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In troduction and acknowledgemen ts

   Davidsoniacea may be one of the representative groups among 3apanese

Peri'nian brachiopods. As a matter of fact, a number of species beionging to this

superfamily have been described from several districts in Japan prior to the

present study; viz. from Maizuru, Akasaka, and Nabeyama in Central Honshu

and the Abukuina and the Southern Kitakaini Mountains, N. E. Honshu.
Besides, the presence of certain species was listed from various localities in

Japan although they have not been described yet.

   In the present paper, previot}s studies for this group of fossils in Japan will

be first outlined, classifications hitherto proposed by many specialists will be

reviewed, and phylogeny newly compiled by the author will be briefly

presented. Then, twenty-five species belonging to seven genera, all coming from

the Permian of the Southern Kitakami Mountains wili be described, which may

be stratigraphically dividecl into three groups (namely Bp1, Bp2 and Bp3).

   Before going further, tlae autlaor wishes to express his sincere thanks in
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particu}ar to Prof. Dr. Masao MiNATo of N[okl<aido Univei-sity, for his

guidance through the course of the present study and critical readiiig of the

typescrlpt.

   The present author is also grateful to Dr. Ichiro HAyAsAKA, for the free

use of his private library and encotiragement given. H[e is also very much

indebted to Dr. Makoto KATo ofHokkaido University forhis kind assistance

given in preparation of this paper.

   Thanks are Rlso due to Dr. A. GRiGoRJEvA of the Palaeontological Institute

of the U.S.S.R. Academy of Sciences, for her kindness in giving information of

the stratigraphic position of Magniderbyia magnil17ca (ILicHAREw) in the

Northern Caucasus. Further, he wishes to extend his thanks to Dr. H. TAKEDA

and Messrs. M.AKATsuKA, Y. KozucHi, T. MAEKAwA andM. HARADA for
their kind disposal of the excellent collection for study. He is also very much

obliged to Messrs. S. KluMANo and l. WATANABE for their aid in taking

photographs used in this paper.

.Brief history of the previous studies of the JTtipanese Permian Davidsoniacea

   Froin the Southern Kitakami Mountains, twelve species belonging to the

Permian Davidsoniacea have been hitherto described with illL}strations by

HAy;pLsAKA (l925, l9S3, l960, 1963a, 1963b, 1966), HA.yAsAKA and MiNATo

(1956) and MiNATo and NAKAMuRA (1956). The formerly described species

are listed below: Derbyia hemisphaerica WAAGEN, D. magnWea LicHAREw,

Geyerella arakii HAyAsAKA, G. koizt{mii HAyAsAKA, G, sp. indet. MINATO and

NAKAMuRA, Htimletella kitakamiensis }IAyAsAKA, Kiangsiella cfr. condoni

THoMAs, Meekella gigantea HAyAsAKA, M. striatocostata (Cox), Orthotetes

rugosa FREDERicKs 0rthotetina kayseri (JAKEL) and Streptorhj;>nchus
pelargonatus ScHLoTHEiM. All of them were collected from the lower part of

the Kanokura series, ranging from the .Ptzrafttsttlina to possibly the Neo-

schwagerina zoneL Further, a few other species have been listed by MINATo and

others (l954) from the Lower Permian Sakamotosawa series (Pseudo-
schwagerina - Psettdofusulina zone) without descriptiOii: Derbyia sp., Strepto-

rhynehus sp. and Meekella sp.

   In l967 YANAGisAwA described two Davidsoniaceans, Derbyia cfr. crassa

MEEK and HAyDEN and Schuchertella? sp. together with many brachiopod

fossils collected from the Kashiwadaira formation in the Takakurayai/na -

Yaguki area, southern part of the Abukuma Mountains.

   The Nabeyama limestone developing in the Ashio Mountains, Central

Honshu, has been well-kRown owing to its rich fusulinid anCl brachiopod

reinains. Among the brachiopods found froi'n this limestone, HAyAsAKA (1933)



      pERMIAN DAVIDSONIACEA FROM THE SOUTHERN KITAKAMI MOUNTAINS 363

described Meekella gigantea HAyAsAKA, Orthotetina planoconvexa HAyAsAKA

and O. ettsarkos lata HAyAsAKA and MiNATo (l949) iater described Strepto-

rhynchtts tttbdera MiNATo.

   From the'Akasaka limestone, also in Central Japan, the presence of
Geyerella sp. was noticed by HAyAsAKA (1932).

   SHiMizu (l961a, 1961b) reported many brachiopod species from the
Perinian Maizuru group developing in the so-called Maizurt} structural belt in

Central Japan. According to him, fossils of the Maizuru group are faunistically

further divisible into three units, Ranaely Gujo, Kawahigashi and Takauchi
         .faunules. These faunules are believed by SHIMIzu. to be also roughly
chrono}ogically successive from the older TakaL}chi to the Gujo faunules.

   The Takauchi faunule includes three Daviclsoniacean species; Kiangsiella2

deltoidens (WAAGEN), Streptorhynchus semiplanus (WAAGEN) and S. kayseri

SCHELLwiEN (SHIMIzu,, 1961a); the age of them may be, according to

SmMIzu, Middle to Upper Permian. Further, SHiMIzut estimated the age of

tlie Kawahigashi faunule to be Late Permian, in which he found four septate

Davidsoniaceans; Derbyia altestiriata WAAGEN, D. cfr. altestriata WAAGEN, D.

cfr. grandis WAAGEN and D. hemisphaerica var. radiata REED respectively.

   The Gujo faunule is composecl of inany pelecypods and rather few
brachiopods, and he correlated this faunule to the Uppermost Permian, from

which he reported the presence of Schellwienella ruber (IrREc}O, S. regularis

HuANG and Orthotetina sp., as the representative species of the Davidsoniacean

brachiopods.

   In addition to these records, the occurrence of certain Davidsoniaceans

have also been known to exist from several other localities in Japan which will

be listed below:

   The Oashi forination developing in the Abukuma Mountains, Northeastern

      Japan;Derbyia sp. MiNATo (1955).

   The Ogt}radani formation developing in the Hida Mountains, CentralJapan;

      Cfr. Schellwienella regina GRABAu Derbyia sp. }IAyAsAKA and MATsuo
                                 ,
      (l951).
   The Karita formation (Hiroshiina P.ref.); Schellwienella cfr. ruber (FREcti),

      S. aff.actttangulata Huang. IMAMuRA (19S7).

   The Yamamba limestone (Kochi Pre£); Meekella? sp., Streptorhynchtts
      pseudopelaigonatus (BRoiu). NoNAKA (1946).

   In the light of the recent progress of sttidies for the Daviclsoniacean

brachiopods, most of the former works in Japan, enumerated above, may need

to be revised in many points.
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Text-figure 1

Distribution of the Permian Davidsoniacea in Japan.

A - Southern Kitakami Mountains. B - Soma district, Abukuma Mountains. C -
Takakurayama district, Abukuma Mountains. D - Ashio Mountains. E - HidaMountains.
F -- Akasaka limestone plateau. G - Maizuru structural belt. H - Taishaku limestone
p}ateau. I - Karita-mura, Kiroshima Prefecture. J - Yamamba limestone, Koc}ii Prefecture.

Short remarks on terminology of the Davidsoniacea

   The author wishes to follow the terminology proposed by G. A. THoMAs in

l9S8 for description in the present paper, except for the term `･cardinal area'],

instead of "interarea" used by THoMAs. Further, he wishes to define certain

terms more definitely in order to avoid confusions that might arise. Namely,
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tlae median pseudo-septL}m mt}st be a very rudimentary or faint septuin in the

pedicle Valve as was named by I. THoMAs in 19IO, while the peripheral ridge is

a more or less strongly developed ridge encircling the muscular field.

Materials

   All of the species to be described in this paper are based on the specimens

collected from tlie Sot}thern Kital<ami Mountains, Northeast Honshu, Japan.

They may be divided into three groL}ps throL}gh their stratigraphic occurrence

which will be diagrammatically shown in the generalized stratigraphic column

of the P-ermiaR deposits in the Southern Kital<ami MouRtains (text-figure 3).

   The first group of them may be called Bpl, which is found from the
                                                            'Kawaguchi stage, the lower part of the Sal<ainotosawa series, corresponding to

the Rseudoschwagerina zone. They are Derbyia sp. B, Cfr. Orthotetes
callytharrensis (THoMAs), Magniderbyia sp. and Streptorhynchus sp. Actually

all the specimens of this group were collected only from the sandstoRe

formation cropping out at Yukisawa, Rikuzental<ada City.

   The second group may be called Bp2, the stratigraphic position of which is

situated at a certain horizon of the Kabayama stage, the upper part of the

Sakainotosawa series, roughly corresponding to the Psettdojusttlina zone. The

speciinens included in the second group were detected from the sandy slate

formation developing at the Nakaclaira district near Futamata, not far from the

town of Rikuzentakacla City. They are Orthotetina sp. B, Meekella mexicana

GiRTy, Derbyia sp. C and Schuchertella sp. The locality and the stratigraphic

distribution of these fossils will be given in the text-figures 2 and 3.

   The third groL}p designated as Bp3 includes plenty of representatives of the

l)avidsoRiaceans which were also collected from varioL}s localities in the

Southern }<ital<an3i Mountains. [lrhe stratigraphic range of this group seeiins to

be somewhat wider than in the former two groups. They may possibly range

from the Paraf'usulina to Neoschyvagerina zones, although detailed horizons for

certaiR species have not been finally settled yet. Nevertheless, it may be almost

certain that the third grot}p of the Davidsoniaceans are found in association

with a considerable nuinber of Leptodus nearly everywhere in the Southern

Kitakami Mountains. The representative localities where this group of

brachiopods was obtained will be shown in the text-figure 2. Species known

from this group will be listed as follows; Orthotetina hayasakai n. sp., O.

elongatan.sp., O. kaJ?seri(JAKEL),O. transversa n. sp., O, polita FmEGEL,O. sp.

A, Meekella sp., M. cfr. striatocostata (Cox), M. garnieri BAyAN, M. neinatoi R.

sp.,M. cfr. e.ximia (EicHwALpt, M. nodosa ii. sp., Derbyia nippoHica n. sp.,D.

cfr. actttiplicata METz, D. sp. A, Scht{chertella sp., S. frechi HuANG and

Streptorhynchtts pelai:gonatus ScHLoTHEiM. Among them, Schuchertella sp. is
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only a single common species between the Upper Sakamotosawa and the Lowef

Kanol<ura series.
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Text-figure 2

Geographical map of a part of the Kitakami Mountains, showing locations of the Permian
Davidsoniacean fossils described in this article.

Pl - Yukisawa, ¥ahagi-cho, Rikuzentakada City. P2 - Nakadaira, Yahagi-cho, Rikuzen-
takada City. P3 - Kozubo-sawa, Yokota-cho, Rikuzentakada City. P4 - Kamiyasse,
Niitsuki-cho, Kesennuma City. P5 - Imo, Yahagi-cho, Rikuzentakada City.
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indicating stratigraphical occurrences of the species herein dealt with. The present section

was compiled by M. MINATo et al. in 1954. Neosch: Neoschwagerina, Paraf: Parafttsulina,
Pseudof: Pseudo,fusttlina, Pseudosch: Pseudoschwagerina.

   Unfortunately avaiiable specimens in this study are mostly imperfect in

preservation. They are too deformed by rocl< pressure in general to reconstruct

their origiRal convexities and outer configurations. In i'iiost cases, shells have

been completely dissolved, so that only lmpresslons of the inner and outer

surfaces of the fossils are preserved as moulds. Accordingly, it is not always

possible to estimate the exact height, width, thjckness aRd so forth in tlae

speclmells collcellled.

A][)(Znities of the Davidsoniacean fattna of the Permian in the Kitakami

Mountains

   As stated in the preceding chapter, the Davidsoniaceans herein dealt with

may be divided into three groups in their stratigraphic occurrences.

   The Lower Sal<amotosawa series contains the olclest Permian shells in the

Kitakami Mountains. Magniderbyia sp. is much related to M. magn(lfZca

originally described by LicHAREw from the Upper Permian of the Northern

Caucasus. So far as the w,riter is concerned, 1iowever, the latter has not been

hitherto knowB outside the Northern Caucasus. One of the other shells in the

Kitakami Mountains quite resembles Orthotetes callytharrensis ([I"HoMAs)

found from the Callytharra forniation (Earliest Artinsi<iaR or Late Sal<mariaiD

of Western Australia. But, the specime" at hand Lmfortunately Iacks a pedicle

valve which is actually more important in generic and specific identification.

Derbyia sp. B strongly recalls Derb.yia regularis WAAGEN from the Middle

Prodttctus limestone of tlae Salt-Range Pakistan, the Upper Carbonlferous of

Russian Platform and the Lower Permian of the Ural Mountains.

   Bp2 faunule coRtains four Davidsoniacean brachiopods: 714eekella mexicana

described by GiRTy from the Pennsylvanian ofNew Mexico and the Permian of

Texas, U.S.A.; Schuchertella sp. resembled S. cfr. semiplana WAAGEN having

been describecl by CHAo from the Chihsia liinestone of South China, and

SchLtchertella sp. which, however, ranges from the Upper Sakamotosawa to the

Lower Kanol<ura series in the Southern Kitakami Mountains.

   A considerable number of species belonging to Bp3 group are found also in

the Upper Permian Lopingian of South China. for instance, Orthotetina ka.ysei'i

(JAKEL), Meekella nodosa n. sp., M. garnieri BAyAN, Schuchertella f7echi

HuANG and Streptorhynckus pelaig'o"atus ScHLoTHEiM. Tliis Davidsoniacean

faunuie also shows some common aspect with those of the Salt-Range. Derbyia
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hemisphaerica WAAGEN origiRally described by WAAGEN froin the Upper
Prodttctus limestone of tlie Sait-Range was once found by HAyAsAKA (l925)

from the Lower Kanokura series of the Kitakami Mountains. Although being a

rather cosinopolitan species, Streptorh.ynchus pelargonatus ScHLoTHEiM is

known to occur from both Kitakami and the Salt-Range. Orthotetina polita has

been reported by FLiEGEL (1901 - 2) from the Upper Permian of Central

Sumatra, whereas Meekella minatoi n. sp. was recently foi}nd by Dr. K. IsHil

and others from the Middle or Upper Permian of Gua Musang in Kelantan,

Malaya, although it has not yet beeR described. In addition to these forms

above stated, some other species may be further enumerated as the repre-

sentatives indicating Middle to Upper Permian in age.

   To suinmarize, the Upper Carboniferous and ILower Permian species are

more or less predominant in the Davidsoniacean faunule belonging to each Bpl

and Bp2 group in the Kitakami MoL}ntains. Among them any particular
palaeobiogeographic indicator does not seem to be included. On the other

hand, the Davidsoniaceans from the Lower Kanokura series shows strong

affinity with the Lopingian in China ttnd Mostly consist of the Middle to Upper

Permian elements.

Classil17cation of the Dayidsoniacea

   Very diverse views on classification or phylogeny of this group of

brachiopods have been heid by WAAGEN (l884), ScHELLwlEN (1900), DuNBAR

and CoNDRA (l932), LicHAREw (l939), MiNATo (1953), WiLuAMs (l953,
 l965), STEHLI (l954), CAMpBELL (1957), THoMAs (l9S8), SoKoLsKAjA (l960)

and HAvucEK (l967).

   The superfamily naine Orthotetacea was first proposed by WiLLiAMs (1953)

for the families including Orthotetidae MCEWAN, l939, Gemmellaroiidae

WILLiAMs, 1953, Scacchinellidae WiLLiAMs, l953 and Thecospiridae BITTNER,

1893; then the definition was given as "Strophomenoids without a functional

pedicle; pedicle valve usually greatly modified and cemented by the umbo or a

greater part of the shell surface to a foreign body, brachial valve convex

throughout ontogeny; cardinal process bilobed often greatly extended into the

pedicle valve, sometimes hjghly modifiecl , lophophore probably spirolophous in

all stocks, exceptionally impressed and supported by spirally coiled calcareous

ribbons. Upper Ordovician to Triassic".

   According to G. A. THoMAs (l958), STEHLi (l954) slightly modified the

fonner definition on tliis superfamily proposed by WiLLIAMs, l953. Namely,

STEi{LI removed the family Scacchinellidae from the present superfamily and

referred it to the Productoidea. In this regard he was later followed by
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MuiR-WooD and CoopER (1960), SARyTcHEvA, LicHAREw and SoKOLSKAjA
(1960), and others. He seems to have been undecided as to whether or not the

farnily Gemmellaroiidae may be included in the Orthotetacea. Further he

revised and restricted the definition of the Orthotetidae of McEwAN, l939, and

proposed a new family, Schuchertellidae, in which he grouped certain genera

formerly included in the Orthotetidae by McEwAN, l939.

   In 1960 SoKoLsKAJA, however, did not accept the validity of tl3e

Schuchertellidae proposed by STEHu and she oniy p}aced two families,

Orthotetidae WAAGEN, l884 and Davidsoniidae KiNG, 1850 into the Ortho-

tetacea. Besides these two families, she hesitatingly assigned Thecospiridae into

this superfamily. The Gemmellaroiidae was removed from the presei3t
superfaiiniiy by her. Actually, )v{ulR-WooD and Coo?ER (l960) placed the

genera inclt}ded in the Gemmellaroiidae into the Richthofenidae of the

Productoidea.
   Recently WILLiAMs (1965) revised his earlier classificatioR and then

proposed the sL}ppression of the superfamily name Orthotetacea in favour of

Davidsoniacea. Further, he included the following five families in the

Davidsoniacea; Meekellidae STEHLi, l954, Schuchertellidae WiLLIAMs, l953,

Orthotetidae WAAGEN, l884, Davidsoniidae KiNG, 18SO and Thecospiridae

BITTNER, l893. Among thein, the fornier three families are close}y related to

each other from the morphological point of view. On the other hand, the latter

two are quite distinct from the former three primarily in differences of

internal structures of the brachial valve. Namely, the Davidsoniidae, in which

three Devonian genera, Davidsonia, Biconstrophia agd Prodavidsonia are

included, possess a pair of spirally coiled brachia in the brachial valve. The

family Thecospiridae, represented by Triassic genus Thecospira, is also different

in having a pair of spirally coiled calcareous ribbons as l)rachia. Although the

difference of form of brachia seems to be of fundamental importance, which

may be more than family character, a more detailed research is necessary on

this organ before this problem can be settled in the future.

   As to the former three families, Meekellidae by WiLuAMs may be nothing

else than the family Orthotetidae defined by STEHLI (1954) in every detail.

Namely, WiLuAMs (1965) adopted Meekellidae instead of Orthotetidae as a

family name for this group with true dental plates in the pedicle valve, because,

Orthotetes radiata FiscHER de WALDHEIM, type species of Orthotetes, which is

the type genus of the family Orthotetidae, apparently lacks true dental plates

in the peClicle valve. Therefore, the genus should be exc}ucled from this group

of Davidsoniacea.

   WILLiAMs (1965) divided the family Meekellidae into two subfamilies,

younger Meekellinae and older Fardeniiilae. The latter was then newly
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proposed by him. When HAvLIcEK (1967) published his study of the Sih}rian

and Devonian brachiopods of Boheinia, he thought that the shape of dental

plates rnay be valuable as a family character. Then he grouped the genera with

short and divergent dental plates as Chilidiopsidae, which may be accordingly

equal with the subfamily Fardeniinae of WiLLIAMs (1965). Therefore, the

Meekellidae s.s. may be defined to jnclude the genera with long and ahnost

parallel dental plates in the pedicle valve.

   WiLLiAMs (l965) referred the genera witliout trt}e dental plates to either

Schuchertellidae s.s. or Orthotetidae, on the basis that the latter is provided

with a median septum in the pedicle valve, in contrast to the lack of such

septum in the fornaer.

   Now, the apical structure of the pedicle valve has long been believed to be

the most fundamental basis in classification of this group of brachiopods, to

which the present aL}thor cornpletely agrees. He believes, however, that

presence or absence of a median septL}m in the pedicle valve is not of

fundamental importance as a family character, but may be only applicable as a

basis in distinction of subfamilies. In this regard, the author completely agi"ees

with STEHLI'S OPilliOil.

   According to HAvucEK (l967), the shape of brachiophores was viewed to

be of iirtportance in the classification of sL}bfamilies especially by S[rEHLi

(l954) as well as G. A. THoMAs (1958). Actually STEHLi divided Schuchertel-

lidae into Schuchertellinae with low and concave brachiophores ancl Strepto--

rhynchiiiae having straight and divergent ones. N[AvLicEK was of the opinion

that STEHLi 's st}bfainilies mt}st rather correspond to families and the distinction

between each family lies, according to HAvLicEK, in the shape of cardinal

process. Cardinal process is free and ilot welded into one piece in Schuchertel-

lidae, while in Streptorhynchidae they are high, parallel, coalesced, penetrating

deep into the delthyriai cavity of the pedicle valve. In these regards, the present

author would like to accept the HAvLicEK's opinion, since absence or

development of a median septum in the pedicle valve or the shape of
brachiophores is generally of less value than characters of cardinal process in

this case. The family name schuchertellidae, however, has to be replaced by

Orthotetidae, since the genus Orthotetes may be iRcluded in tliis subordinate

group and the subfamily name Orthotetinae based on Orthotetes had been used

considerably earlier than the subfamily name Schuchertellinae first proposed

by WILLiAMs in l953.

   In reviewing the previously proposed classification of the Davidsoniacea,

the following six families, viz. Davidsoniidae, Thecospiridae, Chilidiopsidae

Meekellidae, Orthotetidae and Streptorliynchidae seem, according to the

author's view, to be valid fainilies in the superfamily Davidsoniacea.
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   The Permian Davidsoniacea from the Kitakami Mountains to be described

in the present paper all belong to the three families, Meekellidae, Orthotetidae

and Streptorhynchidae. Each of these three fainilies can be further divided into

two subfamilies.

   The Meekellidae may consist of two subfamilies which are Meekellinae

STEHLi 1954 and Omboniinae SoKoLsKAJA,1960. The latter is distinct from
     ,
the former in having a primary spondylium in the pedicle valve.

   The subdivisioR of this family by means of presence or absence of

plications on the shell surface was once employed by STEHu in 1954. Although

shell sculpture has been found to be of considerable importance as a generic or

specific character, its value as a subfamily character seems to be Iess certain.

   The name Oinboniinae was proposed by SoKoLsKAJA in l960 for a
subfamily. Then, she described the subfamily to include all the Davidsoniacean

genera with a spondylium at the apical interior of the pedicle valve. But, the

grouping having been tried by her can not be largely acceptable to the present

at}thor. For instance, it irtay be obvious that the spondyliwin of the genus

Orthotetes is not homologous with that of Ombonia. The former is formed by

direct prolongation of the dental ridge and called a secondary spondylium,

while the latter by t}nion of dental plates and called a primary spondylium. As

a inatter of fact, the genus Orthotetes has been already removed from this

group. Accordingly the.PmboniiRae irtust be reintroduced here as Meekellidae

having a priiinary spondylium which is formed by union of dental plates before

reaching floor of pedicle valve. Therefore, only one plate attaches to the floor

of the valve in this case.
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Text-figure 4

Diagrams schematically showing apical structure of pedicle valve in four Davidsoniacean

genera.
A - Otnbonia, B - PerigeyereUa. C - Derbyia or Derbyoides. D - Orthotetes. Bs: Biseptum,

PSp: Primary spondylium, Us: Uniseptum, SSp: Secondary spondylium, DP: 9ental plates,

PDR: Prolongation of dental ridges.

   The Orthotetidae may contain two subfamilies, Orthotetinae wnAGEN,

1884 and Schuchertellinae WiLLiAMs, 1953. The content of the Orthotetinae is

quite similar to the Derbyoidinae defined by G. A. THoMAs in l958. The

Schuchertelllnae may be distinguishable from the Orthotetinae in lacking a

uniseptum in the pedicle valve. In certain species belonging to the Schuchertel-

linae, there is sometimes observable a small and tiny septum in tlie pedicle

valve, apparently reseinbling a inedian Lmiseptum. However, this is in fact, not a

true uniseptui'n but a median psey}do-septum designated by I. THoMAs in 1910.

   The Streptorhynchidae inay be dlvided into two subfamilies, Strepto-

rhynchinae STEHLI, 1954 and Derbyiinae STE'HLi, 1954. These two subfaiinilies

may be distinct from each other by the absence or the development ofa
uniseptuiin in the peclicle valve, Iikewise in the division of the Orthotetidae. The

Streptorhynchinae lacks a uniseptum, while such a septum sureiy exists in the

Derbyiinae.
   The existing familial and subfainiiial classification is, therefore:

Superfamily Davidsoniacea KiNq 1850

    FamilyDavidsoniidaeKiNG, l850

    FamilyChilidiopsidaeBoucoT, 1959

    Family Meekellidae STEHLi, 1954

        Subfamily Meekellinae STEHLI, 1954

        Subfamily Omboniinae SoKoLsKAJA, l960
    FamilyOrthotetidaeWAAGEN, 1884

        SubfamilyOrthotetinaeWAAGEN, 1884
        Subfamily Schuchertellinae WiLLIAMs, 1953

    Family Streptorhynchidae STEHu, 1954

        Subfamily Streptorhyncliinae STEHLI, 1954

        Subfamily Derbyiinae STEHLI, l954

    Fainily Thecospiridae BiTTNER, 1893
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Text-figure S

Phylogeny of Davidsoniacea proposed by the author.

   As to the lower rank of classification, generic or specific taxonomy for

instance, the arrangement of the various kinds of plates developing in both

valves, presence or absence of plications in the shell surface, the shape of socket

plates and .so forth must be brought into consideration.

Systematic description

Genus Orthotetina ScHELLwlEN, l900

1900

l931

1932

1953

1960

l965

Orthotetina ScHELLwlEN, p. 8.

Orthotetina GRABAu, p. 250.

Orthotetina DuNBAR and CoNDRA, p.

Hamletella H[AyAsAKA, p. 92.

Orthotetina SoKoLsKAJA, p. 218.

Orthotetina WimlAMs, p. H406.

132.
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   Diagnosis: Almost moderate-sized meekellid with plications on the shell

surface. Hinge-line much shorter than or near}y equal to the greatest width.

Cardinal area considerably variable in height. Triangular delthyrit}m always

entirely covered by an inflated pseudodeltidiLim. Pedic}e valve interior with a

pair of clental plates running in st}bparallel with each other. In the brachial

valve a bifid cardinal process laterally united to divergent socket plates of

moderate length. Surface of the valves covered by numerous costellRe aiid a few

concentric growth--lines at all growth--stages.

   Remarl<s: The genus 0rthotetina was erected by ScHELLwiEN in 1900 with

Orthotetina persica as a type species. The gent}s most resembles Meekella

WHiTE and ST. JoHN in internal structures of both valves, but differs in lacking

plications on the shell surface.'

   According to DuNBAR and CoNDRA (1932), TscHERNyscHEw (1902) once
considered that the presence or absence of plications is not a generic

importance and then Orthotetina was regarded to be synonimous witk

Meekella. His conclusion was later followed by I. THoMAs (1910), LlcHAREw

(l930) and others. On the other hand, many palaeontologists, notably DuNBAR

and CoNDRA (1932), G. A. THoMAs (l9S8) and SoKoLsKAJA (1960), p}aced

stress on the deve}opment of plications to separate generically Orthotetina

from Meekella. However, there are such species showing transitional form

between Orthotetina and Meekella in the development of plications as Meekella

minatoi or M. mexicana. Nevertheless, the author still follows the opinion

upheld by DuNBAR and CoNDRA, G. A. THoMAs, SoKoLsKAJA ancl others as to

the valiClity of the genus Orthotetina.

   HAyAsAKA established genus Hamletella in i953, Streptorhynchus alttts

HAMLET from Timor as a type species. Then, he defined his genus as
"Orthotetinae with high and usually distorted ventral beal<, lacking median

septum but developing a pair of parallel delthyrial supporting plates; surface

ornamented with fine radial striae crossed by faint growth wrinkles". At the

same time, he referrecl Hamletella kitakaJniensis HAyAsAKA from the Southern

Kitakami Mountains to this new genus. Further, he doubtfuliy placed
Streptorhynchus altissimus LicHAREw into the gem}s Hamletella as well,

although the internal structure of that species was scarcely known. Judging

from the diagnosis given byHAyAsAKA, there seems to be no essential
difference in the arrangement of dental plates between these two genera as G.

A. THoMAs already iioticed in 1958. Accordingly the genusIllamletella may be

concluded to be merely distinguishable from Orthotetina in having sheHs witli

higher and niore clistortecl cardinal area than that of the latter. In the author's

collection of the meekellid sheils now in concern there are however
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recognizable certain species, such as Orthotetina hayasakai or O. elongata, both

of which show rather transitional in feature regarding height and distortion of

cardinal area between Orthotetina and fitzmletella. As a matter of fact, the

validity of the genus Illdmletella has been already denied by WiLLIAMs in l965.

   Seven species belonging to the gem}s Orthotetina to be described below

may be separated into four groups by a difference in outer configuration as

follows:

l) Eiongate and rounded cliscoidal form. Tlae hinge-iine is slightly shorter than

   the greatest width of the shell: O. ha.)?asakai, 0. elongata, O. kayseri.

2) [lrriangular in form. The hinge-line is considerabiy shorter than the greatest

   width: O. polita.

3) Very transverse form. The hinge-line is nearly equal to the greatest width:

   0. transversa, O. sp. A.

4) Triangular form. The pedicle vaive has a geniculation near the anterior

   margin: O. sp. B.

                    Orthotetina hayasakai n. sp.

                         Pl. I, figs. 1 - 2

l925 Orthotetes rttgosa, HAyAsAKA (non FREDERIcKs), p. 9l, pl. 5, fig. I.

   Material: Two specimens obtained from the,Lower Kanokura series at Imo,

Yahagi-cho, Rikuzentakada City, Iwate Prefecture. One of thein seems to be an

iiniinature individual, because of its smaller shell size. Reg. nos.: UHR l3572

(ho}otype), l3694.

   DescriptioR: Shell in adult is of medium size, elongately ovate in out}ine.

Hinge-line is nearly straight and a little shorter than the maxiinum width which

lies at the portion of three fifths of the whole length measured from the apex.

   Pedicle valve is much larger than the opposite valve and gently convex in

either transverse or longituclinal profile. At the anterior part it becomes,

however, nearly flat･or slightly resupinate. Beak is not incuiTved but alirtost

straight. Apical angle is about 750. Median sulcus is never seen on this valve. In

the opposite side, pretty high and twisted cardinal area which is siightly

concave and elongately triangular in outline is observable. The height of the

cardinal area is as long as one half of the whole length of the shell. Delthyriuin

is narrow and covered by a moderately inflated and medium-sized pseudo-

deltidium. The internal structure of this valve is clearly traceable in
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`'Steinkern" specirnens. The presence of dental plates running almost paraliel

with each other are represented by slits carved on the "Steinkern", and they

are rather long but do not reach as far as the hinge-line. The deRtal plates are

closely placed on the fioor with each other. Muscular scars are not discernible

in the specimens at hand.

   Brachial valve is much smaller than the pedicle one and moderately coRvex.

The outline of the valve is subcircular with straight edge at the posterior

portion. Neither sulct}s nor fold is present on this valve, too. Internally, the

presence of a pair of socket plates diverging antero-laterally at an angle varying

         oobetween 90 - 1lO aRd a lobated cardinal process is ascertained.

   The surface of both valves is uniformly covered by fine radial costellae

which may number as many as 23 in the space of IO mirt at the central region

of the pedic}e valve. These costellae graduaily increase in nuinber towards tlie

anterior margin by intercalation. Concentric growth-lines are also observable on

the surface of both valves, and they are especially conspicuoL}s near the anterior

margin of the pedicle valve.

   Remarks: This species is easily distinguishable from 0rthotetina
kitakamiensls (H[A.yAsAKA) by differences of outer configuration of shell, height

of cardinal area and shape of delthyrium (see text-figure 6). Actually

HA.yAsAKA's species has shells being inuch more elongated in form, with higher

cardinal area, and longer and narrower delthyrium than those of the present

specles.

   As a matter of fact, HA.yAsAKA (l925) first described the present specles

from the Lower Kanokura series of the Kitakami Mountains under the name of

Orthotetes rt{gosa FREDERicKs. Because of the presence of a pair of dental

plates in the pedicle valve, he later removed his specimen from the genus

Orthotetes and placed it into 0rthotetina in 1963. Ft}rthermore, it was

specifically identified with Orthotetina ka.yseri (JAKEL) by him. HAyAsAKA was

of the opinion that Orthotetina kayseri i's very varittble in foma, representing

either elongate, ovate. rounded or discoidal shell. The author, however, iiow

believes that three species may be actually distinguished among the forms

described by HAyAsAKA under the name of Orthotetina ka.yseri, which may be

em}merated as follows: hayasakai, elongata and kayseri s.s. DiffereRces in

regard to shell form between these species listed above will be diagrammatically

shown in the annexed text-figure 6.

   HAyAsAKA (1953) once stated that Streptorhynchus altissimus LIci{AREw

known froi'n the Upper PerirLian of the Northern Caucasus seems to be possibly

synonymous with his Hamletella kitakamiensis, if the Rt}ssian species had a pair

of dental plates in the pedicle valve interior. In spite of this statement, the
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author holds a different view in this regard. The Russian species now being

considered may be nearly akin to the present species, Orthotetina hayasakai,

instead of kitakomiensis in having similar outline of shell and shape of

delthyrium, as shown in the text-figure 6.
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Text-figure6 .
Three diagrams giving key of specific distinction between four akin species, Orthotetina

kitakamiensis. O. hayasakai, O. elongata and O. kayseri.

A - Diagram showing relation between length and width of shell.

 B -- Diagram showing relation between height of area and lengtli of hinge-line.

C - Diagram showing relation between height of area and width of delthyrium at its base.

 1 - demtetella kitakamiensis described byHAyAsAKA(1953).

 2- OrthotetinahayasakaiNAKAMuRA(UHRl3S72).
 3 - O. hayasakaiNAKAMuRA(UHR 13694).
 4- Streptorhynchus altissimtts described by l.IcHAREW(I932) - probably assignable

     into Orthotetina hayasakai.

 5- OrthotetinaelongataNAKAMURA(UHR13567).
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O. kayseri JAKELdescribed as eiongate type byHAyAsAKA(i963)
O. kayseri JAKEL(UHR 13686).
O. kayseri JihlKEL(UHR 13687).

O. ka]seriJAKEL(UHR l3688).

O. kayseri JAKELdescribed as round type byHAyAsAKA(l963).
O. kayseri JAKELdescribed by MINATo and NAKAMuRA( 1956).
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0rthotetina elongata n. sp.

Pl. I , figs. 3 - 6; Pl. 2, fig. I

?l963b Orthotetina kayseri,

(non figs. I, 2).

i-IAYASAKA (llOll J,hlKEL), P･ 735 , figs. 3a - b

   Material: Holotype (UHR 13567) is more or less completely preserved as

external and internal mot}lds of both valves. Four more specimens (UIIR

l3689, 13690, l369i, l3692) are also available for stt}dy but are all worse in

preservation. Horizon and locality are the same as in the preceding species.

   Description: The general outline of the pedicle vaive is longitudinally ovate.

Although the original convexity is scarceiy known owing to deformation of

shells, the pedicle valve seems, in any case, to skow weak convexity in both

lateral and transverse profiles. Beal< is neither twisted nor incurved but it is

rather bluntly pointed. Beal< ridges are not straight but angularly convex. Ears

are hardly recognizable. A median sulcus faintly develops only at the anterior
part and is very broad and shallow. Carclinal'  area is triangular in form and fairly

high but lower than that of the preceding species. Internally a pair of deRtal

plates measure about l6 -- 20 nain in length. The interspace between dental

plates gradually becomes wider towards anterior oii the fEoor of the pedicle

valve.

   Brachial valve is rounded, trapezoidal in outline ancl considerably sinaller

than the opposite valve. The convexity of tliis valve is as weak as that of the

pedicle valve. The presence of a median sulcus being very broad and shallow is

observable merely near the anterior portion. Cardinal process is short and a pair

of normal socket plates diverge antero-}aterally.

   Tlie surface ornamentation of both valves consists of fine radial costellae

and concentric growth-lines. The radial costellae may number as maiiy as 25

within the distance of 10 mm at the central part of the pedicle valve. They

increase anteriorly in number by intercalation.
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   Reinarks: HAyAsAKA (1963) reported the occurrence of three David-

soniacean species from the Lower Kanokura series of the Southern Kitakami

Mountains. One of them was Orthotetina kayseri (JihlKEL) being represented by

three specimens figured on his plate. The author, however, is of th.e opinion

that these three specimens clo not belong to a single species. The speciinen

illustrated in his figL}re 3 is eloRgate and ovate, whlle the others (figs. 1, 2) are

rounded and discoidal in form. The latter two may in fact belong to
Orthotetina kaJi7seri, but the former may be specifically distinct from the latter.

It seems to be rather conspecific with the species here newly proposect from

outer configuration of shell. But, in HAyAsAKA's specimen, the interspace

between two dental plates is much closer, and the shape of brachia} valve is

more elongate.

0rthotetina kayseri (JAKEL)

                        Pl. 2, figs. 2 - S

1883 Streptorhynchus crenistria var. senilis, KAysER (non PHILups) p. 178,

      not figured.

I900 Orthotetes (Orthotetina? sp., ScHELLwlEN, p. 9, pl. I, fig. 6.

I901 - 2 Orthotetes (Orthotetina) kayseri,FLiEGEL, p. 127, pl. 6, fig. 9.

1956 Orthotetina kayseri, MiNATo and NAKAMuRA, p. I52, pl. 24, fig. 4.

1963b Orthotetina kayseri, HAyAsAKA, p. 753, figs. 1, 2 (non 3).

   Material: Four specimens at hand are all well preserved as external and

internal iinoulds of both valves. Reg. nos.: UHR l3686, 13687, 13688, I3693.

Horizon and locality are the same as in the preceding species.

   Reiinarks: MiNATo and the author (l956) thoroughly described specific

characters and nomenclatorial problems of this species. It was the first record

of the occurrence of this species from the Japanese Permian.

   HAyAsAKA (1963) also lately reported this species from the same series

developed iiear Kesennuirta City. However, at least a part of the specimens

considered by him may be better transferred into Orthotetina elongata, as it is

discussed in the remarks oR the preceding species.

0rthotetina polita FLmGEL
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                     Pl. 3, fig. 4; Pl. 4, figs. 1 - 2

1901 - 2 Orthotetes (Orthotetina?politus, FuEGEL p. 97, pl. 6, fig. 8.

   Material: Three specimens from the Lower Kanokura series of Imo. They

are preserved as external and internal moulds of both valves. Reg. nos.: UHR

13663, l3664, 13668.

   Description: Shell is medium in size, s"btriangular in outline. Pedicle valve

is nearly flat, while brachial valve more infliated. Hinge-line is much shorter

than the greatest width of the shell.

   Pedicle valve is roL}nded an(l fan-shaped. In the early growth-stage it is

almost fiat, whereas slightly inflated at the anterior half. Beak is somewhat

reclined and rather pointed. Apical angle shows nearly 900. Beak ridges are

aln'iost straight or siightly concave. Neithei" inedian sulcus nor fold is present in

this valve, although the middle part of thjs valve becomes fliattened. CardiBal

area of isosceies triangle in form is high and s}ightly distorted. The outer

surface of the cardinal area is covered by numerous fine horizontal striae.

Delthyrium is narrow and covered by a strongly infiated pseudodeltidium, In

the pedicle valve a pair of dental plates are slightly diverging towards the

anterior.

   Brachial valve is much smaller than the opposite one and transverse, ovate

in form. The greatest width of the shell is measured at the midlength of the

valve. A broad and deep sulcus is present in this valve. Socket plates are short

and divergent. The presence of muscular scars are faintly traceable on the

"Steinkern" specimen, althougla the details are not accesslble.

   The entire surface ofboth valves are uniformly ornamented with fine radial

costellae numbering about 20 within the distance of lO inm near the anterior

margin of the pedicle valve. Further, faint concentric lines are developed and

concentrated especially at the anterior part.

   Remarks: The present species is characterized by having a broad and deep

sulcus on the brachial valve and a somewhat reclined pedicle valve beak.

Moreover, the hinge-line of the shell is considerably shorter than the greatest

width. Specimens at hand is very similar to the holotype of this species

described by FuEuGEL (1901 - 2) from Suinatra. The type specimen has
sinuosus dental plates, whereas the specimens here examined possess flat and

straight dental plates. But, the author considers that the sint}osus dental plates

pf the Sumatran specimen may result from deformation.

   Orthotetina planoconveJxa described by HA.yAsAKA (l933) from the
Nabeyama limestofle of the Ashio Mouiitains, Kwanto district seems to be also
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somewhat akiR to the present species, in having a plano-concave pedlcle valve

with pointed and reclined beak, as well as hinge-line being lialf as long as the

maximt}m width. But, it is uncertain whether a sulcus is situated or not on the

brachial valve of HAyAsAKA's specimen.

Orthotetina transversa n. sp.

                         Pl. 3, figs. 1 - 3

   Material: Three specimens, two of which are nearly complete in preseiva-

tion. AII are obtained from the Lower Kanokura series of Imo. Reg. nos.: UHR

13S73 (holotype), 13662, 19532.

   Description: Shell is medium in size and transversely elongate, ovate in

outline. }{inge-line is slightly shorter than the greatest width of the shell.

   Pedicle valve is very transverse in form. The anterior margin of the pedicle

valve is nearly straight or very weakly convex so as to run almost in parallel to

the hinge-line. Beak is quite obtuse and beak ridges are nearly straight or

slightly convex. Cardinal extremities are not acute but rounded. Median sulcus

is t}nobserved on this valve. Cardinal area is moderately high, considerably wide

and at the middle of that there may be found an extremely large, as well as

broad delthyrium covered by a strongly inflated pseudodeltidium. Surface of

the cardinal area is ornamented by fine horizontal striae.

   Brachial valve may be only a little smaller than the opposite valve. It is

moderately convex at the umbonal region, but becomes fiat or rather concave

at the anterior portion. Internally socket plates are short and widely divergent

antero-laterally. A large cardinal process arises from the posterior terminal of

the socket plates. Muscle scars are clearly traceable on the surface of the

"Steinkern" specimen. They are semi-circular in shape and coarsely lobated.

There are observable a pair of lateral ridges developing in subparallel with the

hinge-line.

   The entire surface of both valves is covered by rather fine radial costellae,

which are counted as inany as 9 within the space of IO mm at the middle

portion near the anterior margin of the pedicle valve. They increase in number

only by intercalation in later growth-stage.

   Remarks: The present species is very characteristic in having a shell much

wider than its height, a broad and large delthyrium and lateral ridges in the

brachial valve.
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   Orthotetina eusarkos lata described by HAyAsAKA (l933) from the

Nabeyama limestone of the Ashio Mountains may somewhat resemble the
present species. But, the species now in concern is stM distinguishable from

HAyAsAKA's species in having a much smaller and more transverse shell.

   It may be note-worthy that the presence of lateral ridges in the brachial

valve of this new species is discernible. Its value as a generic character, however,

seems to be less certain at present.

Orthotetina sp. A

Pl. 4, figs. 3 - 7

   Material: Five incomplete pedic

Imo. Reg. nos.: UHR 12660, 13665

le valve froin the Lower Kanokura series of

, l3666, 13667, l7129.

   Description: Shell is mediui'n in size anCl transversely rectangular in outline.

Hinge-line is slightly shorter than the greatest width of the shell.

   Pedicle valve is transversely subovate or rectangular in outline aRd

moderately convex in both transverse and longitudinal directions. Beak is not
incurved and rather obtuse. Apical angle may be estiinated no inore than l500.

Cardinal area of moderate height is almost flat or slightly concave. Delthyrium

is covered by a strongly vaulted pseudodeltidiuin. Dental plates are rather short

and very closely arranged to each other.

   The outer surface of the pedicle valve is ornamented with fine radial

costellae and concentric wrinkle-like growth-lines. The distance of IO mm at

the middle of the frontal margin is occupied by 16 radial costellae.

   Remarks: This species is characterized by its transverse outline. In this

regard, the preceding species is similar to the present species. The former,

however, is distinct from the latter in having a comparatively large deltliyrium

and horizontally projecting beak.

   Orthotetina persica ScHELLwiEN resembles the present species in its oL}tline

and shape of cardinal area. The exact comparison between these two species is,

however, quite impossible owing to the ill-preseived condition of the Kitakami

speclnlens.

0rthotetina sp. B
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                         PI. 4, figs. 8 - IO

   Material: Three specimens represented by imperfectly preserved pedicle

valve from the Upper Sakamotosawa series of Nakadaira. Reg. nos.: UHR

13067, l3068, l3069.

   Description: Shell is sinall in size and subtriaiigular in outline. Hinge-line is

considerably shortef than the greatest width.

   Pedicle valve is only slightly coRvex or almost fiat, except for the anterior

portion where it is slightly geniculated. Beak is not incurved and moderately

poiRted. Neither sulcus nor fold is present in this valve. Internally dental plates

are rather short and thin.

   The surface of the pedicle valve is covered by numerous radial costellae and

several concentric markings. The costellae number 6 to 8 within the distance of

5 mm just before geRiculation, but suddenly increase in number by
intercalation and becoine extremely finer beyond geniculation. [I"he concentric

markings are weakly developed, but comparatively concentrated near the
frontal margin.

   Remarks: This species is characteristic in having a rather fiat pedicle valve

with a sharp geniculation near the anterior margin and radial costellae whicliL

become considerably finer and increase in number just beyond the point of

geniculation. In tlie first point, this species is closely related toMeekella recta

IvANov described and figured by SoKoLsKAJA (1954) from the Upper
Carboniferous of the Russian Platfori'n. The Russian species, however, iinay be

distinguished from the Japanese one now in concern by having finer costellae at

the posterior flat portion of tlie pedicle valve. Further, there are observable

certain weak but definite radial plications developed near the frontal margin of

the Russian species.

   The present form may belong to a new species, although available
specimens are unfortunately too incomplete t6 propose a new specific naine for

them.

              GenusMeekella WHITE and ST. JoHN, 1867

1932 Meekella DuNBAR andCoNDRA,p.I24.
1960 Meekella SoKoLsKAJA,p.218.

I965 Meekella WILLiAMS,p.H405.

   Diagnosis: Plicated Meekellinae with hinge-line always being coRsjderably
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shorter than the greatest wjdth. Cardinal area of triangle shape moderately high

and bisected by a delthyrium covered by a vaulted pseudodeltidium. Long and

subparallel dental plates well observed iR pedicle valve. Brachial valve interior

with high and bilobed cardinal process and socket plates developing as strongly

divergent septa. Both valves ornameRted with many fine radial costeilae and

fewer plications, in addition to some concentric-lines.

   Remarks: The genus Meekella was first established by WHiTE aRd ST. JoHN

in l867 with Plicatula striatocostata Cox, as a type species. As already

inentionecl in the remarks on the preceding genL}s, certain authors clenied the

validity of 0rthotetina and designated Meekella to be the genus in which both

plicated and non-plicated forms may be included. In the present day maRy

specialists, including the author, hold the view that the presence or absence of

plications is a generic character in this case and accordingly species with

non-plicated shells have to be transferred from the genusMeekella (s.s.).

   The species generically assigned into the genus Meekella herein described

may be grouped into three types through the difference in surface ornamenta-

tion of shell.

I) Regular type. Plications are more or less well and regularly developed on

   the shell surface. M. cfr. striatocostata, M. cfr. eximia, M. garnieri.

2) Nodose type. Plications are crossed by some concentric folds to represent

   nodose surface on shells. M. nodosa.

3) Weakly plicated type. Plications are very weak and superficlally resembles

   the ornamentation of Orthotetina. M. minatoi, M. mexicana, M sp.

                   Meekella cfr. striatocostata (Cox)

                          Pl. 5, figs. Ia-b

Compare with:

l932 Meekella striatocostata, DuNBAR and CoNDRA,p. 125, pl. I6, figs. I

      (Cox's original specimen), 2, 5 and 9 only.

   Material: Only a single pedicle valve represented by external and internal

moulds was obtained from the Lower Kanokura series of Imo. Reg. no.: UHR

l3S74.

   Remarks: Judging from Cox's original specimen ofPlicatula striatocostata

illustrated by DuNBAR and CoNDRA (1932), the type specimen of this species

apparently shows a triangular outline and the lateral margins of the shell are
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almost straight or slightly concave. Up to the present, not a few specimens of

brachiopods have been specifically identified withMeekella striatocostata. But,

the present author doubts somewhat whether the foriner identification of the

species was always correct or not, because certain forms such as the specimen

described by GIRTy (l909) under the name ofMeekella striatocostata from the

Manzano group have shells with convex lateral margins and transversely ovate

outer configurations. In this regard, the specimen examined by the author is

doubtlessly near to the type specimen, although theCox's original one may be

more inflated than the specimen from the Kitakami Mountains. The author

believes that the difference in strength of convexity between them may be due

to cleforination of the Japanese specimen. The surface ornamentation of the

present material also closely resembles that of the original, especial}y in the

number of plications and the coarseness of costellae. Plications of the Japanese

specimen may be slightly lower and less ang"lar than those of the type

specimene but this may have resulted from the deformation of the shell. In the

Japanese specimen the shell is much depressed ventrally, and therefore the

angularities of plicatioi}s become less than in the origina} state.

   In tlie meantime,Meekella dilficilis desci"ibed by GiRTy in l909 may be also

somewhat akin to the present species in the number of plications as well as in

outline of shell. According to GiRT¥. however, his species is characterized by

strongly angulated plications and the absence of fine radial costellae. The

author now supposes tlaat the apparently smooth sL}rface of his shell has

perhaps been caused by weathering. If it originally had fine radial costellae, the

difference in angularity of plicae may become a problem. In this regarcl, the

Japanese speciixten may eventually be more akin to Cox's species than to

GIRTy's.

Meekella cfr. eximia (EicHwALD)

Pl. 6, figs. 5 --- 6

Compare with:
1954 Meekella eximia, SoKoLsKAJA,p. I57, pl. I7, figs.4 - 8.

   Material: Two specimens (UHR 12576, l2646) from the Lower Kanokura

series at Kamiyasse, Niitsuki-cho, Keseimuma City, Miyagi Prefecture. Oiie

specimen (UHR 12576) is more or less well preserved as "Steinkern" and

external mould of both valves, while the other is on}y repre,sented by an

imperfect internai mould of brachial valve.
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   Description: Shell is moderate in size and rectangular with roundness in

outline. Hinge-line is considerably short and exceeds no more than half the

greatest width.

   Pedicle valve is moderateiy convex at the posterior region aiid turn to be

nearly fiat at the anterior in longitudinal profil. Beak is somewhat pointed and

slightly inclined backwardsi. Internally dental plates are rather short.

   Brachial valve is a littie smaller and more strongly inflated than the

opposite valve. Median sulcus is very broad, shallow and originates with soiine

distance from the beak.

   [Fhe surfaces of both valves are uniformly covered by numerous fine radial

costellae which always increase in number by intercalation and ent}merated

about 15 within the distance of 5 mm near the anterior margin of the pedicle

valve. Some radial plications also observed on the external surface of the shell.

They are not so angt}lar and relatively few in nuiinber to be couBted l2 near the

fl'Olltal Mal-gill.

   Remarks: Comparatively few radial plications, erect beak and transversely

subovate outline of shell inay be distinct characters of this species. The above

enumerated features reinind the present author of an Europian species,

Meekella eximia (EicHwALD) ranging from Upper Carboniferous to Lower

Permian in age.

                      Meekella garnieri BAyAN

                          PI. 5, figs. 5 - 7

l964 Meekella garnieri,WANG et al., p. 200, pl. 28, figs. I9 - 20.

   Material: Three specimens from the Lower Kanokura series at Imo, one of

which is nearly complete, while the other two are preserved only as iinould of

pedicle valve. Reg. nos.: UHR 12577, l3576, l9533.

   Description: Shell is medium-sized ancl subconical in outline. Hinge-line is

straight and considerably shorter than the greatest width of the shell.

   Pedicle valve is moderately convex both in longitudinal and transverse

profiles. Beak is more or less proirtinent and moderately incurved. Cardinal area

is average in height and fairly concave. Dental plates are moderate in length and

somewhat varying in interstitial distance on the floor of the pedicle valve

lllterlOl-.



386 K, NAKAMURA
   Brachial valve is nearly equal to those of the opposite valve in its size and

curvature. A broad but shallow sulcus starts from the i:nidlength of this valve.

   Surface sculpture consists of nL}nierous fine radial costellae developing

uniformly thi'oughout the whole shell surface, coarse radial plications being

more or less angular and some concentric growth-Iines.

   Reinarks: In general oLitline and surface ornamentation, the present species

bears superficial resemblance to Geyerella tschernyschewi LicHAREw from the

Lower Perinian of the Northern Caucasus as well as Kiangsiella tingi GRABAu et

CHAo froin the Lower Permian of South China. But, the latter two may be

generically distinct from the former in revealing diffei'ent feature of peclicle

valve interior. Meekella garnieri was first described from the Upper Permian of

South China by BAyAN in l874.

Meekella nodosa R. sp.

                         Pl. 6, figs. 3 - 4

l933 Meekella sp., HuANG, p. 3i, pl. 4, figs. 8, 9.

   Material: Two spechn,ens (UHR 12S78 - holotype, 13674) are available for

study. The holotype specimen is collected from the Lower Kanokura series at

Kamiyasse and preserved as interRal mould of pedicle valve. while the other

from the same series at Imo is poorly preserved as fragments of external and

intemal moulds of pedicle valve.

   DescriptioB: Shell is medium to iarge in size as a species belonging to this

geilus and slightly longer thaR wide. H[inge-line is relatively short and does not

extend beyond seven tenths of the greatest width.

   Pedicle valve is transversely oval or almost circular iR outline and gently

convex or almost fiat except for the umboiial region at which it is considerably

infiated. Cardinal area is low, broad and concave. No sinal depression is

observed in this valve. Internally dental plates are moderate in length aRd

measured as long as 20 mm on the internal surface of the valve in the holotype

speclmen.
   Surface ornamentation is composed of numerous i-adia} costel]ae and

rounded, coarse plications in acldition to several concentric wrinkles. Since the

radial plications are crossecl over with concentric wrinkles, the height and

angulation of the plications are alternately and variously changed. Of this

appearance, HuANG described as "Each plication is not of uniform height
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throughout its length but is alternately weak and strong and thus appears

nodose". The above-mentioned surface feature may be a distinct character of

this species.

   Remarl<s: Apart from its srnaller shell size, the specimen described and

figured as Meekella sp. by HuANG (l933) from South China quite reseinbles

the present Japanese form. Disagreement of size, however, may not be worthy

of specific distinction in this case. Although HuANG thought his specimen

could not be identified with any other species which had been already reported

before, he hesitated to describe the Chinese form as a new species. But, the

species under consideration is specifically distinguishable from other meekellid

shells in showing strongly nodose surface appearance. At the present moment,

this species is found ifidependently from two different locaiities, South China

tmd Northeast japan as well.

Meekella minatoi n. sp.

Pi. 6, figs. 1 - 2

   Material: Two specimens from the Lower Kanokura series. One of them

(UHR 12579 - holotype) was collected from Imo, while the other (UHR
13673) from a tributary of Kozubo-sawa, Yo}<ota-cho, Rikuzentakada City,

Iwate Prefecture. The former material is more or less well preserved; the latter

ls represented on}y by an internal inould of brachial valve.

   Description: Shell is medit}m in size and elongately oval iB outline.

Altliough the origtnal convexity of the shell cannot be exactly restored, it js

aimost certain that both valves are not very inflated. Hinge-line is as long as half

the greatest width of the shell.

   Pedicle valve is slightly vaulted and a}most flat or rather warped ventrally

near the frontal margin. Beak is Iarge anCl obtuse with an apical angle of about

1500 . Beak ridges are angulated. Cardinal area is moderate in height and almost

pentagonal in otitline. Delthyrium is completely covered by a strongly vaultecl

pseudodelticliuin. Internally, a pair of dental plates are shorter than a third of

the length of the valve and the interspace of the plates is narrow on the intemal

fioor of the valve.

   Brachial valve is elongate. ovate and moderately inflated. Socket plates are

relatively long and slightly divergent antero-laterally.

   Numerous fine radial costellae unifoi'mly cover all the shell surface. Several
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broad bL}t very low plications and some concentric wrinkles are also observed

especially on the posterior half of the valve.

   Reiinarks: One of the characteristic features of this species lies on its

Lmusual shell form with elongate oval outline. The presence of a cardinal area

of pentagonal form and comparatively long socket plates also may be
distinctive characteristics of this species. Considering from the viewpoint of

sL}rface ornamentation, the present species may be generically intermediate

between Orthotetina and Meekella. The species is Ramed in honor of Dr. Masao

MINATo ofHokkaidoUniversity.

1;4eekella Tnexicana GiRTy

Pl. 5, figs. 3 - 4

l909 Meekella mexicana,GmTy, p. 53,pl. 6, figs.1- 5.

1930 Meekella mexicana, KiNG, p. 55,pl. 7, figs. 1 -5.

   Material: Two specimens from the Upper Sakamotosawa series cropped out

at Nakadaira. One of them (UHR 13670) is represented by an internal mould

of the pedicle valve and the other (UHR l3671) by an intemal mould of the

brachial valve.

   Remarl<s: The present species is characteristic in having a shell with a broad

but shallow median sulcus in both valves. Moreover, plications developing on

the pedicle valve are always low and rounded on the top. In this point of view,

the species now under discussion seems to be a transitional form between

Meekella and. 0rthotetina.

   GiRTy first described Meekella mexicana from NewMexico ifi l909. Then,

KING (1930) reported a new occurrence of this species in the Glass Mountains

of Texas. Several specin"iens upon which their specific description was based

were variabie especially in strength of plications. For iRstance. one of them

(GmTy's pl. 6, fig. 4) has almost a non-plicated shell, w}?ile some of the others

(GiRTy's pl. 6, fig. I; KliNG's pl. 7, fig. 2) have very faint plications on the

pedicle valve. In this regard, they considered that the strength ofplications was

very variable within this species. The Kitakanai specimens quite resemble

externally the second type of this species (GmTy's pl. 6, fig. 1; KING's pl. 7,

fig. 2), although GiRTy's specimens from New Mexico has a more prominent

beak.
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Meekella sp.

Pl. 5 , figs. 2a - b

   Material: Only a

interna! moulds from

l3669.

sing}e

 the

 pedicle valve is

Lower Kanol<ura

obtained

series at

as both external and

Imo. Reg. no.: UHR

   Remarks: Distinctive features of the present form are of its transversely

ovate outline and presence of a low and small cardinal area. This species is also

characterized by its rather iow radial piications and slightly nodose surface

Ol'11aMelltatlOll.

   So far as the author is concerned, this species is closest to Meekella

abnormalis described by HuANG (i933) from the Upper Permian of South
China. Both quite agrte with each other in having a coirtparatively low cardinal

area and short dental plates. However, the hinge-line of the Japanese specimen

is considerably shorter than that of the Chinese species. Further, the pedicie

valve of the foriner is more infiated, although it is pai"tially due to deformation.

Genus Orthotetes FiscHER, l829

l957

19S8

l960

196S

VVerrieaCAMpBELL, p.44.

Permorthotetes G. A. THoMAs,

Orthotetes SoKoLsKAJA, p. 219.

Orthotetes WiLuAMs, p. }-l409.

p. 82.

   Diagnosis: Shell usually wider than }ong. Pedicle valve aiways less convex

than dorsal. Hiilge-line usua}ly slightly shorter than the greatest wiclth of the

shell. Cardinal area in pedicle valve rather low or only moderately elevatecl.

   In the pedicle valve a median septum joins with the prolongatioA of
delthyrial ridges to form a small spondy}ium in umbonal region. In the brachial

valve, socket plates recuived. In certain species there is a low and short septum

in brachial valve. Surfaces of both valves bear numerous radial costellae and

some fine concentric liiles.

   Remarks: According to DuNBAR
proposed by FiscHER in l829, based

the Lower Carboniferous limestone

 and CoNDRA (i932), Orthotetes was
upon a single pedicle valve derived from

of Kuluga, Russia. [lrhen FIsc}iER had
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neither described nor figured it. The figure of the valve was shown for the first

tiiine by himself the next year. In 1850 the same author revised the defiRition

of the genus and then described two species Orthotetes radiata and 0. socialis.

The foriner specles was later designated as a type specjes by GIRTy jn 1908.

   In 1884 WAAGEN first described genus Derbyia for orthotetid brachiopods

with a septum in the pedicle valve and subdivided the genus into two types,

septati and camerati. The latter was described to have a small spondyiium in

the apical part of the pedicle valve, whereas it lacl<s in septati. As a matter of

fact, the camerati was later transfered to the genus Orthotetes by GiRTy in

l908.

   According to G. A. THoMAs (l958), LicHAREw (l930) proposed the
supression of generic naine Orthotetes in favoL}r of Ombonia for loss of

FIscHER's original specimen. 0mbonia has beeR considered, as usual, to be

almost synonymous with Orthotetes FiscHER, since the former was erected by

CANEvA with Ombonia dieneri LIcHAREw as a type species in i906. As stated

in the foregoing lines, however, Ombonia is obviously different from

Orthotetes in having a primary spondylium made by union of two dental

plates, instead of a secondary spofldylium formed by direct prolongation of

dental ridges in Orthotetes. Actually, each of these genera is now considered to

belong to separate families.

   In l958, G. A. THoMAs held the view that Orthotetes closely resembled

Permorthotetes having a small spondylium developed only in the young stage.

As a matter of fact, Permoi'thotetes was placed in synonymy with 0rthotetes

by WiLLiAMs (l965). In this concern, rl]HoMAs (1969) briefly stated that

Permorthotetes can be generically distinguished from the typica} Moscoviah

Orthotetes through the differeRce of details of dorsai cardinalia. The present

author, liowever, tentatively follows the interpretation held by WILLIAMs, until

the distinction betweeR these two forms will be fully described.

Cfr. Orthotetes callytharrensis (THoMAs)

Pl. 9, fig. I

Compare with:

l958 Permorthotetes callytharrensis, THoMAs, p. 84, pl. 4, figs.I - 8;Pl. 5,

      figs. 1 -4; Pl. 6, fig. 6; Pl. I8, figs. 3 - 5; Pl. 20, figs. I - 2.

   Material: Only a single brachial valve was obtained from the'Lower

Sakamotosawa series at Yukisawa. Reg. no.: UHR 13680.

'
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   Remarks: It is very difficult to deterinine to what genus the present forin is

assignable, because the specimen now at hand lacks the pedicle valve which is

more valid for generic distinction. In spite of this, it may be safely concluded

that the specimen generically belong to either Orthotetes or Derbyoides,

judging from observation of apical features of the brachial valve interior.

   A pair of socket plates are rather thick ai}d recurved at the anterior end.

From the posterior encts of the socket plates, a moderate-sizecl cardinal process

arises into visceral cavity and is divided into two lobes at tlie top. Between

those small Iobes there is a shallow groove with a very faint median septum at

the middle. The terminal of each lobe is slightly caved in and elongately oval in

form. [lrhe details of the apical apparatus of the brachial valve will be shown in

the text-figure 7.
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Text-figure 7

Sketch of cardinal process of Cfr. Orthotetes callytharrensis (THoMAs)described in this

paper.
A - Posterior to ventral view. B - Anterior view.

cp: Cardinal process, da: Dorsal area, dg: Grooves for diductor muscles on posterior surface

of cardinal precess, mr: Median ridge on anterior surface of cardinal process, ms: Median

septum between lobes of cardinal process, sp: Socket plates.

   Among the previously known species included in 0rthotetes or Derbyoides,

Orthotetes callytharrensis described by G. A. THoMAs (1958) from the
Callytharra formation (Earliest Artinskian ?) of the Carnarvon basin in Western

Australia most resembles the present form in having a fairly large shell with a

shallow and narrow sulcus on the brachial valve. Further, judging from the

outer configuration and convexity of the brachial valve as weil as the nature of
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cardinal apparatus, the Japanese form is probably conspecific with the

AustTalian species. The absence of the pedicle valve in the Kitakami specimen,

however, does not permit its correct assignment.

                 GenusSchuchertella GiRriry l904
                                       ,

l932 Sckttehertella DuNBAR,andCoNDRA,p.117.

I960 Schttehertella SoKoLsKAJA,p.218.

1965 Scht{chertella WIL"AMs, p. H408.

1967 Schttchertella HAvLicEK, p. 201.

   Diagnosis: Schuchertellinae with biconvex or plano-convex shell whick is

usually wider than long. Hinge-line nearly eq}}al to the greatest width.

   Cardinal area of pedicle valve always low and ilot distorted. Pedicle vaive

has neither median septum nor dental plates, but there is a median
pseudo-septum in such certain species as Schttchej'tella sp. treated in this

article. Cardinal process low and sL}pported by recurved socket plates. Shell

surface covered by fine radial costellae and some concentric growth-lines.

   Remarks: The genus Schuehertella was introduced by GiRTy in 1904 with

Schttchertella lens WmTE as a type species. Since then, the genus has been

thought .to have close relationsliip with Sh'eptorhynchus. But, as stated before,

this genL}s may be different from that in more than family rank.

                   Schuchertella frechi HuANG

                        PI. 9, figs. IOa -- d

l911 Streptorhynchus semiplanus, FREcH (noR WAAGEN), p. I73,pl. 26, fig.

      s.
I922 Schuchertella sp., HAyAsAKA,p. 74, pl. 4, fig. 2.

I933 SchLtchertella .1`>'echi, HuANG, p. 21, pl. 3, figs. 2 - 6.

   Material: Fragi/rtental externai moulds of both va}ves and "Steinkern"

specimen obtained from the Lower Kanokura series at Imo. Reg. no.: UHR

1366l.

   Description: Shell is medium-sized and rectangular in outline. H[inge-line is

straight and considerably shorter than the greatest width.
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   Pedicle valve is, as a whole, slightly concave except for the t}mbonal region,

where it is strongly elevated. Beak is pointed and projecting almost hori-

zontally. Neither sulcus nor fold is seen on this valve. Cardinal area is rather

low and no more than S mm high in the specimen measured.

   Brachial valve is slightly convex and gradually tends to become flat towards

the frontal margin. The area in this valve is very narrow and triangular.

Internally a bilobed cardinal process and short socket plates are observed iiear

the hinge margin. The socket plates with recuiivature run almost parallel to the

hinge-line.

   Numerous fine radial costellae with various height and coarseness entirely

cover the surface of both valves. They increase in number only by intercalation

and are enumerated about 20 per 10 mm near the aRterior margin of the
pedicle valve. Concentric markings are hard}y developed.

   Remarks: According to HuANG (l933), the present species is characterized

by having a concave pedicle valve with horizontally projectiiag beak in contrast

with a moderately inflated brachial valve. Further, fine radial costellae with no

uniforrtiity both in strength and coarseness are tkought to be distinct features

of this species. In these respects, the Japanese specimen quite agrees with the

Chinese one. The former has, however, a relativeiy shorter hinge-line and a

cardinal area in brachial valve, whereas the latter was described as haviAg a

comparatively longer hinge-line and no cardjnal area in the brachial valve.

   The author considers that the slight difference iii the length of the

hinge-line is hardly of specific value in this case and the presence of a small

dorsal area in the Chinese specimen i'night have escaped HuANG's attention,

because of the poorly preserved material examined by him.

               Schuchertella cfr. beyrichi (RoT}ipLETZ)

                         Pl. 9, figs. 9a - b

Compare with:

l892 Streptorhynchus Beyrichi, RoTHpLETz p. 78,p}. S, fig. I3.

191l Derbyia schellwieni, FREcH, p. 125,pl. I8, fig. 3.

I916 Derbyia Beyrichi, Broili, p. 7, pl. 115 (I) fig. 8.

   Material: Only a single pedicle valve represented by its extemal and internal

moulds from the Lower Kanokura series at Imo. Reg. no.: UHR 19536.
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   Reinarks: The ornamentation of this species is noteworty. The surface of

the valve is omamented with nuirnerous radial costae or costellae of two orders.

Four or five weaker costellae are placed alternately in each interspace l)etween

the stronger radials. In this regard, the Kitakami specimen may be specifically

identified with Schuchertella beJyrichi RoTHpLETz, although the outer shape of

the present form is a little more transvei`se than that of the specimen described

by RoTHpLETz from the Permian ofTimor in l892.

Schttchertella sp.

                         Pl. 9, figs. 5 - 8

   Material: Three incomplete moulds of pedicle valve from the Upper
Sakamotosawa series at Nakadaira. One poorly preseived internal mould of

pedicle valve from the Lower Kanokura series at Imo is also studied. Reg. no.:

UHR 13683 (Lower Kanokura series), UHR l3684, 13685, 12702 (Upper

Sakamotosawa series).

   Description: Shell is inoderate in size and transverse, rectailgular in outline.

I-linge-line is straight and nearly equal to the greatest width. Although umbonal

region is somewhat elevated, pedicle valve is, as a whole, slightly arched or

aliinost flat in both longitudinal and transverse directioiis. Cardinal area is low

and depressed triangular in shape. The surface of the pedicle valve is uniformly

covered by nuinerous fine radial costae or costellae which always increase in

number by intercalation. They number l4 - l5 per S mm at the middle near

the frontal margin.

   Remarks: The present form is comparable to Schuchertella cfr. semiplana

in external features described by CHAo from the Chilisia limestone of South

China in 1927, but nothing is known about tlite internal structure of the

Chinese specimen. The Kitakami specimens possess a very low, short and tiny

plate called median pseudo--septum by I. THoMAs in l910 in the pedicle valve.

If CHAo's specimen is proviCled with such a plate in the pedicle valve, both

Chinese and Japanese forms may be ahnost conspecific.

   Schttchertella semiplana originally described by WAAGEN (1884) from the

Salt-Range of Pal<istan is quite distin"v't from both Japanese and Chinese forms

in having a more infiated and less transverse pedicle valve.
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           GenusStreptorhynchusKiNG, l850

397

l932

l958

l960

1965

Streptorhynchtts DuNBAR and CoNDRA, p. 121.

Streptorhynchtts G. A. THoMAs, p. 38.

Streptorhynchtts SoKoLsKAJA, p. 220.

Streptorhynchtts WiLLIAMs, p. H409.

   Diagnosis: Streptorhynchinae with non-plicated and subconical shell. Beak

elevateCl and usually distorted. H[inge-line always shorter than the greatest

width of shell. Pedicle valve has a high and triangular delthyrium covered by

moderately convex pseudodeltidiLmi. Internally, pedicle valve has any kind of

apical plate, while brachial valve occasioiially has a tiny septum in addition to

constantly developing divergent socket plates. Cardinal process high and bifid.

Surfaces of both valves costellate.

StreptorhJvnchus pelailgonatt{s ScHLoTHEIM

Pl. 9, fig. 3

l856

1880

l884

1911

l931

l932

I933

l956

Streptorhynchus pelailgonatus, DAviDsoN, p. 32, pl. 2, figs. 32 - 36.

Streptorhynchtts pelargonatus, DAviDsoN, p. 32, pl. 30, fig. 3.

Streptorh.ynchus pelargonattts, WAAGEN, p. 579, pl. 50, figs. 3 - 5, 7.

Streptorhynchus pelailgonatus, FREcH, p. 143, pl. 24, fig . 2.

Streptorhynchuspelargonattts, GRABAu, p. 243, pl. 24, figs. 2a - e.

Streptorhynchus pelargonatt{s, LlcHAREw, p. 36, pl. I, fig. 5;pl. 4, fig.

4.

Streptorhynchus pelaizgonatus, HuANG, p. I7, pl. 2, fig. I3.

Streptorhynchus pelargonatus, MINATo and NAKAMuRA, p. 149, pl. 24,

fig. I.

   Material: A siRgle imperfect specimen collected from the Lower Kanokura

series at Imo. Reg. no.: UHR l2367.

   Remarks: Streptorhynchtts pelailgonatus is one of the most ubiquitous

species in Permian brachiopod fauna. In 3apan, the occurrence of tliLis species

was first recorded by MiNATo and the author from the Southern Kitakami

Mountains in l956. Although the material lately coliected is inferior to the

formerly treated specimen iR preservation, characteristic features of this species

are recognized with certainty.
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Streptorhynchus sp.

                          Pl. 9, figs. 4a - b

   Material: A poorly preserved pedicle valve collected from the Lower

Sakamotosawa series at Yukisawa. Reg. no.: UHR l3660.

   Remarks: This species may be characterized by having a smali-sized and

depressed conical shell, and very coarse costae numbering about S to 6 within

the distance of 5 mm near the anterior margjn.

   IR these respects, Schuchertella ? sp. described by YANAasAwA (1967)

from the Permian Kashiwadaira formation of Takakurayama-Yagt}ki area,

southern part of the Abul<uma Mountains and Streptorh.ynchus broillii

originally introduced by GRABAu (1931) from Mongolia resemble the present

form. But, in any event, the poorly preserved specimen at hand does not seem

to permit a precise comparison with previously known species.

GenusDerbyia WAA.GEN, l884

i908 Derbyia GiRTy, p. 18i.

1932 Derbyia DuNBAR and CoNDRA, p. 75.

I958 Derbyia G. A.THoMAs, p. 76.

1960 DerbyiaSoKoLsKAJA,p.219.
I965 Derbyia WILLiAMs,p.H411.

   Diagilosis: Derbyiinae without plications. General outline, length of

hinge-line and height of cardinal area all relatively variabie. Internally, pedicle

valve has a median septuna united with pseL}dodeltidiuirt near umbo, but not

forming a spondylium. In certain species there is a small and short septum in

addition to divergent socket plates in brachial valve. Cardinal process fairly

high.

   Remarks: Genus Derbyia was described by WAAGEN in 1884. As already

stated in the remarks on the genus Orthotetes, he placed two types, viz. septati

and camerati in the genus at that tiine.

   GIRTy (1908) later revised and restrictecl the definition of the genus

DerbJyia and designated Derbyia regularis wnAGEN as the type species of tlais

genus. As a inatter of fact, on}y the septati was defined as true Derbyia,

whereas the camerati was attributect to the genus Orthotetes also by him.
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                Derbyia nipponica n. sp.

399

1956

l960

Derb.yia magnij7ca,

pl. 23, figs. Ia - c.

Derbyia magnij)'ca,

   Pl. 7, figs. 1,4-9

HA.yAsAKA and MiNATo (non LIcHAREw), p. 141,

HA.yAsAKA, p. 45, pl. 2, figs. 5, 6.

   Materia}: Seven more specimens are added to the most complete specimen

concerned by HA.yAsAKA and MiNATo in I956. Hor. and Loc.: Lower
Kanokura series of Imo. Reg. nos.: UHR 17035, 16037, ll468, l2470, l3675,

l9534, l9S35.

   Remarks: In l956 HA.yAsAKA and MINATo specifically identified derbyid

brachiopods from the Lower Kanokura series of the Kitakami Mountains with

Derbyia magnij}ca which had been originally described by LlcHAREw (1932,

l939) from the Upper PermiaR of the Northern Caucasus. The Caucasian

species was, however, excluded froiin the genus Derbyia by SoKoLsKAJA in

l960, because of the presence of conspicuously developing peripheral ridges in

the pedicle valve. Thus, this species was choseR as a type species of the geix}s

Licharewiella newly proposed by her. Afterwards, the generic name Lich-

arewiella was, however, replaced by Magniderbyia by TING (l96S) for the

reason which will be stated on page 402 .

   Since the specimens having been treated by HA.yAsAKA and MiNATo (l956)

and figured herein by the author as well do not provide such a ridge marking

the genus Magniderbyia, they may be neither congeneric nor conspecific with

the Caucasian species.

   As HA.yAsAKA and MiNATo (l956) pointed out, Derbyia cymbula HALL and

CLARK inost reiininds the author of this species. The distinction between them,

however, was already clarified by them. Derbyia grandis first described by

WAAGEN (l884) from the Salt-Range is also easily distinguishable from the

present species in having much longer hinge in proportion to the greatest width.

Derbyia cfr. acutiplieata METz

                          Pl. 7, figs. 2 - 3

Compare with:

l936 Derbyia actttiplicata, METz, p. 163,pl. 5, fig. 4.



400 K. NAKAMURA
   Material: Two interRal moulds of pedicle valve are collected from the

Lower Kanokura series at Imo. Reg. nos.: UHR 13578, 12652.

   Description: Shell is small to medium in size and transverse, subovate or

rectangular with roundness in outline. Hinge-line is straight ancl nearly equal to

the greatest width of the shell. Pedicle valve is convex at an early stage, but

upturned near the frontal margin. Umbonal region is much elevated. The

surface of the shell is ornamented by numerous radial costellae with
considerable diversity in thickness and a few concentric growth-lines.

Derbyia sp. A

Pl. 8, figs. 3a - c

l930 Derbyia buchi, KiNG (non d'ORBiGNy), p. S8, pl. 8, figs. 4 - 6.

   Material: Only a single specimen represented by deformed external mould

of both valves and "Steinkern" was derived from the Lower Kanokura series of

Irno. Reg. no.: UHR l3580.

   Remarks: The present form is quite similar to Derbyia bttchi described by

KING (l930) from the Upper Gym formation of the Glass Mountains, Texas, in

having low cardinal area and not strongly inflated pedicle and brachial valves.

   Orthotetes lindneri (described as Permorthotetes lindneri) first introduced

by G. A. THoMAs (1958) from the Permian of western Australia is externally

most related to the present specimen. The Australian species, however, has a

secondary spondyiium in pedicle valve and recurved socket plates in brachial

valve, instead of nondevelopment of spondylium and the presence of socket

plates witlaout recurvation in this form.

   The specimens described from Bolivia as Derbyia buchi by KozLowsKl

(1914), also have a secondary spondylium. In this regard, both Australian and

Bolivian species qi}ite agree with each other. D'ORBIGN¥''s articie is at the

moinent inaccessible to the author. Therefore, it is not known whether KINds

naaterial is rea}ly congeneric and conspecific with d'ORBiGNy's original one.

D'ORBiGNy's species might be a form of Orthotetes. Hence the specimen at

hand is now only described as Derbyia sp. A.
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Derbyia sp. B
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Pl. 8, figs. 1, 7

   Material: Two specimens from the
Yukisawa. Reg. nos.: UHR 13676, 13677.

Lower Sakamotosawa series at

   Description: Shell is medium to large in size. Hinge-liRe is nearly equal to

the greatest width.

   Pedicle valve is semi-circular in outline. It is moderately convex at the

posterior part, whereas almost flat or slightly concave around the anterior

margin. Beak is obtuse with an apical angle being no more than 1800. Cardinal

extremities are blunt and cardinal angle is nearly 900. Neither distinct sulcus

nor fold is pronounced in this valve. Cardinal area is low and triangular in form.

Internally, median septum is moderate in length and extends up to one third of

the whole length of the valve.

   Brachial valve is also semi-circular in outline and moderately inflated in

both longitudinal and transverse direction.

   The surface ornamentations of both valves consist mainly of radial

costellae, 16 of which occupy the space of le mm near the anterior margin. In

addition to them, a few concentric growth-lines are observed.

   Remarks: The present form is much allied to Derbyia regularis introduced

by WAAGEN from the Middle Productus limestone of the Salt-Range in 1884, iR

its surface sculpture, general outline and shell convexity.'The specimens

described by SoKoLsKAJA (1954) from the Upper Carboniferous of the Russian

Platform as Derbyia regularis also resemble the present fonm. Both Pakistani

and Russian specimens, however, readilly distinguishable from the present form

having a shorter hinge-line in proportion to the greatest width. In this regard,

Derbyia robusta HALL comes nearest to the specimens now in concern. But, the

shell in the American species is more strongly inflated and the costellae seem to

be much finer than those of the latter.

Derbyia sp. C

Pl. 8, figs. 2, 4 - 6

   Material: Four
series at Nakadaira.

specimens are obtained from the Upper Sakamotosawa
They are preserved as both external and internal moulds of
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the pedicle vaive. Reg. nos.: UH[R 1 2573, l2653, 13678, 13679.

   I])escrip£ion: Shell is moderate in size and subquadrate in outline. Hinge-liiie

is nearly equal to or slightly shorter than the greatest width of the shell.

   Pedicle valve is weakly convex or nearly fiat except for the umbonal region,

where it is moderately infiated. Near the frontal margiii it is slightly concave.

Beak is neither prominent nor erected. Although cardinal area is not well

preserved, it may be rather low, depressecl triangular in form and slightly

concave. Pseudodeltidiuin is strongly vaulted and medium-sized. Median

septum in the pedicle valve is thin but attains moderate length.

   Pedicle vaive is uniformly covered by fine radial costellae. They average l5

in lO mm at the middle portion of the valve. Concentric wrinkles are more or

less conspicuously developed.

   Remarks: The present foriin is characterized by its subquadrate outer

configuration and development of some conspicuous wrinkles, and Derbyia

crassa MEEK and E{AyDEN is most allied to the present form. The Kitakami

specimens, however, are not well preseived for a precise specific comparison to

be made.

                   GenusMagniderbyiaTiNG, 1965

1960 Licharewiella SoKoLsKAJA,p.219.

1965 Licharewiella WiLLiAMs, p. H[41l.

   Diagnosis: Shell large in size and having a fold in pedicle valve, while a

sulcus in brachial valve. Hinge-line nearly equal to or only slightly shorter tlian

the greatest width. Cardinal area variable in height but not strongly elevated.

Internally. pedicle valve provides with peripheral ridges, in addition to a thick

median septuin. Surface of shell costellate but not plicated.

   Remarks: In l960 SoKoLsKAJA established the genus Licharewiella with

Derbyia magndica LlcHAREwL 1939 (= D magna LicHARE"g l932) from the

Upper Permian of Northern Caucasus as a type species. Then she emphasized

the presence of peripheral ridges in the pedicle valve as a generic distinction

between Licharewiella and Derbyia.

   Afterwards, TiNG (1965) pointed out that the generic name of Lich-

arewiella had 'been pre-occupied for a productoid by UsTRiTsKly nine months

before SoKoLsKAJA used this term as a generic name for the present type of
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derbyid brachiopod. At the same time, he proposed to apply a new generic

name of Magniderbyia in place of Licharewiella for these shells. As to

distinctive characteristics ofMagniderbyia, TiNG stated in Chipese as "Shell is

gigantic in size. Hinge-line is equal or nearly equal to the greatest width of the

shell. The shell with extending ears shows an alated feature as Magniderbyia

noinhoensis, but in certain species as M. semirecticulata, such an appearance

cannot be observed."

   Contrary to SoKoLsKAJrts view in which she emphasized the presence of

peripheral ridges in the pedicle valve as a distinct characteristic, TING seems to

have stressed the difference of superficial characteristics of the shell to separate

these two genera. The present author maintains SoKoLsKAJXs view in this

regard, since distinct characters between Magniderbyia and Derbyia are

considerably ambiguous,in generic diagnosis given by TING.

Magniderbyia sp.

Pl. 9, figs. 2a - b

   Material: External and internal moulds of a single pedicle valve are

examined. They were collected from the Lower Sakamotosawa series exposed

at Yukisawa. Reg. no.: U}IR l3681.

   Description: Shell is large in size and almost semi-circular in outline.

Hinge-line is straight and nearly as long as the greatest width.

   Pedicle valve is lengthwise elongated semi--circular in outline. It is weakly

inflated at the posterior half, whereas it tends to be slightly resupinate at the

anterior half. Beak is not pointed but rather obtuse. The presence of a broad

but low median fold is indicated in the pedicle valve. Cardinal area ofmoderate

height is almost flat. Delthyrium covered by a strongly vaulted pseudodel-

tidium is fairly large in size. The base of the delthyrium is as long as it is high.

Median septum is not so long and extends approximately up to a third of the

valve. It becomes considerably thicker Aear the posterior end, Muscular scars of

cuspidate form is coarsely lobated and placed on both sides of the median

septL}in. Muscular field is encircled antero-laterally Vvith a high peripheral ridges

which become gradually lower towards the posterior. The surface of the valve is

covered by numerous fine, sharply elevated costae with broader interspaces.

The costae increase in number mainly by intercalation and number l2 - l3 per

1O mm in the middle portion near the frontal margin.
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   Remarks: The present form resembles the type species of this genus

described by LIcHAREw (l932, 1939) from the Upper Permian of the Northern

Caucasus in having a pretty large pedicle valve with a fold, a low but broad

delthyrium and long hinge-line being equivaleRt in length to the greatest width.
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408 Explanation of platel
                           (All figures are in natural size)

 Figs. i, 2. 0rthotetina hayasakai n. sp.

 I. The holotype (UHR i3572), a - external mould of pedicle valve, b, d - dorsal and
    ventral views of "Steinkern", c - incomplete external mould of brachial valve together

    with a part of mould of cardinal aTea.

2. Juvenile specimen (UHR 13694), a, b - ventral and dorsai views of "Steinkern".

Figs. 3 - 6. 0rthotetina elongata n. sp.

3. The holotype ({JHR l3567), a, b - ventral and dorsal views of "Steinkern" c -
    external mouid of brachial valve with mould of cardinal area. '
4･ vDa952fMed Pedicle Valve (UHR 13692), a, b - internal and external mould of pedicle

5. Internal mould ofpedicle valve (UHR l3689).

6. Pedicle valve (UHR 13690), a - internal mould of cardinal area, b - internal mould.

All specimens from the Lower Kanokura series at Imo.
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                             Explanation of plate 2

                          (All figures are in natural size)

Fig. I. Orthotetina elongata n. sp.

(UHR 1369l), internal mould of brachial va}ve.

Figs. 2 - 5. 0rthotetina kayseri (JAKEL)

2.

3.

4.

5
.

(UHR l3693), a - external mould of pedicle valve, b, d - ventral and dorsal views of

"Steinkern", c - incomplete external mould of brachial valve with mould of cardinal

area.

(UHR l3686), a - external mould of pedicle valve, b - external mould of brachial vaive

with mould of cardinal area, c, d - dorsal and ventral views of "Steinkern".

(UHR 13688), a, b - ventral and dorsal views of "Steinkern".

(UHR 13687), a - external mould of brachial valve with a part of rnould of cardinal

area, b, c - ventral and dorsal views of "Steinkern".

AII specimens from the Lower Kanokura series at lmo.
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                             Explanation of plate 3

                          (All figures are in natural size)

Figs. I - 3. 0rthotetina transversa n. sp.

1. The holotype (UHR l3573), a, b, c, d - ventra}, dorsal, cardinal and lateral views of

    "Steinkern".
2. The paratype (UHR l3662), a, c, d - dorsal, dorso-cardinal and ventral views of
    "Steinkem", b - incomplete external mould of pedicle valve.

3. (UHR 19532), a, b - dorsal and ventral views of "Steinkern".

Fig. 4. 0rthotetina polita FLIEGEL

    (UHR 13663), a, b - dorsal and ventral views of "Steinkern", c - incomplete external

    mould of brachial valve with mould of cardinal area, d - external mould of pedicle

    valve.

All specimens from the Lower Kanokura series at Imo.



粥
な
一

、
総
．

　　

?
驚
穿

　　　　　聯　1C

蘂欝
》㌦、路

煙ソ

2b

　　　薦1’憂

　　．鰐一
　　麟・　拷
　噌　　　　　贈㌍
∫烹、．．．．　．＿　　　㌦ ．．警め

1b

　　　イぼベギが　

　　メ繋．讐

均一欝轡
ゑ　　　　　ハぽ　　　　　　　　　　お　　　　　　　　　プ

　軌魅欝鞍戚　い㍗

2c

　　　　　2d

　
　
へ

叡
；
馨
野

　
ぎ
，
慈
・

4
ノ
箆

華
噸
、

廟
．
膿
一
、
伽
藷
零

P

・
婁
、
・

、
轟謙

輸

梅
拳
曝

　　　　ま

　　　鴻獣

簸
2a

4a

3b
’、

’　、

、

、

　、、

　　、、

撫嵐

「遡
　’

駄．

ｿ

’
一

，
響
鰹
翻
＼

鍵
饗

、

　　　　　4C

4b

　　

@
・
・
．
灘
夢

A
、
、
・
無
簿
軽

　　

@
羅
．
鎌
．
簸
懸

　
　
　
　
．
麗
、
陣



414

   Explanation of plate 4
(All figures are in natural size)

Figs. 1, 2. 0rthotetina polita FLIEGEL

l. Incomplete specimen (UHR13664), a, b - ventral and dorsal views of "Steinkern".

2. Considerably deformed specimen (UHR 13668), internal mould of pedicle valve.

Hor. and Loc.: Lower Kanokura series at Imo.

Figs. 3 - 7. 0rthotetina sp. A

3. (UHR 13666), a, b - internal and external moulds of pedicle valve.

4. (UHR 13667),a - internal mould of cardinal area, b - internal mould ofpedicle valve.

5. (UHR 17l29), incomplete internal mould of pedic}e valve.

6. (UHR l266e), deformed internal mould of pedicle valve.

7. (UHR 13665), a - internal mould of cardinal area, b - internal mould of pedicle valve.

Hor.: Lower Kanokura series.
Loc.: figs. 3, 4, 7 - Imo, figs. 5, 6 - Matsukawa.

Figs. 8 - 10. 0rthotetina sp, B

8. (UHR 13e69), a, b - incomplete internal and external moulds of pedicle valve.

9. (UHR 13068), a, b - lateral and ventral views of "Steinkern" showing a
    geniculation, c - external mould of pedicle valve.

Ie. (UHR 13067), a, b - external and internal moulds of pedicle valve..

Hor. and Loc.: Upper Sakamotosawa series at Nakadaira.

sharp
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Explanation of plate 5

(Ail figures are in natt}ral size)

Fig. 1. Meekella ･cfr. striatocostata (Cox) -

(UHR 13574), a, b - interna} and external mou}ds of pedicle valve.

Hor. and Loc.: Lower Kanokura series at Imo.

Fig. 2. MeekeUa sp.

(UHR 13669), a, b - internal and external moulds of pedicie valve.

Hor. and Loc.: Lower Kanokura series at Imo.

Figs. 3, 4. Meekella mexicana GIRTY

3. (UHR 13670), internal mould of pedicle valve.

4. (UHR 1367l), interRal mould of brachial valve,

Hor. and Loc.: Upper Sakamotosawa series at Nakadaira.

Figs. 5 - 7. Meekella garnieri BAYAN

5. (UHR 12577), a, b - external and internal moulds of pedicle valve.

6. (UHR l9533), a, b, c, d - cardinal, ventral, lateral and dorsal views of "Steinkern".

7. Apical region of internal mould of pedicle valve (UHR l3576).

Kor. and Loc.: Lower Kanokura series at Imo.



L17

！

！

！

’　
！　

！
　
　
ノ

　
　
’
’
　
　
　
　
　
　
　
　
、

ノ1灘城

　　　曳ん　　　ト　、
”
・
空

　
　
、

　
　
、

　
、

　
、
、

、

1b

5a

　
　
　
　
　
　
　
　
　
　
＼
蓑
・
㍉
r
響

　　

@　
@　
@　

_
畿
蕪

　
　
　
　
　
　
　
　
　
　
　
　
廓
齢

幽
懸
灘
、

㌦
騒

．
”
〃
’
ン

　
’

　
　
／
　
　
　
磁

　
　
’
　
　
　
　
呼

5C

5b

嚢：：

3

　
　
　
馳

　
　
　
、

　
　
、

　
　
、

　
　
、

　
、

　
、

、

、

、

　
〃
露
勘
　
点
　
7

ー
メ
、
ゴ
繁

　
　
ゐ
　
　
　
　
　
　
　
　
　
　
　
ぎ

　
　
一
　
　
　
／

　
　
　
，
！

　
　
　
　
！
’

　
　
　
　
　
，
！

　
　
　
　
　
　
　
，
’

4

響∴騨
　ま　　　　　コ
ヒ．3・“
縛藻夢
．無難

ケ

　
　
　
　
　
　
　
ノ

　
　
　
　
　
ネ
　
　
　

ド

　
　
　
　
ぷ
　
　
　
　
　
　

ダ

　
　
　
　
　
　
♂
杁

　
　
　
　
　
　
き
・
へ
磁

鞍
総
懸
．
嚇

転
ヴ

、

贈 珍

／圏1
’
《

》駕

憾
薩．
γ　　シ

ナ

易

曳．

6d6c

plate　5

　　

@
講
興
篤
ダ

　　

]
曳
、
写
’
k
．
1
8

驚
回
議
唾
，
か

　
　
　
　
　
　
　
ザ
　
へ

　　

^
〆
：
担
、
曹
。
嘱

　
　
　
4
ご
㌦

　
　
　
　
　
　
写
私
・
、

へ
ら
　
　
　
葦

　ζ　ψ　塩　　　松　 ＼旨

　議鍵《　鶴ン　熱、　鮎趣触　　藍r　　　　㌔並

　　　2a

講
．
み
》

ノ
’

！
　
’　

ノ
　
’

　
　
’

　
　
’

葦
ノ
％

　〆
轟

‘

廷

ノ
　
　
　
　
　
　
　
　
　

，
「
「
匹
、

、
、

、

6a

b

軸
　
　
乎
戸

壷
　
ノ

諺
　
－
ゐ
瀞

　
　
　
琶
，

姦

ソ
ノ



4･18

                             Explanation of plate 6

                          (All figures are in natui-al size)

Figs. 1, 2. Meekella minatoi n. sp.

I. The holotype (UHR 12579), a, c - dorsal and ventral views of "Steinkern", b -
    external mould of brachial valve with mould of cardinai area.

2. Incomplete internal mould ofbrachialvalve (UHR 13673).
Hor.: Lower Kanokura series.

Loc.: fig. 1 - Imo, fig. 2 - Kozubo-sawa.

Figs. 3, 4. Meekella nodosa n. sp.

3. Fragmental internal mould (UHR 13674).
4. The holotype (UHR 12578), a - internal mould of cardinal area, b - internal mould of

    pedicle va}ve.

Hor.: Lower Kanokura series.
Loc.: fig. 3 - Imo, fig. 4 - Kamiyasse,

Figs. 5, 6. Meekella cfr. eximia (EIcHwALD)

5. (UHR 12576), a, b - ventral and dorsal views of "Steinkem", c - external mou}d of

    brachial valve.

6. Internal mould of brachial valve (UHR 12646).

Hor.: Lower Kanokura series.

Loc.: fig. 5 - Kamiyasse, fig. 6 - Imo.
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                             Explanation of pla{e 7

                          (All figures are in natura! size)

Figs. I, 4 - 9. Derbyia nipponica n. sp.

1. Strongly deformed specimen (UHR l9534), a, b, c - ventra}, dorsal and cardinal views

    of "Steinkern".
4. (UHR 1 1468), a, b - ventral and cardinal views of internal mould of pedicle valve.

S. (UHR l2470), a, b - internal and external moulds of pedicle valve.

6. Depressed internal mould of pedicle valve (UHR l6037).

7, 8 9. (UHR l3675, 17035, 19535), all internal mould of pedicle valve.

Hor.: Lower Kanokura series.
Loc.: figs. I, 5, 6, 7, 8,, 9 - Imo, fig. 4 - IwaizakL

Figs. 2, 3. Derbyia cfr. acutiplicata METZ

2. Young specimen (UHR !2652), internal mould of pedic}e valve.

3. Internal mould ofpedicle valve (UHR l3578).

Hor. and Loc.: Lower Kanokura series at Imo.
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Explanation of plate 8

(All figures are in natural size)

Figs. 1, 7. Derbyia sp. B.

I. (UHR 13676), a, b - internal and external moulds of pedicle valve.

7. (UHR l3677), a, b - external and internal moulds of brachial valve.

Hor. and Loc.: Lower Sakamotosawa series at Yukisawa.

Figs. 2, 4 - 6. Derbyia sp. C

2. Internal mould ofpedicle valve (UHR 12573).

4. (UHR13678), a, b - internal and external moulds of pedicle va}ve.

5. Intemal mould of pedicle valve (UHR 126S3).
6. (UHR l3679), a, b - external and internal moulds of pedicle valve.

Hor. and Loc.: Upper Sakamotosawa series at Nakadaira.

Fig. 3. Derb7ia sp. A

(UHR 13580), a, c - dorsa} ai}d ventrai views of depressed "Steinkern", b - external mould

of brachial vaive with mould of cardinal area.

Hor. and Loc.: Lower Kanokura series at Imo.
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42tl,

                             Explanation of plate 9

                         (All figures are in natural size)

Fig. 1. Cfr. Orthotetes callytharrensis (THOMAS)

(UHR l368e), internal mould of brachial valve.

Hor. and Loc.: Lower Sakamotosawa series at Yukisawa.

Fig. 2. Magniderbyia sp.

(UHR 13681), a, b - incompiete internal and external moulds of pedicle valve.

Ror. and Loc.: Same as in preceding species.

Fig. 3. Streptorhynchus pelargonatus SCHLOTHEIM
(URR 12367), internal mould of brachial valve with mould of cardinal area.

fior. and Loc.: Lower Kanokura series at Imo.

Fig. 4. Streptorhynchus sp.

(UHR 13660), a - interna} mould of pedicle valve, b - ratex cast of pedicle vaive.

Hor. and Loc.: Lower Sakamotosawa series at Yukisawa.

Figs. S - 8. Schuchertella sp.

5. (UHR 13683), internal mould of pedicle valve.

6. (UHR l3684), internal mould ofpedicle valve.

7. (UKR 13685), a, b - intemal and external moulds of pedicle valve.

8. (UHR 12702), a - ratex cast of pedicle valve, b - internal mould of the same valve.

Hor. and Loc.: fig. 5 - Lower Kanokura series at Imo, figs. 6 - 8 - Upper Sakamotosawa

series at Nakadaira.

Fig. 9. Schuchertella cfr. beyrichi (RoTHPLETZ)

(UHR l9536), a - internal mould of pedicle valve, b - ratex cast of the same valve.

Hor. and Loc.: Lower Kanokura series at Imo.

Fig. Ie. Schuchertella frechi HuANG

(UHR l3661), a, b, c, d - cardinal, lateral, dorsal and ventral views of "Steinkern".

Hor. and Loc.: Same as in preceding species.
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