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Abstract

This study documents the first record of a fossil fish assemblage from the Upper Cretaceous Kababish Formation of north-central 
Sudan, associated with the dyrosaurid crocodyliform Brachiosuchus kababishensis. The identified taxa include the nurse shark 
Nebrius sp., a pycnodontid tooth, and a hybodontiform dorsal fin spine. Although limited in diversity, the assemblage provides new 
data on the poorly known Late Cretaceous ichthyofauna of the region.

Sedimentological and ichnological observations suggest deposition in a shallow, tide-influenced marginal-marine setting, while 
the ecological affinities of the recovered ichthyofauna are consistent with a nearshore coastal environment. Although these inde-
pendent lines of evidence converge on the same paleoenvironmental interpretation, the limited size and diversity of the assemblage 
preclude definitive conclusions and highlight the need for additional fossil material to evaluate this interpretation further. In a broad-
er paleobiogeographic context, the occurrence of these taxa suggests regional geological and paleontological evidence for marine 
influence extending into north-central Sudan during the Late Cretaceous. The discovery contributes to the growing record of Late 
Cretaceous vertebrates from Sudan. It demonstrates the scientific value of micro-vertebrate recovery, as the remains were obtained 
during preparation of the associated dyrosaurid specimen rather than through targeted collection. Future systematic sampling of the 
Kababish Formation is expected to improve understanding of the diversity, paleoenvironment, and paleobiogeographic relationships 
of Late Cretaceous vertebrate assemblages in the area and northeastern Africa.

Key Words

Ichthyofauna, Late Cretaceous, Sudan

Introduction

Fossils of Late Cretaceous ichthyofauna from East 
Africa are scarcely known, with only a few finds in the 
Late Cretaceous of Sudan. Werner (1994, 1996, 1999) 

reported the presence of microfossil ichthyofaunal 
remains in the Campanian-Maastrichtian Wadi Milk 
and Shendi formations. The remains recovered include 
Asteracanthus aegyptiacus (a fragment of a fin spine),? 
Hybodus sp. (three teeth and a fin-spine fragment) and 
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Rajiformes (one tooth). To date, the only vertebrate 
described in detail from the unit is the new dyrosaurid 
crocodyliform Brachiosuchus kababishensis (Salih et al. 
2021), based on a spectacular articulated skeleton. This 
paper presents the first findings of ichthyofauna from 
previously unexplored nearshore marine deposits of the 
Kababish Formation.

Geological settings

The material was collected from the foreland of the 
Gebel Abyad Plateau in NW Sudan, about 2.5 km east 
of an eastern spur of the plateau and around 150 km west 
of Dongola (Fig. 1A, B). The fossils were found in a 
saddle-shaped depression between two mounds on a 
north-south-trending ridge, in sediments of the upper 
part of the Kababish Formation (Fig. 1C, D). They 
had weathered out at the site and were exposed at the 
surface, but still embedded in the sediments. At the fossil 
site, the Kababish Formation consists of approximately 
15.5 m of siltstones and mudstones (Fig. 2A), with inter-
calated lenses of sandy siltstone up to 50 cm thick and 
7 m wide (Fig. 2B), and some heavily iron-cemented 
layers up to a few centimeters thick. The siltstones 
and mudstones form heterolithic beds (Fig. 2A) and 
upward-coarsening and upward-fining sequences, mostly 
0.5–2.5 m thick (Fig. 2A). Some siltstones show current 
ripple or wave ripple structures, and siltstone-mudstone 
beds, occasionally flaser or lenticular bedding (Fig. 
2C). However, most siltstone beds are massive and, 
particularly in the upper section, moderately to inten-
sively bioturbated primarily by Spongelimorpha (Fig. 
2D), as well as Ophiomorpha, Thalassinoides (Fig. 
2E), Rhizocorallium, and Lockeia. The mudstones are 
predominantly horizontally laminated, often bioturbated 
by Thalassinoides and Rhizocorallium, and occasionally 

contain cm-scale mud lenses. Numerous gypsum veins 
and nodules, along with fossil plant remains, are 
present primarily in some mudstone beds (Fig. 2A). 
Occasionally, fossil root traces are present. The fossil 
ichthyofaunal remains were found in association with a 
Brachiosuchus kababishensis skeleton.

The Kababish Formation unconformably overlies 
the Wadi Howar Formation (Turonian–Santonian; 
Wycisk et al. 1990; Wycisk 1991). It is conformably 
overlain by marginal-marine dolomites and lime-
stones of the Gebel Abyad Formation, which has been 
assigned to the Paleocene–Eocene, mainly based on 
the discovery of foraminifera (Barazi and Kuss 1987). 
The stratigraphic position of the Kababish Formation 
is further supported by correlations of low-stand and 
high-stand cycles with sedimentary sequences in 
the southern and central Western Desert of Egypt, as 
well as by paleontological correlations (Barazi 1985; 
Wycisk et al. 1990; Wycisk 1994). The shallow-marine 
deposits of the Kababish Formation are correlated with 
shallow-marine Campanian–Maastrichtian sediments 
in the Dakhla and Asyut Basins in Egypt (Barazi 1985; 
Wycisk 1994). Similar fossil plant communities occur 
in both the Kababish Formation and the Campanian–
Maastrichtian sediments of the Western Desert of 
Egypt. For example, plant fossils such as Credneria, 
Ficophyllum, Magnoliaephyllum, and Typhaephyllum, 
which occur in the Kababish Formation (Barazi 1985), 
are also found in the Kiseiba Formation (Campanian–
Maastrichtian) in southern Egypt near the border with 
Sudan, as well as in the Quseir Formation (Campanian–
Maastrichtian) and the Mut Formation (Campanian) in 
the vicinity of the Dakhla and Kharga oases (Klitzsch 
and Hermina 1989). Lejalia leaves have been found in 
both the Kababish Formation (Coiffard and Mohr 2015) 
and the Mut Formation (Campanian) near the Dakhla 
Oasis (Coiffard and El Atfy 2023).

Figure 1. Location (A), geological maps (B, C), and composite stratigraphic profile (D) of the area showing the level at which the 
specimen was recovered.
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Material and methods
The material was collected in 2012 during an expedition 
as part of an international collaborative project focused on 
the vertebrate fauna of the Cretaceous of northern Sudan 
and is currently on loan to the Museum für Naturkunde, 
Berlin, Germany. A total of 42 isolated Nebrius teeth were 
recovered. Of these, five well-preserved specimens (MfN 
SUD013–MfN SUD017) were selected for detailed study 
and illustration, whereas the remaining specimens are 
fragmentary, exhibit varying degrees of wear and abrasion, 
and were not figured, likely reflecting post-depositional 
reworking. In addition, an incomplete Hybodontiformes 
fin spine and a Pycnodontiformes tooth were found. The 
fin spine was observed in situ in the sediment, whereas the 
teeth were recovered during the preparation of the holo-
type of Brachiosuchus kababishensis from the Kababish 
Formation (Salih et al. 2021). All material was cleaned 
with distilled water using soft-bristled brushes to remove 
sediment, then dried at room temperature.

Institutional abbreviation

MfN SUD	 Museum für Naturkunde Berlin, Sudan 
Collection.

Systematic paleontology
Chondrichthyes Huxley, 1880
Elasmobranchii Bonaparte, 1838
Neoselachii Compagno, 1977
Orectolobiformes Applegate, 1972
Ginglymostomatidae Gill, 1862
Nebrius Rüppell, 1837
Nebrius ferrugineus Lesson, 1831

Nebrius sp.

Referred specimens. Anterolateral teeth (MfN SUD013 
– MfN SUD017, Fig. 3).

Description. The five complete teeth are from 
the anterolateral part of the dentary. The crowns are 
slightly asymmetrical; both labial and lingual crown 
surfaces are smooth and devoid of ornamentation such 
as ridges or striations, and convex, with a well-devel-
oped median cusp that does not protrude far above the 
lateral cusplets. The crowns display a prominent apron 
(median downward prolongation of the labial face of 
the crown) and taper basally; however, the relation-
ship between crown and root is not clearly observable 
in the available views. Apart from the well-preserved 

Figure 2. Sedimentological characteristics of the Kababish Formation at and near the fossil site. A. The middle-to-upper section of 
the Kababish Formation at the fossil site consists of heterolithic siltstone-mudstone beds overlain by mudstone-siltstone sequences. 
Gypsum veins and nodules (white) occur primarily in the mudstone beds; B. Lenticular bedded (ls) and flaser bedded (fl) mudstones 
and siltstones, and wave ripple cross-laminated siltstones (ri); C. Sandy siltstone channel fill (ch) in the lower section of the Kaba-
bish Formation at the fossil site; D. Siltstone-mudstone sequences with Spongelimorpha burrows mainly in the siltstones; E. Heter-
olithic siltstone-mudstone beds with Thalassinoides burrows.
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specimens, the majority of the remaining teeth exhibit 
varying degrees of wear and erosion.

Remarks. The teeth of Nebrius Rüppell, 1837, 
resemble those of Ginglymostoma Müller & Henle, 1837, 
which belongs to the same family, Ginglymostomatidae 
Gill, 1862. Nebrius is sometimes confused with 
Ginglymostoma. The asymmetrical shape of the crowns, 
the less developed median cusps, and the quite developed 
aprons (Cappetta 2012) support referral of the material to 
Nebrius rather than Ginglymostoma.

Nebrius has been reported from the Maastrichtian to the 
recent (Cappetta 1987). The genus Nebrius includes five fossil 
species: Nebrius obliquus Leidy, 1877, Nebrius bequaerti 
Leriche, 1920, Nebrius blanckenhorni Stromer, 1905, and 
Nebrius thielensis Winkler, 1874, whereas Nebrius concolor 
Rüppel, 1837 is currently considered a junior synonym of 
Nebrius ferrugineus Lesson, 1831. The only extant species, 
Nebrius ferrugineus, occurs throughout the Indo-West 
and Central Pacific Ocean (Compagno 1984) as well as 
Madagascar (Smale 1998). The fossil record of this genus 
has been reported from marine, marginal marine, coastal, 
estuarine, and floodplain sediments of North America (Case 
1994; Case and Cappetta 1997), South America (Costa et al. 
2009), Europe (Adolfssen and Ward 2014), Asia (Thomas et 
al. 1989; Yabumoto and Uyeno 1994), and Africa (Stromer 
1910; Cappetta and Traverse 1988; Cappetta 2004; Tabuce 
et al. 2005; Underwood et al. 2011).

It is important to note that any discussion of 
Maastrichtian orectolobiform sharks must take into 
account the comprehensive study by Noubhani and 
Cappetta (1997), which provides detailed descriptions 
and high-quality illustrations of Late Cretaceous orectolo-
biform material from Morocco. Their work demonstrates 
the considerable dental variation within ginglymostoma-
tids during the latest Cretaceous and highlights the 
difficulty of species-level identification based on isolated 
teeth. Considering the limited material available here, 
and in agreement with previous authors working on 
comparable assemblages, we refrain from assigning the 
Sudanese specimens to a specific species pending the 
recovery of a larger and more diagnostic sample.

Hybodontiformes Patterson, 1966

Hybodontiformes indet.

Referred specimens. Partial dorsal fin spine (MfN 
SUD019, Fig. 4).

Description. The specimen is robust but lacks the 
distal part and is affected by breakage along the anterior, 
medial, and posterior regions. Consequently, the presence 
of hooked denticles along the posterior margin cannot be 
confidently determined. The lateral surface is ornamented 
by well-developed but not densely arranged rounded 
tubercles, arranged in fairly longitudinal rows.

Remarks. The dorsal fin spine is characterized 
by a robust, gently curved anterior margin and an 

external ornamentation composed of circular tubercles 
arranged in longitudinal rows along the lateral faces. 
This ornamentation pattern differs from the strongly 
ribbed spines typical of Hybodus and is consistent with 
Hybodontiformes dorsal fin spines traditionally referred 
to as Asteracanthus. The overall morphology closely 
resembles that of material described as Asteracanthus 
aegyptiacus Stromer, 1927; however, the taxonomic 
placement of this species remains uncertain, as it differs 
from A. ornatissimus Agassiz, 1837 by lacking the char-
acteristic star-shaped tubercles and may not belong to 
Asteracanthus sensu stricto (see Stumpf et al. 2021). 
Following recent assessments that emphasize the uncer-
tain taxonomy within the group, and given the isolated 
nature of the material, the specimen is conservatively 
referred to as Hybodontiformes indet.

Hybodontiform sharks, including forms assigned 
to Asteracanthus, have been known from at least the 
Carboniferous to the Late Cretaceous and occurred 
in marine, marginal marine, and brackish environ-
ments worldwide; however, by the Early Cretaceous 
they had declined in open marine settings and became 
largely restricted to marginal marine and brackish habi-
tats, where they occupied diverse ecological niches 
until their extinction at the end of the Cretaceous 
(Underwood and Rees 2002; Guinot et al. 2014; Teng 
et al. 2019; Stumpf et al. 2021).

Osteichthyes Huxley, 1880
Pycnodontiformes Berg, 1937
Pycnodontidae Agassiz, 1833

Pycnodontidae indet.

Referred specimens. Anterior tooth (MfN SUD018, Fig. 5).
Description. The single preserved anterior tooth 

crown, which bears wear facets, is wider than high; it is 
spatulate, typically incisiform, with a markedly convex, 
rounded, and asymmetrical occlusal margin in labial 
view. The occlusal margin is narrower than the base and 
forms a cutting edge. The lingual face is concave with a 
high, well-developed tooth neck.

Remarks. The tooth shows a high crown and an 
enlarged, flattened, incisor-like morphology. The crown 
is slightly convex on the labial side and concave on the 
lingual side. This combination of characters is typical 
of anterior, prehensile teeth of pycnodontiform fishes 
and supports referral to Pycnodontidae (Poyato-Ariza 
and Wenz 2002; Kriwet 2005). Similar incisiform teeth 
have been documented in several pycnodontid taxa and 
are commonly interpreted as adaptations for grasping 
or cropping rather than crushing. Although the spec-
imen resembles incisiform anterior teeth attributed to 
Nursallia in overall shape and proportions (Kriwet 
2005; Alvarado-Ortega et al. 2019), isolated teeth do 
not preserve sufficient diagnostic characters to support 
a confident generic or specific assignment. Recent 
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studies have emphasized that incisiform pycnodontid 
teeth show considerable morphological overlap among 
genera, and that taxonomic attribution below the family 
level is problematic without associated jaw material or 
tooth rows. Therefore, the specimen is best referred to as 
Pycnodontidae indet.

Pycnodontids range from the Late Triassic to the 
Eocene and were widespread in shallow-marine, marginal 
marine, and freshwater environments (Poyato-Ariza and 
Wenz 2002; Poyato-Ariza 2005; Martin-Abad and Poyato-
Ariza 2013; Cawley and Kriwet 2024). During the Late 
Cretaceous, members of the family were geographically 

Figure 3. Nebrius sp., MfN SUD013–MfN SUD017 (A–J). MfN SUD013, labial (A) and lingual (B) views; MfN SUD014, labial 
(C) and lingual (D) views); MfN SUD015, labial (E) and lingual (F) views; MfN SUD016, labial (G) and lingual (H) views); MfN 
SUD017, labial (I) and lingual (J) views.

Figure 4. Fin spine of Hybodontiformes indet., MfN SUD019 (A). B–E. Left lateral, right lateral, anterior, and posterior views.
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widespread and well documented from Africa, Europe, 
Asia, and the Americas (Poyato-Ariza and Wenz 2002; 
Kriwet 2005). Isolated teeth are the most common remains 
of pycnodontids in these settings and are routinely reported 
from Maastrichtian deposits in North Africa (Cappetta 
2012; Capasso et al. 2021; Cawley and Kriwet 2024).

Discussion

The Late Cretaceous represents a key interval for under-
standing vertebrate evolution and ecosystem restructuring 
close to the K–Pg boundary. Recent vertebrate discov-
eries from the Upper Cretaceous of Sudan, including the 
Shendi Formation, Wadi Milk Formation, and Kababish 
Formation, substantially expand the known record of 
Late Cretaceous vertebrates in the region (Müller et al. 
2014; Salih et al. 2015, 2021; Klein et al. 2016; Evans 
et al. in review). Together, these findings enhance our 
understanding of Late Cretaceous vertebrate assemblages 
in Sudan, including the composition and paleoenviron-
mental context of their ichthyofauna during this period.

Depositional environment interpretation

The predominantly fine-grained character of the sediments 
that contain the fossils indicates relatively low-energy 
depositional conditions. Sedimentary structures, including 
current and wave ripples, together with flaser and lenticular 
bedding, suggest periodic influence of currents, waves, and 
tidal processes (Reineck and Wunderlich 1968; Reineck 
and Singh 1980; Fan 2012). Similar sedimentary associa-
tions are widely interpreted as characteristic of protected 
tidal-flat environments with low depositional gradients, 
such as coastal embayment (Dashtgard et al. 2021). Within 
this framework, the sandy siltstone lenses are interpreted 
as probable tidal-channel fills, whereas the vertical succes-
sion of sandy siltstones, siltstones, and mudstones is 
consistent with deposition on a tidally influenced coastal 
mudflat. The observed fining-upward successions may 
represent progradational tidal-flat parasequences related to 
progressive shallowing (Desjardins et al. 2012).

The trace fossil association corresponds to a mixture of 
the Skolithos and Cruziana ichnofacies, which is typical 
of shallow marine nearshore-to-offshore shelf environ-
ments (Seilacher 2007; Pemberton et al. 2012; Knaust 
2017). The dominance of deep- to medium-tier traces 
produced by crustaceans (Spongelimorpha, Ophiomorpha, 
Thalassinoides; Seilacher 2007; Knaust 2017) and poly-
chaetes (Rhizocorallium; Knaust 2013), but also by bivalves 
(Lockeia; Seilacher and Seilacher 1994) is consistent with 
a wave-influenced tidal flat environment (e.g. Desjardins 
et al. 2012; Mángano and Buatois 2015). The iron-ce-
mented beds may have formed during temporary subaerial 
exposure of the mudflat. Fossil plant remains occurring in 
several mudstone beds, as well as occasional fossil root 
traces, also point to a coastal, and at times even emergent 
environment. The gypsum veins and nodules in some 
mudstone beds were likely formed by diagenetic gypsum, 
possibly from pyrite (e.g., Bain 1990; Liu et al. 2018), 
which may have formed in the presence of organic matter 
and euxinic conditions during early diagenesis (Berner 
1984). Overall, the deposition of the Kababish Formation 
at the fossil site appears to have occurred in a sheltered, 
low-energy, tide-influenced marginal-marine setting, 
likely a protected embayment or lagoon. Our interpretation 
of the fossil-bearing layers largely agrees with the interpre-
tation of Barazi (1985) for the Kababish Formation. Based 
on the occurrence of trace fossils like Rhizocorallium 
and Thalassinoides, sedimentary structures such as flaser 
bedding, and rare foraminifera, Barazi (1985) interpreted 
the depositional environment of the Kababish Formation 
as shallow-marine, foreshore-to-nearshore.

Paleoenvironmental and paleobiogeographic 
implications

The ecological preferences of the recovered taxa are 
consistent with a shallow marginal-marine ecosystem 
that probably supported abundant benthic invertebrates. 
Bathymetric constraints derived from the presence of 
Nebrius, which inhabits waters shallower than about 
50 m, suggest a shallow marine to nearshore interpreta-
tion (Carrillo-Briceño et al. 2016). This is consistent with 
sedimentological and ichnological indicators that point 
to tropical coastal settings influenced by tides (Barazi 
1985; Seilacher 2007; Pemberton et al. 2012; Knaust 
2017). Pycnodontids are generally interpreted as special-
ized durophagous fishes adapted to crushing hard-shelled 
prey typical of coastal mudflats and lagoons (Kriwet 2001; 
Poyato-Ariza and Wenz 2002; Poyato-Ariza 2005), whereas 
Hybodontiform sharks are interpreted to have occupied a 
broader range of ecological roles, with some taxa poten-
tially occupying a similar durophagous niche (Rees and 
Underwood 2006, 2008; Lane 2010). The robust tubercu-
lated dorsal fin spines have been interpreted as defensive 
structures against predators (Maisey 1978; Parker 2008; 
Cowen 2019), although direct evidence of predator-prey 
interactions in the Kababish ecosystem is lacking.

Figure 5. Anterior tooth of Pycnodontidae indet., MfN SUD018, 
in labial (A) and lingual (B) views.
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From a paleobiogeographic perspective, the Kababish 
ichthyofauna is compatible with regional geological and 
paleontological evidence for marine influence extending 
into north-central Sudan during the Campanian–
Maastrichtian. Sedimentological, ichnological, and 
paleontological observations suggest that the Kababish 
Formation was deposited in a marginal-marine setting 
that may have formed within a southern embayment of the 
Tethys. The occurrence of pycnodontids, whose evolu-
tionary history is closely associated with Tethyan marine 
environments (Cawley and Kriwet 2024), provides an 
additional line of evidence consistent with, but not by 
itself demonstrating, this interpretation.

Faunal similarities between the Kababish assem-
blage and coeval deposits in Egypt and Morocco 
suggest possible faunal connectivity along the southern 
Tethyan margin. These similarities are consistent 
with broader regional paleobiogeographic patterns, 
including the occurrence of comparable shallow-ma-
rine assemblages (Cappetta 2012; Cawley and Kriwet 
2024), and may reflect episodic dispersal of shal-
low-marine fishes into north-central Sudan during the 
Late Cretaceous. The occurrence of Nebrius, pycno-
dontids, and hybodontiforms in a marginal-marine 
setting is also consistent with ecological preferences 
documented for these groups elsewhere and suggests 
that estuarine and coastal environments may have 
provided suitable habitats along the southern margin 
of the Tethys. Accordingly, the Kababish Formation 
preserves a localized record of a Late Cretaceous 
coastal ecosystem that contributes to our understanding 
of vertebrate faunal distribution in northeastern Africa. 
However, because the present assemblage is based on 
a limited number of isolated specimens, these paleo-
biogeographic interpretations should be regarded as 
working hypotheses supported by the currently avail-
able geological, sedimentological, and paleontological 
evidence rather than as definitive conclusions.

Conclusion

The fossil fish assemblage described herein represents the 
first documented ichthyofaunal record from the Upper 
Cretaceous Kababish Formation and expands the sparse 
record of Late Cretaceous vertebrates from north-central 
Sudan. Sedimentological and ichnological observations 
are consistent with deposition in a shallow, tide-influenced 
marginal-marine setting, interpreted as a coastal mudflat–
lagoonal system. The recovered ichthyofauna, comprising 
Nebrius sp., Pycnodontidae indet., and Hybodontiformes 
indet., is consistent with a nearshore marine environment 
and complements the sedimentological interpretation.

In a broader paleobiogeographic context, the assem-
blage shows affinities with contemporaneous Tethyan 
faunas and is compatible with the hypothesis that marine 
influence extended into north-central Sudan during 
the Campanian–Maastrichtian. However, because the 

assemblage is based on a limited number of isolated 
specimens, this interpretation should be regarded as a 
working hypothesis that requires further testing through 
the recovery of additional fossil material.

The Kababish Formation therefore preserves a local-
ized but informative record of a Late Cretaceous coastal 
ecosystem along the southern margin of the Tethys. 
The present study also highlights the scientific value of 
micro-vertebrate sampling, as all remains were recov-
ered during the preparation of the associated dyrosaurid 
Brachiosuchus kababishensis from the same locality 
(Salih et al. 2021) rather than through targeted collection. 
Future systematic sampling of the Kababish Formation 
is expected to recover additional ichthyofaunal material, 
enabling more robust assessments of taxonomic diversity, 
paleoenvironmental evolution, and paleobiogeographic 
relationships within northeastern Africa.
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