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Abstract: The earliest delphinidans (Cetacea, Odontoceti, Delphinida) first appear in the fossil record in the 
upper Oligocene, but are predominantly known from the Miocene. During the excavation of  a series of  construction 
pits in Antwerp (northern Belgium), two fragmentary early delphinidan crania were collected from lower Middle 
Miocene deposits of  the Antwerpen Member (Berchem Formation). Both specimens show strong morphological 
similarities to Brevirostrodelphis dividum, originally described from the Miocene Calvert Formation of  the U.S. Atlantic 
Coastal Plain. They are here identified as Brevirostrodelphis aff. B. dividum and Brevirostrodelphis sp., representing the first 
unambiguous records of  this genus from the eastern side of  the North Atlantic. In addition, the historical type spe-
cimen of  Phocaenopsis scheynensis, collected in the early 1860s in the Antwerp area, most likely from Lower to Middle 
Miocene strata, is here redescribed and its systematic status is reassessed. It is here re-identified as Kentriodon sp. due 
to its strong morphological similarities with Kentriodon pernix, another early delphinidan originally described from the 
Calvert Formation of  the U.S. Atlantic Coastal Plain. This specimen thus represents the third description of  cranial 
material of  Kentriodon from the North Sea Basin and the fourth from the eastern side of  the North Atlantic. Based on 
the preponderance of  juvenile specimens preserved, the southern North Sea Basin is herein tentatively hypothesized 
to potentially have served as a nursing ground for, or was favoured by relatively young individuals for several early 
delphinidan taxa during the Miocene.
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Introduction

The extant members of  the odontocete (to-
othed whales) infraorder Delphinida include the 
‘river dolphin’ families Pontoporiidae, Iniidae, and 
the recently extinct Lipotidae, as well as the true 
dolphins (Delphinidae), the porpoises (Phocoeni-
dae) and the beluga and narwhal (Monodontidae) 
(Turvey et al. 2007; Marx et al. 2016).

In addition to the representatives of  these 
extant families, the delphinidan fossil record in-
cludes the monogeneric families Albireonidae and 
Odobenocetopsidae, as well as a likely non-mo-
nophyletic group of  more archaic taxa, of  which 
many were formerly grouped in the clade Kentrio-
dontidae (Muizon, 1988a; Muizon et al. 2002; Bar-
nes 2008; Marx et al. 2016; Lambert et al. 2017, 
2021; Peredo et al. 2018; Kimura & Hasegawa 
2019). These disparately sized earliest delphini-
dans first appear in the fossil record in the upper 
Oligocene, but are predominantly known from the 
Miocene around the world (Ichishima et al. 1994; 
Dawson 1996; Marx et al. 2016). Since the erection 
of  Kentriodontidae, several subfamilies had been 
recognized (Kampholophinae, Kentriodontinae, 
Lophocetinae and Pithanodelphininae) to better 
systematically group these taxa (Barnes 1978; Bar-
nes 1985; Muizon 1988a). Lambert et al. (2017) 
however carried out the first phylogenetic analysis 
including more than a minimum of  kentriodontid 
taxa, showing none of  these kentriodontid subfa-
milies to be monophyletic. Hereafter, we provisio-
nally refer to Kentriodontidae as the group defined 
by Lambert et al. (2021), retaining only Kentriodon 
and Rudicetus within this family. This definition of  
Kentriodontidae was supported by several subse-
quent phylogenetic analyses (e.g., Bianucci et al. 
2022; Boessenecker & Geisler 2023). It should be 
noted however that the exact contents of  Kentrio-
dontidae remain debated (e.g. Peredo et al. 2018; 
Kimura & Hasegawa 2019; Guo & Kohno 2023). 
Other odontocetes formerly included in Kentrio-
dontidae are hereafter referred to as ‘early delphi-
nidans’, as the investigation of  the phylogenetic 
relationships among them is outside the scope of  
this work.

From the North Atlantic region, multiple 
early delphinidans (including kentriodontids) are 
described from the odontocete-rich Miocene de-
posits of  the Calvert Cliffs (Maryland) and other 

localities along the U.S. Atlantic Coastal Plain 
(Godfrey & Lambert 2023). These include among 
others the type specimens of  Kentriodon pernix 
Kellogg, 1927 and Brevirostrodelphis dividum (True, 
1912), as well as a specimen of  Pithanodelphis cor-
nutus (du Bus, 1872) (Godfrey & Lambert 2023). 
The latter was originally described from the North 
Sea Basin, from where three other early delphi-
nidans were also described based on cranial ma-
terial. These include Kentriodon hoepfneri Kazár & 
Hampe, 2014 from the Middle/Upper Miocene 
of  Groß Pampau (northern Germany), the cra-
nially malformed specimen Kentriodon cf. Kentrio-
don pernix IRSNB M.2340 from the lower Middle 
Miocene of  Antwerp (northern Belgium), and hi-
storical specimen IRSNB M.372, also originating 
from the Antwerp area, from most likely Lower 
to Middle Miocene strata (du Bus 1872; Mison-
ne 1958; Kazár & Hampe 2014; Lambert et al. 
2025). IRSNB M.372 was originally described by 
du Bus (1872) based on fragmentary cranial mate-
rial and identified as Phocaenopsis scheynensis du Bus, 
1872. Abel (1905) later redescribed the specimen 
and identified it as Acrodelphis scheynensis. Since the 
erection of  the genus Kentriodon by Kellogg (1927) 
however, multiple authors have commented on 
the high similarity of  this specimen to specimens 
referred to this genus, implying the need for a 
taxonomic revision of  this specimen (Fordyce 
& Muizon 2001; Kazár & Hampe 2014). Other, 
more fragmentary early delphinidan records from 
the Antwerp area are described by Louwye et al. 
(2010) and Everaert et al. (2019), including two 
isolated teeth, two tympanic bullae and a right pe-
riotic from the Antwerpen and Kiel members of  
the Berchem Formation.

In the early 2000s, two fragmentary early 
delphinidan crania (specimens IRSNB M.2342 
and IRSNB M.2343) were collected from lower 
Middle Miocene strata of  the Antwerpen Member 
(Berchem Formation, Fig. 1D), during the excava-
tion of  a series of  construction pits in Berchem, 
Antwerp (northern Belgium, Fig. 1B & C). Here 
we describe these two specimens and consider 
their systematic affinities within Delphinida. Ad-
ditionally, we redescribe the historical specimen 
IRSNB M.372 and reassess its taxonomic status. 
Finally, we discuss the palaeobiogeographic and 
palaeoecological implications resulting from our 
systematic attributions.
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Geological background

The Lower to Middle Miocene deposits of  the 
Antwerp area (northern Belgium, Fig. 1B) are litho-
stratigraphically grouped in the Berchem Formation, 
which is formally described as a highly glauconife-
rous, fine to medium fine grained, green to blackish 
sand unit (De Meuter & Laga 1976; Louwye et al. 
2020). These sediments were deposited in a shallow 
marine environment, at the southern margin of  the 
North Sea Basin (Louwye et al. 2000; Fig. 1A). The 
Berchem Formation in the Antwerp area is further 
subdivided, from lower to higher in the stratigraphy, 
into the Edegem Member (mid-Burdigalian), the 
Kiel Member (mid- to upper Burdigalian) and the 
Antwerpen Member (Langhian to mid-Serravallian) 
(De Meuter & Laga 1976; Louwye et al. 2020). The 
Antwerpen Member can often be distinguished in 
outcrops from the underlying Kiel Member by its 
noticeably darker colour (e.g., Everaert et al. 2020, 
2024; Deckers & Everaert 2022; Fig. 1D). Within 
the Antwerpen Member several characteristic layers 
have been identified by Deckers & Everaert (2022), 
which can be traced throughout the Antwerp area. 
These include, from lower to higher in the succes-
sion, the ’Haustator eryna phosphatic horizon’ and 
the ‘Glycymeris crag’ shell bed (termed respectively 
layers S2 and S3 by them). The former was recen-
tly renamed the ‘Ptychidia eryna’ phosphatic horizon 
(Everaert et al. 2024). Specimen IRNSB M.2342 was 
collected from just below the ‘Glycymeris crag’ shell 
bed, and specimen IRSNB M.2343 from the Ptychi-
dia eryna phosphatic horizon (Fig. 1D).

Materials & methods

Institutional abbreviations
CMM, Calvert Marine Museum, Maryland, U.S.A; IRSNB, 

Institut royal des Sciences naturelles de Belgique, Brussels, Belgium; 
LACM, Natural History Museum of  Los Angeles County, Califor-
nia, U.S.A; MCAF, Museo Civico Archeologico di Feltre, Feltre, Italy; 
MNHN, Muséum national d’Histoire naturelle, Paris, France; USNM, 
National Museum of  Natural History, Smithsonian Institution, Wa-
shington D.C., U.S.A.

Anatomical descriptions and comparisons
Specimens IRSNB M.2342, IRSNB M.2343 

and IRSNB M.372 all consist of  fragmentary cranial 
material curated in the palaeontology collection of  
the IRSNB. Specimens IRSNB M.2342 and IRSNB 
M.2343 were both found in the early 2000s by one 

of  the authors (MB), who also mechanically pre-
pared and reassembled these specimens. Specimen 
IRSNB M.372 was retrieved probably by military 
personnel during the early 1860s in an unknown lo-
cality of  the area of  Antwerp, and was subsequently 
reconstructed at the IRSNB.

The anatomical terminology herein follows 
primarily that of  Mead & Fordyce (2009). The crania 
were photographed using a Canon EOS 90D digital 
camera and a stabilizer. Digital images were proces-
sed in Adobe Photoshop and anatomical plates were 
drawn in Adobe Illustrator. Cranial elements were 
measured using a caliper (0.1 mm precision).

Comparisons with other early delphinidans 
were primarily done using the available literature, 
photos from past visits to other collections (CMM, 
MNHN, USNM), high-quality casts of  crania (Ken-
triodon pernix USNM 10670, Brevirostrodelphis dividum 
USNM 7278, and Lophocetus repenningi Barnes, 1978 
USNM 23886) and the type specimens of  Tagicetus 
joneti Lambert et al., 2005 IRSNB M.1892 and Pitha-
nodelphis cornutus IRSNB M.373.

Biostratigraphical analysis
About 20 grams of  sediment associated with 

specimen IRSNB M.2342, was macerated for a bio-
stratigraphical analysis based on dinoflagellate cysts. 
The maceration method followed Louwye et al. 
(2000). The sample held a well-preserved and diver-
se dinoflagellate cyst assemblage. A total of  250 spe-
cimens were counted in non-overlapping traverses 
under transmitted light at 200x magnification using 
a Zeiss Axio Imager A2 microscope.

Systematic palaeontology

Order Cetacea Brisson, 1762
Clade Neoceti Fordyce & Muizon, 2001

Suborder Odontoceti Flower, 1867
Infraorder Delphinida Muizon, 1984

Genus Brevirostrodelphis Godfrey & Lambert, 2023

Brevirostrodelphis aff. B. dividum
Figs. 2-5, Tab. 1

Referred specimen: IRSNB M.2342, a fragmentary cranium 
with a largely preserved facial region.

Locality: IRSNB M.2342 originates from a former construc-
tion pit in Berchem, Antwerp (northern Belgium, Fig. 1B & C). The 
general geographic coordinates of  the discovery locality are: 51° 11’ 
25,7’’ N, 4° 26’ 19,8’’ E.
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Fig. 1 - Geographic situation and general lithostratigraphic section of  the discovery locality of  Brevirostrodelphis aff. B. dividum IRSNB M.2342 
and Brevirostrodelphis sp. IRSNB M.2343. A) Paleogeographic reconstruction of  the southern North Sea Basin during the late Langhian 
(Middle Miocene), modified from Knox et al. (2010) and Gibbard & Lewin (2016). The present location of  Antwerp city is indicated 
by a red square. B) General overview of  Antwerp city with the discovery locality indicated by a red square. Black lines indicate main 
national roads and highways. C) Detailed map of  the discovery locality with the finding locations indicated by a red dot (IRSNB 
M.2342) and a dashed red square (IRSNB M.2343). Full black lines indicate roads; the dashed black line indicates a railroad. D) General 
lithostratigraphic section of  the discovery locality. The red dashed lines graphically delineate the main lithostratigraphic units (note that 
the Pliocene and Quaternary deposits are not graphically differentiated here, but grouped together as ‘Pliocene-Quaternary deposits’). 
‘Glycymeris crag’ and ‘P. eryna phos.’ indicate respectively the ‘Glycymeris crag’ storm deposit (delineated by two white, dashed lines) and 
the ‘Ptychidia eryna phosphatic horizon’ (marked by a single white, dashed line). ‘1’ and ‘2’ indicate the stratigraphic levels of  specimens 
IRSNB M.2342 and IRSNB M.2343, respectively.
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Horizon and age: IRSNB M.2342 was collected in-situ 
from just below the characteristic ‘Glycymeris crag’ shell bed (Fig. 
1D) of  the Antwerpen Member (Berchem Formation) (see ‘Geo-
logical background’ for more details). The biostratigraphical analy-
sis with dinoflagellate cysts of  the sediment associated with skull 
IRSNB M.2342 indicated the presence of  the marker species Laby-
rinthodinium truncatum truncatum, a species with a lowest occurrence 
located at the Burdigalian – Langhian boundary. The species de-
fines the lower boundary of  the Labyrinthodinium truncatum biozone 
(Dybkjær & Piasecki 2010). The marker species Unipontedinium aq-
uaeductum of  the superjacent eponymous biozone was not recorded. 
The sediment sample thus belongs to the Langhian L. truncatum 
biozone (15.97 Ma. to 14.8 Ma.) (Dybkjær & Piasecki 2010). An 
early Langhian age is subsequently assigned to IRSNB M.2342.

Description
General state of  preservation. The cranium is 

fragmentarily preserved, with the rostrum, right 

orbit, basicranium and exoccipitals missing, and the 
parietals and supraoccipital almost completely miss-
ing. An uninformative detached fragment of  the 
presphenoid with part of  the vomer is preserved, 
but not described nor illustrated herein.

Premaxilla. The rostral portions of  the pre-
maxillae are completely missing, with only the po-
sterior parts of  the left and right premaxilla being 
preserved for 11 cm and 6.1 cm respectively. The 
premaxillae as preserved are symmetrical. The po-
sterior part of  the left premaxillary foramen is pre-

served and is situated just posterior to the level of  
the antorbital notch. The posterolateral sulcus is 
shallow and its posterior extent is unclear due to 
the poor preservation of  the premaxillae in that 
area. Anterior to the bony nares, the premaxillary 
sac fossa forms a pronounced transverse conca-
vity in the medial part of  the premaxilla (Fig. 4). 
The medial margin of  the premaxilla strongly rises 
dorsally in this region, making an erect, thin edge 
along the medial exposure of  the maxilla. Lateral to 
the anterior part of  the bony nares, the premaxil-
lary sac fossa is only slightly transversely concave. 
It can be inferred that the bony naris would have 
been anteriorly closed by the medial margin of  the 
premaxilla together with the medially located dorsal 
exposure of  the maxilla. The medial margins of  the 
premaxillae along the bony nares are gradually con-
cave in dorsal view, resulting in the bony nares being 
anteriorly elongate. The lateral margin of  the nasal 
portion of  the premaxilla is evenly and gradually 
convex. The posterolateral margin of  the prema-
xilla along the raised medial edge of  the maxilla is 
straight and directed anterolaterally. This region is 
not anteroposteriorly thickened, but the lateral end 
of  this margin projects shortly dorsal to the maxilla 
(Fig. 3). Each premaxilla is posterolaterally bounded 

Fig. 2 - Dorsal view of  the partial cranium of  Brevirostrodelphis aff. B. dividum IRSNB M.2342. A) Dorsal view, photograph, and B) correspon-
ding interpretative line drawing. Parallel lines indicate areas of  breakage and red dashed lines indicate fractures. The black dashed lines 
indicate the lateral margin of  the suggested maxillary crest (right, indicated) and the left side of  the nuchal crest (left) being obscured 
by indurated sediment.
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by the maxilla and posteromedially contacts the 
lateral part of  the anterior face of  the nasal, not 
reaching the dorsal exposure of  the corresponding 
frontal. In lateral view the posterior margin of  the 
premaxilla dorsally almost reaches the same eleva-
tion as the dorsal face of  the nasals and frontals on 
the skull vertex.

Maxilla. The rostral portions of  the maxillae 
are completely missing. The left maxilla is largely 
preserved in the facial region of  the skull, except for 
a broken fragment of  its posterolateral part above 
the temporal fossa and at the moderately abraded 
lateral part of  the left orbit. Only the posteriormost 
part of  the right maxilla is preserved. Of  the left 
antorbital notch only the lateral wall is preserved. 
However, based on this preserved part it can be 
proposed that the antorbital notch would have been 
widely anterolaterally open. In the region of  the an-
torbital process, remnants of  a low, anteromedially 
oriented maxillary crest with a concave anterolateral 
margin can tentatively be recognized, though the 
degree of  abrasion for this region made of  more 
spongy bone is difficult to estimate. Posteromedial 
to this low crest, the dorsal surface of  the maxilla 
is flat. Towards the posterior part of  the supraorbi-
tal process, and in the postorbital region, the dorsal 
surface of  the maxilla is slightly depressed in its la-
teral part (Fig. 3). Near its posterior and posterome-
dial margin, the maxilla abruptly rises dorsally, re-

sulting in the maxilla being oriented vertically at the 
contact with the lateral side of  the skull vertex and 
almost vertically at its posterior margin. In dorsal 
view, the posterior margin of  the maxilla is oriented 
posterolaterally. The posterolateral margin of  the 
maxilla is evenly convex in dorsal view and turns 
anterolaterally. A dorsal infraorbital foramen is pre-
sent just lateral to the left premaxilla-maxilla suture 
and slightly posterior to the level of  the premaxilla-
ry foramen (Fig. 2); it opens laterally with a diameter 
of  4.5 mm. The sulcus extending posterolaterally 
from a second dorsal infraorbital foramen is visible 
posterior to the level of  the postorbital process, but 
the exact location of  the foramen is unknown due 
to breakage of  the dorsal surface of  the maxilla in 
this region. The maxillae are overall relatively wide 
and flat in dorsal view in the facial region, resulting 
in an overall wide and low appearance of  this region 
of  the skull.

Frontal. In dorsal view, the left frontal is largely 
preserved in the orbit region, but its lateral margin is 
abraded in the pre- and supraorbital region together 
with the associated maxilla. The dorsal exposure of  
the frontals at the skull vertex is well preserved, but 
the left side of  the vertex (including the left frontal 
and nasal) is slightly displaced anteriorly due to a 
longitudinal fracture (Fig. 2). In ventral view, the left 
frontal is largely preserved, except for its abraded 
part in the preorbital region and a broken fragment 

Fig. 3 - Left lateral view of  the partial cranium of  Brevirostrodelphis aff. B. dividum IRSNB M.2342. A) Left lateral view, photograph, and B) 
corresponding interpretative line drawing. Parallel lines indicate areas of  breakage. The dashed lines indicate the lateral margin of  the 
suggested maxillary crest (left, indicated) and the premaxilla-maxilla suture (right) being partly obscured by indurated sediment.
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above the temporal fossa. While the dorsal exposu-
re of  the frontal in the pre- and supraorbital regions 
is unclear due to local abrasion, the postorbital pro-
cess is narrowly dorsally exposed. In lateral view 
the postorbital process is relatively long ventrally, 
making a narrow, ventrally pointing triangle. An an-
teroposteriorly rounded ridge is present along the 
anterolateral margin of  the postorbital process (Fig. 
3). Together with the nasals, the dorsalmost exposu-
re of  the frontals forms the skull vertex, which has 
an overall wide pentagonal outline and is relatively 
low and tabular. The dorsal exposures of  the fron-
tals on the skull vertex are symmetrical and sub-
triangular in outline, making a deep (about 16 mm) 
and broad wedge between the nasals. The frontals 
are markedly transversely narrower than nasals on 
the vertex. The interfrontal suture on the vertex is 
straight and directed anteroposteriorly. The combi-
ned posterior margin of  the frontals on the skull 
vertex is slightly anteriorly concave. The lateral fa-
ces of  the frontals on the vertex are straight and 
laterally contact the maxilla for a short distance (less 
than 4 mm on the right side). The dorsal face of  
the frontals on the vertex is tabular and slightly lo-
wer than the dorsalmost surface of  the nasals. Best 
seen on the right side of  the nuchal crest, the fron-
tal is exposed as a narrow stripe (maximum width 
= 4 mm) between the maxilla and supraoccipital. In 

ventral view, a deep fossa for the postorbital lobe 
of  the pterygoid sinus is located just posterior to 
the optic canal and infratemporal crest. The latter 
is only partly preserved due to local abrasion, this 
process remaining relatively low until the base of  
the postorbital process.

Nasal. Both nasals are well preserved on the 
skull vertex. They are symmetrical, subtriangular 
and anteromedially elongated in their dorsal outli-
ne. The internasal suture is relatively short (15 mm), 
straight and is oriented anteroposteriorly. The ante-
romedial tip of  the joined nasals extends anteriorly 
between the bony nares for about 4 mm. On the an-
terior face of  the nasal, a narrow, shallow and ver-
tically oriented groove is present, just medial to the 
nasal-premaxilla suture (Fig. 4). This groove flares 
dorsally, resulting in a depression on the anterodor-
sal face of  the nasal. The dorsal surface of  the nasal 
rounds over anteroposteriorly and slightly descends 
anteromedially to form a shallow and narrow inter-
nasal fossa (Figs. 3 & 4).

Lacrimal and jugal. The left lacrimal is largely 
preserved on the ventral side of  the skull, with only 
its anterolateralmost part missing. On the ventral 
surface of  the lacrimal, the lacrimomaxillary fossa 
is present as a prominent, broad (11 mm at mid-
length), and anterolaterally oriented groove which 
terminates posteromedially into the ventral infra-

Fig. 4 - Anterior view of  the partial cranium of  Brevirostrodelphis aff. B. dividum IRSNB M.2342. A) Anterior view, photograph, and B) corre-
sponding interpretative line drawing. Parallel lines indicate areas of  breakage and red dashed lines indicate fractures. The black dashed 
line indicates the lateral margin of  the suggested maxillary crest.
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orbital foramen. The ventral infraorbital foramen 
is ovoid, anterolaterally elongated and opens poste-
roventrally. The lacrimal-frontal suture as preserved 
on the ventral surface of  the skull is posterolateral-
ly convex. Located just posterior to the antorbital 
notch, the base of  the styliform process of  the ju-
gal is separated from the lacrimomaxillary fossa by 
a narrow sulcus, which is parallel to the long axis of  
the latter (Fig. 5). No indication of  a suture between 
the lacrimal and jugal could be found there, sugge-
sting that the two bones were at least partly fused.

Orbitosphenoid. Though suture lines are difficult 
to follow in that region, the left orbitosphenoid is at 
least partly preserved posterior to the fossa for the 
postorbital lobe of  the pterygoid sinus (Fig. 5). It is 
excavated by the optic canal, leading posteromedially 
to the slit-like optic foramen. The latter appears to 
have been separated from the inferior and superior 
orbital fissures.

Parietal. Each parietal is partly preserved in the 
posterodorsal region of  the corresponding temporal 
fossa. The parietal sends a mediodorsal projection 
towards the vertex of  the cranium, best seen in ven-
tral view of  the open endocranial cavity (Fig. 5). On 
the left side the incomplete parietal reaches medially 
a level that is 20 mm distant from the sagittal plane.

Supraoccipital. The preserved outline of  the 
posterior margin of  the frontals indicates that the 
anterior margin of  the supraoccipital was ante-
riorly convex (Fig. 2).

Ontogeny and size estimation
In absence of  the postcranial skeleton, ba-

sicranium, and rostrum, the ontogenetic stage of  
IRSNB M.2342 is here assessed based on the de-
gree of  fusion of  the preserved dorsal cranial su-
tures. This region has been shown to provide clues 
on the degree of  physical maturity in multiple 
extant delphinidans, albeit displaying species-spe-
cific patterns (e.g., Mead & Potter 1990; Calzada et 
al. 1997; Chen et al. 2011). The degree of  closure 
for cranial sutures, with some sutures remaining 
partly open (e.g. maxilla-premaxilla, supraoccipi-
tal-frontal, and parietal-frontal sutures) and others 
being roughly closed (e.g. frontal-maxilla sutures) 
suggests that IRSNB M.2342 corresponds to a 
young individual, possibly not physically mature, 
but potentially somewhat older than the holotype 
of  Brevirostrodelphis dividum. Indeed, the latter di-
splays for example more conspicuously open su-
tures between the maxillae and frontals along the 
nuchal crest.

Fig. 5 - Ventral view of  the partial cranium of  Brevirostrodelphis aff. B. dividum IRSNB M.2342. A) Ventral view, photograph, and B) correspond-
ing interpretative line drawing. Parallel lines indicate areas of  breakage and red dashed line indicates fractures.
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The greatest skull width of  IRSNB M.2342 
is estimated to be ca. 226 mm at the level of  the 
postorbital process. Employing this measurement 
as a substitute for the bizygomatic width, the to-
tal body length of  IRSNB M.2342 is estimated at 
1,86 m, using the equation provided by Pyenson & 
Sponberg (2011) for stem delphinoids. This body 
size estimation is comparable to that of  adults of  
the extant dusky dolphin (Lagenorhynchus obscurus 
(Gray, 1828)) (Van Waerebeek & Würsig 2017). 
Using the same equation, the total body length of  
the holotype of  B. dividum (bizygomatic width = 
163 mm (True 1912)) is estimated at 1,38 m. The 
estimation for IRSNB M.2342 remains however 
tentative due to the fragmentary preservation of  
this specimen, preventing an accurate measurement 
of  the bizygomatic width.

Comparison and discussion
Following the remarks by Nobile et al. (2024) 

on Kentriodon hoepfneri and K. obscurus Kellogg, 1931 
LACM 21256, we include these specimens in our 
comparisons, but hereafter refer to them as ‘K. hoep-
fneri’ and K. ‘obscurus’. IRSNB M.2342 is herein not 
compared to Belonodelphis peruanus Muizon, 1988, 
Herbeinodelphis nancei Godfrey & Lambert, 2023 and 
Incacetus broggii Colbert, 1944, as the holotypes of  
these species lack preserved areas that overlap with 
the specimen described herein, and can thus not be 
compared with the latter.

IRSNB M.2342 can be identified as a delph-
inidan due to the width of  its frontals not exceed-
ing that of  the nasals on the skull vertex (Muizon 
1988a). Within Delphinida it differs from Lipotidae 
in lacking elevated frontals on the skull vertex; from 
Iniidae in lacking a frontal boss on the skull ver-
tex; from Pontoporiidae in lacking anteroposteri-
orly long and narrow nasals; from Monodontidae 
in lacking a dorsal exposure of  the maxilla medially 
to the premaxilla along the bony nares; from Pho-
coenidae in lacking premaxillary eminences anterior 
to the bony nares and in lacking a frontal boss on 
the skull vertex; from Delphinidae in possessing 
posteriorly symmetrical premaxillae; from Albir-
eonidae in lacking premaxillary eminences anterior 
to the bony nares; and from Odobenocetopsidae in 
its posteriorly located bony nares (Muizon 1988a, 
1993; Barnes 2008; Colpaert 2015; Marx et al. 2016).

Among Miocene early delphinidans, it differs 
from Cammackacetus hazenorum Godfrey & Lambert, 

2023, Hadrodelphis calvertense Kellogg, 1966, Macro-
kentriodon morani Dawson, 1996 and Miminiacetus pap-
pus (Kellogg, 1955) in its markedly smaller skull size; 
from Kampholophos serrulus Rensberger, 1969 and 
Rudicetus squalodontoides (Capellini, 1878) in its con-
spicuously posterolaterally more expanded maxilla; 
from Atocetus spp., H. calvertense, Lophocetus spp., Mi. 
pappus, Pictodelphis kidwellae Godfrey & Lambert, 
2023, Pithanodelphis cornutus, Platysvercus ugonis Guo 
& Kohno, 2023 and Sarmatodelphis moldavicus Kirpi-
chnikov, 1954 in lacking a marked lateral constric-
tion on the skull vertex; from Atocetus spp., Lopho-
cetus spp., Mi. pappus, Pic. kidwellae, Pit. cornutus, Sa. 
moldavicus, Sophianaecetus commenticius (Kazár, 2005), 
Westmorelandelphis tacheroni Godfrey & Lambert, 
2023 and Wimahl chinookensis Peredo et al., 2018 in 
its tabular skull vertex; from C. hazenorum and H. 
calvertense in the width of  its frontals not exceeding 
that of  the nasals on the skull vertex; from K. serru-
lus, R. squalodontoides, Tagicetus joneti and We. tacheroni 
in its anteromedially elongated, subtriangular nasals; 
from C. hazenorum, Ma. morani, Pit. cornutus, So. com-
menticius, T. joneti and We. tacheroni in lacking a verti-
cal notch on the anterior face of  the nasal; and from 
Atocetus spp. and Wi. chinookensis in its proportion-
ally much smaller nasals. It further differs from Pl. 
ugonis in the nasals being laterally bounded by the 
maxillae.

Among the members of  the species-rich ge-
nus Kentriodon, IRSNB M.2342 differs from K. ho-
betsu Ichishima, 1994, K. ‘obscurus’ and K. pernix in 
its markedly larger skull size; from K. diusinus Sali-
nas-Márquez et al., 2014, K. hobetsu, K. ‘obscurus’ and 
K. pernix in its distinctly proportionally wider skull; 
from ‘K. hoepfneri’ and K. pernix in its subtriangular 
nasals and lacking a vertical notch on the anterior 
face of  the nasal; and from K. sugawarai Guo & 
Kohno, 2021 in its nasal posteriorly not reaching 
the supraoccipital. It further differs from K. diusi-
nus in its nasals laterally contacting the maxillae. 
IRSNB M.2342 shows some similarity to K. naka-
jimai Kimura & Hasegawa, 2019 at the level of  the 
skull vertex, but clearly differs from this species in 
e.g. lacking a vertical notch on the anterolateral face 
of  its nasal; its longer postorbital process; and in 
lacking a greatly enlarged fossa for the preorbital 
lobe of  the pterygoid sinus.

IRSNB M.2342 also shows some similarity to 
Kentriodon schneideri Whitmore & Kaltenbach, 2008, 
most notably in their similar overall skull size and 
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cranial proportions, and the almost identical pro-
portions of  their tabular skull vertices (Tab. 1). 
IRSNB M.2342 differs however from K. schneideri in 
e.g. the more anteriorly positioned orbit (the post-
orbital process of  IRSNB M.2342 being in line with 
the anterior edge of  the bony nares, instead of  mid-
length of  the bony nares as in K. schneideri); the less 
strongly dorsally convex lateral margin of  its orbit; 
and the less steeply posteriorly ascending nasal por-
tion of  the premaxilla. More detailed comparison 
between IRSNB M.2342 and the holotype of  K. 
schneideri (USNM 323772) is however largely inhibit-
ed by the preservational state of  the facial region of  
the latter. USNM 323772 shows for instance incom-
pletely preserved orbits, invisible nasal-frontal su-
tures on the skull vertex, and abraded anterior faces 
of  the nasals and dorsal surface of  the nasal portion 
of  the premaxillae. All of  this impedes a more in-
depth comparison of  these features between both 
specimens. K. schneideri USNM 323772 was col-
lected from the Pungo River Formation, which has 
approximately an Aquitanian to Langhian age and 
thus potentially overlaps with IRSNB M.2342 in its 
stratigraphic age (Ward 2008; Whitmore & Kalten-
bach 2008).

IRSNB M.2342 shows much similarity to Bre-
virostrodelphis dividum in the overall low and wide ap-
pearance of  the facial region of  its skull and, most 
importantly, the highly similar facial morphology. It 
displays for instance a wide and medially concave 
premaxillary sac fossa almost identical in shape to 
USNM 7278 (holotype of  B. dividum); a prominent 
and anterolaterally oriented lacrimomaxillary fossa; 
a ventrally long postorbital process (also possessing 
an anteroposteriorly rounded ridge); straight and 
anterolaterally directed posterolateral margins of  
the premaxillae; and a wide, pentagonal and tabular 
skull vertex. It differs however from USNM 7278 in 
the proportionally wider maxillae and subsequently 
wider facial region of  its skull (Tab. 1); the more 
massive maxilla and frontal in lateral view of  the or-
bital region (Tab. 1); the more dorsally raised nasal 
process of  its premaxilla; and the lacrimomaxillary 
fossa which terminates anteromedially into the ven-
tral infraorbital foramen. On the skull vertex, the 
frontals of  IRSNB M.2342 differ in being subtri-
angular in outline with a posteriorly convex nasal-
frontal suture. The nasals of  IRSNB M.2342 also 
differ in lacking an inflated anterolateral process, 
their internasal suture being shorter (resulting in 

Tab. 1 - Measurements (in mm) for 
Brevirostrodelphis aff. B. divi-
dum IRSNB M.2342, Brevi-
rostrodelphis dividum USNM 
7278 (holotype) and Kentri-
odon schneideri USNM 323772 
(holotype). ‘+’ indicates a 
minimal value, ‘e’ indicates 
an estimate value and ‘-’ in-
dicates non-available data. 
‘*’ indicates measurements 
taken from True (1912). 
Other measurements for 
B. dividum USNM 7278 are 
taken on a cast of  this speci-
men housed at the IRSNB. 
Measurements for K. schnei-
deri USNM 323772 are taken 
from Whitmore & Kalten-
bach (2008).
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their subtriangular outline) and their anteromedial 
tip being sharper.

Some of  the variation between IRSNB 
M.2342 and USNM 7278 can however potentially be 
explained by their different ontogenetic age, as in-
ferred by the higher degree of  closure of  the cranial 
sutures of  IRSNB M.2342. Moreover, the postcra-
nial skeleton of  USNM 7278 displays free epiphy-
ses for all retrieved vertebrae (6 cervicals, excluding 
the atlas which does not bear epiphyses, 9 thoracics, 
6 lumbars and 5 caudals) and for the left humerus, 
and both thyrohyals being separate from the basihyal 
(True 1912). These observations point to a calve (see 
Perrin (1975) for the extant delphinid Stenella attenu-
ata (Gray, 1846)), possibly less than one year old (see 
Galatius & Kinze (2003) for the extant phocoenid 
Phocoena phocoena (Linnaeus, 1758)). In S. attenuata 
for example, the postorbital process becomes more 
massive with ontogenetic development, potentially 
explaining the more massive postorbital process of  
IRSNB M.2342 compared to USNM 7278 (Perrin 
1975). In the extant pontoporiid Pontoporia blainvil-
lei (Gervais & d’Orbigny, 1844), the premaxillae 
are proportionally wider than the maxillae in im-
mature specimens, possibly also explaining the pro-
portionally wider maxilla relative to the premaxilla 
in IRSNB M.2342 compared to USNM 7278 (del 
Castillo et al. 2014). Some of  the other differences 
between IRSNB M.2342 and USNM 7278 (e.g. the 
wider and more massive maxilla and frontal) could 
be envisaged to be a result of  the older ontogenet-
ic age of  the former. Other differences (e.g. at the 
level of  the skull vertex) are perhaps less clearly a 
result of  this, but this hypothesis can at present not 
be ruled out. USNM 7278 was found in one of  the 
lower lithostratigraphic zones of  the Calvert Forma-
tion (Chesapeake Group) in Maryland (U.S.A.), thus 
presumably from the Fairhaven Member, which 
has a Burdigalian age (Kidwell et al. 2015). USNM 
7278 is thus probably geologically older than IRSNB 
M.2342.

Considering its high morphological similar-
ity to B. dividum, IRSNB M.2342 is here regarded to 
potentially represent an ontogenetically older speci-
men of  B. dividum, or of  a closely related species. 
Pending the discovery of  more complete specimens 
conspecific to IRSNB M.2342 from the North Sea 
Basin, preferentially including the ear bones, and the 
publication of  ontogenetically older specimens of  B. 
dividum from the same stratigraphic horizon as the 

holotype along the US east coast, we provisionally 
identify IRSNB M.2342 as Brevirostrodelphis aff. B. di-
vidum.

Brevirostrodelphis sp.
Figs. 6 & 7, Tab. 2

Referred specimen: IRSNB M.2343, a fragmentary crani-
um preserved in two parts. 

Locality: IRSNB M.2343 originates from a former construc-
tion pit in Berchem, Antwerp (northern Belgium), in proximity to 
the discovery location of  IRSNB M.2343 (Fig. 1C). The general geo-
graphic coordinates of  the discovery locality are: 51° 11’ 25,7’’ N, 4° 
26’ 19,8’’ E.

Horizon and age: IRSNB M.2343 was collected in-situ 
from the characteristic ‘Ptychidia eryna phosphatic horizon’ (Fig. 1D) 
of  the Antwerpen Member (Berchem Formation) (see ‘geological 
background’ section for more details). Louwye et al. (2000, 2010) and 
Everaert et al. (2020, 2024) dated this layer as early Langhian, based 
on their recognition of  dinocyst biozone DN4 of  de Verteuil & Nor-
ris (1996). Consequently, an early Langhian age is assigned here for 
IRSNB M.2343.

Description
General state of  preservation. The cranium is 

fragmentarily preserved in two parts. The first part 
(Fig. 6) consists of  the left orbit with its associated 
frontal, maxilla and the left lacrimal. The second 
part (Fig. 7) consists of  the posterior parts of  the 
right premaxilla, maxilla and frontal, the right nasal, 
part of  the dorsal exposure of  the right frontal on 
the skull vertex, the upper part of  the right parietal 
in the temporal fossa, and a fragment of  the supra-
occipital.

Premaxilla. The posterior part of  the right 
premaxilla is fragmentarily preserved for 8.1 cm. At 
the anteriormost preserved part of  the premaxilla, 
the premaxillary sac fossa is only slightly transver-
sely concave (Fig. 7E & F). At this level, just ante-
rior to the bony naris, the medial margin of  the pre-
maxilla rises dorsally. At the level of  the bony nares 
the dorsal surface of  the premaxilla is transversely 
convex along its lateral portion and its lateral mar-
gin is laterally convex. The posterolateral sulcus is 
not recognized, possibly due to the fragmentary 
preservation of  the premaxilla in that region, except 
for a short distance before the posterolateral cor-
ner of  the premaxilla. The posterolateral margin of  
the premaxilla along the dorsally raised medial edge 
of  the maxilla is straight, directed anterolaterally 
and forms a posterodorsolaterally oriented, rugose 
textured, flat dorsal surface. Below this flat surface, 
the posterior edge of  the premaxilla is shortly an-
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terolaterally indented by the maxilla. The right pre-
maxilla is posterolaterally bounded by the maxilla 
and posteromedially by the prism-like anterolateral 
process of  the nasal. The posteriormost tip of  the 
premaxilla dorsally almost reaches the same height 
as the dorsal face of  the right nasal. The medial 
margin of  the premaxilla in the area of  the bony 
naris is evenly concave and oriented anteromedially.

Maxilla. In the left orbital region, a slightly 
anteromedially oriented, ca. 15 mm wide and dor-
sally flat maxillary crest is present on the left an-
torbital process. The lateral and medial margins of  
this maxillary crest are medially convex. In dorsal 
view, the lateral margin of  the left maxilla is very 
slightly laterally convex in the orbital region. In la-
teral view the left maxilla gradually thickens from 
the level of  the postorbital process towards the pre-

orbital process. From the supra- to the antorbital 
region, the dorsal surface of  the maxilla including 
the maxillary crest is dorsally convex in lateral view. 
The maxilla does not completely dorsally cover the 
frontal in the orbital region, leaving a narrow strip 
of  dorsal exposure of  the frontal in this region. 
At the level of  the postorbital process, the dorsal 
surface of  the left maxilla forms an anteromedially 
elongated, wide and shallow depression. Posterior 
to the postorbital process the maxilla only slightly 
rises posterodorsally in lateral view, resulting in the 
general low appearance of  the skull in this region. 
On the left maxilla (Fig. 6), at about the level of  
the preorbital process, a laterally directed sulcus le-
aving from a partly preserved anterior dorsal infra-
orbital foramen is present, 7 mm medially to the 
maxillary crest. A second, partly preserved opening 

Fig. 6 - Dorsal, lateral and ventral views of  the left orbit region of  the fragmentary cranium of  Brevirostrodelphis sp. IRSNB M.2343. A) Dorsal 
view, photograph, and B) corresponding interpretative line drawing. C) Lateral view, photograph, and D) corresponding interpretative 
line drawing. E) Ventral view, photograph, and F) corresponding interpretative line drawing. Parallel lines indicate areas of  breakage.
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to a dorsal infraorbital foramen is present on the 
left maxilla, just posterior to the level of  the postor-
bital process and just medially to the level of  the 
maxillary crest. This posterior dorsal infraorbital 
foramen on the left maxilla opens posterolaterally. 
At the anteriormost preserved part of  the right ma-
xilla (Fig. 7), a partly preserved dorsal infraorbital 
foramen is present, about just anterior to the level 
of  the anterior part of  the bony naris. Posteriorly, 
a second, partly preserved dorsal infraorbital fora-
men is present on the right maxilla, at the level of  
the posterior margin of  the bony naris. This poste-
rior dorsal infraorbital foramen on the right maxilla 
opens posterolaterally and corresponds to the right 
equivalent of  the posterior dorsal infraorbital fora-
men on the left preserved maxilla, providing an ap-
proximate landmark to correlate both fragments of  
the skull. The dorsal surface of  the right maxilla is 
slightly depressed in its posterolateralmost part, but 
medially forms a flattened, gently inclined surface 
in this region. At the contact with the skull vertex 
as preserved and the posterolateral margin of  the 
premaxilla, the posteromedial margin of  the maxilla 
abruptly rises dorsally, becoming almost vertically 
oriented. The posterior margin of  the right maxilla 
along the nuchal crest is slightly posteriorly convex, 
almost straight, and oriented posterolaterally.

Frontal. The left frontal is almost completely 
preserved in the orbital region, except for the bro-
ken ventral tip of  the postorbital process. The right 
frontal is partly preserved ventral and posterior to 
the right maxilla and on the skull vertex. In lateral 
view the preorbital process is triangular and mode-
rately dorsoventrally thickened. The orbit roof  is 
the highest just anterior to the postorbital process, 
from where it gently slopes down towards the pre-
orbital process (Fig. 6C & D). In dorsal view the 
lateral margin of  the supra- and preorbital process 
is oriented slightly anterolaterally, gradually increa-
sing the dorsal exposure of  the frontal in this region 
towards the preorbital process. In lateral view the 
postorbital process is oriented ventrally and appears 
to have originally formed a relatively elongated and 
narrow triangle. The postorbital process possesses 
a prominent, anteroposteriorly rounded ridge along 
the anterior margin of  its lateral surface. Posterior 
and posterolateral to the right maxilla, the frontal is 
dorsally exposed for ca. 2 mm, preventing the ma-
xilla from contacting the occipital shield. The an-
terolateral and lateral parts of  the dorsal exposure 

of  the right frontal on the skull vertex are broken 
for a large portion. Based on the outline of  the 
underlying, preserved part of  this bone, it can be 
inferred that the dorsal exposure of  the right fron-
tal on the skull vertex was originally rectangular in 
dorsal outline with the long axis oriented anterome-
dially and that it was narrower than the nasal. The 
preserved dorsal surface of  the right frontal on the 
skull vertex has a rugose, pitted texture and gently 
slopes down medially. A knoblike protrusion of  the 
right frontal extends for 2 mm anteriorly into the 
posterior margin of  the nasal and is situated 6 mm 
laterally to the plane formed by the internasal sutu-
re, giving the nasal-frontal suture an angular aspect 
at this level. On the ventral surface of  both frontals, 
the anteroposteriorly short but deep fossa for the 
postorbital lobe of  the pterygoid sinus is situated 
just posterior to the infratemporal crest and poste-
rolateral to the optic canal. 

Nasal. In dorsal view, the general outline of  
the right nasal is rectangular with a long axis orien-
ted anteromedially. The internasal suture is straight 
and oriented anteroposteriorly. An anteriorly pro-
truding process is present on the lateral margin of  
the anterior face of  the nasal. This anterolateral 
process of  the right nasal tapers in width anteriorly 
and ventrally, forming a ventromedially elongated, 
prism-like structure along the lateral margin of  the 
anterior face of  the nasal. The anterolateral process 
does however not correspond to the presence of  a 
well-defined vertical notch, as it does not laterally 
margin a pocket-like concavity on the anterior face 
of  the nasal. The medial part of  the anterior margin 
of  the nasal is slightly anteriorly convex in dorsal 
view. A shallow depression is present on the ante-
rodorsal face of  the nasal, just medial to the ante-
rolateral process of  the nasal. The dorsal face of  
the nasal is slightly rounded anteroposteriorly and 
slopes medially, indicating the presence of  a shallow 
and broad internasal fossa (Fig. 7E & F). Except 
for the knoblike anterior protrusion of  the frontal 
described above, the nasal-frontal suture is straight 
and oriented anteromedially. Together with the dor-
somedial exposure of  the frontal, the dorsal face 
of  the nasal forms the skull vertex, which can be 
inferred to have originally been wide pentagonal in 
its dorsal outline and tabular.

Lacrimojugal complex. The left lacrimal is largely 
preserved on the ventral side of  the skull, but most 
(if  not all) of  the jugal lost. On the ventral side, the 
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lacrimomaxillary fossa is present as a wide (1,1 cm 
anteroposterior width) and anteroposteriorly con-
cave groove which is oriented laterally and slightly 
anteriorly (Fig. 6E & F). The lacrimal-frontal suture 
is straight and oriented posteromedially in its an-
terior part, but abruptly turns medially past mid-
length of  the orbit. In lateral view, the lacrimal is 
exposed as a thick oblique plate directed anterodor-
sally from the ventralmost tip of  the preorbital pro-
cess to a short distance anterior to the anterior edge 
of  the antorbital process of  the maxilla. This plate 
thickens moderately posteroventrally and its ven-
tral margin is ventrally convex, contributing to the 

ventrally bulging outline of  the whole antorbital re-
gion. Together with the maxilla dorsally, the lacrimal 
forms the lateral wall of  the antorbital notch, which 
is directed anterolaterally, making an angle of  about 
40-45° with the estimated sagittal plane of  the skull. 

Supraoccipital. The preserved right dorsolateral 
part of  the occipital shield is transversely flat and 
slightly anteroposteriorly concave (Fig. 7A & B). 
The outline of  the nuchal crest along the preserved 
part of  the occipital shield suggests that this crest 
was originally anteriorly convex in dorsal view.

Parietal. The short portion of  the parietal, 
preserved in the upper part of  the right temporal 

Fig. 7 - Dorsal, lateral and anterior views of  the posterior fragment of  the fragmentary cranium of  Brevirostrodelphis sp. IRSNB M.2343. A) 
Dorsal view, photograph, and B) corresponding interpretative line drawing. C) Right lateral view, photograph, and D) corresponding 
interpretative line drawing. E) Anterior view, photograph, and F) corresponding interpretative line drawing. Parallel lines indicate areas 
of  breakage.
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fossa (Fig. 7C & D), displays a dorsoventrally con-
vex surface indicating at least some degree of  lateral 
inflation for the endocranial cavity.

Ontogeny
The maturity of  IRSNB M.2343 is assessed 

based on the degree of  fusion of  its cranial sutu-
res (see section on ontogeny of  IRSNB M.2342 for 
references). The degree of  closure for cranial sutu-
res, with most sutures remaining open (e.g. lacrimal-
maxilla, lacrimal-frontal, frontal-maxilla at the level 
of  the left orbit and nasal-premaxilla sutures) and 
some remaining partly open (e.g. maxilla-premaxil-
la and frontal-nasal sutures) suggests that IRSNB 
M.2343 corresponds to a young, physically imma-
ture individual.

Comparison and discussion
IRSNB M.2343 is herein not compared to 

Belonodelphis peruanus and Incacetus broggii, as the ho-
lotypes of  these species lack preserved areas that 
overlap with the specimen described herein, and 
can thus not be compared with the latter.

IRSNB M.2343 can be identified as a delphi-
nidan and can be excluded from the families Lipo-
tidae, Iniidae, Pontoporiidae, Monodontidae and 
Odobenocetopsidae for the same anatomical fea-
tures proposed for IRSNB M.2342. It differs from 
Albireonidae in lacking a steep posterior wall of  the 
bony nares, formed by the flattened premaxillae, 
maxillae and frontals and from Phocoenidae in la-
cking a narrow posterior termination of  the prema-
xilla and lacking a frontal boss on the skull vertex 
(Barnes 2008; Colpaert et al. 2015; Marx et al. 2016).

Among other Miocene early delphinidans, it 
differs from Cammackacetus hazenorum, Hadrodelphis 
calvertense, Macrokentriodon morani and Miminiacetus 
pappus in its markedly smaller skull size; from C. ha-
zenorum, H. calvertense, Lophocetus spp., Pithanodelphis 
cornutus and Tagicetus joneti in its posteriorly less 
steeply ascending nasal portion of  the premaxilla 
(ca. 30° to the horizontal plane in IRSNB M.2343); 
from Atocetus spp., Ha. calvertense, Mi. pappus, Picto-
delphis kidwellae, Pit. cornutus, Platysvercus ugonis and 
Sarmatodelphis moldavicus in lacking any evidence for 
a conspicuous transverse constriction on the skull 
vertex; from Mi. pappus, Sa. moldavicus, Sophianaece-
tus commenticius and Wimahl chinookensis in its tabular 
skull vertex; from Kampholophos serrulus, Lophocetus 
spp., Pic. kidwellae, Pit. cornutus, Pl. ugonis, So. commen-

ticius and T. joneti in its slightly anteromedially orien-
ted, subrectangular nasal; from Atocetus spp. and Wi. 
chinookensis in its proportionally much smaller nasal; 
from Rudicetus squalodontoides in the anteroposterior 
length of  its frontals not exceeding that of  the nasal 
on the skull vertex; and from Herbeinodelphis nancei in 
the shorter anterior extent of  the frontal anterior to 
the ventralmost point of  the preorbital process, in 
lateral view.

IRSNB M.2343 shows some similarity to 
Westmorelandelphis tacheroni in its facial morphology, 
displaying for instance also a prominent, wide, and 
anterolaterally directed lacrimomaxillary fossa; a si-
milarly gently arched orbit roof; and, as far as pre-
served, a slightly transversely concave premaxillary 
sac fossa, with a raised medial margin and a convex 
lateral margin. It differs however from this species in 
e.g. the anteroposteriorly shorter nasal, the absence 
of  a vertical notch on the anterior face of  the nasal, 
the lacrimal being more massive in lateral view, and 
in the posterolateral margin of  its premaxilla being 
straight and anterolaterally oriented. The holotype 
specimen of  We. tacheroni has a Serravallian age and 
is thus younger than IRSNB M.2343 (Godfrey & 
Lambert 2023).

Among the members of  the species-rich ge-
nus Kentriodon it differs from K. diusinus, K. hobetsu 
and K. ‘obscurus’ in its more massive lacrimal, in la-
teral view; from K. schneideri in the posteriorly less 
steeply ascending nasal portion of  the premaxilla; 
from K. diusinus, K. hobetsu in the anteroposteriorly 
shorter skull vertex; from ‘K. hoepfneri’, K. nakajimai, 
K. pernix and K. sugawarai in the medially and slightly 
anteriorly directed, subrectangular nasal; from ‘K. 
hoepfneri’, K. nakajimai, K. pernix in lacking a vertical 
notch on the anterior face of  the nasal; and from 
K. hobetsu, K. pernix, K. sugawarai in the straight and 
anteromedially oriented nasal-frontal suture.

IRSNB M.2343 shows significant similarity to 
Brevirostrodelphis dividum in its dimensions and similar 
facial morphology. It shares for instance an overall 
highly similarly shaped orbit; a prominent, wide and 
anterolaterally directed lacrimomaxillary fossa; an-
teroposteriorly long bony nares; a straight and an-
terolaterally directed posterolateral margin of  the 
premaxilla; a low, tabular and wide skull vertex; and 
a subrectangular, anteromedially directed nasal with 
an anterolateral process. It differs however from B. 
dividum in the more massive lateral exposure of  its 
lacrimal; the more prominent wide and flat-topped 
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maxillary crest; the more massive maxilla and frontal 
in the orbit region (Tab. 2); the smaller anterolateral 
process of  its nasal; and the less anteriorly oriented 
medial part of  the anterior face of  the nasal. The 
holotype specimen of  B. dividum has presumably a 
Burdigalian age (see comparison section for IRSNB 
M.2342) and is thus older than IRSNB M.2343.

IRSNB M.2343 differs from Brevirostrodelphis 
aff. B. dividum IRSNB M.2342 in e.g. the rectangular 
shape of  the right nasal and of  the dorsomedial ex-
posure of  the frontal on the skull vertex and in pos-
sessing an anterolateral process of  the right nasal.

Since both IRSNB M.2343 and USNM 7278 
(holotype of  B. dividum) presumably represent on-
togenetically young specimens and have similar cra-
nial dimensions, these differences are more difficult 
to explain through a significantly different ontoge-
netic stage. Taking account of  individual variation 
in extant delphinidans (see e.g. Perrin 1975), other 
forms of  intraspecific variation (including sexual di-
morphism) may also fail to explain these differences. 
IRSNB M.2343 is therefore regarded here to po-
tentially represent a new species of  Brevirostrodelphis. 
Pending the discovery of  new and more complete 
conspecific specimens from the North Sea Basin, 
preferentially including the ear bones, we provisio-
nally identify this specimen as Brevirostrodelphis sp.

Family Kentriodontidae Slijper, 1936 (sensu Lam-
bert et al. 2021)

Genus Kentriodon Kellogg, 1927

Kentriodon sp.
Figs. 8-11, Tab. 3

Referred specimen: IRSNB M.372, a partial cranium pre-
served in three major parts. 

Locality: IRSNB M.372 was found during excavation works 
in the Antwerp area (northern Belgium), most probably during the 
building of  fortifications around the city between 1860 – 1862 (Abel 
1905; du Bus 1872). No precise locality is available, but the specific 

epithet ‘scheynensis’ however refers to the Schijn river, which flows in an 
east-westwards direction into the Scheldt river in Antwerp. It can the-
refore be inferred that IRSNB M.372 was most likely collected from 
a location in the northeastern to eastern part of  the Antwerp area, 
possibly in the Borgerhout or Deurne district (see map in Vanden 
Broek (1878)).

Horizon and age: The exact stratigraphic position of  
IRSNB M.372 is not known. It was however originally assigned to 
the ‘crag d’Anvers’ by du Bus (1872) and later to the Bolderian stage 
by Abel (1905) and to the Antwerpian stage (‘Sables d’Anvers’) by 
Misonne (1958) (see Laga & Louwye (2006) for an overview of  these 
disused Neogene regional stages). It can subsequently be inferred that 
IRSNB M.372 possibly originates from the Antwerpen Member of  
the Berchem Formation and can therefore be tentatively assigned a 
Langhian to mid-Serravallian age (De Meuter & Laga 1976; Louwye et 
al. 2020), though an origin in any of  the two other, geologically older, 
members of  the Berchem Formation cannot be excluded.

Remarks: The cranium IRSNB M.372 was 
first formally, but briefly, described by du Bus (1872) 
who placed it in the new species Phocaenopsis scheynen-
sis, without referring any other material to that spe-
cies. Abel (1905) later assigned the specimen to the 
new combination Acrodelphis scheynensis, briefly rede-
scribed the specimen, and listed a series of  verte-
brae together with the cranium as the type material. 
He also referred to this species 23 additional spe-
cimens from the Antwerp area, including vertebrae 
and limb bones, but no crania. In his work, Abel 
(1905) also provided two figures of  the cranium (la-
teral and dorsal view) and noted the high similarity 
of  the associated vertebrae with those of  Acrodelphis 
letochae (Brandt, 1873) (based on undiagnostic mate-
rial) from the Vienna basin. The vertebrae associated 
with the type cranium by Abel (1905) could not be 
found in the collection and are now considered lost. 
As they were never figured, the attribution of  any 
other postcranial material to A. scheynensis cannot be 
tested anymore, not mentioning the relatively low 
diagnostic value of  odontocete vertebrae. Kellogg 
(1927) noted the high similarity of  the cranium of  
A. scheynensis with Kentriodon pernix, mainly at the level 
of  the vertex. He also noted differences between the 

Tab. 2 - Measurements (in mm) for 
Brevirostrodelphis sp. IRSNB 
M.2343 and Brevirostrodel-
phis dividum USNM 7278 
(holotype). ‘+’ indicates a 
minimal value. ‘*’ indicates 
measurements taken from 
True (1912). Other measure-
ments for B. dividum USNM 
7278 are taken on a cast of  
this specimen housed at the 
IRSNB.
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two species however, including the greater width of  
the premaxilla at the level of  the antorbital notch in 
A. scheynensis. Fordyce & Muizon (2001) argued that 
the type cranium of  A. scheynensis could better be pla-
ced close to, or within, Kentriodon due to the tabular 
shape of  its skull vertex and the V-shaped anterior 
face of  its nasal. Kazár & Hampe (2014) compared 
‘Kentriodon hoepfneri’ with IRSNB M.372 and noted 
the high similarity of  the morphology of  their na-
sals. They also noted that the posterior margin of  
the nasal of  ‘K. hoepfneri’ is more similar to IRSNB 
M.372 than to K. pernix. Kazár & Hampe (2014: fig. 
9) also provided a comparative figure of  the nasals 
of  ‘K. hoepfneri’, K. pernix and IRSNB M.372.

Description
General state of  preservation. The cranium is 

fragmentarily preserved in three major parts. The 
first part consists of  the left premaxilla, maxilla and 

frontal, the presphenoid and vomer, the skull vertex 
(right nasal and the dorsal exposure of  both fron-
tals), fragments of  the interparietal and a fragment 
of  the supraoccipital. The second part consists of  
the right premaxilla, maxilla and frontal. The third 
part consists of  the basioccipital, both exoccipitals 
and both squamosals. 

Premaxilla. The apical part of  the rostrum is 
not preserved. The rostral parts of  the left and right 
premaxilla are preserved for respectively 7.5 cm and 
6.5 cm. The right premaxilla is for a large part bro-
ken medial to the anteromedial and posterolateral 
sulci. The dorsal surfaces of  the nasal processes 
of  both premaxillae, made of  spongy bone, are 
abraded, but more so for the right than for the left 
premaxilla. The premaxillae as preserved are sym-
metrical. At the rostrum base, the dorsal surface of  
the premaxilla is transversely convex and faces dor-
sally. From the rostrum base towards the apex, the 

Fig. 8 - Dorsal views of  the fragmentary cranium of  Kentriodon sp. IRSNB M.372. A) Dorsal view cranium, photograph, and B) corresponding 
interpretative line drawing. C) Dorsal view left squamosal, photograph, and D) corresponding interpretative line drawing. Parallel lines 
indicate areas of  breakage.
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dorsal surface of  the premaxilla becomes gradually 
more laterally declined. The preserved left prema-
xillary foramen is located slightly posterior to the 
level of  the antorbital notch and just medial to the 
mid-width of  the premaxilla. This foramen opens 
dorsally and is elliptical in outline. The anteromedial 
sulcus is clearly delineated. The prenarial triangle 
forms a depression on the dorsal face of  the pre-
maxilla and has a rough, transversely concave dorsal 
surface. The posteromedial sulcus is shallow and 
poorly defined. The posterolateral sulcus is shallow 
but better defined, and extends posteriorly to the 
base of  the nasal process of  the premaxilla. The 
premaxillary sac fossa is transversely very slightly 
concave, appearing almost flat (Fig. 10). Lateral to 
the bony nares the premaxillary sac fossa is tabular 
and dorsally elevated above the maxilla, appearing 
as a moderately elevated plateau that extends to the 
posteriormost margin of  the premaxilla. At the la-

teral margin of  this plateau, the dorsal face of  the 
premaxilla turns abruptly lateroventrally. The late-
ral margin of  the premaxilla in the facial region is 
only very slightly laterally convex, appearing almost 
straight in dorsal view. At the level of  the anterior 
dorsal infraorbital foramen, the lateral margin of  
the premaxilla is very slightly laterally concave over 
a distance of  ca. 29 mm (Fig. 8). The nasal pro-
cess terminates posteriorly against the anterolateral 
face of  the nasal. The posterior margin of  the nasal 
process is cut by the erected and anterolaterally di-
rected medial edge of  the maxilla. This medial edge 
of  the maxilla is probably largely exposed due to the 
abrasion of  this part of  the dorsal face of  the nasal 
process for both premaxillae.

Maxilla. Both maxillae are preserved in the 
basal part of  the rostrum, to about the same level 
of  their associated premaxillae. The lateral faces of  
the rostral parts of  both maxillae are abraded to 

Fig. 9 - Left lateral view of  the fragmentary cranium of  Kentriodon sp. IRSNB M.372. A) Left lateral view cranium, photograph, and B) cor-
responding interpretative line drawing. C) Lateral view left squamosal, photograph, and D) corresponding interpretative line drawing. 
Parallel lines indicate areas of  breakage.
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some degree. Both antorbital processes are largely 
missing and only the medial margin of  the right an-
torbital notch is preserved. The dorsal surfaces of  
both maxillae are slightly abraded in the supraorbi-
tal region. On the left side, the maxilla is missing for 
a large part in the orbital and antorbital area, due to 
breakage. The posterolateral part of  the right ma-
xilla is largely missing. At the rostral base, the dorsal 
surface of  the maxilla is transversely flat and dorsal-
ly exposed lateral to the premaxilla for 10 mm. Due 
to the abrasion of  the lateral face of  the maxillae 
in the region anterior to the rostral base, the origi-
nal lateral extent of  the maxillae on the rostrum is 
unknown. Nonetheless, the lateral face of  the ma-
xilla steeply declines laterally in its rostral portion. 
Even though the antorbital notch is not completely 
preserved, the preserved medial and posterior walls 
suggest that it was originally anteriorly to antero-
ventrally directed. In the antorbital and supraorbital 
region, the dorsal surface of  the maxilla is transver-
sely and anteroposteriorly flat, except for a slight 
dorsal elevation corresponding to a low, anterome-
dially directed maxillary crest. This maxillary crest is 
present on both maxillae and extends from the po-
storbital region to the base of  the antorbital notch. 
Medially, the maxilla is narrowly dorsally exposed 
along the lateral margin of  the bony nares (Fig. 8). 
This medially located dorsal exposure of  the maxilla 

very gradually widens towards the anterior part of  
the bony nares. Two closely spaced anterior dorsal 
infraorbital foramina are present on both maxillae. 
The first, anteriormost of  these dorsal infraorbital 
foramina is situated just posterior to the level of  
the left premaxillary foramen and just lateral to the 
maxilla-premaxilla suture. The second of  these dor-
sal infraorbital foramina is situated just posterolate-
ral to the first one. Both anterior dorsal infraorbital 
foramina are similar in size (4-5 mm in anteroposte-
rior diameter) and open laterally. A posterior dorsal 
infraorbital foramen is present on both maxillae at 
the level of  the posterior margin of  the bony nares 
and 16 mm lateral to the maxilla-premaxilla suture. 
Posteromedially, the maxilla terminates against the 
posterolateral margin of  the nasal and the lateral 
margin of  the dorsomedial exposure of  the frontal 
along the skull vertex. At the contact with the po-
sterolateral margin of  the nasal, the maxilla abruptly 
rises dorsally but does not dorsally reach the same 
elevation as the dorsal surface of  the nasal. 

Presphenoid. The presphenoid fills the proximal 
part of  the mesorostral groove for ca. 5.5 mm ante-
rior to the right premaxillary foramen, reaching just 
anterior to level of  the antorbital notch. In dorsal 
view the nasal septum is thin and rectilinear. Since 
a part of  the nasal septum is broken it is unclear to 
which extent it originally extended anterodorsally. 

Fig. 10 - Anterior view of  the fragmentary cranium of  Kentriodon sp. IRSNB M.372. A) Anterior view, photograph, and B) corresponding 
interpretative line drawing. Parallel lines indicate areas of  breakage. Note that the posterior fragment (basicranium) has been left out 
in this view.
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It appears however that it probably did not extend 
much dorsally above the maxillae and premaxillae. 

Vomer. The apical part of  the vomer is bro-
ken. At the base of  the rostrum, the vomer makes 
the thin ventral and lateral walls of  the mesorostral 
groove; at this level the groove has a dorsoventrally 
elongated drop shaped cross section with a pointed 
base (Fig. 10).

Nasal. Only the left nasal is preserved on the 
skull vertex. In dorsal view it has an overall pentago-
nal outline and is approximately as wide transversely 
as it is long anteroposteriorly. The dorsal surface of  
the nasal is slightly domed and slopes anterome-
dially towards the internasal suture, indicating the 
presence of  a well-developed internasal fossa (Fig. 
10). The internasal suture is straight and oriented 
anteroposteriorly. A deep, sharp, vertical notch is 
present in the lateral part of  the anterior face of  the 
nasal. This notch opens anteromedially and defines 
a pointed, narrow and anteriorly oriented anterola-
teral process of  the nasal. More medially, the ante-
rior margin of  the nasal is directed slightly antero-
medially in dorsal view. The posterolateral margin 
of  the of  the nasal is posteriorly drawn into a short, 
sharp protrusion in dorsal view. The nasal-frontal 
suture is directed anteromedially and shows only a 
slight posteriorly convex undulation.

Frontal. The pre- and postorbital processes of  
both frontals are missing for the most part. The la-
teral margin of  the supraorbital process is only pre-
served on the right frontal. Due to abrasion in this 
region, it is unclear how much of  the frontal was 
originally dorsally exposed in the orbital region. Ba-
sed on the impression of  the partly abraded maxilla 
on the right supraorbital process however, it can be 
inferred that most of  the region of  the supraorbital 
process was dorsally covered by the maxilla. The la-
teral margin of  the right supraorbital process is con-
cave in dorsal view and is oriented very slightly ante-
romedially. The base of  the right postorbital process 
is slender, less than 7 mm in anteroposterior length. 
The preorbital process was originally thin, estima-
ted to have been less than 8 mm in dorsoventral 
thickness. Posterior to the left maxilla, the frontal 
was originally dorsally exposed for about 11 mm be-
fore the barely marked nuchal crest (Figs. 8 & 9). Part 
of  the dorsal exposure of  the frontal as preserved is 
due to the incomplete preservation of  the posterior 
edge of  the maxilla in this region. The slightly dor-
sally convex dorsal exposure of  the frontals on the 

skull vertex are asymmetrical, with the left frontal 
being transversely wider and extending further ante-
romedially than the right frontal. The posterolateral 
angle of  this left dorsomedial exposure of  the fron-
tal is broken. The anterior face of  the unexpectedly 
shorter right frontal on the skull vertex shows no 
signs of  damage, possibly indicating that its anterior 
face was bounded by the missing right nasal, or by a 
not completely fused anteromedial part of  the fron-
tal itself. In the former case this would indicate that 
the nasals are also asymmetric in their dorsal outline. 
The anterior face of  right frontal on the skull vertex 
is anteriorly convex and its overall dorsal outline is 
elliptical. The outline of  the left frontal on the skull 
vertex is subtriangular. The anteromedial angle of  
the left frontal on the skull vertex is pointed and ori-
ginally extended anteromedially between the nasals. 
The interfrontal suture is rectilinear and oriented an-
teroposteriorly. The dorsal surface of  each frontal is 
slightly dome shaped and slopes anteromedially, but 
less than the dorsal surface of  the nasal. Together 
with the nasals, the frontals make a pentagon-shaped 
and tabular skull vertex. 

Interparietal. The interparietal is a relatively 
large bone in delphinidans, situated anterior to 
the supraoccipital, medial to the parietals and po-
sterior to the frontals, which generally fuses early 
during ontogeny with the supraoccipital (see Mead 
& Fordyce (2009) and Roston & Roth (2019)). The 
interparietal is preserved in three fragments: a left, 
medial and right fragment (Fig. 8). The dorsome-
dial region of  the interparietal, just posterior to 
the frontals on the skull vertex, is horizontal, with 
a slight medial depression pierced by tiny forami-
na. The frontal-interparietal suture on the vertex is 
oriented slightly anteromedially. Best seen on the 
right-side fragment, the interparietal-supraoccipital 
suture is posteriorly convex, with the interparietal 
being distinctly dorsally thicker than the supraoc-
cipital. There is no marked nuchal crest detected 
along the preserved regions. 

Supraoccipital. The supraoccipital is only frag-
mentarily preserved. Anterolaterally, the occipital 
shield is strongly anteroposteriorly convex.

Squamosal. Both squamosals are partly preser-
ved with most of  the falciform processes and the 
anterior part of  the zygomatic processes missing 
(more so on the right side). The supramastoid crest 
is sharp and prominent, oriented anteroposteriorly, 
and has a slightly laterally convex lateral margin. 
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The squamosal fossa forms a reniform, deep and 
smooth depression (Fig. 8). Towards its posterior 
margin, the surface of  the squamosal fossa rises 
dorsally more gently than towards the supramastoid 
crest. The mandibular fossa as preserved (Fig. 11C 

- F) is moderately concave anteroposteriorly; in its 
ventral part it is slightly transversely concave, be-
coming more concave anterodorsally. The posterior 
part of  the mandibular fossa faces anteroventrally, 
while it faces more medially in its anterior portion. 

Fig. 11 - Posterior and ventral views of  the basicranium (posterior fragment) of  Kentriodon sp. IRSNB M.372. A) Posterior view, photograph, 
and B) corresponding interpretative line drawing. C) Ventral view, photograph, and D) corresponding interpretative line drawing. E) 
Anteroventrolateral view of  the left side of  the basicranium, photograph, and F) corresponding interpretative line drawing. Parallel 
lines indicate areas of  breakage.



 Van Rompaey P., Lambert O., Bosselaers M. & Louwye S.80

The medial margin of  the mandibular fossa is thin 
and sharp, underhanging the tympanosquamosal 
recess. The lateral part of  the postglenoid process 
is broken on the left side, but the right process is 
complete. In lateral view the postglenoid process 
is ventrally directed, V-shaped, with a sharp ven-
tral edge. Ventrally, it does not reach the level of  
the ventral margin of  the basioccipital crest, being 
even shorter than the paroccipital process. The bro-
ad and deep medial part of  the tympanosquamosal 
recess is flat and faces more ventrally than the man-
dibular fossa. In its posteroventral region, it extends 
laterally along the medial surface of  the postglenoid 
process, where it forms a deep, dorsolaterally elon-
gated notch (Fig. 11C & D), further deepening on 
the posterior face of  the process, just anterior to the 
external acoustic meatus. This extension of  the re-
cess gives the impression of  a broad, subrectangular 
lateral outline of  the meatus, but the latter is actual-
ly a narrow (1 mm) groove defined anteriorly by a 
thin and low crest. The short posttympanic process 
is made of  laminar bone, directed posteroventrally, 
and does not extend below the postglenoid process. 
The posterolateroventrally facing sternocephalicus 
fossa (Fig. 9C & D) is shallow, partly subdivided by 
a low subhorizontal ridge, and does not extend an-
terior to the level of  the external acoustic meatus.

Exoccipital. Both exoccipitals are largely pre-
served. The paroccipital process extends ventrally 
slightly below the basioccipital crest (Fig. 11A & B). 
The lateralmost region of  the posterior surface of  
the exoccipital, along the suture with the squamosal, 
is marked by an acute oblique crest, directed dorso-
laterally and slightly longer on the right side, which 
probably corresponds to the attachment area for 
neck muscles. The occipital condyles are relatively 
wide and are directed dorsolaterally, with a nearly 
indistinct condylar neck. The dorsal condyloid fos-
sae are deep. The foramen magnum is subtriangular 
in outline and is as high as wide. A deep, pocket-like 
elliptical fossa (Fig. 11E & F), presumably for the 
posterior sinus, is present on the anterior face of  
the exoccipital, just dorsomedially to the postero-
lateral sinus crest of  the paroccipital process. The 
deep (8 mm) jugular notch terminates dorsomedial-
ly into the circular hypoglossal foramen. 

Basioccipital. The basioccipital is completely 
preserved. Medially the basioccipital basin is slightly 
domed. The lateral faces of  the basioccipital crests 
are anteroposteriorly and dorsomedially slightly la-

terally concave in lateral view. Posteroventrally the 
basioccipital crest gradually increases in width and 
terminates in a posteroventrally facing rough, flat 
surface (Fig. 11C & D). This rough surface is follo-
wed anterodorsomedially on the medial surface of  
the basioccipital crest by a sharp crest that lowers 
after turning more medially towards the sagittal pla-
ne of  the basioccipital basin.

Ontogeny and size estimation
The subtriangular shape of  the foramen ma-

gnum and the open (e.g. premaxilla-nasal) as well 
as not completely fused (e.g. interparietal-frontal, 
nasal-frontal and maxilla-premaxilla) cranial sutu-
res indicate that IRSNB M.372 represents a young, 
possibly newborn individual. Indeed, in the extant 
delphinid Stenella attenuata the foramen magnum 
is also subtriangular in newborn specimens, be-
coming, to varying degree, more oval with deve-
lopment (Perrin 1975). The subtriangular shape of  
the foramen magnum of  IRSNB M.372 thus also 
possibly points to a young ontogenetic age of  this 
specimen. Based on its bizygomatic width (Tab. 3), 
the total body length of  IRSNB M.372 is estimated 
to 1.24 m, using the equation provided by Pyenson 
& Sponberg (2011) for stem delphinoids. It should 
be noted however that the equations provided by 
the latter authors were determined for adult spe-
cimens. As allometric growth most likely impacts 
cranial proportions, this size estimation remains ap-
proximate. 

Comparison and discussion
IRSNB M.372 is herein not compared to Be-

lonodelphis peruanus, Herbeinodelphis nancei and Incacetus 
broggii, as the holotypes of  these species lack pre-
served areas that overlap with the specimen descri-
bed herein, and can thus not be compared with the 
latter.

IRSNB M.372 can be identified as a delphi-
nidan and can be excluded from the families Lipo-
tidae, Iniidae, Pontoporiidae, Albireondidae, Pho-
coenidae, Delphinidae and Odobenocetopsidae for 
the same anatomical features proposed for IRSNB 
M.2342. It differs from Monodontidae in the drasti-
cally smaller dorsomedial exposure of  its maxillae 
along the bony nares.

Among other Miocene early delphinidans, it 
differs from Cammackacetus hazenorum, Hadrodelphis 
calvertense, Macrokentriodon morani and Miminiacetus 
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pappus in its drastically smaller skull size; from Bre-
virostrodelphis dividum, Kampholophos serrulus, Lophocetus 
spp., Ma. morani and Mi. pappus in the almost straight 
lateral margin of  its premaxilla in the facial region; 
from C. hazenorum, H. calvertense, Pithanodelphis cornu-
tus and Tagicetus joneti in the posteriorly less steeply 
ascending nasal portion of  the premaxilla (slope 
of  dorsal surface of  nasal portion of  premaxilla 
relative to horizontal plane in lateral view equals 
ca. 45° in IRSNB M.273); from Westmorelandelphis 
tacheroni and Wimahl chinookensis in its pentagonal 
skull vertex; from Atocetus spp., H. calvertense, Mi. 
pappus, Pictodelphis kidwellae, Pit. cornutus, Platysvercus 
ugonis and Sarmatodelphis moldavicus in lacking a mar-
ked transverse constriction on the skull vertex; from 
B. dividum, C. hazenorum, K. serrulus, Lophocetus spp., 
Pic. kidwellae, Pit. cornutus, Pl. ugonis, Rudicetus squa-
lodontoides, Sophianaecetus commenticius, We. tacheroni in 
its equidimensional, pentagonal left nasal; from R. 
squalodontoides and Wi. chinookensis in possessing a 
vertical notch on the anterior face of  its nasal; and 
from Atocetus spp. and Wi. chinookensis in its propor-
tionally much smaller nasal.

It differs from Brevirostrodelphis aff. B. dividum 
IRSNB M.2342 and Brevirostrodelphis sp. IRSNB 
M.2343 in e.g. its pentagonal left nasal, possessing a 
vertical notch on the anterior face of  its nasal, the 
tabular morphology of  its premaxillary sac fossa 
and the straight lateral margin of  the nasal portion 
of  its premaxilla.

Among the members of  the species rich ge-
nus Kentriodon it differs from K. hobetsu and K. sugawa-
rai in the straight lateral margin of  its premaxillary 
sac fossa; from K. diusinus and K. hobetsu in the an-
teroposteriorly relatively shorter skull vertex; from 
K. schneideri in the posteriorly less steeply ascending 
nasal portion of  the premaxilla; from K. diusinus in 
the left nasal that is posterolaterally bounded by the 
maxilla; and from K. sugawarai in the pentagonal out-
line of  the left nasal.

As mentioned above, the similarity in the 
morphology of  the nasals of  IRSNB M.372 and 
‘K. hoepfneri’ is already discussed by Kazár & Hampe 
(2014) (see also comments on this species by No-
bile et al. (2024)). They also note some differences 
between ‘K. hoepfneri’ and IRSNB M.372 however, 
including the anteromedially globose nasal and 
the larger combined thickness of  the supraorbital 
process of  the frontal and its associated maxilla 
of  ‘K. hoepfneri’. These differences are corrobora-

ted herein. The holotype of  ‘K. hoepfneri’ has a la-
test Middle to early Late Miocene age and is thus 
presumably younger than IRSNB M.372 (Kazár & 
Hampe 2014).

IRSNB M.372 also shows some resemblan-
ce to K. nakajimai at the level of  the skull vertex, 
i.e. the rather similar dorsal outline of  its left nasal 
(best compared to the paratype specimen) and the 
triangular dorsal exposure of  its left frontal. It dif-
fers however from this species in e.g. its longer in-
ternasal suture; the sharper anterolateral process of  
its nasal; its proportionally anteroposteriorly longer 
skull vertex; and its maxillary crest that anteriorly 
reaches medial to the antorbital notch and is sym-
metrical on both sides of  the skull. The holotype 
of  K. nakajimai has a latest Middle to earliest Late 
Miocene age and is thus presumably younger than 
IRSNB M.372 (Kimura & Hasegawa 2019).

IRSNB M.372 shows much similarity to K. 
‘obscurus’ in its size and cranial morphology, differing 
only in details (see also comments on K. ‘obscurus’ 
LACM 21256 by Nobile et al. (2024)). Differences 
between both specimens however include e.g. the 
larger premaxillary width of  IRSNB M.372 anterior 
to middle of  the supraorbital process (Tab. 3); the 
larger width of  its bony nares (Tab. 3); its maxilla 
that completely covers the supraorbital process of  
the frontal in dorsal view; and the smaller combined 
thickness of  its maxilla and frontal in the orbital re-
gion (Tab. 3). Like IRSNB M.372, K. ‘obscurus’ speci-
men LACM 21256 displays open sutures, indicating 
that it also represents a juvenile specimen. These 
differences are therefore difficult to explain by a 
differing developmental stage. K. ‘obscurus’ specimen 
LACM 21256 has approximately an early Middle 
Miocene age and thus possibly overlaps in strati-
graphic age with IRSNB M.372 (Barnes & Mitchell 
1984).

As mentioned earlier, the close resemblance 
of  IRSNB M.372 to K. pernix (type species of Ken-
triodon) has already been noted by previous authors 
(Kellogg 1927; Fordyce & Muizon, 2001). The high 
similarity of  IRSNB M.372 to K. pernix is here con-
firmed not only at the level of  its skull vertex, but 
also in its overall cranial morphology and skull size. 
Differences between IRSNB M.372 and K. pernix 
are however present, including e.g. the larger width 
of  its premaxilla at the level of  the antorbital notch 
(as already observed by Kellogg (1927)) and poste-
riorly to a level at ca. the postorbital process (Tab. 
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3); the more angular lateral margin of  its premaxil-
lary sac fossa; the undulatory as opposed to angular 
shape of  its nasal-frontal suture; and the more lim-
ited ventral extend of  its paroccipital processes. As 
the holotype of  K. pernix represents an immature 
individual, these differences are difficult to explain 
by a (large) difference in ontogenetic stage (Kel-
logg 1927). The holotype of  K. pernix has a latest 
Early Miocene age and thus potentially overlaps in 
age with IRSNB M.273 (Kellogg 1927; Kidwell et 
al. 2015).

IRSNB M.372 differs from Kentriodon sp. 
MCAF-MB2, recently described from the early Bur-
digalian of  northeastern Italy (Nobile et al. 2024), in 
its maxillary dimensions at the level of  the rostrum, 
its markedly less distinct anteromedial, posterome-
dial and posterolateral sulci and the smaller dorso-
medial exposure of  its maxilla along the lateral mar-
gins of  and anterior to the bony nares. Kentriodon 
sp. MCAF-MB2 has an early Burdigalian age and is 
thus presumably older than IRSNB M.372.

Differences between IRSNB M.372 and the 
recently described, cranially malformed specimen 
Kentriodon cf. Kentriodon pernix IRSNB M.2340 are 
mentioned in Lambert et al. (2025). The latter origi-
nates from the Antwerpen Member (Berchem For-

mation) in Antwerp (northern Belgium) and thus 
overlaps with IRSNB M.372 in geographic region 
and possibly also in age.

Due to its high similarity to K. pernix (type 
species) and to K. ‘obscurus’ specimen LACM 21256, 
IRSNB M.372 is here assigned to Kentriodon. This at-
tribution confirms the similarities of  IRSNB M.372 
with K. pernix as noted by Kellogg (1927), with ‘K. 
hoepfneri’ as noted by Kazár & Hampe (2014) (but see 
comments on the affinities of  the latter in Nobile et 
al. (2024)), and confirms the hypothesis of  Fordyce 
& Muizon (2001) that IRSNB M.372 is close to or 
in the genus Kentriodon. Since IRSNB M.372 repre-
sents a juvenile and fragmentary specimen, we here 
restrain from defining a new species based on this 
specimen and simply identify it as Kentriodon sp., 
pending the discovery of  more complete, preferen-
tially physically mature conspecific specimens with 
preserved ear bones.

Palaeobiogeographic and 
palaeoecological discussion

In the North Atlantic realm, Brevirostrodelphis is 
currently only described from the late Early to early 

Tab. 3 - Measurements (in mm) for 
Kentriodon sp. IRSNB M.372, 
Kentriodon ‘obscurus’ LACM 
21256 and Kentriodon pernix 
USNM 10670 (paratype). ‘+’ 
indicates a minimal value, ‘e’ 
indicates an estimate value 
and ‘-’  indicates non-avail-
able data. ‘*’ and ‘**’ indicate 
measurements taken from 
Kellogg (1927) and Barnes & 
Mitchell (1984) respectively. 
Other measurements for K. 
pernix USNM 10670 were 
taken on a cast of  this speci-
men housed at the IRSNB. 
Other measurements for K. 
‘obscurus’ LACM 21256 were 
taken from true scale images 
of  this specimen provided 
in Barnes & Mitchell (1984), 
which should consequently 
be interpreted cautiously.
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Middle Miocene of  the U.S. Atlantic Coastal Plain 
(Barwick 1939; Godfrey & Lambert 2023; Kidwell 
et al. 2015; True 1912). From the North Sea Basin, 
only very fragmentary records (two teeth) have ten-
tatively been assigned to Brevirostrodelphis (Louwye et 
al. 2010; Everaert et al. 2019). The identifications of  
Brevirostrodelphis aff. B. dividum IRSNB M.2342 and 
Brevirostrodelphis sp. IRSNB M.2343 described herein, 
provide the first unambiguous records of  Brevirostro-
delphis from the North Sea Basin and demonstrate 
the transatlantic distribution of  this genus during 
the Miocene. The redescription and reattribution of  
specimen IRSNB M.372 to Kentriodon sp., provides 
the fourth (including ‘Kentriodon hoepfneri’) description 
of  Kentriodon from the eastern side of  the North At-
lantic and the third from the North Sea Basin, based 
on cranial material (Kazár & Hampe 2014; Nobile et 
al. 2024; Lambert et al. 2025).

The description of  the two Brevirostrodelphis 
specimens and one Kentriodon specimen herein, com-
bined with their more fragmentary records (see Lou-
wye et al. (2010) and Everaert et al. (2019)) and the 
recent description of  Kentriodon sp. IRSNB M.2340 
(see Lambert et al. (2025)), raises the question wheth-
er these were rather prevalent delphinidan genera in 
the southern North Sea Basin during the Miocene. 
This hypothesis, and the relative abundance of  Mio-
cene early delphinidans in the southern North Sea 
Basin in general, could be tested by studying the rela-
tive abundances of  the often better preserved and 
more commonly found periotics from the IRSNB 
collection.

Another interesting observation is that two 
of  the three specimens described herein represent 
juveniles. Interesting to note in this context is that 
another small early delphinidan from the Miocene 
of  the North Sea Basin, Pithanodelphis cornutus, is rep-
resented by a single specimen (IRSNB M.373) that 
displays clues for a young ontogenetic stage: open 
nasal-maxilla suture, open internasal suture and loss 
of  the right premaxilla, indicating that it was not yet 
fused to the maxilla (see Muizon (1988b: fig. 101)). 
Furthermore, the recently described, cranially mal-
formed Kentriodon sp. IRSNB M.2340 displays simi-
lar features indicating a young ontogenetic stage 
(Lambert et al. 2025). Together, these observations 
raise the question whether the southern North Sea 
Basin might have served as a nursing ground or may 
have been favoured by relatively young individuals 
for several early delphinidan taxa during the Mio-

cene and not simply reflects a possible higher mor-
tality rate of  juveniles. Such a pattern of  habitat 
segregation in relation to ontogenetic stages and, 
in some cases, more specifically calving and nursing 
activities, has been reported for several extant odon-
tocete species, including delphinidans (e.g. Martin & 
da Silva 2004; Hartman et al. 2014; Fontanesi et al. 
2024). This hypothesis could be further explored by 
comparing the early delphinidan ratio of  juveniles 
to adult specimens with that of  eurhinodelphinids, 
which have a richer fossil record (e.g. Lambert 2005) 
and were presumably more coastal, residing more 
permanently in the southern North Sea Basin during 
the late Early to Middle Miocene. The same hypoth-
esis could also be tested for the odontocetes from 
the Miocene deposits on the U.S. Atlantic Coastal 
Plain.

Conclusions

Fragmentary early delphinidan crania IRSNB 
M.2342 and IRSNB M.2343, found in lower Lang-
hian deposits of  the Antwerpen Member (Berchem 
Formation) in Berchem (Antwerp) are here described 
and provisionally identified as Brevirostrodelphis aff. B. 
dividum and Brevirostrodelphis sp. The description and 
identification of  these specimens provide the first 
unambiguous records of  this genus from the North 
Sea Basin and demonstrate its transatlantic distribu-
tion during the Miocene. The historical specimen 
IRSNB M.372 (type of  Phocaenopsis scheynensis), col-
lected in the Antwerp area most likely from Lower 
to Middle Miocene strata, is here redescribed and 
recombined as Kentriodon sp.

Based on the ratio of  juvenile to adult speci-
mens, the southern North Sea Basin is here provi-
sionally hypothesized to have served as a favoured 
ground for young individuals of  several early delph-
inidan species during the Miocene.

Data Availability Statement. The data supporting the 
results of  this research are available upon request. Interested re-
searchers may contact the corresponding author to obtain access.
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