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Abstract

This paper is the introductory part of a series of paper entitled “Studies
of the Permian Verbeekinoidean Foraminifera” and deals mainly with the
phylogeny and classification of the superfamily. Diagnoses of all the genera
of the Verbeekinoidea are given on the basis of the latest knowledge including
new paleontologic data. Some comments are given to the genera Lepidolina
and Colania, the validity of which has been still in dispute. New ideas on the
phylogenetic relationship among the Neoschwagerinid species are also pre-

sented.
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Introduction

The superfamily Verbeekinoidea are a foraminiferal group which character-
istically occurs from the Permian carbonate facies of the Tethys Sea Region, and
have been dealt with by many biostratigraphers as useful guide fossils not only
for the intercontinental but also interregional correlation of the Permian System
of the Region. Morphologically species of this group have a very complicated shell
as in the Alveolinids of the post-Upper Cretaceous ages.

Manuscript received July 22, 1969.
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Since GEINITZ's first description of “Fusulina” verbeeki from Sumatra in
1874, hundreds of papers have been published on the superfamily from the bio-
stratigraphical, paleozoogeographical and paleontological standpoints. Neverthe-
less phylogenetic relationship and classification of the Verbeekinoidea remain as
one of the most disputable parts in the studies of the Fusulinina. Taking the
genus Lepidolina as an example, many different opinions have been expressed on
the generic validity, and phylogenetic and stratigraphic problems in relation to
Yabeine (LEE, 1933; YABE, 1948, 1964, 1966; KANMERA, 1954, 1957; MINATO and
HonJjo, 1959; HANZAWA and MURATA, 1963; TORIYAMA, 1967 ; ISHII and NOGAMI,
1964 ; HASEGAWA, 1965; KAHLER and KAHLER, 1966; etc.). There is not as yet
general agreement about these problems. This is primarily due to the insufficient
original description and scarcity of the later paleontologic study of the type
specimens themselves. For these reasons it has been hoped to restudy the
Verbeekinoidean species in detail from pure paleontologic standpoint. For these
several years, I have been specially interested and engaged in evolutionary de-
velopment of the group and examined rich material from many localities in the
Japanese Islands, Southeast Asia and Pacific Northwest. In the course of this
study I have found some important facts on the phylogenetic relation among the
Neoschwagerinid species.

Before going into descriptive study of species, it seems necessary to revise
the definition of several genera and to give a revised classification of the super-
family Verbeekinoidea. The main and ultimate aim of this serial study is to
clarify the phylogeny among the Verbeekinoidean species through the descriptive
studies of fossil populations of each species. Detailed descriptions of species of
the superfamily are to be published in succeeding papers.

Acknowledgements.—I wish to express my sincere gratitude to Professor
Ryuzo ToriYAMA and Associate Professor Kametoshi KANMERA for their invalu-
able advice and encouragement, for giving me an opportunity of studying their
collections from the Akiyoshi Limestone and Kuma Massif, Japan, and for their
kindness in reading the manuscript. I am much indebted to Professor Emeritus
Teiichi KoBAvAsHI who kindly gave me an opportunity to examine QOzZAWA’s col-
lections from the Akasaka and Akiyoshi Limestones. My sincere thanks are
extended to Drs. Ken-ichi IsHII and Yasuo NoGAMI who gave me instructive advice
and afforded me an opportunity of examining their collections from the Sisophon
and Battambang Limestones in Cambodia. Deep thanks are also extended to
Professors Tatsuro MATSUMOTO and Rokuro MORIKAWA, Associate Professor
Tsugio SHUTO, Drs. Hisayoshi 1Go, Juichi YANAGIDA, Itaru HAvaMI and Toshio
KoikE for their kind help and advice in various ways. I am indebted to Misses
Seiko HAYAKAWA and Yuko WADA who have asgisted me in preparing some
illustrations and typescript.

Historical review of the studies of the Verbeekinoidea

Studies of the Verbeekinoidea go way back to GEINITZ's first description of
Fusulina verbeeki, the type-species of Verbeekina STAFF, 1909 from the Middle
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Permian limestone of Padang Highlands, Boekit Besi, Sumatra in 1876. Since
then, almost a century has passed and hundred works have been published on this
foraminiferal group. Several papers were in fact epoch-making in the study of
the Verbeekinoids. For better understanding the present situation of the study
it seems worth-while to review historical studies of the Verbeekinoidea.

DAWSON discovered Loftusia (=Yabeina) columbiana from Marble Canyon
in British Columbia already in 1879. In 1883, SCHWAGER described Schwagerina
(=Verbeekina) verbeeki, Schwagerina (=Metadoliolina) lepida, S. (=M.) lepida
var. ellipsoidalis and S. (=Neoschwagerina) craticulifera with five schwagerinid
species from China and Japan. The last named species was later designated by
YABE (1903) as the type-species of Neoschwagerina YABE. SCHWAGER’s speci-
mens were recently restudied by NocaAMI (1965) based on the up to date
knowledges.

During the first decade of this century, two important genera of the Neo-
schwagerinidae were introduced. VoLz (1904) established Sumatrina based on
Sumatrina annae VOLZ from the Middle Permian of Sumatra. HAYDEN (1909)
introduced Cancellina as a subgenus of Neoschwagerina. His original description
of the type-species of Cancellina, Neoschwagerina primigena HAYDEN from the
Bamian Limestone of Afghanistan was insufficient, resulting in that this made
some later authors misunderstand the diagnosis of the genus. He described
many Verbeekinoid species including Yabeina inouyei (=Y. globosa), Neoschwa-
gerina (Sumatrina) multiseptata, Doliolina ovalis and D. compressa, which are
the type-species of Yabeina DEPRAT, Lepidolina LEE, Misellina SCHENCK and
THOMPSON and Brevaxina SCHENCK and THOMPSON, respectively. He was the
first who gave an opinion on the phylogeny of the superfamily based on the
similarity of shell morphology and their stratigraphic order of occurrence.

Similar monographs on the fusuline foraminifera from Indo-China were also
presented by COLANI (1924) and GUBLER (1935). OzAwA (1925a, 1925b) pub-
lished two important papers on the Fusulinina, of which the first (1925a) was a
comprehensive and epoch-making work on the paleontology of the fusuline for-
aminifera., It is not too much to say that the essential framework of the phylo-
genetic relation among the verbeekinoidean species was pretty well established
in this paper. He recognized four main bioseries in the verbeekinoid species
which have the common ancestor, Doliolina claudiae. The second paper dealt with
the biostratigraphy of the Akiyoshi Limestone in Southwest Japan by means of
the fusuline foraminifera. In 1927, he found a successive occurrence of the
Neoschwagerinid species which display a serial evolutionary development in the
Akasaka Limestone, and subdivided the limestone sequences into several species-
zones on the basis of this fact. These two works were more or less stimulative
to the subsequent biostratigraphic studies of these foraminifera. YABE and
HAaNzAWA gave a tentative classification of the Fusulinina in 1932. They intro-
duced a new genus Pseudodoliolina with P. ozawai from the Akasaka Limestone
as the type-species. In 1933, LEE proposed the Neoschwagerinid genera Colania
and Lepidoline. Unfortunately his descriptions were too insufficient to accept his
proposal easily. Colania has long been regarded as a synonym of Yabeina or
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Lepidolina by many authors. THOMPSON restudied the Permian fusuline fauna
from the Bamian Limestone of Afghanistan that was once studied by HAYDEN,
resulting in that knowledge on the Permian foraminiferal fauna in this area have
been much increased. THOMPSON set up Afghanella based upon Afghanella
schencki from this limestone. THOMPSON’S comprehensive monograph on the
fusuline genera appeared in 1948 that has been in fact very important for us to
understand an outline of the fusuline foraminifera. So far as the verbeekinoidean
genera are concerned, however, his opinion on phylogenetic relation among them
is hardly accepted.

As KANMERA (1957) already noted THOMPSON erroneously regarded can-
cellina as the ancestor of Neoschwagerina, and gave a misleading diagnosis. At
the same time, THOMPSON regarded Pseudodoliolina as a descendant of Verbee-
kina. In the same year, YABE presented a paper on the Neoschwagerinidae. His
opinion on the phylogeny of the superfamily is well understood from the table
given by him (YABE, 1948, p. 2).

From about fourth decade of this century, so many species of the Ver-
beekinoidea have been described in connection with the biostratigraphic studies
of the Permian System in many provinces of the Tethys Sea Region. They are
briefly summarized as follows:

Several verbeekinoid species which are intimately related to the Japanese or
to East Asian faunas have been described from the Pacific Northwest of North
America by American authors including THOMPSON, WHEELER and DANNER
(1950), SKINNER and WILDE (1955, 1966) and DoucLAss (1967). SOSNINA
(1965) recorded several verbeekinoidean species from the Sikhote-Alin area of
the Far East of Russia. In Japan a great number of works have been carried out
on the superfamily by HuziMmoro (1936) KANMERA (1954, 1957, 1963), TORIYAMA
(1958), HoNJO (1959), MORIKAWA (1960), MORIKAWA and SUzUKI1 (1961),
NocAaMI (1961), SADA (1961, 1963), HANZAWA and MURATA (1963), HASEGAWA
(1965), etc. Thus, our knowledge on the Verbeekinoidean faunas in Japan has
been accumulated.

In Japan, the problem on Lepidolina has long been discussed in relation to
the Upper Permian stratigraphy and the Permo-Triassic boundary in Japan.
KANMERA (1954) fully described the Upper Permian fusuline fauna from the
Kuma Formation in southern Kyushu. He recorded some interesting verbeeki-
noidean species comprising Lepidolina kumaensis, Pseudodoliolina pseudolepida
gravitesta, the type-species of Metadoliolina ISHII and NoGgAMI, 1961, and other
species. On the basis of species assemblage he discriminated the Lepidolina
fauna from the Yabeina globosa fauna, and set up the so-called Lepidolina Zone
in the Upper Permian rocks, and regarded the zone as the highest fusulininan zone
in Japan. NocAMI (1959), SUYARI (1962), SADA (1963) and some other authors
at first hold the opinion of KANMERA. On the contrary, HANZAWA and MURATA
(1963) expressed the opposite opinion on this subject. They regarded the genus
Lepidolina as a synonym of Yabeina, and stated that Yabeina globosa occupies the
higher biostratigraphic horizon than “Yabeina” multiseptata and “Y.” kumaensis.
They treated Yabeina globosa as the highest zonal indicator of the Neoschwa-
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gerinidae. In their schema on the phylogeny of Verbeekinoiden species (HAN-
ZAWA and MURATA, 1963, p. 29), Neoschwagerina minoensts was placed in much
lower horizons and was regarded as an ancestor of Yabeina globosa. This is
probably not correct, because N. minoensis commonly associated with Yabeina
globosa (0zAwA, 1927, p.157; etc.). Yabeina elongate was regarded as a
descendant of Lepidolina multiseptata, but it is nothing but the microspheric
generation of the latter. Anyhow, their opinion on the phylogenetic relation
among the species of the Verbeekinoidea cannot be warranted.

ISHII and NoGAMI (1964) studied a Lepidolina fauna based on many speci-
meng collected from the Sisophon and Battambang Limestones, Cambodia. They
described Lepidolina multiseptata, the type-species of the genus, in detail on the
topotype specimens and showed variation of some biocharacters within the species,
although there remained, as yet, some problems concerning the concept of sub-
species and the treatment of dimorphism in the life cycle of the foraminifera.
Having discussed the validity of the genus Lepidolina they regarded the genus
as a synonym of Yabeina mainly based on the reason that the shell of the type-
species of Lepidolina has an alveolar keriotheca. YABE (1964, 1965, 1966) ex-
pressed his own view on this subject in his serial papers entitled “Lepidolina
Problems”, and summarized biostratigraphical and paleontological knowledges
concerning this problem. In the final paper cited he led the following conclusion:

1) Lepidolina represented well by L. multiseptate should be treated as a
subgenus of Yabeina.

2) The Yabeina (s.s.) fauna is almost contemporaneous with the Yabeina
(Lepidolina) fauna. Both are the representative faunas of the different litho-
facies which are named by ToRIYAMA (1967) as Kinshozan facies and Kuma
facies, respectively. IsHil and SHIMIZU (1967) followed YABE’s view. HASEGAWA
(1965) described Lepidolina kumaensis from the Otani Conglomerate in the Hida
Massif, Central Japan. He gave a brief note on Yabeina and Lepidolina, and
pointed out the vagueness of the generic status of Lepidolina. It should be noted
that he showed an interesting interpretation on the phylogenetic relationship of
some neoschwagerinids which is somewhat similar to the conclusion presented
in this paper. He regarded “Gublerina elongata” as a descendant of Neoschwa-
gerina colaniae, although he suggested a probability that “Gublerina elongata’
represents the microspheric forms of Lepidolina multiseptata. Thus, many dis-
cussions have been made by Japanese authors on the neoschwagerinid species.

From the Permian Limestone in South China, CHEN (1934, 1956), THOMPSON
and FoSTER (1937) and SHENG (1963, etc.) described a large number of Verbee-
kinoidean species. Among them, SHENG’s monograph of the fusulininan for-
aminifera from Kwangsi and its neighbouring areas is important in the considera-
tion of the biostratigraphic relationship between the neoschwagerinid faunas and
the Palaeofusulina-Codonofusiella fauna. Several species of the Verbeekinoidea
were set up by him. Besides these contributions our knowledge on this super-
family in Southeast Asia has been accumulated by DEPRAT, COLANI, GUBLER,
LANGE (1925), SAURIN (1958), IsHII and NoGAMI (1964), PITAKPAIVAN (1965),
Ico (1966) and KANMERA and ToRIYAMA (1968). In the paper cited above KAN-
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MERA and TORIYAMA set up Maklaya for a primitive neoschwagerinid species-
group including “Cancellina” pamirica.

During the last two decades, information on the verbeekinoidean faunas
from Southwest Asia and Asia Minor has been much increased by several authors
such as MIKLUKHO-MAKLAY (1955, 1957), LEVEN (1967, etc.), KALMIKOVA
(1967), and SKINNER (1969). The verbeekinoidean fauna in the Southeast
Europe has been clarified by KOCHANSKY-DEVIDE (1958, 1965) and KOCHANSKY-
DEvIDE and Ramovs (1955). The foraminiferal faunas in Sicily and Tunisia,
the western extremity of the distribution of the Verbeekinoidea, were described
by OzAwA and TOBLER (1929), DOUVILLE (1934) and SKINNER and WILDE (1966,
1967).

Compared with active works on the stratigraphic paleontology of the foramin-
ifers, studies from the pure paleontologic standpoint were rather few in these
four decades. SKINNER and WILDE (1954) studied the spirothecal structure of
Lepidolina multiseptata and Sumatring annae. KANMERA (1957) discussed about
diagnostic features of Cancelline and primitive representatives of Neoschwa-
gering. MINATO and HoNJO (1959) examined the axial septula of the neoschwa-
gerinid species and gave their idea on their phylogenetic relationship based on the
developmental pattern of the axial septula. Their view deviates far from those
held by other authors. There are, however, still several problematical points to
be discussed. MORIKAWA (1965) studied in some detail the parachomata of the
verbeekinoid genera.

Recently GOBBETT (1968) reported an interesting paper dealt with paleo-
zoogeography of the Verbeekinoidean foraminifers. Besides, the following pale-
ontologists have expressed their views on the phylogeny of the Verbeekinoidean
foraminifera; DEPRAT (1913), OzAwA (1925a, 1927), LEE (1933), GUBLER (1935),
THOMPSON (1948), YABE (1948), KANMERA (1957), MIKLUKHO-MAKLAY, RAUSER-
CHERNOUSOVA and ROZOVSKAYA (1958), MINATO and HONJO (1959), TORIYAMA
(1960), MorIKAWA and SUZUKI (1961), SHENG (1963), HANZAWA and MURATA
(1963) and HASEGAWA (1965).

Paleoecology

As one of the main limestone builders, the fusuline foraminifers including
the Verbeekinoidea abundantly occur in carbonate sediments of the Carboniferous
and Permian Systems. Some of them are, however, known to occur in calcareous
clastic sediments. For example, species of Monodiexodina which have a very
slender shell usually occur in calcareous sandstone or arenaceous limestone. Some
species of Oketaelle have been recorded from calcareous shale (THOMPSON, 1954,
p. 356-36). As will be mentioned below, the fusuline foraminifers are considered
to have been very sensitive to microenvironments, which are indirectly interpreted
by lithologic features of limestone, and the contained organic remains and their
assemblage. As the result of adaptation to the microenvironments, many types
of the fusuline foraminifers were developed. So far as has been known, a definite
fusuline community is usually restricted to a certain rock-type. Some large,
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subspherical or highly inflated fusiform schwagerinid species with a delicate
spirotheca and septa, such as Robustoschwagerina schellwieni and Acervoschwa-
gerina endoi, are predominant in micritic limestone which is interpreted to be a
deposit under calm water environment. In this type of rock, their delicate shells
are usually completely preserved. Species of Nipponitella, Paradoxielle and
Codonofusiella have an uncoiled shell at the mature stage. These highly special-
ized or aberrant forms are mostly restricted to black-coloured, rather bituminous
muddy limestone. Species of Hidaelle which have a highly rugose spirotheca also
occur in the similar lithofacies. These unusual species must have been much
selective in their choice of a habitat. While, highly elongate schwagerinid species
such as Monodiexodina wanneri, M. matsubaishi, Parafusulina kaerimizensis,
P. deliciasensis and other species of a similar form are crowded commonly in
arenaceous or well-sorted limestones with a sparry calcite matrix. Their elongate
shells are often oriented in the same direction. Such occurrences are known in
the Permian of Timor (THOMPSON, 1948, p.7), Kitakami Massif (HuJIMoOTO,
1956) and Akiyoshi Limestone (KAwANO, 1967, pl.2) in Japan, the Primore
Territory in Sikhote-Alin (SOSNINA, 1956, pl. 7), and other many localities. Their
mode of occurrence and their state of preservation suggest the deposition in the
place not far from their living sites. As has been mentioned by THOMPSON in
the paper cited above, the oriented arrangement of shells and the lithologic
features of the rocks in which they occur suggest that schwagerinid species such
as Monodiexodina wanneri lived in a shallow sea environment where the wave
action and/or submarine currents were fairly strong. As GOBBETT (1967, p. 83)
noted, the shell-shape of foraminifers is in fact an important clue to their habitat.
The thickness and rugosity of spirotheca, the mode of coiling of shells, the coarse-
ness of alveoli in the keriothecal layer and the thickness of septa may more or
less reflect environmental conditions in the habitat of fusuline foraminifera. In
general the elongate species with a thick spirotheca and septa probably preferred
agitated water condition. On the other hand, inflated, loosely coiled species with
a thin spirotheca and septa probably selected less agitated calm water condition
as their favorite habitat.

Verbeekinoid species with subspherical to cylindrical shell occur chiefly in
micritic limestone, less commonly in calcarenite with a sparry calcite matrix, and
rarely in calcareous sandstone or conglomerate. In case they are found in clastic
sediments, however, their shells are more or less broken as well examplified by
those in the conglomerate or conglomeratic sandstone intercalated in the Toyoma
Slate in Kitakami Massif, Northeast Japan (SAITo, 1968) and of the Upper
Permian in Southwest Japan (KANMERA, 1954 and others). It is undoubted that
the verbeekinoideans found in conglomerate or sandstone were transported and
deposited as pebbles at places far from their living sites. We have no positive
evidence to show that verbeekinoidean species had lived in the places where such
clastic sediments are accumulated. We can safely say that there were no verbee-
kinoidean species which had planktonic life at the mature stage, because their
occurrence is restricted mostly to the limestone facies.

The ecology of the verbeekinoidean foraminifera may be well inferable from
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the ecological evidence of the Alveolinid foraminifera which include living species,
because these two foraminiferal groups represent a good example of a convergent
evolution in foraminifera. WALLACE and SRB (1961, p. 56) explain the phenome-
non of convergent evolution ag follows; ‘“When distantly related group of plants
or animals occupy ecological niches that have many environmental characteristics
in common, they may develop superficial resemblance.” Close resemblance in
shell morphology are in fact recognized between the species of the Verbeeki-
noideans and Alveolinids, although there is no genetic relation between them.
For example, shell of Misellina, Verbeekina and Sumatrina or Lepidolina in the
Verbeekinoideans are respectively isomorphic with those of Owvalveolina, Multi-
spirina and Alveolinella or Fasciolites in the Alveolinids. REICHEL (1964) stated
that “The fossil alveolinids are only found in neritic sediments where they may
be associated with miliolids and calcareous algae. Many large species occur in
great abundance and are therefore rock builders. Alveolinella lives in tropical
seas at depth of 10 to 80 m.”

The limestone in which the verbeekinoidean foraminifers occur often con-
tains the Codiacean and Dasycladacean algae, and schwagerinid and endothylid
foraminifera. Waagenophyllid corals and bryozoas are also commonly found with
them. It is highly probable that the verbeekinoidean and alveolinid foraminifera
occupied similar ecological niches in shallow warm water in the Permian and
post-Upper Cretaceous respectively. GOBBETT (1967, p.84) inferred the ecology
of the verbeekinoidean foraminifera as follows: ‘“at least some members of the
Verbeekinoidea lived among algal meadows in warm, clear, sunlit waters of
normal salinity, possibly as deep as 80 metres but frequency much shallower.
This environment would probably not be subject to strong currents and would be
the site of slow carbonate sedimentation brought about by organic activity and
particularly by the growth of algae. The young stage of the Verbeekinids were
probably epiplanktonic or planktonic.” The verbeekinoidean species had probably
these environments as their favorite habitat.

Species of Misellina are often associated with several species of schwagerinids
such as Pseudofusulina globosa, P. kraffti, P. fusiformis and Nagatoella orientis.
Neoschwagerina simplex and its allied species commonly occur with species of
Cancellina such as Cancellina nipponica in micritic limestone in the lower Middle
Permian. Some species of Parafusulina commonly coexist with them.

In Japan, the assemblage characterized by Neoschwagerina simplex and
Cancelline nipponica is chiefly recognized in the outer zone of Japan including
the Chichibu belts. While, Parafusuling kaerimizensis and its closely allied
species which occupy the equivalent stratigraphic horizons to the Neoschwagerina
simplex zone are found usually in swarms in huge limestone masses (the Akiyoshi,
Taishaku, Atetsu Limestones, etc.) in the Inner Zone of Southwest Japan. The
Parafusulina kaerimizensis faunule is almost devoid of the elements of the
Neoschwagerina simplex-Cancellina nipponica assemblage, and is found in sparitic
limestones which are considered to have deposited under very shallow and agitated
water condition. As mentioned above, this environment was probably not favour-
able for species of Neoschwagerinids. Similar is the case in the assemblage
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Fig. 1. Schematic diagram showing the development of the Neoschwagerinid
faunas in connection with lithofacies.

containing Neoschwagerina craticulifere and that characterized by Parafusulina
japonica in the middle Middle Permian. The typical representative of the latter
is found in the Yamasuge Member of the Nabeyama Formation in the Kuzu area
in Kwanto Province which is one of the reference sections of the so-called Para-
fusulina Zone of Japan. This fact may be explained by the difference of ecological
adaptation between species of Parafusulina and those of Neoschwagerina.
Interesting interspecific ecological relationship is recognized among the neo-
schwagerinid species, especially between the species of the Neoschwagerininae,
including genera Maklaya, Neoschwagerina and Yabeina, and those of the Lepido-
lininae composed of genera Cancellina, Colania and Lepidolina. Species of Can-
cellina commonly occur along with the primitive species of Neoschwagerina such
ag N. simplex. Neoschwagerina craticulifera which has long been recognized as
a descendant of Neoschwagerina simplex commonly occurs in sparitic to micritic
limestones. While, Colania amicula or its related species which are regarded as
a descendant of the species group of Cancellina nipponica are mostly confined to
micritic limestone. Association of species of Neoschwagerina and Colania is less
common. Although Colania douvillet and Neoschwagerina margaritae are the
good index fossils for the upper Middle Permian age, but their association is not
common. Yabeina globosa and its allies are found more commonly in limestone
masses than in lenticular limestones intercalated in thick piles of clastic sedi-
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ments. On the other hand, Lepidolina multiseptata and its allies predominantly
occur in small micritic limestone lenses intercalated in muddy sediments even in
such small lenses as thick as 0.5 metre. As pointed out by KANMERA (1954)
the association of Yabeina globosa and Lepidolina multiseptata has never been
known, and the sediments characterized by the Yabeina globosa are very much
different in facies from those of the Lepidolina multiseptata fauna. TORIYAMA
(1967) proposed to call the two facies Kinshozan and the Kuma facies respec-
tively. YABE mentioned that the Kuma facies far exceed in geographical distribu-
tion of the Upper Permian sediments in the Japanese Islands. Although the exact
stratigraphic and chronologic relationship between the two facies has never been
confirmed yet, YABE (1964) considered that, from the available data, a part of
the Lepidoling multiseptata shiraiwensis zone is at least contemporaneous with
the Yabeina globosa zone of the Kinshozan facies. I am in favour of YABE's view
which is quite reasonable, and of the opinion that the faunal construction in the
Japanese Upper Permian may be explained from the ecological aspect of the
Neoschwagerinid species as well as chronological grounds. As compared with
the species of Neoschwagerininae, those of Lepidolininae and Sumatrininae have
delicate shell and are much abundantly found in micritic limestone deposited
under calm water condition. In fact the segregation by the choice of ecological
habitat, as mentioned above, exists between species of Neoschwagerininae and
Lepidolininae. It is a remarkable fact that the prosperity of the Lepidolininae in
the upper Middle to the Upper Permian is concordant with the decline of the
Neoschwagerininae. This difference in ecological habitat and chronological
prosperity between both subfamilies is noteworthy. This is one of main reasons
I separate Colania and Lepidolina from the Neoschwagerininae in the present

paper.

Distribution

As well known, the verbeekinoidean foraminifers are restricted in distribu-
tion to the Tethys Sea Region including the west coast area of North America.
GOBBETT (1967) has recently summarized their geographic distribution and
mapped the localities where they occur. Further discussion on their general
geographic distribution seems to be unnecessary, but short remarks are given
here on the verbeekinoidean fauna in the Permian. GOBBETT recognized three
groups of verbeekinoidean fauna, the Misellina, Neoschwagerina and Yabeina
“Faunas” in ascending order. Up-to-date knowledge on the Permian verbee-
kinoidean fauna, however, may permit the following grouping or distinction in
terms of representative species.

1. Misellina fauna.

a) Misellina minor fauna.—Primitive species of Misellina are character-
istic for the upper Lower Permian fauna. They are widespread in the Tethys Sea
Region including Asia Minor, Pamir, Southeast Asia, South China, the Japanese
Islands, Sikhote-Alin and the Pacific Northwest of North America. Misellina
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(Misellina) minor, M. (M.) ibukiensis, M. (M.) celifornica, M. (Brevazina)
compressa, M. (B.) otakiensis, M. (B.) dyhrenfurthi, etc. are the representative
species of this fauna. In addition to the species of Misellina, such schwagerinid
species as Pseudofusulina globosa, P. kraffti, P. fusiformis, and Nagatoella orien-
tis are contained in it.

b) Misellina cloudiae fauna.—Advanced species of Misellina (Misellina)
represented by M. (M.) claudiae and M. (M.) ovalis characterize the lowest
Middle Permian fauna of Asia Minor, Pamir, Southeast Asia, South China,
Sikhote-Alin and the Japanese Islands. Some schwagerinid species such as
Parafusuling ambigua and Nagatoella orientis commonly occur in association with
the above mentioned species of Misellina.

GOBBETT (1967) designated species of Eowverbeekina, Pseudodoliolina, Pre-
sumatrine and primitive species of Neoschwagerina as the constituents of the
Misellina fauna. The species of these genera, however, occur in higher horizons
than the strata containing species of Misellina, and are the members of the
Neoschwagerina fauna. As defined above, only the assemblages characterized by
species of Misellina are referred to the Misellina fauna.

2. Neoschwagerina fauna.

a) Neoschwagerina stmplex—Cancellina nipponica fauna.—The lower Middle
Permian fauna is characteristically represented by the Neoschwagerina simplex-
Cancellina nipponica assemblage. Species of Maklaya, Armenina, Cancellina,
Presumatrine, and primitive representatives of Neoschwagerina and Pseudodolio-
lina are members of this fauna. This fauna is known from the Asia Minor,
Southeast Asia, South China, Sikhote-Alin, the Japanese Islands, and the Pacific
Northwest of North America. Few species of Parafusulina are associated with
this fauna.

b) Neoschwagerina craticulifera fauna.—The middle Middle Permian fauna
is made up of advanced species of Neoschwagerina including N. craticulifera,
N. cheni, N. occidentalis and N. haydeni, Afghanella schencki, A. ozawai,
P. pseudolepida, Verbeekina heimi, Verbeekina verbeeki, etc. Large species of
Parafusulina are also associated with these verbeekinoidean species. This fauna
migrated into the Southeast Europe. At the end of the history of this fauna
Neoschwagerina margaritae, Colania douvillei, C. kwangsiana, Sumatrina annae,
and Metadoliolina lepida appear, and some species of Polydiexodine including
P. afghanensis are accompanied.

3. Yabeina fauna.

The Upper Permian verbeekinoidean fauna comprises at least two groups,
each of which is characterized by a particular assemblage of species. One is
represented by Yabeina globosa and its related species, and the other by Lepido-
lina multiseptate and its allied species. As mentioned in the preceding chapter,
the two groups are never associated with together and have long been in dispute
whether they are coeval to each other or different in age.

a) Yabeina globosa fauna.—This fauna is characterized by species of
Yabeina including Y. globosa, Y. packardi, Y. cascadensis, Y. syrtalis, etc., Neo-
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Fig. 2. Schematic diagram showing the distribution of faunas in the Upper

Permian of the Tethyan Region.

Main data (Tunisia: SKINNER and WILDE, 1967; Yugoslavia: KOCHANSKY-
DEvVIDE, 1965, etc.; Greece: RENZ and REICHEL, 1945; Trans Caucasia:
RUZHENTSEV and SARYCHEVA, 1965; Iran: DoOUGLAS, 1950, TARAZ, 1969;
Pamir: LEVEN, 1967; Southeast Asia: DEPRAT, 1912, etc., GUBLER, 1935;
South China: SHENG, 1963, etc.; North China and Sikhote-Alin: NoDa,
1963, SOSNINA, 1960, etc.; Japan: KANMERA, 1954, 1967, YABE, 1964, 1965,
IsHir and SHIMIZU, 1967, etc.; Pacific Northwest of North America:
SKINNER and WILDE, 1966, etc.; Texas: SKINNER and WILDE, 1955)

schwagerina katoi, N. minoensis, Verbeekina verbeeki, and some other species.
Some species of Chusenella, Dunbarula, Paradoxiella, and Codonofusiella are also
members of this fauna. This fauna is usually rather simple in the constituent
and is known from the Pacific Northwest of North America, the Japanese Islands,
Southwest Asia, and North Africa.

4. Lepidolina fauna.

a) Lepidolina multiseptata shiraiwensis—Colania douvillet fauna.—Another
group of the lower Upper Permian fauna is characterized by Lepidolina multi-
septata shiraiwensis, L. asiatica, Colania douvillei, C. kwangsiana, Sumatring
annae, S. longissima, Verbeekina wverbeeki, and some species of Afghanella,
Pseudodoliolina, Metadoliolina, Dunbarula, and Codonofusiella. 1t is probably
contemporaneous with the Yabeina globosa fauna.

b) Lepidolina multiseptata multiseptata — L. kumaensis fauna. — Highly
evolved species of the Verbeekinoidea such as Lepidolina multiseptata multi-
septata, L. kumaensis, Metadoliolina gravitesta, M. dutkevitchi, M. multivoluta
and Verbeekina douvillei constitute the latest verbeekinoidean fauna. Chusenella
cambodiensis and its allies are also dominant. Species of Codonofusiella, Dun-
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barule and Reichelina commonly occur in association with the species listed above.
This fauna is known from the limestone facies and the black shale facies of the
lower to upper Upper Permian in the Eastern Asia embracing the Japanese
Islands, Sikhote-Alin area, Northern Manchuria, South China, and Southeast
Asia. At least a part of this fauna is contemporaneous with the Codonofusiella-
Palaeofusuline fauna well distributed in the Upper Permian of South China,
Indo-China, Asia Minor, Northern Africa and Southeast Europe (Fig.2). No
representative of the Sumatrininae (Presumatrina, Afghanella and Sumatrina)
has so far been found in the Pacific Northwest of North America. The occur-
rences of the verbeekinoidean foraminifers are in fact sporadical in the marginal
areas of the Tethys Sea Region, namely, Southeast Europe, North Africa, New
Zealand and the Pacific Northwest of North America. It is concluded that the
center of distribution of the verbeekinoidean foraminifers might have been in
the areas covering the Japanese Islands, South China and Southeast Asia. The
stratigraphic distribution of representative species of the Verbeekinoidea is
shown in Fig. 3.

Dimorphism and polyvalence

A. Dimorphism

Analysis of life cycle of foraminifera is very important and essential subject
in paleontology as well as in the studies of living species. LISTER (1895) was
the first who explained the phenomenon of dimorphism in foraminifera on the
basis of protozoan sytology. He found that two distinct types of shell occur in a
species of Elphidium and that the dimorphism in shell size is the result of an
alternation of the asexual and sexual phases. In dimorphism, megalospheric shells
represent the gamout generation in the asexual phase, while, microspheric ones
the shizont generation in the sexual phase. Further investigations on this
biological subject were made by many protozoologists including MYERS (1940,
etc.), Le CALVEZ (1938, etc.), GRELL (1957, etc.) and LEE (1963, etc.), and many
invaluable facts have been elucidated. The dimorphism occurs in most species of
foraminifera, but there are several species which show trimorphism in their life
cycle. These phenomena are actually important not only for the taxonomy but
also for the analysis of populations.

HAYDEN (1909), STAFF (1908), OzAwA (1925a), DUNBAR, SKINNER and
ROBERT (1936), CIRY (1941), and some other paleontologists paid a special atten-
tion to the dimorphism in the Fusulinina. Subsequent authors, however, have
not paid much attention to this phenomenon, and the main interest of the study
has been focused to stratigraphic paleontology rather than pure paleontology. In
the Verbeekinoidea, this phenomenon is recognizable in not a few species of the
Neoschwagerinidae and the Verbeekinidae. In species of Cancellina, Colania and
Lepidolina which constitute a definite phylogenetic group in the Neoschwagerini-
dae, the megalospheric shells can be easily distinguished from the microspheric
ones in the size of proloculus and shell, the number of volutions and certain other
shell features. I have made a biometric study on fossil populations of several
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Fig. 4. Statistical analysis of dimorphism and variation in the proloculus size in
three populations of two species of the Lepidolininae. The proloculus size range
of most species of the Neoschwageriniae is restricted in the hatched area.

neoschwagerinid species and analyzed the dimorphism regarding the size of shell
and proloculus, the number of volution and the mode of coiling of juvenile volu-
tions. As the result of the study, some questions which have been thrown to us
can be solved. As shown in Fig.4, Yabeina elongata, the type-species of
Gublerina MINATO and HONJO, which has a very large, elongate fusiform shell,
represents shizont generation of Lepidolina multiseptata. That is, specimens of
Leptidolina multiseptata including the holotype have a megalospheric shell and
those referred to Yabeina elongata a microspheric shell. Similar relationship is
also found in species of Colanic which are regarded as the direct ancestor of
species of Lepidolina. For instance, “Neoschwagerina” (=Colania) douvillei
shows a distinet dimorphism (Pl. 7, Figs. 9 and 10) in shell and proloculus size.
Colania sp. nov. (Pl 1, Figs.2, 6 and 7; PL7, Figs.5-7) from the Rat Buri
Limestone of Thailand is another example which displays a dimorphic life cycle
as in Lepidolina multiseptata. “Yabeina probosis CHEN” (1956, pl. 8, figs. 8-10)
is undoubtedly a representative of microspheric generation of Colania douvillei
or its allied species. These species occur with together. As already suggested
by NocaMI (1961) and IsHII (1966), Yabeina sp. A (NocAMI, 1961, pl. 7, figs. 1—
5) from the Atetsu Limestone in Southwest Japan is the microspheric representa-
tive of “Yabeina” (=Lepidolina) shiraiwensis OZAWA (NoGAMI’s pl. 5, figs. 1-8)
which coexists with the former in the same limestone. The same relationship is
also shown in the following two examples. Neoschwagerina sp. A (NocAMI, 1961,
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pl. 8, fig.7) is the microspheric generation of “Neoschwagerina” (=Colania)
douvillei. Neoschwagerina sp. A (160, 1966, pl. 8, figs. 5-6) from the Jengka Pass
in Pahang, Malaysia is also the microspheric specimens of “Neoschwagerina”
(=Colania) douwvillei OZAWA or “Yabeina” (=Lepidolina) asiatica ISHIIL.

On the other hand, microspheric and megalospheric shells in the species of
Maklaya, Neoschwagerina and Yabeina are almost the same in size, and therefore
the distinction of generations based on shell size is usually difficult. The differ-
ence is, however, seen in that the microspheric generation has a slightly smaller
proloculus and endothyroid juvenile volutions. On the other hand the megalo-
spheric shells are coiled planispirally throughout the growth (Pl. 4, Figs. 5 and 6).
I have observed these two generations in the following species; Misellina claudiae,
Armenina 8p., Neoschwagerina simplex, Neoschwagerina craticulifera (Pl.4,
Figs. 6 and 7), N. margaritae and Yabeina globosa. Good examples which show
these generations are seen in Neoschwagerina brevis THOMPSON, WHEELER and
DANNAR (=N. peculiaris SKINNER and WILDE) and Yabeina syrtalis (DOUVILLE)
which were illustrated by SKINNER and WILDE (1966, pl. 30, fig. 9, pl. 81, fig. 4;
1967, pl. 27, figs. 1-2). The dimorphism in the Sumatrininae and evolved species
of the Verbeekininae is not well understood, because of rare occurrence of the
microspheric specimens. Regarding the life cycle of these two subfamilies,
further informations are necessary. Anyhow, as is understood from the above
discussion, the analysis on polymorphism in life cycle is very important for taxo-
nomy of the fusuline foraminifera as well as the other foraminiferal groups.

B. 7Polyvalence
In the fusuline foraminifera, the polyvalent individuals are rarely found in
some species of the Fusulinidae and Schwagerinidae. In the Verbeekinoidea, this
phenomenon is especially abundant in species of the Lepidolininae (Cancellina,
Colania and Lepidolina) and the Sumatrininae. It is rare in species of the
Misellininae comprising the genera Misellina (s.1l.), Pseudodoliolina and Metado-
liolina. No polyvalent individuals have so far been known in the species of the
Neoschwagerininae and Verbeekininae. The polyvalent individuals have been
recognized in the following species:
Cancellina nipponica OZAWA; HANZAWA and MURATA (1963, pl. 12, fig. 8).
Colania megaspherica (DEPRAT) ; COLANI (1924, pl. 22, fig. 20).
Lepidolina multiseptata (DEPRAT) ; COLANI (1924, pl. 26, fig. 7), MORIKAWA
(1956, pl. 34, fig. 9), ToRIYAMA (1958, pl. 44, fig. 9), NocAMI (1961, pl. 6,
fig. 4), HANZAWA and MURATA (1963, pl. 5, fig. 3), WILDE (1965, pl. 18,
fig. 4), 0zawa (Pl 8, Figure 7 of this paper).
Afghanella sumatrinaeformis GUBLER; CHEN (1956, pl. 7, fig. 11).
Sumatrina longissima DEPRAT; COLANI (1924, pl. 20, figs. 21-22), ToRI-
YAMA (1958, pl. 48, fig. 25).
Pseudodoliolina ozawai YABE and HANZAWA; TORIYAMA (ditto, pl. 39,
fig. 31).
Pseudodoliolina pulchra SHENG; SHENG (1963, pl. 30, fig. 1).
Colania douvillet (0ZAWA) from the Aikoyshi Limestone in Southwest Japan
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and Colania sp. nov. (Pl 1, Figs. 2, 6 and 7; Pl. 7, Figs. 5-7) from the Rat Buri
Limestone in Thailand also contain polyvalent individuals. As well shown by
Lepidolina multiseptata and other listed species the phenomenon of polyvalence
seems to be closely related to the proloculus size. That is to say, it is much more
common in species which have a large proloculus than in those with a small
proloculus.

Evolution of shell structure and phylogeny

A. Evolution of shell structure

The evolutionary history of the verbeekinoid foraminifera is well represented
by modification and progressive reduction of the keriothecal layer of the spiro-
theca, multiplication of septa and septula, progressive enlargement of shell. The
following short remarks are given on these main evolutionary trends.

1. The shell becomes larger and the number of volution increases. In the
upper Lower Permian verbeekinoid species, mature specimens usually have only
five to seven volutions and are about one milimeter or slightly more in size. For
example, Misellina ibukiensis has six to seven volutions and is about 1 mm long.
In the species of Misellina including the type-species, which occur in higher
horizons, mature specimens attain a length of 2.5 mm or more and have more
than eight volutions. Most of species of Cancellina, Maklaya and Armenina have
a shell of 3 mm or more. The number of volution in these species usually exceeds
ten. Many species of Neoschwagerina, Colania, Verbeekina and Pseudodoliolinag
have a much larger shell with more than thirteen volutions. The approximate
size range and volution number of a representative species of these genera are
given as follows; Neoschwagerina craticulifera: 14-16 volutions, 4-6 mm; Ver-
beekina verbeeki: 14-16 volutions, 4-8 mm; Pseudodoliolina ozawai: 13-15 volu-
tions, 4 mm or more.

In the upper Middle Permian species, mature specimens have more than
twenty volutions and attain a length of more than 10 mm. For instance, mature
specimens of Yabeina globosa, the type-species of Yabeina, contain more than
twenty volutions and are more than 11 mm. The most gigantic specimens are
found in the microspheric generation of Lepidolina multiseptata (=“Yabeina
elongata”) or of the species-group of Colania kwangsieana (P19, Fig.4; PL 8,
Fig.5; PL 7, Fig. 7). In these species, the microspheric specimens have twenty-
three or more volutions and exceed 25 mm in length. Thus, advanced species of
the verbeekinoids have a shell more than fifteen times as long as the ancestral
species.

2. The wall structure gradually becomes complicated through the develop-
ment of septa and septula.

This is the most important tendency recognized in the evolutionary history
of the Neoschwagerinidae. In the course of the development of septula, at least
five stages are recognized, although all gradation or transition can be recognized
in the development from the initial stage to the final stage, and therefore it is
often difficult to distinguish strictly these stages. However, the following five
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Fig. 5. Inner structures of the shell of Misellina claudiae (DEPRAT).
A, Perspective view; B, Inner surface of the spirotheca; C, Part of
axial section; D, Part of sagittal section. t, tectum; Kk, keriotheca;
sp, septum; pch, parachomata; f, foramen.

Fig. 6. Inner structures of the shell of Maklaya pamirica (LEVEN).
A, Perspective view; B, Inner surface of the spirotheca; C, Part of
axial section; D, Part of sagittal section. t, tectum; k, keriotheca;
ts, primary transverse septulum; sp, septum; pch, parachomata; f,
foramen.

stages may be differentiated with respect to the developmental pattern of septula.

The stage I (Misellina claudiae stage). No significant modification of the
wall structure is recognized in this stage. This type of spirotheca is seen in all
the species of Misellina, Pseudodoliolina, Metadoliolina, Armenina, and Verbeekina
(Fig. 5).

The stage II (Maklaya pamirica stage). In this stage there appear incipient
transverse septula formed by slight downward prolongation of the keriothecal
layer. The lower end of the transverse septula is connected with the para-
chomata only immediately adjacent to the septa, leaving a large lateral passage
in the central part of the chamber. Axial septula are not yet developed. Most of
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Fig. 7. Inner structures of the shell of Neoschwagerina simplex OZAWA
A, Perspective view; B, Inner surface of the spirotheca; C, Part of
axial section; D, Part of sagittal section. t, tectum; k, keriotheca;
ts, primary transverse septulum; as, axial septulum; sp, septum; pch,
parachomata; f, foramen.

species of Maklaye and some small species of Cancellina (?) represent this stage
(Fig. 6).

The stage III (Neoschwagerina simplex stage). The primary transverse
septula are almost completely connected with the top of the parachomata, leaving
a fairly large lateral passage in the central part of the chamber. The axial
septula appear at least in the outer volutions. This stage of wall structure is
found in the primitive species of Neoschwagerina including N. simplex and most
species of Cancellina. Fig.7 shows the wall structure of Neoschwagerina simplex
OZAWA.

The stage IV (Neoschwagerina craticurifera stage). Adding to the primary
transverse and axial septula, secondary transverse septula appear between the
primary transverse septula in the outer part of shell. The advanced species of
Neoschwagerina such as N. craticulifera and N. margaritae and most of species
of Colania and Presumatring assume this stage of wall structure (Fig. 8).

The stage V (Yabeina globosa stage). Secondary transverse septula are
well developed even in the inner volutions. The septula and septa become thin
and irregular. The wall structure is most complex in this stage as well repre-
sented by species of Afghanella, Sumatrina, Yabeina, and Lepidolina (Fig. 9).

The prolongation of the keriothecal layer is taken place not only transversely
but also meridionally as seen in most species of Cancellina, Neoschwagerina and
Colania. In the species of Yabeina, Lepidolina, Afghanelle and Sumatrina, a
chamberlet formed by the intersection of the primary transverse septula and
axial septula is further subdivided into twofold or fourfold small partitions by
the development of the secondary transverse septula.

3. The parachomata gradually increase in number, and become narrow and
prominent. In general this tendency is well recognized, except for the species of
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Fig. 8. Inner structures of the shell of Neoschwagerina craticulifera
(SCHWAGER). A, Perspective view; B, Inner surface of the spiro-
theca; C, Part of axial section; D, Part of sagittal section. t, tect-
um; k, keriotheca; ts, primary transverse septulum; sts, secondary
transverse septulum; as, axial septulum; sp, septum; pch, paracho-
mata; f, foramen.

W
i»‘ '% °
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Fig. 9. Inner structures of the shell of Yabeina globosa (YABE). A,
Perspective view; B, Inner surface of the spirotheca; C, Part of
axial section; D, Part of sagittal section. t, tectum; k, keriotheca;
ts, primary transverse septulum; sts, secondary transverse septulum;
as, axial septulum; sp, septum; pch, parachomata; f, foramen.
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Armenina and Verbeekina. In the species of the Neoschwagerinidae the para-
chomata become gradually more prominent and relatively narrower, being con-
nected with the lower end of the transverse septula. In the Pseudodoliolina-
Metadoliolina bioseries, the parachomata gradually become prominent, and the
parachomata of Pseudodoliolina pseudolepida, Metadoliolina dutkevitchi and
M. multivoluta which occur in the upper Middle to Upper Permian strata, extend
to nearly the top of the chamber.

4. The number of the foramina increases. The number of the foramina
rapidly increases throughout the ontogenetic and phylogenetic development. As
the foramina increase, the number of the parachomata which alternate with
foramina in position naturally increases.

5. The keriothecal layer of spirotheca gradually reduces its thickness.
Although the thickness of the keriotheca essentially differs among the phylo-
genetic lineages in the verbeekinoids, it gradually decreases in every lineage. In
species of Misellina, Cancellina, Neoschwagerina, and Armenina the keriothecal
layer is clearly discerned beneath the tectum. However, the advanced species of
Verbeekina, Pseudodoliolina, Yabeina, and Lepidolina have only a thin keriothecal
layer which sometimes gives an appearance of a single layer. Especially in
species of Sumatrina, the alveolar keriotheca can not be recognized in the spiro-
theca under the low magnification.

6. The shell-form changes from small subspherical to thickly fusiform or
cylindrical.

The shell gradually changes from the small subspheric form as seen in
species of Misellina and Brevaxina to large thickly fusiform or elongate fusiform
as in species of Metadoliolina, Pseudodoliolina, Yabeina, Lepidolina, and Suma-
trina.

B. Phylogeny

A large number of species belonging to the Verbeekinoidea are known to
occur successively in the Permian sequence of the Tethys Sea Region, and furnish
details of evolutionary development of shell characters which afford us a key for
tracing lines of descent at specific level. The biostratigraphic and paleontologic
data obtained up to date demonstrate that the verbeekinoids diverged into several
bioseries in their earliest stage of development almost simultaneously in upper
Lower Permian age in the Tethyan Sea and its related region covering Asia
Minor, Southeast Asia, the Japanese Islands, and the Pacific Northwest of North
America. The ancestral species of the verbeekinoids are such minute and primi-
tive species of Misellina (s.l.) as Misellina (M.) minor, M. (M.) ibulkiensis,
M. (Brevaxina) compressa, M. (B.) otakiensis and M. (B.) dyhrenfurthi. With
respect to the ancestors of these earliest representatives of the Verbeekinoidea,
our knowledge is very poor. THOMPSON (1948), MIKLUKHO-MAKLAY, RAUSER-
CHERNOUSOVA and ROZOVSKAYA (1958) and RAUSER-CHERNOUSOVA (1963) are of
the opinion that Misellina was derived from the Staffellidae. However, the
Staffellidae can not be an ancestor of the verbeekinoids by the reasons mentioned
in the next chapter (p.44). Judging from the features of juvenile volutions of
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species of Misellina, Metadoliolina, Verbeekina, Neoschwagerina, and other re-
lated genera, the Verbeekinoidea might have been derived from the Ozawainel-
lidae. Species of Fostaffelle may be the direct ancestor of the earliest members
of Misellina.

Maklaya, Cancellina, Armenina and Pseudodoliolina had been derived directly
from each of several ancestral species-groups of Misellina (s.1.) in lower Middle
Permian times, and since then these genera independently evolved to form five
main divergent lines. The five main lineages are as follows.

(1) Armenina-Verbeekina bioseries.

(2) Pseudodoliolina-Metadolioline bioseries.

(8) Maklaya-Neoschwagerina-Yabeina bioseries.

(4) Cancellina-Colania-Lepidolina bioseries.

(5) Presumatrina-Afghanella-Sumatrina bioseries.

The latter three lineages have septula which are the most important characteristic
to distinguish them from the former two. These three lineages are grouped as
the Neoschwagerinidae. Species of the Maklaya-Neoschwagerina-Yabeina bio-
geries have a shell with a thick spirotheca, broad and triangular or fan-shaped
septa and septula, and are easily distinguishable from the other two groups (4, 5)
in having much thicker and different shaped septa and septula, a thicker spiro-
theca, and a smaller proloculus even in the megalospheric specimens. This line-
age is well traceable from the species-group of Misellina (M.) cloudiae to that
of Yabeina globosa.

Species of Cancellina, Colania and Lepidolina are very similar in shell
morphology to species of Presumatrina, Afghanelle and Sumatrina. In the later
genera, however, septa and transverse septula are regular in shape and are short
and thickened in their lower portion. Presumatrina resembles Cancellina in some
important shell features and the former is considered to have been directly derived
from the latter. Presumatrina is probably ancestral to both genera Afghanella
and Sumatrine. Judging from the features of the spirotheca, septa, septula and
parachomata, and stratigraphic order of occurrence, Lepidolina is a direct deri-
vative from Colania which is, in turn, probably derived from Cancellina.

The phylogenetic relationships recognized in shell structures of the Verbee-
kinoidea are diagramatically shown in Figs. 10 and 11.

Concerning with the life cycle, the Cancellina-Colania-Lepidolina bioseries
shows distinet dimorphism in the size of shell and proloculus. The proloculi of
megalospheric generation in this bioseries are very large. In this point, this
bioseries is easily distinguished from the Maklaya-Neoschwagerina-Yabeina
bioseries (Fig.4). The microspheric specimens of the species of Colania (Pl. 7,
Figs.7 and 9) and Lepidolina (Pl. 8, Fig.5; PL 9, Fig.4) have large shell with
more numerous volutions and a much smaller proloculus than the megalospheric
specimens of the same species. These differences have been the main reason that
most of the fusulininan paleontologists regarded the two types as the different
species. Taking Lepidolina multiseptata as an example, as already discussed in
the chapter of dimorphism, the microspheric individuals of this species have long
been regarded as Yabeina elongata or the type-species of Gublerina. The speci-
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Fig. 10. Evolutionary development of shell structures and phylogeny of the
Neoschwagerinidae.

mens referred to Yabeina proboscis CHEN and Yabeina lantschichensis TUMAN-
SKAYA, the type-species of Pseudoyabeina TUMANSKAYA, represent merely the
microspheric generation of Colania douvillet or Lepidolina multiseptata. Thus
the Cancellina-Colania-Lepidolina bioseries constitutes a definite phylogenetic
group in the Neoschwagerinidae. This may be also supported from the paleo-
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Fig. 12. Ontogenetic and phylogenetic relationship among the species of the
Neoschwagerinidae in terms of the development of septula.
(¥¢: Evolutionary stages recognized in the development of the septula; ¥:
Based on the megalospheric specimens).

ecological standpoint. Species of Colanie and Lepidolina occur in the micritic
limestone facies. While species of Neoschwagerina and Yabeina are predominant
in the sparitic limestone facies (Fig.1). In chronological distribution, the
prosperity of the Maklaya-Neoschwagerina-Yabeina bioseries is gradually re-
placed by that of the Cancellina-Colania-Lepidolina bioseries. Thus three phylo-
genetic groups are differentiated in the Neoschwagerinidae which is characterized
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Fig. 13. Phylogeny of species-groups in the Verbeekinoidea. (* Zonal subdivi-
sion of the Permian System by the index species of the Neoschwagerininae.)

by possessing septula.

In species of the verbeekinoids which have no septula, the developmental
pattern of parachomata is most important for the distinction of bioseries
as mentioned by MORIKAWA (1965), etc. We can discriminate two groups in
these species complex. One is the Armenina-Verbeekina bioseries which is
considered to be a degenerated off-shoot of the verbeekinoid foraminifera in
having discontinuous and rudimentary parachomata. The other is the group of
Pseudodoliolina and Metadoliolina which have well developed parachomata.
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Species of Armenina and Verbeekina may be derivatives from the species-group
of Misellina (Brevaxina) otakiensis and M. (B.) dyhrenfurthi which have poorly
developed parachomata.

The ontogenetic development of species should be also taken into account for
the consideration of phylogeny of the verbeekinoids. As shown in Fig. 12,
phylogenetic development of the representative species is well retained in their
ontogenetic development. As the stratigraphic sequence is followed upwards the
features of the earlier stages are tend to be much reduced in the megalospheric
specimeng of highly evolved species. This tendency is more distinct in species of
the Cancellina-Lepidolina and Presumatrina-Sumatring lineages than in species
of the Maklaya-Yabeina lineage. In Yabeina globosa, the secondary transverse
septula first appear in the fourth or fifth volution. While in Lepidolina multi-
septata, they do in the second or third volution. In Sumatrina longissima they
appear in the first volution. This fact well coincides with the order of appearance
in stratigraphic sequence of species having the secondary transverse septula in
respective lineages. Species of Presumatring have secondary transverse septula
and appear already in the lower Middle Permian strata (Fig.11).

On the basis of the above discussions from various viewpoints, the phylo-
genetic relationship of the species-groups of the Verbeekinoids are summarized
as shown in Fig. 13.

Classification of Verbeekinoidea

On the basis of the above discussion on the phylogenetic relationships, the
new supraspecific clagsification of the Verbeekinoidea is summarized as follows.

Order Foraminiferida
Suborder Fusulinina von MOLLER, 1878
Superfamily Verbeekinoidea STAFF and WEDEKIND, 1910

Shell large for foraminifera, subspherical to elongate fusiform or sub-
cylindrical, shell involute and planispiral throughout growth except for juvenile
stage. Distinet dimorphism recognizable in some genera. Septa plane. Ad-
vanced genera have primary transverse and axial septula. Secondary transverse
septula appear between primary transverse septula in highly evolved members.
Spirotheca consists of a tectum and an alveolar keriotheca. In later members,
keriothecal layer decreases in thickness. Foramina numerous, occurring at base
of septa. Parachomata present, alternate in position with foramina.

Family Verbeekinidae STAFF and WEDEKIND, 1910

Shell subspherical to elongate ellipsoidal having a straight axis of coiling
and umbilicated to rounded poles. Septa plane and rather widely spaced. Spiro-
theca composed of a tectum and a keriotheca with fine alveoli. Foramina
numerous. Parachomata exist. No septula present.

Remarks.—The following genera belong to the Verbeekinidae:
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Verbeekina STAFF, 1909
(=Paraverbeekina MIKLUKHO-KAKLAY, 1955)
Armenine MIKLUKHO-MAKLAY, 1955
Metadoliolinag ISHII and NocgAMI, 1961
(=Neomisellina SHENG, 1963)
Miselline SCHENCK and THOMPSON, 1940
Subgenus Misellina SCHENCK and THOMPSON, 1940
Subgenus Brevaxina SCHENCK and THOMPSON, 1940
Pseudodoliolina YABE and HANZAWA, 1932

The presence of the parachomata is the most important biocharacter in the
verbeekinid species which have no septula. As concerns the parachomata, how-
ever, there are two groups which tend towards the opposite direction in develop-
ment. One is the group comprising two genera Armenina and Verbeekina, in
which the parachomata become degenerated as the lapse of geologic time. The
other group is represented by Misellina, Pseudodoliolina and Metadoliolina in
which the parachomata are enhanced. Thus, the former is classified as the sub-
family Verbeekininae and the latter as the subfamily Misellininae.

FEoverbeekina has long been included in the Verbeekinidae by most of
fusulininan paleontologists (THOMPSON, 1948, 1964; DUNBAR, 1948; MIKLUKHO-
MAKLAY, RAUSER-CHERNOUSOVA and ROZOVSKAYA, 1958; SHENG, 1963; KAHLER
and KAHLER, 1966; GOBBETT, 1967; etc.) but KANMERA (1957) excluded it from
Verbeekinidae and considered that Foverbeekina has been derived from Sphaeru-
lina. Recently TORIYAMA and KANMERA (1968) set up two new genera, Thai-
landina and Neothailandina from the Permian Rat Buri Limestone in Thailand.
They grouped them as Thailandininae and placed them tentatively in the Neo-
schwagerinidae. All the species of Foverbeekina, Chenia, Thailandina and
Neothailandina (called here Eoverbeekina group for briefness’ sake), however,
have a shell of highly recrystallized calcite as in those of Staffella, Nankinella,
Sphaerulina, Pisolina, Pseudoendothyra and Haoella. In the case that species of
these genera occur along with those of Verbeekinoids and Fusulinoids, the
individual shells of the former are selectively suffered from secondary replace-
ment. It is highly possible that the shells of the Foverbeekina group were
probably different from those of the Verbeekinoids and Fusulinoids and originally
composed of aragonite, and that the aragonite crystals were transformed into
calcite in the early stage of diagenesis or fossilization.

Anyhow, the Eoverbeekina group constitutes a distinct phylogenetic group
in the fusuline foraminifera.

Subfamily Verbeekininae STAFF and WEDEKIND, 1910

Shell subspherical, having a straight axis of coiling and umbilicated to
rounded poles. Septa plane and widely spaced. Spirotheca composed of a tectum
and a keriotheca with very fine alveoli. Parachomata discontinuous, uneven in
height in earlier members, and rudimentary in the advanced members. Small
foramina present at base of septa.
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Verbeekina STAFF, 1909
(=Paraverbeekina MIKLKHO-MAKLAY, 1955)
Type-species—Fusulina verbeeki GEINITZ

Shell medium to large, subspherical to short ellipsoidal; involute except for
juvenile stage which have Eostaffelloid coiling. Inner volutions tightly coiled,
like Staffelloid in shape, latter volutions expand rapidly. Spirotheca thin for
shell size, composed of a tectum and a keriotheca with very fine alveoli. Para-
chomata rudimentary. Foramina small and semicircular. Septa thin and very
widely spaced.

Remarks—In 1955, Paraverbeekina was proposed by M.-MAKLAY with
P. pontica as the type-species. Later three species were added by SHENG (1963)
to the genus Paraverbeekina. Except the slight difference of shell profile, no
essential difference is recognized between species referred to Paraverbeekina and
those of Verbeekina. Therefore Paraverbeekina is regarded as a junior synonym
of Verbeekina.

Armening MIKLUKHO-MAKLAY, 1955 emend. SHENG 1963
[Armenia COOGAN, 1959 (nomen vanum) ]
Type-species—Armenina karinae MIKLUKHO-MAKLAY

Shell small to moderate and subspherical to spherical, having slightly um-
bilicated to rounded poles. Shell form changes from Brevaxina-like form in inner
few volutions with a short axis of coiling to subspherical one in outer volutions.
Shell tightly coiled in inner volutions and gradually increases in height in outer
volutions. Proloculus minute. Spirotheca thick, composed of a tectum and a
finely alveolar keriotheca. Parachomata well developed throughout length of shell,
but discontinuous and uneven in height.

Subfamily Misellininae MIKLUKHO-MAKLAY, 1958

Shell subspherical to subcylindrical, possessing a straight axis of coiling.
Septa plane. Proloculus large in megalospheric specimens. Parachomata well
developed throughout length of shell, narrow, high and uniform in size. Foramina
numerous, occurring at base of septa. Spirotheca composed of a tectum and a
keriotheca with fine alveoli. Height of volution nearly constant throughout
length of shell.

Misellina SCHENCK and THOMPSON, 1940
(=Moellerina SCHELLWIEN, 1898; Doliolina SCHELLWIEN, 1902)
Type-species.—Doliolina ovalis DEPRAT

Shell small to moderate, subspherical to oval, planispiral except for juvenile
volutions of microspheric specimens. Spirotheca of two layers, a tectum and an
alveolar keriotheca. Parachomata massive and well developed throughout length
of shell. Circular to semicircular foramina occur at base of septa. No septula
exist.
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Remarks.—Misellina (s.1.) is the ancestral stock to the Neoschwagerinidae
and the Verbeekinidae. As KANMERA and ToRIYAMA (1968) noted, they com-
prises at least three or four species-groups, each of which respectively has some
diagnostic characters that are retained in their descendants such as Armenina,
Pseudodolilolina, Cancellina, and Maklaya. For instance, Misellina (Brevaxina)
dyhrenfurthi DUTKEVITCH, Misellina (Brevaxina ?) otakiensis HUJIMOTO and
other allied species of Misellina are considered to be ancestral to species of
Armenina or Verbeekina. Misellina ovalis (DEPRAT), the type-species of the
genus, is very similar in shell form and natures of the parachomata to early
species of Pseudodoliolina or Metadoliolina.

Species of Maklaye may be directly derived from the species group of
Misellina comprising M. claudiae and M. aliciae. Because of rare occurrence of
gpecies of Misellina, our knowledge concerning the classification of these varied
species-groups is still incomplete. Two distinct groups are, however, easily dis-
criminated as the followings.

Subgenus Misellina SCHENCK and THOMPSON, 1940
Type-species.—Doliolina ovalis DEPRAT

Shell small to moderate, ellipsoidal, having a straight axis of coiling and
rounded to bluntly pointed poles. Spirotheca and septa relatively thick. Para-
chomata broad, high and continuous throughout length of shell. Proloculus of
megalospheric specimens large for shell-size. Septa relatively thick.

Subgenus Brevaxina SCHENCK and THOMSON, 1940
Type-species.—Doliolina compressa DEPRAT

Shell small, nautiloid to staffelloid having umbilicated poles and a short axis
of coiling. Except for inner volutions which are evolute, shell involute. Height
of volution rather rapidly increases. Parachomata small and widely spaced.
Spirotheca and septa thin.

Metadoliolina ISHII and NoGcAaMI, 1961
(=Neomisellina SHENG, 1968)
Type-species.—Pseudodoliolina pseudolepida gravitesta KANMERA

Shell moderate to large, ellipsoidal to subcylindrical, having rounded poles
and a straight axis of coiling. Volution numerous. Inner one or two volutions
usually discoidal, having a short axis of coiling. Proloculus minute. Spirotheca
thick, composed of a tectum and a thick keriotheca with fine alveoli. Thin film
sometimes covers inner surface of keriotheca. Dimorphism well recognized.
Parachomata massive and well developed throughout the length of shell. Septa
plane, thick, and widely spaced.

Pseudodoliolina YABE and HANZAWA, 1932
Type-species.—Pseudodoliolina ozawai YABE and HANZAWA



Notes on Phylogeny and Classification of Superfamily Verbeekinoidea 47

Shell ellipsoidal to cylindrical, having a straight axis of coiling and rounded
poles. Shell uniformly expands. Proloculus medium to large. Spirotheca thin,
composed of a tectum and an extremely thin dense layer which is analogous to
the alveolar keriotheca of other Verbeekinid genera. Parachomata well developed

throughout length of shell, high, and triangular to elongate hemispherical in
section. Foramina numerous.

Family Neoschwagerinidae DUNBAR and CONDRA, 1928

Shell medium to large for the Verbeekinoid foraminifera, thick fusiform to
subspherical, having numerous, closely coiled volutions, a straight to a slightly
shifting axis of coiling and bluntly to pointed poles. Distinct dimorphism in
shell- and proloculus-size recognizable in some members. Septa short and closely
spaced. Septula characteristic of this family. In early members only axial and
primary transverse septula developed. Secondary transverse septula appear in
advanced members. Parachomata well developed throughout length of shell.

Spirotheca of two layers, a tectum and an alveolar keriotheca, but keriotheca
extremely thin in advanced members.

Remarks.—The presence of septula is the most important characteristic of
the family. Concerning the natures of the septula, three distinct lineages are
recognized in the genera of this family. They are Maklaya-Neoschwagerina-
Yabeina, Cancellina-Colania-Lepidolina, and Presumatrina-Afghanella-Sumatrina
bioseries, respectively. Each of them is here treated as a subfamily of the
Neoschwagerinidae.

Subfamily Neoschwagerininae DUNBAR and CONDRA, 1928

Shell medium to large, subspherical to inflated fusiform, planispiral and
involute except for juvenile stage of microspheric generation. Size of shell and
proloculus between megalospheric and microspheric generations not so distinct.
Two generations usually discriminated only by mode of coiling in juvenile volu-
tions and slight difference in proloculus-size. Septa thick and relatively closely
spaced. Spirotheca thick, composed of a tectum and a thick keriothecal layer
with fine alveoli. Axial and primary transverse septula thick and triangular or
fan-shaped. They are incipient in development in the earliest members. Secon-
dary transverse septula appear in the latest members, and thick and short.
Parachomata relatively thick and low, usually join with lower ends of septula,

leaving a lateral passage in central part of chamber. Foramina present at base
of septa; circular and regularly spaced.

The following three genera are included in this subfamily.
Genus Maklaya KANMERA and TORIYAMA, 1968
Genus Neoschwagerina YABE, 1903
Genus Yabeina DEPRAT, 1914

Neoschwagerina YABE, 1903
(=? Crimellina TUMANSKAYA, 1953 ; Metaschwagerina MINATO and HONJO, 1958)
Type-species—Schwagerina craticulifera SCHWAGER
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Shell moderate, subspherical to fusiform, having bluntly pointed to rounded
poles, a straight to slightly shifting axis of coiling and numerous volutions.
Proloculus of megalospheric specimens moderate in size. Microspheric genera-
tion is distinguishable from megalospheric one by the different mode of coiling
of juvenile volutions and the slight difference of proloculus-size. Spirotheca
thick, composed of a tectum and a fine alveolar keriotheca. Primary transverse
septula broad and triangular or fan-shaped in cross section. Axial septula thick
and short. Secondary transverse septula appear in outer volutions of evolved
species including the type-species. Parachomata massive and low, usually con-
nected with lower end of primary transverse septula.

Maklaya KANMERA and TORIYAMA, 1968
Type-species.—Cancellina pamirica LEVEN

Shell small, subspherical, having bluntly to rounded poles. Except for
juvenile volutions of microspheric generation, shell planispiral and involute.
Spirotheca thick, composed of two layer, a tectum and a thick alveolar keriotheca.
Septa thick and short. Primary transverse septula incipiently developed, broad
and short, and not yet connected with lower end of parachomata. Neither axial
nor secondary septula present. Parachomata broad and low. Foramina occur at
base of septa.

Yabeina DEPRAT, 1914
[=Jabeing MIKLUKHO-MAKLAY, 1953 ; SOSNINA; 1965 (nomen vanum) ]
Type-species—Neoschwagerina (Yabeina) inouyei DEPRAT, 1914
(=Neoschwagerina globosa YABE, 1906)

Shell large, inflated fusiform to fusiform, with bluntly pointed poles and
numerous volutions. Shell uniformly expands. Proloculus very small for shell-
size. Difference in size of shell and proloculus between megalospheric and
micropheric generations not distinet. Spirotheca moderate to thin, composed of
a tectum and an alveolar keriotheca. Septa relatively thin and numerous. Axial
septula thick and variable in shape, not equal in length. Primary transverse
gseptula elongate triangular to irregular in shape. Secondary transverse septula
well developed especially in outer volutions, short and irregular. Parachomata
relatively narrow and low, connected with lower end of septula. Foramina
numerous, present at base of septa.

Subfamily Lepidolininae MIKLUKHO-MAKLAY, 1958

MIKLUKHO-MAKLAY (1958) first grouped genera Lepidolina and Yabeina as
the Lepidolininae. KAHLER and KAHLER (1966) regarded Lepidolininae as a
synonym of Neoschwagerininae, and following the opinions of HANZAWA and
MURATA (1963) and IsHII and NoGAMI (1964). They treated Lepidolina as a
synonym of Yabeina. As already insisted in the preceding chapter, species refer-
red to Lepidolina are phylogenetically derived not from species of Yabeina but
from Colania. Based on this fact, Lepidolina, Colania and Cancellina are sepa-
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rated from the Neoschwagerininae. In this paper these genera are grouped as
the Lepidolininae in the sense entirely different from that used by M.-MAKLAY.
Shell moderate to very large for verbeekinoid foraminifera, inflated fusiform
to subcylindrical, having a straight to slightly shifting axis of coiling and bluntly
pointed to rounded poles. Distinct dimorphism in size of shell and proloculus
recognized. Compared with megalospheric specimens, microspheric ones usually
have a much larger and elongate shell with a large number of volutions and a
very small proloculus. Proloculus of megalospheric shell very large, and this
feature is much accelerated in advanced genera. Spirotheca thin, composed of
a tectum and a thin alveolar keriotheca. Septa also thin and widely spaced.
Septula thin and short. Axial and primary transverse septula present in shells
of earlier members. Secondary transverse septula appear in advanced members.
Parachomata narrow and high. Foramina numerous, occur at base of septa.

Lepidoline LEE, 1933 emend.
[=Pseudoyabeina TUMANSKAYA, 1954; Gublerina MINATO and HoNJo,
1959; Kumaella CHISAKA, 1960 (nomen nudum) ]
Type-species—Neoschwagerina (Sumatrina) multiseptata DEPRAT

Shell very large for veebeekinoid foraminifera, inflated fusiform to elongate
fusiform, having a straight to shifting axis of coiling and bluntly pointed to
rounded poles. Dimorphism distinct; megalospheric shell has very large pro-
loculus, while microspheric shell is very large and elongate and have numerous
volutions and a very small proloculus. Spirotheca very thin, composed of a tectum
and a lower thin keriothecal layer with fine alveoli. Axial and primary transverse
septula very thin and short. Secondary transverse septula well developed, thin
and short. Axial and secondary transverse septula irregular in length and thick-
ness. Secondary septula closely spaced and its lower parts slightly thickened by
deposits related to parachomata. Chomata well developed, very narrow and high,
connecting with lower end of primary transverse septula. Foramina small and
numerous, occurring at base of septa.

Remarks.—Lepidolina has the most evolved shell structures in the Verbee-
kinoidea and occupies the uppermost horizon of the Verbeekinoid biostratigraphy.
It is similar to Sumatrinae and Yabeina at first glance. It is, however, dis-
tinguished from Sumatrine by the different shape and the irregularity of septula,
the spirothecal structure and by having a much larger shell with numerous volu-
tions. While it is distinguished from Yabeina by having a larger proloculus in
the megalospheric generation, a larger, elongate shell of the microspheric genera-
tion, and the essential difference in the thickness and shape of septa and septula.

Cancellina HAYDEN, 1909
[=Neoschwagerina (Minoella) HONJO, 1959]
Type-species.—Neoschwagerina primigena HAYDEN

Shell small to moderate, ellipsoidal to fusiform having a relatively large
proloculus in megalospheric specimens. Spirotheca thin, composed of a tectum
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and a thin keriotheca. Septa thin and widely spaced. Primary transverse septula
thin and short, and widely spaced. Axial septula incipiently developed. No
secondary septula present. Parachomata narrow and high, usually extending to
lower end of transverse septula. Small semicircular foramina present at base
of septa.

Colania LEE, 1933 emend.
(=Gifuells HoNJO, 1959)
Type-species.—Colania kwangsiana LEE

Shell medium to very large for Verbeekinoid foraminifera, fusiform to
elongate fusiform. Dimorphism distinct; megalospheric shell has a large prolo-
culus, while microspheric one very large, elongate, and have a minute proloculus
and numerous volutions. Septa thin and widely spaced. Spirotheca thin, com-
posed of a tectum and a keriotheca. Axial septula well developed, thin and short,
and irregular in length and width. Primary transverse septula slendar, con-
necting with top of parachomata. Secondary transverse septula not well de-
veloped, but one or two septula seen in outer volutions. Parachomata narrow
and high. Foramina numerous, occurring at base of septa.

Remarks.—Colania was proposed by LEE (1933) with C. kwangsiane LEE as
the type-species of the genus. He gave the following diagnosis, “..... There is
a group of forms in which the inner whorls are perfectly Neoschwagerinoid
conforming to the type of N. craticulifera. But as we trace to the outer whorls
the alveolar structure in the septa becomes gradually indistinct, and finally they
turn out to be entirely opaque projections. At the same time, the keriotheca in
the spiral wall thins down until it completely disappears. This consolidation of
spiral or transverse septa is accompanied by the introduction of transverse
septula and an axial septa immediately behind each antetheca. The axial septa
is posteriously followed by one or two semipartitions or septula which generally
remains alveolar.

It is neither just nor convenient to refer this group of forms either to
Neoschwagerina or to Yabeina. They represent an intermediate stage in the
evolutionary series. For this transitional type I propose the generic name
Colania.”

Thus LEE regarded Colania as the transitional group between Neoschwa-
gerina and Yabeina. The type-species was, however, based upon some ill-oriented
specimens, and his original illustrations and description of the type-species were
so insufficient that the diagnosis of Colania remained ambiguous. Many later
authors have regarded Colania as a mere synonym of Yabeina or Lepidolina.

In 1959, HoNJO proposed Gifuella for the neoschwagerinid species which have
thin transverse septula, designating Gifuella gifuensis as the type-species. He
included Neoschwagerina douvillei OZAWA in Gifuella. Gifuella gifuensis and
Neoschwagerina douvillet are, however, very similar to species of Colania, espe-
cially to Colania sp. illustrated by LEE (1933) in the nature of septa and septula.
Recently SHENG (1963) described the type-species of Colania based on a large
number of specimens from the type locality of the species, the Maokow Limestone
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in Kwangsi, South China. Shell-characters of Colania kwangsiane are well
understood from SHENG's description and illustrations. Fortunately I had an
opportunity to study some neoschwagerinid species from the Rat Buri Limestone
in central Thailand which are very similar to Colanie kwangsiane and other
allied species described by SHENG. The species from Thailand displays a di-
morphism and a lot of large specimens which represent the microspheric genera-
tion are found along with many smaller megalospheric specimens with a large
proloculus. I have found a similar dimorphism in the specimens of Neoschwa-
gerina douviller from the Akiyoshi Limestone in Southwest Japan. On the basis
of these observations, I have reached the conclusion that Colania kwangsiana,
“Gifuella” gifuensis, “Neoschwagering” douvillet are neither referable to Neo-
schwagerina nor Yabeina, but constitute the transitional group between Can-
cellina and Lepidolinag in the evolutionary stage, because they show much re-
semblance in essential biocharacters with species of Lepidolina including L. multi-
septata. From these reasons, the generic name Colania should be employed for
the transitional species-group between Cancellina and Lepidolina. The revised
diagnosis of Colania has been given above. To be noted here is that Gifuella is
a synonym of Colania.

Subfamily Sumatrininae KAHLER and KAHLER, 1946

The following genera constitute this subfamily.
Afghanello THOMPSON, 1946
Presumatrina TUMANSKAYA, 1950
Sumatrine VoLz, 1904

Shell medium, inflated fusiform to eylindrical, having bluntly pointed poles
and a straight to slightly shifting axis of coiling. Proloculus of megalospheric
generation large for shell-size.

Spirotheca very thin, composed of a tectum and a thin keriotheca. Spirotheca
decreases in thickness from earlier member to latest member which has a very
thin keriothecal layer. Septa thin and relatively long, and widely spaced. Pri-
mary transverse septula thin and short, and widely spaced. Secondary transverse
septula and axial septula short and thin, club-shaped, uniform in size and
shape, and regularly spaced. Parachomata well developed and high. Foramina
numerous.

Sumatrina VoLz, 1904
(=Pseudolepidolina TUMANSKAYA, 1953)
Type-species.—N eoschwagerina (Sumairina) annae VOLZ

Shell medium and elongate fusiform to cylindrical, having a straight to
slightly shifting axis of coiling, a small number of volutions, and a relatively
large proloculus. Spirotheca extremely thin, composed of a tectum and an ex-
tremely thin keriotheca. Septa long and thin, and widely spaced. Primary
transverse septula thin and short. Secondary transverse septula also thin and
uniform in size and shape, their lower part thickened, and club-shaped in
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cross-section. Two to four secondary transverse septula exist between primary
transverse septula. Parachomata massive and high, connecting with lower end
of primary transverse septula. Foramina numerous, occurring throughout the
length of shell.

Afghanello THOMPSON, 1946
(=Pseudosumatrina TUMANSKAYA, 1950)
Type-species.—Afghanella schencki THOMPSON

Shell inflated fusiform to typical fusiform, having a straight axis of coiling
and a moderate to large proloculus. Spirotheca thin, composed of a tectum and
a keriotheca. Septa thin and long, and widely spaced primary transverse septula
short and thin, and uniform in size and shape. Secondary transverse septula
thin and short. Lower part of septula thickened by secondary deposits related
to parachomata. Parachomata well developed, and narrow and high. Foramina
semicircular.

Presumatrina TUMANSKAYA, 1950
[=Praesumatrina R.-CHERNOUSOVA and FURSENKO, 1959;
MIKLUKHO-MAKLAY, 1963; R.-CHERNOUSOVA, 1963;
SOSNINA, 1965; LEVEN, 1967 (nomen vanum) ]
Type-species.—Doliolina schellwieni DEPRAT

Shell small to medium for neoschwagerinid foraminifera, elongate fusiform
to typical fusiform, having a straight to slightly shifting axis of coiling and
bluntly pointed to rounded poles. Spirotheca thin, composed of a tectum and a
thin keriotheca. Septa thin and widely spaced. Axial septula developed between
septa. Transverse septula thin and short, and uniform in size and shape. Its
lower part thickened, connecting top of parachomata. One secondary transverse
septulum appears between each pair of primary transverse septula in outer
volutions. Proloculus large for ghell-size. Parachomata well developed and
narrow and high.
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Plate 1



Explanation of Plate 1
All figures are X20

Neoschwagerininae

Fig. 1. Neoschwagerina craticulifera (SCHWAGER)

Tangential section showing the structure of septula. Akasaka Limestone,
Central Japan. (Late Dr. OzAwA’s collection).

Fig. 8. Yabeina globosa (YABE)

Axial section showing the structure of septula. Akasaka Limestone, Central
Japan. (After Ozawa, 1927).

Figs. 8, 9. Neoschwagerina brevis THOMPSON, WHEELER and DANNER (=AN.
peculiaris SKINNER and WILDE). 8, enlarged figure of a part of a sagittal
section of a megalospheric specimen showing juvenile volutions and prolo-
culus. 9, enlarged figure of a part of an axial section of a microspheric
specimen showing juvenile volutions and proloculus.

Sumatrininae

Fig. 5. Sumatrina longissima DEPRAT
Tangential section of a mature specimen showing the structure of septula.
Khao Imot, Rat Buri Limestone, Sara Buri area, Thailand.

Lepidolininae

Figs. 2, 6-7. Colania sp. nov.
2, axial section showing the structure of septula. 6, enlarged figure of a part
of an axial section of a microspheric specimen showing juvenile volutions and
proloculus. 7, enlarged figure of a part of a sagittal section of a megalo-
spheric specimen showing juvenile volutions and proloculus. Khao Imot, Rat
Buri Limestone, Sara Buri area, Thailand.

Fig. 4. Lepidolina multiseptata multiseptata (DEPRAT)
Enlarged figure of a part of an axial section of a microspheric specimen
showing structure of septula. Futamatao Formation, southeastern part of
Kwanto Mountains, Central Japan.
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Plate 2



Explanation of Plate 2

All figures are X 10, unless otherwise stated

Verbeekininae
Genus Verbeekina STAFF, 1909

Fig. 1. Verbeekina verbeeki (GEINITZ)
Type-species of Verbeekina. Axial section, Akiyoshi Limestone, Southwest
Japan. (After TORIYAMA, 1958).
Fig. 2. Verbeekina sp. cf. V. akasakensis THOMPSON
Axial section. Khao Imot, Rat Buri Limestone, Thailand.
Fig. 3. Verbeekina sp.
Axial section. Khao Imot, Rat Buri Limestone, Thailand.

Genus Armenina MIKLUKHO-MAKLAY, 1955

Fig. 4. Armenina crassispira (CHEN)
Axial section. Maokou Limestone, South China. (After SHENG, 1963).

Fig. 5. Armenina wangi SHENG.
Axial section of the holotype from the Maokou Limestone, South China.
(After SHENG, 1963).

Fig. 6. Armenina salgirica M.-MAKLAY.
Axial section. Margab Horizon, Pamir. (After LEVEN, 1967).

Figs. 7, 8. Armenina sphaera (OZAWA)
7, axial section. 8, sagittal section. 7 and 8, from the Akasaka Limestone,
Central Japan. (After OzAwa, 1927).

Fig. 9. Armenina asiatica LEVEN.
Axial (slightly diagonal) section. Xuberganda Horizon, Pamir. (After
LEVEN, 1967).

Fig. 10. Armenina sp. nov.
Axial section. Primitive species of Armenina. Nariki Formation, Kwanto
Mountains, Central Japan.

Misellininae
Genus Misellina SCHENCK and THOMPSON, 1940
Subgenus Misellina (Brevaxina) SCHENCK and THOMPSON, 1940

Fig. 11, Misellina (Brevaxina) otakiensis (HUZIMOTO)
Axial section, X18. Kuberganda Horizon, Pamir. (After LEVEN, 1967).
Figs. 12-14. Misellina (Brevaxina) sp. nov.
12 and 138, axial sections. 14, sagittal section. All specimens are X20. 12,
from the Nariki Formation, Kwanto Mountains, Central Japan. 13 and 14,
from the Raidenyama Formation, Kwanto Mountains.
Fig. 15. Misellina (Brevaxina) dyhrenfurthi (DUTKEVICH)
Axial section, (X20) from the upper part of the Darwas Horizon, Darwas,
Southern Russia. (After KALMIKOVA, 1967).
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Misellininae
Genus Metadoliolina IsHII and NocAMI, 1961

Fig. 1. Metadoliolina dutkevitchi SOSNINA
Axial section. Upper Permian of Sikhote-Alin. (After SOSNINA, 1965).
Fig. 2. Metadoliolina compocta (CHEN).
Axial section. Upper part of the Maokou Limestone, South China. (After
SHENG, 1963).
Figs. 3, 4. Metadoliolina gravitesta (KANMERA).
Type-species of Metadoliolina. 3, axial section of the holotype. 4, sagittal
section. Upper Permian Kuma Formation, southern Kyushu, Japan. (After
KANMERA, 1954).
Fig. 5. Metadoliolina sp. cf. M. dutkevitchi SOSNINA
Axial section. Upper Permian Kuma Formation, southern Kyushu, Japan.
Fig. 6. Metadoliolina multivoluta (SHENG)
Axial section. Upper Permian Futamatao Formation, Kwanto Mountains,
Central Japan.

Genus Pseudodolioline YABE and HANZAWA, 1932

Figs. 7, 8. Pseudodoliolina pseudolepida (DEPRAT)

7, axial section. 8, sagittal section. Khao Imot, Rat Buri Limestone, Sara
Buri area, Thailand.

Figs. 9-11. Pseudodoliolina ozawai YABE and HANZAWA
Type-species of Pseudodoliolina. 9, axial section from the Kuberganda
Horizon, Pamir. (After LEVEN, 1967); 10, axial section from the Nariki
Formation, Kwanto Mountains, Central Japan; 11, sagittal section from the
Akasaka Limestone, Central Japan. (Late Dr. OzZAwA’s collection).

Fig. 12. Pseudodoliolina oliverformis THOMPSON, WHEELER and DANNER
Axial section. Twin Lakes areas, northwestern Washington, U.S.A. (After
THOMPSON, WHEELER and DANNER, 1950).

Fig. 138. Pseudodoliolina sp.

Primitive species of Pseudodoliolina. Axial section. Rat Buri Limestone,
Changwat Sara Buri, Central Thailand. (KANMERA and TORIYAMA’s col-
lection).

Genus Misellina SCHENCK and THOMPSON, 1940
Subgenus Misellina SCHENCK and THOMPSON, 1940

Figs. 14, 15. Misellina sp.
Primitive species of Misellina. 14, tangential section; 15, axial section, X20.
Raidenyama Formation, Kwanto Mountains, Central Japan.

Figs. 16-18. Misellina claudiae (DEPRAT)
16, axial section, 17, sagittal section from the Nariki Formation, Kwanto
Mountains, Central Japan. X 10; 18, axial section, X15. Lowest part of the
Chihsia Limestone, South China. (After LEE, 1933).

Fig. 19. Misellina olgae LEVEN
Axial section, x15. Artinsk Horizon of Pamir. (After LEVEN, 1967).
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Neoschwagerininae
Genus Neoschwagerina YABE, 1903

Figs. 1-3. Neoschwagerina margaritae DEPRAT
Advanced species of Neoschwagerina. 1, axial section from the Akasaka
Limestone, Central Japan. (After 0zawa, 1927); 2, axial section, 3, sagittal
section. 2, 3 from the Nariki Formation, Kwanto Mountains, Japan.

Fig. 4. Neoschwagerina cheni SHENG
Axial section. Nariki Formation, Kwanto Mountains, Japan.

Fig. 5. Neoschwagerina occidentalis KOCHANSKY-DEVIDE and RAMOVsS (=N.
pinguis SKINNER).
Axial section of a megalospheric specimen from the Permian limestone, near
Ankara, Turkey. (After SKINNER, 1969).

Figs, 6-8. Neoschwagerina craticulifere (SCHWAGER)
Type-species of Neoschwagerina. 6, axial section of a megalospheric speci-
men 8, sagittal section of a megalospheric specimen. 6, 8, from the Akasaka
Limestone, Central Japan. (6, after DEPRAT, 1914; 8, after OzAawa, 1927);
7, axial section of a microspheric specimen from the Nariki Formation,
Kwanto Mountains, Central Japan.

Figs. 9-11. Neoschwagerina simplex OZAWA
Primitive species of Neoschwagerina. 9, axial section. 10, sagittal section.
9 and 10, from the Raidenyama Formation, Kwanto Mountains, Central
Japan; 11, sagittal section from the Akasaka Limestone, Central Japan.
(After OzAawa, 1927).

Genus Maklaya KANMERA and TORIYAMA, 1968

Figs. 12, 13. Maklaye pomirica (LEVEN)
Type-species of Maklaya. 12, axial section of a microspheric specimen. 13,
axial section of a megalospheric specimen. 12, 13, from the Rat Buri Lime-
stone, Changwat Sara Buri, Thailand. (After KANMERA and TORIYAMA,
1968).

Figs. 14, 15. Maklaya saraburiensis KANMERA and TORIYAMA
14, sagittal section of a microspheric specimen. 15, axial section of a micro-
spheric specimen. The same locality as Figs.12 and 13. (After KANMERA
and TORIYAMA, 1968).

Fig. 16. Maklaya sethaputi KANMERA and TORIYAMA
Axial section of a megalospheric specimen. Loe. ditto. (After KANMERA
and TORIYAMA, 1968).
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Neoschwagerininae
Genus Yabeina DEPRAT, 1914

Figs. 1-5. Yabeina globosa (YABE)
1, axial section of a fully mature specimen. 2, axial section. 3, 4, sagittal
sections. 2b, enlarged part of Fig.2a showing inner volutions. 5, enlarged
part of a specimen showing juvenile volutions and proloculus. (Figs. 2, 3, and
4 are Late Dr. OzawaA’s collection). All from the Akasaka Limestone, Cen-

tral Japan.
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Sumatrininae
Genus Presumatring TUMANSKAYA, 1950

Figs. 1, 2. Presumatrina schellwieni (DEPRAT)
Type-species of Presumatrina. 1 and 2, axial section of a specimen in differ-
ent magnification (X10 and X20, respectively) from Dond-hoi Province,
Vietnam. (After DEPRAT, 1913).

Figs. 83-5. Presumatrina neoschwagerinoides (DEPRAT)
Axial sections, x11. 8 and 4, from Ban-na-mat, Laos. (After DEPRAT, 1913) ;
5, from the Kuberganda Horizon, Pamir. (After LEVEN, 1967).

Genus Afghanelle THOMPSON, 1946

Figs. 6, 7. Afghanella ozawai HANZAWA
6, axial section. 7, sagittal section. Akiyoshi Limestone, Southwest Japan.
(After KANMERA, 1957).

Figs. 8, 9. Afghanella robbinsae SKINNER and WILDE.
8, sagittal section. 9, axial section. In the Bar Soltane Well, Tunisia.
(After SKINNER and WILDE, 1967).

Figs. 10, 11. Afghanella sumatrinaeformis (GUBLER)
10, sagittal section. 11, axial section. Pong Ova, Laos. (After GUBLER,
1935).

Genus Sumatrine Vorz, 1904.

Fig. 12. Sumatrina annae VOLZ
Axial section from Khao Imot, Rat Buri Limestone, Sara Buri area, Thai-
land. The type-species of Sumatrina.

Figs. 13, 14. Sumatrina longissima DEPRAT
13, sagittal section. 14, axial section. Loc. ditto.

Lepidolininae
Genus Cancellina HAYDEN, 1909.

Figs. 15, 16. Cancellina ?7 sp. nov.
15, axial section. 16, sagittal section. 15 and 16, x20. Nariki Formation,
Kwanto Mountains, Central Japan.

Fig. 17. Cancellina danneri SKINNER and WILDE
Axial section from the Twin Lakes area, northwestern Washington, U.S.A.
(After SKINNER and WILDE, 1966).

Figs. 18, 19. Cancellina nipponica OZAWA
18, sagittal section. 19, axial section. Akasaka Limestone, Central Japan.
(After OzAawa, 1927).

Genus Colania LEE, 1933

Figs. 20, 21. Colania amicula (HONJIO)
20, axial section of the holotype. 21, sagittal section. Akasaka Limestone,
Japan. (After HonJo, 1959).

Figs. 22, 23. Colania sp.
22, axial section. 23, sagittal section. Khao Imot, Rat Buri Limestone, Sara
Buri area, Thailand.



Mem. Fac. Sci., Kyushu Univ., Ser. D, Vol. XX Plate 6

T. OzZAWA: Verbeekinoidea



Plate 7



Explanation of Plate 7
All figures are X10

Lepidolininae
Genus Lepidolina LEE, 1933

Figs. 1, 2. Lepidolina multiseptata shiraiwensis (OZAWA)
1, axial section of a megalospheric specimen. 2, sagittal section of a megalo-
spheric specimen. Irimi, Akiyoshi Limestone, Southwest Japan. (IsHI-
BASHI’s collection).

Genus Colania LEE, 1933

Figs. 8, 4. Colania kwangsiana LEE.
Type-species of Colania. 38, sagittal section of a megalospheric specimen.
4, axial section of a megalospheric specimen. 3 and 4, from the Maokou
Limestone, South China. (After SHENG, 1963).

Figs. 5-7. Colania sp. nov.
5, sagittal section of a megalospheric specimen. 6, axial section of a megalo-
spheric specimen. 7, axial section of a microspheric specimen. All specimens
are from Khao Imot, Rat Buri Limestone, Sara Buri area, Thailand.

Figs. 8-10. Colania douvillet (OZAWA)
8, sagittal section of a megalospheric specimen. 9, axial section of a micro-
spheric specimen. 10, axial section of a megalospheric specimen. All speci-
mens from Hagiwara, Akiyoshi Limestone, Southwest Japan.
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Plate 8



Explanation of Plate 8
All figures are X10

Lepidolininae
Genus Lepidolina LEE, 1933

Figs. 1-8. Lepidolina multiseptata multiseptata (DEPRAT) .
Type-species of Lepidolina.
1 and 2, axial sections of megalospheric specimens. 3 and 4, axial sections
of immature megalospheric specimens. 5, axial section of a microspheric
specimen. 6 and 8, sagittal sections of megalospheric specimens. 7, sagittal
sections of a polyvalent individual.
All specimens are from the Futamatao Formation, Kwanto Mountains, Cen-
tral Japan, except for Fig. 2 which came from Phnom Bak, Sisophon, Cam-
bodia. (IsHi1 and NoGAMI’s collection).
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Plate 9



Explanation of Plate 9
All figures are X10, except for Fig. 5 which is x20

Lepidolininae
Genus Lepidolina LEE, 1933

Fig. 1. Lepidolina kumaensis KANMERA
Axial section of a megalospheric specimen from the Otani Conglomerate,
Hida Massif, Central Japan. (After HASEGAWA, 1965).

Figs. 2-5. Lepidolina multiseptata multiseptata (DEPRAT)
2, axial section of a megalospheric specimen. 3, sagittal section of a megalo-
spheric specimen. 5, enlarged part of an axial section of a microspheric
specimen, showing juvenile volutions. 2, 3 and 5, from the Upper Permian
Futamatao Formation, Kwanto Mountains, Central Japan; 4, axial section
of a microspheric specimen from the Phnom Komping Phui, Battambang,
Cambodia. (After GUBLER, 1935).



Mem. Fac. Sci., Kyushu Univ., Ser. D, Vol. XX Plate 9

Mgy
2% %
¢ w;'o'

e iﬁi«"‘“lﬁlﬂ!‘«f'

t et =
AT

DS ]
T

T. OzAwWA: Verbeekinoidea



