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Abstract. — Descriptions are given of 103 species and subspecies of the Miliolidae

from the Miocene of Poland, including 9 new species and 1 new name. A new genus,
Articularia, and a new subfamily, Sigmoilinitinae, comprising species which show
a sigmoiline initial stage and not a quinqueloculine or cryptoquinqueloculine one,
have also been separated. The distribution and stratigraphic range of the species
under study in the Tortonian and Sarmatian of Poland have been discussed and the
hypothetical palaececologic conditions prevailing in the coastal facies of the Miocene
sea reconstructed.

GENERAL PART
INTRODUCTION

In Poland the Miliolidae occur chiefly in the coastal facies of the
Miocene of the Precarpathian Foredeep, i.e. at its northern border —in
Upper Silesia, the Miechéw region, Holy-Cross Mts. and Roztocze Mts. —
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and in a few places at the southern border, e.g. in the regions of Wado-
wice, Rzeszé6w and Nowy Sacz. In smaller numbers they also occur in the
facies of the central part of the Foredeep (Text-fig. 1). As regards strati-
graphy, these Miocene deposits of Poland represent the Lower and Upper
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Fig. 1. Distribution of localities and boreholes in which Miliolidae have been found
in the Miocene of Poland: I — Northern border of the occurrence of Miocene deposits;
2 — Northern border of the Carpathian overthrust 3 —localities: A — Andrzejowka,
B — Benczyn, Bo — Bogoria, Bog. — Bogucice, Br — Brzeinica, Brz — Brzozowa, Ch —
Chelm n/Raba, Cw — Chomentéw, D — Dmosice, Dw — Dwikozy, G — Gacki, Gd —
Gieraszowice, Gs — Gliwice Stare, Gw — Géry Wysokie, Gr — Grabowiec, Gd —
Grudna Dolna, I — Iwkowa, Ka — Karsy, Ki — Kichary, Ko — Korytnica, L — Ligota
Zabrska, £.0 — Lojowice, M — Milczany, My — Mlyny, N — Niechobrz, Ni — Niskowa,
P — Pobitno, R — Rybnica, S — Samostrzatéw, $— Swiniary, We — Weglinek, Wi —
Wigzownica, Wl — Wieliczka, Wa — Wielogéra, Z — Zabawa, Zg — Zglobice, Z. — Ze-
gocina; 4 — boreholes: BU — Budy-1, CZ — Czechowice, DZ — Dzialoszyce, G — Gac-
ki-1 and Gacki-4, GD — Grabki Duze N-8, GW — Grzybow x4 and Grzybéw x5,
KR — Krywald, # —Eapczyca-1, 2 and 3, £D —%Leki Dolne-1, MW — Machow,
MO — Miechocin O-3, MC — Mielec-6, MY — Mlyny-1, MA — Mokrzyszé6w A-3, N —
Niwiska-2, NI — Niwka-1, PR — Przecisz6w, RY — Rytwiany-1, S — Sieradza-1, SO —
Solec, WH — Wieliczka H-1, WZ — Wola Zyzna, WO — Wolica, ZR — Zrecze-3.

Tortonian (Badenian — acc. to the suggestion of the Committee on Medi-
terranean Neogene Stratigraphy, Papp et al., 1968) and the Lower
Sarmatian.

The proposals concerning the classification of the Miliolidae on the
basis of their internal structure and the shape of aperture have been
presented in Part I (Luczkowska, 1972). Part II comprises data about the
distribution and stratigraphic range of the Miliolidae in the Miocene of
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Poland, the discussion of the rich material studied, and the descriptions
of 103 species and subspecies. Specimens are stored in the Department of
Palaeontology and Stratigraphy, Academy of Mining and Metallurgy in
Cracow.
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MATERIAL

The material for study was obtained frem outcrops and drill cores.
Its collection and preparation was carried out partly during the author’s
regular work and was partly enabled by a commission she received from
the Institute of Geology in Warsaw and grants from the Committee for
Geology, Polish Academy of Sciences in Cracow. The comparative material
coming from the Miocene of other countries and recent seas was rendered
accessible or delivered to the author by the micropalaeontologists
mentioned in the acknowledgments. The list of localities and the sorts of
materials used in this investigation are presented below.
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Poland.

Outcrops. Lower Tortonian: Benczyn, Brzozowa, Chomentéw, Gacki, Grudna
Dolna, Iwkowa, Karsy, Korytnica, Wieliczka, Zegocina.

Upper Tortonian: Bogucice, BrzeZnica, Chelm n/Rabg, Gliwice Stare, Grabowiec,
Ligota Zabrska, Niskowa, Pobitno, Rybnica, Swiniary, Weglinek, Zabawa, Zglobice.
Sarmatian: Andrzejowka, Bogoria, Dmosice, Dwikozy, Gieraszowice, Géry Wysokie,
Kichary, Lojowice, Milczany, Mlyny, Rybnica, Samostrzalow, Swiniary, Wigzownica,
Wielogéra.

Bore holes. Tortonian and Sarmatian: Budy 1, Czechowice 1, Dzialoszyce, Gacki 1
and 2, Grabki Duze N-8, Grzybéw x4 and x5, Krywatld, Lapczyca 1, 2 and 3, Leki
Dolne 1, Miechocin 03, Mielec 6, Miyny 1, Mokrzyszow A3, Niwiska 2, Niwka 1,
Przeciszéw, Rytwiany 1, Sieradza 1, Solec 103, 105—108, Wieliczka H1, Wola Zyzna 104,
Wolica 101, Zrecze 3.

Other countries

Eocene: France. — Grignon. Oligocene: Berlin (Hermsdorf). Miocene (Tortonian
and Sarmatian): Austria. — Baden (Sooss), Eisenstadt, Frattingsdorf, Nexing, Nussdorf,
Ritzing, Siebenhiirten, Steinabrunn, Wiesen, Vé&slau. Czechoslovakia. — Devinska
Nova Ves, Zidlochovice. Hungary. — Hidas, Samsonhaza, Varpalota, Tekeres. Italy. —
Tortona (S. Agata Fossili), Sicily. Romania. — Buitur, Lapugiu. Pliocene: Castell
Arquato (Emilia, Italy), Palermo (Sicily).

Recent: Adriatic Sea (Sibenic, Grado, Val Muggia, Rovinj, Punta Grossa near
Trieste); Mediterranean Sea (Haifa, Villefranche); Aegean Sea, from depths of 150
and 250 m; Tyrrhenian Sea, 23 m; Black Sea (Bosphorus region, 95 m; region border-
ing on Bosphorus, 15, 87, 93 and 98 m; Tuapse region, 47 m; Skadovsk region, 0.5
and 6.0 m); Gulf of Aden, 86 m; Arabian Sea, Omanian coast, 60 m; Indian Ocean,
S of Bombay, 80 m, W of Bombay, 120 m; England (Bognor, Sussex, English Channel);
Helgoland; Bergen Fiord.

METHODS

Two characters were used as main taxonomic criteria in determining
genera: the internal structure of the test and the type of the aperture,
because the number of chambers seen from the outside appeared to be
a secondary character, as it is often the same in different genera (Part I,
Tuczkowska, 1972). In the diagnoses and descriptions of species the author
confined herself to the discussion of the front side of the test, in which
the number of visible chambers is larger, and the apertural view, which
is very important in identifying species. The back or small-chambered side
adds no new features to the description. The terminology used in the
descriptions is elucidated in Text-fig. 2.

In the descriptions of species of the genus Quinqueloculina two stages
have been indicated, the quinqueloculine stage (QS) and the massiline
stage (MS) 9, because a single stage does not cover the morphological data
of the species. The dimensions are given for the smallest and the largest
specimen of a given species and in the case of the genus Quinqueloculina
also separately for the quinqueloculine and massiline forms.

1) The abbreviations QS and MS have been introduced in Part I (1972) for the
designation of the ontogenetic stages in determining the species of Quinqueloculina.
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Attempts were made to base the identification of species on materials
from the type localities, from which they had been described originally
or on materials obtained from the deposits of the same age in the neigh-
bouring area. This is especially true of the species erected by earlier
authors, like d’Orbigny, Reuss or Karrer, whose orginal materials were
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Fig. 2. Test morphology of Miliolidae: A. Chamber arrangement and dimensions.
1-3 — Quinqueloculina, 4-6 — Pyrgo; 1,4 — front side, 2, 5 — back side, 3, 6 — apertural
view; I, II —last chambers, III, V— central chambers (or middle chambers) of the
front side, IV — central chamber of the opposite side (succession of chambers beginn-
ing at the last one); a length, b breadth, ¢ thicknes, d width of the chamber, ¢ aper-
ture edge, f basis of the aperture, g tooth, h periphery or edge. B. Shapes of tests.
1 —broadly oval, 2—oval, 3—elongate oval, 4 —elongate or slender, 5 —rhom-
boid, 6 —rectangular or quadrangular, 7 —equilateral, 8 —sigmoid, 9 — ovoid.
C. Periphery outline, 1 —rounded, 2 —subrounded, 3 —subacute, 4 —acute, 5—
keeled or carinate, 6 — quadrate, or angular, 7 — truncate, or subangular.

inaccessible to the author. She was in a position to see the holotypes and
paratypes of some newer species personally, e.g. those described by Bogda-
nowich, Serova, Pishvanova, Didkovsky and Venglinsky. In this connection,
the following symbols are placed beside the names of species:

* _ gpecies identified on the basis of comparison with the holotype
(homeotype),

X — species identified on the basis of comparison with specimens from
the locality and horizon in which the holotype was found (topotype),

+ — species identified on the basis of materials of the same age as the

holotype and from the same horizon, but from another locality of
the same region, and
= — gpecies identified after a consultation with its author.
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Studies of morphological variation in some species, their ontogeny,
differentiation of generations, etc. were carried out on transverse sections
showing the proloculus and successive developmental stages. For example,
the juvenile form of the genus Quinqueloculina generally occurs in
a normal quinueloculine form, whereas the mature stage has a massiline
form and is usually included in the genus Massilina. The sections of these
massiline specimens exhibit the form of the quinqueloculine stage
characteristic of each species.

The most time-consuming job was the grinding of specimens in order
to obtain transverse sections. This was, as a rule, done by the modified
method described by Bogdanowich (1952, p. 49). The consecutive manipula-
tions were as follows:

1) A drop of liquid Canada balsam was placed on a slide, there being
usually 10 slides in a series.

2) The slides with balsam on them were put in a thermostat for the
balsam to attain the desired density.

3) After the removal and cooling of the slides up to the complete harden-
ing of the balsam, one specimen was placed on each drop.

4) The balsam was melted in the place where the specimen was positioned
by means of an electrically heated needle and the specimen stuck to it
immediately. The specimen wes set in the desired position by suitable
manipulations of the heated needle, attached by its base only, and covered
all over with a thin envelope of balsam. Mounted in this way, it projected
above the surface of the hardened drop and could be ground down easily
and quickly, there being no need to grind off the whole surface of the
balsam, which takes very much time.

5) Grinding was done under a binocular microscope, which afforded
possibilities for constant visual check-up. The slide with a specimen was
placed on a glass support, equal to it in area and at least 5 mm thick
(e.g. three slides put together) to keep the specimen at a certain distance
from the stage of the microscope and thus to facilitate the movements of
the hand at the time of grinding. Next a drop of water or glycerol and
a little abrasive dust were placed on a slide of frosted glass, the slide was
turned its frosted side down and the specimen, watched under the micro-
scope, was ground with circular movements, from the top down to the
proloculus. Frosted glass wetted from below is transparent and makes it
possible to watch the procedure all the time. The nicety of movements
and some skill are indispensable, since an excessive pressure exerted on
the specimen may cause its destruction; as a result, however, we
obtain a transverse section of the specimen unfilled with balsam and
therefore more distinct and easier to draw or to take a photograph of.
Nevertheless, with respect to verv small and fragile specimens, it is
advisable to fill the chambers with balsam, which can be accomplished
by nearing the electrically heated needle to the specimen, partly ground
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down, and melting the surrounding balsam slightly. Then the balsam
enters the chambers, but the specimen needs resetting in the upright
position. The method of filling specimens with balsam by boiling them in
it after their being dipped in xylol, recommended by Pokorny (1958), was
not effective, for balsam in the chambers was softer than that surround-
ing the specimen. The method described here is superior to the method
of grinding specimens embedded entirely e.g. in polymers and to that of
cutting them with a razor, as proposed by some investigators (Haake 1964),
in that it enables the worker to check his work constantly, to stop grind-
ing at suitable moments, and to handle the specimen and correct its
position by melting the balsam in the course of operation. This method
also allows the filling of the chambers with balsam when they are all
open after initial grinding. In whole, unground, fossil foraminifera the
filling of the interior with balsam or any other hardening compound is
rarely effective, since it is enough that a grain of sand sticks in the last
chamber for the inflow of liquid to be stopped. The preparation of sections
by the present method is successful in at least 90 per cent of specimens.

The electrically heated needle used for handling specimens in balsam
was manufactured according to the description given by Triebel (1958,
p. 115, Text-fig. 16). All manipulations were performed with the switch
in the hand so that the current could be switched on or off at any moment
without interrupting observation through the microscope and without putt-
ing the needle aside.

Diagrammatic drawings of whole specimens were made before and
those of their sections after the specimens were ground down. The photo-
graphs of sections taken by means of available equipment were not
accurate enough because of big differences in size between the proloculus
(values of the order of a few microns) and the whole specimen (values
of the order of several millimetres). A total of 437 sections and as many
drawings were made.

All the drawings in text and in plates have been made by the author.

HISTORY OF STUDIES ON THE MILIOLIDAE

The classification of the Miliolidae has been giving trouble to micro-
palaeontologists for more than 150 years, i.e. since the first attempts were
made to include the foraminifera in Linnaeus’s system. At first they
were numbered in various genera containing also other foraminiferal
groups, like Serpula and Vermiculum. It was only in 1826 that d’Orbigny
grouped the miliolid species known at that time into six new genera:
Biloculina, Spiroloculina, Triloculina, Articulina, Quinqueloculina and
Adelosina. Later, in 1839, he separated another new genus, Hauerina. The
definitions of these genera were based on the number and shape of the
chambers visible from the outside and we cannot refrain from admiring
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d’Orbigny for his discerning observation, since though these definitions
lack detailed data concerning the internal structure of the tests, they have
not lost their validity up to now and are used all over the world. Soon,
however, there arose difficulties in the classification of some forms which
could not be included in any of these genera, and further studies were
continued in two directions: some workers supplemented d’Orbigny’s
classification by adding new genera, others concelled them and synonym-
ized them with other old or new taxonomic units that had a wider range
of classificatory criteria.

The first trial of overcoming these difficulties, going in the latter
direction, was made by Williamson in 1858, who integrated the forms
having their chambers coiled, two in a whorl, round the vertical axis,
together with the genera Quinqueloculina, Triloculina and Adelosina,
established by d’Orbigny, into a new genus, Miliolina. This seemingly
simplified many problems of classification and, thanks to the facility with
which the genus Miliolina could be applied for forms that differ much
from each other both morphologically and in their internal structure, it
persisted in literature for nearly 100 years. In the last century the main
followers of this trend were Carpenter, Parker, Jones, Brady, Rhumbler
and Goes. This last investigator tried even to unite all d’Orbigny’s genera
in one genus, Miliocla Lamarck. More detailed data concerning this page of
the Miliolidae are presented in a paper by Cushman (1917).

In the present century the direction established by Williamson was
continued chiefly by Wiesner (1912, 1918 and 1931) and Bogdanowich
(1947 and 1952). Studying the recent foraminifera of the Adriatic Sea,
Wiesner (1931) consistently used the genus Miliolina Williamson, with
which he synonymized Triloculina d’Orbigny, Quinqueloculina d’Orbigny,
Massilina Schlumberger and Sigmoilina Schlumberger. He attached great
importance to the characters of the test and grouped them according to
their significance for the determination of forms (1912). He regarded the
arrangement of chambers as the criterion of the division into larger groups,
“Formenkreise”, the material of test walls, the shape of apperture and,
partly, the proloculus as the basis for the division into subgroups, and
the surface ornamentation and the presence of an arenaceous layer as the
basis for the division into “Nebenformen”, of minor importace. Using
these criteria, he distinguished 4 larger groups, ‘Formenkreise”, from
among the forms with two-chambered whorls: 1. Nubecularia Defrance,
11. Spiroloculina d’Orbigny, III. Miliolina Williamson and IV. Biloculina
d’Orbigny. Later, he (1918) somewhat changed this division, distinguish-
ing one larger group, Spiroloculininae, in which he included the genera
belonging to the groups separated previously: Spiroloculina d’Orbigny,
Miliolina Williamson, Articulina @’Orbigny, Adelosina d’Orbigny, Nodo-
bacularia Rhumbler, Biloculina d’Orbigny, Nummoloculina Steinmann,
Hauerina d’Orbigny and Ceratina Goes. In his last paper (1931) he raised
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the group Spiroloculininae to the rank of subfamily, in which, in addition
to the above-mentioned genera, he placed also Tubinellina gen.n., Flintina
Cushman, Ptychomiliola Eimer et Fickert, Nubeculina Cushman and
Flintia Schubert, and separated two new genera on the basis of their
having a plate-like tooth in the aperture; these are Miliolinella and
Biloculinella. In this concection the genus Miliolina was split into three
genera: Miliolina Williamson proper, with a simple tooth, Miliolinella
gen.n., with a plate-like tooth, and Miliola Lamarck, with a trematophore
aperture, and the genus Biloculina into two genera: Biloculina proper (now
Pyrgo), with a bifid tooth, and Biloculinella gen.n., with a plate-like tooth.

Wiesner (1918) was, therefore, one of the first writers who acknowled-
ged the taxonomic value of such characters, hardly taken into considera-
tion up to then, as the shape of the aperture, the mode of its narrowing,
the type of the apertural tooth and the material of the test walls. He even
paid attention to the differences between the surfaces of tests in the
Miliolidae, distinguishing there degrees of lustre, dull, oily, and porcel-
laneous or brilliant, and applying this differentiation in his division
into “Formenkreise”. Unfortunately, the series of forms established by
him so meticulously are only of practical significance, they facilitate the
identification of species, rather than of systematic import, because they
do not include the internal structure of tests nor do they utilize the
criterion of apertural structure fully, although they show first steps taken
in this direction.

Bogdanowich (1947 and 1952), who in his studies based himself chiefly
on the classification of Brady (1884) and, partly, that of Wiesner (1932),
did not go any further. In his monograph of the Miliolidae of the USSR
(1952) he acknowledged the genus Miliolina Williamson together with its
synonyms, among which he also numbered Miliolinella Wiesner. Later,
Bogdanowich (in Rauzer-Chernousova & Fursenko, 1959) gave up the
genus Miliolina and recognized the genera Quinqueloculina and Triloculina.
He considered most of the former synonyms of Miliolina, e.g. Adelosina
d’Orbigny, Massilina Schlumberger and Miliolinella Wiesner to be syno-
nymous with the genus Quinqueloculina. However, he did not recognize
the genus Biloculinella Wiesner in the paper referred to and treated it as
a synonym of Pyrgo. As can be seen, in this classification the significance
of apertural characters diminished compared with Wiesner’s views and
Bogdanowich laid stress on the internal structure and genetic relationships
instead.

The investigators who assented to and supplemented d’Orbigny’s
division of the Miliolidae into genera were, in the first place, Reuss, active
in the middle of the nineteenth century, Schlumberger towards the end
of the nineteenth century, and Cushman at the beginning of the present
century. Reuss (1862) grouped the porcellaneous calcareous foraminifera
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in four larger units: Squamulinidea (?), Miliolidea, Peneroplidea and
Orbitulitidea. He next divided the Miliolidea into three groups: 1) Cornus-
piridea, comprising the genus Cornuspira Schultze, 2) Miliolidea proper,
including d’Orbigny’s genera Uniloculina, Biloculina, Spiroloculina, Trilo-
culina and Quinqueloculina, and 3) Fabularidea, having only one genus,
Fabularia Defrance. Studying the internal structure of tests on sections,
Schlumberger was the first to pay attention to the occurrence of micro-
and megalospheric forms in many species and to the generic characters
present at the juvenile stage. Sections of miliolids, exhibiting their internal
structure, were known also to other investigators, like Parker (1958),
Brady (1884) and Goes (1896), who, however, did not utilize them in
classification. A great many such sections, figured in the papers by
Schlumberger & Munier-Chalmas (1885) and Schlumberger (1886, 1891
and 1893 a, b), especially in his monographic paper on the Miliolidae of the
Gulf of Marseilles (1893 a), prompted the separation of a number of
genera on the basis of their developmental characters and became the
foundation of the later classifications based on genetic relationships. The
new genera erected by Schlumberger are Sigmoilina and Massilina and
a number of others containing forms with a trematophore aperture and
separated by him in collaboration with Munier-Chalmas.

In working out the Miliolidae of the Gulf of Marseilles, Schlumberger
used the drawings gathered in d’Orbigny’s unpublished plates (1826) and
sections prepared by himself. He distinguished 6 groups differing in the
arrangement of succeeding chambers: 1) group Biloculina — 2 planes of
symmetry (Biloculina, Spiroloculina, Sigmoilina), 2) group Triloculina —
3 planes of symmetry (Triloculina), 3) group Quinqueloculina — 5 planes
of symmetry (Quinqueloculina, Massilina), 4) group Adelosina — special
arrangement of two initial chambers, 5) group Planispirina — one plane of
symmetry (Cornuspira, Planispirina, Ophthalmidium), and 6) group
Vertebralina — early chambers quinqueloculine, later ones arranged
rectilinearly (Vertebralina, Articulina).

Cushman (1917) made use of Schlumberger’s sections in his monograph
of the Miliolidae of the North Pacific Ocean, in which he discussed their
phylogenetic development, the characters of the initial stage and the
evolution of particular groups, from the most primitive groups to the most
specialized ones: Cornuspira — Ophthalmidium — Planispirina — Spiro-
loculina and derived forms — Quinqueloculina and derived forms —
Triloculina — Biloculina — Idalina and Peneroplis. So far as systematics
is concerned, he grouped them in the family Miliolidae and two sub-
families, Cornuspirininae and Quinqueloculininae.

In 1927 Cushman published his outline of classification of the Fora-
minifera, later revised and complemented several times, at that time the
first and only synthetic elaboration of the Foraminifera on genetic
relationships. As regards the miliolids, in the first draft their classification
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did not differ from that presented in 1917. In the next editions (1928,
1933, 1940 and 1948) there are already three families: Miliolidae,
Ophthalmidiidae (including, among other groups, the subfamily Cornus-
pirininae) and Fischerinidae. The Miliolidae were not divided into sub-
families, instead they comprised all d’Orbigny’s genera, Wiesner’s two
genera (Miliolinella and Biloculinella), Schlumberger’s two genera (Mas-
silina and Sigmoilinag), single genera introduced by other authors, e.g.
Nummoloculina Steinmann, Tubinella Rhumbler, Miliola Lamarck, and
several new genera described by Cushman himself: Nubeculina, Ammo-
massilina and Flintina.

Cushman initiated a period of keen interest in the genetic classification
of the Foraminifera, which found its reflection in new elaborations appear-
ing every several years. At first the authors grouped the known miliolid
genera in one family, Miliolidae, after the fashion of earlier writers
(Galloway, 1933), and in three families, after the fashion of Cushman
(Chapman & Parr, 1936). Glaessner (1945) introduced a higher taxonomic
unit, i.e. the super-family Miliolidea divided into four families, with two
of which, the Miliolidae and Ophthalmidiidae, we are concerned. Sigal
(1952) and Pokorny (1958) applied the same division, in which they made
only small changes within the subfamilies. The classification proposed by
Bogdanowich and Voloshinova (in Rauser-Chernousova & Fursenko, 1959)
was characterized by the introduction of a still higher rank, i.e. the order
Miliolida comprising the superfamily Miliolidea and the families Cornus-
piridae, Ophthalmidiidae, Miliolidae and Familiae incertae. In the more
recent classification of Loeblich & Tappan (1964) the taxonomic unit of
the highest rank is the suborder Miliolina, which contains the superfamily
Miliolacea and the families Squamulinidae, Fischerinidae, Nubeculariidae
and Miliolidae. The families except the first one, split into subfamilies,
e.g. the Miliolidae into the Quinqueloculininae, Miliolinellinae, Miliolinae,
Fabulariinae and Tubinellinae, which differ from each other in aperture
type and also, partly, in wall structure.

Critical remarks on the division of the family Miliolidae in Loeblich &
Tappan’s classification are given in Part I (1972).

BIOSTRATIGRAPHY

The Miocene sediments from which the Miliolidae under study come
are referred to two stages: the Tortonian (Badenian®) and Sarmatian.

?) The conception of replacement of the term “Tortonian” with “Badenian” in
the Vienna Basin was put forward in the revision of the stratotypes and terms used
so far in the geochronological and lithostratigraphical scale for the Central
Paratethys region, initiated by the Congress of the Committee on Mediterranean
Neogene Stratigraphy in Bologna in 1967 (Papp. et al., 1968). This conception was
upheld by the CMNS Congress in Lyon in 1971 (Carloni et al., 1971) and the term
was recommended for the Central Paratethys region.
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In the present work the old term “Tortonian” is retained to simplify the
references to the author’s previous papers and thus to avoid obscurity. It
seems expedient to explain that this term is here used as the Tortonian
sensu lato, i.e. a geochronological unit based on the occurrence of
planktonic and benthonic foraminifera, its lower boundary being marked
out by the appearance of Praeorbulina in the Tortonian and the upper
one by the appearance of Anomalinoides dividens in the Sarmatian. Com-
pared with the situation in the Vienna Basin, this period corresponds to
the geochronological unit “Badenian” proposed in 1968, the lower boundary
of which is the bottom of the ‘“Lagenidae Zone” and the upper one the
top of the “Bulimina-Rotalia Zone”.

The miliolid assemblages from the Miocene of Poland vary between
particular stratigraphic zones. It may be stated in general that the groups
of miliolid species living in the Tortonian differ in composition from those
in the Sarmatian. Although in the Tortonian the assemblages vary from
zone to zone, still they have some common features, e.g. the predominance
of species belonging to the genera Quinqueloculina, Cycloforina, Lach-
lanella, Sigmoilopsis, Siphonaperta, Miliolinella, Pyrgo, Sinuloculina,
Triloculina and other species having large-sized tests, sometimes reaching
to 2—3 mm. The species living in the Sarmatian have small tests, the
dimensions of which do not exceed 0.5—1 mm (except for the forms with
the uniserial arrangement of chambers), and belong chiefly to the genera
Varidentella, Articulina, Articularia and the species of Cycloforina other
than those occurring in the Tortonian. Only a few Tortonian species
persisted into the Sarmatian.

A list of the Miliolidae occuring in typical localities representing
deposits varying in age is given by way of example in Table 1: for the
Lower Tortonian — Karsy and Korytnica in the northern coastal region,
Benczyn in the southern coastal region and Wieliczka in the region of the
Foredeep; for the Upper Tortonian — Gliwice Stare in the north-western
coastal region in Upper Silesia, Weglinek near Zaklikéw in the Roz-
tocze Mts and Niskowa near Nowy Sgcz in the southern coastal region.
The Miliolidae from Dwikozy near Sandomierz are given for the Sarmatian,
separately for the sandy deposits belonging to the lower microfaunal zone
and for the argillaceous deposits of the upper one.

The stratigraphic distribution of the species under study given in
Table 1 is based on the above-mentioned examples and on the species
identified from a number of other outcrops and bore holes, the list of
which is given in the section entitled Material. The localities at which
individual species occur are mentioned in their descriptions in the
palaeontological part.

The characteristic assemblages of the Miliolidae of the Tortonian and
Sarmatian strata are discussed below.
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Lower Tortonian

Zone with Orbulina suturalis. — The Lower Tortonian deposits abound-
ing in the Miliolidae occur only in the northern and southern marginal
zones, being rare in the central part of the Precarpathian Foredeep. The
miliolids from the clayey-marly formations of Karsy and Korytnica near
Jedrzejéw make a typical example of the assemblages of the northern
coastal facies. They are mainly numerous Quinqueloculina species, such
as Q. alexandri QS and MS, Q. anagallis, mostly MS, Q. buchianae, mostly
QS, Q. dichotoma QS and MS, Q. lentica QS and MS, Q. parakneriana,
mostly QS, Q. peregrina MS, Q. pseudobuchiana QS and MS and abundant
Cycloforina badenensis, C. reticulata, C. vermicularis, Lachlanella in-
crassata, L. schroekingeri and Sigmoilopsis foeda. A similar miliolid
assemblage is met with in the bottom portion of the clayey deposits in
the Miocene of the Holy-Cross Mts, between Tarnobrzeg and Chmielnik
(bore holes: Mlyny 1, Budy 1 and Grabki Duze N8). The miliolid fauna
of the southern coastal region of the Lower Tortonian is exemplified by
the assemblage from the clayey sediments of Benczyn near Wadowice,
composed chiefly of the same species as the assemblages from Korytnica
and Karsy area. Species known from XKorytnica— Quinqueloculina
anagallis QS, Q. buchiana QS and MS, Q. haidingeri MS, Q. lentica QS,
Q. parakneriana QS, Q. pseudobuchiana QS, Siphonaperta mediterranensis,
Sigmoilopsis foeda, Sinuloculina consobrina and Sigmoilinita tenuis —
have also been found in the clay deposits of the bottom portion of the
Lower Tortonian in bore-hole E.eki Dolne-1 near Tarnéw.

Special attention should be given to the fact that the Miliolidae are
very rare in the Heterostegina sands of the Cracow-Miech6w region and
in marly and sandy limestones or limestones of the Miechéw region and
the Holy-Cross Mts, although these also constitute coastal facies of the
Lower Tortonian. The Miliolidae are lacking or represented by only few
common species, like Sigmoilinita tenuis or Sinuloculina consobrina, in
the microfaunal assemblages consisting chiefly of planktonic foraminifera
in the central part of the Foredeep.

Zone with Uvigerina costai.—In the upper layers of the Lower
Tortonian the assemblage of miliolids becomes impoverished all over the
area of the occurrence of the Miocene deposits and it shows no differen-
tiation into shallower and deeper facies. The microfauna of the salt clays
of Wieliczka, where the Miliolidae are relatively more numerous than in
other localities but all the same limited to a small number of species,
is a typical exemplary assemblage of this zone. It contains, above all,
numerous specimens of Quinqueloculina akneriana QS and very rare MS,
Q. triangularis QS and rare MS, a small number of @. haidingeri QS and
MS, and typical species of these layers: Q. pygmaea, Q. regularis,
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Sigmoilopsis foeda, Pyrgo amphiconica and Pyrgoella ventruosa. In other
regions, e.g. in the Bochnia-Gdow area and in the Holy-Cross Mts, the
Miliolidae of this zone are still poorer in species and represented only by
small numbers of Cycloforina suturalis and Sigmoilinita tenuis.

Upper Tortonian

Zone with Neobulimina longa. — Between the Lower Tortonian zone
with Uvigerina costai and Upper Tortonian zone with Neobulimina longa
there was a period of formation of chemical deposits, in which no micro-
fauna developed. Its slow development occurs after this period, but the
Miliolidae do not play a major role yet. The microfaunal assemblages
of this zone are composed partly of the species existing earlier in the zone
with Uvigerina costai and partly of new species. This is not the case with
the Miliolidae, among which the species known from the Lower Tortonian,
like Quinqueloculina regularis, Sigmoilinita tenuis, Pyrgo inornata and
P. truncata, are still observed.

Zone with Hanzawaia crassiseptata. — It come to a great development
of the Upper Tortonian microfauna in this zone, at which there also appear
a number of new miliolid species. In the coastal region the boundary
between the two zones of the Upper Tortonian is not sharp, there being
transitions between them or a direct succession of a great development
of the benthonic microfauna, comprising new species, after the period of
formation of chemical deposits. The Miliolidae develop more abundantly
than previously and, although the species of the lower zone of the Upper
Tortonian still persist among them, a few species not encountered before
appear as well. The Miliolidae from Gliwice Stare in Upper Silesia make
a typical example. The most characteristic species of this assemblage are:
Quinqueloculina buchiana QS and MS, Q. parakneriana QS and MS,
Q. regularis, @. pygmaea and Q. spondiungeriana — as relicts of the Lower
Tortonian forms; Cycloforina contorta, C. gracilis, C. lachesis, C. lucida
(a group of related forms, characterized by a rough surface with short
incised lines and a tendency to carinate peripheries of the chambers) and
C. suturata; a group of several species of the genus Hauerina, i.e.
H. aspergilla, H. compressa, H. plana, H. podolica, H. tumida and Pseudo-
hauerina ornatissima, of which only P. ornatissima and H. tumida were
recorded from lower layers; Sigmoilopsis foeda, Siphonaperta granulata,
S. mediterranensis, Miliolinella selene, M. valvularis, Affinetrina gualtie-
riana, A. planciana, Biloculinella labiata, Pyrgo clypeata, P. inornata,
P. lunula, P. truncata, Pyrgoella controversa, P. globiformis, P. ventruosa,
Sinuloculina comsobrina, S. microdon, S. nitens, Triloculina angularis,
T. eggeri, Sigmoilinita tenuis and Nummoloculina contraria, out of which
Cycloforina suturata, Siphonaperta granulata, Affinetrina gualtierana,
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A. planciana, Pyrgoella controversa, Sinuloculina microdon and Triloculina
eggeri are species, absent from the lower layer. In the deeper zone of the
Foredeep, as in the Lower Tortonian, the Miliolidae are conspicuously
poorer both in genera and in species.

Two miliolid assemblages from the coastal zone, referred to this zone,
deserve special attention: the assemblage from the Haliotis limestones of
Weglinek near Zaklikéow in the Roztocze Mts, which has hitherto been
considered to be of Lower Tortonian age (Aren, 1962; Bielecka, 1959) and
that from the clay and sand layers overlying the lignite formations at
Niskowa near Nowy Sacz, formerly referred to the Upper Tortonian
(Skoczylaséwna, 1930) and recently to the Lower Tortonian (Batuk, 1970).
As regards the miliolid fauna of Weglinek, it has many species in common
with the assemblage from Gliwice Stare (Quinqueloculina spondiungeriana,
Cycloforina lachesis, C. lucida, C. suturata, Hauerina aspergilla, H. com-
pressa, H. podolica, H. tumida, Affinetrine planciana, Pyrgo inornata).
In addition, a few species unobserved below appear in it: Pyrgo
subsphaerica, Sinuloculina rixatoria, Affinetrina wucrainica, Flintina
truncata and Miliolinella banatiana. Other foraminifera, too, indicate the
Upper Tortonian age of these strata e.g. Praeorbulina indigena (Luczkow-
ska, 1955, vide ELuczkowska, 1971) and therefore the determination of
their Lower Tortonian age raises doubts. The age of the deposits from
Niskowa is also controversial. To be sure, the numerous miliolids present
in the lowest clay layer, capped by sands, are endemic in character and,
as a whole, they can hardly be compared with the assemblages from other
areas (e.g. it is only from here that Miliola fabularoides, Siphonaperta
ovalis, Podolia compacta and Crenatella mira have been recorded), some
elements, however, suggest the similarity of this microfauna to that of
Weglinek or Gliwice Stare rather than to the Lower Tortonian fauna
of Korytnica. The common elements are: Quinqueloculina spondiungeriana,
in the older layers met with only in the highest portion of the sub-salt
clays of Wieliczka (in the so-called “makowica”), Cycloforina hauerina,
C. lucida, Hauerina aspergilla, H. podolica, Sinuloculina inflata and
S. cyclostoma. For the above-mentioned reason the marine sediments at
Niskowa have been referred provisionally to the Upper Tortonian, the
closer determination of age being left as an open problem.

The rich Upper Tortonian miliolid assemblages, as well as the rest of
the microfauna, suddenly vanish from the whole area of the occurrence
of the Miocene deposits in Poland. New assemblages appear above them in
the Sarmatian layers east of Cracow, whereas west of Cracow the Miocene
sedimentation comes to an end and land deposits appear in the region of
Gliwice Stare and further to the west, towards Kedzierzyn and Glogéwek
(Krach, 1954; Alexandrowicz, 1969).

2 Acta Palaeontologica nr 1/74
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Sarmatian

Tortonian-Sarmatian boundary and zone with Anomalinoides divi-
dens. — A new miliolid species, Cycloforina stomata, appears directly
after the numerous Tortonian species have vanished completely, which
level may be recognized as the boundary between the Tortonian and
Sarmatian. The period between the rapid extinction of the Upper Torto-
nian microfauna and the gradual development of the new Sarmatian one
is characterized by this single species. The bottom layers of the Sarmatian
are at first poor in fauna in general. The fauna consists chiefly of single
specimens of redeposited Tortonian foraminifera, otoliths, fish remains,
sometimes ostracods, numerous Cycloforina stomata and single specimens
of Anomalinoides dividens. There is also a large amount of pyrite and
many small, often pyritized, pelecypods and snails. These layers belong
to the lower portion of the zone with Anomalinoides dividens and range
in thickness from hardly several dozen centimetres to several metres in
the coastal zone (Luczkowska, 1964 and 1967), whereas in the foredeep
zone they reach as many as several dozen or even several hundred metres.
In this connection the mass occurrence of the species typical of this zone
is observed either in the bottom layers of the Sarmatian, almost in contact
with the Tortonian microfauna, or higher, above the bottom layer poor
in fauna.

In the clay facies of the coastal zone there is a sharp boundary
between the range of the Tortonian miliolids and that of the Sarmatian
ones. For example, in bore-hole Wolica 107 near Szydlow there occurs
a typical assemblage of the zone with Hanzawaia crassiseptata at a depth
of 57—58 m, and directly above it, at depth of 56—57 m, Cycloforina
stomata and single redeposited Tortonian forms. From a depth of 56 m
upwards, Anomalinoides dividens, the typical species of this zone, occurs
in very large numbers already. A similar situation is observed at other
bore holes in the Szydiow region, e.g. Solec 105, where the bottom layers
of the Sarmatian, bearing a poor assemblage with single specimens of
Anomalinoides dividens, otoliths, fish remains, pyrite and Cycloforina
stomata occur at a depth of 17.20—21.0 m and directly overlie litho-
logically identical strata with a rich Upper Tortonian microfauna. In
bore-hole Wolica 101 near Szydiéw an abundant assemblage with Ano-
malinoides dividens, Varidentella rotunda and Articulina sarmatica ap-
pears above the rich Upper Tortonian assemblage at a depth of 18.7 m,
without any intermediate layers with a scanty microfauna.

An analogous situation is observed in the deeper zone of the Pre-
carpatian Foredeep, e.g. in the central part. In bore-hole Niwka-1 the
rich assemblages of the Upper Tortonian foraminifera including Quin-
queloculina regularis and agglutinating species (constituting a facial
equivalent of the assemblages with calcareous foraminifera from the zone
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with Hanzawaia crassiseptata of the coastal zone) disappear abruptly at
a depth of 494.90 m, being immediately replaced first by single specimens
then by masses of Cycloforina stomata, C. predcarpatica and otoliths and
a few redeposited Tortonian specimens, whereas Anomalinoides dividens
does not appear in large numbers below 442 m. The bottom Sarmatian
layers, underlying the layer in which this typical species is present, are
about 57 m thick. In bore-hole Mielec-6 the rich Upper Tortonian
assemblage with agglutinating foraminifers disappears suddenly at a depth
of 829.2 m and barren layers with only few redeposited Tortonian speci-
mens occur between 829.20 and 816.0 m, whereas Cycloforina stomata and
otoliths appear in large numbers over 816 m and Anomalinoides dividens.
Cycloforina predcarpatica and Varidentella rosea, typical of the Sarmatian,
over 801 m.

As mentioned above, the bottom layers of the zone with Anomalinoides
dividens are for the most part poor in microfauna and contain the new
species Cycloforina stomata, which next persists into the higher layers
of this zone, but no longer as abundant. The higher layers of the zone
with Anomalinoides dividens are characterized by the appearance of
further new miliolid species: Articulina sarmatica, A. problema, A. multi-
bullata, A. tamanica, Cycloforina cristate, C. fluviata, C. gracilissima,
C. predcarpatica, C. toreuma, Varidentella latelacunata, V. pseudocostata,
V. rosea and V. rotunda. Except for Cycloforina cristata, C. fluviata and
C. gracilissima, they occur mostly in large numbers. Only few Tortonian
forms, like Affinetrina cubanica, Sinuloculina consobrina, S. nitens and
Sigmoilinita tenuis, are observed, in addition to which there are sporadic,
undoubtedly redeposited, single specimens of different Tortonian species
(Luczkowska, 1964 and 1967), which may form even a high percentage of
the whole assemblage. The Sarmatian sands from Dwikozy near Sando-
mierz are a typical example of the occurrence of an assemblage of Sarma-
tian Miliolidae mixed with redeposited Tortonian species.

Zone with Cycloforina karreri ovata. — This zone contains a number
of species from the lower layers, i.e., Articulina problema, A. sarmatica,
Cycloforina fluviata, C. gracilissima, C. predcarpatica, C. stomata, Affi-
netrina cubanica, Sinuloculina consobrina, S. nitens, Varidentella latela-
cunata, V. pseudocostata, V. rosea, V. rotunda and Sigmoilinita tenuis. The
new species that appear here in large numbers for the first time are
Cycloforina karreri ovata, Affinetrina voloshinovae timenda and Articu-
laria karreriella, occasional specimens of this last species being present
as deep as the zone with Anomalinoides dividens. In general, this zone
comprises a poor milioclid assemblage in so far as its specific differentiation
is concerned. It often lacks any microfauna at all.

Zone with Varidentella sarmatica. — This is the highest Sarmatian
zone with numerous miliolids in Poland. These are, above all, specimens
of the typical species Varidentella sarmatica, occurring in masses beside

29
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equally abundant Varidentella reussi, Cycloforina predcarpatica, Articulina
problema and Articularia articulinoides. As can be seen, the species are
few in number although the number of specimens is large.

The above-mentioned species abound in the northern coastal zone,
e.g. in the region of Tarnobrzeg (L.uczkowska, 1964), whereas in the deeper
zone of the Foredeep, where the Sarmatian deposits exceed 1000 m in
thickness, they are met with more rarely. The microfauna found in the
Sarmatian layers of the Foredeep is mostly a redeposited fauna washed
out of the deposits of the Upper or Lower Tortonian and even those of
the Cretaceous.

Zone with Elphidium hauerinum. — This zone, overlying the zone with
Varidentella sarmatica has hardly any miliolids. From among the
Sarmatian species, only dwarfish Varidentella reussi is encountered in it;
however, it may well be that the rare specimens of this species come
from the lower layers that have been washed away. The range of this
zone is not known exactly, supposedly it occurs only locally in the region
of Tarnobrzeg.

PALAEOECOLOGY

The Miliolidae are a foraminiferal group having small requirements in
respect of water salinity, for they may be found in both salt and brackish
waters, but their occurrence is frequently restricted to only certain depths
and temperatures. In the contemporary seas they prevail over inner shelf
and in open gulfs, in warm and shallow tropical and subtropical waters,
at depths from zero to about 100 m (Norton, 1930; Lowman, 1949; Sigal,
1952; Matthes, 1956; Bandy & Arnal, 1960; Loeblich & Tappan, 1964;
Bandy, 1964 b; Boltovskoy, 1965), where they may form 50 per cent or
more of the whole population. They belong chiefly to different species
of Quinqueloculina and Triloculina®, which are good indicators of condi-
tions in the vinicity of coasts. These genera are not dominant in the
region of central and outer shelves, but here Biloculinella appears beside
them. In the bathyal zone the miliolids are scarce except Pyrgo and
Pyrgoella, which here develop various groups of species and grow to
a large size (above 5 mm), whereas the shelf forms of Pyrgo do not
usually exceed 1 mm.

Such a pattern of distribution of the Miliolidae is generally noted in
tropical regions and those of warm water all over the world. In the Gulf
of Mexico the Miliolidae are abundant at depths of 30 m (Shifflett, 1961),
70—100 m (the genus Quinqueloculina chiefly in the inner turbulent zone
at 20—30 m; Phleger, 1960), or even down to 150 m (Parker, 1954), and
do not descend below 180—220 m (Phleger & Parker, 1951). In Florida the

3) The generic names are given after the authors cited.
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Miliolidae abound from 0 to 120 m, forming up to 45 per cent of the
population at 0—10 m (Norton, 1930) and in the Mississippi Sound they
belong to the fauna of the coastal barrier and islets (together with Elphi-
dium and “Rotalia”) and that of the open gulf (Phleger, 1954). In Cuba
they occur, also with Elphidium and Ammonia, in the inner shelf region
(Bandy, 1964 a), while in the Bahama Is. live near the banks in the open
ocean (Illing, 1952). In the region of the Atlantic shelf of the United States
(Long Island) the Miliolidae are most numerous between 24 and 150 m
(mostly Quinqueloculina and Miliolinella), their number decreasing with
the distance from the shore (Murray, 1969); in North Carolina they occur
in the central shelf zone at a depth of 0—45 m (Bandy & Arnal, 1957) and
in the Gulf of California in the coastal zone of a normal 34 per thousand
salinity (mainly Quinqueloculina; Bandy, 1961). In Santa Catalina the
miliolids are numerous down to 18 m and lacking below 91 m (Mc Glasson,
1959). According to this author large numbers of miliolids are a reliable
indication of very shallow regions.

Off the coast of North Asia the Miliolidae have been recorded from
depths to 60 m, at which they live in small separate areas. They are
chiefly Quinqueloculina lamarckiana, Q. akneriana and Sigmoilina are-
naria (Polski, 1959). Along the coast of Southern China the Miliolidae
inhabit the littoral region of quiet waters showing no influences of
currents. Their diversity indicates shelf conditions (Waller, 1960). In the
Persian Gulf miliolids are indicators of shallow (10—100 m) waters
(Haake, 1970).

In the Mediterranean and Adriatic Seas the Miliolidae live under
similar conditions. Blanc-Vernet (1969) writes that the Miliolidae, includ-
ing agglutinating ones, form 20—40 per cent of the infralittoral environ-
ment in the Mediterranean Sea (down to 50—100 m). Schlumberger (1893)
elaborated many species from the sands at a depth of 30—40 m in the
Gulf of Marseilles. According to Le Calvez (1958) in the Gulf of Ville-
franche the agglutinating miliolids occur in shallow waters from 5 to 40 m
and the calcareous ones somewhat deeper, down to 100 and 200 m, e.g.
Quinqueloculina contorta — 10—70 m, Q. undosa and Q. vermicularis —
50—80 m, Q. ungeriana — 10—80 m, reticulate quinqueloculines — 5—
20 m, Pyrgo — to 250 m, Nummoloculina — 150—300 m and Sigmoilina
tenuis — to 700 m (generic names after Le Calvez). Kruit (1955) reports
that in the Delta of the Rhone most of the population at 0—90 m consists
of the Miliolidae, mostly Quinqueloculina seminulum and Triloculina
trigonula, as well as Elphidium crispum and Ammonia beccarii. Glacon
(1983) studied the microfauna of the Tunisian coast, where she found
abundant miliolids at depths to 26 m, in undersea meadows and beaches.

Investigations carried out in the Gulf of Naples showed that the
Miliolidae occur there at various depths. At Ammontatura 20 species
belenging to the genera Quinquelcculing, Triloculina, Pyrgo, Spiroloculina,
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Sigmoilina and Nummoloculina were found at 200 m. They are for the
most part small specimens (Moncharmont Zei, 1956). At depths from 180
to 315 m at Banco delle Vedove 32 species of miliolids were collected,
including numerous Quinqueloculina, Spiroloculina, Triloculina, Pyrgo
and Biloculinella (this last being considered to be characteristic of deep
water), which form 4 per cent of the population there (Moncharmont Zei,
1962). In the Gulf of Pozzuoli numerous Miliolidae and Elphidiidae occur
at 5 m and deeper to 110 m; there are large numbers of Quinqueloculina
and Pyrgo. Forms of the genus Quinqueloculina are particularly typical
of sandy and detritic deposits at 40 m (Moncharmont Zei, 1964). Off
Capri 17 miliolid species were found at 85 m, mostly those of the genus
Quinqueloculina (Cita, 1955).

In the Adriatic Sea the Miliolidae generally live in shallow off-shore
regions, e.g. abundant Quinqueloculina at 37 m, Quinqueloculina, Trilo-
culina and Pyrgo at 166 m (Cita & Chierici, 1962); numerous Quinque-
loculina dutemplei, Q. longirostra and Q. pulchella live at depths ranging
from 23 to 42 m (Chierici et al., 1962) and 19 species, including only
2 species belonging to Quinqueloculing, i.e. @. padana and Q. seminulum,
several species of Sigmoilina and Pyrgo, and Biloculinella labiata were
gathered at 218 m (d’Onofrio, 1959).

In the Ionian Sea Triloculina abounds at 15 m, Quinqueloculina
between 12 and 30 m; the numbers of both genera decrease down to 100 m
(Iaccarino, 1969). In the Ligurian Sea the Miliolidae occur in large
numbers from 20 to 90 m, Triloculina tricarinata being particularly
numerous down to 20 m (Giunta, 1955). In the Beirut region the percentage
share of Miliolidae changes with depth. At 11 m they form 10 per cent
of the whole population, at 27 m 45 per cent, at 54 m 19 per cent and at
246 m 8 per cent, Sigmoilina, Miliolinella and Biloculinella being dominant
and Quinqueloculina showing a considerable fall in number. Biloculinella
labiata and Nummoloculina contraria also occur at the greatest depth
given above (Moncharmont Zei, 1968). In the Red Sea the Miliolidae and
Textulariidae prevail at depths ranging from 21 to 73 m and both these
families are represented from 70 to 300 m but the Textulariidae are
dominant (Said, 1950).

The Miliolidae can also live in environments of reduced salinity. For
example, Adams and Haynes (1965) list 14 species, mainly of the genera
Quinqueloculina, Triloculina and Miliolinella, from the Holocene and
contemporary marshes and estuaries in northern Wales (Great Britain).
Lowman (1949) records their occurrence in strongly brackish and near-
shore marine waters in the Gulf of Mexico (together with Elphidium and
Rotalia). Some forms tolerate low temperatures, e.g. Pyrgo, which is also
present in arctic waters and at great depths, down to 2000 m (Green, 1960)
and as deep as 2500 m in the north-eastern part of the Pacific Ocean
(Saidova, 1964).
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In his study of the relation of the present Foraminifera to the deposit
facies in the turbulent zone of Cardigan Bay (Wales), Atkinson (1971)
gives interesting observations concerning the foraminiferal population as
a whole, and so including the Miliolidae. He states that living foraminifera
occur frequently in coarse grained deposits, whereas empty tests ac-
cumulate in large numbers in fine-grained deposits. The empty foramini-
feral tests are washed away from the coarse-grained deposits to the
fine-grained ones and only few large specimens remain in the former
(e.g. Massilina secans is a good palaeoecological indicator of sublittoral
conditions and coarse-grained substratum). Porcellaneous tests, as heavier
and larger, are not generally so readily displaced by water movements.
The same is true of the agglutinating foraminifers.

So far as the reconstruction of the palaeoecological conditions in the
Miocene sea of southern Poland is concerned, a comparison with the
occurrence of the Miliolidae in the present seas provides some information.
Although most species of the Miocene miliolids differ from the con-
temporary ones (morphologically some of them come very near to the
contemporary forms, e.g. Quinqueloculina akneriana to @. seminulum
(Linnaeus), @. buchiana to Q. lamarckiana d’Orbigny, Q. regularis to
Q. pentagona Giunta, Triloculina neudorfensis to T. tricarinata d’Orbigny
and a number of other species), still they belong to the same genera and
form similar groups. The analogies suggested are presented below by the
example of the typical associations given in Table 1.

Karsy, Korytnica, Benczyn and Wieliczka have miliolid assemblages
typical of the Lower Tortonian. The Lower Tortonian sea covered the
area of the Precarpathian Foredeep (Text-fig. 1) and probably extended
to the west as far as the eastern part of the Sudety Foreland, being
connected with the Vienna Basin by a narrow strait of the Moravian Gate
in the south. In the east the foreland of the East Carpathians in the
USSR connects it with the Ukraine and Moldavia. In respect of area the
sea was a third of the Adriatic Sea; it had its northern and southern
coastlines irregular and indented and a well-developed shelf zone, in
which lithothamnian reefs were formed in places. Virtually, it was not
an open sea and it is risky to compare the conditions prevailing in it with
those of open bays of the present oceans. Nevertheless, it is possible to
draw parallels regarding the littoral zones.

Karsy and Korytnica are typical localities of the occurrence of the
Lower Tortonian microfauna in the northern coastal zone. Their miliolid
assemblages differ somewhat from each other, but they undoubtedly
characterize similar environments, since they contain the same groups of
genera and for the most part the same species. Quinqueloculina QS and
MS and Triloculina predominate evidently, Pyrgo, Pyrgoella and Milio-
linella occur in smaller numbers and even then are represented by small
specimens. Among the quinqueloculines Q. buchiana, morphologically



24 EWA LUCZKOWSKA

resembling the contemporary species Q. lamarckiana, whose ancestral
form it probably is, is the most numerous. The occurrence of abundant
large and flat massiline forms of Quinqueloculina is also characteristic.
Assemblages of this type indicate the conditions of an inner shelf zone,
a depth not exceeding 50—80 m and warm water. The great variety of
species (38) suggests normal salinity.

An assemblage of the same type is observed at Benczyn in the southern
coastal zone and, consequently, the environment was probably similar.
The miliolid assemblages of the same age found at Iwkowa, Zegocina,
Przeciszéw, Brzozowa and other localities are also a similar type.

The salt clays at Wieliczka are younger than those at Korytnica and
the miliolids met with in them point to a somewhat different environment.
The main feature of the Wieliczka assemblage is the occurrence of a large
number of specimens against a reduced number of species (24) compared
with the assemblages from Karsy and Korytnica. The abundance of
specimens of Quinqueloculina akneriana QS and Q. triangularis QS comes
to the fore; the massiline forms of these species are rare, instead the
specimens of Pyrgo and Pyrgoella are considerably more numerous and
larger. Biloculinella and Nummoloculina appear as well, and at the same
time the number of quinqueloculine and triloculine species decreases. This
suggests deeper water, below 100 m, and judging by the vertical distribu-
tion of Biloculinella and Nummoloculina in the Adriatic Sea the depths
may have been about 200—250 m. A decrease in the number of species
indicates a distance from the coast or a change in the chemical composi-
tion of water.

In the Upper Tortonian the connection with the Vienna Basin through
the Moravian Gate was broken but that with the Ukraine and Moldavia
persisted. The sea assumed characters of a bay, occupying approximately
the same area as in the Lower Tortonian, but was shallower and with
a belt of arenaceous and calcareo-detritic littoral deposits, especially in its
north-eastern part. Its salinity, however, did not deviate much from the
normal, which is evidenced by the richness of genera and species.

Gliwice Stare is a typical locality in the western part of this bay, with
deposits containing the Upper Tortonian microfauna. Its miliolid assemb-
lage is, as a rule, the same type as that at Wieliczka, i.e. it consists mainly
of members of Quinqueloculina, big specimens of Pyrgo, Nummoloculina
and Biloculinella, but also of a number of forms belonging to other species,
e.g. Cycloforina, Hauerina, Miliolinella, Pyrgoella, Affinetrina (formerly
Triloculina). Except for a few species that they have in common, e.g. Cy-
cloforina contorta, Quinqueloculina regularis and Q. pygmaea, most of the
species found at Gliwice Stare are absent from Wieliczka. Agglutinating
species, like those of Sigmoilopsis and Siphonaperta, play an important
part among them, and the whole assemblage shows a greater variety of
species (39). All these observations suggest that the depth was smaller
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than that at Wieliczka but larger than at Korytnica; presumably, it ranged
from about 100 to 150 m.

Assemblages of a similar type occur also at Zglobice, Chelm n/Rabg,
Grabowiec, Brzeznica, etc. in the southern coastal zone.

Sediments of probably the same age as those at Gliwice Stare occur
at Weglinek and Niskowa (respectively, the northern and southern coastal
zone). Their miliolid assemblages have the following characters in common:
the almost complete lack of Quinqueloculina (except two species: . bog-
danowiczi and Q. spondiungeriana), the presence of several species of
Cycloforina, Sinoloculine and Hauerina, and the small number of speci-
mens of Pyrgo (their complete lack at Niskowa) and Triloculina. It is
striking that these assemblages lack elements which would indicate deeper
water and that the number of miliolids is very large, at Weglinek more
than 50 per cent of the assemblage (27 species) and at Niskowa nearly
100 per cent (16 species). At Niskowa there are also numerous agglutinat-
ing forms belonging to the genera Miliola and Siphonaperta. These
assemblages point to shallow and warm waters of the infralittoral zone,
normal salinity and a depth of 30—50 m.

Bogoria, Rybnica and Gieraszowice in the northern coastal zone have
similar miliolid assemblages to that at Weglinek.

The sea of the Lower Sarmatian was still more limited in the west and
its gulf reached supposedly to the region of Cracow. As early as its initial
period the sea was very shallow, as can be judged from the mass occurr-
ence of the specimens of Anomalinoides dividens, which probably lived
in the environment of submarine meadows, attached to submerged plants,
and from the Miliolidae, occurring abundantly in places, among which the
specimens of Articulina indicate a depth of about 30 m. In the later period
the miliolid assemblages become more and more uniform, some miliolid
species occur in masses, together with those of Elphidium, which is typical
of the faunae of coastal barriers and islets or the deltas of large rivers.
The conditions became worse and worse, as the coastline moved to the
east and the western areas of the bay emerged from water, which caused
a reduction in the number of species, a decrease in the size of specimens
and the appearance of degenerated forms.

A typical example of the development of Sarmatian assemblages in
the coastal zone is provided by the detritic sediments at Dwikozy, which
however at the lowest zone with Anomalinoides dividens contain a large
number of redeposited specimens washed out of the Tortonian (at least 5
in 17 species). The higher Sarmatian zone with Cycloforina karreri ovata
at Dwikozy contains considerably fewer miliolid species (5), its fauna is
therefore more uniform and probably corresponds to the period of the
progressive process of deterioration of the conditions, perhaps the desalt-
ing of sea-water.
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cont.
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Triloculina
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neudorfensis X X | X [

Varidentella
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pseudocostata
reussi
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tschokrakensis X
sp.

Nummoloculina
contraria X | x — E—

Spirosigmoilina
crenata x X —
speciosa X X —

DETAILED PART

MORPHOLOGY OF TESTS

Three factors contribute to the diversity of shapes in the Miliolidae:
morphological variability, dimorphism and ontogeny. They do not act all
at the same time in particular species, but are all related to each other
to a certain degree. For example, various sizes of tests may point to the
presence of specimens representing different ontogenetic stages, from the
juvenile to the gerontic one (this is visible only in sections), but they may
also reflect specific environmental conditions responsible now for a larger
now for a smaller growth of tests in the same species (e.g. Sarmatian
species Varidentella reussi or V. rotunda). Dimorphism also influences
the diversity of shapes to some extent. Although the micro and mega
I generations cannot be distinguished one from another on the basis of
their size and shape (Part I, p. 348), the mega II generation may stand out
as specimens which are small but higher than the other generations of
this species (e.g. in Quinqueloculina anagallis, Text-fig. 7/5, or Q. buchia-
na, Pl. IV, Fig. 2).

As regards morphological variability, it is observed in most species,
chiefly in the form of variation in the shape of tests, elongated, widened
or rounded to a various degree, and that of ornamentation, e.g. the number



MILIOLIDAE FROM MIOCENE OF POLAND 29

of ribs or striae, or their presence only in some specimens of a given
species. There are only few species which have little varying morpholog-
ical characters, e.g. Quinqueloculina regularis (Text-fig. 21/1, 2), @. pyg-
maea (Text-fig. 21/3, 4) or Siphonaperta ovalis (Text-fig. 34/3). Cyclofo-
rina contorta is one of the most variable species as regards morphology.
The periphery of its chambers has two longitudinal edges, which are
sharp in typical forms but may be rounded to a various degree in other
specimens (Text-fig. 26). Similarly, Cycloforina vermicularis may have an
angular truncate periphery or a more rounded one without any signs of
the angles (Text-fig. 32). The ribs on the chamber surfaces in Lachlanella
incrassata may be either well or ill developed (Text-fig. 33/1, 2). Sigmoi-
lopsis foeda may be regularly oval or S-shaped (Pl. XV, Figs 3, 4) and
Triloculina intermedia has either keeled chambers or their edges are
rounded (Pl. XXIII, Fig. 1), etc. Great variation in shape is especially
frequent in Sarmatian species, like Varidentella reussi (Text-fig. 49),
Cycloforina karreri ovata (Text-fig. 30) or some species of Articulina
(e.g. A. problema, A. multibullata and A. sarmatica).

Some attention should also be given to the variation in the shape of
the aperture and tooth, especially in such genera as Cycloforina, Milio-
linella, Pyrgo, Pyrgoella and Varidentella. In Cycloforina the variable
shape of the aperture occurs in the species that have the last chamber
unextended and as a result the aperture may be round with a narrow
tooth or slightly flattened at the base with a somewhat broader square
tooth (e.g. in Cycloforina suturalis, C. toreuma, C. predcarpatica and
C. stomata). In Miliolinella the shape of the tooth is differentiated and it
assumes the form of a fairly broad or narrow apertural plate, e.g. in
M. valvularis (Pl. XX, Figs 4, 5). This is also true of Pyrgoella, whose
apertural plate may be narrowed so much as to become a tongue-shaped
tooth, as in P. controversa (Pl. XXI, Figs 4—6). In Pyrgo the variation
of the apertural shape can be seen particularly well in P. amphiconica
(Pl. XX, Figs 6—38), in which the width of aperture may be nearly equal
to the diameter of the test. The most variable shape of the aperture and
tooth is observed in the genus Varidentella, whose aperture ranges from
a transverse slit with a broad tape-shaped tooth to a large semicircular
opening with a short square tooth (e.g. in Varidentella sarmatica or
V. latelacunata).

ONTOGENY

The ontogenetic stages can be observed in transverse sections, which
show the shape of the chambers from the juvenile stage to the adult one,
whereas the structure of the aperture and tooth in an early stage is
exposed by the removal of the external chambers.
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Studying the sections of forms, from the juvenile to the adult or
gerontic one, in different species, or observing the developmental stages
of individual specimens, we can arrive at the following conclusions:

1) The size of test does not depend on the number of chambers but,
above all, on the size of the proloculus. The larger the proloculus, the
fewer are the chambers in specimens of the same size or, in other words,
the juvenile stage of the mega I or mega II generation may be the same
size as the adult stage of the micro generation. This is particularly well
seen in the genera marked by the presence of three generation, i.e. in
Quinqueloculina, Triloculina and Pyrgo (e.g. Quinqueloculina anagallis,
Text-figs. 7, 8; Q. buchiana, Text-figs. 12, 13; Q. lentica, Text-fig. 18;
Q. parakneriana, Text-fig. 19; . pseudobuchiana, Text-fig. 20; Triloculina
neudorfensts, Text-fig. 46).

2) In the genus Quinqueloculina, producing the massiline adult (or
gerontic?) stage (Part I, p. 346) such forms are met with that their mem-
bership in a given species is determined by the quinqueloculine i.e. juve-
nile stage only, since the massiline forms of various species closely
resemble each other in shape. For example, Quinqueloculina buchiana MS,
Q. pseudobuchiana MS and Q. haidingeri MS or Q. akneriana MS, Q. trian-
gularis MS and Q. parakneriana MS are very much alike. At the same
time the quinqueloculine stage is different in each of these species, in
whose populations it besides prevails most frequently (except for @. hai-
dingeri, found mostly as MS), owing to which they can be distinguished
without resorting to sections. This can be interpreted in two ways: either
the genus Massilina actually exists and then the various shapes of the
juvenile stage seen in the sections of similar forms indicate their polyp-
hyletic origin or Massilina represents only an ontogenetic stage of Quin-
queloculina, isomorphic in different species. The latter view has been
assumed in the present work (see Part I).

3) As can be seen from sections, in a number of genera some species
do not differ in their juvenile stage and their individual characters do not
differentiate before several initial chambers have been developed. For
example, in Cycloforina contorta and C. lachesis tubular chambers occur
in the juvenile stage as in C. gracilis and C. lucida (Text-figs 26, 28) and
only in a later stage angular edges appear in C. contorta and C. lachesis,
but not in the other two species. Tubular chambers of the juvenile stage
are also observed in other species which have edges or ribs in the adult
stage: Lachlanella schroekingeri (Text-fig. 33/3, 4), L. undosa (Text-fig.
33/5, 6), Cycloforina badenensis (Text-fig. 25), Triloculina intermedia
(Text-fig. 46/4), T. neudorfensis (Text-fig. 46/3), etc. In the genera Milio-
linella and Varidentella, which are characterized by a turn of the coiling
axis in the juvenile stage, this stage has a similar form in different
species. It resembles Miliolinella circularis in appearance (e.g. in Variden-
tella reussi, Part I, Pl. XIII, Fig. 3) and is very often identified as that
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(e.g. Serova, 1955, Pl. 9, Figs 13—15). It follows that, excepting the genus
Quinqueloculina, the juvenile stage of other genera has no differentiated
diagnostic characters.

4) Within the genus Sinuloculina there are species whose juvenile stage
differs so much from the adult stage that these two stages are often
identified as separate species (e.g. in Sinuloculina microdon, Part I, Text-
fig. 10).

As regards the aperture and tooth, their shape in the juvenile stage
may differ from that in the adult stage, which can be exemplified by the
genus Varidentella. In V. sarmatica and V. reussi there occur adult speci-
mens which have a toothless aperture, but removing their external cham-
bers successively, one can find that in the juvenile stage the aperture is
furnished with a well-developed broad tape-shaped tooth. Hauerina and
Miliola have two types of the aperture and tooth; in the juvenile stage
the aperture is round with a simple tooth, as in Siphonaperta or Cyclofo-
rina, whereas in the adult stage of both genera a cribrate plate develops
and covers both the aperture and the tooth. (e.g. Miliola fabularoides,
Pl. X1V, Figs 1-—-3). This fact has also been stated by Serova (1953 and
1960).

RELATED FORMS

It has been found that groups of such forms that their affinity is
visible both in the similar structure of the juvenile stage and in some
morphological characters in the adult stage and also in the similar nature
of the walls can be distinguished in the Miliolidae from the Miocene of
Poland. As early as 1912 Wiesner paid attention to the existence of
different types of walls in the contemporary Miliolidae and tried to utilize
this fact in classification (see the section “History of Studies on the Milio-
lidae”).

The group mentioned in the preceding section and composed of Cyclo-
forina contorta, C. lachesis, C. lucida and C. gracilis, which occur together
in the deposits of the Upper Tortonian at Gliwice Stare, is conspicuous
among the Miocene forms under study. As has been mentioned, this group
is characterized by a similar juvenile stage, consisting of identical tubular
chambers, whereas the adult stage shows a character developing from
species to species, namely, the edges along the chambers. The initial form is
completely void of edges and has tubular chambers in both juvenile and
adult stages — C. gracilis. The next link, Cycloforina lucida, is less regular
and more elongate, with signs of flattenings in the periphery of chambers.
This feature develops further through the forms with two rounded edges
belonging to C. contorta and typical forms of this species with sharp edges,
to the last form of this row, C. lachesis, with a single keel, split only in
the lower portion of the chambers.
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The character that these species have in common is their rough surface
with short incised lines, quite different from the smooth and shiny “por-
cellaneous” surface in other species. Except for pointing at the supposed
relationship between these forms, however, the presence of rough walls
does not seem to be of any major taxonomic importance.

A relationship can also be seen between different species of Quinquelo-
culina with shiny “porcellaneous” tests. It is manifested by the fact that,
e.g. in some juvenile specimens of Quinqueloculina anagallis, whose tests
are normally ornamented with ribs, an entirely smooth and shiny chamber
appears as in Q. buchiana (Pl. I, Fig. 1). The relationship between Q. pere-
grina and Q. dichotoma is another example; they have quite a ‘similar
shape and internal structure and differ only in that @. dichotoma has its
surface ornamented with ribs. Q. buchiana also resembles Q. pseudobu-
chiana in shape and internal structure but differs from it in having slightly
rounded edges of the chambers instead of keeled ones. Q. akneriana
and Q. triangularis are also related forms and differ only in that @. trian-
gularis has a broader and higher test. There are presumably other related
species as well: Articulina sarmatica and A. multibullata, Pyrgoella ven-
truosa and P. controversa, Sinuloculina consobrina and S. nitens, Affine-
trina gualtieriana and A. planciana (both having a rough surface with
short incised lines), Varidentella reussi, V. sarmatica and V. latelacunata,
V. pseudocostata and V. rotunda and many other species.

INTERGENERIC TRANSITION FORMS

Difficulties encountered in determining some miliolid genera result
chiefly from the fact that there are species having “mixed” diagnostic
characters, which rose doubts if these species have been included in
appropriate genera. Such characters are, above all, the shape of the
aperture and tooth and the number of chambers seen from the outside.
For example, Glacon (1963) identifies a specimen as Triloculina aff. Bilo-
culina mutabilis Martinotti, which indicates that she had difficulties in
determining the genus. Colom (1942, p. 26), too, emphasizes these difficul-
ties. Some authors even deny the value of the shape of aperture and
tooth as a diagnostic character, because the aperture is often damaged or
filled with deposit (Prell-Miissig, 1965; Le Calvez, 1970).

Species with “atypical” characters are not numerous in this group of
Foraminifera, but not exceptions, since they also exist among other micro-
organisms; nevertheless, they bring about a confusion in classification.
Different authors made different attempts to find a way out of this
situation, in which they were dependent on characters taken into consi-
deration in determining the genus. For example, defining the genus Quin-
queloculina, Vella (1957) gives most attention to the shape of aperture
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and tooth, not to the internal structure. To be sure, this leads to the
separation of two subgenera of Quinqueloculina (see Part I, p. 351), but
certain species remain in the nondescript group “Quinqueloculina sensu
lato”. Prell-Miissig (1965) gives more attention to the internal structure,
but states that it is difficult to tell Quinqueloculina from Triloculina.
Thus, she arrives at the conclusion that the triloculine forms that have
a “quinqueradiate” internal structure (later termed “cryptoquinquelocu-
line” by Bogdanowich, 1969; see Part I, p. 353), should be included in
the genus Quinqueloculina. Therefore, reverting partly to Williamson’s
conceptions from 1858, she pays no attention to the shape of aperture and
the relations between this shape and the internal structure, and within one
genus combines the forms which might be referred to at least three
genera — Quinqueloculina, Cycloforina and Sinuloculina — and perhaps
also to Varidentella.

The existence of intergeneric transition forms has also been demonstr-
ated by Hofker (1971), who used the orthogeny of the species “Miliolina
antiqua” Franke from the Albian of Holland and north-western Germany
as an example. Although his studies concern the development of these
forms with time in the layers about 200 m thick, an analogous phenomenon
can be observed in layers of one and the same age or even in a single
sample. Hofker shows that the species studied, numbered by him in the
genus Quinqueloculina, traced from the lowest layer to the highest one,
passes through the genus Sigmoilina into Spirosigmoilina without any
distinct boundaries between them. In consequence, he disputes the value
of these genera and proposes a unit superior to genus, i.e. the “gens”, as
a genuine biological unit. Exemplified by “Miliolina antiqua” the ‘“‘gens”
develops from a certain form and evolves in a definite direction to become
another form different from the initial one. Hofker illustrates this evolu-
tionary series with sections of the forms mentioned.

An analysis of Hofker’s conception calls in question the genera deter-
mined by him, in which he includes the group of forms examined. In view
of the round toothless aperture, the juvenile stage of quinqueloculine
structure and the sigmoiline adult stage, at least two genera, i.e. Quinque-
loculina and Sigmoilina, may be excluded. Spirosigmoilina has not an
aperture at the end of a neck, either. A close analysis will supposedly
show that they belong to still another genus. This, however, is not essent-
ial to our problem, but the fact that intermediate forms can analogously
be observed in series representing the ontogenetic development in several
species of Quinqueloculina derived from a single sample from the Miocene
layers at Korytnica. They, too, comprise quinqueloculine forms together
with massiline ones, the sections of which show intermediate stages
between them (e.g. Q. anagallis, Text-figs 7, 8; @. buchiana, Text-figs 12,
13; see section “Ontogeny”); nevertheless, they cannot be treated otherwise
than as developmental stages of one species. We can hardly speak about

3 Acta Palaeontologica nr 1/74
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orthogenetic development here, for the direction of development of these
forms with time has not been examined. In this case the intermediate
forms between the genera Quinqueloculina and Massiling, visible in the
sections, have contributed to the recognition of the genus Massilina as
synonymous with Quinqueloculina and representing only its ontogenetic
stage (MS).

There are also species with intermediate characters between the genera
Quinqueloculina and Varidentella, Varidentella and Cycloforina, Cyclofo-
rina and Sinuloculina, and between Miliolinella and Pyrgoella. For in-
stance, Quinqueloculina regularis and Q. pygmaea, with a typically quin-
queloculine internal structure, have a lower aperture and a shorter tooth,
just as in Varidentella (Text-fig. 21); Varidentella rosea, which has
a subcircular aperture like that in Cycloforina, in its internal structure
shows a turn of the coiling axis, as in Varidentella (Text-fig. 50); Sinulo-
culina consobrina and S. nitens, whose initial stage is a quinqueloculine
one and the shape of aperture like that in Cycloforina, in the adult stage
have only 3 chambers seen from the outside, as in Sinuloculina (Text-figs
40, 43); Miliolinella valvularis, in rare adult forms of which the last two
chambers cover the preceding ones as in Pyrgoella, has a cryptoquinque-
loculine internal structure like Miliolinella (Text-fig. 37).

The foregoing examples indicate that there are difficulties in the
classification of the Miliolidae also within the taxonomic unit proposed.
An investigation of the genetic relationships between the species belonging
to particular genera would presumably diminish these difficulties, but
such investigation is possible only when based on evolutionary series, as
in Hofker’s case. It, however, goes beyond the scope of the present
work and makes the subject for a separate publication. The examples
chosen do not exhaust the problem. Here the author wants only to signal
the existence of problems connected with the presence of intermediate
forms between genera and the necessity of further studies on the phylo-
genetic development of miliolid species.

SYSTEMATIC PART
DESCRIPTION OF SPECIES

Suborder Miliolina Delage & Hérouard, 1896
Superfamily Miliolacea Ehrenberg, 1839
Family Miliolidae Ehrenberg, 1839
Subfamily Quinqueloculininae Cushman, 1917, emend kuczkowska, 1972
Genus Quinqueloculina d’Orbigny, 1828, emend Ruczkowska, 1972

Studies on the internal structure and ontogeny of various species of
the Miocene Miliolidae have shown (Luczkowska, 1972) that in the genus
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Quinqueloculina we should include forms with the following morpholog-
ical features: 5 or more chambers visible from outside; oval, elongated
aperture with a long simple or bifid tooth; chambers with a floor in the
adult; last chambers of the adults of most species added in a single plane.
There are three exceptions among the Miocene species: Quingqueloculina
spondiungeriana, Q. pygmaea and Q. regularis, the massiline stage of
which has not been found. The first of them has a typical aperture with
a simple tooth but the other two show a non-typical, semicircular or trian-
gular opening and a broad tape-shaped tooth. It may well be that these two
species belong to another genus or they are transitional forms between
the genera Quinqueloculina and Varidentella, to which they approximate
in having a short broad tooth. They cannot however be assigned to the
genus Varidentella, because they have not a cryptoquinqueloculine
internal structure nor dces their coiling axis turn in the ontogeny.

X Quinqueloculina akneriana d’Orbigny, 1846
(Pl. VIII, Figs la-c, 2a,b, 3a, b; Text-figs 3—5)

1846. Quinqueloculina akneriana d’Orbigny; A. dOrbigny, p. 290, Pl 18,
Figs. 16—21,

1846. Quinqueloculina pauperata d’Orbigny; ibidem, p. 286, Pl. 17, Figs 22-—24.

1950b. Miliolina akneriana (d’Orbigny); A. K. Bogdanowich, p. 145, PL 1, Fig. 10.

1952. Miliolina akneriana (d*Orbigny); A. K. Bogdanowich, p. 111, PL 10, Fig. 5.
non 1955. Miliolina akneriana (d’Orbigny); M. J. Serova, p. 304, Pl. 2, Figs 1—3.

1956. Quinqueloculina akneriana d’Orbigny; A. Sulimski, p. 82, Pl. 4, Figs 4—8.

1961. Quinqueloculina akneriana d'Orbigny var. akneriana d’Orbigny; V. 1. Did-

kovsky, p. 34, Pl. 5, Fig. 6.

1970. Quinqueloculina akneriana d’Orbigny; D. Verhoeve, p. 26, Pl. 1, Figs 4, 5.

Material. » — About 100 QS and 20 MS (Coll. No. F-101, Sec. No.
143—147, 254, 320, 321, 329—331).

Dimensions: » QS —L 0.8—1.1; B 055—0.75; T 0.4—0.6; MS—L
1.5—2.5; B 1.1—1.9; T 0.5—0.85.

Description. — QS oval, slender, tapering at both ends, high and trian-
gular in transverse section, periphery subacute; chambers narrow, with
flattened sides, middle chamber elongate, large, convex, fifth chamber
clearly visible; MS flat, oval in outline, periphery broadly rounded;
chambers broad, middle chamber small, oval, narrowing at both ends;
sutures distinct, slightly depressed; wall in QS thin, in MS thickened;
surface smooth, polished; aperture oval with a long simple or bifid tooth.

Variability. The test shape varies from oval to narrowly oval, the
periphery may be more cr less rounded (Text-fig. 3). A characteristic

1, 2) The numbers indicate the amount of specimens; the abbreviations used are
as follows: QS — quinqueloculine stage, MS — massiline stage, Coll. No. — collection
number, Sec. No. —section number, L. — length, B — breadth, T — thickness. Dimens-
ions are given in mm.

28
-
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Fig. 3. Morphological variations and ontogeny of Quinqueloculina akneriana 4‘Or-
bigny, Lower Tortonian, Wieliczka; 1,2 —MS; 3-— transitional form; 4,5 —QS;
a front view, b apertural view.
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Fig. 4. Ontogeny and dimorphism of Quinqueloculina akneriana d’Orbigny, Lower

Tortonian, Wieliczka; 1 — MS, micro generation, a front view, b cross-section; 2 — MS,

mega I generation; 3,5, 6 — QS, mega I generation; 4 a front view, b apertural view,
¢ cross-section.

feature is the deformation of chambers in most of the quinqueloculine
specimens, in which the frontal wall of each succeeding chamber is more
convex than that of the back wall of the chamber.

Dimorphism.® Both QS and MS belong to the micro and mega I ge-

%) The abbrevations: P — proloculus, PD — proloculus diameter.
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nerations (Text-fig. 4). The mega II generation has not been found. PD:
micro 20p, mega I 70—160u.

Ontogeny. — Only a few MS specimens have been found beside a large
number of QS ones. The massiline stage was probably rarely attained in
this species and mature individuals remained quinqueloculine. If we
expose the juvenile stage by removing the external chambers of a speci-
men of “Quinqueloculina pauperata d’Orbigny” appearance, we receive
a form of Quinqueloculina akneriana d’Orbigny appearance. (Text-fig. 5).

| Imm
§ 2a
b @b

Fig. 5. Quinqueloculina akneriana d’Orbigny and its juvenile stage, Lower Tortonian,
Wieliczka; 1 — MS; 2— QS from inside MS; a front view, b apertural view.

1a

The morphology of tests derived from the same sample indicates the
presence of transitional forms between Q. akneriana and “@. pauperata”
(Text-fig. 3). '
Remarks. — Our specimens are identical with the topotypes from
Baden, but differ somewhat from d’Orbigny’s illustration from 1846 in
having a less rounded periphery. There is great morphological resemblance
and probably also a relationship in internal structure between Q. akneria-
na and Q. triangularis d’Orbigny. Q. akneriana QS differs from Q. trian-
gularis QS in its more slender shape and more distinct and depressed
sutures. The aperture shape and the internal structure are identical in
these species. The difference in the shape of tooth noted by d’Orbigny is
insignificant as both species may have either a simple or a bifid tooth.
The MS of both species is however indistinguishable, even in slightly
damaged specimens. The QS of the mega II generation of both species is
probably indistinguishable too, hence they are hard to identify. In spite
of this conformity the quinqueloculine stage of these two species can be
easily distinguished from each other on the basis of the test shape and
therefore they are not regarded here as synonyms, as they are by some
authors (e.g. Marks 1951, Verhoeve 1970). In the materials from Baden
(Sooss) and Wieliczka both species are common and they differ evidently
one from another. Both authors mentioned above synonymize a number
of other species of d’Orbigny, Reuss, Bornemann and even Q. seminulum



38 EWA LUCZKOWSKA

(Linnaeus) with @. akneriana. According to the author’s observation none
of these “synonymous” forms corresponds to @. akneriana.

No such morphological variation as recorded by Gerke (1938) from the
Spirialis Beds (Tchokrak horizon) in the East Forecaucasian area was
observed in Q. akneriana from the Miocene material examined either
from Baden or from Wieliczka. Gerke probably included a few different
species, belonging even to different genera in the range of variation of
Q. akneriana.

The shape of test is similar to that of recent Quinqueloculina neosig-
moilinoides Vella, 1957 (n.n. for @. sigmoilinoides Vella, preoccupied,
Kennet 1966), but differs from it in having a more slender shape of test,
which taper at both ends.

Distribution. — Poland: Tortonian (Wieliczka). Austria: Tortonian, the
vicinity of Baden, Vienna Basin. Czechoslovakia: Tortonian, Zidlochovice
and Devinska Nova Ves. Hungary: Sarmatian, the Mecsek Mts. Romania:
Upper Tortonian and Sarmatian, Moldavia. USSR: Tchokrak (Middle Mio-
cene), the Crimea-Caucasian region; Upper Tortonian, the south-western
border of the Russian Platform, the Precarpathian Foredeep and Trans-
carpathians.

+ Quinqueloculina alexandri sp.n.
(Pl. IX, Figs 2a-c, 3a, b; Text-fig. 6)

1947. Miliolina aff. boueana (d'Orbigny); A. K. Bogdanowich, p. 22, Pl. 2, Fig. 1.
1952. Miliolina aff. boueana (d’Orbigny); A. K. Bogdanowich, p. 138, Pl. 18, Fig. 1.
1963. Quinqueloculina aff. boueana d'Orbigny; O. Djanelidze, p. 145, Pl. 1, Figs 1, 2;
cum syn.

Holotypus: PL 1X, Fig. 3a, b;

Paratypus: Pl. IX, Fig. 2a-c;

Locus typicus: Korytnica near Jedrzejow.

Stratum typicum: Lower Tortonian (Badenian), gray clay marls.

Derivatio nominis: after the forename of the famous author of the monograph
on the Miliolidae of the USSR — Alexander Bogdanowich.

Diagnosis. — Test oval with broadly rouded periphery, flat; surface
with numerous regular fine striae.

Material. — About 30 QS and about 50 MS, (Coll. No. F-102, Sec. No.
15, 46).

Dimensions: Holotype MS length 1.6 mm, breadth 1.25 mm, thickness
0.45 mm; Paratypes QS length 1.1-—1.3 mm, breadth 0.75—1.0 mm, thick-

ness 0.55 mm; MS length 1.35—2.5 mm, breadth 0.9—2.0 mm, thickness
0.5 mm.

Description. — Quinqueloculine stage regularly oval, periphery broadly
rounded; chambers of uniform width, slightly inflated, midle chamber
large, oval, inflated, fifth chamber poorly visible; massiline stage broadly
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oval, flattened, periphery broadly rounded; middle chamber small, narrow
and flat; sutures distinct, slightly depressed; wall thin; surface smooth,
covered with numerous regular fine longitudinal striae; aperture large,
oval, with flexuose margin, surrounded with a thickened rim.

Variability. No shape variation is observed. A distinctive feature of
the species is the presence of characteristic fine striae, which are hardly
visible in some specimens.

Dimorphism. Quinqueloculine forms belong mostly to the megalo-
spheric 1 generation with a proloculus 70u in diameter, massiline forms
belong to the microspheric generation with a proloculus 20u in diameter
(Text-fig. 6). No differentiation of generations is observed in the test
morphology.

Fig. 6. Dimorphism of Quinqueloculina alexandri sp. n., Lower Tortonian, Korytnica;
1 — MS, micro generation, 2— @S —mega I generation; a front view, b apertural
view, ¢ cross-section.

Remarks. — The quinqueloculine stage differs from Quinqueloculina
boueana d’Orbigny from Nussdorf (Austria) in having a more oval shape
and far more abundant fine striae. Specimens of . boueana from Véslau
(Austria) at the author’s disposal have a slenderer shape and prominent
longitudinal striae, about 12 on each chamber. According to A. K. Bogda-
nowich, who examined Q. alexandri, this species corresponds closely to
the forms designated by him as Quinqueloculina aff. boueana. From
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Q. schweyeri Bogdanowich from the Konka horizon (Middle Miocene) it
differs in its broadly rouded periphery and more numerous striae.

Distribution. — Poland: Lower Tortonian (Korytnica, Karsy, Benczyn).
USSR: Konka (Middle Miocene), the western Forecaucasian region and
the West Ukraine.

Quinqueloculina anagallis sp.n.
(PL. I, Figs. la-c, 2a, b, 3a-c; Text-figs 7—9, 11/1, 4)

Holotypus: Pl. 1, Fig. 2a, b.

Paratypi: Pl. I, Figs la-c¢, 3a-c.

Locus typicus: Karsy near Jedrzejow.

Stratum typicum: Lower Tortonian (Badenian), gray clay marls.
Derivatio nominis: anagallis (Lat.) — ornamented.

Diagnosis. — Periphery sharply keeled, wall ornamented with nume-
rous arcuate ribs, which form a rotatory pattern on the surface.

Material. — 20 QS and about 200 MS (Coll. No. F-103, Sec. No. 9, 12,
47—52, 56458, 213, 216, 236—238, 240, 241).

Dimensions: Holotype MS length 1.7 mm, breadth 1.45 mm, thickness
0.5 mm; Paratypes QS length 0.5—1.25 mm, breadth 0.45—0.95 mm,
thickness 0.25—0.75 mm; MS length 1.6—2.3 mm, breadth 1.3—2.1 mm,
thickness 0.4—0.7 mm.

Description. — Quinqueloculine stage broadly oval, triangular or tra-
pezoid in cross-section, periphery acute; chambers broad and flattened,
middle chamber large, projecting and somewhat sloping, with distinct
acute edge, fifth chamber visible as a narrow band; massiline stage large,
flat, nearly circular, rhomboid in cross-section, periphery acute and
keeled; last two chambers very broad with slightly inflated sides, very
small middle chamber forms a small ridge in the central part of the test,
surrouded with an annular depression, beside it there are sometimes
traces of 1—2 flat chambers; sutures distinct, slightly depressed; surface
smooth, polished, covered with numerous prominent arcuate ribs, which
are often parallel to the periphery in quinqueloculine specimens, but
usually slightly oblique to the periphery in massiline specimens; wall
thin; aperture large, oval, surrouded with a thickened rim and with a long
and bifid tooth; it is parallel to the acute periphery in massiline specimens,
and oblique in quinqueloculine specimens.

Variability. A distinctive feature of the species is the wall ornamenta-
tion, in the richness of which some specimens differ somewhat from each
other. The shape of test is invariable.

Dimorphism. Specimens of the microspheric, megalospheric I and
megalospheric II generations have been observed. The massiline forms
are mainly megalospheric IT (Text-fig. 7), the megalospheric I generation
is less numerous (Text-fig. 8) and the microspheric generation is quite
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rare (Text-fig. 9). The quinqueloculine forms belong to the megalospheric I
generation (Text-fig. 8). There is only slight variation in shape and
ornamentation between the quinqueloculine and massiline groups, which
are distinctly differentiated in respect of test size according to the
proloculus diameter: the forms of the microspheric generation are the

Fig. 7. Ontogeny of Quingueloculina anagallis sp. n., Lower Tortonian, Karsy, mega II
generation; 1-3— MS; 4,5 — QS; a front view, b apertural view, ¢ cross-section.

Fig. 8. Ontogeny of Quinqueloculina anagallis sp. n., Lower Tortonian, Karsy, mega I
generation; 1 — MS; 2-5— @S; a front view, b apertural view, ¢ cross-section.
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largest, those of megalospheric II generation are smaller and the forms
of the megalospheric I generation are the smallest. The proloculus
diameters are: microspheric — 20 p, megalospheric I — 50—120 u megalo-
spheric II — 220—270 p.

Fig. 9. Quinqueloculina anagallis sp. n., Lower Tortonian, Karsy; MS micro genera-
tion; a front view, b apertural view, ¢ cross-section.

Ontogeny. — There are intermediate forms between the quinquelocu-
line and massiline stage. Particular stages of development observed in
cross-sections show that the size of test is dependent on that of the pro-
loculus rather than on the number of chambers. The specimens of the
same size suggest that the larger the proloculus the fewer the chambers
and vice versa, the smaller the proloculus the greater the number of
chambers. The formation of the massiline stage in the megalospheric I ge-
neration begins after at least six chambers (besides the proloculus) of the
quinqueloculine stage have been built. Next chambers are added in planes
of coiling ~ 180° apart, giving a slightly sigmoiline line in sections
(Text-fig. 8/1). The formation of the massiline stage in the megalospheric
Il generation commences as early as 3—4 chambers of juvenile stage have
been built and it proceeds in a slightly sigmoiline manner as well; the
adult specimens possess about 4 chambers of massiline stage (Text-fig 7/1).
Thus they are a good example of the partial reduction of the juvenile
stage in connection with the reproductive cycle. The microspheric genera-
tion has about 20 chambers of quinqueloculine stage initially and only
the last 3-—4 chambers are massiline (Text-fig. 9). The juvenile specimens
of massiline stage of the megalospheric I generation differ from those of
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the megalospheric II generation only in their more slender shape and
thicker test, which is triangular or trapezoid, not rhomboid, in cross-sec-
tion. It may well be that the specimens of the megalospheric I generation
remain quinqueloculine in the mature stage, without attaining the massi-
line arrangement of chambers.

Remarks. — Quinqueloculine forms resemble Quinqueloculina dutem-
plei d’Orbigny but differ from it in having more numerous and finer ribs.
There is some similarity to Q. buchiana d’Orbigny in the shape of test
and in that there are occasional specimens among the massiline forms with
smooth early chambers, as in Q. buchiana, and ribbed later ones (Pl. I,
Fig. 1). There are also forms with regular oblique wrinkles on the
peripheral part of the smooth chamber walls of the juvenile stage, as in
Q. buchiana, but in the later stage there appear ribs, as in Q. anagallis
(Text-fig. 11/4). Such wrinkles are here regarded as disturbances in the
normal continuous growth of chambers. Similar wrinkles, marked on the
inner borders of chambers, occur in some massiline specimens, in which
they resemble Q. haidingeri d’Orbigny (Text-fig. 11/1). Both species
mentioned differ however from our specimens in having no chamber wall
ornamentation at all.

Massiline forms are similar to Massilina pulchra Cushman & Gray
from the Pliocene of California, but differ from it in their more acute
periphery, the more inflated chambers and the different nature of the
ribs, which make a rotatory pattern on the surface. They show great
similarities in the test shape and chamber ornamentation to Spiroloculina
striatula Ten Dam & Reinhold from the Middle Miocene of Holland, but
differ from it in lacking an angular periphery and triple keel. Never-
theless, the two species are closely related, the more so as single specimens
with only one keel have also been found in S. striatula. It seems that
Massilina sp. 1, described from the Lower Miocene of Westfalia (Indans
1962), corresponds morphologically to our specimens from the Tortonian.

Distribution. — Poland: Lower Tortonian (Karsy, Korytnica, Chomen-
tow, Grabki Duze. Leki Dolne). GFR: Lower Miocene, Westfalia. Roma-
nia: Lower Tortonian, Buitur.

Quinqueloculina bogdanowiczi (Serova, 1955)
(Pl. V, Figs 3 a—c, 4 a—c; Text-fig. 10)

1955. Miliolina bogdanowiczi Serova; M. J. Serova, p. 309, Pl. 4, Figs 1—3.
1961. Quinqueloculina bogdanowiczi (Serova); V. J. Didkovsky, p. 22, Pl. 1, Fig. 4.
1961. Quinqueloculina brevie Didkovsky; ibidem, p. 45, Pl. 9, Fig. 2.

Material. — About 200 QS and 20 MS (Coll. No. F-104, Sec. No. 126—
130, 3086).

Dimensions: QS — L 0.65-1.20; B 0.5-0.85; T 0.35-0.65; MS — L 1.2:
B 1.1; T 0.5.
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Description. — QS rhomboid with subacute periphery, subtriangular in
cross-section; chambers slightly inflated, arcuate, central chamber small,
convex, rhomboid in shape, with distinet roundish-angular edge, fifth
chamber poorly visible or lacking; MS rhomboid-rounded, with subacute
periphery, lenticular in cross-section; chambers broad, slightly inflated,
two middle chambers small, flat; sutures flush and indistinct; surface
smooth and dull; wall thick; aperture oval with simple tooth, slightly
broadened at the end.

Variability. A remarkable and constant character of the species is the
rhomboid shape of the test. The convexity of chambers is unstable and
the outline of the periphery varies from subacute to acute.
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Fig. 10. Ontogeny and dimorphism of Quinqueloculina bogdanowiczi (Serova), Upper
Tortonian, Weglinek; 1 — MS, micro generation; 2 — @S, micro generation; 3,4 — @S,
mega I generation; a front view, b apertural view, ¢ cross-section.

Dimorphism. Micro and mega I generations are observed in cross-
sections but are not conspicuous in the test morphology (Text-fig. 10).
PD: micro 20—30 u, mega I 100 wu.

Remarks. — From Quinqueloculina triangularis d’Orbigny it differs
in the rhomboid shape and smaller thickness of the test and in its
thicker wall.
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Distribution. — Poland: Upper Tortonian (Benczyn, Bogoria, Bogucice,
Brzeznica, Gieraszowice, Rybnica, Weglinek, Zabawa). USSR: Lower and
Upper Tortonian, the southwestern border of the Russian Platform; Lower
Tortonian, the West Ukraine.

4+ Quinqueloculina buchiana d’'Orbigny, 1846
(Pl. 1V, Figs 1 a—c, 2a, b, 3a, b, 4; Text-figs 11/2,3; 12—14)

1846. Quingueloculina buchiana d’Orbigny; A. d’Orbigny, p. 289, Pl. 18, Figs 10—I12.
1846. Quinqueloculina ungeriana d’Orbigny; ibidem, p. 291, Pl. 18, Figs. 22—24.
1868. Quinqueloculina ungeriana d*Orbigny var. stenostoma Karrer; F. Karrer, p. 141,
Pl 2, Fig. 3.

1952. Miliolina ungeriana (d'Orbigny); A. K. Bogdanowich, p. 110, Pl. 10, Fig. 2.
1959. Miliolina ungeriana (d’Orbigny); M. Stancheva, p. 244, Pl. 4, Fig. 5.
1961. Quinqueloculina ungeriana d’Orbigny; V. J. Didkovsky, p. 38, Pl 6, Fig. 3.

Material. — About 500 QS and about 100 MS (Coll. No. F-105, Sec.
No. 79, 80, 82, 84, 94—96, 109, 210—212, 214, 215, 217—224).

Dimensions: QS — L 0.80-2.45; B 0.65-2.20; T 0.4-0.9; MS —
L 1.95-3.50; B 1.70-3.20; T 0.5-0.8.

Description. — QS nearly circular, triangular or trapezoid in cross-
section, periphery acute and keeled; chambers broad, flat, middle chamber

1 1mm

Fig. 11. Growth-lines on chamber edges of different species: 1 — Quingueloculina

anagallis MS sp. n. showing growth-lines as in Q. haidingeri MS d’Orbigny; 2 —

Quinqueloculina buchiana QS d’Orbigny resembling “Quinqueloculina ungeriana ste-

nostoma” Karrer; 3 — Quinqueloculina buchiana QS d’Orbigny resembling “Quinque-

loculina ungeriana” d’Orbigny; 4 — Quinqueloculina anagallis QS sp. n. with growth-
lines as in Q. buchiana and with striae as in Q. anagallis.
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broad and sloping, with distinct acute edge, fifth chamber visible as
a projecting band; MS rounded and flat, rhomboid in cross-section,
periphery acute; chambers very broad, inflated, two small middle
chambers form a small elevation; sutures distinct, flush; surface smooth,
polished; aperture oval, with thickened rim in adult specimens, parallel
to the periphery in massiline specimens and slightly oblique in quin-
queloculine specimens.

Variability. The morphological features of this species are, as a rule,
constant. There is only some variation in the sharpness of the edge and
in the presence of oblique folds, connected with the growth of the test,
on the sides or only edges of chambers in some specimens (Text-fig.
11/2, 3).

Dimorphism. Specimens of the micro, mega I and mega II generations
are present. The micro generation is represented mainly by massiline
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Fig. 12. Ontogeny of Quinqgueloculina buchiana d'Orbigny, Lower Tortonian, Koryt-
nica, micro generation; 1,2— MS, 3— QS; a front view, b apertural view, ¢ cross-
section.

and large quinqueloculine forms (Text-fig. 12) the mega [ generation
has the shape of small quinqueloculine forms (Text-fig. 13/2—5). The
mega II generation is rare, its size being usually greater than that of the
mega I generation (Text-fig. 13/1). The massiline forms are also uncommon
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and therefore a large amount of material must often be examined to find
a single specimen. On the other hand, the quinqueloculine forms are
abundant and include all the three generations, which can be distinguished
however only in cross-sections. PD: micro — 20—25u, mega I — 130—150yu,
mega I — 250p.

Ontogeny. — An examination of cross-sections shows that the quinque-
loculine stage of massiline forms of micro generation is composed of
about 16—18 chambers, which gradually but considerably increase in size
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Fig. 13. Ontogeny of Quinqueloculina buchiana d’Orbigny, Lower Tortonian, Koryt-
nica; 1 — QS, mega II generation; 2-5 — QS, mega I generation; a front view, b aper-
tural view, ¢ cross-section.

and are followed by 2—3 massiline chambers in planes about 180° apart
(Text-fig. 12/1, 2), slightly sigmoiline in appearance. This is also seen in
cross-sections of intermediate forms to the massiline stage (Text-fig. 12/3).
The quinqueloculine forms of the mega II generation having a large pro-
loculus (Text-fig. 13/1) and those of the mega I generation having a smaller
proloculus (Text-fig. 13/2, 5) are composed of 7—10 chambers, gradually
increasing in size. The size of tests is rather connected with the size of
the proloculus than with the number of chambers, and the following
interdependence may be stated: large proloculus — small number of cham-
bers — large diameter of test; small proloculus — great number of cham-
bers — small diameter of test; minute proloculus — very great number
of chambers — large diameter of test.
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Particular stages of the ontogenetic development of massiline forms
may be observed on specimens the chambers of which are being removed
successively (Text-fig. 14).

@@@@@.

Fig. 14. Quinqueloculina buchiana d’Orbigny and its juvenile stage, Lower Tortonian,
Benczyn; 1 —MS; 2-4 — QS from inside of the MS; a front view, b apertural view.

Remarks. — D’Orbigny (1846) described two species from the Miocene
of the Vienna Basin, the morphology of which corresponds with that of
our quinqueloculine forms: Quinqueloculina buchiana, having a smooth
and polished test (d’Orbigny’s illustration represents probably a damaged
specimens with traces of regeneration) and Q. ungeriana, the surface of
which is covered with oblique folds. Since such folds, regarded as signs
of disturbances in the normal growth of tests may be observed in some
specimens of both quinqueloculine and massiline forms not only in @. bu-
chiana but also in other species (e.g. Q. haidingeri d’'Orbigny, Q. anagallis
n.sp), Q. ungeriana has been recognized as a synonym of Q. buchiana.
Q. ungeriana stenostoma Karrer is identical with the quinqueloculine
forms of @. buchiana and its corrugate border undoubtedly also represents
marks of the abnormal growth of the test. Abundant specimens of . bu-
chiana QS identical with ours were found in the materials from Baden,
but none of them was massiline, probably owing to the small amount of
the material examined. Surely, rare massiline forms were not observed
by d’Orbigny either.

Q. buchiana MS is morphologically nearly identical with Q. anagallis
sp.n. MS, from which it however differs in having a more solid test and
no ornamentation, but it is indistinguishable from Q. haidingeri d’Orbigny
MS, which is isomorphic but smaller. Differences between these two
species are visible only in cross-sections which show high triangular
quinqueloculine stage with flattened or slightly inflated sides and angular
edges in Q. haidingeri MS (Text-fig. 16), whereas the quinqueloculine
stage of @. buchiana MS is lower, with flat or concave sides and acute,
sharply keeled edges (Text-fig. 12).
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Q. buchiana QS resembles three Recent species, described by d’Orbigny
(1839) from Cuba: Q. lamarckiana, @. cuvieriana and Q. auberiana. Since
in the descriptions of @. buchiana and Q. ungeriana from 1846 he did not
mention the resemblance of these species to those described earlier from
Cuba, he apparently considered them to be individual species. In the light
of the descriptions of the species from Cuba, each of them is somewhat
different from Q. buchiana in the shape of the aperture and test periphery.

Distribution. — Poland: Tortonian (BrzeZnica, Benczyn, Chomentow,
Gliwice Stare, Grabki Duze, Iwkowa, Leki Dolne, Karsy, Korytnica).
Austria: Tortonian, the vicinity of Nussdorf and Baden, the Vienna Basin.
Bulgaria: Tortonian, northwestern region of Bulgaria. Czechoslovakia:
Tortonian, Zidlochovice and Devinska Nova Ves. USSR: Tchokrak (Middle
Miocene), North Caucasian and Crimea; Upper Tortonian, West Ukraine.

Quinqueloculina dichotoma (Reuss, 1850)
(Pl. 11, Fig. 3a-c; Pl. III, Figs la, b, 2a, b; Text-fig. 15/4—7)

1850. Triloculina dichotoma Reuss; A. E. Reuss, p. 383, Pl 49, Fig. 12a-c.

Material. — About 100 QS and about 80 MS (Coll. No. F-106, Sec. No.
111—115, 233—235).

Dimensions: Q@S — L 0.75—1.45; B 0.45—1.10; T 0.3—0.5; MS — L 1.6—
1.8; B 1.25—1.45; T 0.5—0.7.

Description. — QS broadly oval, resembling Quinqueloculina peregrina
d’Orbigny; surface smooth, polished, covered entirely or at least in the
vicinity of edges and at the bottom of chambers with very tiny, longitud-
inal striae of various length, densely and irregularly distributed; the striae
are well marked near the edges of chambers.

Variability. The number of striae and their distinctness are variable.
There are intermediate forms between Q. peregrina and Q. dichotoma.

Dimorphism. Massiline forms, few in number, are the micro and mega I
generations (Text-fig. 15/4, 5); much more frequent quinqueloculine forms
belong only to the mega I generation (Text-fig. 15/6, 7). PD: micro — 20y,
mega I — 100—120u. The differentiation of generations is not marked in
morphology.

Remarks. — This species differs from Quinqueloculina peregrina in
having a somewhat thicker test and in its striate surface, but the two
species are undoubtedly related to each other. Similar finely striated forms
occur in the Recent deposits of the Adriatic Sea, but they have a more
elongated shape.

Distribution. — Poland: Lower Tortonian (Grabki Duze, Karsy, Koryt-
nica). Austria: Tortonian, the vicinity of Baden, Vienna Basin, Czechoslo-
vakia: Lower Tortonian, Zidlochovice and Devinska Nova Ves.

4 Acta Palaeontologica nr 1/74
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Fig. 15. Ontogeny and dimorphism of Quinqueloculina peregrina d’Orbigny and
Q. dichotoma (Reuss); Lower Tortonian, XKorytnica; 1-8 — Q. peregrina, 1 — MS, micro
generation, 2— MS, mega I generation, 3 —QS, mega I generation; 4-7 — Q. dicho-
toma, 4 — MS, micro generation, 5 — MS, mega I generation, 6,7 — QS, mega I gene-

ration; a front view, b apertural view, ¢ cross-section.
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X Quinqueloculina haidingeri d’Orbigny, 1846
(Pl. 111, Figs 3a-c, 4a-c; Text-figs 16, 17)

1846. Quinqueloculina haidingeri d’Orbigny; A. d'Orbigny, p. 289, Pl. 18, Figs 13—15.

1952, Sigmoilina haidingeri (d’Orbigny); A. K. Bogdanowich, p. 162, Pl. 24, Fig 1 (non
Pl. 25, Fig. 1).

1962. Massilina sp. 2; J. Indans, p. 38, PlL. 2, Figs 4,5.

1068. Massilina haidingeri (d’Orbigny); I. Korecz-Laky, p. 151, Pl 12, Figs 13, 14.

1968. Quinqueloculina haidingeri d’Orbigny; J. P. Margerel, p. 41, Pl. 4, Figs 9—11.

1971. Sigmoilina haidingeri haidingeri (d'Orbigny); B. Strashimirov, p. 133, Pl 1,
Fig. 21.

Material. — 5 QS and 15 MS (Coll. No. F-107, Sec. No. 124, 250—253,
255, 257—260, 312—314, 316, 322—326, 328, 342—345, 348).

Dimensions: Q@S —L 0.95—1.40; B 0.75—0.95; T 0.5—0.6; MS —L
2.0—2.8; B 2.2—2.8; T 0.6—0.7.

Description. — QS broadly oval, thick, subtriangular in cross-section,
periphery acute; chambers broad, slightly inflated, middle chamber oval,
tapering at both ends and with prominent edge, is nearly the same width
as the last chambers, fifth chamber hardly visible or invisible; MS large,
circular, flat, periphery acute; chambers broad, slightly inflated, smooth,
with regular foldings on the inner edges of chambers in some specimens,
2—3 small and slightly inflated middle chambers are seen in the centre
of the test: wall thick; surface smooth and polished; aperture large, oval,
with sinuate edge and thickened rim.

Variability. Morphological features are constant. Some variation is seen
in the convexity of chambers, which in the juvenile stage may be less
inflated than in adult specimens.

Dimorphism. Massiline forms represent the micro and mega II genera-
tions, quinqueloculine forms are the mega I and mega II generations
(Text-fig. 16). PD: micro — 20u, mega T — 80y, mega II — 200-220u.

Remarks. — Massiline forms closely resemble Quinqueloculina buchia-
na d’Orbigny MS, the shape of which is identical, but the periphery more
acute; the differences are visible only in sections, which show slightly
inflated chamber walls in the juvenile stage of @. haidingeri, whereas the
walls of @. buchiana are flat or concave and the edges are keeled (Text-
fig. 12). Quinqueloculine forms are easy to distinguish thanks to the
different convexity of chambers, as in the juvenile stage of massiline
forms.

The species is rare in the materials from Wieliczka, and this is why
a more detailed investigation of the internal structure has been carryied
out on the topotypical material from Baden (Text-fig. 17). A large prolo-
culus of mega II generation is visible in the cross-sections of massiline
and quinqueloculine forms and only two specimens are microspheric.
Juvenile forms of the mega II generation are 3 or 4-chambered when seen
from outside (Text-fig. 17/6, 10).

4
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Fig. 16. Ontogeny and dimorphism of Quinqueloculina haidingeri d’Orbigny, Lower
Tortonian, Wieliczka; 1 — MS, micro generation; 2 — MS, mega II generation; 3 —QS,
mega II generation; a front view, b apertural view, ¢ cross-section.



Imm

a gm

§ 5
@ 5b § 6b
§ 10
9a
é 9b
Fig. 17. Ontogeny and dimorphism of Quinqueloculina haidingeri d’Orbigny, Lower
Tortonian, Baden (Austria); 1-2 — MS, mega II generation; 3-6 — QS, mega II gene-

ration; 7,8 — MS, micro generation; 9 —QS, mega I generation; 10 — proloculus and
two initial chambers of mega II generation; a front view, b cross-section.
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Distribution. — Poland: Tortonian (Benczyn, Karsy, f.eki Dolne, Wie-
liczka). Austria: Tortonian, the vicinity of Baden, Vienna Basin. France:
Redonien (Pliocene), the northwestern region of France. GFR: Lower
Miocene, Westfalia. Hungary: Tortonian, Mecsek Mts. USSR: Tchokrak
(Middle Miocene), Kuban, West Ukraine.

Quinqueloculina lentica sp.n.
(Pl. VI, Figs la-c, 2a, b, 3a, b; Text-fig. 18)
Holotypus: Pl. V1, Fig. 2qa,b.
Paratypi: Pl. VI, Figs la-c, 3a, b.
Locus typicus: Korytnica near Jedrzejéw.

Stratum typicum: Lower Tortonian (Badenian), gray clay marls.
Derivatio nominis: lentica — from lenticular shape of the test.

Diagnosis: Test circular, lenticular, with inflate chambers and acute
periphery; most specimens are triloculine in appearance and have a small,
oval middle chamber with a prominent edge.

Material. — About 150 QS and 20 MS, (Coll. No. F-108, Sec. No. 85—89,
102, 242—245, 247, 249).

Dimensions: Holotype MS length 1.8 mm, breadth 1.8 mm, thickness
0.8 mm; Paratypes QS length 0.6—2.0 mm, breadth 0.5—1.7 mm, thickness
0.35—0.9 mm; MS length 2.3—2.6 mm, breadth 1.8—2.3 mm, thickness
0.70—0.85 mm.

Description. — Quinqueloculine stage robust, compact, of nearly circu-
lar shape, lenticular in cross-section, periphery subacute; chambers broad,
arcuate and inflated, middle chamber small, irregularly oval, tapering at
both ends, slightly convex and with a distinct edge, fifth chamber narrow
and small, often invisible so that some specimens have a triloculine appe-
arance; massiline stage more flattened: sutures slightly depressed, distinct;
wall thick; surface smooth, polished; aperture large, oval, surrounded
with thickened rim, and oblique to the periphery.

Variability. A distinctive character of the species is its circular shape,
lenticular outline in cross-section, and compact structure. The chamber
edges may be more rounded in massiline forms.

Dimorphism. The massiline and large quinqueloculine forms are
microspheric (Text-fig. 18/1, 2), the forms of triloculine appearance belong
to the microspheric and megalospheric II generations (Text-fig. 18/3—7);
no megalospheric I specimens have been found. Proloculus diameter:
microspheric generation 10—20 u, megalospheric 11 generation 150—270 u.
The massiline forms are rare.

Remarks. — This species is very close to Quinqueloculina pseudo-
buchiane n.sp, but differs in having a more circular shape of test, and
more inflated chambers and in the triloculine appearance of most
specimens. It differs from @. lenticularis Reuss in its more inflated
chambers and more acute periphery.
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Fig. 18. Ontogeny and dimorphism of Quinqueloculina lentica n. sp., Lower Tortonian,

Korytnica; 1 — MS, micro generation; 2 — QS, micro generation; 3,4 — QS of trilocu-

line appearance, micro generation; 5-7 — QS of triloculine appearance, mega II gene-
ration; a front view, b apertural view, ¢ cross-section.
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Distribution. — Poland: Lower Tortonian (Grabki Duze, Karsy, Koryt-
nica, £.eki Dolne, Wieliczka).

Quinqueloculina parakneriana sp.n.
(Pl. VII, Figs la, b, 2a,b, 3a,b, 4a,b; Text-fig. 19)

Holotypus: Pl. VII, Fig. 4a, b.

Paratypi: Pl. VII, Figs 1a, b, 2a, b, 3a, b.

Locus typicus: Korytnica near Jedrzejow.

Stratum typicum: Lower Tortonian (Badenian), gray clay marls.

Derivatio nominis: parakneriana — close to Q. akneriana.

Diagnosis. — Test oval with broadly rounded periphery, thick and
massive; walls inflated, tending to become flat.

Material. — 30 QS and 17 MS, (Coll. No. F-109, Sec. No. 232, 273, 352,
353, 356, 357).

Dimensions: Holotype MS length 2.2 mm, breadth 1.8 mm, thickness
0.75 mm; Paratypes QS length 1.1-1.7 mm, breadth 0.8-1.2 mm, thickness
0.6-0.75 mm; MS length 1.65-1.75 mm, breadth 1.25-1.45 mm, thickness
0.65-0.75 mm.

Description. — Quinqueloculine stage narrowly oval, tapering at both
ends, periphery subrounded; chambers of uniform width, arcuate, sides
nearly flat, middle chamber broad, much elongated, with prominent
rounded edge, fifth chamber very small, occasionally invisible; massiline
stage oval, large, robust, thick, slightly flattened, periphery nearly
rounded with faintly marked edge; chambers broad, inflated, middle
chamber elongate, narrowly oval, previous chambers slightly visible;
sutures distinct, depressed; wall thick; surface smooth, polished; aperture
large, elongate oval, with a flexuose margin surrounded with a thickened
rim and furnished with a long bifid tooth.

Variability. Typical characters of the species are the oval shape of test,
subrounded periphery and depressed sutures. The convexity of chambers
is variable in massiline and large quinqueloculine forms, in which there
is a tendency for the walls to become flattened and, as a result, a slightly
pronounced keel is formed on one or two last chambers in some specimens.

Dimorphism. Only small quinqueloculine forms belong to the megalo-
spheric II' generation, having a proloculus 150 p in diameter (Text-fig.
19/5). The other massiline and quinqueloculine forms studied are of the
microspheric generation, the proloculus of which is 10—20 u in diameter
(Text-fig. 19/1—4).

Ontogeny. — As can be seen in sections, the roundeness of the pe-
riphery appears rather in adult specimens, being mostly subrounded in
the juvenile stage. Most specimens of this species are quinqueloculine and
they generally attain a large size. The massiline stage is rare.

Remarks. — Massiline forms differ from Quinqueloculina akneriana
d’Orbigny MS in having a thicker and more massive test, a more slender
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shape, more inflated walls, and a subrounded periphery with a slightly
marked keel; quinqueloculine forms are more slender, having a low-
triangular shape in cross-section and no tendency to the deformation of the
chamber walls. The two species are otherwise undobtedly related. They

210060

Fig. 19. Ontogeny and dimorphism of Quinqueloculina parakneriana n. sp., Lower

Tortonian, Korytnica; 1,2 —MS of quinqueloculine appearance, micro generation;

3,4—QS, micro generation; 5— QS, mega I generation; e front view, b apertural
view, ¢ cross-section.

differ from Q. pseudobuchiana sp.n. in their more slender shape and
rounded or subrounded, not acute or keeled, periphery. The massiline
forms most resemble @. araucana d’Orbigny from Recent seas, differ
however in being twice as large and in having a more oval shape and
a broader and bigger middle chamber. The quinqueloculine forms differ
from Q. laevigata d’Orbigny in broader chambers and in more flattened
walls.

Distribution. — Poland: Tortonian (Benczyn, Gliwice Stare, Grabki
Duze, Iwkowa, Karsy, Korytnica, Leki Dolne). Czechoslovakia: Lower
Tortonian, Zidlochovice.

Quinqueloculina peregrina d’'Orbigny, 1846
(Pl. .II, Figs la-c, 2a, b; Text-fig. 15/1—3)

1846. Quinqueloculina peregrina d’Orbigny; A. d’Orbigny, p. 292, Pl. 19, Figs 1—3.
Material. — 20 QS and 130 MS (Coll. No. F-110, Sec. No. 103—107).
Dimensions: QS — L 1.10-1.25; B 0.7-0.85; T 0.35-0.5; MS — L 1.40-1.85;

B 1.05-1.55; T 0.4-0.5.
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Description. — QS oval or narrowly oval, trapezoid in cross-section,
periphery acute; chambers flat, narrow, arcuate, middle chamber oval,
flat, tapering at both ends, fifth chamber appears as a narrow ridge;
MS much flattened, broadly oval, periphery acute; chambers broad, flat,
arcuate, two middle chambers are usually seen on both sides of the test;
in adult specimens the narrow, prominent ridge of the third chamber is
besides visible between them; sutures flat, distinct; surface smooth,
polished; wall thin; aperture oval, with flexuose margins and thickened
rim, and with a long bifid tooth.

Variability. The test shape and the degree of test flattening are vari-
able. Quinqueloculine forms are narrowly oval and elongated, becoming
more rounded and flattened as massiline chambers increase in number.

Dimorphism. Massiline forms are of the mega I and micro generations
(Text-fig. 15/1, 2). Quinqueloculine forms represent only the mega 1 gene-
ration (Text-fig. 15/3). The differentiation of generations is not marked
in morphology. PD: micro — 20 u, mega I — 60—120 u. Quinqueloculine
forms are abundant and massiline forms rare.

Remarks. — This species differs from Quinqueloculina haidingeri
d’Orbigny in having a more elongate shape, more flattened test, a more
acute periphery and thinner walls. From Q. dichotoma (Reuss) it differs
in its smooth, not striated surface. The shape of both these species is
almost identical, being however more flattened in Q. peregrina.

Distribution. — Poland: Lower Tortonian (Grabki Duze, Karsy, Koryt-
nica). Austria: Lower Tortonian, the vicinity of Baden, Vienna Basin.
Czechoslovakia: Lower Tortonian, Zidlochovice, Devinska Nova Ves. Italy:
Miocene, Siena and Toscania region.

Quinqueloculina pseudobuchiana sp.n.
(Pl. IV, Fig. 5a-c, Pl. V, Figs la, b; 2a, b; Text-fig. 20)

1952. Miliolina ungeriana (d’Orbigny); A. K. Bogdanowich, p. 110, Pl. 10, Fig. 3a-c
(non 2a, b).

Holotypus: Pl. V, Fig. 2a, b.

Paratypti: Pl. IV, Fig. 5a-c, Pl. V, Fig. 1a, b.

Locus typicus: Korytnica near Jedrzejow.

Stratum typicum: Lower Tortonian (Badenian), gray clay marls.

Derivatio nominis: pseudobuchiana — false Q. buchiana.

Diagnosis. — Test broadly oval, chambers slightly inflated, periphery
subacute, not keeled, middle chamber with slightly prominent edge, fifth
chamber poorly visible.

Material. — About 120 QS and about 50 MS (Coll. No. F-111, Sec.
No. 97—101, 227—231, 256, 269—272, 354, 355).

Dimensions: Holotype MS — length 2.0 mm, breadth 1.5 mm, thickness
0.75 mm; Paratypes QS — length 0.7-2.2 mm, breadth 0.6-1.6 mm,
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Fig. 20. Ontogeny and dimorphism of Quinqueloculina pseudobuchiana sp. n., Lower
Tortonian, Korytnica;

1—MS of quinqueloculine appearance, micro generation;
2,4 — QS, micro generation; 3, 5,6 — QS, mega II generation; a front view, b aper-

tural view, ¢ cross-section.
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thickness 0.4-0.9 mm; MS length 2.2-2.4 mm, breadth 1.6-1.9 mm,
thickness 0.8-0.9 mm.

Description. — Quinqueloculine stage oval, triangular in cross-section,
periphery subacute; chambers slightly inflated, middle chamber with
slightly prominent edge, fifth chamber hardly visible as a narrow band:
massiline stage broadly oval, somewhat depressed, lenticular in cross-
section, periphery subacute; chambers broad, slightly inflated, middle
chamber small, oval, tapering at both ends, a little convex, with somewhat
prominent edge, fifth chamber narrow, distinct; sutures flat, hardly
visible; wall thick, surface smooth, polished; aperture large, oval, sur-
rounded with thickened rim, with long simple bifid tooth.

Variability. The periphery of quinqueloculine forms may be more or
less acute and the walls may be quite flat.

Dimorphism. The large massiline forms and quinqueloculine forms
belong to the microspheric generation and the small quinqueloculine forms
to the microspheric and megalospheric II generations (Text-fig. 20).
Proloculus diameters: microspheric — 10—20 u, megalospheric II —
150—230 u. The megalospheric I generation has not been found; the
massiline forms are rare.

Remarks. — In general appearance this form resembles two species:
Quinqueloculina buchiana d’Orbigny and Q. lentica sp.n.. From the first
one it differs in having a more compact and thicker test and in lacking
a sharp and keeled periphery. From the second one it differs in its
elongated, not circular, shape and in more flattened walls. From Q. para-
kneriana sp.n. it is distinguished by the broader oval test and subacute,
not rounded, periphery.

Distribution. — Poland: Lower Tortonian (Benczyn, Chomentéw, Grab-
ki Duze, Karsy, Korytnica, Leki Dolne, Niechobrz). Czechoslovakia: Lower
Tortonian, Zidlochovice.

X Quinqueloculina pygmaea Reuss, 1850
(Pl. XXVII, Fig. 2a-c; Text-fig. 21/3, 4)

" 1850. Quinqueloculina pygmaea Reuss; A. E. Reuss, p. 384, PL 50, Fig. 3.
1970. Quinqueloculina pygmaea Reuss; D. Verhoeve, p. 28, Pl 1, Fig. 10.

Material. — 30 QS (Coll. No. F-112, Sec. No. 379—381).

Dimensions: L 0.32-0.39; B 0.17-0.22; T 0.15-0.18.

Description. — Test narrowly oval, strongly elongated, regular, pe-
riphery narrowly rounded, somewhat truncate; chambers narrow and
elongated, of uniform width, middle chambers narrow, slightly inflated:
sutures poorly depressed, indistinct; wall thin; surface smooth and polish-
ed, with a light dull stripe along the edges of chambers; aperture very
small, semicircular, with a broad and low tape-shaped tooth, which is
occasionally lacking.
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Variability and ontogeny. The remarkable feature of the species is the
regular shape of the test. On the contrary, the tooth is variable in shape
and may be partially or completely reduced. The sections show the micro
generation. PD: 10—30 p (Text-fig. 21/3, 4).

| 1,2 — 1mm
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Fig. 21. Internal structure of Quinqueloculina pygmaea Reuss and Quinqueloculina
regularis Reuss, Lower Tortonian, Wieliczka; 1,2 — Q. regularis, micro generation;
3,4 — Q. pygmaea, micro generation; a front view, b apertural view, ¢ cross-section.

Remarks. — This species differs from Quinqueloculina regularis Reuss
in the narrowly oval, strongly elongated shape of its test, narrower
chambers and smaller dimensions, but it does not differ morphologically
from Quinquinella hornibrooki Vella, 1957, which has even light stripes
along the chamber edges. The only difference is its poorly developed
tooth in the shape of a transverse tape, whereas the tooth of @. hornibrooki
has the shape of a semicircular plate. The aperture in Q. pygmaea cor-
responds rather to that in the genus Varidentelle than in the genus
Quinqueloculina, despite its typical quinqueloculine internal structure,
and it is undoubtedly transitional between these two genera.

Distribution. — Poland: Tortonian (Benczyn, Budy, Gliwice Stare, Kry-
wald, Ligota Zabrska, Wieliczka, Zrecze). Austria: Tortonian, the vicinity
of Baden, Vienna Basin.

X Quinqueloculina regularis Reuss, 1850
(Pl. XXVII, Fig. la-c; Text-fig. 21/1, 2)

1850. Quinqueloculina regularis Reuss; A. E. Reuss, p. 384, Pl. 50, Fig. la-c.
1960. Quinqueloculina akneriana d’Orbigny; N. N. Subbotina et al., p. 28, Pl 1,
Fig. la-c.
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1962. Quingueloculina badenensis planocarinata Venglinsky; I. V. Venglinsky, p. 75,
Pl 5, Fig. la-c.

Material. — Over 150 QS (Coll. No. F-113, Sec. No. 307—311).

Dimensions: L. 0.55-0.62; B 0.38-0.45; T 0.30-0.35.

Description. — Test rhomboidal, regular, periphery narrowly rounded
and slightly truncate; chambers narrow, of uniform width, arcuate,
trapezoid in cross-section, middle chambers large, strongly projecting,
fifth chamber well marked, convex; sutures depressed, distinct; wall thick:
surface smooth, polished; aperture small, triangular or semicircular in
shape, with a short and broad, quadrangular, not bifid, tooth.

Variability. Distinctive features of the species are its slight morpho-
logical variability, very regular internal structure, truncate periphery
and triangular or semicircular aperture. Only the shape of the tooth varies
markedly from quadrangular to transversely rectangular or tape-shaped,
being sometimes completely reduced. Such specimens with a reduced
tooth were probably used by Reuss in describing the species.

Dimorphism and ontogeny. All specimens sectioned represent the micro
generation; PD 20—30 u. The sections show very thick walls and the
unusually regular arrangement of low and wide, but constantly trapezoid
chambers (Text-fig. 21/1, 2).

Remarks. — This species much resembles Cycloforina suturalis (Reuss),
which however differs in its more oval, not rhomboidal, shape of the test,
rounded, not truncate, periphery and circular, not triangular or semi-
circular, shape of the aperture. Q. regularis is probably related to Q. pa-
dana Perconig, from the Upper Pliocene of Italia and to Q. pentagona
Giunta from Recent of the vicinity of Genoa, but these species have
a much more truncate periphery in comparison with Q. regularis. This
species corresponds rather to the genus Varidentella in its type of the
aperture and tooth, although it has a typically quinqueloculine internal
structure. It belongs, together with @. pygmaea, to the supposed group of
intermediate forms between the genera Quinqueloculina and Varidentella.

Distribution. — Poland: Tortonian (BrzeZnica, Budy, Chelm n/Raba,
Gliwice Stare, Grzybow, Ligota Zabrska, Krywald, Wieliczka, Zrecze,
Zglobice). Austria: Tortonian, the vicinity of Baden, Vienna Basin.
Czechoslovakia: Tortonian, Devinska Nova Ves. USSR: Upper Tortonian,
the Precarpathian Foredeep and Transcarpathians.

Quinqueloculina spondiungeriana (Serova, 1955)
(Pl. X, Fig. la-c; Text-fig. 22)

1955. Miliolina spondiungeriana Serova; M. J. Serova, p. 307, Pl. 3, Figs. 1—3.
1961. Quinqueloculina spondiungeriana (Serova); V. J. Didkovsky, p. 49, Pl 9, Fig. 1.

Material. — Over 100 QS (Coll. No. F-114, Sec. No. 131—132).
Dimensions: L, 1.0-1.4; B 0.55-0.75; T 0.35-0.50.
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Description. — Test much elongated, narrowly oval, tapering at both
ends, triangular in cross-section, periphery acute; chambers narrow, flat,
slightly arcuate, middle chamber narrow and elongated, with a prominent
edge, fifth chamber hardly visible; sutures flat, distinct; wall thin; surface
smooth, polished; aperture small, oval, with a simple narrow tooth.

Variability. The strongly elongated test and triangular cross-section
are constant features of the species. The edge of the middle chamber is
projecting to a various degree.

Dimorphism and ontogeny. The sections show the micro generation;
PD 20 p (Text-fig. 22). No massiline forms have been found. In the
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Fig. 22. Internal structure of Quinqueloculina spondiungeriana (Serova), Upper Tor-
tonian, Weglinek, micro generation; a front view, b apertural view, ¢ cross-section.

juvenile stage 2—3 tubular chambers are visible, whereas all the later
chambers are uniform in shape, triangular in cross-section, with angular
edges.

Remarks. — The specimens studied are identical with @. spondiun-
geriana (Serova), the only difference being the less prominent edge of
their middle chamber. They differ from Q. venusta Karrer in having
an oval, not circular, aperture, a shorter tooth and less acute chamber
edges. From Q. stelligera Schlumberger they differ in their oval aperture.
and in the lack of truncate edges.

Distribution. — Poland: Tortonian (Bogoria, Brzeznica, Grabki Duze.
Grabowiec, Gliwice Stare, Dwikozy, Niskowa, Rybnica, Weglin, Wieliczka).
Czechoslovakia: Lover Tortonian, Zidlochovice. USSR: Lower Sarmatian.
the southwestern border of the Russian Platform, West Ukraine.

X + Quinqueloculina triangularis d’Orbigny, 1846
(Pl. VIII, Figs 4a-c¢, 5a-c, Pl. IX, Fig. 1a, b; Text-figs 23, 24)

1846. Quinqueloculina triangularis d’Orbigny; A. d'Orbigny, p. 228, Pl. 18, Figs 7—9.
1959. Miliolina podolica Didkovsky; V. I. Didkovsky, p. 308, Text-figs 1—3.



Fig. 23. Ontogeny and dimorphism of Quinqueloculina triangularis d’Orbigny, Lower

Tortonian, Wieliczka; 1 — MS, micro generation; 2 — QS, micro generation, 3-6 — QS,

mega I generation, 7-11 — QS, of triloculine appearance, mega II generation; a front
view, b apertural view, ¢ cross-section.
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1968. Quinqueloculina triangularis d’Orbigny; J. P. Margerel, p. 16, Pl. 5, Figs 21—22
(non Pl. 6, Fig. 1).

1969b. Quinqueloculina akneriana akneriana &’Orbigny; A. K. Bogdanowich, p. 86,
Pl. 2, Fig. 8a, b.

Material. — Over 1000 QS and 20 MS (Coll. No. F-115, Sec. No.139—
142, 315, 317—319, 346, 347, 349—351).

Dimensions. QS — L 0.8-1.25; B 0.5-1.05; T 0.5-0.8; MS — L 1.65-3.5;
B. 0.8-1.25; T 0.4-0.8.

Description. — QS broadly oval, thick, high-triangular in cross-section,
periphery subacute; chambers broad, flat on one side and slightly inflated
on the other; middle chamber large, broad, prominent; juvenile stage
may be triloculine; MS large, flat, with broadly rounded periphery and
indistinct middle chambers; sutures slightly depressed, indistinct: wall
thin in QS, thick in MS; surface smooth, polished; aperture oval, not
large, with a simple, bifid tooth.

Variability. The shape of massiline forms varies from circular to
broadly oval, whereas the quinqueloculine and triloculine forms are always
the same shape. A distinctive feature of the massiline forms is their
rounded periphery, while the quinqueloculine forms show a particular
deformation of chambers. which are increasingly more inflated on the
front side than on the back side. This is well seen in cross-sections (Text-
fig. 23).

Dimorphism. Massiline forms belong generally to the micro generaticn
(Text-fig. 23/1), quinqueloculine forms to the micro and mega I genera-
tions (Text-fig. 23/2—6) and triloculine forms to the mega II generation
(Text-fig. 23/7—11). The morphological differentiation of generations is
not marked except for the size of the proloculus and the number of
chambers. PD: micro — 20—30 p, mega I — 100—110 u, mega 1T —
200—300 .

Remarks. — Massiline forms show the same shape and internal
structure as Miliolina podolica Didkovsky, 1959 does. It is clearly seen
from the cross-section of this species given by its author (op. cit,
Text-fig. 2) and from those of our specimens, that the juvenile stage has
its internal structure identical with that of Quinqueloculina triangularis
d’Orbigny. The only difference betwen them is the thicker wall in the
juvenile stage of the massiline forms of Q. triangularis which indicates
that there is a possibility for calcium carbonate to accumulate on the
chamber walls of the juvenile stage while successive massiline chambers
are being built. The quinqueloculine stage removed from the inside of the
massiline form corresponds morphologically to Q. triangularis (Text-
fig. 24). It should be mentioned that both the species have been described
from strata of the same age, namely @. triangularis from the litho-
thamnian facies of the Upper Tortonian of Nussdorf in the Vienna Basin,
and M. podolica from the clay facies of the Upper Tortonian in Podolia.

5 Acta Palaeontologica nr 1/74
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The species studied differs from Quinqueloculina akneriana d’Orbigny
QS in its broadly oval test shape and indistinct, flat sutures, but at the
same time it is similar in having the same deformation of chambers. The
massiline forms differ in being more rounded then Q. akneriana MS,
furthermore, they are similar to one another and undoubtedly represent

closely related species.
@ mm
2a \i< j3a j ?\/[03
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Fig. 24. Quinqueloculina triangularis d’Orbigny and its juvenile stage: 1—MS,
2-4 — QS from inside MS; a front view, b apertural view.

la b

Distribution. — Poland: Tortonian (Benczyn, Krywald, Niechobrz, Wie-
liczka). Austria: Tortonian, the vicinity of Nussdorf, Vienna Basin. Czecho-
slovakia: Tortonian, Zidlochovice, Devinska Nova Ves. France: Redonien
(Pliocene), the nortwestern region of France. Italy: Miocene, the vicinity
of Siena. USSR: Upper Tortonian, the Volhyn-Podolian Platform; Meotis
(Pliocene), West Precaucasian Region. Recent: Adriatic, Rimini.

Genus Articularia n.gen.

Type species: Articulina articulinoides Gerke & Issaeva, 1952

Diagnosis: Initial part quinqueloculine or cryptoquinqueloculine, aper-
ture circular or transversely oval, with a broad and low tooth; uniserial
part composed of one or a few chambers which may be partially or
totally evolute, arranged along the coiling axis, and terminating in a cir-
cular toothless aperture.

It differs from Articulina in its quinqueloculine, not planospiral or
irregularly milioline, initial part.

Discussion. — Both Bogdanowich (1952) and Venglinsky (1959, 1961)
state that in foraminiferal assemblages of the same Sarmatian age there
are two different forms of articuline structure: the typical forms and the
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“articulina-like” ones with a quinqueloculine or cryptoquinqueloculine
initial part and a few chambers of the uniserial part. Bogdanowich sup-
posed that the “articulina-like” forms do not belong to the genus Articu-
lina; Venglinsky suggested, that they are “varieties” within the genus
Quinqueloculina (e.g. Quinqueloculina karreriella var. articulata Venglin-
sky), as opposed to the typical Articulina with a well-developed uniserial
part.

It is not clearly said in the definition of the genus Articulina what the
initial part is like (’Orbigny (1826) recorded a 3-chambered initial part,
Cushman (1944) 3-chambered or quinqueloculine, Bogdanowich (1952)
planispiral or streptospiral, probably quinqueloculine, and Loeblich &
Tappan (1964) milioline with two chambers to a whorl, added in different
planes of coiling), or how many chambers the uniserial part can attain.
It may be supposed that even the presence of only one chamber of the
uniserial part refers the specimen to the genus Articulina, and that there-
fore it is a distinctive character of this genus. On the other hand, the
initial part may be various and the determination of the genus is not
simple. The author’s own observation and the works referred to above
show that the group of “articulina-like” quinqueloculine forms differs
from the typical articuline forms, in the presence of a well developed
quinqueloculine initial part. This quinqueloculine initial part often occurs
beside adult articuline forms with the uniserial part, e.g. in the Lower
Sarmatian deposits of Poland. The difference between these “articulina-
like” forms and the true Articulina consists in that Articulina passes in
ontogeny through the Cyclogyra-stage (Bogdanowich, 1952, p. 190; Pl. 31,
Figs 3, 4; Pl. 32, Fig. 3), or through the reduced milioline stage (or strepto-
spiral stage according to Bogdanowich) and, in addition, as an adult, it
has a well-developed many-chambered uniserial stage, whereas the
“articulina-like” forms are clearly quinqueloculine in respect of the
morphology of the initial part, followed by only a few chambers of the
uniserial part. These features would refer them to separate families,
i.e. forms with the quinqueloculine initial part to the family Miliolidae,
subfamily Quinqueloculininae or Miliolinelinae, and forms with the cyclo-
gyrine or reduced initial part — to the family Nubeculariidae, subfamily
Nodobaculariinae. Unfortunately, the scarcity of material available did
not allow the author to explicate this problem and for this reason the
genus Articulina has been left in the family Miliolidae, subfamily Quin-
queloculininae, the “articulina-like” forms being separated as a new
genus Articularia, also placed provisionally in this subfamily.

In the materials studyied there are two forms which may be assigned
to the genus Articularia: A. articulinoides (Gerke & Issaeva), usually
accompanying Varidentella reussi (Bogdanowich) and probably related to
this species, and A. karreriella (Venglinsky), designated previously
by Venglinsky as Articulina aff. kudakoensis Voloshinova, whereas its

5%
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juvenile stage was identified as Miliolina karreriella Venglinsky. Later
he joined these two species into one, Quinqueloculina karreriella var.
articulata. Articularia karreriella occurs commonly in the ¢ompany of
Cycloforina karreri ovata (Serova), to which it may also be related.

In the materials investigated there also occur Articulina species with
a cyclogyrine initial part, like A. nodosaroides (Karrer), 4. problema Bog-
danowich, A. sarmatica (Karrer). The other species need revision.

Articularia articulinoides (Gerke & Issaeva, 1952)
(Pl. XVII, Fig. 1a, b, 2a-c)

1952. Articulina (?) articulinoides Gerke & Issaeva; in A. K. Bogdanowich, p. 211,
Pl. 23, Fig. 8.

1956. Articulina (?) articulinoides Gerke & Issaeva; A. G. Voroshilova in V. M. Po-
biedina et al., p. 118, Pl. 14, Fig. 3a-c.

1960. Articulina (?) articulinoides Gerke & Issaeva; M. Stancheva, p. 13, Pl. 2, Fig. 5.

Material. — Over 50 specimens (Coll. No. F-116).

Dimensions: Initial part: L 0.3-0.5; uniserial part L 0.3-0.4.

Description. — Initial part large, oval, chambers tubular in quin-
queloculine or cryptoquinqueloculine arrangement; surface smooth, sutures
double, flat; uniserial part composed of 1—2 elongated chambers, widened
at the base and narrowing towards the end; aperture of the initial part
semicircular with broad tape-shaped tooth; that of the uniserial part
circular, surrounded with a thickened rim and without a tooth.

Variability and ontogeny. The initial part is morphologically uniform.
The uniserial part has usually a slightly oblique position in relation to the
coiling axis and there exists a series of intermediate forms between
the quinqueloculine and uniserial stage.

Remarks.— The forms examined most resemble one of the forms
illustrated by Bogdanowich, 1952, (Pl. 23, Fig. 8), while the other illustra-
tions of this species (Fig. 6, 7) are somewhat different. They are also
similar to Articulina arcuata Bogdanowich, 1967 from which they however
differ in having a distinctly developed quinqueloculine stage and the
chambers of uniserial stage basically inflated and more elongated. The
initial stage of A. articulinoides is very close to Varidentella reussi (Bogda-
nowich), which was observed earlier by the authors of both species
(Bogdanowich, 1952), who regarded them as related. The resemblance is
particularly apparent in the semicircular shape of the aperture and in the
broad, tape-shaped tooth. A. articulinoides may have arisen from Vari-
dentella reussi and the initial stage of this process may have occurred in
the Lower Sarmatian.

Distribution. — Poland: Lower Sarmatian (Grzytéw, Miechocin, Mo-
krzyszow, Rytwiany). Bulgaria: Lower Sarmatian, the northwestern
region of Bulgaria. USSR: Lower Sarmatian, North Caucasus, Azerbaijan,
Ukraine, Moldavia.
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Articularia karreriella (Venglinsky, 1958)
(Pl. XVII, Figs 3, 4a, b, 5, 6a-c)

1958. Miliolina karreriella Venglinsky; 1. V. Venglinsky, p. 69, Pl. 9, Figs 1, 2.

1958. Articulina (7) aff. kudakoensis Voloshinova; ibidem, p. 97, Pl. 19, Figs 17, 18.

1961. Quinqueloculina karreriella Venglinsky var. articulata Venglinsky; I. V. Ven-
glinsky, p. 101, cum syn. ’

1968. Quingueloculina karreriella var. articulata Venglinsky; B. Ionesi, p. 262, Pl. 13,

Figs 16—19.
1971. Quinqueloculina electa Maissuradze; L. S. Maissuradze, p. 56, Pl. 2, Fig. 2a-c.

Material. — Over 100 specimens (Coll. No. F-117).

Dimensions: Initial part: L. 0.3-0.6; uniserial part L. up to 1.

Description. — Initial part rhomboid-oval, chambers tubular in quin-
queloculine or cryptoquinqueloculine arrangement, bent in the lower part
at an angle of about 90° and covered with 6—7 irregular, longitudinal,
sometimes bifurcate or slightly oblique, distinct ribs; middle chamber
elongated, inflated, with 3—4 ribs; uniserial part composed of 2—3
chambers, which are strongly inflated in 1/3 of their height and narrow-
ing toward the end, covered with about 8 ribs partly bifurcated on the
inflated part of the chamber; sutures distinct, depressed; aperture of
the initial part semicircular or circular, with low quadrate tooth; that
of the uniserial part circular, small, without tooth.

Variability and ontogeny. The number and character of ribs are
variable, they may be bifurcated on the uniserial part or not, whereas
on the initial part they are often irregular and obliquely curved. The
uniserial part often falls away leaving no traces on the initial part, owing
to which this last part may be erroneously determined as Quinqueloculina.
Sometimes the first chamber of the uniserial part grows obliquely to the
coiling axis (Pl. XVII, Fig. 5) and may have various positions, as in
Articularia articulinoides (Gerke & Issaeva).

Remarks. — Venglinsky (1958) noticed the resemblance of the initial
part of Articulina (?) aff. kudakoensis Voloshinova to Miliolina karreriella,
a quinqueloculine form determined by him from the same keds as A. aff.
kudakoensis and suggested that they are “varieties” of the same ‘“‘articu-
lina-like” species of Quinqueloculina. Later (1961), basing himself on
this observation, he described this “variety” as Quinqueloculina karreriella
var. articulata, in its synonymy placing also the forms defined earlier
as Articulina aff. kudakoensis. Hence it follows that he still acknowledged
the two “varieties” of Quinqueloculina karreriella, one of which was quin-
queloculine, the other articuline. As he did not make himself clear as to
which of his “varieties” he considered to be a subspecies and the author’s
investigations show that both forms are only ontogenetical stages of the
same species, the older specific name “karreriella” has been retained.

The quinqueloculine stage differs from Cycloforina karreri ovata {Sc-
rova) in lacking the short extensicn of the last chamber, in the less slender
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shape of the test and less regular, bifurcate or sinuate ribs. Some speci-
mens show a distinctive oblique position of ribs (Pl. XVII, Fig. 6), while
in C. karreri ovata the ribs are regular and parallel to the coiling axis.

Distribution. — Poland: Lower Sarmatian (Dwikozy, Grzybéw, Mie-
chocin, Mokrzyszéw, Rytwiany). Romania: Lower Sarmatian, Moldavia.
USSR: Lower Sarmatian, West Georgia, Transcarpathians.

Genus Articulina d'Orbigny, 1826
Articulina multibullata n. sp.
(Pl. XVI, Figs 10a, b, 11—14)

Holotypus: Pl. XVI, Fig. 10.

Paratypi: Pl. XVI, Figs 11—14.

Locus typicus: Zrecze 3, bore-hole, depth 64.8-64.9 m.

Stratum typicum: Lower Sarmatian, Syndesmya clays.

Derivatio nominis: (Lat) multum — many, bulla — bulb, from test composed
of many bulbous chambers.

Diagnosis: The chambers of uniserial stage are strongly inflated, overhanging
in the lower part and irregularly corrugated.

Material. — Over 100 specimes (Coll. No. F-118).

Dimensions: Holotype — L 0.85 mm; Paratypes — initial part length
0.20-0.25 mm; uniserial part length 1.0-1.5 mm.

Description. — Initial part coiled irregularly around proloculus in
a planispiral, triloculine or quinqueloculine manner being sporadically
somewhat evolute; uniserial part composed of about 6 chambers gradually
increasing in size, bulbose in the lower part and ending in a tubular neck
at the top; the inflated part of chambers is irregularly corrugated, showing
overhanging protuberances which give the chambers an umbrella-like
appearance; aperture circular, surrounded with thickened rim, without
tooth.

Variability and ontogeny. The shape of the initial part is variable, from
quinqueloculine to an irregular or confused arrangement of chambers;
the first chamber of the uniserial part adheres to the initial part in
a various way, embracing it partly (Pl. XVI, Figs 12—14). The uniserial
part is sporadically arcuate (P1. XVI, Fig. 10).

Remarks. — This species somewhat resembles Articulina sarmatica
(Karrer), from which it however differs in the more inflated, crenulated
and overhanging lower part of the chambers of the uniserial part.

Distribution. — Poland: Lower Sarmatian (Grzybéw, Rytwiany, Zre-
cze).

+ Articulina nodosaroides (Karrer, 1867)
(Pl. XVI, Figs 15, 16a, b)
1867. Triloculina nodosaroides Karrer; F. Karrer, p. 360, Pl. 2, Fig. 9a-c.

Material. — 15 incomplete specimens (Coll. No. F-119).
Dimensions: Initial part L 0.2; uniserial part L. 1—3.
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Description. — Initial part small, circular planispirally coiled as in
Adelosina; uniserial part composed of 3—4 large, oval, elongated chambers
much increasing in size and ornamented with 4—6 thick costae; aperture
circular, without tooth, surrounded with a thickened rim.

Remarks. — The specimens of this conspicuous species are usually
found as one-, rarely two- or three-chambered parts of the uniserial
stage. No complete specimens occur in the materials investigated, thus
the description is based on the well-preserved specimens from Vdslau
in Vienna Basin. The initial part probably represents the mega II genera-
tion, like that in Adelosina. The micro generation has not been found in
any of the materials examined, nor was it found by Karrer.

Distribution. — Poland: Lower Tortonian (Karsy, Korytnica). Austria:
Lower Tortonian, vicinity of Baden and Véslau, Vienna Basin. Czechoslo-
vakia: Lower Tortonian, Zidlochovice. Romania: Lower Tortonian, Lapugiu
de Sus.

* + = Articulina problema Bogdanowich, 1952
(Pl. XVII, Figs 7—10)

1852. Articulina problema Bogdanowich; A. K. Bogdanowich, p. 205, Pl. 31, Figs 2,
3—8, 9.

1956. Articulina problema Bogdanowich; A. Sulimski, p. 86, Pl. 4, Fig. 1.

1958. Articulina problema Bogdanowich; I. V. Venglinsky, p. 93, Pl. 19, Figs 1—10.

1960. Articulina problema Bogdanowich; M. Stancheva, p. 13, PlL. 31, Fig. 6.

1968. Articulina problema Bogdanowich; B. Ionesi, p. 264, Pl. 14, Figs 13, 14.

Material. — Over 100 specimens (Coll. No. F-120)

Dimensions: Initial part L 0.1-0.3; uniserial part L, up to a few mm.

Description. — Initial part small, composed of several chambers irre-
gularly arranged around the proloculus, at first planispirally, then in
a triloculine or quinqueloculine manner; uniserial part long, with many
chambers slightly increasing in size, slender and somewhat inflated at
the base like an amphora; surface smooth, in older specimens with irre-
gular, longitudinal wrinkles; aperture circular, surrounded with a thic-
kened rim, without tooth.

Variability and ontogeny. Variability is noted in the irregularly coiled
initial part and in elongated chambers, which may be very slender but
a little inflated at the base (Pl. XVII, Fig. 8) or they may be shorter and
stouter (Pl. XVII, Fig. 7). Two generations, micro and mega, are present.

Remarks. — Forms with shorter and stout chambers resemble Articu-
lina sarmatica (Karrer) from which they however differ in having more
elongated chambers, which are never spherical.

Distribution. — Poland: Lower Sarmatian (Dwikozy, Grzybéw, Miecho-
cin, Mokrzyszéw, Rytwiany, Zrecze). Bulgaria: Lower and Middle Sarma-
tian, North-West Bulgaria. Romania: Lower and Middle Sarmatian, Mol-
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davian Platform. USSR: Lower and Middle Sarmatian, Precaucasian,
Transcaucasian, Moldavia, Crimea, Georgia, Black sea Depression, Vol-
hyn-Podolian Platform, Transcarpathians, Ukraine.

Articulina sarmatica (Karrer, 1877)
(Pl. XVII, Figs 11—13)

1877. Vertebralina sarmatica Karrer; F. Karrer, p. 376, Pl. 16, Fig. 12.
1952. Articulina? sarmatica (Karrer); A. K. Bogdanowich, p. 210, Pl. 23, Figs 1—5.
1968. Articulina sarmatica Karrer; B. Ionesi, p. 264, Pl. 14, Figs 8, 9.

Material. — Over 300 specimens (Coll. No. F-121)

Dimensions: Initial part L 0.1-0.2; uniserial part L up to a few milli-
metres.

Description. — Initial part irregular, composed of 2—5 chambers arran-
ged planispirally initially, then in a triloculine or quinqueloculine way;
uniserial part with numerous robust spherical chambers, closely adherent
to each other, of which younger chambers often overlap (Pl. XVII, Fig. 11);
sutures fairly broad, with irregular indentations (Pl. XVII, Fig. 12);
surface rough, with irregular, transverse undulations and longitudinal
wrinkles; aperture large, circular, surrounded with a thickened rim,
without tooth.

Variability and ontogeny. The shape of chambers of the uniserial part
is variable, initially spherical, then more inflated at the base. The surface
ornamentation may be more or less distinct.

Remarks. — This species differs from Articulina problema Bogdano-
wich in its more compact, spherical chamber shape. From A. multibulla-
ta n. sp. it differs in lacking irregular protuberances on the inflated and
overhanging part of chambers.

Distribution. — Poland: Lower Sarmatian (Budy, Dwikozy, Grzybow,
Mokrzyszéw, Zrecze). Austria: Sarmatian, vicinity of Vienna, Vienna
Basin. Romania: Lower Sarmatian, Moldavian Platform. USSR: Lower
Sarmatian, East- and West Precaucasian, Volhyn-Podolian Platform,
Crimea and Black sea Depression, West Ukraine.

Articulina tamanica Bogdanowich, 1952
(Pl. XVI, Fig. 17)

1952, Articulina tamanica Bogdanowich; A. K. Bogdanowich, p. 204, Pl. 31, Fig. 1

Material. — 5 specimens (Coll. No. F-121)

Dimensijons: Uniserial part — L over 1 mm.

Description. — The shape of the initial part unknown; uniserial part
composed of elongated chambers like those in Articulina problema Bogda-
nowich, but covered with longitudinal, narrow furrows, cutting the surface
into 15—20 fairly broad, flat bands.
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Remarks. — This species differs from Articulina problema Bogdano-
wich and from A. sarmatica (Karrer) in having distinct, broad bands, not
wrinkles, on the surface.

Distribution. — Poland: Lower Sarmatian (Grzybéw). USSR: Lower
Sarmatian, the western Kuban region and Taman peninsula.

Articulina tenella (Eichwald, 1853)
(Pl. XVII, Fig. 14)

1853. Nodosaria tenella Eichwald; E. Eichwald, Pl 1, Fig. 5; fide Catalogue Ellis &
Messina.

1952. Articulina tenella (Eichwald); A. K. Bogdanowich, p. 198, Pl. 29, Fig. 10.

1956, Articulina tenelle (Eichwald); A. Sulimski, p. 88, Pl. 4, Fig. 3.

Material. — 3 specimens (Coll. No. F-123)

Dimensions: Initial part L 0.10-0.25; uniserial part L 0.35-0.65.

Descriptions. — Initial part slender, with tubular chambers in trilocu-
line arrangement, ornamented with 2—3 longitudinal costae; uniserial part
with tubular chambers, usually somewhat inflected, about 4—5 times as
long as broad; surface ornamented with 5—86 longitudinal, low ribs; wall
smooth; aperture circular, without tooth, surrounded with distinctive
everted rim.

Distribution. — Poland: Upper Tortonian (Ligota Zabrska); Lower
Sarmatian (Suchowola, Wielogora). USSR: Miocene, Volhyn, West Ukraine.

Genus Cycloforina Luczkowska, 1972
X Cycloforina badenensis (d’Orbigny, 1846)
(Pl. XI, Fig. 5; Text-fig. 25)

1846. Quinqueloculina badenensis d’Orbigny, p. 299, Pl. 20, Figs 10—12.

1881. Quinqueloculina rakosiensis Franzenau,; J. Franzenau, p. 98, Pl. 3, Figs 7—9.
1952. Miliolina badenensis (d'Orbigny); A. K. Bogdanowich, p. 107, 108.

1955. Miliolina badenensis (d’Orbigny):, M. J. Serova, p. 303, Pl. 1, Figs 1—3.

1969. Quinqueloculina badenensis d’Orbigny; J. Korecz-Laky, p. 148, Pl. 12, Fig. 10.

Material. — 60 specimens (Coll. No. F-124, Sec. No. 173)

Dimensions: L 0.71-1.10, B 0.50-0.85, T 0.33-0.65.

Description. — Test large, robust, regular, broadly oval in shape and
narrowing at both ends, periphery angular, in cross-section trapezoid;
chambers of uniform width, with slightly inflated walls and two blunt
carinae on the periphery placed not far apart, middle chamber large,
projecting, with one edge along the chamber; sutures flat, distinct; surface
matt; wall thick; aperture small, circular, flush with the periphery, with
a short, bifid tooth.

Variability. A constant character of the species is the compact, robust
test and small circular aperture. The shape of the test may sometimes
be more elongated and the carinae more rounded. The specimens from
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Voslau, Vienna Basin, as well as our specimens show a bifid tooth not
a simple one as recorded by d’Orbigny.

Dimorphism and ontogeny. The specimen sectioned belongs to the
micro generation; PD 50u. The cross-section shows tubular initial cham-
bers, only from the 6th or 7th chamber onward the shape of chambers is
trapezoid (Text-fig. 25.)

1¢

Fig. 25. Internal structure of Cycloforina badenensis (d’Orbigny), Lower Tortonian,
Korytnica, micro generation; a front view, b apertural view, ¢ cross-section.

Remarks. — In its angular periphery this species resembles Cycloforina
contorta (d’Orbigny) which however differs in having an elongated and
less regular test shape, carinate edges and rough surface covered with
short fine longitudinal streaks. The specimens investigated are identical
with C. badenensis from Véslau (Vienna Basin).

Distribution. — Poland: Tortonian (Benczyn, Bogoria, Karsy, Korytni-
ca). Austria: Tortonian, the vicinity of Baden, Vienna Basin. Czechoslo-
vakia: Lower Tortonian, Zidlochovice. Hungary: Tortonian, vicinity of
Budapest. Tortonian and Sarmatian, Mecsek Mts. USSR: Middle Miocene,
West Ukraine, southern border of the Russian Platform, North Caucasian.

+ Cycloforina contorta (d’Orbigny, 1846)
(Part I, Pl. XII, Fig. 3a-c; Part II, Pl. XI, Figs 2a, b, 3a, b; Text-Fig. 26)

1846. Quingueloculina contorta d’Orbigny; A. d’Orbigny, p. 298, Pl. 20, Figs 4—6.
1952. Miliolina contorta (d’Orbigny); A. K. Bogdanowich, p. 109.

Material. — Over 100 specimens (Coll. No. F-150, Sec. No. 161, 162,
167—170).

Dimensions: L 0.8-1.4; B 0.45-0.8; T 0.3-0.5.

Description. — Test regular, narrowly oval, periphery angular and
arcuate, of uniform width, and keeled; chambers narrow, with flattened
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sides, which may be slightly depressed along the keels, ornamented with
two sharp carinae placed wide apart on the periphery of the last chambers,
the edge of the large middle chamber forms a prominent longitudinal
keel coincident with the coiling axis; sutures distinct, depressed; surface
rough, with fine irregular longitudinal grooves; aperture circular, often
at the end of a short extension of the chamber, with a short bifid tooth.

Variability. The great morfological variability is expressed in a strong
or weak development of two peripheral edges. Typical forms (Part I,
Pl. XII, Fig. 3; Part II, Text-fig. 26/3, 4) are regular, having sharp keels
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Fig. 26. Morphological variability and internal structure of Cycloforina contorta

(d’Orbigny), Upper Tortonian, Gliwice Stare; 1, 2 — forms with bluntly keeled chamber

edges; 3,4 —typical forms; 5,6 —forms with irregular carinate chamber edges;
a front view, b apertural view, ¢ cross-section.

and a characteristic axial position of the middle-chamber edge. The irre-
gular forms may have blunt and sinuous chamber edges (Text-fig. 26/1, 2).

Dimorphism and ontogeny. There are such small differences in size
between the proloculi of specimens investigated (20—50u), that they may
be regarded as belonging to the micro generation. The chambers of the
juvenile stage are tubular, the next chambers, from the 6th or 7th onward,
are angular in section and usually with two, exceptionally with one keel.

Remarks. — Forms with rounded edges are morphologically close to
Cycloforina gracilis (Karrer), to which they are probably related, having
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similar tubular chambers initially and angular in the mature stage only,
while in C. gracilis they remain tubular throughout ontogeny. The rough
streaky surface resembles that of Cycloforina contorta striata (Asano), but
this species has a more oval and flattened test. The specimens of C. con-
torta from Steinabrunn in the Vienna Basin have also a rough streaky
surface. Our specimens somewhat resemble Cycloforina latidorsata (Reuss),
from which they however differ in having a more elongated, slender test.

Distribution. — Poland: Tortonian (Benczyn, Bogoria, Gliwice Stare,
Korytnica, Niechobrz, Rybnica, Wieliczka). Austria: Tortonian, the vicinity
of Nussdorf, Vienna Basin. Hungary: Tortonian and Sarmatian of the
Mecsek Mts. USSR: Upper Eocene, South Ukraine; Middle Miocene, West
Ukraine.

Cycloforina cristata (Millett, 1898)
(Pl. XIII, Fig. 7a-c)

1898. Miliolina cristata Millett; F. W. Millett, p. 506, Pl. 12, Fig. 3a-c.

Material. — 5 specimens (Coll. No. F-126)

Dimensions. L 0.28-0.32; B 0.20-0.24; T 0.13-0.14.

Descriptions. — Test small, broadly oval, periphery acute, serrated;
chambers slightly inflated, broad, with serrated edges, the denticles are
irregular in shape and number, from 7 to 10 on each chamber, middle
chamber small, with a prominent edge, fifth chamber clearly visible;
sutures depressed, distinct; wall thin; surface smooth, polished; aperture
circular at the end of a short neck, with a simple tooth.

Variability. A distinctive feature of the species are sharp, serrated
edges. The convexity of chambers and the number of denticles are
variable.

Distribution. — Poland: Lower Sarmatian (Zrecze). Recent, Malay Ar-
chipelago.

* Cycloforina fluviata (Venglinsky, 1958.)
(Pl. X1II, Fig. 4a-c; Text-fig. 27/2).

1958. Miliolina fluviata Venglinsky; 1. V. Venglinsky, p. 82, Pl. 15, Figs 4, 5.
1962. Quinqueloculina fluviata (Venglinsky). I. V. Venglinsky, p. 73, Pl. 4, Fig. 2a-c.

Material. — 20 specimens (Coll. No, F-127, Sec. No. 367).

Dimensions. L 0.40-0.46; B 0.25-0.27; T 0.18.

Description. — Test oval-quadrangular, periphery rounded; chambers
broad and inflated at the bottom and narrowing towards the end, middle
chamber elongated, slightly oblique, fifth chamber poorly visible; sutures
slightly depressed, indistinct; wall thin; surface with longitudinal thick
protuberances accumulated at the bottom of chambers and disappearing
towards the end; aperture round or semicircular, flush with the periphery,
with a short and quadrate tooth.
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Variability. A characteristic feature of the species is its nearly qua-
drangular test shape and longitudinal protuberances on the periphery
of the lower part of the chambers. The shape of chambers is variable,
being straight or arcuate in the upper part.

Dimorphism and ontogeny. The specimen sectioned is microspheric;
PD 20u. The section shows a constant chamber shape during the ontogeny
(Text-fig. 27/2).
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Fig. 27. Internal structure of Cycloforina: 1 — C.stomata sp.n., Lower Sarmatian,

Budy-1 borehole, depth 212.7-212.8 m, micro generation; 2 — C. fluviata (Venglinsky),

Lower Sarmatian, Zrecze-3 borehole, depth 11 m, micro generation; 3 — C. suturalis

(Reuss), Lower Tortonian, Wieliczka, micro generation; 4 — C. predcarpatica (Serova),

Lower Sarmatian, Zrecze-3 borehole, depth 11 m, micro generation; a front view,
b apertural view, ¢ cross-section.

Remarks. — This species differs from Cycloforina predcarpatica (Se-
rova) in possessing longitudinal protuberances on the lower part of its
much more inflated chambers.

Distribution. — Poland: Lower Sarmatian, southern border of the
Holy-Cross Mts (Dwikozy, Rytwiany, Zrecze). Bulgaria: Lower Sarmatian,
North-Western Bulgaria. Romania: Lower Sarmatian, Moldavia Platform.
USSR: Lower and Middle Sarmatian, Precarpathians and Transcar-
pathians.

Cycloforina gracilis (Karrer, 1867)
(PlL. XII, Fig. 3a-c. Text-fig. 28/1)

1867. Quinqueloculina gracilis Karrer; F. Karrer, p. 361, Pl. 3, Fig. 2.
1952. Miliolina gracilis (Karrer); A. K. Bogdanowich, p. 130, Pl. 15, Fig. 4a-c.
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1955. Miliolina gracilis (Karrer); M. I. Serova, p. 305, Pl. 2, Figs 4—8.

1959. Quinqueloculina gracilis Karrer; V. A. Krasheninnikov, p. 77, Pl. 11, Fig. 4.

1961. Quinqueloculina gracilis Karrer var. gracilis Karrer; V. 1. Didkovsky, p. 17,
Pl 1, Fig. 1.

1968. Quinqueloculina gracilis Karrer; B. Ionesi, p. 261, Pl. 12, Figs 13, 14.

1969b. Quinqueloculina gracilis Karrer; A. K. Bogdanowich, p. 84, PlL. 2, Figs 1—3.

Material. — About 70 specimens (Coll. No. F-128, Sec. No. 171).

Dimensions: L 0.5-1.2; B 0.3-0.55; T 0.1-0.4.

Description. — Test oval, nearly quadrangular, periphery rounded;
chambers tubular, regular, of uniform width, middle chamber convex,
elongated, slightly curved, fifth chamber clearly visible; sutures depressed;
surface rough, covered with longitudinal shallow grooves; aperture circular
at the end of a short neck or lacking it, with a simple, bifid tooth.

Variability. The oval-quadrangular test shape and tubular chamber
shape are constant. Variable features are the length of the extension of
the last chamber, which occasionally disappears, and the periphery of the
last chambers occasionally with traces of the edges, in which this species
comes close to Cycloforina contorta (d’Orbigny).

Dimorphism and ontogeny. The specimens sectioned represent the
micro generation; PD 40u. All through the ontogeny tubular chambers of

uniform shape are visible (Text-fig. 28/1).
a i

Fig. 28. Internal structure of Cycloforina: 1 — C. gracilis (Karrer), Upper Tortonian,

Gliwice Stare, micro generation; 2 -—C.lucida (Karrer), Upper Tortonian, Gliwice

Stare, micro generation; 3 — C. lachesis (Karrer), Lower Tortonian, Korytnica, micro

generation; 4 — C. suturata (Smigielska), Upper Tortonian, Gliwice Stare, micro gene-

ration; 5—C. hauerina d’Orbigny, Upper Tortonian, Niskowa, micro generation;
a front view, b apertural view, ¢ cross-section.
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Remarks. — This species is closely related to Cycloforina lucida
(Karrer) and Cycloforina contorta (d’Orbigny). It however differs from
the former in the more solid compact structure of the test, its less elong-
ated, oval-quadrangular shape and no tendency to the flattening of cham-
bers and from the latter in lacking sharp carinae on the chamber edges;
but there are transitional forms between these two species.

Distribution. — Poland: Tortonian (Brzeznica, Chelm n/Rabg, Gliwice
Stare, Karsy, Korytnica). Czechoslovakia: Lower Tortonian, Zidlochovice.
Romania: Lower Sarmatian, the Moldavia Platform. USSR: Neogen, Ho-
lubica near Pieniaky; Konka (Middle Miocene), North-Western Pre-
caucasus, Crimea and West- and South- Ukraine; Meotis (Pliocene)
Precaucasus.

* Cycloforina gracilissima (Bogdanowich, 1950)
(Pl. XIII, Fig. 6a-c)

1950b. Miliolina lachesis (Karrer) var. gracilissima Bogdanowich, p. 149, Pl 2,
Fig. 4a-c.
1952. Miliolina gracilissima Bogdanowich; A, K. Bogdanowich, p. 109, Pl. 10, Fig. 4a-c.

Material. — 20 specimens (Coll. No. F-129).

Dimensions: L 0.35-0.43; B 0.20-0.28; T 0.15-0.20.

Description. — Test very small, oval, narrowing at both ends, periphery
angular with 2—3 sharp costae, which may be irregular, somewhat
sinuate in outline or bifurcate at the bottom of chambers; chambers wide
and inflated in the lower part and strongly narrowing toward the end,
last chamber with a short neck, slightly expanded near the aperture,
middle chamber inconspicuous, with 1—2 carinae; sutures distinet, de-
pressed; wall thin, occasionally translucent; surface smooth, polished;
aperture circular at the end of a short neck, with a small, quadrate tooth.

Variability. Typical features of the species are considerable chambers
enlarged in the lower part and coniracted in the upper part and the
presence of irregular costae. The degree of expansion of the chambers
and undulation of costae is variable.

Remarks. — Our forms have no such sharp carinae, as those in the
species figured by Bogdanowich, but the other features of these two forms
are coincident. No resemblance to Cycloforina lachesis (Karrer), suggested
by Bogdanowich is observed.

Distribution. — Poland: Lower Sarmatian (Rytwiany, Zrecze). USSR:
Tchokrak (Middle Miocene), West Precaucasus.

+ Cycloforina hauerina (d’Orbigny, 1846)
(Pl. XII, Fig. la-c¢, Text-fig. 28/5)

1846. Quinqueloculina hauerina d'Orbigny; A. d’Orbigny, p. 286, Pl. 17, Figs 25—217.
Material. — 70 specimens (Coll. No. F-130, Sec. No. 369, 370).
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Dimensions: L 0.5-0.65; B 0.3-0.4; T 0.2-0.3.

Description. — Test regular, oval, periphery rounded; chambers tubular,
narrow, in the lower part strongly inflected, middle chamber large,
distinct, convex, fifth chamber clearly visible; sutures depressed; surface
smooth, dull; aperture circular, small with a simple or slightly bifid tooth,
placed on a slight extension of the last chamber.

Variability. The characteristic features of the species are the regular
oval test shape and tubular chambers. Morphological variability is incon-
siderable.

Dimorphism and ontogeny. The cross-sections present semicircular
chambers of uniform shape, slightly increasing in size; PD 40p (Text-fig
28/5). The specimens sectioned represent the micro generation.

Remarks. — This species somewhat resembles the forms referred to as
Quinqueloculina seminulum (Linné), but has its test much more approxi-
mating to oval and inflated, not flattened, sides of chambers. It has not
been found in materials from Baden, from where the species was describ-
ed, but numerous forms identical with ours occur at Voslau. In comparison
with the illustration of d’Orbigny from 1846, both the forms from Vd&slau
and ours are somewhat thicker, and more slender, and show a small
extension of the last chamber in some specimens. From Cycloforina gra-
cilis (Karrer) our forms differ in the more oval shape of the test and in
the smooth and dull, not streaky, surface of chambers.

Distribution. — Poland: Tortonian (Bogoria, Bogucice, Brzeznica,
Chelm n/Rabg, Gieraszowice, Grabki Duze, Grabowiec, Iwkowa, Nisko-
wa, Rybnica, Weglinek). Austria: Tortonian, vicinity of Baden, Vienna
Basin.

* X Cycloforina karreri ovata (Serova, 1955)
(Pl. XIII, Figs la-c, 2a-c, Text-fig. 29/3, 30)

1955. Miliolina costata (Karrer) var. ovata Serova; M. J. Serova, p. 320, PlL 9,
Figs 10—12,

1958. Miliolina karreri (Reuss) var. ovata Serova; I. V. Venglinsky, p. 68, Pl. 9,
Fig. 3a-c.

Material. — Over 100 specimens (Coll. No. F-131, Sec. No. 302, 303).

Dimensions: L 0.23-0.55; B 0.1-0.4; T 0.1-0.23.

Description. — Test oval or narrowly oval, periphery rounded; cham-
bers tubular, of almost uniform width, middle chamber strongly elongated,
slightly projecting above the surface, fifth chamber distinct; surface of
all chambers covered with longitudinal, occasionally bifurcate, little ribs,
the number of which oscillates between 10 on the last chambers and 4—6
on the middle one; sutures distinct, depressed; wall thin; aperture circular
placed at the end of a short neck and with a low quadrate, slightly
bifurcated tooth.
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Variability. The test shape ranges from narrowly oval to broadly oval,
the aperture may be flush with the surface or placed at the end of a short
neck (Text-fig. 30). The ornamentation varies from simple longitudinal
ribs running along the whole chamber to bifurcated, interrupted or undu-
late ones. The shape of the tooth is also variable and may be broad and
quadrate in specimens without the neck, or short and narrow in those
with it.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation, PD 30 g. The chamber shape in cross-sections is constant
(Text-fig. 29/3), and does not change during ontogeny.

Remarks. — The specimens of Cycloforina karreri ovate investigated
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Fig. 29. Internal structure of Cycloforina indicated by cross-sections. 1 — C. reticulata

(Karrer), Lower Tortonian, Korytnica, mega I generation; 2— C.toreuma (Serova),

Lower Sarmatian, Zrecze-3 borehole, depth 64.8-64.9 m, micro generation; 3 — C. kar-

reri ovata (Serova), Lower Sarmatian, Machéw 250 borehole, depth 84.3-85.3 m, micro
generation.
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Fig. 30. Morphological variability of Cycloforina karreri ovata, Lower Sarmatian,

Zrecze-3 borehole, depth 11 m; 1-7 —ovate specimens with typical ornamentation

and with aperture on the prolongation of the chamber; 8-14 — broadly ovate speci-

mens with irregular ornamentation and with the aperture without prolongation;
a front view, b apertural view.
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are less elongated and of smaller size than Quinqueloculina karreri
(Reuss). They differ from Cycloforina toreuma (Serova) in having more
regular ribs, occuring on the whole surface of the chambers, not on the
periphery only.

Distribution. — Poland: Lower Sarmatian, (Budy, Dwikozy, Grzybow,
Miechocin, Rytwiany, Zrecze). USSR: Lower Sarmatian, southwestern
border of the Russian Platform, Precarpathian Foredeep, Transcarpathians.

Cycloforina lachesis (Karrer, 1868)
(Pl. XI, Fig. la-c; Text-fig. 28/3)

1868. Quinqueloculina lachesis Karrer; F. Karrer, p. 146, Pl. 2, Fig. 4.

Material. — 30 specimens (Coll. No. F-132, Sec. No. 366).

Dimensions: L 0.5-1.2; B 0.27-0.62; T 0.18-0.43.

Description. — Test irregularly quadrangular, elongate, periphery
acute; chambers broad with single sinuous keel, which is divided into two
blunt carinae at the base, middle chamber distinct, with single keel bent
at the bottom; the whole test gives the impression of being irregularly
twisted; sutures depressed; surface rough, marked by numerous irregular
shallow longitudinal depressions; aperture small, circular, at the end of
a narrow short neck, surrounded with a thickened rim.

Variability. A distinctive feature of the species is the distortion of the
test and its rough surface. The width of the test is variable and the edges
are more or less acute and sinuous.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation; PD 30 p. The sections show a constant chamber shape
during the ontogeny (Text-fig. 28/3).

Remarks. — The transverse marks which appear on the surface of the
specimen figured by Karrer were not observed in specimens from Poland.
As Karrer did not mention the presence of these marks in the description,
they are regarded as a feature unimportant to the determination of the
species.

Distribution. — Poland: Tortonian (Gliwice Stare, Korytnica, Wegli-
nek). Czechoslovakia: Lower Tortonian, Zidlochovice. Romania: Tortonian,
Kostej in Banat.

Cycloforina lucida (Karrer, 1868)
(Pl. XI1I, Fig. 4a-c; Text-fig. 28/2)

1868. Quinqueloculina lucida Karrer; F. Karrer, p. 147, Pl. 2, Fig. 7.

Material. — 70 specimens (Coll. No. F-133, Sec. No. 174).

Dimensions: L 0.55-1.2; B 0.22-0.45; T 0.1-0.22.

Description. — Test strongly elongated, regular, protracted at both
ends, periphery rounded; chambers tubular, narrow, of uniform width,
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much elongated, at the basal end distinctly curved, middle chamber
convex, elongated, fifth chamber clearly visible; sutures depressed; surface
rough, covered with numerous, very small, longitudinal depressions;
aperture at the end of a short narrowing neck and with a short bifid
tooth.

Variability. Stable characteristics of the species are the strongly
elongated test shape and tubular chambers, each of them being distincti-
vely curved at the base. Variation occur as a small lateral flattening of
the upper part of the chambers in some specimens, giving the test
a slightly irregular appearance.

Dimorphism and ontogeny. The specimens sectioned represent the micro
generation; PD 50 p. The cross-sections show tubular chambers of uniform
outline, the size of which increases gradually (Text-fig. 28/2).

Remarks. — The specimens investigated correspond to the description
of Karrer, but they have a still more elongated shape than that presented
in his illustration. They are closely related to Cycloforina gracilis (Karrer),
differing only in their more elongated test shape and slightly irregular
lateral flattening of the upper part of the chambers. Le Calvez (1958)
considers C. lucida to be a form with arenaceous walls; in our specimens
from the Miocene there are no agglutinated tests.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Ligota Zabr-
ska, Niskowa, Weglinek). Romania: Tortonian, Kostej in Banat.

* Cycloforina predcarpatica (Serova, 1955)
(Pl. X1II, 8a-c, 9a-c; Text-fig. 27/4)

1955. Miliolina predcarpatica Serova; M. J. Serova, p. 322, Pl. 10, Figs 4—6.

Material. — Over 100 specimens (Coll. No. F-134, Sec. No. 364, 365).

Dimensions: L 0.35-0.40; B 0.17-0.20; T 0.13-0.15.

Description. — Test elongate, nearly quadrangular in outline, periphery
rounded; chambers tubular, inflated at the base, last chamber strongly
bent in the lower part and straightened at the end, middle chamber
elongated, inflated; sutures depressed; wall thin; surface smooth, shiny,
in some specimens delicately striated along the periphery; aperture small,
semicircular, with a slightly sloping border and a low quadrate, somewhat
bifid tooth.

Variability. The test shape varies somewhat, being elongate, oval or
broadly oval. On the periphery of some specimens appear longitudinal,
fairly regular striae, which makes them similar to Cycloforina fluviata
(Venglinsky), from which they however differ in the less inflated basal
part of their chambers and in lacking distinct ridges on the periphery.

Dimorphism and ontogeny. The sections show about 8 semicircular
chambers of uniform shape and slightly increasing in size as added;
PD 20 u (Text-fig. 27/4).

6*
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Remarks. — This species differs from Cycloforina stomata n.sp. in
having a small aperture without an everted border, narrower chambers
and a more quadrangular test shape.

Distribution. — Poland: Lower Sarmatian, (Budy, Dwikozy, Grzybéw,
Miechocin, Mielec, Niwka, Rytwiany, Zrecze). USSR: Lower Sarmatian,
Precarpathian Foredeep.

X 4+ Cycloforina reticulata (Karrer, 1862)
(Pl. XI, Fig. 4a,b; Text-fig. 29/1)

1862. Quinqueloculina reticulata Karrer; F. Karrer, p. 449, Pl. 2, Fig. 5.

Material. — About 50 specimens (Coll. No. F-135, Sec. No. 297—301).

Dimensions: L 0.75-1.8; B 0.35-0.7; T 0.25-0.4.

Description. — Test large, narrowly oval, slender, periphery rounded;
chambers tubular, of uniform width throughout, middle chamber project-
ing and large, fifth chamber usually visikle; sutures distinct, depressed;
surface rough, dull, covered with a regular reticulate ornamentation,
composed of costae running obliquely in two directions and intersecting
at an angle of about 60° to make a peculiar reticulate or bifurcate pattern
along the chambers; wall thick; aperture large, circular, on a small ex-
tension of the last chamber, and with a short, bifid tooth.

Variability. The shape of chambers and the character of ornamenta-
tion are stable, only the manner in which the costae intersect is somewhat
variable. Some specimens show reticulation on the lower part of the
chambers only, whereas towards the end partly disappears and only the
fork-like pattern remains.

Dimorphism and ontogeny. The specimens sectioned bhelong to the
mega I generation, PD 60—90 n. The sections show rounded chambers,
regularly increasing in size (Text-fig. 29/1).

Remarks. — There are two species which are very close one to another:
Cycloforina reticulata (Karrer) described from the Miocene of Forchtenau
in the Vienna Basin and Cycloforina zigzag (d’Orbigny), described from
the Miocene of Buitur in Romania. According to the descriptions and
illustrations of both species, they differ only in that C. reticulata has
reticulate ornamentation, while C. zigzag has a zigzag pattern. It might
be thought that such closely related types of ornamentation represent one
species, as the extensions of zigzag lines may develop into a reticulate
ornament. A comparison of specimens investigated with the topotypes
from Buitur revealed however that there exist also other features which
support the separateness of these species, namely C. zigzag has a more
oval, compact test shape, less depressed sutures, and more densely
arranged costae (e.g. 10—15 on the middle chamber), which are strongly
oblique and make a zigzag pattern on the chamber sides only sporadically
slightly crossing each cther on the periphery. On the other hand C. re-
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ticulata has a more slender shape, more depressed sutures and fewer, less
oblique and more prominent costae (7—10 on the middle chamber), which
intersect on both the sides and the periphery, producing a reticulate
ornament on them. The two species are closely related but they are easy
to distinguish.

Distribution. — Poland: Lower Tortonian (Benczyn, Karsy, Korytnica).
Austria: Tortonian, Forchtenau, Vienna Basin. Czechoslovakia: Lower
Tortonian, Zidlochovice. Romania: Tortonian, Buitur.

Cycloforina stomata n.sp.
(Pl. XIII, Fig. 5a-c; Text-fig. 27/1)

Holotypus: Pl. XIII, Fig. 5a-c.

Locus typicus: Bore-hole Budy-1 near Staszéw, depth 212.7—212.8 m.

Stratum typicum: Lower Sarmatian, Syndesmya clays

Derivatio nominis: stoma — mouth, aperture: having a large distinctive aperture.

Diagnosis: Test oval, smooth with tubular chambers and broad sutures and with
a characteristic large circular aperture with a short bifid tooth.

Material. — About 500 specimens, (Coll. No. F-136, Sec. No. 360, 361).

Dimensions: Holotype length 0.5 mm; breadth 0.34 mm; thickness
0.23 mm; Paratypes length 0.48-0.58 mm; breadth 0.24-0.35 mm; thickness
0.14-0.24 mm.

Description. — Test oval to narrowly oval, tapering at both ends,
periphery rounded; chambers tubular, of uniform width throughout,
middle chamber large and convex, fifth chamber narrow, occasionally
visible; sutures broad and slightly depressed; surface smooth, polished;
wall thin; aperture large, circular or semicircular, with a slightly sloping,
everted border and a short narrow or quadrate, slightly bifid tooth.

Variability. The species is very variable in respect of test shape, which
may ke more or less elongated, the chambers being more or less inflated
and the tooth shape varying from narrow and simple to broad and nearly
quadrangular. The wall of some specimens that probably represent the
gerontic stage may be covered with longitudinal, irregular wrinkles as in
Varidentella sarmatica (Karrer). The aperture and tooth show distinct
intermediate characters to the genus Varidentella, the tooth bLeing
shortened and enlarged and the aperture semicircular in some specimens.
Most specimens have a circular aperture and a narrow bifid tooth.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation, the proloculus diameter is 30 u. The regular quin-
queloculine internal structure and the stable rounded shape of the
chambers during the ontogeny are visible in cross-sections (Text-fig. 27/1).

Remarks. — This species much resembles Varidentella sarmatica (Kar-
rer) but differs in having a large circular aperture with an everted berder
and a narrow or quadrate bifid tooth. It differs from Varidentella latela-
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cunata (Venglinsky) in its oval test shape, tapering at both ends, in the
rounded, not compressed periphery, the broad, not depressed sutures, and
the circular aperture with a narrow and bifid tooth.

Distribution. — Poland: Lower Sarmatian, (Budy, Grzybéw, Mielec,
Niwka, Rytwiany).

X Cycloforina suturalis (Reuss, 1850)
(Pl. XII, Fig. 5a-c; Text-fig. 27/3)

1850. Quinqueloculina suturalis Reuss; A. E. Reuss, p. 385, Pl. 50, Fig. 9.
1867. Quinqueloculina suturalis Reuss; A. E. Reuss, p. 60, Pl. 3, Fig. 1.

Material. — About 150 specimens (Coll. No. F-137, Sec. No. 362, 363).

Dimensions: L 0.23-0.65; B 0.20-0.45; T 0.15-0.35.

Description. — Test small, regularly oval, narrowing at both ends,
periphery rounded; chambers tubular, arcuate, of uniform width, middle
chamber large, very convex, fifth chamber small, clearly visible; sutures
distinct, depressed; surface smooth, polished; aperture small, flush with
the periphery, circular or semicircular, with a somewhat everted border
and a short quadrate, slightly bifid tooth.

Variability. The characteristic features of the species are the regular,
compact test shape and tubular chambers. The outline of the test varies
from broadly oval to narrowly oval, its thickness being different in
individual specimens. The aperture of young specimens is circular, in the
mature specimens ranging from circular to semicircular or even extending
transversely. The tooth shape is also variable, from short and bifid to
quadrangular and tape-shaped, as in Varidentella. C. suturalis seems to
belong to the group of forms, from which the species of Varidentella
in the Lower Sarmatian originated.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation; PD 30 u (Text-fig. 27/3). The sections show about
12 semicircular chambers, slightly compressed at the periphery and
gradually increasing in size.

Remarks. — The specimens investigated were found in the topotype
materials from Wieliczka and its vicinity. They are more regular than
that figured by Reuss in 1850 and emended later in 1867, have
a thicker test and a less rounded shape. Considering however the fact that
the species has been described from the salt clays in Wieliczka and
a thorough examination of these deposits did not result in the founding of
specimens more resembling Cycloforina suturalis than those described
above, they may most probably be assigned to this species. It is similar
to Quinqueloculina regularis (Reuss), which however differs in the distinct
rhomboid test shape, trapezoid outline of chambers in cross-section and
triangular shape of the aperture. It somewhat resembles Cycloforina
hauerina (d’'Orbigny), in having tubular chambers, but this species differs
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in much larger, more elongated and more flattened test shape and in the
distinctly round aperture with a narrow bifid tooth.
Distribution. — Poland: Tortonian (Wieliczka).

* Cycloforina suturata (Smigielska, 1957)
(Pl. XII, Fig. 2a-c; Text-fig. 28/4)

1957. Quinqueloculina suturata Smigielska; T. Smigielska, p. 259, Pl 16, Fig. 7.

Material. — 20 specimens (Coll. No. F-193, Sec. No. 371, 372).

Dimensions: L 0.88-1.3; B 0.35-0.5; T 0.2-0.3.

Description. — Test strongly elongated, subquadrangular, tapering at
both ends, periphery narrowly rounded; chambers narrow and elongate,
with flattened sides, somewhat expanded at the base, and with faintly
marked edge, middle chambers distinct, slightly convex; sutures distinct,
depressed; surface smooth, polished; wall thin; aperture at the end of the
somewhat protruding last chamber, round, and with a simple tooth bifid
at the end.

Variability. Distinctive features of the species are the narrow and
much elongated test shape, depressed sutures and flattened sides of the
chambers. The variability of the test shape is of little importance.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation; PD 30—40 p (Text-fig. 28/4). The sections show semi-
circular, regular chambers gradually increasing in size.

Remarks. — This species differs from Cycloforina hauerina (d’Orbigny)
in having a much more elongated slender test shape. From C. gracilis
(Karrer) it differs in the more slender shape and in the smooth and
polished, not rough and streaky, surface.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Weglinek).

Cycloforina toreuma (Serova, 1955)
(Pl. X111, Fig. 3a-c; Text-fig. 29/2, 31)

1955. Miliolina toreuma Serova; M. J. Serova, p. 317, PL. 9, Figs 1—3.
1961. Quinqueloculina toreuma (Serova); V. J. Didkovsky, p. 23, Pl. 1, Fig. 9.

Material. — 40 specimens (Coll. No. F-139, Sec. No. 304, 305).

Dimensions: L 0.3-0.5; B 0.25-0.35; T 0.15-0.25.

Description. — Test broadly oval, periphery narrowly rounded;
chambers broad, narrowing towards the end and with flattened sides,
subtriangular in cross-section, middle chamber short and broad, slightly
oblique, fifth chamber small but clearly visible; sutures distinct, depressed;
surface smooth and polished, covered with 6—8 longitudinal ribs which
are irregular, occasionally bifurcated or interrupted, placed mostly on the
periphery and leaving the sides of chambers free; wall thin; aperture
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circular, flush with the periphery and with a short quadrate, slightly bifid
tooth.

Variability. The test shape is variable, being nearly circular or oval
(Text-fig. 31). The ribs are more or less regular, beginning mostly at the
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Fig. 31. Morphological variability of Cycloforina toreuma (Serova), Lower Sarmatian,
Zrecze-3 borehole, depth 64.8-64.9 m; specimens arranged according to the size of
the test; a front view, b apertural view.

base of chambers and disappearing towards the end. The tooth shape may
be small and narrow to broad and bifid.

Dimorphism and ontogeny. The specimens sectioned are the micro
generation; PD 30 u. The sections show that all the chambers have a sub-
triangular outline and flattened sides throughout and increase gradually
in size (Text-fig. 29/2).

Remarks. — This species differs from Cycloforina karreri ovata (Se-
rova) in having irregular ribs placed on the periphery of chambers only
and in the more flattened sides of chambers. From Varidentella pseudo-
costata (Venglinsky) it differs in the circular shape of the aperture,
narrower tooth, smaller test dimensions, flattened sides of chambers, and
more distinct ribs.

Distribution. — Poland: Lower Sarmatian, (Rytwiany, Zrecze). USSR:
Upper Tortonian, Volhyn-Podolian Platform, West Ukraine.

+ Cycloforina vermicularis (Karrer, 1868)
(Pl. XIII, Fig. 10a-c; Text-fig. 32)
1868. Quinqueloculina vermicularis Karrer; F. Karrer, p. 150, Pl. 3, Fig. 1.

Material. — About 500 specimens (Coll. No. F-140, Sec. No. 35—--44).
Dimensions: L 0.65-1.5; B 0.47-1.0; T 0.3-0.7.
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Description. — Test rhomboid-oval, subtriangular in cross-section,
periphery subacute; chambers narrow with flattened sides, arcuate, of
uniform width, middle chamber large and prominent, fifth chamber
clearly visible; sutures distinct, slightly depressed; surface with thick
longitudinal, sometimes slightly oblique or sinuous, interrupted grooves
cutting the wall in such a fashion that the ridges arising between them
make the impression of ribs; wall thick, dull; aperture circular, at the end
of the poorly developed neck, and with a short tooth widening at the end.

Variability. Most of the specimens are triangular in cross-section,
having the periphery subacute. There occur also specimens with the lower
part of chambers dilated and truncate, and thus having the periphery
angular in cross-section. The periphery only rarely remains angular
throughout and in old specimens (Text-fig. 32/1); in other specimens it
passes slowly into a normal, subangular periphery towards the end of the
chambers, which gives the test the appearance of being irregularly bent
as figured by Karrer.

Dimorphism and ontogeny. All specimens sectioned belong to the micro
generation; PD 20—30 u. The sections show that some specimens with the
subacute periphery have it angular in the earlier chambers (Text-fig.
32/2,4) and vice versa, those with the angular periphery may have it
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Fig. 32. Morphological variability and internal structure of Cycloforina vermicularis

(Karrer); Lower Tortonian, Karsy; micro generation; 1 — form with angular chamber

edges; 2—form with truncate chamber edges; 3 —forms with subacute chamber
edges; a front view, b apertural view, ¢ cross-section.
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subacute in the earlier stages (Text-fig. 32/1). Thus it might be assumed
that variation in the outline of the periphery is connected with the onto-
genetical variation of the species. The juvenile stage of all specimens has
tubular chambers; the differentiation of the peripheral outline appears
only in the penultimate or last whorl.

Remarks. — In comparison with the specimens from Lapugiu de Sus
in Romania, which is locality of the same age as Kostej, the specimens
investigated have a more regular test shape; the other features are
identical.

Distribution. — Poland: Lower Tortonian (Benczyn, Korytnica). Czecho-
slovakia: Lower Tortonian, Zidlochovice. Romania: Tortonian, Kostej in
Banat and Lapugiu de Sus.

Genus Hauerina d’Orbigny, 1839
* Hauerina aspergilla (Karrer, 1868)
(Pl. XVIII, Fig. 5a, b)

1868. Peneroplis aspergilla Karrer; F. Karrer, p. 154, Pl. 3, Fig. 9.
1960. Hauerina sp. Bogdanowich; A. K. Bogdanowich, p. 249, Pl. 3, Fig. 6a, b.

Material. — 25 specimens (Coll. No. F-141).

Dimensions: L ~ 0.60; B ~ 0.52; T ~ 0.22.

Description. — Test nearly circular, biconvex, depressed in the central
part, periphery subacute; chambers irregularly inflated, 4—5 in the last
whorl, overhanging at sutures and leaving only a small portion of the
chambers of the previous whorl uncovered in the center of either side;
sutures slightly depressed, occasionally sinuous and strongly bent back-
wards; surface smooth, polished; aperture large, irregularly triangular,
with an inflated trematophore and numerous small pores.

Variability. — The test shape, the number and arrangement of
chambers in the last whorl, and the flattening of the chambers are so
variable that specimens uniform in shape are hardly ever met.

Remarks. — This species resembles Hauerina tumida Serova, 1955,
from the Lower Sarmatian of the Forecarpathians in its shape variability
but differs in having a larger, more flattened test and a nearly acute, not
rounded, periphery. It differs from H. irschavensis Venglinsky & Burin-
dina, 1965, from the middle Sarmatian of the Transcarpathians, in the less
inflated chambers, subacute periphery and more elongated trematophore.
The test shape is identical with that of Hauerina sp. Bogdanowich, 1960
from the Meotis of Kuban. The specimens from Lapugiu de Sus in Banat
in Romania the locality of the same age as Kostej do not differ from ours.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Iwkowa, Nis-
kowa, Weglinek). Romania: Tortonian, Kostej in Banat. USSR: Meotis
(Pliocene), West Precaucasus.
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+ Hauerina compressa d’Orbigny, 1846
(Pl. XVIII, Fig. 7a, b)

1846. Hauerina compressa d’Orbigny; A. d’Orbigny, p. 119, Pl. 5, Figs 25—2T7.
1955. Hauerina compressa d’Orbigny; M. J. Serova, p. 330, Pl. 14, Figs 1—3.

Material. — 20 specimens (Coll. No. F-142).

Dimensions: L. ~ 0.68; B ~ 0.57; T ~ 0.15.

Description. — Test nearly circular, flat, in the central part concave;
periphery subacute or acute; chambers slightly inflated, narrow and
elongate, 3—4 in the last whorl, arranged planispirally around the previous
chambers, two to a whorl, and covering the initial part which is indistinctly
visible in the center of the test; sutures arcuate, bent backwards, depress-
ed; surface smooth and polished, slightly transparent; aperture as a narrow,
oval, inflated trematophore composed of about 12 fairly large irregular
pores.

Variability and ontogeny. The juvenile specimens have two chambers
to a whorl and their aperture is narrow with a long simple tooth, as in
Spirosigmoilina. Later the chambers grow shorter and shorter, up to four
to a whorl, as in typical specimens, and the aperture becomes
trematophore.

Remarks. — In comparison with the typical forms of d'Orbigny, our
specimens are more flattened, they have nearly foliaceous test shape and
resemble Hauerina fragilissima (Brady), Recent. The specimens found in
the material of the same age from Buitur in Romania are similarly
flattened, but only occasional specimens show somewhat inflated walls,
as figured by d’Orbigny. The species under study differs from H. fragilis-
sima (Brady) in the more oval shape of the juvenile stage, in the presence
of more then two chambers to a whorl in the mature stage, and in that
its test is less flattened. From H. bradyi Cushman, Recent, it differs
in its smooth, nor striated surface and in the less flattened test. From
H. atlantica Cushman, Recent, it differs in the less inflated and more
regular chambers.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Weglinek).
Austria: the vicinity of Vienna. Romania: Tortonian, Buitur. USSR: Upper
Tortonian, the Volhyn-Podolian Platform.

Hauerina plana Serova, 1955
(Pl. XVIII, Figs 1q, b, 2a, b)

1955. Hauerina plana Serova; M. J. Serova, p. 331, Pl. 14, Figs 4—6.
Material. — 30 specimens (Coll. No. F-144).
Dimensions: L ~ 0.35; B ~ 0.30; T ~ 0.12.
Description. — Test oval, much flattened, periphery subacute; outer
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chambers semicircular, slightly inflated, narrowing somewhat near the
aperture, two middle chambers small, flat, poorly visible in the center
of the test; two or three chambers visible in the last whorl; sutures flat,
indistinct, with light strips along the edges of the previous chambers;
surface smooth, polished; aperture narrowly oval, trematophore, with
about 10 fairly large pores.

Variability. The shape of the test is variable owing to the more or
less involute placement of the last chamber.

Remarks. — This species differs from Hauerina fragilissima (Brady),
Recent, in the smaller dimensions of the test, its more oval shape and the
more inflated and broader chambers.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Ligota Zabr-
ska). USSR: Upper Tortonian, the Volhyn-Podolian Platform.

Hauerina podolica Serova, 1955
(Pl. XVIII, Figs 3a-c, 4a-c)

1955. Hauerina podolica Serova; M. J. Serova, p. 327, Pl. 12, Figs 7—14.

Material. — 25 specimens (Coll. No. F-145).

Dimensions: L ~ 0.50; B ~ 0.40; T ~ 0.25.

Description. — Test circular oval, lenticular in cross-section, periphery
subacute; two outer chambers very broad, with nearly flat sides and
somewhat enlarging near the aperture; 1—2 middle chambers very small,
flat, poorly visible; sutures indistinct; surface smooth, dull; aperture
triangular, large, trematophore, with 6—10 pores.

Variability. The test shape is variable as there is a tendency to the
slightly evolute arrangement of the last chamber.

Remarks. — Morphologically this species stands close to Podolia com-
pacta (Serova, 1953), but differs in having broader chambers, a lower
test and a trematophore, not lyre-shaped, aperture. From Hauerina sub-
botinae Bogdanowich & Budanova, 1952, it differs in its more flattened
sides, subacute periphery, and aperture with a small number of pores.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Ligota Zabr-
ska, Niskowa, Weglinek). USSR: Upper Tortonian, the Volhyn-Podolian
Platform.

Hauerina tumida Serova, 1952
(Pl. XVIII, Fig. 6a, b)

1952. Hauerina tumida Serova; in A. K. Bogdanowich, p. 178, Pl. 27, Fig. Ta-c.
1955. Hauerina tumida Serova; M. J. Serova, p. 331, Pl. 14, Figs 7, 8.

Material. — 15 specimens (Coll. No. F-1486)
Dimensions. L ~ 0.4; B ~ 04; T ~ 0.3.
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Descriptions. — Test quadrangular-circular, thick, broadly oval in
cross-section, periphery rounded; chambers broad, inflated, irregular,
slightly overhanging, 3—4 in the last whorl; sutures depressed, slightly
bent to the back; surface smooth, polished; aperture large, semicircular,
with numerous small pores of different shape and dimensions.

Variability. The shape of the test is very variable as the structure of
chambers is so irregular that practically each specimen is somewhat
different.

Remarks. — This species differs from Hauerina composita Serova in
its more inflated compact test, not flattened in the central part.

Distribution. — Poland: Tortonian (Gliwice Stare, Korytnica, Niskowa,
Weglinek). USSR: Upper Tortonian, the Volhyn-Podolian Platform.

Genus Lachlanella Vella, 1957, emend. Luczkowska, 1972

Lachlanella incrassata (Karrer, 1868)
(Pl. X, Figs 2a-c, 3a-c; Text-fig. 33/1,2)

1868. Quinqueloculina incrassata Karrer; F. Karrer, p. 148, Pl 2, Fig. 10.

Material. — About 200 specimens (Coll. No. F-147, Sec. No. 90—94).

Dimensions: L. — 1.0-1.25; B —0.6-0.85; T — 0.4-0.55.

Description. — Test oval, occasionally slightly tapering at both ends,
periphery angular, trapezoid in cross-section; chambers flat, narrow,
arcuate, last chamber somewhat enlarged near the aperture; middle
chamber large prominent and broad, fifth chamber distinct; sutures flat,
distinct; surface covered with fine striae, which are slightly oblique and
bifurcated at the periphery, disappearing on chamber sides, where they
leave irregular traces only; wall thin; aperture narrow, high, somewhat
oblique to the periphery, surrounded with a slightly thickened edge and
with a narrow long tooth a little bifurcated at the end.

Variability. The test shape is generally constant, except the periphery,
which is occasionally rounded, and not angular (Text-fig. 33/1).:

Dimorphism and ontogeny. The specimens sectioned represent the
micro (?) generation; PD 50—60u. The sections show the juvenile stage
with 5—6 chambers, which are rounded in outline. It is only the succeding
chambers that become trapezoid, the roundedness of the edges being
variable in the course of ontogeny.

Remarks. — The specimens investigated differ somewhat from the
specimen figured by XKarrer in having a less angular periphéry and
somewhat oblique striae. The test ornamentation resembles that of Quin-
queloculina striolata Reuss, which has similar bifurcated longitudinal
striae, but its periphery is not angulate. Lachlanella nussdorfensis (d’Or-
bigny) differs in the more elongated slender test shape and in having
fewer costae.



94 EWA LUCZKOWSKA

Distribution. — Poland: Lower Tortonian (Benczyn, Karsy, Korytnica).
Czechoslovakia: Lower Tortonian, Zidlochovice. Romania: Tortonian, Kos-
tej in Banat.
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Fig. 33. Morphological variability, ontogeny and internal structure of Lachlanella:

1,2 — L. incrassata (Karrer), Lower Tortonian, Korytnica, micro generation; 1 — form

with subquadrate chambers; 2 — form with quadrate chambers; 3,4 — L. schroekingeri

(Karrer), Lower Tortonian, Korytnica, micro generation; 5,6 — L.undosa (Karrer),

Upper Tortonian, Weglinek, micro generation; e front view, b aperture view, ¢ cross-
section.

Lachlanella schroeckingeri (Karrer, 1868)
(Pl. X, Fig. 4a-c, Text-fig. 33/3,4)

1868. Quinqueloculina schroeckingeri Karrer; F. Karrer, p. 149, Pl. 2, Fig. 12.

Material. — 15 specimens (Coll. No. F-148, Sec. No. 163, 164).

Dimensions: L — 0.85-1.25; B — 0.5-0.7; T — 0.35-0.50.

Description. — Test quadrangular-oval, tapering somewhat at the base,
periphery angular, broad and somewhat keeled; chambers with concave
sides, of uniform width, strongly bent basically, each of them provided
with two edges somewhat sinuate in outline, middle chamber large,
slightly convex, also with two sinuous edges specifically bent in the lower
part; sutures flat, distinct; surface matt, covered thickly with irregular
short longitudinal strips; wall thin; aperture narrow, high, with a long
simple tooth.

Variability. Prominent features of the species are two sinous bent edges
on the periphery and the matt surface with irregular strips. The test
shape shows little variation.

Dimorphism and ontogeny. The specimens sectioned are microspheric;
PD — 30p. The sections show that the juvenile stage is composed of 2—3
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tubular chambers, the next 3—4 chambers have one edge, and two edges
occur only in the last whorl (Text-fig. 33/3, 4).

Remarks. — Morphologically, this species resembles Cycloforina con-
torta (d’Orbigny), but differs in its less acute and more sinuous edges, in
the less elongated, more oval test shape and in the narrow and high, not
circular aperture.

Distribution. — Poland: Lower Tortonian (Badenian), (Grabki Duze,
Korytnica). Romania; Tortonian, Kostej in Banat.

Lachlanella undosa (Karrer, 1867)
(Pl. X, Fig. 5a-c; Text-fig. 33/5, 6)

1867. Quinqueloculina undosa Karrer; F. Karrer, p. 361, Pl. 3, Fig. 3.

1955. Miliolina undosa (Karrer); M. J. Serova, p. 315, Pl. 7, Figs 3—8.

1961, Quinqueloculing undosa Karrer; V. J. Didkovsky, p. 24, Pl. 1, Fig. 6a-c.
Material. — About 200 specimens (Coll. No. F-149, Sec. No. 165, 166).
Dimensions: L — 0.80-1.0; B— 0.5-0.65; T — 0.3-0.4.

Description. — Test broadly oval, occasionally oval-quadrangular, peri-
phery angular, bicarinate; chambers with concave sides, broad, with two
thick carinae on the edges, wider apart at the base than at the top, the
apertural end of the chambers being bent to the back and expanded,
middle chamber prominent, with two thick carinae, specifically curved
in the lower part, fifth chamber small, with one keel; sutures distinct,
somewhat depressed; surface smooth, dull; wall thin; aperture narrow,
high, with a long simple tooth.

Variability. Characteristic features of the species are thick distinct
carinae specifically curved in the lower part, and the expansion of the
apertural portions of the chambers. The test shape shows little variations.

Dimorphism and ontogeny. The specimens sectioned represent the
micro generation; PD 30—40u. The sections show the tubular initial cham-
bers followed by those with one keel, and from the 4-th or 5-th chamber
onward the edges are bicarinate (Text-fig. 33/5, 6).

Remarks. — This species is morphologically related to Lachlanella
schroeckingeri (Karrer), to which also shows ontogenetical resemblance,
but differs in having distinct thick carinae and not sinuous edges only,
in its narrower aperture and smooth surface, not covered with irregular
depressions. From L. bicostoides Vella it differs in its more slender test
shape, expanded apertural portion and higher aperture. L. collenae Vella
is very similar in test ornamentation and shape, which is however more
elongated and the carinae are acute and not thickened. L. subpolygona
(Parr) is somewhat more slender and flattened; it besides much resembles
L. undosa and may be its junior synonym or at least may be regarded
as its descendant.
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Distribution. — Poland: Tortonian (Karsy, Korytnica, Wieliczka, We-
glinek). Romania: Tortonian, Lapugiu de Sus. USSR: Upper Tortonian,
the Volhyn-Podolian Platform.

Genus Miliola Lamarck, 1804

The genus Miliola differs from the genus Dentostommina Carman,
1933, in the type of the aperture, which is trematophore in Miliola,
whereas in Dentostommina it is circular with crenulate border and bifid
tooth. The type species Miliola saxorum Lamarck is of Eocene age,
whereas the type species Dentostommina bermudiena (Carman) comes
from the Recent of the Bermuda Is. It appears from an investigation of
the Miocene forms that the aperture with a crenulate border and a short
tooth occurs in the juvenile stage of Miliola specimens, or it may be seen
in mature specimens, the trematophore of which is damaged. It would
be advisable to revise the genus Dentostommina, which may be a junior
synonym of Miliola. The author of this paper did not found the specimens
corresponding to the genus Dentostommina in the Recent materials avail-
able.

X Miliola fabularoides (Karrer, 1865)
(Pl. XIV, Figs 1a, b; 2a,b; 3a,b; Text-fig. 34/1)

1865. Quinqueloculina fabularoides Karrer; F. Karrer, p. 704, Pl 1, Fig. 3.
1865. Quinqueloculina transilvaniae Karrer; ibidem, p. 704, Pl 1, Fig. 4.
1952. Schlumbergerina bogdanovi Serova; in: A. K. Bogdanowich, p. 171, Pl. 26,
Fig. 3a-c.
Material. — 80 specimens (Coll. No. F-125, Sec. No. 418, 419).
Dimensions: L, — 0.6-1.5; B — 0.4-0.85; T — 0.3-0.55.
Description. — Test irregularly oval, triangular with rounded edges
in section, periphery rounded; chambers tubular, narrow, irregular, middle
chambers large, slightly arcuate and strongly projecting above the surface;
sutures depressed; wall agglutinated, with a small number of fine sand
grains distributed irregularly in a surface layer of calcareous cement;
surface rough, matt; aperture circular, trematophore, convex, with nume-
rous small circular pores.

Variability and ontogeny. The shape and thickness of the test are very
variable, there being irregular bends in the chambers. The amount of
agglutinated material in the superficial layer of the test is also variable
and so some specimens have a nearly smooth, matt surface. The tremato-
phore if damaged leaves the aperture open, which is semicircular in shape,
surrounded with a crenulate border and has a simple tooth like Dento-
stommina (Pl. XIV, Fig. 1). The sections show a regular quinqueloculine
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chamber arrangement, the chambers increase gradually in size and have
a transverse oval shape; PD 30u (Text-fig. 34/1).

Remarks. — Karrer described two similar species from Lapugiu: Quin-
queloculina fabularoides and Q. transilvaniae, making no mention of their
agglutinated test. They differ in that Q. fabularoides has a trematophore

9

Fig. 34. Internal structure of Miliola, Sigmoilopsis and Siphonaperta: 1 — Miliola

fabularoides (Karrer), Upper Tortonian, Niskowa, micro generation; 2 — Siphonaperta

granulata (Smigielska), Upper Tortonian, Gliwice Stare, mega I (?) generation; 3 —

Siphonaperta ovalis sp. n., Upper Tortonian, Niskowa, mega I (?) generation;

4 — Siphonaperta mediterranensis (Bogdanowich); 5-9 — Sigmoilopsis foeda (Reuss),

Lower Tortonian, Karsy, micro generation; 5, 6 — quinqueloculine stage, 7 — transitio-
nal stage, 8, 9 — sigmoiline stage.

aperture and Q. transilvaniee a circular one with a simple tooth. In the
topotypic materials from Lapugiu de Sus numerous specimens correspond-
ing to both species were found; it is however not possible to differentiate
them into two distinct species on the basis of their morphology. It may
well be that Karrer used the name Q. transilvaniace for specimens with
the damaged trematophore, such specimens being frequent in the material
from Lapugiu. Our specimens correspond to the topotypes from Lapugiu,
there is however no reason to distinguish the specimens with the trema-
tophore destroyed, or the juvenile specimens with the trematophore as yet
undeveloped, as separate species.

Distribution. — Poland: Upper Tortonian (Niskowa). Romania: Torto-
nian, Lapugiu de Sus. USSR: Middle Miocene, the West Ukraine.

Genus Podolia Serova, 1961
Podolia compacta Serova, 1961
(Pl. XVIII, Fig. 10a-c)

1961. Podolia compacta Serova; M. J. Serova, p. 59, Pl. 4, Fig. 2.

Material. — 30 specimens (Coll. No. F-151)
Dimensions: L ~ 0.4; B~ 0.32; T ~ 0.2.

7 Acta Palaeontologica nr 1/74
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Description. — Test oval, smal, triangular in cross-section, periphery
subacute; chambers broad, with slightly inflated or flat sides, middle
chamber small, faintly inflated, less than one-third the width of the test,
fifth chamber poorly visible or invisible; sutures flat, indistinct; surface
smooth, dull; aperture triangular, large, lyre-shaped, with a long simple
tooth.

Variability. The walls are more or less inflated and, consequently, the
periphery may be more or less rounded.

Remarks. — This species differs from Podolia lyra (Serova) in its more
rounded test shape and subacute, not acute, periphery.

Distribution. — Poland: Upper Tortonian (Grabowiec, Niskowa). USSR:
Upper Tortonian, Podolia.

Genus Pseudohauerina Ponder, 1972

+ Pseudohauerina ornatissima (Karrer, 1868)
(Pl. XVIII, Figs 8, 9a-c)

1868. Quinqueloculina ornatissima Karrer; F. Karrer, p. 151, Pl 3, Fig. 2.
1917. Hauerina ornatissima (Karrer); J. A. Cushman, p. 63, Pl. 23, Fig. 5a, b.
1946. Hauerina ornatissima (Karrer); J. A. Cushman, p. 5, Pl. 1, Fig. 16a-c.
1955. Hauerina ornatissima (Karrer); M. J. Serova, p. 328, Pl. 13, Figs 1—4.

Material. — 40 specimens (Coll. No. F-143).

Dimensions: L 0.4-0.7; B 0.35-0.55; T 0.15.

Description. — Test irregularly rounded, flattened, periphery acute;
outer chambers broad, with slightly inflated sides, 2—3 in the last whorl,
middle chambers occupy a small area in the center of the test; surtace
covered with 6—8 transverse radiate plications, with concave intervening
areas of the same breadth, filled with small transverse ridges and making
the peculiar ornamentation of the test; sutures flat, indistinct; aperture
triangular, trematophore, with about 10 circular, fairly large pores, placed
at the end of the somewhat contracted last chamber.

Variability. The test shape is variable, as the last chamber of the
3-chambered planospiral stage may be more or less reduced in length.

Remarks. — As was stated by Cushman (1946), this species is often
recognized in both Tertiary and Recent sediments. Observations of this
author indicate however that it occurs only in the Miocene of Europe and
that the Recent species are different. The Recent related species are:
Pseudohauerina occidentalis (Cushman), differing in the rounded, not
acute, periphery, in the more inflated central part of the test, and in the
more numerous ridges on the chambers; P. involuta (Cushman), very close
to P. ornatissima, from which it differs only in its broader chambers and
more abundant plications; P. orientalis (Cushman), which differs in its
more flattened test, gentler plications, and tinier pores in the aperture.
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:Distribution. — Poland: Tortonian (Gliwice Stare, Korytnica, Ligota
Zabrska, -Niskowa, Weglinek, Wieliczka). Romania: Tortonian, Kostej in
Banat. USSR: Upper Tortonian, the Volhyn-Podolian Platform.

Genus Sigmoilopsis Fihl_ay, 1947

The distinction between the quinqueloculine stage of Sigmoilopsis and
that of Siphonaperta Vella, 1957, is difficult in some cases, the more so as
within one species of Sigmoilopsis there occur specimens with broad
flattened tests and those of juvenile stage with thicker tests, resembling
Siphonaperta (e.g. in Sigmoilopsis arenaria (Brady) from the Indian
Ocean, or in S. foeda (Reuss), from the Miocene of Wieliczka. The juvenile
stage of Sigmoilopsis is generally characterized by its more compactly
coiled test and inconspicuous middle chambers, which can hardly be
distinguished while looked at from the outside.

X Sigmoilopsis foeda (Reuss, 1850)
(Pl. XV, Figs la, b — 4q, b; Text-fig. 34/5—9)

1850. Quinqueloculina foeda Reuss; A. E. Reuss, p. 384, Pl. 50, Figs 5, 6.
1957. Sigmoilina plane Smigielska; T. Smigielska, p. 260, Pl. 16, Fig. 5.

Material. — Over 500 specimens (Coll. No. F-152, Sec. No. 414, 420—

423).
Dimensions: L 0.85-1.5; B 0.5-1.0; T 0.25-0.3.
Description. — Test massive, thick, flat, oval or rhomboid in shape,

periphery broadly rounded; outer chambers tubular, arcuate, 2—3 middle
chambers indistinct; sutures indistinct; wall rough, irregularly covered
with sand grains of different size, protruding above the surface; aperture
circular, at the end of a short narrow neck, with a thickened rim and
a short tooth, widened at the end.

Variebility and ontogeny.— The shape and thickness of the test are
various, which is predominantly connected with ontogeny. The quin-
queloculine stage is of relatively large size and this is why slender
inflated specimens (Pl. XV, Fig. 3) occur beside the oval flattened speci-
mens of the mature stage (Pl. XV, Figs 1, 2, 4). Sporadically the quin-
queloculine stage is so large than it is poorly distinguishable from
specimens belonging to Siphonaperta; it is usually marked by thicker walls,
non-prominent middle chambers and indistinct flattened sutures (Text-fig.
34/4, 6). The sections show a distinct large quinqueloculine stage and
2—3 chambers of the planospiral stage (Text-fig. 34/7—9). The specimens
sectioned belong to the micro generation; PD 20—60 w.

7
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Remarks. — This species differs from Recent Sigmoilopsis arenaria
(Brady), in having a thicker wall and a shorter neck. Reuss claims that
S. foeda is abundant in the Miocene of Wieliczka and this is also true of
our materials from that locality. The illustration of Reuss is not clear
enough and for this reason the topotype is figured in the present paper
(Pl. XV, Fig. 5). Sigmoilina plana Smigielska, 1957, from the Miocene of
Gliwice Stare does not differ from the specimens of this species from
Wieliczka. It differs from Sigmoilina abbreviata Venglinsky, 1967, from
the Burdigalian of the Transcarpathians, in having a much broader test,
more coarse-grained wall, and much shorter, poorly developed neck. From
Sigmoilopsis wanganuiensis Vella, 1957, from the Holocene of New
Zealand it hardly differs at all, but it is difficult to state if it is syno-
nymous with S. foeda because of the lack comparative materials from
New Zealand. S. foeda is often determined as S. coelata (Costa, 1855), from
the Tertiary of Italia, which species however seems different.

Distribution. — Poland: Tortonian (Gliwice Stare, Grabki Duze, Karsy,
Korytnica, Krywald, Ligota Zabrska, ¥f.eki Dolne, Wieliczka). Austria:
Miocene, Mollersdorf, Vienna Basin. Czechoslovakia: Tortonian, Devinska
Nova Ves, Zidlochovice.

Genus Siphonaperta Vella, 1957
* Siphonaperta granulata (Smigielska, 1957)
(Pl. X1V, Figs. 5a, b, 6a, b; Text-fig. 34/2)

1957. Sigmoilina granulata Smigielska; T. Smigielska, p. 260, Pl. 16, Fig. 14a,b.

Material. — 130 specimens (Coll. No. F-153, Sec. No. 417).

Dimensions: L 0.6-1.1; B 0.4-0.6; T 0.25-0.4.

Description. — Test oval, tapering at both ends, irregular, occasionally
S-shaped, triangular in cross-section, periphery subrounded; chambers
narrow, tubular, the basal end of the last chamber usually protruding and
curved, the apertural end sometimes bent to the back and giving the
chamber its S-shaped appearance, middle chambers large, tubular,
elongated and strongly projecting beyond the surface of the test; sutures
strongly depressed; wall with a number of coarse sand grains in the
surface layer of calcareous cement; surface very rough, studded with sand
particles of different size and shape in a disorderly manner; aperture
circular, at the end of a very short neck, extending beyond the outline of
the test, with an exserted lip and a short narrow or quadrate tooth.

Variability and ontogeny. The test shape varies from oval to S-shaped.
The extension of the chamber is also variable, being very short or lacking
at all. The characteristic features of the species are very prominent
chambers, with deep grooves between them. The internal structure is
irregularly quinqueloculine, the chambers increase considerably in size



MILIOLIDAE FROM MIOCENE OF POLAND 101

and are almost round in cross-section. The specimens sectioned belong to
the mega I (?) generation; PD 70 u (Text-fig. 34/2).

. Remarks. — This species differs from Sigmoilina rustica Bermudez
from the Middle Miocene of the Dominican Republic in more elongated
and lower test.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Ligota Zabr-
ska). :

* Siphonaperta mediterranensis (Bogdanowich, 1950)
(Pl. X1V, Figs. 7a, b, 8a, b; Text-fig. 34/4)

1950b. Sigmoilina mediterranensis Bogdanowich; A. XK. Bogdanowich, p. 160, Pl 6,
Fig. 2a-c.

1952. Sigmoilina mediterranensis Bogdanowich; A. K. Bogdanowich, p. 165, Pl. 24,
Fig. 3.

1958. Sigmoilina mediterranensis Bogdanowich; I. V. Venglinsky, p. 87, Pl 17,
Fig la-c.

1959. Sigmoilina mediterranensis Bogdanowich; V. A. Krasheninnikov, p. 86, Pl. 2,
Fig. 3.

Material. — 50 specimens (Coll. No. F-154, Sec. No. 415).

Dimensions: L 0.7-1.2; B 0.35-0.55; T 0.25-0.4.

Description. — Test narrowly oval or quadrangularly oval, periphery
broadly rounded; outer chambers thick, tubular, basically curved and
usually straight at the top, middle chamber large, tubular, convex, fifth
chamber poorly visible or invisible; sutures depressed, indistinct; wall
calcareous, roughened by a thin coating of fine sand grains; aperture
round, at the end of an only slightly developed neck, with a definite lip
and a short simple tooth.

Variability and ontogeny. The test shape is variable, as tbhe last
chamber may be arcuate or straight at the apertural end. The thickness
of the test and the length of the extension of the last chamber are also
variable, being more or less well-developed. The section shows the
irregular quinqueloculine internal structure. The specimen sectioned
represents the mega 1 (?) generation; PD 70 u (Text-fig. 34/4).

Remarks. — The autor of the species figured a specimen, the test
morphology of which resembles our specimens; it has a prominent middle
chamber and a narrowly oval test. However, he mentioned in the descrip-
tion that the species includes also flat forms, broadly oval in shape and
with the spiroloculine arrangement of chambers in the mature stage. In
our materials from coeval beds both forms described by Bogdanowich
occur together. As Bogdanowich does not illustrate the flattened forms,
and our analogical flat forms from the Miocene of Wieliczka have been
identified as Sigmoilopsis foeda (Reuss), it is supposed that Bogdanowich'’s
flat forms also belong tothis last species. The slender quinqueloculine
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forms, with a projecting middle chamber and depressed sutures are
regarded as belonging to S. mediterranensis (Bogdanowich). Nevertheless,
slender and convex forms without depressed sutures and distinct convex
middle chambers should be cosidered to be juvenile stages of Sigmotlopsis
foeda (Reuss).

" Distribution. — Poland: Tortonian (Benczyn, Brzeznica, Gliwice Stare,
Grabki Duze, Karsy, Krywald, Ligota Zabrska, ¥.eki Dolne, Niskowa, Wie-
liczka). Czechoslovakia: Tortonian, Devinska Nova Ves, Zidlochovice.
USSR: Miocene, Tarkhan and Tchokrak of Crimea and Caucasus; Konka
of West- and East Precaucasian region; Lower Sarmatian of Trans-
carpathians.

Siphonaperta ovalis n.sp.
(Pl. X1V, Fig. 4a-c; Text-fig. 34/3)

Holotypus: Pl. X1V, Fig. 4.

Locus typicus: Niskowa near Nowy Sacz.

Stratum typicum: Upper Tortonian (Badenian) clays underlaying sands.
Derivatio nominis: ovalis (Lat.) —from the oval shape of the test.

Diagnosis. — Test regularly oval; surface evenly covered with fine sand
grains of nearly the same size.

Material. — 40 specimens (Coll. No. F-155, Sec. No. 416).

Dimensions: Holotype length 0.6 mm; breadth 0.35 mm; thickness
0.2 mm; Paratypes length 0.45-1.0 mm; breadth 0.3-0.55 mm; thickness
0.1-04 mm.

Description. — Test regularly oval, triangular with rounded edges in
cross-section, periphery broadly rounded; outer chambers arcuate, of uni-
form width, with flattened sides, last chamber slightly extended down-
wards, middle chamber convex, distinct, occupying about one-third of test
breadth, fifth chamber small but clearly visible; sutures distinct, slightly
depressed; wall calcareous, regularly covered with fine sand grains, which
are even with the surface; aperture circular, flush with the periphery or
at the end of the slightly extended last chamber, with a distinct lip and
a simple tooth slightly widened at the end.

Variability and ontogeny. The distinctive features of the species are
the constant regular shape of the test and the uniform type of wall
agglutination. The sections show a regular quinqueloculine arrangement
of chambers which gradually increase in size and are square-oval in cross-
section. The specimens sectioned belong to the micro generation, proloculus
diameter is 20 u (Text-fig. 34/3).

Remarks. — This species does not resemble any form known to the
author from literature and materials available.

Distribution. — Poland: Upper Tortonian (Niskowa).
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-Subfamily Miliolinellinae Vella, 1957, emend. L.uczkowska, 1972
- Genus. Miliolinella Wiesner, 1931, emend. Luczkowska, 1972

+ Miliolinella banatiana nom.n.
(Pl. XIX, Figs 1—5, Text-fig. 35)

1868. Triloculina dilatate Karrer; F. Karrer, p- 139, PL. 2, Fig. 1. non Quinqueloculina
dilatata d’Orbigny, 1839, preoccupied.

Material. — 60 specimens (Coll. No. F-156, Sec. No. 339, 393—401).

Dimensions: L 0.4-0.6; B 0.35-0.6; T 0.20-0.40.

Description. — Test c1rcu1ar usually broader than longer, centrally
depressed, periphery broadly rounded; chambers broad, inflated, semi-
circular in outline, middle chamber small, two last chambers of adult
specimens tending to become planispiral, occasionally slightly evolute;
sutures depressed, distinct, with narrow strip along the sutures; surface
smooth, glossy, in large specimens covered with irregular transverse
wrinkles; wall thin; aperture large, broad and low, semicircular, with an
everted border and a broad and low, sickle-shaped tooth.

Variability. The last chamber may be more or less inflated, having
flattened sides and a rounded periphery in some specimens (Pl. XIX,
Figs 1, 2), while in others the periphery is so much enlarged and swollen,
that the test becomes triangular in cross-section (Pl. XIX, Fig. 5).

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation; PD 30—50 . The internal structure is initially crypto-
quinqueloculine, then irregularly triloculine to become planispiral in the
adult stage, as in Sinuloculina (Text-fig. 35). A turn of the coiling axis
appears after a few juvenile chambers (Text-fig. 35/1, 2). The coiling axis
may undergo another change, which is indicated by the tendency for the
last chamber to uncoil in some specimens (Pl. XIX, Figs 2, 4a, b).

D) @& @

Fig. 35. Morphological variability and internal structure of Miliolinella banatiana
nom. n., Upper Tortonian, Weglinek, micro generation; 1,2 — evident turn of coiling
axis; 3 — typical form; a side view, b cross-section.
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Remarks. — This species approach morphologically to Miliolinella
circularis (Bornemann), but differs in having a quadrangular-oval test
shape, not tapering at the end, in its rough surface, covered with trans-
verse wrinkles, and in the broader aperture with a sickle-shaped tooth. It
resembles also M. subrotunda (Montagu), but differs in the quadrangular-
oval test shape and in the tendency for its several last chambers to be
arranged in a single plane. From M. dilatata (d’Orbigny) it differs in its
more compact and higher test and more inflated chambers.

Distribution. — Poland: Upper Tortonian (Ligota Zabrska, Weglinek,
Wierzchowiska). Romania: Tortonian, Kostej in Banat.

X Miliolinella enoplostoma grammostoma (Reuss, 1867)
(Pl. XX, Fig. 3a-c) i

1867. Triloculina enoplostoma grammostoma Reuss; A. E. Reuss, p. 71, Pl 2, Fig. 5.

Material. — 6 specimens (Coll. No. F-157).

Dimensions: L 0.7-0.8; B 0.55-0.7; T 0.4-0.7.

Description. — Test compact, nearly circular, triangular in cross-
section, periphery broadly rounded; chambers inflated, with flattened
sides, broad at the base and considerably narrowing towards the end, last
chamber large, inflated, somewhat contracted at the periphery, middle
chamber oval, distinct, occupying one-third of the breadth of the front
side; sutures distinct, with slightly marked groove along the inner chamber
edge; surface smooth, polished; aperture small, semicircular with a small
semicircular flap, which is depressed in the middle.

Variability. The flattening of the last chamber periphery is variable,
which gives it its irregular, more or less triangular appearance in cross-
section. Some specimens lack the flap in the aperture.

Remarks. — The specimen figured originates from Wieliczka and
coincides with the description of Reuss, the other specimens of this species
found in Wieliczka are less regular in shape. It resembles Triloculina
austriaca d’Orbigny in morphology, but differs in the aperture with a flap.
It differs from Miliolinella valvularis (Reuss) in the marked flattening of
the last chamber periphery, as in Triloculina, and in its much smaller
aperture. The author expressed the opinion earlier (Luczkowska, 1967)
that M. enoplostoma grammostoma corresponds rather to M. wvalvularis
(Reuss). In fact, these two forms are very close to each other. Considering
however that in Wieliczka only a few morphologically differentiable
specimens of either species have been found, and none of the abundant
specimens of M. valvularis from other localities of the Upper Tortonian
has a flattened periphery of the last chamber, as in M. enoplostoma
grammostoma, the subspecies from Wieliczka has been retained as valid.

Distribution. — Poland: Tortonian (Wieliczka).
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Miliolinella selene (Karrer, 1868)
(PL. XX, Figs 1, 2; Text-fig. 36)

1868. Triloculina selene Karrer; F. Karrer, p. 138, Pl. 1, Fig. 12.

1950b. Miliolina selene (Karrer); A. K. Bogdanowich, p. 155, Pl. 5, Fig. 3.

1952. Miliolina selene (Karrer); A. K. Bogdanowich, p. 119, Pl. 12, Fig. 1.

1959. Miliolina selene (Karrer); M. Stancheva, p. 243, Pl 3, Fig. 3.

1970. Quinqueloculina selene (Karrer); V. J. Didkovsky & Z. N. Satanovskaja, p. 32,
Pl. 18, Fig. 9 cum syn.

1971. Quinqueloculina selene (Karrer); B. Strashimirov, p. 131, PL 1, Figs. 13, 14.

Material. — Over 500 specimens (Coll. No. F-158, Sec. No. 289—293).

Dimensions: L 0.45-0.8; B 0.35-0.6; T 0.25-0.4.

Description. — Test elongate, oval, rounded-triangular in cross-section,
periphery rounded; chambers broad, somewhat broader at the base and
narrowing towards the aperture, semicircular in cross-section, with
flattened sides, middle chamber oval, tapering at both ends, placed slightly
obliquely; sutures flat, occasionally with a shallow groove along the
chamber edges; wall thin; surface smooth, polished; aperture of variable
shape, semicircular or transverse-slitlike, filled with a flap or with a tape-
shaped arcuate tooth.

Variability. — The thickness of the test and the rounded periphery are
variable and, as a result, the test has a rounded-triangular or broadly oval
shape in cross-section. The last chamber varies from broad to narrow.

imm
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Fig. 36. Morphological variability, internal structure and dimorphism of Miliolinella
selene (Karrer), Upper Tortonian, Gliwice Stare; 1 —form with pseudotriloculine
chamber arrangement, micro generation; 2, 3 — forms with pseudotriloculine chamber
arrangement, mega I generation; 4,5 —forms with cryptoquingueloculine chamber
arrangement, mega I generation; a front view, b apertural view, ¢ cross-section.
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Dimorphism and ontogeny. The sections show forms of the micro
generation, PD 10 u (Text-fig. 36/1) and mega I generation, PD 50—70 u
(Text-fig 36/2—5). The internal structure of the micro generation is
cryptoquinqueloculine initially, then pseudotriloculine, e.g. with one acute
and two obtuse (over 130°) angles, measured between the three last
chambers (Text-fig. 36/1). The mega I generation is cryptoquinqueloculine
throughout. There also exist specimens with four (Pl. XX, Fig. 1) or even
five chambers visible from outside (Pl. XX, Fig. 2).

Remarks. — This species differs from Miliolinella valvularis (Reuss) in
its more elongated test shape, thinner wall, and broader, transversely
contracted aperture.

Distribution. — Poland: Tortonian (Gliwice Stare, Grabki Duze, Karsy,
Korytnica, Krywald, Ligota Zabrska, Zrecze). Bulgaria: Tortonian, the
north-western and north-eastern regions of Bulgaria. Czechoslovakia:
Lower Tortonian, Zidlochowice. Romania: Tortonian, Kostej in Banat.
USSR: Lower Oligocene, West Siberia and Middle Asia; Middle Miocene,
West-Precaucasian region, Dagestan, Georgia, Abkhasia, Crimea; Lower
Tortonian, Volhyn-Podolia Platform.

X Miliolinella valvularis (Reuss, 1851)
(Pl. XX, Figs 4, 5; Text-fig. 37)

1851. Triloculina valvularis Reuss; A. E. Reuss, p. 85, Pl. 7, Fig. 56.

Material. — About 100 specimens (Coll. No. F-159, Sec. No. 285, 288,
294—296).

Dimensions: 1. 0.35-1.0; B 0.32-0.85; T 0.25-07.

Description. — Test regularly oval, periphery broadly rounded, cross-
section broadly oval or triangular-oval in outline; chambers broad, inflated,
slightly narrowing at both ends, middle chamber convex, oval or narrowly
oval with tapering ends, occupying one-third of the breadth of the front
side; sutures somewhat depressed, with longitudinal groove along the
chamber edges; surface smooth; wall thick; aperture semicircular or
slightly triangular, with sinuous border and tongue-shaped flap, the central
portion of which is slightly depressed.

Variability. The number of chambers visible from outside is variable,
three in typical specimens or two in non-typical ones in which the last
chambers embrace those of the previous whorls so that only a narrow
trace of the third chamber remains between them (Pl. XX, Fig. ba-c). The
aperture flap of such “pseudobiloculine” specimens is thickened and
convex, without a depression in the central part. The “pseudobiloculine”
specimens resemble Pyrgoella, but they never have chambers arranged
in a single plane.

Dimorphism and ontogeny. The specimens sectioned represent the
micro generation, PD 10 u, and the mega I generation, PD 70—100 u. The
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internal structure of both generations is initially triloculine, then
irregularly triloculine, one of the angles measured between the three last
chambers being less than 90° and two exceeding 120° (Text-fig. 37/2, 3).
Large two-chambered forms have always an irregular triloculine (pseudo
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Fig. 37. Ontogeny and dimorphism of Miliolinella valvularis (Reuss), Upper Tortonian,

Krywald borehole, depth 72-74 m; 1 — pseudobiloculine form, micro generation; 2 —

pseudotriloculine form, mega 1 generation; 3 — cryptoquinqueloculine form, mega
I generation; a front view, b apertural view, ¢ cross-section.

triloculine) chamber arrangement despite their “pseudobiloculine” appear-
ance (Text-fig. 37/1).

Remarks. — Pseudobiloculine forms differ from Pyrgoella ventruosa
(Reuss) and P. controversa (Bogdanowich) in having larger tests, thicker
walls, a more oval shape and pseudotriloculine internal structure. They
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differ from Miliolinella enoplostoma grammostoma (Reuss) in lacking
a distinctive flattening of the last chamber periphery. Compared with the
topotypes from Hermsdorf, the specimens studied do not show any
essential differences.

Distribution. — Poland: Upper Tortonian (Brzeznica, Budy, Gliwice
Stare, Grzybow, Krywald, Ligota Zabrska, Zglobice, Zrecze). GDR:
Oligocene, Hermsdorf near Berlin.

Genus Affinetrina Luczkowska, 1972

X Affinetrina cubanica (Bogdanowich, 1947)
(Pl. XXVI, Fig. 4a-c, Text-fig. 38/5)

1947. Miliolina cubanica Bogdanowich; A. K. Bogdanowich, p. 20, Pl. 1, Fig. 6.
1952. Miliolina cubanica Bogdanowich; A. K. Bogdanowich, p. 129, Pl. 15, Fig. 2, 3.

(3,4,6) — 1mm )

N (1,2,5)- 1mm ]

La

4e ) 5¢

Fig. 38. Morphology and internal structure of Affinetrina: 1,2 — A. planciana (d’Or-
bigny), Upper Tortonian, Gliwice Stare; 1 — micro generation, triloculine chamber
arrangement, periphery broadly rounded and truncate, 2 — mega I generation, pseudo-
triloculine chamber arrangement, periphery rounded; 3 — A. gualtieriana (d’Orbigny),
Upper Tortonian, Gliwice Stare, micro generation, cryptoquinqueloculine chamber
arrangement, subacute periphery; 4 — A. ucrainica (Serova), Upper Tortonian, Wegli-
nek, micro generation, cryptoquinqueloculine chamber arrangement; 5 — A. cubanica
(Bogdanowich), Lower Sarmatian, Zrecze-3 borehole, depth 11 m, micro generation,
triloculine chamber arrangement; 6 — A.voloshinovae timenda (Chutzieva), Lower
Sarmatian, Zrecze-3 borehole, depth 11 m, micro generation, pseudotriloculine
chamber arrangement; a front view, b apertural view, c cross-section.
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1961. Triloculina cubanica (Bogdanowich) var. cubanica (Bogdanowich); V. J. Did-
kovsky, p. 109, Pl. 18, Fig. 4a-c.

Material. — 15 specimens (Coll. No. F-160, Sec. No. 340, 403).

Dimensions: L. — 0.2-0.4; B — 0.15-0.35; T — 0.1-0.2.

Description. — Test very small, nearly circular, tapering towards the
aperture, periphery broadly rounded; chambers inflated, slightly narrow-
ing towards the aperture, middle chamber narrow and oblique; sutures
somewhat depressed; wall thin; surface smooth, polished; aperture in the
form of a high narrow slit, slightly widened at the top, placed somewhat
oblique to the penultimate chamber, sloping, and filled with a simple
longitudinal tooth.

Variability. Some specimens of this species are more regularly oval
in shape. Its prominent feature is the arcuate border of the aperture,
which is always in an oblique position.

Dimorphism and ontogeny. The specimens sectioned belong to the micro
generation; PD 30 u. The internal structure initially cryptoquinqueloculine,
then triloculine (Text-fig. 38/5).

Remarks. — This species differs from Affinetrina ucrainica (Serova,
1952) in its more rounded test shape, considerably thinner wall, and the
oblique position of the aperture.

Distribution. — Poland: Upper Tortonian, Gliwice Stare, Grabowiec,
Grzybow, Weglinek, Zrecze). USSR: Lower and Middle Sarmatian, Black
sea Depression, North and West Caucasus and Ukraine.

Affinetrina gualtieriana (d’Orbigny, 1839)
(Pl. XXVI, Figs 1, 2; Text-fig. 38/3)

1839. Triloculina gualtieriana d’Orbigny; A. d’Orbigny, in: Ramon de la Sagra, p. 170,
Pl. 9, Figs 5—17; fide Catalogue Ellis & Messina.

Material. — 60 specimens (Coll. No. F-161, Sec. No. 390—392).

Dimensions: L — 0.3-0.6; B — 0.18-0.35; T — 0.1-0.2,

Description. — Test quadrangular-oval, elongated, regular, subtriangu-
lar in cross-section, periphery narrowly rounded; chambers flat, of nearly
uniform width, strongly expanded at the aperture, middle chamber narrow
and elongated; sutures flat, distinct; wall thin; surface covered with
irregular thick short striations, giving the test its rough appearance;
aperture high, narrow, with arcuate border, which is bent to the back
and parallel to the flattening of the test, with long simple tooth, sometimes
projecting beyond the aperture edge.

Variability. The test shape is stable, the flattening of chambers vari-
able, its degree being occasionally slightly differentiated. The number of
chambers visible from outside varies from 3 to 5.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation; PD 30 u. The internal structure is cryptoquinqueloculine
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throughout, only the juvenile stage being sometimes quinqueloculine
(Text-fig. 38/8). The chambers of juvenile stage show a broadly rounded
periphery, which becomes narrowly rounded as they grow.

Remarks. — This species differs from Affinetrina planciana (d'Orbigny)
in having distinctly flattened sides also in adult specimens, whereas in
A. planciana the periphery becomes enlarged and inflated in the course
of growth. It differs also in its much more flattened sutures, thinner
walls, and higher and narrower aperture. From A. deplanata Rhumbler
it differs in the distinctive distension of chambers near the aperture,
where they are also bent to the back.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Ligota Zabr-
ska). Cuba: Recent.

+ Affinetrina planciana (d’Orbigny, 1839)
(Part. I, Pl. XIII, Figs 4a-c, 5a-c; Part. II, Text-fig. 38/1, 2)

1839. Triloculina planciana d’Orbigny; A. d’Orbigny, in: Ramon de la Sagra, p. 173,
Pl 8, Figs 17—19; fide Catalogue Ellis & Messina.

Material. — 80 specimens (Coll. No. F-179, Sec. No. 206, 209).

Dimensions: L, — 0.6-1.2; B — 0.4-0.95; T — 0.3-0.5.

Description. — Test rhomboid-oval, irregular, tapering at both ends,
strongly inflated, periphery broadly rounded and somewhat truncate;
chambers broad at the base, narrowing upwards and broadened again at
the aperture, middle chamber irregularly oval tapering at both ends,
slightly convex; sutures distinct, depressed; wall thick; surface covered
all over with irregular short longitudinal striations giving the test its rough
appearance; aperture surrounded with a thickened rim, high and narrow,
bent distinctly to the back and filled with a long tooth slightly blfurcated
at the end.

Variability. The thickness of the test is variable, the test being nearly
square in cross-section in large specimens; then the chambers become
more inflated, the periphery truncate and the aperture widened, with
a Y-shaped tooth. The aperture of typical specimens is high and narrow.

Dimorphism and ontogeny. The specimens sectioned represent the
micro generation, PD 20 u, and the mega I generation, PD 80 u. The in-
ternal structure of the micro generation is initially cryptoquinqueloculine,
then triloculine (Text-fig. 38/1), that of the mega I generation is irregularly
triloculine throughout (Text-fig. 38/2). The broadly rounded periphery of
chambers is kept throughout the ontogeny.

Remarks. — This species differs from Affinetrina gualtieriana (d Orbig-
ny) in the higher and irregular test, more inflated chambers, depressed
sutures and broader aperture. The similarity of these species is visible in
the rough, irregularly striated surface. The recent specimens of this species
found in the materials from the Mediterranean Sea do not differ from
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ours. Morphologically our species much resembles Triloculina ukrainica
(Serova) var. satanovi Didkovsky from the Upper Tortonian (Badenian)
of Ukrainian SSR, but differs distinctly in the rough, longitudinally
irregularly striated surface.

Distribution. — Poland: Upper Tortonian (G11w1ce Stare, Weghnek)
Cuba and Jamaica: Recent.

Affinetrina ucrainica (Serova, 1952)
(Pl. XXVI, Fig. 3a-c; Text-fig. 38/4)

1952. Miliolina ucrainica Serova; in: A. K. Bogdanowich, p. 104, Pl. 8, Fig. 2.

1955. Miliolina cuneata (Karrer) var. ucrainica Serova; M. J. Serova, p. 308, Pl 3,
Figs 7—9.

1959. T'rgiloculina confirmata Krasheninnikov; V. A. Krasheninnikov, p. 83, Pl 7,
Fig. 3a-c.

1961. Triloculina ukrainica (Serova) var. ukrainica (Serova); V. J. Didkovsky, p. 94,
Pl 19, Fig. la-c.

1968. Triloculina ukrainica (Serova); B. Ionesi, p. 263, Pl. 11, Figs 18—20.

1970. Quinqueloculina guriana Djanelidze; O. Djanelidze, p. 101, Pl 19, Fig. 4a-c,
cum syn.

Material. — 20 specimens (Coll. No. F-163, Sec. No. 402).

Dimensions: L 0.3-0.65; B 0.2-0.45; T 0.15-0.35.

Description. — Test oval-quadrangular, periphery rounded; chambers
broad and curved at the base, become straight and narrow towards the
end, middle chamber oval and small; sutures slightly depressed; wall
thick; surface smooth, polished; the aperture occurs as a high narrow slit,
parallel to the flattening of the test, filled with a thin longitudinal tooth.

Dimorphism and ontogeny. The micro generation with the P diameter
30 u has been found; its internal structure is cryptoquinqueloculine. The
shape of chambers is invariably semicircular in cross-section (Text-fig.
38/4).

Remarks. — This species differs from Affinetrina cubanica (Bogda-
nowich) in the larger and more elongated test shape, thiner walls, and
aperture parallel and not oblique, to the flattening of the test. It has also
a cryptoquinqueloculine, not triloculine internal structure in the adult
stage, and semicircular, not sickle-shaped, chamber cross-sections. It is
very similar to Quinqueloculina seminulum meotica (Gerke) and to
Q. pseudocuneata Gerke (in Bogdanowich, 1969), but differs from the first
form in its more rounded periphery and higher test, and from the other
form in the higher and narrower aperture. Both forms are compared
by Gerke with Q. seminulum or were described before as “varieties” of
Q. seminulum. However, judging -from the description and illustrations
both these forms have a little in common with @. seminulum, because the
type of aperture refers them to the genus Affinetrina, and their internal
structure, according to Gerke, is cryptoquinqueloculine. On the basis
of these characters, they should be included in the genus Affinetrina.
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Quinqueloculina guriana Djanelidze has also been synonymized with
A. ucrainica although this author reports that the difference between these
two forms consists in the presence of a keel on the last chamber of
A. ucrainica. Since in the description of this species the author did not
mention the presence of the keel, and neither it is figured in the illustra-
tions of A. ucrainica, this feature has been omitted in the present descrip-
tion.

Distribution. — Poland: Upper Tortonian (Bogucice, Ligota Zabrska,
Rytwiany, Weglin). Romania: Lower Sarmatian, the Moldavian Plat-
form. USSR: Upper Tortonian, Volhyn-Podolian Platform, West Ukraine,
Georgia.

Affinetrina voloshinovae timenda (Chutzieva, 1960)
(Pl. XXVI, Fig. 5a-c; Text-fig. 38/6)

1960. Quinqueloculina wvoloshinovae (Bogdanowich) var. timenda Chutzieva; in
A. K. Bogdanowich, p. 245, Pl. 1, Figs 5, 6.

Material. — 40 specimens (Coll. No. F-164, Sec. No. 404, 405).

Dimensions: L 0.25-0.35; B 0.15-0.25; T 0.12-0.2.

Description. — Test very small, oval in shape, periphery rounded;
chambers somewhat inflated, broad at the base and narrowing towards
the aperture, middle chamber small and narrow; sutures depressed,
indistinct, masked with ornamentation; wall thin; surface ornamented
with short irregular ridges, running in different directions; aperture very
narrow, high, parallel to the flattening of the test and filled with a long
narrow tooth.

Variability. This species is characterized by its ornamentation which is
irregular and variable. There exist spinose or nodulose protuberances
in some specimens and they are prominent in the lower part of the
chambers and disappear near the aperture.

Dimorphism and ontogeny. The specimens sectioned represent the
micro generation; PD 30 u. The internal structure is triloculine, the
chambers of the last whorl are irregularly triloculine (Text-fig. 38/6).

Remarks. — This species morphologically resembles Affinetrina cuba-
nica (Bogdanowich, 1947), but differs in the ornamentation of the test.
1t is very close to Varidentella nanae (Maissuradze) in its shape and
ornamentation, but differs in the distinct high and narrow aperture with
a long tooth, and not broad and low with a quadrate tooth. It is quite like
Triloculina taiwanica Ishizaki, 1943, from the Pliocene of Formosa, differs
however in having a higher test, tapering at the top, a narrower aperture
and the ornamentation composed of irregular ridges, not of irregular
costae.

Distribution. — Poland: Lower Sarmatian, (Dwikozy, Grzybow, Zrecze).
USSR: Middle Sarmatian, West Precaucasian region.
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Genus Biloculinella Wiesner, 1931
+ Biloculinella labiata (Schlumberger, 1891)
(Pl. XXI, Figs 8, 9)

1891. Biloculina labiata Schlumberger; C. Schlumberger, p. 556, Pl. 9, Figs 60—62,
Text-figs 13, 14.

1911, Biloculina haddoniana Wright; J. Wright, p. 14, PL 2, Fig. 22qa, b; fide Catalogue
Ellis & Messina.

1957. Pyrgo haddoniana (Wright); T. Smigielska, p. 263, Pl. 16, Fig. 12.

Material. — About 100 specimens (Coll. No. F-165).

Dimensions: L 0.45-1.1; B 0.35-0.9; T 0.25-0.75.

Description. — Test oval, slightly tapering at both ends; chambers
somewhat inflated, penultimate chamber narrowing and truncate at the
base, rounded at the top; chamber sides slightly sloping, narrow, of
uniform width, with narrowly rounded periphery; surface smooth,
polished; aperture broad, semicircular, nearly filled up with a semicircular
flat flape, which is somewhat inclined towards the last chamber.

Variability. The test shape is variable, being circular (Pl. XXI, Fig. 8)
or oval (Pl. XXI, Fig. 9).

Dimorphism and ontogeny. From Schlumberger’s illustration it follows
that in this species there exist micro (p. 170, Fig. 14) and mega II? (p. 169,
Fig. 13) generations, which do not differ in morphology. The internal
structure of the micro generation is initially quinqueloculine, then crypto-
quinqueloculine and finally biloculine.

Remarks. — Schlumberger’s illustrations (Pl. 9, Figs. 60—62) and
text-figures of this species show a sharp and keeled periphery of chambers.
Such a keeled periphery has not been met by the author with any of the
Recent specimens, from the Adriatic and the Mediterranean Sea or in
the Miocene specimens, the shape of which is identical with that of speci-
mens from Recent seas. The illustration of a paratype of B. labiata given
by Loeblich & Tappan (1964, p. C 467, Fig. 3565, 3—5) shows an acute peri-
phery, like that in Schlumberger’s specimens, distinguishing this species
from the Recent and fossil specimens mentioned above. However, on the
basis of the identical shape of chambers and aperture, the Miocene speci-
mens have been recognized as belonging to B. labiata.

Distribution. — Poland: Tortonian (Badenian), (Gliwice Stare, Grzybéw,
Ligota Zabrska, Wieliczka). Recent: Mediterranean Sea.

Genus Crenatella Luczkowska, 1972
Crenatella mira Luczkowska, 1972

The description and illustrations are given in Part 1.

8 Acta Palaeontologica nr 1/74
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Genus Flintina Cushman, 1921
Flintina truncata (Karrer, 1865)
(Pl. XX1V, Figs 3,4)

1865. Triloculina truncata Karrer; F. Karrer, p. 704, Pl. 1, Fig. 2a-c.
1904. Miliolina subrotunda Montagu, sp.; H. Sidebottom, p. 8, Pl. 3, Figs 1—17.

Material. — 20 specimens (Coll. No. F-167).

Dimensions: L 0.65-0.8; B 0.75-0.8; T 0.5.

Description. — Test subrounded, broader at the top, periphery broadly
rounded; 2—3 chambers of the last whorl much inflated, very broad,
middle chamber partly visible in the upper part of one side only; sutures
distinct, flat, with a marked rim along the inner edges of chambers;
surface smooth, polished, with faint transverse wrinkles; wall thin; aper-
ture very large, circular or oval, surrounded with a thickened rim and
with a massive, short Y-shaped tooth, projecting somewhat above the
aperture border.

Variability. The test shape is very variable, as the evolving chambers
of the last whorl are irregular. There exist specimens, the last chamber
of which deviates slightly from the coiling axis (Pl. XX1IV, Fig. 3), and
others with the last chamber shorter and more inflated (Pl. XXIV, Fig. 4).

Remarks. — This species described from the Leitha-limestones at Stei-
nabrunn (Austria), has not been found by the author in materials avail-
able from Austria. It is morphologically similar to Sinuloculina cyclostoma
(Reuss), but differs in being more expanded at the top and in having
more than two chambers in the last whorl. From Flintina tutkowskii
Bogdanowich from the Middle Sarmatian of the West Ukraine it differs
in its broadly rounded, not narrowly rounded or acute, periphery. From
F. corporata Bogdanowich from the Konka beds of the West Caucasian
Foreland it differs in the more inflated chambers and the broader aper-
tural end of chambers; otherwise, the two species are very similar.

Distribution. — Poland: Upper Tortonian (Bogoria, Weglinek). Austria:
Tortonian, Steinabrunn, Vienna Basin.

Genus Pyrgo Defrance, 1824
X Pyrgo amphiconica (Reuss, 1850)
(Pl. XX1I, Figs 6a, b, 7, 8; Text-fig. 39/2)
1850. Biloculina amphiconica Reuss; A. E. Reuss, p. 382, Pl. 49, Fig. 5.
1867. Biloculina amphiconica Reuss var. plastystoma Reuss; A. E. Reuss, p. 53, Pl. 1,
Fig. 8.
1867. Biloculina larvata Reuss; ibidem, p. 70, Pl. 2, Fig. 3.
Material. — Over 500 specimens (Coll. No. F-168, Sec. No. 406, 407).
Dimensions: L 0.4-1.5; B 0.4-1.5; T 0.25-1.0.
Description, — Test nearly circular, truncate at both ends; chambers
strongly inflated, with acute edges, periphery narrow, undulate, that of
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penultimate chamber projecting above the surface; sutures distinct;
surface smooth, polished; aperture very broad, occasionally occupying the
whole breadth of the test, with a low and wide, tape-shaped tooth which
has lateral extensions at both sides.

Variability and ontogeny. The topotypes from Wieliczka show a very
variable aperture which may be small (Pl. XXII, Figs 7, 8) or wide and
low (Pl. XII, Fig. 6.). The convexity of chambers is also variable, for they
are sometimes more inflated basically, and then the lateral outline of
the test is S-shaped, as in Pyrgo inornata d’Orbigny. The specimens
sectioned belong to the micro generation; PD 10 u. The internal structure
is initially irregularly triloculine, then biloculine. The juvenile triloculine
stage is very small in comparison with the biloculine stage (Text-fig. 39/2).

—

Fig. 39. Internal structure of Pyrgo and Pyrgoella: 1 — Pyrgo truncata (Reuss), Lower
Tortonian, Wieliczka, micro generation; 2 — Pyrgo amphiconica (Reuss), Lower
Tortonian, Wieliczka, micro generation; 3 — Pyrgoella ventruosa (Reuss), Lower
Tortonian, Wieliczka, mega I generation; 4 — Pyrgo clypeata (d'Orbigny), Lower Tor-
tonian, Karsy, mega I generation; 5, 6 — Pyrgo inornata (d'Orbigny), Upper Tortonian,
Gliwice Stare; 5 — micro generation, 6 —mega II generation; 7 — Pyrgo lunula
(d’Orbigny), Upper Tortonian, Gliwice Stare, mega I (?) generation; 8 — Pyrgo sub-
sphaerica (d’Orbigny), Upper Tortonian, Gliwice Stare, mega I (?) generation; 9 —
Pyrgoella controversa (Bogdanowich), Upper Tortonian, Gliwice Stare, mega I gene-
ration. -

ge
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Remarks. — The topotypes from Wieliczka have not an acute process
at the base, like that figured by Reuss (op. cit., Pl. 49. Fig. 5). On the
contrary, the lower edge of the test is truncate and parallel to the aperture
edge. The form illustrated by Reuss was probably an atypical one, or the
spine at the base was a part of the apertural tooth left after the removal
of the last chamber. The variety “platystoma” distinguished by Reuss
(1867, Pl. 1. Fig. 8.) and Pyrgo larvata (Reuss) which was found in
materials from Wieliczka only in the form figured in Pl. XXII, Fig. 8
of this paper, lie within the variation range of P. amphiconica. This species
differs from P. lunula (d’Orbigny) in the more inflated test, much narro-
wer chamber sides, narrower slitlike aperture, and low and broad tooth.
The topotypes of P. lunula from Baden (Austria) are actually more
flattened and have broader chamber sides and a considerably smaller
aperture. It is not clear, however, if these characters are not ones of
juvenile P. amphiconica, because such juvenile specimens of P. amphico-
nica may be found in materials from Wieliczka (Pl. XXII, Fig. 7.). Owing
to the scarcity of the material from Baden available it is not possible to
decide the problem.

Distribution. — Poland: Tortonian (Gliwice Stare, Wieliczka).

+ Pyrgo clypeata (d’Orbigny, 1846)
(Pl. XXII, Fig. 2a, b; Text-fig. 39/4)

1846. Biloculina clypeata d'Orbigny; A. d’Orbigny, p. 263, Pl. 15, Figs 19—21.

Material. — About 100 specimens (Coll. No. F-169, Sec. No. 435).

Dimensions: L 0.55-1.3; B 0.4-1.1; T 0.3-0.9.

Description. — Test broadly oval, slightly tapering towards the aper-
ture, narrowly oval in cross-section; chambers moderately inflated, arcuate
in cross-section, lower part of penultimate chamber extended downwards
and truncate, chamber edges, rounded, chamber periphery fairly broad,
widened at the base, and nearly flat; sutures distinct, not depressed; sur-
face smooth, polished; aperture semicircular, small, slightly prominent,
with a transverse quadrangular tooth and small lateral processes. '

Variability and ontogeny. Only the shape of the test, oval or more
rounded, is variable. The characteristic feature of the species are nearly
flat chamber sides, which are expanded at the bottom. The specimen
sectioned belongs to the mega I generation; PD 110u. The internal struc-
ture is biloculine throughout (Text-fig. 39/4).

Remarks. — From Pyrgo (Biloculinella?) affinis (d’Orbigny, 1846) this
species ‘differs in its quadrangular, not arcuate, tooth and more flattened
test.

Distribution. — Poland: Tortonian (Benczyn, Gliwice Stare, Grzybéw,
Karsy, Korytnica, Krywald, Ligota Zabrska, Weglinek, Wieliczka). Austria:
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Tortonian, Baden, Nussdorf, Vienna Basin. Czechoslavakia: Lower Torto-
nian, Zidlochovice.

X Pyrgo inornata (d'Orbigny, 1846)
(Pl. XX1I, Fig. 3a, b; Text-fig. 39/5, 6)

1846. Biloculina inornata d’Orbigny; A. d’Orbigny, p. 266,, Pl. 16, Figs 7—9.
1867. Biloculina bulloides d’Orbigny var. truncata gracilis Reuss; A. E. Reuss, Pl 2,
Fig. 2.

1868. Biloculina tenuis Karrer; F. Karrer, p. 133, PL 1, Fig. 5.

1952. Pyrgo inornata (d’Orbigny); A. K. Bogdanowich, p. 168, Pl. 25, Figs 3, 4.

1956. Pyrgo inornata (d’Orbigny); A. Sulimski, p. 74, PlL. 2, Fig. 2a-c.
Material. — About 200 specimens (Coll. No. F-170, Sec. No. 436a,b).
Dimensions: L 0.4-1.3; B 0.2-0.95; T 0.25-0.9.

Description. — Test oval, tapering towards the aperture and expanded
at the base; chambers inflated, usually semicircular in cross-section, lower
part of penultimate chamber narrowing downwards and truncate; perip-
hery broadly rounded; chamber sides narrow at the top, broader at the
base and somewhat sloping; sutures distinct; surface smooth, polished;
aperture small, semicircular, with a low transverse-quadrangular tooth
of variable width and with small lateral processes.

Variability and ontogeny. The test shape is variable and oscillates
between regularly oval and narrowly oval. The convexity of the
penultimate chamber is also variable; it usually occurs in the central
portion, but is occasionally displaced upwards, with the lower portion of
the chamber flat. Such specimens morphologically resemble Pyrgo
oblonga (d’Orbigny). The specimens sectioned represent the micro genera-
tion, with the proculus diameter 10 p, and the mega II generation, the
proculus of which is very large, its diameter being 320 u (Text-fig. 39/5, 6).
The internal structure of the micro generation is initially irregularly
triloculine, later biloculine, that of the mega II generation is biloculine
throughout.

Remarks. — This species differs from Pyrgo oblonga (d’Orbigny, 1839)
in the more regular shape of the test, which does not taper so much at
the top and expand at the base. P. tenuis (Karrer, 1868) from the Miocene
of Kostej probably represents the juvenile stage of P. elongata, the test
of which may have a similarly elongated and flattened shape. P. bulloides
truncata gracilis, figured by Reuss (1867) from the Miocene of Wieliczka,
does not differ from P. inornata from Baden. The topotypes of P. inornata
from Baden are identical with those from the Miocene of Poland, but they
are more flattened than the specimen in d’Orbigny’s illustration. As both
more or less inflated forms occur in our material, the convexity of the
test has been assumed to be exponent of intraspecific variakility. From
P. clypeata (d’Orbigny, 1846) P. inornate differs distinctly in its more
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elongated, narrowing upwards test shape and in the more rounded peri-
phery.

Distribution. — Poland: Tortonian (Bogucice, Brzeznica, Gieraszowice,
Gliwice Stare, Grzyboéw, Karsy, Krywald, Ligota Zabrska, Wieliczka).
Austria: Tortonian, Baden, Vienna Basin. Czechoslovakia: Lower Torto-
nian, Zidlochovice. Romania: Tortonian, Kostej in Banat. USSR: Middle
Miocene, West Ukraine.

X Pyrgo lunula (d’Orbigny, 1846)
(Pl. XXII, Fig. 5a, b; Text-fig. 39/7)

1846. Biloculina lunula d’Orbigny; A. d’Orbigny, p. 264, Pl. 15, Figs 22—24.
1868. Biloculina scutella Karrer; F. Karrer, p. 134, Pl. 1, Fig. 7.

1952. Pyrgo lunula (d’Orbigny); A. K. Bogdanowich, p. 169, Pl. 25, Fig. 6, 7.
1956. Pyrgo lunula (d'Orbigny); A. Sulimski, p. 76, Pl. 2, Fig. la-c.

Material. — About 150 specimens (Coll. No. F-171, Sec. No. 433).

Dimensions: L 0.55-1.4; B 0.5-1.5; T 0.35-1.0.

Description. — Test circular, regular, lenticular in cross-section; cham
bers slightly inflated, circular, arcuate in cross-section; periphery acute;
chamber sides fairly broad, undulating, flat or slightly sloping; sutures
distinct; surface smooth, polished; aperture semicircular, somewhat flat-
tened at the top, with a transverse quadrangular low tooth and lateral
processes.

Variability and ontogeny. The convexity of the chambers and the width
of the aperture and tooth are variable. The specimen sectioned belongs to
the mega 1 generation; PD 130 u. The internal structure is biloculine
throughout (Text-fig. 39/7).

Remarks. — This species is very close to Pyrgo amphiconica (Reuss),
but differs in having broader chamber sides, a more flattened test and an
aperture which is less extended laterally. The topotypes from Baden
correspond to d’Orbigny’s illustration and to our specimens from the
Upper Tortonian.

Distribution. — Poland: Tortonian (Benczyn, Bogucice, Brzeznica, Gli-
wice Stare, Grzybow, Krywald, Ligota Zabrska, Suchowola, Wieliczka).
Austria: Tortonian, Baden, Vienna Basin. Romania: Tortonian, Kostej in
Banat. USSR: Upper Tortonian, Volhyn-Podolian Platform.

Pyrgo subsphaerica (d’Orbigny, 1839)
(Pl. XXII, Fig. 4a,b; Text-fig. 39/8)

1839. Biloculina subsphaerica d'Orbigny; A. d’Orbigny, in: Ramon de la Sagra, p. 162,
Pl. 8, Figs 25—27; fide Catalogue Ellis & Messina.

Material. — About 50 specimens (Coll. No. F-172, Sec. No. 434).
Dimensions: L 0.35-0.75; B 0.25-0.65; T 0.28-0.7.
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Description. — Test nearly spherical, tapering at the top and truncate
at the base; chambers strongly inflated with the periphery rounded in the
upper part and becoming gradually acute towards the base; chamber sides
narrow at the top and broad at the base, having a peculiar sinuous three-
lobed form; sutures indistinct; surface smooth, polished; aperture large,
circular, in nearly horizontal position, surrounded with a thickened rim,
and with a short bifid tooth.

Variagbility and ontogeny. The chamber periphery may be more or
less rounded, sometimes remaining rounded also at the base. The aperture
border is variable as well; it is usually in the shape of a thickened rim
protruding to the outside or a collar inclined to the inside. The specimen
sectioned belongs to the mega I? generation; PD 120 u. The internal
structure is biloculine throughout (Text-fig. 39/8). The juvenile specimens
are more elongated than the adult ones.

Remarks. — Our specimens have more acute periphery and the three-
lobed form of the lower part, in comparison with d’Orbigny’s illustration.
However, as among the members of this species there are also some
specimens with the poorly developed acuteness of the periphery, it may
be assumed that the rounded periphery lies within the limits of intra-
specific variability.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Weglinek).
Recent: Cuba and Jamaica.

+ X Pyrgo truncata (Reuss, 1867)
(Pl. XXII, Fig. 1a, b; Text-fig. 39/1)

1867. Biloculina bulloides d’Orbigny var. truncata Reuss; A. E. Reuss, p. 53, PL 2,
Fig. 1.

1868. Bilgoculina anodonta Karrer; F. Karrer, p. 133, PlL. 1, Fig. 6.

1868. Biloculina bulloides d’Orbigny var. calostoma Karrer; ibidem, p. 132, Pl 1,
Fig. 4.

Material. — About 300 specimens (Coll. No. F-173, Sec. No. 408, 409).

Dimensions: L 0.45-1.8; B 0.4-1.8; T 0.4-1.7.

Description. — Test circular, sometimes somewhat tapering at the top,
broadly oval in cross-section; chambers strongly inflated, the penultimate
chamber of nearly the same size as the last one, being narrower and
truncate at the base; periphery rounded, chamber sides sloping and form-
ing a narrow border around the penultimate chamber; sutures depressed;
surface smooth, polished; aperture semicircular, sometimes slightly pro-
truded and truncate, with a low and broad tooth and lateral processes.

Variability and ontogeny. — The test shape varies from slightly
elongated, with the penultimate chamber extended downwards and trun-
cate, to circular, nearly spherical, with the penultimate chamber circular
too. Large, circular forms may lack the tooth, as in Pyrgo anodonta (Kar-
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rer). The specimens sectioned belong to the micro generation; PD 10 yu,
(Text-fig 39/1). The juvenile stage is irregularly triloculine, then biloculine
chambers are added. The size of the juvenile stage is very small in
comparison with the biloculine stage.

Remarks. — Our specimens correspond to the topotypes from Wieliczka
and to Reuss’s illustration. Large forms identical with Pyrgo anodonta
(Karrer) and P. bulloides calostoma (Karrer) from Kostej are also found
among them. In the comparative materials from Lapugiu there are also
forms with the apertural tooth resembling that of P. anodonta and others
with the protruded and truncate penultimate chamber, as in P. truncata.
As the nearly spherical shape is characteristic of both forms, and the
chamber extension may be regarded as intraspecific variation, they have
been recognized as synonyms. It seems that P. truncata (Reuss) may be
considered an individual species, and not a subspecies of P. bulloides
(d’Orbigny), as its circular shape and broad apertural tooth distinguish it
from this species. P. truncata differs from P. simplex (d’Orbigny) in its
distinctly narrower and more oblique chamber sides and in the protruded
penultimate chamber.

Distribution. — Poland: Tortonian (Brzeznica, Chelm n/Rabg, Gliwice
Stare, Karsy, Krywald, Ligota Zabrska, Rybnica, Wieliczka, Zrecze).
Czechoslovakia: Tortonian, Zidlochovice. Romania: Tortonian, Kostej in
Banat, Lapugiu de Sus.

Genus Pyrgoella Cushman & E. M. White, 1936

This genus contains forms with a spherical test and the last
chamber covering all but the penultimate chamber, like Pyrgoella globi-
formis (Karrer) and P. ventruosa (Reuss), and forms with a more regularly
oval shape of the test, oval or triangular in cross-section. The last
chamber of the latter does not cover the penultimate one, but, what
is more, leaves also the third chamber visible between them, as in
P. controversa (Bogdanowich). Such forms with the third chamber exposed
and with a tongue-like flap in the aperture are usually recognized as
belonging to the genus Miliolinella, which is not correct in the light of the
materials studied. The test of these forms shows a tendency to become
spherical or egg-shaped, and the last chamber in adult specimens embraces
nearly all the chambers of the preceding whorls, whereas in the genus
Miliolinella the test rather shows a tendency to become flattened, and
there are three, four or five chambers visible from outside. The internal
structure of Miliolinella is initially cryptoquinqueloculine, then pseudo-
triloculine, having one acute angle, and two angles, between the last three
chambers, exceeding 120°, and in the genus Pyrgoella the initial part is
pseudotriloculine, then biloculine.
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Pyrgoella controversa (Bogdanowich, 1965)
(Pl. XXI, Figs 4a-c, 5a, b, 6a, b; Text-fig. 39/9)

1965. Pyrgo ? controversa Bogdanowich; A. K. Bogdanowich, p. 42, Pl. 3, Fig. 3.

Material. — 50 specimens (Coll. No. F-174, Sec. No. 437).

Dimensions: L 0.4-0.95; B 0.35-0.85; T 0.3-0.65.

Description. — Test circular-oval, slightly tapering at the top, oval in
cross-section; periphery broadly rounded, chambers broad, embracing
those of the previous whorls entirely and leaving only two last chambers
visible, occasionally also a narrow trace of the third chamber; sutures
flat, poorly visible, with a wide border along the chamber edge; wall
thick; surface smoth, polished; aperture high, somewhat contracted at the
top, filled with a narrow tongue-shaped flap.

Variability. The test shape is variable in cross-section, being irregularly
circular in three-chambered forms (Pl. XXI, Fig. 4), irregularly oval in
forms whose third chamber appears only in a narrow slit between the
last two chambers (Pl. XXI, Fig. 6), and narrowly oval in forms with
the last chamber embracing not only the third chamber, but also the most
part of the second chamber (Pl. XXI, Fig. 5). The shape of the aperture
and tooth is also variable, from semicircular with a flap of the same shape
to high and narrow, filled with a narrow, tongue-like or even simple tooth
(Pl. XXI, Figs 4, 5). Variation in test shape is very likely connected with
dimorphism.

Dimorphism and ontogeny. The sections show a pseudotriloculine
internal structure initially, then biloculine. The specimen sectioned
represent the mega I generation, the P diameter of which is 70 u (Text-
fig. 39/9). In cross-section the chamber shape is semicircular initially,
then sickle-shaped.

Remarks. — This species differs from Pyrgoella wventruosa (Reuss)
from the Miocene of Wieliczka in its less spherical test shape, slight
flattening of the chamber sides, transverse wrinkles present in some
specimens, considerably thicker wall, and oblong tongue-like tooth. The
two forms however seem to be related. Forms whose third chamber is
distinctly visible are very similar to Miliolinella valvularis (Reuss) from
the Septarien clays of Hermsdorf near Berlin, but differ in the more oval
test, tapering at the top, the narrower and higher aperture, and the tongue-
like tooth. It is conceivable that all the three forms represent an
evolutionary series, from Miliolinella valvularis in the Oligocene through
Pyrgoella ventruosa in the Lower Tortonian to Pyrgoella controversa in
the Upper Tortonian.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Ligota Zabr-
ska, Krywald, Zrecze). USSR: Konka (Upper Tortonian) West Pre-
caucasian region.
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Pyrgoella globiformis (Karrer, 1867)
(Pl. XXI, Fig. 7a, b)

1867. Biloculina globiformis Karrer; F. Karrer, p. 357, PL. 2, Fig. la-c.

Material. — About 50 specimens (Coll. No. F-175).

Dimensions: L 0.55-0.9; B 0.55-0.8; T 0.55-0.8.

Description. — Test nearly spherical; last chamber large and inflated,
embracing those of preceding whorls, so that the penultimate chamber is
visible beneath the aperture only as an oval trace tapering at the base;
sutures indistinet; aperture large, semicircular, at the top of a small
extension of the last chamber, with a small semicircular, arcuately bent
tooth or without tooth.

Variability. The spherical test shape may be sometimes irregular,
i.e. the last chamber may be more or less inflated laterally. The tooth may
be semicircular or triangular in shape, or it may be partly or entirely
reduced. A peculiar feature of the species is the weak junction of chambers,
which, as a result, disintegrate readily.

Remarks. — This species differs from Recent Pyrgoella sphaera (d’Or-
bigny) in having a semicircular aperture and tooth, not modified by
supplementary opening. From P. globulus (Bornemann) from the Oligocene
it differs in the semicircular aperture, somewhat projecting above the
surface and in the elliptical not circular, penultimate chamber.

Distribution. — Poland: Tortonian (Gliwice Stare, Karsy, Korytnica,
Weglinek). USSR: Neogene, West Ukraine, Holubica near Pieniaky.

X Pyrgoella ventruosa (Reuss, 1867)
(Pl. XXI1, Figs la, b, 2a,b, 3; Text-fig. 39/3)

1867. Biloculina ventruosa Reuss; A. E. Reuss, p. 69, PL. 1, Fig. 9.

1877. Biloculina grinzingensis Karrer; F. Karrer, p. 375, Pl. 16a, Fig. 8.

1898. Biloculina dokiéi Pavlovi¢é; P. S. Pavlovié, p. 122, Figs 1-—3 (in Catalogue
Ellis & Messina).

Material. — 30 specimens (Coll. No. F-178, Sec. No. 410, 411).

Dimensions: L 0.7-1.3; B 0.55-1.1; T 0.6-1.3.

Description. — Test egg-shaped, circular-oval in cross-section, peri-
phery broadly rounded; chambers very broad, inflated, last chamber
embraces those of preceding whorls except the penultimate one, also
sometimes a very small trace of the third chamber is visible; sutures
indistinct, flat, with a wide border along the chamber edge; surface
smooth, polished; aperture semicircular or oval, high, open, with a semi-
circular flap, which is depressed at the centre.

Dimorphism and ontogeny. The specimen sectioned belongs to the
mega I generation; PD 70 u. The internal structure is pseudotriloculine
initially, then biloculine (Text-fig. 39/3). The chamber shape in cross-
section semicircular in the early stage, becomes sickle-like later.
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Remarks. — This species occurs rarely at Wieliczka and corresponds to
Reuss’s illustration and description. It differs from Pyrgoella controversa
(Bogdanowich) in its more spherical test, broader aperture with a semi-
circular flap-like, not oblong and tongue-like, tooth and in the consider-
ably thinner wall.

Distribution — Poland: Tortonian (Brzeznica, Gliwice Stare, Rybnica,
Wieliczka). Austria: Tortonian, vicinity of Vienna (Grinzing). Yugoslavia:
Tertiary, Serbia.

Genus Sinuloculina Luczkowska, 1972

+ X Sinuloculina consobrina (d’Orbigny, 1846)
(Pl. XXV, Figs 5a-c, 6, 7a-c; Text-fig. 40)

1846. Triloculina consobrina d’Orbigny; A. d’Orbigny, p. 277, Pl. 17, Figs 10—12.

1952. Miliolina consobrina (d’Orbigny) var. nitens (Reuss); A. K. Bogdanowich, p. 125,
Pl. 14, Figs. 2, 3.

1952. Miliolina consobrina (d'Orbigny) var. sarmatica Gerke; ibidem, p. 126, PlL. 14,
Fig. 6a-c.

1955. Miliolina nitens (Reuss); M. J. Serova, p. 31, Pl 5, Figs 1—6.

1955. Triloculina consobrina d’Orbigny; E. Luczkowska, p. 104, Pl 6, Fig. 10a-c.

1956. Triloculina consobrina d’Orbigny; A. Sulimski, p. 78, Pl. 3, Fig. la-c; cum syn.

Material. — 100 specimens (Coll. No. F-177, Sec. No. 175—177).

Dimensions: L 0.7-1.2; B 0.32-0.5; T 0.2-0.3.

Description. — Test narrowly oval, flattened, tapering at the top and
rounded at the base, periphery rounded; chambers narrow, broader at the
base and near the aperture, last chamber usually slightly protruded and
oblique at the top or extended to form a short narrow neck, middle
chamber large, narrow and long, slightly oblique, fifth chamber usually
invisible or marked as a poorly visible tape; 3—5 chambers visible from
outside; sutures flat, indistinct; wall thin; surface smooth, polished; aper-
ture small, circular, sometimes on a small extension of the last chamber,
and with a short and bifid tooth.

Variability. The test shape is distinctive and stable. The apertural end
is variable with a short neck or without it. The number of the chambers
visible from outside is also variable, usually three, but occasionally four
or five chambers being seen, as in Quinqueloculina.

Dimorphism and ontogeny. The sections show a variable internal
structure, quinqueloculine or cryptoquinqueloculine, like that in Sinu-
loculina nitens (Reuss). The PD is 30 u, typical of the micro generation.
The shape of the chambers in cross-section does not change during the
ontogeny (Text-fig. 40) and is usually semicircular or triangular-semi-
circular.

Remarks. — This well-known species occurs commonly and fairly
abundantly. It was assigned to the genus Quinqueloculina or Triloculina,
according to the number of visible chambers; it was divided into a
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number of “varieties” (e.g. by Gerke & Bogdanowich, 1952) or on the
contrary, different species were placed under this name. Our form from
Weglinek is identical with the topotypes from Nussdorf and with the
members of this species from Baden, Véslau, Buitur and Lapugiu. It
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Fig. 40. Morphological variability and internal structure of Sinuloculina consobrina

(d’Orbigny), Upper Tortonian, Weglinek, micro generation; 1 — form without chamber

extension and with subacute periphery; 2,3 —forms with chamber extension and
with rounded periphery; a front view, b apertural view, ¢ cross-section.

differs from Sinuloculina nitens (Reuss) in having a less slender and
more oval test, which is characteristically rounded and broadened at the
base, and in the oblique position of the middle chamber.

Distribution. — Poland: Tortonian (Benczyn, Bogoria, Bogucice, Chelm
n/Rabg, Gieraszowice, Gliwice Stare, Grabki Duze, Grabowiec, Karsy,
Korytnica, Ligota Zabrska, Leki Dolne, Niechobrz, Niskowa, Pobitno, Ryb-
nica, Weglinek, Zglobice, Zrecze). Austria: Tortonian, Nussdorf, Baden,
Voslau, Vienna Basin. Romania: Tortonian, Buitur, Lapugiu.

+ X Sinuloculina cyclostoma (Reuss, 1850)
(Part. I, Pl. XII, Figs 4a-c, 5a-c; Text-fig. 41)

1850. Biloculina cyclostoma Reuss; A. E. Reuss, p. 382, Pl. 49, Fig. 6.

1952. Miliolina pyrula (Karrer); A. K. Bogdanowich, p. 102, Pl. 7, Fig. 3.

1962. Triloculina pyrula Karrer; I. V. Venglinsky, p. 83, Pl. 9, Fig. la-c.

1963. Triloculina aff. Biloculina mutabilis Martinotti; G. Glagon, p. 136, Pl. 14,
Fig. la-c.
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Material. — About 100 specimens (Coll. No. F-176, Sec. No. 199, 200,
202—204). '

Dimensions: L 0.75-0.9; B 0.55-0.85; T 0.48-0.5.

Description. — Test thick, broadly oval, oval in cross-section, periphery
broadly rounded; chambers broad, inflated, semicircular, middle chambers
very small, often invisible, two or three chambers visible from outside;
sutures flat, indistinct, with a narrow border along the chamber edges;
wall thin; surface smooth, polished; aperture large, circular, strongly
oblique, surrounded with a thickened rim, and with large tooth bifid at
the end and projecting above the aperture edge.

Variability. The test may be more or less inflated, being often triloculine
and nearly circular in cross-section in small specimens, whereas large
biloculine forms are laterally compressed and with sligthly depressed
sutures. The length of the apertural tooth is variable as well, being some-
times short, and spine-shaped, or usually long and solid, projecting above
the aperture border, and with a specifically perforate septum.
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Fig. 41. Morphological variability, internal structure and dimorphism of Sinuloculina

cyclostoma (Reuss), Upper Tortonian, Weglinek; 1,2 — biloculine forms, mega I (?)

generations, initial part irregularly triloculine, then planospiral; 3 — biloculine form,

micro generation, initial part cryptoquinqueloculine, then pseudotriloculine; 4 — tri-

loculine form, mega I (?) generation, internal structure pseudotriloculine; a front
view, b apertural view, ¢ cross-section. '
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Dimorphism and ontogeny. The sections show the micro generation
with the proculus 30 u in diameter and the mega I ? generation with the
proculus 120—150 p in diameter. The internal structure, initially erypto-
quinqueloculine, then triloculine, becomes finally irregular biloculine,
with chambers situated opposite each other and embracing the preceding
ones in such a way that they form a sinusoid line in cross-section (Text-
fig. 41). All chambers have a similar semicircular cross-section in the
course of ontogeny.

Remarks. — This species differs from Sinuloculina inflata (d’Orbigny)
in its nearly circular test shape, more inflated broad chambers and
characteristic large aperture with a thickened rim. It is very similar to
S. pyrule (Karrer) from Lapugiu and S. decipiens (Reuss) from Grinzing,
which are probably synonyms. A comparison of our specimens with the
topotypes of S. pyrula from Lapugiu and Buitur and with S. decipiens
from Véslau shows that they differ in their more elongated test, more
inflated chambers, flat and broad sutures, and large aperture with
a thickened rim. The juvenile specimens are somewhat similar to S. pyrula,
but adults differ conspicuously in their tendency to the biloculine chamber
arrangement and the lateral compression of the test. In comparison with
the description of S. cyclostoma (Reuss) our forms have a thicker tooth,
but a short and thin tooth, like that figured by Reuss, occurs both in
single specimens of our forms and in some comparative specimens
of S. cyclostoma from Buitur.

Distribution. — Poland: Upper Tortonian (Gieraszowice, Grabowiec,
Korytnica, Ligota Zabrska, Niskowa, Weglinek). Austria: Tortonian,
vicinity of Vienna (Grinzing). Romania: Tortonian, Buitur. USSR: Middle
Miocene, West Ukraine, Transcarpathians. Recent: Mediterranean Sea.

+ X Sinuloculina inflata (d’Orbigny, 1826)
(Pl. XX1V, Fig. 6a-c)

1826. Triloculina inflata d’Orbigny; A. d’Orbigny, p. 300, in Catalogue Ellis & Messina.

1846. Triloculina inflata d’Orbigny; A. d’Orbigny, p. 278, Pl. 17, Figs 13—15.

1970. Triloculina inflata inflata d’Orbigny; V. J. Didkovsky & Z. N. Satanovskaja,
p. 57, Pl. 34, Fig. 4, cum syn.

Material. — 12 specimens (Coll. No. F-162).
Dimensions: L 0.7-1.3; B 0.4-0.7; T 0.3-0.5.

Description. — Test elongate, quadrangular-oval, cross-section circular-
oval, periphery broadly rounded; chambers broad, tubular, more inflated
and curved at the base and straightened at the end; two or three chambers

visible from outside; surface smooth, polished; aperture circular, large
with a robust tooth bifid at the end.

Variability. The lower part of chambers may be more or less inflated.
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The juvenile stage obtained from the inside of an adult specimen does not
differ morphologically from it, being only of much smaller proportions.

Remarks. — Our specimens correspond to the comparative specimens
from Véslau and Buitur, only that they are slenderer in shape. From
Triloculina gubkini (Bogdanowich) they differ in the broadly rounded, not
flattened periphery and in the oval, not triangular outline in cross-section:
they are however very close to each other. Morphologically they resemble
Sinuloculina mayeriana (d’'Orbigny), but differ in having a considerably
thicker massive test and specifically inflated and expanded lower parts
of chambers.

Distribution. — Poland: Tortonian (Bogoria, Grabowiec, Niskowa, Ryb-
nica, Weglinek, Wieliczka). Austria: Tortonian, Nussdorf, Véslau, Vienna
Basin. Italia: Pliocene, Castell’ Arquato. Romania: Tortonian, Buitur,
USSR: Upper Tortonian, the Volhyn-Podolian Platform, the Pre-
carpathian Foredeep, Blak Sea Depression; Meotian (Pliocene) the South
Ukraine. Recent: Mediterranean Sea.

+ Sinuloculing mayeriana (d’Orbigny, 1846)
(Pl. XXV, Fig. 8a-c; Text-fig. 42)

1846. Quinqueloculina mayeriana d’Orbigny; A. d’Orbigny, p. 287, Pl. 18, Figs 1—3.

Material. — About 100 specimens (Coll. No. F-180, Sec. No. 116—120).

Dimensions: L 1.0-1.45; B 0.5-0.9; T. 0.3-0.5.

Description. — Test quadrangular-oval or elongate, flattened; periphery
rounded; chambers flat, broad, somewhat broader at the base, last
chamber straighened or bent towards the aperture, third chamber slightly
convex or flat, narrow and elongated; usually three or rarely two
chambers visible from outside; sutures flat, distinct, with a fairly broad,
faintly marked border along the chamber edges; wall thin; surface smooth,
usually matt; aperture circular, rimless, with a sinuous border and a large
tooth bifid at the end, and often protruding above the aperture edge.

Variability. The test shape is variable, being sometimes more flattened,
with a tendency to the S-shaped bending of the last chamber.

Dimorphism and ontogeny. All specimens sectioned belong to the
micro ? generation, having a PD 50—70 . The internal structure is crypto-
quinqueloculine initially, then biloculine, the opposite chambers being
arranged in a sinusoid line (Text-fig. 42). The chamber outline is unchange-
ably semicircular in cross-section. The juvenile specimens removed from
the inside of adults do not differ from them in shape.

Remarks. — This species differs from Sinuloculina microdon (Reuss)
in the more oval and less elongate test shape, more flattened sides, and
less depressed sutures. From S. rixatoria (Franzenau) it differs in the less
inflated quadrangular-oval test shape, the lack of the thickened rim round
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the aperture, the thicker tooth, and in having usually three chambers
visible from outside.

Distribution. — Poland: Tortonian (Karsy, Korytnica, Rybnica, Wegli-
nek, Wieliczka, Zrecze). Austria: Tortonian, Nussdorf, Vienna Basin.
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Fig. 42. Morphological variability and internal structure of Sinuloculina mayeriana

(d’Orbigny), Upper Tortonian, Weglinek, micro (?) generation; 1,3 — flattened forms,

initial part cryptoquinqueloculine, then in a single plane; 2, 4 — inflate forms, crypto-
quinqueloculine throughout; a front side, b apertural view, ¢ cross-section.

+ Sinuloculina microdon (Reuss, 1850)
(PLXXV, Figs 3a-c, 4; Text-fig. 43/1)

1850. Triloculina microdon Reuss; A. E. Reuss, p. 382, Pl. 49, Fig. 9.

Material. — About 100 specimens (Coll. No. F-181, Sec. No. 178).

Dimensions: L 0.6-1.1; B 0.25-0.47; T 0.2-0.3.

Description. — Test slender, nearly quadrangular, flattened, periphery
rounded; chambers tubular, expanding and bending at the base,
straightened towards the aperture, middle chamber narrow, elongate,
slightly convex, in somewhat oblique position; three chambers visible
from outside; sutures distinct, undulating, with a small border along the
chamber edge; wall thin; surface smooth, polished; aperture circular, large,
even with the periphery, and with a short, tooth, bifid at the end.

Variability. The test shape varies from nearly quadrangular to more
oval, narrowing at both ends. Some specimens are with longitudinal
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wrinkles (Pl. XXV, Fig. 4). The juvenile specimens are narrowly oval in
shape, the last chamber being somewhat protruded upwards.

Dimorphism and ontogeny. The section show the micro generation;
PD 40 u. The internal structure is cryptoquinqueloculine, the juvenile
stage being sometimes irregularly quinqueloculine (Text-fig. 43/1). The
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Fig. 43. Ontogeny and internal structure of Sinuloculina: 1 S.microdon (Reuss),

Upper Tortonian, Gliwice Stare, micro generation; 2-4-— S. nitens (Reuss), Upper

Tortonian, Gliwice Stare, micro generation; 2 — form with extension of last chamber,

3 —typical form, 4 — form without extension of last chamber; a front view, b aper-
: tural view, ¢ cross-section.

juvenile stage, obtained from the inside of an adult by the removal of the
last chambers, is a very narrow and slender specimen, resembling
Sinuloculina consobrina (d’Orbigny) (Part I, Text-fig. 10).

Remarks. — The juvenile stage obtained from the inside of the test
differs from Sinuloculina consobrina (d’Orbigny) in having a characteristic
slender shape. It differs from S. nitens (Reuss). in the less slender test
shape and the chambers bent distinctly at the base. Adult specimens
resemble Sinuloculina laevigate (d’Orbigny) in their quadrangular test
shape, differ however in distinctly elongated and more flattened test and
in the less inflated lower part of chambers. The single specimen of
S. microdon, found in the comparative materials from Véslau, is similar
to our form; compared with our forms, both this specimen and that

9 Acta Palaeontologica nr 1/74
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figured by Reuss from Baden, are however rather oval, not quadrangular
in shape. This being the only difference and at that probably representing
geographical variation, the specimen was identified as S. microdon. Our
adult specimens are somewhat similar to Miliolina collaris Gerke & Issae-
va, differ however in their broader and more massive chambers, in the
lack of a narrow extension of the last chamber, and in the tendency to
have a wrinkled periphery.

Distribution. — Poland: Tortonian (Bogoria, Bogucice, Gliwice Stare,
Karsy). Austria: Tortonian, Baden, Voslau, Vienna Basin. Czechoslovakia:
Lower Tortonian, Zidlochovice.

Sinuloculina nitens (Reuss, 1850)
(Pl. XXV, Figs la-c, 2; Text-fig. 43/2—4)

1850. Triloculina nitens Reuss; A. E. Reuss, p. 383, Pl. 49, Fig. 10a-d.
1970. Triloculina nitens Reuss; V. J. Didkovsky & Z. N. Satanovskaja, p. 59, Pl. 36,
Fig. 4.

Material. — About 100 specimens (Coll. No. F-182, Sec. No. 179—181).

Dimensions: L 0.8-0.9; B 0.3; T about 0.2.

Description. — Test very narrow and elongate, nearly quadrangular in
shape, sometimes with a slight extension of the last chamber, depressed,
periphery rounded; chambers narrow, somewhat expanded at the base and
near the aperture, middle chamber narrow and long, a little convex, fifth
chamber often occurs as a narrow tape; 3—5 chambers visible from
outside; sutures sligthly depressed, distinct; wall thin; surface smooth,
polished; aperture circular, small, even with the periphery or at the end
of a slight extension of the chamber, and with a short bifid tooth.

Variability. The length/width ratio of the test is variable, and so are
the degree of the roundedness of chambers at the base and the apertural
extension of the last chamber. There occur specimens whose apertural
end is nearly horizontally truncate, the last chamber being even with the
periphery, and others with the last chamber extended to form a small
constricted neck. The test of forms with the projecting apertural end
narrows at both ends (Text-fig. 43/2), whereas forms which lack a neck
are rounded at the base and truncate at the end and resemble Sinuloculina
consobrina (d’Orbigny) (Text-fig. 43/4). The number of chambers visible
from outside oscillates between three and five.

Dimorphism and ontogeny. The internal structure of juvenile stage is
quinqueloculine, becoming irregularly quinqueloculine or cryptoquinque-
loculine in the adult stage. The specimens sectioned belong to the micro
generation with the proloculus 30—40 u in diameter. The chambers are
semicircular in cross-section throughout the ontogeny.

Remarks. — This species, described from Grinzing in Austria, morpho-
logically resembles Sinuloculina consobrina (d’Orbigny) from Nussdorf in,
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Austria. According to Reuss, it however differs in the bifid, not simple,
tooth in the aperture and in the more flattened sutures. The present in-
vestigation shows that the difference between these two species given
by Reuss is not important, as both the characteristics of the aperture and
tooth and those of the sutures oscillate within the same limits in both
species. On the other hand, a true difference between them is the much
greater elongation of the test of S. nitens. The lengh/breadth ratio of the
specimen from Grinzing figured by Reuss is 2.7; that of our specimens
from Gliwice Stare 2.5-3.0, and these values calculated for S. consobrina
from Nussdorf and our specimens from Weglinek are, respectively, 2.4 and
about 2.2. In materials from Nussdorf, Véslau, Buitur and Lapugiu only
S. consobrina has been found, and therefore there is no certainty as to
what S. nitens is like. As the lengh/breadth ratio and morphology of
S. nitens correspond to those in our specimens, it has been decided to place
them in this species tentatively.

Distribution. — Poland: Upper Tortonian (Gieraszowice, Gliwice Stare,
Ligota Zabrska, Weglinek). Austria: Tortonian, vicinity of Vienna (Grin-
zing). Czechoslovakia: Lower Tortonian, Zidlochovice. USSR: Upper
Tortonian, Volhyn-Podolian Platform and Black Sea Depression; Middle
Miocene, Caucasus; Meotian (Pliocene), Black Sea Depression.

X Sinuloculina rixatoria (Franzenau, 1890)
(Pl. XX1IV, Fig. 5a-c; Text-fig. 44)

1890. Biloculina rixatoria Franzenau; A. Franzenau, p. 165, Pl. 2, Fig. la-c.

Material. — About 100 specimens (Coll. No. F-183, Sec. No. 121—125).

Dimensions: L 1.15-1.4; B 0.55-0.95; T 0.4-0.5.

Description. — Test narrowly oval, slender, tapering at both ends,
flattened, obliquely truncated at the top; periphery rounded; chambers
flat, broad, elongated, with a sinuous inner edge and the apertural end
occasionally slightly protruded; two chambers visible from outside; sutures
distinct, broad, with a narrow border marked along the chamber edges;
wall thin; surface smooth, dull; aperture circular, even with the periphery
or on a small extension of the chamber, surrounded with a thickened rim,
and with a large thick bifid tooth, which often projects above the aperture
border.

Variability. The test shape is variable, being more cylindrical in small
specimens and flattened and oval in section in large specimens. In rare
forms there is also a small narrow trace of the third chamber.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation, PD 50 u, and the mega I generation, PD about 130 u.
The internal structure of juvenile stage is irregularly triloculine, then
irregularly biloculine; opposite chambers embrace the preceding ones and

g
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are arranged in a sinuous line (Text-fig. 44). The juvenile stage removed
from the inside of an adult specimen does not differ morphologically
from it.

Remarks. — This species differs from Sinuloculina mayeriana (d’Or-
bigny) in its more slender test shape, the thickened rim round the

Fig. 44. Ontogeny and dimorphism of Sinuloculina rixatoria (Franzenau), Upper Tor-

tonian, Weglinek; 1 — micro generation, biloculine form with irregularly triloculine

initial part, next chambers arranged in a single plane; 2,3 —biloculine forms, mega

I generations, pseudotriloculine throughout; a front view, b aperture view, ¢ cross-
section.

a
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aperture and the biloculine arrangement of last chambers. It differs from
S. cyclostoma (Reuss) in the more slender elongated test and in its flat-
tening. It is similar to S. bacillum (Martinotti) from which it however
differs in the more flattened test, its more expanded middle part, and the
large and circular, not slitlike, aperture.

Distribution. — Poland: Upper Tortonian (Weglinek). Romania: Torto-
nian, Buitur.

Genus Triloculina d’'Orbigny, 1826, emend. Luczkowska, 1972

Triloculina angularis d’Orbigny, 1850
(Pl. XXIII, Fig. 3a, b)

1850. Triloculina angularis d’Orbigny; A. d’Orbigny, p. 409, in Catalogue Ellis &
Messina.
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Material. — About 70 specimens (Coll. No. F-184, Sec. No. 190).

Dimensions: L 0.45-0.85; B 0.27-0.5; T 0.22-0.45.

Description. — Test narrowly oval, slender, tapering at both ends,
triangular in cross-section; chambers broad, with flattened periphery and
slightly rounded edges, middle chamber slightly prominent, flat; sutures
a little depressed; surface smooth, polished; wall thin; aperture circular
with a long tooth bifid at the end.

Variability and ontogeny. The chamber periphery is flattened to
a various degree, but never quite flat. The internal structure is regularly
triloculine throughout. The specimen sectioned belong to the mega II ge-
neration, the proloculus being 200 p in diameter.

Remarks. — This species is very close to Triloculina neudorfensis
Toula, but differs in its smaller dimensions, slenderer shape, flattened,
and not concave, periphery and rounded edges. It is similar to Triloculina
tricarinata d’Orbigny, differs however in its rounded, not acute, edges and
in the non-concave periphery. It corresponds most to T. angularis d’Or-
bigny, but its edges are more rounded.

Distribution. — Poland: Tortonian (Benczyn, Bogucice, Gliwice Stare,
Karsy, Korytnica, Krywald, Ligota Zabrska, Niechobrz, Weglinek). France:
Tertiary.

Triloculina eggeri (Bogdanowich, 1952)
(Pl. XX1V, Figs la-c, 2a, b; Text-fig. 45)

1952. Miliolina austriaca (d’Orbigny) var. eggeri Bogdanowich; A. K. Bogdanowich,
p. 98, Pl. 5, Fig. 8a-c, cum syn.

Material. — About 300 specimens (Coll. No. F-185, Sec. No. 182—187).

Dimensions: L 0.48-0.95; B 0.3-0.65; T 0.25-0.5.

Description. — Test broadly oval, narrowing at the top, rounded-
triangular in cross-section; chambers narrow with broad and slightly
flattened periphery, tapering at the end and twisted, middle chamber
convex, elongate-oval, sligthly oblique; sutures depressed, distinct, with
a narrow border along the chamber edges; wall thick; surface smooth,
polished; aperture circular, with a slightly everted border and a short
bifid tooth.

Variability and ontogeny. The breadth of chambers and their number
in the outer whorl are variable. There exist specimens with strongly
expanded chambers and a nearly triangular outline in cross-section
(P1. XX1V, Fig. la-c) and others resembling Quinqueloculina, with less
inflated chambers, of which 4—5 are visible from outside. Such 4—5-
chambered specimens represent the juvenile stage of T. eggeri (Pl. XXIV,
Fig. 2a-b). In adult specimens longitudinal striae appear occasionally. The
internal structure is cryptoquinqueloculine or even quinqueloculine
initially, then irregularly triloculine. The specimens sectioned belong to
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the mega I generation, the proloculus being 70—80 . in diameter (Text-

fig. 45). The shape of chambers in cross-section is semicircular initially,
then expanded to the sides and flattened.
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Fig. 45. Morphological variability and internal structure of Triloculina eggeri (Bogda-

nowich), Upper Tortonian, Gliwice Stare, mega I generation; 1,3 — cryptoquinque-

loculine forms; 2 — typical form with initial quinqueloculine part; 4 — juvenile quin-
queloculine stage; a front view, b apertural view, ¢ cross-section.
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Remarks. — This species differs from Triloculina austriaca d’Orbigny
in its more inflated chambers slightly twisted near the top.

Distribution. — Poland: Upper Tortonian (Gliwice Stare, Krywald, Li-
gota Zabrska). USSR: Tchokrak (Middle Miocene), Crimea-Caucasian re-
gion and Ukraine.

+ Triloculina gibba d’Orbigny, 1826
(Pl. XXIII, Fig. 2a-c; Text-fig. 46/2)

1826. Triloculina gibba d’Orbigny; A. d’Orbigny, p. 299, in Catalogue Ellis & Messina.

1846. Triloculina gibba d’Orbigny; A. d’Orbigny, p. 274, Pl. 16, Figs 22—24.

1970. Triloculina gibba gibba; V. J. Didkovsky & Z. N. Satanovskaja, p. 56, Pl. 33,
Fig. 3; cum. syn.
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Material. — About 100 specimens (Coll. No. F-186, Sec. No. 191—196).

Dimensions: L 0.71-0.91; B 0.54-0.72; T 0.55-0.70.

Description. — Test broadly oval, tapering at both ends, rounded-
triangular in cross-section; chambers broad, with slightly inflated peri-
phery and rounded erges, extending not far from the sutures, middle
chamber inflated; sutures strongly depressed, distinct; wall thick; suirface
smooth, polished; aperture circular, with a long tooth, bifid at the end.

Variability and ontogeny. The chambers may be more or less inflated,
and the edges more or less rounded, thus the cross-section may be
triangular or rounded-triangular in outline, The specimens sectioned
belong to the mega I generation, the PD is about 120 pu. The internal
structure is regularly triloculine (Text-fig. 46/2).

Remarks. — Compared with the specimens of Triloculina gibba from
Nussdorf and Véslau and with Recent specimens from the Adriatic Sea
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Fig. 46. Internal structure and morphology of Triloculina: 1 — T. gubkini (Bogdano-
wich), Upper Tortonian, Weglinek; initial part cryptoquinqueloculine, later pseudo-
triloculine, micro (?) generation; 2 — T. gibba d’Orbigny, Lower Tortonian, Korytnica;
typical friloculine internal structure, mega I generation; 3 — T.neudorfensis Toula,
Lower Tortonian, Wieliczka; typical triloculine internal structure, mega II genera-
tion; 4 —T.intermedia Karrer, Lower Tortonian, Karsy; irregularly triloculine
internal structure, micro generation; a side view, b apertural view, ¢ cross-section.
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(Punta Grossa near Triest), our forms have more inflated chambers. They
however differ from Triloculina austriaca d’Orbigny in their more
elongated shape, less inflated periphery, triangular outline in cross-section,
and less depressed sutures. From T. angularis they differ in the more
rounded edges and more inflated periphery.

Distribution. — Poland: Tortonian (Benczyn, Bogoria, Bogucice, Giera-
szowice, Grabowiec, Karsy, Korytnica, Krywald, Rybnica, Weglinek).
Austria: Tortonian, Nussdorf, Véslau, Vienna Basin. Czechoslovakia: Lower
Tortonian, Zidlochovice. Italia: Pliocene, Castell’Arquato. USSR: Lower
and Upper Tortonian, the Volhyn-Podolian Platform, the Precarpathian
Foredeep; Konka (Upper Tortonian), Black Sea Depression, Transcaucasus
and Caucasus. Recent: Adriatic Sea.

Triloculina gubkini (Bogdanowich, 1952)
(Pl. XXIII, Fig. 5a-c; Text-fig. 46/1)

1952. Miliolina gubkini Bogdanowich; A. K. Bogdanowich, p. 101, Pl. 7, Fig. 4.

Material. — 9 specimens (Coll. No. F-187, Sec. No. 205).

Dimensions: L. 0.8-1.4; B 0.5-0.9; T 0.4-0.7.

Description. — Test elongate, oval-quadrangular, periphery broadly
rounded and slightly compressed, triangular with rounded apices in cross-
section; chambers broad, with flattened periphery, somewhat broader at
the base and narrowing towards the aperture, third chamber elongated,
slightly convex, narrow; sutures depressed; surface smooth, polished; wall
thin; aperture circular, somewhat narrower at the base and with a short
and bifid tooth.

Variability and ontogeny. The test shape is stable. The chambers of
juvenile stage have a more rounded periphery, which becomes ilattened
as they grow. The internal structure initially cryptoquinqueloculine, then
pseudotriloculine (Text-fig. 46/1): PD about 60 y.

Remarks. — This species differs from Sinuloculina inflata (d’Orbigny)
in the more inflated chambers, depressed at the periphery, and the
triangular-circular, not oval, outline in cross-section.

Distribution. — Poland: Upper Tortonian (Bogoria, Gieraszowice, Gory
Wysokie, Miechocin, Weglinek). USSR: Tarkhan (Middle Miocene), North
Caucasus.

+ Triloculina intermedia Karrer, 1868
(Pl. XXIII, Fig. la-c; Text-fig. 46/4)

1868. Triloculina intermedia Karrer; F. Karrer, p. 138, PL 1, Fig. 11.

1878. Triloculina plicata Terquem; O. Terquem, p. 61, Pl. 6, Fig. 2.

1893a. Triloculina marioni Schlumberger; C. Schlumberger, p. 62, PL. 1, Figs 38—41,
p. 63, Figs 17, 8.

1970. Triloculina intermedia Karrer; V. J. Didkovsky & Z. N. Satanovskaja, p. 58,
Pl 35, Fig. 3.
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Material. — About 300 specimens (Coll. No. F-188, Sec. No. 188—197).

Dimensions: L 0.4-1.0; B 0.34-1.0; T 0.24-0.9.

Description. — Test irregularly circular, oval-triangular in cross-
section; two last chambers broad, inflated, tapering at both ends, with
two prominent edges on the periphery; these edges are wide apart, more
or less acute and sometimes sinuous; third chamber small, slightly convex,
oval, with one edge on the periphery; sutures depressed; wall thick;
surface smooth, polished; aperture circular-triangular, with a short and
bifid tooth.

Variability and ontogeny. This characteristic species is variable in the
form of chamber edges, which range from slightly marked edge to
prominent flexuose keel. The internal structure is irregularly triloculine.
The initial part consist of about 5 tubular chambers, the succeding 2—3
chambers are with one edge on the periphery and only in the adult stage
two edges occur on the chambers. The specimens sectioned belong to the
micro generation; PD 30 u (Text-fig. 46/4).

Remarks. — Compared with Karrer’s illustration of the species, our
form is somewhat larger and with less prominent edges. The specimens
from Buitur and Voéslau show as variable chamber edges as those in our
specimens from Karsy. The same variability is observed in Triloculina
marioni Schlumberger, found by the author in comparative materials from
the Adriatic Sea, from Punta Grossa near Triest, and regarded as a
synonym of T. intermedia. It differs from T. affinis d’Orbigny in its much
shorter, laterally expanded test.

Distribution. — Poland: Lower Tortonian (Karsy, Korytnica, Niskowa).
Austria: Tortonian, Voslau. Greece: Upper Pliocene, Rhode Island. Ro-
mania: Tortonian, Kostej in Banat, Buitur. USSR: Middle Miocene,
Volhyn-Podolian Platform, Precarpathian Foredeep, Transcarpathians.
Recent: Mediterranean Sea.

X Triloculina neudorfensis Toula, 1900
(Pl. XXIII, Fig. 4a, b; Text-fig. 46/3)

1900. Triloculina neudorfensis Toula; F. Toula, p. 11, PL. 12, Fig. 2a-c.
1867. Triloculina tricarinata d’Orbigny; A. E. Reuss, p. 55, PlL. 2, Fig. 4a-c.

Material. — 40 specimens (Coll. No. F-189, Sec. No. 189).

Dimensions: L 0.6-2.5; B 0.35-2.1; T 0.35-1.8.

Description. — Test oval or broadly oval, tapering at both ends,
triangular with concave sides in cross-section; chambers very broad, with
concave periphery and acute edges, with a broad border along the sutures,
middle chamber small, nearly flat; sutures slightly depressed; wall thin;
surface smooth, polished; aperture triangular-rounded, with a long and
bifid tooth.
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Variability and ontogeny. The large and broad specimens agree in
general with the illustration given by Toula. The juvenile stage taken
out of the inside of such large specimens is more elongated in shape. The
specimen sectioned represents the mega II generation, its proloculus being
180 u in diameter. The internal structure is regularly triloculine (Text-
fig. 46/3).

Remarks. — The single specimen figured by the author of the species,
found in Neudorf on March (Devinska Nova Ves) in Czechoslovakia, West
Slovakia, and Triloculina tricarinata d’Orbigny, described by Reuss from
the Miocene of Wieliczka, correspond closely to our specimens. The Recent
specimen of T. tricarinata, which was described from the Black Sea, is
however different from T.neudorfensis. As regards the Recent specimens
of T. tricarinata found in the comparative materials from the Gulf of
Aden, they are much smaller in size and have more acute edges and a
narrower chamber border than T. neudorfensis.

Distribution. — Poland: Tortonian (Karsy, Krywald, Wieliczka). Cze-
choslovakia: Miocene, Theben-Neudorf on the March (Devinska Nova Ves)
in Western Slovakia.

Genus Varidentella f.uczkowska, 1972
Varidentella georgiana n.sp.
(Pl. XXVII, Figs 3a-c, 4a-c; Text-fig. 47)

1971. Quinqueloculina sp.; L. S. Maissuradze, p. 53, Pl. 4, Figs 3, 4.

Holotypus: Pl. XXVII, Fig. 3a-c.

Paratypus: Pl. XXVII, Fig. 4a-c.

Locus typicus: Mach6éw 255 bore-hole, depth 73 m.

Stratum typicum: Lower Sarmatian, Syndesmya clays.

Derivatio nominis: georgiana — from Georgia (Caucasus) from which L. S. Mais-
suradze distinguished Quinqueloculina sp.

Diagnosis: Test nearly circular, covered densely with longitudinal sfriae, aperture
transverse-slitlike with a low tape-shaped tooth.

Material. — Over 100 specimens (Coll. No. F-190, Sec. No. 148—151).

Dimensions: Holotype length 0.4 mm; breadth 0.28 mm; thickness
0.2 mm. Paratypes length 0.28-0.35 mm; breadth 0.22-0.26 mm; thick-
ness 0.15-0.20 mm.

Description. — Test circular-oval, periphery rounded; chambers broad
at the base and narrowing towards the aperture, last chamber extended
and inclined towards the penultimate chamber, middle chamber large,
convex, oval; sutures distinct, depressed; wall thin; surface covered
densely with fine longitudinal striae, running sligthly obliquely on the last
chamber; aperture low and broad, sometimes transversely slitlike, with
a low tapeshaped tooth or surrounded with everted border only and
without tooth; the aperture edge strongly sloping, occasionally perpen-
dicular to the penultimate chamber and somewhat deflected.
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Variability. The shape of test is variable from oval to circular. The
terminal portion of the last chamber may be sometimes more or less
inclined towards the penultimate one, the test being then circular in shape
and the middle chambers having an oblique position. The terminal portion
of the last chamber does not adhere closely to the test wall in some speci-
mens, being somewhat deflected from the surface terminally; thus the
aperture has the shape of a transverse slit at the end of the last chamber
which is surrounded with a thickened border and lacks the tooth.

Dimorphism and ontogeny. The specimens sectioned represent the
microspheric generation, with a proloculus 20—40 ¢ in diameter and a
megalospheric I generation, with a proloculus 80 u in diameter. A turn
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Fig. 47. Morphological variability and internal structure of Varidentella georgiana
sp. n., Lower Sarmatian, Machéw 290 borehole, depth 26-27 m: 1-— micro generation,
typical form, turn of coiling axis visible in the ontogeny; 2 —mega I generation,
rounded form showing oblique position of central chambers, turn of coiling axis
visible in the ontogeny; 3 — micro generation, juvenile stage irregular triloculine,
then quinqueloculine; 4 — micro generation, juvenile form with irregular chamber
arrangement; a front view, b apertural view, c¢ (except no. 2) — cross-section,
no. 2 —longitudinal section.

of the coiling axis appears distinctly after a few juvenile chambers (Text-
fig. 47).

Remarks. — This species approaches morphologically to Varidentella
reussi (Bogdanowich), but differs in having a characteristic aperture and
definite regular striae which are not wrinkles like those in gerontic
specimens of V. reussi. It differs from Recent Triloculina fichteliana
d’Orbigny from Cuba and from Recent T. webbiana d’Orbigny from the
Canary Is. in more elongated shape and in having a low tape-shaped
tooth in the aperture. From Recent T. suborbicularis d’'Orbigny (not
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Quinqueloculina suborbicularis d’Orbigny) from the Antilles it differs in
a thicker test and a slitlike, not circular aperture.

Distribution. — Poland: Lower Sarmatian, (Miechocin, Mokrzyszow,
Machow). USSR: Middle Sarmatian, West Georgia.

Varidentella latelacunata (Venglinsky, 1953)
(Pl. XXVII, Figs Ta-c, 8a, b)

1953. Miliolina latelacunata Venglinsky; I. V. Venglinsky, p. 131, Pl. 2, Figs 7—9.
1958. Miliolina latelacunata Venglinsky; I V. Venglinsky, p. 79, Pl. 14, Fig. 3a-c.

Material. — 20 specimens (Coll. No. F-191).

Dimensions: L 0.4-0.5; B 0.22-0.32; T 0.15-0.20.

Description. — Test narrowly oval, strongly elongated, periphery bro-
adly rounded or somewhat contracted; chambers tubular, inflated, last
chamber bent at the base and nearly straight or S-shaped near the aper-
ture, middle chamber convex and projecting above the surface, fifth
chamber often invisible; sutures strongly depressed, narrow; surface
smooth; aperture circular or transversely oval, surrounded with everted
border and with a low and broad, slightly bifid tooth.

Variability. This species has typically depressed sutures and a very
variable shape of the aperture, circular to transversely oval. Consequently,
the shape of tooth is also variable, quadrate (Pl. XXVII, Fig. 8) to low
and broad, with lateral processes (Pl. XXVII, Fig. 7). The shape of the
test varies from oval to narrowly-oval. There are 3—5 chambers visible
from outside.

Remarks. — Compared with the description and illustration of Veng-
linsky this form has a more variable shape of the aperture, which is
rarely circular, and a broader tooth. It is very similar to Cycloforina
stomata n.sp., but differs in a more elongated shape of the test, more
depressed sutures, contracted periphery and smaller aperture. It is also
similar to Varidentella sulacensis (Gerke), differs however in its more
inflated chambers and everted border of the aperture.

Distribution. — Poland: Lower Sarmatian, (Budy, Grzybéw, Mielec,
Rytwiany, Zrecze). USSR: Lower Sarmatian, Transcarpathians.

Varidentella pseudocostata (Venglinsky, 1958)
(Pl. XXVI, Fig. Ta-c)

1958. Miliolina pseudocostata Venglinsky; I. V. Venglinsky, p. 70, Pl. 10, Figs 1—3;
Pl 11, Figs 1—3.
1962. Quinqueloculina pseudocostata (Venglinsky); 1. V. Venglinsky, p. 74, Pl 4,
Figs 3, 4.
Material. — 42 specimens (Coll. No. F-192).
Dimensions: L 0.42-0.75; B 0.3-0.57; T 0.23-0.4
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Description. — Test nearly circular, robust, periphery broadly rounded;
chambers broad, semicircular in shape, narrowing towards the aperture,
middle chamber large, slightly convex, oval, tapering at both ends, fifth
chamber poorly visible; sutures distinct, depressed; wall thin; surface
covered with faint longitudinal bifurcated striae, placed mostly on the
periphery of chambers, wide apart at the base and more and more tightly
arranged towards the aperture, where they dissapear; aperture large,
semicircular, with low, quadrate, bifurcated tooth.

Variability. The intensity of ornamentation is variable from faint,
poorly visible striae on the lower part of the chamber to distinct ones
running along the whole chamber.

Remarks. — This species differs from Varidentella rotunda (Gerke) in
having a broadly rounded periphery, covered with thick striae. From
Cycloforina toreuma (Serova) it differs in its larger and more robust test,
semicircular aperture, quadrate tooth, finer striae and inflated sides of
chambers.

Distribution. — Poland: Lower Sarmatian, (Budy, Grzybéw, Rytwiany,
Zrecze). USSR: Lower Sarmatian, Transcarpathians.

+ Varidentella reussi (Bogdanowich, 1947)
(Part I, Pl. XIII, Figs la-c, 2a, b, 3; Part II, Text-figs 48, 49)

1947. Miliolina reussi Bogdanowich; A. K. Bogdanowich, p. 21, Pl. 1, Fig. 4a, b.
1952. Miliolina reussi Bogdanowich; A. K. Bogdanowich, p. 119, Pl. 13, Fig. la-c.
1956. Miliolina reussi Bogdanowich; V. M. Pobedina et al., p. 109, PlL. 11, Figs 1—3.
1958. Miliolina reussi Bogdanowich; I. V. Venglinsky, p. 83, Pl. 16, Fig. 2a-c.

1961. Quinqueloculina reussi (Bogdanowich); V. J. Didkovsky, p. 50, PL 10, Fig. 5.
1962. Quinqueloculina reussi (Bogdanowich); I. V. Venglinsky, p. 74, PL. 4, Fig. la-c.
1971. Quinqueloculina reussi (Bogdanowich); L. S. Maissuradze, p. 48, Pl. 4, Figs 1, 2.

Material. — QOver 1000 specimens (Coll. No. F-193, Sec. No. 152—154,
274—284).

Dimensions: L 0.3-0.4; B 0.25-0.35; T 0.2-0.25.

Description. — Test broadly oval, tapering at both ends, periphery
broadly rounded; chambers broad, narrowing towards the aperture, last
chamber often extended and inclined towards the penultimate one, middle
chamber broad, inflated and slightly oblique, fifth chamber poorly visible
or invisible; sutures flat and broad; wall thin; surface smooth, dull,
wrinkled in gerontic specimens; aperture narrow, semicircular or trans-
versely slitlike, with everted border, oblique to the periphery and with
transverse quadrangular, tape-shaped tooth, sometimes with two fine
angular corners.

Variability. The test shape ranges from nearly circular (Text fig. 48)
to broadly oval (Text-fig. 49). The shape of the aperture varies from
semicircular to slitlike in specimens, the apertural end of which is
strongly inclined towards the penultimate chamber. The shape of the
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tooth varies from slight ridge-like swelling at the base of the aper-
ture to low transverse tape. There occur longitudinal irregular wrinkles,
like in Cycloforina predcarpatica (Serova), in some specimens (Part I,
Pl. XIII, Fig. 2) probably representing gerontic stage of the species.
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Fig. 48. Morphological variability and internal structure of Varidentella reussi (Bog-

danowich), Lower Sarmatian, Miechocin 0-3 borehole, depth 54.6-55.7 m, rounded

forms: 1 —micro generation with initial part irregular, then quinqueloculine; 2 —

micro generation, initial part with turn of coiling axis, later quingueloculine;

3 — micro generation, initial part cryptoquinqueloculine, then quinqueloculine; 4 —

mega I generation with irregularly quinqueloculine internal structure; a front view,
b apertural view, ¢ cross-section.

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation, PD 20—40 p (Text-figs 48/1—3, 49/1—4) and to the
mega 1 generation, PD 70 u (Text-fig. 48/4). The internal structure is
quinqueloculine or cryptoquinqueloculine. The juvenile stage of the micro
generation is composed of about 7 chambers in a quinqueloculine arrange-
ment, then the coiling axis turns by about 90° and the subsequent 2—3
chambers grow nearly perpendicularly to the main axis; finally the coiling
axis may return to the previous direction and the mature specimens may
have a quinqueloculine appearance. The juvenile specimens with trans-
parent walls show a distinct oblique position of the middle chambers after
the coiling axis has been changed (Part I, Pl. XIII, Fig. 3).

Remarks. — This species differs from Varidentella sarmatica (Reuss)
in its more compact, broadly oval or nearly circular shape of the test, low
and broad aperture with tape-like tooth and dull, often wrinkled surface.
From Cycloforina stomata sp. n. it differs in slitlike, not circular aperture
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and in tape-shaped, not narrow and bifid tooth. From Varidentella late-
lacunata (Venglinsky) it differs in more circular test shape, lower aperture
and tooth and flattened sutures.

Our form corresponds to the comparative specimens of Varidentella
reussi (Bogdanowich), kindly given the author by A. K. Bogdanowich,
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Fig. 49. Morphological variability and internal structure of Varidentella reussi (Bogda-

nowich), Lower Sarmatian, Miechocin 0-3 borehole 54.6-55.7 m, elongate forms:

1-4 — micro generation, irregularly quinqueloculine chamber arrangement; a front
view, b cross-section.

they however differ from the comparative specimens of Varidentella sar-
matica (Karrer) from Nexing in the Vienna Basin.

Distribution. — Poland: Lower Sarmatian, (Machéw, Miechocin, Mo-
krzyszéw, Piaseczno, Rytwiany). Austria: Lower Sarmatian, Nexing.
USSR: Lower Sarmatian, Precaucasian and Ukraine.

Varidentella rosea (d’Orbigny, 1839)
(Pl. XXVII, Figs 9a-c, 10a, b; Text-fig. 50)

1839. Triloculina rosea d’Orbigny; A. d’Orbigny, p. 69, Pl. 3, Figs 18—20; fide Cata-
logue Ellis & Messina.

Material. — 60 specimens (Coll. No. F-194, Sec. No. 135—138).

Dimensions: L 0.3-0.65; B 0.27-0.54; T 0.2-0.35

Description. — Test nearly circular, periphery broadly rounded; cham-
bers broad, inflated, middle chamber large, irregularly oval, strongly
convex, fifth chamber poorly visible or invisible; sutures broad, depressed;
wall thin; surface smooth, polished, covered with irregular transverse
wrinkles in larger specimens; aperture large, semicircular, with small,
ridge-like tooth, occasionally partly reduced or lacking; aperture border
strongly sloping, sometimes nearly perpendicular to the periphery and
everted in some specimens. '
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Variability. The border of the aperture may be more or less everted,
the shape of tooth varies from broad tape to narrow ridge or may be
reduced, leaving only small traces (Text-fig. 50).

Dimorphism and ontogeny. The sections show the mega I (?) generation;
PD 60—80 u. The internal structure is cryptoquinqueloculine (Text-fig. 50);
there is a turn in the coiling axis by about 90° after the juvenile stage.

‘ L Imm |

Bl @ ma
o ‘3 S |

Fig. 50. Morphology and internal structure of Varidentella rosea (d’Orbigny), Lower
Sarmatian, Budy-1 borehole, depth 190.8-190.9 m, mega I generation; 1—large
specimen with quinqueloculine chamber arrangement; 2 — irregularly cryptoquin-
queloculine chamber arrangement; 3,4 —small specimens with turn of coiling axis
visible in juvenile stage; a front view, b apertural view, ¢ cross-section.

Remarks. — This species differs from Cycloforina stomate sp. n. in
its more circular shape, more inflated chambers, depressed sutures,
semicircular, large aperture and small, tape-like tooth, from Varidentella
rotunda (Gerke) in much more inflated chambers and depressed sutures
and from Sinuloculina rotunda (d’Orbigny) in having a more circular test,
more inflated chambers and broad semicircular aperture with a tape-like
tooth.

Distribution. — Poland: Lower Sarmatian, (Budy, Dwikozy, Grzybow,
Mielec, Rytwiany, Wierzchowiska, Zrecze). Cuba: Recent.
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Varidentella rotunda (Gerke, 1938)
(PL. XXVII, Figs 5a-c, 6; Text-fig. 51)

1938. Miliolina akneriana (d’Orbigny) var. rotunda Gerke; A. A. Gerke, p. 296, Pl. 1,
Fig. 1.

1950b. Miliolina akneriana (d’Orbigny) var. rotunda Gerke; A. K. Bogdanowich, p. 145,
Pl 1, Fig. 10.

1952. Miliolina akneriana (d’Orbigny) var. rotunda Gerke; A. K. Bogdanowich, p. 113,
PL 11, Fig. 2.

1955, Miliolina akneriana (d’Orbigny) var. rotunda Gerke; M. J. Serova, p. 323, PL. 10,
Figs T7—9.

Material. — Over 100 specimens (Coll. No. F-195, Sec. No. 358, 359,
368, 373—378).

Dimensions: L 0.45-0.8; B 0.37-0.65; T 0.27-0.45

Description. — Test circular-oval, subtriangular in cross-section, peri-
phery rounded; chambers broad, arcuate, slightly narrowing towards the
aperture, with flattened sides, middle chamber oval, convex, fifth chamber
poorly visible or invisible; last chamber often extended and inclined
towards penultimate one, and thus the middle chambers have an oblique
position; sutures indistinct; surface smooth, polished; wall thin, occasionally

L imm ]

Fig. 51. Ontogeny and dimorphism of Varidentella rotunda (Gerke), Lower Sarmatian,

Grzybow 28 borehole, depth 159.8-160.0 m: 1 —micro generation with cryptoquin-

queloculine internal structure; 2,3 —mega I (?) generation with irregularly quin-

queloculine internal structure; 4 — juvenile specimen of micro generation with

turn of coiling axis visible in juvenile stage; a front view, b apertural view, ¢ cross-
section,

10 Acta Palaeontologica nr 1/74
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transparent; aperture large, semicircular, oblique and with a short, qua-
drate, bifid tooth.

Variability. A characteristic feature of this species is its stable subcir-
cular shape, subtriangular in cross-section and a short, quadrangular tooth.
The convexity of the middle chamber is variable, as well as the apertural
extension which may be inclined towards the penultimate chamber in
some specimens (Pl. XXVII, Fig. 6).

Dimorphism and ontogeny. The specimens sectioned belong to the
micro generation, PD 20 p and mega I (?) generation, PD 50—60 u (Text-
fig. 51). The internal structure is quinqueloculine or cryptoquinqueloculine
and there are 3, 4 or 5 chambers visible from outside. In the juvenile
stage of the mega I (?) generation there is a tendency for the coiling axis
to turn (Text-fig. 51/4).

Remarks. — This species closely resembles Varidentella pseudocostata
(Venglinsky), but differs in its smaller dimensions, more flattened sides of
chambers, narrowly rounded periphery and lack of ornamentation. There
is however no resemblance to Quinqueloculina akneriana d’Orbigny either
in the shape of the test and its internal structure or in the character of
the aperture and tooth; thus the form is regarded as a separate species,
not a subspecies of Q. akneriana.

Distribution. — Poland: Upper Tortonian and Lower Sarmatian, (Budy,
Dwikozy, Grzybow, Ligota Zabrska, Miechocin, Mielec, Mokrzyszéw, Ry-
twiany, Wierzchowiska, Zrecze). USSR: Tortonian (Tchokrak), the Crimea-
Caucasian region and West Precaucasus; Lower Sarmatian, Russian
Platform.

+ Varidentella sarmatica (Karrer, 1877)
(Pl. XXVI, Fig. 6a-c; Text-fig. 52)

1877. Quinqueloculina sarmatica Karrer var. typica Karrer; F. Karrer, p. 375, PL 16,
Fig. 11a.

1877. Quinqueloculina sarmatica Karrer var. elongata Karrer; tbidem, p. 375, Pl. 16,
Fig. 11b.

1877. Quinqueloculina sarmatica Karrer var. virgata Karrer; ibidem, p. 375, Pl. 16,
Fig. 11c.

1971. Quinqueloculina aff. sartaganica (Krasheninnikov); L. S. Maissuradze, p. 50,
Pl. 3, Fig. 5.

Material. — Over 100 specimens (Coll. No. F-196, Sec. No. 157—159).

Dimensions: L 0.3-0.35; B 0.2-0.22; T 0.15.

Description. — Test elongate oval, slender, periphery rounded; cham-
bers of uniform width, arcuate, last chamber slightly extended and
inclined towards the back side of the test, middle chamber large and
convex, elongate oval in shape, fifth chamber occasionally visible or
invisible; sutures slightly depressed, broad; surface smooth, polished, with
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longitudinal wrinkles in gerontic specimens; wall thin; aperture large,
semicircular, oblique, with an everted border and a low, tape-shaped
tooth, sometimes with two angular corners.

Variability. The aperture may be semicircular and oblique or high and
nearly perpendicular to the periphery. The tooth may be partly or entirely
reduced, leaving the opening of the aperture empty (Text-fig. 52).

Fig. 52. Morphological variability and internal structure of Varidentella sarmatica

(Karrer), Lower Sarmatian, Zrecze-3 borehole, depth 101.9-102.0 m, micro (?) genera-

tion: 1—irregularly f{riloculine chamber arrangement; 2—irregularly quinquelo-

culine chamber arrangement; 3 — quinqueloculine chamber arrangement; a front view,
b apertural view, ¢ cross-section.

Dimorphism and ontogeny. The sections show the micro (?) generation,
PD 30—60 u. The internal structure is quinqueloculine or cryptoquinque-
loculine. The juvenile stage removed from the inside of the mature spec-
imens without a tooth in the aperture, show a broad tooth with two
corners, like that in Varidentella reussi (Bogdanowich).

Remarks. — This species differs from Varidentella reussi in the slen-
derer test, semicircular, higher aperture and smooth, polished surface.
From V. latelacunata (Venglinsky) it differs in its narrower, less inflated
chambers and more flattened, not depressed sutures. The thorough exa-
mination of the material from Nexing in the Vienna Basin I succeeded
in finding hardly 5 specimens of V. sarmatica, which correspond morpholo-
gically to our specimens and have a transverse tape-shaped tooth in the
aperture. They differ however from V. reussi, which is easy to distinguish
in materials from Lower Sarmatian of Poland.

Distribution. — Poland: Lower Sarmatian, (Machéw, Piaseczno, Ry-
twiany, Zrecze). Austria: Lower Sarmatian, Nexing, Vienna.

10*
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Subfamily Sigmoilinitinae subfam. n.

Diagnosis: Two chambers to whorl, initial stage sigmoiline, i.g. with chambers
alternating in planes of coiling at angles increasing gradually to 180°, later chambers
usually in a single plane. Eocene to Recent. Genera included: Sigmoilinita Seiglie,
1965; Nummoloculina Steinmann, 1881; Schlumbergerina Munier-Chalmas, 1882;
Spirosigmoilina Parr, 1942,

Genus Sigmoilinita Seiglie, 1965
X + Sigmoilinita tenuis (Czjzek, 1848)
(Pl. XVI, Figs 1—3; Text-fig. 53/3)

1848. Quingueloculina tenuis Czjzek; J. Czjzek, p. 149, Pl 13, Figs. 31—34.
1877. Spiroloculina berchtoldsdorfensis Karrer, p. 375, Pl. 16a, Fig. 10.

1951. Sigmoilina tenuis (Czjzek); P. Marks, p. 39, Pl 5, Fig. 7.

1952. Sigmoilina tenuis (Czjzek); A. K. Bogdanowich, p. 159, Pl. 23, Figs 1—4.
1956. Sigmoilina tenuis (Czjzek); A. Sulimski, p. 83, Pl 1, Fig. la-e.

1960. “Sigmoilina” tenuis (Czjzek); R. W. Barker, Pl. 10, Figs 7, 8, 11.

1965, Sigmoilinita tenuis (Czjzek); G. A. Seiglie, p. 72.

1968. Spiroloculina tenuis (Czjzek); I. Korecz-Laky, p. 63, Pl. 4, Fig. 11.

1970. Sigmoilina tenuis (Czjzek); D. Verhoeve, p. 28, Pl. 1, Fig. 11.

Material. — About 100 specimens (Coll. No. F-197, Sec. No. 426, 427).
Dimensions: L 0.4-0.6; B 0.18-0.3; T 0.04-0.05
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Fig. 53. Internal structure of Nummoloculina, Sigmoilinita and Spirosigmoilina:

1, 2— Nummoloculina contrariea (d’Orbigny), Lower Tortonian, Wieliczka; 1 — micro

generation, 2 — mega I generation; 3 — Sigmoilinita tenuis (Czjzek), Upper Tortonian,

Krywald borehole, depth 72-74 m, micro generation; 4-— Spirosigmoilina speciosa

(Karrer), Lower Tortonian, Korytnica, micro generation; 5 — Spirosigmoilina crenata
(Karrer), Lower Tortonian, Korytnica, micro generation.

Description. — Test rhomboid-oval, tapering at both ends, flat, peri-
phery rounded; chambers tubular, narrow, arranged stepwise in a single
plane, 3—5 on each side of the slightly oblique juvenile stage, two outer
chambers broad with flattened sides and slightly marked longitudinal
grooves along the sutures; sutures somewhat depressed; surface smooth,
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polished; wall thin; aperture small, circular, placed at the end of a short
neck and with a short and simple tooth.

Variability and ontogeny. The characteristic features of this species
are stable. The shape of juvenile specimens is narrow and slender (P1. XVI,
Fig. 3), while the mature specimens are broader and slightly rhomboid
(Pl. XVI, Fig. 1). The sections show a sigmoiline chamber arrangement in
the juvenile stage, then the chambers are added in a single plane (Text-
fig. 53/3).

Remarks. — This species differs from Sigmoilinita tenuissima (Reuss)
from the Miocene of Wieliczka in having broader chambers with flattened
sides and a more rhomboid test. From S. tschokrakensis (Gerke) it differs
in a more numerous chambers with more flattened sides, and in rhomboid-
oval shape. The forms investigated correspond morphologically to the
topotypes from Baden, Vienna Basin.

Distribution. — Poland: Tortonian (Benczyn, Brzozowa, Budy, Grabki
Duze, Grzybéw, Gliwice Stare, Karsy, Korytnica, L.eki Dolne, Krywald,
Miechocin, Rytwiany, Wieliczka, Zrecze). Austria: Lower Tortonian, Baden,
Vienna Basin. Czechoslovakia: Lower Tortonian, Zidlochovice. USSR:
Miocene, Precaucasian region and Ukraine,

X 4+ Sigmoilinita tenuissima (Reuss, 1867)
(Pl. XVI, Figs 4—6)

1867, Spiroloculina tenuissima Reuss; A. E. Reuss, p. 71, PL 1, Fig. 11.
1955. Sigmoilina tenuissima Reuss; M. J. Serova, p. 326, Pl. 12, Figs 5, 6.

Material. — 70 specimens (Coll. No. F-198).

Dimensions: L 0.4-0.45; B 0.2-0.25; T 0.04

Description. — Test oval, rounded at the base and tapering towards
the aperture, flattened, periphery rounded; chambers tubular, narrow,
arranged in a single plane, 2—3 on each side of slightly oblique juvenile
stage; sutures slightly depressed, indistinct; wall thin, transparent; surface
smooth, polished; aperture small, circular, at the end of a short neck and
with a short, simple tooth.

Variability. The shape of the test is stable. The number of chambers
of the planispiral stage depends on the ontogeny.

Remarks. — This species, described from the Miocene in Wieliczka,
differs from Sigmoilinita tenuis (Czjzek) from Baden in having narrower,
tubular chambers, a more regular shape and fine, transparent wall. The
topotypes from Wieliczka are figured in Plate XVI, Figs. 4—6.

Distribution. — Poland: Tortonian, (Wieliczka, Zgltobice). Czechoslo-
vakia: Tortonian, Devinska Nova Ves. USSR: Tortonian, the Precarpathian
Foredeep. '
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Sigmoilinita tschokrakensis (Gerke, 1938)
(Pl. XVI, Figs 8a, b, 9a, b)

1938, Sigmoiline tschokrakensis Gerke; A. A. Gerke, p. 308, Pl 3, Figs 1—18.
1952, Sigmoilina tschokrakensis Gerke; A. K. Bogdanowich, p. 161, Pl. 23, Figs 6, T;
cum syn.

1970. Sigmoilina tschokrakensis Gerke; O. Djanelidze, p. 107, PlL. 16, Fig. 1a, c.

Material. — 30 specimens (Coll. No. F-199)

Dimensions: L 0.5-0.6; B 0.25-0.3; T 0.15-0.17

Description. — Test oval, tapering at both ends, flattened, in the central
part slightly convex, periphery rounded; chambers tubular with flattened
sides, 2—3 chambers of planispiral stage somewhat broader than those
of sigmoiline stage in the centre of the test; sutures depressed; surface
smooth, dull; aperture small, circular, at the end of a short neck and with
a short, simple tooth.

Variability and ontogeny. The shape of the test is very variable, accord-
ing to the description of Gerke. Juvenile specimens are slenderer, the
mature ones are broader and flat.

Remarks. — This species differs from Sigmoilinita tenuis (Czjzek) and
S. tenuissima (Reuss) in its broader, tubular chambers, more compact test,
convex in the central part and dull wall. It is similar to Sigmoilina ellip-
tica Galloway & Wissler, Pleistocene, but differs in the more elongate test
and in the presence of a tooth in the aperture.

Distribution. — Poland: Tortonian (Grabki Duze, Korytnica, Wieliczka).
USSR: Tortonian, the Crimea-Caucasian region.

Sigmaoilinita sp.
(Pl. XVI, Fig. 7a-c)

Material. — 1 specimen (Coll. No. F-200).

Dimensions: L 0.72; B 0.4; T 0.15

Description. — Test quadrangular-oval, flat, periphery rounded; cham-
bers tubular, thick, somewhat bent at the base and straight near the
aperture, two last chambers arranged in a single plane, three middle
chambers of sigmoiline stage in test centre; sutures depressed, distinct;
wall matt; aperture circular, at the end of a short neck, surrounded with
a thickened rim and having a short and simple tooth.

Remarks. — No mention of this form has been found in the literature
available to the author; it is however so distinct and well preserved, that
it has been decided to state its presence only.

Distribution. — Poland: Upper Tortonian (Krywatd).
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Genus Nummoloculina Steinmann, 1881
X + Nummoloculina contraria (d’Orbigny, 1846)
(Pl. XV, Figs 5a-c, 6a, b; Text-fig. 53/1, 2)

1846. Biloculina contraria d’Orbigny; A. d’Orbigﬁy, p- 266, Pl. 16, Figs 4—&6.

1881. Nummoloculina contraria (d’Orbigny); G. Steinmann, p. 31, Pl. 2, Figs 1—38,

1951. Nummoloculina contraria (d’Orbigny); P. Marks, p. 40.

1958. Nummoloculina contraria (d'Orbigny); 1. V. Venglinsky, p. 65, Pl. 7, Figs 4, 5.
Material. — Over 50 specimens (Coll. No. F-201, Sec. No. 424, 425, 432).
Dimensions: L 0.5-1.65; B 0.45-1.55; T 0.3-0.7
Description. — Test large, robust, circular, flat, periphery rounded;

chambers broad, flat, 2—5 in the last whorl, covering those of the preced-

ing whorls entirely; sutures very lightly depressed, arcuate, sometimes

S-shaped, irregular; wall thick; surface smooth, polished; aperture large,

semicircular or triangular, filled with semicircular or triangular flap.

Variability. The characteristic features of this species are stable, only
the number of chambers in the last whorl is variable.

Dimorphism and ontogeny. The sections show chambers strongly
increasing in size, the sides of which entirely cover all the preceding
chambers except the periphery of the penultimate one (Text-fig. 53/1, 2).
In the juvenile stage of the micro generation a turn of the coiling axis
occurs after 2—3 chambers have been built; another turn, back to the
previous position, follows the creation of the next 6 chambers. The turn
of coiling axis in the ontogeny of the mega 1 generation is less distinct;
PD: micro — 20 u, mega I — 70 u. The large specimens belong probably
to the micro generation, the small ones — to the mega I generation.

Remarks. — Wiesner, 1923 (fide Barker, 1960) considered Planispirina
sigmoidea Brady, 1884, the type species of the genus Sigmoilina, to be
a synonym of Nummoloculina contraria (d’Orbigny). Thus the genus
Sigmoilina became a synonym of the genus Nummoloculina. It seems
however, that Planispirina sigmoidea does not belong to the species
Nummoloculina contraria, though it is a juvenile stage of Nummoloculina.
It is very similar to Nummoloculina circumcostata Margerel, from the
Pliocene of France but differs in the lack of a distinct border near the
periphery and in a flat, not convex central part of the test.

Distribution. — Poland: Tortonian (Brzeznica, Gliwice Stare, Grzybow,
Krywald, Ligota Zabrska, Rybnica, Wieliczka). Austria: Tortonian, Baden,
Vienna Basin. Czechoslovakia: Tortonian, Devinska Nova Ves, Zidlocho-
vice,

Genus Spirosigmoilina Parr, 1942
+ Spirosigmoilina crenata (Karrer, 1868)
(Pl. XVII, Figs 15a, b, 16a, b; Text-fig. 53/5)

1868. Spiroloculina crenata Karrer; F. Karrer, p. 135, Pl. 1, Fig. 9.
1917. Massilina crenate (Karrer); J. A. Cushmann, p. 57, Pl. 20, Fig. 2a, b.
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1946. Hauerina speciosa (Karrer); J. A. Cushman, p. 5, Pl. 1, Fig. 14a, b.
1952. Spiroloculina (?) crenata Karrer; A. K. Bogdanowich, p. 154, Pl. 22, Fig. 4a-c.
1955. Spiroloculina crenata Karrer; M. J. Serova, p. 326, Pl. 12, Figs 1—4.

Material. — 10 specimens (Coll. No. F-202, Sec. No. 413, 430, 431).

Dimensions: L 0.35-0.45; B 0.25-0.37; T 0.1-0.15

Description. — Test broadly oval, flat, periphery truncate; two outer
chambers narrow, arcuate, of uniform width, arranged in a single plane,
middle chambers in sigmoiline arrangement, 1—3 on each side of juvenile
stage; sutures depressed; surface covered with 5—8 large, prominent
protuberances on each chamber, separated by broad furrows and raking
a regular corrugate pattern on the periphery; wall smooth, polished;
aperture elongate, narrow somewhat broader at the base and at the top,
with lateral edges enlarged and somewhat bent inwards, and filled with
a long, simple tooth.

Variability and ontogeny. The shape of the aperture is variable. It
is usually as an elongated slit, filled entirely with a simple tooth, but in
some specimens the lateral extensions are somewhat sinuous and inclined
inside the aperture. The number of protuberances on each chamber is also
variable but not greater than 8 on each chamber. The internal structure
is sigmoiline. The sections show chambers gradually increasing in size,
arranged in two spiral lines then in a sinusoid line to attain a planispiral
arrangement finally (Text-fig. 53/5).

Remarks.— Our specimens are identical with those from Lapugiu
and Buitur in Romania, having the same elongated narrow aperture. Only
two specimens from Buitur have sinuous and inclined lateral edges of the
aperture. This character of the aperture is connected with the ornamenta-
tion of the test, but probably caused Cushman (1946) to include this
species in the genus Hauerina. However, none of the specimens
investigated, either from Korytnica or from Buitur in Romania, has
a cribrate aperture; besides, they both have a sigmoiline, not quin-
queloculine, internal structure, as in Hauerina.

Collins (1958) is of the opinion that the Recent species named Spiro-
loculina crenata Karrer by Brady (1884) is similar to but not identical
with this species; nevertheless, neither does it belong to the genus
Hauerina, having a sigmoiline initial stage. Collins considers it to be a new
species belonging to the genus Spirosigmoilina and gives it the name of
Spirosigmoilina bradyi.

This species is very similar to the related species Spirosigmoilina
speciosa (Karrer), but differs in having fewer and larger protuberances
in the chambers, a thicker test and truncate periphery.

Distribution. — Poland: Tortonian (Gliwice Stare, Karsy, Korytnica).
Romania: Tortonian, Kostej in Banat, Lapugiu, Buitur. USSR: Miocene,
West Ukraine.
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+ Spirosigmoilina speciosa (Karrer, 1868)
(Pl. XVII, Figs 17a, b, 18a, b; Text-fig. 53/4)

1868. Spiroloculina speciosa Karrer; F. Karrer, p. 135, Pl. 1, Fig. 8.
1946. Hauerina speciosa (Karrer); J. A. Cushman, p. 5, Pl. 1, Fig, 13a, b.
1960. Hauerina speciosa (Karrer); R. W. Barker, Pl. 11, Figs 10, 11.

Material. — 30 specimens (Coll. No. F-203, Sec. No. 412, 428, 429).

Dimensions: L 0.55; B 0.4-0.52; T 0.08-0.12.

Description. — Test broadly oval, very thin and flat, periphery round-
ed; chambers of planispiral stage narrow, arcuate, 3—4 on each side of
the sigmoiline stage, which is seen in the central part of the test as small
proturberances; sutures depressed; surface covered with 10—14 regular
transverse bumps on each chamber, making a corrugate pattern on the
periphery; wall smooth, polished; aperture elongate, narrow, slitlike, with
edges inclined to the inside and filled with a long, simple tooth.

Remarks. — Cushman regarded this species as belonging to the genus
Hauerina, as he did Spirosigmoilina crenata (Karrer), despite its sigmoiline
internal structure (Text-fig. 53/4). It differs from S. crenata in the greater
number of bumps on the chambers, more flattened test and rounded, not

truncate periphery.
Distribution. — Poland: Tortonian (Karsy, Korytnica). Czechoslovakia:
Tortonian, Zidlochovice. Romania: Tortonian, Kostej in Banat.

Institute of Regional Geology and Coal Deposits
Department of Palaeontology and Stratigraphy
Academy of Mining and Metallurgy
Krakow, Al. Mickiewicza 30
February, 1973
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Affinetrina 108 georgiana, Varidentella 138
akneriana, Quingueloculina 35 gibba, Triloculina 134
alexandri, Quinqueloculina 38 globiformis, Pyrgoella 122
amphiconica, Pyrgo 114 gracilis, Cycloforina 77
anagallis, Quinqueloculina 40 gracilissima, Cycloforina 79
angularis, Triloculina 132 granulata, Siphonaperta 100
Articularia 66 gualtieriana, Affinetrina 109
Articulina 70 gubkini, Triloculina 136
articulinoides, Articularia 68 haidingeri, Quinqueloculina 51
aspergilla, Hauerina 90 ) Hauerina 90

badenensis, Cycloforina 73 hauerina, Cycloforina 79
banatiana, Miliolinella 103 incrassata, Lachlanella 93
Biloculinella 113 inflata, Sinuloculina 126
bogdanowiczi, Quinqueloculina 43 inornata, Pyrgo 117
buchiana, Quinqueloculina 45 intermedia, Triloculina 136
clypeata, Pyrgo 116 karreri ovata, Cycloforina 80
compacta, Podolia 97 ' karreriella, Articularia 69
compressa, Hauerina 91 labiata, Biloculinella 113
consobrina, Sinuloculina 123 lachesis, Cycloforina 82
contorta, Cycloforina 74 Lachlanella 93

contraria, Nummoloculina 151 latelacunata, Varidentella 140
controversa, Pyrgoella 121 lentica, Quinqueloculina 54
crenata, Spirosigmoilina 151 lucida, Cycloforina 82
Crenatella 113 lunula Pyrgo 118

cristata, Cycloforina 76 mayeriana, Sinuloculina 127
cubanica, Affinetrina 108 mediterranensis, Siphonaperta 101
Cycloforina 73 microdon, Sinuloculina 127
cylostoma, Sinuloculina 124 Miliola 96

dichotoma, Quinqueloculina 49 Miliolinella 103

eggeri, Triloculina 133 mira, Crenatella 113
enoplostoma grammostoma, Milioli- multibullata, Articulina 70
nella 104 neudorfensis, Triloculina 137
fabularoides, Miliola 96 nitens, Sinuloculina 130
Flintina 114 ' nodosaroides, Articulina 70
fluviata, Cycloforina 76 Nummoloculina 150

foeda, Sigmoilopsis 99 ornatissima, Pseudohauerina 98
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ovalis, Siphonaperta 102
parakneriana, Quinqueloculina 56
peregrina, Quinqueloculina 57
plana, Hauerina 91

planciana, Affinetrina 110
Podolia 97

podolica, Hauerina 92
predcarpatica, Cycloforina 83
problema, Articuling 71
pseudobuchiana, Quinqueloculina 58
Pseudohauerina 98
pseudocostata, Varidentella 140
pygmaea, Quinqueloculina 59
Pyrgo 114

Pyrgoella 120

Quingueloculina 34

regularis, Quingueloculina 61
reticulata, Cycloforina 84
reussi, Varidentella 141
rixatoria, Sinuloculina 131
rosea, Varidentella 143
rotunda, Varidentella 145
sarmatica, Articulina 72
sarmatica, Varidentella 146
schroeckingeri, Lachlanella 94
selene, Miliolinella 105
Sigmoilinita 148

Sigmoilopsis 99

Sinuloculina 123

Siphonaperta 100

speciosa, Spirosigmoilina 153
Spirosigmoilina 151
spondiungeriana, Quinqueloculina 62
stomata, Cycloforina 85
subsphaerica, Pyrgo 118
suturalis, Cycloforina 86
suturata, Cycloforina 87
tamanica, Articulina 72
tenella, Articulina 73

tenuis, Sigmoilinita 148
tenuissima, Sigmoilinita 149
toreuma, Cycloforina 87
Triloculina 132

triangularis, Quinquelocuiina 63
truncata, Flintina 114
truncata, Pyrgo 119
tschokrakensis, Sigmoilinita 150
tumida, Hauerina 92

ucrainica, Affinetrina 111
undosa, Lachlanella 95
valvularis, Miliolinella 105
Varidentella 138

ventruosa, Pyrgoella 122
vermicularis, Cycloforina 88
voloshinovae timenda, Affinetrina 112

EWA LUCZKOWSKA

MILIOLIDAE (FORAMINIFERIDA) Zz MIOCENU POLSKI CZESC II
STRATYGRAFIA, PALEOEKOLOGIA I OPISY GATUNKOW

Streszczenie

Badane materialy pochodzg z odslonigé i z wiercefl, rozmieszczonych gléwnie
w brzeznych facjach Zapadliska Przedkarpackiego (Text-fig. 1). Wykaz miejscowosci,
z ktérych zostaly pobrane na obszarze Polski oraz pochodzenie materialéw porow-
naweczych z miocenu innych krajéw i z mérz wspdlczesnych podano w rozdziale pt.
,,Material”.

Przy okre$laniu rodzajow wzieto pod uwage dwie cechy, jako giéwne kryteria
taksonomiczne: budowe wewnetrzng i charakter uj$cia. Ilo§¢ komér widoeznych na
zewngtrz okazala sie cechg drugorzedng, czesto jednakows u przedstawicieli réznych
rodzajéw. Przy opisach gatunk6éw ograniczono sie do omoéwienia strony przedniej,
posiadajacej wiekszg ilo§¢ widocznych komoér oraz profilu, tj. zarysu od strony
uj$cia, majgcego duze znaczenie dla odrézniania gatunkéw. Strona tylna, posiadajaca
mniejszg ilos¢ widocznych komoér, nie wnosi do opisu nic nowego w poréwnaniu
z poprzednimi cechami. Terminologia uzyta w opisach jest objasniona na Text-fig. 2.

11 Acta Palaeontologica nr 1/74
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Identyfikacje gatunkéw starano sie oprze¢ na materialach z miejscowoséci typowych
lub z utworéw réwnowiekowych sasiednich obszaréw. W zwigzku z tym przy naz-
wach gatunkéw zastosowano nastepujgcg symbolike:

* — gatunek zidentyfikowany na podstawie poréwnania z holotypem.

X — gatunek zidentyfikowany na podstawie poréwnania z okazami z tej samej miejscowosci
i poziomu co holotyp.

+ — gatunek zidentyfikowany na podstawie materialéw z inne] miejscowosci, z tego samego
regionu i poziomu co holotyp.

= — gatunek zidentyfikowany po konsultacji z autorem gatunku.

Badania zmiennoSci morfologicznej niektérych gatunkéw, ich ontogenezy, zré6z-
nicowania generacji itp. byly przeprowadzane na przekrojach poprzecznych, ukazu-
jacych komore embrionalng i kolejne stadia rozwojowe (patrz cze§é I). Przekroje
(naszlify) sporzgdzano w zasadzie sposobem opisywanym przez Bogdanowicza (1952,
str. 49), jednak z zastosowaniem pewnych usprawnien, umozliwiajgcych obserwowa-
nie przebiegu czynnoéci pod binokularem. Wszystkie szlifowane okazy byly rysowane
w schematycznym zarysie przed rozpoczeciem szlifowania i nastepnie rysowano ich
przekrdéj.

STRATYGRAFIA

Badane miliolidy pochodzg z utwor6w miocenu, nalezgcych do dwoch pieter:
tortonu (badenianu) i sarmatu. Nazwa ,badenian” zostala zaproponowana przez
Pappa et al. (1968) dla utworéw nalezacych do tortonu w Basenie Wiedefiskim, lecz
nie odpowiadajgcych §cifle stratotypowi tortonu we Wloszech. W niniejszej pracy
stosowana jest dawna nazwa ,torton” dla lawiejszego nawigzania do poprzednich
prac autorki i unikniecia niejasnosci, z tym jednak zastrzezeniem, ze odnosi sie ona
do tortonu. s. 1.

Zespoly miliolidé6w z miocenu Polski réznia sie w poszczegbélnych poziomach
stratygraficznych. Ogdlnie mozna stwierdzié, ze w tortonie Zyly zupelnie inne ga-
tunki miliolidéw anizeli w sarmacie. Ich wystepowanie w typowych miejscowosciach,
reprezentujgcych réine wiekowo utwory, oraz zasigg stratygraficzny podano na Ta-
beli 1.

Granica miedzy tortonem i sarmatem zaznacza sie w miejscu prawie calkowitego
zaniku licznych gatunko6éw tortonskich miliolidéw i pojawienia sie nowego, sarmac-
kiego gatunku Cycloforina stomata. Liczne wystepowanie tego gatunku w spagowych
utworach sarmatu charakteryzuje okres pomiedzy naglym wyginieciem mikrofauny
gornotortoniskiej a stopniowym rozwojem mikrofauny sarmackiej.

PALEOEKOLOGIA

Odtworzenie przypuszczalnych warunkoéw paleoekologicznych w morzu mioceni-
skim jest mozliwe na podstawie por6wnania z wystepowaniem miliolidéw w morzach
wspélczesnych, Typowymi przyktadami dolnotortonskich zespoléw miliolidéw pol-
nocnej strefy przybrzeznej sg zespoly z Kars i Korytnicy, a w potudniowej stre-
fie — z Benczyna, Iwkowej, Zegociny, Przeciszowa, Brzozowej. Mozna przyjgé, ze
wskazuja one na warunki wewnetrznego szelfu, na gteboko$§é¢ nie wiekszg od 50—80 m
oraz na cieple wody. Duza rozmaito§é gatunkéw (38) mdéwi o normalnym zasoleniu.
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W Wieliczce wystepujg utwory mlodsze w pordéwnaniu z Korytnicg. Spotykane
w nich miliolidy wskazujg na nieco odmienne srodowisko, na wody glebsze, siegajgce
ponizej 100 m, byé moze do 200-250 m. Zmniejszenie iloSci gatunkéw wskazuje na
oddalenie od brzegbéw, albo na zmiany w skladzie chemicznym woéd.

W gérnym tortonie zasolenie morza nie odbiegalo od normalnego, na co wska-
zuje duze bogactwo rodzajow i gatunkdéw. W Gliwicach Starych, typowej miejsco-
woéci dla strefy przybrzeznej w zachodniej cze$ci morza, wystepujg zespoly méwia-
ce o glebokoSci mniejszej anizeli w Wieliczce, ale wigkszej niz w Korytnicy. Przy-
puszczalnie mozna je okre$li¢ w granicach okolo 100-150 m. Podobne warunki pano-
waly rowniez w poludniowej strefie przybrzeznej, np. w Zglobicach, Chelmie n/Raba,
Grabowcu, Brzeznicy itd. W poélnocno-wschodniej cze§ci pasa przybrzeinego (np.
w Weglinku, Bogorii, Gieraszowicach, Rybnicy) i w silnie na poludnie wysunietej
zatoce (w Niskowej) wystepujg utwory przypuszczalnie tego samego wieku co
w Gliwicach Starych, jednak wskazujgce na inne warunki: na plytkie, cieple wody
strefy infralitoralnej, posiadajace normalne zasolenie i gleboko$§é okolo 30-50 m.

W dolnym sarmacie od poczatku wystepowaly zespoly miliolidéw wskazujgce na
niewielkie gleboko$ci, przypuszczalnie okolo 30 m. W péZniejszym okresie zespoty
stawaly sie bardziej jednostajne, widoczne jest masowe wystepowanie pewnych
gatunkéw, typowe dla faun przybrzeinych barier i wysepek lub delt wiekszych rzek.
Warunki coraz bardziej sie pogarszaly, co widoczne jest w redukeji ilo§ci gatunkéow,
zmniejszeniu wielkosci okazéw i powstawaniu form zdegenerowanych. Zjawiska te
byé moze oznaczaly wysladzanie sie¢ woéd pod koniec dolnego sarmatu na wschodnim
obszarze morza sarmackiego w Polsce.

MORFOLOGIA SKORUPEK

Na réznorodno$é¢ ksztaltow u miliolidéw skladajg sie trzy czynniki: zmienno$é
morfologiczna, dimorfizm i ontogeneza. Nie wszystkie wchodzg w rachube rdéwno-
cze$nie u poszczegbdlnych gatunkéw, jednak wszystkie sg z sobg w pewnym stopniu
powigzane. Np. réine wielko$ci skorupek mogg $wiadczyé o obecnoéci osobnikéw
reprezentujacych rézne stadia ontogenetyczne, od mlodocianych do starczych, lecz
takze moga by¢ wyrazem specyficznych warunkéw $rodowiska, powodujgcych
mniejszy lub wiekszy wzrost skorupek u tych samych gatunkéw. Réwniez dimorfizm
w pewnym stopniu wplywa na rézinorodno$é ksztaltéw. Mimo iz generacje mikro
i mega I sa nie do odréznienia na podstawie wielkoSci i ksztaltu skorupek (cze§é I,
str. 348 oraz przekroje Quinqueloculina), jednak generacja mega II moze sie uwydat-
nié w postaci osobnikéw malych pod wzgledem wielkosci, ale o wyzszych skorupkach
w poréwnaniu z innymi generacjami danego gatunku (np. u Quinqueloculina anagallis,
Text-fig. 7/5 lub Q. buchiana, Pl. IV, Fig. 2).

Zmienno§¢ morfologiczna jest wyrazona gloéwnie jako zmienno§é ksztiltu skoru-
pek, w réznym stopniu wydluzonego, rozszerzonego lub zaokraglonego i jako zmien-
no$é¢ ornamentacji, np. w ilo§ci zeberek lub prazkéw, albo ich pojawieniu sie tyllo
na pewnej iloSci okazéw danego gatunku. Na uwage zashluguje réwniez zmiennosé
ksztaltu ujScia i zeba, szczegdlnie u takich rodzajéw jak Cycloforina, Miliolinella,

11*
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Pyrgo, Pyrgoella, Varidentella. Istniejg tylko nieliczne gatunki o malo zmiennych
cechach morfologicznych.

ONTOGENEZA

Sledzac u réinych gatunkéw przekroje szeregéw form od mlodocianych do do-
rostych lub starczych, wzglednie obserwujgc stadia rozwoju poszczegdinych okazoéw
mozna doj§é do nastepujacych wnioskéw: 1) Wielko§¢ skorupki nie jest zaleina od
iloSci komor lecz przede wszystkim od wielkoSci proloculus. Im wiekszy proloculus
tym mniej komér u osobniké6w tej samej wielko$ci, czyli stadium juwenilne gene-
racji mega I lub mega II moze mieé¢ te samag wielko§é co stadium doroste generacji
mikro. 2) U rodzaju Quinqueloculina, wytwarzajgcego doroste (lub starcze?) stadium
massilinowe, obserwuje sie takie gatunki, u ktérych jedynie stadium kwinkweloku-
linowe decyduje o przynalezno$ci do danego gatunku, gdyz ksztalty tych massilino-
wych form mogag byé bardzo podobne u réinych gatunkéw. Mozna to interpretowac
dwojako. Albo istnieje rodzaj Massilina, a rézne ksztalty stadium juwenilnego wi-
doczne na przekrojach podobnych form $§wiadczg o ich polifiletycznym pochodzeniu
albo rodzaj Massilina reprezentuje tylko stadium ontogenetyczne rodzaju Quinquelo-
culina, izomorficzne u réinych gatunké6w. W pracy przyjeto to drugie stanowisko
(patrz cze§é I). 3) U szeregu rodzajéw mozna zaobserwowaé na przekrojach, ze mlo-
dociane stadium niektérych gatunkéw moze mieé podobng postaé, a cechy indywi-
dualne réznicujg sie dopiero po utworzeniu kilku poczatkowych komoér (np. u rodza-
jow Cycloforina, Lachlanella, Triloculina). Wynika stad, ze poza rodzajem Quinquelo-
culina, stadium mlodociane u innych rodzajow nie ma zréZnicowanych cech diagnos-
tycznych. 4) W obrebie rodzaju Sinuloculina istniejg gatunki, ktérych stadium juwe-
nilne ré6zni sie tak od stadium doroslego, ze oba stadia bywajg oznaczane jako odreb-
ne gatunki.

Jezeli chodzi o rozwdj ksztaltu ujscia i zeba, to u niektérych rodzajow, np.
u Varidentella, Hauerina, Miliola, sg one inne w stadium mlodocianym anizeli w do-
rostym.

FORMY POKREWNE

Zaobserwowano, zZe w$§rod miliolidéw z miocenu Polski mozna wyrdznié¢ grupy
form w obrebie jednego rodzaju, ktérych pokrewienstwo zaznacza sie zaréwno w po-
dobnej budowie stadium juwenilnego, jak i w pewnych cechach morfologicznych
w stadium dorostym oraz w podobnym charakterze §cianki.

FORMY PRZEJSCIOWE MIEDZY RODZAJAMI

Trudno$ci w okre$leniu niektérych rodzajéw miliolidow wynikajg glownie z tego
powodu, Ze istniejg gatunki posiadajgce cechy diagnostyczne ,mieszane”, nastrgcza-
jace watpliwosei co do zaliczenia ich do okre§lonych rodzajéw. Do takich cech naleza
gléwnie ksztalt ujscia i zeba oraz ilo§¢ komér widocznych na zewngtrz. Takie gatun-
ki mozna traktowaé jako formy przejSciowe miedzy rodzajami, przy czym o przy-
naleznoéci do okre§lonego rodzaju moze zadecydowaé budowa wewnetrzna. Wérod
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miocenskich miliolidéw spotyka si¢ formy o cechach przejSciowych pomigdzy rodza-
jami Quinqueloculina i Varidentella, Varidentella i Cycloforina, Cycloforina i Sinu-
loculina, Miliolinella i Pyrgoella. Ich obecnoéé §wiadczy o trudnoéciach w klasyfikacji

i o konieczno$ci dalszych badan nad rozwojem filogenetycznym wielu gatunkow.

CZESC SYSTEMATYCZNA

Czeéé systematyczna zawiera opisy 103 gatunkéw i podgatunkéw, w tym 9 sp. n.
i 1 n. nom. Zostat r6wniez wydzielony jeszcze jeden nowy rodzaj Articularia, w obre-
bie rodziny Quinqueloculininae, ktéry rozni si¢ od Articulina tym, ze posiada kwin-
kwelokulinows, nie ptasko spiralng lub nieregularnie miliolinowa budowe stadium
juwenilnego. Wydzielono takze nowg podrodzinge Sigmoilinitinae, obejmujgcg gatunki
z sigmoilinowym stadium poczatkowym, nie kwinkwelokulinowym jak u Quinguelo-
culininae ani kryptokwinkwelokulinowym jak u Miliolinellinae. Do nowych gatunkéw
nalezg: Quinqueloculina alexandri, Q. anagallis, Q. lentica, Q. parakneriana, Q. pseu-
dobuchiana, Articulina multibullate, Cycloforina stomatae, Siphonaperta ovalis, Vari-
dentella georgiana. Nowg nazwe Miliolinella banatiana nadano gatunkowi Miliolinella
dilatata (Karrer), ktéry jest homonimem M. dilatata (d’Orbigny).

9BA JIYVYKOBCKA

MILIOLIDAE (FORAMINIFERIDA) U3 MUOIIEHA IIOJBIIN YACTBH II
CTPATUTPA®HU, ITAJTEOSKOJOIUA U OIIMCAHUSA BUIOB

Pezione

BCTYIINEHUE

MarepuaJgbl aJad uccJegoBaHMiI ObLIM AOOBITHI B O0HAXKEHMAX M OypPOBBIX CKBa-
JKMHAX, PAaClOJIOXKEHHBIX, B OCHOBHOM, B nepudepmudyeckoir yacrtu IIpeakaprnaTckoro
nporuba (dur. 1). Ilepeyesb MECTHOCTEI, B KOTOPBLIX ObLIM B3ATHI 00pa3lbl HA Teppu-
Topum Ilonpliy, a Takike MECTOHAXORACHMUA MCTIONBL3OBAHHOTO JNA CPABHEHUA Ma-
TepMaNia M3 MMOLIEHA JAPYIMX CTPaH M M3 COBPEMEHHEIX MODE#!, yKa3aHbl B TIJaBe
n.3. ,,Marepnan”.

B omnpejeneHuM POAOB B KAUECTBE OCHOEHBLIX TaKCOHOMMUECKUX KPWUTEPUEB WC-
OOJIb30BAJIUCh JIBa NpPM3HAKa — BHYTPEHHeEE CTPOEHME M XaparTep ycTbA. Koau-
Y4yecTBO HabGJIofaeMbIX CHAPYKM KaMep 0Ka3allock BTOPOCTEIEHHBLIM IPU3HAKOM, 4YaCTO
OJMHAKOBBIM Y NPEACTaBUTEJNEN Ppa3HbIX ponoB. OnmMcaHMA BUAOB OrpaHMYMUBAIOTCH
XapaKTEePUCTUKON IepelHelt CTOPOHBI, OTAMYAKIIENCA OOJBIIMM KOJMYECTBOM 3aMeT-
HBIX KaMep, M NpOoMWIA, T.e. OYEPTAHMUA CO CTOPOHBI YCTbA, UTPAICILETO POJb BaXK-
HOTO NPU3HAKa B ONpeaesIeHUM BUAOB. 3aJHASA CTOPOHA, XapaKTEePU3YIOIIaACA MEHb-
LIMM KOJMYECTBOM 3aMETHBIX KaMep, He BHOCUT HMYEro HOBOI'O B OIMCaHMA, IO
CPaBHEHMIO C INPEABLIAYIIMMM nNpuU3HakaMi. OOBbICHEeHME TEPMMHOJIOTMM, IPUMEHA-
BILEIICA B ONMCAHMAX, JaHOo Ha durype. 2. OnpepesieHMA BUAOB aBTOD CTPEMMJICH
OCHOBBLIBATh HA MaTepuaJaxX U3 XapaKTEPHBIX MECTOHAXOXKIACHUII MJIM HA ORHOBO3-
pacTHbIX 00pa30BaHMAX CMEXXHBLIX pajioHOB. B CBA3M ¢ 9TMM HA3BAHMA BHIOB CHaG-

XKEHb! CIeAYHILIMMU MHIAEKCaMU.
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* — BUJ, ONpPENEJIEHHBII Ha OCHOBAHMM COMNOCTABJIEHMA C TOJOTHITOM.

X — BMR, ONpenesieHHbII Ha OCHOBAHUYM COITOCTABJIEHMA € JKIEMINAPAMU M3 TOrO IKe MEeCTO-
HaXO0XKAEHUA M TOrO XK€ TOPU3OHTA, B KOTOPHIX GbIJ HalAEH TOJOTUII.

+ — BUA, ONPEAEJEHHBbI HAa OCHOBAaHMM MATEPHMAJIOB M3 APYTOrO0 MECTOHAXOMKAEHMA, HO M3 TOTO
K€ perMoHa M TOTO XK€ ropM30HTa, B KOTOPBLIX 6LLI HAMAEH TOJIOTHUII.

= BHJ, ONpEeAENEHHBIA Ha OCHOBAHMM KOHCYJbTALMM € ABTOPOM rOJIOTUIA.

HUsyyenne MopdOJIOrMYECKMX OCOGEHHOCTEN HEKOTOPbIX BMAOB, MX OHTOreHe3sa,
T€HEPaLMOHHbIX MNPM3HAKOB M IIP. IPOBOAMIOCH HA IIONEPEYHBIX CEYEeHMUAX, BCKPbI-
BaIOIMX SMOPMOHANBHYIO KaMepy M MOCHEeAOBATENbHbIE CTAAMM PA3BUTUA (CM. YacTb I).
Ceueyna (aHIIMMDDBI) U3TOTOBAANMCHL B NPMHIMIIE METOAOM, OMMCAHHBLIM BOoraaHoBuU-
yeM (1952, cTp. 49), ¢ HEKOTOPBIM YCOBEPILISHCTBOBAHMEM, [MO3BOJAIOUIMM BeCTU HabJio-
HAEeHUA N0 XORY ZAeNcTBMA NOA OMHOKYNApoM. lIpousBopamMiiack CXeMaTUM4YecKas 3apu-
COBKa BCEX 9K3EMIUIAPOB A0 ULIMMOBKM M 3apPHCOBKA CEYEHMII TOcie IIUGOBKHA.

CTPATUTPADPUA

HM3yyeHHble MMJIMOIMABI ObIIM AODBITHI M3 ABYX SPYCOB MMOLIEHA — TOPTOHCKOTO
(6amenckoro) u capmatckoro. Hazsauue ,,0aneHcKuit Apyc”’ Obio npeanaoxeHo Ilammoy
U np. (1968) B OTHOWIEHMM ITOPOJ, OTHOCAILUMXCA K TOPTOHY BeHckoro GaccefiHa, HO
MOJIHOCTBIO He SKBUBAJIEHTHLIX TOPTOHCKOMY crpaToTUrly B Mranuu., B HacroAuen
pafoTe ymoTpebaserca npexKHee Ha3BaHMe ,,TOPTOH” AJiA GOJbLIEH YETKOCTHU M NPAMO
YBA3KM C OpPEeABIAyLMMM DpaboramMM aBTOpPa, OXHAKO C OTOBODKOM, YTO STO Ha3BaHUe
OTHOCUTCA K TOPTOHY S. L.

CooflecTBa MUJIMOJINI, NPEACTABIEHHbLIE B DPA3HbIX CTPATUTPadMUYCCKUX IOpuU-
30HTaxX MuoueHa IloJapiny, OTIAMYAIOTCA APYr OT Apyra. B ofuyeM MOXKHO OTMETUTH,
YTO MMJIMOJMALI TOPTOHCKOTO BeKa KOPEHHbLIM 00pa3oM OTAMYAIOTCH OT BMUIOB, Cyllie-
CTBOBAaBIUMX B capmare. VX pacnpocTtpaHeHue B TUNOBLIX MECTOHAXOKAEHMUAX, Ipef-
CTABJAKIUMAX Da3HOBO3pacTHBbIE 00pPa30BaHMA, U cTpaTUrpaddUYecKMe MHTEPBAJbLI NPy~
BegeHb! B Tabiuye I.

T'paHniia MEXAY TOPTOHOM M CAapMaTOM HaMe4YaeTcsl B MeCTE ITOYTH ITOJIHOro ycyes-
HOBEHUA MHOTrOYMCJIEHHEIX TOPTOHCKMX MMJIIMOJIMA M MOABJEHUA HOBOTO, CAPMATCKOTO
suna Cycloforina stomata. Boratoe pacnpocTpaHeHMe 3TOTO BUAA B IOAOINBEHHBIX
CJIOAX capMaTa 3HaMEHYeT NepMol MeKAY PEe3KMM MCYE3HOBEHMEM BEepXHEeTOPTOHCKOM

MUKPOayHb! ¥ MOCTEIIEHHbIM DPAa3BUTMEM CapMAaTCKOiT MUMKPOdayHbI.

ITAJIEODKOJNOTUSA

BoccTaHOBJIEHME IIPEAIOJaraeMbiX IAJIEOSKOJOTMUECKUX YCJOBMII MMOLIEHOBOTO
MOPA BO3MOZKHO Ha OCHOBaHMM COIIOCTABJIEHUA C YCIOBMAMM OOMTaHMA MMJIMOJIUN
B COBPEMEHHDBIX MOPAX. TUIMYHBIMM NIPHMMEPaMM HMKHETOPTOHCKUX cOOGIIeCTB MMUIMO~
JIUj CeBEPHOM NPUOPEIKHOM 30HbI ABJIAKTCA COOOLIECTBA M3 MeCTOHaxoxkaeHuin Kapebt
1 KopbITHMLIA, AJS I0IKHOM 30HbI — BenumH, MBKoBa, ZKeroumnua, ITinerpnys n Baxo-
30Ba. MOXHO npeanojyaraTsk, YTO OHM XapaKTEPU3IYIOT YCJOBMA BHYTDEHHero uleiabda
C TEMJILIMM BOAAMM U TNyOMHOM He Goyee 50—80 M. 3HaunTenpHOE pazHoOOpa3ue BU-
noB (38) ABJAeTCA MOKa3aTejlieM HOPMAJBHOM COJIEHOCTH.

B BeJsuuke pacnpocTpaHeHbI 6oJiee MOJIOfbIe OTJIOREHNA, N0 cpaBHeHNIO ¢ KophIT-

Huueln. Berpeuarouecas B STHMX OTJIOMKEHUAX MUIMONMALI XapPaKTePU3YIOT HEMHOTO
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uHylo, 6oJee rayGOKOBOAHYIO cpeny, ¢ raybuHamu mopsizga 100 ¥, BO3MOXKHO, AaxKe
200—250 M. CokpauleHMe KOJUYECTBA BUJOB CBULETENLCTBYET 00 oTnalieHuu Oepero-
BOIT IMHMM MM M3MEHEHMAX XMMM3Ma MODPCKOI BOABI

B BepxHeM TOPTOHE COJIEHOCTh MOPA He OTKJIOHAJNACh OT HOPMAaJBbHOI COJIEHOCTH,
4TO JOKa3kIBaeTcA obuamueMm ponoB M BUAOB. B I'muBunax CTapbIX — TUIIMYHOM MECTO-
HaXOXKAeHMM NpubperRHOoi 30HbI B 3alajHOIl 4aCcTM BOAOEMa IIPeACTaBJIeHbI coobLie-
CTBa, XapaKTepusymwlue Gojlee MeJKOBOAHbIE YCIOBMSA IO CPAaBHEHMIO ¢ Beauukoi, HO
oonee ray0oKoBoxHbIe, yeM B KopheITHMIBL IIo Bceil BEPOATHOCTH, TIyOMHBI cOCTaB-
naay 100—150 M. CxofHble YCJIOBHUA FOCIHOACTBOBAJM TaKiKe B IOXKHOM NpuOpexRHOMU
30He, HaIpyMep B MECTOHaxoxKjaeHMAX 3riaobuie, Xeam-"Ha-Pabe, I'pabomen, Brxes-
HMIA M Jp. B ceBepo-BOCTOYHOI dYacTM NPuUOpeKHOi rnoJjockl (BeHramuer, Boropus,
T'epamioBuie, PeIGHMIA) ¥ B BBICTYTAIOIEM AaJIeKO Ha Ior 3ajauBe (HuckoBa) 3anerarmoT
OTJIOREHMA ONHOBO3PACTHBLIE, OYEBMAHO, C OCAaZKaMM MeCTOHaxoxkjaeHusa IaueBuue
Crape, HO OnpefeNAIolpe APYTHUe YCIOBUA — TEILIOe, MEJIKOBOAHOE MOpe MHMPAIUTO-
pPaNLHOM 30HbI, rAYOMHOM mopsagra 30—50 M, XapakTepusyiollleeci HOPMAaJBHOM

COJICHOCTBIO.

B HM3ax HMIKHEro capmaTa PacnpocTpPadeHb! CoOblIecTBa MMIMOJNM, XapaKTepyu-
ayioume HeGosbluye rayO0uHBLI, BepOATHO Nopaaxa 30 M. Beiue moABaswTca 6ojee
OOHOOOPAa3HbIE COOOIECTBA, OTMEYAETCHA MAacCOBO€ PaCIPOCTPaHEeHMe HEKOTOPbIX BU-
0B, KOTOPble XapaKTEPU3YIOT YCJIOBUA NPUOPERHBIX GapbepOB, OCTPOBOB MM HAEJLT
KDPYIHBIX PeR. YCIOBMA Bee Oonblle yXyAIIaauch, HTO BBIPAZKEHO COKPAlleHUEM
KOJIMYECTBA BUAOB, YMEHBIUIEHHEM Pa3MepPOB ocobeil 1 NMOABJIEHUEM AEreHePUPOBAHHBIX
dopMm. DTH ABJNIeHMA 3HAMEHYIOT, BO3MOIKHO, ONpPECHEHME MOPA B KOHIlEe DPaHHEro
capMaTa B BOCTOYHOJ 4acTM capMarckKoro Bojoema Ilosbum.

MOPPOJIOTUA PAKOBIH

Pasnoobpa3sme ¢hopM PAaRKOBMH MUIMOANA 06YCHOBIEHO Tpemsa (baKTopamu: MOP-
hOSIOTMYECKO) U3IMEHUMBOCTBLIO, AMMODPMMU3IMOM M OHTOTEHE30M. DT (PaKTOphI NpPO-
ABJIAIOTCA HEONHOBPEMEHHO Y OTHAEJNBbHBIX BHAOB, OJHAKO BCE OHM XO HEKOTOPO
CTEeHM B3aMMOCBA3aHbL JITakK, pa3Had BeJu4YMHA DAKOBMH MOXKET OTPaxaTb HaJIM-
4me ocoleit, IPeACTABIAILIMX Pa3HbLIe OHTOTeHEeTHMYECKME CTaiuM, OT MJIIAAEHYECKUX
0 CTap4YyecKMX, HO TaK¥XKe MOXKeT ObITh CJENCTBMEM cHeUuUUECKMX YCIOBUIL CPEeXbI
obutanuda, obycnoBMBHIMX GOJIbllee MM MEHbUIEE Pa3BUTHE PAKOBMH y OZHMX M TeX
e BMAOB. JuMOpdHM3M TOXKe B ONDPENEeJIEHHO! CTElNeHM BJIMAET Ha pa3Hoobpasue
cdopm. HecMoTpA Ha TO, YTO reHEpalMM MMKpPO ¥ Mera 1 Hepas3nmMuuMMbl Ha OCHOBaHWMU
BeINMYMHBI U opMbl paroBMH (dacTb I, crp. 348 m ceuenms Quinqueloculina), To,
OAHAKO, reHepauua mera II MOXeT NpPOABAATLCA B BHUAE 0c00eit HeOOJBIION BeNu-
YMHBI, HO 00JajaoLmux 60Jiee BBICOKOI PaKOBMHKONI 10 CPAaBHEHUIO C JAPYTMMM TEeHe-
palMAMM ZQaHHOTO BUZA (Hanpumep y Quinqueloculina anagallis, dur. 7/5 wuam
Q. buchiana, Tabn. IV, dur. 2).

Mopdonornyeckue OCOGEHHOCTM BblpaXkeHbl, I'IaBHBIM 006pa3oM, pa3HbiMu hop-
MaMM DaAKOBMH (Pa3HbIM YAJNMHEHUEM, NIMPUHOIA M OKPYTJIEHHOCTBI) U CKYIbITYP-

HbIMKM OCODEHHOCTAMM (PA3HBIM KOJMYECTBOM DeOpUIUEK MM PYOLOB MAM MX HaAU-
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YHeM JIMLIL Yy HEKOTOPhIX 3K3eMIIAPOB AAHHOIO BUAA). Ba’KHBIM NPU3HAKOM ABJAETCA
TaKxKe pa3Haa ¢opMa ycTba u 3y6a, ocobeHHO y Takmx poaoe Kak Cycloforina, Milio-
linella, Pyrgo, Pyrgoella, Varidentella. O4uenb pefKo BCTPEYAIOTCA BUABI, ¥ KOTOPBIX
Moponornuyeckue NPU3HakM UM3IMEHAITCA B HEe3HAUYUTENBLHO CTereHu.

OHTOTEHE3

Habmnionenna ceyeHuit paza popM pas3HbIX BUAOB B NOPAJKE OT MIALEHYECKMX
CTaAuM MO B3POCHbIE MJIM CTapyecKyMe, UJIM IKe M3IYYEeHMEe CTajuii DPa3BUTUA OTHAeNb-
HBIX 9K3€MINAPOB ITO3BOJAET CAENATh CHEAYIOUME 3AKJIIOYECHNA

1) BemrynHa paKOBMHBI HE 3aBMCUT OT KOJIMYECTBA KaMep U 00YCJIOBJIEHA, TIPEXKAe
BCEro, BeJIMYMHONM HayaJbHOI KaMmepnl Yem Gosbiue HayallbHAsg KaMepa, TEM MEHbIiie
KaMep y ocobeil 0JMHaKoOBOM BeXuuyHbl. CiefoBaTeJbHO, MIageHUYeCKass CTagUA reHe-
pauny mera I nam Mera Il MOKeT MMETL TAKYIO K€ BEeIMYMHY, KaK M B3pocjad CTagus
reHepauum MuKpo. 2) B cocraBe poma Quinqueloculinag, o6pa3ynoiero B3pOCIyR (MIu
CTap4YecKylo?) MaCCMJIMHOBYIO CTaguio, HAOJOAAIOTCA TAaKME BUABIL, ¥ KOTOPBLIX €AMH-
CTBEHHO KBVHKBEJIOKYJIMHOBAA CTAaAMA SBIAETCH PEIIAIOIIMM NPU3HAROM ITPUHALIEK-
HOCTM K JAHHOMY BHMJAY, TaK KaK (POPMbI MAaCCUJIMHOBBIX CTaAMil MOIYyT ObITb BeCbMa
CXOZHBI y Pa3HBIX BUAOB. DTO MOIKHO pPacCMaTPMBATH ABOAKO: JMOO CyLECTBYeT POX
Massilina, a pa3dble POPMBI MJAKEHYECKOM cTaamy, HabGJOAalolIMeca Ha CEeYeHMAX
CXOZHBIX (DODM, CBUAETEJNBLCTBYIOT O MX MONMUMUIESTUIECKOM IPOMCXOXKAEHMUH, Inbo xe
pon Massilina npeacTaBaseT JUILL OHTOTEHETMUECKYIO CTaauio poja Quingueloculina,

U30MOpdHYIO ¥ pa3HbIX BUAOB. B paboTe NpuHATA BTOpad TOYKA 3PEHUA (CM. 4acThb 1).
3) Ha ceuyeHMAX 9K3EeMIUIAPOB PARA DPONOB MOXKHO HabMIOZATh, 4YTO MJIajeHdJecKad

CTagusa HEKOTOPBIX BMAOB MMEET CXOJHbIM OGJMK, a MHAMBMAYAJbHbIE NPU3HAKU IIPO-
ABJIAIOTCH TOJILKO JIMWIL I10Che CchOPMMPOBAHUA HECKOJNBKMX HaydaJbHbIX KaMmep (Ha-
npumep, poasl Cycloforina, Lachlanella, Triloculina). OTcrona cnepyer, 4TO 3a MCKJIIO-
yeHmeMm popa Quinqueloculina myageH4YecKast CTagMA APYTMX DOAOB JHUINEHA MHAUBMU-
AYANbHLIX AMATHOCTHMYECKMX OPU3HAaKOB. 4) Buyrpu poga Sinuloculina mpuCyTCTBYIOT
BUIbI, MJaJeH4Yeckad CTagusd KOTOPBLIX HACTONBKO OTJMUAETCHA OT B3POCION CTAauH,
YTO UX NPUMHMMAIOT B Ka4YeCTBE Pa3HbIX BUMAOB.

Yro racaerca (opMbl ycThA U 3y6a, TO ¥ HEKOTOPBIX POAOB, Hanpumep y Vari-
dentella, Hauerina, Miliola oHM MMeEIOT Pa3HbIX BUA B MIANEHYECKON U B3POCIOH
CTagUAX.

POACTBEHHBIE ®OPMBI

Ha6arogeHna nokasaiu, 4TO CpeamM MUIMoauy Muoueda IToNbiM MOMKHO 3aMETHTh
Takue rpynnel ¢GOpM BHYTPM OAHOTO POAA, POACTBEHHAS CBA3b KOTOPBLIX BLIpAaXKeHa
TAaK CXOAHBLIM CTPOEHMEM MJIANEHYECKO! CTAnuM, KAK M HEKOTOPbIMM MopdoJiormye-

CKMMM IIPM3HAaKaMM B3POCJOH CTaguy, a TAaKXKe CXOAHBIM TUIIOM CTEHKMU.

IIPOME2KVTOYHBIE ®OPMBI MEXIY POIAMMA

TpYyoHOCTL ONpeAesIeHUs HEKOTOPhIX POAOB MMJMOJUA OOYCIOBJIEHA, B OCHOBHOM,
TEM, YTO CYILECTBYIOT BUIBI CO ,,CMELIAHHBLIMM AMATHOCTUMYECKUMM IPM3HAKaAMM, BbI-

RBIBAIOLMMY HEYBEPEHHOCTh B OTHECEHMM MX K ONpefeNieHHOMY poay. K Takum npu-
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3HaKaM OTHOCATCH, Ipexae Bcero, hopMma ycThs M 3y0a M KOMUIECTBO KaMmep, HabJo-
Raumxca cHapyxu. Takue BUALI MOXKHO PacCMaTPUBATL B KAadYeCTBE IIPOMEXKYTOU-
HbIX (bOPM MeZKAY OTAENLHBIMM DPOAaMM, a pPellapluee 3Ha4Y€HME B OIpefelIeHyn
NPUHAAJIEIKHOCTU K OMNpEJENIEHHOMY POAY MMeer BHyTpeHHee crpoeHue. Cpean mmore-
HOBBIX MMJIMOJHUA BCTPEYAIOTCA INPOMEKXYTOYHbIE (DOPMBI MEXAY poiamm Quinquelo-

culina u Varidentella, Varidentella u Cycloforina, Cycloforina u Sinuloculina, Milio-
linella u Pyrgoella. IIpucyrcTBre TagMX (hOPM 3HAUMTENLHO 3aTPYAHAET Kiaaccudu-

RauMioo M TpebyeT AaJibHeRIIero u3ydeHus OUIOTEHETUMUECKON SBOJIONMUM MHOTUX
BMJIOB.

CUCTEMATHUMYECKASA YACTB

B cucreMaTMyecKoOiM yacTu NpejpcTaBJeHbl onucaHuA 103 BMAOB M MX NOABHAOB,
B ToM uncie 9 sp. n. 1 1 n. nom. OnpexesieH TaKxe HOBBIT pox Articularia BHyTpH
cemejictBa Quinqueloculininae, orauvarormitcsa ot Articulina teM, 4YTO MMeeT KBHH-
RBEJIOKYJIMHOBOE, He TJIOCKOCHUPAJbLHOEe MJIM HEpPeryJApHO MMJIMOJMHOBOE CTpOEHME
MIIafieH4ecKoi cTaguy. OnpeaeleHoO TaKKe HOBoe IofceMmeitcTBo Sigmoilinitinae,
OXBaThIBaloLlee BUAbI C CMTMOMJIMHOBOM HA4adbHOM CTajMell, He KBMHKBEJOKYJMUHO-
BOI1, KaK ¥ Quinqueloculininae ¥ He KPUINTORKBUMHKBEJIOKYJMHOBOM, KakK y Miliolinel-
linae. K HOoBBbIM BuAaM oTHocaTcA: Quinqueloculina alexandri, Q. anagallis, Q. lentica,
Q. parakneriana, Q. pseudobuchiana, Articulina multibullata, Cycloforina stomata,
Siphonaperta ovalis, Varidentella georgiana. HoBoe Ha3zBanue — Miliolinella banatiana
npucsoeno Buay Miliolinelle dilatata (Karrer), KOTOPbDA SIBIAETCA TOMOHMHOM M. di-
latata (d’Orbigny).

EXPLANATION OF PLATES

Plate I

Figs 1-3. Quinqueloculina anagallis sp. n. Lower Tortonian, Karsy near Jedrzejow;
1— MS, with smooth penultimate chamber (F-103/3) paratype; 2 — MS, holo-
type (F-103/2); 3 — QS, paratype (F-103/1); X 36. Page 40
a, c— opposite sides, b —apertural view.

Plate 11

Figs 1, 2. Quinqueloculina peregrina d’Orbigny. Lower Tortonian, Korytnica near
Jedrzejéw; 1-—MS, 5-chambered form (F-110/2); 2—QS, (F-110/1); X 36.
Page 57
Fig. 3. Quinqueloculina dichotoma Reuss. Lower Tortonian, Korytnica near Jedrze-
jow; MS (F-106/3); X 36. Page 49
a, ¢ — opposite sides, b — apertural view.

Plate III

Figs 1, 2. Quinqueloculina dichotoma Reuss. Lower Tortonian, Karsy near Jedrzejow;
1—QS (F-106/1); 2— MS, 5-chambered form (F-106/2); X 36. Page 49
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Quinqueloculina haidingeri d'Orbigny. Lower Tortonian, Wieliczka; 3 — QS
(F~107/1); 4— MS (F-107/2); X 36. Page 51
a, ¢c — opposite sides, b — apertural view.

Plate IV

Quinqueloculina buchiana d’Orbigny. Lower Tortonian, Korytnica near
Jedrzejow; 1-—QS, mega I generation (F-105/1); X 36; 2 — QS, mega II gene-
neration (F-105/2), X 60; 3— MS (F-105/3), X 36. Page 45
Quinqueloculina buchiana d’Orbigny. Lower Tortonian, Grabki Duze N-8
borehole, depth 198.8-199.8 m; QS (F-105/4); X 42. Page 45
Quinqueloculina pseudobuchiana sp. n. Lower Tortonian, Korytnica near
Jedrzejow; QS, paratype (F-111/1); X 36. Page 58

a, c — opposite sides, b — apertural view.

Plate V

Quinqueloculina pseudobuchiana sp. n. Lower Tortonian, Korytnica near
Jedrzejéw; 1—QS, paratype (F-111/2); 2 —MS, holotype (F-111/3); X 36.
Page 58
Quinqueloculina bogdanowiczi (Serova). Upper Tortonian, Weglinek; 3 — QS
(F-104/1); 4— MS (F-104/2); X 42. Page 43

a, c — opposite sides, b— apertural view.

Plate VI

Quinqueloculina lentica sp. n. Lower Tortonian, Korytnica near Jedrzejow;
1—QS, paratype (F-108/1); 2 — MS, 5-chambered form, holotype (F-108/2);
3 — MS, 3-chambered form, paratype (F-108/3); X 36. Page 54

a, c — opposite sides, b — apertural view.

Plate VII

Quinqueloculina parakneriana sp. n. Lower Tortonian, Korytnica near
Jedrzejow; 1-—QS, juvenile specimen, paratype (F-109/1); 2 — QS, paratype
(F-109/2); 3— MS, 5-chambered form paratype (F-109/3); 4 — MS, holotype
(F'-109/4); X 36. Page 56

a, ¢c — opposite sides, b — apertural view.

Plate VIII

Quinqueloculina akneriana d’'Orbigny. Lower Tortonian, Wieliczka; I — QS
(,,Quinqueloculina akneriana d’Orbigny”), (F-101/1), X 42; 2—QS, transi-
tional form (F-101/2), X 36; 3 — MS (,,Quinqueloculina pauperata d’Orbigny"),
(F-101/3), X 36. Page 35

Quinqueloculina triangularis d’Orbigny. Lower Tortonian, Wieliczka; 4 — QS
(,,Quinqueloculina triangularis d’Orbigny”), (F-115/1), X 42; 5—QS, mega
IT generation (F-115/2), X 36. Page 63

a, ¢ — opposite sides, b — apertural view.
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Plate IX

Quinqueloculina triangularis d’Orbigny. Lower Tortonian, Wieliczka; MS

(,,Massilina podolica Didkovsky”), (F-115/3); X 36. Page 63

Quinqueloculina alexandri sp. n. Lower Tortonian, Korytnica near Jedrze-

jow; 2 —QS, paratype (F-102/1); 3 — MS, holotype (F-102/2); X 42. Page 38
a, c — opposite sides, b —apertural view.

Plate X

Quinqueloculina spondiungeriana (Serova). Upper Tortonian, Weglinek;
QS (F-114/1); X 42, Page 62
Lachlanella incrassata (Karrer). Lower Tortonian, Korytnica near Jedrze-
jow; 2 — form with angular periphery, distinctly striated (F-147/1); 3 —form
with sligthly rounded periphery, weakly striated (F-147/2); X 36. Page 93
Lachlanella schroekingeri (Karrer). Lower Tortonian, Grabki Duze N-8
borehole, depth 198.8-199.8 m; (F-148/1); X 42. Page 94
Lachlanella undosa (Karrer). Upper Tortonian, Weglinek; (F-149/1); X 60.
Page 95

a, c — opposite sides, b — apertural view.

Plate XI

Cycloforina lachesis (Karrer). Lower Tortonian, Korytnica near Jedrzejow
(F-132/1). Page 82

Cycloforina contorta (d’Orbigny). Upper Tortonian, Gliwice Stare; 2 — speci-
men with S-shaped edges (F-150/2); 3 —specimen with rounded edges
(F-150/3). Page 74

Cycloforina reticulata (Karrer). Lower Tortonian, Karsy near Jedrzejow;
(F-135/1). Page 84

Cycloforina badenensis (d’Orbigny). Lower Tortonian, Korytnica near
Jedrzejow; (F-124/1). Page 73

a, c — opposite sides, b — apertural view.
all figures X 60.

Plate XII

Cycloforina hauerina (d’Orbigny). Upper Tortonian, Weglinek; (F-130/1).
Page 79
Cycloforina suturate (Smigielska). Upper Tortonian, Gliwice Stare; (F-193/1)
Page 87
Cycloforina gracilis (Karrer), Upper Tortonian, Gliwice Stare; (F-128/1)
Page 77
Cycloforina lucida (Karrer). Upper Tortonian, Gliwice Stare; (F-133/1)
Page 82
Cycloforina suturalis (Reuss). Lower Tortonian, Wieliczka; (F-137/1); X 98.
Page 86
a, c — opposite sides, b — apertural view,
all figures X 60, except Fig. 5.
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Figs 1, 2.

Fig. 3.
Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.

Figs 8, 9.

Fig. 10.

Figs 1-3.

Fig. 4.

Figs 5, 6.

Figs 7, 8.

Figs 1-3.

Fig. 4.

Fig. 5, 6.
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Plate XIII

Cycloforina karreri ovata (Serova). Lower Sarmatian, Zrecze-3 borehole,
depth 11 m; I — specimens with shorter neck (F-131/1); 2 — specimen with
extended neck (F-131/2). Page 80
Cycloforina toreuma (Serova). Lower Sarmatian, Zrecze-3 borehole, depth
64.0-64.9 m; (F-139/1). Page 87
Cycloforina fluviata (Venglinsky). Lower Sarmatian, Zrecze-3 borehole, depth
11 m; (F-136/1). Page 76
Cycloforina stomata sp. n. Lower Sarmatian, Budy-1 borehole, depth
212.7-212.8 m; holotype (F-136/1). Page 85
Cycloforina gracilissima (Bogdanowich). Lower Sarmatian, Zrecze-3 bore-
hole, depth 73.4-73.5 m; (F-129/1). Page 79
Cycloforina cristata (Millett). Lower Sarmatian, Zrecze-3 borehole, depth
64.8-64.9 m; (F-126/1). Page 76
Cycloforina predcarpatica (Serova). Lower Sarmatian, Zrecze-3 borehole,
depth 11 m; 8 —elongated specimen (F-134/1); 9 — ovate specimen (F-134/2).
Page 83
Cycloforina vermicularis (Karrer). Lower Tortonian, Korytnica near Jedrze-
jow; (F-140/1), X 42. Page 88

a, c — opposite sides, b — apertural view,

all figures X 68, except Fig. 10.

Plate XIV

Miliola fabularoides (Karrer). Niskowa near Nowy Sacz, Upper Tortonian;
1—specimen with irregularly deflected chambers (F-125/1); 2 -— typical
specimen (F-125/2); 3 —specimen with trematophore damaged, showing
Dentostommina-like aperture (F-125/3). Page 96
Siphonaperta ovalis sp. n. Upper Tortonian, Niskowa near Nowy Sacz; holo-
type (F-155/1). Page 102
Siphonaperta granulate (Smigielska). Upper Tortonian, Gliwice Stare;
5 — juvenile specimen (F-153/1); 6 — adult specimen with middle chambers
markedly raised (F-153/2). Page 100
Siphonaperta mediterranensis (Bogdanowich). Lower Tortonian, Karsy near
Jedrzejow; 7 — juvenile specimen (F-154/1); 8 — mature specimen (F-154/2).
Page 101

a — front view, b —apertural view,

all figures X 60.

Plate XV

Sigmoilopsis foeda (Reuss). Lower Tortonian, Karsy near Jedrzejow; 1 —
typical form (F-152/1); 2 — flattened form (F-152/2); 3 — juvenile form
(F-152/3); X 60. Page 99
Sigmoilopsis foeda (Reuss). Lower Tortonian, Wieliczka; topotype (¥F-152/4);
X 60. Page 99
Nummoloculina contraria (d’Orbigny). Upper Tortonian, Zrecze-3 borehole,
depth 109.-110.0 m; 5 — juvenile specimen (F-201/1), X 68; 6§ — adult speci-
men (F-201/2). X 42. Page 151

a, ¢ — opposite sides, b — apertural view.
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Plate XVI

Sigmoilinita tenuis (Czjzek). Upper Tortonian, Zrecze-3 borehole, depth
109.9-110.0 m; I — S-shape form (F-197/1); 2 — typical form (¥-197/2); 3 —
juvenile specimen (F-197/3). Page 148

Sigmoilinita tenuissima (Reuss). Lower Tortonian, Wieliczka; 4 — topotype
(F-198/1); 5, 6 — juvenile specimens (F-198/2, 3). Page 149

Sigmoilinita sp. Upper Tortonian, Krywald borehole, depth 72-74 m
(F-166/1). Page 150

Sigmoilinita tschokrakensis (Gerke). Lower Tortonian, Grabki Duze N-8
borehole, depth 189.8-191.1 m; 8 —ovate form (F-199/1); 9 — elongate form
(F-199/2). Page 150

Articulina multibullata sp. n. Lower Sarmatian, Zrecze-3 borehole, depth
64.8-64.9 m: holotype, initial part damaged (F-118/1). Page 70

Figs 11-14. Articulina multibullata sp. n. Lower Sarmatian, Grzybow 28 borehole,

Fig. 15.
Fig. 16.

Fig. 17.

Figs 1, 2.

Figs 3-6.

depth 156.5-157.7 m; 11— paratype, specimen with elongated chamber necks
(F-118/2); 12-14 — paratypes, initial parts, showing the various positions of
the first chamber of the straight part (F-118/3-5). Page 70
Articulina nodosaroides (Karrer). Lower Tortonian, Voslau, Austria; speci-
men with initial part preserved (F-119/1). Page 70
Articulina nodosaroides (Karrer). Lower Tortonian, Karsy near Jedrzejow,
specimen with initial part broken (F-119/2). Page 70
Articulina tamanica Bogdanowich. Lower Sarmatian, Zrecze-3 borehole,
depth 59.3-59.4 m; initial part broken (F-122/1). Page 72

a, ¢ — opposite sides, b — apertural view,

all figures X 68.

Plate XVII

Articularia articulinoides (Gerke & Issaeva). Lower Sarmatian, Rytwiany-1
borehole, depth 24.0-25.0 m; 1a, b — opposite sides (F-116/1); 2 a-c¢ — initial
part, with the first chamber of the straight part broken (F-116/2); Page 68
a —front view, b — apertural view, ¢ —aperture and tooth.

Articularia karreriella (Venglinsky). Lower Sarmatian, Machéw 250 bore-
hole, depth 84.3-85.3 m; 3-—straight part with the initial part broken
(F-117/1); 4 — specimen with the initial part and with one chamber of the
straight part (F-117/2); a, b—opposite sides; 5 —specimen with oblique
positions of the first chamber of the straight part (F-117/3); 6 — quinquelo-
culine initial part (F-117/4); Page 69

a, c — opposite sides, b — apertural view.

Figs 7-10. Articulina problema Bogdanowich. Lower Sarmatian, Zrecze-3 borehole,

depth 59.3-59.4 m; 7 — typical form (F-120/1); 8 — form with elongated cham-
bers (fragment) (F-120/2); 9, 10 — juvenile specimens with planospiral initial
part (F-120/3, 4). Page 71

Figs 11-13. Articulina sarmatica (Karrer). Lower Sarmatian, Zrecze-3 borehole, depth

59.3-59.4 m; 11— straight part with the initial part broken and with cham-
bers inflated in the lower part (F-121/1); 12 —form with spherical chambers
and with irregular incisions on the sutures (F-121/2); 13 —fragment of the
specimen with initial part (F-121/3). Page 146

Fig. 14. Articulina temella (Eichwald), Lower Sarmatian, Zrecze-3 borehole, depth

17.3-17.4 m; (F-123/1). Page 73

Figs 15, 16. Spirosigmoilina crenata (Karrer). Upper Tortonian, Ligota Zabrska; 15 —
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planospiral stage (F-202/1); 16 — sigmoiline stage of initial part (F-202/2)
Page 151

Figs 17, 18. Spirosigmoilina speciosa (Karrer). Lower Tortonian, Korytnica near Je-

Figs 1, 2.

Fig. 3.

Fig. 4.
Fig. 5.
Fig. 6.
Fig. 7.

drzej6éw; 17 —sigmoiline stage (F-203/1); 18 — planospiral stage (F-203/2).
Page 153
Figs 15-18: a — side view, b — apertural view,
all figures X 68.

Plate XVIII

Hauerina plana Serova. Upper Tortonian, Ligota Zabrska; 1— juvenile
specimen (F-144/1); 2 — specimen with the last chamber uncoiled (F-144/2).
Page 91

Hauerina podolica Serova. Upper Tortonian, Niskowa near Nowy Sgcz;
(F-145/1). Page 92

Hauerina podolica Serova. Upper Tortonian, Weglinek; (F-145/2). Page 92
Hauerina aspergilla (Karrer). Upper Tortonian, Weglinek; (F-141/1). Page 90
Hauerina tumida Serova. Upper Tortonian, Weglinek; (F-146/1). Page 92
Hauerina compressa d’Orbigny. Upper Tortonian, Weglinek; (F-142/1). Page 91

Figs 8,9 Pseudohauerina ornatissima (XKarrer). Lower Tortonian, Korytnica near

Fig. 10.

Figs 1-5.

Figs 1, 2.

Fig. 3.

Figs 4, 5.

Figs 1-3.

Jedrzejow; 8 — specimen with last chamber uncoiled (F-143/2); 9 — juvenile
specimen (¥-143/1). Page 98
Podolia compacta Serova. Upper Tortonian, Niskowa near Nowy Sacz;
(F~151/1). Page 97
a, c — opposite sides, b — apertural view,
all figures X 68.

Plate XIX

Miliolinella banatiana nom. nov. Upper Tortonian, Weglinek; I — flattened
form (F-156/4); 2 — partly evolute form (F-156/5); 3 — typical form (F-156/1);
4 — specimen with last chamber inflated (F-156/2); 5 — gerontic specimen,
with last chamber inflated and wrinkled (F-156/3). Page 103
a, ¢ — opposite sides, b — apertural view,
all figures X 98.

Plate XX

Miliolinella selene (Karrer). Upper Tortonian, Gliwice Stare; 1 — specimen
with fourth last chambers visible (F-158/1); 2 — specimen with five last
chambers visible (¥'-158/2). Page 105
Miliolinella enoplostoma grammostoma (Reuss). Lower Tortonian, Wieliczka;
topotype (F-157/1). Page 104
Miliolinella valvularis (Reuss). Upper Tortonian, Krywald borehole, depth
72-74 m; 4 — triloculine form (F-159/1); 5 — pseudobiloculine form (F-159/2).
Page 105

a, c — opposite sides, b — apertural view,

all figures X 60.

Plate XXI

Pyrgoella ventruosa (Reuss). Lower Tortonian, Wieliczka; topotypes; I —
spherical form (F-178/1); 2 —slightly compressed form (F-178/2); 3 — juve-
nile specimen (F-178/3). Page 122
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Fig. 3.
Fig. 4.

Fig. 5.
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Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.

Fig. 5.

Figs1,2.

Figs 3, 4.

Fig. 5.
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Pyrgoella controversa (Bogdanowich). Upper Tortonian, Gliwice Stare;
4 — triloculine form with a simple tooth (F-174/1); 5 — biloculine form,
slightly compressed, with a tongue-shaped tooth (F-174/2); 6 — pseudobilocu-
line form with a flap-like tooth (F-174/3). Page 121

Pyrgoella globiformis (Karrer). Upper Tortonian, Weglinek; (F-175/1). Page 122
Biloculinella labiata (Schlumberger). Upper Tortonian, Gliwice Stare; 8 —
rounded form (F-165/1); 9 — elongated form (F-165/2). Page 113

a, c — opposite sides, b — apertural view,
all figures X 60.

Plate XXII

Pyrgo truncata (Reuss). Upper Tortonian, Gliwice Stare; (F-173/1). Page 119
Pyrgo clypeata (d’Orbigny). Lower Tortonian, Korytnica near Jedrzejoéw;
(F-169/1). Page 116
Pyrgo inornata (d’Orbigny). Upper Tortonian, Gliwice Stare; (F-170/1).
Page 117
Pyrgo subsphaerica (d’Orbigny). Upper Tortonian, Weglinek; (F-172/1).
Page 118
Pyrgo lunula (d’Orbigny), Upper Tortonian, Gliwice Stare; (F-171/1). Page 118
Pyrgo amphiconica (Reuss), Lower Tortonian, Wieliczka, topotypes; 6 —
typical form with a broad aperture (F-168/1); 7,8 — juvenile forms with
narrow apertures (F-168/2, 3). Page 114
Figs 1-5: a —front view, b—apertural view; Figs 6-8: a —front view,
b —side view,

all figures X 60.

Plate XXIII

Triloculina intermedia Karrer. Lower Tortonian, Karsy near Jedrzejow,
(F-188/1). Page 136
Triloculina gibba d’Orbigny. Upper Tortonian, Grabki Duze borehole, depth
189.8-191.0 m; (F-186/1), X 68. Page 134
Triloculina angularis d’Orbigny; Lower Tortonian, Korytnica near Jedrze-
jow; (F-184/1). Page 132
Triloculina neudorfensis Toula. Upper Tortonian, Gliwice Stare; (F-189/1).
Page 137
Triloculina gubkini (Bogdanowich). Upper Tortonian, Weglinek; (F-187/1).
Page 136

a, c — opposite sides, b — apertural view,

all figures except Fig 2 X 60.

Plate XXIV

Triloculina eggeri (Bogdanowich). Upper Tortonian, Ligota Zabrska; I—
typical form (F-185/1); 2 — quinqueloculine form (F-185/2). Page 133
Flintina truncata (Karrer). Upper Tortonian, Weglinek; 3 — partly evolved
form (F-167/1); 4 —form with three chambers in the last whorl (F-167/2).
Page 114

Sinuloculina rixatoria (Franzenau). Upper Tortonian, Weglinek; (F-183/1),
X 42. Page 131

Sinuloculina inflata (d’Orbigny). Lower Tortonian, Wieliczka; (F-162/1)
Page 126
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a, ¢ — opposite sides, b — apertural view,
all figures except Fig. 5 X 60.

Plate XXV

Figs 1, 2. Sinuloculina nitens (Reuss). Upper Tortonian, Gliwice Stare; I — form with

Figs 3, 4.

a neck (F-182/1); 2 — form without neck (F-182/2). Page 130
Sinuloculina microdon (Reuss). Upper Tortonian, Gliwice Stare; 3 — typical
form (F-181/1); 4 — striate form (F-181/2). Page 128

Figs 5-7. Sinuloculina consobrina (d’Orbigny). Upper Tortonian, Weglinek; 5 — typical

Fig. 8.

Figs 1, 2.

Fig. 3.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig. 2.
Figs 3, 4.

Figs 5, 6.

Figs 17, 8.

4.

form (F-177/1); 6 —form with elongated neck (F-177/2); 7 — juvenile spe-
cimen (F-177/3). Page 123
Sinuloculina mayeriana (d’Orbigny), Upper Tortonian, Weglinek; (F-180/1),
X 42. Page 127
a, ¢ —opposite sides, b — apertural view,
all figures except Fig. 8 X 60.

Plate XXVI

Affinetrina gualtieriana (d’Orbigny). Upper Tortonian, Ligota Zabrska;
I — quinqueloculine form (F-161/1); 2 — triloculine form (F-161/2); X 98.
Page 109
Affinetrina ucrainica (Serova). Upper Tortonian, Weglinek; (F-163/1), X 98.
Page 111
Affinetrina cubanica (Bogdanowich). Lower Sarmatian, Zrecze-3 borehole,
depth 11 m; (F-160/1), X 68. Page 108
Affinetrina voloshinovae timenda (Chutzieva). Lower Sarmatian, Zrecze-3
borehole, depth 11 m; (F-164/1), X 68. Page 112
Varidentella sarmatica (Karrer). Lower Sarmatian, Zrecze-3 borehole, depth
101.9-102.0 m; (F-116/1), X 60. Page 146
Varidentella pseudocostata (Venglinsky). Lower Sarmatian, Grzyb6w 28
borehole, depth 159.7-160.0 m; (F-192/1), X 60. Page 140

a, c — opposite sides, b — apertural view.

Plate XXVII

Quinqueloculina regularis Reuss. Lower Tortonian, Wieliczka; (F-113/1),
X 68. Page 61

Quingqueloculina pygmaea Reuss. Upper Tortonian, Krywald borehole, depth
72-74 m; (F-112/1), X 98. Page 59

Varidentella georgiana sp. n., Lower Sarmatian, Machéw 255 borehole,
depth 73 m; 3 — holotype (F-190/1); 4 — paratype (F-190/2); X 68. Page 138
Varidentella rotunda (Gerke). Lower Sarmatian, Zrecze-3 borehole, depth
64.8-64.9 m; 5 —typical form (F-195/1); 6 —form with middle chambers
oblique (F-195/2); X 68. Page 145

Varidentella latelacunata (Venglinsky). Lower Sarmatian, Zrecze-3 borehole,
depth 72.7-72.8 m; 7 — typical form (F-191/1); 8 — form with five chambers
visible (F-191/2); X 98. Page 140

Figs 9, 10. Varidentella rosea (d’Orbigny). Lower Sarmatian, Budy-1 borehole, depth

190.8-190.9 m; 9 — juvenile specimen (F-194/1); 10 —adult specimen
(F-194/2); X 68. Page 143
a, ¢ — opposite sides, b — apertural view.
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