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Abstract. The Loftusiida (fAloftusiidso herein) is an order
the Cretaceous neritic carbonate successions of Neotethys. They are encountered in suitable rocks in a broad belt
centred around the Mediterranean region and the Arabian Plate but some taxa are found in Central America and the
Himalayas. To improve their stratigraphic utility, the identities and distribution of 25 species (excluding those from
the Suborder Orbitolinina) are critically reviewed based on published records, these taxa having at least possible
occurrences in Cenomanian strata. It is shown that misidentifications have mistakenly overextended the ranges of
some taxa, although there are indeed species that have long ranges. This suggests that some lofadsdst fofrm

a group of environmentally tolerant LBF that were able to recover from palaeoceanographic events such as
widespread anoxia or eustatic deael change. Sometltertaxa have short ranges within the Cenomanian that mark
them out as potential species to be used, alongside species from other LBF groups, in the development of a
biozonation/bioevent scheme for Cenomanian LBF. As with almost all-Qméthceous LBF, work on
taxonomy/identity of loftusiids is an ongoing task requiring access to pristine material, including topotypes.
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INTRODUCTION & RATIONALE

The rationale for this papérpart 2 of a series has - A summary assessment of the diagnostic
previously been discussed by Simmons & Bidgoodeatures providing the identity of most Cenomanian
(2023), Bidgood et al. (2024) and by Simmons et alloftusiid LBF genera and species.

(2024b), the latter paper being part 1 of this series. - A critical assessment of the stratigraphic range

This paper covers the loftusiid taxonomic grouping,of those taxa, giving most weight to those records for
and is the second of an intended series of papers whiethich the identity has a high probability and the -age
presents results from a similar process applied to thosmlibration is welfounded.
remaining larger benthic foraminifera (LBF) which have
also been recorded from the Cenomanian, including (in The 25 taxa discussed herein are (in alphabetical
summary) the previously evaluated planispiral taxaorder):

(Simmons & Bidgood, 2023). In part, this builds on thatBuccicrenata ex gr. subgoodlandensis(Vanderpool,
study (itself built on foundations from pioneering studies1933)

such as Henson, 1948a, b, c¢; Hamoui & Skatc, Charentia cuvillieriNeumann, 1965

1970; Schroeder & Neumann, 1985 and others). Th€onorbinell& libanica (SaintMarc, 1973)

following parts are complete/planned: Cuneolina compressachlagintweit, 1988
Part 1: the nezzazatoids (Simmons et al., 2024b) Cuneolinaex gr.pavoniad 6 Or bi gny, 1846
Part 2: the loftusiids (excluding the orbitolininids) Cyclolina cretaceal 6 Or bi gny , 1846

(this paper) Cyclopsinella neumanngeherchi, 1980

Part 3: the orbitolinids (see also Bidgood et al., 2024)Dictyopsella charentenslsoeblich & Tappan, 1985
Part 4: the textularinids, involutinids and miliolinids  Dicyclina gqatarensisienson, 1948b
Part 5: the alveolinids Dicyclina sampotCherchi & Schroeder, 1990b
Part 6: the soritids Dicyclina schlumbergemunier-Chalmas, 1887
A seventh part will summarise the findings of theDicyclina simplexCherchi & Schroeder, 1990a
previous six papers in terms of the biostratigraphic utilityHemicyclammina whitgHenson, 1948c)
of Cenomanian LBF, their distribution in time and spaceMangashtia viennotHenson, 1948c

and possible controlling factors. Moncharmontia apenninicéDe Castro, 1966)
The full rationale need not be repeatedhere butis  Moncharmontia compresg®e Castro, 1966)
summarised as: Neodubrovnikella turonicéSaid & Kenawy, 1957)

Pseudochoffatella algerian@eybernés et al., 1988
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Pseudocyclammina rugog¢ad 6 Or bi gny, 1 8 théréis a more ufp-date diagnosis of each sugganeric
Pseudocyclammina sarvakendsishlagintweit & Yazdi  taxon mentioned herein other than that of the naming
Moghadam, 2023 authority, we have suggested a reference which contains

Pseudotextulariella brevicamerataSchlagintweit & such a diagnosis.
Yazdi-Moghadam, 2023

Pseudotextulariella cretosggCushman, 1932) Loftusiids, and treatment of individual loftusiid

Reisella ramonensidamaoui, 1963 species

Reticulinella reichel{Cuuvillier et al., 1969)

Spirocyclina atlasic&aintMarc & Rahhali, 1982 Her ein, we use the senshor mal
fiof the Order Loftusiidabo, t

As with review articles of this type a difficult question above within genera placed within the Order Loftusiida
concerns which taxa to include and which to exclude. Oukaminski & Mikhalevich in Kaminski (2004) (see also
first-l ev el filter i s t o i n Kbnirgsked, 2014 o s e il argero bent hic
foraminiferal taxa with a known or suspected presence in The Order Loftusiida is a large agglutinating
strata of Cenomanian age. This is based on our searchfofaminiferal order containing several Suborders and
the (extensive) literature and our knowledge througldiverse lower levels of suprageneric classification. One of
experience of studying Cenomanian microfaunashese Suborders is the Orbitolinina Kaminski 2004 which
ourselves. contains many genera and species recorded in

Our secondevel filter is to include taxa which are Cenomanian strata. Such members of this distinctive
predominantly studied in thin section because they occluBuborder are not included in this part of the article series
in indurated carbonate sediments common throughout trend will be treated separately in a later part (see also
Neotethyan and Caribbean realms at this time, or afidgood et al., 2024).
required to be studied in thin section because their The remaining loftusiid taxa considered here are a
identity is based on internal structural components angmall subset (25 taxa) of representatives of four further
not simply external shape and features. Not all of thedengranging Suborders of the Order Loftusiida
are Al argero benthic f or axcnding the Gabitdlinina as labmve)s Foramicifera iis then s e
complexity and hosting communities of algal and diatomnOr der Loftusi i da are morphol o
symbionts (e.g., Hohenegger, 2011), but do form part of
distinctive assemblages of foraminifera as studied in thin Test free or attached, multilocular, coiled in early stage,

section. later may uncoil; wall agglutinated with organic,
microgranular, or calcitic cement; with advanced forms
A note on higher (suprageneric) classification possessing a bilamellar wall differentiated into an
imperforate outer layer, and a thicker inner layer that is

As discussed by Simmons & Bidgood (2023) and perforate, alveolar, or forms internal partitions.

Simmons et al. (2024b), the suganeric classification
of LBF is, and remains, a work in progress and the
validity of the schema such as Kaminski (2014), the last

and thus encompass a | arge

major supregeneric assessment of agglutinating .
- . . . odes, chamber arrangements, internal structures and
foraminifera, while currently practical, is open to constan . .
Witl textures. Consequently, an illustration of the

amendment. The purpose of this paper (and its associate aracteristics of Rtypical d

companion papgrs) is not highevel .taxor_pmy, but Simmons et al., 2024b; Fig. 1 for the nezzazatoids) is not
rather a practical tool for the identification Of&ractical

Cenomanian LBF at species level with the purposes Some partial determination keys exist in the literature

improving knowledge of their biostratigraphical and(eg Hottinger, 1967, 1978, 2006: Septfontaine, 1988:
paleogeographical distribution. Whi&aker ot al ’1998)’ ' ' ' '

To that end, our use of supgeneric levels of L .
classification (Family, Superfamilgtc.) herein is merel A summary of the main diagnostic features of the
Y, Sup HEIC. y 0I%thusiid genera discussed herein is shown in Table 1.

for structural organisation of the paper and does n
endorse or reject any particular classification scheme. Each loftusiid taxon will be discussed relatively
The suprageneric organisation herein follows that briefly in terms of taxonomic identity and published age
suggested in Hayward et al. (2025); the World Register aglanges in order of general taxonomic grouping. Those
Marine Species fWORMS0)) database at taxa previously included in
www.marinespecies.orgit being the most recent and grouping, previously discussed more extensively in
"state of the art" at the time of writing (unless otherwiseéSimmons & Bidgood (2023), here contain summaries of
noted). It must be emphasised that WoRMS is a dynamidentity and stratigraphic criteria mostly taken from that
database subject to improvement over time, thus bearinmublication, although updated asneeded and with

in mind that the suprageneric information reported hereisynonymy lists now provided. In addition to

may differ from those displayed in future versions. Whereepresentative illustrations of the individual taxa, one or
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Table 1.Basic structure of loftusiid supigeneric classification and genera (with descriptions) included in this study.

Suborderi Superfamily i Family i Subfamily

Genera included herein with description

LOFTUSIINA
HAPLPHRAGMIOIDEA
CYCLAMMINIDAE

BUCCI CRENATI NAE

HEMI CYCL AMMI

Né N

PSEUDOCHOFFATELLINAE é

LOFTUSOIDEA

Buccicrenatai planispiral, compressed, involute in early stage, later tending to uncaoil (rectilinear/uniserial), W
septa alveolar. Aperture terminal, an elongated cragyslit.

Hemicyclamminai broadly lenticular, planispiral, wall alveolar but with solid, pointed septa which do not rea
outer wall of the previous whorl, does not uncoil and the aperture-igksilit

Pseudocyclammind planispiral (rarely streptospiral in early stage), subspherical to flattened, later uncoiling
coarsely agglutinated with coarse subepidermal network continuing onto the septa, possibly with a few irregu
in median plane of test. Thick and massive septa perforated by large openings, aperture areal and cribrate.

Pseudochoffatella large, discoidal with nearly parallel sides, microspheric form an early planispiral stage of
two whorls followed by peneropliform stage of about seven chambers, and then by up to eighteen or more
annular chambers, megalospheric test with large subspherical initial chamber constricted in two unequ
followed by a peneropliform stage, adult flabelliform but not attaining either a reniform or cyclic stage
agglutinated, thin imperforate epidermal layer of microgranular calcite with included quartz grains, and sube
polygonal meshwork of beams, rafters and joistgtarcalaryorder beams; aperture multiple, a series of irregul
arranged openings on the apertural face.

Reissellai involute planispiral in early stage, later tending to uncoil and flare, a subepidermal mest ligriang
primary and short secondary exoskeletal beams connected by rafters that do not extend completely into th
lumen. Aperture areal, elliptical on a short neck, surrounded by numerous secondary pores over most of the
face.

Spirocyclinai large, flattened, planispiral but slightly asymmetrical, increasing rapidly to peneropliform and (
uncoiled and rectilinear. Chambers low and broad, strongly arcuate with a coarse subepidermal network. En
septulae or beams and rafters subdividing chambers into rectangular secondary chamberlets, reduced tc
protuberances in the central parts. Aperture multiple, two rows of pores parallel to coiling plane.

Reticulinella 7 spherical to ovoid, planispiral involute, wall microgranular calcareous, reticulate subepid
network with a series of radial and transverse partitions that do not extend to the previous septum leaving
preseptal canal at the base of the septum. Apertures multiple, a row of small round openings near the septum

SPI ROCYCLI NI DAEé¢é¢
LOFTUSI | DAEéééééé
BIOKOVININA
BIOKOVINOIDEA
CHARENTI | DAEéééécé

Charentia i relatively thickwalled but thin septa, planispiral, lenticular to subglobular with a tendency to
(compressed rectilinear) in the last 1 or 2 chambers (rarely 4). Chambers slightly longer than high in e
sections. Aperture areal, arch near base of face, later triangular, later extending as a slit up the apertural fac
in uncoiled chambers.

Moncharmontia i relatively thickwalled (with a canaliculate inner layer) with thick septa, planispiral, invo
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,,,,,

Bl OKOVI NI

broadly rounded, chambers relatively equidimensional in equatorial sections. Aperture areal and multiple,
arched row of openings, later more numerous and irregularly distributed.

Neodubrovnikella i subspherical proloculus followed by slightly compressed lenticular planispiral (sli
asymmetrical in early stage) to peneropliform internally undivided chambers with a subacute periphery.

terminal, composed of a single row of openings. An agglutinated isomorph of thknaelh porcellaneous gent
PeneroplisexceptNeodubrovnikellanay not be perfectly planispiral.

CYCLOLININA
CYCLOLINOIDEA
CYCLOLINIDAE

Cyclolina i large (up to 6mm diameter), increasing thickness towards periphery, wall calcareous microg
Chambers open, no interior subdivisions. Aperture multiple, scattered in many rdvesapertural face.

Cyclopsinellai large (up to 10mm), early planispiral in microspheric form, rapidly peneropliform, reniform,
cyclic, wall calcareous, microgranular. Chambers open, unsubdivided except in late growth stage, with one
endoskeletal pillars which may bifurcate andfuse which can (apparently) appear as two chamber layers ir
sections.

Mangashtiai numerous cyclic or annular chambers. Numerous subcylindrical or-bleaped pillars in the centr
part of the chamber which are aligned between chambers. Aperture multiple openings in a row in the midg
apertural face.

CYCLOLI NI NAEééé ¢4
CYCLOPSI NELLI NAE#€
ATAXOPHRAGMIINA
ATAXOPHRAGMIOIDEA
CUNEOLINIDAE
CUNEOLI NI NAEééé ¢4
DI CYCLI NI DAEEé é é& é

DI CTYOPSELLI DAE&é

Cuneolinai compressed, conical to flabelliforrearly stage planispiral, followday broad, low, biserial chamber
interiors subdivided into nearly rectangular chamberlets by radial and horizontal partitions. Aperture a row of
the base of the septal face.

Pseudotextulariellai conical, initially trochospiral/triserial, becoming biserial, broad, low chambers subdivids
beams and rafters of one to several orders, up to six tiers of chamberlets per chamber. Wall finely agg
aperture interiomarginal, a low opening at the base of the flattened apertural face.

Dicyclina 1 wall pseudokeriothecdike, flattened to slightly undulating, initial stage inflated, later chambers anr
alternately added on two sides of the test, interior subdivided by numerous thin radial partitions and aligr
chamber to chamber. Apertures round pores at the periphery.

Dictyopsellai low trochospiral, planoor concaveconvex or patelliform with an evolute spiral side and invo
umbilical side. Crescentic chambers on spiral side, subtriangular on umbilical side. Interior of chambers subd
numerous radial and intercalary beams of varied length, the longest extending nearly to the umbilical region g
are interconnected by (transvers+t) keafseabspwhdicmsg
Conorbinellai low trochospiral, planoor concaveconvex or patelliform with an evolute spiral side and invo
umbilical side. Crescentic chambers on spiral side, subtriangular on umbilical side. Interior of chambers subd
numerous radial beams of varied length, the longest extending nearly to the umbilical region.
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two suitable source references for good images are alsensu_oeblich & Tappan, 1987)
provided. Subfamily BUCCICRENATINAE Loeblich & Tappan
The vast majority of these representative images arE985(diagnosisensu_oeblich & Tappan, 1987)
adapted from published sources and are oftetype  GenusBuccicrenataLoeblich & Tappan 1949sge Table
material. The sources are detailed in each captiod. for diagnosis)
Characteristic and/or discriminatory taxonomic features
are indicated by arrows and annotations. Frequently the Buccicrenatais an involute planispiral form with
images are resized to better fit the figure frame. The scatapidly enlarging chambers that also frequently uncoils
bars in each figure are approximate andgfeidance only rapidly. Debate about the nature of the wall and septa of
to show an approximate, relative size and should not bBuccicrenata- whether they are, or are not, alveolas
used for calculating measured dimensions (please refer tmt yet fully resolved, although the alveolar nature of the
the original source material to do this). wall seems reasonably well established (see Loeblich &
The ages attributed in the synonymy lists (strictlyTappan, 1985; Simmons & Bidgood, 2023). The alveolar
speaking these amhresonymylists as in a list of usage nature of the septa irBuccicrenata (if and when
sensuSmith & Smith, 1972) are the ages as documentednequivocally proven) separates it from
in each reference, otherwise it is the age of the sampldgerticyclamminaRedmond.Buccicrenatais also very
section (as stated) or the age assigned to the specifgimilar toPseudocyclammindabe & Hanzawa, although
illustrated specimen. Age attribution is mostly taken orthe former genus has a single, sinuousli&i# aperture
trust, unless there is evidence to the contrary (eitheompared with cribrate in the latter and typically
within the publication or published elsewhere). Agessomewhat thicker walls. Nevertheless, the two apertural
stated imply an undifferentiated age unless statetypes are hard to discern when observed in
ot her wi se. Thus a fCen o maabligeemaadona thisectrist In additiphandomarkingmp | i e ¢
the age of a particular occurrence can be determined ramother distinction from Pseudocyclammina i éthe
better than to a generalised stage level. It does not implgeptal base thickened against the previous whorl, and
unless otherwise stated, that the taxon ranges throughaufly form a continuous imperforate basal layer with solid
the stage. The location given is reported as the applicableangular chomataike mounds at the position of the
country stated in the publication at the time ofseptd ( Loeblich & Tappan, 1985,
publication, except when more specific regional locationgan also be distinguished by predominantly reniform
can be determined (e.g., Iran or Iranian Zagros; Turkiyehambers and a distinctive lobate periphery in

or western Taurides, Turkiye etc.). Buccicrenata (see  Simmons & Bidgood, 2023 and
Identifications are considered plausible, unlesspecies key chart therein). Nonetheless, in much
indicated ot her wi se. A ifugtrated matedal 0 ahe ditsrature it is doften ardf ta |

identification (e.g. some features key to identification argudge the nature of aperture and the alveolar nature of the

not viNombliendiclat es a c | evallrandmsea, thasnrmakirigi itc difficultote separate

with an alternative identification expressed if possible. possible Buccicrenata from  Everticyclammina
Comments in square brackets are our assessment RdeudocyclamminaAmmobaculitesand Lituola species,

the most likely identity or otherwise of specimen(s)to name but a few.

assignoeod sat at us in the | istings, or cases where we

emend (for example) an age assignment. Buccicrenataex gr. subgoodlandensi§vanderpool,
The subsequent systematic section is followed by a 1933)

discussion of the findings of our critical review of the 25 Figure 1

taxa involved, with a focus on stratigraphic ranges,
bioevents, and the potential for biozonation andl 1933Ammobaculites subgoodlandensianderpool, p.

correlation. 407, pl. 49, figs. 13; Albian, Oklahoma, USA.
1944 Ammobaculites subgoodlandensid.ozo, p. 540,
SYSTEMATICS pl. 1, figs. 23, pl. 4, fig. 1, texfigs. 15AG; Albian,
Texas, USA.

PhylumFORAMINIFERA d 6 Or bi gny 1 8 2 61949 Buccicrenata subgoodlandensis Loeblich &
ClassGLOBOTHALAMANA Pawlowski, Holzmann & Tappan, p. 253, pl. 47, figs.-Bbb; Albian, Texas &

Tyska 2013 Oklahoma, USA.

SubclasSTEXTULARIANA Mikhalevich 1980 1953a Pseudocyclammina hedbergi sp.17 Maync, p.
Order LOFTUSIIDA Kaminski & Mikhalevich in 101, pl. 16, figs. 8B; early Aptianmiddle Albian,
Kaminski 2004 (diagnosisensuKaminski, 2014) Venezuela & Florida, USA.

SuborderLOFTUSIINA Kaminski & Mikhalevich in  1954Buccicrenata subgoodlandensid-rizzell, p. 66, pl.
Kaminski 2004 (diagnosisensuKaminski, 2014) 4, fig. 8; Albian, Texas, USA.
SuperfamilyHAPLOPHRAGMIOIDEA Eimer & Fick- 1956 Pseudocyclammina hedbengiaynci Cuvillier, pl.
ert 1899(diagnosissensukaminski, 2014) 20, fig. 2; Aptian, Pyrenees, France.

Family CYCLAMMINIDAE Marie 1941(diagnosis
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? 1964 Pseudocyclammina hedberdi Bozorgnia & 1988Everticyclammina hedbergi Sartorio & Venturini,
Banafti, pl. 72, fig. 2; pl. 83, fig. 2; AptiaAlbian, p. 92, lower fig.; Neocomian (total range given as
central Iran. Berriasianearly Cenomanian), Italy.

1965 Pseudocyclamminacf. rugosa ( d 6 Or bii g h987) Buccicrenata subgoodlandensis Loeblich &
Hamaoui, p. 19, pl. 1, fig. 11; pl. 5, figs:86 pl. 10, fig. Tappan, p. 99, pl. 96, figs-4; Albian, Oklahoma, USA

6; Cenomanian, Israel. 1990 Pseudocyclammina hedbergi Weidich & Al
1965 Pseudocyclammina hedberdi Gollesstaneh, p. Harithi, p. 603, pl. 2, figs.-R; pl. 3, fig. 7; pl. 4, figs. 16
130132, pl. 3, figs. #4; Valanginiani Aptian; Iranian 18; Cenomanian (total range given as Albian

Zagros. Cenomanian), Jordan.
1966Buccicrenata libycan. sp.i Gohrbandt, p. 67, pl. 1, 1990Buccicrenata hedbergi Simmons, p. 84, pls. 3.25
figs. 11:16; middlei late Cenomanian, Libya. 3.28; ValanginiarAptian (and described as ranging into

1966 Pseudocyclamminaff. hedbergii Banner, pl. 3, the Cenomanian), Oman Mountains.
figs. 5abb; early Cenomanian, offshore Abu Dhalfid¢  1991Buccicrenata hedbergi Schlagintweit, pl. 10, figs.

Banner & Highton, 1990] 1-4; late Aptian, Austrian Alps.

1967 Pseudocyclamminef. rugosai Arkin & Hamaoui, ? 1992Buccicrenata hedbergi Granier, pl. 2, fig. 2;
pl. 2, fig. 3; Cenomanian, Israel. Barremiani early Aptian, Senegal [alveolar wall not
1969 Pseudocyclammina ruga$ Sampo, pl. 39, figs.-6 clear].

8. Albian, Iranian Zagros. 1994 Buccicrenata hedbergi Simmons, pl. 9.4, fig. 2;

1970 Pseudocyclamminaff. hedbergii Banner, pl. 5, Valanginiani ?Hauterivian, Oman Mountains.
figs. 7-7a; early Cenomanian, offshore Abu Dhalfidd 1994 Pseudocyclammina lituus Shakib, pl. 7.3, fig. 6;

Banner & Highton, 1990). Hauterivian, Iranian Zagros.
1974PseudocyclamminarugosaRa d oi | i | , - p Nan 1994 Psefidoaycdammita hedbergiBodrogi et al.,

3; Cenomanian, Serbia. pl. 12, fig. 17; pl. 13, fig. 1; Early Cretaceous, Hungary
? 1974 Pseudocyclamminaf. rugosai Moullade & [wall appears to be simple, naiveolar]

Peybernés, pl. 3, figs. 2, 5; late Albian, Spain. ? 1995 Buccicrenata hedbergi ArnaudVanneau &

1975 Everticyclammina virgulianaKoechlin) i Gu ¢ i iSliter, p. 550, pl. 1, fig. 5; ?late Aptiagarly Albian, mid
pl. 5, fig. 2; pl. 6, figs. &4, pl. 7, figs. 13; pl. 8, figs. 15;  Pacific Ocean [alveolar wall not clear].

pl. 9, figs. 15; pl. 10, figs. 2,4; "late Aptian early = Non 1997 Ammobaculites subgoodlandengsidsmail &
Al bi an" (now thought t o ®obimarl, gt &66, Aph t1j &ign 5;( Coniapian, Egypier s .

comm., 1987)), Croatia. [indeterminate external view, but very unlikely to be this
1976 Pseudocyclammina rugos$aKalantari, pl. 10, figs. species].

13-14; Aptian, Iranian Zagros. ? 1997Buccicrenata subgoodlandensisAyyad et al., p.
1976 Pseudocyclamminaf. rugosai Kalantari, pl. 22, 146, fig. 5bc; early Cenomanian, Egypt.

figs. 17-18, 25; Cenomanian, Iranian Zagros. 1998 Everticyclammina hedbergi OmafiaPulido &
1978 Pseudocyclammina hedbergi Berthou &  PantojaAlor, p. 69, fig. 6 (12); early Aptian, Mexico
Schroeder, pl. 8, figs.-3; late Albian, Portugal. 1999 Pseudocyclammina hedbergiScott & Finch, fig.

1980 Everticyclammina hedberdi ArnaudVanneau, p. 4D, E; middlelate Albian, Honduras.

489, fig. 178; pl. 40, fig. 5; pl. 63, figs-4 pl. 65, fig. 1; 2001 Buccicrenata subgoodlandensis BouDagher
early Aptian (total range given as Barremianearly Fadel, p. 16869, pl. 1, figs. 57; Albian, Oklahoma,
Aptian), France. USA and early Cenomanian, offshore Abu Dhabi.

? 1982 Pseudocyclammina hedbergi Alté n e r 2@ 1Buccicrenata hedbergi BouDaghetFadel, p. 169,
Decrouez, pl. 5, figs.-2; early Aptian, Turkiye [alveolar pl. 1, figs. 34; middle Albian, Venezuela.

wall not clear]. 2007 Everticyclammina hedbergi Schroeder et al., pl. I,
? 1984Everticyclammina hedbergi Chiocchini et al., pl.  figs. 89; late Aptian, Switzerland.

1, fig. 20; early Aptian, Central Italy [alveolar wall not 2011 Buccicrenata subgoodlandengisFilkorn & Scott,
clear]. p. 185, fig. 4.74.8; late Albian, Mexico.

1985 Buccicrenata subgoodlandensis Loeblich & Non 2011 Everticyclammina hedberdi Roozbahani, pl.
Tappan, p. 100, pl. 2, figs.-¥0; Early Cretaceous [= 1, fig. 1; Early Cretaceous, central Iran [possibly not a

Albian], Texas, USA. foraminiferal].
1987Buccicrenata subgoodlandenisSimmons & Hart, Non2013Everticyclammina hedberdGorbachik, 1968)
pl. 10.5, fig. 1; Albian, Oman Mountains. (sic) T Nozaripour et al., pl. 1, fig. 4; Albian

1987Buccicrenata hedbergi Simmons & Hart, pl. 10.4, Cenomanian, Iranian Zagros [indeterminate, but very
figs. 23; Valanginiarni Hauterivian, Oman Mountains.  unlikely].

? 1987 Buccicrenata? rugosd Simmons & Hart, pl. ? 2013Buccicrenata libycaGohrbandi Shahin & Elbaz,
10.5, fig. 4; Cenomanian, Oman Mountains [one of u®l. 1, fig. 34; Cenomanian, Sinai, Egypt.

(FS) has also seen similar material from the middle

Cenomanian of Oman (unpublished data)].
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Buccicrenata ex gr. subgoodlandensis (Vanderpool, 1933)

Thick, alveolar wall,
but apparently b
extending into

theoretically alveolar

septum (see text)

Planispiral early

Lobate periphery
growth followed by

Thick, alveolar

uncoiling septum (see text) )
chomata-like
— mounds
c. 0.5mm

Thick, alveolar wall

Reniform chambers

Solid, triangular,

Fig. 1. Representative illustratienof Buccicrenataex gr.subgoodlandensis. Uncoiled equatorial section, Loeblich &

Tappan (1984 pl. 2, fig. 7, Texas)h.Uncoi | ed

equatori al s e ¢ t i kverticyclaBunipa

virguliana), late Aptian, Croatia)¢. Equatorialsection, Loeblich & Tappan (1985pl. 2, fig. 5, Texas)d. External

view, Loeblich & Tappan (1985, pl. 2, fig. 9, Texas).

? 2014Everticyclammina hedberdi Khodashenas et al.,

fig. 3J (mislabelled 3l in caption); BarremidnAptian,
north-east Iran

? 2015Buccicrenata hedbergi Maksoud, p. 110, pl. 34,
figs. A-H; pl. 35, figs. AH; Barremiani early Aptian,

Non 2020 Everticyclanmina cf. hedbergii Abedpour et
al., pl. 1, fig. k; NeocomiaBarremian, Iranian Zagros [=
biserial foraminifera].

? 2021Buccicrenatacf. hedbergii Suciu et al., fig. 6H;
Barremian (reworked into younger sedimentary rocks),

Lebanon. [alveolar wall is not clear; NB this referenceRomania [alveolar wall not clear].

includestwo plate 34s and plate 35s].

2015 Everticyclammina hedbergi Babazadeh & Dehej,
fig. 6f-g; late BarremiarAptian, central Iran.

? 2017 Pseudocyclammina hedberyiokoyama (sic)i
Yavari et al., fig. 3F; late Aptiararly Albian, Iranian
Zagros [alveolar wall not clear]

? 2017Pseudocyclamminap.i BouDagheiFadel et al.,
fig. 9(8); Aptian, Tibet.

2018 Buccicrenataaff. hedbergii Andrade, pl. M1, fig.
5; Cenomanian, Portugal.

2018Buccicrenata hedbergi BouDaghetfadel, pl. 5.6,
fig. 16; middle Albian, Venezuela.

? 2018 Pseudocyclammina rugosa Andrade, pl. M1,
figs. 3-4, 6; Cenoranian, Portugal.

2018Buccicrenata hedberdi Luger, p. 59, pl. 3, figs. 7,
9-10; pl. 4, figs. 16; early Aptiani middle Cenomanian,
Somalia.

2019 Pseudocyclamminasp. 1 ¥ zkan &
9(11); Cenomanian, Turkish Arabian Plate.

2023 Buccicrenata hedbergi So | a k
late Aptian, Turkiye.

2023 Buccicrenataex gr. subgoodlandensis Simmons
& Bidgood, p. 79, fig. 29; Early Cretaceolsest?
Cenomanian, global review.

Non 2023 Pseudocyclammina hedbergiGhafor et al.,
pl. 5, fig. c; late Albia i early Cenomanian, southern
Iraq [indeterminate but no trace of alveolar wall].

& TaBs!l é,

Reference ImagesLoeblich & Tappan (198§ pl. 2,
figs. 410; ArnaudVanneau (1980); pl. 63, figs®

Taxonomy/ldentity: Although BouDagheFadel
(2001) suggested th&. hedbergi B. subgoodlandensis
and B. libyca could be separated, herein we follow
Simmons & Bidgood (2023) and combine them in a
single flex. gr. 8 estartus
subgoodlandensjs This seems an adequate approach to

Al t ramimgrtypicallfy fermformBuccicrenatawith a tendency

to uncoil, with 45 chambers in the last whorl, wall
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thickness 0.11i 0.23 mm, and a typical equatorial Subfamily HEMICYCLAMMININAE Banner 1966
diameter of the coiled part of between 0.60 and 2.48 mm(diagnosissensu_oeblich & Tappan, 1987)

There are several poorly known Early CretaceousenusHemicyclamminaMaync 1953b (see Table 1 for
species assigned BuccicrenataincludingBuccicrenata diagnosis)
condensa Dulub 1972, Buccicrenata irregularis
(Dragastan, 1989Buccicrenata italicaDieni & Massari, Hemicyclammina white{Henson, 1948c)

1966, Buccicrenata maynci Dragastan, 2011 and Figure 2

Buccicrenata tuberos&uchs, 1971B. condensdelongs

in a different genud either Choffatella (BouDagher T 1948cCyclammina whiten. sp.i Henson, p. 134, pl.
Fadel, 2001) orStomatostoechdOlszewska, 2010)B. 13, figs. 3, 1214; latest Albian, Qatar (also reported from
italica lacks long, low depressed chambers in itshe Albian of Iraq).

planispire (BouDagheFadel, 2001) so may be a distinct 1953b Hemicyclammina sigalh. sp.i Maync, p. 148
taxon. The other Early Cretaceous species 0149, figs 15; middle Cenomanian, Algeria.
Buccicrenata in the literature excludingB. ex. gr. 1965Hemicyclammina sigali Hamaoui, pl.1, fig. 7; pl.
subgoodlandensiremain in a poor state of knowled@e. 6, fig. 10; pl. 15, fig. 9; Cenomanian, Israel.

irregularis and B. maynciappear to be a simple lituolids 1965 Hemicyclamminaiov. sp.?i Hamaoui, pl. 5, figs.
with nonalveolar walls (see illustrations in Dragastan,1-3; Cenomanian, Israel.

2011), but more research is needed. The nature of tffel965Haplophragmoides difformis. sp.i Hamaoui, p.
wall of B. tuberosais impossible to determine from the 17, pl. 6, fig. 9, non pl. 3, figs-8; Cenomanian, Israel.
type illustrations. 1966 Hemicyclammina whitdi Banner, pl. 2, figs. 4a, b,

Confident Stratigraphic Range Valanginian i 5; latest Albian, Qatar
undifferentiated  middle/late  Cenomanian, locally1966 Hemicyclammina sigali Banner, pl. 12, figs. 3a;
common enough in suitable facies to have local biozonpl. 13, figs. 16; earlyi middle Cenomanian, offshore
(= biofacies) potential (e.g. Ayyad et al., 1997). Abu Dhabi (non pl. 12, fig, 3b from the Aptian of off-

Uncertain Stratigraphic Range not applicable. shore Abu Dhabii possibly an ancestral neaveolar

Using a broad concept of the taxon as hereinform).
stratigraphic range is long with records as old ad967Hemicyclammina sigali Arkin & Hamaoui, pl. 1,
Valanginian (Gollestaneh, 1965; Simmons & Hart, 1987figs 17-18 (?), pl. 2, fig. 1; Cenomanian, Israel.
Simmons, 1994). The suggestion that it might be as olti969 Hemicyclammina sigali Sampod, pl. 39, figs.-b;
as Berriasian (Sartorio & Venturini, 1988) is unproven.pl. 40, fig. 2; pl. 41, fig. 1; AlbiatCenomanian, Iranian
The association oB. libyca with Praealveolina tenuis Zagros.

Reichel in Libya supports an undifferentiated mididiee. 1970 Hemicyclammina whitéi Banner, pl. 10, figs.-2;
Cenomanian youngest age. It seems to be especialpte Albian, Qatar.
common in the Aptian and Albian. 1970Hemicyclammina sigali Banner, pl. 10, figs. -8;

Although difficult to judge based on the single early Cenomanian, offshore Abu Dhabi
specimen presented, the Coniacian record of Ismail &973Hemicyclammina sigali Berthou, pl. 11, figs. -B;
Soliman (1997) can be discounted. late Cenomanian, Portugal.

The notion thaBuccicrenataoccurs in the Cenozoic ? 1973Charentia granulosan. sp.i Kerdany & Eissa in
(Buccicrenata caunettensidassieux, 1973) is unproven Kerdany et al., p. 93, pl. 1, figs. -£%; late Cenomanian,
based on the type material of this species that does nBgypt.
permit confirmation of the alveolar wall. Thus, there? 1974Hemicyclammina sigali Bignot & Poisson, pl. 3,
appear to be no confirmed records of the genus youngégs. 1-4; Cenomanian, Turkiye.
than Cenomanian. ? 19741smailia neumanna®&. sp.i El-Dakkak, p. 173

Geographic Distribution: Within its total rangeB. 175, pl. 1, figs. 15; Cenomanian, Sinai, Egypt.
ex. gr. subgoodlandensis has a very wide 1974 Hemicyclammina sigali SaintMarc, p. 212214,
palaeogeographic distribution (see records above), beir. 1, figs. 16; middle Albianlate Cenomanian, Lebanon
known from Mexico, Honduras, Venezuela and thgreported range to base Albian).
southern USA within the Caribbean province, across th&974Hemicyclammina sigai Radoi | i I, pl . 8,
circum-Mediterranean to the Arabian Plate and Somalia9, fig. 1; Cenomanian, Serbiosovo.

It is also possibly known from the guyots of the Pacific.? 1975Sinainella aegyptiaca. sp.i El-Dakkak, p. 107
Another possible record occurs in Senegal. It has beell0, pl. 1, figs. 17; Cenomanian, Sinai, Egypt.
reported (asB. hedbergi from the Albian of Tibet 1976 Hemicyclammina sigali Kalantari, pl. 19, fig. 4;
(Marcoux et al., 1987; BouDagh€adel et al., 2017) but pl. 22, fig. 16; early Cemoanian, Iranian Zagros.

not illustrated. By the Cenomanian, the geographic range 1978Charentia hasaensis. sp.i Basha, p. 75, pl. 1,
had contracted somewhat, but still included a belt ofigs. 912; late Cenomanian, Jordan.

occurrences from Iberia to Somalia (see also Simmons & 1978Charentia rummanensis. sp.i Basha, p. 76, pl.
Bidgood, 2023). 2, figs. 16; late Cenomanian, Jordan.
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? 1978Lituola hasaensis. sp.i Basha, p. 79, pl. 3, figs.
7-9; late Cenomanian, Jordan.

? 1979Ammobaculites difformis Hamaoui, p. 33840,
fig. 1f, non fig. 1ae; Cenomanian, Israel.

1981 Hemicyclammina sigali SaintMarc, pl. 1, fig. 1;
Albian-Cenomanian, Lebanon.

? 1985Hemicyclamminasp.i Bilotte, p. 355, pl. 4, fig.
10; Cenomanian, Pyrenees.

1987 Hemicyclammina sigali Shakib, pl. 23, figs. 14
16; Albian, Iranian Zagros.

1987 Hemicyclammina sigali Simmons & Hart, pl.

2008 Hemicyclamminasp.i Ahmadi et al., pl. 2, fig. 6;
earlymiddle Albian, Iranian Zagros.
2009Hemicyclammina sigali Shirazi et al., pl. 1, fig. 9;
early Albian, Iranian Zagros.

2010Hemicyclammina whitdi Forbes et al., fig. 6.74;
Albiani early Cenomanian, Oman.

? 2010Hemicyclammina sigali Schroeder et al., fig.
11(6); early Albian, Iranian Zagros.

Non 2011 Hemicyclammina sigali Roozbahani, pl. 2,
fig. 4; Albian, central Iran [= simple planispiral form].
2011 Hemicyclammina sigali Shirazi et al., pl. 2, figs.

10.4, fig. 7; Albian?early Cenomanian, Oman Moun- 11-12; Albian, Iranian Zagros.

tains.
1988 Hemicyclammina sigali Sartorio & Venturini, p.

? 2012 Hemicyclammina sigali Ghanem et al., fig.
6b/non 12, 14; early Albian, Syria (range shown as Apti-

106; early Cenomanian, lranian Zagros (reported rangani Cenomanian).

Albiani Cenomanian).

1988 Hemicyclammina sigali Berthou & Bengtson, pl.
5eq; pl. 6ef, i; Cenomanian, Sergipe Basin, Brazil.
1990 Hemicyclammina sigali Weidich & Al Harithi, p.
602603; pl. 2, figs. &.1; pl. 4, figs. 23, 7-9, 1213; lat-
est Albiani Cenomanian, Jordan.

1990 Hemicyclamminan. sp.? Hamaoui Weidich & Al
Harithi, p. 603; pl. 4, figs. 222; latest Albiani Ceno-
manian, Jordan.

1990 Pseudocyclamminaff. massiliensidMaynci Wei-
dich & Al-Harithi, p. 604, pl. 4, fig. 1; latest Albiah
Cenomanian, Jordan.

1990 Haplophragmoide® difformis Hamaouii Weidich
& Al-Harithi, p. 599, pl. 4, fig. 6; latest Albiaih Ceno-
manian, Jordan.

? 1990Haplophragmoidesp. 2i Weidich & Al-Harithi,
p. 599, pl. 4, fig. 14; latest AlbignCenomanian, Jordan.
1992 Hemicyclammina sigali Kalantari, pl. 78 Albian,
Iranian Zagros.

? 1993Ismailia neumannaé Al-Rifaiy et al., pl. 1, fig.
3; late Cenomanian, Jordan.

? 1993Hemicyclammina evolutlamaouii Al-Rifaiy et
al., pl. 1, fig. 4; late Cenomanian, Jordan.

? 1993Hemicyclammina sigali Al-Rifaiy et al., pl. 1,
fig. 5; late Cenomanian, Jordan.

? 1993Everticyclammina whitéi Hewaidy & Al-Hitimi,
p. 476477, pl. 3, figs. 910; Cenomanian, Qatar.

? 1995Pseudonummoloculingp.i Dimitrova, p. 81, pl.
1, fig. 4; early Cenomanian, Bulgaria.
1996Hemicyclammina sigali Andreu et al., pl. 1, fig. 3;
early Cenomanian, Morocco.

1998Hemicyclammina sigali Whittaker et al., p. 40, pl.
59, figs. 39; pl. 60, fig. 1; Albian, southern Iraq &
offshore Abu Dhabi.

1998Hemicyclammina whitdi Whittaker et al., p. 4@1,
pl. 12, figs. 12; pl. 60, figs. 27; pl. 61, figs. 13; early

2013Hemicyclammina sigali Omafia et al., pl. 1, fig. 1;
pl. 4, fig. 1; undifferentiated middlé late Cenomanian,
Mexico.

? 2013Hemicyclammina sigali Ghanem & Kuss, fig.
10/27; early Albian, Syria (range shown as Albraiddle
Cenomanian).

? 2015Hemicyclammina sigali Moosavizadeh et al.,
fig. 12m; early Albian, Iranian Zagros.

? 2016Hemicyclammina sigali Hosseini et al., fig. 14j
[; Barremian, Iranian Zagros.

Non 2016 Hemicyclammingsp.i Ghaseminia et al, fig.
4k; Albian, Iranian Zagros [= simple planispiral form].
Non 2017 Hemicyclammina sigali Ahmadi et al., pl. 1,
fig. 10. [= simple planispiral form]

2018 Hemicyclammina sigali BouDagheiFadel, fig.
5.4; pl. 5.6, figs. 12L3; Albian, southern Iraq.

2018 Hemicyclammina whitei BouDagher Fadel, pl.
5.6, figs. 1415; AptianAlbian (= latest Albian), Qatar.
2018 Hemicyclammina sigali Luger, p. 60, pl. 3, fig.
11; Albian, Somalia.

2019Hemicyclammina sigali Omarfia et al., fig. 9e; un-
differentiated middldate Cenomanian, Mexico.

? 2019Hemicyclammina sigali Shirzade et al., pl. 1,
figs. 6, 7; Aptian, Iranian Zagros [lacks alveolar wall].
2020 Hemicyclammina sigali Haftlang et al., fig. 15c;
pl. 1, fig. 6; late Albian, Iranian Zagros.

2020 Hemicyclammina sigali Afghah et al., fig. 5a;
Albian, Iranian Zagros.

2020Hemicyclammina sigaMaynci Keshavarzi et al.,
pl. 1, fig. a; pl. 2, fig. h; Albian, Iranian Zagros.

? 2020Hemicyclammina sigali Moosavizadeh et al.,
fig. 8h; late Aptiarearly Albian, Iranian Zagros.

2021 Hemicyclammina sigali Gholamalian & Fanati
Rashidi, pl. 3, fig. 17; Cenomanian, Iranian Zagros.

? 2021Nezzazatsp.i Dehghanian & Afghah, fig. 8/5;
middle Cenomanian, Iranian Zagros.

Cenomanian (= latest Albian), Qatar and Albian, southerf? 2021Ismailia neumannaé Shahin & El Baz, fig. 4(2

Iraq.

1998 Charentia cuvillierii El-Sheikh & Hewaidy, pl. 1,
fig. 8; late Cenomanian, Egypt.
2005Hemicyclammina sigali Hart et al., fig. 6fg; late
Cenomanian, Portugal.

3); early Cenomanian, Egypt.

2021 Hemicyclammina sigali Shapourikia et al., pl. 9e,
j; Cenomanian, Iranian Zagros.

2021 Hemicyclammina sigali Arampour et al., fig. 3g;
late Albian, Iranian Zagros.
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Hemicyclammina whitei (Henson, 1948)

Alveolar wall

Involute planispiral coiling, near
circular periphery and biumbilicate.

Slit-like aperture

Thickened basal
layer

Slit-like aperture

Solid, pointed septa

c. 0.5mm

Fig. 2. Representative illustrations éfemicyclammina whiteia. Axial view, Whittaker et al. (1998, pl. 12, fig. 1a,
Qatar- see also Simmons & Bidgood, 2022, fig. Ia)Axial section, Whittaker et al. (1998, pl. 59, fig. 8, U.A:-Bee
also Simmons & Bidgood, 2022, fig. 30); Equatorial section, Simmons & Bidgood (2022, fig. 3a, Abu Dhat

(Reproduced after Simmons & Bidgood, 2023).

2021 Hemicyclammina sigali Keshavarzi et al., fig. 6a;
Albian, Iranian Zagras

2022Hemicyclammina sigali Keshavarzi et al., fig. 7a,
?9a; Albian, Iranian Zagros

2022 Hemicyclammina whitéi Simmons & Bidgood, p.
28, figs. 14; AlbiannCenomanian, global review.

2023 Hemicyclammina whitéi Simmons & Bidgood, p.
86, fig. 35; early Albiarintra-late Cenomanian, global
review.

2024 Hemicyclammina sigali Arampour et al., fig. 7g;
Albian, Iranian Zagros.

Reference ImagesSimmons & Bidgood (2022) figs.
1-4.
Taxonomy/ldentity: Simmons & Bidgood (2022)

hasalveolar septa which are continuous outgrowths of the
alveolar chamber walPseudocyclammini also similar
but in addition to alveolar septa also has multiple
apertures compared to the single slidgimicyclammina
The Late Cretaceous (mostly Coniacia@ampanian)
species Hemicyclammina chalmasi(= Dictyopsella
chalmasiSchlumberger, 1900) differs frotd. whitei by
virtue of a thicker, coarsely agglutinating wall, and a
larger test with chambers increasing in height to produce
a peneropliform test. The exoskeleton is particularly well
developed inH. chalmasiwith long beams and less
pronounced rafters. Excellent illustrations of this species
are provided by Schlagintweit & Wagreich (2004) and
Albrich et al. (2015). A possible Paleocene form of
Hemicyclammina  Hemicyclammina plana (=

carried out a thorough investigation of this speciesAlveolophragmium planunBykova, 1939) is poorly

commonly recorded
synonym, H. sigali Maync. Hemicyclamminais an
involute planispiral genuaith an alveolar wall but solid,

pointed septa which extend only part way into the

in the literature as its juniorknown (Simmons & Bidgood, 2022).

Confident Stratigraphic Range early Albian 7
intra-late Cenomaniatcommon throughoit
Uncertain Stratigraphic Range not applicable

chamber lumen in equatorial sections. The otherwise A frequently encountered species in suitable Alkian

similar genus Everticyclamminahas septa projecting

Cenomanian facies.

from both the outer and inner chamber wall (Banner & Hart et al. (2005) recordeH. sigali (= H. white)

Hi ghton, 1990)-0
serve to distinguish the genus frdBuccicrenatawhich
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Cenomanian, following earlier records by Berthouappearance of Ppaeudacocycdriaimmi hae
(1973); Lauverjat (1976) and Cros@alletti (1979). parvula/muluchensis/Anchispirocyclinineage and in
SaintMarc (1981) reported the species from latestAlveoseptaduring the Upper Jurassic0 ( Sept font a
Cenomanian strata in Lebanon with the ammoniteg 9 8 8 ; p. 237; caption to figu
Eucalycoceras  palaestinense (Blackenhorn) and (1987; p. 102) genus description also included the phrase
Protacanthoceras angolaeng¢8path) and the planktonic i émay have a few irregular pillars in a narrow zéne .
foraminifera  Helvetoglobotruncana praehelvetica Septfontaine (1988) also noted in the same caption that
(Trujillo) and Whiteinellaspp. These records confer an Pseudocyclammingappears as polyphyletic ( wr i t t en
upper range age limit of intlate Cenomanian. fi éprobably polyphyletc on p. 244) . He we
PreAlbian records appear to be consistently smallethat more research was needed, especially for Cretaceous
in size compared wittd. whitei and are more likely an taxa. Although illustrating several taxa in the Hauraniidae
ancest rlddmicytlanmmd fisp. 0 ( e. gphotographit¢ally Pseudadyctachminavas not one of
asH. sigali from the Barremian of the Iranian Zagros byt h e m, and only -lai keidmpslkeet @ & a
Hosseini et al. (2016) and the Aptian of offshore Abuprovided.
Dhabi by Banner (1966; pl. 12, fig., 3b) and Iran by Despi te Septfontaineds evi de
Shirzade et al. (2019) although the alveolar nature of thieis new families including the Hauraniidae were re
wall is not demonstrated). A similar, slight larger (0.3assigned to a new subordérthe Orbitolininai by
mm diameter) specimen has been illustrated by O&kan Kaminski (2004) and maintained by him later (Kaminski,
Alténer (2019) from t h-easte2044) sgnd asetd theapreserd fay irs tbelWWoRMS world
Teéer ki ye (Ar aHemiygalamrihda tsep). Oa foramiinifera database (Hayward et al., 2025). It was also
Although sometimes used as a biozonal marker (e.@g position followed, without discussion, by Simmons &
Arampour et al.,, 2021; Rahbarman et al., 2024), thi8idgood (2023). This new suborder was defined in full
reflects biofacies and is of very limited correlatixsdue. by Kaminski ( 2 Oextdtrochogpiral & 5 1) a
Geographic  Distribution:  Very  widespread. conical, later stage may have reduced number of
Throughout the Caribbean, central Atlantic (Brazil,chambers per whorl, or may become uniserial and
Morocco, Iberia) and Neotethys as far east as Oman amelctilinear; chamber interior of advanced taxa
Somalia and possibly (unconfirmed) further east in Tibetsubdivided by vertical or horizontal exoskeletal partitions
Potential ancestral records are located on the Arabiasr both, by radial or transverse partitions, or with
Plate (see Simmons & Bidgood, 2022, 2023). interseptal pillars 0 Ka mi nasdighniest wase
presumably made on the basis that other genera in the
GenusPseudocyclamminarabe & Hanzawa 1926 (see Hauraniidae/Amijiellinae better fit the new subordinal
Table 1 for diagnosis) criteria and Pseudocyclammingalthough never firmly
assigned to the family/subfamily by Septfontaine) was
The inclusion of Pseudocyclamminain this fAswept upo with the others.
subfamily/family does not follow Hayward et al. (2025) Wi t h t he exceptioniwhich Ai nt e
and the "WoRMS" database as discussed below. have not been conclusively proven in the genus (in an
Pseudocyclamminais a planispiral, agglutinated extensive treatment of exand endoskeletal structures,
genus with coarse alveolar walls and septa that woulHottinger, 1967, did not mention pillars in connection
appear to be relatively uncontroversial in terms of itavith any Pseudocyclammina species except P.
higher classification but instead has become somethinguluchensis n. sp. which is now assigned to
rather more problematic. First proposed by Yabe &StreptocyclamminaHottinger see also Septfontaine,
Hanzawa (1926) with the type spec@gclammina lituus 1988, and see below) none of the other subordinal
Yokoyama, 1890 from the Late Jurassic Early characteristics of the Orbitolinina apply to what we know
Cretaceous of Japan, it was said to differ fromas Pseudocyclamminalt is difficult to envisage an
Cyclamminain having a cribrate rather than dike  obvious connection between the alveolar, planispiral
aperture and also having a tendency to uncoil. Pseudocyclamminaand, say, members of the family
No higher classification was proposed until MayncOr bi t ol i ni dae i ncl u-domplex, fAcl a
(1952) placed the genus in the Lituolidae family,uniserial cyclic/annular conical genera such as
Choffatellinae subf ami | y Orpimlima for example (gee Bitggod etlah, @024).i gny 6 s
1850 specied Lituola rugosato Pseudocyclammina Moreover, we have seen no conclusive evidence for
Loeblich & Tappan (1987) reassigned the Choffatellinaghe presence of pillars in our studied Cenomanian
to the family Cyclamminidae Marie, superfamily material (e.g., Schlagintweit & Yaz#lloghadam, 2023;
Loftusiacea Brady. see also Simmons & Bidgood, 2023) and, despite what
However, almost contemporaneously, Septfontainenay have been observed in Late Jurassic material and
(1988) tentatively assignedseudocyclamminéo a new followed by us previously, we prefer to include (for the
family i the Hauraniidae; new subfamily Amijiellinae, present paper) at least Cenomanian members of
both within the superfamily Lituolacea. This was donePseudocyclamminawithin the Cyclamminidae herein,
primarily upon t h erogrdssive i tegethar f with t thee morfihélogically similar genera
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Buccicrenataand Hemicyclammingsee also Albrich et leading to more uncertainty in the terminology and

al., 2015, p. 255). raising the question of any significant difference between
Pseudocyclamminds a distinctive subspherical to the terms. The terms used by the various authors above

somewhat axially compressed, planispiral (sometimeseem to be those of personal preference and further

uncoiling) genus, with relatively thick, obviously examination of type materials from many taxa would be

alveolar, chamber walls and septa. In the-@idtaceous, required to provide clarification, which is beyond the

Buccicrenatais the most likely confusion genus (seescope of this work.

Buccicrenataex. gr.subgoodlandensiserein), but can be

distinguished by its single aperture, whilst that of

Pseudocyclammina is cribrate. Pseudocyclammina Pseudocyclamminarugosgad 6 Or bi gny, 1850

typically lacks the rapidly enlarging chambers and lobate Figure 3

equatorial profile oBuccicrenata The alveoles are broad

and less crowded than @hoffatellaand similar genera. 1850 (1847 MS}.ituola rugosad 6 Or bi gny, v o
Pseudocyclammin is a commonly encountered andlimited description with no illustration; middlé late

arguably diverse genus in JurassicEarly Cretaceous Cenomanian, western France.

sediments of Neotethys (e.g. Hottinger, 1967; Bannerl952 Pseudocyclammina rugosad 6 Or b iMgymg; )

1970; Whittaker et al., 1998) but is relatively uncommorpl. 12, figs. 610; middlei late Cenomanian, western

in Cenomanian sediments with only two species knownErance.

Pseudocyclammina rugosal d 6 Or bi gny, 1959 Bseydocyclmndina rugogaMaync, p. 187, pl. 1,

Pseudocyclammina sarvakenSshlagintweit & Yazdi  figs. 1015; middlei late Cenomanian, western France.

Moghadam, 2023. Confusion taxa include the typicallyNon 1965 Pseudocyclamminaf. rugosai Hamaoui, p.

Late Jurassici Early CretaceousPseudocyclammina 19-20; pl. 1, fig. 11, pl. 5, figs. 8, pl. 10, fig. 6;

lituus (Yokoyama, 1890) and the Late CretaceouCenomanian, Israel [= Buccicrenata ex gr.

Pseudocyclammina sphaeroide&endrot, 1968 and subgoodlandensis

Pseudocyclammina massiliensidaync, 1959 P. ? 1967Pseudocyclamminef. rugosai Bismuth et al., pl.

sarvakensiss distinguished from all previously described XlI, figs. 1820; Cenomanian, Tunisia [small, with

Pseudocyclamminaspecies by the relatively larger unclear identity].

number of chambers (186) in the final whorl, and has Non 1967 Pseudocyclamminaf. rugosa i Arkin &

not been observed to uncdil. rugosais relatively large  Hamaoui, pl. 2, fig. 3; Cenomanian, Israel [=

(0.87 4.3 mm in external diameter of the coilpdrtion  Buccicrenataex gr.subgoodlandendis

according to Maync (1959a) although illustrations inNon 1969 Pseudocyclammina rugosa Sampo, pl.

Maync (1952, 1959) indicate maximum diameter, XXXIX, figs. 6-8; Albian, Iranian Zagros [B. ex gr.

including uncoiled to be 4.78 6.0 mm) and this, subgoodlandendis

together with a large chamber height, strongly curved973Pseudocyclammina rugo$aBilotte, pl. Ill, fig. 15;

thick septa, a rounded periphery, a relatively large axidhtest AlbianCenomanian, Pyrenees.

thickness (0.22.3 mm) & diameter hickness ratio i ? 1973Pseudocyclammina rugosaBerthou, pl. 1, figs.

1.9, typically 1.4) and & chambers in the last whorl 1, lac; earlymiddle Cenomanian, Portugal [B=ex gr.

serve to distinguish it from other species ofsubgoodlandensigr unconfirmed].

Pseudocyclamminand indeedBuccicrenata A summary 1974 Pseudocyclammina rugo$aNeumann et al., pl. 6,

of the characteristics of the fiv®seudocyclammina fig. 4; middlei late Cenomanian, western France.

species mentioned above is shown in Table 2 and the tvid 1974 Pseudocyclamminaf. rugosai Moullade &

exclusively Cenomanian species are discussed below. Peybernés, pl. 3, figs. 2, 5; late Albian, Spain [? =
We have not considereid further detail the debate Buccicrenataex gr.subgoodlandendis

between describing the wall dPseudocyclamminas Non 1976 Pseudocyclammina rugo$aKalantari, pl. 10,

fal veol ar o ( S c hdMagbadamt, ®0O23; t figs.& 13Ma Amian, Iranian Zagros B ex gr.

Simmons & Bidgood, 2023 and as used herein) osubgoodlandensjs

Alabyrinthicd (Gendrot, 1 N6 1976 Psklalocyclammindf. Jugdsgi Kela@tariopgl. o

combination of both (Banner, 1966, 1970). Hottinger22, figs. 1718, 25; Cenomanian, Iranian ZagroB[=ex

(2006) provided separate definitions (but not illustrationspr. subgoodlandendjis

for both kinds of structure/texture, but these are nol1985Pseudocyclammina rugodaBilotte, p. 355, pl. 4,

r

a

unequivocal. Gugi i ( 19 75)fig. & middbei Igter Cenotinathiand(totah rangeiingicatedas i o n ,

distinguishing Everticyclammina from  Albiani Cenomanian), French Pyrenees.
Pseudocyclamminelaiming that the former genus is the 1986 Pseudocyclammina rugos&a Ben Youssef &
only one to show an fal v eeybengs, pt figolS;nmeldiemte Allmian, Tynigia. 1 5)
the | atter a fAsubepi der ma?l 198MRuscitrenata?krugoss [Sienony & Hart,1pB ) .
we nt on t o s aly is (nplear whédher 10,dig. 4; €arly Cenomanian, Oman [not cleaB.?ex
Pseudocycl ammi na rugos acé gr.pobgoadandersispne afnus &3$) vhasodlsa seen
rat her t han subepi der nal simiarensatenalofmork the eniddies Geromaniaro of ®man
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Cenomanian loftusiid species: identity & stratigraphic ranges

Table 2. Comparison of morphological characteristics betweepegieof the genufseudocyclamminadNote: estimates of stratigraphic ranges of these comparative taxa are no
on exhaustive assessment of occurrences in the literature, &aepfosaandP. sarvakensias discussed herein. They have been assessed only from the type descriptionsee
recent general summaries (e.g., Bassoull et, 1997; Velil, 2007; Albrich et al

CHARACTERISTIC

PSEUDOCYCLAMMINA LITUUS

PSEUDOCYCLAMMINA RUGOSA

PSEUDOCYCLAMMINA SARVAKENSIS

PSEUDOCYCLAMMINA SPHAEROIDEA

PSEUDOCYCLAMMINA MASSILIENSIS

Original desadption &

As Cyclammina lituusYokoyama

As Lituola rugosadd Or b i g

Schlagintweit & YazdiMoghadam

Gendrot (1968), late Santonian, France

Maync (1959 p),

illustrative descriptions

Hottinger (1967
Kobayashi & Vuks (2006)

(2015
al. (2016)

p); Frijia ¢

provenance (1890), TithoniarBerriasian, Japan| (1850), Cenomanian, France | ( 2023 p), Cenoma
Zagros
Basic image
(reference source of
i mage showr
Other significant Maync (195% ); Kaever (1967); Maync (1952 p,|NA Chiocchini et al. (2012); Albrich et al. Boix et al. (2011)

Wall

Agglutinated, alveolar

Agglutinated, alveolar

Agglutinated, alveolar

Agglutinated, alveolar (labyrinthic)

Agglutinated, alveolar

Overall shape

Axially compressed, often uncoilin

Axially compressed, often

Subspherical, moderately compress

Subspherical, slightly compressed axial

Axially compressed, often uncoiling

uncoiling axially, no uncoiling observed flaring but only occasionally uncoiling
Dimensions (mm) (De | De = 1.02.7 (*sometimes 3.5+) De =3.14.3 De =1.35 De =0.601.1 ** De =1.22.3
= diameter equatorial; | Da=0.81.8 Da=0.72.3 Dp =0.110.30 Da = 0.400.42 Da =0.40.8
Da = diameter axial; Dp| Dp = 0.240.26 Dp =0.10
= diameter proloculus)
Chambers per whorl We=7-12 Weg=57 We=1416 We=1012 in smaller forms, 134 in We=57
(first whorl = W, ¢. 3 uncoiled ¢. 23 uncoiled larger forms ** 2-3 uncoiled
second whorl = Wetc.) c. 1-2 uncoiled
No. of whorls c.2.535 c.2 c.2.535 C.2.53.0* c.1.52
Foramina diameter 50 20-35
(1m)

Stratigraphic Range
(see caption)

Oxfordiani Apt i an
Bassoullet, 1997)

( Gu

Albian i Cenomanian

Middlei late Cenomanian

TuronianiCa mpani an (Ve
Albrich et al., 2015; Arriaga et al., 2016;
Solak et al., 2020)

Middle Coniaciari Campanian
(Velil, 2007; Bo
Schlagintweit & YazdiMoghadam,
2023)

Commens

(*) = Whittaker et al. (1998)

Note: Not the same as the similarly
namedPseudocyclammina sphaeroidalig
Hottinger, 1967 from the Late Jurassic d
Morocco

(**) Albrich et al. (2015)
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Pseudocyclammina rugosa (d’'Orbigny, 1850)

Coarsely agglutinated
alveolar wall and septa

Multiple areal
apertures (foramina)

Rounded periphery

I
c. 3mm

Fig. 3. Represetative illustrations ofPseudocyclammina

rugosa. Equatorial section, Maync (1952, pl. 12, fig. 9

France);b. Equatorial section of uncoiled specimen, Maync (1959, pl. 1, fig. 14, FrancAxial section, Maync

(1952, pl. 12, fig. 8, France). (After Simmons & Bidgood,

(unpublished data)].

Non 1993Pseudocyclammina rugo$aEttachfini, p. 120,
pl. 1, figs. 711; Cenomanian, Morocco
[=Ammobaculites/LituolaB. ex gr.subgoodlandensier
indeterminate].

Non 2003 Pseudocyclammina rugo$aAguilero-Franco,
pl. 1, fig. 7; Cenomanian, Mexico [prolAmmobaculites
sp., no obvious alveolar wall].

Non 2004 Pseudocyclammina rugosé Ettachfini &
Andreu, fig. 7E; Cenomanian, Morocco
[=Ammobaculites/LituolaB. ex gr.subgoodlandensier
indeterminate].

Non 2006 Pseudocyclammina rugo$aEttachfini, pl. 13,
fig. 10; late Cenomanian, Morocco
[=Ammobaculites/LituolaB. ex gr.subgoodlandensier
indeterminate].

Non2012Pseudocyclammina rugo$aOmaifia et al., fig.
5(8); middlelate Cenomanian, Mexico [prob.
=Ammobaculites/Lituolap.].

Non 2013 Pseudocyclammina rugosa Boavida; pl. 1,
fig. 1; Cenomanian, Portugal [?=B. ex gr.
subgoodlandensisr unconfirmed].

Non 2013 Pseudocyclammina rugogaOmafa et al., pl.
5, fig. 10; middlelate Cenomanian, Mexico
[prob.Ammobaculites/Lituolap.].
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2023).

? 2014Pseudocyclammina rugogaDanelian et al., fig.
9(3-6); Cenomanian, Armenia [small and unclear
identity].

Non 2014 Pseudocyclammina rugosa Afghah &
Haghighi, pl. 3, fig. 3; Aptian, Iranian Zagros
[=Ammobaculitesp. orLituola sp.].

2018 Pseudocyclammina rugosaBouDagheiFadel, pl.
5.6 (7) middle’ late Cenomanian, western France.

? 2018 Pseudocyclammina rugosia Andrade, pl. M1,
figs. 3,4,6; pl. M5, fig. 7; Cenomanian, Portugal B?=ex
gr. subgoodlandensiar unconfirmed].

Non 2018 Pseudocyclammina rugogaOmidi et al., pl.
2, fig. 5; Cenomanian, Iranian Zagro$[=sarvakensis

? 2020Pseudocyclammina rugogaSimmons et al., fig.
9.1; middle Cenomanian, Turkish Arabian Plate.

Non 2022 Pseudocyclammina rugogsic.) i Esfandyari
et al., fig. 23l; Cenomaniahuronian, lranian Zagros
[=P. sarvakensis

2023Pseudocyclammina rugo$aSimmons Bidgood,

p. 82, fig. 31; Albiani latest? Cenomanian, global
review.

Non 2023 Pseudocyclammina rugosaAbtahiyan et al.,
fig. 6b; late Barremiari early Aptian, Iranian Zagros
[indeterminate, but noP. rugosa possibly B. ex gr.
subgoodlandensjis



Cenomanian loftusiid species: identity & stratigraphic ranges

Reference ImagesMaync (1952), Pl. 12, figs.-60, older strata (e.g., Abu Zied, 2007; Habibnia et al., 2010;
p. 50 and Maync (1959), PI. 1, figs.-18. MansouriDaneshvar et al., 2015; Afghah et al., 2016)

Taxonomy/ldentity: The typical Cenomanian should be treated with caution. An unillustrated report
representative oPseudocyclammindg P. rugosa that from the Coniaciani Maastrichtian of Spain (Grafe,
despite illustration by Maync (1952, 1959) remains2005) should most likely be regarded as erroneous.

poorly known. Lituola rugosa was introduced by Restrictipn of its range to the early Cenomanian
d6Orbigny (1850) with a veVvVglil mi2@@7)ersefrlieodtionl amala
of Cenomanian foraminiferfrom France and there is no Geographic Distribution: Western Mediterranean

illustration. Maync (1952, 1959) illustrated topotype ?ArabianPlate within Neotethys.
specimens from the Cenomanian of Charente, France (see As can be understood from the limited number of
also BouDagheFadel et al., 2017) and discussedconfirmed records mentioned above, the paleogeographic
elements of the taxonomy (including his justification fordistribution of this species is hard to determine.
placing the species inPseudocyclammida and Confirmed records are limited to the type area in western
differences with similar taxa. Since then, the species hd&ance, the Pyrenees, Tunisia and possibly Oman and
quite frequently been reported from Albiari southern Turkiye. Unpublished reports, if confirmed,
Cenomanian sediments of Neotethys and the Caribbeanight extend this distribution, but despite quite numerous
(Mexico), but seldom illustrated and often notrecords it remains unproven as occurring in Mexico.
convincingly. Confusion with Buccicrenata ex gr.
subgoodlandensiss common and in many random Pseudocyclammina sarvakensBhlagintweit & Yazdi-
sections the species are difficult to distinguish from one Moghadam, 2023
another, leading to uncertainties in stratigraphic and Figure 4
geographic distribution (see discussion below).

P. rugosaappears to be relatively large (0.8.3 mm 1969 Cyclamminasp. (?)1 Sampo, pl. XLV, fig. 2;
in external diameter of the coiled whorl according toCenomanian, Iranian Zagros.
Maync (1959) although illustrations in Maync (1952,2018Pseudocyclammina rugogaOmidi et al., pl. 2, fig.
1959) indicate maximum diameter, including uncoiled to5; Cenomanian, Iranian Zagros.
be 4.78 6.0 mm) and this, together with a large chambe022Pseudocyclammina rugogsic.)i Esfandyari et al.,
height, strongly curved thick septa, a rounded peripheryig. 23I; Cenomanian, Iranian Zagros.
a relatively large axial thickness (6273 mm) (diameter T 2023 Pseudocyclammina sarvakensis. sp. 1
thickness ratio 17 1.9mm, typically 1.4) and &  Schlagintweit & YazdiMoghadam, p. 7, fig. 4g;
chambers in the last whorl serve to distinguish it fromundifferentiated middidate Cenomanian, Iranian Zagros.
other species dPseudocyclamminélable 2) and indeed 2023 Pseudocyclammina sarvakensis Simmons &
Buccicrenata Wall thickness irP. rugosais 0.17i 0.50 Bidgood, p. 84, fig. 33; middiate Cenomanian, global
mm. 23 uncoiled final chambers can occur in b&h review.
rugosaandB. ex. gr.subgoodlandensis

Confident Stratigraphic Range middle Albian i Reference Images Schlagintweit & Yazdi
undifferentiated middlé late Cenomanian. Moghadam (2023), fig. 4g, p. 7.
Uncertain Stratigraphic Range early Albian. Taxonomy/ldentity: A very recently described species

Neumann et al. (1974) indicated that at its typdrom the Sarvak Formation of the Iranian Zagros
locality, the species has an undifferentiated middiate  (Schlagintweit & YazdiMoghadam, 2023), P.
Cenomanian range. Rey et al. (1977), Decrouez (19783arvakensiss distinguished from all previously described
SaintMarc (1981), and Berthou (1984) suggested thaPseudocyclamminaspecies by the relatively larger
across Neotethys, this species ranges throughout thember of chambers (486) in the final whorl (Table 2).
Albian and Cenomanian (see also Cre&atletti, 1979), Sampo (1969) illustrated Bseudocyclammin&rom the
but in practice, despite many published occurrences, theee nomani an of t h Cyclamnanasip.an Z a ¢
are very few records of this species that have both ? ) 0 . This relatively small
plausible illustrations and precise biostratigraphicnm) with nhumerous chambers in the final whorl (in an
calibration. There are no illustrated, unequivocally lateapproximately similar manner to the Late Cretaceous
Cenomanian records, only those from undifferentiatedpeciesPseudocyclammina sphaeroid€androt, see, for
Cenomanian, or middlé late Cenomanian strata. The example, Schlagintweit, 1992) has been occasionally
oldest confidently illustrated records come from thelllustrated asP. rugosain other publications on the
middle 7 late Albian of Tunisa (Ben Youssef & Cenomanian Sarvak Formation of the Iranian Zagros. In
Peybernés, 1986). addition,P. sarvakensiss larger tharP. sphaeroideand

lllustrated records from the Aptian or older (e.g.,has not yebeen observed to uncoil.

Kalantari, 1976; Afghah & Haghighi, 2014; Abtahiyan et  Confident Stratigraphic Range undifferentiated
al.,, 2023 from the Iranian Zagros) are not this speciesiddlei late Cenomanian.

(that of Afghah & Haghighi, 2014 Ammobaculitesp. Uncertain Stratigraphic Range not applicable.

or Lituola sp.), and unillustrated records from Aptian and  Schlagintweit& YazdirMoghadam(2023) recorded
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Pseudocyclammina sarvakensis Schlagintweit and Yazdi-Moghadam, 2023

Numerous (14-16)
chambers in final whorl

Multiple, very small
foramina in parallel
arrangement

Involute, broadly rounded
planispiral test with no

Alveolar wall uncoiling

c. 0.5mm

Fig. 4. Representative illustrations @&fseudocyclammina sarvakensis Equatorial section, Schlagintweit & Yazdi
Moghadam (2023, fig. 4b, Iran, holotyp®); Subaxial section, Ibid. (2023, fig. 4d, Iral);Oblique tangential section,
Ibid. (2023, fig. 41, Iran). (After Simmons & Bidgood, 2023).

P. sarvakensigrom the lowermost part of their middie Reference ImagesPeybernés et al. (1988) text fig. 2,

late Cenomanian interval of the Sarvak Formation of SWl. 1, figs. 111.

Il ran. Omi di et a P..rigesa(H 2 0 1 8Taxonorayddentity: sFirsodescribed from the upper

sarvakensis come from the mid upper parts of their Cenomanian of Algeria by Peybernés et al. (1988) having

Cenomanian interval. Esfandyari et al. (2022) recofled been first identified as a new taxon by Peybernés et al.

rugose(sic) (=P. sarvakensisee above) from the Sarvak (1984; see also Peybernés et al., 1986), this species

Formation but with no precise age indication given. differs from the more commonly recorded AptiAtbian
Geographic Distribution: Arabian Plate. specied. cuvillieri Deloffre, 1961, and the more recently
All confirmed occurrences occur in the Zagros regiordescribed Barremianf Aptian P. minimaSchlagintweit

of Iran only (see references above). et al., 2020, in having a largest€up to 16 mm diameter

in microspheric forms) and a more discoidal rather than

reniform test shape. Schlagintweit et al. (2020) provides

useful comparative data.

Subfamily PSEUDOCHOFFATELLININAE Loeblich
& Tappan, 1988 (diagnosissensuLoeblich & Tappan,

1987) It superficially resembles other thin, discoidal generic
GenusPseudochoffatelleDeloffre, 1961 (see Table 1 for forms discussed herein such@gcloling Cyclopsinella
diagnosis) Mangashtiaand Dicyclina but differs in possessing a

(small) postembryonic peneropliform stage and a
fié Choffatelliform  hypodermis with  polygonal
subepidermal netwotk(Peybernés et al. (1988, p. 458
translated from original).

Pseudochoffatella algerian®eybernés et al., 1988
Figure 5

1984 "Pseudochoffatellan. sp. Peybernes et al., pl. 1,
figs. 1012; Cenomanian, Algeria.

T 1988 Pseudochoffatella algeriana. sp.Peybernés et
al., textfig. 2, pl. 1, figs. 111; upper Cenomanian,
Algeria.
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Confident Stratigraphic Range: not applicable

Uncertain Stratigraphic Range late Cenomanian

Although described as occurring in the late
Cenomanian in the only detailed report of this species
(Peybernes et al., 1988bhis age assignment is based on
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Pseudochoffatella algeriana Peybernés et al., 1988

Internal polygonal
meshwork of beams and
rafters, both primary and

secondary

5mm (a & d)

Fig. 5. Representativdlustrations ofPseudochoffatella algeriana. Subequatorial view, (Peybernes et al., 1988, pl.
fig. 1, holotype, Algeria);b. Subequatorial view, Peybernes et al., 1988, pl. 1, fig. 8, Algeciapubaxial view
(Peybernés et al., 1988, pl. 1, fig. 6, Algerih)Subaxial view (Peybernés et al., 1988, pl. 1, fig. 5, Algeria).

co-occurrence with Pseudorhapydionina dubia(De
Castro, 1965). Simmons & Bidgood (2023) noted that

Non 1970 Reissella ramonensi$ Hamaoui & Saint
Marc, pl. 40, fig. 8[probably=P. casertanh

dubiahas a long range within the Cenomanian, at least &023Reisella ramonensis Simmons & Bidgood, p. 88,

old as middle Cenomanian, if not older.

Geographic Distribution: This species has so far

only been reported from Algeria.

Superfamily LOFTUSOIDEA Brady 1884 (diagnosis
sensuLoeblich & Tappan, 1987)

Family SPIROCYCLINIDAE Munier-Chalmas 1887
(diagnosissensu_oeblich & Tappan, 1987)

Genus Reissella Hamaoui 1963 (see Table 1 for
diagnosis)

Reissella ramonensislamaoui, 1963
Figure 6

T 1963Reissella ramonensis gen, n. sp. Hamaoui, p.
62, pl. 1, figs. 113, textfig. 1; late Cenomanian, Israel.
? 1965Reissella ramonensisHamaoui, pl. 13, figs.-8;
Cenomanian, Israel.

1966 Reissella ramonensi$ Hamaoui, pl. 5, fig. 8;
Cenomanian, Israel.

Non 1966 Reisella ramonensis Hamaoui, pl. 3, fig. 6.
[prob.=Pseudorhipidionina casertan@®e Castro, 1965)]

fig. 37; late Cenomanian, global review.

Reference ImagesHamaoui (1963) pl. 1 €13), fig.
1.

Taxonomy/ldentity: This small but internally
complex taxon has an uncertain suprageneric status as the
nature of its wall has yet to be unequivocally determined
as originally porcelaneous or agglutinated. Similarities
with the soritid Pseudorhipidionina casertanaDe
Castro, 1965) are clearly evident but subtle differences
occur, although these may be difficult to determine in all
but pristine, welloriented thinsections. De Castro (1981)
and De Castro in Schroeder & Neumann (1985) remarked
on the similarity betweeR. casertanandR. ramonensis
with the former lacking the firafter® element of the
polygonal subepidermal networkP. casertana also
appears to have a greater tendency to fully uncoil
compared withR. ramonensisFor the present it appears
thatR. ramonensigs a possibly agglutinated isomorph of
P. casertana(see Simmons & Bidgood, 2023, and the
species key chart therein for a more extensive
discussion), but an unequivocal clarificationits status
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Reissella ramonensis Hamaoui, 1963

Epidermis
(cutaway to
reveal internal

—_— Secondary Horizontal
Planispiral : 5
“ : " vertical partitions
penerqpllform partitions
a coiling

Primary
vertical __
partitions

Wide, flat, apertural face
with central aperture and
surrounding smaller
supplementary apertures

Supplementary
apertures

c. 0.5mm

Fig. 6. Representativdlustrations ofReissella ramonensis. Exterior view, (Hamaoui 1963, pl. 1, fig. 3, holotype
Israel); b. Exterior view (schematic), (Hamaoui 1963, pl. 1, fig. 11, IsraelEnlarged cutaway exterior view showing
internal features (Hamaoui 1963, text fig. 1, Israel) (Reproduced after Simmons & Bidgood, 2023).

awaits more material for study.
Confident Stratigraphic Range: late Cenomanian.
Uncertain Stratigraphic Range not applicable.

1984 Spirocyclina atlasicd Dufaure et al., pl. 1, figs.-8
12; late Cenomanian, Libya.
1993 Spirocyclina atlasica Ettachfini, pl. 2, figs. 37;

Limited records of this taxon from Israel (illustrated) late Cenomanian, Morocco.
and from Crete (unillustrated; Leppig, 1976) have so fal 998 Spirocyclina atlasicai Charriére et al., fig. 4(5);

been noted in

late Cenomanian or undifferentiatedig. 7(1-5); late Cenomanian, Morocco.

CenomaniafTuronian strata respectively. A record of 2006 Spirocyclina atlasicd Ettachfini, pl. 13, figs, 1;
Reissellasp. from the Albian of Turkiye (Solak et al., late Cenomanian, Morocco.
2021) is not this species but could be an ancestral form 8f2017Coxites zubairensit Boukhary et al., p. 4; fig.1;

R. ramonensisor the Pseudorhipidioninagroup (see

late Cenomaniaearly Turonian, Eastern Desert, Egypt.

Simmons & Bidgood, 2023). A view th&. ramonensis 2023Spirocyclina atlasicd Simmons & Bidgood, p. 90,
occurs in the Turonian (LipseBenitah, 2009) has been fig. 39; late Cenomanian, Western North Africa.

discounted by Simmons & Bidgood (2023).
Geographic Distribution: Very limited distribution

Reference ImagesSaintMarc & Rahhali (1982) pls.

in Central Neotethys; Israel and (unconfirmed) Crete (se&-2.

Simmons & Bidgood, 2023).

GenusSpirocyclinaMunier-Chalmas 1887 (see Table 1
for diagnosis)

Spirocyclina atlasiceSaint-Marc & Rahhali, 1982
Figure 7

T 1982 Spirocyclina atlasica SaintMarc & Rahhali, p.
134, pls. 12; late Cenomanian, Moroccan Atlas.
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Taxonomy/ldentity: The dramatically flattened
(more so than inReissella ramonengispeneropliform
coiling style of this species is characteristic (see Simmons
& Bidgood, 2023, and the species key chart therein for
more information). The generic characteristic is a double
row of pores in the apertural face (which can increase to
three rows in the final stage).

Confident Stratigraphic Range: late Cenomanian.

Uncertain Stratigraphic Range not applicable.
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Spirocyclina atlasica Saint-Marc and Rahhali, 1982

External view
to show
overall shape
(scale bar =
200 pm

Double-row of
apertural
pores

Higher
uncoiled
chambers

Peneropliform flaring »
Initial
planispiral
coils

Biumbilicate
depressions

Fig. 7. Representativdlustrations ofSpirocyclina atlasicaa. Equatorial section, SaikMarc & Rahhali (1982, pl. 2,
fig. 1, Morocco);b. External View, Etachfini (2006, pl. 13, fig. 9, Morocce);Subaxial section, Saint Ma& Rahhali
(1982, pl. 2, fig. 8, Morocco). Axial section, Charriére et al. (1998, fig. 7(1), Morocco) (Reproduced after Simm
& Bidgood, 2023).

The genus is longanging (KimmeridgiarSantonian; Cenomanian, Libya [probably associated with
Maync, 1959) but not previously recorded from thePraealveolina fideGohrbandt, 1966].
Cenomanian until this species was described from the lafe 1969 Reticulina reicheligen. et sp. nowvi. Cuvillier et
Cenomanian of the Moroccan Atlas (Sdiharc &  al., p. 209224, pls. 13, 8 16, textfigs. 1i1 0 , 12; il a
Rahhali, 1982). Almost all records are from MoroccoCenomaniaii Tur oni an, possibly Seno
although a plausibly illustrated record also occurs irLibya [most likely Cenomanian] and ??Maastrichtian,
Libya (Dufaure et al., 1984). The record $pirocyclina  Algeria.
sp. from the late Cenomanian of SE France (Rineau et al970 Reticulinella reichelinom. subst. proReticulina
2021) is probably Dbetter referred to asCuvillier et al., 1969 Bonnefous et al., p. 39.
Pseudorhapydionina dubi@e Castro). 1970 Reticulinella reichelii Deloffre & Hamaoui, fig.
Geographic Distribution: Limited distribution in  5A; Late Cretaceous, Libya.
North Africa (Morocco and Libya; see Simmons & 1972 Ovalveolina ovum({ d 6 Or b iBarm& \)eegar,
Bidgood, 2023). pl. 4, fig. 8; fide Hamaoui, 1973]; Cenomanian, Libya
[Cenomanian age is based on identificatiorOofovum,
Family LOFTUSIIDAE Brady 1884 (diagnosisensu but see discussion below].

Loeblich & Tappan, 1987) 1973Reticulinella reicheli Hamaoui, pl. 3, figs. -B; pl.

GenusReticulinella Cuvillier, Bonnefous, Hamaoui & 6, figs. 47; Late Cretaceous, Libya

Tixier in Bonnefous et al. 1970 (see Table 1 for Non 1976Reticulinellacf. reicheli T LupertoSinni,

diagnosis) p. 323324, pl. 45, figs. 716; Senonian, southern ltaly
[=Reticulinella fleuryiCvetko et al.fide Schlagintweit et

Reticulinella reicheli(Cuvillier et al., 1969) al., 2024a]
Figure 8 Non 1978 Reticulinella cf. reicheli i LupertoSinni &

Richetti, pl. 50, figs. #; Senonian, southern lItaly

? 1915 Loftusia libyca nom. nud. i Parona, p. 25; [=Reticulinella fleuryiCvetko et al.fide Schlagintweitet
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Reticulinella reicheli (Cuvillier et al., 1969)

Beams

Intercalary
beam

Rafter
Septum

Chamberlets

Preseptal canal

Foramina/

apertures

Beam

Intercalary
beam

Fig. 8. Representativdlustrations ofReticulinella reicheli a. Axial section, Cuvillier et al. (1969, pl. 8, fig. 4, lat
Cenomanian, Libya)h. Schematic reconstruction based on holotype, Cuvillier et al. (1969, fig. 2, LibyEdngential
section, Cuvillier et al. (1969, pl. 12, fig. 1, late? Cenomanian, Lilaguatorial section witlpossiblemicrospheric
embryo, Cuvillier et al. (1969, pl. 10, fig. 1, late? Cenomanian, Libya).

al., 2024a]

not a foraminifera).

1985 Reticulinella reichelii Hamaoui in Schroeder & NonZ2021Rabanitina basraensis DoustiMohajer et al.,

Neumann, p. 442, pl. 17, figs. 16; late Cenomanian
?Maastrichtian, global review [see discussion Wwglo
Non 1990Reticulinellact. reichelii Gu gi | &
14, figs. 45; Campanian, Croatia Reticulinella fleuryi
CvetkoetalfidleCvet ko Tegovil et
Non 2012 Reticulinella reichelii Orabi et al., fig. 3G;
Cenomanian, Egypt [=probablyan alveolinid, fide
Schlagintweit et al., 2024a]

Non2017Reticulinareichelii Ahmadi et al., pl. 1, fig. 1;

pl. 1, fig. k; late Cenomanian, Iranian Zagros, [considered
by Simmons et al., 2024b to IReticulinella reichelibut

J eib predalady, a pelw. species dRabaniting reasearch

ongoing]

Noh 2021 Re2idulinellg reicheli Dehghanian & Afghah,
fig. 8.7; late Cenomanian, Iranian Zagros,Habaniting
probably a new species, research ongoing].

Non 2024aReticulinella reichelii Schlagintweit et al., p.
232-235, figs. 23; middlelate Cenomanian, Iranian

late Albiani Cenomanian, Iranian Zagros [indeterminateZagros [= Rabaniting probably a new species, research

(possibly a cuneolinid?), but nBt reichel].

2018 Reticulinella reichelii BouDaghetFadel, pl. 5.4,
fig. 3; CenomaniaTuronian, Libya.

Non 2019Reticulinella reichelii Kiarostami et al., pl. 2,
fig. I; Cenomanian, Iranian Zagros, [Rabaniting

probably a new species, research ongoing].

Non 2021 Reticulinella reichelii YazdiMoghadam &

Schlagintweit, fig. 2H; middlé late Cenomanian, Iranian fundamental

ongoing]

Reference Images Cuvillier et al., pls. 13, 816,
textfigs. 1-10, 12.

Taxonomy/ldentity: Superficially, Reticulinellais a
homeomorph  of  globular  porcellaneewslled
alveolinids (e.gOvalveoling, although in addition to the
nature of the wall, the subepidermal

Zagros, [=Rabaniting probably a new species, researchreticulate wall structure is distinct. Some aspects of

ongoing].
Non2021Reticulinella reichelii DoustiMohajer et al.,
pl. 3, fig. c; late Cenomaniarranian Zagros [probably
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Cenomanian loftusiid species: identity & stratigraphic ranges

Neumann (1985) (= Order Lituolida), it is assigned to théThere is also an approximately homeomorphic Late
Order L o f possesding daa bilagnéllar wall Cretaceous form,Cuneospirella samniticaCherchi,
differentiated into an imperforate outer layer, and aSchroeder & Ruberti 2009. The morphological
thicker inner layer that is perforabe by Ka mi n s difierences Obetvgen all these taxa amhrkerina
R. reicheliis spherical to ovoid, planispiral involute, barkerensisFrizzel & Schwartz, 1950 an@®. ovumis
wall microgranular calcareous, with a reticulatesummarised iTable 3 and Table 4.
subepidermal network with a series of radial and Confident Stratigraphic Range not applicable.
transverse partiti onssensg fi b &rcensin Straignaghic Ramga fate €enantaniaii
Hottinger, 2006) that are discussed below. ApertureMaastrichtian.
multiple, a row of small round openings near the septum The type material is from Libya (Lidam Formation)
base (see Cuvillier et al., 1969 and Hamaoui in Schroedand Algeria (Cuvillier et al., 1969). The Algerian material
& Neumann, 1985 for excellent descriptions andis assigned a Maastrichtian age, but no supporting data is
illustrations). provided. Since location details are scant, this statement
The ter ms Aradial o a n d carinet rba rcheckedr Ore the dther hahd, sther Lidane
chamber partitions have been used somewhdtormation of Libya (the primary location of type
inconsistently in the literature when describingmaterial) was considered by the authors as late
Reticulinella and similar genera (e.g., see the typeCenomanian?i Turonian, possibly younger. Most
descriptions for the taxa included in Table 3). Hottingeliterature (e.g., Hassan & Kendall, 2014; Hallet & Lowes,
(2006) clarified many aspects of LBF morphological2016; Gumati, 2022) assigns the Lidam Formation to the

terminology. fiRadi al 60 p arGenomaniam salthough definitive t gnoef isl ilacking.t i o n
growth and are referred to by Hottinger (2006) asArguments thatOvalveolina ovumis present (Barr &
ibeamso. Herein we us ¢ at H\eegdr,el®7d; Hallbtekalovies, P046) are tinastt likely

shell element that exteadertically from the base to the misidentifications oR. reicheli(Hamaoui, 1973) creating

roof of a chamber and thus occupies the entire chambeircular reasoning for the age Bf reicheliin the Lidam

height. Given the objective difficulties in defining this Formation. Nonetheless, on a regional basis the Lidam
skeletal element in some Loftusiida, this definition doeg-ormation seems most likely to be Cenomanian.

not di stinguish whet her a Bagsed era thé type sdescaptiorp rai ranger lgfe o r
secondary chamber partition. Reticulinellathey run (in  Cenomaniani Maastrichtian is given and repeated

the direction of growth) from one septum towards thewithout substantiation by Arnaud et al. (1981) and

next septum, but do not quite reach it, leaving a@amaouiin Schroeder & Neumann (1985). Records from
ipresept al p ass ag dike.strudtunes stlremmiddié B Fate Cbneraaman part of the Sarvak

run between and parallel to the main beams but do nérmation of the Iranian Zagros (Kiarostami et al., 2019;
occupy the full chamber height (sometimes calledDehghanian & Afghah, 2021; Yaz8loghadam &
Aiintercal ary beamso;parstiens Ecdhlggintvat, Z0B1) Schlagintweits et alr, 2@24) are

on the other hand run parallel with the primary septa andonsidered to represent a new speciesRabanitina
perpendicul ar t o fibeams o researchtintoevhich is ongoings fpresénbeein the lilaaeinb e r .
They are minor struct ur e sCenomamgna ralthalghwlikdlyh miéisb de mansideradn d
are termed Arafterso ( Ho tunhdertaig | the abseritedod Yynequivbdal eafibration. ®ldea c r o

the entire width of the chamber (roof). (e.g., Orabi et al., 2012; Gheiasvand et al., 202ptian)

In axial sectionsReticulinellaresemble®Ovalveolina and younger records (e.g., C
ovum (see comments below and compare Schroeder &007; Benmansour, 2023) are not supported by plausible
Neumann, 1985; pl. 17, fig. 2 with text fig. 10) andi | | ustr at i on. Cvetko et al. (

BarkerinaFrizzell & Schwartz 1950 (although that genusal. (2001) in discussions of the gen®&eticulinella

has no subepidmal network).RabanitinaSmout, 1956 commented thaR. reicheliis i mo s t abundant

is superficially similar but with a distinctive trochospiral Middle Campaniaa . No substantiati on

initial stage. is provided, a | alsocemmentetne | i | (
There are three species ®&eticulinella currently  the presence of the species in the Campanian.

recognised:R. reichelj Reticulinella kaeveri Cherchi, Geographic Distribution:  Southern Neotethys,

Radoil il & S c h rReteutinella fleuryi 9 8p@cifically d\North Africa. Records from the peost

Cvet ko, Gugi i & R. Baeven andeRI e ICenomar@al in areas such as the Adriatic are teduto

fleuryi are only known from Turonian and younger stratabe this species.

and are smaller, with fewer whorls and lack a genuinely

reticulate wall structure. For examplB, kaeverilacks SubordeBIOKOVININA Kaminski 2004 (diagnosis
rafters (Arriaga tal., 2016). In this respect they probably sensiKaminski, 2014)
merit removal from the genusReticulinella (see Superfamily BIOKOVINOIDEA Gugi | 1977

Schlagintweit et al., 2023a for a discussiorRokaevel.  (diagnosisensu_oeblich & Tappan, 1987)
They may have a closer affinity with the Barremian form  Family CHARENTIIDAE Loeblich & Tappan 1985
Praereticulinella cuvillieri Deloffre & Hamaoui, 1970. (diagnosisensu_oeblich & Tappan, 1987
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Table 3. Comparison between the gerRisticulinellaand morphologically similar but (mainly) unrelated genera.

Genus

Description / Differences fromReticulinella

Family/Superfamily/Suborder

Reticulinella Cuvillier et al. 1969
(* originally named Reticuling
renamed in Bonnefous et al., 197

Spherical to ovoid, planispiral involute, wall microgranular calcareous, retic
subepidermal network in roof of chamber with a series of radial (i.e., running in direct
growth) and transverse (i.e., running parallel to septa) partitions that do not extend
previous septum leaving a narrow preseptal canal at the base of the septum into w
apertures open. Apertures multiple, a row of small round openings near the septur
Overall morphology is similar t®valveolina(except the wall structure and which lag
transverse partitions).

Loftusiidae Agglutinated with imperforate outer ar
alveolar inner layer. Large, planispiral with elong
coiling axis. Chambers with interior beams and raft
and endoskeletal pillars. Aperture multiple.

Praereticulinella  Deloffre & | - No preseptal canal at base of chamber (aRdticulinellai the main structural differenc
Hamaoui, 1970 bet ween the two genera), instead a pre
- Frequent Aobl i qRedculihetignel | aed (rare in
- Frequent Ahorizont al |l amel | aed Reticulimetband
in roof only)
- Transverse partitions never exceed 4 per chamber (up tB&iculinelld
- 11-18 chambers in first whorl {60 in Reticulinelld with growth rate increasing in ady
stage
- Septa wavy and thicker at base between adult chambers and thinned in contact
chamber roof (not seen Reticulinelld, similar to the dicyclinids
Barkerina Frizzel & Schwartz,| -  Somewhat more laterally compressed and umbilicateetfculinella ?NezzazatidaeTrochospiral or may become planispir

1950

Only primary septation present with transverse partitions (i.e. no reticulate subepi
network)

median plate (may be digitate) in each chamber
unequivocally proven inBarkerina h e n c e i ?
probably agglutinated, calcareous and imperfor,
Aperture interiomarginal or areal, singular or multiple.

CuneospirellaCherchi et al., 2009

Only early stage is planispiral, bulbous/subglobular and strongly biumbilicate. Later
rectilinear, biserial

Transverse partitions increase in humber with growth and subdivide chambers into
higherthanbroad chamberlets with an arched preseptal passage

?Spiroplectamminidae Agglutinated (see Kaminsk
2004), but wall in Cuneospirella is calcareoug
mi crogranul ar hence fA?0

OvalveolinaReichel, 1936

Only possesses partitions running in direction of growth with no transverse partition
lacks the reticulate subpidermal network oReticulinella

Alveolinidae Group of porcellaneous foraminifera (i.¢
not microgranular)
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Table 4. Comparison of morphological characteristics between 7 taxa of the ftigcsilinellaor taxa of similar appearance. Note: estimates of stratigraphic ranges of these
comparative taxa are not based on exhaustive assessment of occurrences in the literatur@, esichplias discussed herein. They have been assessed only from the type
descriptions and more recent general summaries (e.g., Cvetko et al., 1997; Schlagintweit et al., 2023a, 20R&idolitiedlaspecies and Hamaoui, 1973; Schroeder & Neumann,
1985 for other taxa) and should be treated with caution.

CHARACTERISTIC

RETICULINELLA
REICHELI

RETICULINELLA
FLEURYI

RETICULINELLA
? KAEVERI

PRAERETICULINELLA
(e.g.P. cuvillieri)

BARKERINA (e.g.
B. barkerensi$

CUNEOSPIRELLA
(e.g.C. samniticg

OVALVEOLINA (e.g.O.
ovum)

Original description &

Cuvillier et al. (1969),

Cvetko et al. (1997),

Cherchi et al.

Deloffre & Hamaoui (1970),

Frizzel & Schwartz

Cherchi et al. (2009),

Reichel (1936), lle Madame,

provenance Lidam Formation of Puligla an|(1989), P|/Orgafa dcuto, (1950), Walnut Clay | Matese sequences, France; Cenomanian
Sirte Basin, Libya; Gornji Humac Western Serbia; Spain; Barremiatoutcrop) unit, Texas, USA; Central Italy; Santonian | Turonian (outcrop)
flflattribute|For mat i on s| Turonian (outcrop) late Albian (outcrop)| (outcrop)
CenomaniasTuronian, | Island, Croatia; lower
probably lower middle Campanian
Senoni anod (outcrop)
core AX104B)

Other significant Hamaoui in Schroeder] Schlagintweit et al. Schlagintweit et al. Hamaoui (1973) Neumann & Fourcade in

illustrative descriptions

& Neumann (1985);
Schlagintweit et al.
(2024a)

(2024a)

(2023a)

Schroeder & Neumann
(1985)

Higher taxonomy (Fam.) Loftusiidae Barkerinidae ?Spiroplectamminidae | Alveolinidae
Wall Microgranular/agglutinated, calcareous Porcellaneous
Overall shape Globular Globular to slightly Globular Globular Subglobular Subglobular followed by | Globular

fusiform, (** (slightly laterally uncoiled biserial

occasional tendency tq compressed

uncoil) globular)

Genus characteristics &
differences cf.
Reticulinella

Spherical to ovoid, planispiral involute, wall microgranular calcareou
reticulate subepidermal network in roof of chamber with a series of r|

(in direction of growth) and transverse (parallel to septa) partitions

(herein

ter med
respectively) that extend from one septum towards the next septum,
not quite reaching it, leaving a narrow preseptal passage at the base

ibeams

0 and dAr a

the septum into which the apertures open. Apertures multiple, a row
small round openings near the septum base. Overall morphology is

similar toOvalveolina(except the latter genus has a porcellaneous wz
and |

structure

acks t

ransverse

No preseptal canal at base of
chamber (as iReticulinellg,
instead a pres
the top of each chamber;

Frequent Aobli
(rare inReticulinelld;
Frequent Ahori

found in roof and base of
chambers (rare iReticulinella
and in roof only);
Transverse par
never exceed 4 per chamber (
to 6 inReticulinelld;

11-18 chambers in first whorl
(6-10 inReticulinellg with
growth rate increasing in adult
stage;

Septa wavy and thickened at
base between adult chambers
and thinned in contact with the
chamber roof (not seen in
Reticulinelld, similar to the

dicyclinids

Somewhat more
laterally compresseq
and umbilicate cf.
Reticulinella

Only primary
septation present
with radial (i.e.
fibeamso h
incorrectly
described as
Aitransver
partitions (i.e. no
Airafterso
no reticulate
subepidermal
network)

Only early stage is
planispiral,
bulbous/subglobular and
strongly biumbilicate.
Later stage rectilinear,
biserial;
Partitions
herein) increase in
number with growth and
subdivide chambers into
regular, highethan
broad chamberlets with
an arched preseptal
passage. No transverse
partitions

Only possesses partitions
running in direction of
growth with no transverse
partitions, i.e., lacks the
reticulate sukepidermal
network ofReticulinella
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Dimensions (mm) (De =
diameter equatorial; Da =

De = 0.611.60
(**0.54-1.45)

De = 0.290.46 (** up
t0 0.57)

* De = 0.39 (max
0.47) (*** 0.2-0.42)

diameter axial; Dp = diam- Da = 0.601.60 (*1.15) | Da = 0.340.38 (** Da =0.32 (***

eter proloculus) Dp =0.0750.10 (** 0.30:0.40) 0.190.31)
=0.140.2) Dp = 0.070.13 (** Dp = 0.050.07 (***

0.060.10) 0.030.07)

Chambers per whorl W;=67; W, =8; W3 =12-15 (final * W3 = 14-16 (final

(first whorl =W, second | W3=10; W, =11; whorl) (** c.12) whorl) (*** 9-15)

whorl = W; etc.) Ws=12

Length of chambers per | W;=0.05; W =

whorl (mm) 0.0650.075; W =

(first whorl = W4, second
whorl =W; etc.)

0.10; W, = 0.120.16;
Ws=0.150.17; W =
0.20-0.25

Height of chambers per *W, = 0.0250.05 W;=0.03 *W,;=0.03

whorl (mm) Wy, =0.15 W, =0.050.06 W, =0.05

(first whorl = W4, second

whorl = W; etc.)

No. of whorls >12* (** 5) 3 (*2) *3 (***2-3)

No. of fAprinm*c?20 c. 14 (** c.1314) *c. 1012

partitionso

et al. (1997

herein] in last chamber

fAiSecondary t| *Welldeveloped Slightly developed * Slightly

partitionso developed

etal(1997) but

herein]

Stratigraphic Range (see | Cenomanian Middle Coniaciadate | Upper middlel Barremian Albian - Santonian (?late Middle-late Cenomanian

caption) Maastrichtian ?lower late ?Cenomanian/ Turonian ancestor)
Turonian Turonian

Comments

* No data given in
type description and/o
data from Cvetko et al
(1997)

** Data from
Schlagintweit et al.
(20244a; Iran)

** Data from
Schlagintweit et al.
(2024a)

* No data given in
type description
and/or data from
Cvetko et al. (1997)
*** Data from
Schlagintweit et al.
(2023a; Iran)
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Genus Charentia Neumann 1965 (see Table 1 for 1985 Charentia cuvillierii Loeblich & Tappan, p. 96,

diagnosis)

Charentia cuvillieriNeumann, 1965
Figure 9

? 1956Cribrostomoides paralens. sp.i Omara, p. 887,
pl. 103, figs. 13; text figs. 33, 4d, 4e; Cenomanian,

pl. 3, figs. 213; middle Cenomanian, France.
1985 Charentia cuvillieri i ArnaudVanneau
Schroeder & Neumann, p. 4B, pl. 3, figs.
( ihol o tly; mieldie)Cenor@anian, France.
1985Nummoloculin® sp.i Weidich, pl. 3, fig. 8; early
middle Cenomanian, Austria.

1986 Lituolidae affNavarellasp.i Bouyx & Villain, fig.

in

1

Egypt i fide Loeblich & Tappan (1985; assigned to 7k; Late Cretaceous, Afghanistan.
Charentig [examination of the types has so far beenl987Charentia cuvillierii ArnaudVanneau et al., fig. A
unable to demonstrate that this species is the (senid2p (19, 24); Barremiah early Aptian, French Jura.

synonym ofC. cuvillieri].

T 1965Charentia cuvillierin. gen., n. spi. Neumann, p.
93-95, pl. 2, figs. 612; middle Cenomanian, France.
1965 Haplophragmoides greig{Henson)i Hofker, p.
185, pl. 2, figs. & 7, pl. 3 figs. B 3; late Aptiarearly
Albian, Spain.

1965Haplophragmoides persica. sp.i Gollesstaneh, p.
149, pl. 13, figs. B5; pl. 14, figs. 17; BarremiarAptian,
Iranian Zagrosf{de Schlagintweit, 2014).
1966Hemicyclammina praesigati. sp.i Banner, p. 216;
Aptian-Albian, Spain fide Loeblich & Tappan, 1985).
1967 Charentia cuvillierii Hottinger, pl. 9, figs. 4;
Cenomanian, Spain.

1968 Tonasia evolutan. gen., n. spi Gorbachik, p. 8,
pl. 2, figs. 15; Berriasian, Crimea.

? 1973Charentia cuvillierit Kerdany et al., p. 93, pl. 1,
figs. 912; Cenomanian, Gulf of Suez [naollagnostic
external views only].

? 1973Charentia cuvillierii Berthou, pl. 1, figs 2, 2a;
early Cenomanian, Portugal.

1974 Charentia cuvillierii SaintMarc, p. 214, pl. |, figs.

1987 Charentia cuvillierii Loeblich & Tappan, p. 89, pl.
78, figs. 210; middle Cenomanian, France.

1987 Charentia evoluta (Gorbachik) i Loeblich &
Tappan, p. 89, pl. 79, figs:-3; Valanginian, Crimea.
1988 Charentia cuvillieri i Bucur, pl. I, figs. 1819;
Berriasiani Hauterivian, Romania.

1988 Charentia cuvillierii Bucur & Cociubai pl. 1, fig.
29; Early Cretaceous Romania.

? 1989Charentia cuvillierii Cherif et al., pl. 1, figs. %1
12; middle Cenomaniari middle Turonian, Egypt
[indeterminate external views only].

Non 1990 Charentia cf. cuvillieri 7 Weidich & Al-
Harithi, p. 602, pl. 4, figs. 227; middle Albian, Jordan.
[indeterminate but probably n@harentig.

1991 Charentia sp. - Alté ner , pl -7; lae fig:
Kimmeridgian, northern Turkiye.
1991 Charentia cuvillierii Al t éner , pl 7,

Berriasian?, northern Turkiye.

1991 Charentia cuvillierii Schlagintweit, p. 34, PI. 9,
fig. 6-9, Aptian, Austria.

1991 Charentia cuvillier i Schlagintweit & Weidich, pl.

9-11; middle Albian, Lebanon (total range reported a2, fig. 2; late Albiari middle Cenomanian, Austria.

middlei late Albian).

1974 Charentia kosovican. sp.i Radoi | i | ,
Xll, figs. 1-5; late Cenomanian, Kosovfide Rey et al.,
1977).

1976 Navarelle? sp.i Luperto Sinni, pl. 46, fig. 4; Late
Cretaceous, southern Italy.

1977 Charentia cuvillierii Rey et al., pl. 3, figs. +14;
late Albian,Portugal.

? 1978Mayncina hasaensis. sp. Basha, p. 77, pl. 2, figs.
7-11; late Cenomanian, Jordan.

1979Charentia cuvilliert Rey et al., pIXV, figs. 11-15;
late Albian, Portugal.

1980 Charentia cuvillierii ArnaudVanneau, p. 353, pl.
50, figs. 57, 1011; pl. 76, figs. 711; text fig. 124;
Barremianearly Aptian, French Jura.

? 1983Charentia cuvillierii Hassanien & Sigal, pl. 1,
figs. 1212; Cenomanian, Egypt
illustration].

1984 Charentia cuvillierii ArnaudVanneau & Darsac,
pl. 2, figs. 19, 24; Barremiginearly Aptian; French Jura.
1984 Charentia cuvillierii Canerot, pl. 2, fig. 2; early
Cretaceous, Spain

1984 Charentia cuvillierii Dufaure et al., pl. 1, figs.-1;
Cenomanian, southern Libya.

1992Lituola? sp.i Schlagintweit, p. 331, pl. 1, figs:&
mpniddle Cdniagcian, pustria.

1994 Charentia cuvillierii Bodrogi et al., pl. 13, fig. 9 &
11; Early Cretaceous, Austria & Hungary.

1994 Charentia cuvillierii Chiocchini et al., pl. 31, figs.
26-29; Berriasiari Valanginian, central Italy.

1995 Charentiacf. cuvillieri i Abdallah et al., fig. 19(8);
Cenomanian, Tunisia.

1995 Nummofallotia apula_upertaSinni i Abdallah et
al., fig. 19(7); Cenomanian, Tunisia.

1996 Charentia evoluta Bucur et al. pl. 1, figs. 40,
Tithonian, Sicily.

? 1996Charentiaaff. cuvillieri i Kirmaci et al., pl. 4, fig.
12; Barremiari early Aptian, northwest Turkiye.

1998 Charentia cuvillierii Cherchi et al., pllV; figs. 3
& 5; early Aptian, Yemen.

[indeterminate Non 1998 Charentia cuvillierii EI-Sheikh & Hewaidy,

pl. 1, fig. 8; late Cenomanian, Egypt Hemicyclammina
whitei (Henson)]

1999 Charentia cuvillierii Schlagintweit & Ebli, p. 398,

pl. 5, figs. 13; late Tithoniari early Valanginian.

Non 2000Charentia cuvillierii AguileraFranco, p. 164;
late Cenomanian, southern Mexico [septa appear too
thick and chambers too humerous]
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2004 Charentia cuvillierit | vanova & Ko § addZChagntia cuvilliegi. Hfaledh et al., fig. 12J; late

(A); Berriasiani Valanginian, Polish Carpathians. Aptian, Tunisia.
2004 Charentia cuvillierii Ettachfini & Andreu, fig. 7H; ? 2013Charentia cuvillierii Shahin & Elbaz, p. 266, pl.
late Cenomanian, Morocco. 1, fig. 30; Cenomanian, Egypt [indeterminate external

2004 Charentia cuvillierit Neagu & Cirnaru, p. 281, pl. view only].
2, figs. 1518; pl.4, figs. 1314; early Aptian, Romania. ? 2013Charentia cuvillierii Ghanem & Kuss, fig. 8(12,
2005 Charentia cuvillieri T Krobicki & Olszewska, p. 16, 17); early Aptian, Syria.

220, fig. 3D; reworked, Polish Carpathians. 2014 Charentia cuvillierii Kobayashi & Wernli, p. 72,
2005Charentia cuvillierii Schlagintweit & Wagreich, p. pl. 11l figs. 11-21; Berriasiari Valanginian, Japan.

117, pl. 1, fig. 6; early Cenomanian, Austria. 2014 Daxia cenoman&uvillier & Szakalli Danelian et
2005 Charentia cf. cuvillieri 7 Lukeneder & al., fig. 9(2); Cenomanian, Armenia.

Schlagintweit, fig. 4(1); Hauterivian, Austria. 2014 Charentiasp.1 Bucur et al., pl. 5A; Berriasian
2006 Charentia cuvillierii Albrich et al., pl. 3, fig. 5; Valanginian, Romania.

early Valanginian, Spain. ? 2014Charentia cuvillierii Khodashenas et al., fig. 3P;
2006 Charentia evoluté Kobayashi & Vuks, fig. 4(27  Barremian, nortkeast Iran.

32); TithonianBerriasian, Japan. 2015Charentia cuvillierii Maksoud, p. 13438, pl. 39,
2006 Charentia cuvillierii Ettachfini, pl. 16, figs. ®; figs. A-S; late Barremiain early Aptian, Lebanon.

late Cenomanian, Morocco. 2015 Charentia evolutai Pl e k et an; .
? 2006Melathrokerion spirialisGorbachiki Kobayashi ~ Kimmeridgian?Tithonian; Romania.

& Vuks, fig. 4(3545); TithonianBerriasian, Japan. 2015 Vidalina radoicicaeCherchi & Schroedef Br | i ¢ ,
2007Charentia cuvillierii Schroeder et al., pl. 1, figs: 4 pl. 5.6c; late Cenomanian, Croatia.

5; late Aptian, Switzerland ? 2015Charentia cuvillierii Babazadeh & Dehej, fig. 6]

2007 Charentia evolutal Krajewski & Olszewska, p. Kk, fig. 7o-p; Early Cretaceous, central Iran.

299, figs. 5gh; late Kimmeridgiarfvalanginian, Crimea. ? 215 Charentiacf. evolutai Rahiminejad & Hassani,
? 2007 Melathrokerion spirialis T Krajewski &  fig. 6P (1onM); Cenomaniangentral Iran.

Olszewska, p. 299, figs. 5i; late Tithoniavialanginian, 2016 Charentia cuvillierii Schlagintweit et al., fig. 6E

Crimea F; late Aptian, Spain.

2008 Charentiacf. cuvillieri i Hosseini & Conrad, pl. 5, ? 2016Charentiacf. cuvillieri i Rahiminejad & Hassani,
fig. F; Berriasian, Iranian Zagros. fig. 3b; Aptian,central Iran.

2008 Charentia cuvillierit Sudar et al., fig. 4 (3) pars; Non 2016 Charentiacf. cuvillieri T Afghah et al., pl. 2,

fig. 9 (1); late Barremiain early Aptian, Serbia. fig. 3; Barremian, Iranian Zagros [indeterminate
2009 Charentiacf. cuvillieri Neumanni Villalonga, p. planispiral form, but chambers too numerous and septa
100, pl. 4, figs. 7, 9; Campanian, Spain. too thick forCharentig.

? 2009Charentia cuvillierii Ismail et al., p. 401, pl. 1, ? 2017 Charentiasp.i GutierrezAlejandro et al., fig.
figs. 45; Cenomanian, Eastern Desert, Egypt8A, D; Barremian, Mexico.

[indeterminate external views only]. 2018Charentia cuvillierii Luger, p. 57, pl. 1, fig. 10, pl.
2010 Charentia cuvillierii Carevic et al., fig. 5 @1); 10, figs. 3, 6, 8; Albian (also reported from early
late Barremian early Aptian, Serbia. Cenomanian), Somalia.

2010Charentia cuvillierii lvanov a & Ko g o d z i?e2018Charentiadcuvillierli . Andrade, pl. M8, fig. 5;
3, fig. 510; reworked, Polish Carpathians. Cenomanian, Portugal.

2010 Charentia sp. i Jamalian et al.,, fig. 1%to; ? 2018Charentiacf. cuvillieri T Rostami et al., pl. 2i;
Neocomian, Iranian Zagros. Valanginian, Persian Gulf.

2010 Charentia cuvillierit Schroeder et al., fig. 11(8); 2019 Charentia cuvillierii Bucur et al., fig. 15a; late
early Aptian, Iranian Zagros. Barremiarni early Aptian, central Iran.

Non2012Charentiacf. cuvillieri i Abyat et al., pl. 1, fig. 2019 Charentia cuvillierit ¥ z kan & Al t éner,
E; Neocomian, Iranian Zagros [uncertain, but lacks thd8); early Aptian, Turkish Arabian Plate.

chroma and thin septa Gharentig. 2020 Charentia cuvillieri i Kaya, pl. D, figs. D-F;
2012Charentia cuvillierii Chiocchini et al., pl. 174; late  Cenomanian, Tajik Basin, Central Asia.
Berriasian-early Valanginian, central Italy. 2020Charentia cuvillierii Simmons et al., figs. 9-9.6;

? 2012Charentia cuvillierii Lazar et al., pl. Il, fig. 1; pl. middle Cenomanian, Turkish Aratsi Plate.

1, fig. 5; Aptian, Romania. 2020 Charentia cuvillieri i Bucur et al., fig. 8A;
? 2012Charentia cuvillierii Rami et al., p. 67, fig. 6 (7); Berriasian, Serbia.

Barremiani Aptian, central Iran. 2020 Charentia cuvillierii Al-Mamory & Al-Dulaimi,

? 2012Charentia cuvillierii Ghanem et al., fig. 6d (26); pl. B, fig. 5; Albian, northern Irag.

early Cenomanian, Syria. 2020Charentia cuvillierii Gheiasvand et al., fig. 9F; late

2013 Charentia cuvillierii Carevic et al., figs. 14 ©;  Barremiani Aptian, central Iran.
fig. 16 B; Barremian early Aptian, Serbia.
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Charentia cuvillieri Neumann, 1965

Uncoiled, rectilinear
portion of test

Thin septa with
build-up at base

“Keriothecal or
pseudoalveolar” wall

Broad, planispiral,
lenticular test

c. 200y

Subangular periphery

Fig. 9. Representativdlustrations ofCharentia cuvillieri a. Equatorial section, Neumann (1965, holotype, pl. 2, fi
1c, France)b. Axial section, Schroeder & Neumann (1985, pl. 3, fig. 3, France) (Reproduced after Simmo

Bidgood, 2023).

2020 Navarella sp. i Sha et al., fig. 9c; Campanian,

Western Tibet.

2020 Charentia cuvillierii Randazzo et al., fig. 12L;
reworked, Sicily.

? 2021Charentia cuvillierii Al-Hassani & AtDulaimi,
pl. A, fig. 3; Berriasian, southern Iraq.

2022 Charentia cuvillierit Andronache et al., fig. 4L;
Berriasiani Valanginian, Romania.

2022 Charentia cuvillieri i Hassani, fig. 8(1); early
Aptian, central Iran.

Non 2022 Charentia cuvillierii Khazaal & Shakir, pl.
2B; Berriasian 1  Valanginian, southern Iraq
[indeterminate planispiral form i too many small
chambers fo€. cuvillieri].

2023 Charentia cuvillierii Simmons & Bidgood, p. 70,
fig. 21; Late Jurassit late Cenomanian, global review.
2024bCharentia cuvillierii Schlagintweit et al., fig. 4K;
reworked, Slovenia.

2024 Charentia cuvillieri i Skupien et al., fig. 6D;
Tithoniani Berriasian, Czech Republic.

2024 Charentia cuvillierii Sun & Schlagintweit, fig. 5;
late Barremian early Aptian, Iran.

2024 Charentiacf. cuvillieri T Sun & Schlagintweit; fig.
4; Campanian, Tarim Basin & Croatia.

2025Charentia cuvillierii Schlagintweitet al., fig. 5(6,

10-12, 15); Cenomanian, Tarim Basin, China.

Reference ImagesArnaudVanneau in Schroeder &
Neumann (1985) pl. 3. See also Loeblich & Tappan
(1985) pl. 3 and Maksoud (2015) pl. 41.

Taxonomy/ldentity: This is one of the most widely
reported (and illustrated) LBF from the Late Jurassic
Cretaceous of Neotethys. The characteristics and history
of this broadly lenticular, planispiral to uncoiling,
pseudokeriothecakballed and widely recorded species
are summarised by ArnatdBnneau in Schroeder &
Neumann (1985), Simmons & Bidgood (2023) and Sun
& Schlagintweit (2024). Chomati&ke wall thickenings
below the apertural foramen of earlier chambers
characteriz&Charentia,along with thin septarhe species
(and genus) has similarities with several other taxa and
one of its peculiarities is the variation of the shape of the
aperture throughout ontogeny from a triangular arch to a
threepronged opening to a larger vertical part to
eventually a narrow slit along the apertural face (see
Hassanien & Sigal, 1983; Luger, 2018).

Everticyclammina greigi(Henson) is superficially
similar but readily distinguishable by its alveolar wall.
The genusComaliammaloeblich & Tappan is also
similar but has simple, rather than canaliculate walls and
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septa. The similar Maastrichtian geridavarellaCiry & Geographic Distribution: Throughout its entire
Rat is mainly streptospirally coiled (before uncoiling) andstratigraphic range this species is widespread across the
with a broadlyrounded periphery. northern and southern margins of Neotethys with records

ArnaudVanneau in Schroeder & Neumann (1985)as far east as Japan, the Tarim Basin, the Tajik Basin and
recognised two morphotypes &f. cuvillieri i a large Tibet. Only records from the Caribbean (Mexico) are
form (1.27 1.4mm diameter) and a small form (0.¥8 uncertain. Within the Cenomanian most records are from
0.83mm diameter). The two forms also appear to havihe circumMediterranean and the Arabian Plate,
different stratigraphic ranges: small forms from aroundalthough a new record (Schlagintweit et al., 2025)
the Jurassic/Cretaceous boundary (where they are oftdemonstrates occurrence in the Tarim Basin, China.
referred to a€harentia evolutdGorbachik) and possibly
Melathrokerion spirialisGorbachik), and the large forms GenusMoncharmontia De Castro 1967 (see Table 1 for
from the Cenomaniani Campanian. However, diagnosis)

Schlagintweit & Wagreich (2005; p. 117) state that these

smal l er m ccan phardiyt be digisguisfied from Moncharmontia apenninica(De Castro, 1966)

C. cuvillierio. TiAmarentm @eama s mal | er f oFigare 10

(ArnaudVanneau, 1980) with a diameter between 0.365

T 0.480mm has been described, although & 1966Neoendothyra apenninic@e Castro, p. 328, pls.
pseudokeriothecal wall structure for this form remains ta-Ill (non pl. 1, figs. 4-8), text figs. 56; Turonian
be demonstrated. Herein the species is tres¢éedu lato  Senonian, Italy.

that includes small forms in the Late Jurassic and Earl§967Moncharmontia apenninicBe Castranom. noy, p.
Cretaceous, and larger forms known from the Latel75.

Cretaceous. 1967 Neoendothyra apenninica Bignot & Guernet, p.

Cribrostomoides  paralens Omara from the 264265, pl. 1, figs. 8L1; early Senonian, Greece.

Cenomanian of Egypt (Omara, 1956) is a possibld970 Moncharmontia apenninica Fleury, pl. 2, fig. 4;
(senior) synonym, as suggested by Loeblich & Tappaenonian, Greece.
(198%). The authors have observed 6dan images of 1974 Montcharmontia apenninica(sic) i Bignot &
the type specimens df. paralens(generated by the Poisson, pl. lll, fig. 6; Cenomanian, Turkish Taurides.
Natural History Museum, London) but did not observel976Moncharmontia apenninica LupertoSinni, pl. 48,
convincing evidence of either a pseudokeriothecal wall ofigs. 6-7; Senonian, Italy.

the characteristic aperture forms. 1977 Moncharmontia apenninicai Chiocchini &
Other ostensibly Cenomanian taxa referred tdMancinelli, p. 133, pl. XL, fig. 1; pl. XLI, fig. 1;
Charentia include C. kosovicaRadoi | i | (Sznonianicektell Itgly.

synonym ofC. cuvillieriy and C. granulosaKerdany & 1978 Moncharmontia apenninicai LupertoSinni &
Eissa,C. hasaensiBasha andC. rummanensiBasha, Ricchetti, pl. 45, figs. &; Late Cretaceous, Italy.
but their relationship t&. cuvillieri (either morphotype) 1982 Montcharmontia apenninica apenninicésic) -
or even to the genus is debatable and requires r&dl t éner & Decrouez, pl . 7,
examination of all tge material. Synonymy with Taurides.
Hemicyclammina white{Henson) cannot be excluded. 1985Moncharmontia aperinica i Bilotte, p. 369, pl. 5,
Some older species assignedQbarentiai Charentia  fig. 1; late Cenomanian, Pyrenees.
arabica Tobolina et al. in Kuznetsova et al., 1996 and1988 Moncharmontia apenninicé Drobne et al., pl. 24,
Charentia atlasicaFares 1975 remain poorly known figs. 6, 7 [=Fleuryana adriaticaDe Castro et affide De
precluding meaningful comment. Castro et al., 1994].
Confident Stratigraphic Range late Kimmeridgian ? 1988 Moncharmontia apenninicai Sartorio &
I Campanian. Common throughout the Early Cretaceougenturini, p. 119; early Senonian, ltaly [Eleuryana
1 Cenomanian. adriatica De Castro et afide De Castro et al., 1994].
Uncertain Stratigraphic Range not applicable. 1989 Moncharmontia apenninicd Drobne et al., pl.3,
Using asensu lataconcept of this species means thatfigs. 10, 11, 12 [=F. adriatica fide De Castro et al.,
it is reported with a veryong stratigraphic range. The 1994].
oldest records are from the late Kimmeridgian of Crimed 989Moncharmontia apenninica Molinari- Paganelli &
(Krajewski & Olszewska, 2007) and northern TurkiyeTilia Zuccari, Fig. 15 [=. adriaticafide De Castro et al.,

(Alténer, 1991), and the 198lingest from the Campanian
the Tarim Basin and Spain (Sun & Schlagintweit, 2024)1990 Moncharmontia ex gr. apenninicai Gu g i | &
There ae plentiful records from the Berriasiain  Jelaska, pl. 14, figs. 101 (hon fig. 9); Campanian,
Cenomanian. Croatia.

The use ofC. cuvillieri as a biozonal marker (e.g. for 1990Moncharmontia apenninicé Sribar & Plenicar, pl.
the Berriasiani Al-Hassani and ADulaimi, 2021) is 5, fig. 4; Coniaciari early Santonian, Slovenia.
inappropriate, except at the most local level. The specie$992Moncharmontia apenninicé Schlagintweit, p. 334,
especially when treatezbnsu latpis long ranging. pl. 1, figs. 1612, text fig. 1; late Turoniani Santonian,
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Moncharmontia apenninica (De Castro, 1966)

Well-rounded periphery Semicircular chambers in axial

Cribrate apertures Canaliculate wall

Inflated planispiral (slightly
irregular in final whorl), almost

Evolute appearance in
£ subglobular, biumbilicate

equatorial section view
(involute in 3D specimens)

c. 0.5mm

Fig. 10. Representativdlustrations ofMoncharmontia apenninicaa Equatorial section, Arriaga et al. (2016, fig.
5(3), Italy); b Axial section, De Castro (1966, pl. lll, fig. 9, Italyy;Subaxial section, De Castro (1966, pl. 2, fig. 1,
Italy); d Apertural face, De Castro (1966, fig. 6B) (Modified after Simmons & Bidgood, 2023).

Austria. Non 2004 Moncharmontiaaff. apenninicai Ettachfini &
1992 Moncharmontia apenninica Foglia, pl. 3, figs. 8, Andreu, fig. 8D; late Cenomanian, Moroccdjisoncava
11; late Turoniari early Senonian, southern Italy. bentori.

1994 Moncharmontia apenninica Chiocchini et al., pl. 2005Montcharmontia apenninicésic) i Vaziri et al., pl.
XXIl, figs. 16-19; early Senonian; central Italy. 2, figs. 1415; Santoniani Campanian/Maastrichtian?,

1994 Moncharmontia apenninica Ramirez del Pozo & central Iran.

Martin-Chivelet, pl. 1, fig. 5; Late Cretaceous, Spain. Non 2006 Moncharmontiaaff. apenninicai Ettachfini,
1998 Moncharmontia apenninica Koch et al., pl. 2, fig. pl. 16, fig. 10; late Cenomanian, MoroccoBjisoncava
7; Turonian, Slovenia [age in part based on occurrence tientori.

M. apenninicd 2008 Moncharmontia apenninica Chiocchini et al., p.
? 2000Moncharmontia apenninica Benedetti et al., fig. 123, pl. XXIX, fig. 3; pl. XXX, fig. 1; late Turoniani
53; early Senonian, norbast Italy. Santonian, central Italy.

Non2000Moncharmontia apenninica AguileraFranco, 2008 Moncharmontia apenninicé Frijia & Parente, fig.
p. 165; middle i late Cenomanian, Mexico 4i; Turonian, southern Italy.

[indeterminate, but number of chambers far toc2008Moncharmontia apenninica Checconi et al., pl. 1,
numerousy. figs. 47; Coniaciari early Campanian, southern Italy.
2001Moncharmontia apenninicaCv et k o T e § o2v2D08BMoacharnaohtia apenninica Schliiter, fig. 2.3d;
fig. 7 (G); Campanian, Croatia. Campanian, southern Italy.

2003 Moncharmontia apenninicé Polavder, fig. 4(12); ? 2008Moncharmontia apenninica Schliter et al., fig.
early Campanian, Serbia. 3d; Campanian, southern Italy.

? 2003Moncharmontia apenninicé Korbar & Husinec, 2011 Montcharmontia apenninicgsic) i Vaziri, pl. 2,
p. 177, pl. 2, fig. 1; Turoniah ?Coniacian; Croatia. figs. N-O; Santonian i Campanian/Maastrichtian?,

Non2003Moncharmontia apenninica AguileraFranco, central Iran.
pl. 1, fig. 4; Cenomanian, Mexico [Biconcava bentofi 2011 Moncharmontia apenninica Jez et al., fig. 7(d, f);
ConiacianSantonian, Slovenia.
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2012 Moncharmontia apenninica Chiocchini et al., pl. Schlagintweit, fig. 2G; middlé late Cenomanian, Iranian

130, figs. 112; ConiaciarSantonian (range shown to Zagros.

begin in late Turonian), Central Italy. 2021Moncharmontia apenninica DoustirMohajer et al.,

2012 Moncharmontia apenninica RahimpoutBonab et pl. 1, fig. |; late Cenomanian; Iranian Zagros.

al., fig. 8(N-O); Turonian, Iranian Zagros [age in part 2021 Montcharmontia apenninicgsic) i Ozkan, fig. 11

based on presence Mt apenninicé (21-22); Campanian, Turkish Arabian Plate.

Non 2012 Moncharmontia apenninica Ghanem et al., 2023Moncharmontia apenninica Simmons & Bidgood,

fig. 6d (11, 19); early Cenomanian, Syria M= p. 75, fig. 25; upper middle Cenomanikfaastrichtian,
compressh global review.

2013 Moncharmontia apenninica RahimpoufBonab et ? 2023dvioncharmontia apenninica Mehrabi et al., fig.

al., fig. 8(Q); Turonian, Iranian Zagros [age in part based 1M; Santonian (?), Persian Gulf.

on presence d¥l. apenninic 2023bMoncharmontia apenninica Mehrabi et al., fig.

? 2013Moncharmontia apenninica Shahin & Elbaz, p. 6Q; Turonian, Iranian Zagros.

270; pl. 1, figs 323; Cenomanian, Egypt [indeterminate 2024 Moncharmontia apenninicd Consorti et al., fig.

external views only]. 3L, P; earlyi middle Campanian, Italy.

2014aMoncharmontia apenninica Omidvar et al., pl.1, 2024Moncharmontia apenninicRK S2 ov § et al . ,
figs. RS; Turonian, Iranian Zagros [age in part based oib; earlyi middle Turonian, nortieast Italy.

presence ofl. apenninic 2024 Moncharmontia apenninica Sol ak & Tasl &,
2014bMoncharmontia apenninica Omidvar et al., fig. fig. 2E-H; late Campanian, Turkish Taurides.

4(4-6); Turonian, Iranian Zagros [age in part based on

presence oM. apenninic Reference ImagesDe Castro (1966), figs-6, pls. t
2015Moncharmontia apenninica Frijia et al., fig. 8(H  V (not pl. Ill, figs. 48).

[); TuronianCampanian, Italy. Taxonomy/ldentity: De Castrods origi!
2015 Moncharmontia apenninica Solak et al., fig. 9F (1966) is comprehensive (see also Arriaga et al., 2016;

G; Coniaciari Santonian, Turkish Taurides. Simmons & Bidgood, 2023, and the species key chart

2016 Moncharmontia apenninica Arriaga et al., p. 14, therein). M. apenninicadiffers from M. compressgDe

fig. 5; Turonian, southern lItaly. Castro) in being larger, less compressed (almost

2017 Moncharmontia apenninica Solak et al., fig. subglobular) and with a larger proloculus. Cvetko
11(A-B); late Campanian, Turkish Taurides. Tegovil et al . (2001) have p
2017 Moncharmontia apenninicd Kog, fig. 10(A%3);  biometric analysis between the two species.

age uncertain in text and figure captiomurkish Moncharmontiais very similar to Fleuryana De

Taurides. Castro et al. 1994, with the only substantial difference

? 2018Moncharmontia apenninica Omidi et al., pl. 2, being the nature of the aperture which is cribrate in
fig. 4; Turonian, Iranian Zagros [age in part based on th¥oncharmontia but single, slidike and basal in
presence ofl. apenninic Fleuryana Fleuryana gedikiSolak et al. 2020 is very
2019 Montcharmontia apenninica(sic) i Ozkan & similar to M. apenninica but in addition to apertural
Al t éner ,-23)f iTwonian 9=(?AeMomaniafide  differencesF. gedikihas slightly fewer chambers in the

Simmons et al., 2020], Turkish Arabian Plate. final whorl and thinner walls. Differences are discussed
2019 Moncharmontia apenninicd Solak et al.,, fig. by Sol ak & Tas/| &leufyah@aedonly. Spec
10(A-B); late Campanian, Turkish Taurides. known from Turonian and younger strata.

? 2019Moncharmontia apenninica Le Goff et al., fig. Confident Stratigraphic Range middle

5C; Campanian, Albania. Cenomaniari Maastrichtian. Scarce in the Cenomanian
2020Moncharmontia apenninica Solak et al., fig. 14(F and Maastrichtian.

G); Turonian, Turkish Taurides. Uncertain Stratigraphic Range not applicable.
2020Moncharmontia apenninicaSi nanoj | u et Canmonly cogndideredltq be not older than Turonian

figs. 89; Maastrichtian, Turkiye. (e.g. Chiocchini & Mancinelli, 1977; Omidvar et al.,

2021 Moncharmontia apenninica Si nanoj | u, 2Qida, b; Hrijia ef al.g2015; Solak et al., 2015, 2019;

8; Maastrichtian, Turkiye. Arriaga et al ., 2016; Sol ak

2021Moncharmontia apenninica Bagherpour et al., fig. specimens occurring together with  middé¢e

12ef; Turonian, Iranian Zagros (age in part based on th€enomanian taxa (e.gChrysalidina gradatad 6 Or bi gny ,
presence oM. apenninica but independently supported 1839, Cisalveolina fraasi (Gumbel, 1872) and

by strontium isotope values; forms intermediateMo  Simplalveolina simplexReichel, 1936)) clearly indicate
compressp the species can be as old(asddle) Cenomanian. These

2021 Moncharmontia apenninicai Schlagintweit & have been recorded (illustrated) in the Turkish Taurides
YazdiMoghadam, p. 22, pl. 1, figs.-B; middlei late (Bignot & Poisson, 1974) and the Iranian Zagros
Cenomanian, Iranian Zagros. (Schlagintweit & YazdiMoghadam, 2021; Dousti
2021Moncharmontia apenninick Yazdi-Moghadam & Mohajer et al., 2021).
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Unillustrated/unverifiable  records attributed to 2008 Moncharmontia apenninicd Schliter et al., fig.
Cenomanian strata also occur in Mexico (e.g., Aguillera3k; Campanian, southern Italy.
Franco, 2000; Omafia et al. 2012, 2013), Egypt (Shahib009Moncharmontia apenninicaompressd Sari et al.,
& Elbaz, 2013) and Oman (Piuz & Meister, 2013). pl. 4, figs. 4?5; TuroniarConiacian, Turkish Taurides.
It is probable that some Turonian records may hav€011 Moncharmontia compressa Jez et al., fig. 79;
t hat age attributed bya fiConiacarSantmnian,Slevankaoni ngo and t ha
Cenomanian age might not be excluded (e.g., Ozkan & 2012Moncharmontiacf. compressa Korbar et al., fig.
Alténer, 2019, from T¢r ki $M Juronian, Croatia [age partly based on presence of
See Schlagintweit & Yazdiloghadam (2021), M. compressp
Si mmons & Bidgood (2023) ?20l2Mor8lailmankia agennifieasGhanem(ekal, Zigk )
for a more extensive discussion on stratigraphic rangéd (11, 19); early Cenomanian, Syria.
The species is often used as a biozonal marker (e.g. f8r2017Moncharmonti§?) sp.i Solak et al., fig. 8(IMN);
Turonian strata in the Iranian Zagros (Omidvar et al.middle iV late Cenomanian, Turkish Taurides [or
2014b); Turonian and younger strata in Italy (De CastrosBiconcava bentoti
1991)), but now that the species is confidently knowr? 2020Fleuryana adriaticaDe Castro et al. 1994 Solak
from the Cenomanian (at least on the Arabian Plate aret al., fig. 14(AE); Turonian, Turkish Taurides.
Tirkiye) and to be longanging, such assessments should2021 Moncharmontia compressaSi nanoj | u, pl
be treated with care. 9; Maastrichtian, Turkiye.
Geographic Distribution: In postCenomanian strata, 2023Moncharmontia compressaSimmons & Bidgood,
the species is widespread within Neotethys, with manp. 77, fig. 27; early CenomaniaiPaastrichtian, global
records from the northern Mediterranean, as far north agview.
Austria. There are also records from the Arabian Plate
(Zagros) and Central Iran. Cenomanian records are Reference ImagesT a stlaB(2006) fig. 7(IK).
limited but include the Iranian Zagros and Turkiye. Taxonomy/ldentity: A smaller and more tarally-

Records from Mexico are unproven. compressedMoncharmontiaspecies compared witM.
apenninica and with only a single row of apertural
Moncharmontia compress@De Castro, 1966) openings. Cvetko Tegovil et 8
Figure 11 comprehensive biometric analysis between the two

species, although in random tksections separation is
T 1966 Neoendothyra apenninica compred3a Castro, difficult and there are forms that appear intermediate

p. 20, pl. lll, figs. 48; TuronianSenonian, Italy. between the two.

1967Moncharmontia compresdae Castranom. noy, p. It is very similar to the genusleuryana especiallyF.
475. adriatica De Castro, which has a single aperture, rather
1970Moncharmontia apenniniceompressa Fleury, pl.  than multiple apertural openings. Recordg-ofdriatica

2, figs. 23; Senonian, Greece. from the Turonian of Turkiye by Solak et al. (2020), are

? 1972Moncharmontia apenninica compresgaBignot,  virtually indistinguishable from M. compressa F.

pl. 16, figs. 68; Senonian, Croatia [=Fleuryana adriaticais also longranging and further work is needed
adriatica De Castro et afide De Castro et al., 1994]. to establish the degree of separation of these two taxa.

? 1978Moncharmontia(?) cf. apenninica compressa Di f f er ences are discussed by
Berthou & Schroeder, pl. 9, fig. 2; late Albian, Portugal Simmons & Bidgood (2023) further discuss the
[hard to detamine if this is Moncharmontiain the differences between the twdoncharmontiaspecies and

random sections presented]. between them and their tvideuryanacounterparts.

1982 Montcharmontia apenninica compresgaic) - Confident Stratigraphic Range Turonian 1

Al t éner & Decrouez, pl . Maastridhtiag (scarcg in theaastachtiarg.n Tur ki st
Taurides. Uncertain Stratigraphic Range late Cenomanian.
1985Moncharmontia apenninicé Bilotte, p. 369, pl. 15, Commonly regarded as Turonian and younger (e.g.,
fig. 9; late Santoian, Pyrenees. Chiocchini & Mancinelli, 1977). Most plausible,
1994 Moncharmontia compressa Chiocchini et al., pl. illustrated records oM. compressaare from Turonian
23, figs. 23, 10; early Senonian, central Italy. and younger (up to Maastrichtian) strata. Cenomanian
2001 Moncharmontia compressaCv et k o T e ¢ orecordis aeeteitharl poorly/equivocally illustrated or not
fig. 7(N); ConiacianCampanian, Croatia. illustrated at all, with the possible exception of that by
2006 Moncharmontia compressaTa s | & et - a Hari,(2006). ghe late( Albian record of Berthou &
K); ConiacianSantonian, Turkiye. Schroeder (1978) is very doubtful, as is the early

2006 Moncharmontia apenninica Sari, pl. 6.3, figs. 4?, Cenomanian record of Ghanem et al. (2012). A possible
5, 67; late Cenomanian Turonian; Turkish Taurides middlei late Cenomanian record (Solak et al., 2017) as

[late Cenomanian age judged as plausible]. fiMoncharmonti@ ? ) sp. o i s unconfirm
2008 Moncharmontia apenninicd Schllter, fig. 2.3k; records from the Cenomanian include those from the
Canpanian, southern Italy. Natih Formation of Oman by Piuz & Meisté2013) and
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Moncharmontia compressa (De Castro, 1966)

Thinner walls (than M. Subangular periphery Heart-shaped chambers in Single row of apertural

apenninica) / \
-’ .

axial view openings

Inflated planispiral, laterally

Evolute appearance in Canaliculate wall structure Comp[;‘esse(‘:', distinctly
equatorial section view iumbilicate
(involute in 3D specimens)
I
c.0.1mm
Fig. 11. Representativdlustrations ofMoncharmontia compressaa.Equat or i al section, T

Turkey);b.Axi al section, Tasl & etSubaxial secfo, DE Gastro {1964, .pl. 37 f{g.k8)
Italy) (Modified after Simmons & Bidgood, 2023).

Piuz et al. (2014). age discountedide Schlagintweit & YazdiMoghadam,
Geographic Didribution : This species is known 2022). )
from the Mediterranean region (Italy, Adriatic, Turkiye, 1974 Foraminifer BOT Radoi | i | , -6pdarly 6 , f

Pyrenees) in the poeflenomanian (although not the Turonian (now  considered Cenomanianfide
Arabian Plate?). In the Cenomanian records are doubtfugchlagintweit & YazdiMoghadam, 2022), Serbia.

but the most probable is from the Turkish Taurides. 1976 Peneropliscf. turonicusi Charvet et al., pl. 7, figs.
2-3; late earlyf late Cenomanian, Greece.

Family BIOKOVINIDAE Gu ¢ i | 1 9 7 7sensud 1988 Pepesopliscf. turonicus i SaintMarc, pl. 4, figs.

Loeblich & Tappan, 1987) 117 12; middlelate Cenomanian, Lebanon (Turonian age

GenusNeodubrovnikellaSchlagintweit & Rashidi 2018 discounted).

(see Table 1 for diagnosis) 1989 Merlingia cf. cretacea(sic) Hamaoui & SainMarc

T Kuss & Malchus, texfigs. 4849; Cenomanian, Egypt.
Neodubrovnikella turonica(Said & Kenawy, 1957) 1990Pseudolituonella reicheMariei Gr i bar & Pl en
Figure 12 pl. 2, fig. 8; middlei late Cenomanian, Slovenia.

1994 Peneropliscf. turonicus-Ve |l i I & VI ahovil
T 1957 Peneroplis turonicus. sp. Said & Kenawy, p. figs. 1-4; middlelate Cenomanian, Croatia.
82, pl. 13, figs. 14&c, 164 c; Turonian (now considered 2004 Peneropliscf. turonicusi Chiocchini et al., pl. 6,
Cenomanianfide Schlagintweit & YazdiMoghadam, fig. 6; late Cenomanian, southetaly.
2022), Egypt. 2006 Peneropliscf. turonicusi Ettachfini, pl. 15, figs. 4
Non 1973 Peneroplis turonicus Kerdany et al., pl. 1, 2;late Cenomanian, Morocco.
fig. 16-18; Cenomanian, Egypt [Biconcava bentori 2006 Pseudolituonella reicheli Tas |l & et al .
Hamaouifide Hamaoui in Schroeder & Neumann, 1985]. middlei late Cenomanian, Turkish Taurides.
1974 Peneropliscf. turonicusi SaintMarc, p. 235, pl. 8, 2012 Peneropliscf. turonicusi Chiocchini et al., pl.
figs. 59; middlelate Cenomanian, Lebanon (Turonian 109, fig. 1 (pars), P8; late Cenomanian, southern Italy.
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Neodubrovnikella turonica (Said & Kenawy, 1957)

Pseudokeriothecal
wall structure

Large proloculus

" .'.-.," et .
Large, megalospheric
specimen

Classic “peneropliform”
coiling

Apertures

L 4o v

Microspheric specimen Small proloculus
c. 0.5mm

Fig. 12. Representativéllustrations of Neodubrovnikella turonicaa. Equatorial section, Schlagintweit & Yazdi
Moghadam (2022, fig. 4(E), Iran,. Re-illustration of holotype, Schlagintweit & Yazdloghadam (2022, fig. 4A),
Egypt); c. Equatorial section, Schlagintweit & Yaziioghadam (2022, fig. 6(B), Croatiayj. Axial section,
Schlagintweit & YazdiMoghadam (2022, fig. 6(C), Kosovag; Apertural face, Said & Kenawy (1957, holotype, pl
13, fig. 14c, Egypt) (Reproduced after Simmons & Bidgood, 2023).

2013 Pseudolituonella reicheli Al-Dulaimi et al., fig.
9/8; late Cenomanian, Southern Iraqg.

? 2013Peneroplis parvuPe Castrai Ghanem & Kuss,
fig. 14(10); late Cenomanian, Syria.

Non 2013 Peneroblis cf. turonicus (sic) i Shahin &

3a; middlei late Cenomanian, Iranian Zagros.

2022 Neodubrovnikella turonicai Schlagintweit &
YazdirMoghadam, p. 4, figs. 3A; 44, 56; upper early
T late Cenomanian, southern Neotethys.

Non 2022 Peneroplis turonicus Esfandyari et al., fig.

Elbaz, p. 278, pl. 3, fig. 3; Cenomanian, Egypt [=25j; Cenomaniari early Turonian, Iranian Zagros [=

Peneroplis parvus

2016 Peneroplis turonicusi Assadi et al., fig. 6 ab;

middlei late Cenomanian, Iranian Zagros.
2018 Peneroplis parvus Omidi et al., pl. 4, fig. 8;
middlei late Cenomanian, Iranian Zagros.
2020 Peneroplis turonicug Solak et al., ?fig. 6M, fig.

Pseudolituonella reichdli

2023 Neodubrovnikella turonica Simmons & Bidgood,
p. 70, fig. 19; (upper early?) middlate Cenomanian,
global review.

2023 Neodubrovnikella turonica Xu et al., fig. 3c,
Cenomanian, Iranian Zagros.

10S' T, ?fig. 13I; late Cenomanian, Western TauridesNon 2023 Peneroplis turonicu$ Moghaddam et al., fig.

Tarkiye.
2021 Pseudolituonella reicheli DoustiMohajer et al.,
pl. 1i; middlei late Cenomanian, Iranian Zagros.

5v; Cenomaniani early Turonian, Iranian Zagros [=
Pseudolituonella reichdli
2024 Peneroplis turonicu§ Moghaddam et al., fig. 2l;

2021 Peneroplis planatugFichtel and Moll)i Br | i | Cemdmanian, Iranian Zagros.

al., fig. 9i; late Cenomanian, Croatia.

2 0 2 Renefopli® turonicusi Consorti & Schlagintweit,
fig. 2H; late Cenomanian, Albani§osova.

? 2021 Peneroplissp. i Solak, pl. 2E; middlei late
Cenomanian, Turkish Taurides.

? 2021Peneroplis turonice i DoustiMohajer et al.,pl.

2024 Neodubrovnikella turonica KS2 §ov § e-t
s; late Cenomanian, nordast Italy.
Reference Images Schlagintweit & Yazdi

Moghadam (2022) p. 4, figs. 3A; 4R 56.
Taxonomy/ldentity: The taxonomic statusof this
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species and its identity has recently been reviewed b¥1, fig. 2225; Turonian (now regarded as middle
Schlagintweit & YazdiMoghadam (2022) who Cenomaniafi Moreau, 1976), western France.
recognised that this is in fact an agglutinated taxon with 4919 Cyclolina cretaced Douvillé, p. 1131; texfig. 2;
pseudokeriothecal wall, not a species of the porcellaneo@nomanian, western France.

genus Peneroplis (indeed also not Turonian). It was 1949Cyclolina cretaced Cuvillier & Szakall, p. 11; pl.
assigned to the genudeodubrovkinellathe only other 2, fig. 15; pl. 13, fig. 11; Cenomanian, western France.
species of which, Neodubrovnikella maastrichtiana 1964 Cyclolina cretaced Loeblich & Tappan, p. C301
Schlagintweit & Rashidi, is Maastrichtian (SchlagintweitC302; texifig. 207 (1ab); middle Cenomanian, western
& Rashidi, 2018; Schlagintweit & Yazdiloghadam, France.

2022). See also Simmons & Bidgood (2023). 1964 Cyclolina cretaced Neumann, p. 4%2; pl. 1, fig.

It is similar to Peneroplis parvusDe Castro and 1-4;textfig. 1; Cenomanian, western France.
appears to be an agglutinated isomorph of this miliolid 967 Cyclolina cretaced Neumann, p. 12832; pl. 15,
genus (see alsBeneroplis cairensihiocchini, 2008). fig. 1-3; textfig. 78-79; Cenomanian, western France.
N. turonicais smaller(c. 0.250.8 mm)and with fewer ? 1978Cyclolinacf. cretaceai Berthou & Schroeder, pl.
chambers in the last whorl -@&) thanP. parvusand P. 9, fig. 2; latest Albian, Portugal.
cairensis (Chiocchini, 2008) Peneroplisis also always 1985 Cyclolina cretaceai Cherchi in Schoeder &
planispiral whereahl. turonicais frequently not perfectly Neumann, p. 189, pl. 4, figs. 111; middle Cenomanian,
planispiral. western France.

It is also often confused in the literature with 1987 Cyclolina cretaced Loeblich & Tappan, p. 94, pl.
Pseudolituonella reicheliMarie which has a mueh 86, figs. 18; middle Cenomanian, western France.
reduced coiled part, a cylindrical rather than flattenedNon 2011 Cyclolina aff. cretaceai Boix et al., p. 816,
uncoiled portion, and apertures that are cribrate, rathdig. 10ad; Coniacian, Spanish Pyrenees [most likely a

than in a row as iN. turonica new species].
Confident  Stratigraphic Range  middlelate

Cenomanian. Reference ImagesSchroeder & Neumann (1985) pl.
Uncertain  Stratigraphic Range upper early 4, figs. £11.

Cenomanian. Taxonomy/ldentity: This species was

Originally regarded as being restricted to the Turoniaromprehensively reviewed by Cherchi in Schroeder &
(hence the name), a-essessment of the age of the typeNeumann (1985). No further taxonomic study has been
specimens from Egypt by Schlagintweit & Yazdi carried out since then.

Moghadam (2022), together with a review of otherThe genusCyclolina wa s introduced by
ostensibly Turonian records, indicates that this species {4846), with the specie€yclolina cretaceaits type by

in fact restricted to the (middlate) Cenoranian (see monotypy. It is a simple, large (up to 6.7 mm) discoidal,
also Velil, 2007) . R e ¢ o r dmicrogranuldr/finely aggluyimating foenr, increading tnh e e
Cenomanian are based on illustrated but uncertainly agthickness towards the periphery. Adult chambers are
calibrated records (Charvet et al., 1976), or unillustratedyclic, with concentric sutures slightly depressed, and a
records (Decrouez, 1975), from Greece (and see alsimple interior with no iternal partitions. A multiple
Schlagintweit & YazdiMoghadam, 2022, for records aperture of rounded pores is scattered in many rows over

from the Iranian Zagros). the apertural face. Three ontogenetic stages are

Geographic Distribution: Throughout Neotethys, recognised: (i) a central embryonic apparatus consisting
from Morocco to Iran (see Schlagintweit & Yazdi of a protoconch and a deuteroconch. The maximum inner
Moghadam, 2022). diameter of the protoconch varies between 0.08 and 0.1

mm. In equatorial section, the deuteroconch is crescent
SuborderCYCLOLININA Mikhalevich 1992 (diagnosis shaped; its diameter varies between 0.1 and 0.12 mm; (ii)

sensuKaminski, 2014) the embryonic apparatuss followed by a rectilinear
Superfamily CYCLOLINOIDEA Loeblich & Tappan series of 45 undivided sickleshaped chambers; (iii) 40

1964 (diagnosisensu_oeblich & Tappan, 1987) 55 undivided annular chambers, of which the height and
Family CYCLOLINIDAE Loeblich & Tappan 1964 thickness increase during ontogeny (description after
(diagnosissensu_oeblich & Tappan, 1987) Cherchi in Schroeder & Neumann, 1985; Loeblich &
Subfamily CYCLOLININAE Loeblich & Tappan 1964 Tappan, 1987).

(diagnosissensu_oeblich & Tappan, 1987) Confusion with the soritid geneBroeckinaMunier-

Genus Cyclolina d 6 Or bi gny 1846 ( €raknas, T1882 | aadPastrikella €her c hi | Radoi |l
diagnosis) Schroeder, 1976 is possible in random sections, although

suggestions that some illustrations ©f cretaceafrom
Cyclolina cretacead 6 Or bi gny, 1 8 weltern France (Neumann, 1964, 1967) are of these
Figure 13 genera (Cherchi et al., 1976) is rejected (Skiatc,
1977; Cherchi inSchroeder & Neumann, 1985). It may
T 1846Cyclolina cretacean. sp.i d'Orbigny, p.139; pl. also be confused with Balkhania Mamontova
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Cyclolina cretacea d’'Orbigny, 1846

R IORT By it
i I 40-55 annular
Large, discoidal test chambers

4-5 sickle-shaped

chambers
7 Simple chamber interior -
(é &d) Protoconch & Foramina: multiple no internal partitions
deuteroconch rounded pores E—
c. 100y (c)
d
. AN - W R T
' 0t TARAI0dppeenstnarer 193000 08s
1L ta 8 SR L o Aot 2 1% 08331
k . - —— s P p P "~y » - f, ~g : o r
< Large, discoidal test,
Progressive, slow increase in test finely agglutinated

thickness towards periphery

Fig. 13. Representativdlustrations ofCyclolina cretaceaa. Partial equatorial section, Schroeder & Neumann (19¢
pl. 4, fig. 1, France)p. Partial equatorial section, Schroeder & Neumann (1985, pl. 4, fig. 5, Frande¥rtial
equatorial section, Schroeder & Neumann (1985, pl. 4, fig. 7, FrashcAxial section, Schroeder & Neumann (1985
pl. 4, fig. 10, France).

NeobalkhaniaCh er c hi , Radoil il &AlRialyr e}l &srnpt swipatede byt ah envincing
subepidermal network is often not well discernible illustration.
Confident Stratigraphic Range middle Boix et al. (2011) illustrated an "aff." form, probably
Cenomanian. a new species (larger thad. cretaceafrom the type
Uncertain Stratigraphic Range latest Albian and locality), from the Coniaciafi Santonian of Spain. One
early and late Cenomanian. of us (LC) has observed similar forms in the similar aged

The only reliable illustrated reods of this species are llam Formation of the Iranian Zagros. Very small forms
those pertaining to the type and nearby localities iffup to an equatorial diameter of 1.10 mm)@fclolina
western France as illustrated and documented by Cherchip. wer e found by Tasl é& & Sol
in Schoeder & Neumann (1985). These are middl®f the Turkish Taurides.
Cenomanian, and Schroeder & Neumann (1985) thus Geographic Distribution: Confirmed occurrences
restricted the range of the species to the middlare restricted to France but this species has been reported
Cenomanian. Saifilarc (1966) mentioned the species (though unconfirmed) more widely. It was reported, but
(not illustrated) from Landes in western France inn ot illustrated from Croati a
association  with Praealveolina  tenuis thus 1999), Greece (Zambetaligkkas et al., 1995) and the
undifferentiated middlé late Cenomanian. Calonge et al. I[ranian Zagros (e.g., Omidvar et al.,, 2014a, b;
(2002) reported (not illustrated) the species from Spain iRikhtegarzadeh et al., 2016; Asghari et al., 2022).
association withPraealveolina iberica thus possibly
early Cenomanian. It was reported (not illustrated) fronBubfamily CYCLOPSINELLINAE Loeblich & Tappan
Albian/Cenomanian transition beds of Portugal (Berthou1984 (dagnosissensu_oeblich & Tappan, 1987)
1973; Berthou & Lauverjat, 1979) but restricted to theGenus Cyclopsinella Galloway 1933(see Table 1 for
latest Albian by Berthou & Schroeder (1978) whodiagnosis)
illustrated an wuncertain fAcf.o form. A report from the
Cenomaniani ?early Turonian of Kuwait (ENaggar &
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Cyclopsinella neumanna€herchi, 1980 formed of a protoconch and deuteroconch. The
Figure 14 protoconch, with a diameter between 0.078 and 0.092

mm, is ellipsoidal or more rarely subspherical; (ii) the

? 1948cZekritia langhamin. gen., n. spi. Henson, p. 95, embryo is followed laterally by a series of 4 undivided

pl. 11,fig. 7;i Tur oni ando ( possi bl ysickieshapethehanbers (jii) the®@ folloas a.series of 15
? 1964Cyclolinasp.i Bozorgnia & Banafti, pl. LXXXII; 20 annular undivided annular chambers; (iv) The last
fig. 1; Cenomanian, central Iran. ontogenetic stage is characterized by annular chambers,

1964 Cyclopsinella steinmanni(Munier-Chalmas) i divided in the equatorial plane. This dividing partition is

Neumann, p. 5b2; pl. 1, fig. 5; pl. 2, fig. 43, 58; interrupted by large holes which are, in the first half of
middle Cenomanian (after Moreau, 1976), westerrihis stage, frequent, and connected by stolons that are

France. sometimes a little oblique.

1967 Cyclopsinella steinmanrii Neumann, p. 16264, C. steinmannis distinguished fronC. neumannaby

pl. 27, fig. 5; middle Cenomanian (after Moreau, 1976),the larger dimensions of the testi(& mm in diameter)
western France. and of the embryonic apparatus (protoconch: 0.15 mm;

T 1980Cyclopsinella neumannae sp.i Cherchi, p. 74  deuteroconch: 0.2 mm). It lacks sicldhaped chambers
79; pl. 1, fig. ¥4; pl. 2, fig. 4, pl. 3, fig. 4; middle following the embryo.Cyclopsinella rosellidescribed
Cenomanian (after Moreau, 1976), Western France. from the Campanian of Spain (Villalonga et al., 2019) is
1985Cyclopsinella neumanndeCherchi in Schroeder & probably a synonym ofC. steinmanni(Schlagintweit,
Neumann, p. 121, pl. 5, figs. 16; middle Cenomanian 2020).
(after Moreau, 1976), western France. Zekritia langhami described as a new genus and
1987 Cyclopsinella steinmanrii Loeblich & Tappan, pl. species by Henson (1948c) from the Turonian (possibly
87, figs, 24; middle Cenomanian (after Moreau, 1976),Cenomanian on regional grounds Le Blanc, 2015;
western France. Bromhead et al., 2022) is a possible synonym (Gendrot,
? 1998Zekritia langhamii Whittaker et al., p. 888, pl.  1964; Fourcade et al., 1997; Schlagintweit, 2020), but
107,figs.56; A Tur oni anod ( possi lésgripti@eis lonited toiaasimgle, ths€rtdoh apecimen
? 2018Zekritia langhamii BouDaghefFadel, pl. 5.22, and crucial features cannot be seen (Whittaker et al,
fig. 1; ATuronianodo ( poss.i h998) altBorgh ahm ayolapsinelld,struQuae oa the pillars
(Hottinger, 2006, p. 12) can be seefekritia and Z.

Reference ImagesSchroeder & Neumann (1985) pl. langhami are effectively taxa of uncertain status
5, figs. 16. (Loeblich & Tappan, 1987). Probably mistakenly,

Taxonomy/ldentity: The genusCyclopsinellawas BouDaghetadel (2018) consideretekritia a soritid.
introduced by Galloway (1933) withCyclopsina Confident Stratigraphic Range middle
steinmanniMunier-Chalmas, 1887 as described from theCenomanian.

Santonian of southern France and northern Spain as the Uncertain Stratigraphic Range late Cenomanian.

type species (known to range to the late Maastrichitian The only confirmed record is the type description from
see Schlagintweit (2020) for a review). It is a largethe middle Cenomanian of France (Cherchi, 1980;
discoidal, microgranular/finely agglutinating form, that in Cherchi in Schroeder & Neumann, 1985; age after
the macrospheric generation has a protoconch aroreau, 1976). The species has been recorded (as "cf.")
deuteroconch followed by numerous cyclic chambersbut not illustrated from the late Cenomanian of Morocco
Later chambers have endoskeletal pillars arising from éEttachfini & Andreu, 2004) andCyclopsinellasp. has
median position on the chamber floor to extend radialljpeen recorded from the late Cenomanian of Kuwait,
from one septum the next, and may bifurcate and fuse tthough an illustration (pl. 6, fig. 13) is most likely not
give an irregular appearance in tsiection and a this genus (ENaggar & AFRifaiy, 1973). These same
misleading false appearance of two layers of chamberauthors also report but do not illustratekritia from the
Multiple apertures are present in a double row of poredMishrif Formation of Kuwait, occurring alongside
MangashtiaHenson, 1948c (emended Fourcade et alPraealveolina Cisalveoling etc. Thus, most likely late
1997) is similar but the pillars are in the form of beam€enomanian. An illustration ofCyclolina sp.” from the
and only a single row of apertural pores are present. undifferentiated Cenomanian eéntral Iran (Bozorgnia

Specimens described a8. steinmannifrom the & Banafti, 1964) may be this species. As noted ab@ve,
middle Cenomanian of western France (Neumann, 1964anghami might be a synonym, and the stratigraphic
1967) formed the basis of the introduction ofposition of its type occurrence (from the Mishrif
Cyclopsinella neumannaay Cherchi (1980) and further Formation of Qatar) suggests a late Cenomanian or
documented by Cherchi in Schroeder & Neumann (1985possibly early Turonian age (Le Blanc, 2015, Bromhead
which was the last taxonomic discussion of this species. et al., 2022; Simmons et al., 2024a).

Specimens o€. neumannaare typically 4 6 mm in Geographic Distribution: Confirmed occurrences
diameter (max. 6.6 mm), with test thickness increasingre restricted to France but this species has been reported
towards the periphery to c. 0.3 mm. Four ontogeneti¢though unconfirmed) ranging as far eastwards as Qatar
stages are known: (i) a central embryonic apparatusndcentral Iran.
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Cyclopsinella neumannae Cherchi, 1980

up to 50 annular
chambers

few planispiral or sickle-

o Hornm shaped chambers

A

Progressive, slow increase in test
thickness towards periphery

Protoconch &
deuteroconch

Foramina: multiple
rounded pores

...,.-.tlﬁ-\'O\-'A. I
AR P2 LA I 17 ".”‘.

Appearance of two-layers of chambers
but caused by bifurcated and fused
pillars extending radially between
septa, not by two separate chambers

Large, discoidal test,
finely agglutinated

Fig. 14. Representativélustrations ofCyclopsinella neumannaea. Equatorial section, Schroeder & Neumann (198!
pl. 5, fig. 1, France)p. Partial equatorial section, Schroeder & Neumann (1985, pl. 5, fig. 6, Frande¥rtial
equatorial section, Schroeder & Neumann (1985, pl. 5, fig. 5, FrashcAxial section, Schroeder & Neumann (1985

pl. 5, fig. 4, France).

Genus Mangashtia Henson 1948c(see Table 1 for
diagnosis)

Mangashtia viennotiHenson, 1948¢
Figure 15

T 1948c Mangashtia viennotn. gen, n. spHenson, p.
94-95, pl. XII, figs. 1621; CenomaniaiTuronian, Iranian
Zagros.

Non 1965 Mangashtia viennoti Gollestaneh, p. 344
348, pl. 104, figs. 12; pl. 105, figs. 16; pl. 106, figs. 1
5; pl. 107, figs. 18; late OxfordiarKimmeridgian,
Iranian Zagros[=Levantinella egyptiensiBourcade et al.
1997]

Non 1996 Mangashtia viennoti Hughes, pl. 1 (pars);
Kimmeridgian, Saudi Arabia. [= Levantinella
egyptiensip

1997 Mangashtia viennofi Fourcade et al., p. 183, figs.
516, 7.17.6; late Cenomanian? Turonian, Iranian
Zagros.

1998Mangashtia viennoti Whittaker et al., p. 4819, pl.
71, figs. 14; late Cenomanian,

Non 2004aMangashtia viennoti Hughes, fig. 26 (8).
Kimmeridgian, Saudi Arabia. [= Levantinella
egyptiensik

2013Mangashtia viennoti RahimpousBonab et al., fig.
8T; Turonian, Iranian Zagros.

2014a Biplanata peneropliphormis(sic) Hamaoui &
SaintMarc T Omidvar et al., pl. 1(l); Cenomanian
Turonian, Iranian Zagros.

2014b Mangashtia viennoti Omidvar et al., fig. 4.1;
Turonian, Iranian Zagros.

? 2014Mangashtia viennoti Afghah & Fadaei, labelled
fig. 89, but referring to fig. 9gate Cenomanian, Iranian
Zagros. [Effectively indeterminate, but possibly a
fragment ofBiplanata peneropliformisiamaoui & Saint
Mard].

Non 2016 Mangashtia viennoti Rikhtegarzadeh et al.,
pl. 1, fig. 13; Cenomanian, Iranian Zagros. [Indeterminate
biserial foraminifera].

? 2017Mangashtia viennofi Jamalpour et al., pl. 2, fig.
h. Cenomanian, Iranian  Zagros. Effectively
indeterminate but might be a fragment Bfplanata

Iranian Zagros. peneropliformi$.

Explanation for the late Cenomanian age attribution is not

given.
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Mangashtia viennoti Henson, 1948

c. 0.5mm
(a-b)

aligned radial
pillars

annular chambers
(c.18/mm)

pillars

rounded
periphery

Saree®

flat (biconcave),
discoidal test shape

)

L
- 25

extent of test periphery

Fig. 15. Representativélustrations ofMangashtia viennotia. Subaxial section, Fourcade et al. (1997, fig. 6(5), Irar
b. Subequatorial section, Fourcade et al. (1997, fig. 5(4), l@fd)ansverse section, Fourcade et al. (1997, fig. 6(¢
Iran); d. Slightly oblique equatorial section, Henson (1948c, pl. XI, fig. 20, Iran).

2018 Mangashtia viennoti BouDaghetFadel, p. 306
307; pl. 5.1, fig. 14; pl. 5.9, fig. 5. Cenomani@iaronian,
Iranian Zagros.

Non2019aMangashtia viennoti Ghalandari et al., PI. 1,

Iranian Zagros.[Probably can be restricted to mostly
middle Turoniari Simmons et al., 20244, b].

Non 2023a Mangashtia viennoti Mehrabi et al., fig.
11(0); Santonian; Persian Gull= new taxon to be

fig. G; Jurassic, Persian Gulf. [= indeterminate, but notlescribed, Schlagintweit et al., 2024c]

M. viennot].
Non 2019bMangashtia viennofi Ghalandari et al., text

Non 2024 Mangashtia viennoti Moghaddam et al., fig.
2h; Cenomanian, Iranian Zagros. [Biplanata

fig. 7C; Jurassic, Persian Gulf. [= indeterminate, but nopeneropliformig

M. viennof].
? 2019Biplanata peneropliformisiamaoui & SairtMarc

Reference Images Fourcade et al. (1997);

I Kiarostami et al., pl. 2, fig. j; Santonian [erroneousSchlagintweit et al(2023a).

label, probably Cenomanian], Iranian Zagros.

? 2021Mangashtia viennofi Bagherpour et al., fig. 12k;
Turonian, Iranian Zagros.

? 2021Mangashtia viennoti DoustiMohajer et al., pl.
1, fig. h; early Turonian, Iranian Zagros.

2021 Cycledomia iranica(Henson)i DoustiMohajer et

al., fig. 3l; early Turonian, Iranian Zagros.

2022 Cycledomia iranicai Esfandyari et al., fig. 25p

late Cenomanian?, Iranian Zagros.

Non 2022 Mangashtia viennoti DoustiMohajer et al.,

fig. 5c; late Cenomanian, Iranian Zagros. Biplanata

peneropliformis.

2023aMangashtia viennoti Schlagintweit et al., p. 8,
figs. 2E, 4A, GF, 6, 7El; middle 7 ?late Turonian,
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Taxonomy/ldentity: First described from rather
fragmentary material by Henson (1948c) from
"Cenomanianluronian” limestones of the Izeh Zone of
the Iranian Zagros, a detailed emended illustrated
diagnosis for Mangashtia and the type species
Mangashtia viennotwas published by Fourcade et al.
(2997).

The test is compressed, discoidal with numerous
annular chambers. Apertures are multiple, aligned in one
row in the middle of the apertural face. The axes of the
stolons are radial. Numerous subcylindrical or elongated
pillars that are perpendicular to the septa are present in
the central zone of the chambers. Pillars are aligned from
one chamber to the next. The marginal zone of the
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chamber is not internally subdivided. Tembryoof the thickens towards the periphery. Fourcade et al. (1997)
megalospheric form consists of a globular proloculusuggested a clear stratigraphic separation of the
with a simple wall. occurrence oB. peneropliformisCenomanian) and.
Originally listed by Loeblich and Tappan (1987) in viennoti (Turonian) in their studied sectiofrom the
their figener a ,otfiey notec that the ilraniansZageos. u s 0
genus is fAunrecogni sabl ed [Cenfidant Steatigraghic yRange eatlyhte meldles e n't i «
characters were not described by Henson (1948cY.uronian.
Fourcade et al. (1997) revised the genus based on the Uncertain Stratigraphic Range late Cenomanian,
study of new topotype material, as well as specimen€oniaciani Santonian.
preserved in the F.R.S. Henson & Associates Collection First described from the  undifferentiated
housed in the Natural History Museum (London) andiCenomaniasTuroniardo Sarvak Formation of Iran by
placed the genus in the subfamily CyclopsinellinaeHenson (1948c), a detailed emended description by
Critically, they recognised thaMangashtia lacks an Fourcade et al. (1997) somewhat refined the randatas
initial planispiral stage as suggested by Henson (1948c).Cenomanian? Turonian. The biostratigraphy of the
Mangashtiadiffers from Cyclopsinellain the nature Sarvak Formation (and its regional equivalents) has long
of the internal structure (pillars in the form of beams) andeen debated (Omidvar et al., 2014a, b; Bromhead et al.
in its apertural characteristics (a single row of pore2022; Schlagintweit et al., 2023a; Hosseini et al., 2024;
rather than a double row). Occasionally the CenomaniaBimmons et al., 2024a). Nevertheless, the youngest

species Pastrikella balkanicaCher c hi , R aShwak |Foration& where preserved, is edrlyniddle
Schroeder has been confused wMangashtia(Cherchi  Turonian. However, this is not commonly preserved in
et al., 1976), but it lacks pillars. many areas due to a tectonic/eustatiuced sea level

Fourcade et al. (1984) introduceMangashti&# fall in the middle Turonian (Schlagintweit et al., 2023a;
egyptensidor a form from the Late Jurassic of Egypt. Simmons et al., 2024a). Schlagintweit et al. (2023a)
Later (Fourcade et al., 1997), this wasetalas the type concluded that, with correct identification . viennotj
species of the new genugvantinella Although similar it is possible to equate the rangeMf viennotiwith the
in some random sections Mangashtia,Levantinellais  Wynd (1965) assemblage zone (biofacies) 29, and which
peneropliform and compressed axially. A simpleis "most likely Turonian" (Wynd, 1965) or intfBuronian
proloculus followed by a planispiral evolute stage and di.e. no younger than middle Turonian in age (Simmons
later uniserial stage. Chambers contain internal structures al., 2024a) and represents the youngest preserved
in the form of Apil | ar s o Sarvak Formaion.sSbhéagirgweitoef al. @023a) dgfimealg@ b |
situated in the median plane of the chamber. In th&eticulinell® i Mangashtia foraminiferal association
marginal zone of the chamber, this pilaroid structurgZone 29b) in recognition of this.
forms intercalating digitations between two apertures of Purported records ofM. viennoti from the
the same row, but it never reaches the lateral walCenomanian part of the Sarvak Formation or its regional
Subepidermal partitions are absent. Apertures are alignedjuivalents (often unverified by illustrationdhould
in rows that alternate from one side of the equatoriainostly be treated with caution (e.g., Afghah & Fadaei,
plane to the other. Thud,evantinella differs from 2014 illustration indeterminate; Jamalpour et al., 2017
Mangashtiain the presence of a planispiral stage and inllustration indeterminate; Douskohajer et al., 2022
the presence of multiple apertures in alternating raws. and Moghaddam et al., 2024 illustrated but incorrectly

egyptensigs the identity ofthe taxon described fromthe i dent i fi ed) . An ex €glpdomian i s
Jurassic but ascribed td. viennoti(e.g., Gollesstaneh, iranicab by Esf andyar.i et al . (2«
1965; Hughes, 1996, 20044, b). specimen oM. viennoti Unfortunately, there is no clear

The taxonomy of this species has undergone definition of where in the Sarvak Formation this
relatively complex pathway and was once proposed to b&pecimerwas recovered from, but much of the associated
the possible senior synonym of Biplanata fauna is late Cenomanian. Whittaker et al. (1998)
peneropliformis (Whittaker et al., 1998) but regarded the types oM. viennoti as being of late
Schlagintweit et al. (2023a) and Simmons & BidgoodCenomanian age but gave no explanation for their
(2023) disagreed with that opinion and regard the two easoni ng. Naagashtacsp . wf f riom
species as distinctly separate, although certain views probable late Cenomanian Mishrif Formation of Kuwait
random thinsections do show superficial similarities (see(El-Naggar & AFRifaiy, 1973) are not this genus, and are
Schlagintweit et al., 2023a, for comparative illustrations)possiblyCycledomia
Neverthelessrecordsin the literature where the two Records from sediments younger than Turonian are
species have been mistaken for one another occur aatbo doubtful (e.g., from the Santonian of the Persian
which has complicated evaluation dfl. viennotis  Gulf 7 Ilam Formationi by Mehrabi et al., 2023a,
stratigraphic distributionMangashtiahas many annular illustrated but identification doubted Schlagintweit et
chambers an@iplanatais entirely planispiral (and later al. 2024c). Abdolahi et al. (2024) reported but did not
uncoiled). The periphery oB. peneropliformisis also illustrate M. viennoti from the Turonian uppermost
much more angular than that bF. viennotiand the test Sarvak Formation and the overlying Santonian llam
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Formation in a well from the Dezful Embayment of the Cuneolinaex gr.pavoniad 6 Or bi gny, 1846
Iranian Zagros. Figure 17

Geographic Distribution: Restricted to the Arabian
Plate/Zagros region. The species is apparently abseh839 Cuneolina pavonian. sp i d 6 Or bi gny, p.

from the circuraMediterranean region (e.gvelil 2007;  Nomen nudern no description.
Chiocchini et al., 2012Frijia et al., 2015; Schlagintweit T 1846 Cuneolina pavonia d 6 Or bi gny, -p. 253,

et al., 2023a). 52; Turonian (reinterpreted as Cenomanian), western
France.
Suborder ATAXOPHRAGMIINA Fursenko 1958 1850 Cuneolina conican. sp.i d 6 Or bi gny, p.
(diagnosissenswtKaminski, 2014) Turonian (reinterpreted as Cenomanian), western France.
Superfamily ATAXOPHRAGMIOIDEA Schwager 1900Cuneolina conicd Schlumberger, p. 46462, pl 8,
1877 (diagnosisensu_oeblich & Tappan, 1987) figs. 810; Turonian (reinterpreted as Cenomanian),
Family CUNEOLINIDAE Saidova 1981 (diagnosis western France.
sensu_oeblich & Tappan, 1987) 1947 Cuneolina walterin. sp.i Cushman & Applin, p.
Subfamily CUNEOLININAE Saidova 1981 (diagnosis 30, pl. 10, figs 45; middle Cenomanian, Florida
sensuLoeblich & Tappan, 1987) 1948bCuneolina pavoniaar. parvavar. nov.i Henson,
Genus Cuneolina d 6 Or bi gny 1839 ( ppe 624627,gpbXIVe figsl1-6;fplo XVII, figs. 7-12; pl.
diagnosis) XVIII, figs. 12-14; Santoniarfvariously reinterpreted as
Albian or Turonian), Egypt.
Cuneolina compress&chlagintweit, 1988 1961 i Cuh Euwillier, plaXdl§ fig. 1; AiLower
Figure 16 Senoniano, Aquitaine, France.

1962 Cuneolina pavonia parva Sartoni & Crescenti, p.
1976 Cuneolina sp. i Luperto Sinni, pl. 30, fig. 4; 278279, pl. 31, fig. 2; pl. 32; pl. 47, figs-@; Albian i

Senonian, Italy. intra-Late Cretaceous, southern Italy.

T 1988 Cuneolina pavonia compressa. sp i 1964 Cuneolina pavoniai Loeblich & Tappan, figs.
Schlagintweit, p. 25, pl. 1, figs.-11; late Turonian or 193/1-2; Cenomanian, western France.

Coniacian, Germany (Northern Calcareous Alps). 1964 Cuneolina spi Bozorgnia & Banatfti, pl. LXXVII,
2025 Cuneolina compressa Schlagintweit et al., p.253, fig. 2; late Albiani Cenomaniangentral Iran.

figs. 5052; Cenomanian, SW China (Tarim Basin). 1964 Cuneolina spi Bozorgnia & Banafti, pl. LXXX,

fig. 2; Cenomanian, Iranian Zagros.

Reference Images  Schlagintweit (1988); 1964 Cuneolinacf. hensonii Bozorgnia & Banatfti, pl.
Schlagintweit et al(2025). LXXIX, fig. 1; Cenomanian, Iranian Zagros.

Taxonomy/ldentity: The name refers to the reduced? 1965Cuneolina pavonia parva Gollesstaneh, p. 165
test thickness (= strong compression in the plane df66, pl. 24, figs. 4 ; Early Cretaceous (precise age
biseriality) compared to the tygpeciesC. pavoniaand uncertain), Iranian Zagros.
other species. With a comparably thin wall, fine septa an@l965Cuneolina walterii Applin & Applin, pl. 2, figs.
radial partitions, as well as the rudimentary character d?; middle Cenomanian, Florida.
the partitions,C. compressaan be regarded a primitive 1967 Cuneolina conica’ Bismuth et al., pl. 12, fig. 8;
species of the genwBuneolinadifferentiatng it from all Cenomanian, Tunisia.
other species described. Some similarities exist t4967 Cuneolina pavoniai Neumann, pl. 53, fig. 1;

Vercorsella(ex Cuneolina) tenui§¢ Vel i | & )Gu Gdndmaniah, v@strn France.
a taxon from the Valanginian of Croatia (3¢e | i | , ID&CuUNhgolina conicd Gendrot, p. 67®77, pl. 4, fig.
and Albania (Schlagintweit et al., 2008). 16; Santonian, southern France.

C. compressavas originally destbed as a subspecies 1968 Cuneolina pavonia Gendrot, p. 67®77, pl. 4,
by Schlagintweit (1988) because of a smaller size anfigs. 1719; Santonian, southern France.
thickness compared 0. pavonia It is now elevated to a 1969 Cuneolinasp.i Sampo, pl. XXXVII, fig. 16; pl.
full species (see also the WoRMS catalogutayward et XLII, figs. 13, 17; Aptian, Cenomanian, Iranian Zagros.

al., 2025). 1973 Cuneolina pavonigarva i Berthou, p. 2, fig. 3;
Confident Stratigraphic Range Cenomaniani late Cenomanian, Portugal.

Coniacian. 1974 Cuneolina pavonid SaintMarc, p. 220, pl. 2, fig.
Uncertain Stratigraphic Range not applicable. 1; Albiani Turonian, Lebanon.

Geographic Distribution: So far recorded (with 1974 Cuneolinagr. pavoniai Bignot & Poisson, pl. 1,
illustrations) only from its typdocality in southern fig. 1; pl. 2, fig. 1; Cenomanian, Turkish Taurides.
Bavaria (Northern Calcareous Alps, Germany), from Italy? 1976lragia simplexHensoni Kalantari, pl. 15, fig. 10;
and from far to the east in southwestern Chiharim  Albian, Iranian Zagros.
Basin).Vel i | (2007, p. 18) r €976 Cuheelidacft paveonia$ Kataotaried. 18y pl.t2B,0 u t
illustration from the late Turonian of Croatia. fig. 5; Cenomanian, Iranian Zagros.
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Cuneolina compressa Schlagintweit, 1988

Thin radial partitions
(septulae) and septa

Subepidermal
partitions
(beams/rafters) only
poorly developed cf.
C. ex gr. pavonia

Test compressed in
plane of biseriality

Fig. 16. Representativdlustrations of Cuneolinacompressaa. Median section, Schlagintweit (1988, pl. 1, fig. 1
Germany);b. Axial section, Schlagintweit (1988, pl. 1, fig. 7, Germany);Transverse section, Schlagintweit et a
(2025, fig. 5(8), NW China)j. Transverse section, Schlagintweit (1988, pl. 1, fig. 9, Germany).

1976 Cuneolinagr. pavoniai Decrouez, p. 782, pl. 14, 1982 Cuneolina pavonid Mouty & SaintMarc, pl. 1,
figs. 34, pl. 17, figs. 1, 5; Late Cretaceous, Gredme[ fig. 9; latest Aptiari Cenomanian, Syria.

Cvetko Tegovil et al ., 20 @984Cuneolinagr. pavoniai Chiocchini et al., pl. 5,
1977 Cuneolina pavonid Rey et al., p. 381, pl. 3, figs. figs. 1-3; mid-Cretaceous taly.

8-9; late Albian, Portugal. 1985 Cuneolina conicai Bilotte, pl. 5, fig. 3;
1977 Cuneolina pavonia parva Ve | i [ , p -3, €ehgmarian, grench Pyrenees.

5; early Albian, Croatia. 1985Cuneolina gr. pavonigarvai Bilotte, pl. 5, fig. 4;
1977Cuneolina pavonid Ve | i i, pl :7;e&lp , late Capnamaniafh, Frer®h Pyrenees.

Albian, Croatia. 1988 Cuneolinagr. pavoniai Kuss & Schlagintweit, p.
1977 Cuneolinaex. gr.pavonia parvai Vel i [ , B3, pl. 183 fig, 5; pl. 20, figs.-20; latest Aptiari early
figs. 24; late Albian, Croatia. Cenomanian, Sinai, Egypt.

1978 Cuneolinagr. pavoniai Decrouez, pl. 1, figs.-3; 1988 Cuneolina pavonid Sartorio & Venturini, p. 109,
earlyi late Cenomanian, Greece. 112, 113; AlbiarSantonian; Italy.

1978 Cuneolinasp.i Luperto Sinni & Richetti, pl. 46, 1988 Cuneolina pavonid Sartorio & Crescenti, p.113;
figs. 1-11; Santoniafi Maastrichtian, southern Italy. ALower Senoniano, southern It

1979 Cuneolina pavonia parv&artoni & Crescenti [sic] 1990Cuneoina pavoniai Weidich & Al-Harithi, p. 604,
T Bachmann & Risch, pl. 8, figs-9; early Cenomanian, pl. 3, fig. 6; pl. 4, fig. 24; late Albiaii Cenomanian,

Greece. Jordan.

1981 Cuneolina pavonid Bismuth et al., pl. 1, figs.-B;  1990Cuneolina pavonia Gr i bar & Pl eni | ar ,
late Cenomanian, Tunisia. late Turonian, Slovenia.

1981 Cuneolina pavoniai SaintMarc, pl. 1, fig. 4; 1991Cuneolina pavonia parva Schlagintweit, p. 36, pl.

Albiani Turonian, Lebanon. 11,figs. 1316; late Aptiari early Albian, Austria.

1982Cuneolinagr. pavoniai Alté ner & De c r @99¥Cuneolina lwalteriB Scott & Gonzalez eon, p. 58,
figs. 1314; Aptiani Cenomanian, Turkish Taurides. fig. 50; Albian, Mexico.
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Cuneolina ex gr. pavonia d’Orbigny, 1846

Convex apertural c. 1mm
face

Height of
chamberlets
c. 2x width

Radial partitions
Subepidermal (septulae)

partitions Short, seconda
: ry
(beams/rafters) radial partitions

Proloculus

Subepidermal partitions

Biserial fan-shaped
test of variable width
and apical angle (blue)

Biserial chamber
arrangement visible in
certain orientations

Fig. 17. Representativdlustrations ofCuneolinaex gr.pavonia a. Subequatorial section, Whittaker et al. (1998, p
45, fig. 8, Egypt)b. Subequatorial section, Whittaker et al. (1998 pl. 46, fig. 2, EggpBarallel section (normal to
radius), Whittaker et al. (1998, pl . 46, fdi Subequdtorial E
section, Schlagintweit (1992, pl. 2, fig. 1, late Turonian or Coniacian, Augtriéjial section, Schlagintweit (1992, pl.
2, fig. 2, late Turonian or Coniacian, Austri&);Axial section, Ali Alibrahim personal image (unpublished, middl
Turonian, Jordan).

1992 Cuneolinaex gr.pavoniai Schlagintweit, p. 336 2000 Cuneolina pavonid Benedetti et al., fig. 54; Late
337, textfig. 6; pl. 2, figs. 16; Cenomaniaii Coniacian, Cretaceous, Montenegro. )
Austria. Demonstrates the initial chambers are planispirdd001Cuneolina pavonia Cvet ko Tegov4 |

rather than trochospiral. 602, fig. 6BC; Campanian, Brac Island, Croatia.
1993 Cuneolina pavonid Grotsch et al., fig. 5E; late  2004Cuneolinagr. pavoniai Menegatti, p. 2/242/25, pl.
Albian, Slovenia. 7, fig. 5; pl. 8, figs. 23, 6; pl. 9, fig. 5;Cenomanian,

1995 Cuneolinasp. cf.C. pavoniai ArnaudVanneau & Dubai.

Sliter, p. 554, pl.4, figs.-b; late Albian, MidPacificsea  ? 2005Cuneolina pavonjsic] i Vaziri et al., p. 2, figs 5
mounts. 7, Campaniari Maastrichtian, central Iran. [Fragmentary
1995 Cuneolina parvai ArnaudVanneau & Sliter, specimens].

et

p.554, pl, 5, figs. @®; late Albian, MidPacific sea  2006Cuneolina pavonid Husi nec & S#&kal ,

mounts. Albian, Croatia.

1998 Cuneolina pavonia parva Whittaker et al., p. 28° 2006 Cuneolina pavonid Tas | é et adle’i,
29; pl. 4, figs. 12; pl. 45, figs. #8; pl. 46, figs. 16; Type late Cenomanian, Turkish Taurides.

material of Henson (1948b) of uncertain age (see textp009Cunelina pavoniai Sari et al., pl. 3, fig. 7; iddle

Egypt. Cenomaniari Coniacian, Turkish Taurides.

1999 Cuneolina walterii Scott & Finch, fig. 4AC; late  ? 2009Cuneolina pavonid Shirazi et al., pl. 1, figs. 10
Albian, Honduras. 11; Albiani Cenomanian, Iranian Zagros [Fragmentary
2000 Cuneolina pavoniai AguileraFranco, p. 160; specimens].

middlei late Cenomanian, Mexico. ? 2009Nakkadyia awadin. gen, n. spi Ismail et al.,
2000 Cuneolina conicai AguileraFranco, p. 161; 402403; textfig. 4; pl. 3, figs. 15; pl. 4, figs. 24;
middlei late Cenomanian, Mexico Cenomanian, Egypt.
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2010Cuneolina pavonid Spalluto & Caffau, fig. 13A
B; Albiani Cenomanian, southern lItaly.

Non 2011 Cuneolina pavonid Shirazi et al., pl. 2, fig.
16; Albian, Iranian Zagros. [=Indeterminate textulariid].
2011 Cuneolina parval Filkorn & Scott, p. 186, figs.
4.94.12; late Albian, Mexico

? 2011Cuneolina pavonia Roozbahani, pl. 1, fig. 11;
Albian, central Iran. Indeterminate fragment.

? 2011 Cuneolina walterii Roozbahani, pl. 2, fig. 3;
Albian, central Iran. Indeterminate fragment.
2012Cuneolina pavonid Ghanem et al., fig. 6¢/3, 8, 11;
fig. 6d/1-2 ; Albiani Cenomanian, Syria.

2012 Cuneolina pavoniai Chiocchini et al., pl. 96;
middle Cenomanian, southern Italy.

2012 Cuneolinasp. 17 Chiocchini et al., pl. 82; aly
Cenomanian, southern Italy.

2012 Cuneolina pavonid Orabi et al., fig. 5A, C; late
Cenomanian, Egypt.

2012 Cuneolina parval Orabi et al., fig. 5B; dte
Cenomanian, Egypt.

2012Cuneolina cylindricaHensoni Orabi et al., fig.5;

2017 Cuneolina pavonia Hamedanian et al., pl. 1/F;
Aptian, Iranian Zagros.

? 2017Cuneolinagr. pavoniai Kog, fig. 6/G12; Aptian,
Turkish Taurides.

2018Cuneolina pavonid Luger, p. 6667, pl. 6, figs. 1,
2, 5; late Albiani Early Cenomanian, Somalia.
2019Cuneolina pavonid Omafia et al., p. 709, fig. 10a
b, mddlei late Cenomanian, Mexico.

2019 Cuneolina parvai Omafa et al., p. 76911, fig.
10c¢f; middlei late Cenomanian, Mexico.

? 2019Cuneolina pavonia Kiarostami et al., pl. 1K;
Cenomanian, Iranian Zagros.

2019Cuneolina pavonid Saeedi Razavi et al., pl. 2, fig.
10; Cenomanian, Iranian Zagros.

2019 Cuneolina pavonia Solak et al., fig., 8H; fig.
10T; mddlei late Cenomanian, late Campanian, Turkish
Taurides.

2019Cuneolina pavonid Tas | &
Albian, Turkish Taurides.

2019 Cuneolinaex gr.pavoniai Ozkan & Alter, fig.
9/14; arly 7T middle Cenomanian (as interpreted by

& Sol ak,

late Cenomanian, Egypt. [May be an obligue and/oSimmons et al., 2020), soudtastern Tirkiye.

partial section].

2012 Cuneolina pavoniai Spalluto, fig. 4a; Albiani
Cenomanian, southern Italy.

2013Cuneolina parvd Ghanem & Kuss, fig. 10/13; fig.
12/13; Albiani Cenomanian, Syria.

2013 Cuneolina pavonia Ghanem & Kuss, fig. 11/2;
Albiani Cenomanian, Syria.

2013Dicyclinasp.i Ghanem & Kuss, fig. 12/3Rlbian

T Cenomanian, Syria.

2013 Cuneolina pavonida Omafa et al., pl. 1, fig. 2; pl.
5, fig. 5; late Cenomanian, Mexico.

? 2013Cuneolinaaff. C. parvai Hfaiedh et al., fig. 12/L
N; Aptian, Tunisia.

2013Cuneolina hensorii Shanin & Elbaz, pl. 1, fig. 44;
late Cenomanian, Sinai.

2013 Cuneolina pavonid Shanin & Elbaz, pl. 1, figs.
45-46; late Cenomanian, Sinai.

2014bCuneolina pavonid Omidvar et al., fig. 4/3; late
Cenomaniani intramiddle Turonian (as interpreted
following Simmons et al., 2024a), Iranian Zagros.

2014 Dicyclina schlumbergeri Afghah et al., Fig. 11F
early Cenomanian(?), Iranian Zagros.

2015Cuneolina conicd Albrich et al., fig. 13 H, O; fig.
14 GD; Campanian, Spain.

2015 Cuneolina pavoniai Solak et al., fig. 9A;
Cenomaniari Coniacian, Turkish Taurides.

2016 Cuneolina pavonid Rikhtegarzadeh et al., pl. 3,
fig. 1, Cenomanian, Iranian Zagros.

Non 2016 Cuneolina pavonia Ghaseminia et al., fig.
4L; Cenomanian, Iranian Zagros.
textulariid].

2017 Cuneolina pavonid Ahmadi et al., pl. 1, fig. 11;
Albian i Cenomanian (probably late Albian early
Cenomanian), Iranian Zagros.

2017 Cuneolina pavonid BouDaghetFadel et al., fig.
11/8-10; Albiani early Cenomanian, Tibet.

2020Cuneolinasp.i Haftlang et al., fig. 2/24; Santonian,
Iranian Zagros.

? 2020Cuneolina pavonia Randazzo et al., fig. 9R;
AlbianT Cenomanian, Sicily.

2020Cuneolina pavonid Solak et al., fig. 6T?; fig. 11N
O; fig. 14S; Albian?, late Cenomaniar Turonian,
Turkish Taurides.

2021Cuneolina parvd Solak et al., p. 678, figs. 53.3;
Albian, Turkish Taurides.

2021 Cuneolina pavonid Sinanoglu, p. 27277, pl. 1,
figs. 1516; Maastrichtian, southern Turkiye.

2021 Cuneolina pavonida Saedi Razavi et al., pl. 1, fig.
8; late Cenomanian (as interpreted herein),
Zagros.

2021 Cuneolinasp. i Ozkan, fig. 11/13; Campanian,
southeast Turkiye.

2021 Cuneolina pavonid DoustiMohajer et al., pl. 1j;
Cenomanian, Iranian Zagros.

? 202XTuneolina pavonia Nagm et al., fig. 4Elate
Cenomanian, Egypt.

2021 Cuneolina parval Solak, pl. 2AC; middle i late
Cenomanian, Turkish Taurides.

2021 Cuneolina pavoniai Solak, pl.
Cenomanian, Turkish Taurides.

2021 Cuneolina pavoniai Gholamalian & Fanati
Rashidi, pl. 3, fig. 1Cenomanian, Iranian Zagros.

2021 Dicyclina schlumbergeri Radmacher et al., pl. 1,
figs. 89; Albian-Santonian Guatemala.
Non2022Cuneolina pavonid Esfandyari et al., fig. 25c;

3EF; late

[IndeterminateCenomanian, lIranian Zagros. [ProbabBraetaberina

bingstan].

? 2022Cuneolina pavonid DoustiMohajer et al., fig.
41; Cenomanian, Iranian Zagros. [Test is possibly
annular, thus suggestimjcycling].
2023Cunelina gr. C. pavoniar So | a k
K; late Aptiani Albian, Turkish Taurides.
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2025 Cuneolina pavoniai Salmouna et al., fig. 15D; varies too greatly to use the width of individual tests as a

Turonian, Tunisia. characteristic measurement
2025Cuneolina pavonig?parva) i Messaoud et al., fig. A description ofC. conicais similar (Albrich et al.,
8 (f-g); Turonian, Jordan. 2 0 1 SFpreshaffied shell, biserially arranged, with low

and broad chambers occupying an opening angle [apical
Reference Images Schlagintweit (1992); Whittaker angle] of about 70°. The number of chambers is about 20.
et al. (1998). The shell varies from 0.7mm to 1.2 mm in length. The
Taxonomy/ldentity: As noted by Scott & Gonzalez exoskeleton consists of wdkveloped beams and rafters.
Leon (1991), discrimination among the species offThe number of beams per chamber can reach about 20 in
Cuneolina(currently composed of 16 accepted speciesthe last chambeér .
WoRMS.orgi Hayward et al., 20255 difficult because C.pavoniawas menti oned by doéOrbi
many were defined by exterior features and the description subsequently provided by him in 1846
corresponding features or internal features are not knowmased on material from lle Madam, France. Although

in the same detail for each species. Furthermore; thibr i gi nal ly considered as Turo
sections usually reveal only partial sections through th& Tappan (1964) regarded the types as Cenomanian.
specimens. Schlumberger (1900) subsequently described the species

As can be undersbd from the long synonymy list from the Santonian of Spain.
(which is only partial and does not include unillustrated C. parva was originally described as a subspecies
records of which there are many), relatively large- fan(because of a smaller size) @ pavoniaby Henson
shaped cuneolinids are common components qfl948b) but has often been regarded as a species in its
Cretaceous Neotethyan carbonate sediments. They aen right (e.g. Arnaud/anneau & Sliter, 1995). It was
known from Central America (e.g., Filkorn & Scott, first described from Egypt from a section considered to
2011),theperMe di t er r anean ( e. g .be SSantomi&n, &ut Bubseduenily r2dar2idl) as Albian
the Middle East (e.g., SaiMarc, 1974), Tibet (e.g., (ArnaudVanneau & Sliter, 1995) or Turonian (Whittaker
BouDagheffFadel et al., 2017), and guyots in the Pacificet al., 1998).
(e.g., ArnauevVanneau & Sliter, 1995). These haeen C. walteri was described from the middle
described under a variety of names suchCaseolina Cenomanian of Florida (Cushman & Applin, 1947;
pavoniad 6 Or bi gny (t he Cuheplmg  Applia & Applis, 1965), with a supposed relatively small
Cuneolina parva Henson and Cuneolina conica size: Length up to 1.00 mm; breadth up to 1.40 mm;
d6Orbigny. Some aut hor s nkickmeds 8.830rmmitTheartdistiscesptares are said ® peeac | e
can be distinguished (e.g. ArnaV@nneau & Sliter, distinguishing feature, and it has a markedly flaring test.
1995; Ghanem & Kuss, 2013), others place them intdlonetheless, Filkorn & Scott (2011) regarded it as
synonymy (with C.pavoniathe senior synonym) (e.g. synonymous wittC. parva(see also Omafia et al., 2019),
SaintMarc, 1974; Luger, 2018), and there are advocates turn noting that this is hardly distinguishable fr@n
to use a figr ouénierc o0& cepdr qarenay,. 1A98&2 ;
Simmons & Hart, 1987; Kuss & Schlagintweit, 1988; The Early Cretaceous speci€duneolina hensoni

Schl agint weit, 1992; S ol a Ralbiez, T98&i$ |milar 2D @x3Jy). pavoiacbut hdsmg a f
taxonomic review and evaluation of inspecific much coarser internal structure with broad rectangular,
variati on, weCurediraéx grtphvartiad uaneost equarefichamberlets. There are a number of other

is the best solidn for the moment and includes a groupCretaceous species of cuneolinid¥hese include
of similar taxa that are hard to separate from one anoth€uneolina axinoideg&rnaudVanneau, 1980Vercorsella
in many thinsections. This include€. pavonia, C. arenataArnaudVanneau, 1980Scythiolina camposaurii
parva, C. conica and Cuneolina walteriCushman & (Sartoni & Crescenti, 1962); Vercorsella
Applin. This grouping does not includ€uneolina laurentii (Sartoni & Crescenti, 1962);Vercorsella
compressaSchlagintweit, 1988 that is smaller, with a scarsellailDe Castro, 1963); andCuneolina sliteri
thinner wall, and with finer septa and radial partitions.  ArnaudVanneau & PremolBilva, 1995 and other
The following description by Kuss & Schlagintweit species assigned tdScythiolina Neagu 1997 and
(1988) is a wuseful €unevina r Wistemlina Ndagu 1997n Ale pré sroaller fand less
ex gr.pavonfika®presents a h ifladpeiliforyn thath@ exegt.pavereadand with fewer radial
flabelliform Cuneolinawith a convex base [apertural partitions and typically no or few secondary subepidermal
face]. The primary chambers of the test are divided bpartitions. Those assigned Wercorsellahave a slilike
radial partitions into chamberlets, forming narrow aperture including the earliest speci&s, halleinensis
rectangular shapes with a height approximately twiceSchlagintweit & Gawlick, 2005 from the late Tithonian
width. Secondary subepidermal partitions (bothearly Berriasian of Austria, also recorded by Hosseini &
horizontal and vertical) are developed. Unilocular Conrad (2008) from the Berriasiar an. The poorly
proloculus large, measuring about 0.11 mm in diameterknown Late Cretaceou€uneolina cylindricaHenson,
Size (in mm): height: 0.762.0 mm; thickness 0.270.3  1948b is characterised by an acute apical angle leading to
mm. The angle of inclination [apical angle] of the testa narrow, cylindrical test shape.
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Cenomanian loftusiid species: identity & stratigraphic ranges

Random sections @. ex gr.pavoniacan be confused Pseudotextulariella cretoséCushman, 1932)
with the discoidal genuBicyclina (see separate species Figure 18
entries) that has annular chambers. As mentioned by
Brénnimann et al. (1983)Dicyclina represents a more T 1932Textulariella cretosan. sp i Cushman, p. 988;
specialized form and is regarded as the final stage in th@. 11, figs. 1719; Cretaceous, southern England.
evolution of a flabelliformCuneolina. Nakkadyia awadi 1937 Textulariella cretosd Cushman, p. 61, pl. 6, figs.
introduced by Ismail et al. (2009) from the Cenomaniar26-28; Cretaceous, southern England.
of Egypt might be an intermediate form between1948Textulariella cretosd Williams-Mitchell, p. 97, pl.
CuneolinaandDicyclina (and is considered as a taxon of8, fig. 1; early CenomanianS¢hloenbachia varians
uncertain status by WoRMS.ofgHayward et al., 2025). Zone), southern England.
Given that it is not truly annular (i.e. it is said to be-fan 1953Pseudotextulariella cretosgCushman) Barnard in
shaped) it is tentatively regarded as a synonym oBarnard & Banner, p. 19899; fig. 6Bl; early
Cuneolinaex gr. pavoniaperding further research. As Cenomanian fchloenbachia variansZone), southern
noted by Schlagintweit (1Bngland. and Cvetko Tegovil et
(2001) the embryonic apparatus of advan€aoheolina 1963 Pseudotextulariella cretosa Barnard, p. 4&1, pl.
ex gr.pavoniacomprises a globular eccentric proloculus7, figs. 16, 8; textfigs. 6ad, 7af, 8ac; early
surrounded by low and wide chambers (i.e. with a&enomanian $chloenbachia variansZone), southern
subembryonic zwe similar to that of Dicyclina  England.
schlumberge)i However, that ofD. schlumbergeriis 1964 Pseudotextulariella cretosé Loeblich & Tappan,
larger and more complex. Axial sections also have &g. 202 (34); Cenomanian, southern England.
similarity in the nature of septa and subepidermal965 Pseudotextulariella cretosai Charollais &

partitions. Bronnimann, pl. 2, figs. -&; pl. 3, figs. ab; early
Confident  Stratigraphic Range  Aptian i Cenomanian chloenbachia variansZone), southern
Maastrichtian. Common records throughout this range. England.
Uncertain Stratigraphic Range not applicable. 1966 Pseudotextulariella cretosai Grbnhagen &

The long range ofC. ex gr. pavonia is well  Luterbacher, texfigs. 1-3; Cenomanian, Swiss Jura.
established. Sartoni & Crescenti (1962) introduced 4966 Pseudotextulariella cretos& Bronnimann, pl. 3,
biozone of Cuneolina pavonia parvdor the Albiani figs. 1-2, 5; early CenomanianS¢hloenbachia varians
Cenomanian and ofCuneolina pavonia parvaand Zone), southern England.

Dicyclina schlumbergerifor the Turoniani Senonian Non 1972 Pseudotextulariellasp. cf. P. cretosai El-
(intra-Late Campanian) period of the southern Apenninedaggar & AF}Rifaiy, fig. 5 (34); middle T late
Italy. However, according to Chiocchini et al. (2012) theCenomanian, Kuwait [simple biserial form].

range ofCuneolina pavoni@n the Apennines is restricted 1972 Pseudotextulariella cretos&a GaworBiedowa, p.

to within the late Cenomaniahe oldest specimens of 34-35, pl. 3, figs. 4&; Cenomanian, Poland.

C. ex gr. pavonia appear to be Aptian (Atn er ?&975Pseudotextulariella cretosa Heller, pl. 2, fig. 1;
Decrouez, 1982; Mouty & SakMlarc, 1982; Kuss & Cenomanian, Poland [poor external view only].
Schlagintweit, 1988, Schlagintweit et al., 2016; Solak &1977 Pseudotextulariella cretosa Carter & Hart, p. 23
Tas!| &, 1264abbyi Gohedstaneh, 1965 and Kog, 24, pl. 2, fig. 12; early middle Cenomanian, southern
2017) and the taxon has long been regarded as longngland.

ranging throughout the mi@retaceous and into the upper 1980 Pseudotextulariella cretosa Frieg, p. 238, pl. 2,
part of the Late Cretaceous (Sawvita r c , 1 9 7 4figs. VI-13; éarly i middle Cenomanian, northern
2007) . Barremi an recor ds Gérmany . Soklil, 2019) ar e
confirmed by illustration. It appears to range throughout 983 Pseudotextulariella cretosa Peryt, p. 438, pl. 21,
the Late Cretaceous to the Maastrichtian (Caus &ig. 6; earlyi middle Cenomanian, Poland.
Cornell a, 1983; Si nano]j | u? 1888 Psautiotextularizl@a 20 ¢retosagSchroedeg& a
long range of Aptiaii Maastrichtian. Willems, pl. 4, fig. 6; Cenomanian, northern Spain

Locally, the inception or extinction o€. ex gr. [indeterminate].
pavonia may have stratigraphic significance (e.g.? 1985Pseudotextulariella cretosa Weidich, pl. 4, fig.
Aguilero-Franco, 2000, 2003), but given the long range2; early i middle Cenomanian, southern Germany
of the taxon these will biaciescontrolled events. [indeterminate].

Geographic Distribution: Very widespread from the 1987 Pseudotextulariella cretosa Leary, p. 75, pl. 13,
Caribbean/Central America region (including ridcific ~ figs. 1-3; late Cenomanian, North Sea.
seamounts), and through Neotethys as far east as Somal@89 Pseudotextulariella cretosa Hart et al., pl. 7.2;

and Tibet. figs. 1212; intraearly i middle Cenomanian, southern
England.

GenusPseudotextulariellaBarnard in Barnard & Banner, 1989 Pseudotextulariella cretosa Frieg, texifig. 2, pl.

1953(see Table 1 for diagnosis) 1, figs. 12, 411; intralate Albian 7 intra-early

Cenomanian, northern Germany.
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1990 Pseudotextulariella cretosa Hart et al., figs. 3, |, P. cretosais a distinctively large (up to 1.75 mm in

0; intraearlyi middle Cenomanian, southern England. test height and maximum diameter) and complex species
1991 Pseudotextulariella cretosia Packer, pl. 2, fig. 13; with multiple orders of rafters (see Table 1 of
Cenomanian, Denmark. Schlagintweit & YazdiMoghadam, 2023). Only two

? 1993Pseudotextulariella cretosa Al-Rifaiy et al., pl. orders of beams appear to be present. However, some
1, fig. 8; late Cenomanian, Jordan [external view only]. specimens are quite smallsee GawoBiedowa (1972)
1993Pseudotextulariella cretosiaWitte et al., pl. 2, figs. who recorded dimensions of around 0.6.9 mm. Frieg

8-9; middle Cenomanian, Netherlands. (1989) considered that both simple, smaller,
1996 Pseudotextulariella cretosé Mitchell, pl. 1, figs. microspheric, and more complex, larger, macrospheric
9-10; earlyi middle Cenomanian, northern England. forms occurred. P. brevicamerata(see below) and

? 1996Pseudotextulariella cretosa Zghal et al., pl. 1, Valanginian Pseudotextulariella courtionensis
figs. 9-10; middle Albian (range given as middlelate  Bronnimann, 1966 are smaller and only have one order of
Albian), Tunisia [uncertain external view only]. rafters and reduced height of chamber lumen.
1998Pseudotextulariella cretosa Mitchel & Carr, pl. 4, Other supposed species dfseudotextulariellai

fig. 4; intraearly T middle Cenomanian, southern Pseudotextulariella salevensiharollais, Bronnimann &
England. Zaninetti, 1966 Pseudotextulariella scarsell&e Castro,
2000Pseudotextulariella cretosaHerngreen et al., pl. 3, 1963, Pseudotextulariella subalpinArnaudVanneau,

fig. 82; middle Cenomanian, The Netherlands. 1980 Rseudotextulariella barnardi Gollesstaneh,

2002 Pseudotextulariellesp. i Csészar, pl. 4, figs.-8; 19651 can be assigned to other genera (see WoRMS
late Albiani early Cenomanian, Hungary [age is basednline catalogue, Hayward et al., 2025; Schlagintweit,
on the presence of the genus]. 2014). Pseudotextulariellasp. 1 of Chiocchini et al.
2002 Pseudotextulariella cretosa Bucur & Baltres, p. (1994) from the late Cenomanian of Italy, is a simple
83-84, pl. 3, figs. 110, pl. 4, figs. 18; early Cenomanian, biserial form, without the architectural complexity of the

Dobrogea, Romania. genus.

Non 2013 Pseudotextulariella cretosa Shahin & Elbaz, The holotype ofP. cretosa(external view) has been
pl. 2, figs 12; Cenomanian, Sinai, Egypt [lacks re-illustrated by Smithsonian National Museum of
complexity of internal architecture]. Natural History (https://collections.nmnh.si.eci@arch

2021 Pseudotextulariella cretosa Besen et al., p. 424, paleo/?ark=ark:/65665/3aaf1d197dc954c1680875acc558
fig. 85 undifferentiated late Albiaii (middle) Turonian, 00236).

northern Germany. https://www.marinespecies.org/aphia.php?p=taxdetails&i
2023 Pseudotextulariella cretosa Schlagintweit & d=1045991

YazdiMoghadam, fig. 5 [specimens illustrated by Confident Stratigraphic Range Intra-late Albiani

Bronnimann, 1966]. late Cenomanian (common in suitable facies within the
intra-earlyi middle Cenomanian)
Reference ImagesBronnimann (1966). Uncertain Stratigraphic Range middle Albian,

Taxonomy/ldentity: This species was introduced by Turoniani Coniacian.
Cushman (1932) a$extulariella cretosawith a limited A species whose range is highly factEpendent.
description from the Cretaceous Chalk of southerrSupposedly (according to Barnard, 1963) the type
England. It was adopted by Barnard (in Barnard &specimens are from the Lower Chalk at Charing, Kent,
Banner, 1953) as the type species for his new genungland (early CenomanianSchloenbachia varians
Pseudotextulariella Further information was given by Zone). WilliamsMitchell (1948) and Barnard & Banner
Barnard (1963), Charollais & Bronnimann (1965), Frieg(1953) considered thespecies a useful markdor this
(1989), Bucur & Baltres (2002), and Schlagintweit & zone. In more recent research, Wilkinson & Hopson
YazdiMoghadam (2023). (2011) recognised the inception dP. cretosa as

Pseudotextulariellas subconical, early stage triserial indicating foraminiferal Zone 9 of Carter & Hart (1977),
(no trochospiral initial stage e.g., Loeblich & Tappan,UKB3 of Hart et al. (1989) and BGS 2 of Wilkinson
1987), later biserial with chambers subdivided by vertica(2011) which indicates a level close to the base of the
and horizontal partitions (beans and rafters). The apertudixoni Zone or high in thenantellizone. Carter & Hart
is interiomarginal. A small embryo is present in a form(1977) remarked that floccurs in large numbers in the
called Pseudotextulariellasp. by Dufaure et al. (1984). lower levels of the Cenomanian b ut showed
Although probably of this genus, this specimen seems timception (base of their Zone 9) is inearly
fit with neither the morphology ofP. cretosa or Cenomanian (see also Hart et al., 1989).
Pseudotextulariella brevicamerataSchlagintweit & Outside of chalk facies, the species is known from
YazdiMoghadam, 2023 (see al&seudotextulariellasp. open marine marly facies of the iniate Albian (Frieg,
illustrated by Solak et al., 2020). An embryo is also1989; Besen et al., 2021) and has been reported from the
possibly visible in the illustrations oP. cretosaby latest Albian of Switzerland by Grénhagen & Luterbacher
Gronhagen & Luterbacher (1966, fig. 2b). (1966) but not illustrated. MagniezJannin (1983)
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Pseudotextulariella cretosa (Cushman, 1932)

Initial triserial part

Conical biserial test

Bright, outer layer
comprising very fine
agglutinated grains

c. Tmm

Rafters

Septum
(thickness <<
chamber height)

Intercalary beam

Beam

Fig. 18. Representativélustrations ofPseudotextulariella cretosa. Axial section, Bucur & Baltres (2002, pl. 3, fig.
1, Romania)p. Near axial section, Brénnimann (1966, pl. 3, fig. 1, southern Englan@blique tangential section,
Bucur & Baltres (2002, pl. 3, fig. 9, Romania); Transversal section, Brénnimann (1966, pl. 3, fig. 2, southe

England).

reported it from the late Albian of northern France.

P. cretosais saidto range up to the near top middle Pseudotextulariella brevicamerat&chlagintweit &
Cenomanian of northern France (Amédro et al., 1978) but Yazdi-Moghadam, 2023
is not illustrated. Besen et al. (2021) reported it from the Figure 19
middle Turonian and further extended the range to the
Coniacian (Besen et al., 2023) but without illustration.1965 Gen. nov. ? cPseudotextularied sp.i Hamaai,
Reported but not illustrated from the late Cenomanian dbl. 7, figs., 15, 17; pl. 12, fig. 2, 4, Cenomanian, Israel.
the Czech Republic (Cech et al., 2005; Zitt et al., 20102014 Nummoloculina regularifhilippsoni Afghah &
The last appearance datum is considered a markEadaei, fig. 8b; Cenomanian, Iranian Zagros. [N.Be
horizon for middle Cenomanian in the North Sea (King etaptions for figures 8 and 9 are transposed, the authors
al., 1989), but Leary (1987) found rare and smalintended toindicate that thisis Orbitolinella depressa

specimens in the late Cenomanian.

Henson]

Geographic Distribution: The species is mostly T 2023 Pseudotextulariella brevicameratan. sp. T
known from the marls of the chalk facies from nentest ~ Schlagintweit & YazdiMoghadam, p.710, figs. 5&i, k;

Europe (southern England, northern France,

northemmiddle Cenomanian, Iranian Zagros.

Germany, Poland), but has been recorded, if seldom Reference Images Schlagintweit & Yazdi
illustrated, from the northern margiof Neotethys in Moghadam (2023).

Switzerland  (Gronhagen & Luterbacher,

1966; Taxonomy/ldentity: This species was first named and

Brénnimann, 1966), northern Spain (Gréfe, 2005), theomprehensively described by Schlagintweit & Yazdi

Czech Republic (Lech

Hungary (Go6rdg, 1996; Cséaszar, 2002) and RomaniandP. courtionensisCompared to the type species of the

et Moghadam Z202B)5and c@mparison madePtactetosa

(Bucur & Baltres, 2002). It appears to be absent from thgenus,P. cretosa P. brevicameratais a small species
Mediterranean and Arabian Plate, notwithstanding soméest height up to 0.8 mm; test diameterta.85 mm)

highly uncertain records (see synonymy list).

with  many (20-34) chambers, divided by a
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Pseudotextulariella brevicamerata Schlagintweit & Yazdi-Moghadam, 2023

Initial triserial part not
observed

Septum
(thickness

almost =
chamber height)

relatively low)

Rafter (present
in later part)

Conical but slightly
compressed biserial test
(see d)

Beam

c. 0.5mm
Intercalary beam

Chamber (chamber height

Fig. 19. Representativélustrations ofPseudotextulariella brevicamerata. Sulexial section, Schlagintweit & Yazdi
Moghadam (2023, fig. 5d, Iranian Zagrob);Subaxial section (holotype), Schlagintweit & Yaddoghadam (2023,
fig. 5e, Iranian Zagros)¢. Oblique section, Schlagintweit & Yaztloghadam (2023, fig. 5c, Iranian Zagrosl);

Fragmentary transverse section, Schlagintweit & YA&dghadam (2023, fig. 5f, Iranian Zagros).

single order of rafters. Chambenseahus relatively and the Iranian Zagros and Israel (Arabian Plate, southern

distinctively reduced in height (250 ¢ m) . T INeotetlsys roargin).
initial triserial stage as typical for the genus (Barnard,

1963) has not been observed due to inadequate sections. Family DICYCLINIDAE Loeblich & Tappan 1964

The biserial chambers are subdivided by both horizontgbiagnosissensu_oeblich & Tappan, 1987)

and verical (= radial) partitions. It appears that the  GenusDicyclina Munier-Chalmas 1887 (see Table 1

horizontal partitions (rafters) are not present in the earljor diagnosis)
part but appear later during ontogeny. In contrast, the

radial vertical partitions (beams; up to three orders) seem Dicyclina is morphologically one of a group of

to be present in the early stage. agglutinating genera characterised by a large, flattened
Like P. brevicamerataP. courtionensislso has only disc with an initial embryonic stage (forming the thickest

one order of rafters appearing in the adult part of the tegpart of the test), followed by a small planispiral stage (or

With equivalent dimensions (height, diameter) comparedo planispiral stage at all) and finally a pestbryonic

with P. courtionensis P. brevicameratahas more stage where the characteristic biseriate chambers are

chambers due to reduced thickness of septa and chamlseided annularly or cyclically (i.e., Cycloling

height (lumen). Cyclopsinella MangashtiaandDicyclina). Theseare also
Confident Stratigraphic Range middle  somewhat reminiscentf porcellaneous forms such as

Cenomanian (scarce). Broeckina Dicyclina differs from all the others in that it
Uncertain Stratigraphic Range not applicable. has a relatively large and complex embryonic apparatus,

This species was only recently described from thand that it adds successive annular chambers alternately
middle Cenomanian of the Iranian Zagros (Schlagintweieither side of the median equatorial plane (i.e. in two

& Yazdi-Moghadam, 2023). However, it was illustrateda | t er nati ng | ayer s

anal

ogous

as fGen. Psuletextuls®®ielc fs.p. 0 by otHea anautarugenera herein add successive single annular
(1965) from the undifferentiated Cenomanian of Israel. chambers across the median plane. Some genera (e.g.,
Geographic Distribution: So far, only known from Mangashtia Cyclopsinelld may give theappearanceof
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2-layers of chambers as their annular chambers have a The (generally) large diameter and relative thinness of
series of radial pillars or clusters of pillars in the middlethe Dicyclina test, plus the tendency for its post
of the chambers but t h e s eembiyonkt disc boaundslate, mehns that $pecimens id thin n o t

alternate. section are seldom complete and oriented optimally to
As with all LBF, a descriptive terminology when display many of the features mentioned above. Moreover,
naming the fossilised pabdcause of thetddixe naturg afnthestesd with thé e | |

required and variations of these are often used tembryonic zone at the centre, it is very often difficult to
discriminate between taxa. The nomenclature andiscern on which side of the embryo the sabd supra
characteristics of internal structures are especiallgmbryonic zones are in fact placed (this is not an issue in
important. A comprehensive illustrated glossary ofconical genera lik©rbitolina). This makes identification
descriptive terms applied to the study of foraminifera into species level especially challenging in random sections
general was provided by Hottinger (2006) which hasand even important taxonomic elements are sometimes

achieved fAstandardo st at unetolasened ig type anatérial (s@icydirmrgatareasisd 1 s
followed here. Members of the Dicyclinidae (which atand Table 5 below). In practice, many specimens cannot
present includes only the genuBicyclina) display be i dentifi ed mDicyelinag @f ioni teivea

variably complex internal structures and Figure 20 showsyhen a species name has been attached. -Saiut

in very generalised schematic form, the broad dispositio(974, 1981) did not identiffpicyclina beyond generic

and identity of these. level in his material from Lebanon, presumably in
Specific variation inDicyclina is based primarily on acknowledgement of this issue.

(a) the nature of the embryonic apparatus (Figure 20 part Furthermore, some transverse sections of species of

a); (b) the number and disposition of both the radiaDicyclinai especially when only fragmentairyresemble

(Abeamso) and transver s e fragnfemtaayfaxiat sectian3 of nalisceicakcyclic generah i ¢ h

together evolve externally to form a subepidermabuch asCuneolina(e.g., compare Figure 17 &f ex gr.

network beneath the outer test wall (Hottinger, 1978) angdavonia with Figure 22 ofD. schlumbergeriherein).

(c) the general shape (in axial cresstion) of the Cherchi & Schroeder (1990a) (following Bronnimann et

primary chamber septa and attachments thereto such as 1983 and others) hypothesised thatyclina had in

ot her irafterso and t he fach developed frain€uneotina byd becoming ffuljyu t t e r ¢

running close to the free edge of the septa (Figure 20 patn nu | ar and b a s éddnticad mterralp . 33
b). chamber structures and a very pronounced initial spiral

In some cases when dealing with these morphologicatage, which was more and more reduced in the course of
attributes, the exact nature of these features; thethe phylogenesis. To this omeyclime ght a

relationship to other features; and their biologicalhas a larger, more complex embryonic apparatus than
function(s) are not clear or are unknown. Theoreticallyeven the most advanceduneolina In practice, some
elongated unclosed (stolons) or tubular closed (canals)ypeci mens ar e ICeanedlindDicgckna t i f i e

spaces serve for protoplasmic flow or differentiation os p. ¢ ( Si mmons et al ., 2020; s
protoplasmic activity in foraminifera (see e.g. Hottingeron Cuneolinaex gr.pavoniain this paper).
& Dreher, 1974). For example, in speciesityclina The status oDicyclina taxonomy remains somewhat

(studies of which are challenged in general by a lack acimbiguous. Schroeder & Neumann (1985) in their

suitable material) both the form and function of theextensive treatment of miGretaceous larger

annul ar fAgrooved or fAgut tferandinifesiardiE nat incuedicfcine forlCynediinaforwn  wi t

some workers (e.g., Schlumberger & Choffat, 1904, antl h a t matter) in their stlor k, ¢

Neumann, 1967) showi ng t hsbjedtfuandtomicad antsonoimical proplems bz | o s e d

whereas we believe (see inset image in Figure 20) theolved.o (p. 8). Despite subsequent smaller publications

Afguttero is open and con na®icyelida by Gherthh&eSchHroedera(1890a, &), amchad | s

active part of the protoplasmic flow system. is clear from the following discussions on the genus and
Another feature imperfectly known is the nature andhe individual species, these problems have yet to be fully

position of the radial (i.e., running from the embryonicresolved.

region in the direction of ThaonimneWadrMS cgtalagwe offforamififgra recordse s 0

Afcanal so whi ch I i e i n b six possible spetids @icydina (Hayavadrd etmla, 2025).t | on s

themsel ves ( A b eia athaugh shownd Of thése Rickclina lusitanicaEgger, 1902 belongs in the

herein running immediately below the outer chamber waltjenus Anchispirocyclina (fide Hottinger, 1967) and

(which is removed in our schematic illustratidnfould Dicyclina aegyptiacalewaidy, 1993 lacks sufficient

equally be positioned at the lower part of the transversiternal description to distinguish it adéyclina and to

Airafterso. separate it from possible synonyms (thus taxon

Meanwhile for the purposes of this article theinquirendumpending further study of type materialn
Anaming of partso i s s u fafniyc iceanste , t 0 t p (Daoyelihadsieph. eavéadis)s © Tt U lo
descriptive framework. described from Maastrichtian strata aack thus outside
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Table. 5.Characteristic features of four broadly defined Cenomanian spedigsyafinaherein:D. schlumbergeri, D. qatarensis, D. simplxdD. sampaoi

CHARACTERISTIC

D. SCHLUMBERGERI

D. QATARENSIS

D. SIMPLEX

D. SAMPOI

Original description &
provenance

Munier-Chalmas (1877), Senonian of
Dep.Bouchesdu-Rhéne, France
(outcrop). Type material lost

Henson (1948b),
Cenomanian of Qatar
(subsurface)

Cherchi & Schroeder (1990a),
middle Cenomanian of Tle
Madame, France (outcrop)

Cherchi & Schroeder (1990b), midelete Cenomanian of
Tange-Benori, Iran (outcrop)

Overall shape

Flat (undulating), thin discoidal

Flat (undulating), thin
discoidal

Flat (undulating), rel. thick
discoidal

Flat (undulating), thin discoidal

Dimensions

Neotype material of Gendrot (1968)
from Coniacian of France, designated
Cherchi & Schroeder (1990a):

Test Diameter: 10.7mm

Thickness 0.33mm

Embryo Diameter: 0.65.95mm

Test Diameter: max 6mnj

Test Diameter: 1.33.0mm
Thickness 0.270.35mm
Embryo Diameter: 0.30.38mm

Test Diameter: 2.46.80mm
Thickness 0.16.30mm
Embryo Diameter: 0.30.61mm

Annular chambers / | Slightly less than that d. gqatarensi$ 8 Not stated 89

mm (i.e. c.7)**

Radial features Less than half oD. qatarensis (i.e. c. 100 Not stated Not stated

(fibeamso) c.40.50)***

Transverse features | Present on chamber roof and inner par Uncertain Present on chamber roof and Present on chamber roof only (****)

(firafterso

of septa

inner part of septa

Embryo

Irregular ellipsoid or globular

Not observed

Globular or reniform

Irregular broad ellipsoid

Subembryonic zone

Subdivided by septula forming an
fal veol ar |l ayero

Not observed

Drop-shaped, subdivided by
septula

Smaller diameter and less vaulted than Stg#dut same
kind of subdivision

Supraembryonic zone

Well-developed subepidermal
chamberlets

Not observed

Incomplete layer of chamberletg
in eccentric position relative to
test axis (i.e., an initial spiral)

Relatively thin, thin septulae (chamberlets sl. higher than
wide) and minute secondary chamberlets

Septa shape

C-shaped

Unclear

Unclear

Hook-shaped

Comments

* According to remarks by Henson
(1948b). (M dimensions were provided
by Gendrot (1968) for the Neotype
designated by Cherchi & Schroeder,
1990a)

*5-7/ mm accordi
et al., 2001; p. 602)

ng

*** Specimens illustrated by
Schlagintweit & Rashidi (2018) show

approx. 2@?25/quadrant.

**x Although some illustrations show rafters occurring on t
inner septal wall (see text) so this feature may not be spec
diagnostic.

152




Cenomanian loftusiid species: identity & stratigraphic ranges

Beams (primary subdivision)

Intercalary beams (secondary
subdivision)

Supra-embryonic zone

Embryo

Embryonic foramina
Sub-embryonic zone
First cyclic post-

embryonic chamber
Bright arcs show

“gutters” or ?preseptal
passages

i Section cut high in
___+*~ chamberlets on left
A side showing reticular
\\ ) network just beneath
: 3 the chamber roof,
3 *§ gradually lower in
'?‘ ‘.‘.. chamberlets towards
W B the right, below lower
LSRR PPy level of rafters, where
(Partial) chamberlet roof Tire ‘ only (radial) beams
raised and transparent and septa are visible

. %
Subepidermal network S
NP
below roof and above &9

rafters (?gradational
transition between layers)

Radial partitions
("beams” extending full
height of chamber)

Upper
chamber Outer wall

Transverse layer ("chamber roof”)

partitions
("rafters”; extending A
full circumference B
of chamber)
A - extending from
chamber roof
B - extending from inner
septum

Lower
chamber
layer

“Radial groove”
through distal edge
of rafters

Annular “groove” or

“gutter” (penetrates

all septa near “free
edge”)

“Annular groove” or
“gutter”

Septa
Foramina at base ' '
of septum between Bifurcating free-
radial partitions ends of septa

forming “annular
groove” or “gutter”

a

Fig. 20. Broad disposition of internal morphological featureDidyclina (schematic view, conceptual only; the relati
proportions between elements are estimated. See text for details
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the focus of this paper. Therefore, four species ofecords of Dicyclina published since 1990 allow the
Dicyclina are included hereinDicyclina schlumbergeri hypothesis of Cherchi & Schroeder (1990a, b) to be
Munier-Chalmas 1887 (the type species of the gers); tested.
gatarensis Henson 1948b;D. simplex Cherchi & In summary (see discussion of each of the four
Schroeder 1990a anD. sampoiCherchi & Schroeder species oDicyclina below), the phylogeny obicyclina
1990b. They are distinguished from one another by & a little more complex than envisaged by Cherchi &
combination of overall size (diameter), embryonicSchroeder (1990a, b) and some subsequent workers. All
apparatus size and complexity (i.e., the presence/absengdidated records of Dicyclina in Coniacian 1
of secondary chamberlets in the suppasubembryonic  Maastrichtian strata af®. schlumbergernith D. simplex
zones), and whether transverse subepidermal partitiomsstricted to the Cenomanian armdl sampoito the
(in this <case, firaft er s o)Cenamaaiani |?Tumnign.eHbwevte®. sahlbhngbergenss i d e ¢
peripheral chamber wall or also occur on the septa (adso known from the middlé late Cenomanian of
shown in Figure 20b). The numbers of (a) annulaMexico only. Thus, it appears that independent lineages
chambers per mm radius and (b) radial partition®f Dicyclina with a complex embryo appeared in the
(Aibeamso) per quadrant a rGenoraahianan baotls Medicd( s8Muenbesgkjiland thb a mb e r
shape in axial section may also be useful, at least fakrabian Plate . sampgj. By Coniacian times,D.
distinguishingD. simplexfrom other taxa (Figure 21P.  schlumbergerihad replacedD. sampoior a repetitive
gatarensisis probably the most poorly described/definedform of evolution had occurred. The relationshipDo
and Cherchi & Schroeder (1990b) regarded it as (p. 21@&implexis unclear.
fi éa badly defined and unrecognisable spetiesc i t i n §he morphological detailBabove of the differences
lack of a megalospheric embryo visible in the typebetween the four species are discussed in the individual
material. It is also excluded from general discussions ddpecies treatments and summarised in Table 5 and
Middle East Dicyclina by Schlagintweit & Rashidi (excludingD. gatarensiyin Figure 21.
(2018) and Schlagintweit & Yazdfloghadam (2021). As a genus,Dicyclina is widely known from
The species as can currently be best understood is furtigeotethys (as far east as the Arabian Plate) and the
discussed below. Caribbean in rocks ranging in age from supposedly

On the other hand). schlumbergeris a very widely  Albian to Maastrichtian (e.g. Cherchi & Schroeder,
reported taxon over a long stratigraphic interval (lat€l990a, b). Within this review we have been unable to
Albian-Maastrichtiari but see discussion below) and it is confirm any Albian records ddicyclina and even early
l'i kely that this has b e e @enoman@nl recards ara doubtiul Sucte dpecimenemamn f ¢
dicyclinids found in random orientations that arehave been confused witbuneolina Omafia et al. (2019)
technically indeter mi nat estatethaDs ggidumbersyaris verg comrhon in the Albian ng fi
practiceo. Thi s emphasi s easd Cénbrneanian strata of Meaico butl affér indalrerat e o
fortuitously good, oriented sections, ideally displayingevidence of Albian occurrences. Rey et al. (1977) report
the embryonic apparatus, septa, and -apilermal but do not illustratdicyclina sp. from the late Albian of
partitions which show both genusand species Portugal. SainMarc (1974, 1978) places the inception of
characteristics before arriving at a specific determinatioicyclina in the middle Cenomanian in Lebanon,
(Frijia et al., 2015). although in his 1981 work the Neotethyan inception of

Prior to 1990 and the introduction Bf simplexand the genusccurswithin the early Cenomanian. Herein we
D. sampoi(Cherchi & Schroeder, 1990a, b), almost allconsider Dicyclina to be a middle Cenomaniaii
records of Dicyclinag, if assigned to a species, were Maastrichtian genus, at least in terms of confident records
assigned toD. schlumbergeri Cherchi & Schroeder of its occurrence.
(19904, b) challenged this paradigm implying that there Biozonations utilisingDicyclina (e.g. Wynd, 1965;
was an evolutionary plexus fronD. simplex (eg. Tasl & et al ., 2006 ; Omi dvar e
Cenomanian) tdD. schlumbergeri(e.g. Coniacian and 2020; Omidi et al., 2018) are typically recognising a local
younger) withD. sampoi(e.g. Cenomanian) forming a biofacies, rather than a chronostratigraphically significant
separate Arabian Plate evolutionary lineaDe.simplex discrete range.
has a relatively simple embryonic apparatus dnd
schlumbergera complex one, thus Cherchi & Schroeder  Dicyclina schlumbergerMunier -Chalmas, 1877
(1990a) envisaged an evolution plexus of embryonic Figure 22
apparatus development similar to that seen in the
Orbitolininae (e.g. Schroeder, 1975; Schroeder et alT 1877 Dicyclina schlumbergeri. gen., n. sp. Munier
2010). That D. sampoi has a complex embryonic Chalmas, p. 3@1; Senonian, southern France (type
apparatus and occurs in the Cenomanian suggests nitaterial lost) [probably Coniaciari Santonian see
belongs to a separate lineage according to Cherchi &endrot, 1968].
Schroeder (1990b). Although many authors have ignoretl904 Dicyclina schlumbergerii Schlumberger &
or were unaware of this (i.e. continuing to uBe Choffat, p. 148149, texifigs. 1-2; Senonian, southern
schlumbergerias asensu lataerm), the large number of France [probablyConiaciani Santonian see Gendrot,
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D. simplex D. schlumbergeri

Irregular, broad ellipsoidal embryo with thin
supra- and sub-embryonic primary and secondary
septulae/chamberlets

Irregularly-ellipsoidal/globular embryo with supra-
and sub-embryonic primary (no secondary)
septulae/chamberlets

o TSR R

Globular/reniform embryo with (thicker and
irregularly subdivided) supra- and (thinner & drop-
shaped) sub-embryonic septulae/chamberlets

AN
A ,’?; Fenas
GRS

Annular chambers divided into radial
chamberlets by “beams”; ¢.40-50 per
quadrant

Annular chambers divided into radial

: S — - chamberlets by “beams”; ¢.20-40 per
Annular chambers divided into radial quadrant

chamberlets by “beams”; ¢.90-100 per

quadrant (B-form, ?slightly fewer in A-

- o

Detail of (equatorial) chambers | Embryo (horizontal section) (vertical section)

form)

) v b Periphery
Q 7E'mE)ryo — Periphery mb_ryo Penhery 'W
0] X > Un b . il |
0 2
£ ~ :E
£ o - S
2 7N
S ) ) )
X Primary septa are “hook"-shaped and Primary septa are near “C"-shaped Primary septa are “C"-shaped and
Lk transverse subepidermal partitions and transverse subepidermal transverse subepidermal partitions
‘G ("rafters”) are limited to attachment partitions ("rafters”) are attached from ("rafters”) are attached from the outer
= from the outer chamber surface, the outer chamber surface and on the chamber surface and on the inner side
U pointing inwards inner side of the septa, pointing of the septa, pointing inwards
(0] .
o inwards

Fig. 21. Differentiation betweerD. sampaj D. simplexand D. schlumbergeribased on differences in embryonic
apparatus, radial annular chamberlets and axial sectibngjatarensisnot included as no embryonic apparatus h:
been observed in the few verified specimens illustrated). Note that in axial sectidnsimplexandD. schlumbergeri
the chambers are overlapping at the outer margins (relating to the curved septa) providing a useful disting
feature in comparison . sampai

1968]. ? 1967Dicyclina schlumbergefi Luperto Sinni, p. 176

? 1948bDicyclina schlumbergeri Henson, pl. X1V, fig. 177, pl. 10, fig. 1; pl. 13, fig. 1; late Cenomanian
9; Maastrichtian, Qatar & Iraq [fragment only]. Santonian, southern Italy [Bicyclinasp.].

? 1956Dicyclina schlumbergeri Bonet, p. 4067, pls. 5 1967 Dicyclina cf. schlumbergeri Neumann, pl. 55, fig.

7; Cenomanian, Mexico [fragments only]. 3; pl. 56, figs. 12; early Senonian, southern France.

? 1961Dicyclina cf. gatarensis’ Hamaoui, pl. 1, figs.2 Non 1967 Dicyclina schlumbergeri Neumann, pl. 55,

6; Cenomanian, Israel. fig. 2; Cenomanian, western France [from the type

Non L 1964 Dicyclina schlumbergerii Loeblich & locality/strata oD. simplek.
Tappan, p. C303, fig. 209 ({kb); middle Cenomanian, ? 1967Dicyclina schlumbergeri Neumann, pl. 55, fig.
France [lectotype invalidfide Cherchi & Schroeder, 1; Santonian, Spain [Bicyclinasp.]

1990a =D. simple}. 1968Dicyclina schlumbergeri Gendrot, p. 67678, pl.

? 1966Dicyclina schlumbergeri Luperto Sinni, pl. 13, V, figs. 1416; Coniaciani Santonian, southern France.

fig. 3; Santonian?, southern Italy [Bicyclinasp.]. [fig. 15 designated as a Neotype by Cherchi & Schroeder,
1990a].
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? 1970Dicyclina sp.7 Hamaoui & SaimMarc, pl. 40, ? 2006Dicyclina schlumbergeri Tas | & et al

fig. 14; late Cenomanian, Lebanon. ConiacianSantonian, southern Turkiye Bicyclinasp.].

1976 Dicyclina schlumbergeri LupertoSinni, p. 308 2007 Dicyclina schlumbergeri Ve |l i | , pl-4, 23,
309, pl. 33, figs. B; pl. 34, figs. 1; Senonian, southern SantonianCampanian, Adriatic platform.

Italy. ? 2008Dicyclina schlumbergefi Schliiter et al., fig. 3E;

1978 Dicyclina schlumbergerii LupertoSinni &  late Campanian, southern Italy Bicyclinasp.].
Richetti, pl. 47, figs. 47; pl. 48, figs. 16; pl. 49, figs. 1 Non2008Dicyclina schlumbergefi Khosrow Tehrani et

6; Santoniafi Maastrichtian, southern Italy. al.,, pl. 1, fig. 6 [Broeckinella arabicaHenson fide

? 1984Dicyclina schlumbergeri Bilotte, pl. 5, fig. 2;  Schlagintweit & Rashidi, 2016].

middle Cenomanian, PyreneesPicyclinasp.]. ? 2008Dicyclina schlumbergeri Ahmadi et al., pl. 3,
1984 Dicyclina schlumbergeri Bilotte, pl. 15, fig. 2; fig. 1; Cenomanian, Iranian Zagros [best considered as
early Campanian, Pyrenees. Dicyclinasp.].

? 1984Dicyclina schlumbergeri Bilotte, pl. 25, fig. 5; Non 2009 Dicyclina schlumbergeri Sari et al., pl. 3,
Maastrichtian, Pyrenees Bicyclinasp.]. figs. 89; age uncertain, reworked, Turkish Tauride®[=

? 1987Dicyclina schlumbergeri Simmons & Hart, pl. simplex fideSchlagintweit & Rashidi, 2018].
10.4, fig. 5; middldate Cenomanian, Oman [®. ? 2010 Dicyclina sp. i Cavin et al., fig. 9F; late
simplexor D. schlumbergeripossiblyCuneolinaex. gr.  Cenomaniarmiddle  Turonian,  Morocco. [image

pavonid. captioned asDicyclina sp. but referred to adD.

? 1987Dicyclina schlumbergeti Al-Rifaiy & Cherif, pl.  schlumbergerin text (p. 405)].

I, fig. 11; Turonian, Jordan Bicyclinasp.]. Non 2011 Dicyclina schlumbergeri Vaziri, fig. 2D, F;
1987 Dicyclina schlumbergeri Loeblich & Tappan, pl. SantoniaAMaastrichtian, central Iran [most likely
157, fig. 7 (non 8L0); Senonian, France. Cuneolinasp.].

Non1987Dicyclina schlumbergerfi Loeblich & Tappan, 2011Dicyclina schlumbergeri Khosrotehrani et al., pl.
pl. 157, figs. 810; Cenomanian, Frangéde Cherchi & 1, fig. C; Santonian, Iranian Zagros.

Schroeder, 1990a D. simpley. ? 2011Dicyclina schlumbergeri Amer, pl. 19, fig. 1;
? 1988Dicyclina schlumbergeri Sartorio & Venturini, Cenomanian, western Iraq [best considere®iagclina

p. 114 lower image, p. 115 upper image, p. 121sp.].

Senonian, southern ltaly. 2012 Dicyclina schlumbergerii Chiocchini et al., pl.
? 1988Dicyclina schlumbergeri Sartorio & Venturini, 134, figs. 18; Santonian, central Italy.

p. 115 lower image; upper Senonian, Tunisia. Non 2012 Dicyclina schlumbergeri RahimpoufBonab

Non 1989 Dicyclina schlumbergeri i Rosales et al., fig. 8G; CenomanianTuronian, Iranian Zagros [=
Dominguez, fig. 11B; Albiarearly Genomanian; D.sampdj.

southwest USA [€uneolinasp.]. ? 2012Dicyclina shlumbergerisic] i Kiarostami et al.,

? 1990Dicyclina schlumbergeri Gr i bar & P lIpk & fig. 20r Genomdnian, Iranian Zagros [Picyclina
4, fig. 4; late Turonian, southwest Sloveniasp.].

[indeterminate fragment]. ? 2012Dicyclina schlumbergeri Omafia et al., fig. 5(1);
N 1990a Dicyclina schlumbergerii Cherchi & Ilate Cenomanian, Mexico Bicyclina/Cuneolinasp.].
Schroeder, figs.-41; Coniacian, Franc& Sardinia. Non 2013 Dicyclina schlumbergeri RahimpoufBonab
? 1992 Dicyclina schlumbergerii Kalantari, pl. 77; et al., fig. 8U; Turonian [?], Iranian Zagros [B.
Cenomanian, Iranian Zagros Bicyclinasp.]. sampoj.

1994 Dicyclina schlumbergeri Chiocchini et al., pl. 23, ? 2013Dicyclina schlumbergeri Al-Dulaimi et al., fig.
fig. 16; Senonian, central Italy. 10(1); late Cenomanian; southern Iraqdreyclinasp.].
Non1998Dicyclina schlumbergeri Charriére et al., fig. 2013Dicyclina schlumbergeri Omafia et al., pl. 1, figs.
4 (3a, 6); late Cenomanian, Moroccol=simple}. 2, 4; pl. 4, figs. 2, 4; late Cenomanian, Mexico.
2000Dicyclina schlumbergefi AguileraFranco, p. 161; ? 2013Dicyclina schlumbergeri Shahin & Elbaz, p.
middle-late Cenomanian, southern Mexico. 276, pl. 2, figs. 3; late Cenomanian, Egypt [=
2001Dicyclina schlumbergeli Cv et k o T e § o vDicyclina/€unemlinasp.]. p .

602, fig.6DH; Campani an, Br al | 3 204 eDityclin&aclduabergeri. Omidvar et al., pl. 2,

? 2003Dicyclina schlumbergeri Polavder, fig. 5 (17 fig. P; Cenomanian, Iranian Zagros[Picyclinasp.].

18); SantoniaftCampanian, former Yugoslavia [= Non2014bDicyclina schlumbergefi Omidvar et al., fig.

Dicyclinasp.]. 3(10); Cenomaniaifuronian, Iranian Zagros. [x

Non2004Dicyclina schlumbergefi Khosrow Tehrani & sampoi Cherchi & Schroederfide Schlagintweit &

Afghah, pl.2, fig. 4 [=Broeckinella arabicaHensonfide  Rashidi, 2018].

Schlagintweit & Rashidi, 2016]. Non 2014 Dicyclina schlumbergeri Afghah et al., fig.

? 2005Dicyclina schlumbergeri Vaziri et al., pl. 2, fig. 11(f); early Cenomanian, Iranian ZagrosGuaneolinaex.

4; SantoniarMaastrichtian, central Iran [indeterminate gr. pavonid.

fragment]. Non 2014 Dicyclina schlumbergerii Afghah &
Yaghmour, pl. 2, fig.3; pl. 3, fig. 2; Maastrichtian, Iranian
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Zagros [perhap®icyclina sp., but embryonic apparatus ? 2020 Cuneolina pavonia 6 Or biiSglakyet al., fig.

too simple to b®. schlumbergeti

? 2014Dicyclina schlumbergeri Shahin & Elbaz, fig.
6/6; late Cenomanian, Egypt Ricyclinasp.].

? 2015Dicyclina schlumbergeri Frijia et al., fig. 9C;
ConiacianCampanian, central Italy [Bicyclinasp.].

Non 2015 Dicyclina schlumbergerii Babazadeh &
Dehej, fig. 7 (i, j, k); early Albian, central Iran.
[=Balkanica balkhanicaMamontovafide Schlagintweit,
2024].

Non 2016 Dicyclina schlumbergeri Ghaseminia et al.,
fig. 4E; Coniacian i Santonian, Iranian Zagros
[indeterminate fragment that cannot be assigned to
genus].

Non 2016 Dicyclina schlumbergerii Kazemzadeh &

11N; late Cenomanian, western Taurides,
[probably best regarded Bscyclina/Cuneolinasp.].
? 2020Dicyclina schlumbergeri Fabbi et al., fig. 5 (I,

n); Santonian, Italy [-Dicyclinasp.].

2021 Dicyclina schlumbergeri Bagherpour et al., fig.
12h; ConiaciafrSantonian, Iranian Zagros.

Non 2021 Dicyclina schlumbergerii Gholamalian &

Fanati Rashidi, pl. 3, figs -8; Cenomanian, Iranian
Zagros [= indeterminate foraminifera, rdicyclina.

? 2021 Dicyclina schlumbergeri Saedi Razavi et al., pl.
1, fig. 3; Cenomanian, Iranian Zagros [axial sectiolof
simplexor D. schlumbergeti

2021 Dicyclina schlumbergerii Ozkan, fig. 11(12);

Campanian, Turkish Arabian Plate.

Tarkiye

Loftpoor, pl. 2, fig. 6; Cenomanian, Iranian Zagros? 2021Dicyclina schlumbergeri Si nanoj | u,

[indeterminate fragment, but unlikely to Heicyclina
sp.].

? 2016Dicyclina schlumbergeri Rikhtegarzadeh et al.,
pl. 1, figs. 35; Cenomanian, Iranian Zagros.
Dicyclina/Cuneolinasp.].

? 2016Dicyclina schlumbergeri Dehghani et al., pl. 2,
fig. 7; CampaniarMaastrichtian, Iranian Zagros [=
Dicyclinasp.].

? 2016 Dicyclina schlumbergerii Assadi et al., fig.
6(b2); Cenomaniaifuronian, Iranian Zagros
[indeterminate fragment].

? 2017Dicyclina schlumbergeii Consorti et al., fig. 3A,;
late Santonian? middle Campanian, Italy [Dicyclina
sp.].

? 2017Dicyclina schlumbergeri Rikhtegarzadeh et al.,

1, fig. 19; Maastrichtian, Turkish Arabian Plate.
? 2021Dicyclina schlumbergeri DoustiMohajer et al.,
pl. 2, fig. u; Cenomanian, Iranian Zagros DPicyclina

[=sp.].

Non 2021 Dicyclina schlumbergeri Radmacher et al.,
pl. 1, figs.8 (cf.), 9; AlbianSantonian Guatemala [=
Cuneolina pavonip

? 2021Dicyclina schlumbergeri Shapourikia et al., fig.
8f; Turonian [?], Iranian Zagros [Bicyclina/Cuneolina
sp.].

? 2022Dicyclina schlumbergeri DoustiMohajer et al.,
fig. 4k; Cenomanian, Iranian Zagros Picyclinasp.].

? 2022Dicyclina shlumbergri(sic) i Al-Dulaimi et al.,
pl. 1D; middlelate Cenomanian, southern Iraq
[effectively indeterminate].

pl. 1, fig. 3; Cenomanian, Iranian Zagros [axial sectior? 2022Dicyclina cf. schlumbergeri Ghanbarloo et al.,

that may béD. simplexor D. schlumbergeti
? 2017 Dicyclina schlumbergerii  Kog, fig. 10D;

fig. 4k; <?fig. 6d; Maastrichtian,
Dicyclinasp.].

Iranian Zagros [=

Santoniarearly Campanian, central Taurides, Turkiye [=? 2022Dicyclina schlumbergeri Esfandyari et al., fig.

Dicyclinasp.].

? 2017Dicyclina schlumbergerisic] i Jamalpour et al.,
pl. 2d; Cenomanian, Iranian Zagros[cyclinasp.].
2018 Dicyclina schlumbergerii Schlagintweit &
Rashidi, fig. 74&f; late Maastrichtian, Iranian Zagros.
Non 2019 Dicyclina schlumbergeri Saedi Razavi et al.,
pl. 1, fig. 3; Cenomanian, Iranian Zagros=sampdi.
Non 2018Dicyclina schlumbergeri Omidi et al., pl. 2,
fig. 9; Cenomanian, Iranian Zagros[P= simplek
2019Dicyclina schlumbergeii Omafa et al., p. 711, fig.
10 (gj); middle-late Cenomanian, Mexico.

? 2019Dicyclina schlumbergeii Ozkan & Alte ne r ,
(1-2); Cenomanian, southeast Turkiyeljcyclinasp.].
Non 2019 Dicyclina schlumbergeri Alloul, fig. I11.9C;
Cenomanian, southwest Algeriaj=qatarensi

2019 Dicyclina schlumbergeri Villalonga et al., p. 29,
pl. 12(af); middle Campaian, Spanish Pyrenees.

? 2020Dicyclina schlumbergeri Si nanoj | u

section only].
? 2020Dicyclina schlumbergefi Consorti, fig. 3B; Late
Cretaceous, central Italy [Bicyclinasp.].

25a; Cenomaniafiuronian, Iranian Zagros [Bicyclina
sp.].

2023aDicyclina schlumbergeri Mehrabi et al., fig. 11
(C-D); Santonian, Persian Gulf.

? 2023bDicyclina schlumbergeri Mehrabi et al., fig.
6(R); Turonian, Iranian Zagros [Bicyclinasp.].

? 2023bDicyclina schlumbergeri Schlagintweit et al.,
fig. 3E, H, L; Campanian, Croatia Bicyclinasp.].

Non 2023 Dicyclina schlumbergerii Al-Salihi &
Ibrahim, pl. 1, fig. E, pl. 3, fig. f; middlei late
Cenomanian, southern Iraq [? B. sampoiand D.
fatargnsiy 9

? 2024 Dicyclina schlumbergeri Bo govi |
3(c); Turoniani Santonian, Montenegro [Picyclina
sp.].

et

Reference ImagesLuperteSinni & Richetti (1978),

epl. 47aflgs. 17; pp 48, figs116; pl. 49, figs. 16; Cvetko
fig. 19; Maastrichtian, Turkish Arabian Plate [axialTe govi |

et al .-H; Sdhl2gintvdit) &
Rashidi (2018) fig. 7#; Villalonga et al. (2019) pl. 12,
figs. af.

157

NY

figs.



Michael D. Simmons, Michael D. Bidgood,

Lorenzo Consbrfielix Schlagintweit

Dicyclina schlumbergeri Munier-Chalmas, 1887

Overall shape; discoidal, undulating

embryo

alternating ("biserial”)
annular chambers

-;o - ",“. ", ,A‘

Iy

septum with..

transverse internal

supra- and sub-embryonic
septulae/chamberlets (primary
chamberlets only)

curved chamber

...bifurcating end ("gutter”)

structures (“rafters”) on ("beams”) beams
peripheral wall and on septa
I I
c. 1Tmm c. 0.2mm
(a, e) (b-d)

chamberlets between

chamber radial partitions

Fig. 22. Representative illustrations Biicyclinaschlumberg
b.Axi al section through

embryo,

eria. Axial section, Gendrot (1968, pl. V, fig. 15, France)
Cvet ko @ Axpbsection theugh

postembryonic chambers, Cherchi & Schroeder (1990b, fig. 24,ir8aydd. Schematic view ofb, Cherchi &
Schroeder (1990b, fig. 10b3; Oblique equatorial section through embryo and initial annular chambers, Schlagin

& Rashidi (2018, fig. 7a, Maastrichtian, Iranian Zagros).

Taxonomy/ldentity: First described from the
Senonian of the Etang de Berre, BouctiasRhone
province of France by Munig€halmas (1877), the
original types ofD. schlumbergeriare said to be lost

chamber shows a wetlleveloped layer of subepidermal
chambers (chamberlets), which are sometimes subdivided
by very short septula. The dimensions of the embryonic
apparatus range from 0.821.2 mm, which is larger than

(Cherchi & Schroeder, 1990a). The species was lataype material from the Coniacian of France: 0(66.95

recorded from the lle Madame, ChareMaritime
department by Schlumberger & Choffat (1904) from

mm (Cherchi & Schroeder, 1990a). Thus, they speculated
this was a cosequence of the phylogenetic evolution of

which population Loeblich & Tappan (1964) designated &. schlumbergerduring theLate Cretaceous.

lectotype. This, however, is not valid according to

Cherchi & Schroeder (1990a) because the specimen doése g o v i |

not come from the type locality, nor, in fact, does it
belong toD. schlumberger(it is D. simpley.

Following Cherchi & Schroeder (1990a), Cvetko
et al (2001)D. not
schlumbergerican display a pseudokeriothecal texture.
The fine size ofhese features led them to believe that

Cherchi & Schroeder (1990a) chose a neotype basdbese served to facilitate exchange of gases rather than
on an axial section previously illustrated by Gendrotouse algal symbionts. The features are most likely (or

(1968) from the Coniacian of the Etang de Berre locality.s i mi | ar t o) the fegg

hol der o

Cvetko

Tedgovi l et al ( Zig @Q) )whiach ofdcitate gagxehainges qf ¢he ihoused s

D. schlumbergeri from the Campanian of Croatia
indicated a value of -8 annular chambers per mm of

symbiont and thus are not mutually exclusive.
Specimens from the late Maastrichtian of the Iranian

radius (see also Table 5). They also described thagros by Schlagintweit & Rashidi (2018; fig. 7a, b & €)

structure of the embryonic apparatus, situated in th

show that the approximate number of radial elements per

centre of the test, noting that is composed of an irregulajuadrant ofD. schlumbergeriis approximately 225.
ellipsoidal or globular embryonic chamber followed by aThese are useful biometric data not mentioned in the type

subembryonic zone. The upper part of the embryoni
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differences betweeb. schlumbergerand D. qatarensis verified records from middlei late Cenomanian in

by Henson (1948b), the former species having loweMexico only (AguileraFranco, 2000; Omafa et al., 2013,

annular and radial element densities than the latter (s@919). This suggests the species arose in the Caribbean

below). and then migrated eastwards to the Mediterranean and
D. simplexis smaller tharD. schlumbergerand the Arabian Plate where it replaced otHeicyclina species

postembryonic disc is also, relatively, the thickest of allby the Coniacian, or that there is a more complex pattern

the Dicyclina species.D. sampoihas characteristically of evolution with homeomorphy and repetition of

hooks haped septa i n tr-ahamd ephdogenysfmm edumeolinagneesternAs f@edl abe,

in some Vviews) compared WivehkoheTemwme [ cugtved, . ACOG2001

shaped septa of other species, and with subepidermainbryonic apparatus db. schlumbergeriincreases in

partitions confined to attachment to the inside of the outesize through its Coniacid@gnMaastrichtian evolution.

wall and not both the wall and septa IikB. Geographic Distribution: Validated records of this

schlumbergeri This results in a smoother outline to thespecies have a wide stratigraphic distribati from

wall, without the depressed sutures seerDinsimplex Mexico, across much of the Mediterranean, and from the

and D. schlumbergeri However, there are specimensArabian Plate. It is also reported from Florida (Applin &

with the embryonic apparatus &f. sampoithat show Applin, 1965). Interestingly, the occurrences from

rafters attached to the septal wall (see Omidvar et alMexico are distinctly older (Cenomanian) than those

2014b; fig. fig. 3.10 and Solak et al. 2020; fig. 10U), thuselsewhere which are ConiaciatMaastrichtian.

the clear secondary partitions in the subembryonic zone

of the embryonic apparatus bf sampoimay be the best Dicyclina gatarensifHenson, 1948b

evidence for clear identity since i schlumbergerthey Figure 23

are absent or, at best, rare. It is probable that (along with

the rather convoluted taxonomic history), specimens nol 1948bDicyclina gatarensis. sp. Henson, p. 622, pl.

clearly showing these features which otherwiseXlV, fig. 8; Cenomanian, Qatar.

distinguish species db. gatarensisD. simplexandD.  Non1961Dicyclina cf. gatarensis Hamaoui, pl. 1, figs.

sampoi ar e of ten by d e D.a u2-6t Genomhnéb, ksradl [@dschluanbergeti

schlumbergeri 1998 Dicyclina gatarensisi Whittaker et al., p. 31, pl.
Confident Stratigraphic Range middle 7 late 48, figs. 57; Cenomanian, Palestine/Israel & Qatar.

Cenomanian (local range in Mexico only); common2008 Dicyclina gatarensisi BouDagheiFadel, pl. 5.3,

records from Coniaciah Maastrichtian elsewhere. figs. 89; Cenomanian, Qatar.
Uncertain Stratigraphic Range Not applicable ? 2008 Cuneolinasp. i Ahmadi et al., pl. 2, fig. 3;

although Turonian records could be anticipated and exi€fenomanian, Iranian Zagros.

in unconfirmed records, although we know of none. 2009 Dicyclina sampoiCherchi & Schroeder Ismail et
Despite the many records Bf schlumbergerin the  al., p. 402, pl. 2, figs. 3, 5, 9 (not2], 4, 68, 1011); late

published literature, only a relatively small proportion areCenomanian, Egypt.

illustrated, and of those only a few can be confidently2013Dicyclina qatarensi§ Ghanem & Kuss, fig. 14 (20,

identified.  Therefore, confident assessment 0#850); late Cenomanian, Syria.

stratigraphic range is based a small amount of material. ? 2014Dicyclina schlumbergefi Afghah & Fadaei, fig.
The published stratigraphic range®fschlumbergeri  7(g); early Cenomanian, Iranian Zagros [fragment

is confused by imprecise use of the species name. Prioritlustrated with a high density of radial partitions;

the introduction oD. simplexandD. sampoiby Cherchi  precision of age doubtful].

& Schroeder (1990a, b) almost all recordsDi€yclina 2018 Dicyclina qatarensis BouDaghetFadel, pl. 5.11,

were assigned t®. schlumbergeriand even today the figs. 1-3; pl. 5.12, figs. 8; Cenomanian, Qatar.

name continues to be applied with a lack of precision2018 Dicyclina gatarensig Omidi et al., pl. 2, fig. 10;

Cherchi & Schroeder (1990a) suggested that as thBuronian [?], Iranian Zagros.

phylogenetic descendant bf simplex D. schlumbergeri 2019Dicyclina schlumbergerMunier-Chalmas’ Alloul,

might be a Coniacianna younger species. This notion fig. [I1.9C; Cenomanian, southwest Algeria.

has been followed by a number of authors including 2023Dicyclina schlumbergeri Al-Salihi & Ibrahim,

Cvetko Tegovil et al . ( 20f.B)ig.F;Middlei ldte Cerd®ahidn) south€rhlrag.c c hi ni

al. (2012), Schlagintweit & Rashidi (2018) and

Schlagintweit & YazdiMoghadam (2021). This Reference Images Whittaker et al. (1998) pl. 48,

phenomenon was first hinted at by Henson (1948b) witfigs. 57.

his separation ob. qatarensigsupposedly Cenomanian) Taxonomy/ldentity: The limited illustrated records

and D. schlumbergeri(supposedly younger) (see alsoand the pooquality type material provide challenges for

archive records in Le Blanc, 2015). firm identity of this species. The original type material of
This appears to be partially correct (i.e., that verifiedHenson (1948b) shows no embryonic chambers and only

records from the Meditesinean region and Arabian Plate a limited number of sections (see also Whittaker et al.,

are Coniaciani Maastrichtian), but there are several1998). Even subsequent illustratio(gee synonymy list
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Dicyclina qatarensis Henson, 1948

Densely arranged radial Bright arcs show “gutters”
partitions ("beams”) or ?preseptal passages

Numerous chamberlets
between “beams”

Alternating ("biserial”)
annular chambers

c. 1mm

Fig. 23. Representativélustrations ofDicyclina gatarensisa. Parallel oblique section, Whittaker et al. (1998, pl. 4
fig. 5, Palestine/Israel)). Subequatorial section (partial), Whittaker et (@098, pl. 48, fig. 6, Qatar). Transverse
section, Whittaker et al. (1998, pl. 48, fig. 7, Qatdr)Parallel oblique section, Omidi et al. (2018, fig. 10, Turonic
(?), Iranian Zagros).

above) provide only limited additional observations.characteristically densefyacked radial partitions (c.
Cherchi & Schroeder (1990b) regarded it as arlOO/quadrant) typical dD. gatarensighat it purports to,
fi éunrecognisable speciés. N e v eD. gdiaeehses s and that the transverse section (pl. 7, fig. 3) shows
appears distinguishable at least frddn schlumbergeri chambers very similar to those bf schlumberger{see
and evenD. simplex and D. sampoiin having a Figure 21bc herein). If correct, this would be the only
characteristically very large number (c. 100/quadrant) ofecord of D. schlumbergeriin the Cenomanian from
denselyp ac k e d radi al part i toutede Mexicq, Bub enathe an@ggre evidende available,
chamberlets. It is possible thdd. gatarensisis a must be regarded as doubtful.
microspheric form of another species &ficyclina, D. gatarensisis sometimes erroneously recorded[as
probablyD. sampoigiven thatD. schlumbergerappears qatarica (e.g., EtNaggar & AlRifaiy, 1972, 1973; Al
to be absent from the Cenomanian of Arabia (although iSalihi & Ibrahim, 2023 and also by Hamoui, 1961 (p. 7),
present in younger strata). However, that is impossible tm what must be &psus calanji
prove without access to po pCanfident iStratigraphicn Rawge i roiddle b oldteh fit a x
are present. Herein, we retain the use of the nBme Cenomanian.
gatarensis for specimens of Dicyclina that have Uncertain Stratigraphic Range Turonian.
distinctive densely packed radial partitions and The types from Qatar (Henson, 1948b) are almost
chamberlets 1 however, see for example some certainly Cenomanian (association witPraealveolina
illustrations of D. sampoiby Ismail et al. (2009) and reported by Le Blanc, 2015). Other illustrated records of
Figure 24 below. this species are from the middielate Cenomanian or
Hamaoui (1961) statkethat his illustrated records of undifferentiated Cenomanian. The exception is that of
D. cf. gatarensis(pl. 7, figs. 26 t h e r srongly Gmédi et al. (2018) that is said to be from the Turonian
resemble Dicyclina gatarengisd ( p . 13) . Haot wo€ thee BarvakwFermation of the Iranian Zagros,
believe the partial subequatorial oblique section oflthough proof of this age is not compelling from the data
Hamaoui (1961: pl. 7, fig. 2) does not show thepresented. The early Cenomanieactord of Afghah &
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Fig. 24. Comparison between features Df qatarensis(a-c. Whittaker et al., 1998d. Henson, 1948bg.
BouDaghetFadel, 2018), and those bf sampoi(B-form) (f-I. Ismail et al., 2009). Similarities suggest the two tax

may be synonymous.
y ynony 161



