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Xntroduetioik

    As is wel} l<novLTn, fusulinid foyarviinifera be}onglng to the subfarnily

Neosehwagerininae DuNBAR and CoNDRA, 1928 are especially charaeteristie

in having seputla as well as septa.

    Traiasverse septu}a are to be foLmd in all gene:,"a belonging to this

subfamily, , although they are weakly developed in the genus Caneellioza.

    Seeondary transverse septula are abtmdantly found in those species
belonging to the genera Yabeina, Lepi,dol21na, Afgh,aneZZa, S't(onat7"ina and

Gzebleo'ina, gen. nev. aRd they are ,"tlso sometimes found in rnost speeies

belonging £o those geBera sueh as fi4inoeZZa") Neoschzvage7'ina and Gi.heeZla,
although they are entirely Iftc}<ing jn the geRera Metasch2vage7'ina and

CanceZlina.

    The axial septula are alse developed in all species of neosehwagerinids

having been reported by many. palaeontologists Lip to the present, although

there are observable only, ineipient "axiaZ, se7)t7,cla" in the genus CanceZlina.

    Most palaentologists who have evey studied fusulinid fossi!s have
beeR aecustomed to pay little atteRtion to the natuye of the axial septula.

The senioy author has long be}ieved, howevey, that･ the axial septula
may be a quite useftil blocharacter to aid in classifieation of neoschwageri-

nids more in detail, wheyeas they have been apt to be little investigated

by most scien£ists accordhig to hitherto published works. Anyhow, t･he
senior author tyied te give special attention to the axla.1 septula in the

 ::t) A very few and slnort seeondaz"y transveiise septu}a can be found in M'i?zoellce

   '}1,･i?)2)O?liC(t (OZAIVA),
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course of his study regarding Japanese neosehvgragerinids.

    The most impoytant results of that study will be heTe briefiy presented,

                  1 Four types of axial septiila.*

    The axial septula are a kind of ridges that haRg doxvn into the

ehambeT from the splrotheea being parallel to the axis o£ eoiling and
situated between the septa. [I]hey are eontinuous long plates resembling

septa, se they are well observable only in the sagittal thin sections,

                 although the preseRce of suteh structures is oeeasionally
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         truth,
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 indicated by a slight swelllng of the mner margm of

 some paTt of the spiyotheca, even in the axial seetion,

     hk we}I-oriented sagittal thiii sections, there are

 distingttishable at least fouy types of axic",1 septula

 among the Japanese iieoschwagerinids in respect to
 their outer forms. Of them, the most simple one is
 heTe designated as i type, whleh is presurr}ed to be

 iReipient or more primitive in form than any other
 types. They lool< mere swellings of the spirotheea

betweeR eaeh pair of septa. Seeondly, there is a type

 showing v £orm in its outey eoiifiguration, so it is
here designated as ?? type. In general, the axial septula

of i type aye very }ovLr in comparisoR with broad bases,

while those of v type are higher thaR the preceding

ones.

 fourth £ypes are here desigRated as s and Z type
        iA species seeming}y of more advanced forms

        The outer eonfigurations of them show lath
       sides, instead of v shape; but they are still

  each other owing to the differenee of their length
   here designated ls shorter than the Z type,

earefully types and number of those septula found
  septa and also the sequence of appearance of eaeh

   "pyimary" or "secondavy septula" have been used amoRg
The ?1, v, and probably s types of axial sepula may be eompar-
  "seeondary septula", while l･ may be nearly equivalent with
    axial septula".
    LLhe so-called seeondary septula app.ear earlier than the
axial septula. Aeeordingly, the terms primary or seeonclary
        This is one of the reasons why the authors do not
the older usage of those terms and new].y propose the terms of
 of axial septu]a.
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type for eaeh volution, the authers learned that the septtila are Tathey

coiistaiit for eaeh speeies, so they aye now in belief, that the axial septula

are quite useful c}"iteria in speeMe distinetion of neosehwageyinids.

    For instance, in the sagittal seetion of the representative speeimens

of MinoeZla eoni7)?)oniccc 1ffoNJo,'iC) no axial septula are observable in the

several chambers in the first vo}ution cotmted ft'om the prolocu}us, then

i type o£ septula appears first in the later stage of the first voltition; this

type of septula is also occasienal}y found in the later volutions o£ some
specimens, for example, in the third, sixth or seventh volutions. On the

                                                      -iother hand, v type of septu}a are clistyibuted in the volutions rangmg

fyom the seeond to the tenth.
    Besides, there aye also to be found such interspaee beLtween the septa,

where no kiRd of septula is found. So the septula distribution in this

species may be tabulated as below :

                [I]ABLE 1.

          Volution                  7"ype of septula

             I? i
            II ? o,v
            III ? i,V omeans without any kind of
            IV o,V V septula behveen the septa･
            V'v ?
            VI i,v ?
            VII i,,v ?
           VIII v ?･
            IX v ?
          ....X . .v .. . . . ? . ...

    Thus, A4inoellea eoozip7)onica }{[oNJo shows v type of septula as the

most advaneed form among the axial septula, thyough the ontogeny of

this species.

    Similar obseyvations on the axial septula have been applied to the

other species, and the authors fouRd that Neosch?vage･)dnce si'mplea; OzAwA

has almost the sarne septula as those observed in the preeeding species.
iE[owever, they became aware that very eomplieated axlal septula are
observable in otlier species.
    There are not se}dom foLmd combinations of some types of septula i"

advaiiced species besides the four types above enumerated. For instance,

the fo}lowiRg combina,tions have been deteeted up to the present day from
various l<inds of species belonging to the Japanese Neoschwagerininae.

 ::: Honjo, 1959, ' ' ''
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                             TABm 2.
                  v -f i, 2v, 2v + i,

                  s+i,, s+v, 2s, ;?s-Fv, 3s, 4s, 5s, 6s

                  l+i, l+v, l+s--v, l-l-2s, l-Y3s, l+4s, l+5s

                 21, 21+v, 21+s, 21+2s, 2t+3s, 21+4s
                 31, 31+v, 31+2s, 31+3s, 31-･F4s, 31-F5s
                 41, 41-l-v, 41-t-s, 41-i-2s, 41-I-3s

                 51, 51-Fs, 51-Y2s
                 61, 61+s

    Of the symbols above enLimeratec], v+i rneans that there are oRe

v type and one 21 type septulum between two septa, 2v means that there
are to be found two v type axial septula betvLreeR twe septa; those that

follow axe the same.

    Table 3':'` partly shovLrs the results of observation for each species

regardiiig the distrlbution of the types of axial septula at eaeh volution

of the yepreseiitative speeimens.

    As is clearly sbown in table 2, i and v types of axial septula are
especially prevalent in the early stage of ontogeny for eaeh species, whi}e

s and l types together with their more complieated eombination of various

types of axial septu}a are usually appearing in still later volutions.

    Nevertheless, t,he faet must not be oveylooked that there ean be seen

eonsiderable individual variatioiis eit,hey regarding the first aDpearanee

of any. of the types of axial septula foi' eaeh volution or their distributioR

throtighout the ontogeRy of the aRimal. However, the authors eannot

but admit that the most advanced form in respect to the type o'£ axial

s.eptula including their combinations is rather constant £or eaeh species.
    That is to say, there may be iiideed reeognized either slight or
eonsiderable individual variations in what Rumber of volutioR a definite
type of axial septulum appears foy eaeh species, but the oceurrenee of
highest or most speeialized form of axial septula is auite eonstant for
each species.
    For instanee, Mio2oeZla eo7?ip?)o77ica･ as well as Neosehzvage7'ina si7n7)Zeftr

have v type of axial septula as the most specialized forrn throughout their

ontogeny, Mi7zoella ni?)?)oniea and A4etasch2vage7iina ovalis show s type,
Neosch?vage7'ina io'o'egztla･i'is l+v, and sueh specles as Neosch2vage7'ina
eo'aticzdife7'a lia.ve 21-Fv.

    Furthey, it must be noted that there are species showing not a}xKrays

the same ontogeny regarding the development of axial septula, even
thoug}i they have a similar type of axial septula as the most advaneed
form.

 ") Numbers in ( ) show the volutlon number,
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     For instance, both Mi･noella ni?)2)onica and Metaschzvage7'ina ovalis

have s type of axial septulum as the most advanced form through tlieir

ontogeny. However, the former shows sLich a ontogeny £Tom o, through
i, v and v+i to s type in respect to the ontogenieal development of the

axial septula, while the latter shows a series of o, i, v, 2v and s; thus

there is found a s}ight difl)eTenee in respeet to the ontogeny o£ these
two species regarding the development of the axial septula, whereas they

have a simi}ar type of axial septulum as the most advaneed form. Simi}ar

cases are also observable in other species.

    Following table shows the result of observation for eaeh species
regayding the rnost advaneed types of axial septula.

                              IrABLE 4.

      Cancell･i･nct, ?)ri?n'ige'nct･ I{AYDEN ..,...･･････････J･･･-･i･･.L.-･･.･･････i

      Minoella, eoni;pponica HONJO .,,.,･.･.･･-･-･･-･･･-････t･.････････････'V
      Neoschwagerina sit7Ll)lea; OZAWA ......,.....,.,....,,.............,.v
      nfinoella ni2)?)onica (OZAWA) .........it.,･,･･.i,..,･....,.･,,,.･,･i.S
      Metaschtvagerina oval21s MINATO and HONJO .....,...,,..,....,..,..s
      AjCk7hanella schencki THoMpSON ..,..........･....,.....,.....,,.,,.･･3s
      S2e7ncttrina an?zae VOLZ ..............,....,,....,....,.......,...,,5s
      GiftLella a7nic2ela HONJO ........･.････i･････-･･･････････i･=･････-･･it
      Neoschwagerina irregularis HONJO ....,......................a.･,...I+v
      G!ifoeella gifuensis }IoNJo.........,..,,.,....,.......................I-Ys
      Neoschtvageo'inct c7'atic2el21f'era (SCHWAGER) ..,..............,.,.,,...21
      Areosch?vage?'ina colan?iae OzAwA .......,....,.........,.......,.....21
      Neosch2vagerina h,aydeo?,i DouTKEvlcH and KABHAI<ov..,....,,,.,,.,,21{-s
      Neoschwa,geri,oza 7n,'inoensis OZA"rA ..,.,,.,.,,.,...,.,..,..,..,,..,,.21 -s
      Gi;,,f:uella clo2t,villei (OzA.wA.) ...,.,....,.,.,..,........,.....,...,..,,,31+s

     *Yabeina, texana SKINNER & WILD .........,...,..,.,.,..,,.....,...31-f-s
      Yabeilo･ta ozaivai HoN,}O...,..,.,.,.,,.,.,....,,,.,..,.,,.,,.....,,.,.3t-l-s
      Lepldoli･na, multiseptata DEPItAT .,....,.,.,...,.....,....,,,....,...41+v
      Yabeina gtobosa (YABII)..,.,......,,.,..,.,..,.,....,..,..,.,,.....,.51+2s
      Gf2-ble?'inct elongata (DEpllA'r) ........,,,..,.,,,..,.......,..,,.,.....61

      }rabeina R;atoi OzAwA ..,..,......,.,....,...-,..,..･i.･.,--i-.,,.i･6t'fS

    For the sal<e of convenience, logarithmie section paper wiil be here

used in Table 3 to represent the clistribution of types of axial septula for

each volution o£ eaeh representative speeimen; the purpose is that the
maximum development or the ontogeny regarding the axial septula fox
eaeh speeies may be more easily understood.

                   If, i == 10, v =:i lO:, s =: 103 and l = 10`,

                   logi==1, logv=::2, logs--3 and logl=:4
                   PIot those values on logarithmic section.

  * This species is heiie treatecl for the sake of eonvenienee of canaparison, although

   if has been not yet found in Japan.
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          Z Phylogeny of the subfamily Neoschwagerininae

    gl. Summary of the more important biocha'raeters of some
         neoschwagerinids.
    The nature of the axial septula having been reviewed in detail,
together with the more important bioeharacters repTesented by the shape

of the shell, size of proloculus, form of the transverse septula and the

strueture of the spiro£heca, the authors became aware that the former
views regarding the phylogeny of NeosehwageriRinae held by various
scientists should be revised in many important points.

    For instance, Leptdolina multise?)ta･ta (I)EpRAT) has been viewed to

be a more specialized form than any other species belonging to the genus

Yabeines s. 1., but £hat may be not txtie according to their recent ob-
servation on the axial sepula and their stratigraphical position.

    Study of the stratigraphy iR respeet to the horizon of Le?)idolina

mzeLtise?)tat(b has also proved that this speeies is decideC{}y much older

than Yabeina globosa, as will be explained later in detail.

    Further, ATeoschzvagerina simplex,-iFA7: e7naticzLlife?'a,->IVL colaniae,-=>

so called N. 7nargao4itae (=Yabeina oza2vai HoNJo),--)FZV. katoi and Yabeina

globosa bioseries having been established by OzAwA seems to have been

long accepted to reconstruct the phylogeny of neoschwagerinids by
various palaeontologists. Their views may be tmtrustworthy, because
the stratigraphieal distribution of that species can never justify such

conclusion. The sequenee of the first appearanee of eaeh species in the

stratigraphical order, has been proven to be quite different from the one

once supposed by OzAwA.
    Besides, sueh speeies having been treated by sueh Japanese palaeon-
to}ogists as OzAWA, FUJIMOTO, TORIyAMA and others as NeosehzvageTina

7na7'
garitae is never eonspecific with the species first established by

DEpRAT based upon the speeimems of Indo-China ; for the former species,

the junior author proposed lately the new name Yabeina o2a2vai HoNJo.
Ii'urther, NeosehtvageTina c7'atifzLlifeo'a begin to appear at near}y the same

horizon as ?Jabeina ozazvai at the strip ef Akasaka; instead of that,
OzAwA formerly stated it to be higher than N. e7'aticzeZife7'a regard-
ing the stratigraphical position. Such being the situation, the phylogeny

having been presented tmtil present day, must be revised in various points,

for which the authors will later state their views.

    Be£ore going into the matter further, however ,all those biocharacters
above enumerated should be tabulated in a concise form, for tke sake
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of convenience. Most of those data shoxNrn in the table herewith are
based on present writers' owR observations on a number of representative

specimens for eaeh species, so far as they are available at presnt. t)

   Ca7zcellinct prionigena; After HAyDEN, eollected from A£ghanistan, after T}IoMpsoN
       from Persia and after KuJIMoTo from Kwanto mountains.
  * Minoetla eoni2)pon･ica,- The author's collection from Akasal<a.

  *Neoschwager･ina simplex; The author's, form Al<asaka,
  * Neoschwage7'ina ･irregzclao"is; The author's form Akasaka,

  * Metaschivageo"ina ovaliss The author's £rom Akasaka.
  * G!iffteella amiczclce; The author's from Akasaka.

  * Gifttella gifitensisi Tlie author's from Akasaka.

  * Aieosclt?vage?'･ina craticitlife7'a; After DEpRAT and OzAwA from Akasalca, and the

       author's collection from Akasal<a.
  * Neosch･eva･gerina colaniae; The author's eolleetion from Al<asal<a.

  *Neoschwage7'iaza haydeni; The author's eolleetion from Akasaka, and after
       Doutkevich and Kabhakov.
  *Neoschtvage7'i7za oninoensis; After OzAwA fyom Akasal<a, and the author's col-

       lection from Akasaka.
    Gi,ft{ella do2cvillei; After GuBLER frona Yunnan.

    Ycabeina texcmzas After SKiNNER and WILD from Texas.
  * Yabeina ozcawais The author's colleetion from Akasaka.
   Lepidoli7za ?nultiseptata; After I)EpRAT from Indo-China.

  * Yabeinca globosa; The author's eollection from Al<asaka.

 ** Guble7･･ina elongata; KATo's eolleetion from Iwaizaki, and after GuBLER Srom

       Yunnan.

    g2. Brief note on the former views of the phylogeny of neoseh-
          wagerinids and allied ferms.

    Much diverse views have been held among the paleonto}ogists for
the phylogeny of neoschwagerinids and allied forms. It may be necessary

to use too much space to refer to all of them. The attthors wish to refer

only some of them tabled iR concise form for the sake of convenience;
these views seem to be more important. (Table 7, i-7)

    Comparing with those former views referred to here, everybody
must be surprised how diverse views have beeR held until the present day,

'" [ii)' tt'l"th'6m, afi asterisl<" means the speeies dealt with the speeimens eolleeted by

   the junier author at Akasaka, Central Honshu, two asteriska,']`':: speeimens col-

   lected by MATAJIRo KATo, Hokkaido Univ., at Iwaizaki, Kitakami mountains; al}
    of them are now storecl at the Department of Geology and Mineralogy, Hol<kaido
    University; other data coneerning the biocharaeters for other speeies listed are

    based on the illustrations aceompanied by references which have been published

   by OzAwA, DEpRAT, GUBLER, HAyDEN, THOMpsON, and SKINNER and WILD, whieh
    are suMeient enough to be available for the preseRt writers' purpose.



312 M. MINATO and S. HoNJo

[I]'ABLE

  form

proloculus

spirotheea

transveerse
 septula

secondary
transverse
 septula

  axial
 seplula

Cancelli･na

p?'t7nzgena
.HAIDEN .

spheroidal

 medium

moderate
keriotheea

(
･
)

･
b

 Minoella
eonipponiea
.¥oij. j.o.

 spheroidal

  medium

 moderate
 keriotheea

  low, V
(in juvenile)

o

z

･v

M. nipponica
  OZAWA
    ttt t      ttt t t
 spheroidal

  medium

  moderate
 keriotheea

   Iow, V

    e
    ･b
    ･v
    'v -f- 'i･

    s

 Metaschtvage?'ina
     ovalis
iSfiN{}To. .and lloNJo

    spheroidal

    medium

     thiek
 double l<eriotheca

     low, V

       o
       7,
       ?･)
       2v
       s

  form

proloculus

spirotheca

transverse
 septula

secondary
transverse
 septula

  axial
 seplula

Neosch2vagerina
  irregularis
    UONJO.

    bicone

    mlnute

   moderate
   keriotheea

nigh, V, or short I

     raye

     v
     11
     ･v, 2v
     s+v
     2s

Neosch2vagerina
   ha.yden'i
  (D. and K.)

    bicone

   mmute

   modexate
  keriotheea

   long, V

     rare

  ()
  'll

  v, 2v
  s, s+v, 2s
  l, l+s
  21, 21+s

Neosehwagerina,
   colaniae
   OZAWA

    bicone

   lninute

   moderate
  keriotheca

   large, V

     rare

  o
  ･b

  v
  s, s+v, 2s
  l, t-f-s

  2t

Neoschwagerina
  771,wloensl･s

   DEPRAT

  eonstricted
    bieone

   minute

  medeurate
 rather thick
  keriotheca

   large, I

    o
    'l,

    'v
    s
    21
    21+v
    21+s
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5

Gifotella amic2tla

    HoNJo

elongate
spheroidal

 medium

Gifii･elta

gzheenszs
 HoNJO

elongate
spheroidal

medium

Gi.ftt,etla do2evill

   (DEpRAT)

elongate
spheroidal

medium

ei Neos,clstvpsggrina

      OZAWA

spheroidal

med iuln

Neoschwagerina
 cratic2tli.fera

 (SCHWAGER)

bieone

medium

moderate
keriotheca

mederate
l<eriotheea

moderate
keriotheea

moderate
l<eriotheca

moderate
keriotheea

high, I high, I high, I high, V high, V

rare rare eommon very rare rare

o
i

v.v+z
s

2s
t

o
i

v, v+i, v+s
2?J, 2v+i
s, s+v 2s,
s+i, 2s+v
l, l-t-i, l+v

o
i
'
v
s, 2s, s+v
l, l-Fs

l-l-v 21

o
i

v

o
i

v, 2v
s, s+v, 2s, s+2v,
 3s
l, t+v, l+s, l+2v
l-t-2v

21, 21-t-s, 21+v

Ytzbeina
     .ozawaz
HoNjo

 bieone,

spheroidal
 medium

moderate
keriotheea

long

lrregulav

  Yabeina
katoi OzAwA

spheroidal

mlnute

thin

long, narrow

abundant

   Yttb
globosa

ei7ta

DEPRAT

bieone

lllillUte

moderate

long, narrow

abundant

Su･7natrina

  annae
  VoLz

fusiform

medium
 large

thin

long

pendant

A.rk]hanella

 schenki
THoMpsoN

 fusiform

 mmute
 (micro.)

thin

smal} V
pendant

abundant

Leptdolina
"z2eltiseptata

 (DEpRAT)

  bicone

large'

    thin
no l<eriotheca

long

very abundant

31, 31 -t- v, 3t g- s

v+s, 2vTs, v+s
l+2s, 21÷2s, 31
31+s, 3t-1-2s
41+s, 51
61, 61+5

o, i

v, s
s+v, 2s+v, 5s, 6s
l+2s, l+3s, l+4s
l-F5s
21, 21+3s, 21+4s
21 -l- 6s

31, 41, 51, 51+2s

3s

4s
5s

o

v
s
2s
3s

4s

l-t-5l

21+s, 21+v, 2e
31

31+2s, 31+s
31 -F 5s, 31 -F 4s

41+v, 41
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    Most workers, however seem to have agreed with each other in
the point that they have viewed the genus Le?)idoZina to be the direet

decendant of the geRus Ya･beina.

    Exeepting this point, they did not agree with each other. They
held quit-e diverse views, even though t･hey could agree on the common

aneestral form of neoschwagerinids.

    One of the rnailt eauses why sueh different opinions kave been held

seems to have been based upon the fact not only, how to see the bio-
eharaeters, but also in the ambiguity as to the stratigraphieal distribution

of species or geRus belonging to NeosehwageTininae. So the authors
wish briefiy to present a summary in respeet to the geologieal range of

neosehwagerinids, found in Japan.

    S3. Brief note on the stratigraphical distribution of some neosch-

       wagerinids in Japan
    At the serior author's request a detailed stratigraphical survey
has been made at Akasaka by the jtmior author vLTith the purpose of
determining the stratigraphical distribution there of each speeies belong-

ing to Neoschwagerininae; the result has already been given by him in

1959.

    IEIowever, he tTied to eheek the geologieal range for each species,

along only one route, chosen so as to settle the sequenee of the beds.

AecordiRgly, there may be still left some possibilities that the geological

range of eaeh species may be more extensive both downwards and
upwards than he has xeported.
    Nevertheless, his observations may be far more reliable than any
others, coAeerning the stratigraphical distribution of Reosehwagerinids

at Al<asaka, beeause he tried to get speeimens for eaeh e.5 to 2.5m
thickness along the Ieng route carefully seleeted to give a perfeet geological

section without any interruptioR or repeating by faultiRg, folding or other
disturbances.

    His exeellent results are coneisely graphed in [r7able 6. Next,
how to eorrelate the biozone of Le7)idoZina 7nzeLtiseptata (DEpRAT) to
the geologieal section of Akasaka must be explained. According to
the junior author, Verbeeicina verbeeki (GEiNiTz) seems to be very
prevalent between the horizons indieating by the first appearance of
Neosehwage7"ioza sim?)Zex, and the horizon of the earlist stage of N.
c7'atic2LZifeTa, while Ve7"beekina sphaera first appears and distributes until

the middle range of Neosch2vage7'ina e7'atiezelifera. On the contrary, MoRI-

KAwA and others who studied the fusulinid remains of the same place
at the same time, held a view that Y. sphae7'a has the geological range from
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                [ItABLE 6.

315

NN Po Nc NM ND Y6

5

6

--
1
-
-
2
3
t
i
-
4
b
u
-
-
1
7

8-i

9,--

10-
l2

11

x2(}

13

14

15-

-19 l6

         o leo 2oo 3oo m.
        1. Minoella eom;pponica HoNJo
        2. itfi7zoella nil)ponica (OzAwA)

        3. Neoschwage?'ina simplex (OzANsrA)
        4. Neoseh2vageri?za sphaerica (M-MAcLAy)
        5. Neosehwagerina craticulijk7o'a (ScHwAGER)
        6. Neoschwage?'ina Qlo'o'eg2.tla7"is KoNJo

        7. Neosch2vagerina haydeni (DouTmwlcH and KABAHKov)

        8. Yabeina ozawai HoNJo
        9. Gif'ttella a?nicula HoNJo

       10. Gifitella gifletensis HoNJo

       11. Neoschwageri?za cotaniae OzAwA
       12. Meta･schtvagerina ovalis MiNATo and }IoNJo
       13. Gifaeella cfr. dozevillei DEpRAT

       14. Yabeina globosa (YABE)

       15. Ydbeina hatoi OzAwA
       16. Neoschtvage7'ina wzioz･oe?zsis I])EpRAT

       17. Verbeekina minatoi HoNJo (M. S.)
       18. Verbeekina verbeeki (GEINITz)
       19. Verbeekioza sphaera (OzAwA)
       (20. Lepidolina multiseptata DEpRAT and G2cblerina elongata (DEpRAT))

       NN: Minoella nippo?tica zone
       Po : Pseudodolioliota oza2vai zone
       Nc : Neoschzvageriota craticulifara zone
       N": Vttbeina ozawai zone
       ND : Gif?eella dotLvitlei zone
       YG : Yabeina globosa zone

the pre-N. simptex to the horizon of the first appearance of the

species, whilst V. veTbeeki is distributed in the next zone higher
same
than



 316 M. MiNATo ond S. HoNJo
that of N. eTatifztlife7oa and at the same time, Y. veo'beeki first appears

at the Iowest horizon of Yabeina oza7,vai. (==so-called N. ma7'ga7'itae of

MoRIKAWA, non DERAT) .

    Thus among the seientists very diverse views are now heid in
respeet to the geologieal distribution of Ve7'beekina ve7beeki in the same

strip of Al<asaka. They agree with eaeh other, however, in viewing the

geologieal range of Ve7'beekina, ve7'beeki to be lower than Ya,beina oza2vai

 (=so-ealled Neosch2vage7aina maTgaritae of OzAwA). Meanwhiie
MoRII<AwA and others Iisted LepialoZina "z7Lltiseptata, as found at a horizon

a little higher thalt the Iowest zone of Yabeif2,a oza2vai at Akasaka. The

present authors are now wondering whether or not the species called
under the name of Le2)idoZina mzLltiseptata by MoRIKAwA and others may
be entirely conspeeific with DEpRAT's speeies.

    Further, in the Iwaizaki district, speeirnens referable to Lepidelina

mzeZtiseptata DEpRAT are to be fottnd with certahity in the horizoR im-

mediately above 'the Ve7'beekina ve7'beeki limestone; there is only a few

meter's thiekness between the lowest horizon of LepidoZina mzLZtiseptata･

and uppermost horizon of Yeobeekina verbeeici. So the stratigraphical posi:

tion of Lepidolina, 7nzeZtiseptata must be surely eoneluded to be in nearly

the same horizon as Yabeina ozctzvcei, instead of that horizon being mueh

a higher zone of IYabeina･ gZobosa, as many palaeontologists have formerly

held.

    Also, it must be noted, Gzeble7'ina elonyata (GuBLER) is to be found
at Iwaizaki in association with L. mztltise2)tata, and Ye7'beekina veTbeeki.

Then, the biozone of CaneeZlina ?)rio7zigenct must be tal<eR into consideration.

    According to }{uziMoTo, Cancellina p7iimigena was found somewhere

around the Kwanto motmtains in japaii, in assoeia£ion with a species
referable to PseztclofzesztZina ambigzea DE?RAT.

    On the other hand this species was already repoyted having been
found in Afghanistan in assoeiation with Neosehzvage7"ina-VeTbeekina
fauna.

    Accordingly, the geoiogieal range of the genotype of the genus
Cancellina should be shown as in Text-Fig. 2, whieh may surely be a range

from the Pa7"afztszLlina zone to the lower half of the Neoseh?vage7iina zone.

    iX(Ieaiiwhiie, so-called Lepidolina? gigantea ToRiyAMA has been newly

settled in respect to the stratigraphical horizon, which should be regarded

to be surely higher thaR at Ieast the upper boundary of Neoschzvagerina

zone and may be nearly equivalent to the horizon of Yabeina gZobosa
zone in rough estimation.

    There is no possibility that this species is stratigraphically sittiated
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             [l]ABLE 7, 1 DEpRAT, 1912

                               Neoschwagerina
                                    t
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              TABLE 7, 3 OzAwA, 1927
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         [l]ABLE 7, 5 [[tHoMpsoN, 1948

                         Lepidolina
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        TABLE 7, 7
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in horizon higher than that of Yabeina globosa.

    g 4. Phylogeny of Neoschwagerininae newly eompi}ed
    [I)he phylogeny of Neosehwagerininae newly eompiled is here shown
in Text--Fig. 2.

    This has been done oll the basis of the stratigraphical data in respect

to the geological distribution combined with the bio-eharaeters of eaeh

   .speeles.

    In this case, the bio-characters for each speeies are fully taken into

consideration not only in respeet to the mature stage, but also to their

ontogeny. Especially, much attention has been paid by the present writers
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322 M. MiNA'To and S. HoNJo
to the ontogenical development of the axial septula.

    Needless to say, the size of she}1, form of shell, size of proloculus,

nature of transverse septula, secoRdary septula, their freqtiency of

appearanee throughout their development, appearance of pendant-shaped
septa, the structure of spirotheea, etc. have also been fully taken in
consideration.

    In short, Neosehwagerininae must be separated into two major divi-

sions based upon the different evo}utional trends. One of the divisions

might show a trend for their spirotheea to increase in thickness, while

the reverse is the situation in the other group. The former is represented

by the Metasehzvagerina bioseries, which has finally a double keriothea

in mature stage. The latter is represented by all species belonging to

Neosehwagerinae exeept Caneellina, whieh may be regarded as pre-
sumedly like the imaginary common aReestral form of Neosehwagerininae
except for slight differences.

    The latter may be aga.in branched into many different bio-series,
which will be later eonsidered more in detail.

                            Subfamily

            Neoschwagerininae DuNBAR and CoNDRA, 1928

    The subfamily Neoschwagerininae DuNBAR and CoNDRA, 1928 in-
cludes sorne of the most highly complex of the fusulinids.

    ]M{embers of the sub£amily are fomad frorn the upper zone of the
so-ca.IIed PaTafzeszLlina zone to the uppermost known fusulinid zone.

    Mature specimens of the subfamily have a yange in maximum di-

ameter from about 3mm to more than 22mm. The Iargest one which
has ever been found in Japan is Le7)idolina gigantea ToRiyAMA, eollected

by the senior author from the highest fusulinid zone in the Kitakami

district, northern Honshu, Japan; its length reaches more than 20 mm.
The maximum diameter of all forms is along the axis of coiling.

    Shell may be infiated fusiform in either wi'th short or long axis,
while there may be sLieh forms as spheyoidal, spherica･I, biconical and

eonstricted biconical. The spirotheca of primitive genera is composed
of a teetum and lower thick ]ayer composed of distinct keriotheca. More

advanced forms have rather thinner spirotheca and are apt to Iack
keyioehecal strueture at }east･ in the later volutions. Also such forms

calt be fotmd among the highly specialized species whose alveoli become

much thinner in the outer volutions, so that they (the alveoli) are apt
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to be misLmderstood as havillg been lost. The finer the alveo}i may be,

the more eompact the keriotheca become, so that the keriotheca are
sometimes misunderstood to be free frorn alveoli.
    The most characteristic feature of this subfamily is in having septula

besides ,septa. There are two kinds of septula: axial septula and
transverse septula. Foraminina and paraehomata are present in all

genera.
    The subfamily Neoschwageriniae is distinguishable from the sub-
family Ye7beekininae by the presence of septula in the former.

    The former is also distinguished from the latter in having more
fine alveo!i than the latter. The subfamily Neoschzvage7'ininae includes

the fol}owing genera: Caneellina, Minoella, Metasch2vage7'ina, Neo-
sehivage7'ina, Gifz{ella, Yabeina, GzLbZe7'ina, Afghanella, Szematrina and

LepidoZina. Neosch2vagerininae are confined to the Tethys sea area of

northern Africa, southerR Europe, southeastern, southern ancl eastern
Asia, the east Indies, Japan and northwestemi North Ameriea. The most
primitive genus, CancelZina, appeared in the middle Permian as stated
already, and advaneed forms occur in the later half of the middle Permian.

                 Genus Caneellina [E{AyDEN, 1909

    Until the present, only one speeies which can be belonged to this genus

has been ever reported in Japan; it is the speeies identified by FuzlMoTo,

1936, to the genotype of this geRus. He described this species on the
basis of materials derived from the limestone outerops in some places of

the Kwanto mountain. From the figures presented by him, as fig. 8 in
plate 10, the authors agree with him in specific identication.

    According to FuziMoTo, his specimens were found in association
with a species referable to Pse2ectofusztlinct ambig?La (DEpRA[D) with slight

doubt. So he believed that ConcelZina 2)7'imigena (HAyDEN) of Japan
may be "Uralian" in age. His view regarding the stratigraphical position

of this species however, must be somewhat revised.
    It seems very probable that this species was found in the limestone
to be correlated to the Pa7'afzeszeZina zone instead of the "Uralian".

    Neosch2vageTina si7nplex (OzAwA), MinoeZla nipuponiea (OzAwA) etc,

were commonly assigned into the genus CanceZZina by a few Japanese
palaeontologists, but it may not be eorreet. So far as the genotype of
this genus is coneerned, the transverse septula are on!y weal<ly developed

in CanceZlina.

    Further, there are Reither seeondary transverse septtda nor any
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specia}ized axial septula excepting that the axial septula such as i type

are occasionally to be found.

    Parachomata are numeroLis in the genus CanceZlina and sometimes
become relatively high. But the genotype, whose inner volutions are
very tightly coiled, is sometimes lacking or at least indistinct in para-

chomata, even in the early volutions.

    Forrr}, spheroidal in the axial section in this genLis, [rhe genus is

also quite eharacteristic in having rather smal}er shell than most members

of the subfamily Neoseh2vage7'inina,e.

    Axial septula; o, altd i.

    Genotype: Neoschwcege7i'i'nct ?)r･ionigence HAyDEN, 1909, Geol. Surv., Reeords,
vei. 39, p. 249, pl. 22, figs. 1-7. Ho}otype was designat･ed by THoMpsoN as the speeimen

illustrated by HAyDEN as fig', 1, pl, 22.

    Remarks: From the smaller size of sheil, sheroida,1 form, weak
development of transverse septula, this species must be regarded to .be

the most primitive form belonging to Neoseh7vage7'i･ninae known until

the present day. The authors do not know the exact geologieal range
of this genus. So far as the genotype of this genus is concerned, how-
ever, ie has been found in Japan at a horizon somewhat lower than the

Neosehwage7"ina-Ye7'beekina zone. In Afghanistan, the genotype was
found, according to THoMpsoN, from the Bamian Iimestone in association

with Yanehienia haydeni, Sch2vage7'ina fz"'ozei, Polydiexodina afghanensis,

Ve7'beeleina ve7'beeki･, Neosch2vageo`ina e7'atifulife7'a ha･ydeni and Afgha-

nella schenki.

    Of those ftisulinid remains above listed, however, the neoschwagerinid

called by THoMpsoN under the name of Neosehzvage7'ina c7"atifzelifeo'a

haydeni may not belong to the species, but may be N, simptex.

    Aecordingly, the genotype of this genus seem to have a Iong geological

range extending frorn the Pa7'afzes2tlina zone to the lowest part or Iower

half of the so-called Neosch2vage7"ina-Ye7'beeicina zone. Anyhow, the genus

should be regarded to be one of the most pximitive forms among neo-

schwagerinids known unti} present. And it seems highly probable
that this form might be first among neosehwagerinids, even though the
geological range of some species belonging to this genus is more extensive

towards a higher horizon as so-ealled Neoseh2vageo'ina-Ve7'beeleina zone.

    The genus Caneellina seems to have evolved from sueh ancestral
form whieh rnight have no transverse septula nor axial septula, and
at the same eime whose alveoli might be very coarse like common speeies

belonging to ATeosehzvage7iininae, ineluding Ca7zeellina itself. Further
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there might be sueh a thing as an ancestral form of the genus CanceZlina

whieh might have no septu]a but possess rather coayse alveoli like the

genus CanceZlioza itself.

    Besides, there might be also another form whose alveoli might be

as coarse as the CanceZlina, but possess transverse septula, even though
it laeked any type of axia} septula.

    Of them, the first mentioned form is nothing but Misselina. Speak-

ing in general, there might be yet a eommoR ancestoy between Ver-
beel<ininae and NeoschwageriRinae, besides AfisseZina itself, (see [I]ext-

Fig, 2)

                   Genus MinoeZla HoNJo, 1959

    Mi7zoeZZa, has lovLr transverse septula in the eayly stage of ontogeny,

but those septula show inclination to cleeyease in keight iR the later

volutions. Fiiially the septula beeome absent ln most outer voiutions.

Secondary transverse septula aTe very selclom to be found. Foym spheroidal.

Shell small.

    Axial septula are only represented by o, i aRd v.

    Genotype: Caozcellioza 7ti?)?)on･icct OzAwA, 1927.

    HIorizon: Uppermost Pai'ctf-!ts･it,liozct Zone.

    Remarl<s: The differenee between MinoeZla and Neosehzvageoiina is
this, that the former has more primitive ancl simple axial septu]a, besides

the £ormer has transverse septula whieh are very low and apt to deerease
in height oy to be lost towards the euter volution.s.

    At present, oi3]y two species are known which may be assigiiable into

the genus ll4inoellct, inclucling the genotype. Both of them are to be
found at a Ilttle lower horizon thEm that of Neosch2vageoiina si7n7)lex, at

Ieast in respeet to the horizoil of the first appearance, although the upper

range of Minoella, extends as far as the }owey half of the range o£
Neosch2vageTioza sionptex.

    Froin the common ancestoT between Metasch2vctge7'i7?(v series and

another series including a}I neoschwagerids except £or CaneeZlina, two
main branches might have existed during the time represented by the
Iowest or lower Pa7"afztszelina zoiae in age.

    The byanehiiig seems to have been oecurred in a form whose axial
septula were v form,
    'l]he next branchhig might have oceurred in oRe of them a}id may
]iRve evo}ved towards MiwoeZZa･ and Gif7eeZla･ series. MinoeZZa bio-series
shows an evolutional trend, in vgrhieh the speeialization gradualy acce]erates
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in degeneration of transverse septula.

           Genus Metaschivaye7'ina MINATo and }I{oNJo, 1958

    This genus is quite charaeteristic in having thick spirotheea from

the inner volutions, which possess rather coarse aiveoli. The keriotheea

beeome separated into tvLTo layers in the outer volutions; the upper of

them has relatively fine alveo}i iR contrast to rather eoarser ones of the

lower layer.

    The transvers septula of this form resernble the ones found in

Neosch2vageo'i7za sim?)Zex. Secondayy £ransverse septula are entirely
}acking in this genus.

    Axial septu}a are as follows: i, v, 2v, and s.

    Genotype: Metaschtvcege7'ina oval･is IN([iNATo et HoNJo, Frontispieee of "Earth

Seienee" (Chikyu I<agal<u), no. 38, 1958.

    Horizon: The upper half of the Neoschwageo'ina zone.

    Remarks: At present, this geRus is monotypic; its stratigraphical
position is slightly higher than Neoschzvageo'ina ha2/cZeni zone anCl sub-

equal wlth the upper half of Neosch2vageo'ina colaniae zone. This speeies

has rather simple and primitive axial septula, a}though it is strati-
graphically situated in comparativeJy higher horizon as a member of

neoschwagerinids.
    In this regard, this form may be a more advanced forrn than Can-
ceZZinct, Minoella, and most primitive speeies of Neosehivageo'ina as N.

sim2)lex OzAwA, but must be deeidedly regarded to be a rather more
primitive form than any other known species be}onging to the genus
ATeosch2vageTi,7?,a, except for N. si7nplex.

    So, this genus seems to have evolved with ai3 evo}utional trend
that the alveoli become always coarser instead of the axial septula

becoming eomplicated.

    As is knowR, all the species belonging to Neosehwagerir}inae have
coarser alveoli in their spirotheca than that of Verbeekininae; the genus

Metaschwagerina may exhibit the most specialized form in this trend,
It is the form that finally came to have double layers of keriotheca.

    In the eourse of the evolution of this speeies, there might be perhaps

those forms whieh had a sing}e layer of keriotheca, whose alveoli were

yet very coarse, and which possessed at the same time sueh axial septula

as i or v types.

    AIso, the direct ancestor of the genotype o£ the genus Metaschzvage7'ina
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might be a form whose axial septu}a might be 2v, and whese spiro-
theca might be eomposed of double layers of keriotheca besides tectum,
at Ieast ilt the outer volut-ions.

    This is suggested sufficiently iii the ontogeny of this speeies. In

£uture, all those speeies above noted may be found and their geologieal
distriioution rnay be roughly expeeted as is sehematically given in Text-

Fig. 2, showliig the phy}ogeny of Neoschwagerininae.
    Probably, this bio-series may be branched from the common ancestor

between Mi,noella, GifzLella and Metaschzvage7'ina itself in ･the Pre-
Neose]zzvage7'ina stage. The age might be yepreseiited by the Pceoiafz{s2elina

zone.

                      Genus Gifzeella HoNJo

    Form elongate spheroidal, that is to say, spheroidal with compara-
tively long axis.

    Transverse septula abundant throughout the iife history. Seeondary
transverse septtda are also present, although they are only few. Axial
septula are the following: i, v, v+i, ,q.v, s, s+v, Zand Z+s.

    Genotype: Gif2{.ella g･if?.te7zsis HoNjo, 1958, plate 7, fig. 3.

    Horizon: Upper Neoschwagreo"ince Zone.

    Remarks: At present, three species have been found in Japan whieh
should be sureiy assinged into this geRus: (]!ifzLella amiczelct HoNJo, G.

gi,f7eensis HoNJo and Gifzeella alozeviZlei (DEpRAT).

    Their geoiogical distribution at Akasaka is shown in Table 6. Aecord-

ing to this Table, one becomes aware of the fact that the lower the
stratigraphicai hozion may be, the more primitive the forms appear in

respect to the axial septula.

    As will be Iater stated in detail, the authoys are of the opinion that

from the aneestral form which might be mueh like Neoschzvageoiina
si7nplex whose most advanced axia} septu}a is v, many branchings might

have oeeurred before the dawn of the Neosehzvageo'ina-Ye7'beekina age.

    Prior to such branching, however, another branching might have
already occurred from the common aiieestyal form whieh might have
axial septula of v type, too; one whieh must be regarded to be represented

by Minoella-Gifzeella bioseries, and yet another one which may be yepre-

sented by most other neosehzvageoiinids as is shown iB Text-Fig, 2,

    GifzeeZla series seems to have been evolved trends for their outer

£orm to become more elongate, theiy transverse septula higher, and the
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axial septula to be moine complieated and speeialized. The secondary

transverse septu}a begin to appears, too. Pyobably, the branehing to-
wards the B4inoelZct and Gi,heeZlct･ bie-series might have happened prior

to the age of the first appearanpwe ef fi4i7?.oella.

                Genus Neoseh,?vagyeo'ioza "YABE, 1903

    The genus AXeosch7vayeoiina YABE is the oldest generic name in the

subfamily Neosch2vage7'ininct,e.

    The shells are small, but lt}rger t,han those o£ Ca,ncellina aRd Mi,noeZZa.
Sometimes they are e}ongate sp. heroidal in forrr}, having a straight axis

of coiling, steep eonvex Iateral slope, ancl blunt}y pointed to narrowly

rouRded poles, a}id sometlmes eonstricted bicoRe.

    [['he transverse septula develop throughout the shell, but the seeondary

transverse septula are rather seklom to be /found, especially iR the ottt･er

volutions.

    The highly specialized form may have axial septula a little moye
complieated than those of Gif･et,eZla but Rot so eorriplieated as those found

in Yabeioza and Le?)idoZioza.

    The axial septula are as follo"Ts: i, v, 9･v, s+v, s+2v, es, Z, l+v,

Z+f2v, Z+s, 21, 21+v.

    Genotype: Scht.vctger･ina crctt･ic2{lt'il.feo'a, Sch?.vage?', 1883 (in von R･ichtlt･ofe?z's

China, Bd.4, p.140-143, pl.18, figs.15-20. Holotype was designatecl by TrlOMpSON
as the specimen illustiiated by Sc}"vAGER as fig. 17 in pl. 18.

    llorizon: Neosch,Q.vctge7'i.?za zone.

    Remar}<s: As a}ready stated, many branehings seem to have been
already occuryed from sueh form as a common aReestor whose axlal
septu}a might be v, like Neosehzva,geonlna si'm7)Zex.

    From this common aneestor, Neosch?vagerina･ sion?)Zex maight have
first branehed. TheB the groups of Neosehwage7ai"a c7'cetifz{lifeo'ce, and

Neoschzvageo"ina io'Teg2ela7'ies might be byanched.
    NatLwally theye might have oceurred xnany braiichings to bring into
existence many other different speeies, eveR though they have not yet
been found. So, the ftuthors wish to trace those two braikehes represented
by AT. e7'atiezeZife7-a and N. i7'reg7ela･]'is. Neoschwa･ge7'i'iza co'aticzeZife7'a

which seem to have been branched inte at least three foyms; one ef them
is N. hct･ycleni whose axial septula became slightly more advaneed iA form

than the preeediiig speeies, although no marked specialization can be
pereeived iR other bioeharacters, exeept that the transverse septula show
a, tendeney to be longer and narroweir,
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    Allother braneh might be evoived to show a trend ili whieh the shell

form beeoitrie ehanging. Such a speeies as Neoschzvageoiina 7ninoensis
may be ene highly specialized in t･his trend whose shell is eonstricted
bicoRe in outline, being qLiite different fyom Neosch7vage7"ina c7"atifzelife7'a,

although }io marked ehanges have oecurred 2n the axial septula of this

speeles,
    It must be Roted, there may peyhaps be many species surely linl<ing
N. sionplex to N. c]iatieuZife7'a, or N. c7atiez{life?ha to Ai. minoensis, although

their existenee has unfortuftately iiot been pyoved until the present day.

    [I]his is, moreover suggested not only by the faets o£ the geological

distributioii o£ each species above notec'l, but also from the ontogeny.
Neosehzvageoiina colaniae may nea,rly resemble N. haycleni; but the bz'anch-

ing of those two might be held to have eecuz'red from the common

ancestor o£ N. cztn;atic?{life7'a aRcl N. hayaleni. The transverse septula
of N. colaniae are as nazirow as these oi" N. Iza･ydeni, but there are etis-

tomary to be pereeived a £ew Rotehes of special foym in the former,
espeeially in the outer volLitions. N. i77Tegz{la7'is bio-series is represented

by only one species of N. i7i7'eg'telaiiis at preseRt, whieh might be a little

later branehed from the common ancestor whose shell might be mueh
like that ot' Neoschzvagei`ina simplex, but might have s type of axial

septula. N. ii'7'eg2tZaris is eharacteristic in having mixed transverse
septula of Neoseh'Lvagei'i･n(z anCl IYabeina type, espeeially in outey velu-

tioRs; also its axial septuia are less complieated than those specialized

speeies belonging to Neosch2vage7'ina as N. c7'aticzeZife7'a, N. co'aticzLlifera

va7'. ha･ydei, N. colaniae aikcl N. 7ninoensis.

    'Il]he diflrerenee between the three genera, Yabeina, Le2)idolina and

GzLbZe7]ina and the genus NeoscfiL2va,ge7ii7za is this; the latter has con-

staktly rather thicl<er spirotheea than the former three, the former

three ganera have more mimeroLis seeondary transverse septula tltan
Neoschwage7'ina; further those seeondai"y transverse septula can be
seen even in the inner voiutions in the geiiera Yabeina, Le2)icloZina and

Gzeble7iina, whereas they are confinecl to the outey volutions of the genus

Neosch2vageo'ina. The axial septuia are more eomplieated in the foymer

thyee than in the Iatter. P"urther, pendant foym septa are seldom to be

found in the thyee genera IYabei7?,a, Le?)idolina aRd G?,eble･}iina, while they

are eompletely lael<ing ii} tke genus Neosehzvage7iina.

                   GeRus Yabeiiza DEpRAT, l914

    This genus is diffeyent from the genus IVeosch'tvaye7jina in having
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more numerous l type of axial septula, than the latter, besides, the former

has thinner and lath shaped transverse septula, whiie they are very
broad at their base in the genLis IVeosch2vage7'ina. In the genus
Yabeinct, the transverse septula become far Rarrower than those found in

the Neoseh2vage7ai･na; this is especia,lly true in the later volutions. More-

over, the secondary transverse septula appear in earlier volutlons eom-

pared with Neosch7vageonlna. Besides, the transverse septula are found

to be more numerous in Yabe"inct. Of couyse, the axial septula are quit･e

different between Neosclz2,vageo'ina and Yabe?lna･, in their types a,nd number

regayding whieh the authors intend to write later more in detail.

    As has already been stated, the spirotheea of Yabeina may be thin

in some foTms. A form such as Yabeina katoi shows an inclinat･ion

£or the slpirotheca to beeome thin a}Teady ln t･he inney vo}uttioi3s. On
the coRtrayy, the spirotheca of Y. globosa seem to be thin tovgiards the

outer volutions. Anyhow, it is quite true, that IYabeinct has spirotheea

somewhat thinner thaR that o£ Neosch2vage7iina. }{owever Yabeina has
spirotheca whieh aye never free from keyiotheea at every volution,

    Even in Yabeina globosa whose spirotheca has been believed to

loose alveoli ln the last volution, the spiro£heea is, however observed to
keep alveoli through the life history of the ereature. The authors have

tried to make certain about this poiRt by eareful observation based upon

perfect specimeRs in exeellent preservation. In Yabeina ozawai, the
spirotheea is not distinguishab}e from that of eommon species of Neo-
sehzvageo'ina, whose alveoli are rather coarse throughout its ontogeny.

On the contra}ty in sLieh species as Yabeina globosa aRd katoi, it is qtiite

true that the spirotheca sometimes becomes thhaner and the alveoli
become finner, especial}y in theotker volutions. But if one observes them

carefully Lmder high magnifieation, ean surely aseertain the presenee o£
a}veoli ln Ya･beina throughout its ontogeny, although they become much

thiBner towards the outey volutions; such fact must have led the former

scientists to misunderstand them to be a compact layer, instead of
kerietheca.

    As will be later stated, Yabeina, Gzeble7:ina, Le?)idolina, Afghanella

and S?cmatoiina bio-series have a commoia ancestor whose shell may be
veyy much like Neoschzvcegeo`ina sim7)lex. In what age this branching

iinight have occurred is presumed in Text-Fig 2, Fyom this eommon anees-

tor whose most advaneed axial septula might be v, two branehiiigs might
occurred at first. One of them might be branehed into Yabeina, GzLble7nlna

and Lepiclolina-group, the other oiie hito Afghanella, and Szeonat7'ina-group.

Yabeina bio-series might have evolved showning a trend in which axial
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septula beeame complieated, although the shell form did not greatly change.

    Genotype: Yctbe･i7zct iizo?tye･i DEpRAT, 19i4, Inclochina Service G6ol. m6m., vol.3,

fase. 1, pp. 30-34, text. 6, 7a, pl. 6, figs. 4-10, pl. 7, figs. 1, 2. Holotype, pl. 6, fig's. 4.

                       Genus GzLble7iina nov.

    So-called Yabeinct elongcetct GuBLER has usually been be}ieved to be

a more advaRced form than Yabeina gZobosa.
    However, the stratigraphieal horizon, especially in yespect to that

o£ the first appearanee of Guble7aina elongata (GuBLER) is surely far
Iower than that of Yabeina gZobosa. GubLe7'ina elongata (GuBLER) may
be nearly as lovgT as Le?)i(loZina mzeltiseptata or Yabeina ozazvai HoNJo

in respect to the horizon of the first appearance.

    The early ontogenical stage of GzLbleo･ina elongata is closely resemble

to Neosch2vageo'ina sim2)lex, in septa, septula, and spirotheea, but not
in the form of shell. The early stage of G. eZongata has a biconical sltell

whose lateral slope is rather straight like N. c7iatiezefe7ia, besides the pole

regions are rather pointed.

    On the contrary, N. sim2)lex has a shell rather spheroidal in form,

whose pole region is rotmded. Anyhow, G2eble7'ina bio-series seems to
have been braRched from the common ancestor which resembled N. sim2)lex
in much earlier age than Yabeina globosa.

    [I]l}rough careful observation of eaeh stage of ontogeRy regarcling
GzebZe7'ina eZongata, the authors cannot but help come to the view tltat

Gz{bleo'ina bio-series might not have branehed from suclt a highly specialized

form as Yabeina globosa.

    Surely, GzLble7iina bioseries might be branched from the common
ancestor between Yabeina and Le?)idolina, in the earlist stage of Neo-
sehzvage7'ina zone or a little earlier age than that.

    Genus Gzeble7iina is charaeteristie in having much eloiigated shell

in the mature stage, although it is spheroidal with rather short axis in

the early stage. This geRus" is also charaeteristie in having spirotheca

with alveoli throughout its life history and possessing axial septula of

highly complicated combinations.

    T}ie axial septula of the genotype of this genus beeame very eom-
plicated, which are: 31+3s, 41+2s, 51+s, 61.

    In this regard this species may be comparable to a highly specialized

form such as Yctbeina, globosa. Ho"Tever, the genotype has the shell far

  ':` it is qu'ile tru'e,'if' iL wotlld be observed in high magnifieation.
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more e}ongated than sueh species, as Yabeina gZol)osce or katoi, or ozct?vai.

Further the pro}oculus of this species is very iarge, like eommon species
belonging to Le?.)idolina,

    [l]here niay be at least a few speeies whieh should be assigned into the

genus G2{bZerin(z besides the geBotype. Of those species haviRg been
deseribed from the Japallese Permian under the geReyic name of Ycebeina

or Le2)icZolina, there may eertainly to be £oLmd species which are sur:e]y
cengenerie vgrith Gzt,ble7'iinz(b elongatcL.

    But iJhe authors vLroulCl be offering eonelusive remarks on this

matter tmtil the time when moTe detailled study will have been finishecl

olt moife perfeet speeimens of each species.

    Genotype: Ycebei7ice el･ong(eta GuBLER 1935, pl. 8, figs. 1, 2, 5, and l2.

                   Gnus Le?)idolina IJEE, 1933

    The genus Le2)iclolina has eustomary been eoRsldered the most highly

evolved from being derived from Yabeina. Is there any sure indicatictn
that the genus Le2)i(ZoZina should be rega･rded to be a direet cleeendant of

sueh highly speeialized foyms of the genus Yabeina as gZobosce or katoi?

    Yabeina gZobosa, vL7hose spirotheca becomes thin towards the otiter

volutioRs, is apt to be misundeystood to be £ree from keriotheea. at Ieast
in the last vo}ution, IR the genus Le2)iclolin(e, the spi]rotheca is thin

aiid is composed of dense opaque material beiRg quite free from alveoli,
in the outer volutio)ks, although the keriothecai stytteture caR be clearly

observable in the inner volutions.

    IR this regarCl, the genus Lepi(lolinct must be generically dlstinguished

£rom both IYabeina and Gz{bZe7iina, putting aside the prob}eiia for a while,
whether oy not the geRus LeptdoZina should be regarded as a more ad-
vanced form than the latter.

    In the genus Lepidolina the transverse septula are very thln, and

the seeondary transverse septu}a first appear iR the iimer two or three

volutions. Also pendant-shaped septa are seldom to be found. The axial

septula are as follows: o, i, v, s, 2s, 3s, 4s, l, l+v, l+s, l+2s, l+3s,

Z+4s, l+5s, 21, 21+v, 21+2s, 21+4s, 3e, 31+s, 31+2s, 31+4s, 31+5s,
41, 41+v.

   Genotype: Neosch2vageosiota (S?tonato'ina) m7tltisepta･te DE?RAT, 1912. Incloehina

Service G6ol. M6in., vol. 1, fasg. e, pp. 53-55, pl. 3, figs. 2-8. (Holot-ype was clesignated

by THoMpsoN as tl)e specimen illustiiated by DEpRAT fig. 3 in pl. 3)
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                Genus /i.fghaneZla THoMsoN, 1946

    In Japaia, there have been found at least two speeies belonging to
the gemis AfghanelZa, one of which may be eiitirely eonspeeific with the

genotype of this geikus, while the other one is A. ozawai HANzAwA.

    Tke shell ef the gemis Afsthanella THoMpsoN is rather small.

    The shell may be ellipsoidal in form.

    These spi]rotheea is very thin, and is eomposed of tec£um and a
Iower thin layer possessing o£ fine alveo}i. But stieh keriotheeal strtieture
is apt to be hardly observable in some parts of the shell. Seeondary trans-

verse septula eccur frorn the inner volu£ieRs, exeept for the first to third
vOIUtiolls.

    In the otiter volutions, they become pendan£-shaped and uniform in
length. Axial septu}a are pendant-shaped and uniform in length, too.
In respect to the length, they may be grouped into s type. Axial septu}a

of AfghaneZla schenki THoMpsoN are as fol}ows: i, v, 2v, s, 2s, and 3s.

Gemis Afghanella might be branched from the common ancestral form
fyom which numerous bio-series repyesented by such genera as Yabeina,

Gzeble7iina, Le2)idoli?za, Afghaozella and SzLmato;ina might have been

seprated. The branehing having resulted in maRy bio-sexies as above
entimerated might have happened a little later than the older branchin,g

be£ween Neoschzvage7:io2a and other speeialized forms of neoschwagerinids,
    The comrnon ancestoy of the older branching might have axial
septula as v type as the most specialized forms, while the newer common

ancestor may have possessed s type of axial sep£u}a.
    In the possession of pendant-shaped septa, thin spirotheca, the genus

Afghanella seems to be more nearly allied to Yabeina, GzLble7'ina and

Le2)idoZina than to Neosehzvageo'ina. It mList be woythy of note, that

most highly speeializecl species belonging to Yabeina, Gz{bZe7'ina, aRd

LepidoZina have sueh axial septula as ,op.s, 3s, 4s, 5s, in their early stage

o£ ontogeny, and those kincl of axial septula are also frequently to be
found in the bio-series of' Afghanella ancl SzLnzctto"ina.

    In ,Iapan until the present day, no specimens have been found having

axia.1 septula. of l type, which may be sure]y assignable into the genera

Afghanella and Sz"nat7gina.

    Genotype: Afgha7zell(e sehenclo･i [l]!loM?soN, 1946. Jotiy. Palaeon't. vol,20,
pp. 153-155, pL 25, figs. 1-12.

    Holotype: Fig. 2, pl. 25.
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                   Genus Sz{'mat7ii72a VoLz, l904

    The genus Szeonato'i72a VoLz has a smali e}ongated shell. The foramina

are ikumerous and subciycular in cross seetion like the preeeding genus.

    The spiTotheca is very thin and is eomposed of a shigle layer which
seems to be quite free from a.lveoli.

    The septa are pendant shaped, although they are rather thin in the
earlist stage of ontogeny. [l]he secondary tyaiisverse septula are short

and uBiform in length throughout the shell.

    They inerease in number towards the outer volut･ions.
    The axia} septula of S. a72nae are as follows: s, 2s, 3s, 4s and 5s.

All those septu}a are pendant shape, except for them found in the first

or second volution. At present Ro available specimen being assignable
illto this genus are in the authors' hands. So the data are necessarily
based upon the illustrations given by IIANzAwA, 1954.

    Szewzat7'inct ean be easily distinguished from Afgha7zella by the more

elongate shell, more speeialized axial septula (?), pyesenee of secondary

transverse septula in the innermost volutions and thin spirotheea vLrithout

alveoli. Anyhow, S2cmat7'ina may be regarded to be a more advaneed and

speeialized fonn than Afghanella. But the branching which brought
about these two bio-series might be held to have oecurred in the age of

the Pre-NeoschzvageTina zone.

    Genotype: S'ttonctto'i?za (enncte VoLz, 19e4, Geol. u, Palaeont. Abhand. Neue

Foige, Bcl.6 (Ganz Bancl 10), Heft 2, p.98-100, text-figs.27-31. Holotype was
designated by T}Io",lpsoN as the speeimen illustratecl by VoLz as text fig. 28.

                On Le?)idolina? gigantea ToRIYAMA

    ToRiyAMA onee deseribed a gigantie neoschwagerinid from the
Permian of the Kitakami mountaiRs, whieh was called by him uRder the
name of Le7)idolina･.? gigantea ToRIyAMA.

    The specimen assigned into this species was unexpectedly fotmd
by one of the writers (M.M.) from a thilt limestone, whieh may be
stratigraphically situated at little higher horizon than Neosehzvage7'ina

zoiie and may be correlated to the so-cal}ecl Yabeina zone.

    [l]his species is the largest neosehwagerinid ever to have been fouRd

in Japan. [l]he volution number more than 28, attaining at ]east a iength

of 21 mm and a width 15 mm,
    The spirotheea is apparently thin throughout the shell, but is sure}y
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composed of tectum and keriotheca, except for a few outer volutioRs,
where the alveoli ea,n hardly be seen. Although ToRIyAMA stated that

the spirotheca seems £o eoiisist of only a single homogeneous layer, the

presence of alveoli, together with so-ealled divergent alveoli o£ septa are
clearly recogBizable at Ieast until the 24th or 25th volutions from the
inney volutions, when the thin seetion was obseyved in high magnifieation.

    Even though the materia.} is ullfortunately net iii good state of
preservation, the strueture of alveoli can be surely ebseyved.

    [EIowever, there are LmforUmately no vLTell oriented thin seetions, and

t･hey are not suitable for more detailed observation

    Espeeia,lly, the natuye of the axial septula eannot be observed yet
ln detail.

    As 'I)oRIyAMA assigiled this species into the genus Lepidolina with

slight deub£, it may be not fully congeneric with Lepidolina and may be
rather near to the genus Yabeina.

    However, so far as £he specimens examined by the writers which
should be surely placed in the gemis Yabeina are eoncerBed, they possess

always alveoli in the spirotheea at any volutions, though they sometimes

become so thin that the spirotheca may be misunderstood to be a eompact

layey free fyom keTiothecal structure.

    In this regard, this speeies would be better assigned into the genus

Lepidolina than into Yabeina, because it has spirotheea seemingly free

from alveoli in the outer t"To or three volutions.
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Explanation of Plate I.

Fig.

Fig.

Fig.

L
z.

3.

Gi.fiteella a7nie2cla ffoNJo ×40, Reg. No. HU 13577.

Neoschwagerina simplex OzAwA ×40, Reg. No. HU
M'inoella eonipponica (OzAwA) xapp. 12e. Reg. No.

13523.

HU 13366.



Jour. Fae. Sci., Hokkaldo Univ., Scr. II, Vol. X Plate I

MiNATo and }loNJo: Axial Septula Photo. S. HoNJo
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Gi,fit,ella g21fot,ensis HoN.Jo

 Explaltation

xapp. 120. Reg.

of

No.

Plate II.

HU 1346e.



Jour. Fac. Sei., Hokkaido Univ., Ser. II, Vol. X Pla£e II

MINATo and HoNJo: Axial Septula Photo. S. ffoNJo
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Flg.

Fig.

1.

z.

              Explanation of Plate III.

Neoschwagerina ir7'egtelaris HoNJo ×4e, Reg. No. HU 13530.

Neosch2vagei'ina haydeozi DouToi<EvlcH and KABHAI<ov ×40, Reg. No. HU l3534.



Jour. Fae. Sci., Hol<kaido Univ., Ser. II, Vol. X P}ate III

MINATO and HoNJo: Axial Septula Photo. S. II[oNjo
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Explanation of Plate IV.

Fig.

Fig.

L
2.

Metaschwa,gerina ovalis MINATo and ffoNJo

Neosch2vagerina c･rati,c2eli,fttr(t (ScHwAGER)

 ×40,

×40,

 Reg.

Reg.

 No.

No.

HU
HU

 13495.

13516.



Jour. Fac, Sei., Hokkaido Univ., Ser. II, Vol. Xl Plate IV

MINATo and HoNJo: Photo. s
.

IIoNJo
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Fig.

Fig.

1.

2.

             Explanatioxx of

irdbei･na globosa (YABE) ×25, Reg. No.

Neosch2vageriota eolaniae OzAwA ×40,

Plate V.

HU 13527.

Reg. No. HU 13489.



Jour. Fac. Sei., Hokkaido Univ., Ser. II, Vol. X
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Plate V

  /-

-- ･
!

MINATo and HoNJo: Axial Septula Photo. S. ]}IONJo
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Yabeina katoi OZAWA × 25,

Explanatioii

Reg. No. HU

of Plate

13521.

vi.



Plate　VIJour．：Fac．　Sci，Hokka韮do　Univ．，　Ser．　II，　VoL　X

Photo．　S．　H：ONJOM：INATo　and　HoNJo：Axlal　Septula


