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ABSTRACT

Guembelitria is the only planktonic foraminiferal genus whose survival from the
mass extinction event of the Cretaceous/Paleogene (K/Pg) boundary has been clearly
proven. The evolution of Guembelitria after the K/Pg boundary led to the appearance of
two guembelitriid lineages in the early Danian: one biserial, represented by
Woodringina and culminating in Chiloguembelimand the other trochospiral,
represented by Trochoguembelitria and culminating in Globoconusa. We have re-
examined the genus Chiloguembelitria, another guembelitriid descended from
Guembelitria and whose taxonomic validity had been questioned, it being considered a
junior synonym of the latter. Nevertheless, Chiloguembelitria differs from Guembelitria
mainly in the wall texture (pustulate to rugose vs. pore-mounded) and the position of the
aperture (umbilical-extraumbilical to extraumbilical vs. umbilical). Chiloguembelitria
shares its wall texture with Trochoguembelitria and some of the earliest specimens of
Woodringina, suggesting that it played an important role in the evolution of early
Danian guembelitriids, as it seems to be the most immediate ancestor of both
trochospiral and biserial lineages. Morphological and morphostatistical analyses of
Chiloguembelitria discriminate at least five species: Chg. danica, Chg. irregudans

three new species: Chg. hofkeZhg. trilobata and Chg. biseriata.

Keywords. Guembelitriids, wall texture, K/Pg boundary, morphostatistical analysis,

Tunisia.

1. Introduction
The mass extinction event of the Cretaceous/Paleogene (K/Pg) boundary 66 million

years ago eliminated almost all species of Maastrichtian planktonic foraminifera (Smit
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1990; Arenillas et al2002; Molina et al2006, 2009), leaving vacant most of the

pelagic niches and triggering in the early Danian the most important radiation in their
evolutionary history. One of the most passionate debates in the Earth Sciences focuses
on the paleobiological and paleoenvironmental changes that occurred before, during and
after this extinction, as well as its relation with the massive eruptions in the Deccan
volcanic province in India (Chenet et al. 2007; Schoene et al. 2015) and/or with the
Chicxulub asteroid impact on Yucatan in Mexico (Hildebrand et al. 1991; Schulte et al.
2010).

Numerous new species of trochospiral and biserial planktonic foraminifera originated

after the K/Pg boundary (Luterbacher and Premoli Silva 1964; Smit 1982; Canudo et al.
1991, Liu and Olsson 1992; Molina et al. 1998). This evolutionary radiation happened
in two pulses (Arenillas et al. 2000b, 2004). The first occurred between approximately 5
and 20 kyr after the K/Pg boundary (Arenillas et al. 2016b), with the appearance of
species belonging to the parvularugoglobigerinRiEryularugoglobigerina Hofker,
1978, and Palaeoglobigerina Arenillas, Arz and Nafiez, 2007) and biserial taxa
(Woodringina Loeblich and Tappan, 1957, and Chiloguembelina Loeblich and Tappan,
1956). The second evolutionary radiation occurred between approximately 37 and 80
kyr after the K/Pg boundary, giving rise to species belonging to Trochoguembelitria
Arenillas, Arz and Nafez, 2012, Eoglobigerina Morozova, 1959, Parasubbotina
Olsson, Berggren and Liu, 1992, Globanomalina Haque, 195&@®inurica Olsson,
Hemleben, Berggren and Liu 1992 (Arenillas et al. 2010, 2012; Arenillas and Arz
2013a, 2013b, 2016a). Other genera appear shortly afterwards, such as Subbotina
Brotzen and Pozaryska, 1961, and Globoconusa Khalilov, 1956.

One of the presumed ancestors of the earliest Danian taxa was Guembelitria

Cushman, 1933, the only planktonic foraminiferal genus whose survival from the K/Pg
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mass extinction event has been clearly proven (Smit 1982; Olsson et al. 1999; Arenillas
et al. 2000a; Ashckenazi-Polidova et al. 2014; Arenillas et al. 2016a). There is a general
consensus that Guembelitria is the ancestor of microperforate genera such as
Woodringina and Globoconusa (Olsson et al. 1999; Arenillas and Arz 2000; Arenillas et
al. 2010; Koutsoukos 2014). For the latter, Arenillas et al. (2012, 2016b) proposed the
evolutionary lineage GuembelitriBrochoguembelitria-Globoconusa, instead of the

more direct derivation dBloboconusa from Guembelitri&/oodringina, with a mixed
triserial-biserial test, is in turn the ancestor of the wholly biserial genus
Chiloguembelina.

Guembelitria species were r-strategy opportunists that inhabited surface-water
environments (Nederbragt 1991) and bloomed during the stressful times of
Maastrichtian global warming events associated with the Deccan Traps eruptions (Pardo
and Keller 2008). Guembelitria also bloomed immediately after the Chicxulub impact,
during approximately the first 10 or 15 kyr of the Danian (acme-stage PFAS-1 of
Arenillas et al. 2006). Another, later bloom of triserial guembelitriids has been
recognized in the early Danian of Egypt, Israel, Tunisia and India. This was related to a
global warming episode linked to the last phase of Deccan volcanism (Punekar et al.
2014).

The main object of the present study is Chiloguembelitria Hofker, 1978, another
guembelitriid that originated in the first evolutionary radiation and whose taxonomic
validity has been questioned, it being considered a junior synon@uerhbelitria (e.g.
D'Hondt 1991; MacLeod 1993). However, Chiloguembelitria may be key to elucidating
the evolutionary relationships among the earliest Danian guembelitriids. Arenillas et al.
(2010) suggested that Chiloguembelitria includes at least three species: Chg. danica

Hofker, 1978, Chg. irregularis (Morozova, 1961) and Ch. cf. cretacea. However,



95 studies of its morphologic variability and species diversity have not been conducted so

96 far.

97 In this paper, we document new specimens assignable to the genus

98 Chiloguembelitria mainly from the El Kef section (Tunisia) in order to assess its

99 taxonomic validity, advance the understanding of its phylogenetic relationships with
100 GuembelitriaWoodringina and other genera, and determine its species diversity. This
101 review will also help to date and correlate the climatic warming episodes of the early
102 Danian. The bloom of triserial guembelitriids linked to the last volcanic phase of the
103 Deccan has been ascribed to Guembelitria (Punekar et al. 2014). Nevertheless, it could
104 in fact be an acme of Chiloguembelitria, which replaced Guembelitria in the early
105 Danian, occupying the same ecological niche. Considering Chiloguembelitria and
106 Guembelitria as separate genera will make it possible to differentiate more easily the
107 possible Danian blooms of Chiloguembelitria from the PFAS-1 episode (acme of
108 Guembelitria inmediately after the K/Pg boundary), recognize and calibrate possible
109 hiatuses in lower Danian sections, and interpret and correlate more accurately the
110 paleoenvironmental changes occurring after the K/Pg boundary extinction event.
111
112 2. Material and Methods
113 Samples for this study were selected from the lower Danian of the El Kef section,
114 Tunisia, which is the Global boundary Stratotype Section and Point for the base of the
115 Danian Stage (Molina et al. 2006). All studied rock samples were disaggregated in
116  water with diluted HO,, washed through a 63inusieve, then oven-dried at 50°C.
117 Analyzed specimens were mounted on microslides for a permanent record and
118 identification. Planktonic foraminifera were picked from the residues and selected for

119 scanning electron microscopy (SEM), using the JEOL JSM 6400 and Zeiss MERLIN
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FE-SEM of the Electron Microscopy Service of the Universidad de Zaragoza (Spain).
The type-specimens of the new species described in this paper were deposited in the
Museo de Ciencias Naturales of the Universidad de Zaragoza (Aragon Government,
Spain). In addition to El Kef, specimens from other localities have also been taken into
account for taxonomic studies, such as those from Elles and Ain Settara (Tunisia),
Caravaca and Agost (Spain), Ben Gurion (Israel), Lynn Creek (Mississippi), Nye Klov
(Denmark) and Bajada del Jaguel (Argentina).

For taxonomical and evolutionary studies, we have relied on morphological,
morphostatistical, ontogenetic and textural criteria, and a high-resolution
biostratigraphy. The morphostatistical studies were based on 124 specimens of
Chiloguembelitria randomly chosen from lower Danian sample KF19.50 of El Kef
(Table 1), 7.5 m above the K/Pg boundary. The foraminiferal preservation in El Kef is
good enough to analyze the wall texture, although corroded and recrystallized surfaces
can be observed. The ranges of the studied taxa were established after reviewing the
high-resolution biostratigraphic data from the El Kef section (Arenillas et al. 2000a),
which allowed us to pinpoint the first appearance of the taxa. We used the planktonic
foraminiferal zonations of Arenillas et 2004) and Berggren and Pearson (2005);
their equivalence is shown in Figure 1. Notably, the former is based on complete and
greatly expanded Tunisian and Spanish K/Pg sections such as El Kef, Ain Settara, Elles,
Caravaca, Agost and Zumaia (see Molina et al. 2009). Biomagnetochronological
calibrations allowed Arenillas et al. (2004) to date the zonal boundaries of their
biochronological scale (Figure 1). The section studied at El Kef spans only up to the
Subbotina triloculinoideSubzoneRarasubbotina pseudobulloid@®ne) of Arenillas
et al. (2004), or Subzone P1b of Berggren and Pearson (2005). For this reason, the range

tops of some species have been determined after reviewing previous biostratigraphic
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studies at Spanish localities such as Caravaca, Agost and Zumaia (see Molina et al.

1998).

[Figure 1 near hete

3. Taxonomic and phylogenetic remarks

All the planktonic foraminiferal taxa studied here have usually been considered to
belong to the family Guembelitriidae Montanaro-Gallitelli, 1957, except for
Chiloguembelina of the family Chiloguembelinidae Reiss, 1963 (Loeblich and Tappan
1987; Olsson et al. 1999), and Trochoguembelitria and Globoconusa, which have
recently been included in the family Globoconusidae BouDagher-Fadel, 2012 (see
Arenillas et al. 2016b). Guembelitriidae traditionally includes to planktonic foraminifers
with triserial tests, at least in their juvenile stage. Its type-genus, Guembelitria, is the
only one universally accepted as belonging to it. The other genera included within
guembelitriids show serial reductiow/¢odringina) or proliferationGuembelitriella
Tappan, 1940) throughout their ontogeny. Guembelitriella was proposed to include
irregular multiserial forms in the adult stage, being triserial in the early stage. However,
the systematic position of this genus is problematic, since Longoria (1974) and
Georgescu (2009) considered that its type-species, Guembelitriella graysonensis
Tappan, 1940, exhibits a trochospirally coiled test and is morphologically closer to
benthic Praebulimina Hofker, 1953, than to Guembelitria. The Guembelitriella-type
multiserial forms of the K-Pg transition, assigned to Guembelitriella postcretacea
Pandey, 1981, were not considered in the taxonomies of Arenillas et al. (2007) and Arz

et al. (2010) because they apparently belong to aberrant forms of Guembelitria.
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According to these authors, all survivor guembelitriids from the K/Pg boundary event

belong to Guembelitria.

3.1. Upper Cretaceous triserial guembelitriids

Guembelitria is characterized by a test that is wholly triserial (Figure 2),
microperforate and with a pore-mounded wall texture (Loeblich and Tappan 1987;
Olsson et al. 1999; Georgescu et al. 2011), its type-species being Guembelitria cretacea
Cushman, 1933. After carrying out a morphostatistical analysis, Arz et al. (2010)
proposed three species in Guembelitria for the upper Maastrichtian: G. cretacea (Figure
2(a)—(d)), G. blowArz, Arenillas and Nafez, 2010 (Figure 2(e)—(g)), @xdlammula
Voloshina, 1961 (Figure 2(h)—(k)). Before being described, G. bd@siusually named
as Guembelitria trifolia (Morozova, 1961) because Blow (1979) used the specific name
trifolia for the low-spired triserial morphotypes. However, the holotyp8lobigerina
(Eoglobigerina)trifolia Morozova, 1961, is an early Danian trochospiral form that
Olsson et al. (1999) later considered tddeboconusa. On the other hand, Cretaceous
specimens of G. dammula have usually been attributed to Guembelitria danica (Hofker,
1978) (e.g. MacLeod 1993). Arenillas et al. (2007) and Arz et al. (2010) pointed out the
possible existence of two pseudocryptic species among Danian high-spired
Guembelitria, both usually referred to Guembelitria danica but one exhibiting pore-
mounds G. danica sensu MacLeod 1993, andd@nmula sensu Arz et al. 2010) and
the other imperforate pustules and rugositi@siloguembelitria danica sensu Hofker
1978). The same applies to the species Guembelitria irregubaaisin referred to as

Chiloguembelitria irregulariswhich includes triserial tests of irregular appearance.

[Figure 2 near hete
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It is traditionally believed that the chronostratigraphic range of Guembelitria spans
from the upper Albian to the lower Danian (Loeblich and Tappan 1987; Kroon and
Nederbragt 1990). However, Georgescu (2009) restricted its range from the upper
Santonian to the lower Daniana, considering that the triserial taxa of the upper Albian to
Turonian triserial taxa belong to a different genus, Archaeoguembelitria Georgescu,
2009. Georgescu (2009) argued that Archaeoguembelitria and Guembelitria are not
phylogenetically related, and that the first derived from the buliminid Praeplanctonia
Georgescu, 2009. Archaeoguembelitria was excluded from the family Guembelitriidae
and assigned to the new family Archaeoguembelitriidae Georgescu, 2009, within the
buliminid superfamily Praeplanctonioidea Georgescu, 2009.

A relevant species for the evolutionary historyGafembelitria may be G tuirrita
Kroon and Nederbragt, 1990, which ranges from the upper Campanian to the lower
Maastrichtian. Georgescu (2009) considered @atretacea evolved from Gturrita
during the upper Campanian. However, Gir?ita has triangular pustules that do not
tend to result pore-mounds (Georgescu et al. 2011). In addition, it usually has a
buliminid-shaped, asymmetrical aperture (Kroon and Nederbragt 1990), and therefore it
may represent a separate lineage of triserial planktonic foraminifera descending from
some still unknown buliminid (Georgescu et al. 2011). The benthic species Neobulimina
newjerseyensi§eorgescu, Arz, Macauley, Kukulski, Arenillas and Pérez-Rodriguez,
2011, which exhibits small pustules and incipient circular pore-mounds, may represent a
major challenge in deciphering the origin of Guembelitria. The evolution of
Guembelitria from Neobulimina would be similar to that from Praeplanctonia to
Archaeoguembelitria in the late Albian. However, the occurrence of Glearetacea

specimens in Santonian sediments means that additional studies are required to define
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more adequately the stratigraphical distributions oft@r?a and N. newjerseyensas

presumed ancestors of G. cretacea (see Georgescu et al. 2011).

3.2. Biserial and trochospiral lineages of Danian guembelitriids

The Paleogene biserial lineage descending from Guembelitria indNoedringina
and Chiloguembelina (Figure 3)/oodringina clusters Danian species with a triserial
juvenile stage followed by biserially arranged chambers. Its type-spebies is
claytonensid.oeblich and Tappan, 1957. The description of its wall texture has varied
from one author to another, but it is usually considered to be pustulate with a variable
density of pustules, giving an appearance that is smoother if low density or more
muricate if high density. Although Loeblich and Tappan (1957) described it as very
finely hispid, Loeblich and Tappan (1987) later depicted it as smooth. Olsson et al.
(1999) and BouDagher-Fadel (2012, 2015) also suggested a smooth wall for
Woodringina, though sometimes bearing pore-mounds, at least in the juvenile stage.
Arenillas et al. (2007) proposed fdfoodringina a papillate wall, with imperforate
blunt pustules, and suggested that its pustules are ontogenetically linked to modified
pore-mounds, which are only present in the most primitive forms (assigned herein to
Chiloguembelitria biseriata sp. nov)Voodringina is considered the intermediate taxon
between Guembelitria and Chiloguembelina (Olsson et al. 1999). Chiloguembelina is
characterized by a wholly biserial test, and its wall texture was originally described as
smooth or hispid (Loeblich and Tappan 1956), or as granulate by Loeblich and Tappan
(1987). Olsson et al. (1999), Huber et al. (2006) and BouDagher-Fadel (2012, 2015)
described it as having with numerous small pustules, and Arenillas et al. (2007) as
having a finely or moderately papillate surface, with blunt pustules. Four species of

Woodringina and Chiloguembelina have been consideredWergdaytonensis

10
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Loeblich and Tappan, 1957 (Figure 3(a), 14(e)—{W)) hornerstownensi®lsson, 1960
(Figure 3(b)—(f)), Ch. taurica Morozova, 1961 (Figure 3(g)—(i)), and Ch. midwayensis

(Cushman, 1940) (Figure 3(j)—(k)).

[Figure 3 near hete

Various trochospiral genera from the earliest Danian have also been linked to or
included in the family Guembelitriidae (Olsson et al. 1999; Arenillas et al. 2007, 2012),
such as Parvularugoglobigerina, Palaeoglobigerina, Trochoguembelitria, and
Globoconusa. The first two have recently been excluded from the guembelitriids
(BouDhager-Fadel 2012; Arenillas and Arz 2013a, 2013b), and a benthic origin has
been proposed for them (Brinkhuis and Zachariasse 1988; Arenillas and Arz 2016). The
Paleogene trochospiral lineage descending from Guembelitria includes to
Trochoguembelitria and Globoconusa (Figure 4). The genus Trochoguembelitria,
whose type-species is Guembelitria? alabamensis Liu and Olsson, 1992, was proposed
by Arenillas et al. (2012) in order to include trochospiral specimens with a pustulate to
rugose wall texture (with decentred pore-mounds and perforate rugosities) previously
assigned to Parvularugoglobigerina (e.g. Olsson et al. 1999), restricting the latter genus
only to species with a smooth wall texture, such as Pv. eugubina (Luterbacher and
PremoliSilva, 1964) and Pv. longiapertura (Blow, 1979). Trochoguembelitria may be
triserial in the juvenile stage, at least in some specimens of T. alabaymensading its
triserial evolutionary origin. Arenillas et al. (2012) suggested that Trochoguembelitria is
the ancestor of the pustulate-wall@tbboconusa. After carrying out a morphostatistical
analysis of Trochoguembelitria, Arenillas et al. (2016b) proposed four species: T.

alabamensigLiu and Olsson, 1992) (Figure 4(a)—(c)), T. extensa (Blow, 1@i§lre

11
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4(d)—(e)), T. liuae Arenillas, Arz and Nafez, 2qE&ure 4(f)), and T. olssoni

Arenillas, Arz and Nafez, 2016 (Figure 4(g)). Moreover, three species have been
considered in Globoconusa: Gc. daubjergeBsignnimann, 1953 (type-species, Figure
4(h)—(i)), Gc. conusa Khalilov, 1956 (Figure 4(j)), and Gc. vickoutsoukos, 2014

(Figure 4(k)). The classification of BouDagher-Fadel (2012, 2015) still retained the
genus Postrugoglobigerina Salaj, 1986, basing it on characters similar to those
attributed to Trochoguembelitria. However, Postrugoglobigerina has been regarded as a
nomen dubium non conservandduoe to the holotypes and type-material of its species
have been lost and are of doubtful application (see discussion in Arenillas et al. 2012).
Olsson et al. (1999) and Arenillas et al. (2012, 2016b) considered Postrugoglobigerina
a junior synonym of Parvularugoglobigerina. The latter has also usually been included
in Guembelitriidae because Guembelitria was considered its direct ancestor (Olsson et
al. 1999), but recent taxonomic proposals include it, together with Globanomalina, in

the family Globanomalinidae Loeblich and Tappan, 1984 (e.g. BouDagher-Fadel 2012).

[Figure 4 near hete

4. Textural variability in lower Danian guembelitriids

The wall texture of upper Maastrichtignembelitriids is usually described as pore-
mounded (Loeblich and Tappan 1987; Olsson et al. 1999; Georgescu et al. 2011). The
typical pore-mounds dbuembelitria are blunt pustules (papilla-type) marked by a more
or less centered pore (Figure 5(a)). However, Loeblich and Tappan (1987) and Arenillas
et al. (2007, 2010) reported that the microtextural variability among guembelitriids of
the lowermost Danian is greater than in the upper Maastrichtian. For example, the most

immediate descendants from Guembelitria,\M@odringina (Figure 5(e)) and

12
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Trochoguembelitria (Figure 5(d)), already had a different type of wall texture (a
pustulate or rugose wall), although this clearly evolved from the typical pore-mounded
wall of Guembelitria (Arenillas et al. 2012, 2016b).

These textural variations may consist of irregular pore-mounds with decentered
pores, imperforate pustules that may be blunt or sharp, and a high or low density of
pore-mounds and/or imperforate pustules on the surface. Moreover, pore-mounds and
blunt pustules can coalesce, generating small, non-aligned rugae or ridges (a rugose
wall). Some of these variations can be mixed in a single specimen. In the case of
triserial guembelitriids, these other types of wall texture have usually been considered
part of the microtextural variability in Guembelitria (e.g. Olsson et al. 1999). Although
part of this variability could have an ecophenotypic or ontogenetic origin, it has also
been related to pseudocryptic speciation, which resulted in species only distinguished by

their wall surface under the scanning electron microscope (Arenillas et al. 2010).

[Figure 5 near hete

4.1. Wall texturesin lower Danian guembelitriids

Arenillas et al. (2007, 2010, 2012) and Arz et al. (2010) studied and illustrated the
textural variability of the guembelitriids of the K-Pg transition, including examples of
wall texture assignable to Chiloguembelitria. Among the earliest Danian guembelitriids,
the following wall textures were recognized:

1) Pore-mounded wall, or papillate wall with pore-mounds (Figure 5(a)): wall texture
characterized by blunt pore-mounds irregularly distributed, generally with one pore per
papilla, approximately centered (regular pore-mounds), and sometimes two pores per

papilla; the density of pore-mounds is variable and, when the density is high, the pore-

13



319 mounds can be fused at their bases; this is the wall surface typical of Maastrichtian
320 specimens of Guembelitria from tropical to temperate latitudes in both oceanic and

321 neritic environments, and also in lowermost Danian specimens.

322 2) Pustulate/papillate to rugose wall, with irregular, decentered pore-mounds,

323 imperforate blunt pustules (papilla-type), and imperforate and perforate rugosities

324  (Figure 5(c)—(d)): wall surface characterized mainly by rugosities with or without

325 multiple pores, produced by the coalescence of pore-mounds or imperforate blunt

326 pustules; the pustules may also be sharp (Figure 5(Q)); it is microperforate with tiny
327 pores within the rugosities and isolated pore-mounds, and in the smooth surface; pores
328 in rugosities and pore-mounds are very decentered, often situated in the basal part of the
329 ridges or mounds; in specimens with a higher pore density, the rugosities tend to be
330 smaller and more crowded (muricate-type); all these types of pustules and rugosities
331 may be found in a single specimen; this is typical of Chiloguembelitria and

332 Trochoguembelitria.

333 3) Pustulate wall, with small blunt pustules (Figure 5(e)—(f)): wall surface with blunt
334 pustules and tiny pores scattered over the smooth surface of the wall; this is typical of
335 Woodringina and Chiloguembelina; in specimenmsainly of Woodringina —with

336 higher pore density, the pustules tend to be smaller and more crowded (muricate-type);
337 in specimens -mainly of Chiloguembelina -with low pustule density or smaller

338 pustule size, the wall surface looks smooth.

339 4) Pustulate wall, with sharp pustules (Figure 5(h)): wall surface with sharp pustules
340 and small pores scattered over the smooth surface of the wall; the pustules may also be
341 blunt; both sharp and blunt pustules may be found in a single specimen; the density of

342 pustules is usually low; this is typical of Globoconusa.
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343 Additionally, Loeblich and Tappan (1987) and Arenillas et al. (2010) distinguished a
344  granular or granulate wall in guembelitriids or in evolutionarily and/or ecologically

345 associated taxa (e.g. Chiloguembelina and/or Parvularugoglobigerina). This is

346 characterized by minute calcite crystallites with in a mosaic or jagged shape over the
347 entire test surface (Figure 5(b)). Salaj (1986) defined at El Kef two new Danian species
348 of Guembelitria G. besbesand G. azzouythat were also described as having small

349 pustules, referring probably to a granulate wall texture. Although these species were
350 later considered junior synonyms of G. cretacea (Olsson et al. 1999) and should be
351 regarded as nomina dubia non conservanda like the Postrugoglobigerina species (see
352 discussion in Arenillas et al. 2012), this is not the last time that this wall texture has
353 been recognized in guembelitriids. Arz et al. (2010) and Arenillas et al. (2010)

354 suggested that — unlike the specimens of other taxa in the same samples of Tunisian
355 sections — the wall surface of many Maastrichtian and Danian specimens of

356 Guembelitria is covered by a secondary granular crust (Figure 2(c), (g)). Without ruling
357 out the recrystallization processes which are usual in Tunisian sections, the authors
358 postulated that the granular wall could also be related to gametogenetic calcification, i.e.
359 asecondary outer calcite crust covering the normal pore-mounded surface. Some

360 specimens of guembelitriids show a granulate surface in all chambers except in the last
361 ones (e.qg. Figure 2(l)), suggesting the likelihood of such a proposal. However, due to
362 the inability to demonstrate the difference between the diagenetically modified

363 gametogenetic calcification and the recrystallization itself, the suggestion of a granular

364 crust is here considered highly speculative for now.
365

366 4.2. Wall texturein Chiloguembedlitria
367 Loeblich and Tappan (1987) considered that the main diagnostic character of

368 Chiloguembelitria is its wall texture, which made it possible to differentiate it from

15



369 Guembelitria. Hofker (1978) specified its wall texture by studying the type-species Chg.
370 danica, describing it as having small blunt pustules. Studying topotyg&sgoidanica,

371 Loeblich and Tappan (1987) concluded that Chiloguembelitria has a surface that is
372 finely pustulose but lacks pore-mounds. Later, Arenillas et al. (2010) described it as
373 papillate to rugose, with perforate or imperforate pustules and rugosities, and

374 BouDagher-Fadel (2012, 2015) as muricate, i.e. surface possessing high density of
375 pustules.

376 Kroon and Nederbragt (1990), D'Hondt (1991), MacLeod (1993), Jenkins et al.

377 (1998) and Olsson et al. (1999) among others have proposed, however, that

378 Chiloguembelitria is a junior synonym of Guembelitria, claiming that both genera bear
379 pore-mounds. MacLeod (1993) illustrated Maastrichtian specimens assigned to

380 Guembelitria danica exhibiting well-developed pore-mounds, and suggested that both
381 G. cretacea and Chg. danicaatthough distinct speciesbelong to the genus

382 Guembelitria, Chiloguembelitria being a junior synonym. However, Maastrichtian

383 specimens morphologically similar to the holotype of Chg. danica have recently been
384 attributed to G. dammula (Arz et al. 2010). Because the holotype of Chg. danica cannot
385 found (depository not given by the author), Jenkins et al. (1998) chose topotypes of
386 Chg. danica and designated a neotype. They conclude that these type-specimens bear
387 pore-mounds similar to those of Guembelitria, supporting the idea that the two genera
388 are synonymous. However, the specimens that they illustrated are poorly preserved and
389 seem to have imperforate pustules and rugosities, including the neotgpg.afanica

390 selected by them. For these reasons, Arz et al. (2010) concluded that the presence of
391 regular pore-mounds i@hg. danica is very dubious, and proposed that their taxonomy
392 should be clarified by carrying out a more profound study of the wall texture and

393 morphology of this genus and other Danian guembelitriids.
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5. Morphological variability in lower Danian guembélitriids
5.1. Gross morphology

At the genus level, the serial guembelitriids were usually classified in accordance
with their chamber arrangement (Figure 6(a)), distinguishing the wholly triserial forms
(Guembelitria) and the triserial-biserial mixed form$dgodringina). The types of wall
texture identified seemed to fit well with these two gen@tgembelitria having a pore-
mounded wall (usually with regular pore-mounds) Wwabdringina a papillate or
pustulate wall (usually with a high density of blunt pustules).

At the species level, the main diagnostic criterion used in guembelitriids is the spire
height, bearing in mind that triserial and biserial are spiral forms with three and two
chambers per whorl respectively (Tyszka 2006; Figure 6). In Guembelitria (Arz et al.
2010), three species were distinguished according to whether they are low-Gpired (
blowi, or G. trifolia for some authors), medium-spir&il €retaceg, or high-spired@.
dammula, or G. danica for some authors). Triserial guembelitriids of irregular
appearance (twisted test) have usually been classified within G. irregiilaresn
Chiloguembelitria irregulari¥ The separation of regular and "irregular” triserial
guembelitriids can be established using the rotation gh)gle that whef is
approximately between 120° and 130° they have a regular appearance (with some
twisting when further away from 120°) and when more than 130° they have an irregular
appearance (Figure 6(a)). In the adult stage, the spire height of Chg. irregularis is great,

similar to that of G. dammula or that of the original holotype of Chg. danica.

[Figure 6 near hete
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419 In Woodringina(Olsson et al. 1999; Arenillas et al. 2007), twedes have been
420 distinguished according to whether they are lowespWV. claytonensjsor high-spired
421  (W. hornerstownensisThe triserial juvenile stage of many specimeing/o

422 claytonensi@andW. hornerstownensisnainly the most modern ones, is greatly

423  shrunken (pseudotriserifd,~ 140-170°) or absent (biserifil= 170-180°) (Figure 6(a)).
424  Those that have a gross morphology similaMaclaytonensibave been assigned to
425 Woodringina kellerMacLeod, 1993, and those similantb hornerstownensisave

426 usually been assigned @hiloguembelina mors€Kline, 1943) orChiloguembelinaf.
427 morsei(e.g. D'Hondt 1991; Olsson et al. 1999; Areniiasl Arz 2000; Arenillas et al.
428 2000a, 2000b). MacLeod (1993) remarked WWakelleridiffers fromW. claytonensis
429 in its laterally compressed adult chambers, and@alby in its large, elongate aperture.
430 Olsson et al. (1999) consideréd kellerito be a junior synonym &V. claytonensis
431 adducing that the differences proposed by MacL&883) appear insufficient to

432 warrant maintenance &Y. kellerias a separate taxon. Arenillas et al. (2007) censd
433 Ch. morse(Figure 3(l)) to be a junior synonym Ghiloguembelina midwayensis

434  (Cushman, 1940), since their holotypes are alnmuistinguishable, and re-assigned the
435 high-spired specimens with a shrunken triseridiahstage within the morphological
436 variability of W. hornerstownensis

437 Considering how species are discriminate@uembelitriaandWoodringina it is
438 consistent to expect the existence of several epadthinChiloguembelitria

439 distinguishable only by the spire height, as prepao&renillas et al. (2010). In addition
440 to Chg. danicasensu the original holotype of Hofker, 19&BdChg. irregularis

441 Arenillas et al. (2010) suggested the existence méw pseudocryptic species in the

442 early Danian similar t6&. cretaceaut with rugose wall, which was provisionally
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namedCh. cf. cretacea(assigned herein ©8hg. danicasensu the neotype of Jenkins et

al., 1998).

5.2. Aperture position and shape

Another of the criteria used to distinguiSluembelitriaandChiloguembelitriais the
position and shape of the aperture (Hofker 197&)abse th€hiloguembelitria
aperture was originally described as more simdahat ofChiloguembelinahan to
that of Guembelitria Following the terminologies of Li (1987), Li et £1992) and
BouDagher-Fadel (2012) for describing the posiiod morphology of the aperture,
Arenillas et al. (2016b) considered two types adréyral position in triserial-
trochospiral tests: umbilical and umbilical-extrauiheal (Figure 6(b)), subdividing the
first into two subtypes: intraumbilical and antemdraumbilical, and the second into
another two subtypes: intra-extraumbilical and Uioddiperipheral. The apertures
outside the umbilicus may also be subdivided ihtee other subtypes (Figure 6(b)):
extraumbilical, equatorial (in spiral tests) angfal (in biserial tests). According to this
terminology, most of th€hiloguembelitriaspecimens present umbilical-peripheral or
extraumbilical (rarely intra-extraumbilical) apens, or lateral ones if they have a more
developed biserial stage. This diagnostic charaeparate€hiloguembelitriafrom
Guembelitria whose species usually have intraumbilical or ramvi@traumbilical
apertures.

The apertures of the studied planktonic foramiaifeave the following
morphologies: (a) a rounded, wide arch, (b) a nmaityi/laterally elongate, wide arch,
and (c) a high arch (like a loop). Most of Bkiloguembelitriaspecimens exhibit
apertures with a marginally or laterally elongatele arch, but rounded apertures

similar to those oGuembelitriaandTrochoguembelitriaare also frequent. The
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apertural shape i@hiloguembelitriais almost identical to that &/oodringina
although species of the latter tend to acquirepantare with a higher arch, as in
ChiloguembelinaThe aperture of all these genera is surroundealthin imperforate

lip, although some tend to acquire a thicker lipreShiloguembelina

6. Morphostatistical analysis of wholly triserial Chiloguembelitria

The biometric and morphostatistical analysis hanlagpplied to "regular”, wholly
triserial specimens (Figure 6(a)) ©hiloguembelitria The identification of other
species irChiloguembelitriawas based on qualitative morphological critete, their
gross morphology: a strongly twisted, triseriat fes Chg. irregularis and a biserial

final stage foIChg. biseriatasp. nov.

6.1. Biometric parameters and indices and morphostatistical analyses

The biometric parameters used to delimit speciestsr following (Figure 6(c)—(d);
Table 1): convexity anglex) measured in axial view; length (L), width (W) ameight
(H) of the test; and length (CL), width (CW) anddie (CH) of the chamber, used to
calculate the chamber average diameter CAD =X@W x CH)*. In addition, we
used the biometric indices H/L and CAD/H (Table@)her biometric indices have

been explored, but these have not given consistsntts for separating species.

[Table 1 near hefe

For morphostatistical analyses, the software usesitive program PAST, version

3.11, by Hammer et al. (2001). The biometric patanseand indices were treated

statistically using the following analyses:
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1) Univariate analyses: Two of the above-mentidniedhetric indicesdq and H/L)
were analyzed in an univariate manner in ordestedain whether these biometric
variables are useful for discriminating species;rgsults of the univariate analyses
were displayed as histograms of 20 bins (Figurdture analysis was applied to
each biometric variable in order to identify tworoore univariate normal distributions
(Gaussian bell-shaped curves) based on a poolednaie sample; this method is used
to identify species and study differences betwéemt Kernel density estimates were
also plotted on histograms.

2) Bivariate analyses: Variablesvs H/L were used to make bivariate analyses.
Kernel density estimates allowed us to make smowtps of point density in XY
graphs (Figure 8); the density estimate is basesl @aussian function, and scales give
an estimate of the number of points per area, podbability density.

3) Multivariate analyses: R-mode cluster analyai principal component analysis
(PCA) were used; the cluster analyses were bas@&taynaCurtis index measures
among all specimens using the values of the abay@ioned biometric
indices/parametersi( H/L and CAD/H) in order to find groupings thatghi represent
species (Figure 9). The PCA was applied to theesbi the three biometric
indices/parameters (original variables). Such alyars finds hypothetical variables
(components) that account for as much of the vaeam the multidimensional data as
possible by reducing the data set to two variafilestwo most important components)
through a routine that finds eigenvalues and eigetors (i.e. components) of the
variance-covariance correlation matrix. All thegamal data points were plotted as an
XY graph in the coordinate system given by the taast important components (PC1
and PC2) to enhance visualization of the datareptesenting the possible species

(Figure 10); 95% confidence ellipses, which assarbevariate normal distribution, and
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convex hulls, which are the smallest convex polyggoontaining all points, were

presented in the scatter diagram.

6.2. Results of the morphostatistical analysis

The morphological and morphostatistical analysesrahinate at least three species
within Chiloguembelitria Whether or not the statistically identified mooghoups are
biological species is a question that we do naridtto clarify. Nevertheless, there is no
doubt that the three identified species fall wittiie concept of morphospecies, which is
based on overall morphological similarity, and defl as the smallest morphogroup that

is consistently and persistently distinct.

[Figure 7 near hete

[Figure 8 near hete

Frequency distributions of the univariate analygégure 7), calculated for all
measured specimens and represented in plot histegrb20 bins, suggest three
morphogroups o€hiloguembelitria as also suggested by Gaussian bells and Kernel
density estimates. Botinand H/L variates seem to distinguish three groapsw-
spired group, assigned @hg. trilobatasp. nov., a medium-spired group, assigned to
Chg. danicaand a high-spired group, assignetw. hofkerisp. nov.. Bivariate
analyses (Figure 8) also strongly suggest thagémeisChiloguembelitriacontains the

three above-mentioned species; these are wellwdiderin the Kernel density maps.

[Figure 9 near hete
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Cluster analysis (Figure 9), based on the Bray-Curtis similarity index, produced
dendrograms with two primary clusters, one grouping the morphotypes with a low-
spired testChg. trilobata sp. nov.), and the other those with a high-medium-spired test,
which is subdivided into two sub-clusters, one grouping medium-syidtegl danica)
and the other high-spired morphogrou@fig. hofkerisp. nov.). The two resulting
dendrograms, one based@and H/L variables (Figure 9(a)) and the otheniohi/L
and CAD/H variables (Figure 9(b)), made it possible to discriminate the three above-
mentioned species. The principal component analysis (PCA) basedHdh and
CAD/H variables showed similar results to those of the cluster analysis (Figure 10). The
principal component PC1 explains 94.5% of the variance. The PCA scatter diagram,
where X and Y are the principal components PC1 and PC2, distinguishes three sets of
points of higher density. We specified three groups of specimens, clustering them
subjectively by their gross morphology. These are approximately equivalent to those
obtained by the PCA. Except for the intermediate and/or anomalous specimens, the
convex hulls and 95% confidence ellipses clearly delimit the three above-mentioned

species. Their main characteristics are easily recognizable under the stereomicroscope.

[Figure 10 near hefe

7. Paleontological systematics

Olsson et al. (1999) showed that the phyletic relationship of Trochoguembelitria
(Parvularugoglobigerina according to them), GloboconWaodringina, and
Chiloguembelina with Guembelitria indicates that trochospiral and biserial chamber

arrangements evolved divergently within the planktonic foraminifera. Such
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relationships are not clearly accounted for by tedoic schemes, which separate serial
and trochospiral morphotypes at the superfamilgllé®.g. Loeblich and Tappan 1987).
It is broadly accepted th&hiloguembelinas lineally derived fromGuembelitrig via
Woodringina(Olsson 1970; Li and Radford 1991; Liu and Olss882t D'Hondt 1991).
The phylogenetic relationship betwe€hiloguembelinandGuembelitriaindicates

that Guembelitriidae constitutes a paraphyleticiliabecause it does not include
descendant species assigned to the family Chilobaknidae (Olsson et al. 1999).
Moreover, BouDagher-Fadel (2012, 2015) assignedrtadospiral guembelitriiids
TrochoguembelitrigPostrugoglobigerinaccording to the authoandGloboconusdo

the family Globoconusidae.

The new evidence reported here indicates thatitivgsable to reconsider the
validity of the genu€hiloguembelitria as its wall texture is distinguishable from those
of Guembelitrig and very similar to those describedlmochoguembelitriaand in some
of the earliest specimens foodringina Furthermore, the position of its aperture also
differs from that olGuembelitria Chiloguembelitriasshould be assigned to the family
Guembelitriidae together witBuembelitriaandWoodringina The proposed

phylogenetic relationships of these genera arstitiied in Figure 11.

[Figure 11 near hefe

The family Guembelitriidae is usually included hetsuperfamily Heterohelicoidea
Cushman, 1927, which has been excluded from ther @tbbigerinida Lankaster,
1885, in more recent taxonomies (e.g. BouDagheelR2@il 2), and included separately
in the order Heterohelicida Fursenko, 1958. Howg¥éris confirmed that

Guembelitriaevolved from the benthideobuliminaor a similar buliminid, as
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593 Georgescu et al. (2011) proposed, the family Guétrilmiae should also be excluded

594 from the superfamily Heterohelicoidea and the otdieterohelicida.

595

596 ? OrderHeterohelicida Fursenko, 1958

597 ? SuperfamilyHeter ohelicoidea Cushman, 1927
598 Family Guembelitriidae Montanaro-Gallitelli, 1957
599

600 GenusChiloguembelitria Hofker, 1978, emended
601

602 Type species. Chiloguembelitria danicadofker, 1978

603 Typedescription. Test small, elongate, wholly triserial. All foramai and the aperture
604 are placed axially and perpendicular to the sufuesslit-like elongate, with a distinct
605 lip which is crenulate at the axial side of thedsorof the apertures, as in

606 Chiloguembelinalt is like aGuembelinan which the biserial part is not yet developed,
607 and may be the true ancestor of that genus. Bbtloguembelitriaand

608 Chiloguembelinare monolamellar.

609 Emended description. Test small, subconical, wholly triserial tendiogoiserial, or
610 with an undeveloped biserial final stage. Chambalspherical or globular. Outline
611 lobate, with incised sutures. Aperture interiomiaadyi umbilical-extraumbilical to

612 extraumbilical (in the middle part of the suturdvioeen the last and the penultimate
613 chamber), rounded or elongate arch, generally astnoal, with an imperforate lip.
614 Wall calcareous, hyaline, microperforate, pustulateugose, with irregular or

615 decentered pore-mounds, imperforate blunt pus{pkgsilla-type), occasionally sharp
616 pustules, and both perforate and imperforate rigssrugosities and pustules

617 irregularly distributed.
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Remarks. Chiloguembelitriawas originally described in the lower Danian asihga
wholly triserial test, aGuembelitrig but with an aperture more similar to that of the
biserial genu€hiloguembelinaHofker (1978) and Loeblich and Tappan (1987)
showed that the main diagnostic characteiGhofoguembelitriaare its aperture shape
(similar toChiloguembelinpand its wall texture with imperforate blunt pueti Kroon
and Nederbragt (1990), D'Hondt (1991), MacLeod 8939enkins et al. (1998) and
Olsson et al. (1999) suggested tGailoguembelitriais a junior synonym of
Guembelitrig after concluding that its species bear pore-mswiilar to those of
Guembelitria However, well-preserved Danian specimen€lod. danicafrom DSDP
Site 47.2, Shatsky Rise (North Pacific) exhibit arfprate blunt pustules and rugosities
(Loeblich and Tappan 1987), which is different frdme wall texture of Maastrichtian
specimens. Arz et al. (2010) and BouDagher-Fadd222015) argued that
Chiloguembelitriais a valid taxon, since its wall texture and apetposition differ

from Guembelitria Arenillas et al. (2010) described its wall textas
pustulate/papillate to rugose, and BouDagher-F&fdl2, 2015) as muricate (a surface

with a high density of pustules).

Chiloguembelitria danica Hofker, 1978
(Figure 5(g); Figs 12(c)—(9))
non 1978Chiloguembelitria danicadofker, p. 60, holotype: pl. 4, figs. 14.
non 1987Guembelitria danicgHofker); Loeblich and Tappan, p. 452, part, tgpet
pl. 484, fig. 8.
non 1993Guembelitria danicgHofker); MacLeod, pl. 3, figs. 1, 5.
1998Guembelitria danicgHofker); Jenkins et al., p. 64, part, neotype1plig. 1;

topotype: pl. 1, fig. 5.
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non 2007Guembelitria danicgHofker); Arenillaset al., p. 38, figs. 13.14-17.

Typedescription. Test small, elongate, with triserially arrangedroibers throughout.
Chambers globular, with distinctly depressed sustimébetween, gradually increasing in
size so that the whole test remains slender. Whahs consisting of only one lamella,
without secondary thickening. Walls finely perfaatvith small blunt pustules.
Aperture high, elongate, narrow, with protrudingdit the axial side of the aperture, as
in ChiloguembelinaLength of test up to 0.1 mm; larger breadth nlearapertural end
0.05 mm.

Emended description. Test subconical, medium-spired although highantiide or
long. Triserial arrangement, often slightly twistadth 9-12 subspherical chambers
distributed in 3—4 spiral whorls, with a moderadterof chamber enlargement. Outline
subtriangular, lobate, with incised sutures. Aperinteriomarginal, umbilical-
extraumbilical to extraumbilical, rounded or elotegayenerally asymmetrical,
surrounded by an imperforate lip. Wall surface wparforate, pustulate to rugose, with
isolated, decentered pore-mounds, perforate andfmarforate rugosities, and blunt
pustules (papilla-type) and/or sharp pustules. Asiae range 100-150 um in height.
Occurrence. Lowermost Danian, from the upper part of Zongd’the lower part of
Zone P1c of Berggren and Pearson (2005), i.e. frmmupper part of theedbergella
holmdelensiSubzone Guembelitria cretaceZone) to the lower part of the
Globanomalina compressaubzoneRarasubbotina pseudobulloid@ene) of Arenillas
et al. (2004). It is very frequent in tE®globigerina trivialisSubzoneRarasubbotina
pseudobulloideZone), i.e. in Pla (Figure 1).

Remarks. Kroon and Nederbragt (1990) suggested @taj. danicas a junior

synonyms ofG. cretaceaassuming that it bears pore-mounds. Howevepitbsence
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of regular pore-mounds i@hg. danicas doubtful (Hofker 1978; Loeblich and Tappan
1987; Arz et al. 2010; Arenillas et al. 2010; Bogbar-Fadel 2012, 2015).
Morphologically,G. dammulds very similar to the original illustration ofeétholotype
of Chg. danicaSince many authors have considered &ambelitriaand
Chiloguembelitriaare synonymous genera, the Maastrichtian higledguembelitriids
assigned t@&suembelitriadammulaVoloshina, 1961, by Arz et al. (2010) have
frequently been named@uembelitria danicde.g. MacLeod 1993). In any casg,
dammulawas originally defined from Maastrichtian beds &ad priority in date of
publication over the species defined by Hofker @9The neotype selected by Jenkins
et al. (1998) folChg. danicaFigure 12(c)) has a medium-spired test similahtd of

G. cretaceathus not reflecting the original morphology (higihired test) of the
Hofker's holotype (Figure 12(a)). Nevertheless,dégignated neotype has priority
according to the Article 75 of International CodeZoological Nomenclature, so that
the name danicd' should be used to refer @hiloguembelitriaspecimensvith a

medium-spired test.

[Figure 12 near hefe

Chiloguembélitriairregularis (M orozova, 1961)

(Figure 12(i)—(n))

1961 Guembelitria irregularisMorozova, p. 17-18, pl. 1, figs. 9-10.
1987Guembelitria danicgHofker); Loeblich and Tappan, p. 452, part, @4 4figs. 7,
9.

1993Guembelitria irregularisMiorozova; MacLeod, pt. 3, figs. 2—4, 6-7.

28



693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

1998Guembelitria danicgHofker); Jenkins et al., p. 64, part, pl. 1, figs6.

2007Guembelitri& irregularis Morozova; Arenillaset al., p. 38-39, figs. 13.9-13.

Typedescription. Test high, height two to three times exceedingdibeneter. Initial

end pointed, initial angle about 30°. Apertural eodnded. Spire consists of seven to
eight whorls. The number of chambers in each wisarbt uniform, sometimes two and
a half, sometimes three, so the chambers do nwt fegular rows. In all mature forms
there are 17—-20 subspheroidal chambers. Sutures Aperture semilunate, basal. Wall
smooth, semitransparent. Surface weakly rough Blagion from the Russian].
Emended description. Test elongated, subconical, high-spired. Trisarig@ngement,
twisted with irregular appearance, with 11-17 shlesical chambers distributed in 3.5—
5.5 spiral whorls, with low rate of chamber enlangat. Outline subtriangular, lobate,
with incised sutures. Aperture interiomarginal, alguextraumbilical, rounded or
elongate, generally asymmetrical, with an impetifig. Wall surface microperforate,
pustulate to rugose, with isolated, decentered-purends, perforate and/or imperforate
rugosities, and blunt pustules (papilla-type). Adige range 120-180 um in height.
Occurrence. Lowermost Danian, from the lower part of Zoret® the middle part of
Zone P1b of Berggren and Pearson (2005), i.e. thentower part of the
Parvularugoglobigerina longiapertur&ubzone Guembelitria cretace@one) to the
middle part of the&Subbotina triloculinoideSubzoneRarasubbotina pseudobulloides
Zone) of Arenillas et al. (2004). It is frequenttire Eoglobigerina trivialisSubzone
(Parasubbotina pseudobulloid&sne), i.e. in Pla (Figure 1).

Remarks. It differs fromChg. danican the twisted triserial test that gives it an
irregular appearance. It also differs from ot@ailoguembelitriaspecies with "regular”

rather than twisted triserial testS8Hg. hofkerisp. nov. andhg. trilobatasp. nov.) in its
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higher spire, similar t&€hg. danicaAs was suggested by Arz et al. (2010), the specie
nameirregularis may have been used as a “wastebasket” groupitigstddanian
species with a pustulate to rugose wall (Loeblicti ®appan 1987) and both
Maastrichtian and Danian aberrant forms with défertypes of wall texture&Chg.
irregularis should thus not be confused with aberrant formsitir some specimens of

Guembelitriawith a relatively twisted test.

Chiloguembelitria hofkeri sp. nov.

(Figure 5(c); Figs 12(h); Figs 13(a)—(d))

1978Chiloguembelitria danicadofker, p. 60, pl. 4, figs. 14.
1987Guembelitria danicgHofker); Loeblich and Tappan, p. 452, part, @44fig. 8.
non 1993Guembelitria danicgHofker); MacLeod, pl. 3, figs. 1, 5.

2007Guembelitria danicgHofker); Arenillaset al., p. 38, figs. 13.14-17.

Type-specimens. Holotype MPZ 2016/108 (Figure 13(a)). Paratype2\2®16/109
(Figure 13(b)). MPZ 2016/110 (Figure 13(c)). PapatyiPZ 2016/111 (Figure 13(d)).
Type-specimens deposited in the Museo de Cienaasrdles de la Universidad de
Zaragoza (Aragon Government, Spain).

Diagnosis. Test elongated, subconical, high-spired. Trisar@ngement, often slightly
twisted, with 11-14 subspherical chambers distetum 3.5-4.5 spiral whorls, with
low rate of chamber enlargement. Outline subtrigarglobate, with incised sutures.
Aperture interiomarginal, umbilical-extraumbilidal extraumbilical, rounded or

elongate, generally asymmetrical, with an impetitg. Wall surface microperforate,
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pustulate to rugose, with isolated, decentered-purends, perforate and/or imperforate
rugosities, and blunt pustules (papilla-type). Adige range 120-180 um in height.
Derivation of name. Species dedicated to Jan Hofker for the discoaadydefinition
of the Danian genuShiloguembelitria

Typelocality. El Kef section, El Haria Formation, Tunisia.

Typelevel. 7.50 m above the Cretaceous/Paleogene bound#ng &l Kef section
(sample KF19.50), in the lower part of Zone Pl1ahermiddle part of the
Eoglobigerina trivialisSubzoneRarasubbotina pseudobulloid@sne), lower Danian
Occurrence. Lowermost Danian, from the upper part of Zondéd*the middle part of
Zone P1b of Berggren and Pearson (2005), i.e. thrmmupper part of thidedbergella
holmdelensiSubzone Guembelitria cretace@one) to the middle part of tt&
triloculinoidesSubzone Rarasubbotina pseudobulloid@®ne) of Arenillas et al.
(2004). It is very frequent in tHeoglobigerina trivialisSubzoneRarasubbotina
pseudobulloideZone), i.e. in Pla (Figure 1).

Remarks. It differs fromChg. danicain having a higher-spired test. The gross
morphology ofChg. hofkerisp. nov. is similar to the original holotype@iig. danica
illustrated by Hofker (1978). Nevertheless, becabgeholotype was invalidated
(depository not given by the author), the namh@nicd should be used to refer to
Chiloguembelitriaspecimensvith a medium-spired test, such as the neotypeydated
by Jenkins et al. (1998). The difference in speght ofChg. hofkerisp. nov. from
Chg. danicaandChg. trilobatasp. nov. is similar to that @&uembelitria dammula
from G. cretaceaandG. blowi(Arz et al. 2010). These two triplets of specidfed
from each other in the wall texture and the posiaad shape of the aperture. Danian
specimens o€hg. hofkerisp. nov. have commonly been attribute®tacretacea

(MacLeod 1993; Olsson et al. 1999; Arenillas e28D0a, 2000b), but Arenillas et al.
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(2007) and Arz et al. (2010) have already pointetioe possible existence in the early

Danian of a pseudocryptic species similaGieembelitriaspp.but with a rugose wall.

[Figure 13 near hefe

Chiloguembelitria trilobata sp. nov.

(Figure 13(e)—(h))

Type-specimens. Holotype MPZ 2016/112 (Figure 13(e)). ParatypeZ\@®16/113
(Figure 13(f)). MPZ 2016/114 (Figure 13(g)). PapyPZ 2016/115 (Figure 13(h)).
Type-specimens deposited in the Museo de Ciencagréles de la Universidad de
Zaragoza (Aragon Government, Spain).

Diagnosis. Test short subconical, low-spired. Triserial agament, often slightly
twisted, with 8—11 subspherical chambers distrithune?.5-3.5 spiral whorls, with a
high rate of chamber enlargement. Outline subtu&rglobate, with incised sutures.
Aperture interiomarginal, umbilical-extraumbilidal extraumbilical, generally rounded
and asymmetrical, with an imperforate lip. Wallfage microperforate, pustulate to
rugose, with isolated, decentered pore-moundsope and/or imperforate rugosities,
and blunt pustules (papilla-type) and/or sharpydast Adult size range 90-120 pum in
height.

Derivation of name. Latin termtrilobata referring to the shape tiree lobesn the
equatorial outline.

Typelocality. El Kef section, El Haria Formation, Tunisia.
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790 Typelevel. 7.50 m above the Cretaceous/Paleogene boundéng & Kef section

791 (sample KF19.50), in the uppermost part of Zonedt the lower part of the

792 Eoglobigerina trivialisSubzoneRarasubbotina pseudobulloidésne), lower Danian
793 Occurrence. Lower Danian, from the lower part of Zone B the upper part of Zone
794 P1b of Berggren and Pearson (2005), i.e. from gpeumost part of the

795 Parvularugoglobigerina longiapertur&ubzone Guembelitria cretace@one) to the
796 lower part of theGlobanomalina compressaubzoneRarasubbotina pseudobulloides
797 Zone) of Arenillas et al. (2004). It is very frequién theEoglobigerina trivialis

798 SubzonePRarasubbotina pseudobulloidgene), i.e. in Pla (Figure 1).

799 Remarks. It differs fromChg. danican having a lower triserial test. Specimen<of.
800 trilobata sp. nov. have been probably attribute@teembelitria blowior G. trifolia for
801 some authors; MacLeod 1993; Arenillas et al. 20Q080b) o1G. cretacegOlsson et
802 al. 1999). Nevertheless, Arenillas et al. (20074 Arz et al. (2010) pointed out the
803 possible existence of pseudocryptic specigsugmbelitriaspp. in the lower Danian,
804 referring to some of th€hiloguembelitriaspecies defined here. The gross morphology
805 and size ofChg. trilobatasp. nov. resemble those ifochoguembelitria alabamensis
806  with which it shares the wall texture but from winic differs in the chamber

807 arrangement (triserial vs. trochospiral).

808

809 [Figure 14 near hefe

810
811 Chiloguembelitria biseriata sp. nov.
812 (Figure 14(a)—(d))

813 ? 1998Guembelitria danicgHofker); Jenkins et al., p. 64, part, pl. 1, f&.
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814 ? 1999Woodringina claytonensisoeblich and Tappan; Olsson et al., p. 242, plfig8
815 1.

816

817 Type-specimens. Holotype MPZ 2016/116 (Figure 14(a)). ParatypeA\#®16/117

818 (Figure 14(b)). MPZ 2016/118 (Figure 14(c)). PapatyPZ 2016/119 (Figure 14(d)).
819 Type-specimens deposited in the Museo de Ciencagrales de la Universidad de
820 Zaragoza (Aragon Government, Spain).

821 Diagnosis. Test subconical to flaring, with 7-10 subsphérteambers and a medium-
822 to-high rate of chamber enlargement. Triserial julestage with 5—-6 chambers

823 distributed in 1.5-2 spiral whorls, and biseriakdi stage with 1-2 pairs of chambers in
824 atwisted plane of biseriality. Outline subtriargillobate, with incised sutures.

825 Aperture interiomarginal, lateral, rounded or elatey generally asymmetrical, with an
826 imperforate lip. Wall surface microperforate, puate to rugose, with isolated,

827 decentered pore-mounds, perforate and/or impedougfosities, and blunt pustules
828 (papilla-type). Adult size range 120-160 um in heig

829 Derivation of name. Latin termbiseriatareferring to theéiserial final stage of its

830 ontogeny.

831 Typelocality. El Kef section, El Haria Formation, Tunisia.

832 Typelevel. 8.50 m above the Cretaceous/Paleogene boundémg &l Kef section

833 (sample KF20.50), in the lower part of Zone Planatdle part of th&oglobigerina
834 trivialis SubzoneRarasubbotina pseudobulloid&sne), lower Danian

835 Occurrence. Lowermost Danian, from the lower part of ZoretB the upper part of
836 Zone Pla of Berggren and Pearson (2005), i.e. frentower part of the

837 Parvularugoglobigerina longiapertur&ubzone Guembelitria cretaceZone) to the

838 upper part of th&ubbotina trivialisSubzone RParasubbotina pseudobulloid@ene) of
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Arenillas et al. (2004). It is not abundant, andasily confused withVoodringina
claytonensigFigure 1).

Remarks. It differs from othelChiloguembelitriaspecies in its final biserial stage. The
specieChg. biseriatasp. nov. has previously gone unnoticed because it
morphologically very similar t8Woodringina claytonensisiowever,W. claytonensis
differs in its wall surface (pustulate or muricea¢her than rugose, and without pore-
mounds) and its reduced triserial initial stagad& whorl of three-chambered stage,
usually pseudotriserial rather than triserial).0ts et al. (1999) included these
morphotypes within the phenotypic variability\W. claytonensijsadducing that some
specimens ofVoodringinabear scattered pore-mounds. However, typi¢al
claytonensidas a pustulate wall like other specie\afodringinaand
Chiloguembelinaconsisting of small imperforate blunt pustuleagifia-type). Many
pustules in the wall dVoodringinamay have the same ontogenetic origin as the pore-

mounds inGuembelitrig although others perhaps may not.
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Figure captions

Figure 1. Stratigraphic ranges at El Kef, Tunisfaanalyzed early Danian species of
Guembelitria, Chiloguembelitria, Woodringina, Chaleembelina, Trochoguembelitria
andGloboconusaas well as of index-species of the planktoniafeiniferal zonation
of Arenillas et al(2004); (1) planktonic foraminiferal zonation aralibrated numerical
ages of the biozonal boundaries proposed by Aendt al(2004), and (2) planktonic
foraminiferal zonation after Berggren and Pear&f®%); dotted lines indicate
uncertain range, based probably on reworked sp@&simenot supported by SEM-
photographed specimens; shaded intervals indigateahd second early Danian

evolutionary radiations at the El Kef section.

Figure 2. Holotypes and specimenszafembelitriaspp. (scale bar = 100 microns; scale
bar of detail SEM-micrographs = 10 micron&) Guembelitria cretace&€ushman,
holotype, Upper Cretaceous, Guadalupe County, Téx&A. (SEM-micrograph from
Olsson et al. 1999). (Iuembelitria cretace€ushman, sample KF13.50 (1.5 m above
K/Pg boundary)Pv. longiaperturaSubzone G. cretaceaZone), El Kef, Tunisia. (c)
Guembelitria cretace€ushman, sample KF11 (1 m below K/Pg bounddy),
hantkeninoideSubzoneA. mayaroensiZone), El Kef, Tunisia. (dsuembelitria
cretaceaCushman, sample KF 12.05 (5 cm above K/Pg boupddrjholmdelensis
SubzoneG. cretaceaZone), El Kef, Tunisia. (esuembelitria blowiArz, Arenillas and
Nafiez, holotype, sample KF4.50 (7.5 m below K/Pgrigary),P. hantkeninoides
SubzoneA. mayaroensiZone), El Kef, Tunisia. (fsuembelitria blowiArz, Arenillas
and Nafez, hypotype, sample JA680 (19 cm below K&Rodary)A. mayaroensis
Zone, Bajada del Jaglel, Argentina. @)embelitria blowiArz, Arenillas and Nafez,

hypotype, sample KF11 (1 m below K/Pg boundaPy)hantkeninoideSubzoneA.
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mayaroensigZone), El Kef, Tunisia. (Wuembelitria dammul&oloshina, holotype,
Maastrichtian, Volin-Podolsk Plateu, western Ruggjasuembelitria dammula
Voloshina, sample KF11 (1 m below K/Pg boundalPy)hantkeninoideSubzoneA.
mayaroensigZone), El Kef, Tunisia. (jlbuembelitria dammul&oloshina, sample
KF13.00 (1 m above K/Pg boundariy. longiaperturaSubzone G. cretaceaZone),

El Kef, Tunisia. (k). Guembelitria dammul&oloshina, sample KF13.25 (1.25 m above

K/Pg boundary)Pv. longiaperturaSubzone®. cretaceaZone), El Kef, Tunisia.

Figure 3. Holotypes and specimend/dodringinaspp. andChiloguembelinaspp.
(scale bar = 100 microns; scale bar of detail SEirographs = 10 microns). (a)
Woodringina claytonensisoeblich and Tappan, holotype, lower Danian, GlayEm.,
Alabama, U.S.A. (SEM-micrograph from Olsson etl@99). (b)Woodringina
hornerstownensi®Isson, holotype, upper Danian, Hornerstown FrewNersey,
U.S.A. (SEM-micrograph from Olsson et al. 1999).Modringina hornerstownensis
Olsson, sample AEA 6.90 (5.9 m above K/Pg bound&ylriloculinoidesSubzoneR.
pseudobulloidegone), Elles, Tunisia. (A)/oodringina hornerstownensidlsson,
sample KF 20.50 (8.5 m above K/Pg boundédgy)rivialis SubzoneR.
pseudobulloideZone), El Kef, Tunisia. (e)Voodringina hornerstownenslsson,
sample KF 19.50 (7.5 m above K/Pg bounddEy)rivialis SubzoneP.
pseudobulloideZone), El Kef, Tunisia. (ffWoodringina hornerstownensiisson,
sample KF 19.50 (7.5 m above K/Pg bounddEy)trivialis SubzoneP.
pseudobulloideZone), El Kef, Tunisia. (gChiloguembelina tauricélorozova,
holotype, lower Danian, Tarkhankhut Peninsula,ezastrimea. (h{Chiloguembelina
taurica Morozova, sample KF 21.95 (9.95 m above K/Pg bauy)dlower part of the

E. trivialis SubzoneR. pseudobulloidegone), El Kef, Tunisia. (iChiloguembelina
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taurica Morozova, sample 14cP, pseudobulloidegone, Site 305 Shatsky Rise, North
Pacific. (j)Gumbelina midwayens{Sushman, holotype, Eocene, Midway Fm.,
Alabama, U.S.A. (SEM-micrograph from Olsson etl@99). (k)Chiloguembelina
midwayensigCushman), sample KF 19.50 (7.5 m above K/Pg bancE. trivialis
SubzonePR. pseudobulloideZone), El Kef, Tunisia. (Iisimbelina morsekline,
holotype, Danian, Porters Creek Clay (Midway s@riéabama, U.S.A. (SEM-

micrograph from Olsson et al. 1999).

Figure 4. Holotypes and specimenstobchoguembelitrisspp. andsloboconusaspp.
(scale bar = 100 microns; scale bar of detail SEirographs = 10 microns). (a)
Trochoguembelitria alabamensisolotype, Millers Ferry, Alabama, U.S.A. (SEM-
micrograph from Liu and Olsson, 1992). bbchoguembelitria alabamensisample
KF24.80 (12.8 m above the K/Pg boundagy)triloculinoidesSubzoneR.
pseudobulloidegone), El Kef, Tunisia. (c)Jrochoguembelitria alabamensisample
KF20.50 (8.5 m above the K/Pg boundary), middle patheE. trivialis SubzoneR.
pseudobulloideZone), El Kef, Tunisia. (dJrochoguembelitria extensholotype,
Zone P1, DSDP Leg 6, South Pacific (SEM-micrographs Blow 1979). (e)
Trochoguembelitria extensaample KF18.50 (6.5 m above the K/Pg boundappeu
part of theE. simplicissimeé&SubzoneRv. eugubin&one), El Kef, Tunisia. (f)
Trochoguembelitria liuaeholotype, sample KF20.50 (8.5 m above the K/Rgndary),
middle part of thee. trivialis SubzoneR. pseudobulloideZone), El Kef, Tunisia. (g)
Trochoguembelitria olssonpholotype, sample KF20.50 (8.5 m above the K/Pg
boundary), middle part of tHe. trivialis SubzoneR. pseudobulloideZone), El Kef,
Tunisia. (h)Globoconusa daubjergengiBronnimann), sample BG1000-4.25%,

triloculinoidesSubzonePR. pseudobulloidegone), Ben Gurion, Israel. (@loboconusa
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daubjergensissample BJ56+110, middle part of #Retrivialis SubzoneR.
pseudobulloideZone),Bajada del Jagiel, Argentina. Joboconusa conusgdhalilov,
sample BG1000-4.2%. triloculinoidesSubzoneR. pseudobulloidegone), Ben
Gurion, Israel. (kfGloboconusa victorKoutsoukos, sample BJ56+110, middle part of

theE. trivialis SubzoneR. pseudobulloidegone),Bajada del Jaguel, Argentina.

Figure 5. Wall textural details @uembelitria, Chiloguembelitria, Trochoguembelitria
Globoconusa, WoodringinendChiloguembelingscale bars = 1Am). (a)

Guembelitria cretace€ushman, sample KF13.5 (1.5 m above K/Pg boungdavy)
longiaperturaSubzone@. cretaceaZzone), El Kef, Tunisia. (buembelitria dammula
Voloshina, sample KF13.00 (1 m above K/Pg bound#&y) longiaperturaSubzone

(G. cretaceaZzone), El Kef, Tunisia. (chiloguembelitriahofkerisp. nov., sample KF
20.50 (8.5 m above K/Pg boundarly),trivialis SubzoneR. pseudobulloidegone), El
Kef, Tunisia. (d)Trochoguembelitria alabamensisample KF20.50 (8.5 m above the
K/Pg boundary), middle part of tlke trivialis SubzoneR. pseudobulloidegone), El
Kef, Tunisia. (eWoodringina hornerstownens@dlsson, sample KF 19.50 (7.5 m above
K/Pg boundary)E. trivialis SubzonePR. pseudobulloidegone), El Kef, Tunisia. (f)
Chiloguembelina tauricorozova, sample 14cP, pseudobulloideZone, Site 305
Shatsky Rise, North Pacific. (@hiloguembelitria danicélofker, Paratype MPZ
2016/109, sample KF 20.50 (8.5 m above K/Pg boyndar trivialis SubzoneR.
pseudobulloideZone), El Kef, Tunisia. (hsloboconusa daubjergensisample
BJ56+110, middle part of tHe. trivialis SubzoneR. pseudobulloideZone),Bajada

del Jaguel, Argentina.
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Figure 6. (a) Types of chamber arrangement. (be$yyd aperture position. (c—d)
Biometric parameters, abbreviations and descrigguwas used for the morphological

analysis of th&hiloguembelitriatests.

Figure 7. Univariate analyses based on biometrialkesa and H/L to delimit the
Chiloguembelitriaspecies, displayed as histograms of 20 bins; thotted lines are the
Kernel density estimations; fine dot lines are anate normal distributions (Gaussian

beel-shaped curves) based on mixture analysis.

Figure 8. Bivariate analyses based on Kernel dgpestimations from paired variables
a vs. H/L, and plotted in smooth map of point dgnsiblour scale with deep red for

highest density and dark blue for lowest.

Figure 9. R-mode cluster analysis based on BrayiCimdex and applied to the values
of the biometric variables measured in all SEM-plgoaphedChiloguembelitria
specimens. (a) Cluster for biometric varialdeand H/L; (b) Cluster for biometric
variablesa, H/L and CAD/H. Gk = Bray-Curtis index value between specimen j and
specimen k; x= value of the variable i (biometric index/paraerg) of the specimen j;

Xik = value of the variable i (biometric index/paraargj of the specimen k.

Figure 10. Principal components analysis (PCA)Jiadgo the values of biometric

variables ¢, H/L and CAD/H) in allChiloguembelitriaspecimens.

Figure 11. Proposed phylogenetic relationshipSweémbelitria, Chiloguembelitria,

Trochoguembelitria, Globoconusa, Woodringarad Chiloguembelindased on
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evidence reported here and previous phylogenetdiest (see Arenillas et al. 2012,
2016b); thick dotted lines indicate doubtful rangased probably on reworked

specimens. (1) Arenillas et §2004); (2) Berggren and Pearson (2005).

Figure 12. Holotypes and specimengbiloguembelitriadanicaHofker and
Chiloguembelitria irregularisMorozova (scale bar = 100 microns; scale bar tdide
SEM-micrographs = 10 microns). @jhiloguembelitria danicadofker, invalid

holotype (considered here @gg. hofkerisp. nov.), middle Danian, DSDP Leg 6
Shatsky Rise, northern Pacific. @hiloguembelitria danicalofker (considered here as
Chg. hofkerisp. nov.), topotype of Loeblich and Tappan (1988&nian, DSDP Site
47.2, Shatsky Rise, northern Pacific. @d)iloguembelitria danicadofker, neotype of
Jenkins et al. (1998), Danian, DSDP Leg 6, ShalRikg, northern Pacific. (d)
Chiloguembelitria danicadofker, sample KF 20.50 (8.5 m above K/Pg boungaty
trivialis SubzoneR. pseudobulloideZone), El Kef, Tunisia. (eFhiloguembelitria
danicaHofker, sample KF 20.50 (8.5 m above K/Pg bound&ytrivialis SubzonePR.
pseudobulloideZone), El Kef, Tunisia. (fiChiloguembelitria danicadofker, sample
KF 20.50 (8.5 m above K/Pg boundar),trivialis SubzonePR. pseudobulloides
Zone), El Kef, Tunisia. (gChiloguembelitria danicadofker, sample KF 20.50 (8.5 m
above K/Pg boundaryk. trivialis SubzonePR. pseudobulloideBone), El Kef, Tunisia.
(h) Chiloguembelitrishofkerisp. nov., sample KF 20.50 (8.5 m above K/Pg boundar
E. trivialis SubzoneR. pseudobulloidegone), El Kef, Tunisia. (ilsuembelitria
irregularis Morozova, Holotype, lower Danian, Tarkhankut, Gzar{SEM-micrographs
from Olsson et al. 1999). (@hiloguembelitria irregularigMorozova), sample KF
20.50 (8.5 m above K/Pg boundarly),trivialis SubzoneR. pseudobulloidegone), El

Kef, Tunisia. (k)Chiloguembelitria irregularigMorozova), sample STW+45+47 (46
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cm above K/Pg boundary}y. longiaperturaSubzoneG. cretaceaZone), Ain Settara,
Tunisia. (I)Chiloguembelitria irregularigMorozova), sample KF 20.50 (8.5 m above
K/Pg boundary)E. trivialis SubzonePR. pseudobulloidegone), El Kef, Tunisia. (m)
Chiloguembelitria irregularigMorozova), sample KF 19.50 (7.5 m above K/Pg
boundary)E. trivialis SubzonePR. pseudobulloideZone), El Kef, Tunisia. (n)
Chiloguembelitria irregularigMorozova), sample KF 19.50 (7.5 m above K/Pg

boundary)E. trivialis SubzonePR. pseudobulloidegone), El Kef, Tunisia.

Figure 13. Type-specimens Ghiloguembelitria hofkersp. nov. andChiloguembelitria
trilobata sp. nov (scale bar = 100 microns; scale bar ofild&EM-micrographs = 10
microns). (aChiloguembelitria hofkersp. nov., Holotype MPZ 2016/108, sample KF
19.50 (7.5 m above K/Pg boundarty),trivialis SubzoneR. pseudobulloideZone), El
Kef, Tunisia. (b)Chiloguembelitria hofkersp. nov., Paratype MPZ 2016/109, sample
KF 20.50 (8.5 m above K/Pg boundar),trivialis SubzonePR. pseudobulloides
Zone), El Kef, Tunisia. (cChiloguembelitria hofkersp. nov., Paratype MPZ 2016/110,
sample KF 20.50 (8.5 m above K/Pg boundédgy)rivialis SubzoneR.
pseudobulloideZone), El Kef, Tunisia. (dChiloguembelitria hofkersp. nov.,
Paratype MPZ 2016/111, sample KF 19.50 (7.5 m aBdWg boundary)E. trivialis
SubzoneP. pseudobulloidegone), El Kef, Tunisia. (eXhiloguembelitria trilobatesp.
nov., Holotype MPZ 2016/112, sample KF 19.50 (7.&buve K/Pg boundaryt,.
trivialis SubzonePR. pseudobulloideZone), El Kef, Tunisia. (fChiloguembelitria
trilobata sp. nov., Paratype MPZ 2016/113, sample KF 19.5®r(rabove K/Pg
boundary)E. trivialis SubzoneR. pseudobulloidegone), El Kef, Tunisia. (g)
Chiloguembelitria trilobatasp. nov., Paratype MPZ 2016/114, sample KF 21.25(9

m above K/Pg boundarny. trivialis SubzoneR. pseudobulloideZone), El Kef,
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Tunisia. (h)Chiloguembelitria trilobatasp. nov., Paratype MPZ 2016/115, sample KF
20.50 (8.5 m above K/Pg boundarly),trivialis SubzoneR. pseudobulloidegone), El

Kef, Tunisia.

Figure 14. Type-specimens Ghiloguembelitria biseriatap. nov. and comparison
with specimens diVoodringina claytonensisoeblich (scale bar = 100 microns; scale
bar of detail SEM-micrographs = 10 micron&) Chiloguembelitria biseriatap. nov.,
Holotype MPZ 2016/116, sample KF 20.50 (8.5 m ab$iRg boundary)E. trivialis
SubzonePR. pseudobulloideZone), El Kef, Tunisia(b) Chiloguembelitria biseriatap.
nov., Paratype MPZ 2016/117, sample KF 19.50 (7d&bove K/Pg boundaryf,.
trivialis SubzoneR. pseudobulloideZone), El Kef, Tunisia(c) Chiloguembelitria
biseriatasp. nov., Paratype MPZ 2016/118, sample KF 19/3®r6 above K/Pg
boundary)E. trivialis SubzonePR. pseudobulloideZone), El Kef, Tunisia(d)
Chiloguembelitria biseriataParatype MPZ 2016/119, sample KF 18.50 (6.5 nvabo
K/Pg boundary)E. simplicissimé&BubzoneRv. eugubin&Zone), El Kef, Tunisia(e)
Woodringina claytonensisoeblich and Tappan, sample KF 20.50 (8.5 m alxdi?g
boundary)E. trivialis SubzoneR. pseudobulloideZone), El Kef, Tunisia(f)
Woodringina claytonensisoeblich and Tappan, sample KF 19.50 (7.5 m alkdrg
boundary)E. trivialis SubzoneR. pseudobulloideZone), El Kef, Tunisia(g)
Woodringina claytonensisoeblich and Tappan, sample KF 19.50 (7.5 m alkdi?g
boundary)E. trivialis SubzoneR. pseudobulloideZone), El Kef, Tunisiath)
Woodringina claytonensisoeblich and Tappan, sample KF24.00 (12 m abog&iRg

boundary)S. triloculinoidesSubzoneP. pseudobulloidegone), El Kef, Tunisia.
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1239 Tablecaption

1240

1241 Table 1. Biometric measurements (in micronshfloguembelitriaspecimens, and
1242 biometric indices H/L and CAD/H. Arithmetic meamshold type. L, test length; W,
1243 test width; H, test height; CAD, chamber averaganditer;a, test convexity angle
1244 measured in axial view.
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Chiloguembelitria danica
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91.6

80.2

93.5

58.2

77.8

88.1

H

104.7
146.3
137.0
121.3
124.7
122.3
121.7
140.9
110.0
115.7
123.1
127.1
111.7
112.1
113.1
102.0
125.0
134.6
128.6

92.6
120.7
103.7

97.6
130.4
104.0
126.2

95.9
106.1
123.4
106.9
104.0
107.0
151.3
133.1
110.2
126.4
128.2
119.7
139.6
138.1
121.9
116.0
127.4
136.7
126.5
105.3
117.3
108.8
112.6
112.6

CAD

57.2
69.1
62.2
60.6
65.0
59.0
57.8
70.0
61.3
56.6
61.7
57.7
57.7
57.0
60.9
58.6
65.3
64.4
63.8
44.0
59.3
53.0
50.8
68.3
45.6
61.8
46.5
50.9
59.8
53.3
46.2
51.8
63.0
51.9
51.2
61.6
62.6
56.3
70.0
64.0
56.1
50.9
66.2
64.0
64.2
52.5
51.0
51.0
56.0
54.1

64.4
60.9
65.5
69.5
63.6
59.9
72.9
68.9
71.2
68.7
68.6
60.4
67.4
65.3
72.8
73.6
70.4
67.7
70.3
65.3
62.8
69.3
68.6
65.0
60.4
70.2
66.7
69.4
60.5
70.0
61.5
61.8
69.6
65.5
62.3
67.1
67.7
64.8
67.8
64.2
67.1
69.5
64.6
64.7
70.4
63.6
65.9
68.7
62.6
62.5

H/L

125.6
142.7
133.8
125.3
141.6
139.2
142.5
131.0
125.0
132.8
125.9
142.6
140.0
138.5
125.1
127.1
139.5
143.1
136.5
131.5
144.3
134.2
126.6
140.4
138.3
142.0
132.2
142.1
144.9
133.1
140.7
136.7
145.8
144.7
137.4
140.4
124.1
142.5
128.4
138.7
134.4
130.1
135.7
130.4
142.6
125.5
124.7
143.7
135.6
144.7

CAD/H

54.6
47.2
45.4
49.9
52.2
48.2
47.5
49.7
55.7
48.9
50.1
45.4
51.7
50.8
53.9
57.5
52.3
47.9
49.6
47.5
49.1
51.1
52.0
52.4
43.8
49.0
48.5
48.0
48.4
49.9
44.5
48.4
41.6
39.0
46.5
48.7
48.9
47.1
50.1
46.3
46.0
43.9
52.0
46.8
50.7
49.9
43.5
46.9
49.7
48.1



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
Average

92.2
97.4
84.7
107.7
89.6
104.0
102.5
99.0
82.0
101.6
87.9
91.4
104.5
91.8
88.9
88.5
92.5
89.6

91.0
96.4
88.9
102.8
93.1
107.0
92.1
82.5
83.9
102.0
85.8
88.2
102.7
93.0
88.2
89.1
88.2
87.9

130.8
132.2
122.3
154.1
127.2
134.9
134.0
132.8
114.8
139.2
122.5
124.7
139.8
130.3
118.0
121.1
127.1
122.1

Chiloguembelitria trilobata sp. nov.

Specimen

OCONOCUHLWNR

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Average

L

87.0
85.8
93.2
84.9
81.1
93.7
91.4
85.8
83.0
98.7
101.8
81.5
87.0
89.2
89.6
87.9
95.3
86.1
95.4
86.8
88.7
87.5
87.5
83.2
95.5
89.1

w

84.9
83.1
98.0
83.9
79.2
93.2
87.3
77.7
84.0
94.5
95.8
83.7
79.2
85.4
94.4
79.5
84.7
77.2
86.7
77.6
84.5
84.7
79.2
84.5
91.0
85.4

H

96.6
94.2
110.6
96.8
95.2
101.4
98.3
97.1
98.9
103.9
115.3
90.1
87.1
101.5
106.5
93.6
106.3
93.1
105.4
100.5
100.7
96.1
99.1
91.8
106.3
99.5

61.3
58.0
49.4
78.7
67.9
69.0
63.9
63.0
57.0
69.1
52.2
63.5
63.4
67.1
57.9
59.1
59.6
59.2

CAD

60.4
57.7
63.9
58.8
63.4
63.1
65.8
62.3
58.2
61.1
71.4
59.6
66.5
69.4
67.3
62.7
62.8
61.6
67.2
66.1
69.6
59.2
63.7
61.2
62.8
63.4

63.8
63.9
69.6
65.9
69.8
66.7
67.9
66.3
68.3
64.8
65.1
67.4
66.2
64.3
66.4
66.1
67.6
66.5

82.1
83.1
90.7
96.0
90.1
98.8
97.3
85.2
87.0
85.5
103.2
88.1
89.2
90.0
85.5
99.7
87.7
85.6
93.6
94.4
91.1
91.7
92.4
94.0
90.0
90.9

141.9
135.6
144.3
143.1
142.0
129.7
130.7
134.2
140.1
137.0
139.5
136.5
133.8
141.9
132.8
136.9
137.3
136.3

H/L

111.0
109.7
118.8
114.1
117.3
108.3
107.6
113.3
119.2
105.3
113.3
110.5
100.1
113.8
118.9
106.4
111.5
108.0
110.6
115.7
113.5
109.7
113.3
110.4
111.3
111.7

46.8
43.9
40.4
51.1
53.4
51.1
47.7
47.5
49.7
49.6
42.6
50.9
45.4
51.5
49.1
48.7
46.9
48.6

CAD/H

62.5
61.2
57.8
60.7
66.6
62.2
66.9
64.1
58.9
58.8
61.9
66.2
76.3
68.4
63.2
67.0
59.1
66.2
63.8
65.8
69.1
61.7
64.2
66.7
59.1
63.9



Chiloguembelitria hofkeri sp. nov.

Specimen

OCONOTUHLWNR

20
21
22
23
Average

L

92.7
86.1
89.9
90.5
106.0
78.4
80.9
94.0
82.5
95.3
84.0
98.9
76.4
84.9
82.3
88.9
80.9
80.2
81.3
102.2
110.7
90.3
107.2
89.8

w

91.6
92.9
99.6
92.6
105.6
77.4
75.2
94.1
77.8
98.3
82.6
97.0
78.1
85.3
85.8
92.1
81.9
85.1
81.6
103.6
114.1
95.3
110.0
91.2

H

140.4
141.9
141.5
148.6
170.0
119.7
126.9
159.9
128.4
149.8
126.8
154.7
115.6
128.5
125.3
138.7
125.9
127.6
123.3
158.9
179.1
142.9
167.7
141.0

CAD

64.3
59.7
65.7
58.9
70.9
59.5
53.1
61.7
53.1
59.0
56.4
61.1
48.3
55.8
53.1
60.6
54.6
56.8
54.2
67.2
69.1
63.6
66.0
59.7

53.2
45.6
48.0
44.3
48.0
49.4
50.8
45.5
48.3
47.4
56.7
51.4
55.8
52.8
53.9
52.3
54.1
52.8
53.9
49.4
50.4
52.1
50.3
50.7

H/L

151.4
164.8
157.4
164.2
160.4
152.7
156.9
170.0
155.8
157.2
150.9
156.5
151.3
151.2
152.3
156.0
155.8
159.2
151.7
155.5
161.7
158.3
156.4
156.9

CAD/H

45.8
42.1
46.4
39.7
41.7
49.7
41.8
38.6
41.4
39.4
44.5
39.5
41.8
43.4
42.4
43.7
43.3
44.5
44.0
42.3
38.6
44.5
39.4
42.5
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Chamber arrangement f = rotation angle

@

pseudotriserial (= 140-170°) -

e o biserial (§ ~ 170-180°)
regular
triserial
{3 ~120-130° triserial (§ ~ 120-130)-
biserial ( ~ 170-180°)
Aperture position (b)
umbilical umbilical-extraumbilical extraumbilical others
8 2
E o
lateral
. - anterio- intra- umbilical- -
intraumbilical . e .- . extraumbilical
intraumbilical extraumbilical peripheral
equatorial
£E
.g lg
[} ‘€
Ss
<=2

Test biometric parameter
H = heigth

W = width

QL = convexity angle

L =length

()

Chamber biometric parameter (d)
CL = chamber length
CW = chamber width
CH = chamber heigth

CAD = chamber
average diameter

CH

CL

Ce

3
CAD= \/ CLxCWXxCH
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HIGHLIGHTS

- The evolutionary radiation of earliest Danian guembelitriids was anal ysed.

- The genus Chiloguembelitria Hofker, 1978, is revalidated.

- Three new planktonic foraminifera species were identified.

- A new phylogenetic hypothesisis proposed based on the K/Pg boundary GSSP,

Tunisia





