (1962), Lower Devonian, 
instead of Silurian as suggested by CHAPMAN. 

Cheirurus (Crotalocephalus) silverdalensis from the Boola Beds of Victoria (PHILIP, 
1962) is probably Gedinnian or Lochkovian, because the graptolite associated with the 
Baragwanathia flora in the basal part of the Tanjil beds, the stratigraphic equivalent 
of the Boola beds, is Monograptus hercynicus rather than M. uncinatus as previously 
identified (JAEGER, 1959). 

Thus, crotalocephalids recently described from Australia belong exclusively to 
Crotalocephalina. Crotalocephalus silverdalensis, Cr. sculptus and the so-called Cr. 

sternbergi are morphologically Devonian forms and part of them has already been 
dated at Devonian, while none was ascertained to be Silurian by recent studies. 

Finally, TALENT'S Cheirurus (Crotalocephalus) sp. (1963) from the Lower Devonian 

limestone of Walhalla, Victoria is a small cranidium having the anterior glabellar ring 
bisected. Therefore it is probably a juvenalium of Crotalocephalina (Geracephalina). 

Leaving a possible relic of Encrinurus in Tasmania for future investigation, there is 
no positive objection in Australasia to draw the Silurian-Devonian boundary between 
the Encrinurus-bearing beds below and the Crotalocephalina-bearing ones above. 

Because Crotalocephalina is a Lower and Middle Devonian genus well flourished 
in Eurasia and North Africa, its profusion in Australia is a strong evidence showing 
the faunal connection between the northern and southern continents on the western 

side of the Pacific basin. 
According to SHERWIN (1968) Denckmannites rutherfordi which is accompanied by 

Encrinurus sp. in the same band in Wallace shale, is either late Silurian or less prob
ably early Devonian. Denckmannites as a genus has been known from the Silurian
Devonian of Europe and Devonian of Morocco. Therefore the Australian species may 
be connected with Eur-African ones and if it is a Devonian trilobite, Denckmannites 

vietnamicus MAXIMOVA from North Viet-Nam may be a link. CHLUpAc (1972) on the 
other hand suggested Lochkovia for this Australian species. Because this new genus 
is distributed in Silurian and Lower Devonian of Europe, North Africa and Australia, 
the same faunal connection is acceptable from Lochkovia. 

SHERGOLD (1968) described Acaste longisulcata and Acastella frontosa from the 
Ruddock siltstone of the Lilydale district, Victoria whose age is Lower Devonian and 
precisely, late lower Gedinnian to Siegenian. Therefore they reveal again the faunal 
affinity to those of Europe and North Africa where Acaste and Acastella have most 
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flourished. 

Xanionurus WHITTINGTON and CAMPBELL, 1967, as a genus is all interesting ex

ample of easterly migration during the Silurian and Devonian periods. It comprises 
(1) Lower Silurian X. boucoti n. from Maine, (2) upper Wenlockian Radiaspis ? formosa 

PRANTL and V A)\i;:K from Bohemia and (3) upper Emsian-Eifelian Xanionurus bispinosus 

from New South Wales. 

Another example of similar migration is Primaspis (Taemaspis) CHATTERTON, 

1971, to which Odontopleura portlocki HAWLE and CORDA (high Liten, Bohemia) and 
O. bownillgensis ETHERIDGE and MITCHELL are referred beside O. campbelli CHAT
TERToN' the type-species of the subgenus. The subgenus ranges from Silurian (upper 
Wenlockian) to Lower or Middle Devonian (upper Emsian or lower Eifelian). 

According to CHATTERTON Acanthopyge (Mephiarges) bifidus EDGELL, 1955 is 
congeneric with Arges consanguinea CLARKE from the Lower Devonian of New York 
State. A. Ov1.) mephisto (R. & E. RICHTER) is the type-species of the subgenus 
Mephiarges. There is no link between these two species in Australia and eastern 
North America. 

Most other genera are cosmopolitan and Dentaloscutellum, Austrocephalus and 
Otarion (Tricrotarion) are three endemic elements. Craspedarges is no more indigenus 
to New South Wales, because it occurs in japan. Now it became an important link 
between the Western Pacific faunas on the two sides of the equator. As discussed 
later, the age of C. wilcanniae would be not much deviated from that of the Fukuji 

fauna. 
Eight families of Devonian trilobites known in japan are all represented in Austra

lasia. Scutellum, Ceratocephala, Craspedarges, Crotalocephalina, Phacops, Cravicalymene 

and Otarion are common genera between japan and Australia. Crotalocephalina (Cera

cephalina) is a common subgenus between the two areas. 
In New Zealand HECTOR (1877) was the first to describe Hornalonotus expansus nov_ 

with two pygidia from Reef ton. Several other trilobites were added by ALLAN and 
SHIRLEY respectively from the Reef ton and Barton River area in South Island. 

According to ALLAN (1935) the Reef ton fauna comprises three species of trilobites 

as follows: 

Dechenella (Eudechenella) mackayi ALLAN 

Homalollotus (Burmeisteria) huttoni ALLA:,\ 

Homalonotus (Digollus) expansus HECTOR 

He considered the fauna to be upper Siegenian to lower Emsian in age. Revising the 
Reef ton brachiopods, he noted 1947 that the affinities of the Reef ton fossils were with 
the North American species of the Ulsterian Series on one side and with the European 
ones in the range from middle Siegenian to lower Emsian. The reference of mackayi 

to Dechenella was doubted by RICHTERS (1950). The recent discovery of Burmeisteria 

(Digonus) in the Lower Devonian Horlick formation on the Ross sea coast, Antarctica 
on the other hand suggests the Malvinokaffric affinity of the New Zealand fauna. 

SHIRLEY (1938) found another three species of Lower Devonian trilobites in the 
Barton River area as follows: 
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Goldius sp. 

Calymene (Gravicalymene) ? angustior (CIIAP:VIA:-I) 

Homalonotus sp. 
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Hornalonotus sp. was not illustrated, but this pygidium was said to be identical 
with H. expansus. According to him this fauna is much nearer to the Bohemian than 

the Rhenish facies and allied to the Yeringian fauna of Australia. Grauicalymene 

evidently shows that the fauna is allied to the Gravicalymene bearing ones in Southeast 
Asia and Japan. Goldius, i. e., Scutellum is a non-Malvinokaffric trilobite genus. 

Among the families and genera of the faunas of Australia and New Zealand 
Acastella of the Dalmanitidae, Acaste of the Calmonidae and Trimerus, Digonus and 

Fossil list 11. Devonian trilobite genera in Australasia (CI-I.-\TTERTO:-.l & DAYORE:"-:, 197-1). 

~~-~--~ 
Zlichovian 

Lochkovian Praguian and erarly 
Genera and Subgenera Eifelian 

Scutellum PUSCH , 
X x 

Platyscutellum SNAJDR x 
Dentaloscutellum CHATTERTON x 
ScuteIIoid indet. x 
Cheirurus BEYHICH x 

Crotalocephalus (Crotalocephalus) SALTER x 
I 

Crotalocephalina (Crotalocephalina) PRIBYL x 
Leonaspis RICHTER & RICIITEH X >< X 

Dicranurus C01\RAD X X 

Primaspis (Taemaspis) CIIATTEHTON X 

Ceratocephala W ARDEH X 

Xanionurus WHITTINGTON & CAMPI3ELL X 

Acanthopyge (Mephiarges) RICHTER & RICHTER I X 

Lobopyge PRIBYL & ERBEN 

I 
X 

Phacops (logani group) X X 

Phacops EMlvlRICH (cristata group) X 

Phacops EMMRICH (major group) X 

Dalmanites (Odontochile) HAWLE et CORDA X X 
, 

Acaste GOLDFUSS I X 

Acastella REED 

I 

X 

Trimerus (Trimerus) GREE~ X 

Trimerus (Dipleura) GREE:-.I 
I 

X 

Digonus GORICI-I X 

Calymene BRONG:"-:IART X X 

Gravicalymene SIIIHLEY X X X 

Proetus (Proetus) DALI--IA:-.I X 

I 

X 

Cornuproetus RICHTEH & RICHTEH X 

Otarion (Otarion) ZENKER X 

I 

X X 

Otarion (Tricrotarion) CIIATTERTO:-.l X 

Harpes GOLDFuSS 
I 

X X 
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Burmeisterella of the Homalonotidae are unknown, if not extremely rare, in Asia. 
While Burmeisterella, Acastella and Acaste are European or Eur-North American ele
ments, Trimerus and Digonus are Rhenish-Malvinokaffric ones. The Rhenish trilobites 
are, however, known in Asia only in South Asia to the west of Pakistan. 

CRA TTERTON and DA VOREN (1972) distinguished three Devonian faunas-Lochkovian, 
Praguian and Zlichovian-early Eifelian ones, in Australasia. The Taemas fauna would 
be the best representative of these trilobites, and the rest is contained in the Yeringian 
and other faunas. They concluded that" throughout the early Devonian, Southeastern 
Australian trilobites showed great affinity to those of Western Europe and North Africa, 
much less to those of Kazakhstan and the Appalachian region and least of all to those 

of the other southern continents. 
Now it is well clarified that the Australian and New Zealand faunas are intimately 

related to those of Southeastern and Eastern Asia including Japan as indicated by 
Craspedarges, Gravicalymene, Crotalocephalina and other genera. The fauna charac
terized by these three trilobite genera defines the Tasman and Oriental trilobite sub
provinces in the Lower Devonian-early Middle Devonian time. 

Finally, TEICHERT (1947) reported an occurrence of Upper Devonian trilobites such 
as Scutellum, Cyrtosymbole, Pteroparia, Drevermannia, Chaunoproetus, and Harpes in 
association with goniatite Manticoceras at Bulge Gap, West Kimberley, Western Aus

tralia. 

VIII. Devonian Trilobites of North America 

In the Canadian archipelago Hemiarges biger BOLTON, 1965 is distributed in Prince 
of Wales, Cornwallis and Ellesmere Islands in the uppermost Silurian or Lower Devonian 
strata. 

ORMISTON (1967) described copious Lower and Middle Devonian faunas from the 
archipelago as well as the Northwest Territories, Canada. Beside some specifically 
indeterminable forms 34 species of trilobites from the Canadian Arctic islands indicate 
lower Gedinnian, Emsian, Eifelian and Givetian ages. They belong to 19 genera in the 
Scutelluidae, Odontopleuridae, Lichidae, Proetidae, Otarionidae, Aulacopleuridae and 
Harpidae. 

Warburgella in the Canadian archipelago shows faunal affinity to the Gedinnian of 
Europe, since the genus is rare in continental North America. Platyscutellum brevi

cephalus and several species of Leonaspis, Cornuproetus, Astycorphe, Dechenella, Otarion, 

Aulacopleura (Paraaulacopleura) and Harpes in the Eids formation represent an Emsian 

faunule. 
Dechenellids are most profused in the Eifelian or late Eifelian-Givetian Blue Fiord 

formation. They belong to 15 species of Dechenella (Dechenella, Pedinodechenella* and 
Basidechenella), Deltadechenella*, Cyrtodechenella, Schizoproetoides* and Humeia*, 

among which three new genera and a new subgenus are marked by asterisks. It is 
noteworthy that the last genus is founded on Cyrtosymbole richteri TOLMACHOFF, 1962, 
including Dalmanites sp. by TOLMACHOFF from Ellesmere Island, because neither the 
Cyrtosymbolinae nor the Phacopina are so far represented in the Devonian fauna of 
the Arctic Canada. 
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The family Scutelluidae is represented in the Middle Devonian fauna by Ancyropyge 
and Weberopeltis, both highly specialized. The former is an indigenous genus to North 
America to the north of the Great Lakes area. It is an important link between the 
Canadian and central lowland faunas. The latter was thought an endemic genus of 
the Ural-Siberian region, but recently FEIST (1974) added a species from South France. 
It is noted that the Canadian form is allied to Weberopeltis arcticum (WEBER, 1945) 
which occurs in the Kuznetsk basin and Novaja Zemlya and on which MAXIMOVA 
(1968) erected Arctipeltis. 

Dechenella (Dechenella) sp. resembling D. (D.) spaekkassensis (TOLMACHOFF, 1926) 
from Ellesmereland occurs in the Middle Devonian of Mackenzie District (DEAN, 1969). 

Lower Devonian trilobites described by ORMISTON (1971) from the Michelle forma
tion of Yukon Territory bear similar aspects to the Canadian faunas. Dechenellids of 
this formation belong to Lacunoporaspis and Schizoproetoides where the former is typical 
genus of the Southwestern Siberian fauna. 

Fuscipyge is a new Middle Devonian dechenellid genus including three species 
in Northwest Territories, Canada, beside Schizoproetus baschkiricus MAXIMOVA, 1966, 
from the Givetian of the south Urals which ORMISTON (1972) considered an Eurasiatic 
member of the genus. Humeia is another new dechenellid genus wide spread in the 
Eifelian of District of Mackenzie, Northwest Territories (ORMISTON, 1975). 

CORGAN (1963) reported several Lower Devonian or Onesquethawan trilobites from 
Yukon and Northwest Territories of Canada among which three pygidia of Terataspis 

sp., Odontocephalus sp. and Basidechenella ? sp. were illustrated. 
In East Central Alaska Koneprusia sp. (pygidium) showing Bohemian affinity was 

found together with Leonaspis, Acanthopyge, Lacunoporaspis, Astycoryphe, Otarion and 
Reticuloharpes. The age of this fauna is considered Emsian by ORMISTON (1969). 

The trilobite fauna in these areas of North America is closely allied to the Siberian 
fauna. Like the latter the great variety of the dechenellid genera is the most striking 
characteristic of the Devonian trilobites in the region from the Canadian Arctic to 
Alaska through Western Canada. The absence, if not rarity, of the Phacopidae, 
Dalmanitidae, Calymenidae and Homalonotidae is another conspicuous aspect of this 
trilobite fauna in comparison with the rich fauna of eastern and central North America. 

Devonian trilobites of the Central Lowland, North America described by COOPER 
and CLOUD (1939), STUMM (1953-57) and others belong to no less than 25 genera in 
10 families as follows: 

Sc"lte:luidae: Scutellum, Ancyropyge* 
Odontopleuridae: Acidaspis? 
Lichidae: Echinolichas, Ceratolichas*, Terataspis*, Acanthopyge 
Phacopidae: Phacops 
Dalmanitidae: Dalmanites, Odontocephalus*, Cornura*, Trypaulites*, Anchiopsis*, 

Greenops (Greenops)* 
Calymenidae: Calymene 
Honalonotidae : Dipleura 
Proetidae: Proetus, Crassiproetus, Dechenella, Basidechenella, Monodechenella, 

Cyrtodechenella 
Otarionidae: Otarion 
Brachymetopidae: Cordania, Mystrocephala* 
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Compared to the Canadian fauna the Central Lowland fauna differs in the greater 
variety of families and genera and particularly in the presence of the Phacopidae, 
Dalmanitidae, Calymenidae, Homalonotidae and the Brachymetopidae, but the absence 
of the Aulacopleuridae. North American genera marked by asterisks occupy two-fifths 

of the total number of the genera. 
There would be 80 or more species of trilobites among which dechenellids occupy 

a Quarter. Phacopids, proetids and dalmanitids are represented by about 15 species, 
some 10 species and several species respectively. The other genera are each repre
sented by one or a few species. In the abundance of dechenellids this fauna agrees 
with the Canadian one. Crassiproetus and MAXIMOVA'S Paciphacops (Viaphacops) which 
includes Phacops cristata HALL, Ph. pipa HALL and CLARKE, Ph. canadensis STUMM 
and Ph. nasutus STUMM suggest the connection between this fauna and the Kazakhstan 

fauna through th~ Mongolian geosyncline. 
Compared with the preceding, the Devonian trilobite fauna of the Appalachian 

mountains is distinguished by the development of the Dalmanitidae or the Synphoriidae 
and final radiance of the Lichinae. The dechenellids are less developed here than in 
the central lowland as well as the Arctic Canada. Now the authors think. however, 
that the difference of the Appalachian and central lowland faunas would be not sharp 
enough to distinguish the geosynclinal and shelf areas as two subprovinces (KOBAYASHI 

and H~MA.DA, 1975). 
LESPERANCE (1975) promoted the Synphoriinae to the family rank. It is exclusively 

Devonian and almost all North America, although it is known from Mexico, Bolivia 
and Brazil. On the o~her hand it is absent in the Arctic Canada. This family was best 
flourished in southeastern North America or the Appohimchi subprovince by BOUCOT 
(1975) extending from Gaspe, Canada to Chiuhuahua, Mexico. 

The anterior and middle lateral furrows are typically fused on the glabella in the 
Synphoriidae, although a pair of pits commonly indicate the middle laterals; pygidium 
multisegmented. The dorsal shield is further diversified not only by the trilobating 
tendency of the glabella but also by the axial and para-axial projections of the 
shields and their marginal indentation or deticulation. They are often accompanied 
by Greenops of the Asteropyginae and Phacopina of the Calmonidae, Ceratolichas, 
Echinolichas, Gaspelichas and Terataspis, all indigenous to the Appohimchi sea have 

spines on the cephalon and pygidium. In some phacopids of North America genal 
angles are produced or protruded into spines and. axial rings bear median nodes or 
spines. Thus there are many spiny trilobites in the Devonian fauna of North America. 

The effacement of glabellar furrows and atrophy of visual organs on the other hand 
did not advance in American phacopids and proetids as in European ones. The Aula
copleuridae, Cheiruridae and Harpidae are rare or absent in the Appalachians and 
central lowland. 

With marked contrast with these faunas in central and eastern North America 
the Lower Devonian trilobites from the Turkey Creek Inlier, Oklahoma reveals, ac
cording to ORMISTON (1968), conspicuous Hercynian aspects as below. 

Nluch is not known of Devonian trilobites of the Cordilleran region of the United 

States of America_ HAAS (1969) described late Helderbergian (Siegenian) and Emsian 
trilobites from Nevada and the Deerparkian (late Siegenian) ones from Chiuhuahua, 
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Turkey Creek species in Oklahoma 

Ceratonurus slecanus dilatus OR~HSTO:-i 

Cornuproelus Pictus contractus ORYIISTO:-J 

Reedops amsdeni OR:VIISTO:-i 

Odontochile d. tuberculata (RonIER) 

Hercynian species in 
Dal maniten-Knollenkalk 

Ceratonurlls slecanus slecanus (ROE:VIER) 

Cornuproetlls pictus pictus (GIEBEL) 

Reedops intermedius (BARRA:-iDE) 

Odontochile tliberclilata (RoE:VIER) 
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North Mexico. They belong to Leonaspis, J\oneprusia, Cheirurus, Phacops, Odontochile, 

Synphoroides, Decoroproetus and Cordania. There are some species related to the 

Appalachian fauna closely. Konepi'usia, on the contrary. a Bohemian genus and De

coroproetus an Eurasiatic one. Cheirurus (Crotaloceplwlus) sp. is represented only by 
two thoracic pleurae. Nevertheless, this is the first report of Cheirurus from the 
Devonian of Americas. 

In connection with the Silurian-Devonian boundary it is of extraordinary interest 
that Warburgella ruglilosa eureka ALBERTI. HAAS and ORMISTON, 1972, from the very 
basal part of the Devonian formation in the Robert Mountains, Central Nevada shows 
close affinity to the lower Gedinnian W. ruglilosa of Germany definitely. 

It is a remarkable fact that these Nevadan and Okalhoma faunas were derived 
from the Rhenish-Bohemian province. The latter is a colony migrated into North 
America from the south. The former, on the contrary. is possible to have taken the 
trans-Pacific route in view of the fact that Crotalocephalina is well flourished in Japan 
and the Mongolian geosyncline was a highway for Devonian trilobites to tranverse 
Eurasia. It is further noteworthy that Odontochile (Kasachstania) and Ganinella 

coexisting with Appalachian endemic trilobites in the Nevadan fauna (ORMISTON in 
BOUCOT, 1975). 

IX. Devonian Trilobites of South America and the Malvinokaffric Province 

Marine Devonian sediments are widely distributed in South America from north
west to southwest through the Andean geosyncline which was branched off in the 
south into the Argentine, Precordilleran and Patagonian troughs. The sea flooded on 
older rocks in the east where they are found in the Amazonas, Parniba and Parafia 
basins (HARRINGTON, 1967). They extend further to the Cape region of South Africa 
from South America through Falkland. The Bokkeveld Series of the Cape System 
yields Lower Devonian trilobites. 

In South America the best Devonian sequence from Gedinnian to Givetian is seen 

in Bolivia. According to WOLF ART and VOGDES (1968) the base of the Devonian System 
is marked there by the appearance of Odontochile iildii (KOZLOWSKI) and Phacopina 
(Phacopina) chojnacotensis SWARTZ. 

The Devonian faunas of South America, South Africa and other areas which con
stitute the so-called Malvinokaffric province by RICHTERS (1942) and others were 

described by CLARKE, KOZLOWSKI, REED and many others. The larger part of them 
is Lower Devonian in age and Middle Devonian in part. Trilobites typical of the 
Malvinokaffric fauna are as follows: 
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Devonian trilobite· genera indigenous to the Malvinokaffric province 
and their distribution and type-species 

Dalmanitidae VOGDES, 1890 
Dalmanitinae VOGDES, 1890 

Andinopyge BRANISA, 1965, Bolivia. Andinopyge spinulosa BRANISA, 1965* 
Francovichia BRA~ISA and VANEK, 1973, Bolivia. Odontochile branisi WOLFART, 1968 

Synphoriidae DELO, 1935 
Chacomurus BRAl'."ISA and V A:-.iEK, 1973, Bolivia. Chacomurus confragosus BRAi'IISA and 

VANEK, 1973 
Fenestraspis BRA!',lISA and VANEK, 1973, Bolivia. Fenestraspis amauta BI~Al'."ISA and 

VA:-.iEK, 1973 
Gamonedaspis BRANISA and VANEK, 1973, Bolivia. Gamonedaspis acutata BRANISA and 

VANEK, 1973 
Asteropyginae DELO, 1935 

Argentopyge BALDIS, 1974, Argentina. Argentopyge argentina BALDIS, 1972 
Australops BALDIS, 1974, Argentina. Australops australis BALDIS, 1974 

? Chiarumanipyge BRANISA and VANEK, 1973, Bolivia. Chiarumanipyge profligata 
BRANISA and VANEK, 1973 

Calmoniidae DELO, 1935 
Calmoniinae DELO, 1935 

Bainella RENNIE, 1930 (syn. Paradalmanites PILLET, 1954), South Africa, ? Malvin Island, 

? Brazil. Bainella bokkeveldensis REN)lIE, 1930 
Bouleia KOZLOWSKI, 1923 (syn. Dereil1lsia KOZLOWSKI, 1923), Bolivia. Phacops dafinocourti 

ULRICH, 1892 
Bolivianaspis BRANISA and V Al'."EK, 1973, Bolivia. Bolivianaspis scrutator BRANISA and 

VANEK, 1973 
Calmonia CLARKE, 1913, Malvinokaffric province. Call1lonia signifer VOGDES, 1917 
Cryphaeoides DELO, 1935, Bolivia. Cryphaeus rostratus KOZLOWSKI, 1923 
Malvinella WOLFART, 1968, Bolivia, ? Brazil (Parana). Anchiopella hanugi KOZLOWSKI, 

1923 
Metacryphaeus REED, 1907, South Africa, South America (Argentina, Bolivia, Brazil, 

Paraguay, Urguay), Falkland Islands. Phacops (Cryphaeus) caffer SALTER, 1856 
Parabouleia ELDREDGE, 1972, Bolivia. Parabouleia call1lonensis ELDREDGE, 1972. 
Paracalmonia STRUVE, 1958, (syn. Proboloides CLARKE, 1913 non VALLE, 1893; nec 

MORLEY, 1903), Brazil. Proboloides cuspidatus CLARKE, 1913 
Pennaia CLARKE, 1913, Malvinokaffric Province. Pennaia pauliana CLARKE, 1913 
Probolops DELO, 1935, Bolivia. Proboloides glabellirostris KOZLOWSKI, 1923 
Tibagya STRUVE, 1958 (syn. Schizopyge CLARKE, 1913; nec HECKEL in RUSSEGGER, 1847), 

Brazil. Homalonotus (Schizopyge) parana CLARKE, 1913 
Schizostylus DELO, 1935, Bolivia. Dalmanites brevicaudatus KOZLOWSKI, 1923 
Tarijactinoides SORUCO, 1971, Bolivia. Tarijactinoides jarcasensis SORCCO, 1971 
Typhloniscus SALTER, 1856, South Africa. Typhloniscus bainii SALTER, 1856 

Acastinae DELo, 1935 
Kozlowskiaspis BRANISA and VANEK, 1973, Bolivia. Kozlowskiaspis superna BRANISA and 

VANEK, 1973 
Phacopina (Vogesina) 'VOLFART, 1968, Bolivia. Acaste devonica ULRICH, 1892 

Incidentally, ELDREDGE (1972a) referred Phacops dafinocourti ULRICH, 1892, as well 
as " Dereimsia " sphaericeps KOZLOWSKI, 1923 to the genus Bouleia which he transferred 
to the Calmonidae from the Phacopidae and added Parabouleia, n. gen. (Type-species 

* BRA)lISA (1965) illustrated Andinopyge spinulosa gen. et sp. nov, but he added neither 
specific description nor its generic diagnosis. No mention is given of it in BRA)lISA and 
VANEK (1973). 
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Parabouleia call1lonensis, nov.) to the former family. 

Beside these endemics, there are many genera common between the Malvinokaffric 
and other areas or so-called boreal-Malvinokaffric trilobite genera which are according 
to WOLF ART (1968) Leonaspis, Acanthopyge, Phacops, Dalmanites, Odontochile, Acastoi
des, Phacopina (Phacopina), Calymene, Dipleura, Burmeisteria, Digonus and Otarion. 
The Scutelluidae, Cheiruridae, Proetacea exclusive of the Otarionidae and the Harpidae 
appear to be totally absent in the province. In other words, they are non-Malvino
kaffric Devonian trilobites. 

The find of Bunneisteria (Digonus) antarcticus SAUL, 1965, in the Horlick formation 
in the Ohio mountains, Antarctica shows faunal connections toward South America and 
South Africa on one side and on the other toward Europe-Mediterranean Province and 
New Zealand. Likewise, Bunneisteria (Digonus) accraensis SAUL, 1967, which was 
founded on the so-called Trimerus (Dipleum) delwyi from the early or middle Devonian 
Accraian Series of Ghana suggests any faunal connection between eastern South 
America and West Africa. The commingling of the Appalachian fauna with the South 
American one is indicated by Anchiopella in the Amazonas basin as well as Trimerus 
(Diplerua) in Bolivia. 

The Malvinokaffric province may be divisible into the South African-Malvinian- ? 
West Antarctic subprovince and the South American subprovince (W ALF ART, 1968). 
While the former's faunal connection is traceable toward New Zealand, that of the 
latter is very distinct with the Appalachian geosyncline. On the basis afforded by 
brachiopods BOUCOT (1975) proposed "Amazon-Colombian subprovince" including 
Venezuela and combined it with the Appohimichi subprovince into the Eastern Americas 
realm, emphasizing the intimate relationship of the former's Emsian brachiopods to the 
Schoharie faunas of the latter. Like in the Silurian period the faunal relationship be
tween the Asian and South American faunas was insignificant in the Devonian Period. 

A further discussion on the palaeobiogeographic implication of trilobites will be 
found in the succeeding chapter on Trilobite Provinces in the early and middle 
Devonian Period. 

X. On the Silurian-Devonian Boundary and Trilobite and Conodont Horizons 
near the Boundary in Japan and other Part of the Asia-Pacific Area 

In Japan Upper Silurian and Lower Devonian rocks are found close-set in the 
Hikoroichi district, Kitakami mountains and the Fukuji district in the Hida plateau. 
In the former area the Kawauchi Series containing middle Ludlovian Encrinurus kita
lwmiensis in a limestone was said to be conformably overlain by the Takainari Series 
composed of reddish purple and dark green siliceous clayslates in alternation. The 
latter series was placed in Upper Silurian by O"UKI (1969) but in Gedinnian by 
HAMADA (1967). Because the Takainari is unfossiliferous except for Ce710sphaera and 
indeterminable radiolarians, its age cannot be determined exactly, 

The Takainari and older rocks are apparently overlained by the Ono Series whose 
Lower Devonian age was determined by Y ABE and SUGIYAMA (1938) by the Tha111-
llopom limestone in its lower part containing Thamnopora crista (BLUMEl\BACII) and 
other corals. This series consists of tuff and tuffaceous sandstone in main, but in the 
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basal part occur conglomerate beds. According to ONUKI (1969) the base of the series 
is marked by an unconformity, because not only the conglomerate contains clayslates 
apparently derived from the Takainari Series, but also because of the sudden change of 
lithofacies and the distribution of the Ono Series. According to MURATA and MORI 
(1974). however. the Takainari Series must be in part synchronous with but heteropic 
from the lower part of the Ono Series. because Ludlovian Schedohalysites kitalwmiensis 
(SUGIY AMA) was found in limestone lenses intercalated in its basal part. 

Thus the stratigraphy of the Upper Silurian and Lower Devonian rocks is a moot 
question. In the Hikoroichi district the Nakazato Series yields Middle Devonian 
Thysanopeltella (Septimopeltis) pallcispinosa and a few other trilobites, but none is 

known from either the Ono or the Takainari Series. 

In the Hida plateau Encrinurus fimbriatus KOBA Y ASH! and HAMADA was found at 
a locality and Scutellum sp. by KOBAY ASH! and HAMADA, 1969 at another locality in 
Hitoegane hills adjacently north of Fukuji where the former is Ludlovian or probably 
upper Ludlovian. Whether the latter is Upper Silurian or wherther it is Devonian is 
a question, although it is very similar to Hidascutelllll71 111ultispinijerum. The strati

graphic relation between these trilobite horizons is still undetermined . 
. Since the present authors announced a preliminary report on the Fukuji trilobites 

(1974), lower Gedinnian conodonts such as Icriodus worschmidti worschmidti ZIEGLER 
and Spathognathodus remscheidensis ZIEGLER were discovered by IGo, KOIKE and IGO 
(1975) in the lower part of the Fukuji Series, namely in a limestone of the FJ zone 
by KAMEl. In Czechoslovakia the early Devonian conodont fauna containing the for
mer subspecies is found associated with Warburgella rugulosa ruglllosa (BOUCEK). The 
latter ranges almost all through the lower Gedinnian from its base. This conodont 
horizon must be the correlative of the I. worschmidti-S. remscheidellsis zone of the 
Elmside formation in the Yass basin, New South Wales (LINK, 1970). 

This find is particularly interesting because it vindicates the authors' prediction 
that the lower limit of the Fukuji trilobite beds probably extends lower than the range 
from upper Siegenian to lower Eifelian by the reason that the Fukuji fauna containing 
an unnamed subgenus of Crotalocephaus, i.e. Geracephalina of Crotalocephalina in this 
monograph includes probably Crotalocephalus expansus MAXIMOVA. 1968, from the upper 
part of the Kochbaitai horizon, now referred to the basal Devonian in Kazakhstan by 
MAXIMOVA (1968). Unfortunately. any Silurian fossil has as yet been uncovered in 
the main area of the Fukuji Series to the west of Fukuji village. 

In Central and South China a stratigraphic break is found widely between Upper 
Silurian and Lower Devonian formations. The Lienhuashan stage which is the Lock
hovian equivalent yields· fishes such as Yunnanolepis and Kwangsilepis. Devonian 
corals and brachiopods first appear in the Nakaoling stage, the middle and upper 
Siegenian equivalent (WA:\G, YU and Wu, 1974). The limnic and paralic facies are 
widely distributed in the basal part of the Devonian System not only in South China. 
but also in Viet-Nam. In Annam the Silurian and Devonian sequences seem unbroken, 
but unfossiliferous near their boundary in question. 

In the Burmese-Malayan geosyncline an exact boundary is expectable within the 
Washih-Zebingyi facies in Yunnan-Shan plateau. Upper Silurian and Lower Devonian 
conodonts occur in some horizons in Northwest Thailand where the system boundary 
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lies probably between the two horizons with Spathognathodus steinhornellsis d. eostein

hornensis and Sp. steillhornensis d. remscheidensis (BASTIN et aI., 1970). Monograptus 

praehercyniclls and a few younger Lower Devonian graptolites were found in the Fang
Chian Mai area (JAEGER et aI., 1968, 1969). 

In the Langkawi Islands, Northwest Malay IGO and KOIKE (1973) discovered in 
the top part of the upper Setul limestone Spathognathodus steinhornensis eosteinhonl

ensis in a horizon and Icriodus worschmidti and Spathognathodus remscheidellsis in 

another about 20 m above the preceding. Because the former represents the upper· 
most Ludlovian or the Pridolian of Bohemia, while the latter indicates the basal part 
of the Gedinnian stage, the system boundary should be drawn between these two 
conodont horizons. Monograptus d. uniformis occurs in the basal part of the upper 
Detrital band which overlies the limestone formation conformably (JONES, 1968). IGO, 
KOIKE and IGO (1975) are of opinion that this form of graptolites would be different 
from M. unifonnis specifically. Little is so far known of trilobites of the Gedinnian 
or Lockhovian age in this geosynclinal zone. 

A conspicuous coincidence is found between the sequence of Malaysia and Turkey 
in view of the fact that the top part of the Akviran formation composed of limestone, 
50 m thick in Bithynia, Northwest Turkey, also yields Spathognathodus steinhornensis 

eosteinhornensis in the lower 20 meters and Icriodus worschmidti and Spathognathodus 

remscheidensis in the upper 10 meters. This part of the limestone beds is considered 
by HAAS (1967. 1968) to be transitional from Upper Silurian to Lower Devonian. Thus 
the boundary drawn between these conodont horizons in Turkey and Malaya is almost 
exactly coeval with that of the European type-sequence, although neither Monograptus 

uniformis nor Warburgella rugulosa is found there. 
From the view point of key-trilobites to the boundary problem most important in 

Asia is the Mountain Altai where it was determined recently by YOLKIN, ZHELTONO
GOVA and others to be drawn between Warburgella vollwv(vaiw zone below and the 
W. rugulosa zone above (GRATSIANOVA ed., 1974). Warburgel/a (Warburgel/a) volko

veyana BALASHOVA was primarily described by BALAsHovA (1968) from the Acastella 

spinoda podolica zone of the upper Ludlovian Skalsky horizon. Warburgel/a (Podolites) 

rugulosa occurs in the Acastella herberti elsana and Acastella tire zones of the Lower 
Devonian Borshtchovsky horizon. The H!arbU1'gel/a rugulosa eureka zone of Central 
Nevada must be almost exactly contemporaneous with the lV. rugulosa zone of Eur

Asia. 
Among trilobite genera or subgenera especially important for the boundary problem 

are probably Encrinurus and Crotalocephalina (Geracephalina). As noted elsewhere 
(KOBA Y ASH! and HAMADA, 1976, in this monograph, p. 34) a few species of Cheirlll'llS 

or Crotalocephalus have been reported to occur in Turkestan at some localities with 
Encrinurus. but presumably in a slightly different levels at the localities, because 
according to MAXIMOVA (1967) Encrinurus is absent in the Kochbaital fauna, but 
Crotalocephalus (or Crotalocephalina) is present already in the Ainas beds of the 
Kochbaital horizon in Central Kazakhstan. The horizon or at least its lower part was 
previously considered Upper Silurian, but later it was concluded by MAXIMOVA (1971) 
on the basis of sporadical appearance of Dicranllrus, Odontochile (l(asachstania, Rellssia 

and Odontochile s. str.), Crotalocephalus (or Crotalocephalina) and Paciphacops, that the 
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Ainasu horizon or the lower Kochbaital horizon was relevant to be taken for the lowest 
Devonian sediment. This conclusion is now supported by the fact that Crotalocephalus 

expansus MAXIMOVA of the Kochbaital belongs most probably to Crotalocephalina 

(Geracephalina) which subgenus is proven in japan to have appeared in the Gedinnian 

age. 
Another area whence Encrinurus and Crotalocephalus have been described from 

the Upper Silurian-Lower Devonian rocks is Southeastern Australia and Tasmania. 
In regard to the former genus MITCHELL (1924) has already noted that its occurrence 
in Australia was confined to the pre-Devonian formations. Of the latter genus all 
Australian forms look to be Devonian crotalocephalinids rather than Silurian Crotalo

cephalus s. str. Some of them have already been ascertained their Devonian age, while 

none was confirmed by recent studies to be a Silurian trilobite. 
A moot question is, however, attached to Lyell Highway locality high in the 

Florentine sandstone of the Eldron Group, Tasmania which yielded Encrinurus aff. 
silverdalensis ETHERIDGE and MITCHELL and Cheirurus sp. which appears to the authors 

to be referable to Crotalocephalina. If the Lyell Highway faunule be Lower Devonian 
(GILL, 1948, 1962), the above form of Encrinurus must be a sole relic. If it be really 
pre-Gedinnian (PHILIP, 1967), " Cheirurus " sp. would be a progenitor of Crotalocephalina. 

Three other trilobites of the faunule are Gravicalymene australis (ETHERIDGE and 
MITCHELL), Odontopleura aff' rattei ETHERIDGE and MITCHELL and Dalmanites aff. 
wandongensis GILL where the first is widely ranged from middle Ludlovian to Loch
kovian or even Middle Devonian. The second and third forms bear affinities respec
tively to Leonaspis rattei (upper Ludlovian-Lochkovian, N. S. W.) and Melbournian W. 
wandongensis (uppermost Wenlockian-Ludlovian, Victoria). JUdging from the five 
species of trilobites it is probable that the faunule indicates a short time interval near 
or just on the system boundary. 

Leaving its solution in future, it can be concluded that Encrinurus died out by 
the end of the Silurian Period and reciprocally Crotalocephalina appeared in the early 
Devonian Period. Its two subgenera, Crotalocephalina and Geracephalina, were already 
present in the Gedinnian Epoch. 

Finally it is certain in the present state of knowledge that the Silurian-Devonian 
boundary must be drawn in japan between the Encrinurus fimbriatus horizon and the 
I. worshcmidti-S. remscheidensis horizon in the Fukuji district. The boundary in ques
tion will be definitely determined stratigraphically, if the passage beds unbroken 
betwe~n these two horizons be found in future in the district. 

XI. Trilobite Provinces in the Early and Middle Devonian Period 

The advancement of the Devonian biostratigraphy was greatly accelerated in 
recent years by repeated international symposia on the Devonian System held at 
Prague, 1958, Bonn and Bruxelles, 1962. Calgary, Canada, 1967 and Leningrad, 1969. 
As the result the world picture of the Devonian Period can be drawn in a greater 
accuracy than before. Therefore the Devonian biogeography and provinciality were 
discussed successively by ERBEN, BOUCOT and many others with reference to magni
facies, brachiopods and other fossils including trilobites which the last were dealt with 
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in articles by ORMISTO:-l (1968), WOLFART and VODGES (1968), LESPERA,,"CE and 
BOURQUE (1971), TALENT et al. (1972) and so forth. The present authors outlined 
Devonian trilobite provinces in an advance paper of this research project (1975). 

The report of the Devonian symposium at Calgary, 1967, in two volumes was 
particularly helpful to get the Devonian concept, because it comprises many papers by 
Soviet geologists and palaeontologists which afford recent knowledge on the Devonian 
System in the northern and western parts of Asia to readers like the authors to whom 
it is difficult to absorb up-to-date data directly out of the Del;onian System in 2 \'olumes, 
1973, in NALIVIKIN'S U.S.S.R. Stratigraphy. Of the Devonian of China, Stratigraphic Tables 

of China, 1956 and its supplement, 1958 and WANG and YU's The Devonian System of 

China were principal sources for the authors, but new results were compiled in Advance 

in Devonian Biostratigraphy of South China, 1974 by WANG, YU and Wu. Incidentally, 

recent advancement in the Devonian biostratigraphy of Thailand and Malaysia is 
summarized by HAMADA et al. in Geology and Palaeontology of Southeast Asia, volume 
15. 1975. 

In Europe and North Africa two magnifacies, that is, the Rhenish and Hercynian 
magnifacies are distinguishable in the Devonian marine sediments and fossils contained. 
According to ERBEN (1962) the Hercynian magnifacies seems to be connected with 
off-shore regions, lacking or almost lacking terrigenous material, with fine grained 
carbonatic and/or argillaceous sediments of muddy bottom and faunas adapted to this 
type of environment. Of the Hercynian biofacies the characteristic of trilobites is 
richness in number of genera, species and individuals; taxonomically the Hercynian 
trilobites are represented by the Proetidae, Otarionidae, Harpidae, Scutelluidae, Odonto
pleuracea, Lichacea, Calymenidae, Cheiruridae, Odontochile and Phacopidella (ERBEN 
and ZAGORA, 1967). Thus most of these Hercynian taxa are nearly cosmopolitan. 

The Rhenish magnifacies seems to be connected with near-shore regions, with high 
percentages of terrigenous material, with coarse and median grained sandy sea-bottoms 

poor in carbonatic and argillaceous material, to which a certain type of faunas has been 
adapted. Among them characteristic of trilobites is poorness in number of genera and 
individuals: typical genera are Acaste, Asteropyge, Neometacanthus, Treveropyge and 
related asteropygids and Homalo71otus and its allies. Because the Rhenish trilobite 
faunas bear such distinct characteristics, they are much more important to define the 
Europe-Mediterranean province or the Rhenish-Bohemian province than the so-called 

Hercynian trilobites many of which are nearly cosmopolitan. 
The Rhenish trilobite facies is widely distributed from North Europe to South 

Africa outlining the Devonian geosyncline and further around islands within the geo
syncline. It is well developed in North Africa in the Anti-Atlas, Morocco (HOLLAND, 
1967) and the Algerian Sahara (LEGRAl\D, 1967). It is known from the Middle Devonian 
of Poland (KIELAN, 1954) and Lower Devonian of Podolia and Eastern Roumania (BA~A
SHOVA, 1968, PATRULIUS, 1967), but allY further to the east of Eurasia except for South 
Asia. The Rhenish trilobites are traceable in South Asia as far as Chitral, Pakistan 
where they made a great endemic development yielding many ne,\' genera and sub

genera in Bithynia, Turkey and Afghanistan. 
With special reference to brachiopods BoucoT, JOH:-lSON and TALENT (1969) 

distinguished three provinces beside five subprovinces in the early Devonian palaeo-
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Table 7. Devonian biogeographic realms, provinces, subprovinces (S) and regions (R). 

Lower Devonian Biogeography Devonian Biogeography 

Province Subprovince Region or Subprovince I 
Realm 

Rhenish-Bohemian Rhenish-Bohemian R. 

Uralian Uralian R. 

undifferentiated Mongolo-Okhotsk R. 
Old World 

Old?;World Tasman Tasman R. 

Ne\\" Zealand New Zealand R. 

Cordilleran R. 
Cordilleran 

Nevadan S. 

Appohimchi S. Eastern Americas 
Appalachian 

Amazon-Colombian S. 

Malvinokaffric I Malvinokaffric 

BOlJCOT, JOHNSON and TALENT (1969) I 
BOUCOT (1974, 1975) 

geography. Subsequently BOUCOT (1974, 1975) modified the Devonian biogeographic 
division, into three realms beside several regions and subprovinces as shown in Table 7. 

On the basis of trilobite faunas WOLFART and VOGDES (1968) divided the Malvino
kaffric province into the South American subprovince and the South African-Malvinian
? West Antarctic subprovince, whereas ORMISTON (1972) distinguished four Devonian 
trilobite areas in North America as below. 

Arctic Islands ................ Uralian subprovince ) 
Western Canada and Alaska .. Siberian-Canadian subprovince Old 
Great Basin .................. Cordilleran subprovince 

World province 

Appalachian province 

Trilobites may be neither so important as brachiopods in Devonian biostratigraphy 
nor so valuable as in the Cambrian biogeography. In fact, data in concern are less 
accumulated on trilobites than brachiopods. Nevertheless, trilobites have well fiourished 
in the global scale in the early and middle Devonian Period attaining acmic prominence 
in Emsian and early Eifelian ages. Therefore the discussion below on the Devonian 
trilobite provinces are inevitably related most to the part of the period. 

Recently the authors attempted to clarify Devonian provinciality with reference 
to trilobites (1975). As the result they distinguished five provinces beside several 
sub provinces. This biogeographic division is here modefied and the provinciality dis
cussed in a greater detail. 

From the viewpoint of provinciality most distinctive is the Lower and Middle 
Devonian fauna of South America and South Africa, namely, the Malvinokaffric fauna 
which contains many indigeonus genera of the Phacopinae. Dalmanitinae. Synphoriinae, 
Acastavinae. Asteropyginae. and Calmoninae, beside some endemic species of the 
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Homalonotidae. This province ma,- extend into Antarctica as \\-ell as Ghana. \Vest 
Africa as suggested by the following two trilobite species. 

According to SAUL (in HADLEY. ed., 196;:;) Blll'lIleisteria (DigOl1llS) antarcticus is 
nearer to the homalonotids of the southern hemisphere and Europe than those of 
North America and quite different from B. (D.) expanslls from Ne\y Zealand. The 
Horlick fauna of the Ohio range in Antarctica which yielded this trilobite is correlated 
to the Tibaji fauna of Parana, Brazil and the Bokkeveld fauna of the Cape region. 
South Africa (DOUMANI et aI., 1967). 

Bllnneisteria (Digonus) accraensis was denominated by SAUL (1967) for the so-called 
Trimerus (Dipleura) delwyi from the Devonian of Ghana, West Africa. It may be a 

Malvinokaffric trilobite, but it is still inconvincing, if this trilobite or the Accraian 
fauna is most related to the Devonian fauna of North Africa, South Africa or South 
America (SAUL, BOUCOT and FINKS, 1963). Digonus is not a Malvinokaffric subgenus, 
but a boreal-Malvinokaffric one reported from Europe, North Africa, South America, 
South Africa, West Antarctica and New Zealand beside West Africa. 

Now the Malvinokaffric trilobite fauna is analysed. Because there appears to be 
disagreements as to the Silurian or D~vonian age for certain South American trilobites, 
the below discussion is principally referred to the Devonian trilobite genera in Table 

4 in WOLF ART (1968). 
WOLF ART divided the Malvinokaffric and the boreal-Malvinokaffric groups among 

the trilobite genera of the province. Here the latter group is divided again into the 
true boreal-Malvinokaffric subgroup and the nearly cosmopolitan subgroup where the 
last can be eliminated out of this discussion. For the interprovincial relationship most 
important is the true boreal-Malvinokaffric subgroup which includes the following 
genera. 

Acastoides: Europe, North Africa, Bolivia, Uruguay 
Phacopina (Phacopina): North America (Appalachian), South America (Bolivia, Amazon, 

Argentina) 
Dipleura: Europe, Turkey, North Africa, North America (Appalachian), South America 

(Colombia, ? Bolivia) 
Burmeisteria: North Africa (Sahara), ? Bolivia, Falkland Islands, New Zealand 
Digonus: Europe, North Africa, ? North America, South America (Bolivia, Brazil, Uruguay, 

? Argentina), West Africa (Ghana), South Africa, West Antarctica, New Zealand. 

It is certainly a remarkable fact that Acastoides connects the South American 
fauna with the Europ~-North African one and Burmeisteria (Burmeisteria and Digonus) 
reveal faunal affinities toward North Africa on one side and toward New Zealand on 
the other. Because they are unknown from North America, there must have been a 
trans-Atlantic route of migration between North Africa and South America. 

Phacopina (Phacopina) is, on the contrary, an important link of the Appalachian 
fauna with the South American one. Dipleura may be a genus showing relationships 
of the Colombian fauna to the Appalachian fauna as well as the Europe-North African 

fauna. 
Recently BOUCOT (197:5) proposed to combine the Appohimchi subprovince with 

the Amazon-Colombian subprovince into the Eastern Americas realm. The Amazon 
(A) and Colombian (C) faunas comprise the following trilobites genera. 
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MetacrYPhaeus A 
Tibagya A 
Malvinella A 
Dipleura C 
Digonus A 
Dalmanites C 
Odontochile A 
Phacopina (Phacopina) A 

Thus there is nO common trilobite genus between the Amazon and Colombian faunas. 
Neither Dipleura nor Dalmanites is a typical genus of either the Appohimchi or the 

Malvinokaffric fauna. Therefore it is difficult to say out of the trilobites which of 
the two faunas is nearer to the Colombian fauna. It is a conspicuous difference that 
the Malvinokaffric group is represented by three genera in the former but unrepre
sented in the latter. According to WOLFART Devonian trilobites of the Amazon basin 
consist of three Malvinokaffric genera and another three boreal-Malvinokaffric genera. 
As mentioned already, the occurrence of Digonus in North America is doubtful. but 
HARRINGTON (1967) pointed out the inclusion of such Appalachian genera as Anchiopella 

and Synphoria in the Amazon fauna. Judging from the above trilobites the Amazon 

basin was at the junction of the three provinces where the Appalachian, Europe
African and Malvinkaffric trilobites were coexisted. Three new genera of the Syn
phoriinae deseribed from Bolivia by BRANISA and VANEK, 1973, reveal the faunal 
connection between the Appalachian and Andean geosynclines and at the same time 
the endemic development of the subfamily there occurred. 

During the Devonian Period there were in North America two major biogeographic 
areas, namely, the Appalachian province or the Appohimchi subprovince of the Eastern 

Americas realm extending from Nova Scotia, Canada to Chihuahua, Mexico on the 
southeast side of the continent and the Siberian-Canadian subprovince of the Arcto
Pacific province on the other side. beside a minor area in the west which is called the 
Cordilleran or Nevadan subprovince. The two major subprovinces were separated 
from each other by a large Devonian land diagonally extending into the continent 
from Greenland, but seas on its two sides have probably become confluent intermit
tently near the center of the continent as suggested by the scattered occurrences of 
Ancyropyge in the Middle Devonian rocks of the Arctic archipelago, Manitoba, Michi
gan, and so forth. 

The Appalachian fauna is well defined particularly by the development of the 
Synphoriidae and the final radiance of the Lichinae. In Nova Scotia, however, Rhenish 
acastavinids are found in the Lower Devonian Torbrook formation. In Oklahoma a 
colony of Hercynian trilobites is known from the Lower Devonian of Turkey Creek 
Inlier. There were probably four routes of the trans-Atlantic routes of migration. 
One was through Nova Scotia and another via Oklahoma. The remaining two routes 
were from the Amazon basin to North and West Africa and from Falkland to South 
Africa. 

The Eurasian-North American route of migration in the Gedinnian age is on the 
other hand, indicated by the wide distribution of Warburgella regulosa and its sub
species from Nevada to Eurasia through Western Canada. Arctic Islands and Alaska. 
Little is so far known of Devonian trilobites of the Coastal Ranges (BOUCOT et al.. 
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1973), but juding from the Lower and Middle Devonian trilobites of the Great Basin 

the Cordilleran fauna appears to be allied to the Appalachian fauna on the one hand 
and to the Eur-Asiatic one on the other (ORl\'1ISTON, 1972). 

ORMISTON (1972) distinguished two Emsian-Eifelian faunas of the Arctic islands 
as well as Alaska-West Canada and referred the former to the Uralian subprovince 
and the latter to the Canadian-Siberian subprovince. Neither a barrier nor any distinct 
boundary is known between these two areas and the difference between the two faunas 
is rather gradual, like the two Appohimchi faunas of the Appalachian geosyncline and 
central lowland. Therefore the former pair would be two regions' within the Uralian
Siberian-Canadian subprovince as the latter pair are those within the Appohimchi 

sUbprovince. 
The Cordilleran faunas are allied to the U ralian-Siberian-Canadian faunas but differ 

from them in the inclusion of the Calymenidae, Phacopidae and the Dalmanitidae in 
which respect it is related to the Appohimchi faunas on the east side and the Mongo
lian ones on the west side of the Pacific basin. 

The palaeogeographic areas on the west and north sides of North America have 
been referred to the Old World province by BOUCOT, ORMISTON and others. Because 
the so-called Old World province covers all of the Old and New Worlds except for 
the Malvinokaffric province and the Eastern Americas realm, how to divide this ex
tensive palaeogeographic area into provinces and subprovinces by means of its com
prehensive faunas is an important problem. For the purpose to reconsider an attempt 
is made to pick up some characteristic trilobites which would define such provinces 
and subprovinces. The most conspicuous distinction of the North American faunas 
from those of Eurasia, Australasia and North Africa is the total absence of Cheirurus 
except for two imperfect thoracic pleurae procured in Chihuahua and referred to 
Cheirurus (? Crotalocephalus) by HAAS (1969). It is not the less conspicuous that all 
of the dechenellids are unrepresented in either Australia or New Zealand, if Dechenella 
(Eudechenella) mackayi ALLAN from New Zealand is excluded (RICHTERS, 1950), not 
withstanding the fact that the Dechenellidae are widely distributed in the northern 
hemisphere. By means of these characteristic trilobites three areas can be distinguished 

as follows: 
(1) Eurasia and North Africa with Crotalocephalina and dechenellids. 
(2) Australasia with Crotalocephalina but no dechenellids. 
(3) North America with dechenellids, but cheirurids are extremely rare. 
Then the interprovincial relation should be discussed. As pointed out by MAXIMOVA 

(1972), Paciphacops, Odontochile (Kasachstania and Reussia), Praedechenella and 
Dechenellurus together with Crassiproetus indicate the trans-Pacific connection between 

Kazakhstan to North America through the Mongolian geosyncline in the west and the 
Great Basin in the east. 

While no scutelluid is as yet known from the Mongolian-Okhotsk geosynclinal zone, 
Boreoscutellum occurs in the New Siberian Islands, and Eastern Siberia and Arctipeltis 
in Novaja Zemlja, the Kuznetsk basin and probably in Ellesmere Island. Dechenella is 
also wide spread in the Urals, the Soviet Arctic, Siberian platform and North America 
and various dechenellids were flourished in Canada and the Arctic Islands no less than 
Southwest Siberia or Eurasia. It is certain that the Uralian-Siberian-Canadian faunal 
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connection was well maintained through Eastern Siberia and Alaska. The Phacopidae 
and Dalmanitidae are rare or absent in North Asia as in Alaska and Canada. 

In North Asia again it is difficult to divide the Uralian-Siberian-Canadian sub

province into the Ural-Arctic and Siberian-Canadian areas. The faunal characteristic 
and the biogeographic boundary between this subprovince and the Mongolian-Okhotsk 
subprovince become not very distinct in Turkestan. At the same time it can hardly 
be overlooked that the Ural and Turkestan faunas reveal certain important alliances 
with the Hercynian or Bohemian faunas as indicated by such spiny scutelluids as 
Weberopeltis and Thysanopeltella (Arclipeltis. Altaepeltis) in Bohemia, the Carnic Alps 
and Montagne Noire, South France (ERBEN, 1969, FEIST, 1974). It is also a remarkable 
fact that Aulacopleura (Paraaulacopleura) d. beyrichi (NOVAK) contained in the Emsian 
Eids Formation in Bathurst Island, Canadian Arctic indicates an isolated occurrence 
of a Bohemian-type trilobite in the Ural-Arctic region of the Siberian-Canadian sub

province (ORMISTON, 1967). 
As pointed out already (p. 45), the Rhenish fauna is distributed in Asia any 

further to the east beyond Pakistan. The Praguian graptolites were recently discovered 
in the Liangquan Formation in South Tibet (Mu et ai., 1973), but no Devonian trilobite 
is known from the Himalayas or the Trans-Himalayas. The Oriental fauna in Eastern 
and Southeastern Asia is, as detailed already, quite distinct from the Rhenish fauna 
in Near East and Middle East. It is different also from the Mongolian fauna. With 
emphasis on the abundance of Crotalocephalina the Fukuji fauna of the Oriental province 
reveals affinities to the coeval faunas of Turkestan as well as Australasia and further 
to the Hercynian faunas of Europe and North Africa. 

The Oriental fauna is intimately related to the fauna of Southeast Australia with 
regard to the common occurrences of GravicalYlIlene, Crotalocephalina (Geracephalina) 
and indigenous Craspedarges to the Western Pacific province. The presence of 

Table 8. Early and middle Devonian trilobite realms and provinces. 

~ 

I 

I 
-; Province Subprovince I Subprovince Province 
III 

I ~ 

Rhenish-Bohemian Rhenish I Europe-Mediterranean I 
I 

"Cl 
Oriental I Oriental Western -;:: Western Pacific Pacific 0 Tasman-New Zealand Tasman-New Zealand 

~ 
"Cl Ural-Siberian-Canadian Siberian-Canadian 
0 

Arcto-Pacific Kazakhstan-Mongolian- Kazakhstan-Mongolian- Arcto-Pacific Okhotsk Okhotsk 
-

Cordilleran, Nevadan i Cordilleran 
I 

"Cl 
Eastern Americas Appohimchi 

I 
Appalachian 

-;:: 
0 Amazon-Colombian 
~ 
~ Malvinokaffric South American Mal vinokaffric III 
Z South African-Malvinian-

West Antarctic , _.------

KOBAYAsIII and HA:\IADA (1976) I KOUA Y AS I-II and HAMADA (1975) 
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dechenellids and absence of homalonotids are two important distinctions of the Oriental 
subprovince from the Tasman-New Zealand subprovince in the Western Pacific prov

ince. 
In the vast terrain of Asia and other continents much remains to be explored in 

future. There are still many ambiguities in the Devonian biogeography. Nevertheless, 
it is a conspicuous fact that there were a major and a minor realm, i. e. the Old and 
New World' Realm. The latter can be principally distinguished from the former by 
rarity or absence of the Cheiruridae. The Malvinokaffric fauna which is most distinc
tive differs not only from the Eastern Americas fauna but also all other faunas in 
the total absence of the Scutelluidae. The provinciality of the Old World realm is 
not so simple, but it may be divided into three provinces and several subprovinces as 
discussed already. On the basis of salient facts the proposal of the Devonian trilobite 
provinces in 1975 is here reconsidered and modified as shown in Table 8 and Text

fig. 2. 

XII. Summary and Conclusion 

In Japan there are two Devonian faunas, viz. the Fukuji and Nakazato faunas 
which are re3pectively Gedinnian-Eifelian and Middle Devonian in age. The former 
in the Hida plateau is a rich one comprizing 24 species in 12 genera and 7 families 
and the latter in the Kitakami mountains a poor one represented only by 4 species 
in 4 genera and 3 families. They total 28 species in 18 genera and 9 families. 

The Fukuji trilobites lived with various kinds of animals in shallow sea near land 
which was not so quiet as the Devonian Kroh sea in Malay but not so rough as the 
Silurian Yokokura sea in Shikoku Island. 

The Devonian fauna of Eastern Asia so far known consists of some 100 species, 

38 genera and 10 families which are distributed in the Mongolian geosyncline, Yangtze 
basin, Chichibu geosyncline and the Burmese-Malayan geosyncline of which the latter 
three regions constituted the Oriental trilobite subprovince. 

Devonian trilobites in Asia belong to some 80 genera in 14 families. Their assem
blages in the north side, middle part and the southeastern and southwestern sides are 
so different from one another that the Uralian-Siberian-Canadian subprovince, Kazakh
stan-Mongolian-Okhotsk subprovince, Oriental subprovince and the Asiatic. part of 
the Rhenish-Bohemian province can be distinguished. While the Oriental subprovince 
is combined with the Tasman-New Zealand subprovince in the Western Pacific province, 
the first two subprovinces belong to the Arcto-Pacific province. 

On the basis of trilobites there were two realms, five provinces and ten subprovinces 
in the early and middle Devonian Period as shown in Table 4 and Text-figure 2. The 
Cordilleran-N evadan and Amazon-Colombian subprovinces, however, bear interpro
vincial aspects. Therefore their reference to either one of two neighbouring provinces 
must be decided after the whole faunal elements will be clarified. 



Palaeontology 

Introduction and Summary 

The palaeontological part of this monograph is largely occupied by descriptions of 
twenty-five species of Devonian trilobites of Japan in sixteen genera in the Scutelluidae, 
Odontopleuridae, Lichidae, Cheiruridae, Phacopidae, Calymenidae, Proetidae, Dechenel
lidae and Otarionidae, Beside them it com prizes the following three other new trilo
bites, namely, 

Pseudotrinodus constrictus, nov, from Thailand 
Phacops machuricus, nov. and 
Odontochile sp. indt. from Northeast China (North Manchuria). 

Comments are given on some other Devonian trilobites and one Carboniferous 
trilobite from Eastern Asia as follows: 

Gravicalymere maloungkaensis (MANSUY) 

Dechenella indonesiensis (MANSUY) 

Dechenella (?) chengi (SUN) 

Monodechenella aff. macrocephala (HALL) by PATTE 

Basidechenella (?) blond eli (PATTE) 

Waribole elliptica (MANSUY) 

Otarion giraudi (MANSUY) 

Otarion tiaomachiensis (SUN) 

One new genus and one new subgenus proposed herein are 

genus Hidascutellum in the Scutelluidae, 
subgenus Geracephalina of genus Crotalocephalina. 

The Eoacidaspididae, Odontopleuridae, Lichidae, Cheiruridae, Phacopidae, Calymeni
dae, Proetidae and Dechenellidae are discussed in some length. The first four families 
were probably derived from the Corynexochidian stock. Of the Cheiruridae the oldest 

subfamily is the Pilekinae which in turn is intimately related to the Damesellidae as 
well as the Dorypygidae. The latest sUTvivor of the same family is genus Crotalo
cephaiina. Its subgenus Geracephalina reveals phylogerontic specialization in various 

ways. 
Craspedm'ges has generally been thought the latest lichid survivor in the late 

Devonian Period, but the possibility of penecontemporaneity of Craspedarges wilcanniae 
,'lith Cr. superbus suggests that the Lichidae or the order Lichida have totally died 
out before the late Devonian Period. 

A review of the Phacopinae and Phacops shows the chaotic state of their taxonomy 
with regard to the generic and subgeneric concepts. The family ·Calymenidae exclu
sive of synhomalbnotids is here proposed to be classified into four subfamilies. A 
critical review is added further on the Proetidae and Dechenellidae. 

As to the trilobite morphology the trilobation of the axial lobe by means of paraxial 
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furrows and the annulation of the glabella by transglabellar furrows are discussed and 
it is concluded that the former indicates a progressive specialization, whereas the latter 
is an example of retrogressive specialization;' both in the phylogerontic stage. 

The abbreviations of repositories for the specimens described and illustrated are 

as follows: 

IGPS=Institqte of Geology and P:;tleontology of Tohoku University, Sendai. 
Kyoto Univ.=Institut~ of Geology a~d Min~ral~gy, Kyoto University. 
T. U. E.='Institllte of G~ology"~nd Mine~~logJ., T6kyo University of" Education 
Shizenkan=Hida Shizenkan Museum, Fukuji, Gifu Prefecture. 

. :; 
PAt~University Museum, University of Tokyo. 

The Trilobation of the Axial Lobe in Miomeric and Polymeric Trilobites 

One of the most conspicuous trends of specialization which can be seen among 
post-Cambrian trilobites is the t-trend evolution, that is. the trilobation of the axial 
lobe into a front-median and two lateral'lobes, becaus~ it is quite rare to see in Cam
brian polymeric trilobites. The trend of evolution is recognizable in the Scutelluidae 
not only in the glabella but also in the pygidium. The trilobation of the glabella is 
made by the connection of lateral furrows by paraxial furrows. It is most diagnostic 
of the Thysanopeltinae in this family as the authors have proposed for it the t-trend 
of evolution. 

This kind of specialization is, however, more developed in the Lichidae and Odonto
pleuridae in which the glabella consists of a front-median and two lateral lobes of 
which the latter being coalesced so as to constitute bicomposite or tricomposite lateral 

lobes. The trilobation of the glabella and also the coalescence of lateral lobes have 
occurred in the Dalmanitidiae in such genera as Trypaulites and Chasmops. These 

aspects are diagnostic of the Monorakidae. Among other trilobites they are also seen 
in Dionide and Endymionia in the Trinucleina. In the Cheirurina paraxial furrows 
are seldom met with on the glabella. Cybeloides is a rare exception. 

Among polymeric trilobites the trilobation of the axial lobe is rare to see on the 
pygidium. In the Scutelluidae, however, the short triangular axial lobe is commonly 
divided into a prominent median ridge and the two flat lateral platforms. In the 
Encrinuridae the polysegmented axial lobe of the pygidium is often tripartate by the 
interruption of the non-segmented median zone, but it is not a true trilobation. for 
the zone is not bounded by paraxial furrows. 

Among miomeric trilobites the trilobation of the axial lobe did not take place in 
the Eodiscina (KOBAY ASH!, 1943, 1944), but it was well advanced in the Agnostina in 
a different way from polymeric trilobites (KOBAYASHI, 1939). Namely, no agnostid 
has had any paraxial furrows on the glabella, but a median tubercle is commonly 
elongated into a median ridge, dividing the lobe into three parts. In the Agnostina 
the trilobation is more developed in the pygidium than the cephalon. It is often to 
see that one or a few anterior axial rings of the pygidium are trisected by paraxial 
furrows and that a median ridge runs across two or more anterior axial rings. In 
the Condylopygidae the ridge is extending through anterior rings and further into 
part of the posterior lobe. It extends as long as the axial lobe in Upper Cambrian 
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Lotagnostus and Lower Ordovician Machairagnostus. 

As the senior author has discussed in detail (1939, 1944), the order Agnostida is 
a solid incipient group of trilobites which was derived from a Pre-Cambrian common 
ancestor. The Eodiscina and Agnostina are two suborders of the Agnostida where 
the latter lived longer, flourished later and more specialized morphologically than the 
former. The trilobation of the axial lobe is the most conspicuous trend of evolution 
which is seen in the Agnostina, but not in the Eodiscina. It is unknown in the Class 
Trilobitoidea. 

The specialization first appeared in the family Condylopygidae which reveals an 
isolate branch from all other agnostidian families. The trilobation was far more 
advanced in the Upper Cambrian and later ages in. the Pseudagnostinae, Agnostinae 
and Geragn03tinae, particularly in Lotagnostus, Corrllgatagnostlls and iVlachairagnostlls. 

The t-trend of specialization which occurred in the Agnostina is similar between 
the Condylopyginae and other agnostidian families, but quite different from that of 
polymeric trilobites. Namely, the trilobation means in the former principally the 
trilobation by the appearance of a prominent axial ridge and it is more developed in 
the pygidium than the cephalon. In the polymeric trilobites, on the contrary, it has 
taken place mainly on the glabella through the development of paraxial furrows which 
defined at length the distinct T-shaped frontmedian lobe in the Lichidae and Odonto
pleuridae. There is, however, no comparable lobe in the Agnostida. 

The median ridge of the axial lobe in the scutelluid pygidium more or less resem
bles the ridge of the agnostidian pygidium, but the former is not so well defined as 
the latter. The tripartation seen in the pygidium of the Encrinuridae is quite distinct 
from the typical trilobation. 

The specialization of the t-trend was particularly well advanced in the Lichidae 
(Lower Devonian-Middle Devonian) and the Odontopleuridae (late Lower Ordovician
Upper Devonian) in conjuction with the coalescence of lateral lobes, but the mode of 
specialization of these two families agrees essentially with that of the Scutelluidae 
(Middle Ordovician-early Upper Devonian). Thus these three families are contempora
neous parallels in the t-trend of specialization. 

The Monorakidae and certain dalmanitids and trinucleoids also show the similar 

trend of evolution. 
As noted already (1974), the Scutelluidae and Illaenidae were probably derived 

from the corynexochidian stock. As mentioned later, the Odontopleuridae and Eoacida
spididae are another derivatives from the same stock. These two families are com
bined in the same order in MOORE'S Treatise (1959) and Amgaspis of the latter family 
is considered a derivative from the same stock in ORLOV'S' Osnovy (1960). 

As discussed later, it is relevant to consider that the Cheiruridae reveal a branch 
from the Damesellidae issued between the latter family and the Dorypygidae. The 
Cheiruridae and Encrinuridae are so intimately related to each other and so are the 
Dalmanitidae and Phacopidae that all of them are generally combined in the Phacopida. 
The t-trend of evolution can now be said a speciality of specialization in the Phacopida 
in the sense that it was most developed in the Phacopida. It was, however, not re
stricted to the Corynexochidian polymeric trilobites. 

It is interesting to see exceptionally that the glabella is trilobed by a median 
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depressed zone in an early meraspid of Cloacaspis senilis FORTEY, 1974. This mode 
of trilobation is quite distinct from all of those mature trilobites. Nevertheless, it is 
a kind of high specialization in which it agrees with them, as it is a late Arenigian 
olenid belonging to the Balinbariinae which reveal an isolate, highly specialized branch 

of the Olenidae in the late phyletic stage. 
A median tube probably of the digestive system is known to have existed along 

the axis of the glabella and the axial lobe behind it, as it is seen in two holaspids of 
Onnia omata (STERNBERG) (WHITTINGTON, 1940) and in an anaprotaspid, an early 
metaprotaspid and a few meraspids of R edlichia chinensis WALCOTT (KOBA Y ASH! and 
KA TO, 1951). Thus there was the digestive organ below the frontmedian lobe and 
likewise, the musculature of appendages below the lateral lobes of the glabella and 

occipital lobes, as well clarified with their scars by STROMER (1939, 1942, 1951). There
fore it is presumable that the t-trend specialization or the corynxochidian evolution 
of the glabella and axial lobe must have been intimately related to any specialization 

of the internal structure, although little is as yet known how it specialized internally. 

Family Pseudotrinodidae KOBAYASHI and HAMADA, 1972 

Genus Pseudotrinodus KOBAYASHI and HAMADA, 1971 

Pseudotrinodus constrictus KOBAYASHI and HAMADA, sp. nov. 

PI. 3, Fig. 8 

Description :-Cephalon roundly sub quadrate, well convex but with flat border on 
anterior and lateral sides; glabella circumscribed by deep dorsal furrows, distinctly 
elevated above cheeks, longer than two-thirds the cephalon. conical, rounded in front, 
expanded at basal lateral lobes and constricted at a little posterior to mid-length of 
glabella; basal lateral lobes relatively small, subtriangular, clearly isolated from main 
body of glabella by diagonal lateral furrow which branches off from dorsal furrow at 
the top of the lobe; facial suture intramarginal on cheeks; surface smooth. 

Observation and comparison:-Pseudotrinodus aenigma KOBAYASHI and HAMADA 
(1971, 72) has a very similar cephalon and pygidium like the Cambro-Ordovician 
Agnostida. Therefore it is difficult to say which is a cephalon or a pygidium, when 
they are isolated. As seen in the Agnostida the articulating half-ring must be the 
definite evidence for the pygidium. In the specimen before hand, however, the occipital 
ring and posterior cheek borders are unpreserved or absent. Of Pseudotrinodus con

strictus it is known that the cephalon has the intramarginal suture which is clearly 
seen also on the left cheek of this specimen and in fact it is running in the same 
course as in P. aenigma. Its frontal border is divided by a median depression which 
is presumably a crack secondarily produced at the longitudinal median suture of the 
doublure. Thus it agrees with the cephalon of P. aenigma in essential characteristics. 

It can, however, be distinguished from P. aenigma primarily by the middle con
striction of the glabella and its distinct expansion at the small basal lobes. Secondarily, 
a scar of a median tubercle and one or possibly two very narrow and shallow lateral 
furrows are seen on the glabella by cross light. These aspects of the glabella appear 
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to be allied to Geragnostus, although the tubercle and furrows are not explicitly shown 
on the glabella. Although these Geragnostus-like aspects need further confirmation 
with better material, this species can readily be isolated from P. aenigma by the 
primary distinction. The resemblance of Pseudotrinodus to Typhoproetus or any other 

proetid must be homoeomorphic in view of the facts on the glabellar configuration 
and the similarity of the pygidium with the cephalon of Pseudotrinodus. 

Occurrence :-Tuffaceous shale of the Kanchanaburi area, Western Thailand. The 
locality is on road-side cutting of Chong Kaep Yai ridge, en route to Boe N oi Lead
Zinc Mine, about 12 km to the west of Sri Saw at, Kwae Yai river tributary, Changwat 
Kanchanaburi, West Thailand. (RK 21, collected by HASHIMOTO, SATO and KOMALAR

JUN). The shale is a member of variegate schalstein, limestone and sandstone beds 
containing ammonoids, brachiopods, pelecypods, crinoids, ostracodes (?) and other 
fossils. A proetoid cheek (PI. 3, fig. 7) is contained in the same slab. The age of 

the shale is probably within the limits of Coblenzian and Eifelian. It is a remarkable 

fact that Devonian agnostoids occur not only in Malaya but also in Thailand. 

Family Scutelluidae R. and E_ RICHTER, 1955 

Protuberances on scutelloid cranidia 

The development of various kinds of spines on the cranidium is a speciality of 

the morphology of the Scutelluidae. In many genera of the family the glabella bears 
a median tubercle or spine besides an occipital one. Weberopeltis is an exception 
having two median spines on the glabella. Its anterior spine issues from slightly 

behind the median point between the anterior lateral pits, while the posterior spine 
is found between two pairs of middle and posterior pits. The latter spine corresponds 
to the median glabellar spine in position in some other scutelloids. 

Beside these spines and genal ones scutellid genera or species of not a small 
number have various spines on the fixed cheeks. Two small spines occur on the 
anterior and posterior sides of the palpebral lobe in Decoroscutellu7n, Bojoscutellum, 

Microscutellu11!, and Scabriscutellum. One small spine on the posterior side of the lobe 

is known in Decoroscutellu7n (Flexiscutellum) and Metascutellum. 

The occipital and palpebral spines are long and stout in Scabriscutellum (Cavetia) 

furciferuln (HAwLE and CORDA) and not only these spines exist, but the median spine 
also is well prolonged in Comuscutellum rhinoceros (BARRMWE). In Ancyropyge the 

glabellar lobation is reduced in the axial part, while the occipital and palpebral spines 
are extraordinarily well developed. These spines are about twice the cranidium III 

length in Ancyropyge. 

The palpebral spine is not so well developed in Weberopeltis aculeatus WEBER as 
in the precedings, but it is evidently larger than the small posterior one above men
tioned (WEBER, 1951, pI. 2, figs. 9, 10; MAXIMOVA, 1968, text-fig. 2). The two palpebral 
spines are directed posterolaterally in Decoroscutellum (Decoroscutellum) binotatum 

(BARRANDE) (1872, pI. 12, figs. 24-25; SNA]DR, 1960, pI. 6, fig. 11). The two spines 
are not the less developed in Bojoscutellum crassicostatum SNAJDR (1960, pI. 14, fig. 4) 

and also in Hidascutellum multispiniferum here described. 
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It can be said that Hidascutellum best agrees with B. crassicostatum in the double 
palpebral spines, and with Weberopeltis aculeatus in the possession of one occipital 
and two median spines. It is a remarkable fact that similar spines appeared in the 
Scutelluinae as well as in the Thysanopeltinae, as shown by the occipital and palpebral 
spines in Cornuscutellum rhinoceros and Scabriscutellum (Cavetia) furciferum. In the 
variation of the spines the former subfamily is superior to the latter in looking through 
such as upper Ludlovian Weberopeltis aculeatus of the Urals, Lower Devonian Hida

scutellum of Japan and Middle Devonian Ancyropyge of North America. 

Subfamily Planiscutelluinae KOBA Y ASH! and HAMADA, 1974 

WEBBY (1974) proposed a new genus H eptabronteus whose type-species was 
Heptabronteus atavus, sp. nov. This new genus is, however, a junior synonym of 
Eokosovopeltis PRIBYL and VANEK, 1971, which was founded on Bronteus romanovskii 

WEBER, 1948, because this species" from the Caradoc to Lower Ashgill of Kazakhstan 
bears very close similarities to Heptabronteus atavus and is undoubtedly congeneric" 
as WEBBY states (WEBBY, 1974, p. 221). It is probable that the Meroperixinae were 

derived from the Planiscutelluidae through such forms by complete effacement of 
lateral furrows on the glabella and bifurcation of the median rib on the pygidium. 

Subfamily Scutelluinae R. and E. RICHTER, 1955 

Genus Hidascutellum KOBA Y ASH! and HAMADA, gen. nov. 

Type-species:- Hidascutellum multispiniferum KOBA Y ASH! and HAMADA, sp. nov. 
Diagnosis :-Scutelloids having three lateral furrows indicated by three pairs of 

pits or depressions and two median and one occipital spines on the glabella and double 
palpebral spines of medium size produced postero-laterally on cheeks; pygidium fiat 
and pentagonal in outline provided with seven pleural ribs on each side of the post
axial rib which is unforked. 

Remarks:-This genus has the cephalon resembling Weberopeltis and Bojoscutellum 

in glabellar lobation and cranidial spines. It is, however, distingushed from Webero

peltis aculeatus (WEBER) not only by its double palpebral spines but also by the entire 
margin of the pygidium, although they agree with each other in the possession of a 
simple post-axial rib. 

Bojoscutellum has the rib forked as in most Devonian scutelloids and only one 
median. spine on the glabella, instead of two in this genus. 

Distribution:-Lower and (?) early Middle Devonian; Eastern Asia. 

Hidascutellum multispiniferum KOBA Y ASH! and HAMADA, sp. nov. 

PI. 1, Figs. 1-14, PI. 2, Figs. 5-15; Text·fig. 3A 

1974. Scutellum sp. OKAZAKI (pars), Mem. Fac. Sci., Univ. Kyoto, Ser. Ceol. Min., vol. 11, no. 
2, pI. 15, fig. 15, non fig. 16. 

1974. Bojoscutellum ? n. sp. KOBAYASHI and HAMADA, Pal. Soc. japan, Sp. Pap. no. 18, p. 61. 
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Description :~Cephalon semi-circular except for short genal spines, moderately 
inflated. Glabella as wide as aoout a half of its length in posterior but expanded 
almost twice broader than the basal breadth in anterior, circumscribed by dorsal fur

rows, elevated toward axis; anterior and middle lateral furrows indicated by pits of 
which the former is laterally elongate and nearer to the margin than the axis and 

the latter subcircutar and at about the middle between axis and margin; posterior 
lateral furrow represented by a larger depression extending inward and then forward 

from margin; anterior median tubercle or spine located a little posterior to anterior 
lateral pits; posterior median spine more prominent than the preceding and nearer 

to posterior lateral furrows than the middle lateral pits; occipital furrow straight and 
profound; occipital ring thickened mesially; occipital spine most prominent, produced 

from its posterior part backward and upward; subtriangular occipital lobe fairly well 

marked pits and furrows smooth on bottom, while the rest of glabella is sculptured 

by fine striae which are more or less parallel to glabellar margins, but become circles 

near the axis with the spines at the centres; a pair of such concentric striae found 
on frontal lobe, but neither spine nor tubercle is present at their centres; this lobe 

gently slant forward and its anterior margin more or less incised near the median 
point; frontal border there very narrow, concave and deep. Fixed cheek nearly as 
wide as occipital ring in posterior but no more than a third of frontal lobe of glabella 

and depressed in anterior; middle part of the fixed cheek inflated and produced postero

laterally into two narrow palpebral spines; paraglabellar area well defined in posterior, 

semi-circular and non-striated. Free cheek divided by a shallow groove into a more 
convex inner area and less convex outer area; marginal border narrow, depressed, 
and more or less concave; compound eyes in innermost part of the cheek, reniform, 

convex, most elevated and limited by a profound groove on the outer side; fine striae 
subparallel to lateral and posterior margins cover most part of free cheek, but inner 
area along the eye is granulate. Facial sutures nearly diagonal anterior to eyes and 

more widely divergent posterior to them. 

Thorax unknown. 
Pygidium broad, pentagonal, about 2/3 in L/W ratio; axial lobe elevated above 

nearly flat pleural fields, less than a quarter of pygidial breadth, well trilobed; post
axial median rib unforked; pleural ribs flat-topped, in seven pairs; pleural furrows 
narrower than ribs; fine striae nearly parallel to lateral and posterior margins cover 

ribs as well as furrows. 
Two hypostomata from Oise (YT -31, 54; PI. 1, Figs. 9 & 8) belong most probably 

to this species. This form of hypos tom a bears scutelloid aspects in the possession of 

large wings in anterior, well developed maculae in posterior and largely sinuated lateral 
margins as seen in certain scutelluid hypostomata in Spiniscutellum umbelliferum 

(BEYRICH). Bojoscutellum crassicostatum SNAJDR, and Microscutellum gervillei (BAR
RANDE) (in PILLET, 1972) for example. As in the last of these three species the general 

outline of this hypostoma is relatively long. It is a characteristic of this form that 
it is truncated in posterior, instead of well rounded or protruded into a median spine 

as commonly seen in scutelluids. 
Observation:-There are several cranidia from 6 mm to 20 mm. in breadth. The 

general outline of the cephal on can be figured with the largest cranidium and free 
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cheek from the same locality (Kanajiro-zako, KOIZUMI colI., PI. 1, Fig. 6, 12). This 
cranidium shows the lobation and axial protuberances on the glabella fairly well, but 
they are best shown in another cranidium from the same locality (ONO colI., PI. 1, Fig. 
5) in addition to a pair of concentric striae on the frontal lobe. The palpebral spines 
are, however, poorly preserved in most cranidia except for a cranidium from Oise 
(YT -11, PI. 1, Fig. 7) on which the spines are clearly seen. It is ascertained by an 
Oise specimen (YT -24, PI. 2, Fig. 12) that such a tubercle is absent, although the 
median part of the lobe is prominent there. In another Oise pygidium (YT -23, PI. 2, 
Fig. 7) it is seen that the doublure extends as far as two-thirds the pleural region. 

The costae are obliquely striated in these two pygidia. 
Sexual (?) dimorphism :-Besides the above free cheek (Kanajiro-zako) there are 

four free cheeks from Oise two of which have granulate inner areas. Because two 
cranida and a free cheek from Kanajiro-zako have no granulate area, they combined 
with two non-granulate cheeks from Oise consititue a form. Two cranidia (YT -11, 
12; PI. 1, Figs. 7 & 4) from Oise, on the other hand, reveal the granualation changing 
from striation in the middle part of the fixed cheek which is the quite probable part 
of the granulate inner area of the free check. Because it is quite probable that the 
non-granulate and the partly granulate form belong to ,an identical species, they may 
be an example of sexual (?) dimorphism. 

Axial segmentation of the pygidium :-Among some striated pygidium from Oise, 
one (YT -24, PI. 2, Fig. 12) has the axial lobe whose articulating half ring is separated 
from the main lobe by a very pronounced furrow. Behind this furrow a pair of narrow 
lateral elevations are extended from the stout median elevation in form of T and the 
lateral elevation is limited behind by a depression laterally eleongate. These lateral 
elevation and depression must be the relics of the first a~ial ring and furrow respec
tively after the axial segmentation is completely effaced on the median elevation and 
almost so on the lateral platforms. One can see two or three more lateral depressions, 
though very faint, on the lateral platform and they are probably additional relics of 
the ring furrows. 

Immature cranidia :-In the smallest cranidium (YT ~ 14, PI. 1, Fig. 2) in the col
lection measures 4.5 mm long and 5.6 mm and 5.3 mm wide in anterior and posterior 
respectively. The width of its glabella is 3.6 mm in anterior and 1.7 mm. in posterior. 
Compared to the mature cranidia the glabella is relatively narrow, while the fixed 
cheeks are wider. Nevertheless, three pairs of lateral furrows are clearly shown by 
pits and depressions. Three axial spines or tubercles appear stouter in this than in 
the grown stage, insofar as they can be judged from their scars. The median sinu
ation of the frontal lobe of the glabella is more pronounced in the young stage. These 
glabeUar aspects can also be seen on another cranidium in a similar stage of growth 
(YT -13, PI. 1, Fig. 1), although the lateral and posterior parts of the cranidium are 
poorly preserved in the latter cranidium. 

Occurrence :-Kanajiro-zako, KOIZUMI colI. (two cranidia, free cheek), ONO colI. 
(cranidium, OKAZAKI, 1974, No. 16, pI. 9, fig. 15, bed 10); Kinma-michi ?, YAMAKOSHI 
colI. (one pygidium). 

Oise: Three cranidia (YT -11, 12, 15), two immature cranidia (YT -13, 14) two 
free cheeks p(irtly granulated (YT -19, 20), two free cheeks non-granulate (YT -21, 22), 
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seven pygidia (YT-16, 17, 18, 23,52,53,54), pygidium with ring furrow relics (YT-24). 

Genus Scutellum PUSCH, 1833 

Scutellum densigranulatum KOBA Y ASH! and HA:YIADA, sp. nov. 

PI. 2, Figs. 1-3; Text-fig. 3C 

197i1. Scute'l'lutn ·sp. OKAzAKI, Mem. Fac. Sci., Univ. Kyoto, Ser. Ceol. Min., vol. 11, no. 2, pI. 
19, fig. 16, non fig. 15. 

Description :-Pygidium semi-elliptical in outline, gently convex in antero-axial half 

or two-thirds and flat or even somewhat concave in marginal part. Axial lobe sub
triangular and elevated above pleural fields, divided by a deep furrow into an artic

ulating half-ring and the main body which is trisected into a high median subconical 
part and two lower narrower lateral parts; the lobe limited laterally by profound 

furrows, but they become shallow behind the median part; post-axial median rib 

narrow there but broadened in posterior two-fifths as wide as more than t\vice the 
anterior breadth, but it is not forked. Surface of pygidium ornamented by granules 

of different sizes densely except for furrows which are smooth on bottom; articulating 

half-ring transversely striated. Lateral ribs seven on each side of the median rib, 

narrower than the latter near the margin, separated from one another by narrow 
furrows which terminate at a short distance from pygidial margin. 

Observation:-Two imperfect pygidia collected by KorzUMI at Kanajiro-zako are 
similarly ribbed and granulate as the type pygidium, One of them is distinctly slant
ing in the dif:tal part, while the other is flattened in the marginal part. They show 
that the test is thin and the doublure very wide. 

Comparison:-This pygidium is allied to Scutellum costatum PUSCH and its closely 

allied species (RIel-ITERS, 1956) in the general outline and convexity of the pygidium, 
flattopped radial ribs and granulate test, particularly in the simple median rib as it 

is forked in most other Devonian scutelloids. It can, however, be easily distinguished 
from Middle Devonian S. costatu11l, S. altaceum (GOLD FUSS) and its subspecies geesense 

RICHTERS in the longer axial lobe, its less distinct trilobation and much denser granules 
of very different sizes. 

Scutellum (Scutellum) pardalio (WHIDBORNE) from the Givetian of England is allied 
to this species, but the pleural region of its pygidium consists of the adaxial platform 
and abaxial gentle slope of which the former is very horizontal (SELWOOD, 1966). 

The Bohemian granulate "Scutellum" species are more distant from this species, 
precisely, "S." setosum PRANTL has a much broader outline and S. muitiverrucatu11l 

SNAJDR has much broader furrows, and the median ribs is forked. 
Scutellum (Scutellum) sp. indet. by STRUSZ, 1964 from the Lower to Middle Devonian 

Garra formation of New South Wales is closely allied to this species in outline, un
forked median rib expanding posteriorly, flat lateral ribs separated by narrow furrows. 

This Australian pygidium, however, looks almost flat and tubercles on its ribs and 

axial lobe are fine and not so dense as in this species. 
Occurrence:-Two fragmentary pygidia were procured from Kanajiro-zako (Kor

ZUMI coiL); an external cast probably derived from bed 11 (Y AMAKOSHI coll.). 



80 T. KOBAYASHI and T. HAMADA 

Scutellum (?) sp. indet. 

PI. 2, Figs. 4a, b 

1965. Scutellum (?) sp. KOBAYASHI and HA:-"IADA, Trans. Proc. Pal. Soc. Japan, N. S., no. 5t!, 

p. 78, pI. 7, figs. 4a, b, text.fig. 3. 

A fragmentary pygidium described by the authors in 1965 was obtained on a spur 
northeast of Hitoegane. If the median rib is bifurcated in posterior, as restored in 
text-fig. 3 at that time. this pygidium can easily be distinguished from Hidascutellum 

multispiniferum. The bifuration is, however, not clear enough to be warranted. Other
wise, it is difficult to distinguish it from that pygidium. 

Recently Encrinurus fimbriatus was found at Hitoegane, though probably not an 
identical spot. Nevertheless, this discovery of a Silurian trilobite in a small area of 
Hitoegane casts a question, whether Scutellum (?) sp. indet. is really a Devonian trilobite. 

These questions morphological as well as stratigraphical must be solved with 
additional material from Hitoegane localities. 

Occurrence :-On a spur of Hitoegane, Fukuji district; collected by Yoshihiro 
Y ASUE; stored in Institute of Earth Science, Faculty of Liberal Arts, Yokohama 

National University. 

Subfamily Thysanopeltinae HAWLE and CORDA, 1847 

To the synoptic list of the Scutelluidae, 1974, is added a new subgenus Platy

scutellum (lzarnia) FEIST, 1974, whose type-species is Bronteus gouzesi BERGERON, 1889. 

Genus Thysanopeltella KOBA Y ASH! 1957 

Subgenus Septimopeltis PRIBYL and VANEK, 1971 

Thysanopeltella (Septimopeltis) paucispinosa (OKUBO, 1951) 

PI. 8, Fig. 9; Text-fig. 3B 

1951. Bronteus (Thysanopeltis) paucispinosa OKUBO, Earlh Sci., no. 4, p. 137, pI. 1, figs. 5a-c. 
1957. Scutellum (Thysallopeltella) paucispinosa by KOBAYASlII, Jour. Fac. Sci., Univ. Tokyo, sec. 

2, vol. 11, Pt. 1, p. 6, pI. 1, figs. 3a-b, 4. 
1974. Thysanopeltella (Septimopeltis) paucispinosa by KOBAYASHI and HAtvIADA, Pal. Soc. Japan, 

Sp. pap. no. 18, p. 73. 

This species can be said briefly a Septimopeltis having a pentagonal pygidium. 
MINATO'S suggestion (1962), to consider this species a primitive form of Weberopeltis 

is by no means tenable, because it is so distinct from Weberopeltis of the Scutelluinae 
that MAXI~IOVA (1968) has excluded it from her genus and because it is well special
ized, instead of primitive, as indicated by its pentagonal ouline of the pygidium. 

Occurrence :-Nakazato series; middle part of a valley between Omori and Higuchi
zawa, Sakari district, Of una to city, Iwate Prefecture. 
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Family Eoacidaspididae POL ETA YEVA, 1956 

In 1932 RICHTER included the Odontopleuridae in his Zacanthoididea, but no Cam
brian ancestor of the family had been known until LERMONTOV A established Acida

spides for an Upper Cambrian odontopleuroid from Kazakhstan in 1951. Subsequently 
POL ETA YEVA (1955) added Belouia and Eoacidaspis to the family, but sooner or later 
(1956) she erected the Eoacidaspididae for these Cambrian genera. TSCHERNYSHEVA 
(1955), on the other hand, erected Amgaspis for a Middle Cambrian trilobite of Southern 
Siberia which somewhat resembled the Dolichometopidae. In Osnovy (1960) she 
proposed the Amgaspidae as a new family of the Corynexochoidea, while MAXIMOVA 
placed the Eoacidaspidae in the Corynexochoidea. One year before this WHITTINGTON 
erected in Treatise the Odontopleurida to include the Odontopleurida and Eoacidaspidi
dae, saying primitive odontopleurids for the latter. 

As discussed already (KOBAYASHI 1961, 1962) it is quite probable that the Eoacida
spididae were derived from the Corynexochian stock near the Jakutidae through 
Amgaspis, because Amgaspis is allied to Acidaspides on one side and to judaiella of the 

Jakutidae on the other and because Acidaspides is a link between Amgaspis and 
Eoacidaspis. Then, missing links between the pre-Ordovician odnotopleuroids and 
post-Cambrian ododntopleurids are in the Tremadocian age, because Eoacidaspis occurs 
in Siberia in the high Upper Cambrian with Plethopeltis and Cyclognathina (TCHERNY
SHEVA, 1961), whereas Boedaspis and Miraspis appeared in the Baltic in the Arenigian 
and Selenopeltis in the lower Arenigian in Sweden and probably in England (WHIT
TINGTON and BOHLIN, 1958). 

Like in the Odontopleuridae the Eoacidaspididae have well developed eye-ridges 

and the glabella nearly as long as the cranidium. The forward tapering of the glabellar 
outline was reduced from Amgaspis to later genera. The anterior branches of facial 
sutures are, however, invariably divergent in this family, but convergent in the Odonto

pleuridae. 
Finally, Bestjubella IVSHIN, 1962 may be an off-shoot issued from the Eoacidaspidae, 

but it reveals an isolated family on account of the anterior expansion of the glabellar 
outline and the effacement of eye-ridges and the anterior and middle lateral furrows 
on the glabella. In the wide divergence of the facial sutures it agrees with the Odonto
pleuridae and the Zacanthoididae, but disagrees with the Dorypygidae. Dolichometopi

dae and Corynexochidae. 
The family Eoacidaspididae is here divided into two subfamilies, because Amgaspis 

agrees with Acidaspides best, although eye-ridges are well developed and a median 
occipital tubercle is present in the latter. Their cranidia are closely allied to that of 
judaiella, but the glabellae are more tapering forward in them than in judaiella. 

Subfamily Eoacidaspidinae POLET A YEV A, 1956 

The following five or six genera belong to this subfamily. 

Acidaspides LER'vlONTOV A, 1951. (Acidaspides precurrens LERMONTOV A, 1951). Late Middle 
Cambrian of Siberia and early Upper Cambrian of Kazakhstan. 
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Belovia POLET AYEVA, 1956. (Belovia clava TCliERNYSHEV A, 1956). Upper Cambrian of Siberia. 
Eoacidaspis POLETA YEVA, 1956. (Eoacidaspis salairensis POLETAYEVA, 1956). Upper Cambrian 

of Siberia. 
Paracidaspis POLETAYEVA, 1956. (Paracidaspis hunanica ]EGOROVA, 1963). Upper Cambrian 

of Siberia and Central China (Paishanian, Hunan). 
?Acidaspidina LAZARENKO, 1960. (Acidaspidina plana LAzARENKo, 1960). Upper Cambrian of 

Siberia (Northwestern Siberian platform). 
Acidaspidella POKROVSKAY A in ROSOVA, 1963. (Acidaspidella li11lbata POKRO\'SKAY A in ROSOVA, 

1963). Upper Cambrian of Siberia (Northwest Siberian platform). 

It is known that Acidaspides has three pairs of strong posterior spines on the 
pygidium. In Acidaspidina plana the lateral margin of the pygidium is entire. although 

its posterior margin is unknown. 

Subfamily Amgaspidinae N. TSCHERNYSHEVA, 1960 

A11lgaspis TSCHERNYSHEVA, 1956. (A11lgaspis medius TSCIIERNYSIIEVA, 1956). Middle Cam· 
brian, rarely late Lower Cambrian; Siberia and Altai. 

Family Bestjubellidae IVSHIN. 1962 

Bestjubella IvsHI)J, 1962. (Bestjubella munijicus IVSHI~, 1962). Upper Cambrian (Kujandinian) ; 
Kazakhstan. 

Family Odontopleuridae BURMEISTER, 1843 

In 1949 PRANTL and PRIBYL classified their Odontopleuracea into three families 
(Odontopleuridae, Selenopeltidae and Ceratocephalidae) and five subfamilies. Their 
tripartation of the post-Cambrian Odontopleuracea was accepted by HUPE (1955) and 
MAXIMOVA (1960). WHITTINGTON (1959) made their superfamily a family of his 
Odontopleurida and their three families three subfamilies in his order to which his 
subfamily Apianurinae was added. In this procedure he replaced the Ceratocephalidae 
RICHTERS, 1925, em. by the Miraspinae RICHTERS. 1917. 

The following 12 genera and subgenera are supplemented to those of this family 
in Treatise, 1959 to make its composition more complete. 

Boedaspis WHITTINGTO)J and BOHLIN, 1958. (Boedaspis ensifer 'VVI-IITTINGTON and BOHLIN, 
1958). Lower Ordovician (? Expansus limestone, Raniceps limestone, Sweden) ......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Apianurinae 

Primaspis (Chlustinia) PRIBYL and VANEK, 19155. (Odontopleura keyserlingi BARRANDE, 1846). 
Caradocian (Zahorany), Bohemia ........................................ Odontopleurinae 

Pri11laspis (Meadowtownella) PRIBYL and VA;\th:, 1965. (P1'i11laspis whitei WIIITTARD, 1961). 
Anglo-Scandinavia and North America .................................. Odontopleurinae 

Periallaspis BRUTON, 1966. (Periallaspis uncinus BRUTON, 1966). Lower Ordovician (Basal 
Oeland Series), Sweden .............................................. Subfamily uncertain 

Isoprusia BRUTON, 1966. (Isoprusia mydlakia BRUTON, 1966). Lower and Middle Devonian, 
Bohemia, Germany, Poland and Kazakhstan ........................ , ....... Miraspidinae 

Anacaenaspis BRUTO:-l, 1967. (" Acidaspis emarginata SCH~'IIDT, 1885). Llandovery to Ludlow, 
Gotland, Esthonia ........................................................ Odontopleuridae 

Xanionurus WHITTI:-IGTON and CAMPBELL, 1967. (Xanionurus boucoti WHITTINGTON and 
CAMPBELL, 1967). Upper Wenlock-Ludlow; North America .............. OdontopJeurinae 



Devonian Trilobites of Japan 83 

Primaspis (Taemaspis) CIIATTERTOr'{, 1971. [Primaspis (Taemaspis) campbelli CHATTERTON, 
1971J. Upper Wenlockian to Lower or Middle Devonian; Australia and (?) Bohemia .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Odontopleurinae 

Elbaspis BALDIS y BLASCO, 1973. (Elbaspis pintadensis BALDIS y BLASCO, 1973). Middle 
and Upper? Ordovician; Argentine (Mendoza) .......................... Odontopleurinae 

Leonaspis (Eoleonaspis) SHENG, 1974. (Acidaspis shanensis REED, 1915). Upper Ordovician: 
Eurasia ................................................... " ............. Odontopleurinae 

Ningnanaspis SHENG, 1974. (Ningnanaspis ningnanensis SHENG, 1974, monotypic). Middle 
Ordovician, Central China (Szechuan), presumably ancestral to Eoleonaspis ........... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Odontopleurinae 

Gaotania CHANG, 1974. (Gaotania ovata CHANG, 1974). Lower to (?) Middle Silurian; South 
China (Kweichou, Hupei, Yunnan) .................................... Odontopleurinae ? 

PRIBYL and VANEK (1973) pointed out that Anacaenaspis BRUTON, 1967 and Prima
spis (Taemaspis) CHATTERTON, 1971 are junior synonyms of Primaspis (Measdowtow
nella) PRIBYL and VANEK, 1965 and that Solenopeltis PRANTL and PRIBYL, 1949 and 
Leonaspis (Acanthalomina) PRANTL and PRIBYL, 1949 are respecitively a valid genus 

and subgenus. BRUTON (1968) on the other hand, considered that the co-authors have 

overestimated the taxonomic importance of the differences between the two subgenera, 
Primaspis (Primaspis and IVIeadowtownella). 

The Ceratocephalidae emended by PRANTL and PRIBYL, 1949 consisted of the 

Ceratocephalinae, Dicranurinae and Miraspinae. This tripartation was upheld by ERBEN 
(1952), HUPE (1955), and MAXIMOVA (1960). This family by PRAKTL and PRIBYL is 
the Miraspidinae by WHITTINGTON (1959). 

According to WHITTINGTON (1956) Ceratocephala indicates the trunk of his family 

from which Miraspis and Dicranurus were issued on two sides. Thus their subfamily

tripartation was also accepted by WHITTINGTON. 

The generic grouping of the Ceratocephalidae by PRANTL and P({IBYL was later 

modified. Among 11 genera of their family they distributed only five to the three 
subfamilies and others remained in the Ceratocephalidae or incertae sub familiae. 
Subsequently ERBEN (1952) located Orphanaspis, Koneprusia and Selenopeltoides in the 

Dicranurinae. WHITTINGTON (1959) considered lVhittingtonia an independent off-shoot 
from the Ceratocephala trunk. Furthermore, Drummuckaspis and Onychaspis were 

found to be two synonyma of Proceratocephala and Ceratocephala respectively. 
Orphanaspis PRANTL and PRIBYL, 1949. as well as Selenopeltoides PRANTL and PRIBYL, 

1948, were synonymized with Dicranurus CONRAD, 1841, and Ceratocephalina was 

promoted to the generic rank by BRUTON (1968). 

Now the three groups of the Miraspidinae comprise the following genera. 

I. Ceratocephala group: Ceratocephala, Ceratocephalina, Proceratocephala, 
Whittingtonia 

H. Dicranurus group: Dicranurus. Koneprusia, ? Ceratonurus, ? Isopleura 
III. Miraspis group: Miraspis 
P[{IBYL and VANEK (1973) have already revived the Dicranurinae PRANTL and 

PRIBYL, 1949. 
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Distribution of odontopleurids in Asia 

While Paraacidaspis hunanica JEGOROVA was described from the Upper Cambrian 
of Hunan. Central China (J EGOROV A et al., 1963). little has been known of Ordovician 
odontopleurids in Eastern Asia. Acidaspis huangi SUN, 1931 is the type-species of 

Omeipsis KOBAYASHI, 1951, of the Taihungshanidae SUN, 1931. PATTE (1926) reported 
that a fragmentary thoracic segment presumably of an ascidaspid was found in les 
schistes de Nam mo, east Tonkin, Viet-Nam which contained Ceraurienella d. mitis 
(SAL TER), Vietna71lia douvillei (MANSUY) and other Middle Ordovician trilobites (KOBA
Y ASHI, 1960), but the thoracic fragment in question was neither illustrated nor precisely 
described. A possible odontopleurid contained in the Upper Ordovician Tambak faunule 
of Malay is an obscure right cheek with short spines on the lateral margin (KOBA
Y ASHI and HAMADA. 1970). 

Recently two new species of Ordovician odnontopleurids were described by Lv 
and CHANG (1974) from Central China. One is Dicranurus ovifonnis from Middle 
Ordovician of Kweichou. It is the oldest species of Dicranurus, since the genus has 
been known from Lower and Middle Devonian. The other is Diacanthaspis laokuang
shanensis from Upper Ordovician of Szechuan. This is the latest species of the genus, 
because it is known from Middle Ordovician. 

Some Silurian ones are, however, well known from the Sino-Burmese borderland. 
REED (1915) was the first to describe Acidaspis shanensis from the Llandoverian 
Panshapyge trilobite band in the Northern Shan States, Burma. Later CHEN (1948) 

described the following three from the basal part of the lower Jenhochiao Series in 
West Yunnan. 

Leonaspis yunnanensis OlEN 

Leonaspis ct. shanensis (REED) 

Primaspis suni CHEN 

Because this Leonaspis shale lies below the Monograptus cyphus zone or the iVI. 
modestus zone (SUN and SZETU, 1947, Mu, 1964), the age of these odnotopleurids is 
probably early Llandovery. In Central China Acidaspis octaspinus GRABAU, 1925, (nom. 
nUd.) and Acidaspis sp. were reported to occur in the Middle Silurian Lojoping Series 
in west Hupeh, but they remain undescribed. Recently CHANG (1974) described two 
Lower Silurian species of Leonaspis from Kweichou. They are Leonaspis sinensis and 
L. pusillus. Another two Lower Silurian odontopleurids from Kweichou are named by 
him Gaotania ovata and G. pulchella (See Postscrikt 6). 

In South Asia none is known from the Himalayas. SEILACHER (1963) reported an 
occurrence of Selenopeltis buchi (BARRANDE) in the Sinat shale of Iran and suggested 
Caradocian for its age. In further west HAAS (1968) described the following four 
species from Bithynia, near Istanbul, Northwest Turkey. 

Leonaspis panoptes HAAS (Siegenian, Praguian) 
Leonaspis belisatius HAAS (upper Emsian) 
Leonaspis leucothea HAAS (Eifelian) 
Leonaspis sp. ex aff. hoernesi (BARRANDE) (Lowest upper Emsian) 

On the other side of the Asiatic continent WEBER (1948) described Acidaspis 
(Leonaspis) sp. aff. A. pan'issimus ETHERIDGE and MITCHELL and Acidaspis sp. indet. 
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from the Upper Ordovician of Western Siberia and Kazakhstan respectively. and 
compared the latter to Primaspis (MeadowtolUnella) evoluta (TORNQUIST). In addition 
he described Acidaspis sp. indet. from the lower Ludlovian of the Urals and Pri
Balkhash, East Kazakhstan (1951) and Acidaspis cornuta WEBER, 1932, from the Middle 
Devonian of Turkestan. According to BRUTON (1966) this species belongs to Isoprusia 
closely allied to Isoprusia ursula (BARRANDE): 

Lately several odontopleurids were added by MAXIMOVA as follows: 

1. Acanthaloma emarginata (SCH:VIIDT) (i. e. Acanthaloma peetillata by MAXI).IOV A, 1955) from 
the Llandovery of the Siberian platform (MAXI1>IOVA, 1962). 

2. Acanthaloma (Acanthaloma) tell ella MAXIMOVA, 1960 from the Eifelian of the Rudi Altai. 
3. Acanthaloma (Acanthaloma) IOllgispina BALASHOVA from Upper Silurian; Ceratocephala sp. 

and Dicranurus sp. aff. Dicranurus hamatus CO:,\RAD from the Gedinnian; Acanthaloma 
(Ketteraspis) aff. pigra (BARRANDE) from the Coblenzian; Acanthaloma (Ketteraspis) d. 
derelicta (BARRANDE) from the Eifelian. All from Central Kazakhstan. 

Incidentally, Acanthaloma CONRAD, 1840 was surpressed by Leonaspis R. and E. 

RICHTER, 1917. 
The odontopleurids from Fukuji, Central Japan belong to two species and no other 

Devonian species is known from Eastern Asia. 

Subfamily Odontopleurinae BUR:VIEISTER, 1843 

Genus Primaspis R. & E. RICHTER. 1917 

Primaspis (?) tanakai KOBA Y ASH! and HAMADA, sp. nov. 

PI. 3, Figs. 1a-e; Text-fig. 3E 

Description :-Glabella strongly inflated, very broad and most expanded between 
genal angles where its breadth is much broader than twice its length; these angles 
located at about one-third the cephalic length; anterior and lateral margins broadly 
rounded and seemingly a little protruded at frontal margin; posterior cheek margin 
angulated at about the middle breadth; genal spines present. Glabella subovate. con

vex, composed of a median lobe and two pairs of lateral lobes which are separated 
from one another by deep furrows and outlined as a whole by circum-glabellar furrows; 
median lobe subcylindrical, only a little expanded laterally in anterior; anterior and 
posterior lateral lobes respectively subtriangular and sub quadrate ; occipital furrow 
very profound; occipital ring thickened mesially; median tubercle, instead of a spine, 
present; paired occipital lobes separated from median part by shallow furrows; frontal 
border depressed; frontal margin straight and non-spinose; palpebral ridges arcuate, 
divergent from the antero-lateral sides of median lobe, narrow but distinct. Fixed 
cheeks inside the ridges broadened posteroirly to some extent, but anterior to the 
ridges very minute. Eyes small, located far back at the terminal of the ridges. Free 
cheek moderate in size; lateral border provided with ten marginal spines; genal spine 
of medium length, curved with convexity on antero-lateral side and extending more 
or less downward; intergenal angle obtuse; free cheek inside of marginal border de
corated with irregular fine ridges which are more or less cancellate in anterior portion, 
but radial elements predominate the others in posterior position. Cranidium orna-
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mented by coarse granulation. 
Comparison:-This species is repesented by a small cephalon, 3.7 mm long. It 

resembles Primaspis (Taemaspis) bowningensis (ETHERIDGE and MITCHELL, 1896), 
particularly a para type of that species in fig. 7, pI. 23 in CAMPBELL, 1971, most 
closely. It, however, disagrees with that species in that the lateral lobe is bisected, 
that border spines are countable no more than ten and that the cephalon appears 
more inflated in this than in that species. Because of the bilobation, instead of trilo· 
bation in Primaspis, a better specimen is required to warrant its taxonomic position. 
Nevertheless, the two species look so similar in most other characteristics that the 
differences depend possibly upon the poor state of preservation of the cephal on at 

hand. 
Occurrence :-Kanajiro.zako with a pygidium of Gravicalymene yamakoshii in the 

same slab. Y. TANAKA colI. 

Subfamily Miraspidinae R. and E. RICHTER, 1917 

Genus Ceratocephala WARDER, 1847 

The generic characteristics of Ceratocephala in comparison with allied odonto· 
pleurids were greatly clarified by WHITTINGTON (1956) and others. Recently many 
European species of the Odontopleuridae including this genus were thoroughly re· 
studied by BRUTON (1966, 1968). This genus typical of the Ceratocephala group has 
the cephalon in inverted trapezoidal outline, while it is normal trapezoid in Miraspis 
and somewhat tetragonal in Dicranurus. In this genus paired occipital spines are not 
twisted and the facial sutures not so distinct as in Dicranurus. The eyes are set 
more anteriorly and their stalks, if present, not so prolonged as in Miraspis. There 
are of course other distinctions in thorax and pygidium, but omitted here for only 
the cephalon is known of Ceratocephala nipponica. 

Of the three other genera in the same group Ceratocephala can easily be distin· 
guished from Ceratocephalina by the absence of the prominent median occipital spine 
and from Whittingtonia by the strong inflated cephalon, well developed median lobe 
and small lateral lobes of the glabella and two pairs of stout spines on the cephalon 
of that genus. Eyes are obscure and a median glabellar lobe defined by profound 
furrows is narrower in Proceratocephala, if compared with that of Ceratocephalina. 
These three allied genera are all Ordovician in age. 

Ceratocephala is long ranged from Middle Ordovician to Middle Devonian and 
widely distributed not only in the northern continents but in Australia also. ETHERIDGE 
and MITCHELL (1897) described four species (jackii, vogdesi, impedita and longispina) 
of the genus from the Silurian Bowning Series in New South Wales. According to 
GILL (1947) Bounyongia, subgenus of Ceratocephala founded on Bounyongia bowning. 
ensis by ETHERIDGE and MITCHELL (1917), is invalid. 

Ceratocephala nipponica KOBA Y ASH! and HAMADA, sp. nov. 

PI. 3, Figs. 5,6; Text.fig. 3D 
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Description :-Internal and external moulds of a cranidium and a latex-cast taken 
from the latter are before hand. As this cephal on is contained in a shale, its con
vexity is reduced. As it is deformed diagonally, its original form is provisionally 
restored for a comparative study. 

The outline of the cephalon exclusive of two pairs of spines is trapezoidal or 
more or less pentagonal, a little expanded forward and rounded at angles, its length 
being about twice its breadth; anterior margin gently arcuate and a little protruded 
in front of the glabella. The glabella is subtrapezoidal in outline, most expanded 
laterally at the basal lateral lobes; median lobe parallel-sided, nearly one-third as wide 

as the glabella, but laterally expanded at the frontal lobe half as wide as the glabellar 
breadth. A small anterior lateral lobe is present behind the expansion of the frontal 
lobe. The middle lateral lobe is not much smaller than the basal lobe. The dorsal, 
lateral, para-axial and occipital furrows are smooth, or minute granules are very sparse. 
While such granules are densely distributed on the lobes of the grabella, occipital ring 
and cheeks, larger tubercles look more or less regularly disposed on the glabella. A 
median protuberance is much larger than these tubercles. It looks similar to occipital 
lobes behind the basal lobes in size and prominence; occipital ring provided, in addi
tion, with a pair of spines which are directed postero-laterally and upward; posterior 
depressed band is thinning out laterally behind the occipital lobe. The free and fixed 
cheeks are so well fused that the facial sutures become very obscure, but their posterior 
branches are traceable behind the eye-lobes to cut the posterior border just inside of 
the genal spines. Eyes are unpreserved, but their scars are seen to be opposed at 
about the middle lateral lobes of the glabella. The anterior part of the cephalon is 
so crudely deformed that no distinct eye-ridge can be assured. The genal spine issues 
upward and toward a little lateral to the posterior from the junction between lateral 
and posterior rims, tut inside of a narrow depressed band at the genal angle. The 
narrow raised marginal rim is limited by a relatively narrow furrow on the inner side, 
while on the other side it is provided with small spines on the anterior and antero
lateral side of the cephal on. 

A hypostom procured by ONO at Sorayama is very similar to the hypostomata 

of Middle Ordovician Ceratocephala laciniata and C. triacantheis (WHITTINGTON and 
EVITT, 1954), although the posterior margin is fairly ,veil sinuated in this hypostoma 
as in Silurian Ceratoceplwla verneuili (BARRANDE). This Devonian hypostoma is quite 
distinct from them in the possession of an elliptical anterior elevation laterally elongated 
and a large shallow depression behind it and further a pair of circular pit on the 

former. 
Comparison:-This species is most closely allied to Ceratocephala vesiculosa (BEY

RICH), 1864 and C. t'erneuili (BARRANDE) 1864 both of which are so intimately related 
to each other, particularly in the cephalon, as BARRA~DE combined them in Acidaspis 
vesiculosa. In the presence of small spines along the anterior margin, the median 
protuberance located at the centre of the occipital ring and coarser granulation of the 
test (PRANTL and PRIBYL. 1949), it agrees better with C. vesiculosa. According to 
BRUTO~ (1968) the presence of the anterior lateral lobe of the glabella is a distinction 
of C. venleuili from C. vesiculosa. This species possesses the lobe, but it is a very 
small elevation within a relatively broad and deep lateral furrow, which is set close 
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to the,:fn)ntal lobe at its. lateral expansion. An important distinction of this species 
from .these.·two. European species is the absence or improminence of the eye-ridges. 
Additional differenceS from C. vesiculosa are the mode of coarse granulation and the 
median tubercle of the occipital ring which is pointed at the top but not produced 
into a spil}e asnoted.b;y BRUTON in C. vesiculosa; . 

Ampng th~Asiatic,.ocl:ontopleurids the nearest to this species is Ceratocephala sp. 

described 9y.MAXJMOVA (1968) fromtpe Lower- Devonian· Pribalkhash horizon of 
:CentraLKazakhstan. It is represented, by an imperfect cephalon. As it is compared 
,with C. ,1.terneuili, it belongs to the same, species. group of Ceratocephala, but probably 
n0t so .!;loseto .this as these Bohemian species .. While the Bohemian ones hav!= the 
·ceplila:la:;subtrapezoidal.in 'outline, distinctly expanded anteriorly, it is longer and well 
roundedjiJ. the. anterior half in··the Kazakhstan form .. In the outline it may be nearer 
to C . . vesic:ulo6(l·by ERBEN ~1952) hom the Coblenzian of the Lower Harz. This is 
;another ,impferfect'cephaloh' whose anterior margin ,js,.seel'Ii~ngly more arcuate than 
the two'above mentioned BohemiaN forms . 

. The "cephalon of Ceratocephala'JVogdesi ETHERIDGE and. MITCHEL in fig. 3 of their 
plate 51 resembl~~;this' cephalon, but. theanterior,~margin is straight, anterior lateral 
lobe of the glabella absent and eye-ri<;lges are very prominent in that species. 

Occurrence :-:-Fukuji. Incidentally, Ceratocepha:la verneuili occurs in the Kopanina 
formation of the Budnany and C. vesiculosa rangesfrcim the Pridoli formation of the 
Budnany to the lower Eifelianin Bohemia., according :to BRUTON (1968). 

I,' ':F 

", 
Family Lichidae HAWLE and CORDA, 1847 

In Silurian Trilobites of Japan, 1974 the authors summarized Asiatic species of 
lichids which they can gather out of accessible references to them at that time. 
Recently CH,ANG (1974) instituted a new genus Tsunyilichas on Tsunyilichas pustulosus, 

nov. ,from Lower Silurian of Kweichou. Of Devonian species there were 13 species 
including specifically indeterminable ones which are now referred to Acanthopyge s.1. 
and Lobopyge. Here one of Radiolichas (?) and another of Craspedarges are added to 
them, as shown in Fossil list 12. 

It is a remarkable fact that these four genera belong all to the Ceratargiinae and 
Acanthopyge .altirhachis (TSCHERNYSHEVA) from the Upper Silurian of the Kuznetsk 
basin is the forerunner. "Acanthopyge" sp. indet. from Ferghana is the next oldest 
in Asia. 

In Australia are known four lichids as follows: 

Acanthopyge australis (McCoy) 
Acanthopyge (?) sinuata (RATTE) 
Acanthopyge (Mephiarges) bifidus EDGELL 

Craspedarges wilcanniae GURICH 

According to TRIPP (1958) the first and second species are Lower Devonian, the 
third species is Middle Devonian and the last one Upper Devonian. CHATTERTON 
(1971) referred the first species to Lobopyge and dated the third species at Emsian. 
GORICH'S dating of the last species at late Upper Devonian is an important question, 
since it is, if so, the latest survivor of the Lichidae or Lichacea. The conspicuous 
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Fossil list 12. Devonian lichids in Asia and Australia. 

1~_T_r_i~_lo_b_it_e_S_p_ec_i_e_s _____ A_re_a==I __ 1 __ I __ 2 __ 3 ___ .1_1~1_6_) _~1_8_1 __ 9 __ 

Acanthopyge planus (WEBER) MD I I I 
Acallthopyge haueri (BARRA:\DE) LDf I Daft. • ! I 
Acanthopyge, n. sp. (A. planus ?) LDf I I I I 

Acanthopyge sp. (WEBER, 1932) MDf 1 I I 
I~" _A_c_a_llt_h_o_py_g_e_'_' _s_p._i_n_d_e_t._(_W_E_B_E_R_, _19_3_2_) _1_U_S_L_D_f_I __ ._1_1 __ 1[ __ 1 ____ :1 ___ ; ___ 1 

Acanthopyge sibiricus (TSCIIER1\YSI-IEVA) MD 

Acanthopyge parvulus LD 
cOllvexus (TscHERNYSIIEV A) 

Lobopyge limbata MAXIMOVA 

Lobopyge brevis MAXIMOVA 

Lobopyge longiaxis MAXI:VIOVA 

Lobpoyge sp. (MAXI:\IOVA, 1968) 

Radioliehas (?) asiatieus MAXIlvlOVA 

Lobopyge erinaeea HASS 

Dl-" 
Df? 
Dr 
DlI-·-·-·-

MD 

lEm 

Lobopyge (?) pulex HASS 

Liehas aft. declieni HOLZAPEL 

Lobopyge (?) sp. indet. 

Craspedarges superbus 
KOBAYASHI and HA1vIADA 

uEm· 

IMD 
-----·I-I-LD1--I 

:Cb-Ef 

Acanthopyge australis (McCoy) 

Acanthopyge (?) sinuata (RATTE) 

Craspedarges wileanniae GURICH 

Acanthopyge (Mephiarges) bUidus EDGELL 

Area Turkestan, WEBER (1932); f: Ferghana 

1

_--'

I i 

2 Kuznetsk basin, TSCHERNYSIIEVA (1932) 

3 Central Kazakhstan, MAXIMOVA (1968) 
4 Upper Amur, MODZALEVSKAYA (1969) 
5 Mongolian Altai, MAXI;\IOVA (197.1) 
6 Bithynia, Turkey, HAAS (1968) 
7 Viet-Nam 
8 Japan, KOBAYASIII and HA:VIADA (1977, in this paper) 
9 Australia 

Age S: Silurian, D: Devonian, Cb: Coblenzian, Em: Emsian, Ef: Eifelian, 
L, l: lower, M: middle, n, u: upper 

LD 

LD 

(Cb-Ef) 

I Em 

alliance of Craspedarges superb us to C. wilcanniae suggests that the age of the latter 

in question may not be much deviated from the former species. 
These Australian lichids are also members of the Ceratargiinae. While the Lichinae 

have flourished in North America in the Devonian period, Acanthopyge, Lobopyge, 

Craspedarges, Radiolichas, Mephiarges, and allied genera and subgenera of the Ceratar
giinae made a wide radiance in Eurasia and Australia in the same period, although 
Acanthopyge including some of these allies (TRIPP, 1959, in Treatise) is a cosmopolitan 

genus. Craspedarges is on the other hand. restricted to the Western Pacific area. 

The Lichidae were died out probably by the end of the Middle Devonian period. 
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Genus Craspedarges GURICH, 1901 

Type-species ;-Craspedarges wilcanniae GURICH, 1901. 
Diagnosis ;-In cephalon antero-median, bicomposite lateral and basal lateral lobes 

completely circumscribed; preoccipital depression profound; occipital ring and posterior 
cheek border well marked; frontal border depressed, very well developed for lichids; 
facial sutures divergent from large eyes on two sides. Pygidium having multisegmented 
cylindrical axial lobe from which post-axial ridge and then a median spine issue; 
pleural lobes with five pairs of lateral spines issuing from pleural ribs of different 
strength through marginal rim. Test granulate. 

Remarks ;-In the lobation of the glabella this genus agrees nicely with 
(1) Acanthopyge HAWLE and CORDA, 1847, i. e. Eurages GURICH, 
(2) Perunaspis PRIBYL, 1949, i. e. Lobopyge (Nitidulopyge) PRIBYL and ERBEN, 1952, 

and 
(3) Lobopyge PRIBYL and ERBEN, 1952. 
The anterior lobe of the glabella and the anterior marginal border are, however, 

incomparably well developed in this genus. Furthermore they are quite distinct in the 
pygidium. Namely, Acanthopyge has a similar axial lobe. Only two anterior axial 
rings are distinct; two pairs of pleural ribs prominent above pleural fields and ending 
long slender spines; third pair of spines issuing from posterior border. The pygidium 
of Lobopyge is not essentially different from that of Acanthopyge, but the axial lobe 
is very stout, while the post-axial ridge is small. Two anterior pleurae are well de
veloped, each divided into two bands by a pleural furrow; marginal border undefined. 
Perunaspis has a pygidium similar to Lobopyge, bur the axial lobe is conical and 
provided with three or more rings well defined; four pairs of spines present (VANEK, 
1959). 

The median spine is absent in these three genera, but present in Radiolichas 
REED, 1923, in which, however, the post-axial ridge is absent and three pairs of long 
pleural spines are mesially furrowed. Eifliarges RICHTERS, 1917, has spines as many 
as six pairs in addition to four short spines behind the axial lobe. Radiolichas and 
Eifliarges have cephal a quite distinct from Craspedarges. 

This genus is allied to Trochurus BEYRICH, 1845 and Dicranogmlls HA WLE and 
CORDA, 1847, both having the posterior median depression and distinct occipital ring, 
but the cranidium is strongly convex in these genera. The anterior glabellar lobe is 

not widely exapanded laterally in Troclzurus and the longitudinal furrows of the 
glabella are effaced in anterior so completely that the anterior lobe is undefined in 
Dicranogmus. 

Among the older Ii chid genera Hemiarges reveals the same kind of lobation and 
the isolation of the occipital ring, but the anterior and posterior lateral furrows happen 
to become obsolete. The preglabellar portion of the median lobe is separated from 
the main part which becomes in Acanthopyge, a depressed zone with a pair of tubercles. 

The hypostoma of He11liarges is closely allied to that of Acanthopyge. The hypo
stomata of Lobopyge and Penmaspis are allied to them but differ from them in the 
lateral auriculation and posterior sinuation. The hyp~stoma of Craspedarges so far 
known appears nearer to the Hemiarges-Acanthopyge form than the Lobopyge-Perunaspis 
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form, but the main body is completely bisected by a transversal furrow. The develop
ment of the marginal border is the most distinctive speciality for the cephalon of this 
genus. 

In conclusion Craspedarges may be said a terminal branch of the Ceratargiiae 
near Acanthopyge derived from Silurian Hemiarges stock. 

Distribution :-Craspedarges was instituted by GURICH in 1901 on Craspedarges 

wilcanniae, nov. which was found among sandstone boulders at White Cliffs, Idar, 
Wilcannia district, New South Wales, Australia. He concluded the age of the sand
stone boulders derived from the opal-bearing formation of White Cliffs at late Upper 
Devonian on the basis of brachiopods and other fossils in the boulders. Since then 
the range of the family was generally considered from Ordovician to Upper Devonian 
as in ZITTEL-BROILI'S Grundziige (1928). It was accepted as the solitary survivor of 
the superfamily Lichidacea in the late Devonian age by TRIPP (1958, 59). 

PHLEGAR (1937), on the contrary, cited the range of the genus from Middle Silurian 
to Lower Devonian. This range was accepted by HUPE (1953, 55), citing .• Gothlandien: 
Europe et Devonien: Australie." The Silurian species of Europe which PHLEGER 
referred to Craspedarges are 

C. acutalis (REED) from Dudley, England 
C. ambigua (BARRANDE) and 
C. hetericylta (BARRANDE) both from E-e2, Bohemia 

which are now all placed in Hemiarges (TRIPP, 1958, VANEK, 1959, HORNY and BASTL 
1970). Thersfore these three species must be excluded from the genus. Then the age 
of Craspedarges wilcanniae remains as the matter of discussion. 

DUN (1896) was the first to examine the fossiliferous boulders in the Cretaceous 
beds in the White Cliffs Opal-fields. He distinguished 10 forms of brachiopods, 9 of 
pelecypods and 3 of gastropods besides Orthoceras, Goniatites and Tentaculites, and 
placed the boulder fauna at the top of Middle Devonian, if not Upper Devonian. 
Schizophoria, Spirifer jaqueti, Aviculopteria australis, Loxonema, and Tentaculites are 
common members between the two collections examined by DUN and GURICH. Empha
sizing the inclusion of Rhynohonella duni GURICH, i. e. R. ct. pleurodon by DUN, GURICH 
concluded the late Upper Devonian age of the opal-bearing formation of White Cliffs. 

In The Geology of New South Wales (PACHMAN, ed. 1969, p. 148) Spirifer jaqueti 

is referred to, Howellella (Silurian to Lower Devonian) and it is quoted that "The 
fauna from the Amphitheatre group apparently Early Devonian in age." Incidentally, 
the range of Howellella is upper Llandovery to Gedinnian in MOORE'S Treatise, H, p. 
334, 1965, but the genus ranges up as high as Emsian in Australia (TALENT, 1963, p. 
28) and some other areas (HAMADA, 1971). The group is disconformably or uncon
formably overlain by the Middle and Upper Devonian Mulga Downs Group in the 
Cobar basin, N. S. W. (CAMPBELL, 1972). Therefore the Amphitheatre group must be 
pre-Eifelian. Is there any possibility for the boulder fauna to be a composite one 
derived from the two groups? 

Under this cirumstance the dating of Craspedarges wilcanniae either at Lower 
Devonian or at Upper Devonian seems to be indefinite. On the other hand it is fairly 
certain that Craspedarges superbus here described is Coblenzian-Eifelian in age. In 
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view of the remarkable affinity of this species to C. wilcanniae it is presumable that 

the generic range will not expand' so long as the whole Devonian period. 

Craspedarges superbus KOBA Y ASI-II and HAMADA, sp. nov. 

PI. -1, Figs. 3-15; Text.fig. 5A 

1974. ? Craspedarges sp. OKAZAKI, pI. 9, figs. 12-14. 

Description :-Cranidium provided with well inflated glabella, highest near its center 

and with relatively wide, flat frontal border; glabella clearly divided by profound 

furrows hto a mushroom.shaped antero·median lobe, bicomposite lobes and basal lateral 
lobes; antero·median lobe composed of lunate anterior lobe and cylindrical median lobe 

where the latter is extending further back than bicomposite lobes; longitudinal furrow 
straight, suddenly bent at anterior end laterally and posteriorly and running into 
arcuate anterior lateral furrow; bicomposite lobe sub trigonally ovate whereas basal 
lateral lobe is roundly quadrate; posterior lateral furrow dividing these lobes diagonally 
divergent from profound preoccipital depression behind the median lobe; occipital ring 
nearly straight, bent upward along its posterior margin and slanting toward the 

preoccipital depression where three protuberances are generally present but no median 

tubercle on the ring; occipital furrow connected with posterior border furrow, but 
basal lateral lobe invaded between the ring and posterior border of fixed cheek; circum· 
glabellar furrow deep, continuous in its whole length; fixed cheek narrow and depressed 
below glabellar lobes; palpebral ridge and band extending from bicomposite lobe 

postero.laterally, but abruptly turning back· and inward and terminating near middle 
point of lateral margin of posterior lateral lobe; frontal border nearly as long as 
anterior lunate lobe of glabella, well rounded, flat, depressed below glabella; facial 
sutures divergent from palpebral lobe more widely backward than forward; glabellar 

lobes, occipital ring and posterior border coarsely and densely granulate, but glabellar 

furrows smooth; frontal border and fixed cheek also granulate, but not so densely as 
glabellar lobes. 

Pygidium exclusive of spines parabolic in outline, about 2/3 in L/W proportion 
and moderately inflated; marginal spines composed of five pairs of lateral spines beside 
a short median spine and long and short lateral ones disposed alternately; axial lobe 

slightly elevated above pleural fields, as wide as a quarter of pygidium, teretconical, 
but abruptly rounded near three·fifths the pygidial length; thence a narrow and low 

post-axial ridge issues, but it terminates just inside the posterior rim and then a 
posterior spine extends backward; axial lobe divided into no less than eleven rings 
by ring furrows; first ring large, provided with a small articulating half.ring; first 
ring furrow more pronounced than succeeding ones; two or three rings behind the 
first better marked than succeeding ones; pleural lobes gently inflated adaxially; first 
pleuron divided into a narrow anterior band and a broad posterior band by a narrow 
interpleural furrow which is. however, interrupted by a narrow lateral rim; then two 
bands united and produced postero.laterally into a spine; second pleuron composed of 

a wide flat anterior depression and a low posterior rib which are issuing from the 
second axial ring; third pleuron consists of a prominent rib and a narrow furrow in 
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front both of which are extending .from the ·third or fourth axial ri.:ng ;fonrth and 
fifth ribs very weak, the former of which exends from near the fourth ring. posteriorly 
and a little laterally, while the latterts nearly parallel to the lateral, margi'n of axial· 
lobe; these pleural ribs once.i.nterrupt.~d·at marginal rim, extended into spins ; granules 
distributed :all over·,the pygidiurn, '" 

Obsen'ation :--,-OKAZAKI illustrated in' his paper (1974) two cranidia,and a pygidietm 
collected by KITO from .Sorayama, Fukuji,! undeI: tne name oLe?). Craspedarges. The 
authors spent considerable times with not.only KITo's specimens but ,also< many others 
collected by ONO, TANAKA and Y AMAKOSHI.·for cleaning, observation and < comparison. 
As the result a nearly complete concept can now be:figured out of the cranidium and 
pygidium and something is known of the fixed cheek and hypostoma, although nothing 
is known of the thorax. Thus, this species supplements a great ·deal to the type
species to grasp the generic concept. 

The cranidia at hand are 7 mm to 19 mm in breadth. The right palpebral lobe is 
clearly seen in a cranidium (no. 22; KITO coiL, PI. 4, Fig. 8). An imperfect hypostoma 
(PI. 4, Fig. 16) and a free cheek (PI. 4, Fig. 10) were found in a same slab with a 
small cranidium (no. 14, KITO coIL). They belong most probably to an identical cephalon 
insofar as can be judged from their size, outline and convexity. The internal and 
external moulds of a cranidium (625, ONO, colI. PI. 4, Fig. 9) show the difference of 
the mode of granulation and sculpture of glabellar furrows between the two sides of 
the test. 

A free cheek whose posterior part is imperfect, is fairly broad. It fits the crani
dium along the diagonal anterior branch of the facial suture and the large eye behind 
it. The cheek has a flat lateral border which is evidently the extention of the frontal 
border. 

The hypostoma is presumed from its middle and posterior parts to be sub quadrate 
and broader than long. The median body is divided by a transverse furrow into a 
large anterior part and a posterior band.. The body is embraced on the posterior and 
lateral sides by a well developed border, but they are separated from each other by 
a broad furrow. 

Six pygidia in hand are all represented by internal and external moulds. Three 
of them show the outline which is evidently broader (Figs. 12, 14, 15) than others 
(Figs. 11, 13), but the narrower ones may be laterally compressed secondarliy, causing 
deformation of the axial lobe and other part. Because the marginal spines are imper
fectly preserved, how far the spines are actually different in length and also their 
interval. It is, however, certain that long and short ones were ali ned alternately on 
the two sides of the short median spine. 

Comparison :-GURIeH (1901) instituted Craspedarges wilcanniae gen. et sp. nov. 
with an imperfect cranidium and three. very fragmentary pygidia. The palpebral lobe 
and the postero-Iateral limb of the fixed cheek are unpreserved in the cranidium, but 
it is evident that the cranidium, glabella and its antero-median lobe are all longer in 
the Australian species, if compared with this species. In that species the bicomposite 
lobe is larger as well as longer in comparison with the basal lateral lobe and a median 
tubercle is present on the occipital ring. In the lateral view the convexity of the 
glabella attains the maximum near the junction of the anterior lobe with the median 
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lobe whereas the glabella becomes most convex at about the mid-length of the median 
lobe in this species. The anterior lobe is more developed and the anterior branches 
of the facial sutures are not so widely divergent in that species. 

REED (1923) quoted that" Pygidium (incompletely known) composed of seven (?) 

pairs of pleural ending in freely projecting marginal spines on each side." It is 
difficult to restore the pygidium out of the three pygidia. GURICH'S pygidium in fig. 

7, pI. 18 appears to be broad subtriangular and truncated in posterior. There a median 
spine is present and five spines are countable on its right sid~. 

The glabellar lobation, developed anterior border of the cranidium and the posse
ssion of five pairs of pygidial spines beside the median spine are essential character
istics showing the congeniality of this species with C. wilcanniae, but it is readily dis
tinguishable from that species as mentioned above_ 

Among the lichids of Asia Lobopyge limbata MAXIMOVA, 1968, from the Lower 
Devonian of Central Kazakhstan has the nearest cranidium to this species, particularly 
in regard to the developed frontal border, although the frontal lobe of the glabella is 
less developed than that of this species and the median lobe is expanded in middle
posterior. The pygidium of the Kazakhstan species is typical of Lobopyge. 

Occurrence :-All specimens except one shown in Fig. 15, which was found in shaly 

bed, were collected by OHNO from a sandy bed at Sorayama. 

Genus Acanthopyge HAWLE and CORDA, 1847 

Acanthopyge (Lobopyge ?) sp. indet. 

PI. 4, Fig. 2; Text-fig. 5B 

A small cranidium, 4.7 mm broad, from Sora yam a is quite different from Craspe

darges in the narrow convex anterior rim which is separated from the glabella by a 
narrow deep marginal furrow. The anterior-median lobe is mushroom shaped, like 
that of Craspedarges superbus, but more quickly narrowing laterally. Its median pos
terior part is cylindrical and separated by straight longitudinal furrows from the bi
composite lateral lobes which are sub ovate in outline. 

In the cranidium before hand its posterior part is unpreserved, but it belongs most 
probably to either Lobopyge or Acanthopyge, the two genera having similar cephal a, 
but their pygidia are quite different from each other. 

Occurrence :-From a sandy bed at Sorayama, KorzuMI colI. 

Family Cheiruridae HA WLE and CORDA, 1847 

This family has been classified and reclassified repeatedly by se~eral authors since 
HA WLE and CORDA'S proposal on Cheirurides, the latest being LAi\E'S classification, 
1971. In his revision he divided the family into seven subfamilies the oldest of which 
is the Pilekinae ranging from late Upper Cambrian to early Arenigian. All other sub
families appeared during the Ordovician period, but after Tremadocian and most 
flourished in the period. Almost all genera of the family disappeared by the end of 
the Silurian period leaving Youngia until Siegenian and Crotalocep/wlus until Givetian. 
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The subfamily Cheirurinae is the trunk of the family and its terminal genus is 
Crotalocephalus. Because Devonian crotalocephalids reveal unique aspects in phyletic 
senility, the morphology, taxonnmy and distribution of Crotalocej)halus are here de· 

scribed and discussed in detail. On this occasion the Pilekinae are discussed with 
special reference to Upper Cambrian genera, as the subfamily is the stock of the 
Cheiruridae. As the result of comparison of Upper Cambrian cheirurids with older 
trilobites it is concluded that the Pilekiinae were probably derived from near the 
Damesellidae. 

Subfamily Pilekiinae SOZUY, 1955 

SIVOV (1955) was the first to describe a late Upper Cambrian cheirurid, Emsurina, 

nov. from Salair, Kuznetsk basin, Siberia and to refer the genus to the Cheiruridae 
in comparing it with Pilekia. HARRINGTON (1959), however, stated that it .• may be 
L. Ord. (Tremadoc)" in MOORE'S Treatise. Subsequently ROSOVA (1960) instituted 
Eocheirurus and Emsurella also on late Upper Cambrian trilobites of Salair. These 
three cheirurid genera occur together with Pseudagnostus, Arctol,ephalus SIVOV, Por

tentosus Srvov et JEGOROVA, Parakoldinia Srvov, Pedinocephalina Srvov and some 
other genera. They constitute the Tolstochikhohinsky fauna which is quite distinct 

from the Tremadocian Zapadnayah fauna of Mt. Shorie, Kuznetsk basin which contains 
Apatokephalus. Furthermore it is now ascertained in the northwestern Siberian plat
form that Paralwldinia and Apatokephalus occur in the Upper Cambrian and Tremado
cian respectively (RosovA, 1963, 1969). Therefore Srvov and ROSOVA are correct to 
determine the age of these three cheirurid genera at late Upper Cambrian. 

Among these three genera Eocheirurus differs from the two others in the broader 
cephal on and cheeks relati ve to the glabella and the possession of· genel spines of 
moderate length. In Emsurella the glabella tapers forward more distinctly and more 
rounded in front than in the two other genera. Nevertheless, all of them have the 
glabella nearly parallel-sided or teretely tapering forward and provided with three 
pairs of lateral furrows as typical of the Pilekiinae. Small eyes are located in anterior 
near the glabella; eye-ridge short; facial sutures proparian, their two branches being 
a little convergent anteriorly and extending laterally but slightly posteriorly on the 
two sides of the eyes. 

When SOZUY (1955) instituted the Pilekiinae in the Cheiruridae, he combined Pilelzia 

BARTON, 1915, Parapilekia KOBAYASHI, 1934 and Anacheirurus REED, 1896 in the sub
family. HARRINGTON (19:59) transferred it to the Pliomeridae and added .Metapilekia 

HARRINGTON, 1938, lvietapliomerops KOBAYASHI, 1934, Emsllrina SIVOV, Seisonia KOBA
Y ASHI, 1934 and Tesselacauda Ross, 1951 to the family, but he retained some doubt 
on the reference of the last three genera. 

Recently LANE (1971) replaced the subfamily to the Cheiruridae and included 
Pilekia, Anacheirurus, Koraipsis KOBAYASHI, 1934, Metapilelzia, ? Emsure/la. ? Emsurina, 

? Eocheirurus and ? Tesselacauda in it. The authors agree with LANE to consider the 
subfamily to be the ancestral stock of the Cheiruridae. At the same time it is prob
able that the family Pliomeridae was derived from the same stock, in view of the close 
similarity between Tesselacauda and Rossaspis with regard to the elliptical glabelia, 
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short lateral genal spines and so forth which LANE has pointed out. 
Among the three Upper Cambrian cheirurid genera Eocheirurus is particular 

intimately related to Damesella in the broad cephalon and broad cheeks with genal 
spines, although the eyes are larger and located near the centers of the cheeks and 
facial sutures are opisthoparian in Damesella. In the outline of the cephalon Eocheirurus 
agrees better with Damesella brevicaudata (WALCOTT) than D. paronai (AIRAGHI). 
The latter having intergenal angle3 is on the contrary comparable with Tesselacauda 
and R ossaspis. 

In 1905 Damesella was founded by W ALCOTT on Damesella blackwelderi, nov. which 
was later found to be identical with Cheirurus paronai AIRAGHI, 1902, as pointed out 
already by the senior author (1941). It is an interesting fact indeed that the type
species of Damesella was originally a Cambrian species of opisthoparian Cheirurus. 

EIIlSllrilla on the other hand agrees better with the Dorypygidae than the Damesel
lidae in the narrower cheeks and the greater convexity of the glabella. Its outline is 
more or less elliptical in Dorypyge richthofeni DAMES as in Tesselacallda and Rossaspis, 
but parallel. sided and rounded in front in Basoceplwlus normalis IVSHlN as in Emsllrina 
and tapering forward and well rounded in anterior in Paraolenoides kasini IVSHIN as 
in Emsurella (vide fig. 1 in KOBAYASHI, 1960). Emsurina and Emsurella, however, 
differ from the Dorypygidae and Damesellidae not only in the biocharacters of eyes 
and facial sutures, but also in the lack of genal spinee. 

Nothing is known of the thorax and pygidium of these cheirurid genera of the 
Pilekiinae. but it may be admitted to assume that they were like those of the 
Tremadocian genera of the same subfamily. Their pleuron is generally divided into 
t\VO bands by pleural furrows like in Damesella and Stephanocare. Metapliomerops has 
6 pairs of spines on the pygidium. although the last two pairs are diminitive. 

Morphologically it is certain that Mississquoia SHAW, 1951 is a relic of the 

Damesellidae which was introduced by the effacement of the eye-ridge and forward 
migration of facial sutures, although there are some missing links between the Kusha
nian Damesellidae and Tremadocian Mississquoia. The facial suture is gonatoparian 
in MississqZloia, while it is further migrated causing the forward migration of the eye 
in the Upper Cambrian cheirurids. In the cephalon Mississquoia is not far apart from 
Canadian Wutingia El\DO, 1935 of the Kaolishaniidae, although its pygidium is multi
spinose. while the pygidium of the Kaolishaniida(; has only a pair of spines. 

The extension of the lineage of the Damesellidae as far as Tremadocian and of 
the Cheiruridae as far as late Upper Cambrian, namely, the finds of a relic genus of 
the former and three progenitors of the latter, and their morphological alliances sug
gest as a whole that the family Cheiruridae was derived from the Damesellidae prob
ably between the latter and the Dorypygidae (See Postscript 7). 

Subfamily Cheirurinae HAWLE and CORDA, 1847 

Phylogerontic specializations of the gla bella in Silurian 
and Devonian crotalocephalids 

It is of great interest to see unusual aspects of the glabella in erotalocephalus, 
because it is the latest survivor of the Cheiruridae and the suborder Cheirurina. 
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Among such aspects are trallsglabellar furrows and glabellar rings. nom. nov. defined 
by them. These furrows indicate the original cephalic segmentation. Therefore they 
are rather common among Lo\ver Cambrian trilobites. but rare to see among post
Cambrian polymeric trilobites. 

Three transglabellar furrows are often explicitly represented in Redlichia, a few 
other redlichids. certain olenellids and Bathynotus. They are generally subparallel to 
one another and gently arcuate backward. Combined with the occipital furrow they 
define three glabellar rings. It is a general tendency for effacement of such furrows 
to start from the distal side, as seen in Paradoxides-Centropleura, for example. There
fore the posterior glabellar ring i. e.. the preoccipital ring is not so rare even among 
post-Cambrian trilobites. On the other hand two or three transglabellar furrows are 
exceedingly rare to see even among Middle and Upper Cambrian trilobites, although 
they are seen in komaspids and ptychaspids for example. Two such furrows in Lower 
Ordovician Curiospis are really exceptional among post-Cambrian trilobites. 

In comparison with mature forms, the transglabellar furrows are met with more 
commonly in immature stages. They are known of Paradoxides, Sao, Olenus, Lepto

plastus, Triarthrus. Proetus and so forth, and in Eastern Asia of Redlichia chinensis, 

Amphoton deois, Blacl2welderia quadrata and others. At the same time it can be said 
that many of them are Cambrian trilobites. Therefore transglabellar furrows and 
glabellar rings in Crotalocephalus are quite rare recurrences of primitive biocharacters 
known only either in archaeic trilobites or in the early stages of growth. 

Lateral furrows are often bifurcated adaxially on the glabella. The bifurcation 
is met with more commonly on the posterior lateral furrows than the others. In 
Crotalocephalus articulatus posterior branches extend rectangularly from the preoccipital 
transglabellar furrow, dividing the preoccipital ring into a median and two lateral 
lobes. This kind of tripartation is similar to that of Delaria and Dito1l!opyge, although 

the median and lateral furrows of the two latters are not identical with the trans
glabellar furrows and their posterior branches of C. articlilatlis. 

In Devonian crotalocephalids the posterior transglabellar furro\\' and the occipital 
furrow take respectively V-shape and reversed V-shape as much as they are connected 
to each other in form of X. As the result the preoccipital ring is bisected into two 
triangular basal lobes. Such a X-connection is seen also in Cheirllrlls and Pseudo

cheirurlls, whereas in Cerauroides subquadrate basal lobes are intervened by a broad 
median area like in Crotalocephalus articulatus. Ceraurinella represents an intermediate 

form whose basal lobes are triangular and separated by a median area. These cheiru
rids, however, have no transglabellar furrows except for Crotalocephalus. Thus the 
appearance of transglabellar furrows is a recurrence of a primitive biocharacter, but 

the X-connection is a speciality unknown in Cambrian trilobites. 
Finally. a median longitudinal or sagittal furrow which bisects the anterior glabellar 

ring in certain Devonian crotalocephalids is so unusual that PRAl'\TL (1947) considered 
it to be an abnormal modification in senility. Prior to this three varieties were dis
tinguished by the discrepancy of the ring. namely. Cheirurus gibbus var. interruptus 

BARRA:\DE, 1852, Cheirurus sternbergi var. interrupta KAYSER, 1878 and Ch. /1lyops var. 

interrupta WEBER, 1932 where BARRA1\DE'S is now considered an independent species 
of Cheirurus (Crotalocephalina) (HOR1\\' and BASTL, 1970). As pointed out already 
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(KOBA Y ASH! and IGo, 1956) the latter variety may not be a gerontic form of Ch. myops, 

because it is smaller than Ch. myops s. str. not with standing the fact that they were 

procured from the same locality in Kazakhstan. 
Insofar as the authors are aware with accessible literatures, such a discrepant 

glabellar ring is very uncommon among Eur-African crotalocephalids. In the Fuku
chi collection, however, it is so common and so varies in size and form that it can 
be evaluated a supra-specific distinction. 

The median longitudinal furrow on the glabella is really rare in polymeric trilobites. 
An exception which the anthors are aware is Silurian Langgonia in Malay in which 
the furrow cuts into the frontal lobe of the glabella. Encrinuroides REED and its 
related group is another exception having an anterior median furrow on the glabella. 
Likewise, the furrow cuts the frontal lobe in Pleuroctenium and Tomagnostus, com
pletely dividing it into two lobes. In Neoagnostus the anterior glabellar ring is bisected 

by such a furrow just like in some Devonian crotalocephalids. Because the suborder 
Agnostina represents a highly specialized group of trilobites, it may be said a pattern 
of high specialization. It is also noteworthy that the bisection of the frontal lobe by 
a median longitudinal furrowdis also well represented on the glabella of certain Para

doxides in immature stages. Paradoxides is again a highly specialized Middle Cam
brian genus derived from the redlichian stock. Therefore it is reasonable to consider 
that the median longitudinal furrow of Devonian crotalocephalids reveal also a mode 
of specialization which occurred in a very terminal branch. 

In summarizing the above discussion the specializations which occurred in Devonian 
crotalocephalids may be classified as follows: 

1. Glabellar rings defined by transglabellar furrows 
............ Phylogerontic reccurrence of retrogressive biocharacter 

2. X-connection between occipital and preoccipital furrows 
............ Phylogerontic spesialization of progressive biocharacter 

3. Bisection of anterior or land middle glabellar rings by a median longitudinal furrow 

! Phylogerontic specialization of progressive (3a) biocharacter' 
.. ....... ... Pathologic or teratologic modification occurring in some 

individuals by accidental or spontaneous (3b) injury 

These specializations (1, 2, 3a) are all found in subgenus GeracejJhalina, but only 
two of them (1 and 2) in other subgenera of genus Crotaloceplwlina, here defined. 

Genus Crotalocephalus SALTER 1853 

Type-spec ies :-Calymene articulata MU/\,STER. 1840 (known only of cranidi~m), 
monotypic (?). 

Remarks :-In 1853 SALTER proposed Crotaloceplwlus as one of four subgenera of 
Cheirurus, in describing Cheirurus articulatus? However, as he was uncertain in the 
specific identification, he suggested Crotalocephalus pengelli for this British form in 

case of misidentification. This suggestion was later accepted by WHIDBORNE (1889) 
when he described Cheirurus pengelli. Crotalocephalus in SALTER'S mind was probably 
such a form as Crotalocephalus pengelli and C. sternbergi, but C. articulata (MUNSTER) 



De\'onian Trilobites of Japan 99 

beared "Glabella oblong, broadest in front, with furrows continuous across as in 
SALTER'S diagnosis. 

Calymene articulata MUNSTER, 1840 was cited as the type-species of Crotalocephalus 

by BARTON (1915), HENNINGS MOEN (in MOORE'S Treatise, 1959), ALBERTI (1969) and 
PILLET (1972), although PRANTL and PRIBYL (1947) choosed Cheirurus gibbus BEY RICH, 
1945 for the type-species and the selection was accepted by HUPE (1955), BALASHOV A 
(in Osnovy, 1960), and MAXIMOVA (1968). Therefore PRIBYL and VANEK (1964) are 
correct to propose Crotalocephalina nov. for Cheirurus gibbus. This was accepted by 
ALBERTI (1969) and PILLET (1972). 

As a result of a restudy on the MUNSTER'S, LUTKE (1965) who retained a question 
on the acceptance of Cheirurus gibbus as the lectogenotype, pointed out that the 
articulata group should be isolated from most other species of Crotalocephalus. The 
principal distinction of the group is quadrate basal lobes of the glabella, instead of 
triangular ones, and the rectangular posterior branches of the preoccipital transglabellar 
furrow which isolate the median lobe from the basal ones. Its age is Middle-early 
Upper Silurian, if ignored dubious reference of upper Eifelian C. cordai BARRANDE, 
1846. 

Thus, Crotalocephalus includes two kinds of cephala, but there is no link. There 
is a time gap between the two groups at upper Ludlovian. As discussed already, the 
tripartation of the preoccipital ring and the X-connection of the occipital and preoc
cipital furrows indicate two distinct trends of evolution. Therefore the authors are 
of opinion that Devonian crotalocephalids should be distinguished from the articulate 

group generically. 
As pointed out by PRANTL and PRIBYL (1947) and PfUBH and VANEK (1964), 

Devonian crotalocephalids may be classified into two groups, namely 

(1) the sternbergi group having a broad and fairly fiat dorsal shield, relatively 
broad cheeks and thoracic pleurae and two or three pairs of long spines of 
pygidium, and 

(2) the gibbus group having an elongate convex dorsal shield, broad glabella and 
thoracic axis and three (or four) pairs of broad spines on the pygidium which 

is typically mucronate in posterior. 

Incidentally, ALBERTI (1971) noted that Ch. (Cr.) d. paupera BARRAl'WE is dimor
phic, having a mucronate pygidium in one and a non-mucronate pygidium in another 

form. 
In the congrees of A. F. A. S. at Rennes, 1963, PILLET presented a note in which 

he proposed a tripartation of Crotalocephalus into Crotalocephalus s. str .. Gibbocephalus 

nov. and Boeckia nov. where the type-species of the respective subgenus were Calymene 

articulata, Cheirurus gibbus and Trilobites sternbergi. This article was printed in 1965. 
In consequence Gibbocephalus became a junior subjective synonym of Crotalocephalina. 

Boeckia, on the contrary, was a homonym of Boeckia MALM, 1870, BROGGER and 
BRADY, 1874. Therefore PRIBYL suggested Pilletopeltis for PILLET'S Boeckia in his 

letter to PILLET, 1969 and PRIBYL'S new name was published in PILLET'S article, 1972. 
Beside these ALBERTI (1969) proposed Crotalocephalides for Cheiru1'lls (C1'otalo

cephalus) gaertne1'i ALBERTI, 1962 as its type-species_ It has four pairs of long spines 
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on the pygidium; frontal lobe of glabella well developed and drooping in anterior; 
pregenal spine present in early post.larval stage reduced in length in mature stage. 

Here Crotalocephalina is promoted to the generic rank. The above mantioned X
connection is the essential distinction from Crotalocephalus. This genus includes four 
subgenera, viz. Crotalocephalina s. str., Pilletopeltis, Crotalocephalides and Geracephalina, 

nov. The last subgenus, Geracephalina here proposed, differs from the precedings in 
the bisection of the anterior glabellar ring by the median longitudinal furrow. Its 
type-species is Geracephalina secta, nov. 

In summarizing the above discussion the so-called Crotalocephalus is classified as 

follows: 

Genus Crotalocephalus SALTER, 1853 
Genus Crotalocephalina PRIBYL and VANEK, 1964 

Subgenus Crotalocephalina PRIBYL and VANEK, 1964 
Subgenus Crotalocephalides ALBERTI, 1967 
Subgenus Pilletopeltis PRIBYL in PILLET, 1972 
Slibgenus Geracephalina KOBA Y ASH! and HAMADA, subgen. nov. 

Distribution of "Crotalocephalus" in Asia and the Ural Mountains 

This genus i~ ~idely distributed from Japan to Asia Minor. It has most flourished 
in Ferghana, Turkestan as reported by WEBER in 1932 the following species. 

1. Cheirurus myops ROEMER and Ch. myops interrupta BARRANDE. MUSHKETOV and NALl
VIKIN'S collection, loco 53, Upper Silurian. 

2. Cheirurus myops RODIER. J. RIIEIN\\'ALD'S collection, loco 20, Upper Silurian. 

3. Cheirurus sternbergi BOECK (?). HyilOstoma.· WEBER'S collection, loco 1300, Lower 
Devonian. 

4. Cheirurus sternbergi BOECK. Hypostoma. NALlVIKIN'S collection, lower Middle Devonian. 

5. Cheirurus uratubensis· WEBER (nov.). Pygidium. MUSHKETOV'S collection. loco 81, Ura
tiube, Upper Silurian. 

In 1951 WEBER redescribed Crotalocephalus myops and proposed a new name, var. 
scissa for Cr. myops interrupta. In addition he described Crotalocephalus sternbergi 
BOECK var. bitumulata nov. from the Urals, and Cheirurus (?) longiaxiatus nov. from 
Middle Asia. The last is founded on a mucronate pygidium with three pairs of long 
spines apparently intermediate between Crotalocephalina and Pilletopeltis. They were 
considered upper Ludlovian in age. 

In the same year TSCHERNYSHEVA described the following species from the Kuznetsk 
basin, West Siberia. 

Cheirurus (erotalocephalus) myops ROHIER (S2, D)) 

Cheirurus (Crotaloeep/wlus) yavorskyi TSCHERNYSIIEVA (D)) 

Cheirurus (CrotaloeeP/wlus) parvus TSCHERNYSHEVA (DD 

A further development of the genus in the stretch from the Urals to Kazakhstan 
was shown successively by MAXIMOVA in her papers as below. 

(1) Givetian: Agoniatites and Stringocephailis bllrtoni zone in the Urals and Northern 
Mugodzhar (MAXIMOVA, 1955). 
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Cheirurus (Crotalocep/wlus) sternbergi ROEMER 

Cheirurus (Crotalocephalus) tardus MAXI~IOV A (nov.) 

(2) Lower and Middle Devonian of Rudi-Altai (MAXIMOVA, 1960). 

Crotalocephalus myops ROD,IER (Di-D§) 

Crotalocephalus aff. uratllbellsis (WEBER) (DD 

Crotalocephalus sp. Hypostoma (DD 

(3) Coblenzian. Kazakhstan (MAXIMOVA, 1960). 

Crotalocephalus gibbus hexaspinus MAXI~IO\'A (nov.) 

(4) Upper Silurian and Lower Devonian, Central Kazakhstan (MAXIMOVA, 1968). 

Crotalocephallfs expansus BALASHOVA (S2) 
Crotalocephalus gemmatus WEBER (S2).. 
Crotalocephalus d. sternbergi BOECK (S2) 

Crotalocephalus he,xaspilllls MAXI~IOV A (Di) 

Crotalocephallls sp. Hypostoma (Di) 
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Assuming that the specific identification is correct, the above species may be 
referred to subgenera of Crotalacephali/ia as, below: 

" 

(1) Crotalocephalilla (Crotalocephalina) : hexaspinlls MAXI~IOVA, llratubensis WEBER, (?) yabor
skyi TSCI-IERNYSIIEVA, (?) lOllgiaxiatlls WEBER 

(2) Crotalocephalilla (Pilletopeltis): bitumulatlls WEBER, myops RODIER, parVlls TSCHERXY

SHEVA, sternbergi ROECK, tardus MAXI~IOVA. 
(3) Crotalocephalina (Geracephalilla): expansus BALASIIOVA, myops interrupta BARRAXDE. 

Incidentally. Cheirurus myaps BEYRICH,' 1845 is according to LUTKE (1965) a junior 
objective synonym of Cheirurus (Cheirurus) prapinquus (MUNSTER, 1840) and Cheirurus 
myaps ROEMER, 1850 is a junior primary homonym of Cheirllrus myaps BEYRICH. 
Therefore he proposed a new name Cheirurus (Cratalacephalus) affinis neamyaps for 

the latter. LANE (1971) referred Cratalacephalus gammatus together with Cheirllrus 
quenstedti arientalis MAXIMOVA to his Didrepanan. Cheirurus (Cratalacephalus) yavarskyi 
is a peculiar species having the middle glabellar ring, instead of the anterior ring, 
bisected. 

In Japan two subgenera, Pilletapeltis and Cratalacephalina of Cratalacephalina were 
represented respectively by Cheirurus (Cratalacephalus) japanicus KOBA Y ASH! and IGo, 
1956 and Cheirurus (Cratalacephalus) sp. indet. 

Now the following species are known in Japan: 

Crotalocephalilla (Crotaiocephaiina) sp. nov. 

Crotalocep/wtina (Pilletopeltis) japollica KOBAYASIII and IGO 

Cr. (P.) japollica grallulata KOBAYASHI and HA:\IADA, subsp. nov. 
Cr. (P.) kameii KOBAYASHI and HAMADA, sp. nov. 
Crotalocep/wtina (Crotalocepha/ides) sp. 

Crotalocepha/ ina (Crotalocephalides ?) sp. 
Crotalocephalina(Geracephalina) secta KOBAYASHI and HAMADA, sp. nov. 
Cr. (G.) secta projecta KOBAYASHI and H .. \~IADA, subsp. nov. 

Cr. (G.) convexa KOBAYASHI and H.-\:\IADA, sp. nov. 

Crotalocephalina (Geracephalina) euryrachis KOBAYASIII and HA:\IADA, sp. nov. 

Crotalocep/w/ina subg. et spp. indet. 
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The Devonian of Bithynia, Northwest Turkey yields the following two species 
(HAAs, 1968). 

Cheirurus (Crotalocephalus) copiosus HAAS, Praguian, probably high Siegenian. 
Cheirurus (Crotalocephalus) sternbergi sternbergi (BOECK), highest Emsian. 

They are two members of Crotalocephalina (Pilletopeltis), but the latter species 
appears to include Geracephalina. 

Finally, Crotalocephalus is reported to occur in the Eifelian of Northeastern USSR 
(NIKOLAEV and RZHONSNITSKA Y A, 1967). 

Distribution of "Crotalocephalus" in Australia and Tasmania 

" Crotalocephalus" has thrived in Australia and Tasmania in the Middle Palaeozoic 
times as represented by the following occurrences: 

Crotalocephalus silverdalensis ETHERIDGE and MITCHELL, 1917. Yass-Hume beds, New South 
Wales, Upper Silurian; Boola beds, Victoria (PHILIP, 1962) 

Crotalocephalus sculptus ETHERIDGE and MITCHELL, 1917. Lower Trilobite beds, N. S. W. ; 
Upper Silurian. 

Crotalocephalus (?) sp. by ETHERIDGE and MITCHELL, 1917. Molong limestone, N.S. W. 
Cheirurus sternbergi BOECK by CHAPMAN, 1915. Yeringian, Victoria. 
Cheirurus (Crotalocephalus) sp. by GILL, 1948. Yeringian Eldron Group, Tasmania. 
Cheirul'us (Crotalocephalus) sp. by TALENT, 1963. Lower Devonian limestone, Victoria. 
Cheirurus (Crotalocephalus) packhami STRUSZ, 1964. Lower to Middle Devonian, N. S. W. 
Cheirurus (Crotalocephalus) regius FOLDVARY, 1970. Lower Devonian, N.S. W. 

C. silverdalensis and C. sculptus belong to Crotalocephalina (Pilletopeltis) and C. 
packhami and probably C. regius to Crotalocephalina (Crotalocephalina). C. regius is 
probably referable to Crotalocephalina (Geracephalina) because its illustration shows 
its median longitudinal furrow clearly bisecting the anterior and middle glabellar rings. 
TALENT'S Cheirurus (Crotalocephalus) sp. seems to be an immature form of Crotalo

cephalina (Geracephalina). It is a question whether Crotalocephalina appeared already 
in late Silurian in Australia, Turkestan, western Siberia and the Urals. These are 
mostly older records and more recent records are all from the Devonian except for 
in Central Kazakhstan where it occurs at the Silurian-Devonian transition. 

Genus C/'otalocephalina PRIBYL and VANEK, 1964 

Type-species :-Cheirurus gibbus BEYRICH, 1845. 
Distribution:-Lower and Middle Devonian: Europe, North Africa, Asia and Aus

tralia, possibly uppermost Silurian in Kazakhstan. Upper Silurian in the Urals, North 
and Central Asia, and Australia in older records of occurrences. 

Subgenus Crotalocephalina PRIBYL and V A~EK, 1964 

This subgenus is represented in Europe and North Africa by the following species: 

? africanus ALBERTI, 1967 
brevispsnosus ERBEl', 195~ 
chlupaci PRIBYL and VA1\EK, 1962 
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gibbus auster A,LBERTI, 1970 
globifrons HAWLE and CORDA, 1847 
intermedius PILLET, 1965 
? maurus ALBERTI, 1966 
trigonalis PILLET, 1972 
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They are distribued in the range from Lochkovian to Eifelian in Europe and North 
Africa. See pages 100 and 102 for Asian and Australasian species respectively. 

Crotalocephalina (Crotal ocephalina) sp. indet. 

PI. 8, Fig. 2; Text-fig. 3E 

1956. Cheirurlls (Crotalocephalus) sp. indet. KOBAYASHI and leo, Japan. Jour. Ceol. Ceogr., vol. 
27, p. 152, pI. 10, figs. 5a-b, text-fig. 2. 

Though imperfect, this species agrees with Crotalocephalina s. str. in the strongly 
inflated cephalon, forwardly expanded glabella, strongly convex large frontal lobe and 
narrow cheek. The transglabellar furrows are distin.ctly oblique to the axis; eye 
relatively small but prominent and located near the anterior glabellar ring. The 
anterior branch of the facial suture is somewhat arcuate and cuts the frontal border 
diagonally; its posterior branch nearly straight and transversal. The test is coarsely 
granulate. The anterior outline of the cephal on conspicuously protruded at the part 
of the cranidium and the more or less arcuate anterior and middle furrows on the 
glabella are two characteristics of this species to show its being a new species. 

Occurrence :-On the southern slope of Sorayama, Fukuji, Kamitakara village, 
Yoshiki County, Gifu Prefecture. 

Genus Pilletopeltis PRIBYL in PILLET, 1971 

Type-species :--Trilobites sternbergi BOECK, 1827. 
Distribution:-The following species and subspecies are known from Devonian 

strata from Praguian to Givetian in Europe and Nortn Africa. 

affinis afjinitis HAWLE and CORDA, 1847 
affinis meridionalis ALBERTI, 1969 
affinis neomyops LOTKE, 1965 

? cordai BARRAl'\DE, 1852 
insularis LOTKE, 1961 
? lenoiri BERGERON, 1887 
mallrllS ALBERTI, 1966 
pauper pauper BARRANDE, 1852 
pauper zagorai ALBERTI, 1967 
p~ngelli WILDBORNE, 1889 
sternbergi racemifer PRIBYL and VANEK, 1968 
sternbergi couffoni PILLET, 1971 
transiens BOUCEK, 1935 

See pages 101 and 102 for Asian and Australasian species respectively. 
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Crotalocephalina (Pilletopeltis) japonica (KOBAY ASH! and IGo, 1956) 

PI. 5, Figs. 1, 2, 3, 5-8; PI. 8, Figs. 3-6; Text·fig. 3F 

1955. Gheirurus sternbergi BOECK by KAMEl and IGo, Jour. Ceol. Soc. Japan, p. 557, text.fig. 
1956. Gheirllrus (Grotalocephalus) japoniclls KOBAYASHI and IGo, Japan. Jour. Ceol. Ceogr., vol. 

27, nos. 2-4, p. 150, pI. 10, figs. 1-4. 
1970. Grotalocephalus sp. by KOIZUMI and KAKEGAWA, Earth Sci., vol. 24, no. 5, p. 184, pI. 1, 

fig. 5, only. 
1974. Grotalocephalus japonicus by OKAZAKI et a!. Jour. Ceol. Soc. Japan, vol. 80, no. 11, pI. 1, 

figs. 1-2. 
1974. Grotalocephalus (Pilletopeltis) japonicus KOBAYASHI and HA;'vIADA, Proc. Japan Acad., vol. 

50, no. 9, p. 761. 

Description:-Dorsal shield fairly broad and not much inflated; axial lobe relatively 
narrow in comparison to pleural lobe and tapering gradually backward. Cephalon 
semicircular in outline, large and moderately inflated. Glabella clearly outlined by 
profound dorsal furrows, more or less pentagonal, but well rounded in front, slightly 
elevated above cheeks, a half longer than broad, occupying about one· third cephalic 
breadth at the base, expanding forward very slowly but rather abruptly in anterior; 
transglabellar furrows deep; anterior and middle ones in form of two obtuse Vs, and 
more or less recurved near lateral ends; posterior one more oblique than the preced
ings and. jo~ns with occipital furrow on axis where it is bent up; at this point occipital 
ring strongly expanded and a little so the middle glabellar ring; median tubercle absent 
on these rings; posterior glabellar ring divided there into two triangular basal lobes; 
middle ring. al,?ost as large as anterior one, but somewhat thicker near axis; frontal 
lobe much larger than these rings, more or less triangular, expanded laterally near 
base and well rounded in anterior. Eyes moderate sized, close-set to anterior glabellar 
ring and elevated above cheeks. Marginal border convex, defined by marginal furrow 
on inner side and produced into a short spine. Facial sutures anterior to eyes running 
nearly parallel to axial furrow, but somewhat laterally and swinging adaxially on 
anterior marginal furrow and border; posterior branch of the suture running laterally 
from posterior end of eye, but suddenly turning postero-Iaterally at junction with 
marginal furrow, forming an angle and crossing lateral border diagonally. Glabella 
densely granulate; cheeks pitted and in part granulated; all furrows smooth; marginal 
border almost smooth, but minute tubercles sparcely scattered. 

Thorax composed of no less than 10 segments, gradually narrowing backward; axial 
ring narrower than pleuron and divided into three parts by a pair of buttons; pleuron 
divided into two bands by diagonal pleural furrow and falcate near the end; anterior 
band provided with two prominent buttons and posterior band with a prominent button 
near adaxial end. 

Pygidium with three rings and a terminal lobe; aXial ring provided with paired 
buttons; post-axial spine absent. Pleural region divided into three parts by interpleural 
furrows and free in abaxial half; anterior pleuron extending laterally, falcate terminaly, 
divided into two bands by diagonal pleural furrow; anterior band furnished with two 
buttons and posterior one with on~ button; middle pleuron also divided into two bands, 
but buttons not so prominent and more largely falcate in free part; last pleural part 
extending from third axial ring and a terminal lobe, produced posteriorly and bisected 
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by a furrow; buttons there insignificant. 
Observation:-The holotype shield is composed of a cephalon and seven thoracic 

segments, but the anterior right side of the cephalon is broken off. The paratype 
specimen is an imperfect pygidium which. however, shows paired buttons on the axial 
rings clearly. 

Another shield from Kinma-michi (No. 125, Shizenkan; PI. 5, Fig. 1) consists of 
a cephalon, ten or eleven thoracic segments and a part of a pygidium, but these seg
ments are not so well preserved as their number is exactly countable. Due to secondary 
deformation pits on the right cheek are elongated, but those on the left cheek are 
normal. The eyes and facial sutures are clearly observable on the right cheek, but 
genal angles are ill-preserved. 

Genal spines can be well seen on a nearly complete cranidium from Oise-dani 
(YT -1; PI. 5, Fig. 3). 

Two detached thoracic segments from Oise show narrow axial rings and broad 
falcate pleurae which are divided into two bands. A pygidium on the same slab has 
falcate free parts of the pleurae which are twice or more broader than the axial lobe. 

A pygidium KITO collected at Ichinotani (PI. 5, figs. 7a, b) enables one to grasp 
the general concept, being supplemented by another from Kinma-michi (PI. 5, Fig. 4; 

OKAZAKI, PI. 8, Fig. 9). 
Comparison:-This species is typical of Pilletopeltis in the broad outline and low 

convexity of the dorsal shield, narrowness of the glabella and axial lobes of the thorax 
and pygidium which is non-macronate. As noted by KAMEl and IGO (1955) already, 
it is allied to Crotalocephalus sternbergi and Cr. silverdalensis, particularly to the latter 
in the arcuate transglabellar furrows. Most distinctive of this species is two rows of 
prominent buttons through the axial rings of the thorax and pygidium by which it 
can readily be distinguished from other species of Pilletopeltis. 

Occurrence:-The holotype and para type specimens were collected near Kinma
michi on the eastern slope of the upstream of Ichinotani about 300 m from its junction 
with Osobu-dani to the South of Fukuji village. Other specimens are from Kinma-michi 
(No. 125, Shizenkan); Oise-dani (YT-1, YT-19, YT-45); Kinma-michi (OKAZAKI colI., 
PI. 8, fig. 9). 

Crotalocephalina (Pilletopeltis) japonica granulata 

KOBAYASHI and HAMADA, subsp. nov. 

PI. 5, Figs. 9a-d 

1974. Crotalocephalus (Crotaloeephalus) japonicus by OKAZAKI, Mem. Fae. Sci., Univ. Kyoto, Ser. 
Ceol. Min., vol. 11, no. 2, pI. figs. 4a-b. 

Compared with the typical form the transglabellar furrows, particularly the 
anterior one, are more distinctly V-shaped in this subspecies. It differs from the 
succeeding species principally in the dense granulation on the glabella. The trans
glabellar furrows are somewhat slender. At a glance the anterior glabellar ring seems 
to be bisected mesially, but it is entire and only accidentally cracked. The oc-cipital 
ring bears paired tubercles. 

Occurrence :-Boulder in western area (Kanajiro-zako), Fukuji distinct.' 



106 T. KOBAYASHI and T. HAMADA 

Crotalocephalina (Pilletopeltis) kameii KOBA Y ASH! and HAMADA, sp. nov. 

PI. 5, Figs. 10a-d, 11; Text.fig. 3G 

1970. Crotalocephalus sp. IX, KOIZU~II and KAKEGAWA, Earth Sci., vol. 24, no. 5, p. 180, pI. 1, 
fig. 4, only. 

1974. Crotalocephalus (Crotalocephc.lus) japonicus by OKAZAKI, Mem. Fac. Sci., Ul;ill. Kyoto, Ser. 
Ceol. Min., vol. 11, 110. 2, p. 8, pI. 8, fig. 6, only. 

Description :-Cranidium gently convex toward middle and posterior parts of the 
axis which indicate top·level. Glabella circumscribed by deep dorsal furrows sub· 
cylindrical or slightly tapering backward; anterior and middle transglabellar furrows 
gently arcuate; posterior one distinctly V.shaped and connected with occipital furrow 
in form of X; basal lobes triangular; occipital ring narrowing laterally; frontal lobe 
of glabella moderate in size, subrhomboidal or more or less triangularly ovate, gently 
slanting as far as frontal border; surface of glabella smooth except for sparse fine 
granules. Fixed cheeks nearly as wide as glabella or a little narrower than the latter, 
gently sloping toward lateral border; eyes close· set anterior glabellar ring; marginal 
furrow deep; border narrow and convex; short spine issuing from genal angle dia· 
gonally; anterior branches of facial sutures subparallel to each other as far as they 
reach anterior lateral border; their posterior branches extending laterally and then 
diagonally crossing a half of posterior lateral border; cheeks strongly pitted but borders 
and spines are smooth. 

Observation:-Four cranidia before hand are somewhat different particularly in 
the outline of the frontal lobe of the glabella, but they bear common biocharacters. 
The holotype collected by T ATEMATSU at Kanajiro.zako is a nearly complete cranidium. 

Compared with it the frontal lobe is somewhat larger and more or less triangularly 
ovate in another cranidium from the same locality (YT -0; PI. 5, Fig. ll). The two 
transglabellar furrows are nearly straight in still another cranidium (KOIZUMI and 
KAKEGAW A, PI. 1, fig. 4). They are, however, similar to one another in outline and 
texture of the glabella. 

Comparison:-This species differs from the preceding in the nearly parallel.sided 

and relatively broad glabella, small granules very sparse there and transglabellar 
furrows not so V.shaped as in that species. 

In the relatively narrow cheeks it resembles subgenus Crotalocephalina, but the 

cheeks are by no means so narrow as in C. (C.) gibbus. The cranidium is not so 
inflated and the frontal lobe of the glabella not much drooping as in that subgenus. 

Occurrence:-Bed 10, TATEMATsu collection (OKAZAKI, PI. 8, fig. 6); Kanajiro-zako, 
TANAKA colI. (YT.O); Takahara.gawa float (KOIZUMI and KAKEGAWA, pI. 1, flg. 4). 

Subgenus Crotalocephalides ALBERTI, 1967 

Type.species :-Cheirurus (Crotalocephalus) gaertneri ALBERTI, 1962. 

Remarks and Distribution :-It is more likely that this subgenus was derived from 
an early form of Crotalocephalina s. str. by addition of a segment to the pygidium 
and associated modification rather than from Wenlockian Cheirurus (Cheirurus) bifur
acalus BARRANDE, 1852 from the Literi high in Bohemia. 
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Praguian; Germany (Oberfranken-Ostthiiringen), and Sardinia. It is unexpected 
that two Fukuji specimens bear pregenal spines unknown in other subgenera of 
crotalocephalids. 

CrotaLocephaLina (CrotaLocephaLides) sp. indet. 

PI. 7, Fig. 8. 

A fixed cheek before hand has a genal and a pregenal spine which the latter 
issues just behind the junction of the posterior branch of the facial suture with the 
lateral margin of the cheek. The margin between the two spines is distinctly concave, 
while the anterior lateral margin of the free cheek is regularly convex outward. The 
genal spine is a little longer than the pregenal spine. 

In CrotaLocephaLina the pregenal spine is known to appear only in subgenus 
CrotaLocephaLides in its immature stage. The cheek in hand is already in an early 
mature stage insofar as can be judged from its size. 

Occurrence :-At the top of a water fall of Ichinotani, Fukuji district. 

CrotaLocephaLina (CrotaLocephaLides ?) sp. indet. 

PI. 7, Fig. 7; Text-fig. 3D. 

1974. Crotalocephalus (Crotalocephalus) japonicus by OKAZAKI, Mem. Fac. Sci., Univ. Kyoto, Ser. 
Ceol. Min., vol. 11, no. 2, pI. 8, fig. 5, only. 

A full grown cranidium at hand has a rudimentary pregenal spine in front of a 
relatively long genal spine. Judging from the changing breadth of the posterior lateral 
border the pregenal spine is located just behind the lateral end of the facial suture 
as it is in the preceding species. 

The two species reveal probably two growth stages of two different species in 
the same subgenus. 

This species resembles CrotaLocephaLina (GeracephaLina) secta, but the median 
longitudinal furrow appears absent whereas the rudimentary pregenal spine is present. 

Occurrence:-The crotalocephalid bed of Sora yam a ; Shizenkan no. 3. 

Subgenus GeracephaLina KOBA Y ASH! and HAMADA, subgen. nov. 

Type-species :-CrotaLocephaLina (GeracephaLina) secta KOBAYASHI and HAMADA, sp. 
nov. 

Diagnosis :-CrotaLocephLina nearest to PiLLetopeLtis, but different from all existing 
subgenera in the presence of the median longitudinal furrow which bisects the anterior 
glabellar ring and occasionally the middle one; a pair of tubercles commonly present 
on occipital ring. 

Remarks:-The anterior glabellar ring is exceptionally bisected by a sagittal 
furrow on a Steinkern of a cranidium from Upper Emsian (?) of Bohemia which was 
identified by LVTKE (1965) with CrotaLocephaLus sternbergi sternbergi a form (pI. 21, 
fig. 2). The sagittal furrow is seen, but not quite distinctly, on an immature cranidium 
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from the Praguian of Morocco which ALBERTI (1969) referred to Cheirurus (Crotalo

cephalina) gibbus. Beside these the discrepant rings have been known of Crotalo

cephalus sternbergi interruptus KAYSER, 1878, Cheirurus myops interruptus WEBER and 
a few other Coblenzian and Eifelian crotalocephalids (HOLZAPFEL, 1885, KAYSER, 1896, 
HERMANN, 1911, 1912, RICHTERS, 1917, 1921). They may be attributable to an abnormal 
degenerating modification occurred accidentally in gerontic individuals. 

In the case of the Fukuji trilobites, on the contrary, such forms are no less common 
than others of known subgenera of Crotalocephalina. On the other hand there is none 
having teratological injuries which are asymmetrical as demonstrated by PRANTL 
(1946). This subgenus is represented by three species and one subspecies, each rep
resented by more than two individuals which are in different growth stages. They 
constitute as a whole a terminal highly specialized group which appeared in the 

phylogerontic stage. 
Crotalocephalus expansus BALASHOVA in MAXIMOVA, 1868 from Central Kazakhstan 

belongs most probably to this subgenus. 
Distribution :-Gedinnian to Eifelian in Japan; Gedinnian in Kazakhstan; Lower 

and Middle Devonian in Australia and? Eur-Africa. 

Crotalocephalina (Geraceplwlina) sect a 

KOBAYASHI and HAMADA, sp. nov. 

PI. 6, Fig. 1; Text-fig. 3A. 

1974. Crotalocephalus (Crotalocephalus) japonicus by OKAZAKI, Mem. Fac. Sci., Univ. Kyoto, Ser. 
Good. Min., vol. 11, no. 2, p. 85, pI. 6, figs. 1, 3, only. 

Description :-Cephalon exclusive of genal spines semicircular and moderately 
inflated. Glabella subcylindrical, well rounded in front and behind, circumscribed by 
pronounced dorsal furrows, strongly convex, slightly elevated above cheeks; three 
transglabellar furrows all arcuate; anterior and middle furrows nearly parallel to each 
other, but the former is apparently a little more arcuate than the latter; posterior one 
strongly bent in obtsue V-shape and confluent with occipital furrow in form of X to 
separate triangular basal lobes on two lateral sides; middle glabellar ring expanding 
adaxially, while anterior one is very slightly narrowing in the same direction and 
bisected by a median longitudinal furrow; anterior margin of middle ring sOinetimes 
notched at median point; frontal lobe subrhombic, much wider than long; occipital 
ring rhomboidal, nearly as long as middle ring in sagittal length and provided with 
a pair of tubercles; posterior margin of the ring less arcuate than its anterior one. 
Cheek a little broader and less convex than glabella; eyes set close to anterior 
glabellar ring. Marginal borders and furrows visible all around cephalon in dorsal 
view. Facial sutures subparallel to axial furrows in anterior to eyes and extending 
from their posterior ends almost due laterally, but forming angles at the junction with 
lateral marginal furrows, they cross lateral borders diagonally. Glabella granulate; 
cheeks pitted. 

Associated pygidium subtriangular, provided with three pairs of lateral spines of 
similar length; axial lobe occupying one-third the triangle, composed of three rings 
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and a terminal lobe; pleural lobe divided into three parts by interpleural furrows.; 
three pleurae each provided with a long spine which is extending more posteriorly 

than lateral; no post-axial spine. 
Comparison:-This species can be distinguished from Crotalocephalina (Pilletopeltis) 

japonica essentially by the discrepant anterior glabellar ring by a median longitudinal 
furrow. The glabella is nearly parallel-sided in this species. 

Occllrrence :-Crotalocephid bed at Sorayama, Fukuji district. 

Crotalocephalina (Geracephalina) secta projecta, 

KOBA Y ASHI and HAl\IADA, subsp. nov. 

PI. 6, Figs. 2-4; PI. 7, Fig. 13; Text-fig. 3B. 

1974. Crotalocephalus (Crotalocephalus) japonicus by OKAZAKI, Mem. Fac. Sci., Univ. Kyoto, Ser. 
Ceol. Min., vol. 11, no. 2, pI. 8, fig. 2 only. 

This subspecies agrees with the typical form in most characteristics, but the 

anterior outline of the cephalon is distinctly protruded at the front of the glabella. 
Two cephal a in black shales show such projection partly emphasized by secondary 

deformation. The projection is, however, considered probably .an original aspect be

cause two cephala procured from two separate localities have the same kind of pro

jection. 
The type cephalon from Ichinotani reveals a complete left cheek and glebella. 

A pair of tubercles are distinct on the occipital ring. The second cephalon is im

perfect, but the median furrow is more clearly seen. The third specimen also from 
lchinotani contains an imperfect cranidium and a nearly complete hypostoma which 

the latter is long elliptical in outline, but provided with a pair of small anterior wings. 

The central body is div;ided into a main part and a posterior lunate area by insertion 

of a pair of lateral furrows. .. 
Occllrrence:-The type specimen collected by OHNO from bed 8 at Ichinotani; the 

second specimen by KOIZUMI at Kanajiro.zako, the third specimen by OKAZAKI from 
bed 10 at Ichinotani. 

Crotalocephalina (Geracephalina) convexa KOBA Y ASH! and HAMADA, sp. nov. 

PI. 6, Figs. 5-10; PI. 7, Figs. 10-12; Text-fig. 3C. 

This is the more convex form than the preceedings. The glabella is robust. 

strongly inflated and steeply slanting at frontal lobe .. The dorsal and transglabellar 

furrows are all strengthened. The middle glabellar ring is distinctly notched at the 

median point of its anterior margin. 
Hypostomata from Sorayama (T ATEMATSU coll.), Kanajiro-zako (KOIZUMI coil.) 

and Takanosu (ONO coil.) are elongate oval in outline, but auriculate antero·laterally; 
anterior wings moderate in size and depressed; main body strongly convex, separated 

from posterior lobe by maculae.incisions; test sparsely tuberculate. 

Two thoracic segments in the collection are, though fragmentary, invaluable to 
supplement the specific concept. They are each divided into two convex bands by a 
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pleural furrow and falcate in the abaxial quarter or so. Near the other end the 
anterior band bears two buttons. The adaxial one is large and elongate laterally, 
while the other is small and circular. The pleural ridge extending therefrom bears a 
row of minute tubercles on the top. The posterior band has a triangular button near 
the axial furrow. 

Two pygidia also from Kanajiro-zako bear buttons on the two bands of the pleura. 
Paired spines on the axial rings are well preserved. They reveal a very distinctive 
characteristic of this species. The free falcate part of the pleuron is, however, un
preserved in the specimens at hand. 

Occurrence :-Kanajiro-zako (KOIZUMI collection). 

Crotalocephalina (Geracephalina) euryrachis 
KOBA Y ASH! and HAMADA, sp. nov. 

PI. 7, Figs. 1-6; Text.fig. 4H. 

1974. Crotalocephalus (Crotalocephalus) japonicus by OKAZAKI, Mem. Fac. Sci., Univ. Kyoto, Ser. 
Gool. Min., vol. 11, no. 2, pI. 8, figs. 7 and 8. 

This species differs from the precedings in the relatively broad glabella in com
parison with free cheeks. It is forwardly protruded so much that the anterior border 
lies concealed below the frontal lobe in the dorsal view, but the anterior outline of 
the cephal on is not particularly protruded in front of the glabella. The genal spines 
are unusually undeveloped in this, while they are moderate in length in the preceed
ings. 

The Sorayama specimen (PI. 7, Fig. 3) shows the general shape of the cephal on, 
but the test is somewhat eroded. The cephalon from Ichinotani (T ATEMATSU colI., 
PI. 7, Fig. 6) is imperfect, but one can see the eye, facial suture, genal point and 
surface sculptures on the glabella and cheek more clearly. The cephal a found at 
Kinma-michi (PI. 7, Figs. 4, 5) are so strongly compressed laterally that they became 
longer than broad. At the same time the convexity is much emphasized. The Ichino
tani specimen is the type of this species. 

Crotalocephalus expansus BALASHOVA in MAXIMOVA, 1968 is a Geracephalina 
without genal spines like this species. In that species, however, the frontal lobe of 
the glabella is much larger in comparison with the remainder of the glabella and in 
this species the transglabellar furrows are more strongly V -shaped. 

Occurrence:-Type specimen collected by T A TEMA TSU at Ichinotani; two other 
specimens from Sorayama (Y AMAKOSHI colI., 72, 4, 5) and Kinma-michi. 

Subgenus indet. 

Crotalocephalina, subgen. et spp. indet. 

1970. Crotalocephalus sp. a, (fragmentary pygidia) KOIZUMI and KAKEGAWA, Earth Sci., vol. 
24, no. 5, pI. 1, figs. 6 and 7. 

1970. Crotalocephalus sp .. 8, (fragmentary glabella) KOIZUMI and KAKEGA\\'A, Ibid., pI. 1, fig. 8. 

Occurrence :-Floats on the Takahara-gawa. 
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Family Phacopidae HAWLE and CORDA, 1847 

R. and E. RICHTER and STRUVE'S classification of this family into three subfamilies, 
Phacopinae, Bouleiinae HUPE, 1955 and the Phacopidellinae DELo, 1935 is here accepted. 

Devonian phacopids in Asia 

Phacopids are not well represented in Eastern and Southern Asia, but a large 
number of Phacops s. I. have been described from the Asiatic part of the U.S.S.R. and 
Mongolia as below. Assuming the original identification to be correct, recent generic 
references are noted of certain species behind them. 

[Abbreviations] 
Ph: Phacops 
P. (P.): Paciphacops (Paciphacops) 
P. (V.): Paciphacops (Viaphacops) 
m.: monotypic 

From Turkestan (WEBER, 1932). 

Phacops cf. sternbergi CORDA (Low. Devon.) ........................................ Reedops ? 
Phacops turanicus WEBER, nov. (ditto) 
Phacops zorgensis KAYSER (ditto) ............................................. . Ph. (Boeckops) 
Phacops sp. I (ditto) 
Phacops sp. indet. II (ditto) 
Phacops d. batracheus WIIIDS. (Mid. Dev.) 
Phacops sp. indet. III (Low. Dev.) 
Phacops sp. IV (Up. Silur.-Low. Dev.) 
Phacops sp. V (hypostoma) (Low. Dev.) 

From Western Mongolia (TSCHERNYSHEVA, 1937). 

Phacops sp. (Low. Dev.) 

From Kuznetsk basin (TSCHERNYSHEVA, 1951). 

Phacops rana GREE:-i (D~-D3) ....................................................... . Ph. (Ph.) 
Phacops /ecundus BARRANDE (DJ-DD ................................................ Ananaspis 
Phacops sublati/rons TSCIIERNYSHEYA (nov.) (DD 
Phacops aff. shanensis REED (S2) 

Altai Range (KHALFIN, 1955). 

Phacops altaicus (TCIIERl':YSIIEV, 1892) (Coblenzian) ..................... . Ph. (Ph.) or P. (V.) 
Phacops subcristata KIIALFI:-; (Coblenzian) 

From Rudi Altai (MAXIMOVA, 1960). 

Phacops altaicus TCHER:-;YSIIEY (Dl) ..................................... . Ph. (Ph.) or P. (V.) 
Phacops sternbergi HAWLE and CORDA (DD .................................. Reedops (Reedops) 
Phacops portieri ulbensis MAXIMOV A (Dl) 
Phacops oculeus M.·\XI~WVA (DD 
Phacops postaltaicus MAXI~IOVA (Di-DD 
Phacops loganops MAXI~IOVA (D,-DD 
Phacops d. cristata var. pipa HALL and CLARKE (D,-Dl) ............................. ? P. (P.) 
Phacops d. altaicus TCHERN. (Dg) ...................................... ? Ph. (Ph.) or P. (V.) 
Phacops aff. loganops MAXI~IO\'A (D,-DD 
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Phacops aff. pronini MAXEv!OV A (D;) 
Phacops sp. (DD 
Phacopidella primitiva MAXI1vIOVA (DD 
Phacopidella sp. (D§) 

Central Kazakhstan (MAXIMOVA, 1968). 

Phacops /ecundus orientalis MAXI~!OVA (S,) 
Phacops ainasuensis BALASHOV A (S,) 
Phacops kasachstanicus MAXIMOVA (S,) 
Phacops logani balchaschensis MAXI~!OVA (D]) ......................................... . P. (P.) 

Phacops kotanbulakensis BALASIIOV A (D]) 
Phacops saryarkensis MAXI'vIOV A (Dt) .................................................. P. (P.) 
Phacops aff. boecki HAvVLE and CORDA (D]) .................................. ?h. (Boeckops) ? 
Phacops praepipa MAXI'vIOVA (DD ..................................................... . P. (V.) 
Phacops dentatus MAXI1v!OVA (Dj) ..................................................... . P. (V.) 
Phacops ex. gr. cristata HALL (DD ....................................... . P. (V.) ?, Ph. (Ph.) 
Phacops pustulatus MAXI'v!OVA (DD ................................................... . P. (V.) 

Phacops acutus MAXIMOVA (D~-DD 
Phacops angulatus MAXI~!o\, A (D;) 
Phacops aff. /ecundus degener BARR. (DD ......................................... . Ph. (Ph.) ? 
Phacops rhinoceros MAXI'v!OV A (D2) 

Phacops aff. pustulatus MAXI~!O\'A (DD .............................................. .. P. (V.) 
Phacops sp. a (S2) 
Phacops sp. (j (S2) 
Reedops cephalotes (HAWLE and CORDA) (DD ................................ Reedops (Reedops) 
Reedops aff. sternbergi (HAWLE and CORDA) (DI-DD ................................ Reedops 

Kazakhstan (K) and Tadjikstan (T) (BALASHOVA, 1968). 

Phacops ainasuensis BALASHOV A (Up. Ludlow, Ainasu), K 
Phacops kasakhstanicus BALASIIOVA (Up. Ludlow), K 
Phacops schischkathensis BALASIIOVA (Up. Ludlow), T 
Reedopsis serratus spini/erus BALASHO\-A (Up. Ludlow), K 

See" Silurian Trilobites of Japan, 1964" for other Silurian species. 

From the Far East (Upper Amur), U.S.S.R. (MAXIMOVA in MODzALEVSKAYA, 1969). 

Paciphacops (Viaphacops) pipa (HALL and CLARKE) Givetian 
Phacops ralla var. mil/eri STEWART Eifelian 
Phacops (Paciphacops) logani asiatiClls MAXI!I!OVA Low. Devon. 
? Paciphacops (Paciphacops) urushensis (MAX"lOVA) Low Devon. 
Phacops guranensis MAxnlovA Eifelian 

Mongolian Altai (MAXIMOVA, 1974). 

Paciphacops (Viaphacops) mongolicus MAXI~IOVA (early Middle De\-onian) 

As noted above, CHLUpAc (1972) found a Turkestan species and a Turkish species 
in his Phacops (Boeckops), whereas PRIBYL and VANEK (1970) considered another 

Turkish species to be a Reedops (Nephranomma). 
Phacops manchuricus KOBA Y ASH! and HAMADA, nov. is described here from the 

Lower Devonian of Northeast China (North Manchuria). 
In Japan two phacopids are described from the Middle Devonian Nakazato Series 

of the Kitakami mountains as follows: 



Phacops okanoi SUGIYA~'IA 
Reedops nonakai (OKUBO) 
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Some species are known of phacopids in South China (Lu et aI., 1965). Phacops 

d. shanensis REED is reported from the Silurian Kaochiapien shales at Lunshan, 
Nanking hill with Cerauroides lunslwnensis (GRABAU) and other trilobites and Phacops 

granulatus MUNSTER is listed as a member of the late Upper Devonian fauna of the 
Hsik'uangshan stage in Central Hunan. Recently Phacops guangxiensis CHANG and 
Phacops luofuensis CHANG from the Eifelian Tanghsiang formation at Luofu, Nantan, 
Kwangsi are illustrated and Plagiolaria nandanensis listed with the latter species in 
a paper by WANG, YU and QI (1974). 

In Southeast Asia phacopids are wide spread and particularly in the Tentaculites 

shale facies, Phacops in the Tentaculites elegans zone of the Washih Series in the 
Paoshan area in West Yunnan for example (SUN and SZETU, 1947). 

Phacopids are found in the Tentaculites facies in North Viet-Nam and precisely, 
the following three species were described by MAXIMOVA (1965) and considered to be 
Eifelian in age. 

Plagiolaria (?) orientalis MAXI~IO\' A 
Ductina vietnamensis MAXI;<.IOVA 
Denckmannites vietnamicus MAXI~'IOVA 

In East Burma the following three species of Phacops are Devonian rather than 
Silurian in age. 

Phacops shanensis REED from Zebingyi (loc. 2), Northern Shan States 
Phacops ponensis REED from Pon, Southern Shan State 
Phacops d. sternbergi BARRA:,\"DE, ditto .......................................... Reedops 

They were found associated with Tentaculites and Styliolina. 

In Thailand the Devonian sediments were first documented with Emsio-Eifelian 
Plagiolaria poothaii KOBAY ASH! and HAMADA (1968) in the peninsular part. Sub
sequently the poothaii horizon was found in Perak, Malaya (KOBAYASHI and HAMADA, 
1971). 

Recently many phacopids were found by TINT and W AI (1970) at Taungtalong 
peak in the east Medan area, Maymyo district. Northern Shan States in the lower 
part of the Lower Plateau Limestone as follows: 

Phacops giganteus TI:,\"T and 'vVAI 
Phacops taungtalonensis TIKT and \VAI 
Phacops thahlai TINT and W AI 
Phacops minutus TIKT and WAI 

They contend the age of these phacopids to be Lower Devonian or Siegenian, 
because the horizon is located above the Zebingyi beds and far below the Eifelian 
Padaukpin reef limestone containing Phacops latifrons BRONK and the Wetwin shale. 
Phacops sp. occurs also in the Middle Devonian at Kay Twinge. southeast of Maymyo 
(MULLER. 1967). 

In the Himalayas REED (1922) reported Phacops aff. latifrons BRO);!\ from Chitral. 
In Afghanistan the following phacopids were described by PILLET and DE LAP

PARENT (1969). 
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Phacops sp. from Fransnian 
Phacops accipitrinus (PHILLIPS) and its new subsp. from Famennian ........... . Ph. (Ph.) 

R. and E. RICHTER (1939) described the following phacopids from the Bosporus 

region. 

Phacops (Phacops) turico RICHTERS ............. Uppern:ost Low. Dev. or lowest Mid. Dev. 
Phacops (Phacops) corallinus RICHTERS .. " .... " ............... , ...... " ... , ... Age indet. 
Phacops (Phacops) conjluense RICHTERS. . ............................... Upper Coblenzian 
Phacops (Trimerocephalus) mastophthalmus (Rhein. RICHTER) .................... Up. Dev. 
Phacops spp. 

According to HAAS (1968) different phacopids occur in Bithynia, Turkey from 

upper Emsian to Upper Devonian as follows: 

Phacops (Phacops) corallinus corallinus RICHTERS .... , ........................... Up. Ems. 

Phacops (Phacops) corallinus successor HAAS ........................................ Ditto 
Phacops (Phacops) pantichionensis HAAS .................. , .. " .... " ..... Uppermost Ems. 
Phacops (Phacops) proponticus HAAS ................................ Ditto, Ph. (Boeckops) 
Phacops (Reedops) sternbergi filius HAAS ............................................ Ditto 
Phacops (Reedops) seleniomma HAAS ...................... Ditto, Reedops (Nephranomma) 
Phacops (Phacops) turico praecedens HAAS .......................................... Eifel. 
Phacops (Phacops) turico turico RICHTERS ...................................... Up. Eiftel. 
Phacops (Trimerocephalus) mastophthalmus (RICHTERS) ........................ Up. Devon. 

While CAMPBELL (1967) retained Phacops altaicus TSCHERNYSHEV in Phacops 
typified by Calymene latifrons BRONN, MAXIlVlOVA (1972) included the same species in 
her Paciphacops (Viaphacops) whose type-species is Phacops pipa HALL and CLARKE, 
1888. 

In adding some Silurian species omitted in the above statement, there are more 
than fifty species of phacopids in Asia among which Phacops (Phacops, Boeckops), 
Acernaspis, Paciphacops (Paciphacops, Viaphacops), Plagiolaria, Ductina, Denckmannites, 
Trimerocephalus, Reedops, Eophacops and Phacopidella are probably represented. 
Phacops rana, Phacops pipa and some other species reveal affinities toward the North 
American faunas whereas some others are related to European faunas. Beside these 

there are endemic species which constitute specific groups, if intensive studies be 
made in future. 

Phacopids in Australia 

Since the descriptions of Phacops (Portlockia) fecundus BARRANDE by McCoy, 1876 
and Phacops serra/us FOERSTE, 1888 many other species were described from Victoria 
and New South Wales and the older identification was revised by palaeontologists, as 
done by ETHERIDGE and MITCHELL, 1896, CHAPMAN, 1915, GILL, 1949, 51, 62, OPIK, 
1953, TALENT, 1963, SHERGOLD, 1968, SHERWIN, 1970 and others. The subfamily 

Phacopinae is well represented in Australia by the following species. 

"Phacops" serratus FOERSTE, 1888. . ............. Silurian-Devonian boundary, Viet. and NSW. 
"Phacops" crossleii ETHERIDGE and MITCHELL, 1896 ...................................... Ditto 
Phacops latigenulis ETHERIDGE and MITCHELL, 1896 ................. Ludlow-Downtonian, NS\V. 
Phacops sweeti ETHERIDGE and MITCHELL, 1896 ........................... Lower Devon., Viet. 
Phacops mansfieldensis ETHERIDGE and MITCIIELL, 1896 ................... Lower Devon., Viet. 
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Phacops aff. /ecundus by GILL, 1919 .......................................... Yeringian, Viet. 
Phacops (Portlockia) /ecundus BARRA~DE by McCoy, 1876, i. e. Phacops sp. no\'. by GILL, 1951. 

· ..................................................................... Lower Devon., Viet. 
Phacops n. sp. by TALE~T, 1963 ........................................... Ems.-Eifelian, Viet. 
Acenwspis typhangonus (OPIK, 1953) ......................................... Llandovery, Viet. 
Acernaspis ? macdonaldi (FLETCIlER, 1950). . ............................... Llandovery, NSW. 
Acernaspis ? oblatus SIlERWI~, 1970 ....................................................... Ditto 
Denckmannites ruther/ordi SIlER WIN, 1968. . ..................... Up. Silur.-Low. Devon., NSW. 
Phacopid hypostomata, by GILL, 19,19. . ....................................... Yeringian, Viet. 

According to CHLUPA,C (1972) Denclmzannites rutherfordi is referrable to his new 

genus Lochkovella. 

Subfamily Phacopinae HA WLE and CORDA, 1847 

In MOORE'S Treatise RICHTER and STRUVE (1959) referred ten genera of phacopids 

to this subfamily. Six additional genera with two subgenera in Paciphacops were 

instituted by STRUVE, CAMPBELL, LESPEREI\CE, MAXIl'vIOVA and CHLUPA,t since then. 

They are Vol/lOPS, Acernaspis, Ananaspis, Murphycops, Paciphacops (Paciphacops & 

Viaphacops) and Lochkovella. 

Genera and subgenera, their type-species and distribution 

Phacops ENINIRICII, 1839. Calymene lati/rons BR00:GNIART, 1925 ............................... . 
· ....... , ............................. Ems.-Up. Dev.; Eur-Asia, N. Afr., N. Am., Australia 

Trimerocephalus McCoY, 1849. Phacops mastophthalmus Rhein. RICHTER, 1859 ............... . 

· .......................................................... " ..... Up. De,'., Eur., Australia 
Dereimsia KOZLO"'SKI, 1923. Phacops (Dereimsia) shaericeps KOZLO"'SKI, 1923 .... Dev., Bolivia 
Dianops R. & E. RICHTER, 1923. Phacops limbatus Rhein. RICIITER, 1848 .... Up. Dev., Europe 
Reedops R. & E. RICHTER, 1925. Phacops brollni BARRANDE, 1846 ........................... . 

........................................ Sil.-Up. Dev. (Low. Dev.-Eifel.), Eurasia, N. Am. 
Cryphops R. & E. RICHTER, 1926. Phacops cryptophthalmus E"IMRICH, 1844 ...... Up. Dev., Eur. 
Nephranops R. & E. RICHTER, 1926. Phacops (Trimerocephalus) insisus RODIER, 1886 ....... . 

· ........................................................................... Up. Dev., Eur. 
EocrYPllOps R. & E. RICHTER, 1931. Phacops Iwyseri HERRi\IANN, 1909 ....................... . 

· .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... Early l\1id. Dev., Eur., Afr. 
Eophacops DELo, 1935. Phacops handwerlli VVEl.LER, 1907 ........ Mid. Sil., N. Am., NW. Eur. 
Plagiolaria KEGEL, 1952. Phacops plagiophthc.lmus Rhein. RICIlTER, 1865 .................... , . 

· ......................................................... Up. Mid. Dev.; Germ., SE. Asia 
Volkops STRUVE, 1959. Volkops volki STRC\'E, 1959 (m.) ...................... Ord., Germany 
Ananaspis CAMPBELL, 1967. Phacops /ecundus communis BARRANDE, 1852 ..................... . 

...................................... vVenloek, Ludlow, ? Up. Llandovery, Eur-Am., Asia. 
A cernaspis CAMPBELL, 1967. Phacops orestes BILLI:\"GS, 1860 ................................. . 

Uppermost Ord.-lowest Wenlock, East Canada, Britain, Norway, Esthonia, Siberia, Australia 
Murphycops LESPERANCE, 1968. Murphycops skidmorei LESPERANCE, 1968, (m.) ............. . 

· .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... Llandovery, East Canada (Quebec). 
Paciphacops (Paciphacops) MAXIMOVA, 1971. Phacops logani HALL, 1861 ..................... . 

· ........................................... Low Dev.-early Mid. Dev. North Asia-N. Am. 
Paciphacops (Viaphacops) MAXI:'vIOVA, 1971. Phacops cristata var. pipa HALL and CLARKE, 1888 

...................................... Late low. Dev.-Mid. Dey. (Givet.), N. Asia-N. Am. 
Lochkovella CIlLUPAC, 1972. Phacops miser BARRA:\"DE, 1852 ................................. . 

......................................... . Low. Dev. (Loehkov), Barrandian area, Australia 
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Volkops volki, monotypic of V olkops was found in boulders of upper clayslate 
(Sl,~, " Lederschiefer") of Thuringian Upper Ordovician. It must be an early off
shoot, intead of the stock, because it is well specialized in the elongate glabella, genal 

and pleural thoracic spines and the truncated terminus of the axial lobe on the rela
tively long pygidium. 

According to CAMPBELL (1967) Eophacops as the substitute of Portlockia (McLEARN, 
1924) should be transferred to the Phacopidellinae from this subfamily. While CAMP
BELL (1967) and CHLUpAc (1972) considered to be relevant the generic separation of 
P. logani and some other species, ELDREDGE (1973) is negative for the erection of 

Paciphacops and its bipartation. 
According to ELDREDGE (1972, 1973) Phacops logani HALL consists of five sub

species, whereas Phacops cristata HALL is an extremely variable species comprising 
seven subspecies. Ph. cristata var. pipa HALL and CLARKE, 1888 which has once been 
accepted as an independent species by STUMM (1954, 1964) is synonymized with Ph. 
cristata bombifrons HALL, 1861. Incidentally, BURTON and ELDREDGE (1974) erected 
two new subspecies, africanus and tindoufensis, of Phacops mna for Middle Devonian 

phacopids from Northwest Africa (Spanish Sahara and Morocco). because they are 
especially close to subspecies milleri STEW ART and crassituberculata STUMM among 

five subspecies of Phacops rana (GREEN) (ELDREDGE, 1972). 
Finally, it is noteworthy that Praguian Phacops zinkeri ROEMER has genal spines 

in the young stage like mature Paciphacops, but later the genal angle becomes simply 

pointed and then rounded in full maturity (JAHNKE, 1969). 

Genus Phacops EMMRICH, 1839 

While G. ALBERTI (1970) accepted Ananaspis, Reedops and Plagiolaria as three 
subgenera of Phacops, CHLUPAc (1971, 1972) and STRUVE (1972) regarded Phacops 
(Phacops) in a more restricted sense. As the result Phacops as a genus was splitted 
into nine subgenera with two groups in each of two subgenera, Phacops and Pedino
pariops as follows: 

Phacops EMMRICH, 1839. CalY11lene latifrons BRONN, 1925 
(Phacops) EMMRICH, 1839. CalY11lene latifrons BRONN, 1925 

latifrons-Gruppe. . ....................................... Eifel: lowest Givet. 
werneri-Gruppe. . ..................................... Up. Ems: lowest Eifel. 

(Prokops) CHLUPAc, 1971. Phacops (Prokops) prokopi CHLUPAc, 1971, (m.) 

.................................. Low. Dev., Praguian; Barrandian area. 
(Chotecops) CHLUPAc, 1971. Phacops (Chotecops) auspex CHLUPAc, 1971 

.................. " .................... Mid.-Up. Dev; ? late Low. Dev. 
(Boeckops) CHLUPAc, 1972. Phacops boecki HAWLE and CORDA, 1847 .... Low. Dev. 
(Arduennops) STRUVE, 1972. Phacops (Phacops) 11lichelsi STRUVE, 1970, (m.) .. Ems. 
(Nyterops) STRUVE, 1972. Phacops (Phacops) nyter STRUVE, 1970 

.................................................. Up. Ems.-Low. Givet. 
(Geesops) STRUVE, 1972. Calymene schlotheimi BRONN, 1825 ................ Eifel. 
(Pedonopariops) ,STRUVE, 1972. Phacops (Phacops) lentigifer STRUVE, 1970 
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lentigifer-Gruppe . ............................................ Up. Ems.-Givet. 
eurycaulus-Gruppe. . ................................. Up. Ems.-Iowest Givet. 

(Liolophops) STRUVE, 1972. Phacops (Phacops) sublevatlls STRUVE, 1970 
...................................................... Up. Ems.-up. Eifel. 

In the present knowledge the species referred to these new subgenera are mostly 
endemic to the Barrandian area or the Hercynian zone from Poland.to Luxemburg 
through Germany except for Chotecops and Boeckops. The former is widely distributed 
in Eur-Africa or Germany, Bohemia, Urals. North Africa and ? England. The latter's 
distribution is more extensive in Eurasia namely in Bohemia, Germany, Asia Minor, 
Middle and East Asia and possibly in North America. In Asia P. (E.) zorgensis 
KAYSER is reported from Turkestan and P. (E.) prononticlls HAAS from Turkey. This 
subgenus resembles the Phacops logan i group. i. e. Paciphacops (Paciphacops), but 
CHLUpAc considers the resmblance to be analogy (See Postscript 8). 

Of the distribution of Paciphacops it is noted that BURTO)< and ELDREDGE (1974) 
found two new subspecies of Phacops rana. namely africanus and tindoufellsis in the 

Middle Devonian of Northwest Africa which were close to P. rana milleri STEW ART 
and P. mna crassituberculata STUMM of North America. 

Thus Phacops has recently examined in a geat precision with the results it was 
found that various forms were classified from different altitutudes, and that several 
new genera were erected on the basis of Phacops species and added to the Phacopinae 
in one way, while in another way many subgenera were distinguished within genus 
Phacops and in a still another way certain Phacops species complexes were subdivided 
into many subspecies, or such a specific complex was eliminated from Phacops as 
a separate genus or subgenus. This chaotic status of taxonomy reveals the great 
difficulty of the natural classification of Phacops s.l. and the Phacopinae. 

Phacops (subgen. nov. ?) manchuricus 
KOBA Y ASH! and HAMADA, sp. nov. 

PI. 8, Figs. la-d, PI. 9, Figs. 2-.1; Text-fig. 5E. 

1960. Phacops aff. subcristata KHALFIN by HAi\IADA, japan. jour. Ceo!. Ceogr., vol. 31, p. 180 
(listed) . 

1971. Phacops altaicus TSCIIER"iYSIIEV by HA)'IADA, Pal. Soc. japen., Sp. Pap. no. 15, p. 6 
(listed) . 

Description :--Cephalon strongly convex, becoming highest at anterior glabellar 
projection, semi-parabolic in outline, broadest through posterior of palpebral lobes, its 
width being more than twice its length; genal angle roundly angulate. The cephalic 
margin anterior to eyes distinctly inclined backward, if the margin behind the eyes 
is placed horizontal. Glabella highly elevated. projected beyond cheek margins and 
overhanging; its outline in dorsal view subpentagonal, strongly expanded forward from 
occipital margin. as wide as a half of cephalic breadth; anterior outline well rounded; 
frontal wall subvertical, but with slight convexity; two lateral furrows faintly marked 
in posterior of glabella internally, but almost indiscernible externally; intercalating 
ring trisected; its median part broad, cresentic, outlined by narrow preoccipital furrow 
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anteriorly and by very pronounced occipital furrow posteriorly; lateral pieces of the 
ring button-like, on the two sides of the pronounced occipital furrow and circum
scribed by narrow furrows; occipital ring sublenticular, and depressed on the two 
sides behind the pair of lateral pieces of the intercalating ring; neither a median 
turbercle nor an axial spine present on the occipital ring; glabella inclusive of the 
occipital ring coarsely granulate. Cheeks strongly inflated and separated from glabella 
by pronounced axial furrows; eyes fairly large; palpebral lobe semicircular, moderately 
convex, slanting toward axial furrow and smooth; facial suture extending from 
posterior end of the lobe laterally and somewhat anteriorly, crossing stout lateral 

border and broad and shallow lateral furrow. In anterior view vincular furrow well 
developed, defined by a sharp ridge on each side; upper ridge separated from glabella 
by a narrow frontal furrow; lower ridge divides doublure into vincular depression 
and crescentic depressed area behind it. 

Pygidium sublenticular with anterior margin more broadly rounded than the other; 

axial lobe one-fourth as wide as pygidium, composed of seven axial rings and a 

terminal piece; pleural area seven ribbed. 
Test smooth except for granulate glabella. 
Observation:-The holotype is an internal mould of a cephalon whose glabella in

clusive of the neck ring is 13.5 mm long and 9 mm wide at the ring, but it expands 
as wide as 17.5 mm in the anterior part. The straight posterior border of the cheek 

is 14 mm broad. It is bent therefrom antero-laterally for a short distance forming a 
rounded genal angle. 

In the paratype cephalon, like in the holotype, the glabella is well expanded 
forward from the neck ring. It is strongly convex, ascending forward, but it becomes 
suddenly subvertical. The occipital and dorsal furrows are very strong and the latter 
abruptly broadened in front of the eye. There the palpebral band is bent forward 
and steeply slant adaxially. A latex cast taken from the external mould of this 
cranidium shows that the occipital ring bears neither a median tubercle nor an axial 
spine. The median lobe of the intercalating ring, crescentic in outline, is completely 
isolated from the rest of the glabella by a preoccipital furrow which is confluent with 
the well developed occipital furrow on the two sides of the lobe. A pair of button
like subcircular lobes are on the lateral sides of the occipital furrow. This cranidium 
coincides with the holotype in the frontal view in regard to the narrow frontal 
furrow and rim and the well developed vincular depression which is not indented. 

Neither one of these cephala is so well preserved to show the disposition of ocular 
lenses clearly. 

A thoracic segment along with the latter cephalon has an axial ring 9.3 mm wide 
and a pleuron 12.5 mm wide. This pleuron is divided into a narrow anterior rib and 
a broad posterior one by a deep pleural furrow; axial ring apparently simple. It 
bears no axial spine as seen in Phacops cristata HALL, but its articulating half-ring is 
fairly well developed. The pleuron is obtusely bent at its middle point and the pleural 
furrow narrows out there. 

An internal mould of a pygidium, lenticular in outline, whose length and beadth 
measure 7.3 mm and 15.2 mm respectively. It is trilobed by a pair of broad axial 
furrow and abruptly slant near the posterior'margin. 
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Three axial rings in addition to an articulating half-ring are seen in the anterior 
half and the fourth ring is partly exposed behind, but the more posterior segmentation 
is inobsevable on this specimen. The pleural lobe is almost as wide as the axial one 
and 5 or 6 ribs are separated from one another by broad furrows. These pleural ribs 
are simple and undivided. The marginal border is narrow. 

Another pygidium shows the segmentation on the axial and pleural lobes so clearly 

that their numbers are countable as in the description. 
Comparison:-The specimens before hand are neither numerous nor well preserved. 

Therefore the specific concept obtained out of them is inevitably imperfect. Never
theless, this species bears very distinctive characteristics which would be after all 
evaluated more than specific criteria. One of them is the mode of tripartation of the 
intercalating ring. Namely, the median lobe well developed and completely circum
scribed by furrows, is distinctly anterior to the posterior margin of lateral lobes. 
Therefore it engraves forward into the main part of the glabella and the occipital 
furrow is quite unusually excavated behind this lobe. 

Another consipicuous characteristic is the doublure which is divided into the 
vincular depression and the post-vincular depression where the former is larger than 
the latter. These two crescentic concave depressions are separated by a sharp post
vincular ridge and the doublure is separated from the narrow and shallow frontal 
furrow by a sharp pre-vincular ridge. 

The third characteristic is the marginal border and furrow of subequal breadth 
which run continuously along the lateral and posterior margins of the cheek forming 

a small well rounded genal angle between the two margins. 
The absence of the projections on the occipital ring as well as the axial rings of 

the thorax and the improminence of the articulating facet of the pleural lobe of the 
relatively broad pygidium are additional distinctions. The combination of these 
biocharacters shows high possibility of its being an unnamed genus in the generic 
level of modern phacopid taxonomy, although the proposal of a new name is left for 

any paleontologist who will find a better material having beautiful eyes. The ignor
ance of the details of the eye and hypostoma is the principal defect for the proposal. 

This species does not exactly fit in the diagnosis of Phacops, Acernaspis, Ananaspis, 

Reedops, Paciphacops, or the logani and cristata complexes, or any other genus or sub

genus of Phacops. This species can easily be distinguished from these specific com
plexes as they bear commonly genal spines and the genal angle produced even when 
genal and axial spines are absent. On this account it is rather comparable to the 
rana and iowensis complexes among the North American species of Phacops, but the 
intercalating ring is rarely so discrepant in them. 

Among the Rhenish species of Phacops the tripartation of the intercalating ring 
is common as seen in Phacops (Li.olophops) sublevatus STRUVE, Ph. (Nyterops) nyter 

STRUVE, Ph. (Peinopariops) lentigijer STRUVE and some others of Phacops but this species 
is incomparable with them in the pronounced median part of the occipital furrow. 
This distinction applies also to Phacops (Phacops) regius CHLUpAc, although such a 
trilobed ring is seen and the vincular furrow well developed in this Barrandian species. 
The furrow is, however, by far larger in this species. 

Among the Asiatic species it resembles MAXIMOVA'S Paciphacops (Viaphacops) 
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pipa from the Emsio-Eifelian of the Urmisky region, Far East, USSR (MODZALEVSKY, 
1969), but the latter has two pairs of lateral lobes of the occipital and preoccipital rings. 
The occipital furrow is quite pronounced in the median part as in this species, but 
the preoccipital furrow is interrupeted at the top of the median lobe of the inter
calating ring. 

TSCHERNYSHEVA's Phacops /ecundus from the Kuznetsk basin (1951) appears to 
have a similar cephalon, but the aspect around the occipital furrow is fairly different 
from this species. 

Phacops subcristata KHALFIN (1955) from the Coblenzian of the Gornogo Altai is 
an allied species, but the cephalon and glabella are broader in this species in propor
tion to their lengthes. The axial part of the glabella is simply protruded posteriorly 
in that species and it is not so large as the median preoccipital lobe in this species. 

Another close ally is Phacops altaicus TSCHERNYSHEV from the Eifelian of the 
Rudi Altai (MAxIMovA, 1960) which differs, however, from this species in the longer 
and more triangular cephalic outline in the dorsal view, coarser tuberculation on the 
glabella, longer pygidium and so forth. The pygidium of Phacops sp. from the Kh~mgai 
highland, Mongolia (TSCHERNYSHEVA, 1937) is more similar to the pygidium of Ph. 

manchuricus in the borad outline and mode of ribbing. It is noteworthy that the 
vincular and post-vincular concavities are well developed on the doublure of the Ph. 

aitaicus, but the former is evidently narrower than the latter depression. 
Among the Kazakhstan and Mongolian species of Phacops which MAXIMOVA (1968, 

1974) described none looks very close to this species. The Japanese and Burmese 
species of Phacops are also dissimilar to this species. 

Occurrence:-Lower Emsian Houlungmen Formation: East of Chinshuei (Kinsui) 
station of the Kakkolu lines, Niinkiang-hsien of the Lesser Khingan district (vide 
HAMADA, 1971 for Devonian barchiopods). 

Phacops okanoi SUGIYAMA, 1944 

PI. 9, Fig. 8. 

1941. Phacops (s. str.) sp. SUGIYAMA and OKANO, Jour. Ceol. Soc. Japan, vol. 48, p. 359, text
fig. 1-3a. 

1944. Phacops okanoi SUGIYA~rA, Studies from Ceol. Miner. Inst. Tokyo Bunrika Daigaku, 110. 1, 
p. 24. 

A fragmentary cephalon comprising antero-lateral part of the glabella and a large 
left eye was compared with Phacops [ati/rons BRONGNIART by SUGIYAMA and OKANO. 
Eye-lenses are aligned in 17 rows and 5 to 11 lenses in each row. As they total as 
numerous as 157, SUGIYAMA proposed a new name for it. 

Occurrence :-U pper part of N akazato Series, at the southeastern foot of Takainari
yama, Of una to district, Iwate Prefecture. Reg. no. IGPS 64549, Institute of Geology 
and Palaeontology, Tohoku University, Sendai. 

Phacops' cf. okanoi SUGIYAMA 

PI. 8, Figs. 7a-d; Text-fig. 5F. 
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1956. Phacops nakanoi OKCBO (pars), Japan. Jour. Ceol. Ceogr., vol. 27, no. 1, pl. 3, fig. llb, 
non. fig. lla. 

Two cephala contained in a slab are strongly campressed laterally, but restoration 
is made of a better one of them and shown in Text.fig. 5F. In the greater eyes it 

reveals better agreement with P. okanoi than with Reedops nonakai, although specific 
identification with P. okanoi cannot be definite as SUGIYAMA based on his species on 
such a poor fragment of a cephal on as illustrated in fig. 8 pI. 9. 

Occurrence:-The upper part of the N akazato Series in the middle part of Higuchi
zawa, Of una to district, Iwate Prefecture. 

Genus Reedops R. & E. RICHTER, 1925 

This genus is accepted as a subgenus of Phacops by HAAS (1968) and G. ALBERTI 
(1970), but an independent genus in MOORE'S Treatise and ORLOV'S Osnovy. PRIBYL 
and VANEK (1970) distinguished three subgenera in this genus. One is their new 
subgenus Signatops. Another is Nephranomma which was primarily proposed as a 
subgenus of Phacopidella. Their type-species are as follows: 

R. (Reedops) R. & E. RICHTER, 1915. Phacops bronni BARRANDE, 1846 
R. (Signatops) PRIBYL & VANEK, 1970. Phacops signatlls HAWLE & CORDA, 1847 
R. (N ephranomma) ERBEN. 1952. Phacopidella (N ephranomma) drepanomma 

ERBEN, 1952 

Reedops nonakai (OKUBO, 1956) 

Pl. 9, Figs. la-e; Text-fig. 5D. 

1956. Phacops nonakai OKUBO (pars), Japan. Jour. Ceol. Ceogr, vo"!. 27, p. 43, pl. 3, figs. lla, 
non. llb. 

Description :-Cephalon subtriangular but developed toward well rounded genal 

angles; marginal border narrow. Glabella large, subpentagonal, elevated above cheeks 
and tuberculate; median lobe isolated by preoccipital and occipital furrows; posterior 
and middle lateral furrows narrow and die out in the axial part; anterior lateral 
furrows obsolete; occipital ring and furrow distinct. Eyes large, semicircular, promi
nent and composed of about 160 corneal lenses. Thorax composed of more than nine 
segments; lateral margin subparallel; axial ring convex; its median half prominently 
elevated above lateral sides; axial furrows profound; pleurae wider than axial rings, 
nearly horizontal in the inner half but declined in the outer; pleural furrows broad 
and deep; pleural end rounded. 

Observation:-The holotype which is composed of a cephalon and nine thoracic 
segments is eroded to some degrees. Its glabella is somewhat depressed secondarily 
in the anterior part, though it is highly elevated above cheeks. 

In eyes on two para type cephala eleven lenses are countable at the maximum in 
a row in the middle part. Only the median preoccipital lobe is present in the para
type cephala. 

Comparison:-This species is tentatively referred to Reedops, because the vincular 
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furrow is clearly impressed on the external mould of the holotype specimen on its 
postero-Iateral sides which, however, die out in front of the cephalon. The genal angle 
is produced postero-Iaterally like in R eedops (R eedops) cephalotes, but its glabella 
appears less produced like Reedops (Signatops) signata (HAwLE and CORDA). The 
lateral preoccipital lobes, present in these two species are, however, absent, if not 

unpreserved, in this species. 
Occurrence:-The upper part of the N akazato Series in the middle part of Higuchi

zawa, Of una to district, Iwate Prefecture. 

Family Dalmanitidae VOGDES, 1890 

Subfamily Dalmanitinae VOGDES, 1890 

Genus Odontochile HAWLE and CORDA, 1847 

Recently VANEK (1970) and MAXIMOVA (197l) proposed three new subgenera in 

this genus as follows: 

Odontochile (Zlichovaspis) V A:-.:tK 

Type-species :-Odontochile rugosum HAWLE and CORDA, 1847 
Odontochile (Kasachstania) MAXIMOVA 

Type-species :-Dalmanites saryarkensis MAXIMOVA, 1960 
Odontochile (Reussia) MAXIMO\" A 

Type-species :-Dalmanites reussi BARRANDE, 1864 

Odontochile sp. indet. 

PI. 9, Figs. 5, 6. 

1960. Dalmanitid by HAMADA, Japan. Jour. Ceol. Geogr. vol. 31, p. 180. 
1971. Probolium altaicum (KIIALFI:-':) by HA~IADA, Pal. Soc. Japan Sp. Pap. no. 15, p. 6 (listed). 

" An imperfect pygidium at hand is flat and subtriangular in outline; lateral margin 
nearly straight, but anterior margin is well arcuate; axial lobe probably about one
sixth as wide as pygidium; pleural field large, having 11 or more ribs as far as can 
be judged from narrow ribs on the preserved part; pleural ribs look imbricated, since 
their anterior slopes are gentle, while their posterior side is overhanging; ribs sharply 
angulated at the top and separated from one another by pleural furrows with relatively 
broad flat bottom; interpleural furrow faintly seen on the anterior slope near the 
angulation; ribs somewhat swinging forward near the proximal end and backward 

near the narrow and fiat lateral border with which the ribs are connected; pleural 
furrows terminate just inside the border; axial furrow narrow and straight; 7 anterior 
pleural ribs and 6 interpleural furrows nearly corresponding to anterior axial rings 
and ring furrows preserved in the specimen. Two genal spines in the collection from 
the same locality are both flat. In one of them inner ridges of lateral and posterior 
borders are confluent with each other and run into a median rib on the spine. 

The pygidium combined with these genal spines suggests that the dalmanitid before 
hand belongs to either Odontochile or Neoprobolium. This species agrees better with 
Odontochile hausmanni (BRONGNIART) than Neoprobolium nastlls (CONRAD). 
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A few kinds of dalmanitid pygidia have long been known to occur in Western 

Mongolia, but none of them which TSCI-IERNYSHEVA (1939) has described from the 
Bairim ridge agrees with this species nicely. Among the Kazakhstan species of 
Dalmanites and Odontochile or subgenera of the latter Odontochile arcuata MAXIMOVA 

from Of is somewhat allied to this species in the arcuate anterior outline and the mode 
of pleural ribs. This species is nearer to Neoprobolillm altaiclll1l (KHALFIN), 1955, from 

the Coblenzian of the Gorny Altai and so in the lessened degree to Odontochile aft. 
ulrichi DELO and Dalmanites urakanensis MAXIMOVA from the Coblenzian in the Far 
East of the USSR (MODZALEVSKAY A, 1967). Odontochile (Zlichovaspis) maccoyi (BAR

RANDE, 1852) from the Emsian of Bohemia also has the arcuate anterior margin of the 
pygidium. Its lateral margin is also more or less arcuate where the margin is nearly 

straight in this species. 
Occurrence:-Houlungmen formation; Chinshuei, Heilungchiang, Northeast China 

(formerly Manchuria). 

Family Calymenidae BRONGNIART, 1843 

In 1894 SCHMIDT has distinguished Ptychometopus and Pharostoma from Calymene 

s. str. As the result or an extensive survey of the Calymenidae (s. I.) POMPECKJ (1898) 
traced the lingeage of Calymene s. I. and its allies as follows: 

(1) The Calymene group has developed from Bavarilla through Pharostoma. 

Calymene restricted by SCHMIDT was divided into the C'. senaria-C'. declinata 

series and the C'. callicephala-C. tuberculosa series. 
(2) Two derivatives from Neseuretus are (a) Homalonotlls and (b) the Synhomalo

notus group which the latter comprises the Synhomalonotlls tristani and S. 
arago subgroups beside Ptychometopus. 

Later NOVAK (1918) proposed Colpocoryphe for Calymene arago. 

SHIRLEY (1931, 1933, 1936) carried out a thorough study on the British and other 

species of the Calymene group. In adding KEGEL'S two subgenera and his five new 
genera to Calymene, he distinguished calymenids into two groups with and without 

papillate glabellar lobes or genal buttresses beside Synhomalonotus which is well isolated 
from them. The former group includes Calymene, Diacalymene and Papillicalymene 

whereas the latter contains Flexicalymene, Reacalymene, GravicalYlllene, Metacalymene 

and Platycalymene. Incidentally, STUMM and KAUFMANN (1958) suggested that the 

term" papillate" should be abandoned owing to its inadiquacy and that "conjugate 
second glabellar lobes" was proposed as its substitute. 

In 1937 the senior author has given a brief review of the Calymenidae and pointed 
out that Synhomalonotus is a characteristic genus of the European-meridional province 

extending from the Andes to Eastern Asia through Europe and South Asia. Not only 
because of this distribution but also because Synhomalonotus does not fit in either the 

Calymenidae or the Homalonotidae morphologically, he proposed the Synhomalonotidae 
to combine it with Vietnamia, CalYl71ellesllll and ReedocalYlIlene (1960). He, however, 

had to replace the family name by the Neseuretidae, nov. (1969), because WHITTARD 
(1959) has already pointed out that Synhomalonoilis PO~IPECKJ, 1898 is a junior synonym 
of N esellretlls HICKS, 1872. The synonymy "vas accepted by WHlTTI.\'GTON (1966), 
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HENRY (1970) and others. DEAN (1967) erected Neseuretinus as a South Asiatic sub
genus of Neseuretlls occurring in Turkey and Burma. 

Bavarilla which POMPECKJ has considered the ancestor of the Calymenidae was 
transferred by SDZUY (1955) and WHITTINGTON (1966) into the Homalonotidae together 
with ColjJocoryphe. Calymenidius RASETTI (1944) is an Upper Cambrian genus found 
in the Levis conglomerate, Quebec whose author stated that its superficial resemblance 
to Calymene may indicate any real affinity. SDZUY (1954) on the other hand emphasized 
that Tremadocian Pharostomina of Germany was closely allied to Calymene. This genus 
as well as Pharostoma, however, can be distinguished from gonatoparian Calymene 
or the Calymenidae by the opisthoparian facial suture and the possession of genal 
spines. WHITTINGTON (1966) presumed that Calymenidills and Pharostomina would 
be ancestral to the family. ProtocalY1llene Ross, 1967 is an additional early genus 
which bears alliance to calymenids on one side and to hystricuroids on the other. Its 
facial sutures proparian in juvenalium but gonatoparian in maturity. 

In the past fifteen years Spalhacalymene, Onnicalymene, Thulincola, Protocalymene, 
Calymene (Paracalymene) and Thelecalymene were successively instituted respectively 
by TILLMAN, DEAN, TRIPP, Ross, PILLET, and WHITTINGTON as calymenid genera 
and a subgenus. In adding Bathycheillus and Endocrania to them. but excluding the 
Neseuretidae, the family Calymenidae is here tentatively classified into four subfamilies 
and 21 genera as shown in a synoptic list below. Accepting the papillate and non
papillate series of the Calymeninae (s. I.), WHITTINGTON suggested recently that short
ranged local genera have branched off from two long-ranged (Ordovician-Devonian) 
stems from time to time. He adopted the Flexicalymeninae for the latter series. 

Four subfamilies of the Calymenidae 

I. Calymeninae BURMEISTER, 1843 

Calymene BRO!'iG!'iiART, 1882. (Calynzene blumenbachi BROj\;G!'iiART, 1822). L. Sil.-M. Dev., 
Eur-Asia-N. Am. Australia 

Diacalymene KEGEL, 1927. (Calynzene diademata BARRAI"DE, 1864) M. Sil.-V. Sil., Bohemia 

Papillicalymene SHIRLEY, 1936. (Caiymene papillata LI!'iDSTRb~I, 1855) Sil., Sweden 
Calymene (Paracalymene) PILLET, 1936. (Calymelle (Paracalynzene) burealli PEI"EAU, 1928) 

Late L. Dev., Eu. 

Spathacalymene TILL:lIAN, 1960. (Calymene nasuta ULRICH, 1879) M. Sil.-V. Sil., USA-Eu
Poland 

Thelecalymene WIIITTII"GTON, 1971. (Calymene mammillata HALL, 1861) V. Ord., USA 
IT. Flexicalymeninae SHIRLEY (1936) in WHITTl!'iGTO!'l, 1971 

? Liocalymene RA nWND, 1916. (Henzicrypturlls clintoni VA);CXDI, 1842) L. Sil.-M. Sil., 
east. N. Am. 

? Metacalymene KEGEL, 1927. (Calymene baylei BARRAl'DE, 1846) V. Sil., Bohemia 
Flexicalymene SIIIRLEY, 1936. (CaiY11lelle caractaci SALTER, 1865) M. Ord.-M. Sil., Eur-Asia

N. Am. 

? Reacalymene SHIRLEY, 1936. (Reacaiymene limba SHIRLEY, 1936) M. Ord.-V. Ord., Eu. 
(Eng.), ? N. Am. 

Gravicalymene SHIRLEY, 1936. (GravicalY/llene convolva SHIRLEY, 1936) V. Ord.-L. Dev., ? 
early M. Dev., Wales-So and E. Asia-Australia, N. Z. 

Platycaiymene SHIRLEY, 1936. (Asaphlls dllpiicatus MURCH ISO);, 1839) M. Ord., Br. Is.-Swed. 
Onnicalymene DEA);, 1962. (Calymene onniensis SHIRLEY, 1936) V. Ord. (Caradoc), Eng!. 

"Vales, Swed., ~orway 
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Orimops RAFI:-;ESQGE, 1832. (Calymene callicephala GREEl\, 1832) M. Ord., N. Am. 
FISCHER (1957) suggested that Orimops RAFINESQUE may be synonymous with Flexi

calymene but DEAN (1962) states that Orimops is a nomen dubium. 
III. Pharostominae HUPE, 1953 

Pharostoma HAwLE and CORDA, 1847 (i. e. Prionocheilus RouAcLT, 1847) (Calymene pulchra 
BARRA;-';DE, 1840) M. Ord.-Up. Ord., Eu., Qu., Asia 

Bathycheilus HOLUB, 1908. (Dalmanites perplexus BARRAl\DE, 1872) M. Ord. (Llanvirn), 
Bohemia 

Calymenidius RASETTI, 19114. (Calymenidius tuberculatus RASETTl, 1944) Up. Camb., Quebec 
Pharostomina SDZUY, 1955. (i. e. Colpocorphoides HARRI:-;GTOI" and LEA:\'zA, 1957) (Pharo

stomina opiki SDZUY, 1955) L. Ord., Germ.-S. Am. 
Thulincola TRIPP, 1962. (Thulincola barbarus TRIPP, 1962) Mid. Ord., Scotland. 

IV. Ptychometopinae BALASHOYA, 1960. 
Ptychometopus SCHMIDT, 1894. (Calymene (Ptychometopus) volborthi SCHl\IIDT, 1894) L. Ord., 

USSR (BaIt.) 
Endocrania 1(OBA YASHI, 1956. (Hystricurus convexus El\Do, 1935) L. Ord.-M. Ord., E. Asia 

(Manchuria)-N. Asia (Central Siberia) 
? Protocalymene Ross, 1967. (Protocalymene macallisteri Ross, 1967) Ord. (Arenig-LlmlL'irn), 

N. Am. 

The Calymenidae, s. str. in Asia and Australasia 

As noted elsewhere, the Neseuretidae, i. e. Synhomalonotidae have greatly flourished 
1D Southern and Eastern Asia in the Ordovician Period, but less so the Calymenidae, 

although the latter family distributed more widely than the former in the world. It 
is represented in west Pamir by 

Flexicalymene arshachensis BALASHOY A, 1966, 

in the Shan States, Burma by 

Calymene (Pharostoma) liluensis REED 
Calymene oldhami REED, 

in South China by 

Pharostoma parapulchra KOBAYASHI in Kueichow 

Flexicalymene conica KOBAY ASH! in Szechuan 
Calymene (?) sp. by REED, 1917, in ,Yunnan, 

and in North China by 

Endocrania convexa (EI"Do) in Liaoning. 

As noted already (1960, 62), Tollaspis quartus BALASHOVA. 1955, from the Tremado
cian Ustuktsky stage of the Siberian platform reveals marvellous resemblance with 
Endocrania convexa that the two species look congeneric. although the three pairs of 
lateral furrows are more pronounced and the frontal border is thicker in the former. 

In the Middle Palaeozoic periods the distribution of the family was widely ex
panded in North and Central Asia. Calymene taimyrica BALASHOVA (1960) is described 
from the Lower Silurian far north in the Taimyr peninSUla. Calymene blumenbachi 

BRONGNIART was reported from the Llandovery of the Siberian platform (MAXli\IOVA, 
in NIKIFOROVA, 1955) and the Silurian of Tuva (TscHER:,\YSHEVA, 1937). The same 
species was reported by Kazansky from the Silurian of the upper Amur valley already 
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in 1910-15 (MODZALEVSKA YA. 1968). Furthermore Calymene spp. IX and f3 were reported 

from the Llandovery and Wenlock of the Siberian platform by MAXIMOVA (1962). 

In Turkestan Calymene sp. indet. was discovered in the Devonian in association 
with Thysanopeltella tarak (WEBER), 1932. Later WEBER (1951) described Calymene 

blumenbachi BRONGNIART and its variety asiatica nov. from the Wenlockian and 

Ludlovian of Ferghana and Pribalkhash and Calymene blwnenbachi var. producta (nov.) 

from the Turkestan range of Baribak. According to MAXIMOVA (1960), Calymene ex. 

gr. blumenbachi BRONGNIART occurs in the early Middle Devonian (DD in the Rudi 

Altai. In Kazakhstan she described the following species from the Upper Silurian 

and basal Devonian. 

Calymene kokbaitalensis MAXI:VIOV A (DJ) 
Calymene weberi MAXIMOV A (S2, DJ) 
Calymene aff. weberi MAXI\IOVA (S2) 
Calymene sp. (S2) 

Incidentally, Calymene (Calymene) beyeri R. & E. RICHTER, C. (C.) conspicua 

SCHMIDT subsp. podolica (nov.) and C. (C.) ohhesaarensis SCHMIDT subsp. dnestroviana 

(nov.) occur in the Ludlovian of Podolia (BALASHOV A, 1968). 

In Central Manchuria Calymene ct. blumenbachi BRONGNIART is described by Kuo 

(1962) from Xiap-sui-ho, near Ertaogou, about 15 km to the west of Yong-ji (Kirin) city. 

It was found together with atarion diffractum conveximarginatum Kuo and a. sphaerium 

Kuo in coralline limestone with shale intercalations. Encrinurus sinicus Kuo occurs 

with these species of atarion in a higher trilobite horizon in dark grey sandstone and 

shale beds. The age of these trilobite horizons are considered by him to belong to 

Silurian and probably late Wenlockian or early Ludlovian. 
In West Primoria, Far East of USSR Calymene ex. gr. blumenbachi BRONGNIART 

and Calymene sp. were found in terrigenous strata on the left bank of the Kordonk 

river, southwest of Grodekow peninsula in association with Aviculopecten and Pseudo

monotis (?). The former is represented by pygidia resembling Calymene macrocephala 

MAXIMovA in the Lower Devonian of northwestern Pribalkhash. The latter shown by 

an imperfect specimen of a cephalon and thorax is closely allied to Calymene platys 

HALL and CLARKE from the early Middle Devonian of North America. According to 

MAXIMOVA and ORGANOVA (1959) these fossils are Lower Devonian in age. 

In Japan KorzUMI and KAKEGAWA (1970) are the first to report their discovery 
of Gravicalymene (?) sp. from the Devonian of Fukuji, Gifu Prefecture. This species 

is closely examined in this study. 

In Central China Calymene changyangensis CHANG, 1974 was described from the 

early (?) Middle Silurian of Changyang, Hupeh. 
In Southeast Asia Calymene blumenbachi BRONGNIART var. was reported by REED, 

(1906, 15) from the Lower and Upper Namshim formation the age of which is Wen

lockian or Wenlock-Ludlovian. Calymene scrivenori KOBAYASHI and HAMADA is another 
Silurian species so far restricted to the Langkawi islands, west Malaysia. Gral:ica(v

mene maloungkaensis MANSUY is widely distributed in the Calceola sandalil/a stage in 

Tonkin, North Viet-Nam (MANSUY, 1908, 16, 21, PATTE, 1926), in the Lower Devonian 

Pochiao shale in Yunnan (Lu et ai., 1956), and possibly in the Plateau Limestone of 

Burma (SAHNI in HERON, 1936). In addition Calymene spp. are reported to occur in 
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the Devonian of Tonkin and the Devonian or Silurian in Laos (PATTE. 1926. 29). 
Recently Caiymene kashmirica GUPTA (1969) was described from the Upper Silurian 

Nauburg beds in Kashmir. What the present authors could dug out from the litera· 
tures on the Asiatic fauna is completed with the following three species from Bithynia, 
Asia Minor, Northwest Turkey (HAAS, 1968). 

Calymene arotia HAAS, Upper Ludlow 
Flexicalymene (Flexicalymene) ex. gr. onniellsis SHIRLEY, 

Upper Llandovery to lower Wenlock 
Cravicalymene eunoa HAAS, Praguian, probably lower Emsian. 

Finally, the Calymenidae are well represented in Australasia by the following 
species: 

Calymene d. blumenbachi BRO:'-iGl'IART, (CHAP~IAN, 1915), Low. Dev. (Yeringian), Victoria. 
Calymene bowiei GILL, 1945. Low. Dev. (Yeringian), Victoria. 
Calymene duni ETHERIDGE and MITCHELL, 1917. Up. Silur. (?), N.S.W. 
Calymene killarensis GILL, 1945. Low. Dev. (Yeringian), Victoria. 
Calymene sp. nov. (?) STRUSZ, 1964. Low. to Mid. Dev., N.S.W. 
Flexicalymene sp. (GILL, 1945). Silurian, Victoria. 
Cravicalymene australis (ETH. & MITCH.), 1917. Up. Silur. Low.-Dev. (Low. Mid. & Up. 

Trilobite beds), N.S.W., Low. to Mid. Dev., N.S.W. (STRUSZ, 1964), Low. Dev., Viet. 
(PHILIP, 1962, TALE:'-iT, 1963), Low. Dev., Tasmania (GILL, 1948). 

Cravicalymene angustior (CI-IAPlvIAN), 1915. Low. Dev., Victoria, New Zealand. 
Cravicalymene cootamundrensis GILL, 1942. Up. Silur. N.S.W. 
Cravicalymene hetera GILL, 1945. Silurian, Victoria. 
Cravicalymene kilmorensis GILL, 1945. Silurian, Victoria. 

Subfamily Flexicalymeninae SHIRLEY 

Genus Gravicalymene SHIRLEY, 1926 

Gravicalymene yamakoshii KOBAYASHI and HAMADA, sp. nov. 

PI. 10, Figs. 1-14, PI. 11, Figs. 1-15; Text·fig. 5C. 

1970. Cravicalymene ? sp. KOIZUMI and KAKEGAWA, Earth Sci., vol. 24, no. 5, p. 183, pI. 1, 
figs. 1-3. 

1974. Cravicalymene sp. OKAZAKI, Mem. Fac. Sci., Univ. Kyoto, Ser. Ceol. Min., vol. 11, no. 2, 
p. 88, figs. 1-5. 

1974. ? Cravicalymene sp. OKAZAKI et aI., Jour. Ceol. Soc. Japan, vol. 80, no. 11, pI. 1, figs. 
3-4. 

Description :-Cephalon nearly straight in anterior, but well rounded laterally as 
far as genal angles. Cranidium strongly inflated, its breadth being about one and a 

half of its length. Glabella strongly convex, expanding in posterior, more or less 

rounded in front, provided with three pairs of distinct lateral furrows, or more 
precisely with four pairs of furrows internally, but most anterior ones are rudimentary 
and indiscernible externally; anterior lateral furrows indicated by minor incisions; 
middle ones being greater sinuses, but cutting into glabella less than a quarter of its 
breadth; posterior lateral furrows incomparably developed than the precedings, dia· 
gonal, expanding inward and divided by an intermediate lobe; posterior lateral lobe 
roundly triangular, strongly swelling and internally almost isolated from the rest of 
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glabella by posterior lateral furrow; occipital furrow deep and more or less arcuate; 
occipital ring transversal, stout and narrowing near lateral extremities; dorsal furrows 
wide and very profound on lateral as well as anterior sides of glabella; sagittal section 
of glabella fairly well convex, suddenly becoming subvertical near deep anterior 
marginal furrow: frontal border nearly straight or only a little arcuate, highly raised 
and rounded on top. Fixed cheeks well convex; anterior part narrow and crossed 
obliquely by an obtuse eye-ridge; palpebral lobes opposed at about middle lateral lobes 
of glabella; postero-Iateral limb large; posterior border thick; border furrow fairly 
deep. Free cheek fairly broad, elevating toward eyes of medium size; marginal border 
occupying}me-third or one-fourth the free cheek's breadth, distinctly limited by narrow 
marginal furrow. Facial sutures gonatoparian; their anterior branches subparallel to 
each other and somewhat convergent on marginal border; pcsterior branch diagonal 
with weak convexity on antero-Iateral side: Hypostoma broadly arcuate along anterior 
and posterior margins and largely sinuate between two pairs of anterior and posterior 
projections; median body divided by an intermediate furrow into large ovate main 
part and crescentic posterior lobe; anterior marginal furrow long and persistent; 
lateral furrows terminating at pits in anterior and posteriorly confluent with each 
other to form an intermediate furrow; this and posterior marginal furrow outline 
posterior lobe. 

Pygidium subrhomboidal in outline with rounded antero-Iateral margin and nearly 
straight postero-Iateral margin, widest near mid-length of pygidium, about one and a 
half as wide as long and strongly inflated; axial lobe prominent above pleural lobes, 
about one-third or less the breadth of pygidium, conical, but rounded very near the 
posterior end whence a very short post-axial ridge issues, composed of six rings and 
a terminal lobe which are separated from one another by strong ring furrows; axial 
furrows deep; pleural lobes gently convex on axial side but convexity is very 
emphasized on the other side; pleural ribs flattopped, countable five, four of which 
are each divided into two bands by a shallow pleural furrow, but the fifth rib is ill
defined; interpleural furrows profound; posterior margin slightly arched behind post
axial ridge. 

Test granulate externally and minutely punctate internally. 
Observation;-The holotype (PI. 10, Fig. 2) and paratype (1) (PI. 10, Fig. 4) cranidia 

reveal all aspects of the cephalon internal and external, combined with two type free 
cheeks (para types 2 and 3) (PI. 11, Figs. 2, 4). One can grasp the concept of the 
cephalon almost completely with them. All furrows are wider and deeper internally 
than externally. An antennal pit is unsually well shown on the right axial furrow 
near the fourth lateral furrow on the holotype cranidium, but it is generally indisitinct. 
The fourth lateral glabellar furrow counted from posterior can be better seen on the 
internal mould but not on the external cast of the same cranidium (paratype 1). 
There are several other cranidia, but no trace of a papilla is seen in the cranidia at 
hand. Due to secondary deformation the outlines of the cranidium and glabella vary 
not to a small extent. For example, the anterior border looks somewhat convex back
ward in a cranidium (para types, W -5) and straight in another (W -2). Compared to 
the type cranidia the glabella is expanded in posterior more in the cranidia (KorZUMI 
and KAKEGAW A. pI. 1, fig.!, OKAZAKI, pI. 9, fig. 1) and less in the cranidium (OKAZAKI. 
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pI. 2, fig. 2). The glabella of the last cranidium is longiconic rather bell-shaped. 
Two hypostomata from Oise (YT -43, 67 -68) are tentatively referred to this species. 

This form bears two pairs of lateral wings where the posterior ones are larger, rhombic 
in outline, elongated longitudinally, depressed, fiat and separated from each other by 
a deep posterior sinuation. The anterior wings are not so large, but moderate in size, 
triangular and extended behind at the two terminal parts of the anterior marginal rim. 
The central body is long, well convex, contracted in the middle part and a little 
incised on the two sides at the posterior end of the contraction. 

This form of hypostome agrees with that of Flexicalymene senaria (CONRAD) in 
EVITT and WHITTINGTON (1953), but it quite disagrees with those of Calymene blumen
bachi as well as Thelecalymene mammiliata (HALL) in WHITTINGTON (1971) in the deep 
posterior sinuation between a pair of large wings. 

Little is known of the thorax of this species. Pygidia are not rare in Fukuji and 
Oise area, but they are deformed in different degrees. The para type (5) pygidium 
would be least deformed and its partial exfoliation enables one to compare the inner 
and outer sides of the test. 

The largest cranidium (PI. 10, Fig. 1) attains about 40 mm in width and the smallest 
one (TY -26, PI. 10, Fig. 8) in the collection is about 12 mm wide. The largest pygidium 
(para type, W -3, PI. 11, Fig. 11) is 23.8 mm wide and the smallest one from Kanajiro
zako (PI. 11, Fig. 8) 3.5 mm wide and the one from Oise (YT -7, PI. 11. Fig. 12) 6.6 mm 
wide. Among these holaspids no significant growth change is recognizable. 

Comparison:-This species has the generic characters common with Gravicalymene 
convolva SHIRLEY, 1936 from Upper Bala. the type-species of the genus. In that species 
the posterior lateral lobe has quadrangular shape and the lateral glabellar furrows are 
more developed, but the" supplementary" glabellar furrow is compeletely effaced. In 
the profile of the cephalon the glabella is more convex in this species whereas it is 
less so in larger part, but steeply slanting in very anterior part. The frontal marginal 
furrow is a deep trench between this part and the high anterior border. The pygidium 
of the British species is said sub-semicircular in outline. 

Calymene maloungkaensis MANSUY, 1921, which was referred to Gravicalymene by 
GILL (1942) and Lu et aI. (1965) is a cldse ally to this species. In MANSUY'S species, 
however, the middle and anterior lateral lobes of the glabella are comparatively larger 
and the anterior border is thicker and more arcuate. In G. convolva the middle and 
anterior lateral lobes are still more developed and the frontal border is much thicker 
than these two Asiatic species. 

Gravicalymene asperula VANEK, 1965, from the Ashgillian Kraluv Dvur beds of 
Bohemia is another resembling species in Europe, but it has a subquadrate glabella, 
almost circular posterior lateral lobes, a tiny median tubercle on the occipital ring and 
a roof-shaped frontal rim on the cranidium. Its pygidium is widely subpentagonal in 
outline. 

In his paper on the Baton River fauna of New Zealand SHIRLEY (1918) referred 
Calymene angustior CHAPMAN, 1915, from the Yeringian and CalYlllene australis 
ETHERIDGE and MITCHELL, 1917, from the Lov,-er Middle and Upper Trilobite Beds of 
New South Wales to GravicalY11lelle. These two species were later synonymized by 
GILL (1945). In this Australian species the fourth incipient lobe is discernible on the 
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glabella. In the profile of the cranidium the glabella is more strongly curved in anterior 

than in the Japanese species, but it is nearly horizontal in the middle and posterior 
parts (GILL, 1945, text-fig. lc). Eyes are located relatively anteriorly. The pygidium 

is nearly semicircular in outline. 
Calymene interjecta HAWLE and CORDA, 1847, from the Praguian of Bohemia to 

which G. maloungkaensis and G. angustior were compared respectively by MANSUY 
and GILL is still retained in Calymene (HORNY and BASTL, 1970). 

GILL (1940) described Calymene (Gravicalymene) cootamundrensis, nov. from the 
Upper Silurian of New South Wales. It has the frontal margin of the cranidium nearly 
straight like in the Japanese species. The cephalic profile is also similar to the latter, 

though less convex. The outline of the cephalon is, however, subquadrilateral. The· 
free cheek is extraordinarily narrow and has the nearly straight lateral margin. The 
eyes are located anterior to the middle lateral lobe of the glabella. The pygidium is 
triangular in outline and the pleural furrows are very strong. 

Occurrence:-Most common in the Gravicalymene bed of of Sorayama, Fukuji, but 

common also at Oise. 

Gravicalymene maloungkaensis (MANSUY, 1916) 

1908. Calymene blumenbachi MANSVY (non BR00:C;NIART) Contr. de la carte geol. de l'Indochine, 
Paieont., p. 49, pI. 12, fig. 23. 

1916. Calymene maloungkaensis MA);SUY, Mem. Servo geol. l'Indochine., vol. 5, lasc. 4, p. 21, 
pI. 4, figs. 4a-b. 

1921. Calymene maloungkaensis MANSliY, Ibid., vol. 8, fasc. 1, p. 22, pI. 2, figs. 14a-b; pI. 3, 
figs. la-b. 

1938. Calymene maloungkaensis, YI);, Bull. Ceol. Soc. China., vol. 18, no. 1, p. 52, pI. 4, figs. 
4a-b, figs. 6. 

1945. Cravicalymene maloungkaensis, GILL, Proc. Royal Soc. Victoria, vol. 65, (N. S.), pt. 2, p. 176. 
1957. Calymene maloungkaensis Lv, Index Fossils of China, Invertebrates, vol. 3, pI. 28, pIs. 154, 

figs. 5, 6. 
1965. Cravicalymene maloungkaensis, Lv et aI., Chinese Trilobites, vol. 2, Each group of fossils 

of China, p. 288, pI. 154, figs. 5, 6. 
1974. Cravicalymene maloungkaensis, CHA:-':G, Handbook of stratigr. & paleont. Southwest China, 

p. 236, pI. 117, fig. 10, 11. 
1974. Cravicalymene maloungkaensis, YO et aI., Mem. Nanking Inst. of Ceol. and Pal., Acad. 

Sinica, no. 6, pI. 19, figs. 5, 6, 7, 8. 

This MANSUY'S species in Indochina and China was transferred from Calymene to 
Gravicalymene independently by GILL (1945) and Lv et al. (1965). Because the known 
geological range of Gravicalymene is U. Ord.-L. Dev. according to WHITTINGTON (in 
MOORE'S Treatise, 1959), it may be a survivor of the genus until the early Eifelian 
age. 

In Central Tonkin the Coblenzian in the Song-cau basin contains Calymene ct. 
maloungkaensis. In Indochina the Emsian Chonetes shale is tightly combined with the 
Spirifer speciosus bearing shale in a suite which often comprises also coralline reef 
limestones. CalY7llene malollngkaensis, Proetus indonesiensis and Olarion giraudi are 
typical trilobites of its fauna (SAURIN, 1935). The specioslls shale and limestone are 
generally considered Eifelian or lowest Middle Devonian (FONTAINE, 1968). 
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Calceola sandalina, Spirifer cultrijugatus, and S. speciosus are well known to be 
typical members of the Couvinian fauna of Ardenne. The cultrijugatus beds are con
sidered in Europe either the lowest Eifelian (GIGNOUX. 1955) or the transition from 
Coblenzian top to Eifelian base (BRINKMANN, 1960). 

In China YIN (1938) was the first to describe this species from the Pochiao shale 
or the Spirifer tonizinensis shale near Kuangnan, East Yunnan which was considered 
the equivalent of the cultrijugatus zone in the transitional beds from the Lower to 
Middle Devonian in Central Europe. The Pochiao shale was later placed in the early 
Middle Devonian (WANG and YD, 1964), but the Pingipu group yielding Calymene 

malounglwensis in the Calceola sandalina elongata zone and the Euryspirifer paradoxus 

lungmenshanensis zones of the Kanhsi stage in its upper part in Northwestern Szechuan 
is located late Lower Devonian according to YOH (Stratigraphic Tables, 1956, WANG 
and YD, 1964). In the description of the species the age, of the Pochiao shale is cited 
early Middle Devonian (Lu, 1957) and Lower Devonian (Lu et aI., 1965). Recently 
Gravicalymene malounglwensis was reported to occur in the lower part of the Tangting 

stage at Nantan. Kwangsi and the stage was correlated to the Zlichkov stage of the 
Barrandian sequence (WANG et at.. 1974). 

As reviewed above, the age of the malounglwensis horizon must be in the range 

from upper Emsian to lower Eifelian. The species is widely distributed in South China 
and North Viet-Nam and possibly in East Burma where Calymene d. maloungkaensis 

is reported from the Plateau Limestone (SAHNI in HERON, 1936). 

Flexicalymenid, gen. et sp. indet. 

PI. 8, Fig. 7; PI. 10, Fig. 15. 

1956. Gen. et sp. indet. (Pygidium) KOBAYASHI and lco, Japan. Jour. Ceol. Ceogr., vol. 27, nos. 
2-4, pI. 10, fig. 6. 

An internal cast of an imperfect cranidium has a less convex glabella in comparison 
with Gravicalymene yamakoshii. The posterior lateral lobe occupies one-third the 
breadth of the glabella. Like that species the posterior lateral furrow is bipartate by 
an intermediate lobe, but the furrow is as a whole not so strong as in that species. 
The middle and posterior lobes are isolated from the axial part by longitudinal furrows 
as commonly seen in Calymene. The occipital ring is narrowing laterally. The inner 
margin of the fixed cheeks are distinctly protruded toward the middle lateral lobes of 
the glabella to form genal buttresses, although they are disconnected by the axial 
furrow in this cast. 

A pygidium illustrated by KOBAYASHI and IGO (1956) (PI. 8, Fig. 7 of this paper) 
differs from that species in the more rounded outline, the subcylindrical axial lobe, 
fairly well depressed pleural lobes and simple ribs. Seven axial rings and five pleural 
ribs are countable on this pygidium. 

This form disagrees with Gravicalymene yamakoshii in several aspects on the 
cephalon and pygidium. Although the anterior part is largely gone out of the crani
dium at hand, the tendency to conjugate the fixed cheek margin with the lateral lobe 
of the glabella suggests the approach of this species to Calymene. 
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Occurrence :-A cranidium (PI. 10. Fig. 15) was procured from sandy limestone bed 
at Kinma-michi (HAMADA coII.); a pygidium (PI. 8, Fig. 9) also collected by IGO at 
Kinma-michi, both in the Takaharagawa formation, Fukuji district. 

Family Proetidae SALTER, 1864 

This family may be the largest of the Trilobita, insofar as the number of sub
families is concerned. Beside five subfamilies of the Phillipsidae which would be 
transferred into this family according to some authors, twenty-three subfamilies were 
proposed in this family, as already listed elsewhere (KOBA Y ASH! and HAMADA, 1973) 
except for the Warburgellinae OWEN, 1973. YOLKIN (1968) has already combined the 
Dechenellinae and the Schizoproetinae in the Dechenellidae. Then PILLET added the 
Lacunoporaspinae to this family and proposed the Tropidocoryphidae in order to in
clude the Tropidocoryphinae, Astycoryphinae and Denemarkiinae in it. 

As in many other trilobites, the concept of proetoid family and genus is greatly 
different among palaeontologists. Cornuproetus of the Cornuproetinae, for example, 
comprises, according to ALBERTI (1969) 16 subgenera including Lepidoproetus and 
Piriproetus for which PILLET proposed the Lepidoproetinae and Piriproetinae in the 
same year. Another example is Lacunoporaspis which was primarily erected by YOLKIN 
(1966) as a genus of the Dechenellinae, and PILLET (1972) proposed the Lacunopora
spinae in the Dechenellidae. OWEN (1973) on the other hand accepted Lacunoporaspis 
as a valid subgenus of Proetus, instead of decheneliidgenus. These two examples show 
how far specialists' opinions are divergent and how difficult to schematize proetoids 
in the scheme of natural classification (see Postscript 9). 

Subfamily Proetinae SALTER, 1864 

Genus Proetus STEIKI)'"GER, 1831 

In 1972 PILLET modified this genus in his classification of the Proetidae. 1969 as 
below. Type-species is cited behind each genus or subgenus. 

Genus Proetus STEINIj\;GER, 1831. Calymene cOllcinna DADIA;\;, 1827 

Subgenus Proetus (Proetus) STEI'>INGER. Ditto 

Subgenus Proetus (Longiproetus) CAVET et PILLET, 1958 

Proetus tenuimargo RICHTER, 1909 

Subgenus Proetus (Coniproetus) ALBERTI, 1966 

Proetus (Proetus) condensus PR IBYL, 1965 

Genus Gerastos GOLDFUSS, 18-13. Proetus cuL'ieri STEI'>I'>GER, 1831 
Subgenus Gerastos (Gerastos) GOLDFUSS, 1843. Ditto 

Subgenus Gerastos (Bohemiproetus) PILLET, 1969 
Proetus bohemicus HA\\,LE et CORDA, 1847 

Subgenus Gerastos (Orbitoproetus) PILLET, 1969 

Proetus orbitatus BARRA'>DE, 1864 
Subgenus Gerastos (Oehlertaspis) PILLET et VA'>EK, 1973 

Proetus rondeaui D. et P. OEIlLERT, 1890 
Subgenus Gerastos ? (Erbenites) PRIBYL, 1964 

Proetus /allax BARRA'>DE, 1846 
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Gerastos (Oehlertaspis) nom. nov. PILLET et VANEK, 1973, is the substitute of G. 
(Oehlertia) PILLET, 1972, non PERNER, 1907. According to PILLET Oehlertaspis has the 

strongly convex cephalon and glabella and allied to Orbitoproetus particularly in small 

eyes, course of facial sutures and the lack of genal spines, but its pygidium is short 
and paucisegmented like that of Quadratoproetus. 

As mentioned already (1974), three subgenera. Longiproetus. Bohemiproetus and 
Orbitoproetus approxeimately correspond respectively to the tenuimargo. bohemicus and 

orbitatus groups of Proetus (Proetus) by ERBEN (1951). OWEN (1973) accepted Coni
proetus and Gerastos as two subgenera of Proetus, but he considered that Bohemiproetus 
is synonymous with Coniproetus and so are Orbitoproetlls and Longiproetus with 
Gerastos, because their subgeneric boundary is obscure. On the other hand he brought 
Lacunoporaspis from the Dechenellinae to Proetus as its additional subgenus. and 

accepted Proetus (Rudoproetus) HESSLER, 1963 as an early Carboniferous descent of 

Proetus (Gerastos). 

Subgenus Coniproetus ALBERTI, 1966 

Proetus (Coniproetlls) Jukujiensis KOBAYASHI and HAMADA, sp. nov. 

PI. 13, Figs. 2--1<1; Text-fig. 3 1. 

Description :-Cephalon semicircular except for a pair of short genal spines. 

Glabella subtriangular but rounded in front, rapidly and regularly expanding back

ward, circumscribed by strong dorsal furrows, convex, distinctly elevated above cheeks; 
lateral furrows obsolete; occipital furrows very pronounced, gently arcuate in wide 
median part and bent anterolaterally in both lateral quarters; shallow furrow extending 
from the bending point diagonally, limiting an occipital lobe from the main part of 
neck ring where a median tubercle is present; frontal border convex; frontal furrow 

confluent with dorsal furrow; preglabellar area very narrow but present there. 
Fixed cheek narrow whereas free cheek is fairly broad; eyes large, opposed in a 

little posterior to the middle of the glabella. Facial sutures anterior to eyes a little 

divergent, but nearly lateral for some distance in posterior to eyes and suddenly run

ning across p03terior cheek border. 
Pygidium sublenticular, broadly arcuate anteriorly and well rounded posteriorly, 

about two-thirds as long as wide and widest at about one-fifth or one-fourth the length 
from anterior end; axial lobe one-third as wide as pygidium in anterior, defined laterally 

by deep axial furrows, longiconic, prominent above pleural sides, divided into about 

ten rings and rounded off at posterior end; pleural region horizontal in adaxial half, 

but gently sloping down in the other half, divided into six or seven ribs. anterior ones 
of which are subdivided into two bands; median fulcrum and lateral facet distinct on 
first anterior band; marginal border convex, limited inside by shallow furrow. 

Observation:-The holotype craidium (PI. 13, Fig. 9) from the GravicalYlIlene bed 
(Y AMAKOSHI colI.) is represented by an external and internal mould, the former of 
which shows fine rather irregular tuberculation on the glabella, while the latter as 
well as most other glabellae at hand look smooth. The median tubercle is seen on 

the neck ring. 
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Four pygidia contained in platy limestone beneath the Gravicalymene bed have 
invariably pleural regions geniculate and the axial lobe is very prominent, high up the 

horizontal part of the region. 
The paratype pygidium (W -6, Pi. 13, Fig. 5) shows many typical aspects clearly, 

but the outline is somewhat modified by lateral compression as seen by its asymmetrical 
lateral view. The sublenticular shape of the pygidium is better shown by other pygidia 
(W-7, Pi. 13, Fig. 6; OKAZAKI, No. 11-1, Pi. 13, Fig. 2). 

Comparison :-Compared with Proetus (Coniproetus) glandifrons NovAK, 1890, this 

species has a more conical glabella surrounded by the very pronounced dorsal furrow 
which is in direct contact with the frontal border. In other words, the narrow space 
between the border and glabella is occupied by the furrow. The pygidium is longer 

and the axial lobe is narrower in this than in that species. 
Occurrence:-The Gravicalymene bed and the underlying platy limestone bed at 

Sorayama in the Fukuji district. 

Subfamily Unguliproetinae PILLET, 1969 

Genus Unguliproetus ERBEN, 1951 

ERBEN founded Proetus (Unguliproetus) on Proetus unguloides BARRANDE, 1846 

and referred three other Devonian species of Proetus to this subgenus. According 

to him it was possibly derived from Silurian Proetus rycl?holti BARRANDE which is 
intermediate between Proetus s. str. and U nguliproetus, or it was branched off from 
the bohemicus group of the long.ranged Proetus (Proetus). RICHTERS and STRUVE (in 
MOORE'S Treatise, 1959) placed genus Unguliproetus tentatively in the Proetinae. 
ALBERTI (1969) accepted it as a genus of the subfamily, while he referred P. ryckholti 

to Proetus (Coniproetus). PILLET (1969) on the other hand isolated the genus in a 
separate subfamily, proposing Unguliproetinae for it. The most distinctive charac· 
teristic of this monotypic genus lies in the presence of the relatively large preglabellar 
field in front of the conical glabella. The pygidial segmentation is typical of Gerastos, 

but only the first pair of pleural furrows are very distinctive. 
Thus, the intimate relation of U nguliproetus with the Proetus.Coniproetus.Gerastos 

group is generally accepted and the separation of the genus from the group either in 
the subfamily level, or generic level would be a matter of opinion. In regard to this 
problem it is noted that Unguliproetus oisensis here described would be a very near 
species of Unguliproetus to Proetus (Coniproetus). The taxonomic position of Unguli. 

proetus bears particular importance, if considered that it is a possible link between 
the Proetinae and Cyrtosymbolinae. 

U nguliproetus oisensis KOBAYASHI and HAMADA, sp. nov. 

PI. 12, Figs. 1-25; PI. 13, Fig. 1; Text·fig. 3H. 

1974. ? Cyrtosymboie sp. OKAZAKI et aI., Jour. Ceoi. Soc. Japan, val. 80, pI. 1, figs. 5-7. 

Description :-Cephalon semicircular in outline, but provided with a pair of genal 
spine of moderate length. Glabella longiconic, convex, and rounded in front; lateral 
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furrows weak or obsolete; occipital furrow narrow but deep, broadly arcuate and bent 
forward near lateral ends; occipital ring provided with triangular occipital lobes on 
lateral sides from the bending points of the occipital furrow; fronfal border nearly 
as long as preglabellar area in sagittal length where the former is convex and the 
latter nearly flat and depressed. Cheeks relatively wide, gently convex, and inclined 
from eyes to marginal furrows; lateral and posterior borders meeting at genal angle 
and thence extended into a genal spine; lateral and posterior marginal furrows forming 
an acute angle and extending into spine; fixed cheek narrow in comparison with free 
cheek; eyes fairly large, close-set to glabella near its mid-length; palpebral lobe slanting 
toward axial furrow. Anterior branches of facial sutures diverging from eyes as far 
as parallels through eyes and curving inward on marginal border; their posterior 
branches cutting posterior margin at about its median point. 

Pygidium broad, well inflated, and nearly semicircular, but posterior margin is 
more or less transversal; axial lobe about one-third as wide as pygidium, elevated 
above pleural slopes, composed of eight or more rings, slowly tapering back, rounded 
behind and in contact with marginal furrow; anterior band of the first pleural segment 
facetted f.rom median point to lateral end; pleural and interpleural furrows both distinct 
on anterior four pleurae; marginal border well defined. 

Observation:-The holotype cranidium (YT -30, PI. 12, Fig. 3) contained in limestone 
shows relieves better than three other cranidia. Two short lateral furrows emerged 
secondarily on the glabella of a cranidium (YT-27, PI. 12, Fig. 5) by dorso-ventral 
depression. In an imperfect cephalon collected by IMAl the cranidium and left free 
cheek are still fused. The doublure is distinctly cut by a rostral suture diagonally 
in the paratype free cheek (YT -33, PI. 12, Fig. 14). It has a large prominent eye. 
In a right free cheek from the same locali~y (YT -5, PI. 12, Fig. 13) the striated 
doublure is raised in form of a narrow rim along the lateral border, probably due to 

secondary deformation. 
Test is half exfoliated in the paratype pygidium (YT -32, PI. 13, Fig. 1) where it 

is clearly seen that deep pleural furrows and linear interpleural furrows are alternating 
in anterior pleurae. 

Comparison:-This species can be easily distinguished from the preceding by (1) 
the glabella longiconic, instead of brevi conic in that species, (2) the possession of a 
larger preglabellar area and (3) the greater forward divergence of the facial sutures 
in the cephal on and (4) the more transversal anterior and posterior margins of the 
pygidium, and (5) the absence of geniculation on its pleural region. 

The preglabellar field appears relatively short, if compared to the glabellar length, 
but it is nearly as long as the frontal border as in Unguliproetus ungulatus. The 
pleural segmentation is not so distinct in typical U nguliproetus as in this species. 
These differences show that it is near Proetus (Coniproetus), but still within Unguli
proetus. 

Occurrence:-TY (TANAKA colI.) and IMAl colI. (PI. 12, Fig. 12) from Oise-dani, 

Fukui Prefecture. 
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Proetid, gen. et sp. indet. (a) 

PI. 13, Figs. 15, 16. 

Two small pygidia in the collection have unusuallly narrow axial lobes. In one 
from the Gravicalymene bed of Sorayama the lobe is much more strongly convex and 
highly elevated above the pleural lobes, if compared with the other pygidium. However, 
they are, otherwise, similar to each other in many other aspects. One specimen from 
the Gravicalymene bed of Sorayama (PI. 13, Fig. 16) and the other from Oise-dani 
(YT -49, PI. 13, Fig. 15). 

Proetid, gen. et sp. indet. (b) 

PI. 13, Fig. 17. 

A pygidium contained together with a cranidium of Proetus (Coniproetus) Jukuji

ens is in a slab from the Gravicalymene bed of Sorayama'is quite strange. Its triangular 
outline is too different to consider a deformed Jukujiensis pygidium. At the same 

time it is quite aberrant among the pygidia of the Fukuji fauna. 

Proetoid, gen. et sp. indet. 

PI. 13, Fig. 18. 

A pygidium from Ichinotani which is an internal mould is, compared with the 
pygidium of Unguliproetus oisensis, evidently longer and nearer' to the pygidium of 

Proetus (Coniproetus) Jultujiensis. The lateral and posterior margins are, however, 
more well rounded in this than these two pygidia:· The axial lobe is conical, stout 
and prominent above very gently inflated pleural fields. Four rings and three furrows 
are countable in the anterior two-thirds of the axial lobe. Only two anterior pleural 
segments are marked on the mould. Striated doublure is exposed along the margin 
by exfoliation. 

Occurrence :-Ichinotani. Fukuji, Kamitakara-village, Yoshiki-county, Gifu Pre
fecture. Y ASUE collection. 

Family Dechenellidae PR'IBYL, 1946 

In 1946 PRYBIL proposed subfamily Dechenellinae· in the Proetidae to include 
Dechenella, Schizoproetus and Proetina. Its diagnosis was as follows: 

Proetidae with 3-4 pairs of glabellar furrows. 'Glabella conical or of clover-leaf form 
{Kleeblattfi:irming according to R. RICHTER, 1912), i. e. with a broad base and a pair of very 
markedly projecting basal lobes, the frontal lobe being considerably narrowed. The anterior 
border is often bent inwards with a rounded-off rim. Facial sutures opisthoparoid. Thorax 
consists of ten segments. Pygidia are large and broad, considerably dra,,-n-out lengthwise. 
The rhachis is formed of a large nu~ber of axial segments· (12-20). The lateral lobes dis
play up to 16 ribs. The margin of the pygidium shows a broad well marked border. 

He is of opinion that the Dechenellinae differ from the Phillipsinae in the form 
of the cephalic shield and the larger number of thoracic segments. the apparent 
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resemblance between their pygidia being probably due to homoeomorphic convergence. 
Later MAXIMOVA (1955) referred to the subfamily such cyrtosymbolids as Cyrto

symbole (Calybole, Waribole, Cyrtodechenella), Typlwproetus, Drevennannia (Carnicia), 
etc., while HUPE (1955) erected the Cyrtosymbolidae. Later the elimination of cyrto
symbolids from the Dechenellinae was accepted by RICHTERS and STRUVE (1959) and 
MAXIMOVA (1960). In MOORE'S Treatise RICHTERS and STRUVE classified the Dechenel
linae into 3 genera in addition to 3 subgenera, namely Dechenella (Basidechenella, 
Monodechenella, Praedechenella), Paradechenella, and Schizoproetus, and Proetina was 

transferred to the Proetidellinae. 
HUPE (1955) promoted the Dechenellinae to family rank. YOLKIN (1968) distin

guished the family into two subfamilies, viz. Dechenellinae and Schizoproetinae (nov.) 
The distinctly keeled fixed cheeks are most characteristic of the latter, but its additional 
differences from the former are as follows: 

Glabella 

Frontal limb 

Neck lobes 

Axial lobe of 
pygidium 

Pleural lobes 
of pygidium 

Dechenellinae s. str. 

pear-shaped or subcylindrical 

medium to narrow 

not always marked 

8-12 rings 

3-16 ribs 

Schizoproetinae 

elongately subtrapezoidal or concial 

absent or undeveloped 

usually well marked 

9-15 rings 

-1-9 ribs 

The Schizoproetinae include Schizoproetus and Ganinella. These two subfamilies 
are, however. closely linked with each other through Dechenella burmeisteri RICHTER 
and D. granulata RICHTER which are according to RICHTER two species of Dechenella 
s. str., i. e., Eudechenella with angulate keels on their free cheeks. 

Among the four Carboniferous genera Linguaphillipsia and Palaeophillipsia were 
referred to the Dechenellinae by OSMOLSKA (1970). G. and H. HAHN (1967), on the 
contrary, are of opinion that the two genera are members of the Phillipsinae in which 
they constitute an Upper Devonian-Permian branch from Archegonus (Pseudowaribole). 
Incidentally Palaeophillipsia japonica is considered now lowest Carboniferous, instead 
of Upper Devonian in age (ENDO and MATSUMOTO, 1962). 

Because the Dechenellinae have declined in the late Devonian Period, whether 
these genera reveal the phyletic rejuvenescenee of the subfamily, or whether their 
morphic resemblances to the Dechenellinae are homoeomorphic is a question. 

ORMISTON (1967) erected three new subgenera, Pedinodechenella. Deltadechenella 
and Schizoproetoides in Dechenella and traced the origin of the Dechenellinae back 
to Proetus (Longiproetus). Subsequently he (1972) accepted the Dechenellidae and the 
Schizoproetinae when he instituted a new genus Fascipyge in this subfamily. In the 
same year PILLET added three more genera to the Dechenellidae and classified the 
family into four subfamilies as follows: 

Subfamily Dechenellinae PRIBYL, 1946 
Dechenella, Basidechenella, Praedechenella, Pedillodechenel!a, ? Dechenelloides 

Subfamily Monodechenellinae PILLET, 1972. Glabella globular; preglabellar. ~~ld 
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absent; palpebral lobe small; post-ocular facial suture with a long para sagittal 
segment. 
M onodechenella 

Subfamily Lacunoporaspinae PILLET, 1972 
Lacunoporaspis, Khalfinella, Eocyrtosymbole. Deltadechenella, BenesouelLa 

Subfamily Schizoproetinae YOLKIN, 1968. Glabella scarcely piriform; three pairs of 
lateral furrows faintly marked; preglabellar field narrow or absent; eyes large; 
pygidium short, witn a dozen axial rings and 4 to 9 pleural ribs. 
Schizoproetus, Ganiella, ? Paradechenella, Schizoproetoides, ? Chauffouraspis 

There are some 25 genera or subgenera which were referred to this family a fifth 
of which is, however, provisional. Of the subfamily reference some genera are very 
tentative. The promotion of the Dechenellinae to a family and its subdivision would 
require more time before their general acceptance. 

Synopsis of genera and subgenera of the Dechenellidae 
with type-species behind them 

Late Silurian (?) to middle Devonian genera and subgenera 

Dechenella KAYSER, 1880. (Phillipsia verneuili BARRA:-IDE, 1852) 
Basidechenella R. RICHTER, 1912. Subgenus of Dechenella. (Dechenella kayseri RICI-ITER, 1909) 
Paradechenella R. RICHTER, 1912. Subgenus of Dechenella. (Dechenella tschenlyschewi RICHTER, 

1909) 
Schizoproetus R. RICHTER, 1912. (Proetus celechovicensis SlI.IYCKA, 1895) 
(?) Cyrtodechenella R. & E. RICHTER, 1950. Cyrtosymbole (Cyrtodechenella) cyrto 

R. & E. RICHTER, 1950 
Praedechenella MAXIMOVA, 1952. Subgenus of Dechenella. (Dechenella (Praedechenella) 

liniclivosa MAXIMO\, A, 1952) 
Monodechenella STUMM, 1953. Subgenus of Dechenella. (Proetus) macrocephalus HALL, 1861) 
0) Crassiproetus STUM~I, 1953. Proetus (Crassiproetus) traversellsis STC~IM, 1953 
Dechenellurus MAXIMO\, A, 1960. (Dechenellurus ursus MAXI:lIOV A, 1960) 
Lacunoporaspis YOLKIN, 1966. (Lacunoporaspis contermina YOLKI~, 1966) 
Pedinodechenella ORMISTON, 1967. (Dechenella (Dechenella) melvillensis ORMISTO~, 1967) 
Deltadechenella ORMISTON, 1967. (Deltadeclzenella bathurstensis ORMISTON, 1967) 
Schizoproetoides ORMISTON, 1967. (Cyrtosymbole richteri TOLMACHOFF, 1962) 
Khalfinella YOLKIN, 1968. (Proetus carinatus KHALFI:-I, 1948) 
Ganinella YOLKI;';, 1968. (Dechenella batchatensis TSCHERNYSI-IEVA, 1951) 
Benesovella CHLUPAC, 1969. (Benesovella strandi CIILUPAC, 1969) 
Pseudodechenella PILLET, 1972. (Calymene rowi GREEN, 1838) 
Eocyrtosymbole PILLET, 1972. (Eocyrtosymbole magnifica PILLET, 1972) 
Chauf!ouraspis PILLET, 1972. (Chauf!ouraspis andegavensis PILLET, 1972) 
Fuscipyge ORMISTO:-l, 1972. (Fuscipyge yolkini ORMISTO:--r, 1972) 
Humeia ORMISTO"', 1975. (Humeia merga OR~!!STO;.;', 1975) 

Post-Devonian genera 

(?) Palaeophillipsia SUGIYMIA and OKANO, 1944. (Palaeophillipsia japonica SUGIYA:\IA and 

OKANO, 1944) 
(?) Linguaphillipsia STUBBLEFIELD, 1948. (Linguaphillipsia terapaiensis STUBBLEFIELD, 1948) 
Dechenelloides GRA;.;'DL, 1968. (Proetus angustigenatus LEYH, 1897) 
Bitumulina OSMOLSKA, 1970. (Phillipsia bitumula WEBER, 1932) 
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Notes on some Devonian dechenellid genera 

The principal distinctions of Dechenella from Jlonodechenella and Basidechenella 
are in the outline of the glabella and effacement of lateral lobes. Three pairs of 
glabellar furrows are all distinct in the first; only p03terior pair pronounced in the 
second and all pairs faint in the third genus. The occipital lobe is not isolated in 
Basidechenella as in the two others. The glabellar outline is pear-shaped in Dechenella 
s. str., semioval in Monodechenella and roundly triangular or suboval in Basidechenella. 

According to ORMISTON (1967) Dechenella (Pedinodechenella) can be distinguished 
from Dechenella (Dechenella) by its remarkably depressed glabella which is wider than 

long and rapidly tapering in anterior and anterior nodes in place of antennulus pits 
in the axial furrows. In Pseudodechenella lateral furrows of the glabella are not so 
distinct as in Pedinodechenella. It can easily be distinguished from Basidechenella by 
the possession of the marginal border. Deltadechenella is another genus resembling 
Dechenella, but having a triangular pygidium like Chaunoproetus, although the axis is 
shorter and paucisegmented, if compared with the pygidium of Chaunoproetus. 

In Paradechenella the glabella is long, slender, and provided with three lateral 
furrows; neck lobes present; facial suture sigmoidal in front of the eye; pygidium 
with a caudal spine. Praedechenella is similar to Paradechenella but having median 
spines on the occipital ring and axial rings of the pygidium, but lacks the caudal 
spine. The pygidium is less segmented than in Paradechenella and the anterior branch 
of the facial suture is largely convex laterally and not sigmoidal. 

In Dechenellurus the facial sutures are diagonal anterior to eyes and form angles 
with the frontal border. The glabella is cylindro-conical, non-constricted, and reaching 
the frontal border which is often ill-defined; occipital lobes present; eyes medium 
sized and located posteriorly; tenth thoracic segment may be macropleural. The 
absence of axial projections on the neck ring and succeeding axial rings and at the 
posterior border of the pygidium is an important distinction of Dechenellurus from 
Paradechenella as well as Praedechenella. The pygidium is more segmented in this 
genus than in Praedechenella, and numbering 12-17 rings on the axis and 8-15 ribs 
on the pleural lobe. 

Lacllnoporaspis, Khalfinella and Benesovella are similar to one another and resemble 
Praedechenella and Basidechenella in some or other biocharacters of the cephalon. 
The occipital lobes are well developed in Lacllnoporaspis and Khalfinella, small but 
distinct in Praedechenella and indistinct or undifferentiated in Benesovella and Basi
dechenella. The glabella is roundly conical in Lacll71oporaspis, but less so and even 
pear-shaped in Khalfinella. The most conspicuous characteristics of Benesovella are 
the broad subtrapezoidal outline of the pygidium and its posterior sinuation. The 
below tabulated segmentation of the pygidium provides additional distinctions. 

Khalfinella 
Benesovella 
Praedechenella 
Lacunoporaspis 
Basidechenella 

Axial rings 

8 
7-9 
5-11 
9-12 

12-13 

Pleural ribs 

2-5 
4-6 
5-7 
5-8 

about 8 
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Schizoproetus and Ganinella are fairly well isolated from the precedings as they 
were grouped into the Schizoproetinae by YOLKIN. Ganinella differs from Schizoproetus 

in the regular tapering of the glabella and less segmented pygidium. The axial rings 
number less than 12 in Ganinella whereas they are 13 or 14 in Schizoproetus. 

Eocyrtosymbole resembles Lacunoporaspis, Khalfinella and Benesovella, but it differs 

from them in obsolete lateral furrows, absent preglabellar field, widely divergent 
preocular facial sutures or/and the mode of segmentation of the pygidium. Chauffour

aspis is different from Bensovella as well as Ganinella in the more conical glabella, 
obsolete lateral furrows, lack of the preglabellar field or/and keeled free cheek. The 
distinct glabellar lobation, deep axial furrows and prominent preglabellar ridge are 
chief distinctions of Schizoproetoides from Schizoproetus. Finally, Fuscipyge is an 

aberrant schizoproetid having three or more marginal spines on the pygidium. 
The above distinctions are not always very sharp. For example, Proetus latimar

ginatus MEEK, 1871 was referred to Dechenella (Dechenella) by STUMM (1953), but to 
Dechenellurus by MAXIMOV A (1960). 

Dechenellids are so far splitted that it is difficult to locate poorly preserved 
materials of Eastern Asia at proper taxonomic position. As written later, Proetus 
blondeli and Proetus indosinensis of Tho-phung appear two dechenellids notwithstanding 

that their thoracic segments number only 9. Whether one more segments lie concealed 
beneath the cephalon must be carefully examined with the type specimens and fresh 
materials. 

Finally, Dechenella (Dechenella) setosa WHlDBORNE, 1889 is according to SELWOOD 
(1965) dimorphic and the dimorphism is probably sexual. 

Distribution of dechenellids and dechenelloid genera 

Dechenellids are widely distributed in the northern hemisphere, but unknown from 
Australasia and South America, if Dechenella (Dechenella) 11lackoyi ALLAN from New 

Zealand is excluded (R. & E. RICHTER, 1950). Praedechenella appeared probably in the 
late Silurian age. Dechenellids were flourished during the early and middle Devonian 
Period when schizoproetids where branched off, but suddenly all disappeared in the 
entrance into the late Devonian age. Therefore it is a question whether Lower Carbon
iferous dechenelloids are really their descendants. 

1. Late Silurian (?) and early and middle Devonian dechenellids in the northern hemisphere. 
Dechenella: Middle Devonian, chiefly Givetian; Europe, North Africa, Asia, Canada and 

United States. 
Lacunoporaspis: Lower Deyonian and Eifelian; Salair and Altai Mountains. 
Khalfinella: Lower Devonian and Eifelian; Salair and Altai mountains and Western Europe. 
Praedechenella: Upper Silurian of Baltic and Asia (?) ; Lower and Middle Devonian, chiefly 

Eifelian; Kuznetsk coal·field, Minussinsk basin, Mountain Altai, Central Kazakhstan and 
North America (?). 

Basidechenella: Coblenzian and Middle Devonian; Mountain Altai, Western Europe and 
North Africa, N. America. 

Monodechenella: Middle Devonian; North America and (?) Eastern Asia. 
Dechenellurus: Lower and Middle Devonian: Kazakhstan, Ruddy Altai (?), Far East of 

USSR (very rare) and North America (Alaska ?, Michigan, Indiana, Ohio and New York). 
Benesovella: Early Middle Devonian (upper Eifelian) : Barrandian, Northern Moravia. 
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Pseudodechenella: Lower-Middle Devonian; Europe, N. America. 
Eocyrtosymbole: Emsian; France. 
Pedillodechenella: Middle Devonian; Canadian Arctic. 
Deltadechenella: Middle Devonian; Canadian Arctic. 

2. Schizoproetids: Early and Middle Devonian; Asia and Europe. 
Schizoproetus: Middle Devonian; Europe and Asia (Salair). 
Ganinella: Lower Devonian and Eifelian; Salair, Mountain Altai and Podolia. 
Paradechenella: Middle Devonian (Givetian); USSR (Urals). 
Schizoproetoides: Middle Devonian; Canadian Arctic. 
Chauffollraspis: Upper Emsian; France. 
Fuscipyge: Middle Devonian; Urals, Siberia, Alaska, Canada. 

3. Carboniferous Dechenelloid genera. 
Dechenelloides: Lower Carboniferous; Germany (Frankenwald). 
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Bitllmulina: Tournaisian of the Mugodzhars, the Urals, Kazakhstan, (?) Visean of Great 
Britain. 

Linguaphillipsia: Dinantian of Great Britain, Germany; Tournaisian of Australia; Visean 
of Poland, U.S.S.R. (Moscow basin), Malaysia, Laos; (?) Middle Permian of Timor. 

(?) Palaeophillipsia: Lowest Carboniferous; Northeast Japan. 

Dechenellid species in Asia and North America 

Dechenellids have flourished in Western Siberia and Kazakhstan no less than in 
North and Central Europe. Many species of Dechenella described by TSCHERNYSHEVA 

(1951) and MAXIMOVA (1955, 68) are listed here as they have not been included in the 

previous list (KoBA Y ASH!, 1957). 

1. Kuznetsk basin, Siberia (TSCIIERNYSHEVA, 1951) 
Dechenella salairica TSCHERNYSHEVA, 1951. Age Di-D~ 
Dechenella batchatnesis TSCHERNYSHEVA, 1951. D~ 

Dechenella d. dombrowiensis GORICH, 1909. (Basidechenella?) Dl-D~ 
Dechenella d. onyx RICHTER, 1912. (Basidechenella?) D~-D~ 

According to YOLKI/\ (1£68) the first species belongs to Schizoproetus and the second to 
Ganinella. 

2. The Urals and Northern Mugodzhar (MAXIMOVA, 1955) 
Dechenella (Dechenella) d. verneuili (BARRA:>:DE), 1952. Givetian 
Dechenella (Dechenella) polonica GORICH, 1896. Givetian 
Dechenella (Dechenella) romanovski TSCHERNYSCHEVA, 1887. Givetian 
Dechenella (Dechenella) arschensis MAXIMOVA, 1955. Givetian. 
Dechenella (Dechenella) longimedia MAXIMOVA, 1955. Givetian 
Dechenella (Dechenella) lata MAXIMOVA, 1955. Givetian 
Dechenella (Dechenella) aff. rittbergensis ZIMMERYIANN, 1892. Givetian 
Dechenella (Dechenella) aff. romanovski ZIMMERyIANN, 1892. Gi,"etian 
Dechenella (Dechenella) aff. polonica GORlCH, 1896. Givetian 
Dechenella (?) platycaudata MAXIMOVA, 1955. Frasnian (Manticoceras zone) 

3. Central Kazakhstan (MAXIMOV A, 1968) 
Dechenella (?) aff. planimarginatus, MEEK, 1871. D1 

In the Amur region, Far East, U.S.S.R. Dechenella (?) bejellsis MAXIlvroVA is reported 
from the Givetian Oldoiskaja suite (MODZALEVSKA Y A, 1967). Furthermore, Dechenella 

aff. verneuili is widely distributed in the Middle Devonian (Eifelian and Givetian) in 

the Siberian platform and the Soviet Arctic (KRYLOVA et ai., 1967. MARKOV et ai., 

1967). 
In North America the following species were reported by COOPER and CLOUD 
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(1938), STUMM (1903, 67) and FAGERSTROM (1961) from the Middle Devonian areas 

around the Great Lakes. 

Dechenella elevata COOPER and CLOUD, 1938. lllinois 

Dechenella (Dechenella) alpensis STUM~I, 1953. Ohio, Michigan, Ontario 
Dechenella (Dechenella) sp. A. Michigan 

Dechenella (Dechenella) valentini STU~I~I, 1953. Michigan 

Dechenella (Dechenella) planimarginata (MEEK), 1873. Ohio, Michigan 

Dechenella (Dechenella) welleri (STAUFFER), 1909. Ohio 

Dechenella (Dechenella) delphinula (HALL and CLARKE), 1888. Ontario 

Dechenella (Dechenella ?) angustifrons (HALL), 1861. New York 

Dechenella (Dechenella ?) halli STUMM, 1953. New York, Ontario 

The Lower Devonian of Northwest Territory, Canada yielded Basidechenella (?) 
n. sp. sharing characteristics of Dechenella and Basidechenella (CORGAN, 1963). This 

pygidium is, however, unusually broad in outline for these genera. Recently a pygidium 
of Dechenella (Dechenella) sp. was described by DEAN (1969) from Mackenzie in as
sociation with Eifelian Rutoceras (?) eifelense (d'ARCHIAC and de VERNEUILI). McLAREN 
(1961) pointed out that Dechenella sp. is one of the most characteristic fossils of the 
Devonian Bird Fiord formation in Bathurst Island in further east. Later a large 
number of dechenellid species were described by ORMISTON (1967) from the Eifelian 
Blue Fiord formation and the Givetian Bird Fiord formation in the Canadian Arctic 
islands as follows: 

Dechenella (Dechenella) bathurstensis ORMISTON 

Dechenella (Dechenella) algida ORMISTON 

Dechenella (Dechenella) osborni ORNIISTON 
Dechenella (Dechenella) crista ORMISTON 

Dechenella (Dechenella) neotesca OR~IISTO;-'; 
Dechenella (Dechenella) crepuscula OR~IIST02'; 
Dechenella (Dechenella) maclareni OR~IIST02'; 
Dechenella (Dechenella) paragranulata ORMISTON 

Dechenella (Dechenella) tesca ORNIISTO:-; 

Dechenella (Dechenella) d. planimarginata (MEEK, 1871) 
Dechenella (Dechenella) franklini ORMISTON 

Dechenella (Dechenella) spaekkassensis (TOLMACHOFF, 1926) 
Dechenella (Dechenella) n. sp., aff. struvei R. & E. RICHTER, 1950 
Dechenella (Pedinodechenella) melvillensis ORMISTON 

Dechenella (Basidechenella) laticauda ORMISTON 

Deltadechenella bathurstensis ORMIST02'; 

Cyrtodechenella macnairi ORMISTON 

Humeia retusa (ORMISTO"1) 

Schizoproetoides richteri (TOL~IACHOF F, 1926) 
Schizoproetoides ellesmerensis ORMISTON 

Dechenellids spp. indet. 

Recently the Canadian fauna was further amplified by ORMISTO;..r (1972) with 

Fuscipyge yolkini ORMISTON 

Fuscipyge apllanata OR"IISTON 

Fuscipyge infiata ORMISTON 
Humeia merga ORMISTO"1 

from the Middle Devonian of the Mackenzie district, Northwest Territory. He noted 
that Schizoproetus b2schkiricus MAXIMOVA, 1955 from the Givetian of the Southern 
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Urals is assignable with query to Fllscipyge. Combined with the Siberian forms they 
reveal the extensive distribution of dechenellids in the circum-Arctic region. 

Finally, Dechenella (Dechenella) minima OKUBO occurs in Japan in the Middle 
Devonian Nakazato Series in the Southern Kitakami mountains. In South China 
Dechenella (?) chengi (SUN) occurs in the Frasnian Yiitienchiao formation in Hunan 
and Dechenella (Alonodechenella ?) aff. macrocejJhala (HALL) by PATTE in the Middle 
Devonian at Kaiyuan, Yunnan. Dechenella d. lwhuaensis YOH is reported from the 
late Upper Devonian Motzuling shale in the upper part of the Kuhua limestone for

mation in North Kuantung (Stratigraphic Tables of China, Supplement. 1958), but the 
authors cannot have access to YOH'S description of D. lwhllaensis. 

Proetus indosinensis MANSUY is reported to occur at some localities in Indochina 
and Yunnan in the Eifelian Spirifer tonhnensis horizon in common association with 
Calceola sandalina and Calymene malollngkaensis. The one from Mia-re, Dong quan, 
North Tonkin, Viet-Nam is typical of Dechenella (Decllenella). In addition, Proetus 

blondeli PATTE from Hohai belongs probably to Dechenella (Basidechenella). Thus 
Dechenella was wide spread in the northern hemisphere in the middle Devonian time 
and especially well flourished in the Givetian, but it declined abruptly in the Fransnian. 

Subfamily Dechenellinae PRIBYL, 1946 

Genus Dechenella KAYSER, 1880 

Subgenus Dechenella KAYSER, 1880 

Dechenella (Dechenella) minima OKUBO, 1950 

PI. 8, Fig. 8; Text-fig. 3F. 

1950. Deehenella minima OKuBO, Chikyu-Kagaku, No.4, p. :?8, pI. 1, figs. 6a-c. 
1957. Deehenella (Dechenella) minima by KOBAYASHI, Jour. Fae. Sci. Univ. Tokyo, sec. 2, vol. 

11, pt. 1, p. 7, pI. 1, figs. 1a-b, 2a-b. 

Because an occipital ring is unpreserved in the cranidium, paired lateral lobes are 
not delineated by furrows in the restoration. 

Occurrence:-Middle Devonian (Givetian ?), Higuchi-zawa, Hikoroichi village. Of una to 

district. Iwate Prefecture, Japan. 

Dechenella (Dechenella) indosinensis (MANsuy. 1916) 

Text-fig. 3G. 

1916. Proetus indosinensis MA~SuY, lvJem. Servo geol. l'Indoehine, vol. 5, lase. 4, p. 23, pI. 3, 
figs. 16b-c, (?) figs. 16a, d, pI. -1, figs. 2b-e, non, fig. 3a. 

1920. (?) Proetus indosinensis MA~SlJY, Ibid., vol. 7, lase. 1, p. 16, pI. 2, fig. 11. 
1926. (?) Proetus d. indosinensis by PATTE, Bull. Servo geol. l'Indoehine, vol. 15, lase. 1, p. 86. 
1938. (?) Proetus indosinensis by YI:-I, Bull. Ceol. Soc. China, vol. 18, no. 1, p. 33, pI. -1, figs. 

7-11, pI. 5, figs. 3b. 
19-18. Linguaphillipsia (?) indosinensis by STCBBLEFIELD, in MCIR-WOOD'S Malayan Lower 

Carboniferous Fossils etc., p. 99. 
1965. (?) Proetus (?) indosinensis by Lu et aI., Chinese Trilobites, vol. 2, p. 573, pI. 121, figs. 

10-13. 
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Among MANSUY'S three cranidia of this species from the Eifelian of Mian~ the 
cranidium in fig. 16, pI. 3, 1916 which fits best with his description must be the lecto
type. The expanded posterior of its glabella, three pairs of distinct lateral furrows, 
isolated basal lobes, large eyes located posteriorly and close to the glabella and the 
aspects of the preglabellar area and facial sutures are all typical of Dechenella s. str. 

Paired lateral lobes on the occipital ring are omitted in restoration as they are neither 
mentioned in description nor clearly seen in illustration. The glabella is pear-shaped 
as in Dechenella verneuili and not so long and slender as in Linguaphillipsia. Dechenella 

(Dechenella) minima can easily be distinguished from this species by the broader 
cranidium and glabella which the latter is not so abruptly expanded in posterior in 
D. indosinensis. The pygidium of indosinensis in fig. 16c having a parabolic outline, 12 
axial rings and 7 or 8 pleural ribs would be combined with the cranidium in Dechenella 

(Dechenella) indosinensis. 

In the cranidium in fig. 3a, pI. 4, 1916, however, the glabella is not so distinctly 
expanded in posterior. Its lateral furrows are obsolete as in Basidechenella. It some
what resembles the cephalon of Proetlls namanensis MANSUY, 1920, fig. 9a, pI. 8. 

Proetlls indosinensis MANSUY, 1916 from Tho-phung near Thanh-hoa is represented 
by a nearly complete dorsal shield, although its cephalon is poorly preserved. Its 
thorax is comp03ed of 9 segments, instead of 10 in the Dechenellinae. In this number 
this form agrees better with the Phillipsidae. The pygidium of this form appears 
broader and less segmented for Dechenella as well as Linguaphillipsia. Thus two or 
more species may be distinguished among the specimens referred to Proetus indosin

ensis. Proetus cf. indosinellsis by PATTE, 1926, from Van Linh is neither illustrated 
nor precisely described, but this species can be said to be very variable. 

YI~'S Proetus indosinensis from Pochiao shale, Yunnan is represented by parabolic 
multisegmented pygidia similar to MANSUY'S. A thorax attached to a pygidium is 
composed 8 or more segments. 

Occurrence :-Mia-re, Dong quan region, North Tonkin, Viet-Nam in association 
with Calceola sandalina and Calymene malounglwensis. Possibly in the Pochiao shale 
near Kuangnan and Tichi, East Yunnan with Calymene malounglwensis. The Ho-phung 

and Van Linh forms are also Eifelian in age insofar as can be juedged from their 
associated fossils. 

Dechenella (?) chengi (SUN, 1937) 

1937. Proetus chengi Su:-:, Bull. Ceol. Soc. China, vol. 17, p. 350, pI. 1, figs. 2a-c. 
1965. Dechenella (?) chengi by Lu et aI., Chinese Trilobites, vol. 2, p. 575, pI. 122, figs. 4-6. 

This species is founded on a pygidium which is subtriangular in outline and very 
convex in comparison with the preceding. The axial lobe is relatively breviconic and 
composed of 13 segments and the pleural lobe narrower than the axial lobe and consists 
of 12 segments; marginal furrow distinct and marginal border fiat; test pustulate. 

As compared by SUN, it resembles the pygidium named Proetus chitralensis by 
REED, 1911, but REED'S has 10-11 axial rings and 8-9 pleurae and the ring has lateral 
nodes. The reference of this species to Dechenella is inconvincing. 

Occurrence :-According to WANG and YU (1964), the specimen were procured in 
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Chaling district, Hunan. probably from the Frasnian Yiitienchiao formation, instead 
of the Famennian Hsikuangshan formation s. str. from which Phacops gmnulatus was 
obtained. 

. Subgenus Iv/onodechenella STUMM, 1953 

Dechenella (Monodechenella ?) aff. macrocephala (HALL) 

1929. Dzchenella sp. aff. D. macroc2phala HALL, by PATTE, Bull. Servo geol. l'Indochine, vol. 18, 
lase. 1, p. 25, pI. 2, fig. 2. 

1959. Dechenella (Deehenella) sp. aff. D. macrocephala by PATTE, RICI-ITERS, Senekenbergiana, 
Bd. 31, Nr. 3-4, p. 174. 

1965. Monodeehenella sp. aff. M. macrocephala by PATTE, Lu et aI., Chinese Trilobites, vol. 2, 
p. 576, pI. 122, fig. 7. 

RICHTERS (1950) suggested that PATTE'S Dechenella sp. is a member of Dechenella 
(Dechenella), while Lu et al. transferred the form to Monodechenella probably because 
of its affinity to Proetus macrocephala HALL, 1861 which is the type-species of the 
genus Monodechenella STUMM, 1953. 

The PATTE'S form is represented by a deformed pygidium from Yunnan. Its axial 
lobe appears narrower than HALL'S and well pointed at the end. Some rings may be 
bent to form broad Vs, but this is possibly a secondary aspect by lateral com·pression 
judging from the outline of the pygidium. 

This pygidium belongs probably to Dechenella s.l., but its subgeneric position is 
difficult to determine. It shows the Hamilton affinity, if it be a Monodechenella. 

Occurrence :-Middle Devonian at Kaiyiian, (Tche-Ts'ouen, environs d'Ami-cheou, 
PATTE, 1929), Yunnan. 

Subgenus Basidechenella RICHTER, 1912 

Dechenella (Basidechenella ?) blondeli (PATTE, 1929) 

1929. Proetus blondeli PATTE, Bull. Servo geol. l'Indochine, vol. 18, lasc. 1, p. 7, 14, 54, pI. 6, 
fig. 4. 

1950. Dechenella (Basidechenella ?) blondel! by RICI-ITERS, Senckenbergiana, Bd. 31, Nr. 3-4, 
p. 174. 

This species is represented by a nearly complete dorsal shield which is, however, 
strongly deformed by lateral compression, causing the trilobation of the glabella by 
two longitudinal furrows and the effacement of the lateral furrows. 

PATTE compared it with Proetus rowi in HALL and CLARKE, 1888. pI. 21, fig. 5 from 
the Hamilton of New York. This GREEN'S species was referred to Dechenella by 
RICHTERS (1926) and to Dechenella (Basidechenella) by STUMM (1953). The hesitance 
of this reference lies in the number of the thoracic segments which is said 9, instead 
of 10. 

This species is, however, not closely related to either Proetus deconts BARRANDE, 
1852, pI. 17, figs. 13 and 21 or Proetus astyanax in BARRANDE, 1852, pI. 22-23. These 
two species are tropidocorphyids where the former is the type-species of Decoroproetus 
PRIBYL and the latter is synonymous with Astycoryphe gracilis (BARRANDE). 
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Occurrence :-Eifelian schistes de Ho-tai. Van Yen region. Tonkin, Viet-Nam, as

sociated with Spirifer speciosus. 

Subfamily Cyrtosymbolinae Hupt, 1955 

The Cyrtosymbolinae differ from the Dechenellinae in the posterior expansion of 
the glabella, pronounced lateral furrows, adaxial bifurcation of the posterior lateral 

furrows, common occipital lobes. uncommon median tubercle on neck ring, well de
veloped eyes, narrow fixed cheeks and sometimes mesially keeled free cheeks, widely 
divergent anterior facial sutures, thick convex marginal border, usual possession of 
genal spines, 10 segments in thorax, and large, long and multisegn:ented pygidium 

with distinct border of the latter subfamily. 
A lengthy note of the subfamily was giwn by the authors in a recent paper (1973). 

These subfamilies indicate two independent branches of the Proetidae issued respec

tively in the early and middle Devonian times. 

Genus Waribole R. & E. RICHTER, 1926 

Waribole elliptica (MANSUY, 1912) 

Text-fig. 3J. 

191Z. Proetus ellipticllS MA~SCY, Mbn. Servo geol. de l'Illdochille, vol. 1, fase. 2, p. 85-86, pI. 
16, figs_ Za-c. 

A nearly complete dorsal shield in figs. 2a-b is the lecto-holotype and a cranidium 
and pygidium in fig. 2c on the same plate are para types. 

Cephalon semicircular, nearly as long as one-third the shield. Glabella inclusive 
of neck ring, outlined by deep dorsal furrows, slightly convex, a little longer than 
two-thirds the cephal on and about one-fourth as wide as the cephalon, but narrowing 
gradually forward and subangulated in front; posterior lateral furrows very oblique 
and apparently continuing to strong occipital furrow to limit posterior lateral furrow; 
other lateral furrows of the glabella obsolete; neither median tubercle nor occipital 
lobes visible on neck ring. Palpebral lobes semicircular and close-set the glabella, its 
diameter being equal to a half of glabellar length; frontal border as long as preglabellar 
field, convex and continuing narrower lateral border which is produced into strong 
genal spine_ Facial suture is seen in the holotype illustration. Its anterior branch 
diagonal in front of eye, but curved inward on marginal border; posterior branch 

more or less sigmoidal and cutting posterior cheek margin a little outside its middle 
point. Hypostoma unknown. 

Thoracic segments probably 9 in number, instead of 10; axial lobe a little narrower 
than a quarter of segment in anterior and nearly a fifth in posterior; pleural furrow 
distinct_ 

Pygidium broader than twice its length, almost semicircular, but posterior margin 
nearly transversal; axial lobe a little narrower than a quarter of pygidial breadth, 
compose of 10 rings, terminating at blunt end; 6 or more ribs on pleural lobe, fiattopped, 
separated by deep pleural furrows and each divided into two bands by a weak inter-
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pleural furrmv; marginal border narro\\-, depressed and somewhat broadened in 
posterior. 

MANSUY'S description is here a little emended by the authors' observation of his 
illustration. The preglabellar field of moderate size and lack of occipital lobes exclude 

this species from the Proetinae. The pygidium is evidently too broad and less seg
mented for the Dechenellinae. Any posterior expansion of the glabella as seen in 
Dechenella cannot be seen in this species. In these two subfamilies the thorax has 
ten segments, but the segments countable on the holotype illustration are 9 in number. 

This species agrees better with the Cyrtosymbolinae than these two subfamilies 
and best with Waribole. Compared to this spe::ies Waribole perlisensis KOBA Y ASH! 
and HAMADA, 1966 has the larger cephalon, relatively long glabella reaching the de
pressed frontal border, smaller eyes which are not semicircular, but rather lunate, 
broad axial lobe of the thorax. and marginal border of the pygidium ill-defined and 

slanting. instead of depressed. 
Occurrence:-Lower Carboniferous shale beds containing Spirifer subconicus at a 

locality between Tao-Kao and Yiliang, East Yunnan. The known range of Waribole 

suggests Tournai sian for the age of the shale beds. 

Family Otarionidae R. and E. RICHTER, 1926 

Subfamily Otarioninae R. and E. RICHTER, 1926 

PILLET (1972) included the following genera and subgenera in the Otarioninae. 

Otarion ZENKER, 1833 (Otarion diffractu11l ZE:--:KER, 1833) 
Coignouinia REED, 1943 (Cyphaspis acanthina COIGNOC, 1890) 
Otarionella WEYER, 1965 (Cyphaspis dal'idsoni BARRA:--:DE, 1852) 
Rhinotarion WHITTI'-lGTO:--: and CA:dPBELL, 1967 (Rhinotarioll sentoSU11l VVI-IITTI:--:GTO:--: and 

CAM PBELL, 1967) 
Otarion (Maurotarion ALBERTI, 1969) (Harpidella mauri ALBERTI, 1967) 
Otarion (Otarionides ALBERTI, 1969) (Otarion (Otarionides) /ranconicu11l ALBERTI, 1969) 

He, however, transferred Tschernyschewiella TOLL to the Brachymetopidae from 
this family. Namuropyge R. and E. RICHTER, 1939, provisionally located in the Brachy

metopidae in MOORE'S Treatise was on the other hand added to them by GANDL (1973). 
Songkania CHANG, 1974 whose type-species is Songkania haijiadianensis CHANG, 1974 

from the Lower Silurian of Hupei and Kweichou would be an additional member of 

this subfamily. 
In describing two new species of Scharyia, i. e. S. heoteissa from the Ashgillian of 

Sweden and S. siceripotrix from the Ludlow of British Isles OWENS (1974) claimed that 

this genus reveals closer affinities with the Otarionidae than the Proetidae. 

Genus Otarion ZENKER, 1833 

Otarion in Asia and Australasia 

Early in 1886 SCHMIDT has described Cyphaspis sibirica, nov. from the "Devonian" 
limestone at Torgoshino near Krasnoyarsk on the Yenissei river, Central Siberia 
together with Proetus (Phaeton) slatkowski nov. Later two Cambrian genera. Erbia 
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and Kooteniella were founded by LERMANTOVA (1940) respectively on the latter and 

former species. 
There are, however, several species of Otarion in the Asiatic part of the Soviet 

Union. Namely, WEBER (1932) described the followings from Turkestan. 

Cyphaspis ocellata WIiIDIlOR'iE, 1889 by WEBER. Middle Devonian 
Cyphaspis sp. I and Cyphaspis (?) sp. II. Silurian 

Subsequently TSCHER:-<YSHEVA (1951) added Cyphaspis convexa CORDA and C. convexa 

(?) from the Devonian (Dl - 2 • D2 - 2) from the Kuznetsk basin, West Siberia. 
In China Kuo (1962) has recently described two Silurian species from near Kirin, 

Central-eastern Manchuria as follows: 

Otarion diffrectum conveximarginatum Kuo, 1962 
Otarion sphaericum Kuo, 1962 

In addition, Cyphaspis tiaomachienensis SUN, 1937, is described from the Middle Devonian 

of Hunan, South China (See Postscript 10.) 
In further south Cyphaspis giraudi MANSUY, 1918, occurs in the Eiferian serie, 

schist-calcaire de Naca, Tonkin, Viet·Nam in association with Proetus vietnamensis 

KOBAYASHI and HAMADA, 1974. 

In Burma REED (1923) reported the occurrence of Cyphaspis d. convexa CORDA 
from the Southern Shan State, but it was neither described nor illustrated. 

They belong to genus Otarion and most of them, if not all to Otarion (Otarion). 

The Otarionidae are furthermore represented in Bithynia, Turkey by four species in 
two genera as follows: 

Otarion (Otarion) hystrix HAAS, 1968. Siegen·lower Emsian 
Otarion (Otarion) hydrocephalum hydrocephalum (ROEMER). Upper Emsian 
Otarion (Otarion) goerlichi HAAS, 1968. Eifelian 
Harpidella cimex HAAS, 1968. Upper Emsian 

None of the Asiatic species is known to be referable to Otarion (Maurotarion) 

ALBERTI, 1969, Otarion (Otarinoides) ALBERTI, 1969, Coignouinia REED, 1943, Otarionella 

WEYER, 1965, or Rhinotarion WHITTINGTON and CAMPBELL, 1967 in the Otarioninae 
or Cyphaspides NOVAK. 1890 in the Cyphaspidinae, PfUBYL, 1947. Of Tschernyschewiella 

TOLL, 1899, which was proposed for Schmidt ella uralica TSCHERNYSHEV, 1893 from the 

Text-fig. 3. Restoration of the Scutelluidae, Odontopleuridae, 
Proetidae, Dechenellidae and Otarionidae. 

A Hidascutellum multispini/erum, gen. et sp. nov. x 2 
B Thysanopeltella (Septimopeltis) paucispinosa (OKUBO) x 1.2 
C Scutellum densigranulatum, sp. nov. x 1.:5 
D Ceratocephala nipponica, sp. nov. x 1.5 
E Primaspis (?) tanakai, sp. nov. x 6 
F Dechenella (Dechenella) minima OKuBO x 3.2 
G Dechenella (Dechenella) indosinensis (MA'iSUY) x 0.6, x 1.3 (cranidium) 
H Unguliproetus oisensis, sp, nov. x 4 
I Proetus (Coniproetus) /ukujiensis, sp. nov. x 2.5 
J Waribole elliptica (MANSUY) x 2.8 
K Otarion megalops, sp. nov. x 5 
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Lower Devonian of the Urals, the reference of the genus to the Otarionidae or the 
Brachymetopidae is a question (ERBEN, 1966). 

Otarion has flourished in Australia and Tasmania in the Devonian and possibly 
III the late Silurian times as represented by some ten species as follows: 

Cyphaspis bOVJningensis MITCHELL, 1888. Upper and Middle Trilobite beds, N. S. W.; Yerin
gian, Viet. (CHAPMAN, 1915) 

C)'phaspis yassensis ETHERIDGE & MITCHELL, 1894. Lower Trilobite beds, N.S. W.; Yerin-
gian, Viet. (CHAPMAN, 1915) 

CYPhaspis hormi ETHERIDGE & MITCHELL, 1891. Lower Trilobite beds, J\. S. W. 
Cyphaspis rotunda ETHERIDGE & MITCHELL, 1894. Lower Trilobite beds, N. S. W. 
Cyphaspis lilydalensis CIIAPMAI'i, 1915. Yeringian, Viet. 
Cyphaspis filmeri, MITCIIELL, 1919. Lower Trilobite beds, N. S. W. 
atarion sp. TALENT, 1963. Lower Devonian limestone, Viet. 
atarion munroei STRUSZ, 1961. Lower to Middle Devonian Garra formation, N. S. 'vV. 
atarion (atarion) dabroVJni CHATTERTON, 1971. Warrow limestone, N. S. W. 
atarion (Tricrotarion) struszi CHATTERTON, 1971. Receptaculites limestone & \'Yarrow 

limestone, N. S. W. 

According to CHATTERTON Cyphaspis jilmeri is probably synonymous with Cyphaspis 
horni. 

Otarion megalops KOBA Y ASRI and HAMADA, sp. nov. 

PI. 3, Figs. 2-4; Text-fig. 3K. 

1974. atarion sp. OKAZAKI, Mem. Fac. Sci. Kyoto Univ. Ser. Ceol. Min., 1101. 40, no. 2, pI. 9, 

figs. 10-11. 

Description :-Cephalon exclusive of genal spines nearly semicircular, its maximum 
breadth a little anterior to the posterior end, since posterior margin is bent antero
laterally near lateral ends; cephalic length about two-thirds of its breadth. Glabella 
inclusive of neck-ring about two-thirds the cephalic length, pyriform, strongly vaulted, 
and outlined by deep dorsal furrows; basal lobes longer than wide, triangularly ovoid, 
medium in size, and completely circumscribed by furrows; no other furrow discernible 
on glabella; occipital furrow very profound; occipital ring expanding m~sially as its 
posterior margin more arcuate than the other; granules aligned more or less longi
tudinally on glabella and somewhat alternately on neck ring; a few mesial ones on 
the ring a little larger than lateral ones, but no median tubercle is present. Cheeks 
and preglabellar area strongly convex on the inner side and concave on the outer 
side; marginal border flat and nearly as wide as the concave outer zone of cheek; 

Text-fig. 4. Restoration of Crotalocephalina. 

A Crotalocephalina (Ceracephalina) secta, subgen. et sp. nov. xl 
B Crotalocephalina (Ceracephalina) secta projecta, subsp. no\". xl 
C Crotalocephalina (CeracePhalina) convexa, sp. nov. xl 
D Crotalocephalina (Crotalocephalides?) sp. indet. xl 
E Crotalocephalina (Crotalocephalina) sp. indet. x 1.5 
F Crotalocephalina (Pilletopeltis) japonica (KOBAYASHI & lGo) x 1.5 
G Crotalocephalina (Pilletopeltis) kameii, sp. nov. x 2 
H Crotaloceplzalina (Ceraceplzalina) euryrachis, sp. nov. x 1.5 
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posterior border bent somewhat antero-laterally at intergenal angle; genal spine 
nearly as long as cephalon extending from genal angle more laterally than lateral 
margin of the cheek and gently falcate; granules distributed only on convex inner 
roll. Eyes reniform, close-set to glabella just anterior to basal lobes, very large and 
prominent, highly elevated above glabella; palpebral lobe semicircular, slanting toward 
axial furrow. Facial sutures divergent forward from eyes as far as their lateral 
ends, recurving axially on frontal 'border, and posteriorly diverging from eyes so as 

to cut posterior margin at intergenal angle. 
Thorax composed of ten or more segments, nearly parallel-sided in anterior but 

narrowing regularly in posterior; axial lobe wider than pleural one; pleural furrow 

running a little anterior of mid-length of pleuron: falcral process distinct at about 
mid-point of anterior margin; lateral end of pleura pointed postero-Iaterally. 

Pygidium small, sublenticular, twice wider than long; posterior margin more 
convex than the other; axial and pleural lobes trisegmented lateral and posterior 
margins serrated. 

Observation:-The holotype cephalon is represented by an external and internal 
mould. As seen on the rubber replica out of the former the convex part of the 
cephalon is conspicuously granulated, but on the latter which is partly coated by 
foreign material secondarily the granulation is obscure. The eyes are probably densely 
facetted, although it is not clearly observable. 

The paratype is composed of ten thoracic segments and a pygidium. As it is 

quite reasonable to consider that two thoracic segments on the antero-Iateral side of 
the specimen belong to the same thorax, this species must have had twelve or more 
segments in thorax. Because a thoracic segment is still attached to the type cephalon 
and because all of these segments belong to an identical carapace, judging from their 
size and disposition in the same slab, the segments number no less than thirteen in 
total. The breadth of the first thoracic segment corresponds to that of the posterior 

border of the cephalon between the intergenal angles. None of the axial rings of 
these segments bears an axial spine. 

A deformed cranidium shows the anterior margin clearly. This and the type 
cephalon warrants that the cephalic margin is entire, except for the projection of long 
genal spines. Nothing is known of the hypostoma and rostral plate. 

Comparison :-Compared to Otarion diffrectum and its close allies this species differs 
in the well developed prominent eyes, relatively broad axial lobe and the small 
paucisegmented pygidium. 

Otarion tiaomachiensis (SUN) and Otarion giraudi (MANSUY) are two Devonian 

species in Eastern Asia. The former is known of the cranidium having a distinct 

Text-fig. 5. Restoration of the Lichidae, Phacopidae and Calymenidae. 

A Craspedarges superbus, sp. nov. x 2 
B Acanthopyge (Lobopyge ?) sp. indet. x 4 
C Gravicalymene yamakoshii, sp. nov. x2 
D Reedops nonakai (OKUBO) x 1.2 
E Phacops (subgen. nov. ?) manchuricus, sp. nov. x 1.5 
F Phacops ct. okanoi SUGIYAMA x 2 
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median foramen just in front of the glabella by which it can easily be distinguished 
from this species. The latter has an oval glabella distinctly narrowing forward, 
smaller eyes on the larger cheeks which are detached from the glabella, and the 
shorter genal spine issuing in the regular extension of the lateral margin of the cheek. 
The intergenal angle is absent and the thorax is composed of fourteen segments in 

that species. 
Among other Asiatic species Otarion ocellata WHILDBORNE by WEBER, 1932, from 

the Devonian of Ferghana has prominent eyes, like this species, but the eyes are much 
smaller in that species. The cephal on and the glabella in particular are much more 
vaulted in WEBER'S species as well as in Otarion convexa CORDA by TSCHERNYSHEVA, 

1951 from the Devonian of the Kuznetsk basin. 
Among the Australian species this species resembles Otarion bowningensis (MIT

CHELL), in the large prominent eyes and some other characteristics but the glabella 
is larger and the frontal limb narrower in that species. Furthermore this species has 
no lateral ridge crossing the free cheek, but it has a concave zone along the fiat 
marginal border which is absent in that species. 

Finally, the marginal serration of the pygidium distinguishes this species from 
many similar ones. 

Occurrence :-Common in a shaly bed below the Gravicalymene-Orthocerid bed 
at Sorayama, Fukuji district. 

Otarion giraudi (MANSUY, 1918) 

1918. Cyphaspis giraudi MANSuY, Bull. Servo geol. l'Indochine, vol. 5, fasc. 2, pI. 11, pI. 2, figs. 

9a-b, e-f, ? 9c-d. 

Isolated basal lobes of the glabella and other aspects of the cephalon are clearly 
shown in figs. ge-f, except for the genal spine which is, however, preserved in the 
dorsal shield in figs. 9a-b. This shield is nearly complete, but the glabella is ill
preserved. It has 14 segments in thorax and its pygidium is small and broad. 

Among three specimens from Naca one in figs. 9c-d appears different from the 
two others in the outline of the glabella, size of the eyes and the thickness and con
vexity of the frontal limb and rim. This specimen is laterally compressed, but the 
difference looks more than simple deformation. 

Occurrence :-Naca, Pho-binh-gia region, Northeast Tonkin, Viet-Nam. 

Otarion tiao71lachienensis (SUN, 1937) 

1937. CYPhaspis tiaomachienensis Su:\, Bull. Ceol. Soc. China, vol. 17, p. 349, pI. 1, figs. la-b. 
1957. Otarion tiaomachienensis by Lu, Index Fossils of China, Invertebrates, vol. 3, p. 287, pl.. 

153, figs. 1-2. 
1965. Otarion tiaomachienensis by Lu et aI., Chinese Trilobites, vol. 2, p. 583, pI. 123, figs. 2-3. 

This species differs from O. giraudi in the oval strongly vaulted glabella provided 
with a pair of button-like basal side-lobes, a median pit at the glabellar front, post
eriorly located eyes and laterally extended postero-lateral limb of the fixed cheek. 

Occurrence:-Middle Devonian Tiaomachien formation at Tiaomachien, Changsha 
district, Hunan, China. 
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Postscript 

1) YI and HSIANG (1975) described the following six species of trilobites in four 
genera from the Napiao formation which lies on the Luofu formation in the Nantan 
area, Kwangsi. Their age is considered by them to be Eifelian. 

Phacops guangxiensis CHANG (MS) 
Phacops transversalis YI et HSIANG (sp. nov.) 
Plagiolaria nandanensis CHAKG (MS) 
Ductina vietnamica MAXIMOV A 
Cyphaspides orientalis YI et HSIANG (sp. nov.) 
Cyphaspides paradoxus YI et HSIANG (sp. nov.) 

YI Yung-en and HSIA~G Lee-wen (1975), Middle Devonian trilobites of :-:antan, Kwangsi. 
Collection of Articles on Strata and Fossils, No.1. 

2) According to ORMISTON (1975) the Siegenian sea on the northwestern side of 
Greenland-North America was more similar to the Gedinnian than the Emsian-Eifelian 
one in extension. The Gedinnian trilobite fauna of Arctic North America is intimately 
related to those of the Old World in the inclusion of Prodreverma7171ia, Denemarkia, 
Ceratarges, Coniproetus, Eremoproetlls, Mallrotario71 and Otarionella and particularly 
in two occurrences of Crotalocephalus (i. e., Crotalocephalina) in Alaska. 

OR:VIISTON, A. R. (1975), Siegenian trilobite zoogeography in Arctic North America. Evolu
tion and morphology of the Trilobita, Trilobitoidea and Merostomata. Fossils and Strata, No.4. 

3) The Florentine quartzite of the Eldon Group in Tasmania is said to be De
vonian in age (SPRY and BANKS, 1862). 

TALENT, J.A., BERRY, W. B.N., BOUCOT, A. J., PACKIIAM, G. H., and BISCHOFF, G. C. O. 
(1970), Correlation of the Silurian rocks of Australia, New Zealand and New Guinea. Ceol. 
Soc. Am. Sp. Pap. 150, p. 57. 

4) LANDRUM and SHERWIN (1976) described Warburgella (Anambon) jelli. subgen. 

et sp. nov., a close ally of Warburgella rugulosa, from the Derriwong beds of New 
South Wales. It is accompanied by Encri71urus sp. and Molongia elegans capricorniae 
and considered to be of late Silurian or early Devonian age. 

LA:-;DRUM, R. S. and SHER WI1'\, L. (1967), IVarburgella from Central New South Wales. 
Records Ceol. Surv. N. S. W, Vol. 17, Pt. 2. 

5) The specio-temporal development of phacopids in the Middle Palaeozoic Era 
was summarized by CHLUPAC (1975). The provincialism was insignificant in the 
Silurian, but become conspicuous in the Devonian Period. Phacopids \vere prof used 

in the Bohemian magnifacies, but depauparated in the Rhenish magnifacies. 
In the early Devonian epoch Phacops (PaciplwcoPs) was distributed widely from 

the Appalachians to Kaz3.khstan on one side and to South America on the other and 
the trans-Pacific distribution of this subgenus was maintained into the middle Devonian 
epoch. In the post-Zlichovian times. however. Phacops (Chotecops) was common in the 
Europe-North Africa- Asia Minor and phacopids with reduced eyes (EocrYPhos. Pla
giolaria, etc.) and blind ones (Ductina) often occur in the Tethyan zone. Phacops 



180 KOBAYASHI, T. and HAMADA, T. 

(Phacops) distributed extensively in the three northern continents, but no phacopid 
is known from the Arctic region of Canada. 

In the late Devonian Epoch oldep phacopid genera, like some other trilobite fa
milies, declined, but phacopids with reduced eyes flourished, especially in the Famen
nian age, until all phacopids died out together with clymenids at the end of the 
Devonian period. 

CiIULPAc, 1. (1975), The distribution of phacopid trilobites in space and time. Fossils and 
Strata, No.4. 

6) Recently odontopleurids were greatly amplified in the Chinese fauna as follows: 
Dicranurus ovi/ormis Lu and CHANG, 1964. Middle Ordovician (Shihtzupu forma

tion), Kweichou. 
Ningnanaspis ningnanensis SHENG, 1974, Middle Ordovician, Szechuan 
Diacanthaspis laokuangshanensis Lu and CHANG, 1974. Upper Ordovician (Wu

fengian top), Szechuan. 
Diacanthaspis d. decacantha (Angelin), by SHENG, 1974, Upper Ordovician (Upper 

Pupiao), West Yunnan. 
Leonaspis sinensis CHANG, 1974. Basal Silurian (Kuanyinchiao Dalmanitina beds), 

Kweichou. 
Leonaspis pusillus CHANG, 1974. Basal part of Lower Silurian, Kweichou. 
Gaotania ovata CH~NG, 1974. Late Lower and Middle Silurian, Kweichou. 
Gaotania pulchella CHANG, 1974. Late Lower and Middle Silurian, Kweichou 

Lu, Yen·ho and CHAl'G, W. T. (1974), Ordovician trilobites; CHANG, W. T. (1974), Silurian 
trilobites. Nanking Institute of Geology and Palaeontology, Academia Sinica: Handbook of 
Strata and Fossils from Southwest China. 

SHEl'G, S.F. (1974), Division and correlation of the Ordovician System in China. 

7) ]AANUSSON, (1975), established Gyrometopus gen. nov. with Nileus? lineatus 

ANGELIN, 1854 and placed the Gyrometopinae nov in the Diaphanometopidae. The 
type-species was described in detail and the comparison of the new genus made with 
pilekiids and other trilobites, saying that "If the ancestors of Phacopina resemble 
Gyronzetopus and this genus is related to Diaphanometopus, then the ancesters of 

Phacopina may ultimately be traced back to pilekiid-like forms." 

]AANUSSON, V. (1975), Evolutionary process leading to the trilobite suborder Phacopina. 
Fossils and Strata, No.4. 

If so, it is probable that the suborder Phacopina was branched off from the Chei
rurina from the common Corynexochidian stock at the Pilekiinae. 

8) Phacops (Omegops) founded by STRUVE, 1976, on Calymene accipitrina PHIL. 
LIPS, 1841 is the latest phacopid subgenus widely distributed in the Upper Devonian 
VI (Strunian) of Asia, Europe and North Africa. 

STRUVE, "V. (1976), Phacops (Omegops) n. sg. (Trilobita; Ober·Devon). Senckenbergiana, 
Ed. 56, Hft. 6. 

9) FORTEY and OWENS (1975) proposed a new order, Proetida to include the 
Aulacopleuridae, Bathyuridae, Brachymetopidae, Celmidae, Dimeropygidae, Glaphuridae 
Otarionidae and Proetidae and concluded their probable derivation from various species 
of the Hystricurinae probably during the Tremadocian age. 
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FORTEY, R. A. and OWE:":S, R. M. (1975), Proetida-a new order of trilobites. Fossils and 
Strata, No.4. 

It is highly probable that some proetoid groups were derived from the Ptycho
parian stock through hystricuroids during the Tremadocian age. The domain of the 
Proetida is, however, a question in view of the diverse opinions on cetain families as 
shown in the table below and FORTEY and OWENS' discussions on genera of proble
matical affinities and problematical proetids. 

Proetida FORTEY et I 
OWEN, 1975 

Aulacopleuridae 

Bathyuridae 

Brachymetopidae 

Celmidae 

Dimeropygidae 

Glaphuridae 

Otarionidae 

Proetidae 

HUPE 1953, 1955 

Solenopleuroidae 

Solenopleuroidae 

Proetoidae 

* 
Solenopleuroidae 

Telephoidae 

Splenopleuroidae 

Proetidae 

MOORE'S Treatise, 
0-1, 1959 

Proetacea 

Bathyuracea 

Proetacea 

Proetacea 

Proetacea 

Komaspidacea 

Proetacea 

Proetacea 

ORLOV'S Osnovy, 
1960 

Solenopleuroidea 

Solenopleuroidea 

Proetoidea 

Cheiruroidea 

Solenopleuroidea 

Solenopleuroidea 

Solenopleuroidea 

Proetoidea 

* Family Celmidae JAANUSSON, 1956 was founded on ,Celmus ANGEL IN, 1854, of 
which no mention was given in HUPE'S Classification des Trilobites, 1953, '55. 

10) CHANG (1974) added the following two new species of a new genus to the 

Otarionidae from China. 
Songkania CHANG, 1974. Lower Silurian, Hupeh and Kweichou. 
Songkania hanjiadianensis CHANG, 1974, (tyep-species of Songkania). Lower Silu

rian, Kweichou and Hupeh. 
Songkania pijiazhaiensis CHANG, 1974. Lower Silurian (middle and upper parts), 

Kweichou. 

CIIANG, W. T. (1974), Silurian trilobites. Nanking Institute of Geology and Paleontology, 
Academia Sinica: Handbook of Strata and Fossils. 

(Nov. 1976) 
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Brackets bounding a page number indicate a provisional 

identification with ct., aff. or the like. 

A 

acanthina, Cyphaspis, Coignouina ...... 147 
Acanthopyge. .. .. .. .. . . .. .. ... 42,55,89,90 

haueri ...................... (13) 
(Lobopyge ?) sp. indet. ....... . 

. . . . . . . . . . . . . . . . .. 4,94, 152-153 
(Mephiarges) .............. 52,53 

Acastavinae .............. 30,31,40,41,45 
Acaste .......................... 51,53,5,1 

herberti elsana-Acastella tire 
zone. .. .. .. .. .. .. .. .. .. ... 61 

Acastella .......................... 51,53 
Acastoides ...................... 43,59,65 
accipitrina, Calymene, Phacops 

(Omegops) ................ 114,180 
accraensis, Burmeisteria (Digonus).. 59,65 
Acernaspis ........................ 114, 115 
Acidaspidella . . . . . . . . . . . . . . . . . . . . . . . . .. 82 
Acidaspides. . . .. . . . . .. .. .. . . . . . . .. .. ... 81 
Acidaspidina .......................... 82 
acinacifera, AI eta canthus .............. 29 
aeuleatus, Weberopeltis.............. 75,76 
aeutalis, Craspedarges .............. (91) 
aeutata, Gamonedaspis ................ 58 
aeutus, Phacops.................... 37,112 
Adorf-Stufe .......................... 34 
aenigma, Pseudotrinodus .............. 74 
affinis neomyops, Cheirurus (Crotalo-

cephalus) .................. , ... 101 
afghanica, Neocalmonia (Bradocryph-

aeus) . . . .. .. . . . . .. .. .. .. .. .. . .. 30 
Agnostida, Agnostina .............. 72,73 
Agnostinae . . . . . . . . . . . . . . . . . . . . . . . . . . .. 73 
Agoniatites-Stringocephalus burtoni 

zone .......................... 100 
Aidarla horizon ...................... 40 
Ainasu beds, horizon .............. 34,62 
ainasuensis, Phacops .............. 36, 112 . 
Akiyoshi orogeny ..... '. . . . . . . . . . . . . . . .. 12 
Akviran formation ........ , . . .. .. .. ... 27 
algida, Declzenella (Dechenella) ........ 142 
alpensis, Dechenella (Dechenella) ...... 142 
aitaceulll geesense, Scutellum .......... 79 

Altaepeltis . ................. , .. .. ... 42,45 
altaica, Basidechenella ................ 39 
aitaieum, Neoprobolium, Probolium ... . 

.. , .. . . .. .. .. . . .. . .. 37,122,123 
altaicus, Cornuproetus ................ 38 

, Phacops, Paciphacops (Via
phacops) .. 36,111,114,117,120 

altirhachis, Lichas (Euarges) , Acantho-
pyge. .. .. .. .. .. .. .. .. .. .. ... 35,88 

alutaceum, Scutellum.................. 35 
amauta, Fenestraspis .................. 58 
Amazon fauna ........................ 65 
Amazon-Colombian subprovince ..... . 

............. 59,64,65,66,68,69,70 
ambigua, Craspedarges ............. , (91) 
Amgaspidinae ........................ 82 
Amgaspis. .. .. .. .. .. .. .. .. .. .. ... 73,81,82 
Amphitheatre Group... .. .. .. .. .. .. ... 91 
amsdeni, Reedops...................... 57 
Amur region. . . . . . . . . . . . . . . . . . . . . . . . .. 13 
Anacaenaspis ...................... 82,83 
Ananaspis ........................ 43,115 
anatolica, M etacantina ................ 29 
Anacheirurus ........ , .. .. .. .. .. .. .. ... 95 
Anchiopella .................. 16,43,45,59 

extrema ...................... 13 
Anchiopsis. . . .. .. .. .. .. .. .. .. .. .. ... 16,55 
Ancyropyge ...................... 9,55,75 
Andean geosyncline. .. . . . . .. .. .. ... 57,66 
andegavensis, Chauffouraspis .......... 138 
Andinopyge . . , .. .. .. .. .. .. .. .. .. . . .. . .. 58 
Angara megakraton .................. 12 
angulatus, Phacops, Paciphacops 

(Paciphacops) ............ 37,112 
angustifrons, Dechenella (Dechenella ?) 

142 
angustigenatus, Proetus, Dechenelloides 

138 
angustior, Calymene, Gra!'icalymene .... 

. .. .. .. .. .. .. . . .. ... 49,53,127,129 
antarcticus, Burmeisteria (Digonus).. 59,65 
antiqua, Lacunoporaspis................ 39 
Apatokephalus ........................ 95 
Apianurinae .......................... 82 
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apllanata, Fuscipyge .................. 142 
Apolichas truncatus........... . . . . . . . . . 9 
Appalachian-Bohemian genera, geosyn-

cline, province. ... 16,53,59,64,67 
Appohimchi fauna, subprovince. _ ..... . 

............ 53,56,59,65,67,68,69 
Arachnastraea kaipingellsis ............ 17 
Archaegonus (Pseudowaribole) ........ 137 
archaeocyathids, Transbaikalia........ 12 
arcticus, Bronteus, Thysanopeltis 

(Arctipeltis) .................. 35 
Arctipeltis. . . . . . . . . . . . . . . . . . .. -12,45,55,67 
Arctocephalus... .. ............ ......... 95 
Arcto-Pacific province.............. 66,68 
arcuata, Odontochile .............. 38,123 
argentina, Argentopyge . .. .. .. .. .. .. ... 58 
Argentine trough........... .. .. .. .. ... 57 
Argentopyge .......................... 58 
arotia, Calymene ...................... 127 
arschensis, Dechenella (Dechenella) .... 141 
arshachensis, Flexicalymene . ........... 125 
articulatus, Cheirurus, Crotalocephalus .. 

.......................... 5,97,98 
Asian-North American genera ........ 24 
asiatica, Metacanthus.................. 29 
asiaticus, Radiolichas.......... (13,14,89) 
asper, Favosites... . . . . . . . . . . . . . . . . . . . .. (2) 
asperula, Gravicalymene .............. 129 
aspidium, Asteroides (Asteroides?) .... 29 
asteriferus, Pseudocryphaeus .......... 29 
Asteroides (Asteroides) ................ 31 

(Talus) ...................... 31 
Asteropyge, sp. .................... 28,43 

(Rhenops) .................... 31 
Asteropyginae ............ 30,31,40,41,45 
astyanax, Proetus...................... 145 
Astycorphe ... . . . . . . . . . . . . . . . . . .. 44,54,55 
atavus, Heptabronteus.................. 76 
attenuata, Khalfinella.................. 39 
Aulacopleura (Paraaulacopleura) ...... 54 

beyrichi. .... ...... .... .. ..... (68) 
Aulacopleuridae .................. 56, 181 
auspex, Phacops (Chotecops) .......... 116 
Australian fauna .:................ 25,54 
australis, Acallthopyge.............. 88,89 

,Australops . .. .. .. .. .. .. .. ... 58 
,Calymelle, Gravicalymelle ... . 

. .. .. .. .. .. ... 49,50,62,127,129 
,Lichas, Acanthopyge, Lobopyge 

.......................... 46,48 
Australops ............................ 58 
Austrocephalus ..... . . . . . . . . .. ........ 52 

B 

Bailielloides .................... 10,40,44 
inexpectans . ................... 22 

Bainella .............................. 58 
Bairim range, Mongolia .............. 12 
Balinbariinae .. , .. .. .. .. .. .. .. .. .. .. ... 74 
barbarus, Thulincola .................. 125 
barrandei, Encrinurus.................. 46 
baschkiricus, Schizoproetus ........ 55,142 
Basidechenella, ? sp .................. . 

44,54,(55),138,139,140,142 
Basilicus nobilis .................... (14) 
batchatensis, Dechenella, Ganinella ... . 

. . . . . . . . . . . . . . . . . . .. 38,39,138,141 
bathurstensis, Dechenella (Dechenella) , 

Deltadechenella . ........... 138, 142 
Bathycheilus ...................... 124, 125 
Bathynotus . . . . . . . . . . . . . . . . . . . . . . . . . . .. 97 
Bathyuridae .......................... 181 
batillifera, Neocalmonia (Neocalmollia) 

30 
Baton River fauna .................... 129 
batracheus, Phacops.............. (32,111) 
batymarginata, Odontochile, Odolltochile 

(Reussia) .................... 37 
Bavarilla. . . . . . . . . . . . . . . . . . . . . . . . .. 123,124 
baykali, Sanidopyge.................... 29 
baylei, Calymene, Metacalymene ........ 124 
bejensis, Dechenella.............. (15),141 
belisatius, Leonaspis . . . . . . . . . . . . . . .. 28,84 
Belovia ............................ 81,82 
Benesovella. . . . . . . . . . . . . . . . . . .. 138,139,140 
Besoba horizon ........... ........... 40 
Bestjubella ........................ 81,82 
Bestjubellidae ........................ 82 
beyeri, Calymene (Calymene) .......... 126 
Bifida ................................ 16 
bifidus, Acanthopyge (Mephiarges) . .... . 

. . . . . . . . . . . . . . . . . . . . .. 48, 52, 88, 89 
bifurcata, Odolltochile, (Odolltochile) .. 38 
biger, Hemiarges ...................... 54 
binotatum, Decoroscutellu11l (Decoro-

scutellum) .................... 75 
Bird Fiord formation .................. 142 
bispillOSUS, Xaniollurus ........ ....... 48 
Bithynia fauna. .. .. .. .. .. .. .. .. .. .. ... 30 

bithYllica, Asteroides (Talus) .......... 29 
bitumula, Phillipsia, Bitumulina . ....... 138 
Bitumulina . . . . . . . . . .. . . . . . . . . . . . .. 138, 141 
blackwelderia, Damesella .............. 96 
Blanodalmanites ................ 10,41,43 

kokoshiformis. . . . . . . . . . . . . . . . .. 22 
nubelania. . . . . . . . . . . . . . . . . . . . .. 22 
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blondeli, Dechenella (Basidechenella ?), 
Proetus . ......... " 20, 140, 143, 145 

Blue Fiord formation. .. ...... ..... 54,142 
blumenbachi, Calymene ............... . 

.... (15,38,49),124,126, (127),129 
asiatica, Calymene ........ 38,126 
producta, Calymene............ 126 

boecki, Phacops (Boeckops) .. (37,112),116 
Boeckia..... ........ .. ...... ........... 99 
Boeckops . . . . . . . . . . . . . . . . . . . . . . . . .. 43,117 
Boedaspis .......................... 81,82 
bohemicus, Cromus .................... 50 

.' Proetus, Gerastos (Bohemi-
proetus) ............ 32, (38), 132 

supraconvexus, Proetus 
(Proetus) . . . . . . . . . . . . . . . . . . .. 38 

Bohemiproetus ........................ 44 
Bojoscutellum. .. ...... .. ......... 42,75,76 

crassicostatum .. . . . . . . . . . . . . . . 7 
Bokkeveld Series. . . . . . . . . . . . . . . . . . . . .. 57 
bokkeveldensis, Bainella................ 58 
Bolivianaspis ....... , . . . . . . . . . . . . . . . . .. 58 
Bolsheneverskaya suite....... .. . 13,15,26 
Boola beds ..... . . . . . . . . . . . . . . . . . . . . . .. 51 
boreal-Malvinokaffric genera ... , 59,65,66 
Boreoscutellum boreum. . . . . . .. 40,42,45,67 
boucoti, Xanionurus ................ 52,82 
Bouleia. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 58 
Bouleiinae ............................ 111 
Bounyangia. ...... .......... .... .. ..... 86 
Bounyongian Series. .. .. .. .. .. .. .. .. ... 47 
bowiei, Calymene . . . . . . . . . . . . . . . . .. 49,127 
Bowning Series ... " .. .. .. .. .. .. .. .. ... 47 
bowningensis, Bounyongia.............. 86 

,Cyphaspis, Otarion ............ 150 
,Encrinurus .................. 46 
,Odontopleura, Primaspis 

(Taemaspis) . .. .. .. .. .. ... 52,86 
,Otarion (Otarion) ............ 49 
,Proetus ............. ,........ 49 
,Scutellum .................... 48 

Brachymetopidae . " .. .. .. .. ... 56,147,181 
Bradocryphaeus . . . . . . . . . . . . . . . . . . . . . . .. 43 
branisi, Odontoc/Zile, Francovichia . .. ... 58 
brevicaudata, Damesella................ 96 
brevicaudatus, Dalmanites, Schizostylus 

............................ 58 
brevicephalus, Platyscutellum .......... 54 
brevis, Lobopyge (Lobopyge) ........ 36,89 
Breviscutellum ........................ 42 
brinkmanni, Neocalmonia (Neocalmonia) 

30 
bronni, Phacops, Reedops .......... , ... 115 
bublitchenkoi, Weberopeltis, Thysanopeltis 

(Altaepeltis) 
buchi, Proetus, Cornuproetus (Buchio-

proetus) ..................... . 
Selenopeltis . .................. . 

Buchioproetus . ........................ . 
bujo, Proetus (Proetus) ............... . 
bureaui, Calymene (Paracalymene) ... . 
burjensis, Weberopeltis, Thysanopeltella 

Burma, Devonian trilobites ........... . 

(35) 

38 
84 
44 
29 

124 

35 
21 

burmeisteri, Dechenella . . . . . . . . . . . . . . .. 137 
Burmeisteria. . . . . . . . . . . . . . . . .. 44,45,59,65 

(Digonus) , sp ........... 28,31,52 
Burmese-Malayan geosyncline ......... . 

. .. ...... .. .. .. .. ... 20,25,41,60 
Burmese trilobite fauna .............. 21 
burtoni, Perakaspis (Krohbole?) 23 

C 

caelata, Neocalmonia (Heliopyge) .. , ... 30 
catter, Phacops (Cryphaeus), Metacry-

phaeus ........................ 58 
Calceola, sp. indet. ................. 3,50 

sandalina elongata zone ........ 131 
callicephala, Calymene, Orimops . ....... 125 
calmonensis, Parabouleia .............. 58 
Calmoniidae. .. .. .. .. ... 31,41,43,45,47,58 
calvum, Scutellum. .. .. .. .. .. .. .. .. .. ... 48 
calvus, Leonaspis . . . . . . . . . . . . . . . . . . . . .. 48 
Calymene ...................... 41,43,124 

blumenbachi ................ (15) 
callicephala-C. tuberculosa 

series ........... ,., ........ 123 
macrocephala . . . . . . . . . . . . . . . . . . 15 
maloungkaensis .......... 18, (21) 
Platys ..................... ,... 15 
sen aria-C. delinata series .... 123 
(Paracalymene) . ............... 124 

Calymenesun .... , .... " .... ,.......... 123 
Calymenidae . , .................. ,. 71,123 

,Asia, Australasia ............ 125 
Calymenidius . . . . . . . . . . . . . . . . . . . . .. 124, 125 
Calymeninae .......................... 124 
cameratus, Pseudocryphaeus ..... "... (29) 
campbelli, Odontopleura, Primaspis 

(Taemaspis) ............ 48,52,83 
canadensis, Phacops (Viaphacops)...... 56 
Canadian-Siberian subprovince........ 67 
Cape System . . . . . . . . . . . . . . . . . . . . . . . . .. 57 
caractaci, Calymane, Flexicalymene .... 124 
carinata, Khalfinella, Proetus .. 38,39,138 

,Odontochile (Odontochile) .... 38 
cathamma, Echinopyge ................ 29 
caudatus, Phacops (Odontochile) , 
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Melbournian 0 00 00 0 0 00 • • • • • • • •• 46 
celechovicensis, Proetus, Schizoproetus.. 138 
Cenosphaera ........ 0 • • • • • • • • • • • • • • • •• 59 
Centauropyge ...................... 30,43 
Centropleura .......................... 97 
cephalotes, Reedops (Reedops) ......... . 

.................. (14), 37,112,122 
Ceratarges ............................ 179 
Ceratargiinae. . . . . . . . . . . . . . . . . . . . . . . . .. 89 
Ceratocephala, spo ••••.••.. 35,42,47,53,86 

group ....... 0 ••••••••••• 0. 0'0 83 
nipponica ... 0.......... 4,148-149 

Ceratocephalidae .................. 82,83 
Ceratolichas . o. • • • . • • • • • • • • • • • • • • • •• 55,56 
Cera uri nella ....... o. • . • • . . • • . • . • . • . .• 97 
Cerauroides. . . . . . . . . . . . . . . . . . . . . . . . . . .. 97 
Chacomurus . 0 ••• o •• 0 ••••••• 0 •••••• 0.. 58 
champerowi, Proetus? Asterocoryphe? 

(32) 
chanyangensis, Calymene ............ 0. 126 
Chasmops . ......................... 0 • •• 72 
Chauffouraspis ............ 0 o. 0 •••• 138,141 
Chaunoproetus .................. 0. 54,139 
Cheiruridae 0" 0 • 0 • • • • •• 46,59,70,71,73,94 
Cheirurides .......... 0 • • • • • • • • • • • • • • • • • 94 
Cheirurinae ..................... o' • • • 96 
Cheiruroidea ......... o' ••••• 0 •• 0 • o •••• 181 
Cheirurus, So 1. 0 •••••••••• o. • • • • • •• 42,53 

sp. ••.••••..•...••.•.•••• 50, (67) 
(Crotalocephalus) , sp. . .. 0 •• 57,61 
(Crotalocepoalus) copius ........ 27 

japonicus . ... 3,5 
sternbergi . . .. 27 

chengi, Proetus, Dechenella ........... . 
••••••••• 0 • 0 • 0 •• 18, (20, 143), 144 

Cheongseong-ni Series ................ 17 
Chiarumanipyge ......... 0..... ....... 58 
Chichibu geosyncline ........ 18,25,26,70 
chinensis, Redlichia ... o. •• •• •• •• ••• 74,97 
chitralensis, Proetus . ... , .. .. .. .. ... 32,144 
chlustinia. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 
chojcacotensis, Phacopina (Phacopina). 0 

••••••••••••••••••••••••••• 0 57 
Ch6anji ....................... 0...... 11 
Chonostrophiella ...................... 16 
Chotecops. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 117 
chouberti acrodactylium, Cornuproetus 

(Cornuproetus) ................ 29 
Chungchiao massif.............. 16,18,25 
cimex, Harpidella.................. 29,148 
clarkei, Staurocephalus ....... 0 46, (48), 50 
clava, Belovia ......... o. ••••.•••••••••• 82 
clintoni, Hemicrypturus, Liocalymene .. 124 
Cloaspis .............................. 74 

Clymenia limestone.................... 16 
Coignouinia . ........................... 147 
Colpocorphoides ................ 0 • • • • • •• 125 
Colpocoryphe .......................... 123 
Colombian fauna .. . ............. 0 65,66 
Comura (Turcopyge)................ 31,43 
Conchidium. . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 
concinna, Calymene, Proetus .......... 132 
condensus, Proetus (Proetus), Proetus 

(Coniproetus) .................. 132 
Condylopygidae .................... 72,73 
conferagosus, Chacomurus.............. 58 
confluense, Phacops (Phacops) . .... '. 28,114 
conica, Flexicalymene. . . . . . . . . . . . . . . . .. 125 
Coniproetus, horizon ............ 5,44,133 
conodont horizons .................... 59 
conodonts, Sorayama....... . . . . . . . . . . . 8 
consanguinea, Arges .................. 52 
consobrinus asinarius, Asteroides 

(Asteroides) .................. 29 
consobrinus, Asteroides 

(Asteroides) .................. 29 
conspicua podolica, Calymene (Calymene) 

............................ 126 
constrictus, Pseudotrinodus.......... 23,14 
contermina contermina, Lacunoporaspis 

....... .. .... .. .. .. ..... 39,138 
convexa, Lacunoporaspis........ 39 

contusa, Acanthopyge................ (35) 
convexa, Crotalocephalina (Geracepha-

lina) .......... ,. 4,7,109,150-151 
,Cyphaspis, atarion...... 39, (148) 
,Endocrania .................. 125 

convexus, Hystricurus, Endocrania ...... 125 
convolva, Gravicalymene ....... ......... 124 
cootamundrensis, Gravicalymene ........ 127 
copiosus, Cheirurus (Crotalocephalus) .. 

· .................... '" 28,102 
corallinus corallinus, Phacops (Phacops) 

· ., .... .. .... .... .. ..... 28,114 
successor, Phacops (Phacops) . 0 

· .... ...... ............. 28,114 
cordai, Crotalocephalus ............. . 
Cordania ......................... . 

5,99 
55,57 

Cordilleran fauna, subprovince ....... . 
· . . . . . . . . . . . . . . . . . . 16,64,67,69 

-Nevadan subprovince...... 68,70 
Cornuproetinae . . . . . . . . . . . . . . .. ....... 132 
Cornuproetus, sp. ••..•......• 44,49,53,54 

(Cornuproetus) exanthemoides 
filius. . . . . . . . .. ............. 27 

(Lepidoproetus) regius ..... .. 27 
Cornura .............................. 55 
cornuta, Acidaspis, Isopleura .......... 32 
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correlation, Devonian trilobite horizons 
, Eastern Asia . . . . . . . . . . .. 25,26 
,Japan ...................... 6,11 
, Mongolian geosyncline .. . . .. 25 

Corrugatagnostus ..... . . . . . . . . . . . . . . . .. 73 
corynexochidian evolution, stock ..... . 

. .. .. .. .. .. .. .. .. ... 71,73,74,81 
Corynexochoidea . . . . . . . . . . . . . . . . . . . . .. 81 
cosmopolitan genera. .. .. .. .. .. .. .. ... 24 
costatum, Scutellum.................... 79 
costatus, Bronteus, Scutellum . . . . . . . . .. 35 
Craspedarges ......................... . 

7,9,25,42,46,52,68,71,88,89,90 
superbus .......... 4, 7, 92, 152-153 
lIJilcannjae .................. 7,47 

crassa, Odontochile, (Odontochile)...... 37 
crassicostatum, Bojoscutellum. . . . . . .. 75,77 
Crassiproetus ...... 16,40,44,45,56,67,138 
crassallJelli, Scutellum ...... . . . . . . . . .. ,18 
crepida, Feruminops... ........ .... ..... 29 
crepuscula, Dechenella (Dechenella) .... 142 
crista, Dechenella (Dechenella) ........ 142 

, Thamnopora . .. .. .. .. .. .. ... 59 
cristata bombi/rons, Phacops .......... 116 

, Paciphacops (Viaphacops), 
Phacops .............. (14),118 

, Phacops (Viaphacops) ........ 56 
pipa, Phacops, Paciphacops 

(Viaphacops) ...... (36,111),115 
crossleii, Phacops.................. 48,114 
crotalocephalid bed, horizon, Sorayama 

.................... ,. 7,107,109 
Crotalocephalides . . . . . . . . . . . . . . .. 6,42, 106 
Crotalocephalina ........ 5,6,33,40,41,42, 

46,67,71,98,179 
beds..... .. .... .. .... .... ..... 7 
(Crotalocephalides) sp. indet. . 

.......................... 4,107 
(Crotalocepahlides?) sp. indet. 

... .... .. ......... 4,107,150-151 
(Crotalocephalina) ........ 53,100 

sp. indet. .. 4,103,150-151 
species list ........ 102-103 

, subgen. et spp. indet. ........ 110 
(Geracephalina).. 7,34,51,52,61,68 

convexa ...... 109,150-151 
euryrachis ........... . 

.. J, 7, 10, 110,150-151 
secta ...... 4,108,150-151 

projecta .. 109,150-151 
,Japan ....................... 101 
(Pilletope/tis) japonica ....... . 

. .. .. .. .... ..... 4,7,8,9,10,104 
granulata .. -1, 105 

kameii........ 106,150-151 
species list .. . . . . . . .. 103 

subgen. et sp. indet. .......... 4 
Crotalocephalus . ..... ,. 40,50,61,94,98,179 

articu latus ....... 0·. • • • • • • • • • • • 5 
,Asia, Ural mountains ........ 100 
, Australia and Tamasnia 102 
cordai ........................ 5 
(Crotalocephalus) . . . . . . . . . . . . .. 53 
expansus . .. .. .. .. .. .. .. .. ... 7,34 
, geological range.............. 6 
hexaspinus .................... 34 
japonicus. . . . . . . . . . .. 3,4,5,6,8, 17 
myops ........................ 33 

interruptus. . . . . . . . . . .. 33 
Cryphaeoides .......................... 58 
Cryphina .......................... 31,43 
Cryphops . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 115 
Cryptollymus .. . . . . . . . . . . . . . . . . . . .. 46,50 
cryptophthalmus, Phacops, Cryphops .... 115 
cultrijugatus beds, Schichten, zone ... . 

. . . . . . . . . . . . . . . . . . .. 6,20,40, 131 
Curiospis . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 97 
cuvieri, Proetus, Gerastos . . . . . . . . . . . . .. 132 
Cybeloides ....................... ;.... 72 
Cyclostigma. .. .. .. .. .. .. .. .. .. .. ....... 12 
cyclurus, Prionopeltis . . . . . . . . . . . . . . .. (23) 
Cyphaspis. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 

spryi . .. .. .. .. .... ............. 47 
cyrto, Cyrtosymoble (Cyrtodechenella) , 

Cyrtodechenella ................ 138 
Cyrtodechenella . . . . . . . . . . . . . . . . . . .. 54, 138 
Cyrtosymbole .......................... 54 
Cyrtosymbolidae ...................... 137 
Cyrtosymbolinae ...... , .. .. .. ... 41,54,146 

D 

dabrollJni, Otarion (Otarion) ...... 49,150 
dafinocourti, Phacops, Bouleia ......... 58 
Dalejina .............................. 16 
Dalmaniten Knollenkalk .............. 57 
Dalmanites, s. 1. .. . . . . . . . . . . . . . . .. 43,66 

(Asteropyge) koraphensis ...... 30 
multiallllulatus .............. (12) 
(Odolltochile) . .. .... .. .... ... 53 

swillhoei ........ ,... (21) 
sp., El1esmere Island. . 54 
u/'kanellsis .................... 13 

Dalmanitidae ...................... 41,68 
Damesella .......................... ,.. ,96 
Damesel1idae, Damesellinae...... 73, ~5, 96 
Dasberg-Stufe ........................ 34 
davidsoni, Cyphaspis, Otarionella 147 
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deccantha, Diacanthaspis ............ (180) 
Dechenella .......... 44,54,67, 138, 140, 142 

(Basidechenella) .............. 54 
bejensis. .. .. .. .. .. .. .. .. .. ... (13) 
(Dechenella) , sp. .......... 55,139 

indosinensis ...... 143, 148-149 
minima...... .1,11,143,148-149 
spaekkassensis ....... . 

(Eudechenella) mackayi ... . 
kuhuaensis ................. . 
liuj ingensis ................. . 
macroceplwla ............... . 

55,142 
15,67 

(18) 
(18) 
(18) 

minima horizon.............. 6,26 
(Pedinodechenella) ........ 54,139 
(Praedechenella) . .. .. .. .. ... 139 

markovskii .............. (40) 
tschernyshevi . . . . . . . . . . . . . . . . .. 40 
verneuili ...................... 40 

Dechenellidae . .. . . .. . . .. .. .. . . .. . . ... 136 
genera ...................... 138 

dechenellids.. . ................. ;.. 67,70 
,dechenelloid, distribution.... 140 
species, Asia, North America 141 

, West Siberia . .............. 39 
Dechenellinae .................... 132,137 
Dechenelloides . .. .. .. . . .. .. ... 137,138,141 
Dechenellurus, sp. 13,16,40,44,45,67,138,139 

granifer .................... (13) 
ursus . .. . . .. . . .. .. .. .. .. . . . . . .. 16 

declieni, Lichas .................. (19,89) 
declivis, Feruminops ................ (29) 
Decoroscutellum .................... 42,75 

(Flexiscutellum) .............. 75 
indefensum . . . . . . . . . . . . . . . . . . .. 34 
lepidum .......... ........... 34 

decorus, Proetus, Decoroproetus ...... 145 
dekayi, Trimerus (Digonus)............ 65 
Delaria. .... .. .. .. .. .. .... .. .... .. .. ... 97 
Dele beds .............. . . . . . . . . . . . . .. 27 
delphinula, Dechenella (Dechenella) .. 142 
Deltadechenella . .. .. . .. 54,137,138,139,141 
Denckmannites .............. 20,43,51, IJ.1 

rutherfordi . . . .. . . .. . . .. .. .. ... 49 
vietnamicus ............ 19,51,113 

Denizli beds ....................... ".. 27 
densigranulatum, Scutellum.. .1,79,148-149 
Dentaloscutellum ................ 50,52,53 
dentatus, Phacops, Paciphacops 

(ViaPhacops) .............. 37, l12 
deois, Amphoton ...................... 97 
Dereimsia. .. .. .. .. . . .. .. . . .. .. .. . .. 58,115 
derelicta, Acanthaloma (Ketteraspis), 

Leonaspis (Ketteraspis) 35, (85) 
Devonian biogeographic realms, 

biogeography 53,64,68,70 
biota, Japan .................. 1 
corals, Korea ......... ,........ 16 
fauna, Arctic Canada 57 

, Eastern Asia .......... 7 
lichids, Asia, Australia........ 89 
palaeogeographic map ........ 69 

,Siberian platform. . . .. .. .. . . ... 31 
System, China ................ 17 

,northern continents...... 34 
,Northwest China ........ 17 

trilobite genera, Asia.......... 42 
, Australasia ............ 53 
,Malvinokaffric province 58 

horizons, Eastern Asia, 
correlation .......... 26 

,Japan, correlation...... 6 
,Mongolian geosyncline, 

correlation.......... 15 
localities, Japan .......... 2 
province, realm........ 62,68 

trilobites, Asia................ 41 
,Australasia .......... 46,48 
, Burmese-Malayan 

geosyncline. .. ... ....... 23 
,China, Viet-Nam ........ 19 
,Cordilleran region 56 
,Eastern Asia.......... 12,24 
,Japan ......... ".......... 4 
,Kitakami mountains...... II 
,Kuznetsk, Altai, 

Kazakhstan ............ 35 
, Malvinokaffric province.. 57 
, Mongolian geosyncline .. 14 
, North America 54 
, Siberia, Turkestan.... 31,32 
, South American province.. 57 
, South Asia .............. 27 
,Turkey.................. 28 

devonica, Acaste, Phacopina (Vogesina) 58 
Diacalymene. .. . . .. . . .. .. .. .. .. .. .. . .. 124 
Diacoryphe sp. ...................... (22) 
diademata, Caiymene, Diacalymene.... 124 
Diadematoproetus . . . . . . . . . . . . . . . . . . . . .. 44 
Dianops . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 115 
Diaphanometopidae .................. 180 
Diaphanometopus .................... 180 
Dicranogmus . .. .. .. .. . . .. .. .. .. .. .. ... 90 
Dicranurinae . . . . . . . . . . . . . . . . . . . . . . . . .. 83 
Dicranurus .................. 42,53,61,86 

group .......... "............. 83 
Dideropteon . ......................... ". 42 
diffractum conveximarginatum, atarion 

. .. .. . . . . . . .. .. . . .. ... 147, 148,152 
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Digonus. . . . . .. .............. 44,53,59,65 
Dimetropygidae . . . . . .. .............. 181 
dimorphism .......................... 99 
Dionide .............................. 72 
Dipleura . . . . . . . . . . . . . . . . .. 44,53,59,65,66 
Diphyphyllum sp. ..................... 17 
Disphyllllm (Phacelophyllum) sp. ...... 17 
Ditomopyge ........................... 97 
diversa, Ganinella ............ . . . . . . .. 39 
Dolichometopidae. .. .. .. .. .. .. .. .. .. ... 81 
dombrowiellsis brevis, Ganinella........ 39 

,Dechenella, Basidechenella ?, 
Ganinella ? ............ (38,141) 

dombrowiensis, Ganinella . . . . .. 39 
dormitzeri, Acidaspis . .. .. . . .. .. .. .. . (46) 
Dorypygidae .................... 73,81,96 
douvillei, Vietnamia .................. 84 
Drepanodus spp. ...................... 8 
drepanomma, Phacopidella 

(Nephranomma) . .. .. .. .. .. ... 120 
Drevennannia. .. .. .. .. .. .. .. .. .... .. ... 54 
Drllmm!lckaspis .. . . . . . .. ............ 83 
Dllctina .................... 20,43,114,179 

vietnamensis .............. 19,113 
duni, Calymene ...................... 127 

,Rhynchonella ................ 91 
dllplicatus, Asaphus, Platycaiymene 124 

E 

Eastern Americas province, realm 

Eastern Asia, Devonian trilobites 
65,67,68 

12 
Echinolichas. . . . . . . . . . . . . . . . . . . . . . .. 55,56 
Echinopyge ........................ 31,43 
ecology, Fukuji trilobites.............. 9 
eduardi, Comura (Turcopyge).......... 29 
Eids formation .................... 54,68 
Eifelian fauna, Viet·Nam.............. 25 

trilobites, North Viet·Nam.... 19 
Eifliarges. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 90 
Elbaspis .............................. 83 
Eldon Group ...................... 50,62 
elegans, Bronteus, Scutellum........ 32,35 

capricorniae, Molongia........ 179 
eiegantula, Khalfinella ................ 39 
elevata, Dechenella .................... 142 
Elita ................................ 8,9 
ellesmerensis, Schizoproetoides . .. . . ... 142 
elliptica, Waribole............ 146,148-149 
Elmside formation. .. . . . . . . . . .. . . . . ... 50 
elongata, Perakaspis (Krohbole)........ 23 
Elyta ................................ 3,8 
emarginata, Acanthaloma, 

Acidaspis .................. 82,8;:; 

Emsurella ............................ 9;:; 
Emsurina. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 
Encrinuridae ...................... 72,73 
Encrinuroides. . . . . . . . . . . . . . . . . . . . . . . . .. 98 
Encrinurus . . . . . . . . . . . . . . . . . . . . .. 46,50,61 

fimbriatus, horizon ........ 1,3,62 
mitchelli ...................... 46 

endemic genera, Japan............. . .. 24 
, Thai·Malay .................. 24 

Endocrania ...................... 124,12;:; 
Endymionia .......................... 72 
enigma, Pseudotrillodus................ 23 
ensi/er, Boedaspis .................... 82 
Eodrevermannitinae .................. 41 
Eoacidaspididae, Eoacidaspidinae...... 81 
Eoacidaspis ........................ 81,82 
Eocheirurlls. . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 
Eocryphos ........ , .. .. .. .. .. .. ... 115,179 
Eocyrtosymbole .............. 138,140,141 
Eodiscina . . . . . . . .. .. .. .. .. .. .. .. ... 72,73 
Eophacops. . . . . . . . . . . . . . . . . . . . . . . . . . .. 1l;:; 
Eremiproetus ...................... '. . .. 44 
eremita, Eremiproetus................ (38) 
erinacea, Lobopyge.................. 28,89 
ethetus, Pseudocryphaells ............ (29) 
Euarges .............................. 90 
Eudechenella ........................ 137 
ellgeni, Brontells, Thysanopletis . . . . . ... 35 
ellnoa, Gravicalymene.............. 29,127 
Eurasian·Australian genera............ 24 
Eurasiatic genera .................... 2;:; 
Europe.Mediterranean province. .. .. ... 68 
European·Mediterranean faunal 

province. . . . . . . . . . . . . . . . . . . . .. 4;:; 
eurycaulus Gruppe, Phacops 

(Pedollopariops) ..... .. ... 1l6-1l7 
euryceps, Forbesia, Proetus, Yeringian 

.......... ................. 46,49 
ellryrachis, Crotalocephalina 

(Geracephalina) 4,7,10,110,150-1;:;1 
Ellryspiri/er paradoxus 

lllngmenshanensis zone. . . . . . .. 131 
evoluta, Primaspis (Meadowtownella) 8;:; 
exallthemoides subsolalllls, 

Cornuproetlls (Col'nuproetus) 29 
expallsus, Crotalocephalus, 

Crotalocephalina, (Geracephalina?), 
7, (36),60,101,108, llO 

,Homalonotus (Bunnelsteria) , 
(Digonus) .......... 49,52,65 

extrema, Anchiopella . .. .. . . . . . . . . . . ... 15 

F 

/allax, Proetus, Gerastos (Erbellites) 132 
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fastigata, Metacanthus ...... ..•... .. ... 29 
Favosites asper .......... . . . . . . . . . . .. (2) 

baculoides zone... . . . . . . . . . . . . . 3 
flexuosus subzone. . . . . . . . . . . . . . 3 
hidensis ...................... 1 
ichinotaniensis subzone. .. .. .. . 3 
limestones. .. .. .. .. .. .. .. .. .. . 2 
uniformis subzone ............ 3 
zones ........................ 3 

fecundus, Ananaspis, Phacops (Portlockia) 
36,40,46, (48),111,114,120 

communis, Phacops, Ananaspis 115 
degener, Phacops, Paciphacops 

(Paciphacops ?). .. ... (37,112) 
orientalis, Phacops ........ 36,112 

Fenestraspis .... . . . . . . . . . . . . . . . . . . . . .. 58 
Feruminops ........................ 31,43 
filmeri, Cyphaspis, Otarion............ 150 
fimbriatus, Encrinurus .............. 1,60 
Flexicalymene ........................ 124 
Flexicalymenid, gen. et sp. indet. . 4, 131 
Flexicalymeninae .................... 124 
Florentine quartzite, sandstone 50,62,179 
formosa, Odontochile .................. 49 

,Radiaspis .................. (52) 
fornix, Trimerus (Dipleura) .......... 29 
franconicum, Otarion (Otarionides) .. 147 
Francovichia .......................... 58 
franklini, Dechenella (Dechenella) . ... 142 
frontale, Odontochile ....... . . . . . . . . . .. 37 
front-median lobe ..... _. .. .. .. . . ... 72,73 
frontosa, Acastella.................. 49,51 
Fukien peninsula ............ ,.. . . . . . .. 25 
Fukienia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 
Fukuji district........................ 5 

fauna, trilobites ...... 6,10,25,70 
formation, Series .. 2,3,5,26,27,60 

,ecology, sea................. 9,11 
fukuj iensis, Proetus (Coniproetus) 

............ , ... 4,7,9, 133,148-149 
furciferum, Scabriscutellum (Cavetia).. 75 
Fuscipyge. .. .. .. .. .. ... 55,138,141,142,143 

G 

gaertneri, Cheirurus (CrotalocePlwlus) , 
Crotalocephalides . .. .. .. ... 99,106 

Gamonedaspis. . . . . . . . . . . . . . . . . . . . . . . . .. 58 
Ganinella. . . . . . . . . . .. 40,45,57,138,1.10,141 
Gaotania . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 83 
Gara formation .................... 49,51 
Gaspelichas. . . . . . . . . . . . . . . . . . . . . . . . . . .. 56 
Gebze beds. .. .. .. .. .... .... .. ...... ... '27 
gem matus, Crotalocephalus, Dideropteon 

(36),101 
Gephuropora . . . . . . . . . . . . . . . . . . . . . . • . 3,8,9 
Geracephalina .......... 6, .12, 62, 71, 98, 107 
Geragnostinae ........................ 73 
Geragnostus .......................... 75 
Gerastos, ? (Erbenites) .............. 132 

(Oehlertaspis) ................ 133 
gervillei, Microscutellum .............. 77 

,Parahomalonotus .............. 29 
Gibbocephalus... .. .. .. .... .. .. .. .. .. ... 99 
gibbus, Cheirurus, group .............. 99 

interruptus, Cheirurus.......... 97 
giganteus, Phacops ................ 23,113 
giraudi, Cyphaspis, Otarion.. 19,20,148, 154 
glabellar ring ........................ 97 
glabellirostris, Proboloides, Probolops ., 58 
glabra, Khalfinella .................... 39 
glandifrons, Proetus (Coniproetus) .... 134 
Glaphuridae . . . . . . . . . . . . . . . . . . . . . . . . .. 181 
globosus, Proetus (Crassiproetus) ...... 38 
goerlichi, Otarion (Otarion)........ 29,148 
Goldius sp. ........................... 53 
goltzi, Peitlina ... . . . . . . . . . . . . . . . . . . . .. 29 
goniopeltis, Proetus, Dentaloscutellum 

. . . . . . . . . . . . . . . . . . . . . . .. ('18),50,64 
gosseleli, Proetus . . . . . . . . . . . . . . . . . . .. (32) 
gouzesi, Bronteus, Platyscutellum 

(Izarnia) ...................... 80 
gracilis, Astycorphe .................. 145 
graciosa, Odontochile, Odontochile 

(Odontochile) . .. .. .. .. .. .. ... 37 
granifer, Dechenellurus .......... (15),39 
granulata, Dechenella ................ 137 
granulatus, Phacops.............. 113,145 
Gravicalymene. ... 5,24,41,43,45,53,68,124 

bed, Sorayama .......... 5,20,130 
maloungkaensis, horizon .. 20,23,26 
yamakoshii . . 4,9,7,8,26, 127, 152-153 

greeni, Scutellum...................... 48 
Greenops, (Greenops) .............. 55,56 
Grodekovsk region, Primoria.......... 14 
guangxiensis, Phacops ........ 19,113,179 
gueranens~, Phacops .............. 14,112 
gurjevkiensis, Ganinella................ 39 
Gyrometopinae ...................... 180 
Gyrometopus. .. .. .. .. .. .. .. .. . . .. .. ... 180 

H 

haijiadianensis, Sonkania 147,181 
halli, Dechenella (Dechenella) ........ 142 
hamatus, Dicranurus ................ (85) 
hammeri, Acanthopyge .............. (14) 
hammerschmidti, Asteropyge (Rhenops) 29 
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handwerki, Phacops, Eophacops ...... 115 
haungi, Anchiopella, Malvinella 58 
Harpes ...................... 45,49,53,54 

(s.l.) kyrindrorhachis.......... 22 
Harpidae .......................... 56,59 
Harpidella ............................ 45 
haueri, Lichas, Acanthopyge .... 32,35,89 
hausmanni, Odontochile .............. 122 
Heitai formation . . . . . . . . . . . . . . . . . . . . .. 14 
Heliopyge. .. .. .. .. .. .. .. .. .. .. .. .. ..... ,19 
Hemberg-Stufe . . . . . . . . . . . . . . . . . . . . . . .. 34 
Hemiarges ............................ 90 
heoteissa, Scharyia.................... 147 
Heptabronteus. . . . . . . . . . . . . . . . . . . . . . . . .. 76 
Hercynian elements, fauna ........ 27,68 

facies, fauna, magnifacies.. 22,63 
trilobite colony .............. 66 

hercynicus, Monograptus .............. 51 
hetera, Gravicalymene ................ 127 
hetericylta, Graspedarges ............ (91) 
heterogen ............................ 16 
hexaspinus, Grotalocephalus, 

Crotalocephalina 
(Crotalocephalina) ........ 36,101 

Hidascutellum .............. 7,9,42,45,76 
multispiniferum.. 4,7,9,76,148-149 

hidensis, Favosites .................... 1 
Hitoegane trilobites .................. 6 
Hlubocepy ............................ 34 
hoernesi, Leonaspis .............. (28,34) 
holzaPfeli, Cornuproetus, Lepidoproetus 

(Diademoproetus) ?......... (38) 
Homalonotidae . .. .. .. .. .. .. .. ... 41,54,65 
homalonotids. . . .. .. . . . . .. .. . . .. . . .. . .. 70 
Homalonotus, group ............ 31,44,123 

(Schizopyge) .................. 58 
Hongjeom Series. . . . . . . . . . . . . . . . . . . . .. 17 
Horlick fauna, formation, Antarctica 

.. , ....................... 52,59,65 
horni, Cyphaspis, Otarion ............ 150 
Houlungmen brachiopods, trilobites 16,26 

formation ...... 13,15,26,120,123 
Hsikuangshan formation, stage 

. . . . . . . . . . . . . . . . .. 17, 18, 34, 113, 145 
huangi, Acidaspis...................... 84 
hudsoni, Dentaloscutellum.............. 48 
Hume Series. .. .. .. . . . . .. .. .. .. . . .. ... 47 
Humeia ........................ 54,55,138 
hunanica, Paracidaspis ................ 82 
huttoni, Homalonotus (Burmeisteria) 49,52 
Hwangho basin........................ 16 
hystrix, Otarion (Otarion) 29, H8 
hydrocephalum hydrocephalulll, Otarion 

(Otarion). .. .. .. .. .. .... ... 29,148 

I 

Icriodus worschmidti-Spathognathodus 
remscheidensis horizon, zone 60,62 
worschmidti. . . . . . . . . . . . . . . . . . . . 8 

idonea, Odoll/ochile, Odontochile 
(ReZissia) .................... 37 

Illaenidae ............................ 73 
impedita, Ceratocephala................ 86 
imperfecta, Neocalmonia (Neocalmonia) 30 
incer/us, Encrinurus ................... 49 
incisa, M eta canthus . . . . . . . . . . . . . . . . . . .. 29 
indefensum, Decoroscutellum .......... 35 
indii, Odontochile...................... 57 
indosinensis, Dechenella (Dechenella) , 

Proetus ........ 20,140,143,148-149 
inexpectans, Bailielloides .............. 23 
inflata, Fuscipyge .................... 142 
Infra-Manmo Subgroup. . . . . . . . . . . . . . .. 12 
insisus, Phacops (Trimerocephalus) , 

Nephranops .................. 115 
in/erjec/a, Calymene . .. .. .. .. .. .. .. . .. 130 
intermedius, Reedops .................. 57 
Isopleura ........................ 42, (83) 
I soprusia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 
Izarnia ........................ : 80 

J 

jackii, Cera/ocephala .................. 86 
Jakutidae ............................ 81 
Japan, Devonian trilobites ............ 4 
japonicus, Cheirurus, Crotalocephalus, 

Crotalocephalina (Pilletopeltis) 
............ 1,3,4,5,17,104,150-151 
granulata, Crotalocephalus 

(Pilletopeltis) .......... 4,105 
,Palaeophillipsia .... 11,12,137,138 

jaqueti, Spirifer, Howellella............ 91 
jarcasensis, Tarijaclinoides ............ 58 
jelli, lVarburgella (Anambon) ........ 179 
Jenhochiao Series .................... 84 
jenkinsi, Leonaspis .................... 48 
Jmatchinskaya suite ............ 13,15,26 
Judaiella . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 81 

K 

kailensis, Odontochile (ReZissia)........ 15 
kakari, Neocalmonia (Neocalmonia).... 30 
kameii, Crotalocephalina (Pille/opeltis) 

. . . . . . . . . . . . . . . . . . .. 4, 106, 150-151 
Kanhsi stage ........................ 131 
Kaochiapien shale.................... 113 
Kaolishaniidae . . . . . .. .. . . .. .. .. . . . . . .. 96 
Karaumedate formation .............. 12 
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Kartal beds .......................... 27 
Kasachstania .......................... 43 
kasachstanicus, Dalmanites, Odontochile 

(Kasachstania) ................ 37 
, Phacops .................. 36,112 

kashmirica, Calymene ................ 127 
kasini, Paraolenoides ........ , ..... , ... 96 
Kawauchi Series. .. .. .. .. .. .. .. ..... 1,59 
kayseri, Dechenella, Basidechenella.... 138 

, Phacops, Eocryphops.......... 115 
Kazak horizon ........................ 34 
Kazakhstan-Mongolian-Okhotsk 

subprovince ............ 68,69,70 
kazachstanica, Praedechenella.......... 39 
Keriophyllum .... , .. .. . . .. .. . . . . . . .. .. . 3 
Ketteraspis ... . . . . . . . . . . . . . . . . . . . . . . . .. 42 
keyserlingi, Odontopleura, Primaspis 

(Chlustinia) .................. 82 
Khalfinella . .. . . .. .. .. .. ... 44,138,139,140 

eleganta-Ganinella dombrowiensis 
dombrowiensis zone. . . . . . . . . . .. 40 

Khangai highland .................... 12 
kiikbaica, Odontochile, Odontochile 

(Odontochile) . .. .. .. .. .. .. ..... 37 
kiikbaicum, Otarion.................... 39 
killarensis, Calymene . . . . . . . . . . . . .. 49, 127 
kilmorensis, Gravicalymene............ 127 
kingalensis, Trimerus.................. 49 
Kireyevsk beds, Altai ................ 40 
Kitakami mountains, Devonian 

trilobites. .. .. .. . . .. .. .. .. . . ... 11 
kitakamiensis, Encrinurus.............. 59 

, Schedohalysites ............... , 60 
Kochbaital horizon............ 7,34,60,62 
kokbaitalensis, Calymene .......... 38,126 
kokeshi/ormis, Blanodalmanites . .. .. ... 23 
Komaspidacea . . . . . . . . . . . . . . . . . . . . . . .. 181 
Koneprusia, sp................... 55,57,83 
koraghensis, Dalmanites (Asteropyge) .. 30 
Koraipsis . .. . . .. .. .. .................. 95 
Koreo-Chinese heterogen . .. .. .. .. .. ... 12 
kotanbulakensis, Phacops .......... 37,112 
Koten Series. .. .. .. .. . . .. .. .. .. . . .. ... 17 
Kozlowskiaspis ........................ 58 
Kraulov Dvur beds .................. 129 
Krekovian ............................ 34 
Kroh fauna, sea, trilobites 

.......... 9,10,11,22,23,25,26,41,70 
Krohbole . ............. , .. .. .. .. .. ... 41,44 
Kuhua limestone. . . . . . . . . . . . . . . . .. 18, 143 
kuhuaensis, Dechenella.............. (143) 
Kurtdogmu~ beds .................. .. 27 
kuvaschensis, Basidechenella .......... 39 
kuznetskiensis, Proetus, Praedechenella 

............................ 38,39 
Kwangsi disturbance.................. 17 
Kwangsilepis ................ , ..... , ... 60 
Kyeomip'o limestone conglomerate.. 16,17 
kylindrorhachis, Harpes (s. I.). .. . . .. ... 23 

L 

laciniata, Ceratocephala................ 87 
Lacunoporaspinae ................ 132,138 
Lacunoporaspis . . . . .. 44,45,55, 138, 139, 140 
laevigatus, Proetus, Unguliproetus 

(Unguliproetus) ............ (38) 
Langgon red beds .............. 22,26,27 
Langgonbole .......................... 45 

vulgaris ...................... 22 
Langgonia ............................ 98 
laokuangshanensis, Diacanthaspis ..... , 84 
larvi/erum, Spiniscutellum ............ 28 
lata, Dechenella (Dechenella) ........ 141 
lateral lobe............................ 72 
laticauda, Dechenella (Basidechenella) 142 
lati/rons, Calymene, Phacops 11, (23),113,115 

group, Phacops .............. 116 
latigenalis, Phacops .................. 114 
lazutkini, Proetus, Proetus (Proetus) .. 38 
Lederschiefer . . . .. .. . . . . . . . . . . .. .. ... 116 
lentigi/er Gruppe, Phacops 

(Pedonopariops) ...... 116-117,119 
Leonaspis, (Acanthalomina) 42,53,54,55,83 

elliptica ...................... 27 
loucothea ...................... 27 

leonhardi, Acidaspis .................. 46 
Lepidoproetinae .................. 41,132 
Lepidoproetus. .. .. .. .. .. .. .. .. .. .. .. ... 44 
lepidus, Proetus, Lepidoproetus 

(Lepidoproetus) . .. .. .. .. .. .. ... 32 
Leptophloeum rhombicum ............ 1,12 
Leptoplastus .......................... 97 
Lesser Khingan range ................ 13 
leucothes, Leonaspis ................ 28,84 
Liangquan formation.................. 68 
lichaoides, Bronteus, Scutellum.... 32, (35) 
Lichas decheni ...................... (19) 

s. I. ........................... 42 
Lichidae .................. 41,71,72,73, aa 
Lienhuashn stage.... ..... .. ... 17,34,64 
liluensis, Calymene (Pharostoma). .. ... 125 
lilydalensis, Cyphaspis, Otarion . ... 49,150 

, Trimerus .................... 49 
limba, Reacalymene .................. 124 
limbata, A cidaspidella ................ 82 

, Lobopyge (Lobopyge) 36,89,94 
limbatus, Phacops, Dianops .......... 115 
lineatus, Nilells ?, Gyrometopus ...... 180 
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Linguaphillipsia . . . .. .. ... 137,138,1-11,144 
liniclivosa, Dechenella (Praedechenelia) , 

Praedechenella ............ 39, 138 
Liocalymene . .. .. .. .. . . . . .. .. .. .. .. ... 124 
Liolophops. . . . . . . . . . . . . . . . . . . . . . . . . . .. 117 
liujingensis, Dechenella . .. .. .. .. .. ... (20) 
Lobopyge . .. . . .. .. .. .. . . ... 42,53,88,89,90 

(Nitidulopyge) ................ 90 
Lochkov .............................. 34 
Lochkovelia .......................... 115 
Lochkovia .. . . . . . . . . . . . . . . . . . . . . . . . . .. 51 
logani asiatic us, Paciphacops, 

(Paciphacops). . . .. .. .. . . ... 14,112 
balchaschensis, Phacops, 

Paciphacops (Paciphacops) 37,112 
,Phacops, Paciphacops 

(Paciphacops) ............ 115 
loganops, Phacops.................. 36, III 
longiaxiatus, Crotalocephalus.......... 101 
longiaxis, Lobopyge, (Lobopyge) .... 36,89 
longicaudatum, Scutellum... .......... 3:5 
longimedia, Dechenella (Dechenella) 141 
longispina, Acanthaloma (Acanthaloma), 

Leonaspis .. . . . . . . . . . . . . .. 35,85 
, Ceratocephala .. . . . . . . . . .. 48,86 

longisulcata, Acaste ................ 49,51 
Lotagnostus. . . . . . . . . . . . . . . . . . . . . . . . . . .. 73 
Lukou formation. . . . . . . . . . . . . . . . . . . . .. 14 
Luofu formation .................... 179 
luojuensis, Phacops................ 19,113 

M 

macallisteri, Protocalymene............ 125 
maccoyi, Odontochile (Zlichovaspis) .. 123 
macdonaldi, Acernaspis ............ (115) 
Machairagnostus ...................... 73 
mackayi, Dechenella (Eudechenelia) 

· .. . . .. .. .. .. . . .. .. .. ... 49,52, 140 
maclareni, Dechenella (Dechenelia).... 142 
macnairi, Cyrtodechenella ............ 142 
Macrobole kedahensis . .. .. .. .. .. .. . . ... 22 
macrocephala, Dechenella, 

Monodechenella, Proetus 
· . . . . . . . . . . . . . .. (20, 138), 143, (145) 

magnifica, Eocyrtosymbole ............ 138 
maloungkaensis, Calymene, 

Gravicalymene .. 19,20,23, 126, 130 
horizon ...................... 131 

Malvinella . .. . . .. .. .. .. .. . . .. .. .. .. ... 58 
Malvinokaffric fauna, province 

· . . . . . . . . . . . . . . . . . .. 53,59,64,68,70 
genera ...................... 65,66 

mammilata, Calymene, Thelecalymene 
· .. .. .. .. .. .. . . . . . . .. .. . .. 124, 129 

manchuricus, Phacops 13, 14, 112, 117,152-153 
Manmo Group ........................ 12 
mansfieldensis, Phacops............ 48,l1il 
Manticoceras zone... .. .. .. .. .. .. .. ... 141 
Marmara formation .................. 27 
mastophthalmus, Phacops 

(TrimerocePhalus). .. ... 28,114,115 
maurim, Otarion (Maurotarion) ...... 147 
Maurotarion . .. . . .. .. .. .. .. . . .. . . .. ... 179 
Meadowtownella ...................... 83 
Median Line of Inner Zone .......... 2 
median longitudinal furrow .......... 97 

ridge, axial lobe.............. 73 
tube, digestive organ.......... 74 

mediospinus, Proetus, (Euproetus) .. 19,20 
megalops, Otarion ........ 4,7,148-149,150 
megastomu11l, Pleurodictyum............ 50 
melvillensis, Dechenella (Dechenella), 

Pedinodechenella. .. . . .. .. .. . .. 138 
, Dechenella (Pedinodechenella) 142 

Mephiarges . .. .. . . .. .. .. . .. 48,52,53,88,89 
mephisto, Acanthopyge (Mephiarges) .. 52 
merga, Humeia .................. 138, 142 
meridianus, Odontochile................ 49 
Meroperixinae ........................ 76 
Metacalymene ........................ 124 
Metacanthina ...................... 31,43 
Metacryphaeus ........................ 58 
M etapilekia .. . . . . . . . . . . . . . . . . . . . . . . .. 95 
Metapliomerops . .. .. .. .. .. .. .. .. .. .. ... 95 
Metascutellum ..... .. .. .. .. .. .. . . ... 42,75 
Michelle formation... . . . . . . . . . . .. .. ... 55 
michelli, Encrinurus ................ (50) 
michelsi, Phacops (Phacops), Phacops 

(Arduennops) ................ 116 
michnevitchi, Scutellum, Scabriscutellum 35 
Microscutellum ........... .. . . . . .. .. ... 75 
micrurus, Odontochil e. . . . . . . . . . . . . . .. (37) 
midus, Amgaspis ...................... 82 
milistana, Neocalmonia (lVeocalmonia).. 30 
milleri, Phacops ...................... 14 
mini/icus, Bestjubella . . . . . . . .. .. .. .. ... 82 
minima, Dechenella (Dechenella) 

. .. .. .. .. .. .. ... 4,143, 144,148-149 
minutus, Phacops.................. 23,113 
mirabilis, Bronteus, Scutellum ........ 35 
Miraspinae . .. .. . . .. .. .. .. .. .. .. .. . . ... 83 
Miraspis. .. .. .. .. .. .. .. .. .. .. .. .. ... 81,86 

group ........................ 83 
mise, Phacops, Lochkovia ........... . 
Mississquoia ......................... . 
mitchelli, Encrinurus ................. . 
mitis, Cemurinello. ................. . 
Molong limestone ................... . 

115 
96 
46 

(84) 
51 
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mongolensis, Paciphacops (Viaphacops) 
. .. .. .. .. .. .. . . .. .. .. .. .. ... 1-1,112 

Mongolia.............................. 12 
Mongolian Altai ...................... 13 

fauna ...................... 67,68 
-Okhotsk geosyncline, 

subprovince 
.... 12,16,25,26,41,56,67,68,70 

mongolieus, Paciphacops (Viaphacops).. 13 
Mongolo-Okhotsk region .............. 53 
Monodeehenella. .. ... 25,4-1,45,138,139,140 
Monodechenellinae .................. 137 
Monograptus atopus. .. .. .. .. .. .. .. .. ... 21 

dubius ........................ 21 
hercynieus .................... 21 
riecartonensis . .. .. .. . . .. .. .. . (21) 

Monorakidae ...................... 72,73 
Motzuling shale. .. .. .. .. .. .. .. .. .. ... 143 
Mulga Downs Group .................. 91 
multiannulatus, Dalmanites .......... (1,1) 
multispiniferum, Hidaseutellum 

. . . . . . . . . . . . .. 4,7,60,75,76, 148-149 
multiverrucatum, Scutellum............ 79 
munroei, Otarion .................. 119,150 
murchisoni, Cromus.................... -16 

, Stauroeephalus .. . . . . . . . . .. (46) 
Murphyeops .......................... 115 
mushensis, Paciphacops (Paciphaeops) .. 14 
mydlakia, /soprusia . .. .. .. .. .. .. .. .. ... 82 
myops, Cheirurus, Crotalocephalus, 

Crotalocephalina . .. .. .. .. ... 36,98 
interrupta, Cheirurus .......... 97 

Mystrocephala .......... . . . . . . . . . . . . .. 55 

N 

nais, Pseudocryphaeus.................. 29 
Nakakura formation .................. 12 
Nakaoling stage ................ 17,34,60 
Nakazato fauna ...................... 70 

Series. .. .. .. .. .. ... 1,6,26,60,112 
nalivkini, Bronteus, Breviscutellum .. (32) 
namanensis, Proetus .............. 20,144 
Namhsim formation.................. 126 
Namuropyge . .. .. .. .. .. .. .. .. .. .. .. ... 147 
nandanensis, Plagiolaria ...... 19,113,179 
Napiao formation. .. .. .. .. .. .. . . .. ... 179 
Naradani district...................... 5 
nasuta, Calymene, Spathacalymene . ... 124 
nasutus, Neoprobolium ... .. .. .. .. .. ... 122 

, Phacops (Viaphacops) ........ 56 
Nauburg beds. .. .. .. . . .. .. . . .. .. .. ... 127 
Nehden-Stufe. .. .. .. .. .. .. .. .. .. .. .. ... 34 
nemus, Proetus ... .. .. .. .. .. .. .. .. .. ... 49 
Neocalmonia. .. . . .. . . . . .. .. . . .. .. ... 30,43 

(Bradocryplweus) . .. .. .. .. .. ... 31 
(Heliopyge). .. .. .. .. . . .. .. .. ... 31 
imperfects .................... 28 
(Neocalmonia) ................ 31 
quadricosta . .. .. .. .. . . .. .. .. . .. 28 

Neoprobolium .................. 43,45,122 
neotesca, Dechenella (Dechenella) .... 142 
Nephranomma ........................ 121 
Nephranops .......................... 115 
Neseuretidae ........................ 123 
N eseuretinus . . . . . . . . . . . . . . . . . . . . . . . . .. 124 
Neseuretus. . . .. . . .. .. . . .. .. .. . . .. . . . .. 123 
Nevadan fauna, subprovince 53,57,64,66,68 
New World realm.................. 68,70 
New Zealand fauna, subprovince 52,53,54 
Nichiuho formation. .. .. .. .. .. .. .. .. ... 14 
Ningnanaspis . .. . . .. . . .. .. .. .. .. ... 83,180 
ningnanensis, Ningnanaspis . .. .. ... 83,180 
nipponica, Ceratocephala .. 4,10,86,148-149 
nonakai, Reedops ........ 4,113,121,151-153 
normalis, Basocephalus ................ 96 
North American fauna................ 25 
Northeast China...................... 13 
northern hemispheric genera.......... 24 
Northwest China, Devonian System.... 17 
nubelania, Blanodalmanites . . . .. .. . . . .. 23 
Nyterops nyter, Phacops.......... 116,119 

o 
oblatus, Acernaspis ?................. 115 
ocellata, Cyphaspis, Otarion.... 33,148,154 
Ochi formation........................ 1 
Ockch'eon geosyncline.............. 16,17 
oetaspinus, Acidaspis .................. 84 
oculeus, Phacops .................. 36,111 
Odontocephalus sp. .................... 55 
Odontochile. . . .. . . .. ... 43,45,50,53,64, 122 

(Kasachstania). ... 45,57,61,67,122 
ulrichi .................. (13) 

(Reussia) .............. 45,67,122 
kailensis .................. 13 

sp. indet................... 13,122 
spinifera orientalis ............ 27 
(Zlichovaspis) ................ 122 

Odontopleuridae. .. .. .. .. .. ... 41,72,73,82 
odontopleurids, Asia .................. 84 
oehlerti, Proetus (Proetus) . .... ... (32),38 
ohhesaarensis dnestroviana, Calymene 

(Calymene) .................. 126 
Oise area, district.................... 5,9 
oisensis, U nguliproetus . . .. 4,9, 134, 148-149 
okanoi, Phacops........ 4,11,113,120, (120) 
Okhotsk subprovince.................. 70 
Old Red Sandstone facies ............ 19 
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Old World province; realm 53,6-1,67,68,70 
oldhami, Calymene.................... 125 
Oldoiskaya suite. .. .. . . . . .. ... 13,15,26,27 
Olenus ................................ 97 
Omegops. . . .. . . . . .. .. . . . . . . .. .. .. . . ... 180 
Omeipsis .............................. 84 
Omori phacopid horizon, Series... ... 1,6 
Onnia ornata....... . . . . . . . . . . . . . . . . . .. 74 
Onnicalymene ........................ 124 
onniensis, Calymene, Onnicalymene.... 124 

, Flexicalymene (Flexicalymene) 
(127) 

Ono Series .............. 1,11,12,26,27,59 
trilobites. . . . . .. .. . . .. .. . . .. ... 26 

Onychaspis . . . . . . . . . . . . . . . . . . . . . . . . . . .. 83 
onyx, Dechenella ................ (38,141) 
opiki, Pharostomina .................. 125 
orbitatus, Proetus, Gerastos 

(Orbitoproetus) .......... (32),132 
Orbitoproetus . . . . . . . . . . . . . . . . . . . . . . . . .. 44 
orestes, Acernaspis, Phacops .......... 115 
Oriental fauna, subprovince.. 25,68,69,70 
orientaUs, Cyphaspides ............ 20,179 

, Plagiolaria ............ (19,113) 
, Scutellum .................. (35) 

Orimops . .. .. .. .. .. .. .. .. .. .. .. . . .. ... 125 
Orphanaspis .......................... 83 
orthoceratid-bearing bed, Fukuji ...... 8 
osborni, Dechenella (Dechenella) ...... 142 
Otarion .................. 41,45,53,54,147 

Asia, Australia .............. 147 
(Maurotarion) . .... .. .. .... ... 147 
megalops ...... 4,7,10,148-149,150 
(Otarionides) ................ 147 
(Tricrotarion) ..... .. .. ... 52,150 

Otarionella ...................... 147, 179 
Otarionidae .......................... 59 
Otarioninae .......................... 147 
ovata, Gaotania.................... 83, 180 
ovi/ormis, Dicranurus . . . . . .. .. . . ... 84,180 

p 

Paciphacops. . . .. .. .. .. .. ... 16,43,45,61,67 
(Paciphacops) ............ 114,115 

logani asiaticus . . , . . .. .. . .. 13 
mushensis . ............... " 13 

saryarkensis .................. 40 
(Viaphacops) .......... 45,114,115 

aitaicus. . . . . . . . . . . . . . . . . . .. 14 
cristata . . . . . . . . . . . . . . . . .. (13) 
mongolicus ................ 13 
pipa ...................... 13 

Padaukpin coralline beds, limestone 
...................... 21,22,26,113 

trilobites ..... " . . . . .. .. .. .. ... 26 
pacl,hami, Cheirurus (CrotalocePhalus) , 

Crotalocephalina (Crotalocephalina) 
...... , .. . . .. .. .. .. . . ... 48, 51,102 

paecilelmanni, Asteroides (Asteroides) (29) 
Palaeophillipsia .............. 137,138,141 

horizon ................... " .. . 6 
japonica ...................... 11 

Palaeophyllipsia [trypographical error] 11 
pali/erum, Bojoscutellum ............ (35) 
palmata sinuata, Lichas, Acanthopyge? 46 
palpebral spine........................ 75 
Panderodus striatus striatlls. .. .. .. .. .. . 8 

subquadratlls. .. .. .. . . . . . . .. ... (8) 
panoptes, Leonaspis ................ 28,84 
pansa, Harpes ........................ 39 
Panshapyge trilobite band ............ 84 
pantichionellsis, Phacops (Phacops) .. 28, 114 
papillata, Calymene, Papillicalymene .. 124 
Papillicalymene ...................... 124 
Parabouleia .. . . . . . . . . . . . . . . . . . . . . . . .. 58 
Paracidaspis .......................... 82 

hunanica ...................... 84 
Paradalmanites . . . . . .. .. .. .. .. . . .. .. ... 58 
Paradechenella. . . . . . . . . . . . . . . . . . .. 138-139 
Paradoxides . ................. , .. .. .. ... 97 
paradoxus, Cyphaspides . .. .. .. .. ... 20,179 
paragranulata, Dechenella (Dechenella) 142 
Parahomalonotus . ................ '" 31,44 
Parakoldinia .......................... 95 
parana, Homalonotus (Schizopyge) .... 58 
Parapilekia . .. .. .. .. .. .. .. .. . . .. .. .. ... 95 
parapulchra, Pharostoma.............. 125 
paraxial furrow ...................... 72 
parcus, Dechenellurus . . . . . . . . . . . . . . . . .. 39 
pardalio, Scutellum (Scutellum)........ 79 
paro/wi, Damesella, Cheirurus.......... 96 
parvissimus, Acidaspis (Leollaspis) .... 84 
parvlIlus convexus, Acanthopyge, 

Lichas (Euarges) .......... 35,89 
parvlIs, Cheirurus, Crotalocephalina 

(Pilletapeitis). . . . . .. .. .. .. . .. (36) 
Patagonian trough .................... 57 
pallcispinosa, Thysanopeltella 

(Septimopeitis) .............. 4,60 
pauliana, Pennaia...................... 58 
paupera, Cheirllrlls (Crotalocephaills) .. 99 
peetinata, Acanthaloma ................ 85 
Pedinoceplwlina. . . . . . . . . . . . . . . . . . . . . . .. 95 
Pedinodechenella .......... 5.!, 137, 138, 141 
Pedollopariops . . . . . .. .. . . .. .. . . . . .. ... 116 
peetzi, Proetlls (Proetus) .............. 38 
Peiliu stage .................... 17,26,34 
PeWlina .. . . . . . . . . . . . . . . . . . . . . . . .. 30,43 
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pengelli, Cheirurus .................. (32) 
, Crotalocephalus . . . . . . . . . . . . . . .. 98 

Pennaia .............................. 58 
Perakaspis. . . . . . . . . . . . . . . . . . . . . . . . .. 41,44 

(Krohbole) burtoni .......... (22) 
(Krohbole) elongata............ 22 
trapezoidalis .................. 22 

Periallaspis. . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 
perlisensis, Waribole .............. 23,147 
perplexus, Dalmanites, Bathycheilus .. 125 
persoca, Neocalmollia ................ (30) 
personata, Cryphina.................... 29 
Perunaspis ............................ 90 
Phacopida ............................ 73 
Phacopidae ..... .... .... ........ ... 68,111 
Phacopidella . . . . . . . . . . . . . . . . . . . . . . . . .. 114 
Phacopidellinae ...................... 111 
phacopids. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41 

,Australia .................... 114 
,Devonian, Asia .............. 111 

Phacopina . . . . . . . . . . . . . . . . . . . . .. 54,56,180 
(Phacopina) ................ 59,65 
(Vogesina) .................... 58 

Phacopinae, genera .................. 115 
Phacops .......................... 43,115 

accipitrius .................... 28 
(Arduennops) ................ 116 
(Boeckops) . .. .. .. .. .. .. ... 114,116 
breviceps ...................... 1<1 
(Chotecops) .............. 116,179 
(cristata group)..... .. .. .. .. ... 53 
(Dalmanites) punctatus . . . . . . .. 21 

stelli/er. .... ...... ....... (21) 
swinhoei .................. 22 

/ecundus .................... 21,46 
(Geesops) .................... 116 
giganteus . . . . . . . . . . . . . . . . . . .. 22 
granulatoides . . . . . . . . . . .. ..... 40 
granulatus .................... 18 
guangxiellsis .................. 18 
guranensis .................... 13 
lati/rons. . . . . . . . . . .. 11,21,22, (30) 
(LioloPhops) .................. 117 
logalli ........................ 16 
(logani group) ................ 53 
minutus... .... .. .. .. .. ......... 22 
(Nyterops) ... .. .. .. .. .. .. ... 116 
okanoi .......... 4,11,120,152-152 
(Omegopsis) ... .. .. .. .. .. .. ... 180 
(Paciphacops) ................ 179 
(Pedollopariops) .............. 116 
ponensis ...................... 21 
(Prokops) .................... 116 
rana milleri .................. 13 

(Reedops) sternbergi filius .... 27 
(s. str.) sp. indet. ............ 11 
Scutellum zone, Taungtalone .. 22 
shanensis .................. 21,22 
sp., Omori Series ............ 11 
species complex .............. 117 
sternbergi. . . . . . . . . . . . . . . . . . . . .. 21 
subcristata .................... 14 
subgenera . . . . . . . . . . . . . . . . . . . . 116 
(subgen. nov. ?) manchuricus 

............ 13,14, 117,152-153 
thahlai . . . . . . . . . . . . . . . . . . .. 22, 113 
tungtalonensis. .. .. .. .. .. .. .. ... 22 
(ViaPhacops) .................. 56 

Phaetollides cyclurus ................ (21) 
Pharostoma ...................... 123,125 
Pharostomina .................... 124,125 
Pharostominae ...................... 125 
Phillipsastrea sp. ..................... 17 
Phillipsia ohmoriensis. . . . . . . . . . . . . . . . .. 11 

sp., Karaumedate formation.. 12 
PhiIIipsidae ..... . . . . . . . . . . . . . . . . . . . .. 132 
phylax, Pseudocryphaeus ... ........... (29) 
phyletic rejuvenescence.............. 137 
phylogerontic reccurrence, 

specialization ...... . . . . . . . . .. 98 
Crotalocephalus. . . . . . . . . . .. 96 

Pictus contractus, Cornuproetus ........ 57 
pigra, Acanthaloma, Leonaspis 

(Ketteraspis) ............ 35, (85) 
f,ijiazhaiensis, Songkania ............ 181 
Pilekia . .. .. .. .... .... .. .. .. .. .. .. ..... 95 
Pilekiinae ............................ 95 
Pilletopeltis ...................... 6,42,99 
Pingipu Group ...... . . . . . . . . . . . . . . .. 131 
pilltadensis, Elbaspis .................. 83 
tipa, Phacops, Paciphacops (ViaPhacops) 

cristata 
.. ,. 14, (36),56,111,112,114,118,119 

Piriproetinae ........................ 132 
Plagiolaria ............ 25,43,114,115,179 

? orientalis ................ 19,20 
poothaii .... 10,20,22,23, (23),113 

plagiophthalmus, Phacops, Plagiolaria 115 
plana, Acidaspidina .................. 82 
planimarginata, Dechenella 

(Dechenella) ............ (39),142 
PlaniscutelIuidae .................... " 76 
planus, Acanthopyge, Lichas (Euarges) 

............................ 32,89 
Plateau limestone, Burma ............ 21 
Platycalymelle . . . . . . . . . . . . . . . . . . . . . . .. 124 
platycaudata, Dechenella ............ (141) 
platys, Calymene...................... 126 
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Platyscutellum ........................ 53 
(Izarnia) ...................... 80 

Pleuroctenium .... . . . . . . . . . . . . . . . . . . .. 98 
Pochiao shale ................ 18,131,144 
podolica, Warburgella (Podolites) . .. ... 61 
polonica, Dechenella (Dechenella) .... 141 
ponens~, Phacops ....... ........... 23,113 
poothaii, Plagiolaria .. 10,20,22,23, (23),113 
Portentosus . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95 
portieri ulbensis, Phacops.......... 36, III 
portolocki, Odontopleura, Primaspis 

(Taemaspis) .................. 52 
Portlockia . . . . . . . . . . . . . . . . . . . . . . . . . . .. 116 
postaltaicus, Phacops.................. 36 
Praedechenella . .......... .44,67,138,140,141 
praepipa, Phacops, Paciphacops 

(Viaphacops) .............. 37,112 
Prag .................................. 34 
Precordilleran trough ................ 57 
pre currens, Acidaspides................ 81 
prima, Khalfinella .................... 39 
Primaspis .......................... 5,42 

(Chlustinia) .................. 82 
(Meadowtownella) . .. .. .. ... 82-83 
(Taemaspis) ............ 5,52,53,83 
? tanakai ........ 4,10,85,148-149 

primitiva, Phacopidella .............. 37, 112 
Primoria .............................. 14 
Prionocheilus ........................ 125 
Prionopeltis. . . . . . . . . . . . . . . . . . . . . . . . . . .. 44 
pristina, Odontochile, Odontochile 

(Odontochile) . .. .. .. .. .. .. .. ... 37 
Probolium altaicum . . . . . . . . . . . . . . . . . . .. 14 
Probolops. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 58 
Proceratocephala .. . . . . . . . . . . . . . . .. 83,86 
Prodrevermannina .................... 179 
Proetacea ............................ 59 
Proetida ............................ 180 
Proetidae .................... 41, 132,181 
Proetidellinae . . . .. .. .. . . . . . . .. . . .. . .. 137 
Proetid, gen. et spp. indet. a, b . .. .. . 4 
Proetids indet. a, b.................. 136 
Proetinae . .. .. . . . . .. .. .. .. . . .. .. .. ... 132 
Proetoid, gen. et sp. indet. ........ 'I, 136 
Proetus. . . . . . . . . . . . . . . . . . . . . . . . .. H, 53, 97 

(Bohemiproetus) . .. .. .. .. .. ... 132 
chitralensis ................ 30,33 
(Coniproetus) .......... 5,132,135 

/ukujiensis .. 4, 7, 9,133,148-149 
(Crassiproetus) sp. ....... .. ... 15 
(Cyrtosymbole), cyrtosymbolid 

....................... '" (33) 
, Dechenella, blondeli ....... '" (19) 
(Euproetus) mediospinus ...... 19 

indosinensis ................ 18,19 
(Longiproetus) . . , .. .. .. ... 132,137 
namanensis . .. .. .. .. .. .. .. .. ... 19 

age ...................... 26 
(Orbitoproetus) .............. 132 
(Proetus) vietnamensis ........ 19 
(Rudoproetus) . . . . . . . . . . . . . ... 133 

, subgenera. . . . . . . . . . . . . . . . . . .. 132 
proetus, Pseudocryphaeus . .. . . .. . . .. . .. 29 
profiigata, Chiarumanipyge ............ 58 
pro/usus, Dechenellurus................ 39 
progressive specialization ............ 72 
prokopi, Phacops (Prokops) .......... 116 
promonticus, Phacops (Boeckops)...... 117 
pronini, Phacops .................. (36,112) 
pronomacea, Centauropyge ............ 29 
propinquus, Cheirurus (Cheirurus) .... 101 
proponticus, Phacops (Phacops) .... 28,114 
prostellans, Pseudocryphaeus .......... 29 
Protocalymene ........ , .. .. .. .. ... 124,125 
protuberances, scutelloid cranidia .... 75 
Pseudoagnostinae .................... 73 
Pseudoagnostus .................... 75,95 
pseudocarbonicus, Proetus (Proetus).... 38 
Pseudocheirurus ...................... 97 
Pseudocryphaeus . ........... , .. .. ... 31,43 
Pseudodechenella ............ 138,139, 1,n 
Pseudotrinodidae ................... ". 41 
Pseudotrinodus .............. 10,41,42,74 

constrictus.................. 22,74 
enigma........................ 22 

psilodora, Asteroides (Asteroides) .... (29) 
Pteroparia ............................ 54 
Ptychometopinae .................... 125 
Ptychometopus. .. .. .. .. .. .. .. .. ... 123,125 
pulchella, Gaotaia . . . .. . . .. .. .. .. . . ... 180 

Lacunoporaspis . . . . . . . . . .. .. . .. 39 
pulchra, Calymene, Pharostoma ...... 125 
pulex, Lobopyge? .................. 28,89 
punctatus, Dalman ites ................ 23 
pusilla, Leonaspis............... . .. 84,180 
pustulati/ormis, Bronteus, 

Decoroscutellum .......... . . .. 35 
pustulatus, Bronteus, Metascutellum? (35) 

Phacops, Paciphacops 
(Viaphacops) . . . . . . . ... 37,112 

puStUIOSllS, TSllnyilichas .............. 88 
P'yeongnam geosyncline. . . . . . . . . . .. 16,17 

Q 

qlladrata, Blackwelderia .............. 97 
Quadratoproetlls .................. 44,133 
qlladricosta, Neocalmonia (Neocalmonia) 30 
qlladrilobata, Gravicalymene .......... 49 



198 T. KOBAYASHI and T. HAMADA 

quartus, Tollaspis ................ , ... 125 
quenstedti orientalis, Cheirurus, 

Dideropteon . . , ... , .. .. . 36,101 

R 

radiatus, Bronteus .................... 32 
Radiolichas .................. 16,42,89,90 
rana africanus, Phacops.............. 116 

crassituberculata, Phacops.... 116 
milleri, Phacops.......... 112,116 

,Phacops (Phacops) ........ 36,111 
tindoufensis, Phacops ........ 116 

rattei, Leonaspis, Odontopleura . .48, (50),62 
Reacalymene. . . . . . . . . . . . . . . . . . . . . . . . .. 124 
Redlichia.............................. 97 

Transbaikalia ................ 12 
Reedocalymene. . . . . . . . . . . . . . . . . . . . . . .. 123 
Reedops .................. 43,114,115,121 

cephalotes ................ (13),34 
(Nephranomma) . .. .. .. .. .. ... 121 
nonakai ........ 4,11,121,152-153 
(Signatops) .................. 121 

Reef ton brachiopods .................. 52 
Reeftonia. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 16 
regius, Cheirurus (CrotalocePlwlus) , 

,Crotalocephalina (Crotalocephalina) 
. .. .. .. .. .. . . .. .. .. .. .. .. . 51,102 

regulus, Cornuproetus (Lepidoproetus).. 29 
remscheidensis, Spathognathodus.... 60,61 
reticulatus altaicus, Harpes, 

Reticuloharpes. .. .. .. . . .. ... 33,39 
Reticuloharpes ........................ 45 
retroflexus, Proetus, Proetus (Proetus) (38) 
retrogressi ve specialization. . . . . . . . . . .. 72 
retusa, Humeia ...................... 142 
reussi, Dalmanites, Odontochile 

(Reussia) .................... 122 
Reussia. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 43 
Rhenish·Bohemian fauna, elements 

.......................... 16,27,68 
proYince, subprovince 53,68,69,70 
magnifacies . .. .. .. .. .. .. ... 31,63 

Rhenops .............................. 43 
richteri, Cyrtosymbole, 

Schizoproetoides ...... 5e1, 138, 142 
richthofeni, Dorypyge.................. 96 
rhinoceros, Cornuscutellum ............ 75 

,Phacops .................. 37,112 
Rhinotarion .......................... 147 

. Rhizophyllum.......................... 3 
enorme ... .. .. .. .... .. .. .. .. .. . 7 

rittbergensis, Dechenella (Dechenella).. 141 
romanovskii, Bronteus ................ 76 

,Dechenella (Dechenella) ...... 141 

rondeaui, Proetus, Cerastos 
(Oehlertaspis) ... .. .. .... ..... 132 

Rossaspis . .......................... '" 95 
rostratus, Cryphaeus, Cryphaeoides 58 
rothwellae, Encrillurus .......... 46,49,50 
rotunda, Cyphaspis, Otarion .......... 150 
rowi, Calymene, Proetus, 

Pseudodechenella ....... . 
Ruddock siltstone ................. . 

138,145 
49,51 

rugosum, Odontochile, Odontochile 
(Zlichovaspis) . .. .. .. .. .. .. ... 122 

rllgulosa eureka, Warburgella.......... 57 
rugll!osa, Warburgella...... 60,61 

, Warburgella (Podolites).. 57,61,66 
rutherfordi, Denckmanllites, Lochkovella 

............................ 51,155 
Rutoceras eifelense :. . . . . . . . . . . . . . .. (142) 
ryckholti, Proetus .................... 134 

s 
sagittal furrow ............. " . . . . .. ... 97 
salairensis, Eoacidaspis................ 82 
salairica, Dechenella, Schizoproetus 

. .. .. . . .. .. .. .. .. .. .. . .. 38,39,141 
Salairsk beds.......................... 40 
salteri, Homalonotus .................. (29) 
Sanidopyge ........................ 31,43 
Sao .................................. 97 
Sardzhal horizon... . . . . . . . . . . . . . . . . . .. 34 
saryarkensis, Dalmanites, Odontochile 

(j(asachstania) ............ 37,122 
,Phacops, Paciphacops 

(Paciphacops) 37,112 
Sayan·Altai geosyncline .............. 12 
Scabriscutellum .................... 42,75 

(Cavetia). .... .. .... .. ......... 75 
miloradovitchi ................ 40 

scabrllm, Scabriscutellum ............ (35) 
Scharyia heoteissa . .. .. .. .. .. . . .. .. . .. 147 

siceripotrix .................. 147 
schebalioellsis, Caninella .............. 39 
schishkathellsis, Phacops.............. 112 
Schistes a Spirifer speciosus, Annam.. 19 
Schizoproetinae . .. .. .... .. ... 132,137,138 
Schizoproetoides .............. 54,55,137,141 
Schizoproetlls . ............. 45,138,140,141 
Schizopyge . . . .. .. .. .. . . .. . . . . .. .. .. ... 58 
Schizostyilis .......................... 58 
schlotheimi, Calymene, Phacops 

(Ceesops) .................... 116 
Schoharie fauna ...................... 59 
scrivenori, Calymene.................. 126 
scrutator, Bolivianaspis................ 58 
Sculptoproetus ........................ 44 
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sculptus, Cornuproetus (Swlptoproetus) 29 
,Crotalocephalus, Crotalocephalina 

(Pilletopeitis) 51,102 
scutelluid pygidium .................. 73 
Scutelluidae. .. .. .. . . .. .. .. ... 41,59,72,75 
Scutellum ................ . . . . .. 42,53,54 

alutaceum arcticum............ 40 
costatuin ...................... 28 
liensigranulatum .... 4,79,148-149 
elegans ...................... (40) 
flabelli/erum. . . . . . . . . . . . . . . . .. (28) 
(Scutellum) sp., Burma........ 23 
sp. indet., Hitoegane .. 4,60, (86) 
(Thysanopeitella) paucispinosa 11 

secta, Crotalocep/wtina 
(Geracephalina) .. 4,8,108,150-151 
projecta, Crotalocephalina 

(GeracePhatina) 
............ 4,7,8,109,150-151 

Seisonia .............................. 95 
seleniomma, Phacops (Reedops) .... 28,114 
Selenopletidae ........................ 82 
Selenopeltis, . . . . . . . . . . . . . . . . . . . . . . . . . .. 81 
Selenopeitoides ........................ 83 
senaria, Flexicalymene................ 129 
senilis, Cloaspis ...................... 74 
sentosum, Rhinotarion . .. .. .. .. .. .. ... 147 
septicostatus, Dalmanites, Odontochile 

(Kasachstania) ... .. .. .. .. .. ... 37 
Septimopeltis ...................... 42,80 
serratus, Phacops .............. 46,48,114 

spini/erus, Reedops .......... 112 
setosa, Dechenella (Dechenella) ...... 140 
setosum, "Scutellum" . .. .. .. .. .. .. .. ... 79 
Sexual dimorphism.................... 78 
shaericeps, Phacops (Dereimsia) ...... 115 
shanensis, Acidaspis, Leonaspis 

(Eoleonaspis) .............. 83,84 
, Phacops. . . . . . . . . . . . .. (36,111),113 

Siberian-Canadian subprovince .. 64,66,68 
sibirica, Cyphaspis.................... 147 
sibiricus, Acanthopyge, Lichas 

(Euarges) ... .. .. .. .. .. .. ... 35,89 
,Bronteus, Scabriscutellum...... 35 
,Proetus (Proetus).............. 38 

siceripotrix, Scharyia ................ 147 
sidereus, Weberopeltis.................. 32 
signata, Reedops (Signatops) 122 
Signatops ............................ 121 
signatus, Bronteus, Scabriscutellum .... 35 
Silurian-Devonian boundary........ 50,59 
silverdalensis, Encrinurus ........ (49,62) 

,Cheirurus (Crotalocephalus) 50,51 
sinensis, Leonaspis ................ 84,180 

, Typhoproetus . . . . . . . . . . . . . . . . .. 20 
sinuata, Acanthopyge, Trochurus 

· . . . . . . . . . . . . . . . . . . . . . .. ,18, (88,89) 
Skalsky horizon ...................... 61 
skidmorei, Murphycops................ 115 
slecanus dilatus, Ceratonurus . . . . . . . . .. 57 
Soganli beds ......... ".. . . . . . . . . . . . . . .. 27 
Solenopleuroidae ."................... 181 
Songkania. .. .. .. .. .. .. .. .. .. .. ... 147,181 
South African-Mal vinian-West 

Antarctic subprovince 59,6'1,68,69 
South American subprovince. ... 64,68,69 
spaekkassensis, Dechenell a (Dechenell a) 

· .... " ....................... 55,142 
Spathacalymene ...................... 124 
Spathognathodus remscheidensis . . . . . . . . 8 
spedeni, Phacops ...................... 48 
Sphael·exochus ........................ 46 

hiratai horizon................ 11 
sphaericeps, Dereimsia ................ 58 
sphaericum, Otarion.................. 148 
spini/era orientalis, Odontochile........ 28 
Spiniscutellum ..........•............. 42 
spinulosa, Andinopyge ................ 58 
Spiri/er (Cyrotospiri/er) verneuili...... 12 

speciosa shale ................ 130 
tonkinensis shale. . . . . . . . . . . . .. 131 
verneuili ... . . . . . . . . . . . . . . . . . . . 1 

spontaneous injury..... . . . . . . . . . . . . . .. 98 
spryi, Cyphaspis ...................... 47 
Srbsko ................................ 34 
stakowski, Proetus (Pheton) , 

Kooteniella" ................... 147 
Staurocephalus. . . . . . . . . . . . . . . . . . . . .. 46, 50 
steinhorensis eosteinhornensis, 

Spathognathodus .............. 61 
stelli/er, Dalmanites.................. (23) 
Stephanocare . . . . . . . . . . . . . . . . . . . . . . . . .. 96 
sternbergi, Cheirurus, (Crotalocephalus) 

Crotalocephalina (Pilletopeitis) 
· ................... 32,36,48,51,98 
bitumulata, Crota/ocephalus .. 100 
filius, Phacops (Reedops) .. 28,114 
group ........................ 99 
interrupta, Cheirurus . . . . . . . . .. 97 

, Phacops, Reedops 
(23,32),36, (37),111,112 

sternbergi, Cheirll1·us 
(Crotalocep/wlus) , Trilobites 
. .. .. .. .. .. .. .. .. ... 28,99,102 

strabo, Cheirurus, s. str. .......... 32,36 
strandi, Benesovella . .. .. .. . . .. .. .. ... 138 
struszi, Otarion (Tricl·otarion) ........ 49 
struveni, Dechenella (Dechenella) .... (142) 
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subcristata, Phacops .... 36,111, (117),120 
sublati/rons, Phacops.............. 36,111 
sublevatus, Phacops (LioloPhops).. 117,119 
subplanata granulata, Proetus, 

Cornuproetus (Quadratoproetus) 38 
Suhuho group ........................ 14 
suni, Primaspis........................ 84 
superbus, Craspedarges .. 4,7,89,92,151-153 
superna, Kozlowskiaspis .............. 58 
sweeti, Phacops.................... 48, 114 
swinhoei, Odontochile ................ (23) 
Synhomalonotidae ............ , .. .. ... 123 
Synhomalonotus argo subgroup. .. .. ... 123 

group, tristani subgroup... . .. 123 
Synphoriidae ...................... 55,66 
Szupai stage.......................... 17 

T 

Taemas fauna, formation.......... 49,54 
taimyrica, Calymene ................. , 125 
Takaharagawa area, formation...... 3,7 
Takainari Series ................ 1,59,60 
talenti, Proetus (Proetus).............. 49 
Talus ................................ 43 
tanakai, Primaspis ...... (4,10,85,148-149) 
Tanghsiang formation ................ 18 
Tangting stage ...................... 131 
tarak, Bronteus, Weberopeltis . .. .. .. ... 32 
tardus, Cheirurus (Crotaloceplwlus) .. 101 
Tarijactinoides ....................... . 58 
Tasman geosyncline .................. 45 
Tasman-New Zealand genera. .... .. ... 18 

subprovince. . . . . . . . .. 53,68,69,70 
taungtalonensis, Phacops .......... 23, 113 
tchernyschevae, Ganinella.............. 39 
Telephidae .......................... 181 
teletypicum, Adastrocephalum.......... 49 
tenella, Acanthaloma (Acanthaloma), 

Leonaspis (Leonaspis) ...... 35,85 
Tentaculiten-Fazies, Tentaculites 

facies .............. 20,22,25, 113 
tenuimargo, Proetus, Proetus 

(Longiproetus). .. .. .. .. .. .. ... 132 
tenuistriatus, Bronteus, Bojoscutellum.. 35 
terapaiensis, Linguaphillipsia ........ 138 
Terataspis sp. ... .. .. .. . . .. . . .. ... 55,56 
teratologic modification .............. 98 
teratological injury.................. 108 
tesca, Dechenella (Dechenella)........ 1-12 
Tesseracauda . .. .. .. .. .. .. .. .. .. .. .. ... 95 
thahlai, Phacops .................. 23,113 
Thaihungshanidae .................. 0. 8·1 
Thai-Malay peninsula 0 ••• 0 • 0 •• o •••• 0. 22 
Thamnopora limestone 000.0 ••• 000 ••• 0. 59 

thaumata, Neocalmonia (Neocalmonia) 30 
Thelecalymene 00' •• 00 00 •• o. o. 0 • o. 00 00. 124 
Thulincola ..... 00.0.00. 000. o •• 0 •••• 0 125 
Thysanopeltella. o. o ••• 00 •••••••• 0 40,42,45 

(Altaepeltis) ...... 000.0....... 68 
(Arctipeltis) .0 •••••• 0 ••••• 0000 68 

arctica . 0 •••• 0 o. o •• 0 •••• 0.. 40 
paucispinosa horizon 0 00.. •• •• • 6 
(Septimopeltis) . 000000 ••••••• 0. 11 

clementa 0 00 ••••••• 0 000 •• 0. 11 
paucispinosa, horizon 

00' •••• 0.. 4,26,80,148-149 
tcherkessovae ... o •••••••• 0 • 0 • o. 40 

Thysanopeltinae 0.' o ••••• 00 00 o •••••• 0. 72 
Tiaomachien formation 00' 0 0 00... 18,154 
tiaomachienensis, Cyphaspis, Otarion 

o •••• o. 0 0 0 0 o •• 0 0 0 • o. 18,20, 1-18, 154 
Tibagya 0 •• 000 ••• 00 ••• 0 ••••••••• 00. 0.. 58 
Tibaji fauna, Brazil 0 o •• 0 o •••• 0 o ••• 0 0 0 65 
Tingting formation .... 00 ••••• 00.. •• ••• 18 
Tipheophyllum 0 ••••••••• 0 00 o. o •• 0 • • • • • 3 
Tiver stage, Podolia . 00' 00' ••• 0 00, 34,40 
Tiverian stage . 0 0 •• 00 •••• 00 ••• 000 0 31,34 
Tobigamori formation ............ 00 1,12 
Tolstochikhohinsky fauna 0 •••• o. 00... 95 
Tomagnostus 0 00 •••••••• 0000 00 o ••• 00 00 0 98 
toomesi, Odontochile 0 00 •• o. 00 o •••• 0 o. 0 49 
Torbrook formation 0" 0 • 0 0 •••••••• 0 •• 66 
transglabellar furrow 0 o ••••••• o. 00, 00 97 
transversalis, Phacops 19,179 
trapezoidalis, Perakaspis .... 0 ., •• •• ••• 23 
traversensis, Proetus (Crassiproetus), 

Crassiproetus 0" 0 0 o ••••• o •• 0 0 138 
triacantheis, Ceratocephala . o. 00.. •• ••• 87 
triangulus, Proetus 0 • 0 ••• 0 00 ••• , 00 00 .0. 32 
Triarthrus .. 0 •• 00 o. 0 0 0 0 •• 00 00 o. 0 •••• o. 97 
Tricrotarion 00 •• , 00 ••• 00 ••• 00.00000. 47,53 
trilobation, axial lobe ..... o. .. .. ... 7l,72 
Trilobite bed, Bowning . 0 0 .00. 0000 0., 47 

horizons, Eastern Asia, 
correlation .. 0.0.. •• • • •• ••• 25 

, Japan, correlation ... 00 0.. I! 
trilobites, Bithynia, Turkey .......... 27 
Trilobitoidea. 0 •••• 0 •••• 0 ••••• o ••••• 0 " 73 
Trimerocephalus ...... 0 •• 0 o. o. 00 • •• 114,115 
Trimerus spo . 00' • • • •• • • ••• 38,40,41,44,53 

(Dipleura) ....... o. 00.. ••• 31,59 
trinucleoids . o. 0 0 ••••• 0 •••••• o. . . . . . .. 73 
Trochurus . o. 00 • 0 o •••••••••• 0 o ••• o. • •• 90 
Tropidocoryphe 0 ••• 0 •• o •• 0 • 000 ••• : o. '0, 44 

sp .... o. 0', 0 ••• 0 ••••••• 0 •••• 0" 29 
Tropidocoryphidae . o •••••••• 0 •• 00 0 0 0 132 
Trypaulites. 00 o ••••••• o ••• 0 0 0 0 • 0 o. 0 0 •• 0 72 
tschernyschewi, Dechenella, 
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Paradechenella .............. 138 
Tschernyschewiella. . . . . . . . . . . . . . . . . . .. 147 
Tsunyilichas .......................... 88 
t-trend evolution, specialization 72,73,74 
tuberculata, Odontochile .. . . . . . . . . . . .. 57 
tuberculatus, Calymenidius............ 125 
tullius, Bronteus, "Scutellum" 35 
Tungkangling stage .................. 34 
turanicus, Phacops ................ 32,111 
Turcopyge ............................ 43 
turico, Phacops (Phacops) ............ 114 

praecedens, Phacops (Phacops) 
........................ 28,114 

turico, Phacops (Phacops).. 28,114 
Turkey Creek species, Oklahoma...... 57 
Tuzle formation...................... 27 
typhangonus, Acernaspis . . . . . . . . . . . . .. 115 
Typhoproetus ...................... 45,75 

sinensis. . . . . . . . . . . . . . . . . . . . . . .. 18 

U 

ulrichi asistica, Odontochile, Odontochile 
(Kasachstania) . . . . . . . . . . . . . . .. 38 

, Odontochile . . . . . . . . . . . . . . . . . . (15) 
Ulsterian Series ...................... 52 
umbelliferum, Spiniscutellum . . . . . . . . .. 77 

Undispirifer .......................... 3 
uniformis, Monograptus ............ (61),61 
uncinus, Periallaspis .................. 82 
Unguliproetus .................. 5,45, 134 

oisensis .......... 4,9, 134, U8-149 
unguloides, Proetus, Proetus 

(Unguliproetus) .............. 134 
Upper Trilobite beds..... . . . . . . . . . . . .. 50 
urakanensis, Dalmanites ..... . . . . . . . .. 123 
Ural-Siberian-Canadian subprovince 68,69 
Uralian subprovince ............ 53,64,67 
uralica, Schmidtella, Tschernyschewiella 

uratubensis, Cheirurus, Crotalocephalus, 
Crotalocephalina 

148 

(Crotalocephalina).. 36,100,101 
urkanensis, Dalmanites ................ 14 
Urmisky region ...................... 13 
urushensis, Paciphacops (Paciphacops) 112 
ursula, I soprusia . . . . . . . . . . . . . . . . . . . . .. 85 
ursus, Dechenellurus .............. 39, 138 
Ustuktsky stage. .. .. .. .. .. .. .. .. .. ... 125 

V 

valentini, Dechenella (Dechenella) 1-12 
Verkneye Priamurye . .. .. .. .. .. .. .. ... 13 
verneuili, Ceratocephala................ 87 

,Phillipsia, Dechenella 

(Dechenella). .. ... 138,141,144 
vesiculosa, Acidaspis, Ceratocephala.... 87 
vexilla, Ceratocephala.................. 48 
Viaphacops . . . . . . . . . . . . . . . . . . . . . . . . . . .. 43 
vietnamensis, Ductina.......... 19, 113, 179 

, Proetus . . . . . . . . . . . . . . . . . . . . . . .. 20 
Vietnamia . . . . . . . . . . . . . . . . . . . . . . . . . . .. 123 
vietnamicus, Denckmannites .... 19,51, 113 
vogdesi, Ceratocephala . . . . . . . . . . . . .. 86,87 
volborthi, Calymene (Ptychometopus).. 125 
volki, Volkops........................ 115 
Volkops . .. .. .. .. .. .. .. .. .. .. . . .. .. ... 115 
volkoveyana, lVarburgella (Warburgella) 61 
vulgaris, Langgonbole.................. 23 

w 
wandongensis, Dalmanites .. 46, (49,50,62) 
Warburgella .......................... 54 

(Anambon) .................. 179 
rugulosa eureka zone.......... 61 

Warburgellinae ...................... 132 
Waribole . .. .. .... .. .. .......... ... 45,147 

elliptica . .. .. .. .. .. ... 146,148-149 
Washih Series. .. .. .... .. .. .. .. .. .. ... 113 
weberi, Calymene.................. 38,126 
Webertpeltis. . . . . . .. 9,42,45, 55, 68, 75, 76, 80 

aculeatus .. . . . . . . . . . . . . . . . . . . 7 
welleri, Cheirurus.................... (36) 

,Dechenella (Dechenella) ...... 142 
werneri group, Phacops .............. 116 
Western Pacific genera, province 24,68,70 
Wetwin shale, trilobites........ 21,26,113 
whitei, Primaspis (Meadowtownella) 82 
Whittingtonia ...................... 83,86 
wilcanniae, Craspedarges 

............ 7,47,48,52,88,89,90,91 
Wilsoniella . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 
worschmidti, Icriodus.................. 61 

worschmidt, Icriodus .......... 61 
Wutingia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 96 

x 
X-connection, occipi tal and preoccipital 

furrows ...................... 98 
Xanionurus. .. .. .... .. ...... .. ... 52,53,82 

bispinosus .................... 48 
boucoti . .. .. .. .. .. .. .. .. .. .. ... 82 

Y 

yakovlevi, Bronteus, Thysanopeltella.. (32) 
yamakoshii, Gravicalymene 

.............. 4,7,127,131,152-153 
Yangtze basin ...................... 17,18 
Yass Series .......................... 47 
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yassensis, Cyphaspis, Otarion . . . . .. 49,150 
yavorskyi, Cheirurus, (CrotalocePhalus) , 

Grotalocephalina .......... 3G,100 
Yeringian ............................ 51 
Yokokura fauna, sea, trilobites .. 9, 10, 11,70 
yolkini, Fuscipyge ................ - 138,142 
Youngia .............................. 94 
yunnanensis, Leonaspis ................ 84 
Yunnanolepis ............... " .. .... ... GO 
Yiichiangian, Yiichiang stage.. 17,18, 2G, 3L1 
Yiitienchiao formation... . . . .. 18,143, 145 

stage 17, 2G, 27, 34 

Z 

Zacanthoididea .................... " 81 
Zapadnayah fauna .................... 95 
Zebingyi Series, stage, trilobites .. 21,2G 
zeehanensis, Trimerus ................ 49 
Zeisky region ........................ 13 
Zlichov ............ , ................ '" 34 
Zlichovaspis . . . . . . . . . . . . . . . . . . . . . . . . .. 122 
zorgensis, Phacops (Beoc/lOps).. 32,111,117 
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Explanation of Plate 1 

Hidascutellum multispiniferum KOBAYASHI and HAMADA, gen. et sp. no\' ................. p. 76 
Fig. 1. The smallest cranikium showing the frontal sinuation of the glabella. Loc. Oise, 

Fukui Prefecture; TANAKA colI. (YT -13), PAt 7381, x 5.6. 
Fig. 2. The next smallest cranidium showing the frontal sinuation and shallowly incised 

glabellar furrows. Loc. ditto; T Al'iAKA colI. (YT -14), PAt 7382, x 5.4. 
Fig. 3. A part of a small cranidium showing a frontal sinuation and median tubercle on 

the glabella. a: internal mould, b: external replica. Loc. ditto; TANAKA colI. (YT-
15), PAt 7383, x 3.8. 

Fig. 4. An incomplete cranidium showing the frontal expansion of the glabella and a boss 
like median tubercle on the neck ring. Loc. ditto; TANAKA colI. (YT -12), PAt 7384, 
x3.7. 

Fig. 5. The holotype specimen showing general features of the cranidium. a, c: rubber 
replica. Loc. bed 10 at Kanajiro·zako, Fukuji, Gifu Prefecture; ONO colI. (730 5280). 
5b is the same specimens as OKAZAKI'S Scutellum sp. (1974, pI. 9, fig. 15), Kyoto Univ., 
no. 16, x 2.5. 

Fig. 6. The largest cranidium from the same locality as above. KOIZUMI colI., PAt 7385, 
x2.0. 

Fig. 7. An incomplete but well preserved cranidium showing the glabellar features and 
the characteristic eye mound. Loc. Ois€!; TA:"AKA colI. (YT -11), PAt 7386, x 4.0. 

Fig. 8. An incomplete hypostoma showing general outline and the maculae. Loc. ditto; 
TANAKA colI. (YT-54), PAt 7387, x4.5. 

Fig. 9. A small hypostoma probably of this species. Loc. ditto; T Al'iAKA colI. (YT -31), 
PAt 7388, x 7.0. 

Figs. 10, 11. Rubber impressions of two free cheeks from Ois€!. TA:"AKA colI. (YT-22, 21). 
PAt 7389, 7390, x 4.3, x 3.8. 

Fig. 12. A large free cheek collected at Kanajiro·zako. KOIZUMI colI., PAt 7391, x 2.0. 
Figs. 13, 14. Two incomplete free cheeks showing surface ornamentations and a part of 

a right eye. Loc. Ois€!; TA:"AKA colI. (YT -19, 20), PAt 7392, 7393, x 3.1. 
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Explanation of Plate 2 

Scutellum densigrallulatum KOBAYASHI and HA~IADA, sp. nov ............................. p. 79 
Fig. 1. Rubber impression of the holotype pygidium showing granulation and narrow in

terpleural furrows. Note the undivided median rib at the posterior end. Loc. bed ll? 
at Sorayama, Fukuji, Gifu Prefecture; YA).,IAKOSIII colI. (OKAZAKI, 197-1, pI. 9, fig. 16), 
Kyoto Univ., no. 17, x 1.5. 

Figs. 2, 3. Two fragmentary specimens of this new species showing rough granulation. 
Loc. Kanajiro-zako, Fukuji; KOIZU~1l colI., PAt 739.1, 7395, x 1.25, x 1.5. 

Scutellum (?) sp. indet. .................................................................. p. 80 
Fig .. 1. An incomplete pygidium collected from the Devonian? formation at Hitoegane, Gifu 

Prefecture. YASUE colI., Yokohama National University, x 2.2, x 1.0. 
Hidascutellum multispiniferum KOl3AYASHI and HAMADA, sp. nov ......................... p. 76 

Figs. 5, 6. Two incomplete small pygidia from Kanajiro-zako; KOIznlI colI., PAt 7396, 
7397, x ,x 5.0. 

Fig. 7. Another small pygidium showing a little truncated antero-Iateral margin. Loc. 
Oise, Fukui Prefecture ; TANAKA colI. (YT -23), PAt 7398, x 5.2. 

Figs. 8, 9. Two incomplete pygidia showing sharply tuberculate axial lobe. Loc. ditto; 
TANAKA colI. (YT -5:1, 52), PAt 7399, 7400, x 2.0. 

Figs. 10, 13-15. Four large pygidia showing general features of the species. Loc. ditto; 
TANAKA colI. (YT-53, 16, 18, 17), PAt 7401, x 1.1, PAt 7402, 7403, 7404, x 1.5. 

Fig. 11. A small pygidium collected from Kinma-michi (?), Fukuji; YA'dAKOSllI coIl., 
7:105, x 2.2. 

Fig. 12. An enlarged figure of the axial part of the pygidium showing a weakly tuber
culate ring and a posteriorly prominent median tubercle. Note a pair of narrow and 
short transversal depression at the frontal margin of the axial lobe. Loc. Oise; TA
:'-iAKA coIl. (YT-24), PAt 7406, x4.7. 
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Explanation of Plate 3 

Primaspis (?) tanakai KOBAYASHI and HAMADA, sp. nov ................................. p. 85 
Fig. 1. Top (a), posterior (b), anterior (c), right lateral (d) and left lateral views (e) 

of the holotype small cephal on showing a pair of curved, long and postero-ventrally 
projected genal spines and spinose anterior margin of both sides. Loc. Kanajiro-zako, 
Fukuji, Gifu Prefecture; TANAKA colI., PAt 7407, x 6.0. 

Otarion megalops KOBAYASHI and HA~lADA, sp. nov. . ................................... p. 150 
Fig. 2. Rubber impression (a) and an internal mould of the type specimen showing densely 

and evenly granulate glabellar surface, highly prominent eyes, and long, curved genal 
spines. Loc. bed 1 (Otarion bed) beneath the Gravicalymene bed at Sorayama, Fukuji; 
KITAGAWA colI. (OKAZAKI, 1974, pI. 9, fig. 10) Kyoto Univ., no. 12, x6.1. 

Fig. 3. An internal mould of another cranidium showing the frontal area of the glabella. 
Loc. ditto (on the same slab as the preceding specimen), x8.3. 

Fig. 4. Thorax and attached pygidium showing the general outline of the segments. Note 
the weakly serrate pleural margin. Loc. ditto (on the same slab). This specimen was 
illustrated by OKAZAKI (1974, pI. 9, fig. 11), x 6.5. 

Ceratocephala nipponica KOBA Y AS III and HAMADA, sp. nov ................................. p. 86 
Fig. 5. An internal mould and an external rubber replica of the holotype specimen showing 

broken but distinct spines projecting backward of the cephalon. Loc. Gravicalymene 
bed (bed 1) at Sorayama; YA\IAKOSHI colI., PAt 7408, a x2.0, b x 1.7. 

Fig. 6. Mould and cast (b) of a small hypostoma showing the outline and maculae. Note 
the finely denticulate posterior margin. Loc. Sorayama; ONO colI., PAt 7409, x 6.5. 

Proetoid free cheek ...................................................................... p. 
Fig. 7. A small left free cheek with an eye collected from loco RK21, 12 km west of Sri 

Sawat, Changwat Kanchanaburi, Thailand. It was found in asfociation with Pseudo
trinodus constrictus; HASHIMOTO, SATO and KO~lALARJUN colI., x 9.0. 

Pseudotrinodus constrictus KOBAYASHI and HAMADA, sp. nov .............................. p. 74 
Fig. 8. An internal mould of the holotype cephal on showing the weak constriction at the 

posterior half of the glabella and the peripheral flattening of the anterior border. 
Loc. ditto, x 9.0. 
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Explanation of Plate 4 

Ceratocephala nipponica KOBAYASHI and H_-\~L\D_-\, sp. nov ................................ p. 86 
Fig. 1. An incomplete hypostoma showing surface ornamentation. Loc. bed 1 (shale and 

limestone alternation) at Sorayama, Fukuji, Gifu Prefecture; OKAZAKI colI. (699 011), 
Kyoto Univ., no. 11-2, x5.7. 

Acanthopyge (Lobopyge?), sp. indet. ...................................................... p. 94 
Fig. 2. A small and incomplete cranidium showing narrow frontal margin of the glabella. 

Loc. Sorayama; KOIZU~II colI. (71. 8. 5), PAt UIO, x 5.7. 
Craspedarges superbus Kobayashi and Hamada, sp. nov ................................... p. 9'2 

Figs. 3-5. Three incomplete cranidia showing the general features of lobation and orna
mentation. Loc. tuffaceous sandstone bed of bed '2 at Sorayama; KOIZlJ~H colI. PAt 
7.111, x2.1; ONO colI., PAt 741'2, x2.2; and YA\-IAKOSHI colI., PAt 7413, x 1.6, res
pectively. 

Fig. 6. The holotype rubber replica showing the external surface of the cranidium. Loc. 
ditto; 0:'10 coli. (0-4), PAt 7414, x3.9. 

Figs. 7-9. Three mature cranidia from the same locality. KITO colI. (OKAZAKI, 197,1, pI. 
9, fig. 1'2), Kyoto Univ., no. 13, x 2.9; KITO colI., Kyoto Univ., no. 2'2, x 3.6; and an 
internal mould colI. by 0:'10 (0-3), PAt 7415, x 3.7. 

Fig. 10. Rubber replica of a left free cheek. 0';0 colI. (0-2), PAt 7416, x3.6. 
Figs. 11-14. Four pygidia occurred at the same locality. TA';AKA colI., PAt 7-117, 

x 3.4; KITO colI., Kyoto Univ., no. 15 (OKAZAKI, 197.1, pI. 9, fig. 1.1), x 3.5; 0';0 colI. 
(0-5), PAt U18, x 2.4; YAMAKOSHI colI., Shizen-kan, a x 1.8, b x 2.1, respectively. 

Fig. 15. The largest pygidium collected from the Gravicalymel1e bed (bed 1) at Sorayama 
showing details of spination and granulation. OIINO colI., PAt 7419, x 1.5. 

Fig. 16. An incomplete hypostoma found in the same slab with the cranidium illustrated 
by OKAZAKI (1974, pI. 9, fig. 13), Kyoto Univ., no.1-I, x-l.6. 
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Explanation of Plate 5 

Crotalocephalina (Pilletopeltis) japonica (KOBAYASHI and IGo, 1956) .................... p. 10·1 
Fig. 1. Internal mould of a weakly deformed cephal on with thoracic segments. Loc. 

Kinma·michi (?), Fukuji, Gifu Prefecture; YA:VIAKOSHI colI., Shizen-kan, no. 125, x 1.5. 
Figs. 2, 3. Two large cranidia of the species found at Oise, Fukui Prefecture. TA:"AKA 

colI. (YT-45, 1), PAt 7420, 7421, x 1.5, x 1.2. Both specimens were illustrated by OKA
ZAKI et al. (1974, pI. 1, figs. 2 and 1 respectively). 

Fig. 4. Rubber replica of a pygidium from the bed 11 at Kinma-michi. OKAZAKI colI. 
Kyoto Univ. (OKAZAKI, 1974, pI. 8, fig. 9), x 1.7. 

Figs. 5, 6. Two incomplete pygidia from Oise.. TA);AKA colI. PAt 7422, x 1.7 and PAt 
7423, x 1.9. The former pygidium was found on the same slab as the cranidium in 
Fig. 2 of this plate. 

Fig. 7. Another pygidium found on a float probably derived from the bed 10 at Ichino
tani, Fukuji. a: rubber replica. KITO colI. (1970. 8. 18), Kyoto Univ., x 1.5, x 1.7. 

Fig. 8. Detached two thoracic segments from Oise. TANAKA colI. (YT -3), PAt 7424, xI. 7. 
Crotalocephalina (Pilletopeltis) japonica granulata KOBAYASHI and HAMADA, subsp. nov ... p. 105 

Fig. 9. A complete cranidium collected from bed 7 (?) at Ichinotani. OKAZAKI colI., 
Kyoto Univ., no. 1 (OKAZAKI, 1974, pI. 8, fig. 4a), x 2.0. 

Crotalocephalina (Pilletopeltis) kameii KOBAYASHI and HAMADA, sp. nov. . .............. p. 106 
Fig. 10. Almost complete holotype cranidium showing somewhat sparse granulation and 

short genal spines. Loc. bed 10 at Ichinotani; TATDIATSU colI. (721103), Kyoto Univ., 
no. 2, x2.3. 

Fig. 11. Another small cranidia from Kanajiro-zako. TANAKA colI. (YT-O), PAt 7425, 
x3.5. 
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Explanation of Plate 6 

Cl'otalocephalina (GeracePhalina) secta KOl3AYASH[ and HAMADA, subgen. et sp. nov ..... p. 108 
Fig. 1. The holotype cranidium (rubber replica) showing wide fixed cheek, granulation 

and segmentation. Note the shallowly but distinctly bisected anterior glabellar ring. 
Loc. Gravicalymeme bed (bed 1) at Sorayama, Fukuji, Gifu Prefecture; YAMAKOSll[ 
colI., Shizenkan, no. 076, x 1.3. • 

Crotalocephalina (GeracePhalina) secta projecta KOBAYASH[ and HAMADA, subsp. nov ..... p. 109 
Fig. 2. A large but compressed and fragmentary cranidium showing internal (b) and 

external (a) features of a glabella and an attached hypostoma (c: internal). Loc. bed 
10, Ichinotani, Fukuji; OKAZAK[ colI., Kyoto Univ., x 1.3. 

Fig. 3. The holotype specimen showing surface texture and the facial suture line. Loc. 
blackshale of bed 8 at Ichinotani; OHN"o·coll., Kyoto Univ., no. 17', x 1.1. 

Fig. 4. Rubber replica of a part of cranidial exterior. Loc. Kanajiro-zako, Fukuji; KOl
ZU:VII colI., PAt 7426, x 1.5. 

Cl'otalocephalina (GeracePhalina) COllvexa KOl3AYASllI and HA,vIADA, sp. nov ............. p. 109 
Fig. 5. An incomplete cranidium showing a little wide glabellar furrows and broadly 

bisected glabellar ring. Lac. Kanajiro-zako; KOlZlJ~1l colI., PAt 7427, x 1.5. 
Figs. 6, 7. Two detached free cheeks showing roughly pitted ornamentation. Lac. ditto; 

KO[ZU~II colI., PAt 7428, 7429, x2.0 .. 
Fig. 8. Internal mould (a, c) and external replica (b) of an incomplete pygidium showing 

two rows of sharply pointed tubercles on the axial segments. Loc. ditto; KOIZUlvll 
call., PAt 7430, x 1.5. 

Fig. 9. The holotype specimen showing a well convex carapace of the cranidium. Loc. 
ditto; Ono colI., PAt 7431, x 1.1. 

Fig. 10. Internal mould (a) and external replica of a part of thoracic segments. Lac. 
ditto; KOIZUMI colI., PAt 7432, x 2.0. 
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Explanation of Plate 7 

Crotalocephalina (Geracephalina) euryrachis KOI3AY ASHI and HAMADA, sp. nov ........... p. 110 
Figs. 1, 2. Internal moulds of two cranidia showing general features of the cephalic 

segmentation and ornamentation. Loc. Gravicalymene bed (bed 1) at Sorayama, Fukuji, 
Gifu Prefecture; YAMAKOSHI colI., Shizenkan, xLI; OKAZAKI colI., Kyoto Univ., no. 
19, x 1.5. 

Fig. 3. Another internal mould of a cephalon showing facial suture line and an eye. Loc. 
ditto; YAMAKOSHI colI., PAt 7433, x 1.7. 

Figs. 4, 5. Two depressed cranidia, from the same locality, YAMAKOSHI colI., PAt 7434, 
x 1.5: and from Kinma-michi, Fukuji; OKAZAKI coli., Kyoto Univ., no. 4 (OKAZAKI, 
1974, pI. 8, fig. 8), x 1.5. 

Fig. 6. The holotype specimen collected from bed 8 (black shale) at Ichinotani showing 
surface ornamentation and a short genal spine. TATDIATSU coli., Kyoto Univ., no. 
3 (OKAZAKI, 1974, pI. 8, fig. 7), x 1.6. 

Crotalocephalina (Crotalocephalides?) sp. indet. .......................................... p. 107 
Fig. 7. A large cranidium showing a long genal spine and a rudimentary pregenal spine 

with granulate surface of the text. Loc. bed 1 at Sorayama; YAl\IAKOSHI colI., Shizen
kan, no. 3 (OKAZAKI, 1974, pI. 7, fig. 7), x 1.5. 

Crotalocephalina (Crotalocephalides) sp. indet. .......................................... p. 107 
Fig. 8. External rubber replica of a right half side of a cephalon showing a prominent 

pregenal angulation where the facial suture line starts. Loc. Ichinotani ; KOIZl:MI colI., 
PAt 7435, x 1.5. 

Crotalocephalinid hypostomata 
Fig. 9. Frontal portion of an indeterminable large hypostoma showing rather minute 

granulation and gentle curvature of the test. Loc. Oise, Fukui Prefecture; ONO colI., 
PAt 7436, x 1.3. 

Figs. 10-12. Three hypostomata probably belong to Crotalocephalina (Geracephalina) convexa 
showing the the general features. Loc. Proetus bed at Sorayama; TATEMATSU coli., 
Kyoto Univ., x 1.7; Ichinotani, ONO colI., PAt 7437, x 1.3; Kanajiro-zako, KOIZUMI colI., 
PAt 7438, x2.0, respectively. 

Fig. 13. Another hypostoma, probably of Crotalecephalina (GeracePhalina) secta projecta, 
collected from bed 10 at Ichinotani; TATEMATSU colI., Kyoto Univ., x 1.5. 

Crotalocephalinid pygidia 
Fig. 14. A ventral view of an indeterminable pygidium having stout and blunt caudal 

spiries and a pointed caudal extremity. Loc. bed 8 (black shale) at Ichinotani; MIZUNO 
colI., Kyoto Univ. (OKAZAKI, 1974, pI. 8, fig. 10), x 1.8. 

Fig. 15. Another small indeterminable pygidium procured from Oise, Fukui Prefecture. 
TANAKA coli. (YT-56), PAt 7439, x6.9. 
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Explanation of Plate 8 

Phacops (subgen. nov. ?) manchuriclls KO[lAYASHI and HN'vIADA, sp. nov ................. p. 117 
Fig. 1. The holotype cephal on showing the internal features. Loc. Kinsui, Northeast 

China; NONAKAcoll., PAt 77-10, xl.5. 
Crotalocephalina (Crotalocephalina) sp. indet. ............................................ p. 103 

Fig. 2. Two different views of a specimen. The facial suture line and an eye are well 
represented. Note the frontal projection of the glabella. Loc. Takaharagawa forma
tion at Kinma-michi, Fukuji, Gifu Prefecture; lGO colI., Geol. Min. lnst., Tokyo Univ. 
Educ., T.U.E., x2.5. 

Crotalocephalina (Pilletopeltis) japonica (KO[l."'-YASHI and IGo, 1956) ..................... p. 104 
Fig. 3. The holotype carapace showing a part of cephalon and thoracic segments. Loc. 

ditto; lGO colI., Geol. Min. lnst. Tokyo Univ. Educ., T.U.E., x 2.5. 
Figs. 4, 5. Two fragmentary glabellae from the same locality. x 2.5. 
Fig. 6. A part of a pygidium showing the tuberculation on the axis. Loc. and repository; 

ditto, x 2.5. 
Flexicalymenid, gen. et sp. indet. ....................................................... p. 131 

Fig. 7_ An incomplete pygidium collected from the same locality as above, x 2.5. 
Dechenella (Dechenella) minima OKUI30, 1951 ............................................ p. 143 

Fig. 8. Dorsal and left lateral vie,,·s of the holotype cranidium. Loc. Nakazato Series at 
Higuchi-zawa, Sakari district, lwate Presecture; OKUBO colI., PAt 74-11, x 5. 

Thysanopeltella (Septimopeltis) paucispinosa (OKUI30, 1951) ................................ p. 80 
Fig_ 9_ Cast and mould of the holotype specimen. Loc. Nakazato Series, Omori-zawa, 

Sakari district; OKUBO colI., PAt 7442, x 2.0. 

The figures from 2 through 7 are reproduced from plate 10 by KO[lA YASHI and lGO (1956), 
and figures 8 and 9 are from plate 1 by KOI3AYASIII (1957), respectively. 
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Explanation of Plate 9 

Reedops nonakai (OKUI30, 1956) ........................................... " ............. p. 121 
Fig. 1. The holotype specimen showing the general outline and a vincular furrow. Loc. 

Nakazato Series at Higuchizawa, Sakari district, Iwate Prefecture; OKUBO colI., PAt 
7443, x 1.6. 

Phacops (new subgenus?) manchuricus KOBAYASIII and HA~IADA, sp. nov. . ............. p. 117 
Fig. 2. An internal mould of a pygidium. Loc. Kinsui, Northeast China; NO;'\Al'iA colI., 

PAt 7cl44, x2.8. 
Fig. 3. Frontal portion of a glabella showing surface granulation. Loc. ditto; NONAKA 

colI., PAt 7 cl45, x 1.5. 
Fig. 4. A fragmentary thoracic segment. Loc. and colI., ditto; PAt 7cl,16, x 1.7. 

Odontochile sp. i ndet. .................................................................... p. 122 
Fig. 5. A part of a large pygidium showing pleural segmentation and narrow marginal 

border. Loc. and call., ditto, PAt 8908, x 1.1. 
Fig. 6. Upper (a) and lower (b) surface of a genal spine. Loc. and colI. ditto, PAt 8909, 

xLI. 
Phacops d. okanoi SUGIYA~IA, 19,.14 ...................................................... p. 120 

Fig. 7. Different, views of two cephala closely set on a slab showing very large 
compound eyes and the broad, longitudinally elongate glabellar portion. Loc. Naka
zato Series at Higuchi-zawa, Sakari district; OKANO colI., PAt. 8910, x2.1. 

Phacops okanoi SUGIYAMA, 19H .......................................................... p. 120 
Fig. 8. Obliquely frontal view of a clay model of the holotype cranidium showing gra

nulation and a large compound eye. Loc. ditto; SUGIYAMA colI., IGPS 64549, x 1.3. 
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Explanation of Plate 10 

Gravicalyrnene yarnakoshii KOBAYASHI and HAMADA, sp. nov ............................. p. 127 
Fig. 1. The largest cranidium. Lac. Gravicalyrnene bed (bed 1) at Sorayama, Fukuji, Gifu 

Prefecture; YAMAKOSHI call., PAt 8911, x 1.5. 
Fig. 2. The holotype syecimen. Lac. ditto; YA~IAKOSHI call., Shizenkan, no. 121, x 2.2. 
Fig. 3. Another large cranidium. Lac. ditto; WAKATA call. (W-l), x2.2. 
Fig. 4. Internal and external features of a para type-l cranidium from the same locality. 

KOIZUMI call., PAt 8912, x 3.2. 
Fig. 5. Another cranidium that possesses a part of the shelly material of the test show

ing fine granulation. Lac. ditto; YAMAKOSIll call., PAt 8913, x 1.7. 
Fig. 6. Slightly compressed cranidium. Lac. ditto; OKAZAKI call., Kyoto Uni v., (OKAZAKI, 

1974, pI. 9, fig. 1), x 1.7. 
Fig. 7. An incomplete cranidium obtained from a limestone float at Ichinotani, Fukuji; 

KOIZU~II call., PAt 8914, x 2.0. 
Figs. 8, 10, 13. Three cranidia collected from Oise, Fukui Prefecture. TA1\AKA call. 

(YT-26), PAt 8915, x4.5; (YT-6), PAt 8916, x·!.6 and (YT-25), PAt 8917, x 1.5, 
respectively. 

Figs. 9, 11, 12. Three cranidia from Sorayama (bed 1). OKAZAKI call., Kyoto Univ., no. 
(on the same slab as the specimen in Fig. 6 of this plate), x1.7; YNvlAKOSHl call., 

PAt 8918, x 1.6; OKAZAKI call., Kyoto Univ., no. 8 (OKAZAKI, 1974, pI. 9, fig. 2), x 1.7. 
Fig. H. An internal mould of a cranidium collected from bed 1 at Sorayama. WAKATA 

call. (W -2), x 1.8. 
Flexicalymenid, gen. et sp. indet. ...................................................... p. 131 

Fig. 15. An internal mould of an incomplete cranidium collected from Kinma-michi. HA
:VIADA call., PAt 8919, x 1.3. 
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Plate 11 



Explanation of Plate 11 

Gravicalymene yamakoshii KOBAYASHI and HA~IADA, sp. nov ............................. p. 127 
Figs. 1, 2. Two left free cheeks showing the exterior. Loc. Oise, Fukui, Prefecture; 

TAI'AKA colI. (YT-9), PAt 8920, x6.4 and paratype-2 (YT-I0), PAt 8921, x5.0, res
pectively. 

Figs. 3, 4. Two left free cheeks showing the internal surface. Loc. Gravicalymene bed 
(bed 1) at Sorayama, Fukuji, Gifu Prefecture; W AKATA colI. (W -5), x 2.6 and para
type 3 (W-4) , PAt 8922, x2.1. 

Fig. 5. Another free cheek found in a limestone float from Ichinotani, Fukuji. KOIZUMI 
colI. , PAt 8923, x 2.0. 

Fig. 6. A small hypostoma from Oise. TANAKA colI. (YT -43), PAt 8924, x 6.6. 
Fig. 7. An incomplete hypostoma in a limestone float at Ichinotani; KOIZUMI colI., PAt 

8925, x 3.0. 
Fig. 8. A small pygidium showing its high convexity. Loc. Kanajiro-zako, Fukuji (in 

association with Primaspis (?) tanakai); TANAKA colI., PAt 8926, x 7.4. 
Fig. 9. A thoracic segment embedded in a mother rock. Loc. Gravicalymene bed (bed 1) 

at Sorayama, Fukuji; WAKATA colI. (W-2'), x 1.8. 
Fig. 10. Almost complete pygidium of moderate size. Loc. ditto; OKAZAKI colI., Kyoto 

Univ., no. 9 (OKAZAKI, 1974, pI. 9, fig. 5), x 1.7. 
Fig. 11. Another pygidium from the same locality. WAKATA colI. paratype-5 (W-3), 

PAt 8927, x 1.7. 
Figs. 12, 13. Two small pygidia from Oise. TANAKA colI. (YT -7, 8), PAt 8928, 8929, x 4.5. 
Fig. 14. A large pygidium from bed 1 at Sorayama. YAMAKOSHI colI., Shizen-kan, no. 

121-a (OKAZAKI, 1974, pI. 9, figs. 3 and 4), x 2.2. 
Fig. 15. Rubber replica of an incomplete pygidium showing large, smooth terminal piece 

of the axial segment. Loc. In a limestone float at Ichinotani; KOIZC~II colI., PAt 8930, 
x2.0. 
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Plate 12 



Explanation of Plate 12 

Unguiiproetus oisensis KOBAY ASH! and HA;\IADA, sp. nov ................................. p. 134 
Figs. 1-8. Eight cranidia showing variation in size and features. Lac. Oise, Fukui Pre

fecture; TANAKA call. YT -29), PAt 8931, x 6.3, (YT -62), PAt 8932, x 6.5, holotype 
specimen (YT -30), PAt 8933, x 6.2, (YT -61), PAt 8934, x 6.6, (YT -28), PAt 8935, x 3.5, 
(YT-65), PAt 8936, x6.2, (YT-44), PAt 8937, x6.9 and (YT-60), PAt 8938, x6.2, 
respecti vel y. 

Figs. 9-11. Three incomplete hypostomata from the same locality. TA:"AKA call. (YT-
42), PAt 8939, x6,4, (YT-67-68), PAt 89-10, x9.0 and (YT-51), PAt 89.11, x6.6. 

Fig. 12. An incomplete cephalon (rubber replica) showing genal spine, facial suture line 
and the left eye. Loc. ditto; hL-\1 colI., PAt 8942, x2.6. 

Figs. 13-16. Four free cheeks from Oise. TANAKA call. (YT -5), PAt 8943, x 4.8, (YT-
33), PAt 8944, x4.G, (YT-4), PAt 89:15, x6.4 and (YT-41), PAt 8946, x6.5, respectively. 

Figs. 17-25. Series of pygidia showing the general features and variation in size and form. 
Note rather transversely elongate form in the smaller specimens. Lac. Oise; TA:"AKA 
call. (FOlOI03), PAt 8947, x6.7, (YT-39), PAt 8948, x6.7, (YT-38), PAt 8949, x6.7, 
(YT-36), PAt 8950, x6.2, (YT-37), PAt 8951, x6.7, (YT-34), PAt 8952, x5.0, (YT-
48), PAt 8953,x,1.1, (YT-35), PAt 895.1, x6.3, (YT-55), PAt 8955, x4.9, respectiyely. 
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Plate 13 



Explanation of Plate 13 

Unguliproetus oisensis KOBAYASHI and HAMADA, sp. nov ................................. p. 134 
Fig. 1. The largest pygidium (paratype specimen) in the collection. Loc. Oise, Fukui 

Prefecture; TANAKA coIl. (YT-32), PAt 8956, x4.5. 
Proetus (Coniproetus) jukujiensis KOBAYASHI and HA:\IADA, sp. nov ..................... p. 133 

Figs. 2-6. Series of pygidia showing variation in size and form. Loc. bed 1 (shale and 
limestone alternation) at Sorayama, Fukuji, Gifu Prefecture; OKAZAKI coli., Kyoto 
Univ., no. 11-1 (OKAZAKI, 1974, pI. 9, fig. 8), x 6.1; ibid., no. 10-2 (loc. cit., pI. 9, fig. 
9), x5.4; Kinma-michi?, Fukuji; YA:VIAKOSHI coIL, PAt 8957, x4.9; platy limestone 
below Gravicalymene bed (bed 1); W AKATA coIl. (W -6), paratype specimen, PAt 8958, 
x 6.0; ibid., (W -7), x 6.0, respectively. 

Figs. 7, 8, 14. Three free cheeks from Sorayama. Loc. GraL'icalymene bed (bed 1); Y A
MAKOSHI coIL, PAt 8959, x 2.7; alternation of bed 1; OKAZAKI coIL, Kyoto Univ., no. 
10 (OKAZAKI, 1974, pI. 9, fig. 7), x 3.8; Gravicalymene bed; YAMAKOSHI coIL, PAt 8960, 
x2.5. 

Fig. 9. The holotype cranidium showing general features and surface ornamentation. 
Loc. Gravicalymene bed; YAMAKOSHI coli., PAt 8961, x 3.4. 

Figs. 10-12. Three other cranidia from the same bed as the holotype specimen. YAM A
KOSI-[[ coli., PAt 8962, x 3.5, PAt 8963, x 3.3 and PAt 8964, x 2.6. 

Fig. 13. An incomplete cranidium showing surface ornamentation. Loc. bed 1 (alterna
tion); OKAZAKI coIL, Kyoto Univ., no. 10-1 (OKAZAKI, 1974, pI. 9, fig. 6), x4.7. 

Proetid, gen. et sp. indet. (a) .......................................................... p. 136 
Figs. 15, 16. Two incomplete pygidia from different localities, both of which showing the 

stenorhachis nature. Loc. Oise ; TANAKA coli. (YT -49), PAt 8965, x 4.2 and Gravicaly
mene bed (bed 1) at Sorayama; YA:VIAKOSHI coIL, PAt 8966, x 3.2. 

Proetid, gen et sp. indet. (b) ............................................................ p. 136 
Fig. 17. A deltoid pygidium from Gravicalymene bed at Sorayama; YAMAKOSHI coIl., PAt 

8967, x3.3. 
Proetoid, gen. et sp. indet ............................................................... p. 136 

Fig. 18. Internal mould of a fragmentary pygidium. Loc. Kinma-michi, Fukuji; YASUE 
coIl. (61071707d), Yokohama Notional Univ., x3.0. 
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