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ABSTRACT

Taxonomic re-evaluation of the Upper Cretaceous serial planktic foraminiferal genus 
Laeviheterohelix Nederbragt, 1991 revealed that the genus is polyphyletic. Three genera are recognized, 
two new, Steineckia n. gen. and Fleisherites n. gen., and one emended, namely Laeviheterohelix. Steineckia 
n. gen. is the oldest serial planktic foraminifer with pore mounds and it appears restricted to the upper 
Turonian sediments of the South Atlantic (Falkland Plateau). It includes only the type species, Steineckia 
steinecki n. sp. The genus Laeviheterohelix is revised and according to the emendation proposed here 
consists only of species from the Upper Coniacian-Campanian stratigraphic interval: L. pulchra 
(Brotzen, 1936) – emended and L. reniformis (Marie, 1941) – emended. The species with smooth tests and 
occasionally with incipient costae of the Maastrichtian are included within Fleisherites n. gen. Its type 
species is Fleisherites glabrans (Cushman, 1938). This newly proposed taxonomic framework is based on 
detailed, scanning electron microscope-based observations on the test ornamentation and ultrastructure. 
The taxonomic significance of the presence/absence of the pore mounds, periapertural pustulose area 
and pore mound size is of paramount importance in documenting the iterative evolution pattern in the 
serial planktic foraminifera with smooth test wall or ornamented with pore mounds.
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RESUMEN

La re-evaluación taxonómica de la serie foraminífera planctónica del género Laeviheterohelix 
Nederbragt, 1991 del Cretáceo Tardío, demuestra que el género es polifiletico. Tres géneros fueron 
reconocidos, dos son nuevos: Steineckia n. gen. y Fleisherites n. gen., y uno renombrado: Laeviheterohelix. 
Steineckia n. gen., el cual es la serie foraminífera planctónica más antigua con montículos porosos y 
aparece restringida a sedimentos del Turoniano superior del Atlántico Sur (Plateau de las Malvinas). 
Este incluye solamente la especie tipo, Steineckia steinecki n. sp. El género Laeviheterohelix es revisado 
y de acuerdo al renombramiento propuesto en este trabajo, consiste únicamente de especies del intervalo 
estratigráfico del Coniaciano Tardío-Campaniano: L. pulchra (Brotzen, 1936) – renombrado y L. 
reniformis (Marie, 1941) – renombrado. Las especies con conchas suaves y ocasionalmente con costillas 
incipientes del Maastrichtiano son incluidas dentro del género Fleisherites n. gen. Su especie tipo es 
Fleisherites glabrans (Cushman, 1938). Esta nueva propuesta taxonómica se basa en observaciones 
detalladas de la ornamentación de las conchas y la ultraestructura utilizando un microscopio electrónico 
de barrido. El significado taxonómico de la presencia/ausencia de montículos porosos, área periapertural 
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INTRODUCTION

Biserial planktic foraminifera commenced their evolu-
tion in the upper Albian. The earlier representatives of the 
group, namely those of the upper Albian-lower Santonian 
stratigraphical interval generally present small tests. Larger 
tests are achieved especially with the development of adult 
multiserial chamber stages (upper Santonian-Maastrichtian). 
Most of the taxa included among the heterohelicids have a 
costate test surface (e.g., Pseudotextularia, Ventilabrella, 
Planoglobulina, Racemiguembelina). There are relative-
ly fewer biserial taxa with smooth chamber surface or 
with pores situated in the center of a pore mound (e.g., 
Laeviheterohelix) and this kind of test ornamentation occurs 
in Turonian-Campanian.

Detailed observations on the heterohelicid tests are 
difficult to make with the classical optical microscope due 
to the small size of the various structures (e.g., periaper-
tural structures, test ornamentation, pore size, etc). This 
impediment can be overcome by making observations with 
the aid of a large number of scanning electron microscope 
photographs. High detail SEM-based observations on tests, 
which were traditionally assigned to various species of 
Laeviheterohelix, resulted in a better understanding of the 
test morphology and variability of certain structures whose 
taxonomic significance was neglected in the past. The size 
of the pore mounds, presence/absence of a periapertural 
pustulose area and the presence/absence of vestigial costae 
are among these. The last mentioned is a feature that can 
be used to document the origins of certain smooth species 
or with pore mounds among the costate ones.

These observations demonstrate that the species 
with smooth tests or ornamented with pore mounds do not 
form a single plexus as considered since the definition of 
Laeviheterohelix (Nederbragt, 1991). Three different origins 
can be inferred for the genus Laeviheterohelix based on 
detailed test ultrastructure and ornamentation. Accordingly, 
three genera are now recognized: Steineckia n. gen. (upper 
Turonian), Laeviheterohelix – emended (upper Coniacian-
Campanian) and Fleisherites n. gen. (Maastrichtian).

BRIEF HISTORY OF CONCEPTS IN 
HETEROHELICID CLASSIFICATION

Test ultrastructure and ornamentation was not consid-
ered a major morphological feature in the biserial planktic 
foraminiferal taxonomy at the genus level until the de-

scription of Laeviheterohelix in the last major taxonomic 
revision of the group (Nederbragt, 1991). This genus was 
originally described based on specimens with a smooth 
chamber surface and pore mounds in some of its species. 
Laeviheterohelix pulchra (Brotzen, 1936) was selected its 
type species. The description of Laeviheterohelix formalized 
the difference between the taxa with smooth test or with pore 
mounds and the rest of the biserial or biserial-multiserial 
Cretaceous planktic foraminifera, which were considered 
costate. This point of view received wide recognition in 
the subsequent studies on the Cretaceous representatives of 
the serial planktics (Huber, 1991; Premoli Silva and Sliter, 
1995; Zapeda, 1998; Petrizzo, 2001; Abramovich et al., 
2003; Georgescu, 2006).

Although formalization at the genus level is relatively 
recent, another heterohelicid species with a smooth test 
wall was described from the upper Albian-Cenomanian of 
Texas by Tappan (1940), namely Guembelina washitensis. 
The genus Guembelina Egger, 1902 is a junior synonym of 
Heterohelix Ehrenberg, 1843 as demonstrated by Hofker 
(1957), Montanaro Gallitelli (1957) and Loeblich and 
Tappan (1961). However, Heterohelix washitensis was 
subsequently considered a junior synonym of Heterohelix 
moremani (Cushman, 1938) by Pessagno (1967) and 
Nederbragt (1991).

The first observations on the development of the 
costate ornamentation were made by Thomas (1927) 
and Thomas and Rice (1927) who noted that the earlier 
heterohelicids from the Cenomanian-Turonian) are smooth 
and the later ones gradually acquire costate ornamentation. 
This aspect of the heterohelicid evolution was reconsidered 
by Brown (1969). In his excellent review of the group, 
this author concluded that it is possible to confer certain 
taxonomic significance to the test ornamentation. However, 
the general small size of the earlier heterohelicid taxa can 
impede the systematic use of this feature for taxonomical 
purposes.

A major step forward in the study of the Cretaceous 
heterohelicids happened with the introduction of scanning 
electron microscopy in micropaleontological practice in the 
early 70s. The group was thoroughly reviewed in the fol-
lowing two decades by Masters (1977), Weiss (1983) and 
Nederbragt (1989, 1991). Moreover, it received a thorough 
additional review at the genus level by Loeblich and Tappan 
(1987) in ‘Foraminiferal Genera and Their Classification’. 
More recent and detailed studies on Cretaceous serial plank-
tic foraminifera demonstrated the importance of test orna-
mentation and ultrastructure in the taxonomy of the group 

postulosa y el tamaño de los monticulos es de suprema importancia al documentar el patrón iterativo de 
evolución en la serie foraminífera planctónica con conchas suaves o con ornamentación de montículos 
porosos.

Palabras clave: foraminíferos planctónicos,, taxonomía, género nuevo, especie nueva, Cretácico 
Superior.
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ing to the DSDP/ODP standards: leg number-site or hole 
number-core number-core section and the interval from 
which the sample was collected (given in centimeters). The 
only exception is represented by the specimens from ODP 
Leg 174AX at the Bass River Site (New Jersey coastal plain) 
in which, according to the original labeling, the leg number 
is followed by the depth in metres.

Type specimens were analyzed from the Cushman 
Collection, NMNH. The holotype of Guembelina glabrans	
Cushman, 1938 was recently figured in the Taxonomic 
Dictionary of Mesozoic Planktic Foraminifera (Huber, 
2006) and is re-illustrated herein. A paratype of Guembelina 
pulchra Brotzen, 1936 deposited in the Cushman Collection 
(NMNH) is figured for the first time (Figure 8.2), becoming 
thus the third refigured paratype of the species, after the 
two illustrated by Weiss (1983). The very rich and diverse 
material from the Gulf of Mexico Santonian of the Van 
Morkhoven Collection (NMNH) was also investigated.

The specimens were studied using both the binocular 
optical microscope and the scanning electron microscope. 
Approximately 450 SEM micrographs were taken in the 
course of this study. Internal structure of the specimens of 
Laeviheterohelix and phylogenetically related or morpho-
logically similar taxa was studied using X-ray micrographs 
(Figure 2). The X-ray micrographs of 15 specimens were 
taken on SO-253 High Speed Holographic film (exposure 
time 2.5 minutes at 20 kilovolts); they were developed with 
D-19 developer and fixed in F-5 fixing bath. The X-ray 
micrographs were then used for biometrical analysis and 

(Georgescu, 2007a, 2007b; Georgescu and Abramovich 
2008a, 2008b; Georgescu and Huber, 2008; Georgescu et 
al., 2009).

MATERIAL AND METHODS

Most of the material analyzed in this study was 
collected from 15 DSDP/ODP wells: DSDP Hole 111A 
(Orphan Basin, North Atlantic), DSDP Site 305 (Shatsky 
Rise, Equatorial Pacific), DSDP Site 356 (São Paolo Plateau, 
western South Atlantic), DSDP Site 357 (Rio Grande Rise, 
western South Atlantic), DSDP Site 384 (Grand Banks, 
North Atlantic), DSDP Site 463 (Mid-Pacific Mountains, 
Equatorial Pacific), DSDP Site 511 (Falkland Plateau, South 
Atlantic Ocean), ODP Leg 174AX (New Jersey coastal 
plain), ODP Holes 689B and 690C (Maud Rise, South 
Atlantic), ODP Holes 761B and 762C (Exmouth Plateau, 
Indian Ocean) and ODP Holes 1049B, 1050C and 1052E 
(western North Atlantic, Blake Plateau) (Figure 1). The 
most informative section proved that from DSDP Site 511 
and species distribution is given in Table 1. The samples 
analyzed from the New Jersey coastal plain subsurface are 
deposited in the Willi Karl Braun Micropaleontological 
Collection (WKB) at the University of Calgary. All the oth-
ers are deposited in the Ocean Micropaleontology Collection 
at the National Museum of Natural History (NMNH), 
Smithsonian Institution, Washington, D.C. Samples of 
provenance for the various specimens are labeled accord-

Figure 1. Geographical locations of the wells drilled under the auspices of the Deep Sea Drilling Project (DSDP) and Ocean Drilling Program (ODP) 
analyzed in this study. Additional material came from the areas of Limestone City (Texas, USA) and Gulf of Mexico (van Morkhoven Collection from 
the National Museum of Natural History, Smithsonian Institution, Washington D.C.). Paleogeographic reconstruction after Hay et al. (1999).
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22-4 22-25 cm F F F F

G. impensus
24-5 21-24 cm F F C R R
24-7 20-23 cm F A R
26-cc R
28-2 21-25 cm

A. cretacea
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28-6 18-22 cm F C
29-1 12-15 cm R C
30-1 23-27 cm F F
30-5 12-16 cm C C R
31-5 8-11 cm R R A
32-1 19-22 cm R C A
32-4 23-27 cm R F R A R
33-1 20-24 cm F A R A
33-4 76-80 cm
34-2 20-24 cm R F F
34-6 22-24 cm F R A
35-1 20-24 cm R R F
36-1 24-28 cm R R F R

M. marginata

36-5 27-33 cm C C A
36-7 23-27 cm C F R A
37-1 23-27 cm R
38-1 24-28 cm C R R
38-4 24-28 cm R R F
39-2 13-17 cm F C A
40-1 38-40 cm C R
40-4 26-29 cm C F F
40-6 20-23 cm A F R
41-2 21-23 cm R
41-3 55-57 cm
42-1 25-30 cm
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42-3 21-23 cm R
42-4 21-23 cm A A F
42-5 16-20 cm C R F
43-4 23-29 cm R
44-1 24-26 cm C
44-3 16-20 cm C
45-1 20-23 cm
46-2 23-29 cm R
47-1 22-24 cm R
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47-1 25-30 cm
47-2 22-24 cm
47-3 20-25 cm R A A
47-3 25-31 cm R A R R R
47-5 13-15 cm R C C
47-6 18-25 cm F C A

Table 1. Distribution of the heterohelicid species in the upper Turonian-Campanian sediments of the 
DSDP Site 511 (South Atlantic Ocean, Falkland Plateau). R: rare (1-5 specimens), C:common (6-10 
specimens), F:frequent (11-25 specimens), and A:abundant (26 or more specimens).

constructing the ontogenetic trajectories based on chamber 
increase in size for the specimens. Measurements were made 
using the Optimas, version 6.5 software.

All these data converged in extremely detailed obser-
vations and descriptions of the studied species and genera. 
Emphasis was put on understanding species variability 
and evolutionary relationships between the various spe-

cies. As a result, all the species could be defined using the 
paleontological species concept given by Georgescu and 
Huber (2007, p. 158): “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, showing relative stability over a definable pe-
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riod 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 developmental history traceable in space and 
time; and (v) its existence and integrity can be tested not 
only by comparative morphological distinctiveness, but 
also by its response to paleoenvironmental and geological 
factors (e.g., paleoclimatic changes, sea-level fluctuations, 
etc.), as inferred from paleontology and related geological 
disciplines.”

REVISED MORPHOLOGICAL FEATURES

The use of the scanning electron microscope (SEM) 
and environmental scanning electron microscope (ESEM) 
in acquiring morphological data on Laeviheterohelix	and	
similar genera revealed the necessity to re-evaluate the 
taxonomic role of certain test features. The morphological 
features are presented in detail here: test ornamentation, 
periapertural pustulose area and size of the pore mound. 
Notably, one of them is newly described, namely the peria-
pertural pustulose area.

The dominant test ornamentation among the hetero-
helicids is the costate one. Apparently it is the result of a 
longer evolutionary process as the earliest tests of the upper 
Albian and most of the Cenomanian are smooth (Thomas, 
1927; Thomas and Rice, 1927; Brown, 1969). Test orna-
mentation was considered relatively uniform for a longer 

period of time, all the heterohelicid taxa being described as 
either smooth, or costate, or with pore mounds (Cushman, 
1938; Pessagno, 1967; Masters, 1977; Nederbragt, 1991). It 
was demonstrated, only recently, that the test ornamentation 
changes within a lineage, namely in the case of the genus 
Braunella (Georgescu, 2007a).

Extensive observations on the tests of the whole 
Cretaceous heterohelicid group show that the test orna-
mentation in not uniformly developed over the test surface 
and certain areas with distinct ornamentation patterns can 
be defined. These areas can be best seen in the case of a 
costate test. Costate ornamentation is the dominant one and 
is developed over most or all of the chambers of the test. A 
smooth area can be present over the earliest portion of the 
test. A distinct pustulose area can be recognized at the top 
of each chamber in certain species. This feature is named 
here “periapertural pustulose area”. Parts of the periapertural 
pustulose areas can remain visible along the sutures through 
insufficient overlapping of successive chambers (Figure 
3). It is noteworthy that the periapertural pustulose area 
proved highly significant for taxonomical purposes and in 
evolutionary reconstructions (Figure 4).

The presence of the pore mounds on the surface of 
some	Laeviheterohelix species was considered a major taxo-

Figure 2. Measurements taken on a heterohelicid test (Laeviheterohelix 
pulchra) as seen in lateral view: length (L), width (W) and chamber area 
in X-ray micrograph (CA). The length and width can be measured either 
on the specimen photographed under SEM (1) or in X-ray micrographs 
(2). Chamber area can be measured only in X-ray micrographs.

Figure 3. Ornamentation variability in a costate heterohelicid test 
“Heterohelix” rumseyensis Douglas, 1969. A: smooth area over the earli-
est portion of the test; B: dominant costate ornamentation over most of 
the chamber surface; C: periapertural pustulose area; and D: periapertural 
pustulose areas visible on the earlier chambers due to insufficient overlap-
ping by the subsequently added chambers. No scale implied.
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nomic criterion and was used by Nederbragt (1991) in the 
definition of the genus. Smaller pore mounds (D = 1.7–2.8 
µm) are characteristic for a group of upper Coniacian-
Campanian species, which includes the biserial species 
Laeviheterohelix pulchra (Brotzen, 1936). Large-sized pore 
mounds occur in the upper Turonian species Steineckia 
steinecki n. sp. (D = 4.0–6.4 µm) and the Campanian L. 
reniformis, the latter being a descendant from L. pulchra	
(D = 3.2–6.9 µm) (Figure 5).

Pore size terminology is refined when compared to that 
adopted by the Mesozoic Planktonic Foraminifera Working 
Group: nannoperforate (Ø < 0.5 µm), microperforate 
(Ø = 0.5–1.0 µm), finely perforate ((Ø = 1.0–2.5 µm) 
and macroperforate (Ø > 2.5 µm). The biserial planktic 
foraminifera with smooth test surface or ornamented 
with pore mounds often present nannoperforate to 
microperforate test wall. Finely perforate tests are known 
only in Laeviheterohelix reniformis, a species with incipient 
chamber proliferation in the adult portion of the test.

SYSTEMATIC PALEONTOLOGY

Suprageneric classification is after Loeblich and 
Tappan (1987). Species concept is after Georgescu and 
Huber (2007).

Order Foraminiferida Eichwald, 1830
Suborder Rotaliina Delage and Hérouard, 1896
Superfamily Heterohelicacea Cushman, 1927

Family Heterohelicidae Cushman, 1927

Genus Laeviheterohelix Nederbragt, 1991 - emended

Type species.	Guembelina pulchra Brotzen, 1936.

Laeviheterohelix Nederbragt, 1991, p. 350.

Emended diagnosis. Test wall is nannoperforate to micro-
perforate, with small sized pore mounds and periapertural 

Figure 4. Apertural views of some heterohelicid tests without (1-2) or with (3-6) periapertural pustulose area. 1-2: Steineckia 
steinecki n. gen., n. sp.; 3-4: Laeviheterohelix pulchra (Brotzen, 1936); and 5-6: Fleisherites glabrans (Cushman, 1938).
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and apertural pustulose area at the top of the chambers. 
Vestigial costae are observed only on the last-formed 
chambers in Laeviheterohelix pulchra (approximately in 
1% of the specimens). The origins of the oldest species of 
the genus, namely L. pulchra, is within the costate taxa of 
the “Heterohelix”	planata group of species as suggested by 
the general resemblances in the test architecture between 
the two species. A significant argument to support this 
evolutionary relationship is the direct observation of pore 
mounds aligned to the vestigial costae on the last cham-
bers of rare specimens of L. pulchra (Figures 8.1c, 8.3c). 
The ontogenetic development of the two species shows 
gradual decrease in chamber size increase rate with the 
change in ornamentation (Figure 6); a similar process was 
previously reported in the Praegublerina pseudotessera-
Gublerina rajagopalani lineage (Georgescu et al., 2009). 
Laeviheterohelix	flabelliformis Nederbragt, 1991, which 
was described from the Turonian of Tunisia, lacks pore 
mounds on the chamber surface and for this reason is not 
considered	a	Laeviheterohelix species. The systematic 
position of this species will be analyzed in a forthcoming 
study; most likely L. flabelliformis is a junior synonym of 

pustulose area.
Description. Test is biserial throughout or with incipient 
multiserial stage. Earlier chambers are globular to sub-
globular, the last-formed ones reniform or, more rarely, 
tubular. Periphery is broadly rounded, without peripheral 
structures. Aperture is situated at the base of the last-formed 
chamber and is bordered by two well-developed, sym-
metrical flanges. Chamber surface bears small sized pore 
mounds in the primitive biserial species and with larger 
diameter in the species with incipient multiserial stage and, 
more rarely, vestiges of the ancestral ornamentation. Well-
developed periapertural pustulose area at the upper part of 
the chambers. Test wall is calcitic, hyaline, nannoperforate 
to finely perforate.
Species included.
Guembelina pulchra Brotzen, 1936, p. 121, pl. 9, fig. 3 

(only).
Ventilabrella reniformis Marie, 1941, p. 264, pl. 28, fig. 

277.
Remarks.	Laeviheterohelix is redefined now in a narrower 
sense when compared to the original diagnosis (Nederbragt, 
1991). It includes only taxa with small sized pore mounds 

Figure 5. The differences in pore mound size between Steineckia steinecki n. gen., n. sp. (1) and Laeviheterohelix pulchra (Brotzen, 1936) (2-4). Illustration 
2 shows unusually large pore mounds on a specimen of L. pulchra.
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Gublerina prima De Klasz, Le Calvez and Rerat, 1968 of 
the Turonian of Gabon.
Stratigraphic range. Upper Coniacian-Campanian (from 
the upper part of Whiteinella baltica Biozone throughout 
the Globigerinelloides impensus Biozone, the latter being 
the biostratigraphical equivalent of Radotruncana calcarata	
Biozone).
Geographic distribution. North America (United States, 
Canada), South Atlantic Ocean (Falkland Plateau), Western 
Europe (Sweden, Denmark, Germany, France, Romania) 
and North Africa (Tunisia).

Laeviheterohelix pulchra (Brotzen, 1936) – emended
(Figures 7.1-7.5, Figures 8.1-8.3)

Guembelina pulchra Brotzen, 1936, p. 121, pl. 9, fig. 3 
(only).

Heterohelix pulchra (Brotzen). Pessagno, 1967, p. 262, pl. 
87, fig. 4.

Heterohelix pulchra (Brotzen). Douglas and Rankin, 1969, 
p. 190, fig. 4.

Heterohelix pulchra (Brotzen). McNeil and Caldwell, 1981, 
p. 239, pl. 19, fig. 3.

Heterohelix pulchra (Brotzen). Weiss, 1983, pl. 2, figs. 
10-13 (only).

Heterohelix pulchra (Brotzen). Nederbragt, 1989, p. 198, 
pl. 3, figs. 3-4.

Laeviheterohelix pulchra (Brotzen). Nederbragt, 1991, p. 
352, pl. 5, fig. 7, pl. 6, fig. 1.

Laeviheterohelix turgida Nederbragt, 1991, p. 354, pl. 6, 
figs. 2-4.

Laeviheterohelix pulchra (Brotzen). Georgescu, 2006, fig. 
4.17-19.

Emended description. Test is biserial throughout consisting 
of 15 to 18 chambers (proloculus included). Proloculus 
is small (6.4–10.4 µm in diameter). Earlier chambers are 
globular to subglobular, the last-formed ones reniform, 
tilted to the test axis of growth. Sutures are straight to 
slightly curved, depressed and oblique. Periphery is broadly 
rounded, without peripheral structures. Aperture is arch-
shaped, situated at the base of the last-formed chamber and 
bordered by two well-developed, symmetrical periapertural 
flanges. Chamber surface is ornamented with small pore 
mounds (D = 1.7–2.8 µm, and rarely larger, up to 3.9 µm 
in less than 1% of the total number of measured structures; 
average value: 1.91 µm). Vestigial costae, which are collinear 
with the pore mounds, can be occasionally present on the 
last-formed chambers. Periapertural pustulose area is well-
developed. Test wall is calcitic, hyaline, nannoperforate 
to microperforate, with pore diameter between 0.38–0.84 
µm.
Remarks.	Laeviheterohelix pulchra differs from Heterohelix	
planata (Cushman, 1938) by the test surface ornamented 
with pore mounds rather than fine costae. 
Stratigraphic range. Upper Coniacian-Campanian (from 
the upper part of Whiteinella baltica Biozone throughout 
the Globigerinelloides impensus Biozone, the latter being 
the biostratigraphical equivalent of Radotruncana calcarata	
Biozone). The reviewed stratigraphic range confirms the 
observation by Douglas and Rankin (1969, p. 191) that this 
species occurs in “…Coniacian and younger strata”.
Geographic distribution. North America (United States, 

Figure 6. Ontogenetic trajectories of Heterohelix planata-dark grey (specimens 1-3) and Laeviheterohelix pulchra-light grey (specimens 4-8). Notice the 
overlapping in the early ontogeny, which indicates the possible evolutionary relationship between the two species. The main argument is represented by 
SEM micrographs showing the development of the pore mounds in P. pulchra from costae with similar thickness to those of H. planata.
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Figure 7. Hypotypes of Laeviheterohelix pulchra (Brotzen, 1936). Planktic foraminiferal zonation after Huber (1992), Huber et al. (1995) (1-3) and 
Georgescu (2006) (4-5). 1a-1c: Specimen from the lower Campanian (Archaeoglobigerina cretacea Biozone) of the Falkland Plateau (South Atlantic), 
Sample 79-511-32-4, 22-25 cm. 2a-2b: Specimen from the lower Campanian (upper part of the Marginotruncana marginata Biozone) of the Falkland 
Plateau (South Atlantic), Sample 79-511-36-6, 23-27 cm. 3a-3b: Specimen from the lower Campanian (Archaeoglobigerina cretacea Biozone) of the 
Falkland Plateau (South Atlantic), Sample 79-511-32-1, 19-22 cm. 4a-4b: Specimen from the upper Campanian (Radotruncana calcarata Biozone) of 
the Marshalltown Formation, New Jersey coastal plain (ODP Leg 174AX, Bass River Site), Sample 435.56-.57 m. 5a-5b: Specimen from the upper 
Campanian (Radotruncana calcarata Biozone) of the Marshalltown Formation, New Jersey coastal plain (ODP Leg 174AX, Bass River Site), Sample 
435.56-.57 m.
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Figure 8. Hypotypes and a paratype of Laeviheterohelix pulchra (Brotzen, 1936) and a hypotype of Laeviheterohelix reniformis (Marie, 1941). Planktic 
foraminiferal zonation after Georgescu (2006) (1) and Huber (1992), Huber et al. (1995) (3-4). 1a-1b: Hypotype from the upper Campanian (Radotruncana 
calcarata Biozone) of the Marshalltown Formation, New Jersey coastal plain (ODP Leg 174AX, Bass River Site), Sample 435.59-.60 m. 2a: Paratype 
from the lower Senonian (Eriksdal, Sweden) deposited at the National Museum of Natural History, Smithsonian Institution (USNM 307972), Washington, 
D.C. 3a-3c: Specimen from the lower Campanian (Archaeoglobigerina cretacea Biozone) of the Falkland Plateau (South Atlantic), Sample 79-511-31-5, 
33-35 cm. 4a-4b: Hypotype of Laeviheterohelix reniformis from the upper lower Campanian (Archaeoglobigerina cretacea Biozone), Sample 511-32-
CC. (specimen previously figured by Georgescu et al., 2009, pl. 2, figs. D1-3).
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Canada), South Atlantic Ocean (Falkland Plateau), Western 
Europe (Sweden, Denmark, Germany, France, Romania) 
and North Africa (Tunisia).

Laeviheterohelix reniformis (Marie, 1941) – emended
(Figure 8.4)

Ventilabrella reniformis Marie, 1941, p. 264, pl. 28, fig. 
277.

Laeviheterohelix reniformis (Marie). Georgescu et al., 2009, 
pl. 2: D1-2. 

Emended description. Test with early biserial stage and 
with incipient multiserial stage when adult. Earlier chambers 
are globular to subglobular, those of the multiserial stage 
reniform or tubular. Proloculus is small (10.7–12.8 µm). 
Sutures are straight to slightly curved, depressed and oblique 
to the test axis of growth. Periphery is broadly rounded, 
without peripheral structures. Aperture is multiple in the 
adult incipient multiserial stage; the shape is that of a low 
arch bordered by symmetrically developed periapertural 
flanges. Chamber surface is ornamented with pore mounds 
(D = 3.2–6.0 µm). There are well developed periapertural 
pustulose areas in the upper (anterior) part of the chambers. 
Test wall is calcitic, hyaline, microperforate to finely perfo-
rate, with pore diameter between 0.59–1.19 µm.
Remarks.	Laeviheterohelix reniformis is a rare species, 
which differs from L. pulchra by the adult stage with 
chamber proliferation, chamber surface with larger pore 
mounds (3.2–6.0 µm rather than 1.7–2.8 µm) and larger 
pores (0.59–1.19 µm rather than 0.38–0.84 µm).
Stratigraphic range. Campanian (from the uppermost 
part of Marginotruncana marginata Biozone throughout 
Radotruncana calcarata Biozone).
Geographic distribution. South Atlantic Ocean (Falkland 
Plateau) and Western Europe (France).

Genus Steineckia n. gen.

Type species.	Steineckia steinecki n. sp.
Diagnosis. Test is nannoperforate to microperforate, with 
large pore mounds and without periapertural pustulose 
area.
Description. Test is biserial throughout. Earlier chambers 
are globular, the last-formed ones reniform. Periphery is 
broadly rounded, without peripheral structures. Aperture is 
an arch at the base of the last-formed chamber and is bor-
dered by two well-developed symmetrical flanges. Chamber 
surface ornamented is with large pore mounds. Test wall is 
calcitic, hyaline, nannoperforate to microperforate.
Species included. 
Steineckia steinecki n. sp.
Remarks. Steineckia differs from Laeviheterohelix	–	
emended by the absence of a periapertural pustulose area; 
it also lacks the incipient multiserial stage developed in the 

evolved species of Laeviheterohelix (i.e., L. reniformis). 
The origins of Steineckia are unknown. The absence of 
vestigial costae suggests that its ancestor is a taxon with 
smooth test surface.
Etymology. Genus named in honor of Dr. P. Lewis Steineck 
(Purchase, State University of New York) for his contribu-
tions in the development of the evolutionary classification 
of the Cenozoic planktic foraminifera. 
Stratigraphic range. Upper Turonian (lower part of the 
Whiteinella baltica Biozone).
Geographic distribution. South Atlantic (Falkland 
Plateau).

Steineckia steinecki n. sp.
(Figures 9.1-9.5)

Holotype. Specimen WKB-F00501.
Dimensions of the holotype. Length: L = 0.169 mm; width: 
W = 0.116 mm; W/L = 0.686; thickness: T = 0.058 mm; 
T/L = 0.343.
Paratypes. Seven specimens WKB-000502.
Dimensions. L = 0.139–0.176 mm; W = 0.083–0.133 mm; 
W/L = 0.597–0.769; T = 0.058–0.065 mm; T/L = 0.343–
0.387. Ranges are based on measurement of 14 specimens 
(paratypes and topotypes).
Material. Over 300 specimens.
Type locality. DSDP Site 511, Falkland Plateau. Geographic 
coordinates: 51o 00’ S, 47o58’ W.
Type level. Upper Turonian, Sample 79-511-47-5, 13.5–
14.5 cm.
Etymology. As for the genus.
Description. Test is biserial throughout, consisting of 10 to 
11 chambers that increase gradually in size; earlier chambers 
are globular, the last formed ones reniform. Proloculus is 
small (9.8–16.3 µm). Sutures are straight to slightly curved, 
depressed and oblique to the test axis of growth. Periphery 
is broadly rounded, without peripheral structures. Aperture 
is a medium-high arch situated at the base of the last-
formed chamber and is bordered by two well-developed, 
symmetrical flanges. Chamber surface is ornamented with 
large pore mounds (D = 4.0–6.4 µm, rarely as small as 3.3 
µm in juvenile specimens in less than 4% of the measured 
structures). No periapertural pustulose area is present. Test 
wall is calcitic, hyaline, nannoperforate to microperforate, 
pore diameter ranging between 0.43 and 0.76 µm.
Remarks. Ontogenetic trajectories based on chamber 
increase in size apparently indicate that the ancestor of 
Steineckia steinecki is among the smooth small-sized het-
erohelicid species of the Cenomanian and Turonian (Figure 
10). The diameters of the pore mounds in S. steinecki (D = 
4.0–6.4 µm, rarely as small as 3.3 µm) are much larger than 
those of the biserial L. pulchra (D = 1.7–2.8 µm, occasion-
ally as large as 3.9 µm). However, there is an overlap area 
between the two taxa, which might suggest the existence 
of an evolutionary relationship between them. The absence 
of costae in S. steinecki and presence of vestigial costae in 
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Figure 9. Specimens of Steineckia steinecki n. gen., n. sp. from upper Turonian (Whiteinella baltica Biozone) of Falkland Plateau (DSDP Site 511), 
South Atlantic. Planktic foraminiferal zonation after Huber (1992) and Huber et al. (1995). 1a-1c: Topotype, Sample 79-511-47-6, 24.5-25.5 cm. 2a-2b: 
Paratype, Sample 79-511-47-5, 13.5-14.5 cm. 3a-3b: Holotype, Sample 79-511-47-5, 13.5-14.5 cm. 4a-4b: Topotype, Sample 79-511-47-6, 24-25 cm. 
5a: Paratype, Sample 79-511-47-5, 13.5-14.5 cm.
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L. pulchra indicate different evolutionary origins for the 
two taxa.
Stratigraphic range. Upper Turonian (lower part of the 
Whiteinella baltica Biozone).
Geographic distribution. South Atlantic (Falkland 
Plateau).

Genus Fleisherites n. gen.

Type species.	Guembelina glabrans Cushman, 1938.
Diagnosis. Test is nannoperforate to microperforate, smooth 
or with weak costae and with periapertural pustulose area.
Description. Test is biserial throughout. Earlier chambers 
are globular, then subrectangular, the last-formed reniform 
to subcircular. Test is laterally compressed and with subacute 
periphery as seen in edge view. Aperture is arch-shaped at 
the base of the last-formed chamber and is bordered by two 
well-developed, often rimmed, symmetrical flanges. Test is 
smooth or presents weak costae, often on the earlier portion 
and with well-developed periapertural pustulose area. Test 
wall is calcitic, hyaline, nannoperforate to microperforate.
Species included. 
Guembelina glabrans Cushman, 1938, p. 15, pl. 3, figs. 

1-2.
Remarks.	Fleisherites n. gen. is restricted to the Late 
Cretaceous [uppermost Campanian (?) to Maastrichtian] and 
includes only taxa with a smooth test wall or, rarely, weak 
incipient costae and without pore mounds. Periapertural 

pustulose area is well-developed in all the studied speci-
mens. Additional pustulose zones can be developed along 
the sutures due to imperfect overlapping of the periapertural 
pustulose areas of the previously formed chambers by the 
newly added ones (Figure 11). Fleisherites differs from 
Steineckia	and	Laeviheterohelix – emended by the absence 

Figure 10. Compared ontogenetic trajectories of two specimens of “Heterohelix” sp. (illustrated) from the Cenomanian sediments of Blake Nose (western 
North Atlantic, ODP Hole 1050C, Sample 171B-1050C-25-2, 70-72 cm) (specimens 4-5) and Steineckia steinecki n. gen., n. sp. (specimens 2-3). Note 
the identical ontogenies of the two species, which represents an argument in support of their evolutionary relationship, the former species as ancestor 
and the latter as descendant. The ontogenetic trajectory of an arbitrarily selected specimen of Laeviheterohelix pulchra (specimen 1) is also shown to 
illustrate the differences between the three species.

Figure 11. The uncoated holotype of Fleisherites glabrans (Cushman, 
1938), USNM 307949 photographed under low vacuum using a Backscatter 
Electron Detector at 0.3 Torr water pressure with a Phillips XL-30 
Environmental Scanning Electron Microscope (ESEM). Note the micrope-
rforate test wall, periapertural pustulose area and the pustules concentrated 
along the sutures as a result of the insufficient overlapping of this feature 
by the subsequently added chambers of the test.
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Figure 12. Hypotypes and the holotype of Fleisherites glabrans (Cushman, 1938). Planktic foraminiferal zonation after Robaszynski and Caron (1995) 
(1-2, 4-6). 1a-1c: Hypotype from the upper Maastrichtian (Abathomphalus mayaroensis Biozone) Kemp Clay from the surroundings of Limestone City, 
Texas. 2a-2c: Hypotype from the upper Maastrichtian (Abathomphalus mayaroensis Biozone) Kemp Clay from the surroundings of Limestone City, 
Texas. 3a-3b: Holotype from the Kemp Clay (branch of Mustang Creek, Williamson County, Texas), originally figured by Cushman (1938, pl. 3, fig. 1) 
and deposited at the NMNH, Washington, D.C. (USNM 307949). 4a-4b: Hypotype from the upper Maastrichtian (Abathomphalus mayaroensis Biozone) 
Kemp Clay from the surroundings of Limestone City, Texas. 5a: Hypotype from the upper Maastrichtian (Abathomphalus mayaroensis Biozone) Kemp 
Clay from the surroundings of Limestone City, Texas. 6a: Hypotype from the upper Maastrichtian (Abathomphalus mayaroensis Biozone) of the Orphan 
Knoll, (North Atlantic), DSDP Hole 111A, Sample 12-111A-11-2 123-137 cm.
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Figure 13. Specimens of Fleisherites glabrans (Cushman, 1938) without incipient costate ornamentation (1-2) and with such feature (3-6). Note that the 
faint incipient costae can be present on either chamber or portion of the test. The specimen in illustrations 6a and 6b is the only one with the costation 
developed over almost the entire surface of the test. Specimens from the upper Maastrichtian (Abathomphalus mayaroensis Biozone), Sample 12-111A-
11-2, 123-137 cm (1-3) and middle Maastrichtian (Racemiguembelina fructicosa Biozone), Sample 12-111A-11-4, 124-138 cm (4-6) of the Orphan 
Knoll (North Atlantic).

of the pore mounds on the chamber surface. The origins of 
Fleisherites are unknown. Incipient costate ornamentation is 
often observed on the earlier part of the test (Figure 12.6a) 
and demonstrates that its ancestor is a smooth taxon (Figure 
13), but no costate species with a laterally compressed test 
has been previously described. The incipient costate orna-
mentation	in	Fleisherites presents major differences when 
compared to those in Laeviheterohelix pulchra. Vestigial 
costae are present only on the last-formed chambers in the 
latter species and moreover, the test ultrastructure shows 
that the costae are the ancestral structures of the pore 
mounds. These further documents that L. pulchra	and	F. 
glabrans have different evolutionary origins and belong 
to different lineages and therefore, should be included in 
distinct genera.
Etymology. Genus named in the honor of Dr. Robert L. 
Fleisher (Micropaleontology Press) for his contributions 
to the development of the evolutionary classification of the 
Cenozoic planktic foraminifera.
Stratigraphic range. Upper Campanian (?), Maastrichtian 
(from the upper part of the Gansserina gansseri Biozone 
throughout the top of the Pseudoguembelina	hariaensis	
Biozone).

Geographic distribution. Cosmopolitan.

Fleisherites glabrans (Cushman, 1938) – emended
(Figures 12.1-12.6)

Guembelina glabrans Cushman, 1938, p. 15, pl. 3, figs. 
1-2.

Heterohelix glabrans (Cushman). Olsson, 1960, p. 26, pl. 
4, fig. 4.

Heterohelix glabrans (Cushman). Pessagno, 1967, pl. 88, 
figs. 1-2, 10-11.

Heterohelix dentata Stenestad, 1968, p. 67, pl. 1, figs. 3-6, 
8-9, pl. 2, figs. 1-3.

Heterohelix glabrans (Cushman). Weiss, 1983, pl. 1, figs. 
6-7.

Laeviheterohelix glabrans (Cushman). Nederbragt, 1991, 
p. 352, pl. 5, fig. 6.

Emended description. Test with or without early incipient 
planispiral coil followed by the adult stage, which has bise-
rial chamber arrangement. Proloculus is small (diameter, 
12.8–16.7 µm). Chambers are subrectangular to subcircular 
increase gradually in size. Sutures are straight to slightly 
curved, depressed and oblique to the test axis of growth. 
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Periphery is subangular and without peripheral structures. 
Aperture is in the shape of an arch at the base of the last-
formed chamber and bordered by two symmetrical and 
well-developed periapertural flanges. Chamber surface 
is generally smooth, but scattered pustules and vestiges 
of the ancestral costate ornamentation can be occasion-
ally observed on the earlier portion of the test. The only 
constantly ornamented zone of the test is the periapertural 
pustulose area. Test wall is calcitic, hyaline, nannoperforate 
to microperforate, pore diameter ranging between 0.37–0.76 
µm; most of the pore diameters (over 80%) are concentrated 
within the 0.37–0.61 µm range.
Remarks. The ontogenetic trajectories of the type spe-
cies of Laeviheterohelix	and	Fleisherites have different 
patterns in the adult stages, namely higher rate of increase 
in chamber size in F. glabrans (Figure 14). Fleisherites 
glabrans requires revision by means of detailed observa-
tions on the test ultrastructure. Apparently the species has 
wide morphological variability with respect to the chamber 
shape (i.e., subrectangular to subcircular) and sutures (i.e., 
straight to slightly curved). It is noteworthy that the holo-
type selected by Cushman (1938, pl. 3, fig. 1) and refigured 
here (Figures 11 and 12.3) is clearly at the middle between 
any of the end members of the chamber and suture shapes. 
Laeviheterohelix dentata (Stenestad 1968) is considered a 
junior synonym of F. glabrans, being described to accom-
modate the test variety with very well developed flanges 
resulting in a strongly dentate central suture; this interpreta-
tion is also supported by the similar stratigraphical ranges 

of the two species.
Stratigraphic range. Upper Campanian (?), Maastrichtian 
(from the upper part of the Gansserina gansseri Biozone 
throughout the top of the Pseudoguembelina	hariaensis	
Biozone).
Geographic distribution. Cosmopolitan.

DISCUSSION AND CONCLUSIONS

The genus Laeviheterohelix was erected by Nederbragt 
(1991) to include the biserial planktic foraminifera with a 
smooth chamber surface or ornamented with pore mounds 
of the Turonian-Maastrichtian stratigraphic interval. A 
critical morphological review of the species originally 
included	in	Laeviheterohelix in the light of evolutionary 
classification shows that the genus is polyphyletic (Figure 
15). Three distinct origins can be inferred for the taxa with 
smooth chamber surface or ornamented with pore mounds 
and consequently, three genera are recognized: Steineckia	
n. gen., Laeviheterohelix Nederbragt, 1991- emended and 
Fleisherites n. gen.

The earliest tests with pore mounds developed on 
the chamber surface are recorded in the upper Turonian 
of the southern hemisphere (Falkland Plateau). They are 
formalized as Steineckia steinecki n. gen., n. sp. This taxon 
exhibits large pore mounds (D = 4.0–6.4 µm, rarely as small 
as 3.3 µm) on the chamber surface and lacks periapertural 
pustulose area. Apparently it evolved from a smooth taxon. 

Figure 14. Compared ontogenetic trajectories of Fleisherites glabrans-dark grey (specimens 4-6) and Laeviheterohelix pulchra-light grey (specimens 
1-3). Note the significant differences in the rate of chamber growth in the adult stage, which is lower in the former species.
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Figure 15. Diagram showing the polyphyletic nature of Laeviheterohelix as originally defined by Nederbragt (1991). Absolute ages after Gradstein et al.	
(2004). Tethys planktic foraminiferal zonation after Robaszynski and Caron (1995). Austral Realm planktic foraminiferal zonation after Huber (1992) 
and Huber et al. (1995).

This is strongly supported by the absence of vestigial costae 
on the chamber surface (Figure 16).

Laeviheterohelix Nederbragt, 1991 is emended and 
it includes two species: L. pulchra (Brotzen, 1936) and L. 
reniformis (Marie, 1941). The stratigraphic range of the 
emended	Laeviheterohelix is upper Coniacian-Campanian. 
Species included within Laeviheterohelix	–	emended	present	
periapertural pustulose area. The earlier and therefore 
primitive species, L. pulchra has completely biserial tests; 
the pore mounds present small diameters, 1.7–2.8 µm, and 
rarely larger, up to 3.9 µm and the test wall is nannoperfo-
rate to microperforate (pore diameter ranges between 0.38-
0.84 µm). Laeviheterohelix reniformis	apparently	evolved	
from L. pulchra and is the only species of the genus with 
incipient chamber proliferation in the adult stage (Figure 
16); this species presents larger pore mounds (D = 3.2–6.0 
µm) and microperforate to finely perforate test wall (pore 
diameter ranges between 0.59–1.19 µm), in contrast with 
its ancestor.

 Maastrichtian serial planktic foraminiferal species, 
which were originally included in the genus Laeviheterohelix	
by Nederbragt (1991), do not have pore mounds on the 
chamber surface. Such tests were recorded from the up-
per part of Gansserina gansseri Biozone throughout the 
Cretaceous/Tertiary boundary and are formalized at the 
genus level as Fleisherites n. gen. This genus includes 
only	F. glabrans (Cushman, 1938), a biserial species that 

occasionally has an early incipient planispiral coiling. These 
tests consistently develop a periapertural pustulose area. 
Incipient costate ornamentation could be observed on nearly 
half of the specimens examined; when present, the costae 
are situated mostly on the earlier portion of the test.

This new taxonomic framework reveals that the mor-
phological differences between various heterohelicid taxa 
are much smaller than previously thought. Observations 
on the representatives of the genus Laeviheterohelix show 
that tests with relatively close morphological features were 
achieved through iterative evolutionary processes (Figure 
17). This evolution pattern was originally observed in the 
case of Cenozoic planktic foraminifera: “Pervasive conver-
gent and repetitive evolution precludes existing classifica-
tions based solely on morphologic similarity from reflecting 
evolutionary relationship.” (Steineck and Fleisher, 1978, p. 
618). Accordingly, it appears that a closer morphological 
analysis combined with biostratigraphic and paleobathy-
metric data is necessary in order to recognize the natural, 
monophyletic taxonomic units.
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