
Taxonomic revision and phylogenetic classification of the Late
Cretaceous (Upper Santonian-Maastrichtian) serial planktonic

foraminifera (Family Heterohelicidae Cushman, 1927) with 
peripheral test wall flexure

Marius Dan Georgescu1 and Sigal Abramovich2

1Department of Geoscience, University of Calgary, 2500 University Drive Northwest, Calgary, Alberta T2N 1N4, Canada. 
dgeorge@ucalgary.ca

2Department of Geological and Environmental Sciences, Ben Gurion University of the Negev, P.O. Box 653, Beer Sheva 84105, 
Israel. sigalabr@bgu.ac.il

Resumen

Un linaje de foraminíferos planctónicos seriados de edad Santoniense Superior-Maastrichtiense desarrolló una flexión en su pared pe-
riférica (Familia Heterohelicidae Cushman, 1927). Este linaje está compuesto por dos géneros, Hendersonia nov. gen. y Paraspiroplecta
n. gen. El género Hendersonia, de edad Santoniense Superior-Campaniense, está formado por tres especies biseriales, H. hendersoni
n. sp., H. carinata (Cushman, 1938) y H. jerseysensis n. sp. Este linaje muestra el desarrollo gradual de flexión en la pared periférica.
El género Paraspiroplecta (Campaniense Superior-Maastrichtiense) presenta un enrollamiento inicial planoespiral y la flexión en la
pared periférica pobremente desarrollada, probablemente relicta. Este género es monoespecífico, formado únicamente por P. nava-
rroensis (Loeblich, 1951).

Palabras clave: Foraminífero planctónico, Santoniense-Maastrichtiense, Taxonomía, Nuevo género, Nuevas especies

Abstract

Peripheral test wall flexure is developed in an upper Santonian-Maastrichtian lineage of serial planktonic foraminifera (Family Hetero-
helicidae Cushman, 1927). This lineage consists of two genera, Hendersonia nov. gen. and Paraspiroplecta nov. gen. Hendersonia
(Upper Santonian-Campanian) includes three biserial throughout species, namely H. hendersoni nov. sp., H. carinata (Cushman, 1938)
and H. jerseyensis nov. sp. This lineage shows the gradual development of the peripheral test wall flexure. Paraspiroplecta (Upper
Campanian-Maastrichtian) presents early planispiral coil and weakly developed, probably relict, peripheral test wall flexure. It is
monospecific, including only P. navarroensis (Loeblich, 1951).
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1. INTRODUCTION

The test morphology of two Cretaceous serial planktonic
foraminiferal lineages was re-evaluated in two recent stud-
ies (Georgescu, 2007a, 2007b). Georgescu (2007a)
demonstrated that the incipient reticulate ornamentation,
presence/absence of the supplementary apertures along
the central ‘zigzag’ suture and rate of chamber growth can

be used to separate two distinct species in a late Campan-
ian-Maastrichtian lineage formalized as Braunella
Georgescu, 2007, namely B. punctulata (Cushman, 1938)
and B. brauni Georgescu, 2007. The earliest ‘pseudoguem-
belinid’ planktonic foraminifera of the Turonian were in-
cluded in a distinct genus, namely Huberella Georgescu,
2007, based on the lack of supplementary apertures along
the central ‘zigzag’ suture; the pseudoguembelinid appear-



ance of the tests included in this genus-lineage is appar-
ently given by the chamber backward prolongations,
which are attached to the previous chamber in the same
row of the biserial stage. These studies showed that certain
minute morphological features, which cannot be studied
with accuracy with the aid of the classical optical binoc-
ular microscope, occur consistently in the stratigraphic
record of the taxonomic units described in the past as
species. Accordingly, higher accuracy in the study of the
morphological features of the heterohelicid tests can be
achieved by large scale observations based on the scan-
ning electron microscope techniques (SEM and ESEM).

The peripheral structures are relatively poorly developed
in the Cretaceous serial planktonic foraminifera (Super-
family Heterohelicacea Cushman, 1927) when compared
to other Cretaceous planktonic groups, such as rotali-
porids and globotruncanids. Most of them were described
by Cushman (1938): Gümbelina globocarinata, G. cari-
nata and G. punctulata. The genus Gümbelina Egger, 1899
to which they were originally assigned is not valid, as
shown by Montanaro Gallitelli (1957) and Loeblich & Tap-
pan (1961). Accordingly, they were reassigned to Hetero-
helix Ehrenberg, 1843 and this taxonomic status was
recognized in the subsequent taxonomic revisions by Pes-
sagno (1967), Masters (1977) and Nederbragt (1991). 

Examination of the type material of the three species, to-
gether with a vast number of newly collected specimens
showed that no true peripheral keel is present in either of
them. Accordingly, careful taxonomic revision is neces-
sary in order to clarify their test morphology, phylogenetic
relationships and taxonomic status. This begun with the
reassignment of Gümbelina punctulata to Braunella
Georgescu, 2007, in which it was designated the type
species. Noteworthy, no peripheral structures were devel-
oped in the Braunella punctulata – Braunella brauni
Georgescu, 2007 lineage (Georgescu, 2007a).

Herein we propose a taxonomic re-evaluation of Gümbe-
lina carinata (Cushman, 1938, p. 18, pl. 3, fig. 10), which
is considered the type species of Hendersonia nov. gen.
This new genus is proposed for an upper Santonian-Cam-
panian lineage consisting of three species: H. hendersoni
nov. sp. – H. carinata – H. jerseyensis nov. sp. The periph-
eral structures of the species in the Hendersonia lineage
consist of a test wall flexure, contrasting thus to the pe-

ripheral structures of Gublerina rajagopalani Govindan,
1972 of the upper Campanian-Maastrichtian in which it
consists of thick costae parallel to the test periphery
(Govindan, 1972). The well-developed test wall flexure at
the test periphery appears a characteristic of this genus-
lineage among the planktonic foraminifera with serial
chamber arrangement. Vestiges of the peripheral test wall
flexure are herein reported in excellently preserved tests
with early planispiral coil, originally described as Hetero-
helix navarroensis (Loeblich, 1951). A new genus is pro-
posed to accommodate this species, Paraspiroplecta nov.
gen. High detail test morphology observations suggests
that Hendersonia is the ancestor of Paraspiroplecta.

2. STUDIED MATERIAL 

The material analyzed for this study comes mostly from
DSDP/ODP (Deep Sea Drilling Project/Ocean Drilling
Program) wells drilled in the Caribbean region and At-
lantic Ocean. These include DSDP Site 95 (Gulf of Mex-
ico, Yucatan Shelf), DSDP Site 356 (São Paolo Plateau),
DSDP Site 357 (Rio Grande Rise), DSDP Site 511 (Falk-
land Plateau), ODP Holes 1050C and 1052E (Blake
Plateau, western North Atlantic Ocean) and ODP Leg
174AX (New Jersey coastal plain). Additional material was
studied from a new core, Mullinax-3 (Mull-3), which was
drilled by DOSECC (Drilling, Observation and Sampling
of Earth’s Continental Crust) at Falls County Brazos River,
Texas (Fig. 1). A concise presentation of the occurrences
and preservation of the species of Hendersonia nov. gen.
and Paraspiroplecta nov. gen. in these sections investi-
gated during our study is also presented (Fig. 2). Very well
preserved specimens of Gublerina rajagopalani Govindan,
1972 from the Maastrichtian sediments of the Exmouth
Plateau (East Indian Ocean) were studied in order to com-
pare the peripheral structures of this species with those of
Hendersonia nov. gen. and Paraspiroplecta nov. gen. Rich
and well preserved material of Hendersonia carinata
(Cushman, 1938) was studied in the Van Morkhoven Col-
lection (National Museum of Natural History, Washing-
ton, D.C.). No precise location of the wells from which
this material was collected can be given.

The type specimens of Hendersonia carinata (holotype
USNM 307940 and paratypes USNM 307938-307939)
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Figure 1. Location of the sites of provenance of the specimens of Hendersonia nov. gen. and Paraspiroplecta nov. gen., which were used in this study.
Base map after Hay et al. (1999).

Figure 2. Occurrence and preservation of the species of Hendersonia nov. gen. and Paraspiroplecta nov. gen. in the Deep Sea Drilling Project/Ocean
Drilling Program wells investigated during our study.

Well

3SDP Site 95 
Yucatan outer shelf,
Gulf of Mexico 

Upper Santonian Hendersonia hendersoni n. sp Good

3SDP Site 511 
Falkland Plateau,
South Atlantic Ocean 

Upper Campanian 
Hendersonia hendersoni nov. sp. 
(type locality) 

Excellent

3SDP Site 356 
São Paolo Plateau,
South Atlantic Ocean Upper Santonian Hendersonia carinata (Cushman, 1938) Moderate to poor 

3SDP Site 357 
Rio Grande Rise,
South Atlantic Ocean 

Upper Santonian Hendersonia carinata (Cushman, 1938) Moderate to poor 
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New Jersey coastal
plain Lower Campanian

Hendersonia jerseyensis nov. sp. 
(type locality)
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3DP Hole 1050 C 
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Paraspiroplecta navarroensis 
(Loeblich, 1951) 
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Maastrichtian
Paraspiroplecta navarroensis
(Loeblich, 1951) 

Excellent
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Upper Santonian
and upper Campan 

Hendersonia carinata (Cushman, 1938) 

Upper Campanian 
Paraspiroplecta navarroensis
(Loeblich, 1951)

Excellent

Location Age Species Preservation



and Heterohelix navarroensis (holotype USNM 309369
and USNM 309370-309379) were examined in the Cush-
man Collection at the National Museum of Natural His-
tory, Smithsonian Institution, Washington, D.C. (Fig. 3).
Two other heterohelicid species were described by Cush-
man (1938) with keels on the lateral sides of the earlier
portion of the test: Gümbelina globocarinata (ibid., p. 10,
pl. 2, figs 4-5) and G. punctulata (ibid., p. 13, pl. 2, figs
15-16). Peripheral keels were not observed in the type
specimens of G. globocarinata (holotype USNM 307952
and paratypes USNM 307953-307954), which were ex-
amined in the Cushman Collection (NMNH). The mor-
phological features, taxonomic status and stratigraphic
distribution of Gümbelina punctulata were recently re-
evaluated by Georgescu (2007a) who considered it the
type species of Braunella Georgescu, 2007. No peripheral
keels are present in the type specimens of this species
(Cushman Collection, NMNH).

3. SYSTEMATIC TAXONOMY

Higher categories are after Loeblich & Tappan (1987).
Species concept follows Georgescu & Huber (2007).

Order FORAMINIFERIDA Eichwald, 1830
Suborder GLOBIGERININA Delage & Hérouard, 1896

Superfamily HETEROHELICACEA Cushman, 1927
Family HETEROHELICIDAE Cushman, 1927

Genus Hendersonia nov. gen.
Type species: Gümbelina carinata Cushman, 1938, p.

18, pl. 3, fig. 10.

Diagnosis.– Heterohelicidae with test wall flexure on the
lateral sides of the test, resulting in carinate appearance.

Description.– Test is biserial throughout. Chambers are
globular to subrectangular in lateral view, increasing grad-
ually and moderately in size as added. Sutures are distinct
and depressed, straight to slightly oblique to the test axis
of growth. Periphery is subacute due to the development
of a test wall flexure, which results in the duplication of
the test wall in the periphery region. Aperture is arch-
shaped, situated at the base of the last formed chamber.
Two small and symmetrical periapertural flanges, rimmed
or not, border the aperture on the lateral sides. Apical part

can be smooth. Pustulose periapertural area is present
above the aperture. Chamber surface ornamented with
costae, which can be parallel to the periphery, longitudi-
nal or oblique to the test axis of growth. Ornamentation
thickenings can be present on the earlier chambers in the
proximity of the central ‘zigzag’ suture. Test wall calcare-
ous, hyaline perforate; pores can be simple, or situated in
the center of a crater-like structure in the evolved species.

Remarks.– Hendersonia nov. gen. is characterized by the
development of the test wall flexure in the periphery area.
Another species with peripheral structures of the Upper
Cretaceous (upper Campanian-Maastrichtian) is Gublerina
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Figure 3. Holotypes of Hendersonia carinata (Cushman, 1938) and
Paraspiroplecta navarroensis (Loeblich, 1951) from the National Museum
of Natural History, Washington D.C. 1-2. Holotype of Hendersonia car-
inata (Cushman, 1938) originally described as Gümbelina carinata by
Cushman (1938, pl. 3, fig. 10) from the lower Taylor Marl of Lamar
County, Texas (USA). 3-4. Holotype of Paraspiroplecta navarroensis (Loe-
blich, 1951) originally described as Heterohelix navarroensis by Loeblich
(1951, pl. 12, figs 1-2) from the Kemp Clay of the Guadelupe County,
Texas (USA). The two specimens were figured using the ESEM technique
and were previously figured online in the Taxonomic Dictionary of
Mesozoic Foraminifera by the Mesozoic Foraminifera Working Group
(2006, B.T. Huber – editor).



rajagopalani Govindan, 1972. It was described by Govin-
dan (1972, p. 170) as having the test periphery “… orna-
mented with thick, strongly raised, longitudinal costae.”
Nederbragt (1991) re-evaluated the morphology of this
species and considered the “Periphery of early part of test
acute to keeled, becoming more rounded in the adult
chambers.” (Nederbragt, 1991, p. 348). Examination of
well preserved material from DSDP Site 356 (São Paolo
Plateau, South Atlantic Ocean), DSDP Site 357 (Rio
Grande Rise, South Atlantic Ocean) and ODP Holes 761B
and 762C (Exmouth Plateau, East Indian Ocean) con-
firmed the original description by Govindan, the keeled
appearance of the earlier portion of the test being given by
the development of thick costae. Accordingly, Gublerina
rajagopalani appears phylogenetically unrelated to any
species of Hendersonia, in which the subacute test periph-
ery is the result of the development of a test wall flexure.

Species included.– Gümbelina carinata Cushman, 1938
(p. 18, pl. 3, fig. 10); Hendersonia hendersoni nov. sp.;
Hendersonia jerseyensis n. sp.

Phylogenetic relationships.– Hendersonia nov. gen.
evolved from the Heterohelix planata (Cushman, 1938)

group of species and is the ancestor of Paraspiroplecta
nov. gen. (Fig. 4).

Etymology.– Genus named after Dr Charles M. Hender-
son (University of Calgary) in appreciation for his out-
standing contributions in paleontology and
biostratigraphy.

Stratigraphic range.– Upper Santonian-Campanian (from
the upper part of the Dicarinella asymetrica Biozone
throughout Radotruncana calcarata Biozone).

Geographic distribution.– USA (Texas, Alabama, Missis-
sippi, New Jersey), Africa (Nigeria, Tunisia), Gulf of Mex-
ico (Yucatan outer shelf), South Atlantic Ocean (Falkland
Plateau, Rio Grande Rise and São Paolo Plateau).

Hendersonia hendersoni nov. sp.
(Pl. 1, Figs. 1-10)

1982 Heterohelix planata (Cushman) – Oláníyí
Odébòdé, p. 240, pl. 1, fig. 3, pl. 2, fig. 1 (Santon-
ian-Campanian, Calabar Flank, Nigeria).
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Figure 4. Inferred phylogeny in the Hendersonia-Paraspiroplecta lineage. Absolute ages after Gradstein et al. (2004).



1983 Heterohelix glabrans (Cushman) – Krasheninnikov
& Basov, pl. 12, figs 9-10 (Upper Campanian,
DSDP Site 511, Falkland Plateau, South Atlantic
Ocean).

1991 Heterohelix carinata (Cushman) – Nederbragt, p.
341, pl. 1, fig. 5 only (Lower Campanian, El Kef,
Tunisia).

Holotype.– Specimen WKB 010027.

Dimensions of the holotype.– Length: L = 0.263 mm;
width: W = 0.150 mm; W/L = 0.570; thickness: T=0.070
mm; T/W = 0.266.

Paratypes.– Five specimens WKB 010028.

Dimensions.– L = 0.240-0.273 mm; W = 0.150-0.196
mm; W/L = 0.570-0.717; T = 0.070-0.091 mm; T/L =
0.266-0.334.

Type locality.– DSDP Site 511, Falkland Plateau (South At-
lantic Ocean). Geographic coordinates: 51o 00’ S, 47o58’
W.

Type level.– Upper Campanian (Globigerinelloides impen-
sus Biozone), Sample 79-511-24-5, 21-24 cm. Planktonic
foraminiferal zonation after Huber (1992) and Huber et
al. (1995).

Material.– Over fifty specimens.

Etymology.– As for the genus.

Diagnosis.– Primitive Hendersonia, with incipient test wall
flexure on the lateral sides of the earlier portion of the test.

Description.– Test biserial throughout. Proloculus is small
(8.8-11.0 µm), followed by 12 to 15 chambers that in-
crease gradually, slowly to moderately in size as added.
Chambers are globular in lateral view, overlapping at var-
ious rates; those of the earlier portion of the test are sub-
rectangular in shape (Pl. 1, Figs 1, 6, 9), excepting the last
formed one or two, petaloid. Chambers are subglobular
to globular in edge view (Pl. 1, Figs 4, 7, 8), gradually in-
creasing in size as added. Sutures are distinct and de-
pressed, straight and slightly oblique to the test axis of
growth. Periphery is subacute in the earlier portion of the

test due to the development of a test wall flexure (Pl. 1,
Figs 1, 4, 8, 9); in the absence of the test wall flexure, last-
formed chambers present rounded periphery. Aperture is
in the shape of a medium-high arch situated at the base of
the last formed chamber. Two small, imperforate to mi-
croperforate, symmetrical flanges border the aperture;
flanges can be simple or rimmed (Pl. 1, Figs 3, 6). Cham-
ber surface is ornamented with costae with variable width
(2.3-3.1 µm). The earlier part of the test can be smooth; a
periapertural pustulose area is consistently present (Pl. 1,
Figs 1, 3, 4, 6, 7-9). Test wall calcitic, hyaline and microp-
erforate to finely perforate; pore size varies between 0.7
and 2.4 µm (Pl. 1, Figs 2, 5, 6, 9).

Remarks.– Hendersonia hendersoni nov. sp. consists of two
test varieties. The “primitive” variety (Pl. 1, Figs 1-5, 8-10)
is dominant at lower latitudes (e.g., South Atlantic Ocean)
and presents resemblances with the ancestral species of
the Heterohelix planata (Cushman, 1938) group in general
test appearance, finer costae (3.3 to 3.7 µm) and small
pores (0.7-0.9, rarely up to 1,1 µm). The “evolved” variety
(Pl. 1, Figs 6-7) is dominant in the tropical waters (e.g.,
southern USA, Yucatan outer shelf). It presents thicker
costae (3.6-4.1 µm) and larger pores (1.0-2.4 µm), resem-
bling by these features the descendant species, Henderso-
nia carinata (Cushman, 1938). The two test varieties record
the incipient stage of evolution of the Hendersonia and the
initiation of the lineage is apparent in the increase in costae
width, pore diameter and consistent occurrence of incipi-
ent test wall flexure on the lateral sides of the early part of
the test, the latter giving the appearance of keeled periph-
ery. Hendersonia hendersoni differs from Heterohelix
planata in having coarser costae, larger pores and incipi-
ently developed test wall flexure on the lateral sides of the
earlier parts of the tests. Cushman (1938, p. 10, pl. 2, figs
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Plate 1. Specimens of Hendersonia hendersoni nov. gen., nov. sp. 1-5.
Holotype from the Upper Campanian (Globigerinelloides impensus Bio-
zone) of the Falkland Plateau (South Atlantic Ocean), Sample 79-511-24-
6, 20-23 cm; note the fine pores (2, 5), rimmed periapertural flange (3)
and parallel costae at the test periphery (5). 6-7. Hypotype from the
Upper Santonian (Dicarinella asymetrica Biozone) of the Yucatan outer
shelf (Gulf of Mexico), Sample 10-95-14-1, 99-112 cm; note the weak
test wall flexure on the earlier chambers of the test, which is best visible
in edge view (7). 8-10. Paratype from the Upper Campanian (Globiger-
inelloides impensus Biozone) of the Falkland Plateau (South Atlantic
Ocean), Sample 79-511-24-6, 20-23 cm; note the fine costae (10) and
test wall flexure developed on the earlier portion of the test (8, 9).
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4-5) described Gümbelina globocarinata from the Cam-
panian of Texas (USA). Examination of the type specimens
of this species (NMNH, Cushman Collection, Washington,
D.C.) showed that according to the test periphery, which is
not carinate, and the general test architecture, chamber
shape and aperture shape and periapertural structures, it
should be included within the Heterohelix globulosa
(Ehrenberg, 1840) group of species (Fig. 5).

Phylogenetic relationships.– Hendersonia hendersoni
evolved from a species of the Heterohelix planata group;
it is the ancestor of Hendersonia carinata (Cushman,
1938) (Fig. 4).

Stratigraphic range.– Upper Santonian-Campanian (from
the upper part of the Dicarinella asymetrica Biozone
throughout the Radotruncana calcarata Biozone). Plank-
tonic foraminiferal biozonation after Robaszynski & Caron
(1995).

Geographic distribution.– Gulf of Mexico (Yucatan outer
shelf), western Africa (Nigeria), northern Africa (Tunisia)
and South Atlantic Ocean (Falkland Plateau).

Hendersonia carinata (Cushman, 1938) – emended
(Pl. 2, Figs. 1-12, Pl. 3, Figs. 1-2)

1938 Gümbelina carinata Cushman, p. 18, pl. 3, fig. 10
(Campanian, Texas, USA).

1946 Gümbelina carinata Cushman – Cushman, p. 105,
pl. 45, fig. 8 (Santonian-Campanian, Texas, Missis-
sippi, USA).

1957 Heterohelix carinata (Cushman) – Montanaro Gal-
litelli, pl. 31, fig. 16 (Santonian-Campanian, south-
ern USA).

1977 Heterohelix carinata (Cushman). Masters, 1977, p.
339, pl. 1, figs 4-5 (Santonian Campanian, southern
USA).

1977 Heterohelix carinata Cushman – Petters, pl. 1, figs
4-5 (Upper Santonian-Campanian, New Jersey,
USA).

1982 Heterohelix sp. 2 – Oláníyí Odébòdé, p. 244, pl.
3, figs 4-5 (Santonian-Campanian, Calabar Flank,
Nigeria).

1991 Heterohelix carinata (Cushman) – Nederbragt, p.
341, pl. 1, figs 6-7 only (Santonian-Lower Campan-
ian, Tunisia, Rio Grande Rise, São Paolo Plateau).

2006 Heterohelix carinata (Cushman) – Georgescu, fig.
4:1-3 (Upper Santonian-Campanian, New Jersey,
USA).

Diagnosis.– Hendersonia with well developed test wall
flexure, which sometimes forms a rim around the test.
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Figure 5. 1-2. Holotype of “Heterohelix” globocarinata (Cushman, 1938)
originally figured as Gümbelina globocarinata (Cushman, 1938, p. 10,
pl. 2, fig. 4) from the Taylor Marl of the Lamar County, Texas (USA). ESEM
illustration previously published online in the Taxonomic Dictionary of
Mesozoic Foraminifera by the Mesozoic Foraminifera Working Group
(2006, B. T. Huber – editor).

Plate 2. Hypotypes of Hendersonia carinata (Cushman, 1938), the type
species of Hendersonia nov. gen. 1-4. Specimen from the Upper San-
tonian (Globotruncana arca Biozone) of the New Jersey coastal plain
subsurface, ODP 174AX at Bass River Site, Sample 505.35-.38 m; note
the incipient ornamentation thickenings in the proximity of the central
‘zigzag’ suture (2) and the small, rimmed periapertural flanges (3). 5-6.
Specimen from the Upper Santonian (Globotruncana arca Biozone) of
the New Jersey coastal plain subsurface, ODP 174AX at Bass River Site,
Sample 505.35-.38 m. 7-8. Specimen from the Upper Santonian
(Globotruncana arca Biozone) of the New Jersey coastal plain subsur-
face, ODP 174AX at Bass River Site, Sample 505.35-.38 m; note the test
wall flexure developed only on the earlier part of the test (7). 9-11. Spec-
imen from the Upper Campanian (Radotruncana calcarata Biozone) of
the Gulf of Mexico (well for which no precise location can be given)
from the Van Morkhoven Collection (NMNH); note the well-developed
test wall flexure forming a rim-like structure around the test as seen in lat-
eral view (9). 12. Specimen from the Upper Campanian (Radotruncana
calcarata Biozone) of the Gulf of Mexico (well for which no precise lo-
cation can be given) from the Van Morkhoven Collection (NMNH).
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Original description.– “Test only slightly longer than
broad, much compressed, early portion rapidly tapering;
later with the sides nearly parallel, all but the latest cham-
bers keeled; chambers broader than high, increasing
somewhat in relative height in the last chambers, only
slightly inflated; sutures of the early portion slightly lim-
bate, later ones slightly depressed; wall in the early por-
tion slightly costate, later smooth, finely perforate;
aperture low, arched.” (Cushman, 1938, p. 18).

Emended description.– Test biserial throughout, with a
small proloculus (6.9 – 10.2 µm), which is followed by 13
to 16 chambers that increase moderately in size as added.
Earlier chambers are globular, then subrectangular in lat-
eral view; chambers are consistently subglobular in ap-
pearance in edge view (Pl. 2, Figs 4, 5, 7, 10, Pl. 3, Fig. 2).
Sutures are distinct and depressed, perpendicular to
slightly oblique on the test axis of growth. Periphery is
subacute due to a test wall flexure, which results in a car-
inate appearance (Pl. 2, Figs 4, 5, 7, 10, Pl. 3, Fig. 2).
Aperture is a low to medium high arch at the base of the
last chamber. Two symmetrically developed rimmed
flanges border the aperture on the lateral side; the two
flanges are imperforate, rarely microperforate and are not
merged in the upper part of the aperture (Pl. 2, Figs 4, 5,
Pl. 3, Fig. 2). There is a periapertural pustulose area at the
top of the chamber and above the aperture (Pl. 2, Figs 1,
4, 5-8, 9, 12, Pl. 3, Figs 1, 2). The earlier portion of the
test, consisting of proloculus and the first two to three
chambers can be smooth in some specimens (Pl. 2, Fig. 1).
Most of the test is covered with costae with variable ori-
entation, parallel to the periphery in the peripheral region,
longitudinal and/or oblique in the central part of the test;
the thickness of the costae ranges between 2.9 and 3.5
µm. Some specimens can have thickened costae on the
earlier chambers towards the central ‘zigzag’ suture (Pl.
2, Figs 1, 8, Pl. 3, Fig. 1). Test wall is calcitic, hyaline and
perforate; pore diameter is between 1.1 and 2.7 µm;
smaller pores are developed commonly over the last
formed chamber.

Remarks.– Hendersonia carinata (Cushman, 1938) differs
from its ancestor, H. hendersoni nov. sp., by the develop-
ment of the test wall flexure at the periphery, which can
form a rim-like structure around the test. The emendation
proposed is to include the details on the periapertural
structures, test ornamentation and porosity.

Phylogenetic relationships.– Hendersonia carinata (Cush-
man, 1938) evolved from H. hendersoni nov. sp. It is the
ancestor of H. jerseyensis n. sp. (Fig. 4).

Stratigraphic range.– Upper Santonian-Campanian (from
the upper part of the Dicarinella asymetrica Biozone
throughout the Radotruncana calcarata Biozone). Plank-
tonic foraminiferal biozonation after Robaszynski & Caron
(1995).

Geographic distribution.– USA (Texas, New Jersey, Mis-
sissippi), western Africa (Nigeria), northern Africa (Tunisia)
and South Atlantic Ocean (Rio Grande Rise and São Paolo
Plateau).

Hendersonia jerseyensis n. sp.
(Pl. 3, Figs. 3-10)

Holotype.– Specimen WKB 010025.

Dimensions of the holotype.– Length: L = 0.162 mm;
width: W = 0.119 mm; W/L = 0.735; thickness: T = 0.052
mm; T/L = 0.321.

Paratypes.– Six specimens, WKB 010026.

Dimensions.– L = 0.157-0.225 mm; W = 0.114-0.166
mm; W/L = 0.606-0.841; T = 0.050-0.085 mm; T/L =
0.302-0.467; ranges based on measurements of 12 spec-
imens. 
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Plate 3. Specimens of Hendersonia carinata (Cushman, 1938) and H.
jerseyensis nov. sp. 1-2. Specimen of Hendersonia carinata (Cushman,
1938) from the Upper Campanian (Radotruncana calcarata Biozone) of
the Gulf of Mexico (well for which no precise location can be given)
from the Van Morkhoven Collection (NMNH). 3-4. Paratype of Hender-
sonia jerseyensis nov. gen., nov. sp. from the Lower Campanian
(Globotruncana arca Biozone) of the New Jersey coastal plain subsur-
face, ODP 174AX at Bass River Site, Sample 495.30-.33 m; note the
pores of the last formed chambers situated in the center of crater-like
structures (3). 5-7. Holotype of Hendersonia jerseyensis nov. gen., nov.
sp. from the Lower Campanian (Globotruncana arca Biozone) of the
New Jersey coastal plain subsurface, ODP 174AX at Bass River Site,
Sample 495.30-.33 m; note the pore distribution with the clear tendency
to be aligned to the sutures (7). 8-9. Two poorly preserved paratypes of
Hendersonia jerseyensis nov. gen., nov. sp. from the Lower Campanian
(Globotruncana arca Biozone) of the New Jersey coastal plain subsur-
face, ODP 174AX at Bass River Site, Sample 495.30-.33 m; note the wall
flexure, which results in the duplication of the test wall in the peripheral
region. 10. Paratype of Hendersonia jerseyensis nov. gen., nov. sp. from
the Lower Campanian (Globotruncana arca Biozone) of the New Jersey
coastal plain subsurface, ODP 174AX at Bass River Site, Sample 495.30-
.33 m; note that most of the pores on the earlier chambers of the test are
aligned to the sutures (10).
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Type locality.– ODP Leg 174AX at Bass River Site, New
Jersey coastal plain (USA). Geographical coordinates: 39o

36’ 42” N and 74o 26’ 12 “ W.

Type level.– Lower Campanian (upper part of the
Globotruncana arca Biozone), Sample at 495.30-.33 m.
Planktonic foraminiferal zonation after Georgescu (2006).

Material.– Over fifty specimens.

Etymology.– Species named after the state of New Jersey
where the type locality is situated. 

Diagnosis.– Hendersonia with test wall flexure developed
on all the chambers of the test, distinct trend of pore align-
ment in the proximity of the sutures, costae thickenings in
the central part of the test, adjacent to the ‘zigzag’ suture
and sometimes with crater-like pores.

Description.– Test is biserial throughout. Proloculus is
small (8.1-11.7 µm). There are 12 to 14 globular to sub-
globular chambers, which increase gradually and moder-
ately in size as added. Earlier chambers are globular in
shape, those of the adult portion of the test are subglobu-
lar to subrectangular in shape as seen in lateral view (Pl.
3, Figs 3, 6, 10); chamber shape is consistently globular to
subglobular in shape in edge view (Pl. 3, Figs 4, 5, 8, 9).
Sutures are distinct and depressed, straight to slightly
oblique to the test axis of growth. Periphery is subacute
due to the development of a test wall flexure, which re-
sults in the duplication of the test wall in the chamber pe-
riphery region (Pl. 3, Figs 8, 9). The test wall flexure is
developed on all the chambers of the test, sometimes
forming a rim-like structure around the test (Pl. 3, Figs 1,
2, 5, 6, 10). Aperture is a low to medium high arch at the
base of the last chamber. Two short, symmetrically devel-
oped flanges, which can be imperforate to microperforate,
border the aperture on the two lateral sides (Pl. 3, Figs 4,
6). The oldest portion of the test (apical region) can be
smooth in some specimens (Pl. 3, Fig. 9). There is a distinct
pustulose periapertural area at the top of the chambers (Pl.
3, Figs 3-6, 8), which can be absent in more or less eroded
specimens (Pl. 3, Fig. 9). Most of the test surface is covered
with thick costae, which can be linear (Pl. 3, Figs 6, 7, 10)
or with undulated sides (Pl. 3, Fig. 3); their thickness range
is between 3.1 and 5.3 µm, being thicker on the inner part
of the chambers, in the proximity of the central ‘zigzag’

suture (Pl. 3, Figs 3, 6, 10). Test wall is calcitic, hyaline
and finely perforate; pores can be simple (Pl. 3, Figs 6-8,
10) or situated in the center of a crater-like structure (Fig.
6, Pl. 3, Figs 3-4). Pore diameter ranges between 1.1 and
2.4 µm. There is a distinct trend of pore alignment around
the chambers and in the proximity of the sutures on the
earlier chambers of the test (Pl. 3, Figs 3, 6, 7, 10).

Remarks.– Hendersonia jerseyensis n. sp. differs from H.
hendersoni nov. sp. by the development of a test wall flex-
ure on all the chambers of the test, thicker costae (3.1-5.3
µm when compared to 2.3-3.1µm), ornamentation thick-
enings on in the proximity of the central ‘zigzag’ suture
on the earlier chambers and the trend to develop pore
alignment around the chambers on those of the earlier
portion of the test. This species differs from H. carinata
(Cushman, 1938) by the pore alignment trend around the
chambers of the early part of the test and the absence of
the compressed appearance of the last chamber in edge
view. Worth mentioning, the development of pores situ-
ated in the central part of a crater-like structure is a char-
acteristic of Hendersonia jerseyensis n. sp. among the
other species of the genus; the taxonomic significance of
these structures was recently demonstrated in the case of
the hedbergellid species Liuella falklandica Georgescu,
2008 from the Lower Campanian sediments of the Falk-
land Plateau (Georgescu, 2008).

Phylogenetic relationships.– Hendersonia jerseyensis n. sp.
evolved from H. carinata (Cushman, 1938). Apparently it
became extinct leaving no descendants (Fig. 4).

Stratigraphic range.– Lower Campanian (upper part of the
Globotruncana arca Biozone). Biostratigraphic framework
after Georgescu (2006).

Geographic distribution.– USA (New Jersey).

Genus Paraspiroplecta nov. gen.
Type species: Heterohelix navarroensis Loeblich, 1951,

p. 107, pl. 12, figs 1-3.

Diagnosis.– Test with early planispiral coil and weak test
wall flexure on the periphery of the earlier portion of the
test.

Description.– Test with early planispiral coil and biserial in
the adult stage. Earlier chambers are globular, those of the
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adult stage subglobular. Periphery slightly subangular with
a weak test wall flexure developed mostly on the cham-
bers of the earlier portion of the test. Aperture is a low to
medium high arch at the base of the last formed chamber.
Two small, symmetrical flanges border the aperture on the
lateral sides. Chamber surface is costate and with orna-
mentation thickenings in the proximity of the ‘zigzag’ su-
ture on the earlier chambers. Test wall calcitic, hyaline,
finely perforate to macroperforate.

Remarks.– Paraspiroplecta nov. gen. differs from Hender-
sonia nov. gen. by the presence of the early planispiral
coil. Spiroplecta Ehrenberg, 1844 presents more globular
chambers, which can be best seen in the edge view, and
has smaller pores (0.7 to 1.3 µm rather than 1.5-3.2 µm).
These suggest that Spiroplecta is apparently a descendant
from a species of the Heterohelix globulosa (Ehrenberg,
1840) group.

Species included.– Heterohelix navarroensis Loeblich, p.
107, Pl. 12, Figs. 1-3.

Phylogenetic relationships.– Paraspiroplecta nov. gen.
evolved from Hendersonia nov. gen. It became extinct in
the proximity of the Cretaceous/Tertiary boundary leaving
no descendants (Fig. 4).

Etymology.– The Greek prefix “para” (= opposed to) is
added to the pre-existing serial planktonic foraminiferal
genus name Spiroplecta.

Stratigraphic range.– Upper Campanian-Maastrichtian
(from the Radotruncana calcarata Biozone throughout
“Pseudoguembelina” hariaensis Biozone).

Geographic distribution.– USA (Texas, New Jersey), north-
ern Africa (Tunisia), Israel and North Atlantic Ocean (Blake
Plateau, Sohm Basin, Gulf of Guinea).

Paraspiroplecta navarroensis (Loeblich, 1951) –
emended

(Pl. 4, Figs. 1-11)

1951 Heterohelix navarroensis Loeblich, p. 107, pl. 12,
figs 1-3 (Maastrichtian, Texas, USA).

1960 Heterohelix navarroensis Loeblich – Olsson, p. 107,

pl. 12, figs 1-3 (Upper Maastrichtian, New Jersey
coastal plain, USA).

1967 Heterohelix navarroensis Loeblich – Pessagno, p.
261, pl. 89, figs 8-9 (Maastrichtian, Texas, USA).

1973 Heterohelix navarroensis Loeblich – Smith & Pes-
sagno, p. 18, pl. 3, figs. 4-7 (Maastrichtian, Texas,
USA).

1977 Heterohelix navarroensis Loeblich – Petters, pl. 1,
fig. 13 (Upper Maastrichtian, New Jersey coastal
plain, USA).

1983 Heterohelix navarroensis Loeblich – Weiss, p. 44,
pl. 1, figs 10-11 (Upper Maastrichtian, Texas, USA
and North Atlantic Ocean, Sohm Basin).

1983 Heterohelix navarroensis Loeblich – Petters, p. 43,
pl. 1, fig. 21 (Maastrichtian, Gulf of Guinea, At-
lantic Ocean).

1991 Heterohelix navarroensis Loeblich – Nederbragt, p.
344, pl. 3, fig. 5 (Campanian-Maastrichtian,
Tunisia, northern Africa).

2006 Heterohelix navarroensis Loeblich – Georgescu, fig.
4:13-14 (Upper Campanian, New Jersey coastal
plain, USA).

2007 Heterohelix navarroensis Loeblich – Yovel, pl. 1, fig.
32 (Upper Maastrichtian, Hor Hahar, Israel).  

Diagnosis.– Test with early planispiral coil and weak test
wall flexure at periphery.

Original description.– “Test minute and subtriangular in
side view, the biserial portion flaring widely from the tiny
planispiral coil, periphery broadly rounded; the five to six
chambers of the coil are low and not much inflated, the
later 6 to 11 biserially arranged chambers increasing rap-
idly in height so that later ones are inflated and subglob-
ular; sutures distinct, straight, somewhat oblique,
depressed; wall calcareous, hyaline, surface faintly striate,
finely perforate; aperture a low arch at the inner margin of
the final chamber, sometimes with a slight lip.” (Loeblich,
1951, p. 107).
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Emended description.– Test with early planispiral coil con-
sisting of 4-5 chambers, followed by the adult portion,
which presents biserial chamber arrangement. Proloculus
is small (8.0- to 9.0 µm). The early planispiral coil, which
represents 6 to 14% of the test length, consists of four to
six small chambers, which increase gradually in size (Pl.
4, Figs 1, 4, 7-9, 11). The chambers in the biserial portion
are subglobular and with subrectangular shape in lateral
view due to overlapping. The chambers are subglobular
and increase gradually in size in edge view (Pl. 4, Figs 2,
5, 6, 10). Sutures are distinct and depressed, straight to
slightly oblique to the test axis of growth. Periphery is
slightly subangular on the early portion of the test due to
the development of a weak test wall flexure (Pl. 4, Figs 2,
4, 5, 10). Aperture is in the shape of a low to medium high
arch at the base of the last formed chamber (Pl. 4, Figs 2,
5, 6). Two small and symmetrically developed periaper-
tural flanges border the aperture on the lateral sides. Ear-
lier part of the test can be smooth in some specimens (Pl.
4, Figs 1, 7, 9, 10). A periapertural pustulose area is devel-
oped on top of the chambers and is adjacent to the aper-
ture (Pl. 4, Figs 1, 2, 4-11). Chamber surface is covered
with costae, which are parallel to the periphery on the lat-
eral sides of the test and more or less oblique to the axis
of growth in the central part. Costae thickness is between
3.3 and 6.7 µm. Ornamentation thickenings are devel-
oped in the proximity of the central ‘zigzag’ suture over
the earlier chambers of the test (Pl. 4, Figs 1, 4, 7, 8, 9, 11).
Test wall is calcitic, hyaline and perforate, with pore diam-
eter range between 1.5 and 3.2 µm. The pores present a

distinct trend to be aligned to the sutures and around the
ornamentation thickenings developed over the earlier part
of the test (Pl. 4, Figs 1, 4, 7, 9, 11); they are present over
the entire chamber surface and penetrating through the
costae in the last formed pair(s) of chambers (Pl. 4, Figs 1-
11).

Remarks.– Paraspiroplecta navarroensis (Loeblich, 1951)
differs from any species of Hendersonia nov. by the pres-
ence of an early planispiral coil. Spiroplecta americana
Ehrenberg, 1844 lacks the weak peripheral test wall flex-
ure and ornamentation thickenings on the chambers of
the earlier part of the test; it evolved probably from a
species of the Heterohelix globulosa group and its mor-
phology, taxonomic position and phylogenetic relation-
ships will be the subject of a forthcoming article.

Phylogenetic relationships.– As for the genus.

Stratigraphic range.– Upper Campanian-Maastrichtian
(from the Radotruncana calcarata Biozone throughout
“Pseudoguembelina” hariaensis Biozone).

Geographic distribution.– USA (Texas, New Jersey), north-
ern Africa (Tunisia), Israel and North Atlantic Ocean (Blake
Plateau, Sohm Basin, Gulf of Guinea).
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Figure 6. 1-2. The crater-like structures surrounding the pores in two well preserved specimens of Hendersonia jerseyensis nov. gen., nov. sp. Paratypes from
the Lower Campanian (Globotruncana arca Biozone) of the New Jersey coastal plain subsurface, ODP 174AX at Bass River Site, Sample 495.30-.33 m.

Plate 4. Hypotypes of Paraspiroplecta navarroensis (Loeblich, 1951),
from the Brazos River. Mullinax-3 well , sample 77, 6-2, 9.79 m. Note
the well developed ornamentation thickenings on the central part of the
test in the earlier portion (1, 4, 7-9, 11) and the pores that can interrupt
the costae (3).
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4. DISCUSSION AND CONCLUSIONS

The development of a test wall flexure at the test periph-
ery is documented in a lineage initiated in the upper San-
tonian (Dicarinella asymetrica Biozone) and which
became extinct in the Upper Campanian (Radotruncana
calcarata Biozone). This lineage is formalized as Hender-
sonia nov. gen. and it includes three species: H. hender-
soni nov. sp., H. carinata (Cushman, 1938) and H.
jerseyensis nov. sp. Hendersonia carinata is selected as
type species of the newly proposed genus. The main fea-
ture, which significantly changes during the evolutionary
history of this lineage, is the peripheral test wall flexure. It
is incipiently developed in the earliest species of the

genus, Hendersonia hendersoni. There is significant vari-
ability of the test wall flexure in H. carinata, where it can
be absent on the last formed one or two chambers of the
test to fully developed, resulting in a rim-like structure
around the test. The test wall flexure formation and devel-
opment resulted in the test wall duplication in the periph-
eral region. This feature is developed on all the chambers
of the test in H. jerseyensis nov. sp. (Fig. 7).

Distinct evolutionary trends of other features are recorded
in the Hendersonia lineage, such as: (i) increase in pore
size, (ii) increase in costae thickness, (iii) development of
ornamentation thickenings on the chambers of the earlier
portion of the test in the proximity of the ‘zigzag’ suture
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Figure 7. Diagram presenting the variability of six selected features in the Hendersonia-Paraspiroplecta lineage. The development of an early planispi-
ral coil is indicative for the initiation of a distinct genus-lineage (i.e., Paraspiroplecta).



and (iv) the trend to develop pores aligned to the sutures,
mainly on the earlier chambers (Fig. 7). Hendersonia jer-
seyensis nov. sp. is the only species of this genus, which
shows a part of the pores of the chambers from the adult
portion of the test in the middle of a crater-like structure.
The periapertural structures consisting of small and sym-
metrically developed rimmed flanges present remarkable
stability in the Hendersonia lineage. Notably, the peria-
pertural flanges present different porosity than the rest of
the test; they are imperforate to microperforate when com-
pared with the test wall, which is finely-perforate to
macroperforate.

Paraspiroplecta nov. sp. is characterized by the presence
of an early planispiral coil. Excellently preserved material
from the Maastrichtian sediments of the Brazos River core,
Mullinax-3 (Texas, USA) shows that a weakly developed,
most likely relict, test wall flexure is developed on the lat-
eral sides of the early portion of the test. Paraspiroplecta is
a monospecific genus, including only P. navarroensis (Loe-
blich, 1951). It evolved probably from the tests of Hen-
dersonia carinata with test wall flexure developed only on
the earlier portion of the test and absent on the last formed
one or two chambers and incipient ornamentation thick-
enings on the early chambers.

The Hendersonia-Paraspiroplecta lineage evolved from
Heterohelix planata (Cushman, 1938) as suggested by the
close morphological resemblances between this species,
as ancestor, and Hendersonia hendersoni, as descendant.
The latter is the first species of with test wall flexure on
the lateral sides of the earlier portion of the test.
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