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The middle to late Eocene evolution of nummulitid
foraminifer Heterostegina in the Western Tethys

GYORGY LESS, ERCAN OZCAN, CESARE A. PAPAZZONI, and RUDOLF STOCKAR

Less, G., Ozcan, E., Papazzoni, C.A., and Stockar, R. 2008. The middle to late Eocene evolution of nummulitid
foraminifer Heterostegina in the Western Tethys. Acta Palaeontologica Polonica 53 (2): 317-350.

Megalospheric forms of Western Tethyan late Bartonian to late Priabonian involute Heterostegina from numerous locali-
ties, marking different ecological conditions, were morphometrically investigated. They belong to three species, H.
armenica, H. reticulata, and H. gracilis based on the presence/absence of granulation, on the chamberlet characteristics and
on the relative size of proloculus. Within these species a very rapid evolution could be observed in the reduction of the num-
ber of operculinid chambers, in the increase of the number of chamberlets and partially in the increase of the proloculus size.
This evolution is demonstrated by stratigraphic superpositions in several localities (especially in the Mossano section), and
is supported also by the change of co-occurring fossils, starting with the disappearance of large-sized Nummulites, then fol-
lowed by the appearance of the genus Spiroclypeus and then by the disappearance of orthophragmines of middle Eocene
acme. Based on the reduction of operculinid chambers, two chronosubspecies of Heterostegina armenica and seven of H.
reticulata are defined biometrically (four of them: H. armenica tigrisensis, H. reticulata tronensis, H. r. hungarica, and H. r.
mossanensis are introduced here). This allows to subdivide the Shallow Benthic Zone (SBZ) 18 into three and SBZ 19 into
two subzones. The extremely rapid evolution of H. reticulata allows to calibrate larger foraminiferal events around the mid-
dle/late Eocene boundary. The extinction of large-sized Nummulites seems to be heterochronous in the late Bartonian in hav-
ing migrated eastward, while the first appearance of Spiroclypeus is shown to be synchronous at the base of the Priabonian.
The middle/upper Eocene (= Bartonian/Priabonian) boundary is to be placed at the base of the Priabona marls in the
Mossano section corresponding to the SBZ 18/19 limit, to the first appearance of genus Spiroclypeus, to that of Nummulites
fabianii and of Heterostegina reticulata mossanensis. It falls into the upper part of both the P 15 and NP 18 planktic zones.
The Western Tethyan Eocene involute Heterostegina became extinct, apparently with no Oligocene successors.
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Introduction

events around the middle/late Eocene boundary is hampered
very much by the almost entire absence of continuous profiles
crossing the boundary in shallow-marine facies and containing
both the disappearing old and appearing new forms. Such sec-
tions are well known only from NE Italy among which the
Mossano section is the most useful (Fabiani 1915; Bassi 2005

After a long-lasting period of simultaneous evolution of sev-
eral phylogenetic lineages of alveolinids (Hottinger 1960),
nummulitids (Schaub 1981; Hottinger 1977) and orthophrag-
mines (Less 1987, 1998) in the early and middle Eocene, a ma-

jor faunal change occurred in the Western Tethyan larger
foraminiferal fauna in the vicinity of the middle/late Eocene
boundary. Its most characteristic feature is the disappearance
of large-sized Nummulites, Assilina, and Alveolina and simul-
taneously the appearance of some new nummulitid and other
genera (e.g., Heterostegina, Spiroclypeus, Pellatispira, Chap-
manina). In addition, some nummulitid lineages, which origi-
nated in the late middle Eocene, became dominant in the late
Eocene (Nummulites fabianii, N. chavannesi, N. incrassatus,
Assilina alpina, etc.). More details can be found in Papazzoni
and Sirotti (1995) and in Romero et al. (1999).

The task to reconstruct the timetable of different faunistic
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with references) due to its continuity and mostly marly facies
that facilitate isolating specimens of larger foraminifera. How-
ever, here too, a facies shift (sudden deepening) occurs at the
boundary of shallow benthic zones (SBZ) 18 and 19 identified
by Papazzoni (1994) and Serra-Kiel et al. (1998) with the mid-
dle/late Eocene boundary.

Therefore, we looked for indirect tools for detecting the
chronology of larger foraminiferal events at the middle/late
Eocene boundary with high resolution. Some evolutionary lin-
eages (Nummulites fabianii, Assilina alpina and several ortho-
phragminid lineages) cross the boundary but their evolution-
ary progress, which can be estimated most reasonably by the
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increasing size of their embryon (the two initial chambers of
megalospheric forms; see Hottinger 2006), does not provide a
resolution of less than one million years, which could be suffi-
ciently precise for our purposes.

Fortunately, Heterostegina and Spiroclypeus give us an-
other possibility because their evolution can also be followed
through the decreasing number of undivided, operculinid cham-
bers before the appearance of the first subdivided, hetero-
steginid chamber. Herb (1978), Papazzoni and Sirotti (1993),
Less and Papazzoni (2000) and Less et al. (2000) suggested this
strategy for Eocene Heterostegina, which would be in accord
with the principle of nepionic acceleration introduced by Tan
(1932) for Indonesian Cycloclypeus and then successfully ap-
plied to several Oligocene and Neogene larger foraminifera (for
details see Drooger 1993). However, the genus Spiroclypeus
seems to have appeared only at the very base of the SBZ 19 and
can never be found together with the large-sized Nummulites
(with test diameter of the B-forms over 15 mm). Its late Eocene
evolution is described by Less and Ozcan (2008). On the other
hand, Heterostegina can first be found with the last large-sized
Nummulites as shown by Papazzoni and Sirotti (1993) and Less
et al. (2000), and then it can be followed through the whole
Priabonian (Serra-Kiel et al. 1998). The relationship of Eocene
and Oligocene Heterostegina is discussed below.

The aim of this paper is to biometrically describe and cali-
brate the evolution of Bartonian and Priabonian Heterostegina
in the Western Tethys in order to provide a useful tool for
high-resolution stratigraphy of this time-span.

Institutional abbreviations—ITU O, Istanbul Technical Uni-
versity, Ozcan collection of the Geology Department, Turkey;
MAFI E and O, Geological Institute of Hungary, Budapest,
Eocene (E) and Oligocene (O) collection; MCSNL, Museo
Cantonale di Storia Naturale in Lugano, Switzerland; NHMB,
Naturhistorisches Museum Bern, Switzerland.

Abbreviations for biozones.—NP, Paleogene calcareous nanno-
plankton zones by Martini (1971); OZ, orthophragminid zones
for the Mediterranean Paleocene and Eocene by Less (1998)
with correlation to the SBZ zones; P, Paleogene planktic fora-
miniferal zones by Blow (1969), updated by Berggren et al.
(1995); SBZ, shallow benthic foraminiferal zones for the
Tethyan Paleocene and Eocene (SBZ 1-20) by Serra-Kiel et al.
(1998) and for the Oligocene and Miocene (SBZ 21-26) by
Cahuzac and Poignant (1997) with correlation to the planktic
and magnetic polarity zones.

Abbreviations for countries.—ARM, Armenia; CH, Switzer-
land; E, Spain; F, France; H, Hungary; I, Italy; TR, Turkey.

Historical background

The first species of Western Tethyan Eocene Heterostegina
was described from the Helvetic nappes of Switzerland by
Riitimeyer (1850) as “reticulata”, then by Kaufmann (1867)
as “helvetica”. More details can be found in Herb (1978), who
investigated these forms from their supposed type localities
and assumed synonymy, preserving the name “reticulata” as
having priority.
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Bieda (1949) created the genus Grzybowskia for Eocene
forms of the Polish Carpathians. Its diagnostic feature is the
rhombic-hexagonal shape of secondary chamberlets differing
from the regular, rectangular chamberlets of Heterostegina. The
type of the new genus was his new species, G. multifida. Later he
(Bieda 1957, 1963) described both “multifida” and “reticulata”
as belonging to Grzybowskia. Kohler (1967) first suggested that
these forms originated from involute Operculina.

The name Grzybowskia was widely used until Hottinger
(1977) put them back into the genus Heterostegina, arguing that
the generic features of Grzybowskia fall into the variation field
of Heterostegina depressa, the type species. Hottinger (1977)
gave also the currently used definition of Heterostegina and af-
ter a preliminary study (Hottinger 1964) proposed two parallel
evolutionary lineages for involute forms, both having origi-
nated in the late Eocene. However, the establishment of these
lineages (differing from each other in the tightness of the spire
and in the density of subsequent chambers) is purely typologi-
cal; moreover, the figured examples are coming from geograph-
ically remote areas. On the other hand, Hottinger (1977) clearly
distinguished Heterostegina from involute Operculina (O. be-
ricensis, O. roselli, O. gomezi) having sometimes randomly
spaced secondary chamberlets with frequently incomplete sec-
ondary septa. These “anasteginid” forms could be observed in
Spain in the same thanatocenosis with O. gomezi and, therefore
were interpreted as intraspecific variations of the latter.

Herb (1978) revised Heterostegina from the Helvetic
nappes of Switzerland and compared them with forms found in
the Priabonian sections of Mossano and Possagno (Northern It-
aly). He found that in the Swiss localities a transition can be ob-
served from involute Operculina (called O. bericensis) through
anasteginid O. gomezi to real Heterostegina, first with numer-
ous then with ever fewer operculinid chambers. This evolution
could be followed in Mossano and Possagno where a more ad-
vanced form was found with a much reduced operculinid part.
Herb put these forms of Heterostegina into a phylogenetic
lineage called H. reticulata (corresponding to Hottinger’s
H. helvetica), starting with H. reticulata multifida, followed by
H. r. reticulata and terminating with H. r. italica, a new taxon
found in the material from Possagno. From the same sample he
described a new species, H. gracilis (corresponding to Hot-
tinger’s H. reticulata), with granules on the surface of the test
and having a more open spiral and more densely spaced subse-
quent chambers as compared to the H. reticulata lineage. In es-
tablishing this lineage, Herb (1978) was the first who—though
in a typological basement—recognized the nepionic accelera-
tion as driving the evolution of Eocene Heterostegina. From a
stratigraphical point of view, he suggested that real Hetero-
stegina appeared only in the Priabonian.

This idea was widely accepted: Bieda (1963) and Kdohler
(1967) believed that large-sized Nummulites (of the “perfo-
ratus” and “millecaput” groups) survived in the Northern Car-
pathians until the early Priabonian because they occur there to-
gether with Heterostegina. This phenomenon can be explained
by the frequent reworking of different faunas in turbidite sedi-
ments. However, the co-occurrence of large-sized Nummulites
and Heterostegina is also well known from Armenia (Kra-
shenninikov et al. 1985; Grigoryan 1986), where the sedimenta-
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tion is said to be free from turbidites. Grigoryan (1986) de-
scribed and rather poorly figured two types of Heterostegina
from sediments with large-sized Nummulites. She called one of
them Grzybowskia reticulata (co-occurring with Nummulites
millecaput); the other she described as a new species, G. arme-
nica. The latter is a really primitive form with irregularly
arranged secondary chamberlets that often have incomplete
secondary septa. It co-occurs with Nummulites gizehensis (or
rather N. lyelli) and shows some similarities with anasteginid
Operculina gomezi; at the same time, we have found that its
proloculus is surprisingly large (see below).

In their revisional work, Banner and Hodgkinson (1991)
used the term Heterostegina only for their “maturoevolute”
forms. They called the involute forms with subrectangular
chamberlets Heterostegina (Vlerkina) or Grzybowskia if cham-
berlets were polygonal. Both types occur in our material with a
wide variety of intermediates (see details later), so we cannot
apply their classification.

The work of Papazzoni and Sirotti (1993) provided a big
step forward in two respects. In studying the Mossano section,
they observed the co-occurrence of Heterostegina with Num-
mulites biedai (one of the end-members of the rather compli-
cated N. perforatus-group) in beds that have never been attrib-
uted to the Priabonian. Their findings prove that the evolution
of Eocene Heterostegina started in the latest middle Eocene. In
addition, they were the first to study Heterostegina biometri-
cally and to evaluate their results statistically. By comparing the
statistical results of different parameters of Heterostegina from
three populations from the Mossano section in superposition,
they recognized not only the strong decrease of the number of
operculinid chambers marking the nepionic acceleration, but
also the increasing size of the two initial (embryonic) chambers.

Romero et al. (1999) described Heterostegina from the Puig
Aguilera section of the Igualada basin in NE Spain. On a typo-
logical basement, they distinguished two morphotypes within
their H. reticulata, one with rather rhomboidal chamberlets and
the other one with more regular, quadrangular to rectangular
ones. Comparing their camera lucida drawings, the difference
between the two morphotypes was not self-evident. The age of
this profile was interpreted to be latest Bartonian despite of con-
taining Pellatispira and Biplanispira, two genera that have
never been previously reported in such relatively old rocks.
Nevertheless, our studies have confirmed the latest Bartonian
age of the Pellatispira-beds in Puig Aguilera (see below).

septal sutures

A < central pile (umbo) B

Fig. 1. Terminology for external features of Heterostegina: Heterostegina
gracilis (A) and Heterostegina armenica (B).
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The recent papers of Stockar (1999), Less and Papazzoni
(2000), and Less et al. (2000)—as more or less forerunners of
our paper—are all based on statistically evaluated biometric
studies. We build upon their main results. The main question
we are addressing is whether Western Tethyan Eocene invo-
lute Heterostegina form one single lineage or multiple lin-
eages. Thus, it is necessary to investigate the rate and stability
of evolution within the lineage(s) to obtain a reasonable tool
for characterizing larger foraminiferal events around the mid-
dle/late Eocene boundary.

Terminology and concepts

The general architecture of Heterostegina.—According to
Hottinger (1977), the genus Heterostegina is defined by plani-
spiral, lamellar, perforated shells with chambers subdivided
into chamberlets that communicate with the chamberlets of
the succeeding chamber by oblique, Y-shaped stolons. The ge-
nus Heterostegina belongs to the subfamily Nummulitinae be-
cause it exhibits a marginal cord.

The members of this genus can be either involute or evolute.
The equatorial chamber lumen is secondarily subdivided into
chamberlets, alar prolongations remain undivided. The second-
ary septa produced by folds of the inner lamella are progres-
sively complete from proximal to distal within a spiral chamber
in reaching the roof of the chamber. The adult chambers remain
spiral throughout the ontogeny of the shell; they never develop
into an annular stage, as in the case of Cycloclypeus or Hetero-
cyclina. The lack of lateral chamberlets distinguishes Hetero-
stegina from Spiroclypeus. For more details, including the sto-
lon and canal systems, see Hottinger (1977).

Eocene Heterostegina are involute with no exception. Ex-
ternally (Fig. 1), on the central part of the surface of the thin,
biconvex test, either a central pile (umbo) or a fine granulation
(rarely both) can be found. If granules are missing, the septal
sutures depart from the umbo and transform into a reticulation
at the periphery. This network can be observed also on speci-
mens with granulation. Unfortunately, the external features
are sometimes difficult to observe due to sticky encasing sedi-
ments adhering to the test surface.

Recent representatives of this genus are symbiont-bearing
(Reiss and Hottinger 1984) and, we assume the Eocene forms to
have been also. The enormous size-difference between megalo-
(A) and microspheric (B) forms essential for recent Heteroste-
gina depressa and large-sized Nummulites cannot be observed
in Eocene Heterostegina. B-forms are rare, A-forms are nor-
mally about ten times more frequent. No consistent adult size
differences between megalo- and microspheric or stratigra-
phically older and younger Heterostegina could be observed.

From previous research it is clear that the most characteris-
tic specific/subspecific features of Eocene Heterostegina can be
found in their equatorial section, the axial sections were of lim-
ited use for taxonomy. Therefore, we focus our investigations
on equatorial sections of megalospheric Heferostegina that are
more suitable for statistically evaluated biometric research, too.

Taxonomical concept.—We adopt a taxonomical concept
based on qualitative differences—of yes/no character—on a
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higher and on numerical parameters extensively explained by
Drooger (1993) on a lower level. Thus, in each sample the ge-
nus Heterostegina is treated as a single population that is
discernable typologically and could also be proven by differ-
ent bivariate plots of numerical parameters. Because of the
lack of space these plots are not figured. However, in three
cases (samples Possagno 1, 2 and Kegili 11) two different pop-
ulations could be observed typologically and, in these cases,
we tried to separate them graphically, too.

If a sequence of populations could be arranged into a
stratigraphically controlled sequence with a definite evolu-
tionary trend, it was considered to be a lineage. All members
of a lineage are treated as a single species. The intraspecific
evolution is characterized by rapidly evolving numerical pa-
rameters with whose help the species have been arbitrarily
segmented into chronosubspecies. With this classification we
save an important part of the notion of the species, i.e., indi-
viduals of one species are different from individuals of other
species that is characteristic for the lineage but not for the
segments, which can only be distinguished from each other at
the population level. The process of segmentation is based on
the principles of Drooger (1993) and described in detail in
Less (1987, 1998) and Ozcan et al. (2007). We also follow
Drooger’s (1993: 30) proposal in that the range of a segmented
unit (chronosubspecies) should cover at least six times the
average standard error of the means for the relevant parameter.

Morphometry.—In order to apply the morphometric method,
we describe Eocene Heterostegina by using two qualitative
features and five quantitative parameters. The first qualitative
feature is the presence/absence of the central pile (umbo) and
of the granulation on the test’s surface. Either the umbo or the
granulation is always present, very rarely both of them may
occur. The second qualitative feature is the arrangement (ir-
regular or regular) and shape (rhomboid, hexagonal or rectan-
gular) of the secondary chamberlets. All the other characteris-
tics are described quantitatively.

Based on the system introduced by Drooger and Roelofsen
(1982), five measurements and counts were executed in the
equatorial section of each megalospheric specimen (for micro-
spheric forms, see the end of chapter “Evaluation of parame-
ters”). These are (see also Fig. 2):

P: the inner cross-diameter of the proloculus in pm. The
thickness of the wall is not measured.

X: the number of undivided, “operculinid” chambers before
the appearance of the first subdivided, heterosteginid
chamber, excluding the embryon (the first two chambers)
(degree of “operculinid reduction’). Undivided chambers,
sometimes reappearing after the first heterosteginid cham-
ber, are not counted. In Fig. 2, X = 4.

S: the number of chamberlets in the fourteenth chamber (in-
cluding the embryon), reflecting the density of secondary
chamberlets (“heterosteginid escalation”). If this chamber is
not subdivided into chamberlets, S = 1. In Fig. 2, S = 4.

d: the maximum diameter of the shell in the first whorl as mea-
sured along the common symmetry axis of the embryon
(the first two chambers) (in pm).

ACTA PALAEONTOLOGICA POLONICA 53 (2), 2008

Fig. 2. The measurement system in the equatorial section of megalospheric
Heterostegina (see also text). Pre-heterosteginid chambers (X) are marked
by solid circles, secondary chamberlets in chamber 14 (S) by asterisks.

D: the maximum diameter of the first one and a half whorl (in
pm) measured in the same way as d. Because of the lack of
space this parameter is not tabulated in Table 1, however it
is used to calculate parameter K.

From these direct parameters:

K: the index of spiral opening (independent from the size of

the proloculus), is computed as:

K = 100x(D—d)/(D-P)

The five parameters P, X, S, d, and K are evaluated statisti-
cally by standard methods per population. The results are sum-
marized in Table 1. Bivariate plots are drawn by the Graper
(version 3.04) 2-D Graphing System (Golden Software Inc.).
95.44% confidence ellipses are generated by using the formu-

lae (x changes between X .., — 2X, .. aNd Xe0n + 2Xg 0 ):

mean mean

y= f(X) = Ymean T 2YS.e. X { 1_[(X_Xmean)/zxs.e.]2}0'5

(upper half-ellipse)
and
y= f(X) = Ymean — 2ys.e. x{ 1_[(X_Xmean)/2Xs.e.]2}0'5
(lower half-ellipse),

where x and y are the studied parameters in the horizontal and
vertical axes, whereas X, ., Xqcr Ymean 30d Y, . are the mean
and standard error (s.e.) values of the studied parameters for
the actual population as given in Table 1.

Materials and methods

Localities

We tried to investigate material from a wide geographical (Fig.
3A) and stratigraphical range. In describing our samples we
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Table 1. Statistical data of Heterostegina populations elaborated in this work with marking the presence/absence of the central pile (umbo) and of the granu-
lation. Abbreviations: n, number of measured specimens; s.e., standard error.

Proloculus De?gfee of oper- "Heterost.eginid First whorl . Chamberlets
culinid reduction escalation” Index of spiral shape

Parameter . number of un- number of chamber- . opening 5|
diameter . . diameter ol g s 2
divided chambers | lets in chamber 14 =8 =552
P (um) X S d (um) K=100x(D-d)/(D-P) g E R :;‘)E Tg’-
Taxon Locality n|mean + se.| range | n|mean + s..| range| n|mean + s.e.|range| n [mean +s.c.| range | n|mean+ s.e.| range|S 633 £ ;;5 :‘3 é 2
éa armenica Kesili 3 (TR) 12 151.9 £ 53 | 130 -185| 12] 13.00 £ 1.06 | 7-19] 12| 1.58 £0.29|1-4 |12| 822 £33 | 6701020 6| 46.2 = 0.5 |45-48| +| —|+ +
53 Azatek (ARM) 11] 1559 = 11.5| 90 -205| 11] 12.00 £2.22| 2-23[ 11| 2.00 £ 038 |1 -4 [ 11| 971 =83 | 490-1450| 9| 458 + 1.5 |38-53| +| —|+ +
| sigrisensis|Kegili 11 (TR) 32| 1643 +4.9 114 -225(32| 675 + 0.63| 3-20(32| 297 £ 0.19[1-5 | 31| 891 +27 [ 629-1295[29| 455 + 1.0 |33-56| +| —|+ +
Kegili 11 (TR) 9| 98041 | 78-110| 9] 24.11 +1.92]15-33| 9| 1.00+000| 1 | 9o 617=35 |537-855 | 9| 41.1 £2.0 [31-47] +| —| + -
pronenesis LETE12 S (CH) 13| 91.9 43| 72-120(13] 2046 + 1.14 {12 -25[ 13| 1.00 £0.00| 1 |13 5290 +21 [400-675 | 13| 402 + 1.7 |32-54| +| —| + -
Vic, La Trona (E) | 62] 99.4 = 1.9 | 61-132]62] 1861 = 0.65] 9-31]62] 1.11 = 0.04[1-2 [62] 592+ 15 [286-914 |62 446 + 0.7 [33-56] +| -] + B

Urhida 1 (H) 47| 911 +£3.1| 44 140[47|17.87 £0.78| 7 28[47| 1.17+0.06|1 3 47| 592 + 17 | 324 876 |47| 40.5 0.7 |30-50| + +
Siest (F) 9| 87262 | 60-120| 9] 1456 + 1.26[10-23| 9 122 +0.15[1-2| 9] 579 =30 [460-750 | 9| 40.8 = 1.0[37-48[ +| - + B
hungarica Urhida’2+3 (H) 39| 989 +£3.1| 55-140(39( 1438 +0.75| 6-25[39| 1.26 +0.09|1-3 39| 621 + 17 | 415-880 39| 40.5 +0.7 |29-51| +| —| + -
Urhida 2 26| 1023 37| 70 —140|26| 1458 + 0.89| 7 -23|26| 127 +0.10|1 -3 |26| 628 + 22 440 =880 [26] 405 + 0.9 (33 —51] +| - + -
Urhida 3 13| 921 54 | 55 -115(13|14.00 + 1.45| 6 -25(13| 1.23 +0.17|1 -3 |13' 609 + 30 |415 -785 |13 | 405 + 14|29 -51| +| -| + -
Puig Aguilera (E)  [27] 129.1 4.0 | 91-171]27] 930 =0.65]| 3-16[27| 2.11 +0.15][1-4 |27 742 + 19 [ 463-933 |26 422 =09 [30-49[ +| [ + B
multifida | Verona, M. Cavro (I)[ 28| 91.2 +2.8 | 60-135(28| 8.50 = 0.57| 4-17[28| 2.00 + 0.12|1-3 |28 569 + 15 |442-760 |28| 38.6 + 0.6 |32-46| +| | + N
Mossano 2 (I) 15| 87226 | 69-100[15| 807 +0.57| 4—12|15] 2.00 +0.14|1-3 [ 15| 552 =19 [438-740 [ 15| 412 =12[33-52[ +| -| + -
Prella 4 (CH) 701020 £ 6.1 | 80-120 7| 643 £0.72| 4-10] 7| 243 £020(2-3 | 7| 629 +38 |480-750 | 7| 412 =26 |32-50 +| -] + N
Urhida 4+5 (H) 43| 995 +28 | 55-150|43| 6.05 +043| 2-14|37] 270 = 0.14|1-4 [42] 637 =16 | 347-870 [41| 429 + 06 [34-50] +| -] + -
Urhida 4 32| 983 =36 | 55 —150(32] 6.09 =050 2 —14|29] 262 = 0161 -4 |32] 644 =17 [450 =870 |32 424 0.7 |34 =50 +[ - + -
s Urhida 5 111031 32| 84 —120(11| 591 +0.86|3 -12| 8| 3.00 +0.27(2 -4 |10| 616 +40 [347 =800 | 9| 45.0 0.6 |42 -49| +| -| + -
‘§ § Gschwint (CH) 431190 £32 | 69-165|44| 573 £035| 1-12[43| 272 £0.09|1-4 [44| 685 19 | 427-1030| 42| 402 =07 |32-54| +| -| + —
3 3 Urhida 6 (H) 33[ 1004 £2.6 | 70-140{33| 5.48 +032| 3-10[{33| 2.94 £0.13(2-4 33| 662 + 18 | 510850 |33| 413 =1.0|25-51| +| -| + B
g Urhida 7 (H) 20[ 1064 = 4.7 | 80-150{ 20| 530 +049| 2-11]20 320 £0.19(2-5 [20| 731 £35 | 495-970 | 20| 443 =15 |25-56] +| | + B
] Biralu (ARM) 501048 £72 | 84-124| 5| 5.00+1.00| 2-8 [ 5| 2.60 +024|2-3 | 5| 572 +26 |503-629 | 5| 39.7 =13 |36-44| +| | + B
g’ Urhida 8 (H) 31[ 1040 £2.7 | 85-155[31] 474 £029| 2-9 [31| 323 £021(2-7 [31] 640 =21 |420-1000{31| 41.7 =05 |34-46| +| -] + B
8 < Urhida 9 (H) 52| 1229 +3.1 | 90-190|52| 412 +0.19| 2-8 [52| 3.38 +0.11[2-6 | 52| 810 +24 [ 510-1350|50| 47.1 +0.8 |35-57| +| —| + -
2 Li Oberbergli (CH) 13[ 1219 45 | 95-150| 13| 3.62 +040| 1-6 | 13| 3.00+022]2-4 [12] 715 =43 |505-1020] 12| 43.4 =08 [39-48] +| -| + B
= g Mossano 3 (T) 28| 101.6 2.2 | 85-130[28| 3.61 +0.24| 1-6 [28] 343 +0.14[2-5 |28) 715 +25 [ 520-1000( 28| 42.8 + 0.8 |35-51| +[ -] + N
= Vedi (ARM) 7] 1297 £ 80 [ 101 -160| 7| 329 +071] 1-6 | 5| 340+024[3-4| 5| 731 =71 [571-979 | 4| 40527 [33-45[+| - + B
Mossano 5+6 (I) 51| 1289 +3.6 | 90-240|51| 249 +0.11 | 1-4 [41| 476 +0.16[3 -7 | 48| 854 + 24 [550-1320[41| 45.0 + 0.9 [32-55| +| — + -
Mossano 5 161298 =87 | 95 —240(16| 250 0221 -4 [12] 500 +037(3 -7 [15] 880 + 58 550 —1320{10| 455 + 1.2]39 =51] +] - + -
Mossano 6 35(1284 +35| 90 —185|35| 249 = 0.12| 1 -4 |29| 4.66 £ 0.17|3 -6 |33 | 842 +23 |620 —1160|31| 44.8 + 1.1 |32 - 55| +| — + -
Sarkdy (TR) 62| 126.0 £3.1 | 70-230| 62| 237 +0.10| 1-5 |62 426 +0.11{3-6[62] 751 =15 [420-101062| 444 =06 [31-56] +| -] + -
Sarkéy 2 1701332 = 7.1 |105 =230 17] 235 = 024 1 =5 [17] 424 = 018|356 [17] 753 + 22 [625 - 1010]17] 446 = 1.4 |34 -56] +] | + -
§ Sarkéy 4 281264 =44 | 70 —165(28| 2.36 = 0.14| 1 =5 |28| 443 +0.16|3 -6 |28 | 766 + 26 |420 —1000|28 | 45.0 = 0.9 |36 54| +| | + -
g Sarkéy A 1701179 + 51| 90 16017 | 241 =017| 1 =4 17| 400 =024|3 -6 17| 724 =28 |560 =950 17| 430 + 12|31 50 +| | + -
3 Verona, C.S. Felice (I) | 27| 131.3 4.8 | 90-185[27| 226 £0.17| 1-5 [25| 4.68 +0.19|3—6 |26] 862 +31 | 510-1200|24| 455 = 1.1 |33-54[ +| — + N
g Villa Le Are 161272 £52 (105 —185(16 | 2.25 £0.23| 1 -5 (16| 4.50 + 0.18(3 -5 |16| 848 + 28 |710 —1080(16 | 453 + 1.4 |33 = 54| +| — + -
Villa Devoto 111374 £ 92| 90 -185|11| 227 + 024 1-3 | 9| 500 = 0.41|3-6|10| 885+ 70 | 510 —1200| 8| 45.9 + 1.7 [38 - 53| +| - + .
Urhida 10 (H) 23[ 1283 £4.0 | 85-160[23| 226 +022| 1-5 [22| 4.68 +0.21(3-6 |23| 822 +29 | 600-1160|23| 47.5 + 1.0 |38-56] +| — + B
Verona, hairpin bend (I) | 23| 133.0 £3.9 {100 -160[ 23| 1.96 = 0.15| 1-4 [22| 441 +018[3-6 |22| 832 +35 [427-1120{ 19| 452 = 1.8 |34-70[ +| - + -
Mossano 7 (T) 27[132.8 £42 | 70-180[27| 1.85 +0.14| 1-4 [17| 4.88 +0.28(2-7 [23| 828 +37 |485-1140|20| 452 + 1.0 |38-57| +| — + B
Mossano 8 (I) 34] 1369 £3.9 | 90-180[34| 1.62+0.09| 1-3 [33] 506 +0.16(3-7 |33 894 +23 |670-1200{30| 447 = 1.1 |31-58] +| — + B
3 Possagno 1 (I) 26[ 143.0 5.0 | 93-190[ 26| 1.54 +0.10| 1-2 [26| 550 +0.21|4-8 [26| 868 +23 | 617-1105|23| 44.9 £ 0.9 |36-54| + + |-
S Possagno 2 (I) 18] 173.1 =92 | 99-236| 18| 144 =0.18| 1-4 | 18] 6.72 +031]4-9 | 18] 946 =45 | 579-1265| 16| 47.8 = 1.2 [40-57] + + |-
Noszvaj, Attila-kat (H) | 26] 170.1 = 6.2 | 130 -251{26| 135 =0.10| 1-2 |26 535 +0.17|4-8 [ 26] 989 + 34 | 5941340 24| 46.8 + 1.1 [36-57| +| — P
Possagno 1 (I) 14| 169.8 + 7.8 [ 130 -232| 14| 1.14 £0.10| 1-2 | 14| 11.50 = 0.56 |9 —15| 14| 1148 = 64 | 747—1646| 8| 57.4 + 2.6 [49-68| +| + +] -
H. gracilis Possagno 2 (T) 17 1932 £ 7.1 | 135-250{ 17| 1.12 £0.08| 1-2 |17 12.94 + 0.64|9—18| 17| 1342 + 75 | 952-2300| 10| 51.6 + 1.7 |38-57 =| + +] -
Biarritz, Cachaou (F)[ 26] 205.6 + 7.0 [ 150 -300{ 26| 1.12 = 0.06| 1-2 |25] 13.96 + 0.68 | 8 —24| 25| 1386 + 48 | 8902100 4| 53.9 =3.1 [47-60] —| + +] -
Benidorm (E) 9] 2122 +14.0{155-290| 9| 1.11 £0.11| 1-2 | 8| 13.00 + 1.55{7-19] 8| 1254 + 84 | 950 —1640 529 +0.7 [50-55| - + +] -

start with Switzerland because of historical reasons, then follow  Swirzerland

with Italy and Hungary because the Mossano section (I) and
Urhida (H) play an outstanding role in establishing the hetero-
steginid evolution. The most important characteristics of the
samples are summarized in Table 2 (the nomenclature of
heterosteginid populations is discussed later, specific and
subspecific names are listed here for the completeness of data).
The composition of orthophragmine assemblages in samples
Mossano 5+6 and 8, Verona, Castel San Felice, Urhida 10 and
Sarkdy is tabulated in Table 2 of Less and Ozcan (2008). Addi-
tional comments on some of the samples are given below.

Oberbergli—This site is the type locality of Riitimeyer’s
(1850) Heterostegina reticulata. Based on Herb’s (1978) de-
scription and co-ordinates RS easily found the locality in July
2005 (Fig. 4). Larger foraminifera cannot be isolated, however
sometimes they naturally break along the equatorial plane.
Unfortunately, Herb’s specimens could not be found in the
Natural History Museum of Bern, therefore only the four
megalospheric forms illustrated in Herb’s (1978: figs. 2—4 and
6) could be measured according to our system. Therefore, RS
exposed natural equatorial sections on the site itself, and man-

http://app.pan.pl/acta53/app53-317.pdf
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Fig. 3. Locality maps. A. Geographical position of the samples studied. B. Detailed location of the Mossano samples (Italy) drawn after Papazzoni and
Sirotti (1993). C. Detailed location of samples from Verona, Castel San Felice (Italy). D. Detailed location of the Urhida samples (Hungary). E. Detailed lo-

cation of the Sarkoy samples (Turkey).

aged to obtain ten measurable Heterostegina reticulata. The
altogether fourteen equatorial sections allow to identify the
evolutionary degree of the population (Table 1) and to estab-
lish the subspecific characters of H. reticulata reticulata.

Gschwdant.—This site is the type locality of Kaufmann’s (1867)
Heterostegina helvetica. The co-ordinates are 655420/ 200720
(they are erroneously reported in Herb 1978) as observed by
RS, who managed to find the locality in July 2005. Apart from
our recently collected material, Herb’s (1978) thin sections of
Heterostegina reticulata from the site were also found and
re-measured in the Natural History Museum of Bern. The less
advanced evolutionary degree of H. reticulata from Gschwént
as compared to that from Oberbergli (Table 1) seems to be in
contradiction with the relative stratigraphic position of the two

sites shown by Herb (1978). However, it can be explained by
the redeposition of larger foraminifera of the Wingen Lime-
stone in Gschwint (thus, planktic data from the sandwiching
Globigerina marls cannot be considered as relevant for their
age) as opposed to their “in situ” position in Oberbergli.

Prella.—The studied samples of Eocene blocks and pebbles
are redeposited from the Ternate Formation into Quaternary
deposits of glacial origin.

Northern Italy

Our samples come from the Veneto area. We also tried to find
Heterostegina in the Priabona type-section from where Roveda
(1961), Sirotti (1978), and Setiawan (1983) mention them from
the so-called Asterocyclina beds in the upper part of the
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Priabonian. Unfortunately, all these forms turned out to be
Operculina gomezi with no or no complete secondary septa as
figured by Roveda (1961: pl. 18: 9), though under the name of
Heterostegina heterostegina.

Mossano.—The Mossano section is almost the only one in the
Western Tethys crossing the middle/upper Eocene boundary
in shallow-marine facies (although a deepening event is recog-
nizable between them). Therefore, it became a classical pro-
file, which has been proposed as a possible “parastratotype” of
the Priabonian (Cita 1969).

Just after the road was widened and all the outcrops were
clean, Papazzoni and Sirotti (1993) noted two normal faults
(Fig. 5) some ten meters before the cross-road to the Olivari
locality that caused a repetition of the sequence. Therefore, the
boundary between “Calcari nummulitici” and “Marne di Pria-
bona” can be observed twice and our samples Mossano 5 and 6
represent the same basal layer of the Priabona marls contain-
ing absolutely the same fauna. Schweighauser (1953) and
Herb and Hekel (1973) could not observe this repetition, and
therefore, they put the samples Mossano 5 and 6 above each
other. As a consequence, Spiroclypeus appearing exactly in
the basal layer of Marne di Priabona was marked by Schweig-
hauser (1953) already from his “Oberes Lutétien” in bed 31,
which corresponds to our sample Mossano 5.

The location of our samples is shown in Fig. 3B. The left
side of Fig. 6. shows a composite column from that part of the
section, which contains samples Mossano 1 to 8. The middle
and upper part of the Priabona marl are not drawn in the col-
umn because our samples Mossano 9 to 12 did not contain ei-
ther Heterostegina, or Spiroclypeus although the presence of
both was marked by Bassi et al. (2000) from their Stop 4 that
corresponds to our sample Mossano 10. Here, as in Priabona,
“Heterostegina” turned out to be Operculina gomezi.

Six samples (Mossano 2, 3, 5, 6, 7, and 8) were studied in
detail especially for Heterostegina (Mossano 1 is represented
by hard rock from which no isolated specimens could be ob-
tained whereas Mossano 4 does not contain Heterostegina).
The six studied samples represent five populations because
Mossano 5 and 6 are identical (see above). The mean +2 s.e.
(standard error) of the parameters X, S, and P are figured in
Fig. 6. The decrease of the first and the increase of the two oth-
ers in stratigraphical order can be easily followed in the sec-
tion. Thus, Heterostegina seem to have evolved through the
Bartonian—Priabonian boundary very rapidly and were not too
sensitive to facies changes in shallow-marine conditions.

Verona.—Both the upper Bartonian and lower Priabonian are
outcropping in the vicinity of the city. The upper Bartonian can
be found in Monte Cavro, whereas good lower Priabonian out-
crops can be found in the northern periphery of the town, at the
Castel San Felice (Fig. 3C). Since the Monte Cavro and Castel
San Felice are only 3 km from each other, their Bartonian and
Priabonian beds can be considered as belonging practically to
the same section.

The three samples taken from the Castel San Felice contain
almost the same fauna in which orthophragmines and “oper-
culinids” are the main components. Heterostegina is practi-
cally identical in the two northern samples (Villa Le Are and

323

Marmor:
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“*Hohgant_;

Sandston_e

Fig. 4. The type locality of Heterostegina reticulata near the chalet Ober-
bergli (Switzerland). The uppermost Hohgant Sandstone includes here the
transitional bed called Discocyclina Limestone. Photo: R. Stockar in 2005.

Fig. 5. Normal fault at the road from Mossano to Monte Stria just before the
junction with the cross-road to Olivari. Marne di Priabona in the left,
Calcari nummulitici in the right side. Photo: C.A. Papazzoni in 1989.

Villa Devoto), however, in the southern sample of the hairpin
bend, the number of undivided chambers is somewhat lower.
Therefore, in Table 1 the Villa Le Are and Villa Devoto locali-
ties are united as Castel San Felice and the hairpin bend sam-
ple is tabulated separately.

Possagno.—Sample Possagno 2 (which is stratigraphically
about 8 m higher than Possagno 1) is from the type level of
Herb’s (1978) two new taxa (Heterostegina reticulata italica

http://app.pan.pl/acta53/app53-317.pdf
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Table 2. Most important characteristics of the localities investigated.

ACTA PALAEONTOLOGICA POLONICA 53 (2), 2008

3
Q
o . . Planktic Calcareous
< Information on Information on .
k= ~ K foramini- nanno-
Locality Locality information = 2 planktic calcareous
5 & . feral zone plankton
g foraminifera nannoplankton
! (P) zone (NP)
S
- Oberbergli Herb (1978); Fig. 4 + | sandy limestone not known Breitschmid (1978)| unknown |18 just above
< -
.. llod 15, not 19, not
= | Gschwint Herb (1978) 4| @odapic Eckert (1963) Eckert (1965) 1o 1o
Q limestone relevant relevant
‘% |Prella 4 bioclasti Herb (1976); 15 fi
% rena Stockar (1999) + .IOC astie E,Br ( ); not known r9m unknown
Prella 5 limestone | Mancin et al. (2001) matrix
M 2 iti
085ano m'1mmu11t1c not known unknown
Mossano 3 . . limestone
M 516 Bassi (2005) with references; N
0ssano Figs. 3B, 5, 6 15 18
Mossano 7 marl Luciani et al. (2002) 19-20
Mossano 8 16
= Monte Cavro 4 Papazzoni and Sirotti (1995) +|  limestone not known unknown
= % %) 3 Villa Devoto &
q>‘3 £ 5| VillaLeAre Fabiani (1915, 1919); Fig. 3C + marl not known unknown
8= hairpin bend
Possagno 1 Cita (1975); Herb and Hekel (1975): . Toumarkine and | Proto Decima et al.| 16 (below | 20 (below
samples 726 (Possagno 1) and 728b-c| + | marly limestone .
Possagno 2 (Possagno 2) Bolli (1975) (1975) and above) | and above)
Urhida 1
Urhida 2+3
Urhida 4+5
Urhida 6 Less et al. (2000): Stop 2; Less and .
o ) ’ + ly limest t fi t £ k
& [Orhida 7 Gyalog (2004): Fig. 3D, Table 3 marly limestone not found not found unknown
=
= l:Trhida 8
Urhida 9
Urhida 10
Noszvaj, Attila-kut Less et al. (2000): Stop 5 — | marly limestone not known unknown
Vie. La Trona Papazzoni and Sirotti (1995): Vic 2; calcareous not known; magneto-stratigraphy: ~ 15 (lower | ~ 17 (upper
.g ’ Serra-Kiel et al. (2003): fig. 14, ? 4 siltstone Burbank et al. (1992): C17.2n part) part)
| Puig Aguilera Romero et al. (1999): PA-117 + marl Ferrer (1971) ‘ not known 15 unknown
Benidorm Hottinger (1964) + marl not known unknown
. trakos et al.
g Siest Less (1987): samples from Siest | — | marly limestone Sz r(al 9098;; a not known 14 or 15 unknown
=]
©
=~ | Biarritz, (Lou) Cachaou Boussac (1911): level 9 + marl Mathelin and Sztrakos (1993) 16 19-20
.. tuffiti basal 15, .
< |Azatek Krashenninikov et al. (1985): bed 9 |+ uHihe . 2.153. 18 just below|
£ sandstone indirect data
% Biralu (Landzhar) Krashenninikov et al. (1985): bed 8 | — | marly limestone Krashenninikov et al. (1985) 15 18
< . . .
Vedi Krashenninikov et al. (1985): bed 29 | — [ marly limestone 15 18
Kegili 3 Ozcan et al. (2007) 14 16,
-- llodapi d ’ 2
> Ozean et al. (2007) | allodapic sandy reworked
~ . limestone
g Kegili 11 not known unknown
Sarkoy Ozcan et al. (2007); Fig. 3E + | marly limestone Ozcan et al. (2007) unknown | 16-21

and H. gracilis). He distinguished these two forms first of all
by their different surface ornamentation. We have also recog-
nized two surface types, one of them with a central pile and no
granulation, characteristic for H. reticulata italica, and the
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other one mostly with no central pile (or sometimes with an in-
distinct umbo) but with a granulation diagnostic for H. gra-
cilis. The internal morphology of the two forms could be dis-
tinguished typologically, too, by using the criteria described
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Table 2—continued.

o3 IS s Age and
g.¢ & 2 2 S SBZ
=SE B ] i S o T~ =
S3f 5 .5 | s3% | §8 |g=g:l.Z =
S35 % Reticul S5 | 832 | 32 |SEEEISE N

Locality Information on R =P eticylate 2R EER: Sy [Eg=32|2 ¥ a
. <2 RES Nummulites SO o5, & I & |[E=BZ|: § .
Nummulites RET % =} 2Pz =2 he S5 |5 2 8
53 3 2 8 23 8 .S |E2E8Z|E & %
! 9 228 88 |£25¢85|¢8 ¢ £
o0 N 5 P = & w S
52l & 3 3 5 £4% |2%&
= S= |25 &
Oberbergli Herb (1978) absent absent absent reticulata — — +
Gschwint Herb (1978); own data absent absent absent helvetica - - +
Prella 4 7 ] - 14 +
own data absent absent absent ronensis
Prella 5 helvetica — 14 +
Mossano 2 N. biedai Itifid +
fedar N. hormoensis absent multifida -
Mossano 3 reticulata +
Mossano 5+6 i irotti mossanensis - +
Papazzoni and Sirotti absent N. ex. gr. fabianii, o : 14
Mossano 7 (1995) and own data very rare sirottii mossanensis +
Mossano 8 italica 14/15 +
Monte Cavro 4 N. biedai just below| N. hormoensis absent multifida - - +
g 4 g| Villa Devoto absent mossanensis +
— Q -
§ 22| &LeAre own data absent sirottii 14
8 = hairpin bend N. fabianii mossanensis - +
Possagno 1 N. fabianii t italica gracilis - +
Herb and Hekel (1975) absent - Jabianii (no carpaticus
Possagno 2 found by us) italica gracilis - +
Urhida 1 tronensis - +
Urhida 2+3 hungarica - +
Urhida 4+5 N.ex. gr. helvetica - +
Urhida 6 Less et al. (2000); Less | millecaput-maximus absent helvetica - +
— absent 14
Urhida 7 and Gyalog (2004) helvetica — +
Urhida 8 helvetica - +
Urhida 9 reticulata — +
— absent
Urhida 10 sirottii mossanensis - +
Noszvaj Less et al. (2000, 2005) absent N. fabianii only B-form italica — — +
. P i irotti
Vic, La Trona apaZZ(()rlnggrsl;l Sirotti N. biedai above N. hormoensis absent tronensis - - +
Puig Aguilera Romero et al. (1999) absent absent absent multifida - - +
Benidorm not known absent — carpaticus — gracilis — +
. N.ex. gr
Siest Less (1987) ex. £F rare ?N. hormoensis absent hungarica - 14 +
perforatus
P Boussac (1911); aff. .
Biarritz, (Lou) Cachaou Schaub (1981) absent absent carpaticus - gracilis - +
armenica
Azatek N. ex. gr. gizehensi. . aff. fabianii bsent - - +
Grigoryan (1986) ex. gr. gizehensis | N . aff. fabianii (not absen armenica
- found by us) -
Biralu (Landzhar) absent helvetica — — +
Gri 1986) W, ex. g
Vedi rigoryan ( millecaput N. hormoensis absent reticulata - - +
and own data
Kegili 3 N. ml.lle;apu.t, N. 3 armem.ca +
o t al. (2007 8Izenensis N. hormoensis absent armem‘ca 14
Kegili 11 zean et al. ( ) N. lyelli tronensis nfmfentcz‘z +
tigrisensis
Sarkdy absent absent sirottii mossanensis - 14 +

by Herb (1978). Heterostegina reticulata italica bears a some-
what smaller proloculus, a tighter spiral with less dense cham-
bers and rarer subdivisions. Instead, H. gracilis has a larger
proloculus and a looser spiral with densely spaced chambers

subdivided into numerous chamberlets. In its overall morphol-
ogy H. gracilis is much more delicate (“graceful”). The two
taxa co-occur also in sample Possagno 1, in which the speci-
mens are much better preserved.
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Fig. 6. The evolution of Heterostegina reticulata in the Mossano section (drawn after Papazzoni and Sirotti 1993) as reflected in the mean values (+2 s.e.) of

three different parameters.

The difference between the two taxa is reflected also in
their biometrical parameters (see Table 1 for both samples),
especially in the case of S (the number of chamberlets in
chamber 14). However, in plotting, e.g., the size of the prolo-
culus (P) against parameter S (Fig. 7), the segregation of the
two taxa is by far not self-evident, which indicates their close
relationship. This is emphasized also by the usual presence of
a central pile in the specimens from sample Possagno 1.

Comparing the evolutionary parameters of both Hetero-
stegina reticulata italica and H. gracilis from the two sam-
ples, they (especially P and S) are clearly less advanced in
sample Possagno 1 than in Possagno 2 (see also Table 1), well
in accord with their relative position in the profile that is mani-
fested also in the disappearance of the central pile of H.
gracilis between the two levels.

Hungary

Urhida (W Hungary).—Unfortunately, the outcrops in Urhida
are small and isolated, moreover, several of them were only

temporarily exposed due to canalization and construction
works and, therefore, most of them have already been lost.
Faults are also very common in this area, and therefore, in
most cases, the stratigraphic relationship between the outcrops
is not directly visible. Nevertheless, the genus Heterostegina
is abundant and very well preserved in Urhida, several evolu-
tionary stages are present and all the occurrences represent the
same, outer shelf facies.

Ten samples have been studied from Ijrhida; the localities
are shown in Fig. 3D. They are numbered according to the
evolutionary degree of their Heterostegina populations (Table
1). Since the parameters in samples Urhida 2 and 3 and also in
Urhida 4 and 5 are very similar, these samples are jointly dis-
cussed. In Less et al. (2000) and in Less and Gyalog (2004) our
samples bear different names, moreover the numbering of
houses in the Pet&fi Street changed in 2004. Therefore, in Ta-
ble 3, we identify these different denominations with each
other. The direct stratigraphic relationship could be observed
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between samples Urhida 1 and 3, the latter being about 1.5 m
higher, and between Urhida 7 and 9 where the last can be
found approximately 2 m higher than Urhida 7. Finally, sam-
ple Urhida 8 lies about 1.5 m above Urhida 6.

The rapid evolution of Heterostegina reticulata popula-
tions from sample 1 to 10 (Table 1), reflected in the evolution-
ary progress of the parameters X and S, is definitively in ac-
cord with the direct (the superpositions mentioned earlier) and
indirect (see the faunal change in Table 2) stratigraphical data,
and is synchronous with what is present in the Mossano sec-
tion and in Verona. Especially, the appearance of Spiroclypeus
sirottii of the same evolutionary degree (see Less and Ozcan
2008) at the same evolutionary level of the H. reticulata-lin-
eage in all these localities is really striking.

Spain

Puig Aguilera (NE Spain).—We could not distinguish the two
morphotypes of Heterostegina reticulata indicated by Romero
etal. (1999) from this locality and found a normal, homogenous
population of H. reticulata multifida. The relatively large prolo-
culus (see Table 1) is perhaps an effect of the relatively deeper
depositional environment of the locality reflected also in the
composition of the assemblage of larger foraminifera.

Benidorm (SE Spain).—Sample E 81 from where few Hetero-
stegina have been studied was collected by Lukas Hottinger
(Basel) in 1962 from the outcrop of the coastal road leading
from Benidorm to Alicante. The detailed description of the
outcrop is missing, since it had already disappeared few years
later by the explosive development of the tourism along the
coast. Because of the few specimens of Heterostegina avail-
able, we also measured Hottinger’s (1977) figures, and these
data are also used in the statistical summary of the sample tab-
ulated in Table 1.

France, SW Aquitaine

Biarritz, Lou Cachaou—We studied sample SCH 54123,
which was collected by Hans Schaub and is stored in the
Naturhistorisches Museum of Basel (Switzerland).

Table 3. Identification of different names and numberings with the loca-
tion of the Urhida samples.

in Less and Gyalog | in Less and others
Sample Actual name (2004) (2000)
Urhida 1 Kossuth Str. 60., Kossuth Str. 60., B
lower lower
Urhida2 | Kossuth Str. 50. | Kossuth Str. 50, | Other outcrop with
N. “millecaput
Urhida 3 Kossuth Str. 60., Kossuth Str. 60., B
upper upper
Urhida 4 | Petdfi Str. 102-104, | Fet0fi Str- 42-44., Stop 2A
lower
- Borehole Urhida 1, Urhida Ij—l,
Urhida 3 284-285 m 284.0-285.0m -
Urhida 6 Petdfi Str. 120., _ _
lower
Urhida7 |  Petsfi Str. 106, | FetOfi Str 42-44., -
middle
Urhida 8 Petsfi Str. 120., _ B
upper
Urhida® | Petsfi Str. 108, | PetOfi Str. 42-44., -
upper
Urhida 10 Jokai Str. 7. Jokai Str. 7. Stop 2B
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Fig. 7. Distribution of heterosteginid specimens from sample Possagno 1 on
the P-S (proloculus diameter versus density of chamberlets in chamber 14)
bivariate plot. Solid circles, Heterostegina reticulata; open circles, H. gracilis.

Armenia

Three samples containing Heterostegina have been collected
by Susanna M. Grigoryan and Tibor Kecskeméti in 1989 from
three different key-sections of Armenia.

Azatek.—The studied sample was collected from the type
level of Grzybowskia armenica, a species introduced by Gri-
goryan (1986). These Heterostegina externally bear a central
pile but lack granulation as H. reticulata, although they seem
somewhat thinner than the latter. At the same time, internally
they clearly differ from any of the evolutionary stages of this
species found in the localities discussed above. Secondary
chamberlets are strongly irregular, secondary septa are very
often incomplete. In terms of the “reticulata’-lineage, they
would correspond to the “tromnensis” level. Meanwhile the
evolutionary parameters (X and S, see Table 1) would refer it
to the level between “hungarica” and “multifida” but the size
of the proloculus would correspond to the level of “italica”.
Moreover, since we have found many specimens correspond-
ing to Grigoryan’s (1986) “armenica” also in the Kecili sec-
tion (Turkey), this species can be considered as a valid one,
different from H. reticulata. Nevertheless, in having accepted
Hottinger’s (1977) arguments on incorporating genus Grzy-
bowskia into Heterostegina, it has to be called H. armenica.
Since in the upper part of the Kecili section we have found a
more advanced evolutionary stage of the species—above the
representatives (from the middle part of the profile) similar to
those from Azatek—it can be segmented into two chrono-
subspecies. Therefore, the less advanced one from Azatek is
called H. armenica armenica.

Turkey

The localities are described in detail and figured by Ozcan et
al. (2007) where the complete list of fossils can also be found.

Kecili (Elazig region, eastern Anatolia).—Larger foraminifera
occur in the Bartonian part of the section. Heterostegina is still
missing from its lower part belonging to the lower Bartonian

http://app.pan.pl/acta53/app53-317.pdf

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 13 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



328

(SBZ 17 by Serra-Kiel et al. 1998 and OZ 13 by Less 1998),
however Operculina ex. gr. roselli-gomezi is already present
here. The Nummulites fabianii-group is represented here by N.
garganicus.

Heterostegina occurs in all the samples of the middle and
upper parts of the profile. They, however, have been examined
in statistical quantity from two samples. The specimens from
sample Kecili 3 (the middle part of the section) are very simi-
lar to those from Azatek by their rather thin tests, by the mor-
phology of the chamberlets and by the biometrical parameters
(see Table 1). Thus, the population can be determined as H.
armenica armenica.

By their internal morphology, Heterostegina specimens
from sample Kegili 11 (the upper part of the section) can be sep-
arated typologically into two groups. Most of the specimens be-
long to H. armenica, however with somewhat less irregular
(than in Azatek and Kegili 3) chamberlets almost lacking in-
complete secondary septa. The proloculus is also somewhat
larger and the number of operculinid chambers is significantly
less, than in the other two samples (see Table 1). Therefore, this
form with a moderately thin test is considered as a more ad-
vanced form called H. armenica tigrisensis. At the same time a
few specimens from Kegili 11 (externally similar to the others)
have significantly smaller proloculi and many operculinid
chambers before the appearance of the first subdivided cham-
ber. The chamberlets are strongly polygonal but less irregular
than those of the specimens belonging to H. armenica. No in-
complete septa have been found. By all their characteristics (see
Table 1) these specimens can be already placed into the H.
reticulata-lineage as its least advanced member called H. reti-
culata tronensis. In the P-X bivariate plot (Fig. 8) the segrega-
tion of the two taxa is not unambiguous although their typologi-
cal distinction is rather unproblematic in most cases.

Sarkdy (Tekirdag region, Thrace Basin, Europe).—The genus
Heterostegina has been found in all samples (Sarkdy 2, 4, and
9) studied by Ozcan et al. (2007), however they are examined
in statistical quantity only from the first two samples. Later,
we collected one more sample (Sarkdy A) from the other side
of the small valley (Fig. 3E). Since both the Heterostegina and
the associated larger foraminifera are almost identical in all
three samples (see Table 1) they can be jointly discussed.
Spiroclypeus sirottii sp. nov. is associated in Sarkoy with
Heterostegina reticulata at the same evolutionary stage (H. r.
mossanensis) as in the basal Priabonian of Mossano (samples
5 and 6), Verona (Castel San Felice and hairpin bend) and in
sample Urhida 10, all having the same age.

Preparation and photographing

We have studied isolated specimens (except the specimens
from Oberbergli that were cut to expose the equatorial plane)
collected mostly from marls and marly limestones. Thin sec-
tions were prepared by RS for specimens from Prella and by EO
for specimens from Kecili and Sarkdy and partly from Vic, La
Trona, and Gschwint. In most cases GL opened the equatorial
section by the splitting method described for orthophragmines
(Less 1981, 1987). The great advantage of this method is that
these sections are perfectly oriented because they are broken
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Fig. 8. Distribution of heterosteginid specimens from sample Kegili 11 on
the P-X (proloculus diameter versus number of undivided post-embryonic
chambers) bivariate plot (X is on logarithmic scale). Solid circles, Hetero-
stegina armenica; open circles, H. reticulata.

along the weakest plane of the shell; thus the stolons are also ex-
posed. Instead, thin-sections are not always perfectly oriented
(also because the equatorial plane is often not a perfect one),
therefore sometimes not all chamberlets are easily identifiable.
This may cause some biases between the counts in split and
thin-sectioned specimens from the same population.

Specimens were photographed mostly in incident light
whereas photos of the thin-sections were made in transmitted
light. In the six photoplates the enlargement is generally x20
with two exceptions. The magnification of all the external
views is x10 whereas that of all the equatorial sections of
B-forms is x50.

Evaluation of parameters

The presence/absence of granulation proved to be an excellent
qualitative feature in order to distinguish Heterostegina gra-
cilis with granules from H. reticulata (and also H. armenica)
lacking them as stated by Herb (1978). Central piles are diag-
nostic for H. armenica and H. reticulata. No central pile is
present in H. gracilis, with the exception of sample Possagno
1, where this feature, observed in several cases, can be inter-
preted as a somewhat primitive stage of the species (reflected
also in the numerical parameters as described below). This ob-
servation allows us to refine the diagnosis of this species as
compared to Herb’s (1978) strict statement on their absence.

The statistical summary of biometrical data per population
(Table 1) shows that the greatest differences between popula-
tions can be found in parameters X and S. Their mean values at
the 95% confidence level are plotted in Fig. 9. Five important
consequences can be deduced.

(1) The populations of Heterostegina gracilis are clearly
separate from those of H. reticulata and H. armenica using pa-
rameter S.
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Fig. 9. Distribution of the Eocene heterosteginid populations (mean values at the 95.44% confidence level) on the S—X (density of chamberlets in chamber
14 versus number of undivided post-embryonic chambers) bivariate plot (both scales are logarithmic).

(2) The populations of both H. reticulata and H. armenica
form a continuous chain each.

(3) The populations are arranged according to their associ-
ated, age-determining larger foraminiferal fauna. Those oc-
curring with large-sized Nummulites (with test diameter of the
B-forms over 15 mm) plot in the upper left quarter and in the
centre of Fig. 9; those with neither large-sized Nummulites,
nor Spiroclypeus in the centre; those with Spiroclypeus sirottii
a little bit below and to the right of the centre. It is worth noting
that the parameters of Heterostegina, as well as those of Spiro-
clypeus, are very consistent within populations. The Hetero-
stegina populations occurring with Spiroclypeus carpaticus
plot in the extreme lower right corner of Fig. 9.

4. Populations from samples whose stratigraphic superpo-
sition can be directly observed in the field are arranged regu-
larly in the plot, i.e., the “upper” populations can be found al-

ways below and to the right of the “lower” populations. These
are the succession of samples Mossano 2, 3, 5+6, 7, and 9 in
superposition, the couples of Possagno 1 and 2, Urhida 1 and
3,6 and 8, 7 and 9, and finally Kegcili 3 and 11.

5. Thus, the decrease of the number of operculinid cham-
bers (X) and the increase of the number of chamberlets in
chamber 14 (S) have a great stratigraphic significance.

Nevertheless, the bivariate plot of Fig. 9 does not help in
separating Heterostegina armenica from H. reticulata. There-
fore, in Fig. 10 we plotted the mean values of X against those
of the size of the proloculus (P) by population, once again at
the 95% confidence level. In this bivariate plot H. armenica is
distinguished from H. reticulata despite the closeness of the
population from Puig Aguilera to the H. armenica-cluster.
Based on the quite regular arrangement of secondary cham-
berlets, however, this population clearly belongs to H. reticu-
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Fig. 10. Distribution of the Eocene heterosteginid populations (mean values at the 95.44% confidence level) on the P-X (proloculus diameter versus number
of undivided post-embryonic chambers) bivariate plot (X is on logarithmic scale)

lata. At the same time, in this representation, the populations
of H. gracilis are far less isolated from those of the most ad-
vanced H. reticulata than in Fig. 9.

From Fig. 10 almost the same consequences can be de-
duced as from Fig. 9, e.g., the almost continuous chain of the
H. reticulata-populations, the regularity of the arrangement of
populations according to their larger foraminiferal associa-
tions and the more advanced evolutionary degree of the popu-
lations coming from the “upper” samples as compared to those
from the “lower” samples.

At the same time, it is clear from Fig. 10 (and also from Ta-
ble 1) that the general increase of the size of the proloculus (P)
of the H. reticulata-chain is a far less rapid and reliable evolu-
tionary trend than the change in X and S. This difference is

even more valid for parameter d, the diameter of the first
whorl, which is in strong positive correlation with P (see Table
1); however it can be measured less precisely. A good sum-
mary on the environmental and probably the biological control
of the proloculus size of larger foraminifera with ample refer-
ences can be found in Beavington-Penney and Racey (2004).

The least diagnostic numerical parameter is K, the index of
spiral opening that shows a very slow and rather uncertain in-
crease (i.e., the spiral tends to become looser in time) within
the H. reticulata-chain. The existence of two simultaneously
running evolutionary lineages in the Priabonian— one with
tightly coiled and another one with loose spiral—suggested by
Hottinger (1977) could not be proven, however, H. gracilis
has indeed a significantly looser spire as compared to H.
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reticulata (see also Table 1). In general, there is a slight posi-
tive correlation between the size of the proloculus (P) and the
laxity of the spiral.

Since parameters d and K are shown to be not really rele-
vant in distinguishing species and characterizing their evolu-
tion, they (together with the measurement of parameter D)
turned out to be unnecessary.

The arrangement and shape of the secondary chamberlets
change quite reliably. The most primitive type with a quite ir-
regular arrangement of rhomboid chamberlets, often with in-
complete septa, is characteristic for Heterostegina armenica,
especially for H. a. armenica, the more primitive subspecies
from Kecili 3 and Azatek. A continuously improving regular-
ity in the arrangement of the chamberlets, accompanied by the
change of the shape from rhomboid to almost rectangular, can
be recognized during the evolutionary track of H. reticulata.
Finally, regularly arranged delicate rectangular chamberlets
are characteristic for H. gracilis.

As visible from the photos of Figs. 11-15, no increase in
the size of the adult test can be observed during the whole
heterosteginid evolution. Moreover, H. gracilis is definitively
smaller than the late Bartonian forms. No difference in the test
size could be observed between the A- and B-forms, either, al-
though the latter were seldom found. Parameter X (defined as
for the A-forms) could be counted in six microspheric speci-
mens from different samples. These specimens suggest a trend
to the reduction in the number of undivided chambers (Table
4) also for the microspheric forms.

Systematic paleontology

Two of the three species of Western Tethyan Eocene involute
Heterostegina are subdivided into chronosubspecies. To avoid
repetitions only their common characteristics are discussed in
the description of the species, while the partial features only in
the subspecies description. The numerical characteristics of the
equatorial section of the A-forms for each taxon are summarized
in Table 5, parts of which are to be considered as belonging to
their description. The classification of particular populations in
the different taxa is reported in Table 1. Stratigraphical ranges of
particular taxa are given in advance, in accord with the refined
shallow benthic zonation (see below).

Order Foraminiferida Eichwald, 1830
Family Nummulitidae de Blainville, 1827

Genus Heterostegina d’Orbigny, 1826

Type species: Heterostegina depressa d’Orbigny, 1826, Recent, St. Hel-
ena Island.

Remarks.—Based on the qualitative and quantitative parame-
ters evaluated above, the Western Tethyan late Bartonian to
Priabonian Heterostegina can be grouped into three species.
Due to the joint occurrence of the most advanced H. armenica
and the most primitive H. reticulata in sample Kegili 11 and
also to that of the most advanced H. reticulata and H. gracilis
in samples Possagno 1 and 2, the stratigraphical succession of
these species could be inferred.
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Table 4. Number of undivided chambers (X) before the first segmented
chamber in the B-forms of Heterostegina reticulata (the first two cham-
bers are not counted).

Sample Subspecies Illustration X
Siest hungarica Fig. 12E 37
Urhida 9 reticulata Fig. 130 29
Mossano 3 reticulata Fig. 14D 25
Mossano 6 mossanensis Fig. 14] 20
Sarkoy 4 mossanensis not figured 21
Sarkoy 4 mossanensis not figured 18-20

Heterostegina armenica and especially H. reticulata form
evolutionary lineages. Their intraspecific development can be
characterized most effectively by the reduction of the undi-
vided, post-embryonic chambers (X). Therefore they are sub-
divided into chronosubspecies by arbitrary limits of the mean
values of this parameter. Table 6 illustrates the results of the
t-test on parameter X in comparing the neighboring popula-
tions according to parameter X, in decreasing order. It demon-
strates that the lineages are segmented at its weakest points,
where p(t)-values are the lowest as compared to the neighbor-
ing values. The density of the segmentation is in accord with
Drooger’s (1993: 30) proposals.

Heterostegina armenica (Grigoryan, 1986)
Fig. 11A-I, M.

Emended diagnosis.—Involute, flat biconvex test with oval
contour, central pile and slightly sigmoid septal sutures pass-
ing into an irregular sutural network in the edges. The pro-
loculus is relatively large; the chamberlets (often with incom-
plete secondary septa) are rather irregularly arranged and
characteristically polygonal. The number of undivided cham-
bers is subjected to nepionic acceleration. Based on this, the
species is subdivided into two chronosubspecies as follows:

H. armenica armenica Xinean > 8
H. armenica tigrisensis ssp. nov. X mean < 8
Description

External features (Fig. 11A,, M).—The testis involute, bicon-
vex, flat and medium-sized (3—6 mm) with oval contour. The
distinct central pile is somewhat eccentrically placed. Septal
sutures are slightly sigmoid, passing into a rather irregular
hexagonal network of primary and secondary septal sutures in
the peripheral zone of the adult whorls.

Internal features.—The equatorial section of A-forms: The
relatively large proloculus is followed by the second chamber
of similar size and then by a loosely coiled spiral. The cham-
bers are high, densely spaced and almost evenly arched. The
first appearance of chamberlets is stratigraphically controlled;
undivided chambers may often reappear in the neanic stage of
growth. The arrangement of the chamberlets is characteristi-
cally irregular, though becoming more regular in both higher
onto- and phylogenetic levels. Their shape is also irregularly
polygonal; the secondary septa are often incomplete, espe-
cially in the early stage of phylogenesis. Numerical features
are tabulated in Table 5.
Microspheric specimens have not been found yet.
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Table 5. Numerical characteristics in the equatorial section of the A-forms of heterosteginid taxa. P, X ...» €tc. indicate the mean values of the
given parameter for particular populations.

Diameter of Number of t;mdiv'ided hNur};lbcir of' Diameter of the first Index of. spiral
Taxa / parameters proloculus pOSctLZTnbreyrzmc ¢ C;I:mii:f t1§41 ! one whorl 1.5 whorls K=1 0(())>]<J g{g{);/ (D-P)

P (um) | Py, (um) X mean S mean | A (um) | dpegy (Mm) | D (um) | Dy, (m) K Kinean
armenica 90-225| 130—>175 | 2-23 55¢16 | 1-5 | 1-3.4 [490-1450| 750-1140 | 910-2200 | 1220-1750| 33-56 | 43-48
armenica armenica 90-205| 130-175 2-23 8-16 14 | 1-52.8 |490-1450| 750-1140 | 910-1645 | 1220-1750| 38-53 43-49
armenica tigrisensis | 115-225| 155-175 3-20 55-8 | 1-5| 2.6-3.4 |630-1300| 830-950 | 160-2200 |1410-1630| 33-56 | 43-48
reticulata 45-250| 75190 1-33 1.1<-28 | 1-9 | 157.2 |325-1350]485—1060 | 500-2430 | 750—1830| 25-60 | 37—50
-% reticulata tronensis 45-140| 80-105 7-33 17-28 | 12 | 1-1.25 | 285-915| 485-625 | 500-1540 | 750-1115 | 30-56 3747
é reticulata hungarica 55-140| 75-105 6-25 11-17 | 1-3 | 1.05-1.6 | 415-880 | 520-655 | 680-1610 | 820-1055 | 29-51 39-43
§ reticulata multifida 60-170| 80-135 3-17 7.2-11 | 1-4 | 1.6-2.4 | 440-935 | 515-780 | 690-1470 | 820-1240 | 30-52 37-44
reticulata helvetica 55-165| 90-125 1-14 44-72 | 1-7 | 2-3.5 |345-1030| 540-800 | 570-1875 | 780-1400 | 25-56 3747
reticulata reticulata 85-190| 95-140 1-8 2.8-44 | 2-6 | 2.6-3.9 |505-1350| 630-860 |765-2430 | 970-1520 | 33-58 38-49
reticulata mossanensis| 70-240| 120-140 1-5 1.7-2.8 | 3-7 | 3.9-5.1 |420-1320| 720-925 | 665-2300 |1200-1600| 31-60 | 43-49
reticulata italica 90-250| 130-190 14 1.1-1.7 | 3-9 | 4.7-7.2 |580-1340| 800-1060 | 100-2300 | 1360-1830| 31-58 43-50
gracilis 130-300| 155-225 1-2 1-1.4 | 7-24| 10-16 |750-2300| 1020-1480|1560-3600|1950-3300| 38-68 48-60

Table 6. p[t]-values of parameter X in the case of Heterostegina arme-
nica and H. reticulata and of parameter S in the case of H. gracilis for the
most similar neighboring populations. Populations from samples Prella
4, Biralu and Vedi are not taken into consideration because of their very
low number of specimens. Normal lettering for p[t] <0.05, underlined
for p[t] = 0.05-0.20, bold for p[t] = 0.20-0.50, and bold underlined for
plt] >0.50.

Axial section (Fig. 11E): The test is flat, biconvex and in-
volute with a flaring last whorl. The central pile is distinct. The
subdivision of the chambers into chamberlets is hardly visible.

Remarks.—The forms described above can be identified with
Grigoryan’s (1986) Grzybowskia armenica since we could in-
vestigate the material from Azatek, the type locality of this
species. Its taxonomic validity is confirmed, since Hetero-
stegina armenica differs from H. reticulata with similar de-

8 3
§3] sub- 5 sub- nen. '
S species  gample  p[t(X)] & species sample  p[ux)]  &ree of nepionic acceleration by the much less regular arrange-
S Kool 3 Ortida 7 ment and shape of secondary chamberlets. The distinction is
. ecili " .l
s | amenica 0.691 helvetica Uehida 8 0336 also confirmed by the significantly larger proloculus of H.
S il prywn : s 1222 | armenicain comparison with the coeval H. reticulata (see also
. . . - . N rhida . ..
T | figrisensis | Kegili 11 3 Oberbergli 0.289 Fig. 10) as well as by the joint occurrence of the most ad-
9 . . . . . . .
3 Mossano 3 0.987 vanced H. armenica (i.e., H. a. tigrisensis) with the most prim-
Kegili 11 oos 3 Moseano 516|000 itive H. reticulata (i.e., H. r. tronensis) in sample Kegili 11
2 Prella 5 ——00 |2 Sarkdy 0.417 where they could be separated biometrically (see also Fig. 8).
k<) I (2} . . .. .
g 0173 | | 3 e v ol 0.567 Moreover, H. armenica is definitely flatter than H. reticulata.
8 La Trona § g erona, Felice 0.995 i K K
s v 0469 | | & 3 Umidato = Heterostegina armenica occurs together with the Opercu-
T Tooar | | 5 ] Verona, hairpin 02 lina gomezi-group in all the localities known so far. The latter
5, . Siest 0000 | | Mossmo 7 1222 differs from H. armenica only in lacking complete secondary
g Urhida 2+3 Mosamos L2168 chamberlets and in having a significantly smaller (about 100
N . . . . . .
s P Aguilera 0.000 . Possagno | 0567 um) proloculus. Since this involute Operculina appears first in
E; 3 Ve 0.360 5 Powagno2 |8 lower stratigraphical levels than H. armenica (e.g., in the Kegili
3 = . Cavro = . . .
g E 0.594 Noszvai 0.640 section, see Ozcan et al. 2007), early members of the O. gomezi
= = . . .
S Mossano 2 |- 8 group may be considered as possible ancestors of H. armenica.
Urhida 4+5 PISI - The intraspecific evolution of H. armenica is expressed signifi-
3 Goctwam =22 | | Possagnol | 0103 | cantly in the decrease of parameter X and in the increasing den-
3 Umdae L2 | 1S Possagno2  [75973 sity of the chamberlets (parameter S). The size of the proloculus
v B 1 — . . . . . .
< - 0.754 5:° Benidorm 0.583 (P) increases less distinctly. H. armenica either became extinct
Urhida 7 farri 0.583 . . .
e Biarritz, Cachaou with no successors or gave rise to H. reticulata.

Fig. 11. Late Bartonian Heterostegina from different Western Tethyan localities (I). A—F. Heterostegina armenica armenica (Grigoryan, 1986), early late
Bartonian, SBZ 18 A. A, B, F. Azatek (Armenia), A-form, topotypes. Equatorial sections (A, B, F), external view (A,), MAFIE. 9505 (A), MAFI E. 9506
(B), MAFI E. 9507 (F). C-E. Kegili 3 (E Turkey), A-forms. C, D. Equatorial sections, ITU O/KEC.3-73 (C), ITU O/KEC.3-64 (D). E. ITU O/KEC.3-67,
axial section. G-I, M. Heterostegina armenica tigrisensis ssp. nov., Kecili 11 (E Turkey), middle late Bartonian, SBZ 18 B. G-1. A-form, equatorial -
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sections, paratype, ITU O/KEC.11-38 (G), holotype, ITU O/KEC 11-54 (H), paratype, ITU O/KEC.11-27 (I). M. Paratype, MAFI E. 9508, A-form, axial
section. J-L, N-R. Heterostegina reticulata tronensis ssp. nov., middle late Bartonian, SBZ 18 B. J, K. Kegili 11 (E Turkey), A-form, equatorial sections,

ITU O/KEC.11-55 (J), ITU O/KEC.11-39 (K). L, N-Q. Vic (NE Spain), La Trona. L, N, O. A-form, equatorial sections, paratype, MAFI E. 9509 (L),
holotype, MAFI E. 9510 (N), paratype, MAFI E. 9511 (O). P. Paratype, MAFI E. 9512, A-form, axial section. Q. Paratype, MAFI E. 9513, external view.

R. Prella 5 (Switzerland), MCSNL P5/B3-3, A-form, equatorial section.

http://app.pan.pl/acta53/app53-317.pdf
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Geographic and stratigraphic distribution—Early and mid-
dle late Bartonian (SBZ 18 A-B) of Armenia and Turkey
(Eastern Anatolia) as detailed at the particular subspecies.

Heterostegina armenica armenica (Grigoryan, 1986)
Fig. 11A-F.

1986 Grzybowskia armenica sp. nov.; Grigoryan 1986: 120-121, pl.
37:1-4,7.

Diagnosis.—Heterostegina armenica-populations with X
exceeding 8.

mean

The equatorial section of A-forms.—Secondary chamberlets
are rather disorderedly arranged and of irregularly polygonal
shape. The secondary septa are often incomplete. For numeri-
cal features see Table 5.

Remarks.—The biometrical parameters of the Azatek (the
type locality of Grigoryan’s 1986 Grzybowskia armenica)
population indicate that they belong to the more primitive evo-
lutionary stage of the species; therefore the subspecific name
“armenica” is attributed to this stage.

Geographic and stratigraphic distribution.—Early late Barto-
nian (SBZ 18 A) of Armenia (Azatek) and Eastern Anatolia,
Turkey (the middle larger foraminiferal horizon in Kegili,
sample Kegili 3)

Heterostegina armenica tigrisensis sSp. nov.

Fig. 11G-1, M.

2007 Heterostegina armenica (Grigoryan, 1986); Ozcan et al. 2007: pl.
1: 16.

Derivation of the name: Named after the river Tigris flowing close to the
type locality.

Holotype: ITU O/KEC.11-54 (Fig. 11H), a megalospheric specimen
sectioned along the equatorial plane.

Type locality: Kecili (eastern Anatolia), upper larger foraminiferal hori-
zon, sample Kegili 11.

Type horizon: middle late Bartonian, SBZ 18 B.

Material —32 well-preserved megalospheric specimens.

Diagnosis.—Heterostegina armenica populations with X
less than 8.

The equatorial section of A-forms.—The chamberlets are of
somewhat irregularly polygonal shape. The secondary septa are
occasionally incomplete. For numerical features see Table 5.

mean

Geographic and stratigraphic distribution.—Middle late Bar-
tonian (SBZ 18 B) of Eastern Anatolia, Turkey (the upper
larger foraminiferal horizon in Kegili, sample Kegili 11).

Heterostegina reticulata Riitimeyer, 1850
Figs. 11J-L, N-R, 12-14, 15A-K.

Emended diagnosis.—Involute, biconvex test with central pile
and slightly sigmoid septal sutures passing sooner or later into
septal network towards the edges. The size of the proloculus is
increasing in stratigraphic order from small to medium-sized,
chamberlets (with no incomplete secondary septa) are chang-
ing simultaneously from rather irregularly arranged and rhom-
boid to regularly arranged and almost rectangular. Their num-
ber in chamber 14 (parameter S) also increases in stratigraphic
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order but usually does not exceed 7-8. The number of oper-
culinid (undivided) chambers is strongly reduced during the
phylogenesis. Based on this, the species is subdivided into
seven chronosubspecies as follows:

H. reticulata tronensis Ssp. nov. X nean > 17

H. reticulata hungarica ssp. nov. X mean = 11-17
H. reticulata multifida X imean = 7-2—-11
H. reticulata helvetica X nean =4.4-7.2
H. reticulata reticulata X nean = 2.8-4.4
H. reticulata mossanensis ssp. nov. X .. =1.7-2.8
H. reticulata italica Xmean < 1.7

mean
Description

External features (Figs. 11Q, 13B, 15I).—The test is involute,
moderately thick, biconvex and medium-sized (3—6 mm) with
oval contour. The distinct central pile is somewhat eccentrically
placed. Septal sutures are slightly sigmoid, passing sooner or
later into a hexagonal network of primary and secondary su-
tures towards the periphery of the whorls. No significant differ-
ence in adult size between the megalo- and microspheric forms
could be observed.

Internal features.—The equatorial section of A-forms: The
small to medium-sized proloculus is followed by the second
chamber of similar size and then by a loosely coiled spiral. The
chambers are high, densely spaced and almost evenly arched.
The first appearance of chamberlets is stratigraphically con-
trolled (see the diagnosis), undivided chambers may reappear
only in the early stage of the phylogenetic development. The
chamberlets (with fully developed secondary septa) are chan-
ging in stratigraphic order from rather irregularly arranged and
rhomboid to regularly arranged and almost rectangular. Nu-
merical features are tabulated in Table 5.

The equatorial section of B-forms (Figs. 12E, 130, 14D,
J): In the few microspheric forms listed in Table 4 the size of
the proloculus is 10-15 pm. It is followed by 18—-37 undivided
chambers before the appearance of the first subdivided cham-
ber after which operculinid chambers can rarely reappear. The
reduction of parameter X in stratigraphical order can be rea-
sonably supposed (see Table 4). The arrangement and shape of
the chamberlets in the adult stage do not differ from those of
the A-forms.

Axial section (Figs. 11P, 13A): Relying on our own, Herb’s
(1978: figs. 12, 13, 30), and Stockar’s (1999: pl. 3: 6) prepara-
tions, the test is biconvex and involute with a wide last whorl
and with a distinct central pile. The subdivision of the chambers
into chamberlets is evident especially in the last whorl.

Remarks.—Four names, “reticulata”, “helvetica”, “multifida”,
and “italica” in historical order can be identified with the forms
described above. They may correspond to different evolution-
ary stages of the species (see in detail at the description of the
subspecies). Since “reticulata” is in priority among them, it is
therefore the valid name for the species. To distinguish Hetero-
stegina reticulata from H. armenica and H. gracilis, see our re-
marks in the description of the latter two forms. Their segrega-
tion is illustrated also in Figs. 7-10.

The early representatives of H. reticulata occur together with
the Operculina gomezi-group in almost all the localities. The lat-
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ter differs from H. reticulata only in lacking complete secondary
chamberlets. Since this involute Operculina appears first in
lower stratigraphical levels than H. reticulata (it can be directly
observed in Kegili and also in Mossano where the San Pancrazio
locality lacking Heterostegina contains O. bericensis), they can
be considered as possible ancestors of the latter. The other possi-
bility is an intermediate step between them represented by
H. armenica. The intraspecific evolution is expressed signifi-
cantly in the decrease of parameter X and in the increase of pa-
rameter S. The size of the proloculus (P) and that of the diameter
of the first and first and a half whorls (d and D) also increase but
with significant, probably ecologically-controlled deviations.
The spiral becomes somewhat looser during the evolution of the
species; however this change is the least evident.

Heterostegina reticulata gave rise to H. gracilis at about
the middle of the Priabonian, then became extinct with no suc-
cessors at the very end of the Eocene. Our preliminary studies
on Oligocene involute Heterostegina (see in details below)
suggest that they are not related directly to any of the Eocene
forms. At the same time the derivation of genus Spiroclypeus
from Heterostegina reticulata cannot be excluded since the
former have a similar heterosteginid spiral but bear lateral
chamberlets. Thus the Spiroclypeus morphology is more com-
plex. Moreover, it appears in stratigraphically higher horizons
than H. reticulata.

Geographic and stratigraphic distribution.—The middle late
Bartonian to terminal Priabonian (SBZ 18 B-20) time-interval
of the northern margin of the western Tethys, from Spain to
Armenia (see in details at the particular subspecies).

Heterostegina reticulata tronensis ssp. nov.

Figs. 11J-L, N-R, 12A, B.

1999 Heterostegina reticulata multifida (Bieda, 1949); Stockar 1999:
6,pl. 1: 3; pl. 3: 7.

2007 Heterostegina reticulata tronensis ssp. nov.; Ozcan et al. 2007:
pl. 1: 15.

Derivation of the name: Named after the type locality of the taxon.

Holotype: MAFI E. 9510 (Fig. 11N), a megalospheric specimen split
along the equatorial plane.

Type locality: Vic (Spain), La Trona.
Type horizon: Middle late Bartonian, SBZ 18 B.
Material —62 well-preserved megalospheric specimens.

Diagnosis.—Heterostegina reticulata populations with X
exceeding 17.

mean

The equatorial section of A-forms.—The chamberlets are of
rhomboid to polygonal shape; their arrangement is somewhat
irregular. For numerical features see Table 5.

Remarks.—This name has been preliminarily used by Ozcan
et al. (2007) for the population from sample Kecili 11, how-
ever, with no description, so the taxon is introduced formally
here. Stockar’s (1999) figures illustrate the specimens from
sample Prella 5. This population is re-evaluated in this paper
and based on its parameters it is classified in synonymy with
the present subspecies.

Geographic and stratigraphic distribution.—Middle late Bar-
tonian (SBZ 18 B) of Spain (Vic, La Trona), Hungary (sample
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Urhida 1), Eastern Anatolia, Turkey (the upper larger fora-
miniferal horizon in Kecili, sample Kecili 11), and Switzer-
land (sample Prella 5).

Heterostegina reticulata hungarica ssp. nov.

Fig. 12C-1.

2004 Heterostegina reticulata hungarica ssp. nov.; Less and Gyalog
2004: pl. (black and white) 1: 4.

Derivation of the name: Named after Hungary, the country of the type
locality.

Holotype: MAFI E. 9521 (Fig. 12H), a megalospheric specimen split
along the equatorial plane.

Type locality: Urhida (Hungary), sample Urhida 2.
Type horizon: Middle late Bartonian, SBZ 18 B.
Material —26 well-preserved megalospheric specimens.

Diagnosis.—Heterostegina reticulata populations with X
ranging from 11 to 17.

mean

The equatorial section of A-forms.—The secondary chamber-
lets are of rhomboid to hexagonal shape; their arrangement is
close to regular. For numerical features see Table 5.

Remarks.—This name has been preliminarily used by Less
and Gyalog (2004) for the population from sample Urhida 2,
however, with no description, so the taxon is introduced for-
mally here.

Geographic and stratigraphic distribution.—Middle late Bar-
tonian (SBZ 18 B) of Hungary (samples Urhida 2, 3), and SW
France (Siest).

Heterostegina reticulata multifida (Bieda, 1949)
Fig. 121-M, 0-Q.

part 1949 Grzybowskia multifida sp. nov.; Bieda 1949: 153-158, 168—
173, pl. 3: 1,3, 7; pl. 4: 1. (non 2).

part 1978 Heterostegina reticulata multifida (Bieda, 1949); Herb 1978:
758, text-figs. 14—17 (non 11).

part 1993 Heterostegina reticulata Riitimeyer, 1850; Papazzoni and
Sirotti 1993: 532, 535-536, pl. 1: 1; pl. 2: 1, 2.

1994 Heterostegina reticulata Riitimeyer, 1850; Papazzoni 1994: pl.
2: 1.

1999 Heterostegina reticulata Riitimeyer, 1850; Romero et al. 1999:
87, text-figs. 10-11.

Diagnosis.—Heterostegina reticulata populations with X
ranging from 7.2 to 11.

mean

The equatorial section of A-forms.—The shape of the cham-
berlets is close to hexagonal; their arrangement is almost regu-
lar. For numerical features see Table 5.

Remarks.—According to Bieda (1949), the type locality of
Grzybowskia multifida is a pebbly sandstone (“grés conglo-
meratique”) intercalation in the Podhale flysch in Szaflary, in
the northern slope of the Polish Tatras. It is associated with
characteristic middle Eocene forms like large-sized Nummu-
lites of the “perforatus”, “millecaput”, and “brongniarti”
groups and Assilina exponens on the one hand and also with
upper Eocene forms such as Nummulites fabianii and several
small radiate Nummulites. Both the sedimentary features and
the composition of the fossil assemblage indicate the mixing
of the latter caused by redeposition. Bieda (1949) has provided

http://app.pan.pl/acta53/app53-317.pdf
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three good photos of the new species from the type locality.
They seem to confirm the mixing of the fauna since the form in
his pl. 4: 2 is much more advanced than the other two as recog-
nized already by Herb (1978). Bieda (1949) marked out the
specimen in pl. 3: 1 as typical for the equatorial section of
A-forms. In this specimen the parameter X counted by us is 8,
therefore we apply the name “multifida” to populations with
the above diagnosis. X, .., of the four specimens from the up-
per Hohgant sandstone of Elsigen (Switzerland) illustrated by
Herb (1978) is 9.75, which is consistent with the above diag-
nosis although with some reservations because of the few
numbers of specimens. The forms illustrated by Papazzoni
and Sirotti (1993) and by Papazzoni (1994) are from the vicin-
ity of our sample Mossano 2, therefore they are tentatively
identified with “multifida”. The specimens figured by Romero
et al. (1999) from Puig Aguilera are re-evaluated in this paper
and according to the parameters classified in synonymy with
the present subspecies.

Geographic and stratigraphic distribution.—Latest Bartonian
(SBZ 18 C) of Italy (samples Mossano 2 and Verona, Monte
Cavro 4), Switzerland (Elsigen), NE Spain (Puig Aguilera) and
Poland (Szaflary, Podhale Depression).

Heterostegina reticulata helvetica Kaufmann, 1867
Figs. 12N, R, S, 13A-L.

1867 Heterostegina helvetica sp. nov.; Kaufmann 1867: 153, pl. 9:
6-10.

part 1978 Heterostegina reticulata reticulata Riitimeyer, 1850; Herb
1978: 758-759, text-figs. 7-10, 12-13, 35.

1999 Heterostegina reticulata reticulata Riitimeyer, 1850; Stockar
1999: 6, 9, pl. 1: 4-5; pl. 3: 1-6.

2004 Heterostegina reticulata urhidensis ssp. nov.; Less and Gyalog
2004: pl. (black and white) 1: 5.

Diagnosis.—Heterostegina reticulata populations with X
ranging from 4.4 to 7.2.

mean

The equatorial section of A-forms.—The shape of the quite
regularly arranged chamberlets is hexagonal. For numerical
features see Table 5.

Remarks.—The biometrical parameters of Heterostegina reti-
culata from sample Gschwint, the type locality of Kauf-
mann’s (1867) H. helvetica, designated by Herb (1978), indi-
cate that populations with the above definition belong to this
subspecies and clearly differ from those of H. reticulata reti-
culata with type locality in Oberbergli. Therefore, the name
“helvetica” is valid in the subspecific level despite that Herb
(1978) put Kaufmann’s (1867) H. helvetica in synonymy with
Riitimeyer’s (1850) H. reticulata on both the specific and
subspecific levels. Spiroclypeus could not be found in Gsch-
wiint, therefore the early Priabonian age of this locality, attrib-
uted by Herb (1978), cannot be confirmed. The forms illus-
trated by Stockar (1999) are from our sample Prella 4. This
population is re-evaluated and based on its parameters, it is
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ranked in synonymy with the present subspecies. Less and
Gyalog (2004) introduced the name “urhidensis” for Hetero-
stegina reticulata populations from samples Urhida 4 to 7
with no description. After the revision of H. r. helvetica from
its type locality the new name turned out to be invalid.

Geographic and stratigraphic distribution.—Latest Bartonian
(SBZ 18 C) of Hungary (Urhida, samples 4 to 8), Switzerland
(Gschwiint; sample Prella 4), and Armenia (Biralu, “mille-
caput” beds).

Heterostegina reticulata reticulata Riitimeyer, 1850

Figs. I3M-R, 14A-F.

1850 Heterostegina reticulata sp. nov.; Riitimeyer 1850: 109, pl. 4: 61.

part 1978 Heterostegina reticulata reticulata Riitimeyer, 1850; Herb
1978: 758-759, text-figs. 2—6 (non 7-10, 12-13, 35).

2004 Heterostegina reticulata reticulata Riitimeyer, 1850; Less and
Gyalog 2004: pl. (black and white) 2: 2.

Diagnosis.—Heterostegina reticulata populations with X
ranging from 2.8 to 4.4.

mean

The equatorial section of A-forms.—The shape of the regu-
larly arranged chamberlets is distinctly to slightly hexagonal.
For numerical features see Table 5.

Remarks.—The biometrical parameters of Heterostegina reti-
culata from sample Oberbergli, the type locality of Riiti-
meyer’s (1850) H. reticulata, designated by Herb (1978), indi-
cate that populations with the above definition belong to this
subspecies. Spiroclypeus could not be found in Oberbergli,
therefore the early Priabonian age of this locality, attributed by
Herb (1978), cannot be confirmed. About the distinction of
“helvetica” from “reticulata” put in synonymy by Herb (1978)
see remarks on the former.

Geographic and stratigraphic distribution.—Latest Bartonian
(SBZ 18 C) of Italy (Mossano, sample 3), Hungary (Urhida,
sample 9), Switzerland (Oberbergli) and Armenia (Vedi,
“millecaput” beds).

Heterostegina reticulata mossanensis ssp. nov.
Figs. 14G-R, 15A-C.

1977 Heterostegina helvetica Kaufmann, 1867; Hottinger 1977: text-
fig. 46B, E.

part 1978 Heterostegina reticulata italica ssp. nov.; Herb 1978: 759,
761, text-figs. 36, 38.

part 1993 Heterostegina reticulata Riitimeyer, 1850; Papazzoni and
Sirotti 1993: 532, 535-536, pl. 1: 2; pl. 2: 3,4, 5(?), 6(?).

2004 Heterostegina reticulata mossanensis ssp. nov.; Less and Gyalog
2004: pl. (black and white) 2: 3.

2007 Heterostegina reticulata mossanensis ssp. nov.; Ozcan et al.
2007: pl. 1: 19.

Derivation of the name: Named after the type locality of the taxon.

Holotype: MAFI E. 9555 (Fig. 14G), a megalospheric specimen split
along the equatorial plane.

Fig. 12. Late Bartonian Heterostegina from different Western Tethyan localities (I). A, B. Heterostegina reticulata tronensis ssp. nov., Urhida 1 (Hungary),
middle late Bartonian, SBZ 18 B, A-form, equatorial sections, MAFIE. 9514 (A), MAFIE. 9515 (B). C-1. Heterostegina reticulata hungarica ssp. nov., mid-
dle late Bartonian, SBZ 18 B. C-F. Siest (SW France), equatorial sections, MAFI E. 9516, A-form (C), MAFI E. 9517, A-form (D), MAFI E. 9518, B-form
(E), MAFI E. 9519, A-form (F). G-I. Urhida 2 (Hungary), A-form, equatorial sections, paratype, MAFI E. 9520 (G), holotype, MAFI E. 9521 (H), paratype,
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MAFIE. 9522 (I). J-M, 0-Q. Heterostegina reticulata multifida (Bieda, 1949), latest Bartonian, SBZ 18 C. J, K. Puig Aguilera (NE Spain), A-form, equa-
torial sections, MAFI E. 9523 @, MAFIE. 9524 (K). L, M, O. Verona (N Italy), Monte Cavro 4, A-form, equatorial sections, MAFIE. 9525 (L), MAFIE.
9526 (M), MAFI E. 9527 (O). P, Q. Mossano 2 (N Italy), A-form, equatorial sections, MAFI E. 9528 (P), MAFI E. 9529 (Q). N, R, S. Heterostegina
reticulata helvetica Kaufmann, 1867, latest Bartonian, SBZ 18 C. N. Prella 4 (Switzerland), MCSNL P4/02-6, A-form, equatorial section. R, S. Urhida 4
(Hungary), A-form, equatorial sections, MAFI E. 9530 (R), MAFI E. 9531 (S).

http://app.pan.pl/acta53/app53-317.pdf
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Type locality: Mossano (N Italy, Colli Berici), Marne di Priabona, sam-
ple Mossano 6.

Type level: Basal Priabonian, SBZ 19 A.
Material—35 well-preserved megalospheric specimens split
along the equatorial plane.

Diagnosis.—Heterostegina reticulata populations with X
ranging from 1.7 to 2.8.

mean

The equatorial section of A-forms.—The shape of the regu-
larly arranged chamberlets is slightly hexagonal to almost
rectangular. For numerical features see Table 5.

Remarks.—This taxon has been preliminary used by Less and
Gyalog (2004) for the population from sample Urhida 10 and
by Ozcan et al. (2007) for the population from sample Sarkdy
4, however with no description, so the taxon is defined for-
mally here. The figures of Hottinger (1977), Herb (1978) and
Papazzoni and Sirotti (1993) cited in the above synonymy list
illustrate specimens from the very close vicinity of samples
Mossano 5 to 7. These populations are re-evaluated in this pa-
per and based on their parameters, they are classified in synon-
ymy with the present subspecies (although only tentatively in
the case of specimens from sample Mossano 16 of Papazzoni
and Sirotti 1993 whose position could not be unambiguously
correlated with our samples— see also at the description of the
Mossano section).

Geographic and stratigraphic distribution.—Earliest Priabo-
nian (SBZ 19 A) of Italy (Mossano, samples 5 to 7; Verona,
Castel San Felice: Villa Le Are, Villa Devoto and the outcrop
of the hairpin bend), Hungary (Urhida, sample 10, and Turkey
(Sarkoy, samples 2, 4, and A).

Heterostegina reticulata italica Herb, 1978

Fig. 15D-K.

part 1978 Heterostegina reticulata italica ssp. nov.; Herb 1978: 759,
761, text-figs. 27-30 (non 36, 38).

2005 Heterostegina reticulata italica Herb, 1978; Less et al. 2005: 98,
photo 101/7.

Diagnosis.—Heterostegina reticulata populations with X
less than 1.7.

The equatorial section of A-forms.—The shape of the nicely
arranged secondary chamberlets is nearly rectangular. For nu-
merical features see Table 5.

mean

Remarks.—The biometrical parameters of Heterostegina reti-
culata from sample Possagno 2, very close to the type locality
of Herb’s (1978) H. reticulata italica, indicate that popula-
tions with the above definition belong to this subspecies. The
figure of Less et al. (2005) cited in the above synonymy list il-
lustrates a specimen from sample Noszvaj, Attila-kut.

Geographic and stratigraphic distribution.—Late early Pria-
bonian (SBZ 19B) of N Italy (Mossano, sample 8), “middle”
Priabonian (SBZ 19/20) of Hungary (Noszvaj, Attila-kit) to
the very end of the Eocene (SBZ 19 B-20) and late Priabonian
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(SBZ 20) of N Italy (Calcare di Santa Giustina, samples
Possagno 1 and 2).

Heterostegina gracilis Herb, 1978

Fig. 15L-V.

1957 Spiroclypeus granulosus Boussac, 1906; Bieda 1957: 207-208,
223-224,pl.12: 1,2,4,7, 8.

1963 Spiroclypeus granulosus Boussac, 1906; Bieda 1963: 106—108,
pl. 17: 9-11.

1964 Heterostegina cf. praecursor Tan, 1932; Hottinger 1964: pl. 7: 3
a—C.

1977 Heterostegina reticulata Riitimeyer, 1850; Hottinger 1977: text-
fig. 44A-D.

1978 Heterostegina gracilis sp. nov.; Herb 1978: 761-762, text-figs.
31-34, 37.

part 1986 Spiroclypeus granulosus Boussac, 1906; Grigoryan 1986:
122, pl. 38: 7-11 (non 6).

Diagnosis.—Involute, slightly biconvex test with oval con-

tour, rarely with a central pile but always with granules on the

surface except at the periphery of the test where a rectangular

sutural network is visible. The proloculus is relatively large,

the spiral is very loose. The number of pre-heterosteginid

post-embryonic chambers (parameter X) is usually 1 and the

number of chamberlets in chamber 14 (parameter S) generally

exceeds 9-10. The chamberlets are characteristically delicate,

regularly arranged and almost rectangular.

Description

External features (Fig. 150, P, S).—The test is involute,
biconvex, rather flat and medium-sized (3-6 mm) with
slightly oval contour. The central part of the surface of the test
is covered by granules that are formed at the intersections of
primary and secondary septal sutures (see also Herb 1978: fig.
37). The central pile could be found only in some specimens
from sample Possagno 1. The septal sutures of the alar prolon-
gations are indistinct but a regular rectangular network of pri-
mary and secondary septal sutures may be seen in the periph-
eral part of the test.

Internal features.—The equatorial section of A-forms: The rel-
atively large proloculus is followed by the second chamber of
similar size and then by a very loosely coiled spiral. The cham-
bers are very high, very densely spaced and almost evenly
arched. The number of post-embryonic undivided chambers
(parameter X) is usually 1, rarely 2; the number of chamberlets
in chamber 14 (parameter S) generally exceeds 9-10. The sec-
ondary septa are always complete; operculinid chambers do not
re-appear after the first heterosteginid chamber. The cham-
berlets are characteristically delicate, regularly arranged and al-
most rectangular. Numerical features are tabulated Table 5.

Microspheric specimens have not been found yet.

Axial section: Relying on Herb’s (1978: fig. 32) drawing,
the test is biconvex and involute with elongated last whorl and
with distinct piles. They are decreasing in size from the centre
towards the periphery of the shell where finally they are miss-

Fig. 13. Late Bartonian Heterostegina from different Western Tethyan localities (III). A-L. Heterostegina reticulata helvetica Kaufmann, 1867, latest
Bartonian, SBZ 18 C. A-E. Gschwiint (Switzerland), topotypes. A. MAFIE. 9532, A-form, axial section. B. MAFIE. 9534, external view. C-E. A-form,
equatorial sections, MAFI E. 9533 (C), NHMB 75/116/11 (D), MAFI E. 9535 (E). F, G. Urhida 6 (Hungary), A-form, equatorial sections, MAFI E. 9536 —
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MAFIE. 9536 (F), MAFILE. 9537 (G). H, I. Urhida 7 (Hungary), A-form, equatorial sections, MAFI E. 9538 (H), MAFI E. 9539 (I). J. Biralu (Armenia),
MAFI E. 9540, A-form, equatorial section. K, L. Urhida 8 (Hungary), A-form, equatorial section, MAFI E. 9541 (K), MAFI E. 9542 (L). M-R. Hetero-
stegina reticulata reticulata Riitimeyer, 1850, latest Bartonian, SBZ 18 C. M—0O. Urhida 9 (Hungary), equatorial sections, MAFI E. 9543, A-form (M),
MAFI E. 9544, A-form (N), MAFI E. 9545, B-form (O). P-R. Oberbergli (Switzerland), topotypes. P. MAFI E. 9546, naturally broken surface.
Q. R. A-form, equatorial sections, MAFI E. 9547 (Q), MAFI E. 9548 (R).
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Fig. 14. Latest Bartonian and early Priabonian Heterostegina from different Western Tethyan localities. A-F. Heterostegina reticulata reticulata
Riitimeyer, 1850, latest Bartonian, SBZ 18 C. A-E. Mossano 3 (N Italy), equatorial sections, MAFI E. 9549, A-form (A), MAFI E. 9550, A-form (B),
MAFI E. 9551, A-form (C), MAFI E. 9552, B-form (D), MAFI E. 9553, A-form (E). F. Vedi (Armenia), MAFI E. 9554, A-form, equatorial section.
G-R. Heterostegina reticulata mossanensis ssp. nov., earliest Priabonian, SBZ 19 A. G—J. Mossano 6, equatorial sections, holotype, MAFI E. 9555,
A-form (G), paratype, MAFIE. 9556, A-form (H), paratype, MAFIE. 9557, A-form (I), paratype, MAFIE. 9558 J), B-form. K-M. Urhida 10 (Hungary), -
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ing. The subdivision of the chambers into secondary cham-
berlets is well recognizable in all the whorls.

Remarks.—The forms described above can be undoubtedly
identified with Herb’s (1978) “gracilis” since we could inves-
tigate the material from sample Possagno 2 closely corre-
sponding to sample 728b in Herb and Hekel (1975), which is
the type level of this species. Its validity is confirmed, since
Heterostegina gracilis differs from H. reticulata by the pres-
ence of granulations, by its looser spiral, by the significantly
smaller (more delicate) secondary chamberlets whose number
in chamber 14 (parameter S) is significantly higher (see also
Fig. 9). The proloculus is also somewhat larger than that of H.
reticulata (see Fig. 10).

In samples Possagno 1 and 2 Heterostegina gracilis occurs
together with H. reticulata italica. In these samples they can
be separated not only by their qualitative features (see above)
but also biometrically (see Fig. 7). Herb’s (1978) specimens
from Possagno are self-evidently put into the synonymy list
while Hottinger’s (1964, 1977) forms from Benidorm are
coming from the same sample which we have studied.

As it can be seen from the synonymy list Heterostegina
gracilis can be confused with Spiroclypeus because of their
similar surface with granules. The difference between the two
forms is manifested not only in the absence or presence of lat-
eral chamberlets (the latter are diagnostic for Spiroclypeus)
but also in the tightness of their spirals. The confusion is partly
because Boussac (1906) failed to provide an adequate figure
of the equatorial section of his S. granulosus and until Roveda
(1961), the character of the spiral of these forms from Pria-
bona was not well-known. We could not find any real Hetero-
stegina in Priabona, but Spiroclypeus with much tighter spiral
(than that of Heterostegina gracilis) has been abundantly
found. The Priabona material is described and figured in Less
and Ozcan (2008) and the two forms under discussion can be
compared and clearly distinguished. This is the reason why
Bieda’s (1957, 1963) and Grigoryan’s (1986) forms can be
identified as H. gracilis.

Heterostegina gracilis has derived most probably from H.
reticulata italica since they occur together and almost overlap
in their internal morphology in samples Possagno 1 and 2 (see
Fig. 7). Moreover, on the surface of H. gracilis from sample
Possagno 1, the central pile (characteristic for H. reticulata)
can also be observed (in the case of some specimens from
sample Possagno 2 an indistinct umbo can also be recog-
nized). Some kind of intraspecific evolution can be recognized
between the population of sample Possagno 1 and the other
three ones (see Table 1) in the increase in the size of the
proloculus (P) and consequently of the diameter of the first
whorl (d) and, less significantly, in the increase of parameter
S. Since the size of the proloculus can be controlled not only
stratigraphically but also ecologically we do not attempt to

A-form, equatorial sections, MAFI E. 9559 (K), MAFI E. 9560 (L), MAFI
E. 9561 (M). N, R. Verona (N Italy), Castel San Felice, Villa Le Are,
A-form, equatorial sections, MAFI E. 9562 (N), MAFI E. 9563 (R).
0. Sarkoy 2 (NW Turkey), ITU O/SAR.2-2, A-form, equatorial section.
P. Sarkoy A (NW Turkey), MAFI E. 9564, A-form, equatorial section.
Q. Sarkdy 4 (NW Turkey), ITU O/SAR.4-83, A-form, equatorial section.
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subdivide H. gracilis into chronosubspecies yet. According to
our recent knowledge H. gracilis became extinct with no suc-
cessors at the very end of the Eocene.

Geographic and stratigraphic distribution.—Late Priabonian
(SBZ 20) of Italy (Calcare di Santa Giustina, samples Pos-
sagno 1 and 2), Spain (Benidorm), and Armenia (Urtsadzor),
and of the Polish (Andrychéw, etc.) and Slovakian (Raslavice,
etc.) Carpathians.

Discussion

Correlation with other fossil groups.—In order to calibrate
chronostratigraphically the heterosteginid succession described
above we have to correlate them with different fossil groups.
In Table 7 we summarize the co-existence data discussed in
detail at the description of particular localities. The Assilina
schwageri—alpina and Operculina roselli-gomezi groups are
not considered here because their successive taxa (said to be
age-dependant) are still separated on a highly subjective typo-
logical basis.

According to Table 7 the boundary between the P 14 and
15 Planktic Foraminiferal Zones can be placed into the inter-
val between the ranges of Heterostegina armenica armenica
and H. reticulata multifida. Data from Azatek can be taken
into account only with great uncertainty because the rede-
position of the larger foraminiferal assemblage cannot be ex-
cluded in this case. The boundary between zones P 15 and 16
seems to be close to the boundary of H. reticulata mossanensis
and H. r. italica.

The lower boundary of the NP 18 Calcareous Nannoplank-
ton Zone is highly uncertain in the shallow benthic scale be-
cause the data from Azatek are again problematic. Therefore,
based on the data from Biralu and Vedi (Krashenninikov et al.
1985), we can only say that the stratigraphical range of H.
reticulata helvetica and H. r. reticulata belong to NP 18. The
NP 18/19 boundary is somewhat lower than the limit between
H. r. mossanensis and H. r. italica whereas the lower bound-
ary of NP 20 (if this zone can be separated from NP 19 at all)
nearly coincides with the appearance of H. gracilis.

The OZ 14 Orthophragminid Zone corresponds to the
whole range of Heterostegina armenica and to almost the
whole duration of H. reticulata except of H. r. italica. Its
lower boundary nearly coincides with the appearance of H.
armenica as shown by Ozcan et al. (2007) while the upper
limit (characterized by the disappearance of orthophragmines
of middle Eocene acme such as Discocyclina pratti, Nemko-
vella strophiolata, Asterocyclina alticostata, and A. kecske-
metii) corresponds approximately to the boundary between H.
reticulata mossanensis and H. r. italica. The highest occur-
rence of Discocyclina discus (thought to have become extinct
just before the Bartonian/Priabonian boundary) has been
found in sample Urhida 7 together with H. r. helvetica. The
correlation of the OZ 15 and 16 zones with the heterosteginid
succession is to be studied further.

The first occurrence of Spiroclypeus (represented by the
less advanced S. sirottii sp. nov. described by Less and Ozcan
2008) coincides with the first appearance of H. reticulata
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Fig. 15. Priabonian Heterostegina from different Western Tethyan localities. A—C. Heterostegina reticulata mossanensis ssp. nov., earliest Priabonian,
SBZ 19 A. A. Verona (N Italy), Castel San Felice, hairpin bend: MAFI E. 9565, A-form, equatorial section. B, C: Mossano 7 (N Italy), A-form, equatorial
sections, MAFI E. 9566 (B), MAFI E. 9567 (C). D-K. Heterostegina reticulata italica Herb, 1978. D, H. Mossano 8 (N Italy), late early Priabonian, SBZ
19 B, A-form, equatorial sections, MAFIE. 9568 (D), MAFI E. 9569 (H). E-G, I. Noszvaj (Hungary), “middle” Priabonian, SBZ 19/20. E-G. A-form,
equatorial sections, MAFIE. 9570 (E), MAFIE. 9571 (F), MAFIE. 9494 (G). L MAFIE. 9572, external view. J, K. Possagno 1 (NE Italy), late Priabonian, -
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mossanensis in four localities (Mossano, Verona, Urhida, and
SarkOy) that suggests the simultaneity of this event on the geo-
logical time scale. Spiroclypeus sirottii is replaced by the more
developed S. carpaticus (in Biarritz, Lou Cachaou by S. aff.
carpaticus) nearly simultaneously with the first appearance of
Heterostegina gracilis.

The evolution of the Nummulites fabianii-lineage can also
be followed in the heterosteginid evolutionary scale. As men-
tioned in the description of the Kecili section, N. garganicus
(with a mean proloculus diameter below 140 pm) is found to-
gether with Operculina ex. gr. roselli—-gomezi below the first
appearance of Heterostegina armenica. The latter is associated
with N. hormoensis (= N. “ptukhiani” by Papazzoni 1998;
mean proloculus diameter between 140 and 200 um) that can be
followed until the first appearance of H. reticulata mossanensis,
when it is replaced by N. fabianii (with a mean proloculus diam-
eter between 200 and 300 pm). According to our current studies
(Less et al. 2006; and unpublished data), this latter species can
be followed into the lower Oligocene without involute Hetero-
stegina. Meanwhile the flatter N. fabianii (formerly N. retiatus),
having adapted to somewhat deeper outer shelf environments,
can only be found in the upper part of the Priabonian together
with Spiroclypeus carpaticus.

The extinction of large-sized Nummulites as correlated
with the heterosteginid evolution is the most complicated and
therefore most interesting story because it seems to be geo-
graphically controlled. In SW Europe the extinction level cor-
responds approximately to the boundary between Hetero-
stegina reticulata hungarica and H. r. multifida because N. ex.
gr. perforatus has been found in Siest (SW Aquitaine) with the
first of them while the Puig Aguilera sample (NE Spain) con-
taining H. r. multifida lacks large-sized Nummulites.

In N Italy the extinction level can be placed at about the
boundary of H. reticulata multifida and H. r. helvetica since
according to Papazzoni and Sirotti (1995) the highest occur-
rence of N. biedai corresponds approximately to the level of
samples Mossano 2 and Verona, Monte Cavro 4.

In Urhida (Hungary) the last representatives of N. ex. gr.
millecaput—maximus can be rarely found in sample Urhida 8
with H. reticulata helvetica. In all the lower samples (Urhida
1-3 and 4-7 with H. r. hungarica and H. r. helvetica, respec-
tively) these Nummulites are abundant whereas in the higher
samples (in Urhida 9 and 10 with H. r. reticulata and H. r.
mossanensis, respectively) they are completely missing. Thus,
the extinction level in Urhida nearly coincides with the bound-
ary between H. reticulata helvetica and H. r. reticulata.

In Armenia a recognizable horizon, 2—-10 m in thickness,
with abundant Nummulites ex. gr. millecaput—maximus can be

SBZ 20, A-form, equatorial sections, MAFI E. 9573 (J), MAFI E. 9574
(K). L-V. Heterostegina gracilis Herb, 1978, late Priabonian, SBZ 20.
L. Benidorm (SE Spain), MAFI E. 9575, A-form, equatorial section.
M-P. Possagno 1 (NE Italy). M, N. A-form, equatorial sections, MAFIE.
9576 (M), MAFI E. 9577 (N). O, P. External views, MAFI E. 9578 (O),
MAFI E. 9579 (P). Q, R, U, V. Biarritz (SW France), Lou Cachaou,
A-form, equatorial sections, MAFI E. 9580 (Q), MAFI E. 9581 (R), MAFI
E. 9582 (U), MAFI E. 9583 (V). S, T. Possagno 2 (NE Italy), topotypes,
MAFI E. 9584 (S), external view, MAFI E. 9585, A-form (T), equatorial
section.
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followed in several profiles (Vedi, Shagap, and Biralu). Above
this bed large-sized Nummulites occur rarely. Based on the criti-
cal evaluation of the description of these profiles by Krashen-
ninikov et al. (1985) and also on our experience from Kecili
(eastern Anatolia) we suppose that above the “millecaput” level
of Armenia, all the large-sized Nummulites are redeposited. Ac-
cording to our studies the “millecaput’ level contains Hetero-
stegina reticulata helvetica in the Biralu and H. r. reticulata in
the Vedi profile; thus, the extinction level of large-sized Num-
mulites in Armenia may correspond to the boundary between H.
r. reticulata and H. r. mossanensis. It is worth noting that Num-
mulites fabianii reported by Krashenninikov et al. (1985) and
by Grigoryan (1986) from the “millecaput” beds of Vedi (ac-
cording to our new, unpublished results) turned out to be N.
hormoensis (defined as explained above).

The eastward migration of the extinction level of large-
sized Nummulites described above is based on data from only
four geographical regions. Therefore we may consider this as
a working hypothesis.

The middle/late Eocene boundary on the heterosteginid
evolutionary scale.—There is no general agreement on the ex-
act location of the middle/late Eocene boundary in the different
geological time scales), although everybody (Krashenninikov
and Ptukhian 1986; Strougo 1992; Berggren et al. 1995; Papa-
zzoni and Sirotti 1995; Serra-Kiel et al. 1998; Sztrakos and
Castelltort 2001; Gradstein et al. 2004) agrees that it corre-
sponds to the limit of the Bartonian and Priabonian stages.

To ensure world-wide correlation, experts on planktic fos-
sils are inclined to put the boundary either onto the base of the
P 15 (Globigerinatheka semiinvoluta) Planktic Foraminiferal
Zone (Toumarkine and Bolli 1975; Krashenninikov and Ptu-
khian 1986; Strougo 1992; Sztrdkos et al. 1998; Sztrakos and
Castelltort 2001) or at the base of the NP 18 (Chiasmolithus
oamaruensis) Calcareous Nannoplankton Zone (Berggren et al.
1995). However, there is no agreement in the succession of
these two events (Sztrdkos and Castelltort 2001). According to
Cita (1975), Krashenninikov and Ptukhian (1986), Strougo
(1992), Mathelin and Sztrdkos (1993) and Sztrdkos et al.
(1998,) the base of the NP 18 Zone is older than that of the P 15
Zone, while Caiiudo et al. (1988) and Berggren et al. (1995) in-
dicate a reverse order between them. Sztrdkos and Castelltort
(2001) suggest that the first appearance of Chiasmolithus
oamaruensis is more heterochronous than that of the Globi-
gerinatheka semiinvoluta, and therefore the latter has to be pre-
ferred in marking the middle/late Eocene boundary.

If we accept this opinion, the Bartonian/Priabonian bound-
ary will nearly coincide with the first appearance of Hetero-
stegina reticulata, thus several sites—containing large-sized
Nummulites and traditionally assigned to the middle Eocene
(Siest, Mossano 2, Urhida 1-8)—have to be put into the
Priabonian. The other disadvantage of this solution is that the
lower limit of the Priabonian is not linked to the stratotype or
to a nearby section that can be correlated with it.

These two disadvantages are eliminated by the experts on
larger foraminifera (Papazzoni and Sirotti 1995; Serra-Kiel et
al. 1998; Bassi et al. 2000), who define the lower limit of the
Priabonian as the lower boundary of the SBZ 19 Zone. It is de-
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Table 7. Assemblages of different fossil groups co-occurring with Heterostegina from particular localities that are ranged among shallow benthic subdivisions.

Abbreviations: T, above; ?, dubious occurrence.

Associated Planktic Calcareous Nummulites Spiro. | Ortho- Shallow
fossils and foraminifera n1anno- fabianii- c[p eus phrag- benthic
their zones plankton | group large forms ypet mines | subdivision
o
Taxa g 2
2 2l g
SN
Al E| 2| B8| 3| ~| =
en| | S S
= o g 5| 2|0 Z| 5] 5| § 2| = 228
Al B IS B N I R L R I R RN BN
Samples el el |l 2| 2 Z 2] 2| & & E| 4| | O| O| »n| »n| @
Benidorm ° °
H. gracilis Biarritz, Cachaou . o aff. o
Possagno 2 ° . . . .
Possagno 1 . . . ° °
italica Noszvaj . . .
Mossano 8 ° . ° ° B
Mossano 7 ° 4 . o A
) g hairpin bend . . . A
S [2]CS. Felice . . A
E Urhida 10 . . A
g Sarkt')y . ° A
Mossano 5+6 ° o ? o ° A
Vedi . ° . . C
3 ol Mossano 3 . C
S reticulat
E refieutata Oberbergli i C
=2
3 Uthida 9 . B
§o Urhida 8 . . C
> Biralu . . . C
N g
S 3 Urhida 7 . . C
1} S -
< S |Uthida6 . . C
< Gschwint C
Urhida 4+5 . . C
Prella 4 ? ° C
Mossano 2 . C
multifida  |M. Cavro . C
P. Aguilera . C
_ | Urhida 2+3 . . B
hungarica -
Siest ?717? . . B
Urhida 1 . . B
@ Vic, La Trona ? ° ? B
§ Prella 5 9 . B
< g
=N Kegili 11 . . R B
§ |tigrisensis
g
3 i Azatek ? ? o A
4 armenica
= Kegili 3 . . . . R N

fined by the first appearance of Nummulites fabianii and of the
genus Spiroclypeus as the most important markers. The most
suitable profile to locate this boundary is the Mossano section
where below the above mentioned first appearances (corre-
sponding to the base of the Marne di Priabona), the disappear-
ance of large-sized Nummulites and that of N. hormoensis
(marking the top of SBZ 18) can also be studied. Moreover,
the lower boundary of the SBZ 19 coincides with the base of
the Marne di Priabona that allows correlating with the
stratotype in Priabona and marks a regional transgression. The

main disadvantage of locating the middle/upper Eocene
boundary in the Mossano section is that larger foraminifera are
chosen as the main tool in the correlation of this boundary. Ac-
cording to Luciani et al. (2002), the base of the Marne di
Priabona corresponds very probably to the upper part of both
the P 15 and NP 18 zones, which makes the world-wide corre-
lation rather difficult.

Further efforts (magnetostratigraphical studies, investiga-
tion of stable isotopes or other methods to be introduced in the
future) will likely solve the worldwide correlation of the
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Bartonian/Priabonian boundary. In the meantime, the excep-
tionally rapid evolution of heterosteginids in the vicinity of
this limit already ensures its regional correlation in the West-
ern Tethys. Therefore, in this paper we correlate the mid-
dle/late Eocene boundary with the base of the SBZ 19 Shallow
Benthic Zone marked by the first appearance of the genus
Spiroclypeus and by the substitution of Heterostegina reticu-
lata reticulata by H. r. mossanensis and of Nummulites hor-
moensis by N. fabianii. All three events can be detected easily
because the genus Spiroclypeus can be distinguished typo-
logically from all the other genera without any difficulties and
the changes within both evolutionary lineages are biometri-
cally defined. In the case of the Nummulites fabianii lineage,
the two crucial taxa are separated by the 220 um limit of the
mean outer diameter of the proloculus along the main axis
(Papazzoni 1998) or by the 200 um limit of its inner cross-di-
ameter (Less et al. 2006; and unpublished data).

Our investigations confirmed the very close synchronicity
of the first appearance of the genus Spiroclypeus by demon-
strating the co-occurrence of its less advanced evolutionary
stage (Spiroclypeus sirottii sp. nov. described by Less and
Ozcan 2008) with Heterostegina reticulata mossanensis in
four different localities from three quite remote areas (North
Italy: Mossano and Verona; Hungary: Urhida; NW Turkey:
Sarkdy). Nummulites hormoensis is associated with H. reti-
culata reticulata in sample Mossano 3 (and is found also in
Mossano 4, still below the Marne di Priabona) and Vedi (Ar-
menia), meanwhile N. fabianii co-occurs with H. reticulata
mossanensis in sample Verona, hairpin bend.

Our studies on Heterostegina demonstrated also the favor-
able conditions of the Mossano section to mark here the
Bartonian/Priabonian boundary at the base of the Marne di
Priabona since two successive evolutionary stages, H. reti-
culata reticulata (from sample Mossano 3) and H. r. mossa-
nensis (in samples Mossano 5 and 6) have been found on op-
posite sides of the boundary, stratigraphically separated by
about 10 m. This means that no serious hiatus can be expected
between the top of the Calcari nummulitici (terminating the
SBZ 18) and the base of the Marne di Priabona marking the
base of the SBZ 19, thus the profile is nearly continuous
through this boundary. This, together with the very good ac-
cessibility and outcropping conditions and with the extensive
literature dealing with it, makes the Mossano section almost
ideal for fixing the middle/upper Eocene boundary at the base
of the Marne di Priabona in this profile.

Refinement of the shallow benthic zonation.—It is clear
from the above discussion and can be read from Table 7, too,
that there are no serious contradictions between the hetero-
steginid evolutionary succession and those of the other fossil
groups. Moreover, the biostratigraphic resolution power of the
Heterostegina lineages seems to be the highest of all in the vi-
cinity of the middle/late Eocene boundary. Therefore, the SBZ
18 and 19 zones can be refined and subdivided into subzones.
Since the tight connection of the evolution of the H. reticu-
lata-lineage with time has not yet been shown, for the time be-
ing we define these subzones with caution, and propose only
three ones for SBZ 18 (A to C) and two for SBZ 19 (A and B),
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Table 8. Updated range-chart for some late Lutetian to early Rupelian larger
benthic foraminiferal taxa of the Western Tethys. The subdivision of the
stratigraphic scale is not time-proportional.

Eocene
middle late early
Bartonian Priabonian | Rupelian

18 19

Shallow benthic zones (SBZ) 16 |17 Al Bl ClAlB 20| 21

?

Oligocene

Lutetias

Alveolina

N. brongniarti-puschi -group

N. gizehensis-lyelli -group

N. millecaput-maximus -group

Giant
Nummulites

N. perforatus-biedai -group

AATATATATA

N. lorioli-ptukhiani -group
N. bullatus

N. garganicus —9
N. hormoensis

N. fabianii

N. fichteli

N. discorbinus-beaumonti -group
N. striatus ?

Reticulate
Nummulites

\4

N. incrassatus

N. chavannesi
N. pulchellus

N. stellatus ?
N. vascus
Nummulites garnieri -group ?

Radiate Nummulites

\4

Giant | A. spira -group

Assilina| A. exponens -group

Small |A4. schwageri ?

Assilina| A. alpina ?

Oper- | O. gomezi -group

culina | O. complanata ?2---->»

H. armenica armenica *—4

T3

H. armenica tigrisensis

H. reticulata tronensis 4

H. reticulata hungarica
H. reticulata multifida
H. reticulata helvetica

A4

H. reticulata reticulata

Heterostegina

H. reticulata mossanensis

H. reticulata italica ?
H. gracilis * 9
Spiro- | S. sirottii
clypeus |S. carpaticus h A 4
Pellatispira

Discocyclina discus <
Orthophragmines of Lutetian acme
(D. pulcra, Orbitoclypeus douvillei)

\

Orthophragmines of middle Eocene acme

A

(D. pratti, Nemkovella strophiolata,
Asterocyclina alticostata, A. kecskemetii')
Orthophragmines of Priabonian acme
(D. euaensis, D. nandori, D. aspera, D.

ruppi, A. ferrandezi, A. priabonensis)
Other orthophragmines (D. dispansa, D.
augustae, D. radians, D. trabayensis, O.

varians, O. furcatus, A. stella, A. stellata)

respectively. The three subzones of the late Bartonian SBZ 18
are defined as follows.

Subzone SBZ 18 A (early late Bartonian) is characterized by
the interval between the first occurrence (FO) of Nummulites
biedai, N. cyrenaicus, N. vicaryi, N. boulangeri, and Hetero-
stegina armenica and the FO of H. reticulata. Subzone SBZ 18
B (middle late Bartonian) is defined by the joint biostratigraphic
range of H. reticulata tronensis and H. r. hungarica in succes-
sion while SBZ 18 C (latest Bartonian) is characterized by the
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Fig. 16. Distribution of the latest Bartonian, Priabonian and Oligocene heterosteginid populations (mean values at the 95.44% confidence level) on the S—X
(density of chamberlets in chamber 14 versus number of undivided post-embryonic chambers) bivariate plot (both scales are logarithmic).
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Fig. 17. Distribution of latest Bartonian, Priabonian and Oligocene heterosteginid populations (mean values at the 95.44% confidence level) on the P-X
(proloculus diameter versus number of undivided post-embryonic chambers) bivariate plot (X is on logarithmic scale).

joint biostratigraphic range of subsequent Heterostegina reticu-
lata multifida, H. r. helvetica, and H. r. reticulata.

Subzone SBZ 19 A (earliest Priabonian) corresponds to the
biostratigraphic range of H. reticulata mossanensis while SBZ
19 B (late early Priabonian) is defined by the joint occurrence
of H. reticulata italica and Spiroclypeus sirottii Less and and
Ozcan, 2008 (described and defined as X,,,.,,>2.7 in Less and
Ozcan (2008); with the same parameter X as in this paper).

The definition of SBZ 20 (late Priabonian) by Serra-Kiel
et al. (1998) is completed by adding the biostratigraphic
range of Spiroclypeus carpaticus (with X .,,<2.7 as defined
in Less and Ozcan 2008). H. reticulata italica also occurs in
this zone.

The ranges of most important Bartonian—Priabonian larger
foraminiferal taxa in the modified shallow benthic scale are
shown in Table 8.
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Fig. 18. Oligocene Heterostegina from different Western Tethyan localities. A, B. Heterostegina sp. (Heterostegina assilinoides Blanckenhorn, 1890
emend. Henson, 1937 in Less 1991), middle Chattian, SBZ 22B/23, Cs6kas 4 (NE Hungary), A-form, equatorial sections, (A) MAFI O. 413, B) MAFI O.
416. C. Heterostegina aff. 1 assilinoides Blanckenhorn, 1890 emend. Henson, 1937, Rupelian/Chattian boundary, SBZ 22A/B, A-form, equatorial section,
Dazkirt A 7 (SW Turkey), ITU O/DAZ.A7-9. D-G. Heterostegina assilinoides Blanckenhorn, 1890 emend. Henson, 1937, early Chattian, SBZ 22B,
A-form, equatorial sections. D. Kizilcaagac (Bey Daglari, SW Turkey), ITU O/KIZ.4-23. E, F. Ramleh (Israel), (E) MAFI 0. 08.1, (F) MAFI O. 08.2.
G. Keleresdere (E Turkey), ITU O/KEL.19-31.

The relationship of Eocene and Oligocene involute Hetero-
stegina.—Involute Heterostegina are unknown so far from
the Rupelian (SBZ 21-22A) of the Western Tethys (Cahuzac
and Poignant 1997). The Chattian (SBZ 22B-23) representa-
tives (Turkey: Henson 1937, our unpublished data; Israel:
Hottinger 1977; SW Aquitaine: Butt 1966, Cahuzac and Poi-
gnant 1997; N Spain: Ferrandez-Canadell et al. 1999; and NE
Hungary: Less 1991), are described usually under the name of
“assilinoides” and supposed to be the descendants of the
Eocene forms (Hottinger 1977).

In Figs. 16 and 17 we exhibit our data on Oligocene invo-
lute Heterostegina in the P-X and S—X bivariate plots. The
figures correspond to the lower halves of Figs. 9 and 10 in
plotting on them for comparison all the Priabonian and the lat-
est Bartonian H. reticulata reticulata populations as well. The
Oligocene population of Csékds 4 (SBZ 22B/23) corresponds
to that of Less (1991), the Keleresdere population (SBZ 22B
according to our unpublished data) corresponds to samples
108117 of that section in Sancay et al. (2006). Based on our
unpublished data from the Western Taurides, the population
of Bey-Daglari corresponds to the SBZ 22B zone, whereas
Dazkiri A 7 to the basal part of the same zone. Finally, the lo-

cality of Ramleh (SBZ 22B) is described in Drooger (1986). In
Fig. 18 we illustrate representative specimens from all the dis-
cussed Oligocene sites.

From Figs. 16-18 it is clear that the population of Csék4s 4
is different from all the other Oligocene populations, and
therefore, represents a taxon, different from H. assilinoides
whose type locality (Gaziantep region, southern Turkey) is
much closer to the location of the other populations. Accord-
ing to Figs. 16 and 17 the Csékds 4 population does not fall
into the continuation of the late Bartonian—Priabonian H. reti-
culata-chain and it is also quite remote from the populations of
H. gracilis. Thus, for these Hungarian forms (together with
those from N Spain, see Ferrandez-Canadell et al. 1999 and
from SW Aquitaine, see Butt 1966 and Cahuzac and Poignant
1997) a new taxon should be introduced in the near future. As
concerns the other four Oligocene populations identifiable
with H. assilinoides, they seem to fall into the same cluster,
which, however, cannot be considered as the continuation of
either the H. reticulata-chain or H. gracilis. This is also clear
from the photos in Fig. 18.

Thus, the Chattian Heterostegina do not appear to be the
successors of the Eocene forms, moreover no Heferostegina
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are recorded from the (at least) Western Tethyan Rupelian.
Therefore, we conclude that the Eocene branch of involute
Heterostegina became extinct and their development is re-
stricted to the late Bartonian to Priabonian time-span.

Paleoecology

Middle-late Eocene involute Heterostegina are characteristic
usually for the outer shelf where they can be found together
with flat forms like orthophragmines, Spiroclypeus (in the
Priabonian), some radiate Nummulites, the N. millecaput- (in
the late Bartonian) and Assilina alpina-groups. Such an asso-
ciation is characteristic for samples Mossano 5 to 8, Castel San
Felice and hairpin bend in Verona, Urhida 1 to 10, Puig
Aguilera, Benidorm, Lou Cachaou in Biarritz, Oberbergli,
Gschwint, Prella, and Sarkdy. The absence or subordinate
quantity of the above-listed larger foraminifera and the pres-
ence of the Nummulites fabianii-group observed in some sam-
ples like Mossano 2, 3, Monte Cavro 4, and Noszvaj may indi-
cate inner shelf conditions. In other samples like Possagno 1,
2, Vic (La Trona), Biralu, Vedi, Siest, Azatek, Kecili 3 and 11,
the faunal assemblage is rather mixed. Moreover in the last six
samples, large-sized, more or less inflated Nummulites of the
perforatus- and gizehensis—lyelli-groups can also be found, in-
dicating high-energy, shallow-water conditions.

Thus, Eocene Heterostegina could be adapted to relatively
different conditions within the photic zone of tropical, oligo-
trophic shelves. This allowed their rapid dispersal at least from
Spain to Armenia. Their relatively wide paleoecological niche
is useful in correlating the subdivision based on different fos-
sil groups. These two factors, added to their extremely rapid
evolution, highly increase their biostratigraphic potential.

Conclusions

Based on the morphometrical study (especially on the statisti-
cal evaluation of the equatorial section of A-forms) of Hetero-
stegina from thirty-four European localities (marking differ-
ent ecological conditions, extending from Spain to Armenia
and covering the whole late Bartonian to latest Priabonian in-
terval) and also on the critical evaluation of bibliographic data
we conclude that:

(i) Populations can be ranked into three species, Hetero-
stegina armenica (Grigoryan, 1986), H. reticulata Riitimeyer,
1850 and H. gracilis Herb, 1978 based on the presence/ab-
sence of granulation, on the arrangement, shape and density of
secondary chamberlets and on the relative size of the prolo-
culus. The three species follow each other with overlap in
time.

(i1) The three species form evolutionary lineages within
which (especially within Heterostegina reticulata) a very
rapid evolution can be observed with the reduction of the num-
ber of operculinid chambers (parameter X), the increase of the
number of chamberlets (parameter S, counted at chamber 14)
and in the increase of the size of the proloculus (parameter P),
although the last turned out also to be ecologically controlled.

ACTA PALAEONTOLOGICA POLONICA 53 (2), 2008

(iii) The evolution within the lineages is proven by the
stratigraphical succession of populations in the Mossano sec-
tion (Italy) and also by superpositions from other localities.
The evolutionary changes are also accompanied by the change
of co-occurring fossils starting with the disappearance of
large-sized Nummulites, then followed by the appearance of
the genus Spiroclypeus and then by the disappearance of the
orthophragmines of middle Eocene acme.

(iv) Based on the reduction of undivided, operculinid cham-
bers as the most reliable parameter (X), two chronosubspecies
of Heterostegina armenica (one of them is newly erected) and
seven ones of H. reticulata (with three new subspecies) are de-
fined biometrically.

(v) The rapid heterosteginid evolution allows us to subdi-
vide the Shallow Benthic Zone (SBZ) 18 very cautiously into
three (SBZ 18 A—C) and SBZ 19 into two subzones (SBZ 19
A, B). Heterostegina gracilis (the only species with granula-
tion) characterizes the SBZ 20 Zone.

(vi) The middle/upper Eocene (= Bartonian/Priabonian)
boundary is suggested to be placed at the base of the “Priabona
marls” in the Mossano section corresponding to the SBZ
18/19 limit, to the first appearance of genus Spiroclypeus, to
that of Nummulites fabianii and Heterostegina reticulata mos-
sanensis. It falls into the upper part of both the P 15 planktic
foraminiferal and NP 18 calcareous nannoplankton zones.

(vii) The extremely rapid evolution of Heterostegina reti-
culata combined with a relatively large geographic distribution
and a wide ecological niche allows to calibrate the timing of
events concerning larger foraminifera around the proposed Bar-
tonian/Priabonian boundary. As a working hypothesis, the ex-
tinction of large-sized Nummulites seems to be heterochronous
in the late Bartonian in having migrated eastward. Relying on
data from Italy, Hungary and Turkey, the first appearance of
Spiroclypeus (with the same evolutionary degree) is proven to
be synchronous at the very base of the Priabonian.

(viii) It is highly probable that the Western Tethyan Eocene
involute Heterostegina became extinct at the very end of the
Priabonian and had no successors.

Acknowledgements

This paper is dedicated to the late professor René Herb (Bern, Switzer-
land) who first discovered the biostratigraphic potential of Eocene
involute Heterostegina and to the late professor Achille Sirotti (Univer-
sity of Modena, Italy) who introduced two of us (GL and CAP) into the
topic in guiding through the Italian localities in 1990 and in whose
house we enjoyed] times the real Emilian hospitality of his family. The
work itself was realized in the frame of I.G.C.P. project n® 393 having
financed also some of GL’s travels. The final phase of the work
was financed for GL by the National Scientific Fund of Hungary
(OTKA, grants n° T 032370, 037619, 042799, and 060645), for EO by
TUBITAK (project n° YDABAG-101Y060), for CAP by MIUR Cofin
2002-2005 (leader Antonio Russo, University of Modena and Reggio
Emilia, Italy) and for RS by the Cantonal Museum of Natural History
(Lugano, Switzerland). We are especially grateful to Lukas Hottinger
(Natural History Museum, Basel, Switzerland) for discussions, for the
critical remarks including terminological and linguistic improvements
and for providing material from Benidorm, Biarritz and Israel. Thanks
are due to Tibor Kecskeméti (Natural History Museum, Budapest, Hun-

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 13 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



LESS ET AL—MIDDLE-LATE EOCENE HETEROSTEGINA

gary) for the samples from Armenia and partly from Urhida, to Antal
Pentelényi (Geological Institute of Hungary, Budapest, Hungary)
for some drawings and to Ursula Menkveld-Gfeller (Natural History
Museum, Bern, Switzerland) who provided Herb’s material from
Gschwint for re-examination. The critical remarks of Pamela Hallock
(University of South Florida, St. Petersburg, Fl., USA, special thanks
also for the linguistic improvement), Johann Hohenegger (University
of Vienna, Austria) and Simon Beavington-Penney (University of Car-
diff, Great Britain) are highly appreciated.

References

Banner, F.T. and Hodgkinson, R.L. 1991. A revision of the foraminiferal
subfamily Heterostegininae. Revista Espariola de Micropaleontologia
23: 101-140.

Bassi, D., Cosovié, V., Less, G., Mietto, P., Papazzoni, C.A., Trevisani, E.,
and Ungaro, S. 2000. Biostratigraphy and palacoecology at the Mid-
dle-Upper Eocene boundary: The Venetian Area. In: D. Bassi (ed.),
Shallow Water Benthic Communities at the Middle-Upper Eocene
Boundary, Southern and North-eastern Italy, Slovenia, Croatia, Hun-
gary. Annali dell’ Universita di Ferrara 8 (Supplement): 43-93.

Bassi, D. 2005. Larger foraminferal and coralline algal facies in an Upper
Eocene storm-influenced, shalow-water carbonate platform (Colli Berici,
north-eastern Italy). Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy 226: 17-35.

Beavington-Penney, S. and Racey, A. 2004. Ecology of extant nummulitids
and other larger benthic foraminifera: applications in palaeoenviron-
mental analysis. Earth-Science Reviews 67: 219-265.

Berggren, W.A., Kent, D.V., Swisher, C.C., and Aubry, M.P. 1995. A revised
Cenozoic geochronology and chronostratigraphy. /n: W.A. Berggren,
D.V. Kent, M.P. Aubry, and J. Hardenbol (eds.), Geochronology, Time
Scales and Global Correlation: an Unified Temporal Framework for an
Historical Geology. Society of Economic Paleontologists and Mineralo-
gists Special Publication 54: 129-212.

Bieda, F. 1949. O nowych i mato znanych otwornicach z fliszu Karpat
Polskich. Rocznik Polskiego Towarzystwa Geologicznego 18:151-179.

Bieda, F. 1957. Z badan nad duzymi otwornicami gérnego eocenu Karpat.
Rocznik Polskiego Towarzystwa Geologicznego 25: 203-230.

Bieda, F. 1963. Duze otwornice eocenu tatrzanskiego. Instytut Geologiczny,
Prace 37: 1-215.

Blow, W.H. 1969. Late middle Eocene to recent planktonic foraminiferal
biostratigraphy. Proceedings First International Conference on Plank-
tonic Microfossils Geneva, 1967, Vol. 1, 199—422. Brill, Leiden

Boussac, J. 1906. Développement et morphologie de quelques Foraminiféres
de Priabona. Bulletin de la Societé géologique de France (ser. 4) 6: 88-97.

Boussac, J. 1911. Etudes stratigraphiques et paléontologiques sur le Num-
mulitique de Biarritz. Annales Hébert 5: 1-95.

Breitschmid, A. 1978. Sedimentologische Untersuchungen in der eocaenen
Hohgant-Serie im Helvetikum nordlich von Interlaken. Eclogae Geo-
logicae Helvetiae 71: 143-157.

Burbank, D.W., Puigdefabregas, C., and Mufioz, J.A. 1992. The chronology
of the Eocene tectonic and stratigraphic development of the eastern Pyr-
enean Foreland Basin, NE Spain. Geological Society of America Bulle-
tin 104: 1101-1120.

Butt, A.A. 1966. Late Oligocene Foraminifera from Escornébeou, S.W.
France. 123 pp. Schothanus & Jens, Utrecht.

Cahuzac, B. and Poignant, A. 1997. Essai de biozonation de 1’Oligo-Mioceéne
dans le bassins européens a1’ aide des grands foraminiferes néritiques. Bul-
letin de la Societé géologique de France 168: 155-169.

Caiiudo, J.I., Molina, E., Riveline, J., Serra-Kiel, J., and Sucunza, M. 1988.
Les évenéments biostratigraphiqes de la zone prépyrénéenne d’ Aragon
(Espagne), de I'Eocéne moyen 4 I’Oligocéne inférieur. Revue de Micro-
paléontologie 31: 15-29.

Cita, M.B. 1969. Le Paléocene et I’Eocene de 1’Italie du Nord. Mémoires du
Bureau des Récherches géologique et Miniare 69: 417-429.

349

Cita, M.B. 1975. Stratigrafia della Sezione di Possagno. Schweizerische
Paldontologische Abhandlungen 97: 9-32.

Drooger, C.W. 1986. Microfossils from the Oligocene of Ramla, Israel. Is-
rael Journal of Earth Sciences 35: 197-206.

Drooger, C.W. 1993. Radial Foraminifera; morphometrics and evolution.
Verhandelingen der Koninklijke Nederlandse Akademie van Weten-
schappen Afdeling Natuurkunde 1 41: 1-242.

Drooger, C.W. and Roelofsen, J.W. 1982. Cycloclypeus from Ghar Hassan,
Malta. Proceedings of the Koninklijke Nederlandse Akademie van
Wetenschappen (ser. B) 85: 203-218.

Eckert, H.R. 1963. Die obereozianen Globigerinen-Schiefer (Stad- und Schim-
bergschiefer) zwischen Pilatus und Schrattenfluh. Eclogae Geologicae
Helvetiae 56 (2): 1001-1072.

Eckert, H.R. 1965. Die Stadschifer bei Alpnach-Stad. /n: H. Schaub and H.
Luterbacher (eds.), Neuere Daten zur mikropalédontologischen Forschung
in der Schweiz zum Europidischen Mikropaldontologischen Koloquium
(Schweiz, 1965). Bulletin der Vereinigung Schweizerischer Petroleum-
Geologen und -Ingenieure 31 (81): 121-122.

Fabiani, R. 1915. 1l Paleogene del Veneto. Memorie dell’Istituto di Geologia.
Universita di Padova 3: 1-336.

Fabiani, R. 1919. Guida geologica delle Colline di Verona. Atti e Memorie
dell’Accademia d’Agricoltura, Scienze e Lettere Arti e Commercio, Ve-
rona (ser. 4) 21: 241-252.

Ferrandez-Canadell, C., Tosquella, J., and Serra-Kiel, J. 1999. Reworked
Discocyclina occurring together with Lepidocyclina in the Oligocene of
San Vicente de la Barquera (Northern Spain). Revista Espaiiola de
Micropaleontologia 31: 323-330.

Ferrer, J. 1971. El Paleoceno y Eoceno del borde sur-oriental de la Depresién
del Ebro (Catalufia). Schweizerische Paldiontologische Abhandlungen 90:
1-70.

Gradstein, F.M., Ogg, J.G., and Smith A.G. (eds.) 2004. A Geologic Time
Scale 2004. 610 pp. Cambridge University Press, Cambridge.

Grigoryan, S.M. [Grigoran, S.M.] 1986. Nummulitidy i orbitoidy Armdnskoj
SSR. 216 pp. Akademia Nauk Arméanskoj SSR, Erevan.

Henson, F.R.S. 1937. Larger foraminifera from Aintab, Turkish Syria.
Eclogae Geologicae Helvetiae 30: 45-57.

Herb, R. 1976. Das Alter der eozidnen Sedimente im siidwestlichen Varesotto
(Norditalien). Eclogae Geologicae Helvetiae 69: 821-825.

Herb, R. 1978. Some species of Operculina and Heterostegina from the
Eocene of the Helvetic nappes of Switzerland and from Northern Italy.
Eclogae Geologicae Helvetiae 71: 745-767.

Herb, R. and Hekel, H. 1973. Biostratigraphy, variability and facies rela-
tions of some Upper Eocene Nummulites from Northern Italy. Eclogae
Geologicae Helvetiae 66: 419-445.

Herb, R. and Hekel, H. 1975. Nummuliten aus dem Obereocaen von Possagno.
Schweizerische Paldontologische Abhandlungen 97: 113-135.

Hottinger, L. 1960. Recherches sur les Alvéolines paléocénes et éocenes.
Schweizerische Paldontologische Abhandlungen 75-76: 1-236 + Atlas.

Hottinger, L. 1964. Les genres Operculina et Heterostegina (Foraminiferes)
et leur utilité stratigraphique. Mémoires du Bureau des Récherches
géologique et Miniére 28: 1014-1031.

Hottinger, L. 1977. Foraminiferes Operculiniformes. Mémoires du Muséum
National d’Histoire Naturelle 57: 1-159.

Hottinger, L. 2006. Illustrated glossary of terms used in foraminiferal research.
Carnets de Géologie / Notebooks on Geology, Brest, Memoir 2006/02
(CG2006_M02): 1-43. (http://paleopolis.rediris.es/cg/CG2006_MO02/in-
dex.html)

Kaufmann, F.J. 1867. Geologische Beschreibung des Pilatus. Beitrége zur
Geologischen Karte der Schweiz 5: 1-169.

Kohler, E. 1967. Grossforaminiferen und Stratigraphie des Paldogens des
Rajec- und Turiec-Kessels (Westkarpaten). Naukd o zemi, Geologica 5:
1-87.

Krashenninikov, V.A. [KraSenninikov, V.A.], Muzylov, N.G. [Muzylév,
N.G.], and Ptukhian, A.E. [Ptuhan, A.E.] 1985. Stratigraphical subdivi-
sion of Paleogene deposits of Armenia by planktonic foraminifers,
nannoplankton and nummulites. (Pt. I. Reference Paleogene sections of
Armenia) [in Russian with English abstract]. Voprosy Mikropaleonto-
logii 27: 130-169.

http://app.pan.pl/acta53/app53-317.pdf

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 13 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



350

Krashenninikov, V.A. [Krasenninikov, V.A.] and Ptukhian, A.E. [Ptuhan,
A.E.] 1986. Stratigraphical subdivision of Armenian Paleogene depos-
its by planktonic microfossils and Nummulites (regional stratigraphy,
zonal scales by planktonic and benthonic microfossils, their correlation)
[in Russian with English abstract]. Voprosy Mikropaleontologii 28:
60-98.

Less, G. 1981. New Method for the examination of equatorial sections of
larger Foraminifera. Magyar Allami Foldtani Intézet Evi Jelentése
1979: 445-457.

Less, G. 1987. Paleontology and stratigraphy of the European Ortho-
phragminae. Geologica Hungarica series Palaeontologica 51: 1-373.

Less, G. 1991. Upper Oligocene larger Foraminifers of the Biikkk Mountains
(NE Hungary). Magyar Allami Féldtani Intézet Evi Jelentése 1989:
411-465.

Less, G. 1998. The zonation of the Mediterranean Upper Paleocene and
Eocene by Orthophragminae. Opera Dela Slovenska Akademija Znanosti
in Umetnosti IV 34 (2): 21-43.

Less, G. and Gyalog, L. 2004. Eocene. In: L. Gyalog and I. Horvith (eds.),
Geology of the Velence Hills and the Balatonfd: 209-213. Geological
Institute of Hungary, Budapest.

Less, G., Kecskeméti, T., Ozsvart, P., Kazmér, M., Bdldi-Beke, M., Kollanyi,
K., Fodor, L., Kertész, B., and Varga, 1. 2000. Middle—Upper Eocene shal-
low water benthos in Hungary. In: D. Bassi (ed.), Shallow Water Benthic
Communities at the Middle-Upper Eocene Boundary, Southern and
North-eastern Italy, Slovenia, Croatia, Hungary. Annali dell’ Universita di
Ferrara 8 (Supplement): 151-181.

Less, G., Kovics, S., Pelikan, P., Pentelényi, L., and Sasdi, L. 2005. Geol-
o0gy of the Biikk Mountains. 284 pp. Magyar Allami Foldtani Intézet,
Budapest.

Less G., Kertész B., and Ozcan, E. 2006. Bartonian to end-Rupelian reticu-
late Nummulites of the Western Tethys. Anudrio do Instituto de Geo-
ciéncias 29 (1): 344-345.

Less, G. and Ozcan, E. 2008. The late Eocene evolution of nummulitid
foraminifer Spiroclypeus in the Western Tethys. Acta Palaeontologica
Polonica 53: 303-316.

Less, G. and Papazzoni, C.A. 2000. Orthophragminid and operculinid
events at the Middle-Upper Eocene boundary in Europe. Annali del
Museo Civico di Storia Naturale di Ferrara 3: 43—46.

Luciani, V., Negri, A., and Bassi, D. 2002. The Bartonian—Priabonian tran-
sition in the Mossano section (Colli Berici, north-eastern Italy): a tenta-
tive correlation between calcareous plankton and shallow-water benthic
zonations. Geobios 35 (Supplement 1): 140-149.

Mancin, N., Ceriani, A., Tagni, F., and Brambilla, G. 2001. La formazione
di Ternate (Italia settentrionale): contenuto micropaleontologico e cara-
tterizzazione petrografica. Atti Ticinensi di scienze della Terra 42:
37-46.

Martini, E. 1971. Standard Tertiary and Quaternary calcareous nanno-
plankton Zonation. Proceedings of Second Planktonic Conference,
Roma, 1970, 739-785. Edizione Tecnoscienza, Roma.

Mathelin, J.-C. and Sztrdkos, K. 1993. L’Eocéne de Biarritz (Pyrénées
Atlantiques, SW France). Stratigraphie et paléoenvironnement. Mono-
graphie des foraminifers. Cahiers de Micropaléontologie (n. ser.) 8:
5-182.

Ozcan, E., Less, G., Baldi-Beke, M., Kolléanyi, K., and Kertész, B. 2007.
Biometric analysis of middle and upper Eocene Discocyclinidae and
Orbitoclypeidae (Foraminifera) from Turkey and updated orthophrag-
mine zonation in the Western Tethys. Micropaleontology 52 (for 2006):
485-520.

Papazzoni, C.A. 1994. Macroforaminifera and paleoenvironments near the
Middle-Upper Eocene boundary in the Mossano section (Berici Mts.,
Vicenza, northern Italy). Bollettino della Societa Paleontologica Italiana,
Special Volume 2: 203-212.

Papazzoni, C.A. 1998. Biometric analyses of Nummulites “ptukhiani” Z.D.
Kacharava, 1969 and Nummulites fabianii (Prever in Fabiani, 1905).
Journal of Foraminiferal Research 28 (3): 161-176.

Papazzoni, C.A. and Sirotti, A. 1993. Stratigraphic occurrence and evolu-
tion of Heterostegina reticulata Riitimeyer, 1850 in the Mossano sec-

ACTA PALAEONTOLOGICA POLONICA 53 (2), 2008

tion (Middle—Upper Eocene, Berici Mts., N Italy). Bollettino del Museo
Civico di Storia Naturale di Verona 17 (for 1990): 525-540.

Papazzoni, C.A. and Sirotti, A. 1995. Nummulite biostratigraphy at the
Middle/Upper Eocene boundary in the Northern Mediterranean area.
Rivista Italiana di Paleontologia e Stratigrafia 101: 63-80.

Proto Decima, F., Roth, P.H., and Todesco, L. 1975. Nannoplancton Calcareo
del Paleocene e dell’Eocene della Sezione di Possagno. Schweizerische
Paldiontologische Abhandlungen 97: 35-55.

Reiss, Z. and Hottinger, L. 1984. The Gulf of Agaba. 354 pp. Ecological
Studies, vol. 50, Springer, Berlin.

Romero, J., Hottinger, L., and Caus, E. 1999. Early appearance of larger
foraminifera supposedly characteristic for Late Eocene in the Igualada
Basin (NE Spain). Revista Espanola de Paleontologia 14: 79-92.

Roveda, V. 1961. Contributo allo studio di alcuni macroforaminiferi di
Priabona. Rivista Italiana di Paleontologia 67: 153-224.

Riitimeyer, L. 1850. Ueber das schweizerische Nummulitenterrain, mit
besonderer Beriicksichtigung des Gebirges zwischen dem Thunersee
und der Emme. Neue Denkschriften der Schweizerischen Naturfors-
chende Gesellschaft 11 (2): 1-120.

Sancay, R.H., Bati Z., Isik, U., Kiric, S., and Akca, N. 2006. Palynomorph,
Foraminifera, and Calcareous Nannoplankton Biostratigraphy of Oligo-
Miocene Sediments in the Mus Basin, Eastern Anatolia, Turkey. Turkish
Journal of Earth Sciences 15 (3): 259-319.

Schaub, H. 1981. Nummulites et Assilines de la Tethys Paléogeéne. Taxo-
nomie, phylogénése et biostratigraphie. Schweizerische Paldontolo-
gische Abhandlungen 104-106: 1-236 + Atlas I-II.

Schweighauser, J. 1953. Micropalaeontologische und stratigraphische Unter-
suchungen im Paleocaen und Eocaen des Vicentin (Norditalien) mit
besonderer Beriicksichtigung der Discocyclinen und Asterocyclinen.
Schweizerische Paléiontologische Abhandlungen 70: 1-92.

Serra-Kiel, J., Hottinger, L., Caus, E., Drobne, K., Ferrandez, C., Jauhri, A K.,
Less, G., Pavlovec, R., Pignatti, J., Samso, J.M., Schaub, H., Sirel, E.,
Strougo, A., Tambareau, Y., Tosquella, J., and Zakrevskaya, E. 1998.
Larger foraminiferal biostratigraphy of the Tethyan Paleocene and Eo-
cene. Bulletin de la Societé géologique de France 169 (2): 281-299.

Serra-Kiel, J., Mat6, E., Saula, E., Travé, A., Ferrandez-Caiadell, C.,
Alvarez-Pérez, C., Busquets, P., Samsd, J.M., Tosquella, J., Franqués,
J., Romero, J., and Barnolas, A. 2003. An inventory of the marine and
transitional Middle/Upper Eocene deposits of the Southeastern Pyre-
nean Foreland Basin (NE Spain). Geologica Acta 1: 201-229.

Setiawan, J.R. 1983. Foraminifera and Microfacies of the type Priabonian.
Utrecht Micropaleontological Bulletins 29: 1-161.

Sirotti, A. 1978. Discocyclinidae from the Priabonian type-section (Lessini
Mountains, Vicenza, Northern Italy). Bollettino della Societa Paleonto-
logica Italiana 17: 49-67.

Stockar, R. 1999. I macroforaminiferi eocenici negli inclusi dei depositi
Quaternari della collina di Prella (Ticino meridionale, Svizzera). Geo-
logia Insubrica 4 (2): 1-20.

Strougo, A. 1992. The Middle Eocene/Upper Eocene transition in Egypt re-
considered: Neues Jahrbuch fiir Geologie und Paldontologie. Abhand-
lungen 186: 71-89.

Sztrdkos, K. and Castelltort, S. 2001. La sédimentologie et les Foraminiferes
Bartoniens et Priaboniens des coupes d’ Arguis (Prépyrénées Aragonaises,
Espagne). Incidence sur la corrélation des biozones a la limite Bartonien/
Priabonien. Revue de Micropaléontologie 44: 233-247.

Sztrdkos, K., Gély, J-P., Blondeau, A., and Miiller, C. 1998. L’Eocene du
Bassin sud-aquitain: lithostratigraphie, biostratigraphie et analyse séquen-
tielle. Géologie de la France 4: 57-105.

Tan, S.-H. 1932. On the genus Cycloclypeus Carpenter. Part I and an appendix
on the Heterostegines of Tjimanggoe, S. Bantam, Java. Wetenschappe-
lijke Mededeelingen. Dienst van der Mijnouw in Nederlandsch-Indié 19:
1-194.

Toumarkine, M. and Bolli, HM. 1975. Foraminiféres Planctoniques de
I’Eocéne Moyen et Supérieur de la Coupe de Possagno. Schweizerische
Paldontologische Abhandlungen 97: 69-83.

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 13 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



