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ANOMOEODUS AEGYPTICUS N. SP.
(PISCES, 1t PYCNODONTIFORMES) FROM
THE LATE CRETACEOUS OF THE DAKHLA FORMATION,
WESTERN DESERT, EGYPT

SUMMARY

Based on a single right prearticular bone section with partial dentition col-
lected from the lower part of the Beris member, Dakhla Formation (Egypt),
dated to the Maastrichtian, the authors describe a new Pycnodont, Anomoeo-
dus aegypticus. The planktonic foraminiferal assemblages indicate deposi-
tion in a marginal marine environment with open marine influx. The dental
apparatus demonstrates the characteristic disposition of the teeth, which are
typically semi-spherical, kidney-shaped and elliptical, as seen for the genus
Anomoeodus. The new species is primarily characterised by the largest teeth
not being those of the medial row (located near the symphysis; as seen for all
Anomoeodus), but those of the primary lateral row.

RIASSUNTO

Basandosi su un osso pre-articolare destro frammentario, con dentatura par-
ziale, raccolto dalla parte inferiore dei cosiddetti “strati di Beris” della For-
mazione di Dakhla (Egitto), datata al Maastrichtiano, gli autori descrivono il
picnodonte Anomoeodus aegypticus n. sp. ll fossile & stato trovato in asso-
ciazione con un’ampia varieta di vertebrati marini (mosasauri, plesiosauri,
tartarughe marine, coccodrilli, denti di squalo, ossa e denti di pesci) e oc-
casionali resti vegetali. Le associazioni di foraminiferi planctonici indicano
la deposizione in un ambiente marino marginale, con afflusso sporadico dal
mare aperto. L'apparato dentario descritto mostra la caratteristica disposizio-
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ne dei denti, che sono peraltro tipicamente semisferici, allungati, reniformi,
come si vede tipicamente nel genere Anomoeodus. La nuova specie & carat-
terizzata dal fatto che i denti di dimensioni maggiori non appartengono alla
fila mediale (localizzati in prossimita della sinfisi), come avviene in tutti gli
Anomoeodus, ma appartengono alla fila laterale primaria. Ulteriori caratte-
ri sono: (i) | denti di maggiori dimensioni appartengono alla serie primaria
laterale; (ii) assenza di diastema; (iii) bassissimo numero di serie dentarie
preartcolari (tre); (iv) basso numero di elementi dentari per ciascuna serie
prearticolare; (v) le due serie laterali (la primaria e la secondaria) formano fra
loro un angolo diedro aperto buccalmente; (vi) la superfice occlusale & con-
cava nei denti di entrambe le serie laterali (primaria e secondaria), convessa
in quella dei denti della serie mediale. Anomoeodus aegypticus n. sp. ha le
sue maggiori affinita anatomiche con Anomoeodus “specie B” descritto da
Coorer and ManTiLL (2020) nel Cretaceo superiore del Marocco, che — per-
tanto — cade nella sinonimia della nuova specie Anomoeodus aegypticus.

INTRODUCTION

The Pycnodonts originated in the Tethys at the end of the Middle Triassic.
Their oldest fossils are dental remains from northern Italy (DAtLA VEccHia and
CARNEVALE, 2011) and southern Germany (Acassiz, 1833-43), but the oldest
articulated skeletons are from the Lower Norian of north-eastern Italy (Bru-
NETTI et al., 2001). Throughout the Jurassic and Cretaceous, the Pycnodonts
rapidly spread from these restricted areas, to colonise almost all of the wa-
ters of the planet (except Australia), both marine and continental (at least in
tropical areas). They reached wide diversification, with at least 57 genera
identified for the Late Cretaceous, and probably represented up to 20% of
the whole marine ichthyofauna in some places (e.g., in Cerin, France, in the
Late Jurassic) (Capasso, 2021).

After this enormous development, both geographic and temporal, and
after the great explosion in their biodiversity and their evolutionary success,
the Pycnodonts returned to the restricted distribution range of the Tethys
alone following the great mass extinction at the end of the Mesozoic. Here,
they showed small demographic populations until their total extinction at the
end of the Eocene, about 200 million years from their origin.

There are only a few bibliographic reports of Pycnodonts for the Cretaceous
of Egypt: (i) GemmeLLARO (1920) reported three isolated teeth of an indetermined
Pycnodontidae from the Maastrichtian of Sciarauna-el-Ghibli (Sibaiya), of Kossie
-el -Khadim (Kossier), and of Gebel Duwi. (ii) The same GemmeLLARO (1920) re-
ported also some teeth attributed to the specie Stephanodus splendens, that
Zittel (1888) referred to the family Sparidae, but that Vutio et al. (2019) inter-

90



Thalassia Salentina n. 43-2021

preted as pycnodont; this specimens were collected from the Maastrichtian of
Sciarauna -el -Ghibli (Sibaiya), of Kosseir-el-Khadim, and of Gebel Duwi. (iii)
Priem (1908) reported dental remains from the Santonian limestone that out-
crops at Abou Roach and at Berak el Gazal, both near Al Jizah, and attributed to
the species Anomoeodus angustus Agassiz (1833-43). (iv) Priem (1914) reported
this same species on the basis of dental remains from the Turonian limestone
outcrops at El Gaa, near Abou Roach, Al Jizah. (v) WEiLEr (1935) described teeth
attributed to Anomoeodus sp. ind collected in the Cenomanian of the Egyptian
part of the Libyan Desert. (vi) WeiLER (1935) described also dental remains of
Coelodus sp. ind. collected in the Egyptian part of the Libyan Desert, and dated
to the Cenomanian. (vii) StaucHTER and THURMOND (1974) reported the ?Coe-
lodus sp. ind. on the basis of dental material from the Baharfije Formation, at
Gebel el Dist, and dated to the Early/Lower Cenomanian. Finally, (viii) Voss et
al. (2019) described a left prearticular pertaining to a large-sized specimen of
Pycnodus mokattamensis that was collected from the stomach of a Basilosaurus
isis, recently collected at Wadi Al Hitan, dated to the final Eocene.

Despite this relative poverty of finds, the Egyptian finds are of great rele-
vance for the reconstruction of the last phases of the evolutionary history of the
Pycnodonts. Indeed, as Pycnodus mokattamensis was dated to the end of the
Eocene (the Priabonian), this specimen represents the most recent remains of a
Pycnodont known today throughout the world. As a consequence, this recent
discovery by Voss et al. (2019) moved the extinction of the Pycnodonts forward
by at least 7 million years with respect to previous knowledge.

The scarcity of Pycnodont remains in the last part of the Late Cretaceous in
Egypt, together with the great importance of this northern African species in
general, contribute to our understanding of the extinction of the Pycnodonts.
This means that the fossils of Egyptian Pycnodonts dating back to the Late
Cretaceous and to the Eocene are of crucial importance for the palaeontol-
ogy of these now completely extinct fish. On this premise, and within the
context outlined above, the new species described here is very important not
only from the stratigraphic and palaeogeographic points of view, but also
from the anatomical, functional and palaeoecological points of view.

GEOLOGICAL SETTING

The exposed sedimentary successions in the W of Dakhla at Gebel Gifata
(Fig. 1) ranges in age from Campanian to lower Palaeocene, and contains
diverse lithological compositions, different palaeo-environments, and an
abundance and variety of fossils. The succession is based by the uppermost
part of the Duwi Formation, which is represented by highly fossiliferous
phosphatic layers that are capped by fossiliferous limestone, which forms
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Fig. 1 - Details of the study area. (A) Location and geological maps of Gebel Gifata,
North Mute, Dakhla Oasis, Western Desert, Egypt. (B) Stratigraphic section of the
study area, showing the Mawhoob and Beris members of the Dakhla Formation.

the peneplain of the surface of the study area (EL Azasi and EL Arasi, 2000).

The Dakhla shale Formation conformably overlies the Duwi Formation,
and is overlain by the Tarawn chalky limestone Formation (Assass and Hagig,
1971; BARTHEL and HERRAMANN-DEGEN, 1981; TANTAWY et al., 2001). It is formed
of about 200-m-thick fissile shale intercalated with thin siltstone, sandstone
and limestone layers. The Dakhla shale facies are deposited in inner neritic
to lagoonal environments. It is Mastrichtian to Palaeocene in age, and is di-
vided into four members according to previous studies: the Mawhoob, Baris,
lower Kharga and upper Kharga. EL Azasi and EL Arasi (2000) reported that
the members of Dakhla shale were deposited by 10 repeated cycles provided
by sea level fluctuations during deposition of the Dakhla Formation.

The Mawhoob member is formed of yellow fossiliferous siltstone with
laminated shale intercalation (TAnTawy et al., 2001), and it was deposited
in the upper lower, middle and upper tidal cycles. The siltstone layer of the
Mawhoob member contains separate elements of vertebrate fossils, such as
Mosasaur vertebrae, shark teeth, fishbones and elements of giant marine tur-
tles (AU EL-KHER et al., 2021).

The Beris member represents the middle part of the Dakhla Formation. It
is composed of dark laminated shale with fossiliferous siltstone intercalation.
It was deposited in shallow subtidal to lower and middle intertidal repeated
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cycles (EL Azasi and EL Aragi, 2000). The Beris member is characterised by its
abundance of Exogyra overwegi imbedded in the siltstone layers. Expeditions
of the New Valley Vertebrate Palaeontology Centre have recorded three main
successive vertebrate-bearing horizons in the Beris member, as H-I, H-Il and
H-Ill. These vertebrate-bearing horizons are represented in the fossiliferous
intercalated siltstone layers, which contain a variety of marine vertebrates,
such as partial skeletons of Mosasaurs, Plesiosaurs, turtle bones, fishbones
and shark teeth.

The lower and upper Kharga members are composed of dark laminat-
ed shale with some intercalation of calcareous sandstone and limestone.
They are separated by the K/T boundary, which is represented by the erosive
surface of the fossiliferous limestone (Assass and Hagis, 1971; BarTHEL and
HERRAMANN-DEGEN, 1981; TANTAWY et al., 2001). The lower and upper Kharga
members were deposited in the lower and middle intertidal repeated cycles
(EL Azasi and EL AraBi, 2000).

The present material was collected by the authors during a field trip of
the New Valley University Vertebrate Palaeontology Centre in March 2021.
[t was collected from the third horizon (H-Ill) of the lower part of the Beris
member, of the Dakhla Formation.

MATERIAL AND METHODS

The pycnodont material is housed in the New Valley Vertebrate Palaeontol-
ogy Centre of New Valley University, Kharga Oasis, New Valley governorate
(Egypt), under N° NVP023. The specimen is represented by a right preart-
icular bone with an arrangement of three teeth arrows, which include 13
complete teeth and 6 tooth roots.

Photographs were taken using a digital camera (Af-S Nikkor 24-120mm
1:4 G ED VR; Nikon) and lens (Af-S Nikkor 70-00 mm 1:28E FL ED VR;
Nikon) in normal light. The X-ray analysis (model XS-1A; GE X-Ray Systems)
used a manual collimator, with: maximum Ky, 150 vp; eq. filtration, 1.5 mm
Al@look vp; and input rating, 24 V, 150 W. The CT scan for the specimen
was performed by device Canon CT scanner Aquillion Lightning. model TSX-
035A, serial number 7CC2012597.

RESULTS

The indicated prearticular section of a Pycnodont (NVP023) can be identi-
fied as teeth and fragments of bone pertaining to the genus Anomoeodeus.
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Class: Osteichthyes

Subclass: Actinopterigi

Superorder: Neopterigi

Order: Pycnodontiformes Berg, 1937
Family: Pycnodontidae Agassiz, 1833
Genus: Anomoeodus Forir, 1887
Anomoeodus aegypticus n. sp.
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Fig. 2 - (A) General view of Gebel Gifata, the type section of the Dakhla Formation
and the type locality of Aegyptopycnodus gen. nov. (B) Lower part of the Beris mem-
ber, showing the vertebrate-bearing horizons H-I, H-Il and H-IIl. (C) Fishbone rem-
nants embedded in the silty sandstone of the second vertebrate-bearing horizon of
Gebel Gifata. (D) weathered vertebrae of a mosasour embedded in the silty sandstone
of the first vertebrate-bearing horizon of Gebel Gifata.

2020 Anomoeodus sp. B Cooper et Martill: Cooper and MarTILL (2020b)
pp- 7-10.

Holotype — The single specimen NVP023 (Fig 3); anterior part of an iso-
lated section of a right prearticular bone with partially preserved dental se-
ries that include 13 complete teeth and 6 tooth roots.

Repository — The type specimen examined in this study is deposited in
the New Valley University, Vertebrate (NVU) Palaeontology Centre, Kharga
Oasis, New Valley governorate, Egypt, under N° NVP023.

Definition — The described Egyptian specimen has a complex of anatomi-
cal characteristics that are at the same time particular and typical, and that
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shape what is called here Anomoeodus aegypticus, n. sp. These include: (i)
the teeth with the largest dimensions are those of the primary lateral row. (ii)
the absence of diastemas in the prearticular series. (iii) a very low number of
prearticular batteries (three). (iv) a small number of elements in each preart-
icular battery. (v) the two lateral rows (primary, secondary) form a concavity
angle between them, which faces the buccal cavity. (vi) the occlusal surface
is concave in the teeth of both of the lateral rows (primary, secondary), and
convex for those of the medial row.

This set of characteristics constitutes a unicum that justifies the establish-
ment of a new species for this specimen, although it is a dental specimen,
which is unique. This described complex of characteristics are practically
superimposable on those that Cooper and MarTiLL (2020b) described for the
species Anomoeodus sp. B of the Mammites ammonite biozone, chalky-marl
facies, Asfla Member, Akrabou Formation, Morocco, and dated to the Upper
Cretaceous (Turonian); this, therefore, falls into the synonymy of the new
species Anomoeodus aegypticus.
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Fig. 3 - Anomoeodus aegypticus n. sp., holotype. (A) Occlusal view. (B) Posterior
view. (C) Lateral view.
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Etymology —The specific name is clearly derived from the Latin version of
the name of the nation in which the new species was found: Egypt.

Horizon — The second vertebrate-bearing horizon H-1ll, Exogyra overwegi
biozone, calcareous sandstone facies, the Beris member, of the Dakhla For-
mation. Upper Cretaceous (Maastrichtian). The type-locality is Gebel Gifata,
12 km N of Mute, Dakhla Oasis, W Desert, Egypt.

Remarks — The holotype shows all of the typical characteristics of the ge-
nus Anomoeodus (Pvato-Ariza and Wenz, 2002): the prearticular teeth have
an elongated lozenge shape and a sigmoidal profile. They are sinuous, and
sometimes have the form of a ‘drop’, with the apex pointing towards the
symphysis region; and they are assembled in batteries (i.e., series or rows),
in each of which the individual elements are positioned obliquely. Also, the
general morphology of the prearticular teeth varies a lot according to the
topographic position within the single batteries: only the rear teeth, which
are the largest, have the characteristic elongated lozenge morphology and
sigmoidal profile. Instead, the front teeth, which are randomly arranged, are
semi-spherical, with an almost perfectly circular profile, and they are small
(Fig. 3A).

There appear to be three dental prearticular batteries. The occlusal sur-
face is concave in the teeth of both of the lateral rows (primary, secondary),
and convex for those of the medial row. The outer margin of the pre-articular
bone is smooth and thin, and sometimes has sharp edges (Fig. 3A, B). The
teeth that have the largest dimensions are those of the primary lateral row; it
is possible that posteriorly, where the bone is broken and the dentition is not
known, the teeth in the medial row might have been larger. Nevertheless, the
larger size (even if this might not be the maximum size in the pre-articular
dentition) of the teeth of the primary lateral row is strongly characteristic of
this specimen.

All these characteristics are typical of the genus Anomoeodus (characters
#43, #44, #45, #46, #51 of the systematic scheme proposed by Pyato-Ariza
and Wenz (2002). However, the number of prearticular dental series is very
low, on the basis that Pyato-Ariza and Wenz (2002) considered a variability
of a minimum of five to a maximum of six prearticular dental batteries for
each side as characteristic of the genus Anomoeodus. This might be a typical
characteristic of this new species of the Egyptian Upper Cretaceous, and it
might indicate the need to establish a new species.

X-ray and CT-scan description: A standard X-ray in a lateral-lateral projec-

tion was performed on the right prearticular fragment described above (Fig.
4A), and a series of CT-scan was performed in various projections (Fig 4 B
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and C). Unfortunately, the individual teeth are extremely radio-opaque, evi-
dently due to mineralisation with metal salts, and this prevents the fine ana-
tomical details of the relationships between the teeth and bone from being
seen; it also prevents any effective survey on the possible presence of gems
that might be below the erupted teeth. Nonetheless, both the radiograph
and the CT-scan demonstrate the good state of mineralization and trabecular
organization of the prearticular bone, with no signs of resorption, which is
favourable with an adult, but not elderly, age of the specimen.

Fig. 4 - X-ray of the holotype of Anomoeodus aegypticus n. sp. in a later—lateral pro-
jection (A). CT-scan of the specimen in two projections (B, and C).
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DISCUSSION AND CONCLUSIONS

The genus Anomoeodus was established by Forir (1887) on the basis of an
isolated prearticular dentition, to which the name of Pycnodus subclavatus
was attributed. To date, more than 30 species of Anomoeodus have been de-
scribed, well characterised and easily recognizable through the typical way
in which the teeth are arranged in the prearticular bone: elongated and large
teeth arranged in regular rows posteriorly, and small circular teeth arranged
in a disorderly fashion for the anterior region of the single prearticular bone.

From the stratigraphic point of view, and according to Kriwer (2002),
Anomoeodus appeared in the Kimmeridgian (Upper Jurassic) and survived
until the Eocene, although recently Kriwer (2005) himself questioned some
of the post-Mesozoic dating of the Anomoeodus findings in the literature.
The genus Anomoeodus is ubiquitous, although it is predominantly limited
to the Upper Mesozoic. The most complete specimens come from the Lower
Cretaceous in Spain (Kriwet, 1999), from the Upper Cretaceous in England
(WoobwarD, 1917; Kriwet, 2002), from various locations in France (CORNUEL,
1877), and from Bohemia (FritscH, 1878). This last, however, represents the
first and oldest configuration of a prearticular attributable to the genus Ano-
moeodus. The genus Anomoeodus has also been well demonstrated for the
Maastrichtian of Belgium and Holland (LericHe, 1929), for the Upper Creta-
ceous of Kansas (SHiMADA and EverHArT, 2009), Texas (McKinzie, 2002) and
Arkansas (Hussakor, 1947) in the USA, and for Sweden (Bazzi et al., 2015).

For the distribution of the genus Anomoeodus in Africa, there have been
the following six reports. (i) Capasso (2019) described Anomoeodus sp. A in
the limestone of the ‘Azilé series’ that outcrops in the port area of Owendo
(Gabon). (ii) Cooper and MARrTILL (2020b) attributed to the same Anomoeodus
sp. A a complete large-sized vomer and two prearticular bones with teeth,
collected from the Akrabou formation, near Asfla, Morocco, and dated to
the Lower Turonian. (iii) Cooper and MarTILL (2020b) attributed to the provi-
sional species Anomoeodus sp. B a complete large-sized vomer and preart-
icular bones with teeth, collected from the Akrabou formation, near Asfla,
Morocco, and dated to the Lower Turonian; the same Cooper and MARTILL
(2020b) proposed that this species B is very similar to Anomoeodus sp. A of
the Turonian of Gabon, as described by Capasso (2019). (iv) WEILER (1935) re-
ported teeth attributed to Anomoeodus sp. ind. from the Cenomanian of the
Egyptian part of the Libyan Desert. (v) Priem (1908) reported dental remains
from the Santonian limestone that outcrops at Abou Roach and at Berak
el Gazal, both near Al Jizah (Egypt), attributable to Anomoeodus angustus
Agassiz (1833-43). Finally, (vi) Priem (1914) also reported the same species
on the basis of dental remains from the Turonian limestone outcrops at El
Gaa, near Abou Roach, Al Jizah (Egypt).
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Morphological comparisons between the species described in this study
and the other Anomeodus species are now carried out in a stringent way
specifically for the species already described in Egypt; in particular with Ano-
moeodus angustus and Anomoedus sp. B.

We have already addressed the discussion of the total identity between
the new species Anomoeodus aegypticus and the species Anomoeodus sp. B
recently described by Cooper and MarTILL (2020b). The identities here can be
well assessed for each of the distinctive characteristics considered particular
to both species, and can be suitably assessed by comparing Fig. 5A and B.

A B

Fig. 5 - Comparison between the inner (endobuccal) face of the right prearticular of Ano-
moeodus aegypticus (A) and Anomoeodus sp. B. (from Cooper and Martin, 2020b) (B).

In the Upper Cretaceous of Egypt, Priam (1908; 1914) described the pres-
ence of Anomoeodus angustus Agassiz 1833-34 in two different locations;
namely, in the Turonian and the Santonian limestone of the surroundings
of Al Jizah. Acassiz (1833-43) described this species as Gyrodus angustus
on the basis of two fragments of dentition from the Cretaceous of England
and belonging to the collection of M. Weeker. Based on the description and
drawings provided by Agassiz (Fig. 6A, B), it can be seen that the dental char-
acteristics attributed to this species are the elongated shape of the teeth and
their oblique position in the dental series.

Woobpwarp (1895) moved this species to the genus Anomoeodus on the ba-
sis of a series of teeth from the Lower Senonian of Meudon, France. Additional
dental materials were attributed to this species from the Senonian of Lewes,
S-E England, from the Cenomanian of Saxonia, Germany, from Newtimber,
Sussex, England, and from Planerkalk, near Schlan, Bohemia, Czech Republic
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(Woopwarp, 1893). Finally, Licht and Kocan (2011) described the presence
of this same species in the Cretaceous of Saxony by repeating a more precise
description of the dental anatomy and premaxillaries, so much so that Ano-
moeodus angustus was finally defined on an acceptable morphological basis.

By an examination and comparison of the materials described and il-
lustrated by LicHt and Kocan (2011), we can underline how the differences
between Anomoeodus angustus and Anomoeodus aegyptycus are substan-
tial. Indeed, although in both the species mentioned the dental series that
has the largest teeth is undoubtedly the primary lateral, in Anomoeodus an-

Fig. 6 - Gyrodus angustus Agassiz, from Figures 14 (A) and 15 (B) of Plate 66a of the
Atlas of the Volume 2 of Agassiz (1833-43).
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gustus the medial series and the secondary lateral series are composed of
minute, spherical, almost circular teeth. These are arranged in a way that
can be defined as poorly organized, so as not to be able to distinguish the
true lateral-most series of teeth, and not even the medial-most series of teeth.
Specific comparison of Fig. 7A and B shows that these differences are very
evident. Moreover, precisely this same pre-articular dental pattern appears to
be characteristic of the species Agassizilia erfoudina, as recently described
by Coorer and MarTiLL (2020a), of the Middle Cretaceous of the Ifezouane
Formation, Kem Kem Group, Morocco (see Fig. 7C).

A

Fig. 7 - Comparison between the inner (endobuccal) face of the right prearticular of
Anomoeodus aegypticus (A), Anomoeodus angustus (from Licht and Kogan, 2011) (B)
and Agassizilia erfoudina (from Cooper and Martin, 2020a) (C).

The reports by Priem (1908; 1914) of the presence of Anomoeodus aegyp-
tycus in the Upper Cretaceous of Egypt must, in our opinion, be considered
with a high level of doubt. Both the descriptions and, above all, the illustra-
tions of the dental materials for this determination were based on isolated
teeth (Priem, 1908, Plate X, Figs. 1-7). On the basis of these teeth, we can
certainly state that attribution to the genus Anomoeodus is highly probable,
but any further specific determination is not possible. They might be teeth
from prearticulars of the lateral primary row of either Anomoeodus angustus
or Anomoeodus aegypticus.

The presence of the remains of Anomoeodus in the Maastrichtian (Late
Cretaceous) of the Dakhla Formation, Dakhla Oasis, W Desert (Egypt), con-
firms the reports at the beginning of the last century on the presence of this
genus of Pycnodontiformes in the Middle and Upper Cretaceous of Egypt;
i.e., of the southern part of the Tethys.

At the palaeoecological level, the presence of Pycnodont remains in as-
sociation with bivalves and gastropods, as well as marine mammals and rep-
tiles, reinforces the reconstructions according to which the Dakhla Forma-
tion was sedimented in the marginal marine palaeoenvironment, in shallow
waters, and with occasional connections with the open sea.

101



Thalassia Salentina n. 43-2021

REFERENCES

AsBass H.L., HaBiB M.M., 1971 - Stratigraphy of the west Mawhoob area, south West-
ern Desert, Egypt. Bulletin Institute Desert Egypt 19: 47-107.

ABU EL-KHER G. A., ABDELGAWAD M. K., Kassas W. G., 2021 - First known gigantic sea turtle
from the Maastrichtian deposits in Egypt. Acta Palaeontol. Pol. 66 (2): 349-355.

AwaD G.H., GHosrIAL M.G., 1965 - Zonal stratigraphy of the Kharga Oasis. Geological
Survey Egypt 34: 1-77.

Acassiz L., 1833-44 - Recherches sur les Poissons Fossiles (5 vols with suppls.). Petit-
pierre, Neuchatel et Soleure.

BARTHEL K.W., HERRMANN-DEGEN W., 1981 - Late Cretaceous and Early Tertiary stratig-
raphy in the Great Sand Sea and its south-eastern margins (Farafra and Dakhla
Oases), south Western Desert, Egypt. Mitteilungen Bayerische Staatssammlung
Palaontologie Historische Geologie 21: 141-182.

Bazzi M., EiNnarssoN E., Kear B.P., 2015 - Late Cretaceous (Campanian) actinopterygian
fishes from the Kristianstad Basin of southern Sweden. In: KeAr, B.P., LINDGREN, .,
HuruMm, J.M., MILAN, J., VAIDA, V., Eds., Mesozoic Biotas of Scandinavia and its Artic
Territories. Geological Society London, Special Publication 1: 1-434.

BerG L.S., 1937 - A classification of fish-like vertebrates. Bulletin de I’Académie des
Sciences de I’'URSS, Classe des Sciences mathématiques et naturelles 4: 1277-
1280. In Russian.

BRUNETTI M., LomBArDO C., ScHiroLLl P., TINTORI A., 2001 - The new early Norian fish
fauna from Garza Valley (Brescia — northern lItaly). In: Tintorl, A. (Ed.). Abstract
Book, III: International Meeting of Mesozoic Fishes: Systematic, Palaeoenviron-
ments and Biodiversity: 13; Milan (Unimi).

Capasso L., 2019 - Presence of Pycnodontids (Pisces, Actinopterigii) in the Late Cre-
taceous Cap de Naze marine formation, at Popenguine Cliff, Senegal (central
Africa). Bollettino del Museo Civico di Storia Naturale di Verona, Serie di Archeo-
logia, Geologia e Paleontologia 43: 37-41.

Capasso L., 2021 - Pycnodonts: an overview and new insights in the Pycnodonto-
morpha Nursall, 2010. University Museum of Chieti, Occasional Papers, Mono-
graphic Publication 1: 1-223.

Cooper S.L.A., MarTiLL D.M., 2020a - A diverse assemblage of Pycnodont fish (Ac-
tinopterygii, Pycnodontiformes) from the mid-Cretaceous, continental Kem Kem
group of south-east Morocco. Cretaceous Research 112: 104456.

Coorper S.L.A., MarTiLL D.M., 2020b - A Pycnodont fish (Actinopterygii, Pycnodonti-
formes) from the Upper Cretaceous (lower Turonian) Akrabou Formation of Asfla,
Morocco. Cretaceous Research 116: 104607.

CorNUEL M.)., 1877 - Description de debris de poisons fossils provenent principale-
ment du calcaire néocomien du department de la Haute-Marne. Bullettin de la
Société Géologique de France 5: 604-626.

DAtLLA VEccHIA F., CARNEVALE G., 2011 - Ceratodontoid (Dipnoi) calvarial bones from
the Triassic of Fusea, Carnic Alps: the first Italian lungfish. /talian Journal of Geo-
siences (Bollettino della Societa Geologica Italiana) 130: 128-135.

EL-AzaBl M.H., EL-ArABY A., 2000 - Depositional cycles: an approach to the sequence
stratigraphy of Dakhla Formation, west Dakhla-Farafra stretch, Western Desert,
Egypt. Journal of African Earth Science 30: 971-996.

102



Thalassia Salentina n. 43-2021

Forir H., 1887 - Contributions a I"étude du systeme crétacé de la Belgique. 1. Sur
quelques poisons et crustacés nouveaux ou peau connus. Annales de la Société
Géologique de Belgique, Mémoires 14: 25-56.

FrirscH A., 1878 - Die Reptilien und Fische der Bhémischen Kreideformation. Verlag
der Verfasses, Prague.

GEMMELLARO M., 1920 - Ittiodontoliti Maastrichtiani di Egitto. Atti della Reale Accade-
mia di Scienze, Leettere e Belle Arti di Palermo, Terza Serie 11: 445 -449.

Hewaiby A.A., 1997. A proposed palaeoecologic scheme for the Upper Cretaceous-
Lower Tertiary sequences in Egypt. Middle East Research Centre, Ain Shams Uni-
versity, Earth Science Series 11: 159-168.

Hussakor L., 1947 - A new Pycnodont fish from the Cretaceous of Arkansas. Fieldiana
Geology 10 (4): 23-27.

KrIwWet J., 1999 - Pycnodont fishes (Neopterygii, Pycnodontiformes) from the upper
Barremian (Lower Cretaceous) of Ufia (Cuenca Province, Spain) and branchial
teeth in pycnodontid fishes. In: ArraTiA, G. et Scuitze, H.-P., Eds., Mesozoic Fishes
2 — Systematics and Fossil Record: 215-238. F. Pfeil Publ., Miinchen.

KrIWeT J., 2002 - Anomoeodus pauciseriale n. sp. (Neopterygii, Pycnodontiformes)
from the Withe Chalk Formation (Upper Cretaceous) of Sussex, south England.
Paldontologische Zeitschrift 76 (1): 117-123.

KRrIWET, J., 2005 - A comprehensive study oft he skull and dentition of pycnodont fis-
hes. Zitteliana A45: 135-188.

LericHE M., 1929 - Le poissons du Crétacé marin de la Belgique et du Limbourg Hol-
landais (Note préliminaire). Les resultats stratigraphiques de leur étude. Comptes
rendu sommaires des séances de la Société Géologique de France 1930 (9-10):
98-99.

LicHt M., Kocan I, 2011 - Late Cretaceous Pycnodont fishes (Actinopterygii, Ne-
opterygii) from Saxony (Eastern Germany). Freiberger Forschungshefte C 540:
79-90.

Lucer P., 1988 - Campanian to Palaeocene agglutinated foraminifera from freshwater
influenced marginal marine (deltaic) sediments of southern Egypt. Abhandlung
Geologische Bundesanstalt 41: 255-263.

McKinzie M., 2002 - Pictorial catalogue of Late Cretaceous fossil fish from north Texas.
Occasional Papers of the Dallas Paleontological Society 5: 97-154.

Povato-Ariza F., WEnZ S., 2002 - A new insight into pycnodontiform fishes. Geodiver-
sitas 24 (1): 139-248.

Priem F., 1908 - Sur des vertébrés de I'Eoceéne d’Egypte et de Tunise. Bulletin de la
Société Géologique de France 7: 412-419.

Priem F., 1914 - Sur des vertébrés du Crétacé et de I'Eoceéne d’Egypte. Bulletin de la
Société Géologique de France 14: 366-382.

Sap A., 1962 - The Geology of Egypt: Elsevier Publishing Company, Amsterdam,
377p.

SHIMADA K., EVERHART M.J., 2009. First record of Anomoeodus (Osteichthyes: Pycnodon-
tiformes) from the Upper Cretaceous Niobara Chalk of western Kansas. Transac-
tions of the Kansas Academy of Science 112 (1-2): 98-102.

SLAUGHTER B.H., THURMOND J.T., 1974 - A lower Cenomanian (Cretaceous) ichthyo-
fauna from the Bahariya Formation of Egypt. Annals of the Geological Survey of
Egypt 4: 25-40.

103



Thalassia Salentina n. 43-2021

TanTAwyY A.A., KeLLer G., ADDATTE T., STINNESBECK W., KAssaB A., ScHuLTe P., 2001 - Maas-
trichtian to Paleocene depositional environment of the Dakhla Formation, West-
ern Desert, Egypt: sedimentology, mineralogy, and integrated micro-and macro-
fossil 328 biostratigraphies. Cretaceous Research 22: 795-827.

Voss M., ANTAR M.S.M., Zaimourt L.S., GinGericH P.D., 2019 - Stomach contents of the
archaeocete Basilosaurus isis: apex predator in oceans of the late Eocene. PLoS
ONE 14 (1): e0209021. https://doi.org/10.1371/journal.pone.0209021

Vuio R., BARDET N., GHEERBRANT E., JaLiL N.-E., 2019 - Multicuspid tooth morphology
in a gigantic Palaeocene pycnodont fish — evolutionary and palaeoecological sig-
nificance. Geological Magazine, doi.org/10.1017/S0016756819000736.

WEILER W., 1935 - Neue Untersuchungen an den Fischresten.- In: Ergebnisse der For-
schungsreisen Prof. E. Stromers in den Wiisten Agyptens. Il.Wirbeltierreste der
Baharije-Stufe (unterstes Cenoman). Bayerische Akademie der Wissenschaften.
Mathematisch-Naturwissenschaftliche Klasse, Abhandlungen, Neue Folge 32:
1-57.

WoobpwarD A.S., 1893 - Some Cretaceous Pycnodont fishes. Geological Magazine 3
(10): 433-451.

Woobwarp A.S., 1895 - Catalogue of the Fossil Fishes in the British Museum (Natural
History). Trustees of the British Museum, pt. Ill, p. 189-284.

WoobpwarD A.S., 1917 - Notes on the Pycnodont fishes. Geological Magazine 4: 385-
389.

104



