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New records of Hemisyntrachelus (Odontoceti, Delphinidae) from
the late Pliocene or early Pleistocene of the southern North Sea
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Rostral fossils of large dolphins are identified as belonging to the genus Hemisyntrachelus Brandt, 1873. They reconfirm and
corroborate the presence of this genus in the late Pliocene or early Pleistocene of the North Sea. Comparison of these fossils with the
holotypes of the known species of Hemisyntrachelus (H. cortesii (Fisher, 1829), H. pisanus Bianucci, 1996 and H. oligodon (Pilleri
& Siber, 1989)) indicates that the North Sea specimens represent a different species which shows a peculiar morphology of the
presphenoid. The incompleteness of the key fossils urges the authors to classify these finds temporarily as Hemisyntrachelus sp. until

more, and more complete specimens are identified or discovered.
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Introduction

Cuvier (1823) noted that some Italian Pliocene fossil
dolphin skulls, interpreted as Tursiops Montagu, 1821,
showed characteristics intermediate between Tursiops
and Orcinus Fitzinger, 1860. Brandt (1873) coined the
subgenus Hemisyntrachelus for these fossils, assigned
Delphinus cortesii as the type species and included it —
without morphological or systematic arguments - within
the Delphinapteridae Slijper, 1936. This caused contro-
versy and several authors did not agree with Brandt’s
classification (Van Beneden and Gervais, 1880; Capel-
lini, 1882; Sacco, 1891, 1893; Del Prato, 1898; Trouessart,
1898 and Simonelli, 1911). However due to the unusual
articulation of the ribs and a distinctive morphology
of thoracic and lumbar vertebrae, Slijper (1936) resur-
rected Hemisyntrachelus and created a separate family
for these dolphins (Hemisyntrachelidae Slijper, 1936).
Some authors followed Slijper (Simpson, 1945), but oth-
ers disagreed (Pilleri, 1979, 1980, 1985; Pilleri & Pilleri,
1982), or expressed the need for further study (Barnes
et al., 1985; Barnes, 1990). Slijper (1936) also included
Lophocetus calvertensis (Harlan, 1842) from the Mio-
cene of Maryland in this new family. This assignment
was followed by Simpson (1945), but rejected by Barnes
(1978) who identified Lophocetus Cope, 1867 as a ken-
triodontid. Bianucci (1996), describing the diverse Plio-
cene cetacean assemblages of Italy, noted in this relevant
Italian delphinid a character mix of Tursiops, Pseudorca
Reinhardt, 1862 and Orcinus and observed morphologi-
cal characteristics of the skull to retain Hemisyntrache-
lus as a valid genus within the Delphinidae Gray, 1821.

Bianucci limited the genus to two clearly identified and
illustrated species (H. cortesii Fisher, 1829, H. pisanus
Bianucci, 1996) thereby erasing many older synonyms
(for details see Bianucci, 1996). Besides H. cortesii and
H. pisanus Post & Bosselaers (2005) reported — based on
mandible fragments — the presence of Hemisyntrachelus
in the late Pliocene and/or early Pleistocene of the North
Sea (North Atlantic), doubted the validity of H. pisanus
and concluded that Tursiops oligodon (Pilleri & Siber,
1989) of the Pliocene of Peru should be included in the
genus. The latter suggestion was followed by Murakami
et al. (2014) and Berta (2018).

Evolutionary relationships among Delphinidae remain
complicated. During the last century various revisions
where proposed by a great number of authors based on
both morphological and molecular considerations, of-
ten opposing and conflicting with each other (as early
as Flower, 1883 to more recent LeDuc et al., 1999 and
Horreo, 2018). None of the authors reached a solid clas-
sification of the fossil and living members of the family
Delphinidae, they all express the need for more research
focusing on basic taxonomy. Bianucci (1996) presented
three hypotheses on the position of Hemisyntrachelus.
In his morphology based phylogenetic analysis the hy-
pothesis presenting Hemisyntrachelus as sister taxon to
Pseudorca, Orcinus and other Globicephalinae Le Duc,
1997, was considered the most parsimonious. The clado-
gram of Bianucci (2005) reports Hemisyntrachelus to
be close to Arimidelphis Bianucci, 2005, Orcinus and
Pseudorca. But Aguirre-Fernandez et al. (2009) placed
Hemisyntrachelus inside a clade consisting of broad-
headed genera: Protoglobicephala Aguirre-Fernandez,
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Barnes, Aranda-Manteca, Fernandez-Rivera, 2009, Or-
cinus, Feresa Gray, 1870, Globicephala Lesson, 1828,
Pseudorca and Grampus Cuvier, 1812. Murakami ef al.
(2012) allied Eodelphinus kabatensis Horikawa 1977, Or-
cinus orca (Linnaeus, 1758) and H. cortesii in one clade,
which they presumed to be a sister clade to Orcaella bre-
virostris Gray, 1866 and the Globicephalinae. In a more
recent phylogeny H. cortesii appears as a sister taxon to
the entire Globicephaline clade and Steno bredanensis
Cuvier in Lesson, 1828 (Lanzetti, 2013). The phyloge-
netic position of the genus Hemisyntrachelus is clearly
still subject of debate; future studies will have to resolve
this controversial issue.

We describe in this article new rostral fossils from Hemi-
syntrachelus from the North Sea. These fossils broaden
the knowledge on the morphology, dispersal and diver-
sity of the genus.

Stratigraphic background

Fossils from the bottom of the North Sea were histori-
cally and traditionally collected without stratigraphic
background (Mol et al., 2008). However during the last
decades, research has resulted in detailed geological
maps of the bottom of the North Sea and this fact, com-
bined with the collection of precise coordinates of fishing
vessels, resulted in some clearly defined areas were fos-
sils of specific (and sometimes unmixed) mammal faunae
sub crop at the seafloor (Kortenbout van der Sluijs, 1971;
Funnell, 1996; Mol et al., 2008; Post & Reumer, 2016;
Phillips et al., 2017). Fossils from a late Pliocene — early
Pleistocene marine mammal fauna (including the walrus
Ontocetus Leidy, 1859 and the globicephalid Platalea-
rostrum Post & Kompanje, 2010) have been harvested
only at two specific sites. At these sites the upper Pliocene
to lower Pleistocene Westkapelle Ground Formation is
present at the seafloor (for more detailed reports see Post
& Bosselaers, 2005 and Post & Kompanje, 2010). The
fossils described in this article originate from the same
sites and show the same conservation and mineralisation.
They are always found together with fossils of the wal-
rus Ontocetus. Ontocetus was present in the North Sea
from ca. 3 Ma (the oldest find: Belgium — pers. comm.
L. De Waele) to 1.8 Ma (fossils of Easton Bavents, East
Coast UK - pers. comm. Nigel Larkin). Since no fossils of
Hemisyntrachelus have been reported from Belgium, but
have been reported from Easton Bavents, the age of the
described fossils must be considered - with reasonable
certainty - between 3 Ma-1.8 Ma.

Collection acronyms

B Ecomare, Texel, The Netherlands

NMR  Natuurhistorisch Museum Rotterdam, Rotter-
dam, The Netherlands

RMHN Rijksmuseum van Natuurlijke Historie, now
part of Naturalis Biodiversity Center, Leiden,
The Netherlands

SMNK State Museum of Natural History, Karlsruhe,
Germany

Zoological Museum Amsterdam; now part of
Naturalis Biodiversity Center, Leiden, The
Netherlands.

ZMA

Material and methods

NMR 999100016974 (hereafter mentioned as NMR
16974): rostrum with parts of maxilla, premaxilla, pala-
tine and presphenoid.

Referred specimens — NMR 999100008080 (hereafter
NMR 8080): anterior fragment of right half of rostrum;
NMR 999100008081 (hereafter NMR 8081): anterior
fragment of left half of rostrum.

Casts of the holotypes of Hemisyntrachelus cortesi (NMR
999100008180) and H. pisanus (NMR 999100008159)
and skulls of extant delphinids in the collections B, NMR
and RMNH were used for comparison.

Dimensions of the rostrum and referred specimens were
noted as per Perrin (1975). Morphological terminology of
the odontocete skull follows Ichishima (2016) and Mead
& Fordyce (2009).

Systematics

Order Cetacea Brisson, 1762

Suborder Odontoceti Flower, 1867
Superfamily Delphinoidea Gray, 1821
Family Delphinidae Gray, 1821

Genus Hemisyntrachelus Brandt, 1873
Hemisyntrachelus sp.

Referred specimens

NMR 16974 (Fig. 1, Tables 1 & 2)

General — Rostrum with parts of maxillae, premaxillae,
palatine, presphenoid and vomer. In lateral view the apex
of the rostrum curves downward.

Based on the size and robustness of the rostral bones, the
degree of suture fusion, and the well-developed posterior
(maxillary) alveoli, NMR 16974 is the rostrum of a fully
adult dolphin. Small dorsal maxillary vascular sulci near
the alveoli suggest initial bone resorption and may be
considered a token of full mature or even old age.

Premaxilla — A small (40 mm) but prominent, upheaved
flange is located at the most anterior tips of the premaxilla.
For most of its length the massive and wide premaxilla tow-
ers above the maxilla. In dorsal view it continues at rough-
ly the same width until it reaches the concave premaxillary
sac fossa. Both premaxillae are separated for most of the
length by the open mesorostral groove. The groove is rela-
tively wide and deep. Posteriorly the mesorostral groove
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Figure 1. Hemisyntrachelus sp., NMR 999100016974 in dorsal, ventral and right lateral view.
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NMR 16974 NMR 8080 NMR 8081 NMR 8180 NMR 8159
H. cortesi H. pisanus
alveoli Diameter Diameter Diameter Diameter Diameter Diameter Diameter  Diameter
left right right left left right left right

1 X X X 0.4 0.7 0.4 0.2 0.2
2 X 0.3 0.6 0.6 0.8 0.6 0.5 0.5
3 X 1.2 1.0 1.1 0.9 0.6 0.5 0.6
4 1.2 1.6 1.3 1.5 0.9 1.1 0.6 0.7
5 1.5 1.9 1.4 1.4 1.0 1.0 0.6 0.8
6 1.2 1.8 1.5 1.5 1.0 1.1 0.7 0.8
7 1.6 1.7 1.5 14 0.8 1.0 0.9 0.9
8 14 1.7 1.4 1.0 1.0 0.8 0.8
9 1.4 X 1.2 1.1 1.0 0.8 0.8
10 1.5 X 1.2 1.1 0.7 0.9 0.8
11 1.6 X 1.1 1.0 0.8 0.6 0.9
12 1.3 X 1.0 0.8 0.9 0.9
13 1.0 0.6 0.9 0.7 0.9 0.9
14 0.7 X 0.9 0.8 0.8 0.8
15 0.9 0.8
16 X 0.7
17 X 0.6
18 X 0.5
Lengthof = 26.5 X X 254 26.5 32,0 35.5
tooth row

Table 1. Comparison of alveoli diameters measured in centimetres and taken from posterior to anterior margin. The X indicates that

no measurements could be taken.

NMR 16974 NMR 8080 NMR 8081 NMR 8180 NMR 8159
H. cortesi H. pisanus
Rostrum length 322 X X 35.0 42.2
Width at base 202 E X X 17.4 20.6
Width at tooth nr. 7 134E Total right 5.7 Total left 6.2 9.1 9.6
Rost. gape 0.6 Rost. gape X Rost. gape X Rost. gape 0.3 Rost. gape 0.2
Premax 3.3 Premax 3.3 Premax 3.2 Premax 2.8 Premax 3.0
Max 3.1 Max 2.2 Max 2.9 Max 2.6 Max 3.1
Width at tooth nr. 11 13.8E Total X Total left 6.6 11.8 14.2
Rost. gape 1.0 Rost. gape X Rost. gape X Rost. gape 0.6 Rost. gape 0.2
Premax 3.0 Premax X Premax 2.7 Premax 3.0 Premax 3.6
Max 3.4 Max X Max 3.7 Max 2.6 Max 3.4
Apex to vomer 34.8 X X 36.0 43.5
Palatine width 7.7 X X 6.4 7.2
Palatine height 8.9 X X 10.1 X
Ventral premaxillae exposure 12.0 15+ 16.5 7.0 9.0

Table 2. Comparison of rostral dimensions measures in centimetres. X indicates no measurements could be taken. Estimated meas-
urements are indicated with E. + is used were precise measurements were impossible.

ends because both premaxillae fuse solidly with the small
elevated tip of the presphenoid. This structure forms an
upheaved massive ridge which limits the midline of the
premaxillary sac fossa. The fusion is solid but some re-
mains of a suture can be noted. In the right premaxillary
fossa at least two premaxillary foramina are present. They

are slightly oval with no sign of sulci in their proximity
and located on the medial side of the ascending process
of the premaxillae. The premaxillary fossae are somewhat
asymmetric, the right one being a little transversely wider
and deeper than the left one. Ventrally the premaxilla is
exposed for ca. 180 mm until being covered by the maxilla.



Maxillae — Due to post-mortem dam-
age the lateral margin of the rostrum is
mostly incomplete: the right margin is
well preserved only at the position of the
7t alveolus and around the base of the
rostrum, and the left margin at the posi-
tion of the 11" alveolus. The right bor-
der of the maxilla is laterally damaged
for a long tract anterior to the antorbital
notch. Roughly at the level of the antor-
bital notch (not preserved) the transverse
width of the right half of the rostrum is

maxilla
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medial flange

premaxilla

92 mm. Therefore, by doubling the width
of the half rostrum, the width of the base
of the rostrum can be estimated to have
been a minimum of 184 mm. Medially, on
the right of the posteriorly damaged sur-
face, just below the maxilla-premaxilla
suture, a large infraorbital foramen was
originally present. On the right maxilla
at ca. 110 mm anterior from the base of
the rostrum 1-3 very tiny foramina are lo-
cated. On the other side (on the left maxil-
la) at a more anterior position, one larger
dorsal infraorbital foramen is present as a
24 mm long shallow gully. More towards
the apex of the rostrum, at the position
of the 4"-5" alveoli, four small openings
are present in the left maxilla. Their ori-
gin and/or purpose are unknown, but are
not the result of trauma or inflammation
(pers. comm. E.J.O. Kompanje).

In ventral view, on both sides a wide, prominent and
slightly medially concave tooth row consisting of thirteen
large and deep alveoli can be seen. The largest alveoli are
located in the middle of the tooth row. Minor damage at
the apex might hide the presence of a small 14" alveolus.
At a distance of 180 mm from the apex of the rostrum,
the premaxillae are no longer visible, but the maxillae are
still medially separated by a groove of ca. 10 mm. Poste-
riorly the maxillae fuse medially over a length of ca. 75
mm, the suture not being well defined. More posteriorly
the maxillae are covered by the palatines.

maxilla

Palatine — Laterally and ventrally the anterior tip of the
palatine is visible as a bone plate covering the maxilla.
The outline broadens towards the base of the rostrum.
Posteriorly the palatine reaches the bony nares.

Presphenoid — The presphenoid is present as a massive
septum separating the bony nares. Posteriorly its broken
surface forms the most caudal point of the fossil. Ante-
riorly it is dorsally exposed as a small upheaved narrow
ridge between the premaxillae, which is completely fused
with both premaxillae. Based on the architecture and
morphology of the nasal septum of the presphenoid, wide
and large bony nares must have been present.

Vomer — Thin strips of vomer are present on the posterior
lateral left and right walls of the presphenoid.

premaxilla

1] 5cm
| ]

Figure 2. Hemisyntrachelus sp., NMR 999100008080 in dorsal, lateral and ven-
tral view.

NMR 8080 (Fig. 2, Tables 1 & 2)

NMR 8080 is a well-preserved part of the right anterior
half of a rostrum. In lateral view a downwards pointing
apex is noticed, but to a lesser degree than in NMR 16974.
Medially, the anterior tip of the premaxilla shows a con-
striction and a slight upheaval which results in a flange.
Dorsally the premaxilla is wide and medially it is slightly
upheaved. It covers the maxilla over the entire length of
the fossil. The suture with the maxilla is clearly visible.
Laterally the surface seems slightly eroded. Ventrally the
premaxilla forms the anterior most tip of the rostrum and
is visible for more than 150 mm. The tooth row is partly
preserved and seven large, deep and semi-circular alveoli
are present, which held robust teeth.

NMR 8081 (Fig. 3, Tables 1 & 2)

NMR 8081 is a well preserved left anterior part of the
rostrum. The apex is downwards pointing (markedly vis-
ible in lateral view) in more or less the same manner as in
NMR 16974. The anterior tip of the premaxilla shows the
medial flange (as prominent as in NMR 16974). The pre-
maxilla is dorsally wide and posteriorly more upheaved
from the maxilla than in NMR 8080 (and more promi-
nent than in NMR 16974). The suture with the maxilla is
dorsally visible but damaged for most of the length of the
fossil, leaving part of the originally covered maxillary
surface bare. The opening on the dorsal surface of the
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Figure 3. Hemisyntrachelus sp., NMR 999100008081 in dorsal, lateral and ventral view.

maxilla is probably caused by post mortem damage. In
ventral view the premaxilla forms the anterior most tip
of the rostrum and is visible for 165 mm. The tooth row
is partly present and 11 large circular and deep maxillary
alveoli for robust teeth are present.

Comparison and discussion

Bianucci (1996) described Hemisyntrachelus as a stocky
dolphin with aspects intermediate between Orcinus,
Pseudorca and Tursiops. Different from all Delphin-
idae (and especially Tursiops) in the combination of the
following characters: (1) broad rostrum at the base, (2)
anteriorly located robust and rounded antorbital proc-
ess, (3) posteriorly shortened tooth row with less, but
significantly larger teeth in comparison to Tursiops, (4)
short and unusual mandibular symphysis compared to
Tursiops, (5) narrow medial lobe of tympanic bulla, and
(6) in dorsal view square shaped neurocranium. Post
& Bosselaers (2005) doubted — based on fossils of the
mandibula - the validity of H. pisanus, but their conclu-
sion was wrong because the cranium of the holotype
shows many valid characters that differ from H. cortesii,

amongst others: longer rostrum (422 mm versus ca. 340
mm), higher tooth count (16 versus 14), and smaller alve-
oli. Hemisyntrachelus oligodon differs from H. cortesii
and H. pisanus in — amongst others — tooth count (11),
and presphenoid dorsally present at rostrum entering the
mesorostral canal to a level anterior to the base of the
rostrum.

Besides more or less equal dimensions, NMR 16974
shows the characteristic features of the rostrum of the
holotype of H. cortesii: i.e. the massive construction,
broad base, large and deep circular alveoli, and - most
probably - the same number of teeth (14). Moreover, we
noted that in lateral view both NMR 16974 and the holo-
type show the typical downwards oriented apex of the
rostrum (also present in Delphinapterus leucas (Pallas,
1776)). Both also have a lateromedially elevated prema-
xilla which towards (and at) the apex of the rostrum forms
a sort of upheaved sharp ridge in the middle (to a reduced
degree this is sometimes observed in O. orca, large spec-
imens of Tursiops, and taxa within the Globicephalinae).
These observations allow NMR 16974 to be referred to
Hemisyntrachelus. NMR 8080 and 8081 - being mirror
prints of the relevant parts of NMR 16974 - should there-
fore be identified as Hemisyntrachelus as well.



NMR 16974 differs from H. cortesii and H. pisanus in: 1)
the clearly concave premaxillary sac fossa, 2) the more
prominent upheaved constriction on the rostrum-tip, 3)
the complete dorsal fusion of the posterior parts of the
premaxillae with the presphenoid, 4) the broader base of
the rostrum, 5) the from the apex more posteriorly ex-
posed ventral parts of the premaxilla, and 6) the signifi-
cantly bigger alveoli being located more closely to each
other (Fig. 4).

The most striking feature of NMR 16974 is the condi-
tion of the presphenoid. Filling the mesorostral canal to-
wards a location more anterior than the base of the ros-
trum, dorsally wigged between the medial borders of the
premaxillae, higher elevated than the dorsal surface of
the premaxilla, and completely fused with the premaxil-
lae, it becomes a solid part of the base of the rostrum.
This is clearly not the result of a pathological condition
or inflammation (pers. comm. E.J.O. Kompanje, January
2020). The phenomenon is not noticed in any of the Ital-
ian specimens of Hemisyntrachelus (pers. comm. Bia-
nucci, June 2019), but seems present (albeit to a lesser ex-
tent) in H. oligodon (Fig. 5). Until now the peculiar fusion
of presphenoid with premaxillae has never been reported
in fossil Cetacea. In extant Cetacea this feature is only
present (to a more or lesser extent) in adult specimens of
Peponocephala electra Gray, 1846 and — to a much lesser
extend — in some specimens of Globicephala (Figure 6
and Table 3). Strikingly all genera showing this feature
are Globicephalinae.

Beside the similarities in the presphenoid-premaxillary
fusion, NMR 16974 differs significantly from P. elec-

632 mm
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tra in the following characters: 1) dorsoventrally more
upheaved and robust premaxillac located on top of the
maxillae versus the very flat premaxillae of P. electra al-
most completely embedded in the maxillae, 2) in lateral
view convex rostrum with ventrally curved apex, versus
a very straight and flat rostrum in P. electra, 3) NMR
16974 is considerably larger (estimated rostrum width of
184 mm versus 123 to 133 mm in P. electra and has fewer
teeth (14 versus 21 to 23 in P. electra).

The anterior parts of the mandibles of Hemisyntrachelus
sp. described by Post & Bosselaers (2005) (Fig. 7) are
very much alike H. cortesii, H. pisanus and H. oligodon
but also show details that differ. The mandibular sym-
physis is shorter, has a much more pronounced chin-like
keel, and shows a single mental foramen which is large
and located very anteriorly. Obviously one cannot prove
that these fragmentary mandibular fossils and NMR
16974 belong to one and the same taxon, but the fact that
the mandibular fragments and the three described rostral
fossils originate from the same sites and belong without
doubt to the same genus, motivates the hypothesis that
NMR 16974 and the mandible fossils (and dozens of post-
crania) might belong to one and the same taxon.

The mandibles of the Globicephalinae have some char-
acteristic features in common. Besides a convex lateral
general outline Hemisyntrachelus, Peponocephala and
Globicephala have a very short medially and ventrally
directed symphysis of the mandible which is combined
with an outward and laterally bending of the alveolar row
(and therefore laterally directed teeth) towards the apex
of the mandible (Fig. 8).

414 mm

Figure 4. Dorsal comparison of NMR 999100016974 with line drawing of Hemisyntrachelus cortesii (redrawn from Bianucci, 1997,

fig 4).
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Presphenoid

Figure 5. Dorsal view of Hemisyntrachelus oligodon (Pilleri & Siber, 1989), SMNK-PAL 3841 (Photo: Volker Griener of the State
Museum of Natural History Karlsruhe, Germany).

Presphenoid

Figure 6. Dorsal view of Globicephala
melas Traill, 1809, USNM 500247
and Pepenocephala electra Gray,
1846, ZMA 15956.
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Pepenocephala electra status presphenoid

Collection Position in (filling) Fusion with Dorsal surface Ontogenetic Origin

number mesorostral grove premaxillae stage

RMNH 38434 At rostrum base Not fused Concave Adult or Bitung, Indonesia

subadult

RMNH 38435 Up to 36 mm anterior Completely fused Convex Adult Bitung, Indonesia
of rostrum base

RMNH 38436 Up to 21 mm anterior Fused Slightly convex  Adult Bitung, Indonesia
of rostrum base

RMNH 38437 Up to 43 mm anterior Completely fused Concave Adult Bitung, Indonesia
of rostrum base

RMNH 38438 Up to 20 mm anterior Partially fused Convex Adult Bitung, Indonesia
of rostrum base

RMNH 38439 Up to 19 mm anterior Fused Convex Adult Bitung, Indonesia
of rostrum base

ZMA 8025 At rostrum base Not fused Concave Adult Lamakera, Indonesia

ZMA 15956 Up to 37 mm anterior Fused Convex Adult Malakula, Vanuatu
of rostrum base

ZMA 15958 Up to 10 mm anterior Fused Convex Adult Malakula, Vanuatu
of rostrum base

ZMA 15959 Up to 5 mm anterior Fused Concave Adult Malakula, Vanuatu
of rostrum base

ZMA 15960 At rostrum base Fused Convex Adult Malakula, Vanuatu

ZMA 22254 Present 22 mm posterior of Not fused Concave Juvenile Playa Grandi, Curagao
rostrum base not filling
the mesorostral grove

Globicephala melas status presphenoid

Collection Position in (filling) Fusion with Dorsal surface Ontogenetic Origin

number mesorostral grove premaxillae stage

B2 1717 At rostrum base Fused Convex Adult North Sea

B2 377 At rostrum base Fused Concave Adult North Sea

Unknown Up to 10 mm anterior Not fused Convex Adult North Sea
of rostrum base

Unknown Up to c. 20 mm anterior Fused Damaged Adult North Sea
of rostrum base

NMR 999000003005 At rostrum base Not fused Concave Adult North Sea

NMR 999000001380 At rostrum base Not fused Flat Adult North Sea

NMR 999000003006 At rostrum base Not fused Concave Adult North Sea

Globicephala macrorhynchus status presphenoid

Collection Position in (filling) Fusion with Dorsal surface Ontogenetic Origin

number mesorostral grove premacxillae stage

NMR 999000001443 At rostrum base Not fused Concave Adult Falkland Islands

NMR 999000001381 At rostrum base Not fused Flat Adult Western Australia

Table 3. Presphenoid morphology of Pepenocephala electra, Globicephala melas and Globicephala macrorhynchus Gray, 1846.
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Figure 7. Mandible fragment Y-1409 of Hemisyntrachelus sp.
(based on Post & Bosselaers, 2005, fig. 4).

The Italian specimens originate from formations varying
in age from 5.3 Ma until 3 Ma and indicate an early to late
Pliocene age for the genus (Freschi et al., 2019). The ho-
lotype of the Peruvian H. oligodon from the Sud-Sacaco
locality of the Pisco Formation has a presumed ago of ca.
5 Ma (Lambert & De Muizon, 2013). With their late Plio-
cene to early Pleistocene dating, the North Sea specimens
present the latest occurrence of the genus.

Conclusion

NMR 16976 reconfirms the presence of the genus Hemi-
syntrachelus in the North Sea. It differs in some aspects
from the known species of the genus and therefore rep-
resents a new unnamed species of the genus. We refrain
from naming the species until more complete fossils are
found. An enlarged presphenoid and occasional fusion
of the presphenoid with parts of the premaxillae seems
to occur only within the lineage of the Globicephalinae
and might be restricted to that lineage. NMR 16976 and
adult specimens of P. electra are extreme examples of
this ‘character’.

= _

Peponocephala electra
ZMA 22254

-

Globicephala melas

KBIN 1517
—
Hemisyntrachelus cortesii
MPP 48-48
Hemisyntrachelus oligodon
SMNK-PAL 3841
Hemisyntrachelus sp.
Y 1409 ° 5 cm

Figure 8. Mandibles of different species of Globicephalinae.

Acknowledgments

The crew of fishing-vessel ARM 46 is thanked for recog-
nising the fossil at sea and bringing it to the attention
of the second author. Giovanni Bianucci (University of
Pisa) assisted generously with the supply of additional
data and pictures on fossils of Hemisyntrachelus from
Italy. Mark Bosselaers kindly shared his detailed reports
and pictures of the holotype of H. oligodon. The staff
of the department of Geosciences of the State Museum
of Natural History of Karlsruhe (SMNK) and photogra-
pher Volker Griener are thanked for their information
and pictures of the holotype of H. oligodon. Pepijn Kam-
minga (Naturalis), Bram Langeveld (Natuurhistorisch
Museum Rotterdam), Adrie and Ineke Vonk and Arthur
Oosterbaan (Ecomare) are thanked for access to com-
parative material and providing working conditions and
additional information. Jerry Streutker is thanked for
the detailed line drawing in Figure 4. Last but not least
we thank the reviewer Giovanni Bianucci (University of
Pisa) for his most valuable remarks and for drawing our
attention to P. electra, which all considerably improved
the manuscript.



References

Aguirre-Fernandez, G., Barnes, L.G., Aranda-Manteca, F.J., &
Fernandez-Rivera, J.R. 2009. Protoglobicephala mexicana,
a new genus and species of Pliocene fossil dolphin (Ceta-
cea; Odontoceti; Delphinidae) from the Gulf of California.
Boletin de la Sociedad Geologica Mexicana 61: 245-265.

Barnes, L.G. 1978. A review of Lophocetus and Liolithax and
their relationships to the delphinoid family Kentriodont-
idae (Cetacea: Odontoceti). Bulletin of the Natural History
Museum of Los Angeles County 28: 1-35.

Barnes, L.G. 1990. The fossil record and evolutionary relation-
ships of the genus Tursiops. In: Leatherwood, S. & Reeves,
R.R. (eds). The bottlenose dolphin. Academic Press: 3-25.

Barnes, L.G., Domning, D.P. & Ray, C.E. 1985. Status of stud-
ies on fossil marine mammals. Marine Mammal Science
1: 15-53.

Van Beneden, P.J. & Gervais, P. 1880. Ostéographie des cé-
tacés vivants et fossiles comprenant la description et
l’iconographie du squelette et du systeme dentaire de ces
animaus asinsi que des documents relatifs a leur histoire
naturelle. Arthus Bertrand, Paris: 634 pp.

Berta, A. 2017. The rise of marine mammals. 50 million years
of evolution. John Hopkins University Press, Maryland: 64
pp-

Bianucci, G. 1996. The Odontoceti (Mammalia Cetacea) from
the Italian Pliocene. Systematics and phylogenesis of Del-
phinidae. Palaeontographia Italica 83: 73-167.

Bianucci, G. 1997. Hemisyntrachelus cortesii (Cetacea, Del-
phinidae) from the Pliocene sediments of Campore Quarry
(Salsomaggiore Terme, Italy). Bollettino della Societa Pa-
leontologica Italiana 36: 75-83.

Bianucci, G. 2005. Arimidelphis sorbinii a new small killer
whale-like dolphin from the Pliocene of Marecchia river
(Central eastern Italy) and a phylogenetic analysis of the
Orcininae (Cetacea: Odontoceti). Rivista Italiana di Pale-
ontologia e Stratigrafia 111: 329-344.

Bianucci, G. 2013. Septidelphis morii, n. gen. et sp., from the
Pliocene of Italy: new evidence of the explosive radiation of
true dolphins (Odontoceti, Delphinidae). Journal of Verte-
brate Paleontology 33: 722-740.

Brandt, J.F. 1873. Untersuchungen iiber die fossilen und subfos-
silen Cetacean Europas. Mémoires de I’Académie impériale
des sciences de St. Pétersbourg, (Sér. 7) 20: 1-372.

Capellini, J. 1882. Del Tursiops cortesii ¢ del delfino fossile
di Mombercelli Nell’Astigiano. Memorie dell’ Accademia
delle Scienze dell Istituto di Bologna 3: 1-12.

Cuvier, G. 1823. Recherches sur les ossemens fossiles. G. Du-
four et A. d’Ocagne, Paris: 406 pp.

Del Prato, A. 1898. 1l Tursiops Capellinii Sacco del Pliocene
Piacentino. Palaeontographia Italica 3: 1-14.

Ehret, D.J., MacFadden, B.J., Jones, D.S., de Vries, T.J., Foster,
D.A. & Salas-Gismondi, R. 2012. Origin of the white shark
Carcharodon (Lamniformes: Lamnidae) based on recali-
bration of the upper Neogene Pisco Formation of Peru. Pa-
laeontology 55: 1139—-1153.

Flower, W. 1883. On the characters and divisions of the fam-

ily Delphinidae. Proceedings of the Zoological Society of

London 1883: 466-513.
Funnell, B.M. 1996. Plio-Pleistocene Palacogeography of the

Cainozoic Research, 20(1), pp. 109-120, June 2020 119

southern North Sea Basis. Quaternary Science Reviews 15:
391-405.

Harlan, R. 1842. Description of a new extinct species of dol-
phin from Maryland. Bulletin of the Proceedings of the Na-
tional Institution for the Promotion of Science 2: 195-196.

Horreo, J.L. 2018. New insights into the phylogenetic relation-
ships among the oceanic dolphins (Cetacea: Delphinidae).
Journal of Zoological Systematics and Evolutionary Re-
search 57 (2): 476—480.

Ichishima, H. 2016. The ethmoid and presphenoid of cetaceans.
Journal of Morphology 277: 1661-1674.

Kortenbout van der Sluijs, G. 1971. Fossil bones from the North
Sea. Proceedings of the Netherlands Journal of Zoology
21 (2): 214.

Lanzetti, A. 2013. When the fossil record corroborates the mo-
lecular data: a review of "Tursiops” osennae Simonelli, 1911
from the Pliocene of Siena Basin (Tuscany, Italy). System-
atics, phylogeny, stratigraphy and implications for the ex-
plosive radiation and fast speciation-extinction rate of true
dolphins (Odontoceti, Delphinidae). Laurea Magistrale in
Scienze e Tecnologie Geologiche, 1-123.

Lambert, O. & Muizon, C. de. 2013. A new long-snouted spe-
cies of Miocene pontoporiid dolphin Brachydelphis and a
review of the Mio-Pliocene marine mammal levels in the
Sacaco Basin, Peru. Journal of Vertebrate Paleontology 33,
3: 709-721.

LeDuc, R.G., Perrin W.F. & Dizon. A.E. 1999. Phylogenetic
relationships among the delphinid cetaceans based on full
cytochrome b sequences. Marine Mammal Science 15: 619-
648.

Mead, J.G. & Fordyce, R.E. 2009. The therian skull: a lexicon
with emphasis on the odontocetes. Smithsonian Contribu-
tions to Zoology 627: 1-216.

Mol, D., Vos, J. de, Bakker, R., Geel, B. van, Glimmerveen, J.,
Plicht, J. van der & Post, K. 2008. Kleine encyclopedie van
het leven in het Pleistoceen. Mammoeten, neushoorns en an-
dere dieren van de Noordzeebodem. Veen, Diemen: 233 pp.

Murakami, M., Shimada, C., Hikida, Y., Soedae, Y. & Hirano,
H. 2012. Eodelphis kabatensis, a new name for the oldest
true dolphin Stenella kabatensis Horikawa, 1977 (Cetacea,
Odontoceti, Delphinidae), from the upper Miocene of Ja-
pan, and the phylogeny and paleobiogeography of Delphin-
oidea. Journal of Vertebrate Paleontology 34(3): 491-511.

Phillips, E., Hodgson D.M. & Emery, A.R. 2017. The Quater-
nary geology of the North Sea basin. The Lyell Centre,
British Geological Survey: 11 pp.

Pilleri, G. 1979. Taxonomic Status of “Cortesi’s Dolphin” (Tur-
siops cortesii KEFERSTEIN, 1834) from the Lower Plio-
cene of N. Italy. Investigations on Cetacea 10: 71-83.

Pilleri, G. 1980. The fossil odontocetes (Cetacea) in the Mu-
seum of Paleontology of the University of Turin. Investiga-
tions on Cetacea 11: 39-53.

Pilleri, G. 1985. Second record of Tursiops osennae (Cetacea:
Delphinidae) in a Pliocene horizon of the Romagna Apen-
nins, Central Italy, and the phylogeny of Tursiops. Investi-
gations on Cetacea 20: 11-30.

Pilleri, G. & Pilleri, O. 1982. Cetacean records in the Mediter-
ranean Sea. /nvestigations on Cetacea 9: 4-63.

Pilleri, G. & Siber, H.J. 1989. Neuer delphinid (Cetacea, Odon-
toceti) aus der Pisco-Formation Perus. /n: G. Pilleri (ed.),



120 Bakker & Post. New records of Hemisyntrachelus from the late Pliocene or early Pleistocene of the southern North Sea

Beitrdige zur Paldontologie der Cetacean Perus: 167-175.

Perrin, W. 1975. Variation of spotted and spinner porpoise (ge-
nus Stenella) in the eastern Pacific and Hawaii. Bulletin of
the Scripps Institution of Oceanography 21, 206.

Post, K. & Bosselaers, M. 2005. Late Pliocene occurrence of
Hemisyntrachelus (Odontoceti, Delphinidae) in the sou-
thern North Sea. Deinsea 11: 29-45.

Post, K. & Kompanje, E.J.O. 2010. A new dolphin (Cetacea,
Delphinidae) from the Plio-Pleistocene of the North Sea.
Deinsea 14: 1-13.

Post, K. & Reumer, J.W.F. 2016. History and future of paleon-
tological surveys in the Westerschelde estuary (Province of
Zeeland, the Netherlands). Deinsea 16: 1-9.

Sacco, F. 1891. Sopra un cranio di Tursiops cortesii (DESM.)
var. astensis Sacco. Atti della Reale Accademia delle Scien-

ze di Torino 26: 703-712.

Sacco, F. 1893. 11 delfino pliocenico di Camerano Casasco (As-
tigiana). Memorie della Societa Italiana delle Scienze 9:
1-15.

Simonelli, V. 1911. Avanzi di Tursiops nel Pliocene senese.
Memorie della Reale Accademia delle Scienze dell Istituto
di Bologna 8: 249-259.

Simpson, G.G. 1945. The principles of classification and a clas-
sification of mammals. Bulletin of the American Museum of
Natural History 85: 1-X V1, 1-350.

Slijper, E.J. 1936. Die Cetaceen. Vergleichend-anatomisch und
systematisch. Capita Zoologica 7: i-xv, 1-590.

Trouessart E.L. 1898. Catalogus mammalium tam viventium
quam fossilum. New ed., Berlin, 5: 665-1264.



