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ABSTRACT

The taxonomy of Late Cretaceous genus Bolivinoides is
revised on the basis of rich, newly collected material from
central and eastern Poland and western Ukraine. Twelve
species are described of which one is new: Bolivinides
intermedius nov. sp. This species differs from the other
bolivinoidid taxa in possessing two parallel medial rows of
tubercles. The stratigraphic ranges of most of the taxa are
compared with the macrofossil standard zonation, which
allowed a correlation with the occurrence of bolivinoidids of
distinct regions of Europe and other continents. The
evolutionary trends of Bolivinoides are also discussed and
two distinct lineages, Bolivinoides strigillatus and
Bolivinoides laevigatus, are distinguished.

INTRODUCTION

The Late Cretaceous–Early Paleocene foraminiferal genus
Bolivinoides Cushman is a unique group of benthic foramini-
fera. In contrast to most other benthic foraminifera, it has a
very broad, nearly global distribution in shelf sediments. Repre-
sentatives of Bolivinoides have been reported from, for example,
northwestern Europe (Hofker, 1962), England (Barr, 1966),
Poland (Pożaryska, 1954; Bieda, 1958; Witwicka, 1958;
Gawor-Biedowa, 1992), Belarus (Akimets, 1961), Ukraine
(Kaptarenko-Chernousova et al., 1979), Kazakhstan (Vasi-
lenko, 1961), Libya (Barr, 1970), Israel (Reiss, 1954), Egypt
(Khalil, 1998), Texas (Frizzell, 1954), Mexico (Cushman,
1927), Trinidad (Beckmann & Koch, 1964), the Atlantic
Coastal Plain (Petters, 1977), southern Chile (Martinez-Pardo,
1965), western Australia (Edgell, 1954; Belford, 1960) and
New Zealand (Finlay, 1940).

The evolution and speciation of Bolivinoides was relatively
rapid, and the stratigraphic ranges of many species seem to be
very similar around the world. Accordingly they have been
widely used as a biostratigraphic tool for almost worldwide
correlation of Santonian–Maastrichtian strata. A series of
important studies on Bolivinoides, presenting many aspects of
its evolution and stratigraphic value, were published mainly
between 1950 and 1980 (e.g., Hiltermann & Koch, 1955, 1960,
1962; Hiltermann, 1952, 1963; Pożaryska, 1954; Schmid, 1955;
Hofker, 1958; Vasilenko, 1961; Beckmann & Koch, 1964;
Barr, 1966, 1970; Petters, 1977). Many authors successfully cor-
related Bolivinoides species ranges with standard planktonic for-
aminiferal (Petters, 1977; El-Nady, 2006; Jaff et al., 2014) and
macrofossil zonations (Hiltermann & Koch, 1950; Beckmann
& Koch, 1964; Barr, 1966; Koch, 1977; Schönfeld, 1990). How-
ever, difficulties in correlating local stratigraphic schemes with

standard zonations, poor definition of stage boundaries or gen-
erally poor stratigraphic data from the investigated regions, or
different interpretations and nomenclature of particular bolivi-
noidid taxa, has led to some differences and deficiencies in the
Bolivinoides stratigraphy. Surprisingly, there is also a lack of dis-
cussion of bolivinoid stratigraphy in more recent comprehensive
papers on Cretaceous biostratigraphy (e.g., Gradstein et al., 2012).

Our paper provides taxonomic descriptions, illustrations,
evolutionary interpretations and stratigraphic range data for
the Late Cretaceous genus Bolivinoides from the Polish Low-
lands and western Ukraine. The analysis is based on newly col-
lected material from an almost complete stratigraphic interval
from the Upper Santonian to the end of the Maastrichtian,
that is, the interval that corresponds with the total range of Cre-
taceous Bolivinoides. The studied successions are well documen-
ted stratigraphically, mainly by macrofossils, which allows for
the estimation of the precise stratigraphic positions of evolution-
ary changes within Bolivinoides lineages and ranges of particular
Bolivinoides species, as well as their correlation with those from
remote regions of the world.

GEOLOGICAL SETTING

The material analyzed herein comes from 23 outcrops and
4 working quarries in southern, central and eastern Poland,
and western Ukraine (Fig. 1). The successions represent the epi-
continental Upper Cretaceous of central Europe. Palaeogeogra-
phically, the studied areas were situated at the the south-western
part of the Mazury–Podlasie homocline, the Kościerzyna–
Puławy synclinorium and the Stryi–Lviv depression, which
constitutes the extension of the southern part of the Kościer-
zyna–Puławy synclinorium and at the southern part of the
Szczecin–Łódź–Miechów synclinorium during the Late Cretac-
eous (Pożaryski, 1960; Pasternak et al., 1987; Leszczyński,
1997, 2012; Świdrowska et al., 2008; Żelaźniewicz et al., 2011).
Covered by European epicontinental sea, monotonous carbo-
nate sedimentation dominated, including siliceous limestones
(regionally called opokas), marly limestones and marls (Pożar-
yski, 1960; Rutkowski, 1965).

CENTRAL POLAND (MIDDLE VISTULA RIVER VALLEY AREA)

The composite section comprises a series of natural and arti-
ficial exposures in the banks of the middle Vistula river valley
and at some distance from the river. The Cretaceous strata,
represented by a nearly complete succession from middle Albian
to the upper Maastrichtian, comprise alternating chalk, marls,
marly chalk and opoka (Pożaryski, 1938; Pożaryska, 1954;
Wyrwicka, 1977; Błaszkiewicz, 1980). The succession belongs
to the southern Puławy segment of the Kościerzyna-Puławy syn-
clinorium (Żelaźniewicz et al., 2011). The studied Campanian–
Maastrichtian is exposed on the western bank of the river
between the villages Dorotka and Nasiłów and on the eastern
bank between Łopoczno and Kazimierz (Fig. 1). These strata
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are biostratigraphically well documented by more than 50 years
of studies on macro- and microfossils: ammonites (Pożaryski,
1938; Błaszkiewicz, 1980; Machalski, 2005), belemnites (Kon-
giel, 1962; Błaszkiewicz, 1980; Remin, 2012), inoceramids
(Walaszczyk, 1992, 2004; Walaszczyk & Peryt, 1998), foramini-
fera (Pożaryska, 1954; Peryt, 1980; Dubicka & Peryt, 2012a, b),
and nannofossils (Gaździcka, 1978).

SOUTHERN POLAND (WOLBROM–MIECHÓW AREA)

The Upper Cretaceous sediments of the Wolbrom–Miechów
area, exposed at Wierzchowisko, Rzeżuśnia and Jeżówka,
belong to the southern part of the Szczecin–Łódź–Miechów
synclinorium, named the Miechów synclinorium (Miechów
Trough, Miechów segment; Pożaryski, 1974; Narkiewicz &
Dadlez, 2008; Żelaźniewicz et al., 2011). In general, the Cretac-
eous succession is represented by Upper Albian–Lower Maas-
trichtian strata. The biostratigraphy of the studied successions
was determined on the basis of macrofauna (ammonites, belem-
nites, inoceramids and echinoids) by Jagt et al. (2004) and fora-
minifera (Dubicka, 2015). According to Jagt et al. (2004), the
strata exposed at Wierzchowisko represent the lower Campa-
nian, pilula, pilula/senonensis and possibly also senonensis echi-
noid zones, which were defined in northern Germany (Schulz
et al., 1984; Niebuhr et al., 1997). Foraminiferal data indicate
a slightly higher position for the strata, namely the senonensis
echinoid Zone (Dubicka, 2015).

The lower part of the Jeżówka succession is correlated to the
lower Campanian Sphaeroceramus sarumensis–Cataceramus
dariensis inoceramid Zone (Jagt et al., 2004). In terms of echi-
noid zonations, the succession represents the conica/papilosa
and papilosa zones according to the German scheme. The upper
part of the Jeżówka succession represents the upper part of
the Cataceramus beckumensis inoceramid Zone (Jagt et al.,
2004; Jurkowska et al., 2015). Based on the occurrence of
inoceramid faunas, the Rzeżuśnia succession represents the
upper Campanian “Inoceramus” azerbaydjanensis–“Inocera-
mus” vorhlemensis Zone (Jagt et al., 2004).

EASTERN POLAND

The upper Cretaceous strata examined in eastern Poland are
exposed at the Mielnik, Chełm, Rejowiec, Mełgiew and
Lechówka successions. The Mielnik succession belongs to the
south-western part of the Mazury–Podlasie homocline, the
Permo–Mesozoic sedimentary cover of the East European Plat-
form, whereas Chełm, Rejowiec, Mełgiew and Lechówka suc-
cessions represent the sediments of the southern part of the
Kościerzyna–Puławy synclinorium (Narkiewicz & Dadlez,
2008; Żelaźniewicz et al., 2011). The ,30 m thick white chalk
exposed at Mielnik was interpreted by different authors to be
early Campanian to early Maastrichtian in age (Bieda, 1958;
Bitner & Pisera, 1979; Gaździcka, 1981; Peryt, 1981; Olszewska,
1990; Olszewska-Nejbert & Świerczewska-Gładysz, 2011).

FIGURE 1. Geological pre-Cenozoic sketch-map of Poland and adjacent territories (after Pożaryski, 1974; Dadlez et al., 2002; Narkiewicz &
Dadlez, 2008; Żelaźniewicz et al., 2011; simplified) showing the location of sections studied in Poland and western Ukraine. A Location of studied
outcrops in the Middle Vistula River Valley (after Błaszkiewicz, 1980, and Walaszczyk, 2004). B Location of studied outcrops in the Miechów Trough
(after Pożaryski, 1974, and Jagt et al., 2004).
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On the basis of belemnites, the lower part of the Mielnik suc-
cession represents the upper part of the ’boreal’ lower Campa-
nian (undivided belemnite zones Gonioteuthis gracilis and
Belemnellocamax mammillatus) and the upper Campanian
Belemnella mucronata Zone (Olszewska, 1990; Olszewska-
Nejbert & Świerczewska-Gładysz, 2011). The upper part of
the Mielnik succession belongs to the lower Maastrichtian
foraminiferal Rugoglobigerina pennyi Zone (Peryt, 1981), the
IV or V Assemblage Zone (Dubicka & Peryt, 2012a) and the
Belemnella inflata Zone (Olszewska, 1990). The Campanian
and Maastrichtian strata are divided by discontinuities, ex‐
pressed as hardgrounds, which represent large parts of the upper
Campanian and lower Maastrichtian.

The Chełm succession comprises ,40 m of chalk. It corre-
sponds to the lower upper Maastrichtian, Spyridoceramus tegula-
tus–Belemnitella junior Zone (Machalski, 2005; Machalski et al.,
2008; Dubicka & Peryt, 2011), and to the foraminiferal VIII
Interval and IX and X Assemblage Zones (Dubicka & Peryt,
2012a). The Mełgiew and Lechówka successions belong to the
ammonite Hoploscaphitus constrictus johnjagti Zone (Machalski,
2005; Machalski et al., 2016) and the foraminiferal XIII Interval
Zone (Dubicka & Peryt, 2012a; Machalski et al., 2016).

WESTERN UKRAINE

The studied sediments of the western Ukraine are exposed at
Dubivtsi and Kamyanopil. The strata belong to the Lviv–Stryi
depression (Świdrowska et al., 2008), which constitutes the exten-
sion of the southern part of theKościerzyna–Puławy synclinorium
(Żelaźniewicz et al., 2011). The Dubivtsi succession, comprising
,60 m of marly limestones and marls, is exposed in a huge work-
ing quarry near the Dubivtsi village near Halych. The succession
provides an almost complete record of the upper Turonian–Cam-
panian interval (Dubicka&Peryt, 2012c, 2014). TheUpper Santo-
nian–Campanian part of the succession is exposed in the three
highest (4, 5, and 6) exploitation levels (Dubicka & Peryt, 2014).

The Kamyanopil outcrop was exposed during the construc-
tion of a north-eastern ring road around Lviv in 2008. This
outcrop revealed a few meters of lower Maastrichtian marls
representing the foraminiferal V Assemblage Zone sensu
Dubicka & Peryt (2012a).

MATERIAL AND METHODS

The 230 samples investigated in this study were collected
from upper Santonian–uppermost Maastrichtian sediments
from 17 natural outrcops and abandoned quarries in the Middle
Vistula River Valley area, three outcrops in the Wolbrom–Mie-
chów area, three working quarries and two outcrops in eastern
Poland, and one outcrop and one working quarry in western
Ukraine. Washed residues were obtained from chalk, marls
and marly limestones by disaggregation using Na2SO4, and
from siliceous limestones and limestones using liquid nitrogen
(Remin et al., 2012), then sieving and examining the .63 mm
size fraction. Minimum counts of 200 specimens of benthic for-
aminifera were taken from each sample. The specimens were
studied under a standard optical binocular microscope and
scanning electron microscope (SEM) Philips XL20 in the Insti-
tute of Paleobiology, Polish Academy of Sciences. The illus‐
trated specimens are stored in the Institute of Paleobiology, Pol-
ish Academy of Sciences, Warszawa (Collection ZPAL F. 67).

SYSTEMATIC DESCRIPTIONS AND
EVOLUTIONARY INTERPRETATION OF

BOLIVINOIDES

The suprageneric classification outlined below is based on
Loeblich & Tappan (1987). Species descriptions within lineages
are introduced in stratigraphic order.

Order FORAMINIFERIDA Eichwald, 1830
Suborder ROTALIINA Delage and Héroruard, 1896

Superfamily BOLIVINACEA Glaessner, 1937
Family BOLIVINOIDIDAE Loeblich and Tappan, 1984

Genus Bolivinoides Cushman, 1927
Type species: Bolivina draco Marsson, 1878

All representatives of the genus Bolivinoides are characterized
by common features, which are as follows: test biserial, calcar-
eous, rhomboidal or cudgel-shaped in outline, flaring, laterally
slightly to strongly compressed, and oval or lenticular in cross
section; the thickest portion of the test is near the aperture;
chambers broad and low (much wider than high) increasing
rapidly in size as added; aperture areal, elongate and narrow,
with internal toothplate; test-wall perforated; pores circular or
elongated to slit-like in shape, occasionally pores are located
on incipient or well-developed pore mounds; chamber surface
smooth or ornamented with tubercles and pore mounds.

Despite possessing many common characteristics, these parti-
cular taxa of Bolivinoides are also characterized by easily visible
differences. Based on morphological differences as well as inter-
preted phylogeny, we include almost all representatives of
Bolivinoides into two distinctive groups. The first includes B.
strigillatus, B. culverensis, B. decoratus, B. miliaris, Bolivinoides
intermedius nov. sp., B. draco, B. giganteus and B. sidestranden-
sis, which probably represent one evolutionary lineage, the Boli-
vinoides strigillatus lineage. The next group, named “tiny
Bolivinoides”, includes B. granulatus, B. peterssoni, B. paleoceni-
cus, and B. vistulae. Bolivinoides laevigatus, B. peterssoni and B.
vistulae probably also constitute one lineage - the Bolivinoides
laevigatus lineage, whereas the phylogeny and origin of B. gran-
ulatus and B. paleocenicus remain unclear.

THE BOLIVINOIDES STRIGILLATUS LINEAGE

Fig. 2

All representatives of this group are characterized by a
relatively large, robust and thick test. Sutures are oblique
and strongly depressed, resulting in clearly visible, distinct
chambers. Moreover, they are partially covered by well-devel-
oped projections extending from basal margins of the suc-
ceeding chambers and merging into longitudinal costae, so-
called ornamental lobes. Each chamber possesses two or
more (up to 9) extensions. Projections are proximally directed
that merge into longitudinal costae; they may bifurcate dis-
tally and compose some kind of optically radiate test-surface
ornamentation. Backward chamber projections can be much
shorter, resulting in tubercle ornamentation. The number of
ornamental lobes changes with the succeeding forms, ranging
from 2–9.

The phylogeny of large-sized Bolivinoides has been discussed
in a number of papers (Edgell, 1954; Reiss, 1954; Hofker, 1958;
Vasilenko, 1961; Hiltermann, 1963; Beckmann & Koch, 1964;
Barr, 1966; Petters, 1977), and displays temporal distribu‐
tion of all consecutive species with gradual morphological
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transformations between the species. These morphological
changes include an increase in size; gradual broadening of test
from thin, carrot-shaped to the rhomboidal outline; the ten-
dency towards an acute margin (Edgell, 1954); and an increase
in the number of chamber extensions from 2–3 in B. strigillatus
to 7–9 in the upper Maastrichtian B. giganteus (Hofker, 1958).

Bolivinoides strigillatus is commonly considered to be a basal
form of the genusBolivinoides (e.g., Edgell, 1954). During the latest

Santonian–earliest Campanian,B. strigillatus likely evolved intoB.
culverensis and then into B. decoratus during the late early Campa-
nian in the European sense (Ernst, 1963; Schulz et al., 1984). This
morphological transition involved an increase in test size and thick-
ness, as well as an increase in the number of ornamental lobes
(Barr, 1966). The evolution of these species seems to occur by a suc-
cessive speciation, within a single evolutionary line without
branching.

FIGURE 2. Evolution of the Bolivinoides strigillatus lineage.
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A furthermorphological transformationwithin theBolivinoides
strigillatus lineage is recorded with the appearance of B. miliaris.
The transition from B. decoratus to B. miliaris includes the devel-
opment, during late Campanian, of numerous, disorderly distrib-
uted tubercles on the initial part of the test, which are diagnostic
for B. miliaris. This irregular ornamentation becomes parallelly
arranged in Bolivinoides intermedius nov. sp., which is probably
a descendant of B. miliaris. Finally, mesial tubercles seem to turn
into parallel, well-developed medial, longitudinal ribs as observed
in the late Maastrichtian B. draco, which is the youngest stage of
the B. miliaris–B. intermedius–B. draco lineage.

Another form that is very common in the middle part of the
Maastrichtian is B. giganteus. The species is characterized by
having the largest number of indistinct lobes (6–8) and only a
few, if any, irregularly spread tubercles on the initial part of
the test. According to previous works (Hiltermann, 1963;
Barr, 1966; Petters, 1977), B. giganteus evolved from B. decora-
tus. Our study suggests progressive diversification of Bolivi-
noides intermedius nov. sp. into two different species: B. draco
and B. giganteus. Bolivinoides giganteus does not possess medial
and longitudinal ribs or tubercles, which are diagnostic for the
Bolivinoides intermedius nov. sp.–B. draco lineage and, therefore
do not belong to this lineage. Some rows of tubercles occur in
the transitional forms between B. giganteus and its ancestor
Bolivinoides intermedius nov. sp., from which B. giganteus possi-
bly evolved during the late early Maastrichtian.

Hiltermann (1963) and Barr (1966) suggested that B. australis
is an intermediary state between the ancestral B. decoratus and
descendant B. giganteus. The description and the illustrations
of B. australis by the author of the species (Edgell, 1954) indi-
cate that B. australis is a synonym of B. miliaris. Thus, the inter-
pretation of Hiltermann (1963) and Barr (1966) are in
accordance with our observations.

Bolivinoides sidestrandensis seems to be a descendant of B.
decoratus, from which it probably evolved during the Bostrycho-
ceras polyplocum Zone (lower upper Campanian). Transitional
forms between these two taxa are named (informally) Bolivi-
noides “prae”sidestrandensis. Morphological changes observed
in the transformation from B. decoratus to B. “prae”sidestran-
densis involved a decrease in thickness of ornamental lobs and
development of appendages in the initial part of the test. More-
over, morphological transformation from Bolivinoides “prae”si-
destrandensis to B. sidestrandensis reflects an increase in the
number of ornamental lobes (5–7), which is a general trend
within the Bolivinoides strigillatus lineage.

Bolivinoides strigillatus (Chapman, 1892)
Figs. 3.1–3.3

Bolivina strigillata Chapman, 1892, p. 515, pl. 15, fig. 10; Goel, 1965,
p. 79, pl. 7, figs. 6, 8.

Bolivinoides strigillatus (Chapman). Hiltermann & Koch, 1950, p. 614–
617, fig. 5.68; Edgell, 1954, p. 70, 71, figs. 13.8, 14.8; Witwicka, 1958,
p. 196–198, pl. 9, fig. 8; Vasilenko, 1961, p. 186, 187, pl. 39, pl. 39, fig.
7; Barr & Cordey, 1964, p. 308, pl. 49, figs. 1–3; Barr, 1966, p. 228,
pl. 34, figs. 8–9, pl. 37, figs 7–9;Barr, 1970, p. 651, pl. 100, figs. 6–7;Hel-
ler, 1975, pl. 4, fig. 11; Petters, 1977, p. 1035, pl. 1, fig. 9;Koch, 1977, pl.
12, figs. 7–8; Rozumeiko, 1978, p. 135–136, pl. 20, fig. 4; Kaptarenko-
Chernousova et al., 1979, p. 147, pl. 55, fig. 8; Hart et al., 1989, p.
326, pl. 7.5, fig. 8; Schönfeld, 1990, p. 80, 81, pl. 3, figs. 12–13; El-
Nady, 2006, p. 680, pl. 1, figs. 24–25.

Bolivinoides strigillata strigillata (Chapman). Belford, 1960, p. 61, pl. 15,
figs. 14–18.

Bolivinoides strigillata (Chapman). Barr & Cordey, 1964, p. 308, pl. 49,
figs. 1–3.

Material. More than 20 specimens.
Description. Test small, only slightly compressed, cudgel-

shaped in outline, roundly oval in cross section; sides broad
and rounded. Only two extensions on each chamber may
bifurcate distally or merge into loosely connected, longitudi-
nal, broad, irregular costae separated by a zigzag, longitudi-
nal, median furrow (depression).

Remarks. Bolivinoides strigillatus is the most basal species
of Bolivinoides and is commonly regarded as an ancestral
species of all bolivinoidid lineages. Bolivinoides strigillatus
evolved into the descendent species B. culverensis, from
which it differs in possessing a smaller, less rhomboidal or
kite-shaped test and characteristic pattern of chamber pro-
jections. Transitional forms between B. strigillatus and B.
culverensis are illustrated in the Figures 3.4 and 3.5.

Occurrence. In the studied area, B. strigillatus occurs in
the upper Santonian and lowermost Campanian of the
Dubivtsi succession.

Bolivinoides culverensis Barr 1967
Figs. 3.6–3.8

Bolivinoides hiltermanni Barr, 1966, p. 229–231, pl. 36, figs. 7–8; pl. 37,
figs. 1–3.

Bolivinoides culverensis Barr, 1967, p. 136; Petters, 1977, p. 1031, pl. 1,
figs. 10–12; Peryt, 1988, pl. 2, fig. 1; Hart et al., 1989, p. 322,
pl. 7.4, figs. 10–11.

Bolivinoides angulata Reiss, 1954, p. 155, pl. 28, figs. 1–3, non fig. 4.
Bolivinoides angulatus Reiss. El-Nady, 2006, p. 674, pl. 1, figs. 1–2.
non Bolivinoides angulatus Reiss. Hiltermann, 1963, p. 210, pl.1, fig. 21.
Bolivinoides sp. [transitional form between B. strigillata (Chapman) and

B. decorata (Jones)]. Hiltermann, 1963, p. 209, pl. 1, figs. 2–3, 7–9.
Elongateporeia culverensis (Barr). Georgescu et al., 2011, p. 118, pl. 2,

figs. 3–13.

Material. More than 40 specimens.
Description. Test elongate, tapering, oval in cross section,

2-3 extensions on each chamber merging into loosely con-
nected longitudinal, broad, irregular costae; periphery
rounded to sub-acute.

Remarks. This species is a transitional form between B.
strigillatus and B. decoratus. Accordingly, it is intermediate
in test size and number of chamber extensions. It differs
from B. strigillatus in possessing a larger, thicker and more
broadened test that is broadly oval in cross-section; it differs
from B. decoratus in having fewer ornamental lobes and a
more cudgel-shaped test instead of kite-shaped one.

Barr (1966) indicated that B. culverensis is probably the
ancestral species of the B. pustulata Reiss (5 B. granulatus
Hofker) –B. praelevigata (Barr) –B. laevigata Marie–B.
peterssoni Brotzen lineage. However, our observations do
not support this assumption.

Bolivinoides decoratus is likely a descendant of B. culver-
ensis, from which it differs in possessing a less elongated
and broader test, and by having 4–5 ornamental lobes
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instead of 3. The initial part of the B. decoratus test is not
ornamented. Transitional forms between B. culverensis and
B. decoratus, characterized by a relatively narrow test and
being smaller in size than true B. decoratus (Figs. 3.9–
3.12), occur in the uppermost lower Campanian, within the
belemnite gracilis/mucronata Zone.

Occurrence. In the studied area, B. culverensis is restricted
to the lower Campanian.

Bolivinoides decoratus (Jones, 1886)
Figs. 4.1–4.4

Bolivina decorata Jones. Jones in Wright, 1886, p. 330. pl. 27, figs. 7–8.
Bolivinoides decoratus (Jones). Akimets, 1961, p. 188, pl. 18, fig. 17,

18; Barr, 1966, p. 231–234, pl. 34, figs. 2–6, 12, pl. 35, figs. 6–9,
pl. 36, figs. 1–5; Petters, 1977, p. 1032, pl. 1, fig. 2; Rozumeiko,
1978, p. 136, 137, pl. 20, fig. 6; Kaptarenko-Chernousova et al.,
1979, p. 145, pl. 55, fig. 12; Peryt, 1988, pl. 2, figs. 2,4; Gawor-Biedowa,
1992, p. 99, 100, pl. 20, fig. 4; El-Nady, 2006, p. 674, 675, pl.1, figs. 5–7.

FIGURE 3. Foraminifera of the Bolivinoides strigillatus lineage; scale bars 5 100 mm. 1–3 Bolivinoides strigillatus (Chapman): 1, Dubivtsi 2, sample
5.2, ZPAL F.67/4/1/3; 2, Dubivtsi 2, sample 5.2, ZPAL F.67/4/1/2; 3, Dubivtsi 2, sample 6.2, ZPAL F.67/4/1/1. 4–5 Transitional forms between B.
strigillatus and B. culverensis Barr: 4, Dubivtsi 2, sample 6.2, ZPAL F.67/4/14; 5, Dubivtsi 2, sample 6.2, ZPAL F.67/4/1/5. 6–8 Bolivinoides culverensis
Barr: 6, Dubivtsi 2, sample 6.4, ZPAL F.67/4/2/; 7, Dubivtsi 2, sample 6.4, ZPAL F.67/4/2/7; 8, Wierzchowisko, sample 1, ZPAL F.67/W/12/2. 9–12
Transitional Bolivinoides culverensis Barr to Bolivinoides decoratus (Jones): 9, Mielnik, sample 1, ZPAL F.67/12/4/1; 10, Mielnik, sample 1, ZPAL F.67/
12/3/12; 11, Mielnik, sample 3, ZPAL F.67/12/3/8; 12, Mielnik, sample 1, ZPAL F.67/12/5/4.
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Bolivinoides decorata decorata (Jones). Hiltermann & Koch, 1950,
p. 606–610, text-fig. 5:69; Reiss, 1954, p. 155, pl. 28, figs. 5–8, 13;
Bieda, 1958, p. 32–33, fig. 6; Witwicka, 1958, p. 198, 199, pl. 9, fig. 9.

Bolivinoides decoratus decoratus (Jones). Hiltermann, 1963, pl. 4, figs. 6,
8–9, 11–13; Koch, 1977, p. 51, 52, pl.12, figs. 5–6.

Bolivinoides decoratus var. decorata (Jones). Vasilenko, 1961, p. 189,
pl. 39, figs. 8–10.

Bolivinoides decorata Jones f. typica. Marie, 1941, p. 188, pl. 29, fig. 279.
Bolivinoides rhombodecorata Goel, 1965, p. 80, pl. 7, figs. 9–10.

Material. More than 100 specimens.
Description. Test large, robust, rhomboidal in outline,

compressed elliptical shape in cross section, periphery broad

and rounded, 4–5 extensions on each chamber merging into
loosely connected, longitudinal, broad, irregular costae,
named as ornamental lobes.

Remarks. Bolivinoides decoratus probably gave rise to B.
miliaris, which has more ornamental lobes (5–6) and charac-
teristic tubercular ornamentation on the early part of the
test. The species probably transitioned within the Bostrycho-
ceras polyplocum Zone to B. sidestrandensis, from which it
differs in possessing a thicker test and fewer ornamental
lobes. Transitional forms between these taxa are illustrated
in Figures 4.5 and 4.6.

FIGURE 4. Foraminifera of the Bolivinoides strigillatus lineage; scale bars5 100 mm.1–4 Bolivinoides decoratus (Jones): 1, Mielnik, sample 7, ZPAL
F.67/2/1; 2, Mielnik, sample 15, ZPAL F.67/2/3; 3, Mielnik, sample 15, ZPAL F.67/7/2/2; 4, Mielnik, sample 23, ZPAL F.67/7/2/7. 5–6 Transitional
form between Bolivinoides decoratus and Bolivinoides sidestrandensis Barr: 5, Mielnik, sample A-2, ZPAL F.67/12/2/8; 6, Mielnik, sample A-2, ZPAL
F.67/12/2/10. 7–10 Bolivinoides sidestrandensis Barr: 7, Kłudzie, sample 14, ZPAL F.67/9/3/2; 8, Kamyanopil, sample 2, ZPAL F.67/9/3/4; 9, Mielnik,
sample +19, ZPAL F.67/11/2/8; 10, Mielnik, sample +19, ZPAL F.67/11/2/9.

BOLIVINOIDES OF POLAND AND WEST UKRAINE 81



Occurrence. In the studied area, common occurrence of B.
decoratus is recorded from the uppermost lower Campanian
(gracilis/mucronata belemnite Zone) up to the “Inoceramus”
tenuilineatus Zone (middle upper Campanian). Some mor-
phological counterparts of B. decoratus sporadically appear
in the uppermost Campanian and lower Maastrichtian.

Bolivinoides sidestrandensis Barr, 1966
Figs. 4.7–4.10

Bolivinoides delicatulus Cushman. Akimets, 1961, p. 189, pl. 18, fig. 19;
Vasilenko, 1961, p. 193, pl. 40, fig. 7; Rozumeiko, 1978, p. 139,
pl. 20, fig. 8.

Bolivinoides sidestrandensis Barr, 1966, p. 239–241, pl. 34, figs. 10–11,
pl. 36, figs. 6, 9, pl. 37, fig. 6; Petters, 1977, p. 1034, 1035, pl. 1, fig.
5; Hart et al., 1989, p. 326, pl. 7.5, fig. 7; Gawor-Biedowa, 1992, p.
107, 108, pl. 20, fig. 1.

Bolivinoides decorata delicatula Cushman. Hiltermann & Koch, 1950,
p. 614, 615, pl. 5, figs. 65–67; Pożaryska, 1954, p. 255, fig. 7;Witwicka,
1958, p. 199, pl. 9, fig. 10; Beckmann & Koch, 1964, pl. 5, fig. 22.

Bolivinoides delicatula Cushman. Bieda, 1958, p. 38–39, fig. 10.
Bolivinoides delicatulus regularis (Reuss). Koch, 1977, p. 58, 59, pl. 13,

figs. 4–5.

Material. More than 50 specimens.
Description. Test elongate, tapering, oval in cross section,

periphery rounded to sub-acute; 7–8 pairs of biserial cham-
bers, oblique and depressed sutures obscured by the well-
developed thin, elongate lobes extending across older cham-
bers and composed of some kind of optically delicate and
open-work test-surface ornamentation. The initial part of
the test possesses tubercles and spines.

Remarks. Bolivinoides sidestrandensis differs from all
other large-sized Bolivinoides in having thinner lobes, which
are located much closer to each other than in the other
species.

Occurrence. In the studied area, B. sidestrandensis occurs
from the “Inoceramus” tenuilineatus (middle upper Campa-
nian) up to the Trochoceramus radiosus inoceramid zones
(lower Maastrichtian). Transitional forms between B. dec-
oratus and true B. sidestrandensis occur in the ammonite
Bostrychoceras polyplocum Zone (lower upper Campanian).

Bolivinoides miliaris Hiltermann & Koch, 1950
Figs. 5.1–5.4

Bolivinoides decorata (Jones) australis Edgell. Edgell, 1954, p. 71–72,
pl. 13, figs. 5–6, pl. 14, figs. 5, 6; Goel, 1965, p. 82, pl. 7, figs. 14, 15.

Bolivinoides draco (Marsson) miliarisHiltermann & Koch, 1950, p. 604–
606, text-fig. 5:39; Reiss, 1954, p. 155, pl. 28, figs. 9, 11–12, 14; Wit-
wicka, 1958, p. 199, 200, pl. 9, fig. 11; Hiltermann 1963, p. 222, pl. 4,
fig. 21; Beckmann & Koch, 1964, p. 44, 45, pl. 6, fig. 21; Koch, 1977,
p. 56, 57, pl. 12, fig. 4; Schönfeld, 1990, p. 84, 85, pl. 3, figs. 10–11;
El-Nady, 2006, p. 678, 679, pl. 1, fig. 15.

Bolivinoides miliaris Hiltermann & Koch. Hofker, 1957,
p. 267, fig. 322 a, b; Vasilenko, 1961, p. 200, pl. 40, fig. 4;
Barr, 1966, p. 234, 235, pl. 35, figs. 4–5.

Material. More than 20 specimens.
Description. Test large, robust, kite-shaped in outline,

compressed to an elongated oval shape in cross section, per-
iphery rounded to sub-acute, 5–6 ornamental lobes. Early

part of the test is ornamented by numerous short tubercles
and nodules.

Remarks. Bolivinoides miliaris probably evolved from B.
decoratus, from which it differs in having tubercular orna-
mentation on the initial part of the test, and most likely
gave rise to Bolivinoides intermedius nov. sp., which pos-
sesses parallel-arranged ornamentation.

Occurrence. In the studied area, the common occurrence
of B. miliaris is noted from the inoceramid Cataceramus
subcompressum (lower upper Campanian) up to the
Sphaeroceramus pertenuiformis zones (middle upper Cam‐
panian).

Bolivinoides intermedius nov. sp.
Figs. 5.5–5.9; Figs. 6.1–6.4

Bolivinoides miliarisHiltermann & Koch. Barr, 1970, p. 650, pl. 99, figs.
1–2; Petters, 1977, pl. 1, fig. 3; Peryt, 1988, pl. 2, fig. 5; Hart et al.,
1989, pl. 7.5, fig. 3; Gawor-Biedowa, 1992, pl. 20, fig. 6;

Bolivinoides draco miliaris Hiltermann & Koch. Reiss, 1954, p. 155,
pl. 28, fig. 10; Bieda, 1958, p. 44–45, fig. 14; Hiltermann, 1963,
p. 222, pl. 4, fig. 22; Beckmann & Koch, 1964, p. 44, 45, pl. 6, figs.
22–23;

Bolivinoides draco miliaris–B. draco draco [transitional form between
Bolivinoides draco miliaris and B. draco draco], Hiltermann, 1963,
p. 222, pl. 4, fig. 20.

Bolivinoides draco (Marsson). Kaptarenko-Chernousova et al., 1979,
p. 144, 145, pl. 55, fig. 11; Jaff et al., 2014, pl. 2, fig. 6.

Bolivinoides draco draco (Marsson). Schönfeld, 1990, p. 78–80, pl. 3,
figs 1, 2.

Holotype. Fig. 5.5. Specimen deposited in the Institute of
Paleobiology, Polish Academy of Sciences. ZPAL F.67/K3/01

Dimensions of the holotype. Length of test [L]—480 mm,
maximum width of test [W]—351 mm, maximum thickness
of test [T]—230 mm.

Type location. Kłudzie, Middle Vistula River Valley area,
Central Poland.

Type level. Campanian–Maastrichtian boundary interval,
“Inoceramus” redbirdensis Zone.

Paratypes. Five specimens deposited in Institute of Paleo-
biology, Polish Academy of Sciences.

Dimensions of the paratypes. L—400–533 mm, W—344–
400 mm, T—200–273 mm.

Material. More than 50 specimens.
Etymology. Intermediate form between Bolivinoides mili-

aris and B. draco.
Description. A Bolivinoides species, with a large test,

robust, kite-shaped in outline, compressed to an elongated
oval shape in cross section, five ornamental lobes, two paral-
lel medial rows of tubercles; periphery sub-acute to acute.

Remarks. Specimens that are now included in the species
Bolivinoides intermedius nov. sp. have been commonly
recorded from various parts of Europe. They have usually
been considered to belong to either B. miliaris or B. draco,
as this form is probably transitional (Fig. 6.5). Bolivinoides
intermedius nov. sp. differs from the two taxa in possessing
two parallel medial rows of tubercles instead of numerous
short tubercles and nodules (B. miliaris) or two parallel med-
ial ribs (B. draco). Bolivinoides intermedius nov. sp. probably
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gave rise to B. giganteus during early Maastrichtian by the
development of additional lobes.

Stratigraphic range: In the studied area, the species
occurs from the upper part of the upper Campanian (“Ino-
ceramus” altus Zone) up to the upper part of the lower
Maastrichtian–uppermost part of the Belemnella occiden-
talis Zone.

Bolivinoides draco (Marsson, 1878)
Figs. 6.6–6.10

Bolivina draco Marsson, 1878, p. 157, pl. 3, fig. 25.
Bolivinoides draco (Marsson). Hofker, 1957, p. 267, fig. 231b; Vasilenko,

1961, p. 201, pl. 34, fig. 2; Barr, 1970, p. 646, pl. 99, figs. 2–3; Petters,

1977, p. 1031, pl. 1, fig. 1; Peryt, 1988, pl. 2, fig. 6; Gawor-Biedowa,
1992, p. 101, pl. 20, fig. 8; Jaff et al., 2014, pl. 1, figs. 10–12, pl. 2,
figs. 9–10.

Bolivinoides draco draco (Marsson). Hiltermann & Koch, 1950, p. 598–
604, text-fig. 5:69, 1:72–73; Edgell, 1954, p. 73, pl. 13, figs. 1–3, pl.14,
figs 1–3; Reiss, 1954, p. 155, pl. 29, fig. 1 3; Hiltermann, 1963, p. 222,
pl. 4, figs. 16–19; Beckmann & Koch, 1964, p. 45, 46, pl. 6, fig. 24;
Koch, 1977, p. 57, pl. 12, figs. 2–3; Hart et al., 1989, p. 322, pl. 7.4,
fig. 13; El-Nady, 2006, p. 678, pl. 1, figs. 12–14.

Bolivinoides miliaris Hiltermann & Koch. Jaff et al. 2014, pl. 1, fig. 16.

Material. More than 30 specimens.
Description. Test large, robust, kite-shaped in outline, com-

pressed to elongated lenticular shape in cross section, acute

FIGURE 5. Foraminifera of the Bolivinoides strigillatus lineage; scale bars 5 100 mm. 1–4 Bolivinoides miliaris Hiltermann and Koch: 1, Ciszyca
Górna, sample 1, ZPAL F.67/CG/09; 2, Ciszyca Górna, sample 1, ZPAL F.67/CG/10; 3, Ciszyca Górna, sample 2, ZPAL F.67/CG/23; 4, Dorotka,
sample 1, ZPAL F.67/D/06. 5–9 Bolivinoides intermedius nov. sp.: 5, Kłudzie, sample 3, ZPAL F.67/K3/01; 6, Kłudzie, sample 3, ZPAL F.67/KLD/08;
7, Kłudzie, sample 3, ZPAL F.67/K3/09; 8, Pawłowice, sample 2, ZPAL F.67/9/3/9; 9, Kłudzie, sample 1, ZPAL F.67/K3/07.
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margin, 5–6 ornamental lobes. Bolivinoides draco has two very
distinctive, well-developed, parallel medial ribs, which are pro-
duced by the fusing of the inner ornamental lobes.

Remarks. Bolivinoides draco is a descendant of Bolivinoides
intermedius nov. sp. from which it differs in having an acute
margin and two parallel, well-developed medial, longitudinal
ribs instead of two parallel, medial rows of tubercles.

Occurrence. In the studied area, the first appearance of B.
draco is noticed in the lower upper Maastrichtian (ammonite
Hoploscaphites constrictus lvivenis Zone). The taxon occurs
till the end of the Cretaceous.

Bolivinoides giganteus Hiltermann & Koch, 1950
Figs. 7.3–7.9

Bolivinoides decorata (Jones) gigantea Hiltermann & Koch, 1950,
p. 610–612, pl. 5, fig. 50; Edgell, 1954, p. 72, 73, pl. 13, fig. 4;
pl. 14, fig. 4; Hofker, 1957, p. 267, fig. 320 a, b.

Bolivinoides decoratus giganteus Hiltermann & Koch. Hiltermann &
Koch, 1962, p. 315, pl. 46, fig. 8; Hiltermann, 1963, p. 221, pl. 4,
figs. 1–5; Koch, 1977, p. 63, pl. 12, fig.1;

Bolivinoides gigantea Hiltermann & Koch. Hofker, 1956, figs. 63–64;
Hofker, 1957, p. 267, fig. 320; Hofker, 1958, pl. 2, figs. 22–27; Hof-
ker, 1962, text-fig. 9.

Bolivinoides giganteus Hiltermann & Koch. Vasilenko, 1961, p. 192,
pl. 40, fig. 1; Petters, 1977, p. 1032, pl. 1, fig. 6; Gawor-Biedowa,
1992, p. 102, pl. 20, fig. 7.

Material. More than 40 specimens.

FIGURE 6. Foraminifera of the Bolivinoides strigillatus lineage; scale bars 5 100 mm. 1–4 Bolivinoides intermedius nov. sp.: 1, Pawłowice, sample 2,
ZPAL F.67/9/3/10; 2, Kłudzie, sample 3, ZPAL F.67/9/4/4;.3, Kłudzie, sample 3, ZPAL F.67/K/36; 4, Gnatowice, sample 1, ZPAL F.67/G/03. 5
Transitional form between Bolivinoides intermedius nov. sp. and B. draco: Boiska, sample 1, ZPAL F.67/B/12. 6–10 Bolivinoides draco (Marsson): 6,
Lechówka, sample −2, ZPAL F.67/L28/37; 7, Rejowiec, sample 2, ZPAL F.67/12/5/4; 8, Rejowiec, sample 2, ZPAL F.67/12/5/5; 9, Kazimierz, sample–
marly bed, ZPAL F.67/11/3/2; 10, Podgórz, sample 1, ZPAL F.67/11/3/8.
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Description. Test large, robust, kite-shaped in outline, com-
pressed to an elongated lenticular shape in cross section, periph-
ery acute, 7–9 relatively continuous ornamental lobes, which
are fairly uniform on the almost entire test. Some specimens
possess short tubercles and nodules on the initial part of the test.

Remarks. Bolivinoides giganteus probably evolved from
Bolivinoides intermedius nov. sp., from which it differs in
possessing larger numbers of ornamental lobes. A few single
tubercles and nodules are only present on a very small por-
tion of the initial part of the test, if any. Transitional forms
between these taxa are illustrated in the Figures 7.1 and

7.2. According to Barr (1966), Bolivinoides australis Edgell
(1954) may be considered as a subspecies of B. giganteus or
even synonymous with this species.

Occurrence. In the studied area, B. giganteus occurs in the
upper part of Belemnitella occidentalis Zone and in the
Belemnitella junior Zone.

“Tiny Bolivinoides”
Fig. 8

Compared to the representatives of the Bolivinoides strigilla-
tus lineage, all representatives of the “tiny Bolivinoides” are

FIGURE 7. Foraminifera of the Bolivinoides strigillatus lineage; scale bars 5 100 mm. 1–2 Transitional form between Bolivinoides intermedius nov. sp.
and Bolivinoides giganteus Hiltermann and Koch: 1, Mielnik, sample +10, ZPAL F.67/11/2/1; 2, Puławy, sample X, ZPAL F.67/11/1/11. 3–9 Bolivinoides
giganteus Hiltermann and Koch: 3, Puławy, sample X, ZPAL F.67/9/3/8; 4, Puławy, sample X, ZPAL F.67/9/4/1; 5, Chełm, sample 5.III, ZPAL F.67/
CHII/04; 6, Chełm, sample 5.III, ZPAL F.67/CHII/43; 7, Boiska, sample 1, ZPAL F.67/11/3/5; 8, Boiska, sample 1, ZPAL F.11/3/6; 9, Mielnik, sample
20, ZPAL F.67/11/1/9.
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characterized by comparatively small, thin, poorly ornamented
tests, with a flatly elliptical cross section. They also possess
fewer but more distinctive ornamental lobes. In contrast to
large-sized members of the Bolivinoides strigillatus lineage, their
sutures are only slightly depressed and hardly visible. The orna-
mentation is also less distinct than in the other group and is
mainly restricted to the central part of the test, while the mar-
ginal parts are smooth.

The phylogeny of the taxa included here as “tiny Bolivi-
noides” were discussed in a few papers (e.g., Edgell, 1954; Vasi-
lenko, 1961; Hiltermann, 1963; Barr, 1966; Petters, 1977). Most
of the authors suggested that B. strigillatus is an ancestral form
of all taxa classified herein as “tiny Bolivinoides”and that there
exists the ancestor-descendant relationship between B. laeviga-
tus and B. peterssoni.

According toBarr (1966),B. pustulata (5B. granulatus),B. prae-
laevigata,B. laevigata andB. peterssoni constitute one evolutionary
line,which evolved fromB. hiltermanni (5B. culverensis),which is
included herein as a member of the Bolivinoides strigillatus lineage.
Petters (1977) similarly suggested that the B. praelaevigata–B. lae-
vigata lineage evolved fromB. culverensis,which is also a represent‐
ative of the Bolivinoides strigillatus lineage. On the other hand,
Vasilenko (1961) andHiltermann (1963) interpreted that theB. lae-
vigata–B. peterssoni lineage evolved from early andprimitive forms
of B. granulatus, and regarded B. granulatus as a descendant of
B. strigillatus. We have not recognized any transitional forms
between representatives of the Bolivinoides strigillatus lineage and
“tiny Bolivinoides”, which could indicate thatB. strigillatus cannot
be an ancestral formof “tiny Bolivinoides”. Rather, the latter could
have evolved from different benthic foramiferal genera instead
from the Bolivinoides strigillatus lineage. However, this problem
requires further examination. In the studiedmaterial, we candistin-
guish one single evolutionary line: B. laevigatus–B. peterssoni–B.
vistulae (Fig. 8). The general trend in morphological modification
of successive species concerns increase in emergence and projection
above the test surface of ornamental lobes and broadening of the
test (transition from B. peterssoni to B. vistulae). The phylogenetic
relationships of other taxa of the “tiny Bolivinoides” group (i.e., B.

granulatus and B. paleocenicus) remain unclear and require further
studies.

Bolivinoides granulatus Hofker, 1957
Figs. 9.1–9.7

Bolivinoides granulatus Hofker, 1957. p. 250, 251, text-figs. 303, 310;
Beckmann & Koch, 1964, p. 39, pl. 5, figs. 4–6; Hofker, 1957,
p. 52, figs. 13.8, 13.9; Koch, 1977, p. 52, pl. 13, figs. 8–9; Schönfeld,
1990, p. 85, 86, pl. 3, fig. 9.

Bolivinoides decorata cf. delicatula Cushman. Edgell, 1954, p. 71, pl. 13,
fig. 7, pl. 14, fig. 7.

Bolivinoides pustulata Reiss, 1954, p. 156, pl. 29, figs. 9–10; Barr, 1966,
p. 236, 237, fig. 37.4.

Bolivinoides pustulatus Reiss. Hart et al., 1989, p. 324, pl. 7.5, fig. 6.
Bolivinoides cyrenaicus Barr, 1970, p. 646, 647, pl. 99, figs. 2–3.
Bolivinoides culverensis Barr. Petters, 1977, p. 1031, pl. 1, figs. 10–12.

Material. More than 50 specimens.
Description. Test thin and elongate, with flat elliptical

cross section, two elongate lobes extend from each chamber
perpendicularly to the depressed sutures which are obscured
by them; the initial part of the test surface is covered by
dense pustules; periphery is sub-acute.

Remarks. Bolivinoides granulatus is commonly treated as a
synonym of B. pustulatus in literature. Based on the charac-
teristic elliptical and slit-like pores, Georgescu et al. (2011)
identified a new genus Elongateporeia, which includes E. cul-
verensis (Barr) and E. elongatoporosa nov. sp. E. elongato-
porosa Georgescu et al. is very similar to B. granulatus but
commonly occurs in the upper Campanian and Maastrich-
tian. The elongate to slit-like pores, which can be located
in the center of incipient pore mounds (Georgescu at al.,
2011), are not only observed in Elongateporeia, but can
occur sporadically in an almost all bolivinoidids taxa. The
origin of the species is uncertain.

Occurrence. In the studied area, B. granulatus occurs in
the upper lower Campanian to lower upper Campanian.

Bolivinoides laevigatus Marie, 1941
Figs. 9.8–9.11; 10.1

Bolivinoides laevigataMarie. Barr, 1966, p. 237, 238, pl. 34, fig. 7, pl. 38,
figs. 1–5;

Bolivinoides laevigatus Marie. Koch, 1977, p. 52, pl. 13, fig. 7; Kaptar-
enko-Chernousova et al., 1979, p. 146, pl. 55, fig. 19; Hart et al.,
1989, p. 324, pl. 7.5, figs. 1, 2; Schönfeld, 1990, p. 81–82, pl. 3, figs.
5, 6; Gawor-Biedowa, 1992, p. 102, 103, pl. 17, fig. 2.

Bolivinoides laevigatus var. laevigata Marie. Vasilenko, 1961, p. 197,
pl. 40, figs. 2–3.

Bolivinoides praelaevigata Barr, 1966, p. 237, pl. 38, figs. 7–9.
Elongateporeia culverensis (Barr). Georgescu et al., 2011, pl. 3, figs. 1–3.

Material. More than 50 specimens.
Description. Test rhomboidal, elongate, 7–9 pairs of bise-

rially arranged chambers, cross-section compressed, periph-
ery sub-acute, sutures slightly depressed; test surface
possessing weakly developed circular to elongate nodules
(2–3 per chamber).

Remarks. The species differs from all other bolivinoidids
by having only a very weakly ornamented test surface. It is
an ancestral form of B. peterssoni, from which it differs in

FIGURE 8. Evolution of the Bolivinoides laevigatus lineage.
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possessing less distinctive ornamental lobes visible only in
the younger part of the test.

Occurrence. In the studied area, B. laevigatus appears in
the upper part of the lower Campanian (gracilis/mucronata
belemnite Zone) and occurs up to the “Inoceramus” tenuili-
neatus Zone (middle upper Campanian).

Bolivinoides peterssoni Brotzen, 1945
Figs. 10.2–10.5

Bolivinoides peterssoni Brotzen, 1945, p. 49, pl. 1, fig. 10; Hiltermann &
Koch, 1955, p. 366, pl. 27, figs. 7–8; Pożaryska, 1954, p. 256, fig. 8;

Barr, 1966, p. 238, 239, pl. 38, fig. 6; Barr, 1970, p. 650, pl. 99, fig. 6;
Hart et al., 1989, p. 324, pl. 7.5, fig. 5; Schönfeld, 1990, p. 82, 83,
pl. 3, figs. 3–4; Peryt, 2000, pl. 1, fig. 3; El-Nady, 2006, p. 679, 680,
pl. 1, figs. 20–21; Kaptarenko-Chernousova et al., 1979, p. 146,
pl. 55, fig. 16.

Bolivinoides laevigatus Marie. Koch, 1977, pl. 13, fig. 7.

Material. More than 50 specimens.
Description. Test biserial, elongate, 7–9 pairs of biserially

arranged chambers, cross-section compressed, periphery
sub-acute, sutures slightly depressed. On the central part of
test, there are characteristic, well-developed, elongate lobes

FIGURE 9. Foraminifera of “tiny Bolivinoides”; scale bars 5 100 mm. 1–7 Bolivinoides granulatus Hofker: 1, Wierzchowisko, sample 5, ZPAL F.67/
12/3/5; 2, Wierzchowisko, sample 16, ZPAL F.67/12/3/4; 3, Wierzchowisko, sample 16, ZPAL F.67/12/3/3; 4, Wierzchowisko, sample 16, ZPAL F.67/
12/3/6; 5, Wierzchowisko, sample 16, ZPAL F.67/12/3/2; 6, Wierzchowisko, sample 16, ZPAL F.67/12/3/1; 7, Mielnik, sample 1, ZPAL F.67/12/6/4.
8–11 Bolivinoides laevigatus Marie: 8, Jeżówka, sample 2, ZPAL F.67/12/5/4; 9, Mielnik, sample 23, ZPAL F.67/7/1/6; 10, Mielnik, sample 23, ZPAL
F.67/7/1/5; 11, Mielnik, sample 26, ZPAL F.67/11/5/12.
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extending perpendicularly to the sutures. Apart from the
lobes, the rest of the test surface is smooth.

Remarks. Bolivinoides peterssoni is likely a transitional
form between B. laevigatus and B. vistulae. It differs from
B. vistulae in having a less broad test and less distinctive
ornamental lobes, and from its ancestor B. laevigatus in pos-
sessing much more distinctive ornamentation, which is
restricted mostly to the central part of the test.

Occurrence. In the studied area, B. peterssoni appears in
the middle upper Campanian (“Inoceramus” altus Zone)
and occurs up to the upper part of the lower Maastrichtian.

Bolivinoides vistulae Pożaryska, 1954
Figs. 10.6–10.10

Bolivinoides vistulae Pożaryska, 1954, p. 253, fig. 2.
Bolivinoides praecursor Reiss. Kaptarenko-Chernousova et al., 1979,

p. 146, pl. 55, fig. 10.
Bolivinoides peterssoni Brotzen. Vasilenko, 1961, p. 198, pl. 40, fig. 8;

Gawor-Biedowa, 1992, p. 105, 106, pl. 19, fig. 9.

Material. More than 20 specimens.
Remarks. Test flaring, kite-shaped in outline, laterally

strongly compressed, flat elliptical in cross section, periphery
acute. Elongate, bluntly rounded, emerged and protruding

FIGURE 10. Foraminifera of “tiny Bolivinoides”; scale bars 5 100 mm. 1 Bolivinoides laevigatusMarie: Mielnik, sample 26, ZPAL F.67/11/5/11. 2–5
Bolivinoides peterssoni Brotzen: 2, Mielnik sample +19, ZPAL F.67/11/2/5. 3, Mielnik, sample +20, ZPAL F.67/11/1/10; 4, Mielnik sample +19, ZPAL
F.67/11/2/3. 5, Mielnik, sample +2, ZPAL F.67/11/2/4. 6–10 Bolivinoides vistulae Pożaryska: 6, Lechówka, sample −0,8, ZPAL F.67/L08/10; 7,
Lechówka, sample −0,8, ZPAL F.67/L08/13; 8, Lechówka, sample −0,8, ZPAL F.67/L08/15; 9, Lechówka, sample −2,8, ZPAL F.67/L28/19; 10,
Lechówka, sample −2,8, ZPAL F.67/L28/10. 11 Bolivinoides paleocenicus (Brotzen), Mielnik, sample +2, ZPAL F.67/11/2/2.
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ornamental lobes are very distinctive features chiefly
restricted to the central part of the test. Apart from the lobes,
the rest of the test surface is smooth.

Remarks. Bolivinoides vistulae is a descendant of B. peters-
soni from which it differs in possessing a much wider test
shape (kite-shaped), and much more distinctive and protrud-
ing ornamental lobs.

Occurrence. In the studied area, B. vistulae occurs in the
Belemnella kazimiroviensis Zone, the upper upper Maas‐
trichtian.

Bolivinoides paleocenicus (Brotzen, 1948)
Fig. 10.11

Bolivina paleocenica Brotzen, 1948, p. 66, pl. 9, fig. 5;
Bolivina paleocenica Brotzen. Hiltermann & Koch, 1955, p. 370, pl. 27,

figs. 3–6; Witwicka, 1958, p. 201, pl. 10, fig. 14.
Bolivinoides paleocenica (Brotzen). Bieda, 1958, p. 42–44, fig. 13.
Bolivinoides paleocenicus (Brotzen). Barr, 1970, p. 650, pl. 99, fig. 7;

Koch, 1977, p. 60, pl. 13, figs. 1–3; Hart et al., 1989,
p. 324, pl. 7.5, fig. 4; Schönfeld, 1990, p. 83, 84, pl. 3, figs. 7–8;
Gawor-Biedowa, 1992, p. 104, 105, pl. 20, fig. 3.

Material. 3 specimens.
Description. Test small, delicate, kite-shaped, compressed,

periphery sub-acute and with deeply incised peripheral out-
line; 6–7 pairs of biserially arranged uninflated chambers,
sutures distinct and depressed, obscured in the center of the
test by raised, narrow, irregular and intersecting ridges.

Remarks. This taxon represents a quite different morpho-
type and possibly represents a distinct lineage from all other
Bolivinoides.

Occurrence. In the studied area, B. paleocenicus is very
rare and was found in the lower Maastrichtian.

VERTICAL DISTRIBUTION AND STRATIGRAPHIC
VALUE OF BOLIVINOIDES

THE BOLIVINOIDES STRIGILLATUS LINEAGE

Species of the genus Bolivinoides described herein occur dur-
ing an interval from the latest Santonian to the latest Maastrich-
tian. The representatives of the B. strigillatus lineage appear in
the late Santonian whereas “tiny bolivinoidids” appear in the
early Campanian. Their contribution to the benthic foraminif-
eral assemblages seems to reflect sea-level changes (El-Nady,
2006) and their numbers are much higher in assemblages from
deeper shelf environments. Accordingly, in the studied succes-
sion, representatives of Bolivinoides are very common through-
out almost the entire Campanian, though much less frequent
in the uppermost Campanian–lowermost Maastrichtian and
most of the upper Maastrichtian strata. The intervals with low
contributions of Bolivinoides to the benthic foraminiferal assem-
blages correlate with the intervals characterized by disappear-
ances of deep-dwelling planktonic foraminifera (Dubicka &
Peryt, 2012a), indicating sea-level drops (e.g., Caron & Home-
wood, 1983).

The first appearance of Bolivinoides in the studied succession
(Fig. 11), represented by B. strigillatus, is recorded in the
Dubivtsi 2 succession in the upper Santonian, within the Cordi-
ceramus muelleri inoceramid Zone. Bolivinoides strigillatus is
the oldest Bolivinoides, and the only member of this genus

found in the upper Santonian strata. Its distribution is world-
wide, including northwestern (Barr, 1966; Koch, 1977) and
eastern Europe (Akimets, 1961), Kazakhstan (Vasilenko,
1961), North Africa (Barr, 1970; Khalil, 1998), North (Petters,
1977) and South America (Beckmann & Koch, 1964; Martinez-
Pardo, 1965), and Australia (Edgell, 1954; Belford, 1960). Simi-
lar to our records, its first appearances in many other regions
are usually described from the upper Santonian [e.g., Egypt
(El-Nady, 2006), northwestern Australia (Edgell, 1954), Atlan-
tic Coastal Plain of North America (Petters, 1977), and north-
ern Europe (Hiltermann, 1963)]. Additionally, the first
appearance datum of Bolivinoides strigillatus was recorded
almost at the base of the Marsupites testudinarius echinoid
Zone in northwestern Germany (Koch, 1977; Schönfeld,
1990), England (Barr, 1966; Hart et al., 1989; Hampton et al.,
2007) and Libya (Barr, 1970). Accordingly, the event was
discussed as a proxy for the Santonian/Campanian boundary
(Birkelund et al., 1984). The first appearance of B. strigillatus
has high stratigraphic and correlative importance, indicating
a late late Santonian age in many distant regions of the world.

The highest occurrence of B. strigillatus is more problematic
and has been differently recorded in the literature. Bolivinoides
strigillatus gradually evolved into a younger form named B.
culverensis. Since B. culverensis is a transitional form between
B. strigillatus and B. decoratus (Barr, 1966), some authors do
not distinguish this transitional taxon. The results are signifi-
cant differences in the interpretation of the stratigraphical
ranges of both taxa, especially between German (e.g., Hilter-
mann & Koch, 1950; Hiltermann, 1952; Koch, 1977; Schön-
feld, 1990) and British authors (Barr, 1960; Hart et al., 1989;
Hampton et al., 2007). Koch (1977) and Schönfeld (1990) do
not distinguish B. culverensis and consequently the last
occurrence of Bolivinoides strigillatus is the middle lower Cam-
panian, basal senonensis echinoid Zone. In contrast, the occur-
rence of B. strigillatus in England is described only from the
crinoid Marsupites testudinarius Zone (upper upper Santonian)
and Offaster pilula echinoid Zone (basal Campanian; Barr,
1966; Hart et al., 1989; Hampton et al., 2007). According to
Hampton et al. (2007), the first appearance of B. culverensis
and the last appearance of B. strigillatus, reflecting an evolu-
tionary transition between these two taxa, are extremely
important as these events can be found at the Seaford Head
succession within the Uintacrinus anglicus crinoid Zone and
therefore relatively close to what is currently accepted as the
Santonian/Campanian boundary in southern England (Barr,
1966, 1967).

Bolivinoides culverensis is also found in the Atlantic Coastal
Plain of North America (Petters, 1977), Israel (Reiss, 1954),
and Egypt (El-Nady, 2006), and occurs there in a similar strati-
graphic position as recorded in England and in the studied area.
Consequently, the first appearance of B. culverensis seems to be
a useful indicator for the basal Campanian in Europe, as well as
in many other regions of the world. Bolivinoides culverensis, or
some transitional forms between B. culverensis and B. decoratus,
characterized by four lobes but a relatively narrow test and
smaller size than true B. decoratus, occurs in the studied succes-
sion up to the upper part of the lower Campanian (lower part of
Mielnik succession), similar to what has been recorded in south-
ern England (Hart et al., 1989).

The first common occurrence of true B. decoratus is recorded
in the Mielnik succession, within the gracilis/mucronata
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FIGURE 11. Chronostratigraphy (1, 2), cephalopod (3) (after Błaszkiewicz, 1980), inoceramid (4) (after Walaszczyk, 2004; and Jurkowska et al.,
2015) and ammonite (5) (Machalski, 2005) stratigraphy, lithological columns of the studied sections in central (outcrops located on the western (A) and
eastern (B) banks of the middle Vistula river, and in the Wolbrom – Miechów area (C)), eastern Poland (D) and western Ukraine (E) and the ranges of
Bolivinoides.
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belemnite Zone. In the Cretaceous of southern England, the
common occurrence of B. decoratus is also placed slightly below
the boreal lower/upper Campanian, that is, in the uppermost
part of the belemnite Gonioteuthis quadrata Zone (Hart et al.,
1989). A slightly lower stratigraphic position of the event is
recorded in the Cretaceous of Germany where the first appear-
ance of the species is placed within the upper part of the lower
Campanian, close to the base of the echinoid senonensis Zone
(Hiltermann & Koch, 1950; Hiltermann, 1952; Koch, 1977;
Schönfeld, 1990). This difference is very likely caused by the
non-recognition of B. culverensis within the B. strigillatus–B.
decoratus lineage in the interpretation of German authors.

In general, the rough stratigraphic position of the first
appearance of B. decoratus in many regions outside Europe is
determined as middle Campanian: Israel (Reiss, 1954), Egypt
(Khalil, 1998; El-Nady, 2006), the Atlantic Coastal Plain of
North America (Petters, 1977), South America (Beckmann &
Koch, 1964) and Libya (Barr, 1970). The continuous and abun-
dant occurrence of B. decoratus in the studied area is recorded
until the Cataceramus subcompressus inoceramid Zone.

A slightly different stratigraphic position of the last occur-
rence of B. decoratus was noted in some areas of Europe. In
northwestern Germany, the common occurrence of B. decoratus
was recorded up to the lower boundary of the Belemnella lan-
ceolata Zone and some sporadic appearances were recorded
within the Belemnella lanceolata Zone (uppermost Campanian
and lower Maastrichtian; Hiltermann, 1950; Koch, 1977). On
the British Isles, the last appearance of the species was recorded
in the lower part of the Belemnella lanceolata Zone (Barr, 1966).
The slightly lower position of the disappearance of B. decoratus
recorded in Poland compared to western Europe could be a
result of infrequent occurrences in the uppermost Campanian
of Poland, which corresponded to a significant regression
observed in the area (Dubicka & Peryt, 2012a; Świerczewska-
Gładysz, 2012). In other places around the world, the last
appearances of B. decoratus were roughly similar to those
recorded in western Europe (uppermost Campanian), for exam-
ple, Trinidad (Beckmann & Koch, 1964), Libya (Barr, 1970)
and the Atlantic Coastal Plain of North America (Pet-
ters, 1977).

The first occurrence of Bolivinoides miliaris that we observed
was in the Dorotka outcrop within the upper part of the Cata-
ceramus subcompressus Zone. The event was described from
the ammonite Bostrychoceras polyplocum Zone of northwestern
Europe (Hiltermann, 1952; Barr, 1966; Koch, 1977; Hart et al.,
1989; Schönfeld, 1990) and in the upper upper Campanian in
North Africa (Reiss, 1954; Barr, 1966), the Atlantic Coastal
Plain of North America (Petters, 1977), Trinidad (Beckmann
& Koch, 1964), and Australia (Edgell, 1954). Accordingly, this
foraminiferal event can serve as potentially alternative marker
for the end of the Bostrychoceras polyplocum ammonite Zone.

The stratigraphic position of the last occurrence of Bolivi-
noides miliaris is described in the literature much less precisely,
probably caused by the occurrence of transitional forms
between B. miliaris and B. draco in the uppermost Campanian
and lower Maastrichtian. These transitional forms have been
considered either as B. miliaris or B. draco. Only forms that
have an irregularly ornamented initial part of the test are

assigned to B. miliaris in this paper. All descendant forms pos-
sessing two parallel medial rows of tubercles are assigned to
Bolivinoides intermedius nov. sp. The first appearance of this
species is recorded in the “Sphaeroceramus pertenuiformis” ino-
ceramid Zone. Consequently, the range of B. miliaris is
restricted to the upper Campanian, Cataceramus subcompressus,
“Inoceramus” tenuilineatus and Sphaeroceramus pertenuiformis
inoceramid zones.

The next event is the appearance of Bolivinoides sidestranden-
sis in the “Inoceramus” tenuilineatus Zone. Its occurrence con-
tinues until the upper part of the lower Maastrichtian. A very
similar stratigraphic position of the species range was presented
by Koch (1977) from the Cretaceous of northwestern Germany,
where the taxon appears in the Belemnitella langei Zone (upper
upper Campanian) and occurs up to the Belemnella occidentalis
Zone (upper part of the lower Maastrichtian). Thus, B. side-
strandensis seems to be a stratigraphically important species
for correlations of central European strata with those from wes-
tern Europe. Bolivinoides sidestrandensis probably evolved from
B. decoratus within the Bostrychoceras polyplocum ammonite
Zone. Transitional forms between these two taxa occur in the
uppermost Bostrychoceras polyplocum Zone.

Bolivinoides giganteus appears in the upper part of the lower
Maastrichtian. The species occurs up to the upper part of the
Belemnitella junior Zone. The stratigraphic range of Bolivinoides
giganteus was roughly described from the Atlantic Coastal Plain
as Maastrichtian (Peters, 1977). Similar to our data, the first
appearance of B. giganteus was located close or slightly below
the first occurrence of B. draco in many other regions, such as
Australia (Edgell, 1954), Germany (Hiltermann & Koch,
1950), Atlantic Coastal plain of North America (Peters, 1977),
and Libya (Barr, 1970). Koch (1977) recorded a stratigraphic
range of B. giganteus in western Germany very similar to what
we found in Poland. Its first appearance is located within the
Belemnella occidentalis Zone and its last appearance in the
upper part of Belemnitella junior Zone. Consequently, B. gigan-
teus can be a useful stratigraphical marker for the upper lower
and lower upper Maastrichtian.

The first record of B. draco, which is the youngest species of
the Bolivinoides strigillatus lineage, is in the lower part of Belem-
nitella junior Zone and within the ammonite Hoploscaphites
constrictus lvivensis Zone (Machalski, 2005). The species likely
evolved from Bolivinoides intermedius nov. sp. Transitional
forms between these two taxa occur slightly lower, in the Boiska
succession, which is placed close to the lower/upper Maastrich-
tian boundary (Błaszkiewicz, 1980; Dubicka & Peryt, 2012b).
Bolivinoides draco occurs to the end of the Maastrichtian
interval.

“TINY BOLIVINOIDES”

Bolivinoides granulatus is the oldest Bolivinoides species of
“tiny Bolivinoides”. It appears in the Wierzchowisko succession,
which according to Jagt et al. (2004) represents the middle part
of the lower Campanian pilula, pilula/senonensis and possibly
senonensis echinoid zones (Schulz et al., 1984; Niebuhr et al.,
1997). According to Dubicka (2015), the Wierzchowisko succes-
sion correlates to the echinoid senonensis Zone. The range of B.
granulatus in Poland and western Ukraine corresponds to the
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range in northern Germany (Koch, 1977; Schonfeld, 1990),
where it appears within the echinoid senonensis Zone. The last
occurrence of B. granulatus in the studied area is similar to
that of Lägerdorf (Schönfeld, 1990). It is recorded in the higher
part of the Mielnik succession close to lower/upper Campanian
boundary according to belemnites. In Germany, the event can
be found at the base of the upper Campanian, in the middle
part of the echinoid/belemnite conica/senior Zone. Accordingly,
this species seems to be very useful for stratigraphic and correla-
tion purposes across Europe.

The next important foraminiferal bioevent recorded in the
studied successions is the first appearance of B. laevigatus.
This event occurs slightly below the base of the upper Campa-
nian in the lower part of the Mielnik succession. However, the
species is consistently present in the lowermost upper Campa-
nian in the Belemnitella mucronata Zone (Olszewska Nejbert
& Świerczewska-Gładysz, 2011). Similarly, in the Cretaceous
of southern England, the first record of B. laevigatus was
described from the topmost lower Campanian (uppermost part
of the belemnite Gonioteuthis quadrata Zone), whereas the com-
mon occurrence of B. laevigatus was recorded from the base of
the Belemnitella mucronata Zone upward (Hart et al., 1989).
Koch (1977) and Schönfeld (1990) described the first appear-
ance of B. laevigatus from northwestern Germany, also from
the lower part of the upper Campanian (i.e. from the lower
part of the echinoid/belemnite conica/senior Zone). Therefore,
the first appearances of B. laevigatus and its common occur-
rence seem to be in a similar stratigraphic position in western
and central Europe.

Higher in the succession B. laevigatus gradually passes into B.
peterssoni. Some transitional forms between these two taxa
occur in the inoceramid Cataceramus subcompressum Zone.
The fully developed B. peterssoni appears in the Piotrawin
quarry, close to the base of the “Inoceramus” altus Zone. How-
ever, the positions of the last appearances of B. laevigatus and
the first appearance of B. peterssoni are difficult to date pre-
cisely. For example, Koch (1977) described the last appearance
of B. laevigatus and first appearance of B. peterssoni from the
middle part of the Belemnella lanceolata Zone from Germany.
According to Schönfeld (1990), the first appearance of B. peters-
soni in the Lägerdorf succession is located below the Belemnella
lanceolata Zone that is in the middle part of the echinoid grim-
mensis/granulosus Zone.

The last appearance of B. peterssoni in the studied area is
recorded in the upper part of the Kamyanopil succession, which
represents the lower part of the lower Maastrichtian. The same
stratigraphic position of the event was recorded in the Lägerdorf
succession by Schönfeld (1990).

In the lower part of the upper Maastrichtian, there are forms
that possess tests much wider than seen in lower Maastrichtian
B. peterssoni. These forms can be considered as transitional
between B. peterssoni and B. vistulae. The typical morphotype
of B. vistulae occurs in the upper part of the Hoploscaphites
constrictus crassus and the Hoploscaphites johnjagti ammo‐
nite zones (Kazimierz, Nasiłów Mełgiew and Lechówka
successions).

SUMMARY

The taxonomy, evolutionary changes and stratigraphic sig-
nificance of the genus Bolivinoides (benthic foraminifera) from

the Upper Cretaceous of central and eastern Poland and wes-
tern Ukraine are discussed.

N Two evolutionary lineages are recognized: the Bolivi-
noides strigillatus lineage and the B. laevigatus lineage.

N The Bolivinoides strigillatus lineage comprises B. strigilla-
tus, B. culverensis, B. decoratus, B. miliaris, B. intermedius
nov. sp., B. giganteus and B. draco. Its main evolutionary
changes are: increase in size and broadening of test from
cudgel-shaped to rhomboidal outline, and a tendency
towards an acute margin and increase in the number of
lobes.

N Bolivinoides decoratus probably gave rise to B. sidestran-
densis by decreasing the thickness of the ornamental lobes
and developing appendages on the initial part of the test.

N The Bolivinoides laevigatus lineage comprises B. laeviga-
tus, B. peterssoni and B. vistulae. Within this lineage the
main morphological changes are the broadening of test
and increase in emergence of test surface projections.

N One new species, Bolivinoides intermedius nov. sp., is
described. It is characterized by possessing two medial
rows of tubercles parallel to growth direction, which dis-
tinguish it from its ancestor B. miliaris and its descendant
B. draco.

N The species ranges of Bolivinoides are presented in com-
parison to the macrofossil zonations and extraregional
stratigraphical value of first and last appearances of all
species are discussed.
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