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Resumen

Un nuevo grupo de foraminíferos bentónicos pertenecientes a la superfamilia Praeplanctoniacea nov., que se originó a partir del gé-
nero Pleurostomella Reuss 1860, se describe en los sedimentos del Albiense superior de la Meseta de Blake (oeste del Atlántico Norte).
La citada superfamilia está integrada por dos familias: Praeplanctonidae nov. y Archaeoguembelitriidae nov. La familia Praeplancto-
nidae incluye dos géneros bentónicos: Praeplanctonia nov. gen. y Haigella nov. gen. Praeplanctonia incluye dos especies con cáma-
ras globulares: P. globifera nov. sp. y P. quasiplanctonica nov. sp. El género Haigella se propone para una línea de foraminíferos en la
cual las proyecciones de las cámaras están orientadas hacia atrás y donde se incluyen las especies: H. intermedia nov. sp. y H. haigi
nov. sp. La familia Archaeoguembelitriidae está integrada por un solo género (Archaeoguembelitria nov. gen.) y dos especies: A. ce-
nomana (Keller 1935) y A. harrisi (Tappan 1940). Archaeoguembelitria caracteriza a nivel genérico una línea de foraminíferos trise-
riadas en la cual A. cenomana (Albiense tardío) es una especie bentónica con la superficie de las cámaras no ornamentada y A. harrisi
es una especie planctónica que tiene la superficie de las cámaras ornamentada con montículos porados. Praeplanctonia globifera
nov. gen., nov. sp.es el antecessor de Haigella nov. gen., Archaeoguembelitria nov. gen. and “Heterohelix” washitensis (Tappan, 1940).
La existencia de una relación filogenética entre el foraminífero bentónico Praeplanctonia globifera nov. gen., como antecesor, y “He-
terohelix” washitensis, especie más antigua, planctónica y biseriada, como descendiente, demuestra que el grupo de los foraminífe-
ros planctónicos es polifilético. Se revisan otros dos géneros: Guembelitriella Tappan 1940, que se reasigna a la Superfamilia
Turrilinacea Cushman 1927 y Guembelitria Cushman 1933, que se restringe a test triseriados de edad Santoniense tardío-Paleoceno
temprano. Los tests triseriados del Albiense tardío-Turoniense incluyen al género Archaeoguembelitria nov. gen. Los primeros ejem-
plares triseriados del intervalo Aptiense superior-Albiense superior bajo se incluyen en el género Koutsoukosia nov. gen., que tiene
como especie tipo a K. sergipensis (Koutsoukos, 1994). Koutsoukosia está asignado a la familia Globuligerinidae Loeblich & Tappan
1984.

Palabras clave: Foraminíferos bentónicos, foraminíferos planctónicos, Cretácico, nuevos taxones, foraminíferos planctónicos polifilé-
ticos.

Abstract

A new group of benthic foraminifera is described from the upper Albian sediments of the Blake Plateau (western North Atlantic), su-
perfamily Praeplanctoniacea nov., which originated from the genus Pleurostomella Reuss, 1860. Superfamily Praeplanctoniacea com-
prises two families: Family Praeplanctonidae nov. and Family Archaeoguembelitriidae nov. Family Praeplanctonidae includes two
benthic genera: Praeplanctonia nov. gen. and Haigella nov. gen. Praeplanctonia consists of species with globular chambers, P. glob-
ifera nov. sp. and P. quasiplanctonica nov. sp. Haigella is proposed for a lineage in which backward oriented chamber projections are
gradually developed: H. intermedia nov. sp. and H. haigi nov. sp. A single genus is included in Family Archaeoguembelitriidae: Ar-
chaeoguembelitria nov. gen., which consists of two species, namely A. cenomana (Keller, 1935) and A. harrisi (Tappan, 1940). Ar-
chaeoguembelitria formalizes at the genus level a lineage of triserial foraminifera in which A. cenomana (late Albian) is a benthic
species with smooth chamber surface and A. harrisi is a planktic species that has the chamber surface ornamented with pore mounds.
Praeplanctonia globifera nov. gen., nov. sp. is the ancestral species for Haigella nov. gen., Archaeoguembelitria nov. gen. and “Het-
erohelix” washitensis (Tappan, 1940). The existence of a phylogenetic relationship between the benthic foraminifer Praeplanctonia glob-
ifera nov. gen., nov. sp., as ancestor and the oldest biserial planktic foraminiferal species, “Heterohelix” washitensis as descendant,
demonstrates that the planktic foraminiferal group is polyphyletic. Two other genera are reviewed: Guembelitriella Tappan, 1940,
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1. INTRODUCTION

Mesozoic planktic foraminifera have been traditionally re-
garded as representing a branching and monophyletic
group. This view is shared by many researches, such as
Caron (1983, 1985), Hart (1999) and Hart et al. (2002).
The origin of Cenozoic planktic foraminifera from Creta-
ceous taxa were outlined by Liu & Olsson (1992) and Ols-
son et al. (1999) and the recovery from the
end-Cretaceous cataclysmic event further demonstrate the
vitality and diversification potential of the group.

A different view was advocated by Darling et al. (1996,
1997) through molecular rDNA studies on some Ceno-
zoic species, such as Neogloboquadrina dutertrei (d’Or-
bigny, 1839), Globigerinelloides conglobatus (Brady,
1879), G. ruber (d’Orbigny, 1839), etc. suggesting that the
group is polyphyletic. This conclusion was based on the
discovery of rDNA sequences of benthic foraminifera in
that of planktic species. Darling et al. (1997, p. 251) con-
cluded that “Our phylogenetic analysis shows that the
planktic foraminifera are polyphyletic in origin, not evolv-
ing solely from a single ‘globigerinid-like’ lineage in the
Mid-Jurassic, but derived from at least two ancestral ben-
thic lines.” Despite the conclusions of Darling et al. (1997)
and in the absence of any supporting paleontological ev-
idence, the uncertainty as to whether or not the planktic
foraminifera represent a monophyletic or polyphyletic
group still persists.

Extensive study on the upper Albian-lower Cenomanian
benthic and planktic foraminifera showed that the earliest
biserial and triserial planktics commenced their evolution
during the Late Albian (Pseudothalmanninella ticinensis
Biozone). The earliest representatives of this group have
twisted and asymmetrical tests as well as asymmetrically
developed periapertural structures [e.g., “Heterohelix”
washitensis]. This observation is highly significant as it
rules out the possibility of finding the ancestor of the bis-
erial and triserial planktic foraminifera among the upper

Albian contemporaneous planktic foraminiferal taxa. The
latter are represented mainly by trochospiral (e.g., Hed-
bergella, Ticinella and Clavihedbergella) and planispiral
(e.g., Globigerinelloides and Planomalina) species and the
earliest biserial planktic taxa lack an early trochospiral or
planispiral stage. The other potential ancestor could be the
triserial species Guembelitria cenomana (Keller, 1935),
which has a benthic appearance. A potential phylogenetic
relationship between G. cenomana and “H.” washitensis
cannot be taken in consideration due to relatively narrow
variability of the former species, which presents only tris-
erial tests without any trend to develop biserial chamber
arrangement.

A new benthic foraminiferal group of the upper Albian,
with twisted tests and high morphological variability is de-
scribed. Three lineages are recognized within the new
group, each of them formalized at the genus level, Prae-
planctonia nov. gen., Haigella nov. gen. and Ar-
chaeoguembelitria nov. gen. The group is formalized as
Superfamily Praeplanctoniacea nov. The origins of the
praeplanctonids apparently can be traced from represen-
tatives of the Superfamily Pleurostomellacea Reuss, 1860.
Consequently, the biserial planktic foraminifera, which
were traditionally regarded as members of the Superfam-
ily Heterohelicacea Cushman, 1927 are removed from
Suborder Globigerinina Delage & Hérouard, 1896 and in-
cluded within Suborder Rotaliina Delage & Hérouard,
1896, in order to accommodate the newly inferred phylo-
genetic relationships.

2. A HISTORY OF CONCEPTS ON
HETEROHELICID ORIGINS

The origins of the Cretaceous serial planktic foraminifera
have been rarely studied (Cushman, 1950; Fuchs, 1973,
1975; Loeblich & Tappan, 1974; Hart, 1999, 2006; Hart et
al., 2002). Throughout these studies, the planktics with se-
rial chamber arrangement were considered related to the
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which is reassigned to Superfamily Turrilinacea Cushman, 1927 and Guembelitria Cushman, 1933, which is restricted to triserial tests
of the late Santonian-early Paleocene. The late Albian-Turonian triserial tests are included within Archaeoguembelitria nov. gen. The
earliest triserials of the upper Aptian to lowermost upper Albian are included within Koutsoukosia nov. gen., which has K. sergipensis
(Koutsoukos, 1994) as type species. Koutsoukosia is assigned to the Family Globuligerinidae Loeblich & Tappan, 1984.
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other major groups of planktic foraminifera, namely those
with planispiral and trochospiral coil.

The first account on the origins of the heterohelicids was
by Cushman (1950). In the fourth edition of his Treatise,
Cushman (1950, p. 252) noted: “Derived from a planispi-
ral ancestry, this is held in the early stages of all the most
primitive genera, at least in the microspheric forms. There
is no evidence that the group was derived from the spe-
cialized pelagic Globigerinidae, although the genus Güm-
belina may have been pelagic.”

Contrasting phylogenies were proposed by Fuchs (1973)
who considered that Heterohelix and Guembelitria
evolved from different ancestors. According to this author,
the genus Heterohelix is the end member of the Woletz-
ina-Eoheterohelix-Heterohelix lineage. By contrast, Guem-
belitria Cushman, 1933 evolved from Conoglobigerina
Morozova, 1961. Therefore, Heterohelix and Guembeli-
tria, the two genera around which the taxonomy of the
Cretaceous serial planktic foraminifera is centered (Loe-
blich & Tappan, 1987), were considered phylogenetically
unrelated. This idea was not further developed and a cou-
ple of years later Fuchs (1975, p. 220) postulated the ex-
istence of a different evolutionary sequence, at
suprageneric levels: Oberhauserellidae – Guembelitriinae
– Heterohelicinae. The phylogenetic relationship between
Oberhauserellidae (ancestor) and Heterohelicidae (de-
scendant) was considered valid by Loeblich & Tappan
(1974).

Evolution and diversity of the early planktic foraminifera
was extensively studied by Hart (1999, 2006) and Hart et
al. (2002). According to these studies, a phylogenetic re-
lationship could have existed between the planispirally
coiled planktic foraminifera, as ancestor and Heterohelix
as descendant (Hart, 1999, fig. 2; Hart et al., 2002, fig. 2).

This historical presentation shows that there is no clear
view on the origins of the Cretaceous serial planktics, de-
spite the existence of a number of hypothesized phyloge-
netic relationships between various genera, subfamilies
and families. All of these phylogenetic relationships are
postulated exclusively based on the gross test architecture.
Moreover, data on the stratigraphic and paleobiogeo-
graphic distribution played, at best, a secondary role in
interpreting the proposed phylogenies.

3. STUDIED MATERIAL 

Most of the material analyzed came from a succession of
sixty-nine samples obtained from upper Albian-lower
Cenomanian sediments of the ODP Hole 1050C (Blake
Plateau, western North Atlantic). Spot samples were stud-
ied from two other wells drilled in its proximity, namely
ODP Holes 1052E and 1049B (Fig. 1). The first biostrati-
graphic zonation of the upper Albian-middle Cenoman-
ian sediments drilled during Leg 171B was provided by
Bellier & Moullade (2002). In total, over one thousand
SEM micrographs were taken and specimens from
throughout the stratigraphic range of the various benthic
and planktic species were investigated.

The holotypes of the following species were examined at
the National Museum of Natural History, Smithsonian In-
stitution, Washington, D.C.: Gümbelina washitensis
(USNM 299328, USNM 307987 and USNM 307988),
Gümbelitria harrisi (USMN 307994 and USNM 307995),
Gümbelitriella graysonensis (USNM299329, USNM
299330, USNM 307998 and USNM 307999), Bulimina
nannina (USNM 298868, USNM 303520 and USNM
303521) and Neobulimina minima (USNM 299596,
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Figure 1. Location of the ODP Holes 1049B, 1050C and 1052E, which
yielded most of the fossil material analyzed in this study.



USNM 311438, USNM 311439 and USNM 311440), all
of them described by (Tappan, 1940) from the Grayson
Bluff, Texas, USA and Neobulimina irregularis Cushman
& Parker, 1936 from the Ector tongue of the Austin Chalk,
Grayson County, Texas, USA (USNM 311431, USNM
311432, USNM 311433, USNM 311434 and USNM
311435). Topotypes of the following species deposited in
the Loeblich and Tappan Topotype Collection (NMNH,
Washington D.C.) could be examined and SEM pho-
tographed: G. graysonensis (USNM 473114) and Gümbe-
litria cretacea (Cushman, 1933), the latter from the
Navarro Formation, Guadelupe County, Texas, USA
(USNM 473112). Species names are given according to
the labels in the Cushman Collection (NMNH).

The type material (holotype and paratypes) together with
a number of topotypes of Koutsoukosia sergipensis (Kout-
soukos, 1994) from the well 1-CA-1-SE (proximity of the
city of Aracaju, Sergipe Basin, eastern Brazil) could be ex-
amined at the National Museum of Natural History, Smith-
sonian Institution, Washington, D.C. We could also
examine specimens of Archaeoguembelitria harrisi (Tap-
pan, 1940) from the Bass River Formation (New Jersey
coastal plain subsurface) and deposited at Rutgers, The
State University of New Jersey.

All the type material of the new taxa described in this ar-
ticle is deposited in the Willi Karl Braun Micropaleonto-
logical Collection at the University of Calgary (Calgary,
Alberta, Canada). They are referred in text as “WKB”, fol-
lowed by the inventory number.

4. TAXONOMIC CONCEPTS

A major difficulty in recognizing phylogenetic relation-
ships at generic and suprageneric level among Cretaceous
foraminifera is due to the present-day classification, which
is fundamentally typological. The basis of typological clas-
sification is represented by morphological resemblances
between various entities (e.g., individuals within a species,
species within a genus, genera within a family, etc.). This
procedure is extremely rigid and prone to grouping enti-
ties, which although morphologically close, are the result
of iterative evolution from phylogenetically distant groups,
as shown by Steineck & Fleisher (1978) for the Cenozoic
planktic foraminifera.

The problem is further complicated by the large-scale use
of the typological species and genus concepts in current
micropaleontological practice. These two concepts are
major impediments in recognizing evolutionary trends
and phylogenetic relationships. The use of the typological
species concept has the disadvantage of considering the
species morphologically homogeneous entities, often cen-
tered on the holotype (Masters, 1977). Another recent de-
velopment in the use of the typological species was the
practice to define species with the aid of a small number
of features, which resulted in extensive lumping (Neder-
bragt et al., 1998). Similarly, the typological genus con-
cept can lead to the definition of trans-lineage taxonomic
units that lack any significance in a phylogenetic classifi-
cation.

All these difficulties of taxonomical nature had to be over-
come in searching for the origins of the serial Cretaceous
planktic foraminifera. For this reason, the well-docu-
mented paleontological species concept (Georgescu &
Huber, 2007) and the concept of genus-lineage were
used.

4.1. Species concept

The transition between the optical microscope-based ob-
servations to those in which the morphological data are
mostly collected with the aid of a scanning electron mi-
croscope (SEM) resulted in a significant improvement of
the observation detail. Accordingly, the species variability
can be better described and used for taxonomic and phy-
logenetic purposes. Recent studies carried out on Late
Cretaceous species of stellate and strongly ornamented
planktic foraminifera showed that the species variability
is much higher than previously considered. For example,
Georgescu & Huber (2008) demonstrated that in Hastigeri-
noides alexanderi (Cushman, 1931), a planktic foraminifer
with stellate outline from the Santonian (Late Cretaceous),
can be recognized two test varieties according to the
chamber arrangement: planispiral and very low trochospi-
ral. This wide range of morphological variability comes in
contradiction with the widely accepted classification of
Loeblich & Tappan (1987), in which such differences in
the coiling mode are regarded as valid taxonomic criteria
at superfamily level.
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The concept of well-documented paleontological species
was proposed by Georgescu & Huber (2007, p. 158) to
accommodate the wide morphological variability present
in most of the Cretaceous planktic foraminiferal species:
“A well-documented paleontological species is the basic
unit with taxonomic significance in the fossil record, and
has the following characteristics: (i) it is monophyletic; (ii)
it has a distinct range of morphological variability, show-
ing relative stability over a definable period of time and
presenting relatively discrete evolutionary changes; (iii) it
is a morphologically heterogeneous and discontinuous
entity, consisting of one or (mostly) more morphological
and/or paleoecological varieties; (iv) it has its own devel-
opmental history traceable in space and time; and (v) its
existence and integrity can be tested not only by compar-
ative morphological distinctiveness, but also by its re-
sponse to paleoenvironmental and geological factors (e.g.,
paleoclimatic changes, sea-level fluctuations, etc.), as in-
ferred from paleontology and related geological disci-
plines”. It was applied with excellent results by Georgescu
(2007a, 2007b), Georgescu & Abramovich (2008),
Georgescu & Huber (2008) and Lipson-Benitah (2008).

This way to define the paleontological species is the only
one that proved functional in the case of the upper Albian-
Cenomanian benthic and serial planktic foraminifera of
the ODP Hole 1050C (Blake Plateau). As an example, ex-
treme morphological variability was observed in the case
of three species: Praeplanctonia globifera nov. sp., P. qua-
siplanctonica nov. sp. and Haigella intermedia nov. sp.
Notably, all of them have twisted axis of test growth. These
species present two different kinds of chamber arrange-
ment: biserial throughout and triserial in the early stage
and biserial when adult. Most of the specimens have a bis-
erial chamber arrangement throughout and consistently
represent more than 95% of the total specimens exam-
ined for all of the three species. The specimens with early
triserial stage and biserial chamber arrangement in the
adult are less numerous and consequently occur rarely
and in scattered occurrences. Noteworthy, the tests of the
two varieties are otherwise identical, having a similar
number of chambers, aperture size, position and peria-
pertural structures, sutures, etc. Moreover, the stratigraph-
ical ranges of the two varieties of each species are
identical and specimens with intermediate morphologi-
cal features are present throughout their stratigraphic

ranges. This record shows clearly that despite the signifi-
cant morphological differences between these varieties,
they should be considered as parts of the same species.
In this situation, the chamber arrangement cannot be suc-
cessfully used in typological sense as taxonomic criterion
at species or genus level.

4.2. Genus concept

The genus concept used in planktic foraminifera has been
rarely treated in detail. The vast majority of the Cretaceous
planktic foraminiferal genera are defined only according
to the morphological similarities between component
species. This way of defining them does not take into ac-
count two factors: morphological resemblances between
members of distant lineages due to iterative evolution and
monophyletic nature not only of a genus, but of any
supraspecific category.

A more elaborate way to define genera for the serial and
planispiral planktic foraminifera was developed by
Georgescu (2007a, 2007b), Georgescu & Abramovich
(2008) and Georgescu & Huber (2008). They demon-
strated that a genus can be defined to accommodate a lin-
eage in which most, if not all, of the morphological
features change through time. The phylogenetic relation-
ships, if well documented, can be successfully used to in-
clude morphologically distant species within a genus. This
concept of “genus-lineage” is followed herein.

5. SYSTEMATIC PALEONTOLOGY

Suprageneric classification largely follows that of Loeblich
& Tappan (1987), whereas the species concept is that of
Georgescu & Huber (2007).

Suborder GLOBIGERININA Delage & Hérouard, 1896
Superfamily ROTALIPORACEA Sigal, 1958

Family GLOBULIGERINIDAE Loeblich & Tappan, 1984
Genus Koutsoukosia nov. gen.

Type species.- Guembelitria sergipensis Koutsoukos, 1994.
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Diagnosis.– Test triserial with strong and blunt pustules on
all of the chambers.

Description.– Test with triserial chamber arrangement;
chambers are globular and increase gradually in size as
added. Sutures are distinct and depressed. Aperture is
large, in the shape of a high arch. Chamber surface is or-
namented with large-sized, blunt pustules. Test wall is cal-
citic, microperforate.

Remarks.– Koutsoukosia differs from all other triserial gen-
era of the Cretaceous by having the test ornamentation
consisting of blunt pustules (Fig. 2; Pl. 1, Fig. 2). The pore
mounds mentioned in the original description of the type
species are probably the result of diagenesis, which af-
fected the original ornamentation on the chamber surface.
Overall, the ornamentation of Koutsoukosia is similar to
that of the primitive planktic foraminifera of the Family
Globuligerinidae (Riegraf, 1987; Simmons et al., 1997).
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Figure 2. Diagram showing the three Cretaceous genera of triserial planktic foraminifera and diagnostic test ornamentation.  The gray areas indicate
the stratigraphical intervals without triserial planktics. Ages after Gradstein et al. (2004).



Etymology.– Genus dedicated to Dr. E. A. M. Koutsoukos
(University of Rio de Janeiro, Brazil).

Stratigraphic range.– Upper Aptian to lower part of upper
Albian (from the G. algeriana Biozone throughout the
lower part of P. subticinensis Biozone).

Geographic distribution.– South America (Sergipe Basin,
eastern Brazil).

Koutsoukosia sergipensis (Koutsoukos, 1994)
(Pl. 1, Figs 1-2)

1994 Guembelitria sergipensis Koutsoukos, p. 288, 
pl. 1, figs 1-16, pl. 2, figs 1-12.

Description.– Test triserial throughout consisting of 10 to
15 globular chambers, which increase gradually and rap-
idly in size as added (Pl. 1, Fig. 1). Sutures are distinct,
straight to slightly curved and depressed. Aperture is sim-
ple and arch-shaped, situated at the base of the apertural
face of the last-formed chamber. Chamber surface is orna-
mented with large-sized blunt pustules, up to 10 µm in
the maximum dimension and with an average height of 6
µm (Pl. 1, Figs 1-2). Test wall is calcareous, hyaline and
with small circular pores, 0.4 to 0.8 µm in diameter.

Remarks.– Koutsoukosia sergipensis was originally de-
scribed as having irregular pore mounds. The pore
mound-like structures present in the original figuration
(Koutsoukos, 1994, pl. 1, figs 3, 10, 11, 14, 16, pl. 2, figs
5, 7, 9, 10) are not constant ornamentation features. They
are completely absent in the topotypes investigated for the
present study. Moreover, they present a general different
appearance when compared with the pore mounds from
other Upper Cretaceous planktic foraminifera, such as
Laeviheterohelix pulchra (Brotzen, 1936) and Guembeli-
tria cretacea (Cushman, 1933). Accordingly, the pore
mound-like structures are considered to be the result of
imperfections in specimen preservation.

Stratigraphic range.– Upper Aptian to lower part of the
upper Albian (from the G. algeriana Biozone throughout
the lower part of P. subticinensis Biozone).

Geographic distribution.– South America (Sergipe Basin,
eastern Brazil).

Suborder ROTALIINA Delage & Hérouard, 1896
Superfamily HETEROHELICACEA Cushman, 1927

Family HETEROHELICIDAE Cushman, 1927
Genus Heterohelix Ehrenberg, 1843

Type species.- Textilaria americana Ehrenberg, 1843.

Description.– Test with or without early incipient planispi-
ral coil and with chambers biserially arranged in the adult
stage. The earliest species has twisted tests, asymmetrical
in edge view, whereas the evolved species has symmetri-
cal tests (i.e., with lose rotation of the twisting axis) when
observed in edge view. Chambers are globular to slightly
laterally compressed and increase gradually in size as
added. Aperture is situated at the base of the last-formed
chamber and is bordered by rims or flanges. Chamber sur-
face is smooth to coarsely costate. Test wall is calcitic, hya-
line, nannoperforate to finely perforate.

Remarks.– The report of twisted, asymmetrical tests with
asymmetrical apertures and periapertural structures in the
upper Albian, Cenomanian and Turonian further adds to
the significant morphological variability of the genus Het-
erohelix. The taxonomical review of this genus will be the
subject of a number of forthcoming articles. The term
‘nannoperforate’ is defined for the test wall with pore di-
ameter between 0.1 and 0.5 µm. Accordingly, the ‘finely
perforate’ term is used in restricted sense, namely for the
test wall with pore diameter between 0.5 and 1.0 µm.

Stratigraphic range.– Upper Albian-Maastrichtian (from
the P. ticinensis Biozone throughout P. hariaensis Bio-
zone).

Geographic distribution.– Cosmopolitan.

“Heterohelix” washitensis Tappan, 1940
(Pl. 1, Figs 3-13)

1940 Gümbelina washitensis Tappan, p. 115, pl. 19, 
fig. 1.

1975 Heterohelix moremani (Cushman, 1938), North 
& Caldwell, pl. 4, fig. 9.

1977 Heterohelix moremani (Cushman, 1938), 
Masters, pl. 2, fig. 1.

1989 Heterohelix moremani (Cushman, 1938), Hart 
et al., p. 346, pl. 7.16, fig. 9.

2006 Laeviheterohelix sp. Petrizzo & Huber, pl. 1, fig. 2.
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Emended description.– Test twisted, biserial throughout
(Pl. 1, Figs 3, 5, 13), with globular chambers that increase
gradually in size as added. Sutures are distinct, straight to
slightly curved and depressed. Test periphery is broadly
rounded, without peripheral structures. Aperture is
medium high and asymmetrical, situated at the base of
the last formed chamber (Pl. 1, Figs 4, 6-11). It is bordered
by asymmetrical periapertural structures, a thin rim on one
side and a ridge on the opposite side and provided with a
relict toothplate (Pl. 1, Figs 4, 7-11). Chamber surface is
smooth (Pl. 1, Figs 3-13). Test wall calcitic, hyaline and
nannoperforate to microperforate; pores are circular, with
diameter between 0.4 and 0.7 µm.

Remarks.– “Heterohelix” washitensis is the earliest mem-
ber of the Superfamily Heterohelicacea Cushman, 1927
(Fig. 3). Careful observations over a large number of spec-
imens (holotype, paratypes, topotypes and over 100 hy-
potypes) of “H.” washitensis from the Late Albian and
Cenomanian revealed that the chamber surface is smooth,
as mentioned in the original description by Tappan (1940,
p. 115). Our data also confirm the observations by Thomas
(1927, p. 137) and Thomas & Rice (1927, p. 141) that the
costate ornamentation is later developed in the heterohe-
licid evolution and the earlier representatives of the group
are smooth. Moreover, it is observed, for the first time, that
the test of “H.” washitensis is slightly twisted and with an
asymmetrical aperture and periapertural structures. The
twisted and asymmetrical tests and asymmetrical aper-
tures and periapertural structures indicate that, most likely,
the ancestor of the group is a taxon with an asymmetrical
test.

Stratigraphic range.– Upper Albian-lower Turonian (from
the P. ticinensis Biozone throughout the H. helvetica Bio-
zone).

Geographic distribution.– USA (Texas), Canada
(Saskatchewan and Manitoba), western North Atlantic
Ocean (Blake Plateau) and northwestern Europe (North
Sea).

Superfamily TURRILINACEA Cushman, 1927
Family TURRILINIDAE Cushman, 1927
Genus Guembelitriella Tappan, 1940

Type species.- Gümbelitriella graysonensis Tappan, 1940.

1940 Gümbelitriella Tappan, p. 115.
1957 Guembelitriella Tappan, 1940, Montanaro 

Gallitelli, p. 137.
1964 Guembelitriella Tappan, 1940, Loeblich & 

Tappan, p. C652.
1975 Guembelitriella Tappan, 1940, Fuchs, p. 229.
1987 Guembelitriella Tappan, 1940, Loeblich & 

Tappan, p. 453.

Emended description.– Test trochospiral throughout, with
earlier chambers globular and those in the adult stage
strongly overlapping. Sutures are distinct and depressed.
Aperture is in the shape of a low to medium arch, situated
at the base of the last formed chamber and bordered by a
thin, imperforate rim. Chamber surface is smooth or with
scattered small-sized pustules. Test wall is calcitic, hyaline
and microperforate.

Remarks.– The understanding of the systematic position
of the genus Guembelitriella was strongly biased by its
original description. This taxon was described as present-
ing serial chamber arrangement and this definition was
followed by Loeblich & Tappan (1964, 1987). A different
view on its morphology was given by Longoria (1974, p.
50) who considered the genus “…trochoid and has an ex-
traumbilical-umbilical aperture.” Observations made on
topotypes from the Loeblich and Tappan Topotype Collec-
tion and new material from ODP Site 1050C confirm
without doubt that Guembelitriella has a trochospirally
coiled test and therefore is morphologically closer to Prae-
bulimina than Guembelitria. A different interpretation was
given by Kroon & Nederbragt (1990) who considered that
the test ornamentation is not a taxonomic criterion that
can be used at generic level. As a result, Guembelitriella
and its type species, G. graysonensis, were considered as
representing gerontic stages of Guembelitria cenomana
(Keller, 1935) but no data was presented to support their
interpretation. This opinion is inconsistent with the test
morphology, stratigraphic and geographic distribution of
the two taxa. Apparently Kroon & Nederbragt (1990, p.
33) were not aware of the observations of Longoria (1974)
who described and figured well preserved Guembelitria
graysonensis specimens from the Aptian of Mexico, France
and Spain. However, the synonymization of Guembe-
litriella under Guembelitria was mentioned but apparently
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Figure 3. Stratigraphic record, abundance and inferred phylogenetic relationships at ODP Hole 1050C (Blake Plateau, western North Atlantic). Planktic
foraminiferal zonation after Petrizzo & Huber (2006).



not accepted by de Klasz et al. (1995). However, the ex-
amination of the holotype of Guembelitria graysonensis in
the Cushman Collection (NMNH, Washington, D.C.) con-
firmed that the test is trochospirally coiled throughout.

Stratigraphic range.– Aptian throughout lower Cenoman-
ian (from the L. cabri Biozone throughout T.  globotrun-
canoides Biozone).

Geographic distribution.– USA (Texas), Caribbean
(Trinidad), Atlantic Ocean (Blake Plateau, offshore Florida
and Mazagan Plateau, offshore Morocco) and equatorial
Pacific Ocean (Shatsky Rise).

Guembelitriella graysonensis Tappan, 1940
(Pl. 2, Figs 1-5)

1940 Gümbelitriella graysonensis Tappan, p. 116, pl. 
19, fig. 3.

1959 Globigerina graysonensis Tappan, 1940, Bolli, 
p. 270, pl. 23, figs 1-2.

1972 Guembelitriella graysonensis Tappan, 1940, 
Michael, p. 208, pl. 1, figs 1-3.

1974 Gubkinella graysonensis (Tappan, 1940), 
Longoria, 1974, p. 50, pl. 1, figs 1-12.

1975 Gubkinella (?) graysonensis (Tappan, 1940), 
Luterbacher, 1975, pl. 2, figs. 4-8.

1984 Gubkinella graysonensis (Tappan, 1940), 
Leckie, p. 593, pl. 1, figs 2-3.

Description.– Test is medium to high trochospirally coiled
throughout (Pl. 2, Figs 1-4). Chambers are globular, those
of the final whorls strongly overlapping. There are three
to four chambers in the last whorl. Sutures are distinct and
depressed, more incised between the chambers of the last
whorl; they are straight to slightly curved. Aperture is a
low to medium-high arch situated at the base of the last
formed chamber (Pl. 2, Figs 1, 2, 4). It is bordered by a
thin and imperforate apertural rim (Pl. 2, Figs 1, 2, 4).
Chamber surface is smooth or with scattered pustules on
the earlier part of the test. Test wall is calcareous, hyaline
and nannoperforate to microperforate; pore diameter is
between 0.4 and 0.6 µm.

Remarks.– Guembelitriella graysonensis differs from G. sp.
in having more elongate aperture and better developed
chamber overlapping. 

Local occurrence.– Lower Cenomanian (T. globotrun-
canoides Biozone).

Stratigraphic range.– Aptian throughout lower Cenoman-
ian (from the L. cabri Biozone throughout T.  globotrun-
canoides Biozone).

Geographic distribution.– USA (Texas), Caribbean
(Trinidad) and Atlantic Ocean (Blake Plateau, offshore
Florida and Mazagan Plateau, offshore Morocco) and
equatorial Pacific Ocean (Shatsky Rise).

Guembelitriella sp.
(Pl. 2, Fig. 6)

(?) 1969 Gubkinella californica Church, p. 573, pl. 7, 
fig. 8.

Description.– Test is high trochospiral (Pl. 2, Fig. 6). Cham-
bers are globular throughout and increase gradually and
slowly in size. Sutures are distinct and depressed, straight
to slightly curved, joining the previous whorl at acute an-
gles. Aperture is a low arch, situated in the base of the
apertural face and is bordered by a narrow and imperfo-
rate rim (Pl. 2, Fig. 6). Chamber surface is smooth. Test
wall is calcitic, hyaline and nannoperforate to microper-
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Plate 1. Koutsoukosia sergipensis (Koutsoukos, 1994) and “Heterohelix”
washitensis (Tappan, 1940). 1-2. Topotypes of K. sergipensis from well 1-
CA-1-SE, 855-870 m (proximity of the city of Aracaju, Sergipe Basin,
eastern Brazil); note the chamber surface ornamented with large-sized
pustules and the absence of the pore mounds. The specimen was made
available to me by Dr. E. A. M. Koutsoukos (University of Rio de Janeiro).
3-4. Holotype of “H.” washitensis originally described and figured as
Gümbelina washitensis from the Grayson Bluff, Texas, USA; USNM
307987; note the twisted test and asymmetrical aperture and periaper-
tural structures. 5-6. Topotype of “H.” washitensis from the Loeblich and
Tappan Topotype Collection (NMNH, Loeblich sample 6024, USNM
473118). 7-9. Three hypotypes of “H.” washitensis from the uppermost
Albian (upper part of the P. appenninica Biozone) of the western North
Atlantic Ocean (Blake Plateau), Sample 171B-1052E-40-2, 118-121 cm;
note the asymmetrical apertures and periapertural structures. 10-12. Hy-
potype of “H.” washitensis from the uppermost Albian (upper part of the
P. appenninica Biozone) of the western North Atlantic Ocean (Blake
Plateau), Sample 171B-1052E-40-3, 71-75 cm; note the well developed
asymmetrical periapertural structures consisting of a ridge to the left and
an imperforate thin rim to the right (11) and the simple, microperforate
test wall (12). 13. Hypotype of “H.” washitensis (Tappan, 1940) from the
upper Albian (lower part of the P. ticinensis Biozone) of the western
North Atlantic Ocean (Blake Plateau), Sample 171B-1050C-31-2, 80-84
cm; this specimen is the oldest known of its species and documents its
first evolutionary occurrence. Photographs were taken with the SEM (1-
2, 5-12), ESEM (3-4) and Microprobe (13).
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forate, with pore diameter ranging between 0.4 and 0.8
µm.

Stratigraphic range.– Lower Albian (equivalent of the T.
primula Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau).

Superfamily PRAEPLANCTONIACEA nov. superfam.

Description.– Test biserial, triserial or triserial in the early
stage and biserial when adult; aperture is subterminal and
provided with a toothplate; relict suture between the aper-
ture base and the suture between the last formed chamber
and penultimate one is developed in the primitive repre-
sentatives; evolved taxa with the aperture at the base of
the last-formed chamber; test wall nannoperforate to mi-
croperforate, smooth or ornamented with pore mounds.

Stratigraphic range.– Upper Albian-lower Turonian (from
the P. ticinensis Biozone to the W. archaeocretacea Bio-
zone).

Family PRAEPLANCTONIDAE nov. fam.

Description.– Test biserial, triserial or triserial in the early
stage and biserial when adult; aperture subterminal and
provided with a toothplate; relict suture between the aper-
ture base and the suture between the last formed chamber
and penultimate one; test wall is nannoperforate, with a
combination of elongate and circular pores.

Stratigraphic range.– Upper Albian (from the P. ticinensis
Biozone to the P. appenninica Biozone).

Genus Praeplanctonia nov. gen.

Type species.- Praeplanctonia globifera nov. sp.

Diagnosis.–  Test biserial throughout or with a short trise-
rial juvenile stage and biserial in the adult; aperture sub-
terminal bordered by a short rim and provided with a
toothplate; apertural face with supplementary suture;
chamber surface smooth.

Description.– Test twisted, biserial throughout or with an
early triserial stage and biserial in the adult. Chambers are
globular to subglobular, overlapping at various rates. Su-
tures are distinct and depressed. Aperture subcircular and
subterminal in position and bears a toothplate and is bor-
dered by an asymmetrical rim. A supplementary suture is
present on the apertural face, which connects the aper-
ture base with the suture between the penultimate and
last-formed chamber. Chamber surface is smooth. Test
wall is calcitic, hyaline and nannoperforate; pore shape is
elongate to circular.

Remarks.– Praeplanctonia nov. gen. is characterized by
high variability of the  morphological features. The test
may have an early triserial stage, becoming biserial when
adult or is biserial throughout; the triserial-biserial tests
present general resemblances with some Neobulimina
Cushman & Wickenden, 1928 species of the late Albian,
such as N. irregularis (Cushman & Parker, 1936), N. nu-
merosa (Vasilenko, 1961), N. vridhachalensis (Rasheed &
Govindan, 1968) and N. canadensis var. beta (Mello,
1969). By contrast to Neobulimina, has twisted tests and
therefore can be considered morphologically closer to
Cassidella Hofker, 1951 and Fursenkoina Loeblich & Tap-
pan, 1961. Praeplanctonia differs from these two in hav-
ing an early triserial stage, which is occasionally
developed, subterminal aperture rather than situated at
the base of the last-formed chamber and the presence of
the supplementary suture on the apertural face.
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Plate 2. Scanning electron microscope photographs of Guembelitriella
graysonensis (Tappan, 1940), Guembelitriella sp. and Praeplanctonia
globifera nov. gen., nov. sp. 1-3. Lateral views of three topotypes of G.
graysonensis from the Cenomanian of the Grayson Formation, Grayson
Bluff on Denton Creek, Denton County, Texas, USA; specimens from the
Loeblich and Tappan Topotype Collection (NMNH, USNM 473114);
note the test trochospiral coil and the strongly overlapping last whorl;
topotypes of the same species were previously figured by Longoria
(1974, pl. 1, figs 7-12). 4-5. Hypotype of G. graysonensis from the lower
Cenomanian (upper part of the T. globotruncanoides Biozone) from the
western North Atlantic (Blake Plateau), Sample 171B-1050C-25-2, 87-
89 cm; notice the four chambers in the last whorls, which are visible in
the top view (5). 6. Guembelitriella sp. from the lower Albian (equivalent
of the T. primula Biozone) sediments of the western North Atlantic (Blake
Plateau), Sample 171B-1049B-12-2, 84-89 cm; biostratigraphical frame-
work at this site was kindly made available to me by Dr. B. T. Huber (Na-
tional Museum of Natural History, Washington, D.C.); note the loose
trochospiral coil when compared to the tight one in G. graysonensis. 7-
11. Holotype of P. globifera from the upper Albian sediments (upper part
of the P. ticinensis Biozone) of the western North Atlantic (Blake Plateau),
Sample 171B-1050C-28-4, 66-69 cm; note the circular and nearly cir-
cular pores, which are visible despite the moderate diagenesis (10-11);
the elongate pores (9) are enigmatical and their evolutionary and taxo-
nomic significance is unknown yet.
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Etymology.–  The name suggests that this genus is ances-
tral to the planktic foraminifera with serial chamber
arrangement.

Stratigraphic range.– Upper Albian (from the P.  ticinensis
Biozone throughout the P. appenninica Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau), Eastern North Atlantic Ocean (offshore
Cape Bojador, Spanish Sahara) and Caribbean region
(Trinidad).

Praeplanctonia globifera nov. sp.
(Pl. 2, Figs 7-11, Pl. 3, Figs 1-13, Pl. 4, Figs 1-8)

1994 Neobulimina irregularis Cushman & Parker, 
1932. Bolli et al., p. 131, fig. 35:16 (only).

Holotype.– Specimen WKB 010010.

Dimensions of the holotype.– Length: L = 0.241 mm;
width: W = 0.093 mm; W/L = 0.386; thickness: T = 0.067
mm; T/L = 0.278; proloculus diameter: PD = 0.035 mm.

Paratypes.– Seven specimens, WKB 010011.

Dimensions.– L = 0.182-0.244 mm; W = 0.076-0.093
mm; T = 0.058-0.068 mm. Measurements taken on 12
specimens (holotype, paratypes and topotypes).

Type location.– Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30o 05’ N, 76o 14’ W.

Type level.– Upper Albian (upper part of the P. ticinensis
Biozone), Sample 28-4, 66-69 cm.

Material.– Over 300 specimens.

Etymology.– The species name reflects the globular to sub-
globular shape of the chambers.

Diagnosis.– Species of Praeplanctonia with large prolocu-
lus and globular chambers, which increase slowly in size.

Description.– Test biserial throughout (Pl. 2, Fig. 7, Pl. 3,
Figs 1, 2, 5, 6, 8, 10, Pl. 4, Figs 7, 8) or, occasionally, with
a very short early triserial stage (Pl. 3, Fig. 12, Pl. 4, Fig. 1).

The test is twisted along the axis of growth at least in the
earlier part. Proloculus is large, its maximum dimension
ranging between 28 and 44 µm. Chambers are globular to
subglobular, with little overlapping and slow and gradual
increase in size. Aperture is elliptical and subterminal in
position; it is bordered by an asymmetrical imperforate
rim (Pl. 2, Fig. 8, Pl. 4, Figs 1, 2, 3, 6, 7) and provided
with a toothplate. A supplementary suture is present on
the apertural face of the last-formed chamber and it ex-
tends from the aperture base to the suture between the
last-formed two chambers (Pl. 3, Fig. 2, Pl. 4, Figs 1-4, 6,
7). Chamber surface is smooth. Test wall is calcitic, hya-
line, nannoperforate; pores are elongate to circular in
shape, their size ranging between 0.2 and 0.5 µm.

Remarks.– Praeplanctonia globifera differs from P. quasi-
planctonica nov. sp. by having larger proloculus and lower
rate of increase in chamber size during the ontogenetic
development.

Stratigraphic range.– Upper Albian (from the P. ticinensis
Biozone throughout the P. appenninica Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau) and Caribbean (Trinidad).

Praeplanctonia quasiplanctonica nov. sp.
(Pl. 4, Figs 9-20)

1984 Neobulimina minima Tappan, 1940. Moullade, 
pl. 3, fig. 23.

Holotype.– Specimen WKB 010015.

Dimensions of the holotype.– Length: L = 0.224 mm;
width: W = 0.095 mm; W/L = 0.424; thickness: T = 0.079
mm; T/L = 0.353; proloculus diameter: PD = 0.012 mm.

Paratypes.– Five specimens, WKB 010016.

Dimensions.– L = 0.162-0.227 mm; W = 0.49-0.095 mm;
T = 0.042-0.079 mm. Measurements taken on 12 speci-
mens (holotype, paratypes and topotypes).

Type location.– Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30o 05 N’, 76o 14’ W.
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Plate 3

Plate 3. Scanning electron microscope photographs of paratypes of Praeplanctonia globifera nov. gen., nov. sp. 1-13. Specimens from the upper Al-
bian (upper part of the P. ticinensis Biozone) western North Atlantic (Blake Plateau), Sample 171B-1050C-28-4, 66-69 cm; note the microperforate test
wall (3, 4, 7, 9, 11 and 13) and the elongate pore (7, 11). 



Type level.– Upper Albian (upper part of the P. ticinensis
Biozone), Sample 28-4, 66-69 cm.

Etymology.– The name suggests the quasi-planktic appear-
ance of this species.

Material.– Over one hundred specimens.

Diagnosis.– Species of Praeplanctonia nov. gen. with rel-
atively smaller proloculus and lower rate of chamber in-
crease in size.

Description.–Test twisted, small-sized with biserial cham-
bers arrangement throughout (Pl. 4, Figs 14, 19, 20) or
sometimes with a short triserial stage in the earlier part of
the test (Pl. 4, Figs 9, 12, 13, 16, 17). Proloculus is rela-
tively small, its diameter being between 11 and 14 µm.
Chambers are globular in the earlier part of the test, sub-
globular in the adult and increase slowly in size as added.
Sutures are distinct, depressed and straight to slightly
curved. Aperture is elliptical in shape and subterminal in
position; it is bordered by an asymmetrical and imperfo-
rate rim (Pl. 4, Fig. 10) and bears a toothplate (Pl. 4, Figs
16-20). Chamber surface is smooth. Test wall is calcitic,
hyaline, nannoperforate with elongate to circular pores,
pore dimension ranging between 0.2 and 0.5 µm (Pl. 4,
Fig. 11).

Remarks.– Praeplanctonia quasiplanctonica differs from
any species of serial planktic foraminifera in the position
of the aperture, which is subterminal and not interiomar-
ginal and by having the aperture provided with a well-de-
veloped toothplate, which is absent in the planktics with
serial chamber arrangement.

Stratigraphic range.– Upper Albian (upper part of the P.
ticinensis Biozone throughout the upper part of T. appen-
ninica Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau) and Eastern North Atlantic Ocean (offshore
Cape Bojador, Spanish Sahara).

Genus Haigella nov. gen.

Type species.- Haigella haigi nov. sp.

Diagnosis.–  Test triserial throughout or with an adult bis-
erial stage; chambers with backward-oriented peripheral
projections; aperture subterminal bearing a toothplate.

Description.– Test with serial chamber arrangement, with
a short triserial stage followed by a biserial one, approxi-
mately two times longer in the primitive species and tris-
erial throughout in the adult one. Earlier chambers are
globular, those in the adult stage of the evolved species
subangular and with lateral projections. Sutures are
deeply incised and distinct. Aperture is subcircular in
shape and subterminal in position. A supplementary su-
ture is present on the apertural face between the aperture
and suture between the last-formed two chambers. Cham-
ber surface is smooth. Test wall is calcitic, hyaline and
nannoperforate.

Remarks.– Haigella is proposed to accommodate a dis-
tinct lineage that evolved from Praeplanctonia and is con-
fined to upper Albian sediments. The life span of Haigella
is of approximately 900,000 years according to the depth-
age model for the upper Albian sediments at ODP Site
1050C (Huber in Petrizzo & Huber, 2006). This genus dif-
fers from Archaeoguembelitria nov. gen. by the presence
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Plate 4. Scanning electron microscope photographs of Praeplanctonia
globifera nov. gen., nov. sp. and P. quasiplanctonica nov. gen., nov. sp.
1-2. Topotype of P. globifera from the upper Albian (middle part of the P.
appenninica Biozone) western North Atlantic (Blake Plateau), Sample
171B-1050C-27-3, 139-141 cm; note the subterminal and asymmetrical
aperture, suggesting the torsion process, which resulted in the formation
of the periapertural rim (2); note the short triserial stage visible in edge
view (1). 3-4. Edge views of two topotypes of P. globifera from the upper
Albian sediments (middle part of the P. appenninica Biozone) of the
western North Atlantic (Blake Plateau), Sample 171B-1050C-27-4, 80-
83 cm; note the distinct supplementary suture on the apertural face of the
last formed chamber, which runs from the aperture to the suture between
the last formed chamber and the penultimate one. 5-6. Topotype of P.
globifera from the upper Albian sediments (middle part of the P. appen-
ninica Biozone) of the western North Atlantic (Blake Plateau), Sample
171B-1050C-27-4, 80-83 cm; note the oblique supplementary suture
and the asymmetrical aperture resulting from the torsion of the last
formed chamber around the growth axis (6). 7-8. Topotype with numer-
ous chambers of P. globifera from the upper Albian sediments (middle
part of the P. appenninica Biozone) of the western North Atlantic (Blake
Plateau), Sample 171B-1050C-27-4, 80-83 cm. 9-11. Holotype of P. qua-
siplanctonica from the upper Albian (uppermost part of the P. ticinensis
Biozone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-28-4, 66-69 cm; notice the microperforate test wall (11). 12-15.
Three paratypes of P. quasiplanctonica from the upper Albian (upper-
most part of the P. ticinensis Biozone) of the western North Atlantic
(Blake Plateau), Sample 171B-1050C-28-4, 66-69 cm; note the short
early triserial stage (12). 16-20. Two hypotypes of P. quasiplanctonica
from the upper Albian (upper part of the P. appenninica Biozone) of the
western North Atlantic (Blake Plateau), Sample 171B-1052-40-3, 71-75
cm; note the exposed toothplate (17, 18 and 20).
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of the chamber peripheral projections in the evolved
species and the presence of the elongate biserial adult
stage of the primitive one. Noteworthy, a supplementary
suture on the apertural face is known also in Pyramidina
Brotzen, 1948 of the Upper Cretaceous (Santonian)-
Eocene. This genus exhibits substantial variability with re-
spect to the position of the aperture, which is situated at
the base of the last-formed chamber and becomes subter-
minal due to the symmetrical extensions of the test wall
near the base of the aperture (Brotzen, 1948; Hofker,
1957). Accordingly, Haigella and Pyramidina appear to
have evolved separately and there is no phylogenetic re-
lationship between them.

Etymology.– The genus is named after Dr. D. Haig (The
University of Western Australia) as recognition for his con-
tributions in the study of foraminifera.

Stratigraphic range.– Upper Albian (from the upper part of
the P. ticinensis Biozone throughout the lower part of the
P. appenninica Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau).

Haigella haigi nov. sp.
(Pl. 5, Figs 7-14, Pl. 7, Fig. 2)

Holotype.– Specimen WKB 010017.

Dimensions of the holotype.– Length: L = 0.405 mm;
width: W = 0.177 mm; W/L = 0.437; proloculus diameter:
PD = 0.031 mm.

Paratypes.– Seven specimens, WKB 010018.

Dimensions.– L = 0.215-0.405 mm. This range is based
on measurements taken on eight specimens (holotype in-
cluded). Test width could not be measured due to the fact
that all of the Haigella haigi nov. sp. specimens display
poorly preserved terminal part of the test.

Type location.– Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30o 05’ N, 76o 14’ W.

Type level.– Upper Albian (lower part of the P. appen-
ninica Biozone), Sample 27-5, 123-125 cm.

Material.– Approximately 20 specimens.

Etymology.– As for the genus.

Diagnosis.– Haigella with triserial test and chambers of the
adult stage with lateral projections.

Description.– Test with curved growth axis and triserial
chamber arrangement. Earlier chambers are globular,
those of the adult stage present short, backward oriented
lateral projections (Pl. 5, Figs 7-14). A line of tubercles
lines up the chamber projections in the adult stage (Pl. 5,
Figs 7, 8, Pl. 7, Fig. 2). Earlier part of the test with rounded
periphery; the chambers of the adult portion of the test
present subacute to acute periphery due to the develop-
ment of backward oriented chamber projections. Sutures
are distinct, deeply incised, straight or slightly curved.
Aperture is single, elliptical in shape and subterminal in
position (Pl. 5, Figs 10, 14). It is bordered by an asymmet-
rically developed imperforate rim. A supplementary su-
ture is present on the apertural face, between the base of
the aperture and the suture between the last-formed and
penultimate chamber (Pl. 5, Figs 10, 14). Chamber sur-
face is smooth. Test wall is calcitic, hyaline and nannop-
erforate, with pore diameter ranging between 0.2 and 0.5
µm (Pl. 7, Fig. 2).
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Plate 5. Haigella intermedia nov. gen., nov. sp., Haigella haigi nov. gen.,
nov. sp. and Archaeoguembelitria cenomana (Keller, 1935). 1-2. Holo-
type of H. intermedia from the upper Albian (lower part of the P. appen-
ninica Biozone) of the western North Atlantic (Blake Plateau), Sample
171B-1050C-27-5, 123-125 cm; note the early triserial stage (2) and sup-
plementary suture on the last formed chamber (2). 3-4. Paratype of H. in-
termedia from the upper Albian (lower part of the P. appenninica
Biozone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-27-5, 123-125 cm; note the incipient backward oriented cham-
ber projections (4). 5-6. Topotype of H. intermedia from the upper Albian
(lower part of P. appenninica Biozone) of the western North Atlantic
(Blake Plateau), Sample 171B-1050C-28-1, 20-21 cm; note the higher
number of chambers when compared to the holotype. 7-8. Holotype of
H. haigi from the upper Albian (lower part of the P. appenninica Bio-
zone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-27-5, 123-125 cm; note the small tubercles bordering the acute
periphery of the backward oriented chamber projections. 9-14. Five
paratypes of H. haigi from the upper Albian (lower part of the P. appen-
ninica Biozone) of the western North Atlantic (Blake Plateau), Sample
171B-1050C-27-5, 123-125 cm; note the consistently crushed last
formed chamber(s) due to the very thin test wall in the distal portion of
the test; note the supplementary suture in a paratype with relatively bet-
ter preservation of the last formed chamber (14). 15-17. Hypotype of A.
cenomana from the upper Albian (upper part of P. ticinensis Biozone) of
the western North Atlantic (Blake Plateau), Sample 171B-1050C-28-4,
80-83 cm; note the microperforate test wall (16 and 17). Photographs
were taken with the Microprobe (1-14) and SEM (15-17).
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Plate 5



Remarks.– Haigella haigi differs from H. intermedia by
being completely triserial and bearing well developed
backward-oriented chamber projections in the adult stage.
The specimens with relatively similar gross test architec-
ture reported from the lower Turonian (offshore Ghana,
equatorial Atlantic Ocean) and assigned to Praebulimina
sp. 1 by Holbourn & Kuhnt (1998, p. 363, pl. 3, figs 1-2)
cannot be included  within Haigella. They present cham-
ber projections without lined peripheral tubercles and
aperture situated at the base of the apertural face, without
relict suture.

Stratigraphic range.– Upper Albian (lower part of the P.
appenninica Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau).

Haigella intermedia nov. sp.
(Pl. 5, Figs 1-6, Pl. 7, Fig. 1)

Holotype.– Specimen WKB 010019.

Dimensions of the holotype.– Length: L = 0.264 mm;
width: W = 0.080 mm; W/L = 0.303; length of the early
triserial stage: LET = 0.086 mm; LET/L = 0.326; prolocu-
lus diameter: PD = 0.029 mm.

Paratypes.– Two specimens, WKB 010020.

Dimensions.– L = 0.289-0.337 mm; W = 0.080-0.106
mm; W/L = 0.280-0.314. Measurements based on five
specimens (holotype included).

Type location.– Western North Atlantic Ocean (Blake
Plateau), ODP Leg 171B, Site 1050C. Geographical coor-
dinates: 30o 05 N’, 76o 14’ W.

Type level.– Upper Albian (lower part of the P. appen-
ninica Biozone), Sample 27-5, 123-125 cm.

Etymology.– The name of the species suggests it is inter-
mediate between Praeplanctonia globifera and Haigella
haigi.

Material.– Approximately 40 specimens.

Diagnosis.– Haigella with occasionally developed early
triserial stage and biserial in the adult.

Description.– Test with biserial chamber arrangement
throughout (Pl. 5, Figs 5, 6) or with an early triserial stage
(Pl. 5, Figs 1, 2). Earlier chambers are globular, those of
the adult stage subglobular and with a slight backward
elongation, resulting in a strongly lobate outline in lateral
view (Pl. 5, Figs 2, 4, 5, 6, Pl. 7, Fig. 1). Sutures are deeply
incised, straight to slightly curved. Aperture is small, el-
liptical in shape and subterminal in position (Pl. 5, Figs 1,
2); it is bordered by an asymmetrically developed imper-
forate rim (Pl. 5, Fig. 2). A supplementary suture is devel-
oped between the aperture and the suture between the
last and penultimate chambers (Pl. 5, Figs 2, 4). Chamber
surface is smooth. Test wall is calcitic, hyaline and
nannoperforate; pore diameters range between 0.2 and
0.5 µm (Pl. 7, Fig. 1).

Remarks.– Specimens of Haigella intermedia differ from
its ancestor, Praeplanctonia globifera, by having back-
ward-oriented incipient chamber elongations in the adult
stage and the strongly lobate outline. This is a rare species
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Plate 6. Archaeoguembelitria cenomana (Keller, 1935), Archaeoguem-
belitria harrisi (Tappan, 1940) and Pleurostomella obtusa Berthelin, 1880.
1-3. Hypotype of A. cenomana from the upper Albian (middle part of P.
ticinensis Biozone) of the western North Atlantic (Blake Plateau), Sam-
ple 171B-1050C-29-5, 72-75 cm; note the numerous chambers of the
test (1) and microperforate test wall (2). 4. Hypotype of A. cenomana
from the upper Albian (upper part of P. ticinensis Biozone) of the west-
ern North Atlantic (Blake Plateau), Sample 171B-1050C-28-4, 66-69 cm;
note the numerous chambers of the test. 5-6. Specimen with intermedi-
ate features of chamber ornamentation between A. cenomana and A.
harrisi from the upper Albian (upper part of the T. appenninica Biozone)
of the western North Atlantic Ocean (Blake Plateau), Sample 171B-
1052E-40-3, 51-53 cm; note the incipient pore mounds (6). 7. Hypo-
type of Archaeoguembelitria harrisi (Tappan, 1940) from the New Jersey
Coastal Plain subsurface, Bass River Formation (Cenomanian-lower Tur-
onian); the specimen could be examined courtesy to Dr. R. K. Olsson
(Rutgers, The State University of New Jersey); note the well-developed
pore mounds on the test surface. 8-11. Two hypotypes of P. obtusa
Berthelin, 1880 from the upper Albian (lower part of the P. ticinensis Bio-
zone) of the western North Atlantic (Blake Plateau), Sample 171B-
1050C-31-2, 80-84 cm; note the two triangular teeth united by a ridge
(9 and 10), structure similar to that illustrated by Holbourn et al. (2001,
pl. 3, figs 5-6). 12-13. Hypotype of P. obtusa Berthelin, 1880 from the
upper Albian (lower part of the P. ticinensis Biozone) of the western
North Atlantic (Blake Plateau), Sample 171B-1050C-31-2, 130-134 cm.
14. P. sp. from the lower Campanian (Archaeoglobigerina cretacea Bio-
zone) of the South Atlantic Ocean (Falkland Plateau), Sample 79-511-32-
1, 19-22 cm; specimen illustrated to show the triangular teeth, which
are independent and therefore quite different of those recorded in the
Aptian-Albian representatives of the genus Pleurostomella; planktic
foraminiferal zonation after Huber (1992) and Huber et al. (1995). Pho-
tographs were taken with the SEM (1-7, 14) and Microprobe (8-13).
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and only a few specimens of it were recorded in most of
the samples where it occurs.

Stratigraphic range.– Upper Albian (from the upper part of
the P. ticinensis Biozone throughout lower part of the T.
appenninica Biozone).

Geographic distribution.– Western North Atlantic Ocean
(Blake Plateau).

Family ARCHAEOGUEMBELITRIIDAE nov. fam.

Description.– Test is triserial throughout with globular
chambers; aperture is semicircular, situated at the base of
the last formed chamber; test wall is calcareous, smooth
to ornamented with pore mounds, microperforate.

Stratigraphic range.– Upper Albian-lowermost Turonian
(from the P. ticinensis Biozone to the W. archaeocretacea
Biozone).

Genus Archaeoguembelitria nov. gen.

Type species.- Gümbelitria harrisi Tappan, 1940, p. 115,
pl. 19, fig. 2.

Diagnosis.–  Test triserial with chamber surface exhibiting
the transition from completely smooth to pore mounds.

Description.– Test triserial throughout, twisted or not.
Chambers are globular and increase gradually in size as
added. Sutures are distinct and depressed. Aperture is um-
bilical in position, large, a high arch situated at the base
of the last formed chamber. A thin and delicate lip bor-
ders the aperture. Chamber surface is smooth in the ear-
lier species and with pore mounds in the evolved ones.
Test wall is calcitic, hyaline, microperforate. 

Remarks.– Archaeoguembelitria is proposed for a lineage
of upper Albian to lowermost Turonian age, which con-
sists of triserial foraminifera and were previously included
within Guembelitria (Fig. 2). The test surface shows grad-
ual transition between the earlier, smooth A. cenomana
(Keller, 1935) and the evolved species, which bears pore
mounds on the test surface, namely A. harrisi (Tappan,

1940). This sequence in the development of test ornamen-
tation from smooth to pore mounds is relatively similar to
the late Santonian-earliest Paleocene Guembelitria,
namely G. sp. (smooth surface)-G. turrita (pustulose)-G.
cretacea (pore mounds).

Etymology.– The prefix “archaeo-“ (ancient, old) is added
to the pre-existent genus name Guembelitria.

Stratigraphic range.– Upper Albian to lowermost Turonian
(from the P. ticinensis Biozone throughout the lower part
of the W. archaeocretacea Biozone).

Geographic distribution.– Cosmopolitan.

Archaeoguembelitria harrisi (Tappan, 1940) - emended
(Pl. 6, Fig. 7)

1940 Gümbelitria harrisi Tappan, p. 115, pl. 19, fig. 2.
1970 Guembelitria harrisi (Tappan, 1940). Eicher & 

Worstell, p. 296, pl. 8, figs 1-2.
1973 Guembelitria harrisi (Tappan, 1940). Smith & 

Pessagno, pl. 2, figs 1-3.
1977 Guembelitria harrisi Tappan, 1940. Petters, 

pl. 1, fig. 1.
1983 Guembelitria harrisi Tappan, 1940. Petters, 

pl. 1, fig. 1.
1985 Guembelitria cenomana (Keller, 1935). Caron, 

p. 57, figs 24:3-4.
1990 Guembelitria cenomana (Keller, 1935). Kroon & 

Nederbragt, p. 33, pl. 2, figs 8-9.

Emended description.– Test triserial throughout, rarely
twisted or with curved axis of growth. Chambers are glob-
ular throughout and increase gradually in size; the last
three chambers form approximately one third of the test.
Proloculus is subspherical and with the maximum dimen-
sion between 12 and 19 µm. Sutures are deeply incised,
straight to slightly curved. Aperture is situated at the base
of the last-formed chamber and has a semicircular shape
with variable height. It is bordered by an asymmetrically
developed, thin and imperforate lip and provided with a
relict, small toothplate. Chamber surface is smooth in the
earlier part of the test and with pore mounds over the last-
formed chambers of the test (Pl. 6, Fig. 7). Test wall is cal-
citic, hyaline and microperforate; pore diameter ranges
between 0.5 and 0.7 µm.
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Remarks.– This species is emended to include only the
specimens with pore mounds. There are significant mor-
phological resemblances between A. harrisi and Guem-
belitria cretacea Cushman, 1933 mainly with respect to
the chamber surface ornamented with pore mounds (Fig.
2) and the aperture bordered by a narrow imperforate lip
provided with a small toothplate. Such similar structures
were achieved in distinct lineages and there are no
records of similar tests in the Turonian-middle Campan-
ian stratigraphic interval.

Stratigraphic range.– Uppermost Albian-lowermost Turon-
ian (from the uppermost part of the P. appenninica Bio-
zone to the lower part of W. archaeocretacea Biozone).

Geographic distribution.– USA (Texas, Wyoming, Col-
orado, South Dakota, Nebraska, Kansas, New Jersey),
western North Atlantic Ocean (Blake Plateau), northern
Africa (Tunisia), Gulf of Guinea and South-East Asia (In-
donesia).

Archaeoguembelitria cenomana (Keller, 1935)
(Pl. 5, Figs 15-17, Pl. 6, Figs 1-4)

1935 Gümbelina cenomana Keller, p. 557, pl. 3, figs 
13-14.

1967 Guembelitria harrisi (Tappan, 1940). Pessagno, 
p. 258, pl. 48, figs 12-13.

1972 Guembelitria harrisi (Tappan, 1940). Michael, 
p. 207, pl. 6, fig. 7.

1984 Guembelitria cenomana (Keller, 1935). Leckie, 
p. 593, pl. 11, fig. 12.

2006 Guembelitria cenomana (Keller, 1935). 
Petrizzo & Huber, pl. 1, fig. 1.

Description.– Test triserial throughout, twisted and often
with curved axis of growth (Pl. 5, Fig. 15, Pl. 6, Figs 1, 3,
4). Chambers are globular, increase gradually in size and
overlap at various rates. Proloculus is subspherical in shape
and with a maximum dimension ranging between 14.8
and 22 µm. Sutures are distinct, depressed and straight to
slightly curved. Aperture is situated at the base of the last-
formed chamber; it is slightly asymmetrical, semicircular in
shape, bordered by a narrow and imperforate lip and pro-
vided with a small toothplate. Chamber surface is smooth.
Test wall is calcitic, hyaline and nannoperforate to microp-

erforate; pore diameter ranges between 0.3 and 0.7 µm (Pl.
5, Figs 16, 17, Pl. 6, Figs 2, 6).

Remarks.– Archaeoglobigerina cenomana differs from A.
harrisi in having smooth chamber surface, less incised su-
tures and smaller apertural opening.

Stratigraphic range.– Upper Albian (from the P. ticinensis
Biozone to the T. appenninica Biozone).

Geographic distribution.– USA (Texas), Northern Atlantic
Ocean (Blake Plateau and Mazagan Plateau), Tethys
Realm (southwest Russia) and northern Africa (Tunisia).

Superfamily PLEUROSTOMELLACEA Reuss, 1860
Family PLEUROSTOMELLIDAE Reuss, 1860

Subfamily PLEUROSTOMELLINAE Reuss, 1860
Genus Pleurostomella Reuss, 1860

Type species: Dentalina subnodosa Reuss, 1851, p. 24.

1860 Pleurostomella Reuss, p. 203.
1911 Pleurostomellina Schubert, p. 58.
1928 Ellipsonodosaria (Ellipsodentalina) Franke, p. 54.
1967 Clarella Fuchs, p. 333.
1987 Pleurostomella Reuss, 1860, Loeblich & 

Tappan, p. 538.

Diagnosis.– Test loose biserial throughout with terminal
aperture with projecting hood and provided with two
symmetrically positioned triangular teeth. 

Description.– Test loose biserial throughout. Chambers are
globular to elongate and separated by depressed sutures.
Aperture is large, with a projecting hood and with two
symmetrically developed triangular teeth. Chamber sur-
face is smooth. Test wall is calcareous, hyaline and
nannoperforate.

Remarks.– Pleurostomella Reuss, 1860 is a genus with sig-
nificant morphological variability. The species from the
Aptian and Albian have in general a slightly elongate
chamber in the biserial stage and low rate of chamber size
increase in the adult. Pleurostomella mirabilis Bukalova
(1960, p. 230, pl. 1, fig. 6) from the upper Albian of the
Caucasus is not congeneric and should be probably trans-
ferred to Bandyella Loeblich & Tappan, 1962.
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Stratigraphic range.– Aptian throughout the Holocene.

Geographic distribution.– Cosmopolitan.

Pleurostomella obtusa Berthelin, 1880
(Pl. 6, Figs 8-13, Pl. 7, Figs 3-4)

1880 Pleurostomella obtusa Berthelin, p. 29, pl. 1, 
fig. 9.

1954 Pleurostomella obtusa Berthelin, 1880. 
Bartenstein, p. 41.

1965 Pleurostomella obtusa Berthelin, 1880. Neagu, 
p. 29, pl. 7, figs 29-32.

1977 Pleurostomella obtusa Berthelin, 1880. Sliter, 
pl. 6, fig. 6.

1979 Pleurostomella (Clarella) bulbosa (Ten Dam, 
1950). Sigal, pl. 4, figs 12-13.

Description.– Test with chambers in a loose biserial
arrangement. Chambers are subglobular, the last formed
ones being slightly elongate in the direction of test growth.
Proloculus is large, its maximum dimension being be-
tween 42 and 55 µm. Sutures are deeply incised, slightly
curved and oblique to the long axis of the test when seen
in edge view. Aperture large and with a projecting hood
and two short triangular teeth, which are united by a
bridge-like plate (Pl. 6, Figs 9, 10, 13, Pl. 7, Figs 3-4).
Chamber surface is smooth. Test wall is calcitic, hyaline
and nannoperforate; pore diameter ranges between 0.10
and 0.16 µm (Pl. 6, Figs 8-13, Pl. 7, Figs 3-4).

Remarks.– Pleurostomella obtusa differs from P. subno-
dosa Reuss, 1860 in having a larger proloculus and lower
rate of chamber increase in size. Pleurostomella copiosa
Bukalova (1960, p. 229, pl. 1, fig. 8) described from the
upper Albian of northwestern Caucasus, has the chambers
of the adult stage with a very low rate of size increase,
which results in a nearly tubular appearance in the adult
portion. The differences in the rate of chamber increase in
size, which is higher in P. obtusa, warrants the distinction
of the two species, in which P. obtusa is the ancestor and
P. copiosa its descendant. This species is recorded at Site
1050C only in the sediments from the lower part of the P.
ticinensis Biozone. However, the first evolutionary occur-
rence of this species is well documented in the middle Al-
bian of the Romanian sector of the Moesian Platform
(Neagu, 1965, p. 2).

Stratigraphic range.– Middle-upper Albian (from the T.
primula Biozone to P. ticinensis Biozone).

Geographic distribution.– Europe (France, Romania, Ger-
many), North Atlantic (Blake Plateau, southern Vigo
Seamount) and western South Atlantic (São Paolo Plateau).

Superfamily UNCERTAIN
Family GUEMBELITRIIDAE Montanaro Gallitelli, 1957

Genus Guembelitria Cushman, 1933

Type species.- Guembelitria cretacea Cushman, 1933, p.
37, pl. 4, fig. 12.

1933 Guembelitria Cushman, p. 37.
1957 Guembelitria Cushman, 1933, Montanaro 

Gallitelli, p. 136.
1964 Guembelitria Cushman, 1933, Loeblich & 

Tappan, p. C652.
1987 Guembelitria Cushman, 1933, Loeblich & 

Tappan, p. 453.
1990 Guembelitria Cushman, 1933, Kroon & 

Nederbragt, p. 33.
1999 Guembelitria Cushman, 1933, Olsson et al., 

p. 79.

Diagnosis.– Test triserial, with test surface smooth, pustu-
lose or ornamented with pore mounds.

Description.– Test is triserial. Chambers are globular, inc-
reasing in size as added. Sutures are straight or slightly
curved, distinct and depressed. The aperture is in the
shape of a medium or high arch. It is bordered by a
slightly asymmetrical lip and is provided with a relict
toothplate. Chamber surface is variable, ranging from
smooth to pustulose or with pore mounds (Fig. 3).  Test
wall is calcitic, hyaline and microperforate.

Remarks.– The genus Guembelitria was defined based on
the triserial chamber arrangement (Cushman, 1933) and
this definition was followed with few changes since then
(Loeblich & Tappan, 1964, 1987; Kroon & Nederbragt,
1990; Koutsoukos, 1994; Olsson et al., 1999). The most
significant advances in our knowledge of the morphology
of Guembelitria are the descriptions of different ornamen-
tation patterns in various species of the genus. Pore
mounds on the chamber surface are well-known in G. cre-
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Plate 7

Plate 7. High magnification scanning electron microscope micrographs of Haigella nov. gen. and Pleurostomella Reuss, 1860 from the upper Albian
sediments of ODP Site 1050C, illustrating the nannoporous test wall. 1. Edge view of the holotype of holotype of H. intermedia nov. sp. (specimen fig-
ured in Pl. 5, figs 1-2). 2. Holotype of H. haigi nov. sp. (specimen figured in Pl. 5, figs 7-8). 3. Hypotype of P. obtusa (specimen figured in Pl. 6, figs
12-13). 4. Hypotype of P. obtusa (specimen figured in Pl. 6, figs 8-9).



tacea (Olsson, 1970; Smith & Pessagno, 1973; Keller,
1989; Liu & Olsson, 1992; Olsson et al., 1999) (Fig. 2).
Guembelitria turrita, which was described by Kroon & Ne-
derbragt (1990) from the sediments adjacent to the Cam-
panian-Maastrichtian boundary from the Grand Banks
(North Atlantic Ocean, offshore Canada) exhibits orna-
mentation consisting of small-sized, scattered pustules on
the earlier chambers of the test. Triserial tests with comple-
tely smooth surface are also known from the Late Cretace-
ous (late Santonian-Maastrichtian). These tests seemingly
occur only in the Eastern Hemisphere. Excellently preser-
ved material from the Maastrichtian of Madagascar was
recently shown to the author by Dr. S. Abramovich (Ben
Gurion University of the Negev, Israel). This guembelitriid
species differs from G. turrita in having the test completely
smooth. Its taxonomic status will be the subject of a
forthcoming article. Accordingly, Guembelitria Cushman,
1933 s. s. appears to be restricted to the late Santonian-
early Paleocene and it includes a lineage that initiates with
smooth tests (G. sp.), continued with tests with pustulose
chamber surface (G. turrita) and the end member bears
pore mounds (G. cretacea). A distinct lineage from the
upper Cenomanian and Turonian sediments of the Wes-
tern Interior of Canada and USA consists of two species
described by Stelck & Wall (1954, 1955). These were ori-
ginally reported as G. cretacea Cushman var. albertensis
Stelck & Wall (1954, p. 23, pl. 2, fig 19) and G. cretacea
Cushman var. spiritensis Stelck & Wall (1955, p. 44, pl. 2,
fig. 11). The former is characterized by a test consisting of
two stages, triserial in the earlier portion of the test and
biserial in the adult and the latter is triserial throughout.
The two species were considered synonyms and included
within Neobulimina by Eicher (1966, p. 26) and this taxo-
nomic solution was followed by Eicher & Worstell (1970,
p. 290) and McNeil & Caldwell (1981, p. 218). The ex-
cellent illustrations given by Eicher & Worstell (1970, pl.
4, figs 2-4) and McNeil & Caldwell (1981, pl. 18, figs 2-
3) show clearly that these are benthic tests and therefore
cannot be assigned to Guembelitria. Triserial tests are
known at lower stratigraphical levels. For example, Wall
(1960, p. 109, pl. 1, figs 23-24) reported Gümbelitria sp.
from the Shaunavon Formation (Bathonian) of Saskatche-
wan (Canada). The illustrations given by Wall (1960) show
clearly tests with guembelitriid appearance. Notably, no
additional occurrences were discovered in the course of
a more recent study by Brooke & Braun (1972). This re-

port needs further documentation to demonstrate the oc-
currence of truly guembelitriid tests below the
Jurassic/Cretaceous boundary.

Stratigraphic range.– Late Santonian-early Paleocene (from
the D. asymetrica Biozone throughout the Paleocene
planktic foraminiferal Biozone P1b). Paleocene biozona-
tion is after Olsson et al. (1999).

Geographic distribution.– Cosmopolitan.

Guembelitria cretacea Cushman, 1933
(Fig. 4)

1933 Gümbelitria cretacea Cushman, p. 37, pl. 4, fig. 
12.

1967 Guembelitria cretacea Cushman, 1933. 
Pessagno, p. 258, pl. 87, figs 1-3.

1973 Guembelitria cretacea Cushman, 1933. Smith 
& Pessagno, p. 15, pl. 1, figs 1-8.

1990 Guembelitria cretacea Cushman, 1933. Huber, 
p. 502, pl. 1, fig. 1.

1992 Guembelitria cretacea Cushman, 1933. Liu & 
Olsson, p. 341, pl. 1, figs 1-2.

1999 Guembelitria cretacea Cushman, 1933. Olsson 
et al., p. 79, pl. 8, figs 1-3, pl. 13, fig. 3, pl. 63, 
figs 1-12.

2003 Guembelitria cretacea Cushman, 1933. 
Abramovich et al., pl. 1, fig. 1.

Description.– Test is triserial. Chambers are globular and
increase gradually in size. Sutures are straight or slightly
curved, distinct and depressed. Aperture is large and bor-
dered by an asymmetrical imperforate rim and provided
with a poorly developed toothplate. Chamber surface is
ornamented with pore mounds or a mixture of pore
mounds and scattered pustules. Test wall is calcitic, hya-
line and nannoperforate to microperforate; pores are cir-
cular in shape, with diameter between 0.4 and 0.8 µm.

Remarks.– Guembelitria cretacea differs from any other
Late Cretaceous triserial planktic foraminifer by the cham-
ber surface covered with pore mounds or a combination
of pores and pore mounds. Morphologically it is similar to
Archaeoguembelitria harrisi of the Cenomanian-early Tur-
onian. Such similarity in test morphology appears the re-
sult of convergent evolution in two distant lineages.
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Stratigraphic range.– Maastrichtian to early Paleocene
(from the A. mayaroensis Biozone throughout the Pale-
ocene planktic foraminiferal Biozone P1b).

Geographic distribution.– Cosmopolitan.

6. DISCUSSION AND CONCLUSIONS

New detailed data on the general test morphology, test
wall ultrastructure and porosity and stratigraphic distribu-
tion apparently indicate that the ancestor of the biserial
planktic foraminifera (Superfamily Heterohelicacea Cush-
man, 1927) was among the small sized benthics with a
serial chamber arrangement. The evolutionary process
through which a small group of benthic foraminifera with
serial chamber arrangement was extremely complex, in-
volving major changes in chamber arrangement, aperture
size and shape, periapertural structures and test porosity.

A most interesting and new benthic foraminiferal group
from the upper Albian sediments fills in the gap between

the benthic and planktic foraminifera with serial chamber
arrangement (Fig. 5). Superfamily Praeplanctoniacea in-
cludes Family Praeplanctonidae nov. and Family Ar-
chaeoguembelitriidae nov. The former consists entirely of
benthic taxa and the latter of species that document the
gradual transition from the benthic to planktic way of life.
The newly described Superfamily Praeplanctoniacea is ge-
ographically restricted to the southern North Atlantic
(Blake Plateau and offshore Cape Bojador, Spanish Sahara)
and Caribbean region (Trinidad), an area that covers in
part that of the earliest planktic foraminifera [Caribbean
region, southern North Atlantic, Western Interior Seaway
(USA and Canada) and North Sea].

6.1. Praeplanctonia – the key genus in the
quest for heterohelicid ancestors

Praeplanctonia occurs in the upper Albian (P. ticinensis
Biozone and P.  appenninica Biozone) sediments at Blake
Nose. It consists of two species, P. globifera and P. quasi-
planctonica. This genus exhibits a serial chamber arrange-
ment, which can be either biserial throughout or with a
short earlier triserial stage and biserial when adult. This
kind of variability with respect to the chamber arrange-
ment shows remarkable consistency in the two species
and is therefore considered a characteristic at genus level.

The two species of Praeplanctonia have different size of
proloculus, which is larger in P. globifera (28-44 µm in
maximum dimension) and smaller in P. quasiplanctonica
(11-14 µm). The evolutionary trend is towards the devel-
opment of small proloculus from a more primitive, larger
one as shown in the record of the two species at ODP Site
1050C, where only P. globifera occurs in the lower part
of the P. ticinensis Biozone. This trend can be observed in
all the four lineages, which were initiated from P. glob-
ifera throughout the P. ticinensis Biozone: (i) P. globifera
(28-44 µm) – Archaeoguembelitria cenomana (14.8-22
µm), (ii) P. globifera (28-44 µm) – “Heterohelix” washiten-
sis (3-1 µm), (iii) P. globifera (28-44 µm) – P. quasiplancton-
ica (11-14 µm) and (iv) P. globifera (28-44 µm) – Haigella
intermedia (19-24 µm).

Another feature which proved of taxonomically significant
is the supplementary suture on the apertural face of the
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Figure 4. Specimens of Guembelitria cretacea Cushman, 1933. 1-2. Two
hypotypes from the Maastrichtian sediments of Madagascar with well-
developed pore mounds on the test surface. The photographs were
kindly made available by Dr. Sigal Abramovich (Ben Gurion University
of the Negev, Israel). 3-4.Topotypes from the Navarro Formation (upper
Maastrichtian) of Texas; specimens from the Loeblich and Tappan Topo-
type Collection (USNM 473122).
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last-formed chamber (Fig. 6, 1-4). This additional suture is
consistently present in the specimens of Praeplanctonia
and it connects the aperture base and the last suture
namely that between the last formed and penultimate
chambers. In some specimens the supplementary suture is
situated within a depression on the apertural face. Note-
worthy, the supplementary suture is always oblique both
to the test last suture and test axis of growth. A relatively
similar structure was previously described from the type
species of Pyramidina, namely P. curvisuturata (Brotzen,
1940). The formation of this structure was explained by
Brotzen (1940, p. 17) as follows: “The aperture in the ini-
tial stage is elongate at the base of the apertural face as in
Bulimina. In the following stage the apertural opening will
be contracted near the base and the apertural opening ac-
quires a more terminal position. In this stage a distinct su-
ture is visible between the base and the apertural opening.”

As a result, the supplementary suture in P. curvisuturata is
straight and this appearance contrasts to that known in the
Praeplanctonia species, which is oblique. Detail SEM mi-
crographs show that the supplementary suture of Prae-
planctonia is the result of a “wrapping” process of the
adjacent test wall over the apertural area (Pl. 4, Fig. 2).

6.2. The origin of Praeplanctonia;
Pleurostomella – Praeplanctonia lineage

The “wrapped” test wall in the proximity of the aperture in
Praeplanctonia globifera and P. quasiplanctonica suggests
that the ancestor of this genus probably had a wider aper-
tural opening, which was situated at the base of the last
chamber of the test. There is a single genus in the upper
Albian, which has such a large apertural opening, namely
Pleurostomella. Very few data are known about the evolu-
tionary trends, ancestor and possible descendants of this
genus. The only account on this subject was given by Loe-
blich & Tappan (1974, p. 46). These authors noted that
Family Pleurostomellidae Reuss, 1860 might have been
evolved from the members of the Family Glandulinidae
Reuss, 1860 based on the similarities in the test wall struc-
tures but no further details were given. The stratigraphic
range of Pleurostomella was considered Cretaceous (Apt-
ian) throughout Recent by Loeblich & Tappan (1987, p.
538). 

The species of Pleurostomella are characterized in general
by significant morphological variability with respect to the
proloculus size, chamber increase in size, test wall perfo-
rations and position of the apertural teeth. Moreover, it
seems that some of these features are consistent with the
stratigraphical distribution of certain groups of species and
therefore, a possible polyphyletic nature of Pleurostomella
cannot be a priori excluded. However, the Aptian-Albian
group of species, which includes the type species P. subn-
odosa (Reuss, 1851) is characterized by large proloculus
(48-57 µm maximum dimension), nannoperforate test
wall, relatively low rate of chamber size increase and
apertural teeth connected by a bridge-like calcareous
plate.

There are two common morphological features in the ear-
liest representatives of Praeplanctonia globifera and the
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Figure 6. Microprobe photographs of Praeplanctonia globifera nov. gen.,
nov. sp. (1-3) and P. quasiplanctonica nov. gen., nov. sp. (4) showing the
supplementary suture and periapertural rim or lip, which demonstrates
that the aperture “wrapping” process can be either dextral or sinistral. 1:
Sample 171B-1050C-31-1, 102-105 cm; 2: Sample 171B-1050C-31-1,
132-134 cm; 3: Sample 171B-1050C-27-4, 80-83 cm; 4: Sample 171B-
1050C-28-6, 66-69 cm.



specimens from the last occurrences of Pleurostomella ob-
tusa at ODP Hole 1050C: generally large-size proloculus,
42-55 µm in the latter when compared to 28-44 µm in the
former and similar rate of chamber increase in size. There
are other taxa with a large proloculus in the Albian, such
as Dentalina soluta Reuss, 1851, D. distincta Reuss, 1860,
D. guttifera d’Orbigny, 1846, etc. but all of them belong
to Suborder Lagenina Delage & Hérouard, 1896 and
therefore have a cribrate aperture (Neagu, 1965; Barten-
stein et al., 1966; Bartenstein & Bolli, 1973). Conse-
quently, a phylogenetic relationship between these
lagenid species and P.  globifera cannot be taken in con-
sideration. The chamber rate of increase in size can be
only qualitatively estimated, due to the twisted tests of P.
globifera, which occasionally have early triserial stage.
However, the similarities in rate of chamber increase in
size between P. obtusa and P. globifera are evident in all
the examined specimens. There are contradictory data in
the record at ODP Hole 1050C, where the occurrences
of P. obtusa are above the first evolutionary appearance
of P. globifera. Lower stratigraphical occurrences of P. ob-
tusa are well documented in the Romanian sector of the
Moesian Platform, where they occur in middle Albian, in
foraminiferal assemblages associated with the ammonite
Anahoplites intermedius Biozone (Neagu, 1965).

A distinct evolutionary trend in the development of the
apertural structures is recognized in this study. The two
apertural triangular teeth of Pleurostomella are symmetri-
cally developed and with the same ultrastructure as the
test wall in the earliest member of the genus, P. prima Bet-
tenstaedt & Spiegler, 1982 (upper Aptian-lower Albian).
In the late representatives of the Aptian-Albian pleu-
rostomellid stock, the teeth are united by a thin calcare-

ous, bridge-like plate (Fig. 7, 1). This feature is observed in
P. subnodosa Reuss, 1860 and P. gracillis Bettenstaedt &
Spiegler, 1982, the latter being considered here a junior
synonym of P. copiosa (Bukalova, 1960). This newly ob-
served structure in P. obtusa is of particular importance in
identifying the evolutionary trends in the Pleurostomella-
Praeplanctonia lineage, as it most likely represents the an-
cestor structure of the periapertural rim of Praeplanctonia
globifera. The transition of the pleurostomellid aperture to
that of P. globifera can be explained through the torsion of
the test wall around the chamber longitudinal axis. This
process results in the overlapping of the test wall at the
base of the aperture, which is no longer situated at the
base of the chamber in P. globifera when compared with
its ancestor, P. obtusa. Test wall overlapping leads to the
formation of the supplementary suture and in the case of
specimens with a thinner test wall a triangular depression
area is present. The complex apertural structures consist-
ing of the two teeth connected by the calcareous bridge-
like structure apparently migrate towards the lateral sides
of the modified aperture. This migration is accompanied
by the anastomosing of the three components (i.e., the two
teeth and thin bridge-like structure between them), which
result in the formation of the periapertural rim (Fig. 7, 2).
Tests documenting this process are extremely rare, but one
of them was figured by Bettenstaedt & Spiegler (1982, pl.
7.3-4, fig. 8) and originally assigned to P. elongata. Test
wall torsion can be either dextral or sinistral (Fig. 6), which
is demonstrated by the presence of the newly formed pe-
riapertural rim on either side of the aperture in P. glob-
ifera.

Apertures with a toothplate have not been reported in any
Pleurostomella species of the Aptian and Albian (Betten-
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Figure 7. Periapertural structures and toothplate in Pleurostomella (1) and Praeplanctonia (2-4). 1. P. obtusa Berthelin, 1880 – 1 and 2: apertural teeth,
3: bridge-like calcareous plate. 2. P.  globifera nov. sp. – 4: prolongation of the periapertural test wall, 5: periapertural rim resulted from the merging
and migration of the pleurostomellid periapertural structures. 3. P. quasiplanctonica nov. sp. – 6: toothplate. 4. P. quasiplanctonica nov. sp. – 7: tooth-
plate, 8: toothplate branch.



staedt & Spiegler, 1982; Holbourn et al., 2001; this study).
Two broken specimens of P. obtusa from the Blake Plateau
(ODP Hole 1050C) did not reveal any additional informa-
tion due to chamber infill. The earliest occurrences of
tube-like structures connecting the successive foramina in
representative of this genus are from P. nitida Morrow,
1934 of the upper Cenomanian-Turonian (Eicher &
Worstell, 1970, pl. 4, figs 8-9) and P. articulata (Brotzen,
1936) of the lower Senonian (Brotzen, 1936). We can only
conclude that the toothplate in Praeplanctonia is the result
of the test wall torsion process (Fig. 7, 3-4), which may
have produced significant changes in the pleurostomellid
aperture and periapertural structures. This conclusion is
also supported by the fact that the toothplate, whenever
observed, is always present on the opposite side of the test
than the periapertural rim.

Another major evolutionary trend in the Pleurostomella-
Praeplanctonia lineage is the increase in pore diameter in
the latter genus. The Aptian-Albian representatives of the
genus Pleurostomella have small sized pores (nanno-
pores), their diameter being between 0.10 and 0.16 µm.
Over 20 P. globifera specimens were studied in detail in
SEM micrographs and demonstrated, without exception,
that the test wall of the specimens of this species is thor-
oughly nannoperforate, but the pore diameter varies be-
tween 0.2 and 0.5 µm. It can also be concluded that the
increase in pore size could be related to the reduction in
the surface of the apertural opening, in order to maintain
the communication between the test interior and sur-
rounding environment.

6.3. Development of backward oriented
chamber projections in Praeplanctonia
globifera-Haigella lineage

P. globifera-Haigella lineage resulted in the development
of chambers with backward oriented prolongations in the
adult stage. Haigella nov. gen. consists of two species, H.
intermedia nov. sp. and H. haigi nov. sp. It is a very short
lineage, recorded in the ODP Hole 1050C only in the
upper part of the P. ticinensis Biozone and the lower part
of the P. appenninica Biozone. Both species have an early
initial stage resembling that of P. globifera and a subtermi-
nal aperture with supplementary suture on the apertural

face. By contrast, Haigella haigi, which is the end member
of the lineage, has a triserial chamber arrangement
throughout. Its ancestor, Haigella intermedia has an occa-
sional early triserial stage, resembling thus the variability
of the ancestral species, P. globifera. A detailed study of
the tests in the P. globifera-H. intermedia-H. haigi lineage
shows that the tests of the intermediate species are more
elongate [i.e., thickness/length ratio (T/L)] than those of
the ancestral species and the end member of the genus.
This demonstrates that, the intermediate taxa can differ in
some features from their ancestors and descendants, the
latter being similar, and some features or parameters may
show a reversible pattern along a lineage. The stratigraphic
range of Haigella indicates that this taxon is rather a local
offshoot. Its evolutionary history contrasts with that of
Gabonella de Klasz, Marie & Meijer, 1960, an Upper Cre-
taceous genus also with chamber projections, but which
shows significant species proliferation (de Klasz et al.,
1960; de Klasz et al., 1961; de Klasz & Rerat, 1963;
Roveda, 1964).

6.4. Planktic adaptive radiations originating
from Praeplanctonia globifera

Our study could not substantiate an ancestor-descendant
relationship between the biserial and triserial planktic
foraminifera of the upper Albian-middle Cenomanian sed-
iments of the ODP Hole 1050C (Blake Plateau). The ear-
liest biserial and triserial tests make their first evolutionary
occurrence approximately at the same time (samples
171B-1050C-31-2, 130-134 cm and 171B-1050C-31-2,
80-84 cm respectively) at this site (Fig. 3). 

There are a number of morphological features in the ear-
liest triserial and biserial foraminifera, A. cenomana and
“H.” washitensis respectively, which require special atten-
tion. Probably the most important of them is that both
species have a quite stable chamber arrangement, being
either completely triserial or completely biserial and spec-
imens with intermediate morphology between the two
species have not been reported ever. The apertures and
periapertural structures are remarkably similar in the
shape and size, presence of an imperforate lip or rim and
relict toothplate. The test wall in the two species is mi-
croperforate and has nearly identical pore size, 0.5-0.7
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µm in A. cenomana and 0.4-0.7 µm in “H.” washitensis.
Together, these features suggest that A. cenomana and
“H.” washitensis emerged rather through divergent evolu-
tion than forming a distinct lineage, with one of them
being the ancestor of the other.

A better explanation of the evolutionary process that re-
sulted in the appearance of the triserial A. cenomana and
the biserial with twisted test “H.” washitensis can be pro-
vided if it is taken into consideration the highly variable
and morphologically heterogeneous Praeplanctonia glob-
ifera. The latter has two distinct test varieties with respect
to the chamber arrangement, namely biserial throughout
and/or with an early triserial stage, becoming biserial
when adult. The significant morphological resemblances
between A. cenomana and “Heterohelix” washitensis as
well as the lack of tests with intermediate features can be
easily explained through divergent evolution from the two
varieties of P. globifera. Accordingly, the biserial with
twisted tests “H.” washitensis evolved from the biserial
throughout variety of P. globifera and the triserial through-
out A. cenomana from that variety of P. globifera with an
early triserial test, through the development of the triser-
ial stage simultaneously with the reduction of the biserial
one (Fig. 8). Divergent evolution from P. globifera, not only
provides a clear explanation for the morphological resem-
blances between A. cenomana and “H.” washitensis, but
it also explains the change to planktic habitat achieved in
both Archaeoguembelitria lineage and biserial planktics
in a relatively short time interval.

A major difficulty in documenting the divergent evolution
from P. globifera to Archaeoguembelitria and “Heterohe-
lix” respectively, are the sharp differences between the
apertures and in the presumed ancestor and descendants.
The small aperture of P. globifera was formed through the
reduction in size when compared with that of its pleu-
rostomellid ancestor. This is the result of the wrapping
around of the periapertural test walls, which shifted the
anastomosing apertural triangular teeth and bridge-like
calcareous plate into a lateral position (Fig. 9). This kind of
aperture is only known in Praeplanctonia and Haigella,
two genera with short stratigraphic ranges (upper Albian)
and herein included within Family Praeplanctonidae nov.
Only a vestige of the periapertural test wall prolongation
is present in “H.” washitensis as the periapertural ridge,
which occurs on the lateral side of the aperture, opposed

to the imperforate lip or rim. This suggests that the peria-
pertural test wall prolongations reduced in the process of
achieving a planktic habitat. 

Praeplanctonia globifera-Archaeoguembelitria lineage ini-
tiated its evolution in the upper Albian (P. ticinensis Bio-
zone), just before the first evolutionary occurrence of the
biserial planktic foraminifera, as indicated by the strati-
graphic record at ODP Hole 1050C. It is a lineage with
major developments in the test ornamentation (Fig. 10).
The earliest species, A. cenomana has smooth chamber
surfaces and general appearance of a benthic species. Its
descendant, A. harrisi has the chamber surface orna-
mented with pore mounds and consequently, a planktic
habitat is inferred from this kind of ornamentation. The
transition from the benthic mode of life to the planktic one
happened in the proximity of the Albian/Cenomanian
boundary as indicated by the occurrence of tests with in-
cipient pore mounds.

Praeplanctonia globifera- “Heterohelix” washitensis line-
age commenced its evolution in the upper Albian (P. tici-
nensis Biozone) and is the first adaptive radiation
originating from Praeplanctonia globifera, namely from
the biserial throughout variety of the ancestral species. The
biserial planktics (Superfamily Heterohelicacea Cushman,
1927) underwent a rapid evolution, the earliest represen-
tatives of the group being planktic in habitat (Fig. 10). This
lineage gave rise to the biserial planktics included within
Superfamily Heterohelicacea Cushman, 1927. The earliest
species of the group, “H.” washitensis, is characterized by
asymmetrical tests, asymmetrical periapertural structures,
vestiges of the periapertural chamber prolongations as a
ridge on a lateral side of the aperture and relict toothplate.
Symmetrical tests and periapertural structures in the het-
erohelicid history are developed in the middle Cenoman-
ian (T. reicheli Biozone) in “H.” moremani (Cushman,
1938). Based on the newly documented phylogenetic re-
lationships, Superfamily Heterohelicacea Cushman, 1927
is removed from Suborder Globigerinina Delage &
Hérouard, 1896 and included within Suborder Rotaliina
Delage & Hérouard, 1896.

The genus Guembelitria Cushman, 1933 in which all the
planktic foraminifera with triserial chamber arrangement
were included is now reviewed. The upper Aptian-lower-
most part of the upper Albian tests with pustulose cham-
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ber surface are included in the genus Koutsoukosia nov.

gen. (Family Globuligerinidae Loeblich & Tappan, 1984)

based on the test ornamentation which is similar to that of

the primitive planktic foraminifera of the Middle Jurassic-

Early Cretaceous. Koutsoukosia probably evolved from the

primitive planktic foraminifera with high trochospire and

pustulose chamber surface of Conoglobigerina Morozova,

1961 as postulated by Koutsoukos (1994, p. 293). The

stratigraphic ranges of the two genera do not overlap, the

extinction of Conoglobigerina is in the lower Valanginian

(Simmons et al., 1997) and the first occurrence of Kout-

soukosia is upper Aptian. Therefore, there is gap spanning

the upper Valanginian-middle Aptian without records of

either of the two genera or tests with intermediate test
morphology. The origin from a different, presumably glob-
ular-chambered and trochospiral ancestor should not be
ruled out a priori. In this case, the developments of test
ornamentation consisting of blunt pustules in species of
Conoglobigerina, Globuligerina and Koutsoukosia, respec-
tively, would be the result of the iterative evolutionary
process.

The upper Albian-lower Turonian triserials are included
within Archaeoguembelitria nov. gen. (Family Ar-
chaeoguembelitriidae nov. fam.). Guembelitria Cushman,
1933 is restricted to the tests of the upper Santonian-low-
ermost Paleocene and the test ornamentation shows grad-
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Figure 8. Diagram presenting the major morphological changes in the chamber arrangement during the divergent evolutionary processes, which re-
sulted in the emergence of the planktic foraminifera with serial chamber arrangement. According to the Blake Nose ODP Hole 1050C data the Ar-
chaeoguembelitria lineage initiated just before the “Heterohelix” lineage. Benthic taxa are shown with yellow background, the planktic ones on blue
background.



ual change from smooth to pustulose and with pore
mounds in the end member of the lineage, namely Guem-
belitria cretacea Cushman, 1933, which is also the type
species of the genus.

Guembelitriella Tappan, 1940 is reviewed and considered
benthic in habitat. Accordingly, it is removed from Family
Guembelitriidae Montanaro Gallitelli, 1957 (Superfamily
Heterohelicacea Cushman, 1927) and included within
Family Turrilinidae Cushman, 1927 (Superfamily Turrili-
nacea Cushman, 1927).
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Figure 9. Diagram synthetically showing the major morphological changes in the aperture and periapertural structures in the Pleurostomella obtusa-
Praeplanctonia globifera “Heterohelix” washitensis lineage. The extension of the periapertural test wall (blue) is a reversible process, in contrast to the
periapertural structures (yellow). This structure is reduced in “Heterohelix” washitensis, its vestige being the ridge situated on one side of the aperture
and indicated in the right hand figure by the blue arrow.
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