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Resumen

Una revisión taxonómica y una clasificación evolutiva de foraminíferos planctónicos del Coniaciense tardío-Campaniense temprano
ha puesto de manifiesto que el estado adulto con crecimiento de multicámaras se desarrolló independientemente en tres linajes di-
reccionales: Texasina – nuevo (Coniaciense tardío-Campaniense temprano), Sigalia Reiss, 1957 – enmendado (Santoniense), Prolife-
rania – nuevo (Santoniense) y un clado del linaje, es decir, Ventilabrella Cushman, 1928 – enmendado (Santoniense- Campaniense
temprano). Aparentemente, Texatina evolucionó a partir del grupo de especies que engloba “Heterohelix” globulosa (Ehrenberg, 1840).
Los otros tres linajes evolucionaron divergentemente a partir de Planulitella – nuevo, un descendiente de Planoheterohelix Georgescu
& Huber, 2009.

Palabras clave: Foraminíferos planctónicos, Cretácico Superior, clasificación evolutiva, nuevos linajes direccionales, nuevos clados de
linajes, nuevas especies.

Abstract

Taxonomic revision and evolutionary classification of the late Coniacian-early Campanian planktic foraminifera reveals that the adult
stage with multichamber growth developed independently in three directional lineages: Texasina – new (late Coniacian-early Cam-
panian), Sigalia Reiss, 1957 – emended (Santonian), Proliferania – new (Santonian) and a branched lineage, namely Ventilabrella Cush-
man, 1928 – emended (Santonian-early Campanian). Texasina apparently evolved from the “Heterohelix” globulosa (Ehrenberg, 1840)
group of species. The other three divergently evolved from the branched lineage Planulitella – new, a descendant from Planohetero-
helix Georgescu & Huber, 2009.

Key words: Planktic foraminifera, Late Cretaceous, evolutionary classification, new directional lineages, new branched lineages,
new species.

1. INTRODUCTION

Cretaceous planktic foraminifera with serial chamber
arrangement evolved in the late Albian from benthic an-
cestors (Georgescu, 2009a) and therefore, their basic ar-
chitectural plan consists of a proloculus followed by

chambers alternately added with respect to the test growth
axis resulting in a biserial arrangement. This fundamental
architectural plan has been modified as result of evolu-
tionary changes undergone by the group until its extinc-
tion at the Cretaceous/Tertiary boundary event. Probably
the most evident change is the increase in number of



chambers in the adult stage. The adult stage of such tests
is characterized by addition of new chambers in sets,
rather than one by one as in the earlier stage with biserial
arrangement. There are two stratigraphical intervals in
which representatives of the heterohelicid group devel-
oped adult stages with multichamber growth: late Conia-
cian-earliest Campanian and late
Campanian-Maastrichtian. The highest diversity and fre-
quency of the tests with a multichamber growth stage are
known from the late Santonian and Maastrichtian respec-
tively. Noteworthy, although rare, tests with incipient mul-
tichamber growth in the adult stage are also known from
other stratigraphical intervals, such as the late Turonian
and middle Campanian (Cushman, 1938; Aliyulla, 1977;
Georgescu, 2009b).

The late Coniacian-earliest Campanian tests with multi-
chamber growth in the adult stage were traditionally as-
signed to two genera: Ventilabrella Cushman, 1928 and
Sigalia Reiss, 1957. The separation between the two is de-
fined by the presence or absence of the raised sutures
(Reiss, 1957; Loeblich & Tappan, 1987; Nederbragt,
1991), which are developed only in the latter. Their clas-
sification is based on typological principles, without tak-
ing into consideration the convergent and iterative pattern
of the planktic foraminiferal evolutionary process (Stei-
neck & Fleisher, 1978). These taxa are particularly interest-
ing due to their relatively short stratigraphic ranges, which
make them potential markers for the biozones of this
stratigraphical interval (Masters, 1976, 1977; Weidich,
1984; Reiss et al., 1985; Honigstein et al., 1987; Neder-
bragt, 1991). Nederbragt (1990) provided the first and
only biostratigraphic framework for the Cretaceous based
on heterohelicids. This framework shows the highest res-
olution (four biozones based on species of Sigalia and Ven-
tilabrella) is in the Santonian-early Campanian interval.

The phylogenetic relationships between these taxa are rel-
atively poorly understood despite their frequency in the
fossil record, interesting test morphology and biostrati-
graphical significance. Aliyulla (1965, p. 220-221) recog-
nized that the development of raised sutures and adult
stages with multichamber growth successively occurred
in this group during the Coniacian-Santonian.

A new taxonomic framework is proposed for the late Co-
niacian-earliest Campanian heterohelicid planktic

foraminifera that developed an adult stage with multi-
chamber growth. High resolution, scanning electron mi-
croscope (SEM) based morphological observations made
in biostratigraphic context show that the chamber prolif-
eration in the adult stage developed independently in four
directional or branched lineages. The evolutionary
changes in the gross test architecture (e.g., transition from
biserial tests to tests with chamber proliferation in the
adult, etc.) are supported by changes in the test ultrastruc-
ture, ornamentation and porosity. Extensive use of the SEM
revealed for the first time the presence of an evolutionary
continuum in the case of these foraminifera. One of the
most interesting outcomes of this study is that it demon-
strates that species can be grouped either into directional
lineages or branched lineages, both taxonomic units with
significance in evolutionary classification.

Three directional lineages (Texasina – new, Sigalia Reiss,
1957 – emended and Proliferania – new) and two
branched lineages (Planulitella – new and Ventilabrella
Cushman, 1928 – emended) are recognized. Texasina
evolved from the “Heterohelix” globulosa (Ehrenberg,
1840) group of species. Planulitella probably evolved from
Planoheterohelix Georgescu & Huber (2009) and is the
ancestral group for Sigalia, Proliferania and Ventilabrella.

2. NEW TEST STRUCTURES AND
TERMINOLOGY

The terminology of the heterohelicid test is refined as re-
sult of increased observation resolution due to the exten-
sive use of the SEM and x-rays, in order to accommodate
the newly observed morphological structures. Some gross
heterohelicid test architecture terms are reviewed in order
to be consistent with the growth patterns.

2.1. Growth stages

The tests with an adult flaring stage were traditionally re-
ferred to as “multiserial” or “with multiserial growth”. A
different terminology based on growth characteristics of
the various stages is proposed in order to better describe
the growth processes and their outcomes. For example,
the earlier stage often described as “biserial” is in fact
formed through the alternate addition of chambers with
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respect to the test axis of growth. As a result, the biserial
chamber arrangement is only the result of the growth strat-
egy, the term “biserial” having a rather descriptive mean-
ing. The adult stage begins with the first biaperturate
chamber, which is known as a progressive chamber (van
Hinte, 1965, p. 61) and continues with sets of two or more
chambers, the number of chambers in each set increasing
during ontogeny (Fig. 1). Multiserial chamber arrangement
can be rarely achieved and the gerontic portions of the
test, which are characterized by significant chamber pro-
liferation, completely lack this feature (Fig. 1: C). Conse-
quently, the expression “multichamber growth” appears
to better describe the growth pattern of the adult flaring
stage and is preferred over the more imprecise “multiser-
ial”.

2.2. Sutural ridges

The raised calcitic structures developed over the sutures,
were often described as “raised sutures”. These structures
occur in three Upper Cretaceous heterohelicid taxa: Si-
galia Reiss, 1957 (Santonian), Proliferania – new direc-
tional lineage (Santonian) and Lipsonia Georgescu &
Abramovich, 2008a (upper Maastrichtian). High resolu-
tion SEM microphotographs study of the sutural ridges in
the two Santonian directional lineages, namely Sigalia and
Proliferania (Fig. 2), resulted in the recognition of two
stages: calyptoridges and phaneroridges.

Calyptoridges (Fig. 2: 1-2) represent the early stage of de-
velopment of the sutural ridges and are known only in the
oldest species of Sigalia and Proliferania, namely S. incip-
iens – new species and P. initialis – new species. This term
is derived by adding the Greek prefix calypto- (=hidden)
to the root-word ridge; the name emphasizes the difficulty
to observing this feature under the optical stereomicro-
scope.

Phaneroridges (Fig. 2: 3-4) are fully developed sutural
ridges, elevated calcitic structures over the sutures, often
retaining the original costate ornamentation, which are
easily visible under the optical stereomicroscope.
Phaneroridges result from the gradual thickening of the
calyptoridges. The term is derived from the root-word
ridge to which the Greek prefix phanero- (=visible, obvi-
ous) is added.  The Santonian species with phaneroridges
are: Sigalia deflaensis (Sigal, 1952), S. proliferans – new
species, Proliferania carpatica (Salaj & Samuel, 1963) and
P. decoratissima (de Klasz, 1953).

2.3. Periapertural flanges

The paramount taxonomic role of the periapertural struc-
tures in the heterohelicid taxonomy was emphasized by
Georgescu (2009a) and Georgescu & Huber (2009), who
demonstrated that the earliest (late Albian-early Turonian)
heterohelicids of the genus Protoheterohelix Georgescu &
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Figure 1. Adult flaring stage with multichamber growth illustrated with x-ray micrographs of three specimens: A-Praegublerina robusta (de Klasz, 1953),
B-Proliferania decoratissima and C-“Planoglobulina” sp. The chambers of the early stage with alternate addition of chamber with respect to the test growth
axis are marked with white circles; P – progressive chamber; chambers of the adult stage with multiserial stage are marked with grey circles. Chamber
sets of the adult stages are labeled with Roman numerals. Lines legend: continuous black lines with arrowhead – pattern of chamber addition in the
biserial stages, dashed black lines – biserial rows in the earlier stages, continuous white lines – chamber sets of the adult stages and white dashed lines
– inferred “multiserial” chamber pattern in the adult stages showing the subjective nature of this term.



Huber, 2009 have asymmetrical periapertural structures
and the first symmetrical such structures occurred in
Planoheterohelix moremani (Cushman, 1938), a species
that has first occurrence in the middle Cenomanian (lower
part of the Thalmanninella reicheli Biozone). The earliest
heterohelicids species, Protoheterohelix washitensis (Tap-
pan, 1940) exhibits asymmetrical periapertural structures
consisting of an imperforate lip on one side and a ridge on
the other (Georgescu, 2009a; Georgescu & Huber, 2009).
The next type of periapertural structure that developed in
the heterohelicid group during the middle Cenomanian
are the flanges, which are thin, commonly perforate
lamellae bordering the aperture. A four-fold classification
of the flanges based on their asymmetry/symmetry and
morphology is proposed herein (Fig. 3)

Archeoflanges (Fig. 3: 1) occur only in Protoheterohelix
obscura Georgescu & Huber, 2009 (late Albian-early Tur-
onian) and are asymmetrically developed and non-
rimmed. They can be observed best in the specimens
illustrated in both lateral and edge views. The name is de-
rived by adding the Greek prefix archeo- (=old) to the
root-word flange.

Orthoflanges (Fig. 3: 2) first occurred in middle Cenoman-
ian, in P. moremani. This type of flange differs from the
archeoflange by being symmetrically developed on the
two sides of the aperture. Orthoflanges are the first sym-
metrical periapertural structures in the heterohelicids
group. For this reason their name is formed adding the
Greek prefix ortho- (=good, well, true) to the root-word
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Figure 2. Examples of calyptoridges in Proliferania initialis (1-2) and phaneroridges in P. carpatica (3-4).



flange. Orthoflanges are typically developed in Laevi-
heterohelix pulchra (Brotzen, 1936).

Metaflanges (Fig. 3: 3) exhibit a strong resemblance to or-
thoflanges from which they evolved. The only difference
is that the metaflanges have an imperforate rim at the dis-
tal edge. The first occurrence of metaflanges in the hetero-
helicid record is from the early Turonian. Most of the
heterohelicids of the Turonian-Maastrichtian have
metaflanges. The name is derived from the Greek prefix
meta- (=after, beyond), which added to the root-word
flange. Metaflanges are typically developed in
Planoheterohelix planata (Cushman, 1938).

Leptoflanges (Fig. 3: 4) are thin, symmetrical periapertural
structures, which are rimmed on both anterior and poste-
rior sides. They are known only from Braunella brauni

Georgescu, 2007 of the late Campanian-Maastrichtian.
The name is derived by adding the Greek prefix lepto-
(=thin) to the root-word flange.

2.4. Costae

Earliest heterohelicids have a smooth chamber surface
and apparently ornamentation is a gradually acquired fea-
ture and the first ornamented species are known from in
the late Cenomanian (Georgescu, 2009a; Georgescu &
Huber, 2009). The earliest ornamentation is the costate
one, which remained the only type during the late Ceno-
manian-late Campanian. Incipiently reticulate ornamenta-
tion occurred in the Braunella Georgescu, 2007 and
Praegublerina Georgescu, Saupe & Huber, 2009 lineages
of the late Campanian-Maastrichtian interval. A practical
terminology is proposed herein to subdivide the costae
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Figure 3. Flange types in Cretaceous heterohelicids illustrated with four specimens of Protoheterohelix obscura (1), Laeviheterohelix pulchra (2),
Planoheterohelix planata (3) and Braunella brauni (4). The two lateral views of specimens of the Laeviheterohelix directional lineage were figured by
Georgescu (2009b, figs. 7.2 and 8.4), demonstrating the symmetrically developed metaflanges.



into two categories, leptocostae and pycnocostae (Fig. 4),
which cannot preclude the usage of the more general term
of costae. Tests with ornamentation parameters between
the two kinds occur frequently; a classification consisting
of sharply defined categories and based only on the costae
characteristics appears impossible due to the iterative and
convergent pattern in heterohelicid ornamentation evolu-
tion.

Leptocostae (Fig. 4: 1-2) represent the dominant kind of
costae in the heterohelicid group. It is the only one during
the late Cenomanian-early Santonian and for this reason
it can be referred to as primitive. The leptocostae are thin,
discontinuous and with straight or irregular sides; pores

generally occur between the leptocostae, rarely interrupt-
ing them. The name is derived by adding the Greek prefix
lepto- (=thin) to the root-word costae. Leptocostae are typ-
ically developed in P. planata, “H.” globulosa and T.
papula.

Pycnocostae (Fig. 4: 3-4) are stronger developed than the
leptocostae, often longer and with straight, parallel sides
resulting in a robust appearance. Pores do not penetrate
through the pycnocostae. The term is derived by adding
the Greek prefix pycno- (=thick) to the root-word costae.
Pseudoguembelina excolata (Cushman, 1926), “Hetero-
helix” striata (Ehrenberg, 1840) are two examples of
species completely ornamented with pycnocostae; other
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Figure 4. Costae types in the heterohelicid group of lineages. Leptocostae illustrated in Planoheterohelix planata (1) and Texasina papula (2); pycno-
costae illustrated in Pseudoguembelina excolata (3), “Heterohelix” striata (4) and Ventilabrella glabrata (5).



species, such as V. glabrata develop pycnocostae only in
the early portion of the test through addition of successive
layers of calcite.

2.5. Pore shape

The pioneer work by Banner & Desai (1988) firmly estab-
lished the use of test porosity in Cretaceous planktic
foraminiferal taxonomy. Subsequent studies showed that
pore size fluctuates along a lineage and their gradual
change can be used to characterize the lineage evolution
(Georgescu, 2009a, 2009b, 2009c, 2010). However, the
use of SEM observations further complicated the problem
and resulted in identifying different pore shapes among
the representatives of the heterohelicid group (Fig. 5). A
three fold classification of the pore shape is proposed
herein.

Simple pores (Fig. 5: 1) are circular to subcircular, rarely
elliptical openings that penetrate through the test wall. It

is the most frequent pore shape among the heterohelicids.

Scalaropores (Fig. 5: 2) are crater-like with stepped walls
and are reported in both heterohelicid and hedbergellid
groups (Georgescu, 2008; Georgescu & Abramovich,
2008b, 2009). A new term, scalaropores, is proposed to
accommodate this kind of pore. The name is derived by
adding the Latin prefix scalaro- (=stepped) to the root-
word pores. Scalaropores are known only in the Campan-
ian and Maastrichtian heterohelicids.

Vuggy pores (Fig. 5:3-4) are known only from two Creta-
ceous heterohelicids, namely Sigalia decoratissima and
Lipsonia lipsonae of the Santonian and late Maastrichtian
respectively. They are irregular in shape and form in the
earlier and median portions of the test through the addi-
tion of successive layers of calcite and the formation of
wide irregular depressions; each of these vuggy pores in-
clude a variable number of regular pores.
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Figure 5. Pore types in the heterohelicid group of lineages illustrated in Planoheterohelix planata (1), Ventilabrella. glabrata (2), Lipsonia lipsonae (3)
and Proliferania decoratissima (4).



3. MATERIAL AND METHODS

The analyzed material is extensive and includes not only
the late Coniacian-early Campanian taxa that developed
multichamber growth in the adult stage and their ances-
tors with biserial chamber arrangement throughout, but
also comparison material from throughout the heteroheli-
cids stratigraphic range (upper Albian-Maastrichtian). It in-
cludes both collection and newly acquired material from
a number of wells drilled in the Atlantic Ocean,
Caribbean region and Gulf of Mexico.

A preliminary study of the material was made in the
Ocean Micropaleontology Collection (OMC) at the Na-
tional Museum of Natural History, Washington, D.C.
(NMNH). Attention was focused initially on three wells
drilled under the auspices of the Deep Sea Drilling Pro-
ject, namely Site 95 (Yucatan outer shelf, off Mexico), Site
356 (São Paolo Plateau, off Brazil) and Site 357 (Rio
Grande Rise, off Brazil). This examination revealed that
the richest and best preserved fossil material could be col-
lected from Site 95, which was therefore selected for use
in this study. In contrast, the planktic foraminifera at Sites
356 and 357 are often affected by diagenesis, making ob-
servations on the test ultrastructure, ornamentation and
porosity extremely difficult; this material will be studied in
more detail in a forthcoming article, which will focus on
the newly proposed taxonomic framework applications in
biostratigraphy.

Sample labeling follows the system used at various sites.
The DSDP and ODP (Ocean Drilling Program) samples
are labeled as follows: leg-site-core-section, sample depth
given in centimetres. The only exception is represented by
the ODP Leg 174AX, Bass River Site, where the sample
depth is given in meters below surface (mbsf). The sam-
ples from the Gulf of Mexico Eureka well 67-128 are la-
beled as depth from the sea level (mbsl). Maintaining the
original sample labeling system has the advantage of mak-
ing the new data of this study easily comparable to those
of the previously published ones.

The fossil material was first investigated under the classi-
cal optical stereomicroscope followed by approximately
1,100 SEM micrographs taken mostly on well preserved
specimens. Additional investigation was carried out on 15
x-ray micrographs of well-preserved specimens, which

were taken on SO-253 High Speed Holographic Film, de-
veloped with D-19 developer and fixed in F-5 fixing bath;
12 of them were used to reconstruct the ontogenetic tra-
jectories and study in detail the chamber addition patterns
in the adult stage with multichamber growth. The meas-
urements used to reconstruct the ontogenetic trajectories
were made using the ImageJ program.

3.1. DSDP Site 95

DSDP Site 95 was drilled offshore Mexico in the Yucatan
outer shelf (Fig. 6A). McNeely (1973, p. 683-684) recog-
nized the occurrence of Santonian and lower Campanian
sediments in the interval between cores 18 and 13. The
age dating was reviewed by Nederbragt (1991, p. 334)
who considered that the interval between cores 17 and
13 is Santonian. This interval is thoroughly analyzed in
this study and assigned to the late Turonian-early Cam-
panian (Fig. 6B).

Twenty five samples were investigated, four of them being
deposited in the Ocean Micropaleontology Collection
(NMNH) and 21 from resampling of the stratigraphic suc-
cession. Four planktic foraminiferal biozones are recog-
nized: upper part of the Marginotruncana sigali Biozone
(late Turonian), Dicarinella concavata Biozone (latest Tur-
onian-early Santonian), D. asymetrica Biozone (middle-
late Santonian) and lowermost part of Globotruncanita
elevata Biozone (earliest Campanian). A detailed biostrati-
graphic study will be the topic of a forthcoming article.
An earlier version of this framework was published by
Georgescu & Huber (2009). Planktic foraminiferal assem-
blages were collected from soft limestones accumulated
under distal shelf environments and contain an extremely
rich and diverse foraminiferal assemblage in most of the
samples. All the species of Planulitella, Sigalia, Proliferania
and Ventilabrella occur at Site 95 (Fig. 6B) and the good to
very good preservation allowed excellent observations on
the test morphology, although test fragmentation and dis-
solution is evident in some samples.

3.2. ODP Leg174AX at Bass River Site

The ODP Leg 174AX was drilled at the Bass River Sire in
the New Jersey coastal plain (Fig. 7A). The Santonian-
Campanian succession consists of sediments accumulated
under inner to outer shelf environments (Georgescu,
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Figure 6. Geographic position of DSDP Site 95 (Yucatan outer shelf, offshore Mexico) (A) and stratigraphic distribution and relative abundance of se-
lected planktic foraminiferal species in the upper Turonian-lowermost Campanian sediments at this site (B). Foraminiferal species relative abundances:
R – rare (< 5 specimens/sample), C – common (6-10 specimens/sample), F – frequent (11-25 specimens/sample) and A – abundant (over 26
specimens/sample). Samples deposited in the OMC, NMNH are given with grey background.
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Figure 7. Geographic position (A) and stratigraphic distribution and relative abundances of selected planktic foraminiferal species in the upper San-
tonian-lowermost Campanian sediments of the ODP Leg 174AX at Bass River Site (New Jersey coastal plain, USA) (B).



2006). Planktic foraminifera are abundant and well-pre-
served in the transgressive systems tracts Merchantville
Formation (late Santonian) and Marshalltown Formation
(late Campanian). A five-fold biostratigraphic framework
for the late Santonian-Campanian based on planktic
foraminifera was given by Georgescu (2006). Four hetero-
helicid species of interest for this study occur in this sec-
tion in the sediments below the Santonian/Campanian
boundary: Texasina papula (Belford,1960), Ventilabrella
eggeri Cushman, 1928, V. alpina (de Klasz, 1953) and V.
glabrata Cushman, 1928 (Fig. 7B).

3.3. DSDP Sites 356 and 357

The DSDP Sites 356 and 357 (western South Atlantic
Ocean) were drilled in the São Paolo Plateau and Rio
Grande Rise respectively (Fig. 8A). The sediments are
dominantly carbonates and accumulated under outer
shelf-upper bathyal environments. Preservation is poor to
rarely good at these sites, with specimens frequently being
affected by diagenesis (Fig. 8B) and for this reason this ma-
terial was not considered suitable for a highly detailed tax-
onomic study. Planktic foraminiferal assemblages that
were collected from a total of eight spot samples from the
OMC (NMNH) are rich and diverse. Seven species with
relevance for this study are identified: Texasina austinana
(Cushman, 1938), Planulitella sphenoides (Masters, 1976),
P. stenopos (Masters, 1976), P. malocaucasica (Aliyulla in
Geodakchan & Aliyulla, 1959), Sigalia incipiens – new
species, V. eggeri and V. glabrata (Fig. 8C). Nederbragt
(1991) provided a planktic foraminiferal zonation for both
sites and this framework is followed herein.

3.4. DSDP Site 511

DSDP Site 511 was drilled in the Falkland Plateau (South
Atlantic Ocean) (Fig. 9A) and it intersected thick Creta-
ceous (Aptian-Campanian) shallow water sediments
(Krasheninnikov & Basov, 1983; Huber et al., 1995) ac-
cumulated under middle and outer shelf environments.
Foraminiferal assemblages are generally well-preserved,
which makes them ideal for the study of the test ultrastruc-
ture, ornamentation and porosity. Heterohelicid taxonomy
and stratigraphical distribution was reviewed by
Georgescu (2008, p. 159). Texasina papula is recorded
from upper Santonian-lowermost Campanian sediments

(Fig. 9B) of the M. marginata Biozone in the zonation by
Huber (1992) and Huber et al. (1995).

3.5. Eureka 67-128 well

Eureka 67-128 well was drilled in the Gulf of Mexico (Fig.
10A), namely in the De Soto Canyon, at approximately
480 km from Tampa (Florida). Cretaceous stratigraphy was
presented in detail by Dowsett (1984, p. 129-130) and is
followed herein. Spot samples from the Santonian sedi-
ments were studied in the Van Morkhoven Collection
(NMNH). Planktic foraminiferal assemblages preservation
is good and very good. Fossil material was collected from
six spot samples of late Santonian sediments (D. asymet-
rica Biozone). Nine species with relevance for this study
were identified and studied with the aid of the SEM: Plan-
ulitella sphenoides, P. stenopos, P. malocaucasica, Sigalia
incipiens, S. deflaensis, S. proliferans – new species, Pro-
liferania initialis, P. carpatica and P. decoratissima (Fig.
10B).

3.6. Additional collection material

Additional collection material improved the database for
this study. Topotype material of Texasina papula, from the
lower Santonian sediments of northwest Australia, was put
at my disposal by Dr Brian T. Huber (NMNH). The type
material (holotype and paratypes) of T. austinana, P. sphe-
noides, P. stenopos and a paratype of Proliferania deco-
ratissima, which are deposited in the Cushman Collection
(NMNH), were analyzed and photographed under the
ESEM. Very well preserved hypotypes of T. austinana from
the Santonian Nanaimo Group from Denman Island,
British Columbia, Canada, deposited in the McGugan
Foraminifera Collection (University of Calgary, Calgary,
Alberta, Canada) allowed detailed observations on the test
ultrastructure of this species.

4. LINEAGE ARCHITECTURE

Evolutionary classification involves species grouping into
lineages, based on the inferred direct ancestor-descendent
relationships. Species grouping is based on both morpho-
logical resemblances and differences, the former being the
result of ancestry relationships between them and the lat-
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Figure 8. Geographic position (A), preservation examples (B) and stratigraphic distribution and relative abundances of selected planktic foraminiferal
species in the spot samples from the upper Santonian sediments of the DSDP Sites 356 and 357 (São Paolo Plateau and Rio Grande Rise) considered
in this study (C).



ter by the changes resulted in the course of the evolution-
ary process. The lineage was defined as taxonomic in evo-
lutionary classification by Georgescu (2009d) as follows:
“…a taxonomic unit with significance in evolutionary
classification, situated immediately above the species

level, representing a grouping of species based on the
monophyletic phylogenetical relationships between them,
having a distinct evolutionary history in space and time
that can be reconstructed from the fossil and stratigraphic
record and separated by morphological gaps from other
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Figure 9. Geographic position (A) and stratigraphic distribution and relative abundances of selected planktic foraminiferal species in the upper San-
tonian-Campanian sediments of the DSDP Site 510 (Falkland Plateau) (B).



similar units.” Species grouping into lineages is a method
that characterizes the evolutionary classification. It con-
trasts to the typological approach in classification, where
species are grouped into genera based on their resem-
blances.

One of the major outcomes of this study is that it shows
the situation is more complex and lineages can present
different architecture. Two kinds of lineages are recog-
nized according to the general relationship patterns be-
tween species: directional and branched (Fig. 11).
Directional lineages (DL) and branched lineages (BL) are
taxonomic units above the species level with significance

in evolutionary classification, which details the more gen-
eral category of lineage (Georgescu, 2009c). A directional
lineage is characterized by the continuous evolution of
two or more features in one direction and in a mono-
phyletic-linear succession of species. In contrast, at least
one feature shows divergent evolution in a branched lin-
eage, resulting in a monophyletic-branched succession of
species. The directional and branched lineages are units at
the same taxonomic level in the evolutionary classifica-
tion. General architecture pattern is herein included in the
formal usage of the lineage (e.g., directional lineage,
branched lineage). However, the term of lineage can retain
its informal sense.
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Figure 10. Geographic position (A) and stratigraphic distribution and relative abundances of selected planktic foraminiferal species in the upper San-
tonian sediments of Eureka 67-128 well (Gulf of Mexico) (B).



Species grouping in evolutionary classification strongly
contrasts to that in the typological one (Fig. 12). The exis-
tence of two categories of supraspecific units at the same
level is characteristic for the evolutionary classification.
Additional kinds of lineages can be recognized as the
process of development of the evolutionary classification
framework advances. All these developments demonstrate
that the differences between the evolutionary and typo-
logical classification are more than just semantic as con-
sidered by some authors (Loeblich & Tappan, 1974, p. 2).

5. SYSTEMATIC CLASSIFICATON

Higher systematic units are after Loeblich & Tappan
(1987); these typological categories are given as no evo-
lutionary classification framework above the directional
lineage/branched lineage level is as yet developed. Lin-
eages are presented in stratigraphic-evolutionary order.
The concept of composite paleontological species devel-
oped by Georgescu & Huber (2007, 2009) is used
throughout. 

Superfamily HETEROHELICACEA Cushman, 1927

Family HETEROHELICIDAE Cushman, 1927

Directional lineage Texasina – new

Type species: Ventilabrella austinana Cushman 1938, p.
26, pl. 4, fig. 19 (original designation).

Description.– Test consisting of chambers that are alter-
nately added with respect to the test axis of growth result-
ing in biserial arrangement in the primitive species and with
adult stage with multichamber growth in the evolved one.
The adult stage begins with the biaperturate progressive
chamber, which is followed by two to three sets of two
chambers. Chambers are globular to subglobular, overlap-
ping at various rates. Sutures are distinct and depressed be-
tween all the chambers of the test. Periphery is rounded and
simple, without peripheral structures. Aperture is a medium
high arch at the base of the last formed chamber, simple in
the completely biserial tests and multiple in those with the
adult flaring stage. Chambers ornamented with longitudinal
leptocostae. Test wall calcitic, hyaline and perforate.
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Figure 11. Diagram showing the directional and branched lineages architecture in the evolutionary continuum (morphology-time coordinates).



Remarks.– Texasina accommodates a directional lineage
in the Coniacian-early Campanian, which develops a mul-
tichamber growth adult stage. It differs from Sigalia and
Proliferania mainly by (i) lacking sutures lined with calyp-
toridges and phaneroridges, (ii) having a simple periph-
ery, without transverse keels and (iii) fewer chambers in
the adult stage with multichamber growth when com-
pared to the end members of either of the two directional
lineages. Texasina evolved from the “H.” globulosa group
of species, as suggested by the (i) globular to subglobular
chambers, (ii) periapertural structures consisting of nar-
row metaflanges and (iii) leptocostate ornamentation.

Species included.– Texasina papula (Belford, 1960) and T.
austinana (Cushman, 1938).

Etymology.– Directional lineage named after the State of
Texas (USA) where the type species was first reported.

Stratigraphic range.– Coniacian-early Campanian (from
the D. concavata Biozone to the G. elevata Biozone).

Geographic distribution.– USA (Texas, Wyoming, Kansas,
Nebraska, South Dakota, New Jersey), Canada (British Co-
lumbia), Europe (Germany), Central Asia (Azerbaijan),
Australia, South Atlantic Ocean (Falkland Plateau) and
East Indian Ocean (Exmouth Plateau) (Fig. 13).

Texasina papula (Belford, 1960)
(Plate 1, Figures 1-8)

1960 Gümbelina papula Belford, p. 57, pl. 15, figs. 6-8,
text-fig. 3:1-6. 

1983 Heterohelix papula (Belford) – Belford, p. 15, pl. 5,
figs. 20-21.

1983 Heterohelix globulosa (Ehrenberg). – Krashenin-
nikov & Basov, p. 807, pl. 12, fig. 12.

1983 Heterohelix rumseyensis Douglas. – Krashenin-
nikov & Basov, p. 807, pl. 12, figs. 4-5.

2000 Heterohelix papula (Belford). – Petrizzo, p. 498, fig.
11:4.

2001 Heterohelix papula (Belford). – Petrizzo, fig. 10:7. 
2006 Heterohelix papula (Belford). – Georgescu, fig. 1:4.

Material.– Circa 100 specimens.

Description.– Test consists of 13-17 globular to subglobu-
lar chambers that are alternately added with respect to the
test growth axis, resulting in biserial arrangement through-
out and overlap at various rates; a biaperturate chamber
can follow the biserial stage. Chambers increase gradu-
ally in size. Sutures distinct and depressed, straight to
slightly curved and oblique to the test growth axis. Periph-
ery broadly rounded, without peripheral structures (Pl. 1,
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Figure 12. Diagram presenting the conceptual differences in taxa hierarchy between typological and evolutionary classifications. Note that species are
grouped into units of a single kind (i.e., genera) in the former and in two (i.e., directional lineages, branched lineages) or possibly more in the latter. 



Figs. 1, 5, 7). Aperture is simple, a medium high arch at
the base of the last formed chamber (Pl. 1, Figs. 1, 5, 7);
two symmetrically developed narrow metaflanges border
the aperture (Pl. 1, Figs. 2, 6). Chambers ornamented with
fine (3.0-3.6 µm) and discontinuous leptocostae (Pl. 1,
Figs. 3, 8). Test wall calcitic, hyaline and perforate (0.3-
0.9 µm); pores simple, circular, situated in the space be-
tween the costae or, more rarely, penetrate through them
(Pl. 1, Figs. 3, 8).

Remarks.– Texasina papula differs from Planoheterohelix
rumseyensis (Douglas, 1969) by having (i) globular to sub-
globular chambers overlapping at various rates rather than
subglobular to reniform chambers, (ii) higher rate of cham-
ber increase in size and (iii) narrower metaflanges border-
ing the aperture. It differs from Pseudotextularia nuttalli

(Voorwijk, 1937) mainly by having globular chambers
rather than deeper than wide. Test gross morphology (i.e.,
globular chambers), ornamentation (i.e., fine and discon-
tinuous costae) and test wall porosity characteristics (i.e.,
small sized pores with diameter of 0.3-0.9 µm) indicate
that T. papula is phylogenetically related to “H.” globu-
losa group of species. 

Stratigraphic range.– Coniacian-early Campanian (from
the D. concavata Biozone to the G. elevata Biozone).

Geographic distribution.– Australia, USA (New Jersey),
South Atlantic Ocean (Falkland Plateau) and East Indian
Ocean (Exmouth Plateau) (Fig. 13).

Texasina austinana (Cushman, 1938) – emended
(Plate 1, Figures 9-13)

1929 Ventilabrella eggeri (Cushman). – Carman, p. 314,
pl. 34, fig. 7.

1937 Ventilabrella eggeri (Cushman). – Loetterle, p. 35,
pl. 5, fig. 5.

1938 Ventilabrella austinana Cushman, p. 26, pl. 4, fig.
19.

1946 Ventilabrella austinana (Cushman). – Cushman, p.
111, pl. 47, fig. 16.

1965 Planoglobulina transcaucasica Aliyulla, p. 26, pl.
1, figs. 9-10.

1972 Ventilabrella (?) austinana (Cushman). – Martin, p.
84, pl. 1, figs. 1-2.

1977 Ventilabrella austinana (Cushman). – Masters, p.
389, pl. 6, fig. 5. 

1981 Ventilabrella austinana (Cushman). – Frerichs &
Dring, p. 68, pl. 1, figs. 15-16.

1984 Ventilabrella (?) austinana (Cushman). – Weidich,
p. 80, pl. 1, fig. 19.

2000 Ventilabrella eggeri (Cushman). – Petrizzo, fig.
11:10.

Material.– 7 specimens.

Description.– Test with two distinct growth stages; earlier
stage subtriangular, consists of 12-14 globular to subglob-
ular chambers, which increase gradually in size and are
alternately added with respect to the test growth axis;
adult flaring stage with multichamber growth initiates with
the biaperturate progressive chamber, which is followed

Marius Dan Georgescu. Origin, taxonomic revision and evolutionary classification of the late Coniacian-early Campanian (Late Cretaceous) planktic
foraminifera with multichamber growth in the adult stage

75

Figure 13. Paleobiogeographical distribution and occurrences of the
species included in the new directional lineage Texasina. Letter signifi-
cance: a – northwest Australia (Belford, 1960, 1983; this study), b – New
Jersey coastal plain (Georgescu, 2006; this study), c – Falkland Plateau
(Krasheninnikov & Basov, 1983; this study), d – Exmouth Plateau
(Petrizzo, 2000, 2001), e – combined USA occurrences from Texas,
Arkansas, Wyoming, Kansas, Nebraska, Missisippi and South Dakota
(Carman, 1929; Loetterle, 1937; Cushman, 1938, 1946; Martin, 1972;
Masters, 1977; Frerichs & Dring, 1981), f – British Columbia (this study),
g – south Germany (Weidich, 1984) and h – Azerbaijan (Aliyulla, 1965).
Base map after Hay et al. (1999), with modifications.



by two to three sets of two chambers (Pl. 1, Figs. 9, 11).
Sutures are distinct and depressed, straight to slightly
curved; central suture in the biserial stage with well-devel-
oped indentations. Periphery is broadly rounded, without
peripheral structures (Pl. 1, Figs. 10, 13). Aperture is sim-
ple in the early stage, a medium high arch at the base of
the last formed chamber; multiple apertures occur in the
adult stage. Two symmetrically developed metaflanges
border the aperture. Chambers ornamented with fine (3.0-
6.9 µm), discontinuous longitudinal leptocostae, which
ocassionally are more prominent over the chambers of the
earlier portion of the test. Test wall calcitic, hyaline and
perforate (pore diameter 1.2-2.9 µm); pores simple, circu-
lar, situated between the leptocostae, ocassionally inter-
rupting them.

Remarks.– Texasina austinana differs from its ancestor, T.
papula, by having (i) an adult stage with multichamber
growth, (ii) larger pores (1.2-2.9 µm rather than 0.3-0.9
µm) and (iii) wider leptocostae (3.0-6.9 µm rather than
3.0-3.6 µm). Planoglobulina transcaucasica (Aliyulla,
1965, p. 26) from the lower Coniacian of the Great Cau-
casus (Azerbaijan) exhibits strong morphological similar-
ities to T. austinana in (i) shape and large-size of the
biserial stage, (ii) adult stage with incipient multichamber
growth and (iii) weak and uniformly distributed ornamen-
tation.

Stratigraphic range.– Coniacian-Santonian (from the D.
concavata Biozone to D. asymetrica Biozone).

Geographic distribution.– USA (Texas, Arkansas,
Wyoming, Kansas, Nebraska, Missisippi, South Dakota, ?
New Jersey), Canada (British Columbia), Europe (Ger-
many), Central Asia (Azerbaijan) and East Indian Ocean
(Exmouth Plateau) (Fig. 13).

Branched lineage Planulitella – new

Type species: Heterohelix sphenoides Masters, 1976, p.
318, pl. 1, figs. 1-3 (original designation).

Description.– Test with chambers added alternately with
respect to the test groth axis resulting in a biserial arrange-
ment. Earlier chambers are globular, those of the adult
stage petaloid, subrectangular or with antero-posterior
elongation. Sutures are distinct and depressed, often

hardly visible between earlier chambers of the test. Test
compressed in edge view; periphery is simple, without pe-
ripheral structures. Aperture is a subcircular to subogival
arch at the base of the last formed chamber. Chamber or-
namentation consists of leptocostae; well-developed peri-
apertural pustulose area. Test wall calcitic, hyaline and
perforate.

Remarks.– Planulitella differs from Protoheterohelix
Georgescu and Huber, 2009 (late Albian-early Turonian)
mainly by having symmetrical tests and periapertural
structures. It differs from Planoheterohelix (middle Ceno-
manian-lower Maastrichtian) by having compressed tests
in edge view, larger pores (1.1-4.4 µm rather than 0.5-0.9
µm) and chambers ornamented with thicker leptocostae,
which can be coarser over the earlier portion of the test.
Heterohelix Ehrenberg, 1843 (early Turonian-Santonian)
also presents slightly compressed tests but differs from
Planulitella by having lateral tubulospine-like projections,
smooth or finely striate tests and finer pores (0.4-0.8 µm
rather than 1.1-4.4 µm). 

Species included.– Planulitella sphenoides (Masters,
1976), P. stenopos (Masters, 1976) and P. malocaucasica
(Aliyulla in Geodakchan & Aliyulla, 1959).

Etymology.– Branched lineage name derived from the
Latin prefix plano- (= plane) to which the suffix -itella is
added; the reference is to the compressed tests in lateral
view.

Stratigraphic range.– Santonian (from the uppermost part
of D. concavata Biozone to D. asymetrica Biozone).
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Plate 1. Specimens of Texasina papula (Belford, 1960) and T. austinana
(Cushman, 1938). 1-3, Hypotype of T. papula from the upper Santonian
(Globotruncana arca Biozone) sediments of ODP Leg 174AX at Bass
River Site (New Jersey coastal plain), Sample 505.35-505.38 mbsf. 4-5,
Hypotype of T. papula from the upper Santonian (G. arca Biozone) sed-
iments of ODP Leg 174AX at Bass River Site (New Jersey coastal plain),
Sample 505.35-505.38 mbsf. 6-8, Hypotype of T. papula from the upper
Santonian (G. arca Biozone) sediments of ODP Leg 174AX at Bass River
Site (New Jersey coastal plain), Sample 505.05-505.08 mbsf. 9-10, Holo-
type of T. austinana from the Gober Chalk of (Fannin County, Texas),
originally figured by Cushman (1938, pl. 4, fig. 19) as Ventilabrella austi-
nana; specimen deposited in the Cushman Collection (NMNH, USNM
24409). 11-13, Hypotype of T. austinana from the undivided Santonian
sediments of the Nanaimo Group (British Columbia, Western Canada);
specimen from the McGugan Collection (University of Calgary, Canada).
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Plate 1



Geographic distribution.– Central Asia (Azerbaijan), USA
(Alabama, Texas), Gulf of Mexico, Caribbean region (Yu-
catan outer shelf), western South Atlantic Ocean (São
Paolo Plateau, Rio Grande Rise) and Africa (Nigeria,
Tunisia) (Fig. 14).

Planulitella sphenoides (Masters, 1976) – emended
(Plate 2, Figures 1-11)

1959 Gümbelina conjakica Geodakchan in Geo-
dakchan & Aliyulla, p. 58, pl. 1, fig. 8 (only).

1976 Heterohelix sphenoides Masters, p. 318, pl. 1,
figs. 1-3.

1977 Heterohelix sphenoides Masters. – Masters, p.
354, pl. 2, fig. 6, pl. 3, fig. 1.

1982 Heterohelix calabarflanki Oláníyí Odébòdé, p.
238, pl. 1, figs. 1-5.

(?) 1988 Heterohelix conjakica Geodakchan. – Aliyulla
in Ali-Zade et al., p. 127, pl. 24, fig. 4.

1991 Heterohelix sphenoides Masters. – Nederbragt,
p. 248, pl. 4, fig. 6 (only).

1993 Heterohelix sphenoides Masters. – Nederbragt,
pl. 1, figs. 3-5.

2006 Heterohelix sphenoides Masters. – Georgescu,
fig. 4:15.

Material.– Circa 200 specimens.

Emended description.– Test with subtriangular outline,
consisting of 10-13 chambers, which are alternately
added with respect to the test growth axis resulting in a
biserial arrangement and increase gradually in size at high
rate; earlier chambers are globular, whereas those of the
adult stage are petaloid. Sutures are depressed and
oblique to the test growth axis, straight in the early portion
of the test, often curved between the last formed cham-
bers (Pl. 2, Figs. 3, 5, 8, 11); the central suture is almost
straight in the early portion of the test and with shallow in-
dentations in the adult part (Pl. 2, Figs. 2, 3, 5, 8, 11). Test
shape is variable: earlier portion with inflated appearance,
the adult one distinctly compressed (Pl. 2, Figs. 1, 7, 10).
Aperture is a medium to high arch at the base of the last
formed chamber. Two symmetrical metaflanges border the
main aperture; ocassionally they can form a small acces-
sory aperture on the previous chamber (Pl. 2, Figs. 2, 5, 6).
Chamber surface ornamented with leptocostae, which are
finer (3.1-4.8 µm) on the chamber sides and stronger (6.3-

7.9 µm) in the peripheral region of the earlier portion of
the test; well-developed periapertural pustulose area (Pl.
2, Figs. 1, 4, 7, 10). Test wall calcitic, hyaline and perfo-
rate; pores simple, with variable diameter (1.9-4.4 µm),
situated between the leptocostae.

Remarks.– Planulitella sphenoides differs from
Planoheterohelix planata (Cushman, 1938) by having (i)
test composed of more chambers, (ii) higher rate of cham-
ber size increase, (iii) compressed adult portion of the test
in edge view, (iv) higher main aperture, (iv) an occasional
accessory aperture in the adult portion of the test, (v)
thicker costae and (vi) larger pores. It differs from
Planoheterohelix postmoremani Georgescu & Huber,
2009 mainly by having (i) compressed tests, (ii) higher rate
of chamber increase in size, (iii) periapertural structures
consisting of metaflanges rather than orthoflanges, (iv) oc-
casional occurrence of an accessory aperture in the prox-
imity of the central suture in the adult portion of the test,
(v) chamber ornamentation consisting of leptocostae
rather than costae consisting of rows of pustules and (vi)
coarsely perforate test wall. It is possible that Guembelina
conjakica Geodakchan in Geodakchan & Aliyulla (1959)
includes P. sphenoides. The two originally figured speci-
mens of G. conjakica (op. cit., pl. 1, figs. 7, 8) are morpho-
logically different and probably are not even congeneric
and the lack of ornamentation details in the original de-
scription and illustration prevents a clear assignment to
either Planoheterohelix Georgescu & Huber, 2009 or Plan-
ulitella. Moreover, there are contradictory data in the orig-
inal report on the holotype, which is given as No. 404 in
the text and No. 405 in the plate caption, which makes re-
assessment of the species taxonomic status impossible.
Heterohelix calabarflanki Oláníyí Odébòdé, 1982 is mor-
phologically identical to P. sphenoides and for this reason
is considered the latter’s junior synonym.
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Plate 2. Specimens of Planulitella sphenoides (Masters, 1976). 1-2, Hy-
potype from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 99-112 cm. 3-
4 Hypotype from the upper Santonian (D. asymetrica Biozone) sediments
of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 99-112 cm.
5-7, Specimen from the upper Santonian (D. asymetrica Biozone) sedi-
ments of the Eureka 67-128 well (Gulf of Mexico), Sample top 1659.03
mbsl. 8-10, Specimen from the upper Santonian (D. asymetrica Biozone)
sediments of the Eureka 67-128 well (Gulf of Mexico), Sample top
1659.03 mbsl. 11, Specimen from the upper Santonian (D. asymetrica
Biozone) sediments of the Eureka 67-128 well (Gulf of Mexico), Sample
top at 1659.03 mbsl.
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Plate 2



Stratigraphic range.– Santonian (from the uppermost part
of D. concavata Biozone to D. asymetrica Biozone).

Geographic distribution.– USA (Alabama, Texas), Gulf of
Mexico, Caribbean region (Jamaica, Yucatan outer shelf),
western South Atlantic Ocean (São Paolo Plateau, Rio
Grande Rise), Central Asia (Azerbaijan) and Africa (Nige-
ria, Tunisia) (Fig. 14).

Planulitella stenopos (Masters, 1976) – emended
(Plate 3, Figures 1-4)

1962 Sigalia deflaensis (Sigal). – Samuel, p. 194, 13,
fig. 3.

1969 Gublerina deflaensis (Sigal). – Esker, p. 213, pl.
2, figs. 4-5.

1976 Heterohelix stenopos Masters, p. 319, pl. 1, figs.
4-5.

1977 Heterohelix stenopos Masters. – Masters, p. 354,
pl. 3, fig. 4.

1982 Heterohelix sp. 2. – Oláníyí Odébòdé, p. 244, pl.
3, fig. 4.

Material.– Circa 150 specimens.

Emended description.– Test with subtriangular outline,
consisting of 11-15 chambers, which are added alter-
nately with respect to the test growth axis resulting in bis-
erial arrangement and increase in size at various rates;
earlier chambers increase at high rate, the last seven or
eight at a low rate resulting in nearly parallel sides in lat-
eral view (Pl. 3, Figs. 1, 3). Earlier chambers are globular,
most of those in the adult portion subrectangular, except
for the last one, which is petaloid. Sutures are distinct,
straight and depressed, oblique to the test axis of growth;
central suture almost straight in the early portion and with
shallow indentations between the last formed seven to
eight chambers (Pl. 3, Figs. 1, 3). Test periphery is simple,
without periapertural structures (Pl. 3, Figs. 2, 4). Aperture
is a medium high arch at the base of the last formed cham-
ber; two symmetrically developed metaflanges border the
aperture. Chamber ornamentation consists of leptocostae
(3.9-6.3 µm), which are thicker over the earlier portion of
the test; well-developed periapertural pustulose area (Pl.
3, Figs. 2, 4). Test wall calcitic, hyaline, perforate (1.9-3.6
µm); pores simple, situated between the leptocostate.

Remarks.– Planulitella stenopos differs from P. sphenoides
by having a low rate of chamber size increase in the adult
portion of the test. It differs from Planoheterohelix planata
by having (i) variable rate of chamber increase in size re-
sulting in two distinct portions of the test, (ii) chamber or-
namented with thicker costae (3.9-6.3 µm rather than
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Figure 14. Paleobiogeographical distribution and occurrences of the
species included in the new branched lineage Planulitella. Letter signif-
icance: a – Texas (Masters, 1977), b – Alabama (Masters, 1976), c – Gulf
of Mexico (this study), d – Yucatan outer shelf (this study), e – São Paolo
Plateau (this study), f – Rio Grande Rise (this study), g – Nigeria (Oláníyí
Odébòdé, 1982), h – Tunisia (Nederbragt, 1991), j – Azerbaijan (Geo-
dakchan & Aliyulla, 1959; Ali-Zade et al., 1988), k – Jamaica (Esker,
1969) and l – Slovakia (Samuel, 1962).



1.8-2.5 µm) and (iii) larger pores (1.9-3.6 µm as compared
to 0.6-0.8 µm).

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– USA (Alabama, Texas), Gulf of
Mexico, Caribbean region (Jamaica, Yucatan outer shelf),
Europe (Slovakia), Central Asia (Azerbaijan) and Africa
(Nigeria) (Fig. 14).

Planulitella malocaucasica (Aliyulla in Geodakchan &
Aliyulla, 1959) – emended

(Plate 3, Figures 5-14)

1959 Gümbelina malocaucasica Aliyulla in Geo-
dakchan & Aliyulla, p. 59, pl. 1, fig. 9.

Material.– Circa 70 specimens.

Emended description.– Test with subtriangular outline,
consisting of 11-14 chambers; chambers increase gradu-
ally and rapidly in size and are alternately added with re-
spect to the test growth axis resulting in biserial
arrangement. Chambers increase in size at a high rate;
earlier chambers are globular, those of the adult stage with
antero-posterior elongation, resulting in an elongate-
petaloid appearance (Pl. 3, Figs. 5, 9, 10, 12, 14). Sutures
are distinct, depressed and straight between the earlier
chambers and curved between those of the adult stage,
with the curvature oriented towards the anterior part (Pl.
3, Figs. 9, 10, 12, 14); central suture is nearly straight, with
shallow indentations that are more prominent in the adult
portion of the test. Test compressed in edge view, with
subrectangular last chamber (Pl. 3, Figs. 6, 8, 11, 13); pe-
riphery simple, without peripheral structures. Aperture is
a high subogival arch at the base of the last formed cham-
ber (Pl. 3, Figs. 5, 9, 10, 12, 14); two symmetrical
metaflanges border the aperture, ocassionally with a small
accessory aperture in the proximity of the central suture
(Pl. 3, Fig. 14). Chamber surface is ornamented with lep-
tocostae (4.5-6.2 µm), which are often thicker at periph-
ery and/or the earlier portion of the tests; well-developed
pustulose periapertural area (Pl. 3, figs. 2, 4, 6-8, 11, 13).
Test wall calcitic, hyaline, perforate (1.1-4.0 µm), with
simple pores situated between the leptocostae.

Remarks.– Planulitella malocaucasica differs from P. sphe-
noides only in the morphology of the adult portion of the

test, which has chambers with antero-posterior elonga-
tion; the earlier stages of the two species are similar,
demonstrating the phylogenetic relationship between
them. It differs from P. stenopos by (i) constant higher rate
of chamber increase in size and (ii) curved sutures be-
tween the chambers in the adult portion of the test. 

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– Central Asia (Azerbaijan), Gulf
of Mexico, Caribbean region (Yucatan outer shelf) and
western South Atlantic Ocean (São Paolo Plateau, Rio
Grande Rise) (Fig. 14).

Directional lineage Sigalia Reiss, 1957 – emended

Type species: Gümbelina (Gümbelina, Ventilabrella) de-
flaensis Sigal 1952, p. 36, text-fig. 41 (original designa-
tion).

1957 Sigalia Reiss, p. 243.
partly 1987 Sigalia Reiss, 1957. – Loeblich & Tappan, p.

457.
partly 1991 Sigalia Reiss, 1957. – Nederbragt, p. 368.

Emended description.– Test with biserial chamber arrange-
ment throughout in the primitive species. Evolved species
with a flaring multichamber growth adult stage, which ini-
tiates with the biaperturate progressive chamber and con-
tinues with four to nine sets of up to four chambers each,
characterized by irregular chamber increase or reduction
in number between successive sets and without a constant
pattern throughout the adult stage. Sutures depressed or
with calyptoridges in the primitive species and well-de-
veloped phaneroridges in the evolved ones. Test com-
pressed in edge view. Periphery is simple in the primitive
species and with parallel transverse keels across the pe-
riphery in the evolved ones. Aperture is a simple, low to
medium high arch in the biserial species and multiple in
the tests with multichamber growth adult stage. Chambers
ornamented with leptocostae tending to concentrate in
the peripheral regions and are often absent in the evolved
species; well-developed periapertural pustulose area. Test
wall is calcitic, hyaline and perforate.

Remarks.– Sigalia is emended in the context of evolutionary
classification to accommodate a directional lineage charac-
terized by (i) development of calcareous structures over the
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sutures (i.e., calyptoridges and phaneroridges), (ii) develop-
ment of an adult stage characterized by multichamber
growth and (iii) gradual reduction of leptocostae over the
chamber surface. Sigalia differs from Planulitella by (i) devel-
opment of adult stage with multichamber growth, (ii) su-
tures lined with calyptoridges and phaneroridges, (iii)
periphery with parallel transverse keels and (iv) reduced
and often absent leptocostate ornamentation on the lateral
chamber sides. Lipsonia Georgescu & Abramovich, 2008a
of the upper Maastrichtian sediments differs from
Sigalia–emended mainly by (i) lacking completely the
costate ornamentation and (ii) occurrence of vuggy pores
over the chambers in the middle part of the test. 

Species included.– Sigalia incipiens – new species, S. de-
flaensis (Sigal, 1952) and S. proliferans – new species.

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– Northern Africa (Algeria,
Tunisia), Middle East (Iraq, Israel), Central Asia (Azerbai-
jan), Europe (Germany, Slovakia, Spain), USA (Alabama,
Mississippi), Caribbean region (Yucatan outer shelf), Gulf
of Mexico and western South Atlantic Ocean (São Paolo
Plateau, Rio Grande Rise) (Fig. 15).

Sigalia incipiens – new species
(Plate 4, Figures 1-12)

1963 Sigalia deflaensis (Sigal). – Salaj & Samuel, p.
105, fig. 1. 

1975 Sigalia deflaensis (Sigal). – Darmoian, p. 201, pl.
4, figs. 10-12.

1981 Sigalia deflaensis (Sigal). – Butt, pl. 17, fig. A. 
1987 Sigalia deflaensis (Sigal). – Almogi-Labin in

Honigstein et al., pl. 3, figs. 1-3.
1993 Heterohelix sphenoides Masters. – Nederbragt,

pl. 1, figs. 1-2.

Holotype.– WKB 010048.

Dimensions of the holotype.– Length: L = 0. 406 mm;
width: W = 0.277 mm; W/L = 0.682; thickness: T = 0.119
mm; T/L = 0.293; apical angle: A = 45o.

Paratypes.– Five specimens, WKB 010049-010053,

Dimensions.– L = 0.267-0.458 mm; W = 0.190-0.347

mm; W/L = 0.680-0.787; T = 0.082-0.130 mm; T/L =
0.275-0.307; A = 44-57o (based on average measurements
of 11 specimens: holotype, five paratypes and five topo-
types).

Type locality.– DSDP Site 95, Yucatan outer shelf; geo-
graphical coordinates: 24o 09.00’ N and 86o 23.85’ W.

Type level.– Sample 10-95-14-1, 102-105 cm (upper San-
tonian, D. asymetrica Biozone).

Material.– Circa 100 specimens.

Etymology.– Name derived from the Latin verb incipere
(= to begin), suggesting it is the oldest species of the Si-
galia directional lineage.

Diagnosis.– Sigalia with biserial chamber arrangement
throughout and calyptoridges.

Description.– Test with subtriangular outline, consisting of
13-15 chambers that gradually increase in size. Chambers
are alternately added with respect to the test axis of
growth resulting in a biserial arrangement; variable rate of
chamber increase in size. Earlier chambers globular, those
of the adult stage are subrectangular to petaloid. Sutures
are distinct and depressed, straight to slightly oblique to
the test growth axis; central suture nearly straight to dis-
tinctly indented; indentations are more prominent in the
specimens with higher rate of chamber size increase (Pl.
4, Figs. 9, 12). Calyptoridges may be developed in the
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Plate 3. Specimens of Planulitella stenopos (Masters, 1976) and P. malo-
caucasica (Aliyulla, in Geodakchan & Aliyulla, 1959). 1-2, Hypotype of
P. stenopos from the upper Santonian (D. asymetrica Biozone) sediments
of Eureka 67-128 well (Gulf of Mexico), Sample top at 1659.03 mbsl. 3-
4, Hypotype of P. stenopos from the upper Santonian (D. asymetrica Bio-
zone) sediments of Eureka 67-128 well (Gulf of Mexico), Sample top at
1659.03 mbsl. 5-6, Hypotype of P. malocaucasica from the upper San-
tonian (D. asymetrica Biozone) sediments of DSDP Site 95 (Yucatan outer
shelf), Sample 10-95-14-1, 99-112 cm. 7-9, Hypotype of P. malocauca-
sica from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 99-112 cm. 10,
Hypotype of P. malocaucasica from the upper Santonian (D. asymetrica
Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-
95-14-1, 99-112 cm. 11-12, Hypotype of P. malocaucasica from the
upper Santonian (D. asymetrica Biozone) sediments of DSDP Site 95 (Yu-
catan outer shelf), Sample 10-95-14-1, 102-105 cm. 13-14, Hypotype of
P. malocaucasica from the upper Santonian (D. asymetrica Biozone) sed-
iments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 102-
105 cm.
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central portion of the test (Pl. 4, Figs. 9, 12). Test com-
pressed in edge view; periphery is simple and rounded,
without peripheral structures (Pl. 4, Figs. 4, 8, 10, 11).
Aperture is a low to medium high arch at the base of the
last formed chamber; two symmetrically developed

metaflanges border the aperture, ocassionally developing
a small accessory aperture in the proximity of the central
suture (Pl. 4, Figs. 1, 3). Chambers ornamented with lep-
tocostae (3.4-9.9 µm), which may be more prominent in
the peripheral region or over the earlier portion of the test;
well-developed periapertural pustulose area (Pl. 4, Figs.
4, 8, 10, 11). Test wall calcitic, hyaline and perforate (1.2-
3.8 µm); pores simple, situated in the space between the
leptocostae.

Remarks.– Sigalia incipiens differs from Planulitella sphe-
noides, its ancestor, by having (i) test composed of more
chambers (13-15 rather than 10-13), (ii) lower rate of
chamber size increase in the adult part and (iii) ocassion-
ally developed calyptoridges in the central portion of the
test. It differs from P. stenopos by (i) having constant rate
of chamber size increase and (ii) having ocassionally de-
veloped calyptoridges. The two specimens figured in
Honigstein et al. (1987) present calyptoridges on the ear-
lier chambers of the test and are probably transitional to
S. deflaensis.

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– Caribbean region (Yucatan outer
shelf), Gulf of Mexico, Europe (Slovakia) and the Middle
East (Iraq, Israel) (Fig. 15).

Sigalia deflaensis (Sigal, 1952) – emended
(Plate 5, Figures 1-12; Plate 6, Figures 1-9)

1952 Gümbelina (Gümbelina, Ventilabrella) deflaensis
Sigal, p. 36, text-fig. 41.

1956 Ventilabrella deflaensis (Sigal). – Bettenstaedt &
Wicher, p. 503, pl. 1, fig. 1.

1957 Ventilabrella deflaensis (Sigal). – Wicher & Bet-
tenstaedt, fig. 2a.

Revista Española de Micropaleontología / v. 42 / nº 1 / 2010

84

Figure 15. Paleobiogeographical distribution and occurrences of the
species included in the directional lineage Sigalia. Letter significance: a
– Yucatan outer shelf (Georgescu & Almogi-Labin, 2008; this study), b –
Gulf of Mexico (Dowsett, 1984; this study), c – Slovakia (Salaj & Samuel,
1963), d – Iraq (Darmoian, 1975), e – Israel (Almogi-Labin in Honigstein
et al., 1987), f – Alabama (Dowsett, 1989), g – Missisippi (Dowsett,
1989), h – Germany (Bettenstaedt & Wicher, 1956; Wicher & Betten-
staedt, 1957; Butt, 1981), j – Spain (Lamolda et al., 2007), k – Algeria
(Sigal, 1952), l – Tunisia (Nederbragt, 1991), m  – São Paolo Plateau (this
study), n – Rio Grande Rise (this study) and o – Azerbaijan (Aliyulla,
1977).

Plate 4. Specimens of Sigalia incipiens – new species. 1-4, Holotype from
the upper Santonian (D. asymetrica Biozone) sediments of DSDP Site 95
(Yucatan outer shelf), Sample 10-95-14-1, 102-105 cm. 5-8, Topotype
from the upper Santonian (D. asymetrica Biozone) sediments of DSDP
Site 95 (Yucatan outer shelf), Sample 10-95-15-6, 104-118 cm. 9-10,
Hypotype from the upper Santonian (D. asymetrica Biozone) sediments
of Eureka 67-128 well (Gulf of Mexico), Sample top at 1659.94 mbsl. 11-
12, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of Eureka 67-128 well (Gulf of Mexico), Sample top at 1659.94
mbsl.
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(?) 1965 Gublerina primitiva Aliyulla, pl. 225, pl. 1, figs.
6-8. 

1977 Gublerina primitiva Aliyulla. – Aliyulla, pl. 2, fig.
3. 

1981 Sigalia deflaensis (Sigal). – Butt, pl. 17, fig. A1. 
1984 Sigalia deflaensis (Sigal). – Weidich, p. 80, pl. 2,

figs. 1-4. 
1989 Sigalia deflaensis (Sigal). – Dowsett, p. 16, pl. 2,

fig. 6.
1991 Sigalia deflaensis deflaensis (Sigal). – Nederbragt,

p. 368, pl. 11, fig. 5.
1991 Sigalia deflaensis rugocostata Nederbragt, p.

369, pl. 12, figs. 1-2, 4 (only).
1993 Sigalia deflaensis (Sigal). – Nederbragt, pl. 1, figs.

12-14, pl. 2, figs. 1-2. 
2007 Sigalia deflaensis (Sigal). – Lamolda et al., p. 28,

fig. 4: Q1-2, R1-2.
2008 Sigalia deflaensis (Sigal). – Georgescu & Almogi-

Labin, figs. 4: 7-8, 6: 2-3.

Material.– Circa 250 specimens.

Emended description.– Tests with subtriangular to subpen-
tagonal outline, exhibiting one or two growth stages,
which results in significant morphological variability. Ear-
lier stage consists of 12-15 chambers alternately added
with respect to the test axis of growth resulting in a biser-
ial arrangement; over 85% of the tests of this species are
entirely biserial. A second growth stage, with multicham-
ber growth, is developed in some individuals, and these
represent less than 15% of the total number of specimens;
adult stage starts with the biaperturate progressive cham-
ber, followed by up to four sets of chambers, each set
being composed of two or rarely three chambers (Pl. 6,
Fig. 6). Earlier chambers globular, those of the terminal
part of the biserial stage subrectangular; multichamber
adult stage with petaloid chambers. Sutures lined with
phaneroridges in the central part of the test; phaneroridges
straight to slightly curved, absent near the central suture;
the sutures between the last formed chambers depressed,
straight or curved and oblique to the test growth axis (Pl.
5, Figs. 2, 5, 6, 9, 11, Pl. 6, Figs. 1, 6); central suture
straight to slightly indented, often covered by additional
layers of calcite. Most of the sutures in the adult test with
multichamber growth are depressed (Pl. 6, fig. 6). Test
compressed in edge view; periphery rounded, with trans-
verse keels resulting from the fusion of the phaneroridges

on the two sides of the test across the periphery (Pl. 5, Figs.
1, 4, 8, 10, 12, Pl. 6, Fig. 7). Aperture is a low to medium
high arch at the base of the last formed chamber; two
rarely preserved symmetrically developed metaflanges
border the aperture. Chambers ornamented with lepto-
costae (3.2-6.8 µm), which are stronger in the peripheral
region; those of the phaneroridges can fuse, resulting in
short, thicker and blunt leptocostae; well-developed peri-
apertural pustulose area (Pl. 5, Figs. 1, 4, 8, 10, 12, Pl. 6,
Figs. 3, 7). Test wall calcitic, hyaline and perforate (pore
diameter 1.0-3.1 µm); pores situated between the lepto-
costae in the earlier portion of the test or can interrupt
them over the chambers in the adult stage.

Remarks.– Sigalia deflaensis differs from S. incipiens by
having (i) sutures lined with phaneroridges rather than ca-
lyptoridges between most of the chambers of the biserial
stage, (ii) biserial stage with variable rate of chamber size
increase, (iii) occasionally a multichamber growth adult
stage, (iv) finer leptocostae ornamenting the chamber sur-
face on the lateral sides and (v) periphery with transverse
costae resulting from fusion of the phaneroridges across
the periphery. It differs from all species of the Planulitella
branched lineage mainly by having (i) phaneroridges in
the central part o the test, (ii) occasionally a multichamber
growth adult stage and (iii) periphery with transverse
keels. Chamber growth variability in S. deflaensis was dif-
ferently interpreted in the past. The original illustrations
by Sigal (1952, text-fig. 41) shows that S. deflaensis has
both adult specimens with biserial throughout and an in-
cipient multichamber growth stage. Moreover, Reiss
(1957) noted rare specimens with multichamber growth
in Sigal’s original material. Although rarely followed in the
past (Dowsett, 1989, pl. 2, fig. 6), the occasional occur-
rence of an adult stage with multichamber growth is fully
confirmed in this study. The three specimens of Gublerina
primitiva (Aliyulla, 1965, pl. 1, fig. 6-8) exhibit no orna-
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Plate 5. Specimens of Sigalia deflaensis (Sigal, 1952). 1-3, Hypotype from
the upper Santonian (D. asymetrica Biozone) sediments of DSDP Site 95
(Yucatan outer shelf), Sample 10-95-14-1, 102-105 cm. 4-5, Hypotype
from the upper Santonian (D. asymetrica Biozone) sediments of DSDP
Site 95 (Yucatan outer shelf), Sample 10-95-15-1, 97-100 cm. 6-8, Hy-
potype from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 99-112 cm. 9-
10, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-1, 97-100
cm. 11-12, Hypotype from the upper Santonian (D. asymetrica Biozone)
sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1,
99-112 cm.
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mentation and it is difficult to assign them precisely to ei-
ther S. deflaensis or P. carpatica.  The holotype of Sigalia
deflaensis rugocostata (Nederbragt, 1991, pl. 12, fig. 1) is
a specimen with incipient multichamber growth and for
this reason this taxon is considered a junior synonym of S.
deflaensis. Independently Salaj and Samuel (1963, p. 100)
and Esker (1969, p. 212) designated as lectotype the first
(upper) specimen figured by Sigal (1952) in text-figure 41;
this taxonomic clarification is followed herein.

Stratigraphic range.– Santonian (upper part of D. asymet-
rica Biozone).

Geographic distribution.– Northern Africa (Algeria,
Tunisia), Central Asia (Azerbaijan), Europe (Germany,
Spain), USA (Alabama, Mississippi), Gulf of Mexico,
Caribbean region (Yucatan outer shelf) and western South
Atlantic Ocean (São Paolo Plateau, Rio Grande Rise) (Fig.
15).

Sigalia proliferans – new species
(Plate 7, Figures 1-10)

1991 Sigalia deflaensis rugocostata Nederbragt, pl. 12,
fig. 3 (only).

1993 Sigalia deflaensis (Sigal). – Nederbragt, pl. 2, figs.
3-6.

2008 Sigalia rugocostata Nederbragt. – Georgescu &
Almogi-Labin, figs. 4: 3-6, 6: 7-8.

Holotype.– WKB 010054.

Dimensions of the holotype.– L = 0.442 mm; W = 0.445
mm; W/L = 1.007; T = 0.117 mm; T/L = 0.265; A = 86o.

Paratypes.– Five specimens, WKB 010055-010059.

Dimensions.– L = 0.401-0.595 mm; W = 0.442-0.531
mm; W/L = 0.892-1.102; T = 0.098-0.125 mm; T/L =
0.165 -0.269; A = 65-105o.

Type locality.– DSDP Site 95, Yucatan outer shelf; geo-
graphical coordinates: 24o 09.00’ N and 86o 23.85’ W.

Type level.– Sample 10-95-14-1, 102-105 cm (upper San-
tonian, D. asymetrica Biozone).

Material.– Circa 100 specimens.

Etymology.–  From the Latin verb proliferare (= to increase
in number), with reference to the adult stage, which is
characterized by an increase in chamber number.
Diagnosis.– Sigalia with weak ornamentation and well-de-
veloped adult stage with multichamber growth.

Description.– Test with the early subtriangular stage con-
sisting of 9-12 chambers alternately added with respect to
the test growth axis resulting in a biserial arrangement;
chambers of the early stage increase in size at a moderate
rate. The adult flaring stage begins with the biaperturate
progressive chamber, which is smaller or equal in size to
the last chamber of the early biserial stage; chambers of
the multichamber growth adult stage petaloid, with highly
variable width/height ratio. Adult stage consists of four to
nine sets of two to four chambers each; irregular chamber
increase or reduction in number between successive sets,
without a constant pattern throughout the adult stage (Pl.
7, Figs. 2, 5, 8). Sutures between the earlier chambers in-
distinct due to the addition of successive layers of calcite
during the ontogeny (Pl. 7, Figs. 2, 5, 8); those in the adult
stage lined by curved phaneroridges, which are more
prominent in the earlier portion of the test; central suture
straight often covered with additional layers of calcite. Test
compressed in edge view, with quasi-parallel sides and
periphery with transverse keels; transverse keels result
from the fusion of the phaneroridges from the opposite
sides of the test across the periphery (Pl. 7, Figs. 1, 6, 9).
Aperture simple in the earlier biserial stage, an arch at the
base of the last formed chamber and multiple in the adult
stage (Pl. 7, Figs. 1, 6, 9); chambers of the adult stage can
be monoaperturate (relapsed) or biaperturate; apertures
are bordered by metaflanges, which are rarely preserved.
Chambers ornamented with leptocostae (2.1-6.0 µm),
which are more prominent in the periphery, over the ear-
lier chambers and in the phaneroridges; ornamentation is
often absent on the lateral sides (Pl. 7, Figs. 2, 5, 8). Peri-
apertural pustulose area well-developed. Test wall calcitic,
hyaline and perforate (pore diameter 1.0-5.5 µm); pores
simple, situated between the leptocostae in the earlier
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Plate 6. Specimens of Sigalia deflaensis (Sigal, 1952). 1-3, Hypotype from
the upper Santonian (D. asymetrica Biozone) sediments of DSDP Site 95
(Yucatan outer shelf), Sample 10-95-14-1, 99-112 cm. 4-5, Hypotype
from the upper Santonian (D. asymetrica Biozone) sediments of DSDP
Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 102-105 cm. 6-9, Hy-
potype from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-13-3, 78-92 cm.
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portion of the test or interrupting them in the adult stage.

Remarks.– Sigalia proliferans differs from the earlier
species of the directional lineage by the well-developed
adult stage with multichamber growth, which consists of
up to nine sets of chambers with irregular increase or re-
duction in number between the successive sets.

Stratigraphic range.– Santonian (upper part of D. asymet-
rica Biozone).

Geographic distribution.– Caribbean region (Yucatan outer
shelf), Gulf of Mexico and northern Africa (Tunisia) (Fig.
15).

Directional lineage Proliferania – new

Type species: Ventilabrella decoratissima de Klasz 1953, p.
228, pl. 4, fig. 5 (original designation).

Description.– Tests with biserial chamber arrangement
throughout in the primitive species. Evolved species with
adult stage with multichamber growth, which begins with
the biaperturate progressive chamber and continues with
four to five multichamber sets; chamber number increases
by one at an irregular rate in the successive multichamber
sets. Sutures are depressed or with calyptoridges in prim-
itive species and strong phaneroridges in evolved ones.
Test compressed in edge view. Periphery is simple in the
primitive species and with transverse and parallel keels
resulting from the fusion of the phaneroridges across the
periphery. Aperture is simple, a low to medium high arch
in the biserial species and multiple in the multichamber
growth adult stage. Early species ornamented with lepto-
costae tending to concentrate in the peripheral region, the
evolved ones exhibit a smooth chamber surface; vestiges
of the ancestral costate ornamentation may occur in the
phaneroridges. Well-developed periapertural pustulose
area. Test wall is calcitic, hyaline and perforate.

Remarks.–  Proliferania and Sigalia evolved from the Plan-
ulitella sphenoides through divergent evolution. The first
evolutionary occurrence of the two lineages in the DSDP
Site 95 is in the lowermost part of the D. asymetrica Bio-
zone (Sample 16-1, 99.5-101 cm). They exhibit relatively
similar evolutionary trajectories in the development of (i)
calyptoridges and phaneroridges over the sutures, (ii) adult
stage with multiserial chamber growth, (iii) periphery with

transverse keels and, in addition, ornamentation reduc-
tion over the chamber surface, resulting in strong similar-
ities and rather minor morphological differences between
them. The development of the adult stage with multicham-
ber growth is abrupt in Proliferania (P. carpatica is com-
pletely biserial and P. decoratissima, its direct descendant,
exhibits various degrees of chamber proliferation) and
gradual in Sigalia (S. deflaensis exhibits incipient cham-
ber proliferation in less than 15% of specimens, the dom-
inant ones being biserial throughout); the loss of
leptocostate ornamentation is early in Proliferania (biser-
ial P. carpatica, which is also the last member of this direc-
tional lineage with biserial chamber arrangement,
completely lost leptocostae over the chamber surface) and
late in Sigalia (S. deflaensis, which is the earliest species of
Sigalia with incipient chamber proliferation, has consis-
tently developed leptocostae over all chambers); although
most of the species of Proliferania and Sigalia have sim-
ple, circular to subcircular pores, vuggy pores ocassion-
ally occurs only in the end species of the Proliferania
directional lineage, namely P. decoratissima. Develop-
ment of the adult stage with multichamber growth result-
ing in chamber proliferation occurred at different
stratigraphical intervals, namely earlier in Proliferania and
later in Sigalia; moreover, the stratigraphical ranges of the
species with occasional or well-developed adult stage
with multichamber growth in the two directional lineages
do not overlap.

Species included.– Proliferania initialis – new species, P.
carpatica (Samuel & Salaj, 1963) and P. decoratissima (de
Klasz, 1953).

Etymology.– Directional lineage name is derived from the
Latin verb proliferare (= to increase in number), with ref-
erence to the adult stage showing multichamber growth.

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– Europe (Slovakia, Austria, Spain,
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Plate 7. Specimens of Sigalia proliferans – new species. 1-4, Topotype
from the upper Santonian (D. asymetrica Biozone) sediments of DSDP
Site 95 (Yucatan outer shelf), Sample 10-95-13-3, 78-92 cm. 5-7, Holo-
type from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 99-112 cm. 8-
10, Paratype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 99-112
cm.
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France, Germany, Romania), northern Africa (Algeria,
Tunisia), Middle East (Iraq, Israel), Gulf of Mexico,
Caribbean region (Jamaica, Yucatan outer shelf) and west-
ern South Atlantic Ocean (São Paolo Plateau, Rio Grande
Rise) (Fig. 16).

Proliferania initialis – new species
(Plate 8, Figures 1-12)

1962 Sigalia deflaensis (Sigal). – Samuel, p. 194, pl.
13, fig. 2.

1970 Sigalia cf. deflaensis (Sigal). – Hanzlíková, p. 98,
pl. 24, fig. 15.

Holotype.– WKB 010060.

Dimensions of the holotype.– L = 0.489 mm; W = 0.321
mm; W/L = 0.656; T = 0.135 mm; T/L = 0.276; A = 51o.

Paratypes.– Five specimens, WKB 010061-010065.

Dimensions.– L = 0.330-0.547 mm; W = 0.208-0.390
mm; W/L = 0.610-0.723; T = 0.123 – 0.144 mm; T/L =
0.271-0.372; A = 37-53o (average based on 15 specimens:
holotype, five paratypes and nine topotypes).

Type locality.– Yucatan outer shelf; geographical coordi-
nates: 24o 09.00’ N and 86o 23.85’ W.

Type level.– DSDP Site 95, Sample 10-95-15-2, 73-87 cm
(upper Santonian, D. asymetrica Biozone).

Material.– Circa 140 specimens.

Etymology.– From the Latin verb initio (= to initiate), sug-
gesting that it is the earliest species of the Proliferania di-
rectional lineage.

Diagnosis.– Proliferania with biserial test throughout and
sutures lined by calyptoridges.

Description.– Test with subtriangular outline, consisting of
13-17 chambers, which are alternately added with respect
to the test growth axis resulting in a biserial arrangement;
chambers of the adult stage increase in size at a low to
moderate rate. Earlier chambers are globular; those of the
adult stage subrectangular or petaloid. Sutures are distinct
and oblique to the test axis of growth, often depressed,
straight between the earlier chambers and curved towards

the anterior part in the adult stage. Calyptoridges can be
developed in the early and central parts of the test (Pl. 8,
Figs. 8, 9, 11, 12); central suture is slightly indented. Test
compressed in edge view; periphery is rounded, without
peripheral structures (Pl. 8, Figs. 4, 6, 7). Aperture is a low
arch at the base of the last formed chamber; two symmet-
rical metaflanges border the aperture and in some speci-
mens they can form a small accessory aperture in the
proximity of the central suture (Pl. 8, Fig. 9). Chambers
ornamented with leptocostae (4.8-10.4 µm), which tend to
concentrate in the peripheral regions; ccasionally they can
fuse to form an incipiently reticulate network (Pl. 8, Fig. 8-
10, 12). Periapertural pustulose area well-developed. Test
wall calcitic, hyaline, perforate (pore diameter 1.2-4.1
µm); pores are simple, circular to subcircular in shape; the
opening of the incipiently reticulate network can be as
wide as 11.1 µm, but their relationship to the preexisting
pores is unknown.

Remarks.– Proliferania initialis differs from Planulitella
sphenoides, its ancestor, by having (i) a test composed of
more chambers (13-17 rather than 10-13), (ii) thicker tests,
(iii) low to moderate rather than high chamber increase in
size and (iv) having a trend to concentrate the test orna-
mentation in the peripheral region. It differs from P. mal-
ocaucasica mainly by lacking the antero-posterior
elongation of the chambers in the adult stage. Proliferania
initialis differs from Sigalia incipiens by having (i) thicker
tests, (ii) less depressed sutures and (iii) costate ornamen-
tation concentrated in the peripheral region; however,
these two species are morphologically close and can be
easily confused under the binocular microscope.

Stratigraphic range.– Santonian (D. asymetrica Biozone).
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Plate 8. Specimens of Proliferania initialis – new species. 1-4, Holotype
from the upper Santonian (D. asymetrica Biozone) sediments of DSDP
Site 95 (Yucatan outer shelf), Sample 10-95-15-2, 73-87 cm. 5-6 Topo-
type from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-4, 99.5-100.5 cm.
7-8 Topotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-3, 101.5-
102.5 cm. 9-10 Topotype from the upper Santonian (D. asymetrica
Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-
95-14-1, 99-112 cm. 11 Topotype from the upper Santonian (D. asymet-
rica Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample
10-95-13-3, 78-92 cm. 12 Topotype from the upper Santonian (D. asy-
metrica Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sam-
ple 10-95-16-1, 99.5-101 cm.
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Geographic distribution.– Caribbean region (Yucatan outer
shelf), Gulf of Mexico and Europe (Slovakia) (Fig. 16).

Proliferania carpatica (Salaj & Samuel, 1963)
(Plate 9, Figures 1-11, Plate 10, Figures 1-11)

1956 Ventilabrella deflaensis (Sigal). – Bettenstaedt &
Wicher, p. 503, pl. 1, fig. 2 (left figure only).

1956 Ventilabrella deflaensis (Sigal). – Küpper, p.
635, pl. 1, fig. 14. 

1957 Ventilabrella deflaensis (Sigal). – Wicher & Bet-
tenstaedt, fig. 2b.

1963 Sigalia carpatica Salaj & Samuel, p. 105, figs.
2-3.

(?) 1965 Gublerina primitiva Aliyulla, pl. 225, pl. 1, figs.
6-8.

1966 Sigalia deflaensis (Sigal). – Wille-Janoschek, p.
123, pl. 8, fig. 5.

1968 Sigalia deflaensis (Sigal). – Scheibnerová, p. 55,
pl. 6, fig. 6.

1968 Gublerina deflaensis (Sigal). – Barr, pl. 1, fig.
16.

1969 Sigalia deflaensis (Sigal). – Brown, p. 42, pl. 3,
fig. 8.

1970 Sigalia deflaensis (Sigal). – Porthault in Donze
et al., p. 62, pl. 9, figs. 4-5.

1973 “Gublerina” decoratissima (de Klasz). – Mc-
Neely, pl. 2, fig. 5.

1975 Sigalia carpatica (Salaj & Samuel). – Darmoian,
p. 200, pl. 3, fig. 20, pl. 4, figs. 1-4.

1977 Sigalia deflaensis (Sigal). – Masters, p. 390, pl.
7, figs. 1-2.

1977 Gublerina primitiva Aliyulla. – Aliyulla, pl. 2,
fig. 3.

1981 Sigalia carpatica (Salaj & Samuel). – Butt, pl.
17, fig. B.

1984 Sigalia deflaensis (Sigal). – Dowsett, p. 133, pl.
1, figs. 17-18.

1984 Sigalia decoratissima (de Klasz). – Weidich, p.
79, pl. 2, fig. 6.

1987 Sigalia carpatica (Salaj & Samuel). – Almogi-
Labin in Honigstein et al., pl. 3, figs. 4-6.

1989 Sigalia decoratissima (de Klasz). – Nederbragt,
pl. 4, fig. 6.

1991 Sigalia decoratissima carpatica Salaj & Samuel.
– Nederbragt, p. 369, pl. 11, figs. 2-3.

1993 Sigalia decoratissima (de Klasz). – Nederbragt,
pl. 2, figs. 7-9.

2007 Sigalia carpatica (Salaj & Samuel). – Lamolda
et al., fig. 4: M, P1-2, S1-2.

2008 Sigalia carpatica (Salaj & Samuel). – Georgescu
& Almogi-Labin, figs. 3, 6: 1, 6.

Material.– Circa 500 specimens.

Description.– Test with subtriangular outline, consisting of
14-18 chambers alternately added with respect to the test
growth axis resulting in a biserial chamber arrangement;
chambers increase gradually in size at various rates, from
moderate (Pl. 10, Fig. 1) to high (Pl. 9, Figs. 1, 5, 10, Pl.
10, Figs. 6, 8). Earlier chambers are globular, those of the
adult stage subrectangular and with strongly curved ante-
rior and posterior sides in the direction of growth. Sutures
are curved, oblique to the test axis of growth and lined
with strong phaneroridges (Pl. 9, Figs. 1, 5, 10, Pl. 10, Figs.
1, 6, 8); central suture nearly straight or with shallow in-
dentations. Test compressed in edge view; periphery
rounded to subangular and with prominent transverse
keels resulting from the fusion of the phaneroridges across
the periphery (Pl. 9, Figs. 3, 9, Pl. 10, Figs. 4, 5, 11). Aper-
ture is a very low arch at the base of the last formed cham-
ber and it is bordered by two small, symmetrical
metaflanges (Pl. 9, Figs. 3, 4, Pl. 10, Fig. 11). Chamber
surface smooth or ornamented with weak, residual lepto-
costae (Pl. 9, Figs. 2, 6, 7, Pl. 10, Figs. 2, 3, 7, 9 10); ves-
tiges of the ancestral costate ornamentation consisting of
thickened costae (14.4-23.9 µm) occur only in the
phaneroridges, which, for this reason, have nodular ap-
pearance (Pl. 9, figs. 1, 5, 10, Pl. 10, figs. 1, 6, 8). Well-
developed periapertural pustulose area (Pl. 9, figs. 3, 4,
Pl. 10, fig. 11). Test wall calcitic, hyaline and perforate;
pores are  simple, circular to subcircular and variable in
diameter: those in the central portion of the test are larger
(2.4-4.6 µm) when compared to those from the last
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Plate 9. Specimens of Proliferania carpatica (Samuel & Salaj, 1963). 1-
4, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-2, 73-87
cm. 5-8, Hypotype from the upper Santonian (D. asymetrica Biozone)
sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-2,
73-87 cm. 9-11, Hypotype from the upper Santonian (D. asymetrica Bio-
zone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-
15-2, 73-87 cm.
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formed one to four chambers (1.0-2.6 µm) (Pl. 9, Figs. 2,
6, 7, 11, Pl. 10, Figs. 2, 3, 7, 9, 10).

Remarks.– Proliferania carpatica differs from P. initialis by
having (i) well-developed phaneroridges, (ii) weaker or-
namentation, (iii) periphery with transverse keels and (iv)
larger simple pores in the central part of the test. It differs
from Sigalia deflaensis mainly by (i) having stronger
phaneroridges and (ii) lacking the ocassionally developed
adult stage with multichamber growth. 

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– Europe (Slovakia, Austria, Spain,
France, Germany), northern Africa (Algeria, Tunisia), Mid-
dle East (Iraq, Israel), Gulf of Mexico, Caribbean region
(Yucatan outer shelf) and western South Atlantic Ocean
(São Paolo Plateau, Rio Grande Rise) (Fig. 16).

Proliferania decoratissima (de Klasz, 1953) – emended
(Plate 11, Figures 1-12; Plate 12, Figures 1-12)

1953 Ventilabrella decoratissima de Klasz, p. 238, pl. 4,
fig. 5. 

1956 Ventilabrella decoratissima de Klasz. – Betten-
staedt & Wicher, p. 503, pl. 1, figs. 2-3.

1957 Gublerina decoratissima (de Klasz). – Montanaro
Gallitelli, p. 140, pl. 32, fig. 8.

1957 Ventilabrella decoratissima de Klasz. – Wicher &
Bettenstaedt, fig. 2c.

1963 Gublerina decoratissima (de Klasz). – Salaj &
Samuel, p. 106, pl. 7, figs. 4-5.

1966 Sigalia deflaensis (Sigal). – Wille-Janoschek, p.
123, pl. 8, fig. 6.

1968 Sigalia deflaensis (Sigal). – Scheibnerová, p. 55,
pl. 6, fig. 5.

1969 Ventilabrella decoratissima de Klasz. – Brown, p.
42, pl. 3, fig. 9.

1969 Sigalia deflaensis (Sigal). – Brown, p. 42, pl. 2, fig. 1.
1969 Gublerina decoratissima (de Klasz). – Esker, p.

212, pl. 1, figs. 7-8.
1970 Sigalia decoratissima (de Klasz). – Porthault in

Donze et al., p. 63, pl. 9, figs. 6-7.
1972 Sigalia alpina (de Klasz). – Martin, pl. 1, fig. 5.
1973 “Gublerina” decoratissima (de Klasz). – McNeely,

pl. 2, fig. 6.
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Figure 16. Paleobiogeographical distribution and occurrences of the
species included in the directional lineage Proliferania. Letter signifi-
cance: a – Yucatan outer shelf (McNeely, 1973; Georgescu & Almogi-
Labin, 2008; this study), b – Gulf of Mexico (Dowsett, 1984; this study),
c – Slovakia (Samuel, 1962; Salaj & Samuel, 1963; Scheibnerová, 1968;
Hanzlíková, 1970); d – Austria (Wille-Janoschek, 1966); e – Germany
(de Klasz, 1953; Bettenstaedt & Wicher, 1956; Küpper, 1956; Wicher &
Bettenstaedt, 1957; Butt, 1981; Weidich, 1984); f – France (Porthault in
Donze et al., 1970); g – Spain (Lamolda et al., 2007); h – Tunisia
(Maamouri & Salaj, 1978; Nederbragt, 1989, 1991, 1993), j – Libya
(Barr, 1968), k – Israel (Almogi-Labin in Honigstein et al., 1987), l – Iraq
(Darmoian, 1975), m  – São Paolo Plateau (this study), n – Rio Grande
Rise (this study), o – Jamaica (Esker, 1969) and p – Romania (Neagu,
2006).

Plate 10. Specimens of Proliferania carpatica (Samuel & Salaj, 1963). 1-
4, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-6,
104-118 cm. 5-7, Hypotype from the upper Santonian (D. asymetrica
Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-
95-13-3, 78-92 cm. 8-11, Hypotype from the upper Santonian (D. asy-
metrica Biozone) sediments of DSDP Site 95 (Yucatan outer shelf),
Sample 10-95-15-6, 104-118 cm.
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1975 Sigalia decoratissima (de Klasz). – Darmoian, p.
201, pl. 4, figs. 6-8.

1975 Sigalia sp. – Darmoian, pl. 4, fig. 9.
1978 Ventilabrella decoratissima azzouzi Maamouri &

Salaj, p. 204, pl.1, figs 1-12.
1981 Sigalia decoratissima (de Klasz). – Butt, pl. 17,

figs. C1-C2.
1984 Sigalia decoratissima (de Klasz). – Weidich, p.

79, pl. 2, figs. 7-15.
1987 Sigalia decoratissima (de Klasz). – Almogi-Labin

in Honigstein et al., pl. 3, fig. 7.
1989 Sigalia decoratissima (de Klasz). – Nederbragt,

pl. 2, figs. 10-11.
1991 Sigalia decoratissima decoratissima (de Klasz). –

Nederbragt, p. 368, pl. 11, fig. 4.
1993 Sigalia decoratissima (de Klasz). – Nederbragt,

pl. 4, fig. 7.
2006 Sigalia decoratissima (de Klasz). – Neagu, p. 177,

pl. 9, figs. 10-12.
2008 Sigalia decoratissima (de Klasz). – Georgescu &

Almogi-Labin, fig. 4: 1-2, 6: 4-5.
2008a Sigalia decoratissima (de Klasz). – Georgescu &

Abramovich, pl. 2, figs. 3-5.

Material.– Circa 50 specimens.

Emended description.– Test with two distinct growth
stages. The early stage, with subtriangular outline, consists
of 12-16 chambers added alternately to the test axis of
growth resulting in a biserial arrangement; adult stage with
multichamber growth. Adult flaring stage initiates with the
biaperturate progressive chamber and continues with one
to five multichamber sets; chamber numbers increase by
one or at an irregular rate in successive multichamber sets.
Chambers of the biserial stage are globular, then subrec-
tangular with strongly curved anterior and posterior sides
in the direction of growth; chamber of the adult stage
petaloid, with variable height/width ratio (Pl. 12, Figs. 1,
6, 7, 9, 11). Sutures are straight in the early stage, oblique
to the test growth axis and covered by successively added
layers of calcite; those in the test portion with multicham-
ber growth are curved and lined by strong phaneroridges
(Pl. 12, Figs. 1-3, 6-8, 11); central suture is straight, rarely
with slight indentations. Test compressed in edge view,
thicker in the earlier portion and with nearly parallel sides
in the adult part; periphery is rounded to subangular, with
transverse keels resulting from the fusion of the phaneror-

idges across the periphery (Pl. 12, Figs. 4, 5, 8, 10, 12).
Aperture is a low to medium high arch at the base of the
last formed chamber in the biserial portion and multiple
in the adult stage (Pl. 12, Figs. 4, 5, 8, 10, 12); symmetri-
cally developed metaflanges border the aperture. Cham-
ber surface smooth; vestiges of the ancestral costate
ornamentation can occur in the phaneroridges, where the
fused costae result in development of thick (18.8-32.7 µm)
and blunt, mostly longitudinally oriented costae, giving a
nodular appearance to the earlier portion of the test (Pl.
12, Figs. 1, 6, 7, 9, 11). Test wall is calcitic, hyaline and
perforate; pores simple, circular to subcircular in shape
and with diameters of 2.3-3.2 µm; vuggy pores (maximum
dimension 7.5-8.9 µm) can be developed in the central
portion of the test (Pl. 11, Figs. 7, 9).

Remarks.– Proliferania decoratissima differs from all other
species of this directional lineage by the well-developed
adult stage with multichamber growth. It differs from L.
lipsonae Georgescu & Abramovich, 2008a by having (i)
fewer chamber sets in the adult stage with multiserial
chamber growth (maximum five as compared to ten), (ii)
less developed vuggy pores in the central portion of the
test and (iii) vestigial costae in the phaneroridges. Venti-
labrella decoratissima azzouzi was described by
Maamouri & Salaj (1978) for specimens with progressive
chamber, which marks the end of the early biserial stage.
Such specimens represent a growth stage of P. decoratis-
sima and cannot receive distinct taxonomic status.

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– Europe (Austria, Germany,
France, Romania), Caribbean region (Jamaica, Yucatan
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Plate 11. Specimens of Proliferania decoratissima (de Klasz, 1953). 1-2,
Hypotype from the upper Santonian (D. asymetrica Biozone) sediments
of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-4, 99.5-100.5
cm. 3-5, Hypotype from the upper Santonian (D. asymetrica Biozone)
sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-2,
100.5-101.5 cm. 6-8, Hypotype from the upper Santonian (D. asymet-
rica Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample
10-95-15-4, 99.5-100.5 cm. 9, Hypotype from the upper Santonian (D.
asymetrica Biozone) sediments of DSDP Site 95 (Yucatan outer shelf),
Sample 10-95-15-4, 99.5-100.5 cm. 10-11, Hypotype from the upper
Santonian (D. asymetrica Biozone) sediments of DSDP Site 95 (Yucatan
outer shelf), Sample 10-95-15-2, 73-87 cm. 12, Paratype from the San-
tonian of south of Hörgering, near Eisenärtz, south of Traunstein, Bavaria
(Germany) deposited in the NMNH, USNM 498994. Specimen previ-
ously figured by Montanaro Gallitelli (1957, pl. 32, fig. 8).
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outer shelf), Gulf of Mexico, Middle East (Iraq, Israel) and
northern Africa (Tunisia) (Fig. 16).

Branched lineage Ventilabrella Cushman, 1928

Type species: Ventilabrella eggeri Cushman 1928, p. 2,
pl. 1, figs. 10, 12 (not 11).

1928 Ventilabrella Cushman, p. 2.
partly 1977 Ventilabrella Cushman, 1928. – Masters, p.

386.
partly 1987 Ventilabrella Cushman, 1928. – Loeblich &

Tappan, p. 456.
partly 1991 Ventilabrella Cushman, 1928. – Nederbragt,

p. 369.

Description.– Early stage with chambers alternately added
with respect to the growth axis resulting in a biserial
arrangement; adult stage with multichamber growth starts
with the biaperturate progressive chamber followed by
chambers arranged in sets of two to six. Sutures are dis-
tinct and depressed. Test is compressed in edge view; pe-
riphery rounded and simple, without peripheral structures.
Aperture is a simple, low arch at the base of the last cham-
ber in the early biserial stage and multiple in the adult.
Chambers ornamented with leptocostae, uniformly dis-
tributed or thickened in the early portion of the test and
peripheral region; additional layers of calcite often result
in formation of pycnocostae over the earlier chambers in
the evolved species. Test wall is calcitic, hyaline and per-
forate; pores can be simple or scalaropores. 

Remarks.– Ventilabrella differs from Sigalia and Prolifera-
nia by having (i) depressed sutures rather than lined with
calyptoridges and phaneroridges, (ii) simple periphery
rather than with transverse keels and (iii) leptocostate and
pycnocostate ornamentation, which is stronger over the
earlier portion of the test. Ventilabrella is defined in the
evolutionary classification as a branched lineage consist-
ing of species with an adult multichamber growth stage.

Species included.– Ventilabrella eggeri Cushman, 1928, V.
alpina de Klasz, 1953 and V. glabrata Cushman, 1938.

Stratigraphic range.– Santonian-early Campanian (from
the upper part of D. asymetrica Biozone to the lower part
of G. elevata Biozone).

Geographic distribution.– USA (Texas, Kansas, Nebraska,
South Dakota, Mississippi, Alabama, New Jersey),
Caribbean region (Jamaica, Yucatan outer shelf), Gulf of
Mexico, Europe (Germany, Romania), Middle East (Israel),
northern Africa (Tunisia) and western South Atlantic
Ocean (São Paolo Plateau, Rio Grande Rise) (Fig. 17).

Ventilabrella eggeri Cushman, 1928 – emended
(Plate 13, Figures 1-11)

1928 Ventilabrella eggeri Cushman, p. 2, pl. 1, figs. 10,
12 (non 11). 

1981 Ventilabrella eggeri Cushman. – Butt, pl. 17, fig. N.
1982 Ventilabrella glabrata Cushman. – Oláníyí

Odébòdé, p. 244, pl. 3, figs. 6-10.
1983 Ventilabrella eggeri Cushman. – Weiss, p. 66, pl.

9, figs. 6-7.
1987 Ventilabrella eggeri Cushman. –  Almogi-Labin in

Honigstein et al., pl. 3, figs. 10-12.
1991 Ventilabrella eggeri Cushman. – Nederbragt, p.

369, pl. 12, fig. 7.
1993 Ventilabrella eggeri Cushman. – Nederbragt, pl.

1, figs. 6-7, 10-11.
2006 Ventilabrella eggeri Cushman. – Georgescu, figs.

5:1-5.2 (only).

Material.– Circa 50 specimens.

Emended description.– Test with two distinct growth
stages. Earlier stage, with subtriangular outline, consisting
of 10-12 chambers alternately added with respect to the
test growth axis resulting in a biserial arrangement; adult
flaring stage initiates with the biaperturate progressive
chamber and continues with one or, rarely, two sets of two
chambers (Pl. 13, Figs. 1, 3, 6, 8-9); specimens with two
such rows of chambers are extremely rare. Earlier cham-
bers are globular; those of the terminal biserial and adult
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Plate 12. Specimens of Proliferania decoratissima (de Klasz, 1953). 1-4,
Hypotype from the upper Santonian (D. asymetrica Biozone) sediments
of Eureka 67-128 well (Gulf of Mexico), Sample top at 1662.23 mbsl. 5-
6, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of Eureka 67-128 well (Gulf of Mexico), Sample top at 1662.23
mbsl. 7-8, Hypotype from the upper Santonian (D. asymetrica Biozone)
sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-2,
100.5-101.5 cm. 9-10, Hypotype from the upper Santonian (D. asymet-
rica Biozone) sediments of Eureka 67-128 well (Gulf of Mexico), Sam-
ple top at 1662.23 mbsl. 11-12, Hypotype from the upper Santonian (D.
asymetrica Biozone) sediments of Eureka 67-128 well (Gulf of Mexico),
Sample top at 1662.23 mbsl.
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stages subglobular, overlapping at various rates. Sutures
are distinct and depressed; those between the chambers of
the biserial stage straight or slightly curved, oblique to the
test axis of growth; central suture straight, groove-like. Test
compressed in edge view; periphery is rounded, without
peripheral structures (Pl. 13, Figs. 2, 4-5, 10). Aperture in
the early stage is a low arch at the base of the last formed
chamber, those in the adult stage double, one for each of
the relapsed chambers (Pl. 13, Figs. 2, 4); the progressive
chamber is the only biaperturate chamber of the test.
Chamber surface ornamented with thick (6.6-12.9 µm)
longitudinal or parallel to the periphery leptocostae;
chambers of the adult stage occasionally present lepto-
costae diverging from the chamber base (Pl. 13, Figs. 1, 3,
9). Ornamentation is often stronger over the earlier portion
of the test (Pl. 13, Fig. 6); periapertural pustulose area
well-developed. Test wall calcitic, hyaline, perforate (pore
diameter 1.1-4.8 µm); pores simple, circular in shape and
situated mostly between the costae, rarely interrupting
them.

Remarks.– Ventilabrella eggeri differs from its ancestor,
Planulitella sphenoides, by having the adult stage with in-
cipient multichamber growth. It differs from Sigalia de-
flaensis with an incipient multichamber growth stage, by
(i) having stronger costae and (ii) lacking the phaneror-
idges developed mostly in the central part of the test. Ven-
tilabrella eggeri is emended and restricted to those
specimens with incipiently developed multichamber
growth stage, as originally described by Cushman (1928)
and subsequently followed by Martin (1972) and Almogi-
Labin in Honigstein et al. (1987). Cushman (1928) did not
select a holotype for V. eggeri and this fact generated con-
fusion among taxonomists. Montanaro Gallitelli (1957)
made an attempt to synonymize genera Ventilabrella and
Planoglobulina based on an error in subsequent syn-
onymies by Cushman (1938, p. 25; 1946, p. 111), admit-
ting that a subsequent taxonomic misinterpretation by the
author of a species, rather than the original description is
sufficient to challenge the validity of a formally described
species; Brown (1969, p. 39-40) contested the interpreta-
tion by Montanaro Gallitelli as is done in this paper: Ven-
tilabrella eggeri and Planoglobulina acervulinoides (Egger,
1902) are two taxa with sharply different test morpholo-
gies, stratigraphical ranges and phylogenetic origins. A
neotype was selected by Martin (1972) but it appears to be

a broken specimen of V. glabrata, as suggested by Masters
(1977). A new neotype (Pl. 13, Figs. 9-11) is herein se-
lected from the upper Santonian sediments of the Yucatan
outer shelf (DSDP Site 95); it shows strong morphological
similarities with the first specimen of V. eggeri originally
figured by Cushman (1928, pl. 1, fig. 10) and was col-
lected from coeval sediments in a relatively close geo-
graphical area. The specimens reported from the late
Campanian-Maastrichtian (Said & Kenawy, 1956, p. 140,
pl. 3, fig. 38; Wille-Janoschek, 1966, p. 125, pl. 8, fig. 7;
Hanzlíková, 1970, p. 96, pl. 23, figs. 19, 23; Masters,
1977, p. 392-395; Abdel-Kireem, 1986, p. 228, pl. 3, fig.
1) are not congeneric.

Stratigraphic range.– Santonian (D. asymetrica Biozone).

Geographic distribution.– USA (Texas, New Jersey),
Caribbean region (Puerto Rico, Yucatan outer shelf), Gulf
of Mexico, Europe (Germany), Middle East (Israel), north-
ern Africa (Tunisia) and western South Atlantic Ocean (São
Paolo Plateau, Rio Grande Rise) (Fig. 17).

Ventilabrella alpina de Klasz, 1953 – emended
(Plate 14, Figures 1-9; Plate 15, Figures 1-9)

1953 Ventilabrella alpina de Klasz, p. 228, pl. 4, fig. 6. 
1953 Ventilabrella bipartita de Klasz, p. 228, pl. 4, fig.

7.
1956 Ventilabrella alpina de Klasz. – Bettenstaedt &

Wicher, p. 503, pl. 1, fig. 4.
1956 Ventilabrella eggeri Cushman. – Küpper, p. 636,

pl. 1, fig. 13.
1972 Ventilabrella browni Martin, p. 85, pl. 1, figs. 3-4.
1977 Ventilabrella browni Martin. – Petters, pl. 1, fig. 3.
1977 Ventilabrella browni Martin. – Premoli Silva &

Boersma, pl. 2, fig. 4.
1991 Ventilabrella eggeri Cushman. – Nederbragt, pl. 12,

fig. 5.
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Plate 13. Specimens of Ventilabrella eggeri Cushman, 1928. 1-2, Hypo-
type from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 100-102 cm.
3-4, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-15-4, 99.5-
100.5 cm. 5-7, Hypotype from the upper Santonian (G. arca Biozone)
sediments of ODP Leg 174AX at Bass River Site (New Jersey coastal
plain), Sample 505.35-505.38 mbsf. 8, Hypotype from the upper Santon-
ian (D. asymetrica Biozone) sediments of DSDP Site 356 (São Paolo
Plateau), Sample 39-356-36-4, 110-124 cm. 9-11, Hypotype from the
upper Santonian (D. asymetrica Biozone) sediments of DSDP Site 95 (Yu-
catan outer shelf), Sample 10-95-13-3, 78-92 cm.
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1992 Ventilabrella browni Martin. – Olsson & Usmani,
fig. 6:4.

2008 Ventilabrella browni Martin. – Georgescu & Al-
mogi-Labin, fig. 7:1-2.

Material.– Circa 300 specimens.

Description.– Test with two distinct growth stages; an ear-
lier stage with subtriangular outline consists of 10-12
chambers alternately added with respect to the test growth
axis resulting in a biserial chamber arrangement. Flaring
adult stage, with well-developed multichamber growth,
starts with the biaperturate progressive chamber and con-
tinues with up to five chamber sets, in which the number
of chambers gradually increases by one (i.e., first two,
then three, then four, etc). Earlier chambers are globular,
those of the terminal biserial stage and adult stage
petaloid, overlapping at various rates. Sutures are distinct
and depressed, straight to curved; central suture groove-
like, straight or with shallow indentations. Test com-
pressed in edge view, thicker in the early stage and thinner
and with nearly parallel sides in the adult portion (Pl. 14,
Figs. 2, 7, Pl. 15, Figs. 3, 5, 7); periphery is rounded and
simple, without peripheral structures. Aperture is a sim-
ple low arch at the base of the last formed chamber in the
early biserial stage and multiple in the adult stage; cham-
bers of the adult stage biaperturate or relapsed. Chamber
surface ornamented with leptocostae, which are stronger
over the early portion (11.8-19.3 µm) and thinner over the
last added chambers (4.4-8.1 µm) (Pl. 14, Figs. 1, 8, Pl.
15, Figs. 1-2, 4, 6, 8-9); incipient reticulation may be ocas-
sionally developed over the chambers of the adult stage.
Periapertural pustulose area well-developed. Test wall cal-
citic, hyaline and perforate (pore diameter 1.8-4.3 µm);
pores simple or scalaropores, with circular to, rarely, ellip-
tical shape, situated in the spaces between the costae or
interrupting them.

Remarks.– Ventilabrella alpina differs from V. eggeri by
having (i) a well-developed adult stage with multichamber
growth and (ii) stronger ornamentation on the earlier por-
tion of the test. It differs from S. proliferans and P. deco-
ratissima mainly by lacking phaneroridges over the
sutures. Ventilabrella bipartita (de Klasz, 1953) was de-
scribed to accommodate the tests with strong ornamenta-
tion over the earlier test and deeply incised central suture
in the biserial portion; such tests are rare in the assem-

blages studied and, when they occur, appear end mem-
bers of in the V. alpina variability range. Ventilabrella
browni Martin, 1972 is morphologically identical to V.
alpina and for this reason considered the latter’s junior
synonym.

Stratigraphic range.– Santonian-early Campanian (from
the upper part of D. asymetrica Biozone to the lower part
of G. elevata Biozone).

Geographic distribution.– Europe (Germany), USA (Texas,
Arkansas, New Jersey), Gulf of Mexico, Caribbean region
(Puerto Rico, Yucatan outer shelf) and western South At-
lantic Ocean (São Paolo Plateau, Rio Grande Rise) (Fig.
17).

Ventilabrella glabrata Cushman, 1938
(Plate 16, Figures 1-10)

1928 Ventilabrella eggeri Cushman, pl. 1, fig. 11
(only). 

1937 Ventilabrella eggeri Cushman. – Loetterle, p. 35,
pl. 5, fig. 5.

(?) 1938 Planoglobulina taylorana Cushman, p. 23, pl. 4,
figs. 9-10.

1938 Ventilabrella eggeri var. glabrata Cushman, p. 26,
pl. 4, figs. 15-17.

1938 Ventilabrella eggeri Cushman. – Cushman, p. 25,
pl. 4, figs. 13-14.

(?) 1946 Planoglobulina taylorana Cushman. – Cushman,
p. 110, pl. 47, figs. 10-11.

1946 Ventilabrella eggeri Cushman. – Cushman, p.
111, pl. 47, figs. 17-19.

1946 Ventilabrella eggeri var. glabrata Cushman. –
Cushman, p. 111, pl. 47, figs. 20-22.

1957 Planoglobulina glabrata (Cushman). – Monta-
naro Gallitelli, pl. 32, figs. 10-12.

1967 Planoglobulina glabrata (Cushman). – Pessagno,
p. 272, pl. 88, figs. 12, 13, 17.

1969 Planoglobulina glabrata (Cushman). – Esker, pl.
2, fig. 10.
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Plate 14. Specimens of Ventilabrella alpina (de Klasz, 1953). 1-5, Hypo-
type from the upper Santonian (G. arca Biozone) sediments of ODP Leg
174AX at Bass River Site (New Jersey coastal plain), Sample 505.35-
505.38 mbsf. 6-9, Hypotype from the upper Santonian (G. arca Biozone)
sediments of ODP Leg 174AX at Bass River Site (New Jersey coastal
plain), Sample 505.05-505.08 mbsf.
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1972 Ventilabrella glabrata Cushman. – Martin, p. 86,
pl. 1, figs. 8-9.

1975 Ventilabrella glabrata Cushman. – Darmoian, p.
202, pl. 4, figs. 14-16.

1975 Ventilabrella ornatissima Cushman and Church.
– Darmoian, p. 202, pl. 4, figs. 17-20.

1977 Ventilabrella eggeri Cushman. – Masters, p. 392,
pl. 7, figs. 3-4.

1977 Ventilabrella glabrata Cushman. – Masters, 395,
pl. 8, figs. 1-2.

1977 Ventilabrella glabrata Cushman. – Petters, pl. 2,
figs. 1-2.

1981 Ventilabrella eggeri Cushman. – Butt, pl. 17, fig.
N.

1981 Ventilabrella eggeri Cushman. – Frerichs &
Dring, pl. 1, figs. 17-18.

1983 Ventilabrella eggeri Cushman. – Weiss, p. 66, pl.
9, fig. 8.

1984 Ventilabrella cf. glabrata Cushman. – Weidich,
p. 81, pl. 1, figs. 20-21.

1987 Ventilabrella eggeri Cushman. – Almogi-Labin in
Honigstein et al., pl. 3, figs. 8-9.

1989 Ventilabrella eggeri Cushman. – Dowsett, p. 16,
pl. 3, fig. 7.

1991 Ventilabrella eggeri Cushman. – Nederbragt, p.
369, pl. 12, fig. 6.

1993 Ventilabrella eggeri Cushman. – Nederbragt, pl.
1, figs. 8-9.

1996 Ventilabrella eggeri Cushman. – Mancini et al.,
fig. 4:10.

2006 Ventilabrella eggeri Cushman. – Georgescu, figs.
5.3-5.5 (only).

2006 Ventilabrella ornatissima Cushman and Church.
– Neagu, p. 177, pl. 5, figs. 24-26.

Material.– Circa 500 specimens.

Emended description.– Test with two distinct growth
stages; early biserial stage with subtriangular outline, con-
sists of 10-12 chambers alternately added with respect to
the test growth axis resulting in biserial chamber arrange-
ment; flaring adult stage with multiserial chamber growth
(Pl. 16, Figs. 2-4, 8). Earlier chambers are globular to sub-
globular, those of the adult stage subglobular, overlapping
at various rates. Adult stage begins with the biaperturate
progressive chamber, followed by up to six multichamber
sets; each of the earlier one to three sets composed of two

chambers, one relapsed and one biaperturate, the subse-
quent ones with increasing numbers of chambers (i.e.,
three, then four, then five). Sutures are distinct and de-
pressed, straight to curved; central suture groove-like,
straight to slightly indented. Test compressed in edge view,
with nearly parallel sides in the adult portion; periphery is
rounded and simple, without peripheral structures (Pl. 16,
Figs. 1, 7, 9). Aperture is simple in the early biserial stage,
a low arch at the base of the last formed chamber and mul-
tiple in the adult stage, one or two for each chamber; pe-
riapertural structures consist of symmetrically developed
metaflanges. Chamber ornamented with longitudinal or
parallel to the periphery leptocostae; leptocostae thickness
is relatively constant over the test surface (3.5-5.7 µm).
Thickened ornamentation consisting of pycnocostae may
be ocassionally developed over the early portion of the
test. Periapertural pustulose area well-developed. Test wall
calcareous, hyaline and perforate (pore diameter 1.5-3.7
µm); pores simple or scalaropores, circular to subcircular
in shape, mostly situated in the spaces between the costae
or, rarely, interrupting the leptocostae or pycnocostae. Test
wall with variable calcification; the thickest wall is in the
distal part of the biserial stage, progressive chamber and
the earlier chamber sets of the adult stage.

Remarks.– Ventilabrella glabrata differs from its ancestor,
V. eggeri, mainly by having a well-developed multicham-
ber growth stage, which consists of one to five chamber
sets, rather one to two; moreover, the number of chambers
gradually increases by one in the case of the former
species, when compared to the latter where all the sets of
chambers in the adult stage consist of two relapsed cham-
bers. It differs from V. alpina by having (i) a multichamber
growth stage with less regular chamber increase in number
between the successively added sets and (ii) weaker orna-
mentation on the earlier portion of the test. It differs from
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Plate 15. Specimens of Ventilabrella alpina (de Klasz, 1953). 1, Hypotype
from the upper Santonian (D. asymetrica Biozone) sediments of DSDP
Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 100-102 cm. 2-3, Hy-
potype from the upper Santonian (D. asymetrica Biozone) sediments of
DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 100-102 cm.
4-5, Hypotype from the upper Santonian (D. asymetrica Biozone) sedi-
ments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1, 100-
102 cm. 6, Hypotype from the upper Santonian (D. asymetrica Biozone)
sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-95-14-1,
100-102 cm. 7-8, Hypotype from the upper Santonian (D. asymetrica
Biozone) sediments of DSDP Site 95 (Yucatan outer shelf), Sample 10-
95-14-1, 100-102 cm. 9, Hypotype from the upper Santonian (D. asy-
metrica Biozone) sediments of DSDP Site 95 (Yucatan outer shelf),
Sample 10-95-14-1, 100-102 cm.
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Sigalia proliferans by having (i) depressed sutures through-
out rather than lined with phaneroridges, (ii) a simple test
periphery rather than one with transverse keels, (iii) all
chambers ornamented with costae rather than showing an
obvious reduction in the ornamentation towards the distal
parts of the test and (iv) ocassionally developed scalaro-
pores. It differs from Proliferania decoratissima by having (i)
depressed sutures throughout rather than lined with calyp-
toridges or phaneroridges, (ii) a simple test periphery rather
than one with transverse keels, (iii) pores simple or scalaro-
pores rather than vuggy pores in the central part of the test
and (iv) chamber surface ornamented with costae rather
than smooth. Planoglobulina taylorana (Cushman, 1938,
p. 23; 1946, p. 110) is probably a deformed and broken
specimen of V. glabrata. Although P. taylorana has page pri-
ority over V. glabrata (p. 23 over p. 26), its senior species
status is not validated here because of the lack of morpho-
logical distinctive features when compared to V. glabrata
and poor preservation of the type material, the latter being
a source of potential misunderstandings. The reports of V.
glabrata or Planoglobulina glabrata (Said & Kenawy, 1956,
p. 140, pl. 3, fig. 46; Eternod Olvera, 1959, p. 77, pl. 2, fig.
9; Skinner, 1962, p. 42, pl. 5, fig. 15; Barr, 1968, pl. 1, figs.
6, 9; Hanzlíková, 1969, p. 42, pl. 8, fig. 3; Hanzlíková,
1970, p. 97, pl. 24, figs. 2, 7; Masters, 1977, p. 395; Abdel-
Kireem, 1986, p. 228, pl. 3, figs. 2-3) are not congeneric.

Stratigraphic range.– Santonian-early Campanian (from
the upper part of D. asymetrica Biozone to the lower part
of Globotruncanita elevata Biozone).

Geographic distribution.– USA (Texas, Kansas, Nebraska,
South Dakota, Mississippi, Alabama, New Jersey), Gulf of
Mexico, Caribbean region (Jamaica, Yucatan outer shelf),
Europe (Germany, Romania), northern Africa (Tunisia) and
Middle East (Iraq, Israel) (Fig. 17).
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Plate 16. Specimens of Ventilabrella glabrata Cushman, 1938. 1-2, Hypo-
type from the upper Santonian (G. arca Biozone) sediments of ODP Leg
174AX at Bass River Site (New Jersey coastal plain), Sample 505.05-
505.08 mbsf. 3, Hypotype from the upper Santonian (G. arca Biozone)
sediments of ODP Leg 174AX at Bass River Site (New Jersey coastal
plain), Sample 505.35-505.38 mbsf. 4-7, Hypotype from the upper San-
tonian (G. arca Biozone) sediments of ODP Leg 174AX at Bass River Site (New Jersey coastal plain), Sample 505.35-505.38 mbsf. 8-10, Hypotype from
the upper Santonian (G. arca Biozone) sediments of ODP Leg 174AX at Bass River Site (New Jersey coastal plain), Sample 505.05-505.08 mbsf.

Figure 17. Paleobiogeographical distribution and occurrences of the
species included in the directional lineage Ventilabrella. Letter signifi-
cance: a – Texas (Cushman, 1928, 1938, 1946; Pessagno, 1967; Martin,
1972; Masters, 1977), b – New Jersey coastal plain (Petters, 1977; Ols-
son & Usmani, 1992; Georgescu, 2006; Georgescu & Almogi-Labin,
2008, this study), c – Gulf of Mexico (this study), d – Jamaica (Esker,
1969), e – Yucatan outer shelf (McNeely, 1973; Georgescu & Almogi-
Labin, 2008; this study), f – Germany (de Klasz, 1953; Bettenstaedt &
Wicher, 1956; Küpper, 1956; Butt, 1981; Weidich, 1984), g – Israel (Al-
mogi-Labin in Honigstein et al., 1987), h – Tunisia (Nederbragt, 1991), j
– São Paolo Plateau (Premoli Silva & Boersma, 1977; this study), k – Rio
Grande Rise (Premoli Silva & Boersma, 1977; this study), l – Arkansas
(Martin, 1972), m – combined Kansas, Nebraska, South Dakota, Missis-
sippi, Alabama occurrences (Frerichs & Dring, 1981; Dowsett, 1989;
Mancini et al., 1996), n – Romania (Neagu, 2006) and o – Nigeria
(Oláníyí Odébòdé, 1982).
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6. DISCUSSION AND CONCLUSIONS

Taxonomic reevaluation of the late Coniacian-early Cam-

panian planktic foraminifera that developed adult multi-

chamber growth stages shows that the process happened

in four lineages, three directional and one branched.

Species are grouped into two distinct supraspecific cate-

gories which are given significance in evolutionary clas-

sification: directional lineages and branched lineages. A

directional lineage (DL) is defined as a lineage showing

continuous development of two or more features in a

monophyletic-linear succession of species. At least one

feature has a divergent pattern in a branched lineage (BL),

resulting in a monophyletic-branched succession of

species. Directional and branched lineages are taxonomic
units with significance in evolutionary classification.

Texasia is formalized as a new directional lineage that led
to the development of multichamber growth in the adult
stage and commenced its evolution in the late Coniacian.
It includes two species, T. papula and T. austinana of the
late Coniacian-early Campanian and latest Coniacian-
Santonian respectively, the former with completely biser-
ial test, the latter with flaring multichamber adult stage.
Multichamber growth adult stage begins with the progres-
sive chamber and consists of up to three sets of two cham-
bers and occurs only in the latter (Fig. 18). The globular
chambers, periapertural structures consisting of narrow
metaflanges and chamber ornamented with leptocostae
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Figure 18. Stratigraphic distribution, inferred phylogenetic relationships and lineage architecture in the late Coniacian-early Campanian planktic
foraminifera that developed a flaring adult stage with multichamber growth. 1 – Ages after Gradstein et al. (2004). 2 – Planktic foraminiferal standard
zonation after Robaszynski & Caron (1995). DL – directional lineage, BL – branched lineage. The white squares include two paramount parameters in
recognizing the evolutionary continuum: pore diameter in µm (top) and chamber number (bottom).



indicate that T. papula evolved from “H.” globulosa. Pores
increase in size, being smaller in T. papula (0.3-0.9 µm)
and larger (1.2-2.9 µm) in its descendant, T. austinana.

Planulitella is a new branched lineage, which consists of
three species: P. sphenoides, P. stenopos and P. malocau-
casica (Fig. 18). The former is the stem species. Planulitella
evolved in the early Santonian (uppermost part of the Di-
carinella concavata Biozone) from Planoheterohelix as in-
dicated by similarities in its general test appearance,
periapertural structures and chamber ornamentation. Rep-
resentatives of this lineage have tests with a biserial cham-
ber arrangement (Fig. 18) and can be recognized among
the Cretaceous heterohelicids by the distinctly flattened
test appearance. This branched lineage radiated two di-
rectional lineages (i.e., Sigalia and Proliferania) and one
branched lineage (i.e., Ventilabrella) in the lower part of D.
asymetrica Biozone). Planulitella became extinct in the
upper part of the D. asymetrica Biozone, just before the
Santonian/Campanian boundary.

Sigalia is one of the two directional lineages evolved from
Planulitella in the lower part of the D. asymetrica Biozone
(Fig. 18). It is emended as an evolutionary classification
unit, resulting in the recognition of a directional lineage
that consists of three species: S. incipiens, S. deflaensis
and S. proliferans, two of which are new, namely S. incip-
iens and S. proliferans. Most significant morphological
changes in this lineage regard development of the sutural
ridges and adult flaring stage with multichamber growth.
The earlier species of the directional lineage, S. incipiens,
has depressed sutures or with calyptoridges; phaneror-
idges are developed only in S. deflaensis and S. prolifer-
ans. The development of a flaring adult stage with
multiserial chamber growth is gradual; S. incipiens is com-
pletely biserial, S. deflaensis only ocassionally has incip-
ient chamber proliferation in the adult stage (<15% of the
total number of specimens) and S. proliferans is the only
species that exhibits well-developed chamber prolifera-
tion. Ontogenetic trajectories reconstructed with the aid of
the x-ray micrographs, show gradually increasing cham-
ber area along the lineage, with the highest rates in the
adult stage, apparently related to the adult stage with mul-
tichamber growth (Fig. 19). Sigalia became extinct at the
Santonian/Campanian boundary.

The other directional lineage that began its evolution in

the lower part of the D. asymetrica Biozone is formalized
herein as Proliferania. It includes three species: P. initialis,
P. carpatica and P. decoratissima (Fig. 18). Morphological
changes in the evolution of this directional lineage show
remarkable resemblances with those known from the di-
rectional lineage Sigalia. The earliest species, P. initialis, is
biserial throughout and has depressed sutures or with ca-
lyptoridges. Its descendant, P. carpatica, is also biserial
throughout but has well-developed phaneroridges. Multi-
chamber growth is developed only in P. decoratissima,
which is the end member of this directional lineage. On-
togenetic trajectories of the Proliferania species show that
there is a significant decrease in chamber size between P.
initialis and P. carpatica, followed by a marked increase
with the development of the multichamber growth adult
stage in P. decoratissima (Fig. 20). Noteworthy, the cham-
ber shape in the adult stage of P. decoratissima strongly
resembles that of the earlier chambers in Orbitoides d’Or-
bigny, 1848 (in Lyell, 1848), which further supports the
phylogenetic relationships between planktic foraminifera
as ancestors and large-sized orbitoidid benthics as descen-
dants (Küpper, 1954; Van Hinte, 1965; Georgescu & Al-
mogi-Labin, 2008). This study indicates that the adaptation
to the benthic way of life was gradual and probably P.
carpatica and/or P. decoratissima could have had at least
a benthic stage during their life cycles.

Ventilabrella is emended in this evolutionary classification
as a branched lineage. It evolved from P. sphenoides in
the late Santonian (D. asymetrica Biozone) as indicated
by the similarities between this species and the early
stages of all the species of Ventilabrella. The branched lin-
eage consists of three species, V. eggeri, V. alpina and V.
glabrata in which the former is the basal species (Fig. 18),
which have depressed sutures throughout. Ventilabrella
eggeri presents incipient multichamber growth stage con-
sisting of the progressive chamber followed by two sets
with two chambers each. Chamber proliferation is further
developed in the two descendant species both in number
and chamber area (Fig. 21). Ventilabrella alpina is the only
species of the late Coniacian-early Campanian with
chamber growth characterized by progressive and con-
stant increase of chamber number in each successive set.
Ventilabrella survived the heterohelicid extinction event
at the Santonian/Campanian boundary and its range is ex-
tended in the early Campanian.
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Figure 19. Ontogenetic trajectories for five specimens of the Sigalia directional lineage. Note the gradual increase in test size with the development of
multichamber growth in S. deflaensis and S. proliferans.
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Figure 20. Ontogenetic trajectories for five specimens of the Proliferania directional lineage. Note the significant decrease in the rate of chamber in-
crease of size between P. initialis and P. carpatica, probably documenting a significant change in the growth strategy.
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Figure 21. Ontogenetic trajectories for four specimens of the Ventilabrella branched lineage. Note the similarities in the earlier ontogenetic stages and
significant increase in test size with the increase in number of chamber sets in the adult stage.
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Práce, 24, 153-167.

Scheibnerová, V. 1968. Middle and Upper Cretaceous microbiostratigra-

phy of the Klippen Belt (West Carpathians). Acta Geologica et

Geographica Universitatis Comenianae, 17, 5-98.

Sigal, J. 1952. Aperçu stratigraphique sur la micropaléontologie du Cré-

tacé. Alger, 19th International Geological Congress, Monographies

regionales, 1re ser., Algérie, 26, 1-52.

Skinner, H.C. 1962. Arkadelphia Foraminiferida. Tulane Studies in Geol-

ogy, 1, 1-72.

Steineck, P.L. and Fleisher, R.L. 1978. Towards the classical evolution-

ary reclassification of Cenozoic Globigerinacea (Foraminiferida).

Journal of Paleontology, 52, 618-635.

Tappan, H. 1940. Foraminifera from the Grayson Formation of northern

Texas. Journal of Paleontology, 14, 93-126.

Van Hinte, J.E. 1965. An approach to Orbitoides. Proceedings of the

Koninklijke Nederlandse Akademie van Wetenschappen, series B, 68,

57-71.

Voorwijk, G.H. 1937. Foraminifera of the Upper Cretaceous of Habana,

Cuba. Koninklijke Nederlandse Akademie van Wetenschappen te

Amsterdam, 40, 189-198.

Weidich, K.F. 1984. Feinstratigraphie, Taxonomie planktonisher

Foraminiferen und Palökologie der Foraminiferengesamtfauna der

kalkalpinen tieferen Oberkreide (Untercenoman-Untercampan) der

Bayerischen Alpen. Bayerische Akademie der Wissenschaften,

Matematisch-Naturwissenschaftlische Klasse, Abhandlungen, 162, 1-

151.

Weiss, W. 1983. Heterohelicidae (seriale planktonische Foraminiferen)

der tethyalen Oberkreide (Santon bis Maastricht). Geologisches

Jahrbuch, A72, 3-93.

Wicher, C.A. and Bettenstaedt, F. 1957. Zur Oberkreide Gliderung der

Bayerischen Innviertel-Bohrungen. 6. Ventilabrella deflaensis - ein

Santon-fossil. Geologica Bavarica, 30, 30-38.

Wille-Janoschek, U. 1966. Stratigraphie und Tektonik der Schichten der

Oberkreide und des Alttertiärs im Raume von Gosau und Abtenau.

Jahrbuch der Geologischen Bundesanstaldt, 109, 91-172.

MANUSCRITO RECIBIDO: 25 de noviembre, 2009

MANUSCRITO ACEPTADO: 10 de febrero, 2010

Revista Española de Micropaleontología / v. 42 / nº 1 / 2010

118


