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Abstract. Persiconus sarvaki Yazdi-Moghadam & Schlagintweit represents one of the latest (perhaps the latest)
orbitolinids that became extinct before the Cenomanian-Turonian boundary faunal turnover. P. sarvaki has an
apparently endemic distribution with a restriction to middle-late Cenomanian carbonate platforms of the former
Arabian Plate margin. It is herein described from a section of the Sarvak Formation located in the Izeh Zone of SW
Iran where it occurs in inner platform foraminiferal wackestones assigned to the early late Cenomanian. Details on
the microfacies and the biostratigraphy of the section that includes the Cenomanian-Turonian boundary are provided.
The new observations on P. sarvaki highlight the presence of two different types of embryos (thick-walled, simple
and thin epidermis with partitions, complex). The same phenomenon is already known from the Eocene Cushmania
americana (Cushman). This aspect is discussed in more detail in view of the current classification of the
Orbitolinidae; respectively its subfamilies. In addition, the previously unknown microspheric form of P. sarvaki is
recorded, as well as occasional test infestation by the foraminifer Tauchella endolithica Cherchi & Schroeder.

Keywords: Larger benthic foraminifera, Orbitolinidae, embryo, dimorphism, Sarvak Formation.

INTRODUCTION

During the Cenomanian, (sub)tropical carbonate
platforms attained a wide distribution in the peri-Tethys
realm that, depending on the latitudinal belt considered,
even exceeded that of the (early) Aptian Urgonian
platforms (Philipp, 2003). These neritic Cenomanian
carbonate successions record an extremely rich, highly
diverse assemblage of larger benthic foraminifera (LBF)
consisting of orbitolinids, alveolinids, nezzazatids,
cuneolinids, chrysalidinids, praerhapydioninids, and
others (Moullade et al., 1985; Schroeder & Neumann,
1985; Whittaker et al., 1998; Consorti et al., 2015, 2016;
Yazdi Moghadam & Schlagintweit, 2021; Simmons &
Bidgood, 2023). With respect to the Phanerozoic
diversity of agglutinated taxa, the Cenomanian stands
alongside the Holocene as the stage with the highest
number of known taxa (Kaminski et al., 2008;
Schlagintweit & Yazdi-Moghadam, 2023). A large-scale
extinction event around the Cenomanian-Turonian
boundary (CTB) terminated this period of diversity. For
further details and reading see Calonge et al. (2002),
Parente et al. (2008), Caus et al. (2009), Frijia et al.
(2015), Consorti et al. (2015, 2016), Bomou et al. (2020)
and recently Krizova et al. (2024). One of the orbitolinids
that became extinct during the late Cenomanian after the
mesorbitolinids and Orbitolina (Schroeder & Neumann,
1985; Bidgood et al., 2024) is Persiconus sarvaki Yazdi-
Moghadam & Schlagintweit, 2020 described from the
Sarvak Formation of the Zagros Zone. In a section
outcropping in the Izeh Zone, P. sarvaki is commonly
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observed in some samples of its lowermost part of the
exposed section (but high in the formation). This
material, along with new data from the type-section,
provides new observations on the megalospheric embryo,
so far unreported test dimorphism, and the occasional test
infestation by boring Tauchella endolithica Cherchi &
Schroeder. The presence of two types of megalospheric
embryonic apparatus can be observed in P. sarvaki. This
is a feature previously (rarely) reported in the literature
on orbitolinid foraminifera but seldom discussed. Its
occurrence provides a challenge to conventions in
orbitolinid taxonomy, and to the concepts used in the
speciation of LBF in general. Whilst difficult to explain,
it appears to be an undisputable phenonomenon,
deserving further discussion.

GEOLOGICAL SETTING

The Sarvak Formation of the Zagros Fold-belt is a
Cenomanian-Turonian carbonate platform succession
deposited on the passive margin of the Arabian Plate
facing northward into Neotethys (Setudehnia, 1978;
Ziegler, 2001), and is regarded being one of the most
prolific regional oil reservoirs after the Asmari Formation
(e.g., Bromhead et al., 2022). An interesting succession
encompassing the late Cenomanian, Turonian and parts
of the overlying formation (here: Gurpi Fm.) is exposed
in the lzeh Zone of southwestern Iran. As in other areas
of Neotethys, the Cenomanian-Turonian boundary (CTB)
reported within the Sarvak Formation is marked by either
a drowning succession (e.g., ‘Oligostegina facies’ of
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Fig. 1. a-b. Location of the studied section close to Izeh in southwestern Iran. c. Field view to the northwest.

Wynd, 1965), by emersion and bauxite/paleosols (e.g.,
Vincent et al., 2015; Mehrabi et al., 2022a), or a
relatively constant carbonate platform environment, but
with distinct changes in microfauna as in sections from
the lzeh Zone (Dousti Mohajer et al., 2021, 2022; this
work).

The studied section is located about 18.5 km north of
Izeh, Khuzstan Province, SW Iran (Fig. 1a). Therefore, it
is herein named as lzeh section. The coordinates of the
top of the Izeh section are N 31°, 59', 29.33"and E 49°,
50', 0.04". Samples have been taken between the two
villages Ab Konarak and Dasht-e-Susan (Fig. 1b-c). The
studied section refers to the Pyun Anticline with the older
part exposed in its core. In this area, the Sarvak
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Formation has already been investigated by Dousti
Mohajer et al. (2021, 2022).

The section encompasses the middle and upper part of
the Sarvak Formation up to the overlying Gurpi
Formation. Referred to the p.p. middle-late Cenomanian-
Turonian interval, the Cenomanian part makes up ~315 m
and the supposed Turonian strata ~70 m (Fig. 2). The
CTB is not obvious in the field (e.g., change of lithology,
bed thicknesses, colour, or occurrence of a sequence
boundary), an aspect that is also confirmed in the
microfacies analysis. The boundary to the overlying
Gurpi Fm. instead is marked by a distinct change of bed
thickness. A few samples taken from a near-by locality
show condensed facies at the base of the Gurpi
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Formation, repectively a packstone with abundant
planktonic foraminifera and glauconite. The occurrence
of Dicarinella cf. asymetrica (Sigal), Globotruncana cf.
arca (Cushman), Rosita cf. fornicata (Plummer),
marginotruncanids, and Globotruncana cf. linneiana
(d’Orbigny) indicates an age within the range of
~Coniacian-Santonian boundary to early Campanian (M.
Wagreich, pers. comm.), and in any case a remarkable
stratigraphic gap that hampers the deposition of the Ilam
Formation, which is usually interponed between the
Sarvak and Gurpi formations, perhaps mostly due to local
paleotectonics (Bagherpour et al., 2021).

RESULTS
Microfacies

The microfacies of the Cenomanian carbonates can be
referred to the types described by Wynd (1965). It
includes wackestones and packstones with rudist debris
in varying quantities, small and larger benthic
foraminifera, and rare dasycladalean algae. Microfacies
consisting almost exclusively of rudist bioclastic debris
(e.g., rudist debris biofacies no. 24 of Wynd, 1965 and
James & Wynd, 1965) occurs multiple times through the
section, excluding the upper part (Fig. 2). In the
uppermost samples, ascribed to the latest Cenomanian,
the more common presence of thaumatoporellaceans
(incertae sedis), often referred to as opportunistic disaster
taxa (Barattolo & Romano, 2005; Schlagintweit et al.,
2013; Bomou et al., 2020) is noteworthy. Around the part
including the assumed Cenomanian-Turonian boundary
(CTB), bacinellid fabrics interpreted as calcimicrobial
structures (e.g., Maurin et al., 1985; Granier, 2021) have
been observed. Other samples with clotted microbial
fabrics and abundant miliolids occur in the part
containing the last representatives of Cisalveolina fraasi
(Glmbel) (and are thus Cenomanian). In the interval
including the assumed CTB, no sharp facies contrast
(e.g., hemipelagic ‘oligostegina biozone’ no. 26 of Wynd,
1965) or emersion (e.g., Hajikazemi et al., 2010; Vincent
et al., 2015; Bromhead et al., 2022; Mehrabi et al., 2022b;
Simmons et al., 2024) has been observed. Instead, a more
or less continuous carbonate platform facies is observable
throughout the section. It comprises algal debris-facies
with scattered small-sized bioclasts of mainly rudists but
also oysters, echinoids and a distinctly impoverished
foraminiferan microfauna comprising notably
Mangashtia viennoti Henson and some Rotorbinella close
to R. mesogeensis Tronchetti. The algae present may be
assigned to Permocalculus sp. and Trinocladus cf.
tripolitanus Raineri.

Biostratigraphy
P. sarvaki occurs together with Praetaberina

bingistani (Henson) and slightly below (samples 12253
vs. 12254; see Fig. 2) the first observed specimens of

Cisalveolina fraasi (Gumbel) indicating an early late
Cenomanian age (Schroeder & Neumann, 1985; Parente
et al., 2008; Consorti et al., 2015; Simmons & Bidgood,
2023, fig. 86). The rather long vertical range (~212 m)
of C. fraasi (sample 1z 254 to Iz 283), however, is
remarkable and contrasts with previous literature data
indicating just a typically short stratigraphic interval for
this species (Frijia et al., 2015). However, this may reflect
a rapid sediment accumulation rate in the section studied.
The stratigraphic portion assigned to the uppermost
Cenomanian represents an interval charecterized by the
lack of any alveolinids, the occurrence of Chrysalidina
gradata Orbigny, Merlingina cretacea Hamaoui
and Pseudolituonella reicheli Marie (samples 1z 283 to Iz
287). This interval appears above the last occurrence of
C. fraasi and P. bingistani. Other accompanying fauna
contained in this unit is represented by
thaumatoporellaceans, Nezzazatinella sp., Merlingina
cretacea Hamaoui and Pseudolituonella reicheli Marie.
Note that for the Appeninc Carbonate Platform (ACP) of
Central and Southern Italy Chiocchini et al. (2012)
established a ‘Ch. gradata e P. reicheli’ zone for the
latest Cenomanian interval. The two mentioned taxa
[associated sometimes with Pseudorhapydionina dubia
(De Castro) in the ACP] became extinct in the upper part
of the geslinianum ammonite zone (Parente et al., 2008,
fig. 1). In the scheme of Parente et al. (2008), these larger
benthic foraminifera became extinct shortly before the
Cenomanian-Turonian boundary. The last short interval
in the latest Cenomanian should therefore lack any larger
benthic foraminifera. In other stratigraphic charts
(Schroeder & Neumann, 1985; Chiocchini et al., 2012;
Simmons & Bidgood, 2023; Simmons et al., 2025), the
larger benthic foraminifera extinction is placed exactly at
the CTB. Such differences, if they exist, might be due to
local conditions and lack of stratigraphic precision
hindering extrapolition to global scales. In any case, it
can be stressed here that the orbitolinids disappeared
distinctly before the alveolinoids and soritoids in the Izeh
section.

The strata assigned to the Turonian are, in turn,
impoverished of benthic foraminifera, most likely linked
to the effect of the CTB event (see Parente et al., 2008;
Arriaga et al., 2016). Our data suggests that Mangashtia
viennoti, that is present in the lzeh section, is the only
marker species recorded in the Turonian of the Sarvak
Formation, besides Reticulinella? kaeveri Cherchi et al.
(Schlagintweit et al., 2023). However, R.? kaeveri is also
present in the late Coniacian of the Ilam Formation
(Schlagintweit et al., 2024).

SYSTEMATIC PALAEONTOLOGY
Order Loftusiida Kaminski & Mikhalevich in Kaminski,

2004
Suborder Orbitolinina Kaminski, 2004
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Superfamily Orbitolinoidea Martin, 1889
Subfamily Orbitolininae Martin, 1889

Remarks: The original suprageneric classification is
maintained here for pragmatic reasons and the uncertainty
about the taxonomic impact of the new observation on the
embryo of P. sarvaki pending further data.

Genus Persiconus Yazdi-Moghadam & Schlagintweit,
2020 emended

Remarks: According to the results herein and their
interpretation, the original diagnosis is (with respect to
the embryo) emended as follows (changes in bold letters):
The megalospheric embryo consists either of a complex
embryo, an irregular-ovoidal proloculus and a
subdivided supraembryonic zone or a simple embryo
lacking a supraembryonic zone instead exhibiting a
distinctly thickened wall preferentially at the top

(apex).

Persiconus sarvaki Yazdi-Moghadam & Schlagintweit,
2020
Figs. 3,4

1966 ?Dictyoconus sp. — Hamaoui, pl. 2, figs. 2-3.

1990 Orbitolinid A — Smith et al., fig. 6i.

2006 Dictyoconus pachymarginalis — Rahiminejad, fig.
Se.

2014 Dictyoconus sp. — Afghah et al., figs. 8e, 11e.

2014 Dictyoconus pachymarginalis Schroeder — Afghah
etal., figs. 11a

2016 Neoiragia convexa (Henson) — Rikhtegarzadeh et
al., pl. 1, fig. 8.

2019 Dictyoconus pachymarginalis
Kiarostami et al., pl. 2, fig. d.

*2020 Persiconus sarvaki gen. et sp. nov. — Yazdi-
Moghadam & Schlagintweit, p. 4, fig. 4 (with
synonymy).

2022 Praetaberina bingistani — Dousti Mohajer et al.,
Fig. 5h.

Schroeder -

Description: For a detailed species description, see
Yazdi-Moghadam & Schlagintweit (2020). Herein, just
the new and previously unreported observations are
described in detail.

Test dimorphism: Both, orbitolininids and
dictyoconinids are well known for their sexual vs asexual
test  dimorphism  (including  microspheric  vs
megalospheric types of embryos), usually large-sized flat
conical microspheric and high(er) conical megalospheric
forms (e.g., Henson, 1948; Douglass, 1960; Schroeder,
1962; Hofker, 1963). Generally, the microspheric forms
are more rarely observed. For P. sarvaki just high conical
megalospheric specimens have been reported until now.
In sample 1Z 249, from which three thin-sections have
been prepared, only orbitolinids referable to this taxon
were observed. Among them, one subaxial section of a

rather large low-conical specimen stands out that can be
referred to a rare micropsheric form (Fig. 3g). The test is
low conical with chambers displaying enhanced widening
in the last third. In this part the chambers show a central
depression until the cone base. The test has a diameter (d)
of about 5.15 mm and a height (h) of 2.35 mm resulting
in a h/d ratio of ~0.46. The megalospheric specimens
attain equal maximum heights but with a diameter up to
2.20 mm resulting in a h/d ratio of 0.9 to 1.3. Another
difference is the number of chambers per last mm axial
length with 13 (?14) in the B-form versus 9 to 10 in the
A-form. The reduced chamber height in the B-form leads
to radial chamber passages borader than high while in the
A-forms they exhibit equal parameters. The complexity
of the marginal zone with several orders of rafters and
beams is equally developed in both forms (detail in Fig.
3g). A second supposedly microspheric specimen has
been observed in sample 1Z 251, an oblique transverse
section, 2.70 mm in diameter.

Test infestation by Tauchella endolithica Cherchi &
Schroeder

Two specimens of Tauchella endolithica Cherchi &
Schroeder, 2001, originally described from the
Cenomanian of France have been observed in the tests of
P. sarvaki (Fig. 3b, 3g). Both occur in voids slightly
larger than the foarminiferan diameter close to the test
surface. The spiral faces of the tests are directed to the
outer test margin. Both are cut in oblique sections
(diameters 0.69 mm and 1.10 mm), showing the low
trochospirally coiled test exhibiting a microgranular wall.
T. endolithica represents a little known and still
inadequately  described foraminifera (Cherchi &
Schroeder, 2001; Schlagintweit, 2008; Chiocchini et al.,
2012, pl. 203, fig. 1). Much smaller and more high-
trochospirally coiled endolithic foraminifera within
orbitolinid tests were described by Cherchi et al. (1990)
from the Lower Cretaceous of Egypt.

Two structurally different types of embryos

In the studied material (including also same samples)
two different types of megalospheric embryos have been
observed. The first type refers to a simple embryo that
lacks partitions and is characterized by a thick wall
(thickness 0.035 mm to 0.049 mm) especially at its upper
part or apex (Fig. 4a-c, e-g, i, I). The embryo shows a
differentiaition into an upper wider and higher chamber
(deuteroconch; inner diameter 0.20 mm to 0.27 mm) and
a lower smaller and vertically compressed chamber
(protoconch) both separated by a constriction (e.g., Fig.
4c). The other type refers to the one described in Yazdi-
Moghadam & Schlagintweit (2020) as a complex
megalospheric embryo (Fig. 4d, h, k). It shows a main
embryonic chamber with an inner diameter of 0.20 mm to
0.25 mm and partitions of two orders at the roof. The wall
is thin, referring to the epiderm (Hottinger, 2006, p. 14)
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Fig. 3. Persiconus sarvaki Yazdi-Moghadam & Schlagintweit from the upper Cenomanian Sarvak Formation of the Izeh
Zone, SW lIran. a. Oblique sections of two specimens (arrow = detail in b). b. Tauchella endolithica Cherchi &
Schroeder, detail from a. c, e. Subaxial sections. d. Tangential section. f. Detail from d showing complex marginal zone
with several orders of rafters. g. Microspheric specimen, subaxial section. Note the infestation by Tauchella endolithica
Cherchi & Schroeder (white arrow). The detail on the left side shows the complex marginal zone. Thin-sections 12249-1
(a-b, d), 12249-2 (c, e-f), 12249 (g).
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Fig. 4. Different types of megalospheric embryos of Persiconus sarvaki Yazdi-Moghadam & Schlagintweit (middle-late
Cenomanian of Iran). a-c, e-g, i-j, I-m. Specimens with thick-walled simple embryo lacking partitions, sometimes
showing constriction/subdivision in the lower third (c, e, g, i, m). (Sub)axial sections (a, c, e-f, g); Oblique sections (b, i-
j, I-m), note that the obliquity of the section plane in (j) passes (from below to above) through the marginal zone, central
zone, embryo and neanic chambers with partitions giving the impression of a complex embryo. i and m = magnified
views of | and j respectively. d, h, k. Specimens with complex embryo displaying thin epiderm and partitions. h =
magnified view of k; holotype specimen in h and k. Thin-sections from the lzeh section: 1z 249-1 (a-b), 12252 (f); thin-
sections from the Maymand section (type-locality): DB 14530 (d), DB 14545 (e, h-i, k-1), DB 14547 (j, m). BF 204 (c).
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with a thickness of ~0.015 mm. The specimen shown in
Figure 4j (and detail in m) is referred here to the simple
embryo type. It passes obliquely through the marginal
zone (below), central zone, embryo and marginal
partitions of a neanic chamber (above the thickened
embryo wall).

These different types of embryos were observed in the
Izeh section as well as the Maymand type-section of P.
sarvaki also located in the Izeh Zone. As all morpho-
structural features (marginal, radial, and central zones) of
the cones displaying the two embryo types are equivalent,
they are here assumed as belong to the same taxon
Persiconus sarvaki being fully aware that such a
conclusion contradicts the classical suprageneric
orbitolinid classification.

DISCUSSION

The observation of two different types of embryo in
Persiconus sarvaki (and other examples in the literature
as discussed below) challenges the current classification
of the Orbitolinidae (Loeblich & Tappan, 1987,
Kaminski, 2014) and is therefore discussed in detail. The
subfamilies  Dictyoconinae  Schubert, 1912 and
Orbitolininae Martin, 1890 are distinguished by the
structure of their megalospheric embryo, simple versus
complex (e.g., Schroeder, 1962; Hofker, 1963; Moullade,
1965; Schroeder et al. 2010). Moullade (1965, p. 4032)
defined complex megalospheric embryos as consisting of
‘a proloculus plus one or two additional zones’
(‘proloculus s’ajoutent une ou deux zones annexes’).
Loeblich & Tappan (1987, p. 163) did not further specify
the term ‘complex embryonal apparatus’ leading to the
assumption that they accepted the definition of Moullade
(1965). One additional term refers to genera that display a
deuteroconch with a ‘septulate deuteroconch’, a term
used by Loeblich & Tappan (1987, p. 164) for
Dictyorbitolina Cherchi & Schroeder, 1976, present also
in taxa such as Neorbitolinopsis Schroeder, 1964, or
Rectodictyoconus Schroeder, 1964. It appears that the
term supraembryonic zone is synonymously used as
‘septulate  deuteroconch’. The partitions of the
deuteroconch may be well (e.g., Dictyorbitolina,
Persiconus) or rudimentary (comparably short and less

numerous) developed (e.g., Rectodictyoconus or
Dictyoconus?  pachymarginalis ~ Schroeder, 1965).
Additional zones such as peri-embryonic, supra-

embyronic or sub-embyronic zones are present in taxa
such as Palorbitolina Schroeder, 1963, Palorbitolinoides
Cherchi & Schroeder, 1980, Orbitolina d'Orbigny, or
Mesorbitolina Schroeder.

One additional ‘zone’ refers to taxa displaying a peri-
embryonic (ring-like) zone as in Palorbitolina Schroeder,
1963 or surrounding the protoconch and deuteroconch
laterally and below as in Neoiragia Danilova, 1963 or
Palorbitolinoides Cherchi & Schroeder, 1980.

The phenomenon of structurally different types of
embryo observed within one species was reported for the
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first time by Hofker (1966, p. 25) from the Eocene
Cushmania americana (Cushman) of the Caribbean realm
(Fig. 5g-j). In his diagnosis, Hofker described the embryo
“strengthened internally by a thick wall or very short
partitions”, as a “very remarkable structure”. This
observation was later also stressed by Butterlin and
Moullade (1968) studying specimens of C. americana
from the Eocene of Mexico. Described as the new genus
Heterocoskinolina with the type species Conulites
americanus Cushman, (a junior synonym of Cushmania
Silvestri, see Hottinger and Drobne 1980) this feature of
the embryo was included in the generic diagnosis, as
“presented by two chambers (proloculus and
deuteroconch) and protected in its upper part by a thick
wall or fine and short vertical septules” (Butterlin &
Moullade 1968, p. 12, translated from French). Neither
Hofker (1966) nor Butterlin & Moullade (1968) doubted
that the two types belong to the same and not two
different species. Without further commenting in the
taxonomic remarks, Cole (1942, pl. 6, figs. 1-2, 5, 9)
illustrated specimens of Cushmania americana that show
a complex embryo with dense-set fine partitions in the
deuteroconch.

In their monographic work on Paleogene agglutinated
conical taxa, Hottinger and Drobne (1980) included
specimens with both embryo types illustrated by Butterlin
and Moullade (1968) in their synonymy list of C.
americana. In the species description, (p. 62 therein), the
authors remark that ‘the apical chamber (representing
probably a deuteroconch) bears on its apical wall a
subepidermal network’. Both, the drawing of the axial
section (text-fig. 9A) and the thin-section specimen
shown in pl. 20, fig. 1 of C. americana exhibit a simple
embryo lacking partitions. The drawing of the initial part
of Cushmania puilboreauensis (Woodring) shown in text-
fig. 9C in Hottinger & Drobne (1980) displays a clearly
developed subepidermal network. Incomprehensibly,
Hottinger & Drobne (1980, p. 33) then concluded that “all
larger megalopsheres observed so far in Tertiary conical
imperforate foraminifera are simple spheres without
internal structures’. Independently from its incorrect
generic status, the upper Paleocene Orbitolina daviesi
was described and illustrated by Hofker (1966, p. 13,
‘apical wall strengthened by a honeycomb structure of
partitions’) as possessing a complex embryo (see also
Schlagintweit, 2020), but not taken into account by
Hottinger & Drobne (1980). Later, Hottinger (2006, fig.
41) illustrated the megalopsheric embryo of the species
(as Karsella hottingeri Sirel; see Schlagintweit, 2020 for
taxonomic review) ‘strinkingly similar to the one of Mid-
Cretaceous orbitolinids’ with a complex embryo.

The results/observation of Hofker (1966) and
Butterlin & Moullade (1968) have neither been discussed
later in taxonomic paper or notes nor have they been
reported from any other orbitolinid taxon. If one accepts
that the two types observed in Persiconus and Cushmania
belong to the same taxon, then such a conclusion
challenges the general criteria for genus differentiation.
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thick wall without
subepidermal network

thin epiderm
with subepi-
dermal network

Fig. 5. Different types of megalospheric embryos from various Orbitolinidae. a-c. Calveziconus lecalvezae Caus &
Cornella, Campanian of Croatia; complex embryo with partitions in a and simple embryos without partitions in b and c.
d. Dicytoconus bakhtiari Schlagintweit et al., late Maastrichtian of SW Iran, with thick-walled simple embryo. e-f.
Praeorbitolina cormyi Schroeder, late early Aptian of Central Iran, with thick wall around proloculus and undivided
deuteroconch, the complexity of the embryo refers to a subdivided subembryonic zone. e, axial section perpendicularly
to the median plane, f, axial (median) section. g-j. Cushmania americana (Cushman), Eocene of Yukatan Peninsule,
Mexico (from Butterlin & Moullade, 1968, pl. 1, figs. 5, 7-8) and Jamaica (from Cole, 1956, pl. 25, fig. 9) and axial
sections (obliquely in h). Complex embryo with thin epiderm and partitions in g-h and simple thick-walled embryo in i-
j.; k. Thick-walled simple embryo of Montseciella arabica (Henson), ?late Barremian of Iran (from Henson, 1948, pl.
1, fig. 5 illustrated as Dictyoconus arabicus). All scale bars = 0.30 mm.

Besides, these Paleogene examples, there might be
another Upper Cretaceous example besides Persiconus
sarvaki. The Campanian species Calveziconus lecalvezae
Caus & Cornella was described as possessing a simple

and (depending on the section plane) slightly eccentric
embryo (Caus & Cornella, 1982; Villalonga et al., 2019)
(Fig. 5b-c). In the same population, however, there may
be specimens that show a few vertical partitions at the
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apical part of the deuteroconch (Fig. 5a). This type is
comparabel to the embryo of Rectodictyoconus that is
included into the Orbitolininae contradicting the previous
subfamilar classification of Calveziconus (e.g., Loeblich
& Tappan, 1987). Other species that may have a thick-
walled embryonic wall around the protoconch and
deuteroconch without partitions are recorded from the
late Barremian Montseciella arabica (Henson) (Fig. 5k),
the late early Aptian Praeorbitolina cormyi Schroeder
(Fig. 5e-f) or the late Maastrichtian Dictyoconus
bakhtiari Schlagintweit et al. (Fig. 5d). The literature data
compiled in Table 1 shows that the data (measurements)
of the thickened embryonic wall (respectively at the
apex) of the taxa discussed herein lies in a range of 18 to
50 um. Both Persiconus sarvaki and Cushmania
americana provide the maximum thickness values
observed. Coincidentally or not, both display a highly
complex marginal zone with several orders of rafters and
beams (compare Fig. 3f with Fig. 5j).. The ‘thickness’ of
the epiderm related to a subepidermal network (see
Hottinger, 2006) is much reduced to just a few microns.
Here, the thickness of the epiderm of the apical
embryonic wall and the marginal test wall of the neanic
chambers is identical. An intermediate position of wall
thickness is attained by orbitolinids displaying no rafters
in the marginal zone such as the Paleocene Fallotella
Mangin or the late Aptian Simplorbitolina aquitanica
(Schroeder) (Tab. 1).

In the examples with two types of embryos, it appears
reasonable to assume that these specimens do not belong
to separate species but instead reflect different structures
serving the same purpose. Hofker (1966) and Butterlin &
Moullade (1968) concluded some kind of protection of
the embryonic chamber allowing the individual to grow
and reach adult (= reproductive) stages. The reasons why
obviously some taxa evolved these two types of embryos
and others apparently not is unknown. This phenomenon
needs further data and analyses to be fully explained.

CONCLUSIONS

New observations of the orbitolinid Persiconus
sarvaki from the late Cenomanian of the Sarvak
Formation include the test infestation by the euendolithic
foraminiferan Tauchella endolithica, the presence of
specimens ascribed to the microspheric generation (B-
forms) and most importantly the presence of two different
types of embryos, simple and complex. Other records of
this phenomenon are reported from the upper Cretaceous
Calveziconus lecalvezae and the Eocene Cushmania
americana. They are interpreted, in accordance with
literature conclusions, as serving both the same purpose.
The reasons why some orbitolinids exhibit two types of
embryos during the Upper Cretaceous and Paleogene are
unknown. In any case, this phenomenon challenges the
current classification of the Orbitolinidae respectively the
subfamily grouping of Dictyoconinae (with simple
embryo) and Orbitolininae (with complex embryo).
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