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Abstract. The gray whale Eschrichtius robustus, the only living member of the eschrichtiid lineage, currently inha-
bits only the North Pacific. Interestingly, however, the holotypes of both E. robustus and the late Miocene Archaeschrich-

tius ruggieroi (the oldest known eschrichtiid species) come from the North Atlantic and the Mediterranean, respectively.
Here we describe a partial mysticete mandible from the Pliocene (3.71-2.76 Ma) of Belgium (Eastern North Atlantic).
This new fossil displays a combination of morphological features that makes it nearly identical to modern E. robustus.
Nevertheless, given its incomplete nature, the studied specimen is here identified in open nomenclature as belonging
to Eschrichtius sp. The recognition of such an early record of Eschrichtins in the North Atlantic suggests that this genus
developed a circum-Northern Hemisphere distribution not later than in Pliocene times, thus complicating our under-

standing of its origin, evolutionary history, and palacobiogeographic patterns.

INTRODUCTION

Nowadays, the gray whale Eschrichtins robustus
(Lilljeborg, 1861) (the only living representative of
the mysticete family Eschrichtiidae) solely inhabits
the North Pacific (e.g., Wilson & Mittermeier 2014;
Swartz 2018). Until the 18" century, howevet, E. r0-
bustus used to occur in the North Atlantic as well
(e.g., Post 2005; Aaris-Serensen et al. 2010; Garri-
son et al. 2019, and references therein), its regional
extinction likely having resulted from whaling acti-
vity (Mead & Mitchell 1984). The North Atlantic
(hereinafter regarded as including the Mediterrane-
an cul-de-sac) is not only home to the holotype of

Received: July 16, 2019; accepted: November 11, 2019

extant E. robustus, but also the region where the geo-
logically oldest eschrichtiid species, Archaeschrichtins
ruggieroi Bisconti & Varola, 2006 from the late Mio-
cene of Italy, was found. That said, the fossil record
of Eschrichtins Gray, 1864b that demonstrates its ori-
gin and evolutionary history appears to have been
mostly recovered from North Pacific sites (e.g., Bar-
nes & Mcl.eod 1984; Ichishima et al. 20006; Tsai et
al. 2014; Tsai & Boessenecker 2015).

Here, we report on a partial mandible from
the Pliocene of Belgium whose morphology is
strongly reminiscent of that observed in extant
juveniles of Eschrichtins. In spite of their fragmen-
tary nature, incomplete and isolated fossil remains
of baleen-bearing whales have often provided new
valuable information on several aspects of the life
history (Clementz et al. 2014), origin and extin-
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Fig. 1 - The geographic setting (A) and geological horizon (B) of the finding site of IRSNB M 2316, partially preserved right mandible of

Eschrichtius sp. from the Pliocene of Belgium, and its collocation in the broader framework of the global distribution of living and
fossil Eschrichtins (C). The red arrow in panel A indicates the finding site (Deurganckdok). The whale silhouette in panel B indicates
the stratigraphic position of IRSNB M 2316, in the upper portion of the basal shelly unit of the Oorderen Sands Member of the
Lillo Formation, about 22 m below the main level of the sea at Ostend at low tide (TAW: Tweede Algemene Waterpassing; see text for
explanation). Repartition of the Deurganckdok deposits in formations and members as shown in panel B follows Louwye et al. (2004).
The absolute ages of deposition of the Kattendijk Formation, Oorderen Sands member, and Kruisschans Sands member presented in
panel B are reported from De Schepper et al. (2009). The labels in panel C refer to the pre-Holocene occurrences of Eschrichtius (data
sources: Tsai & Boessenecker 2015; Kimura et al. 2018; this work). Panels A and B adapted and modified from Bisconti & Bosselaers
(2016); panel C adapted and modified from Tsai & Boessenecker (2015).

ction (Tsai & Boessenecker 2017), regional diversi-
ty (Boessenecker 2013), breeding sites (Tsai 2017),
anatomical features (Fitzgerald 2012), and survival
of clades (Boessenecker & Fordyce 2017) in past
mysticete communities and lineages. Similarly, the

new eschrichtiid specimen described herein from
the Pliocene of Belgium (Fig. 1) represents a no-
teworthy fossil whose geological age is comparable
to that of the previously oldest known occurrence
of Eschrichtius from the North Pacific (Ichishima et
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al. 2000); as such, it suggests that eschrichtiids deve-
loped a circum-Northern Hemisphere distribution
before the Pleistocene, thus evoking a complex hi-
story for the emergence and evolution of Eschrich-
fius.

Institutional abbreviations: ECOMARE: Vonk collection
at Museum Ecomare, De Koog, Texel, The Netherlands; IRSNB: In-
stitut Royal des Sciences Naturelles de Belgique, Brussels, Belgium;
NMR: Natuurhistorisch Museum Rotterdam, Rotterdam, The Ne-
therlands.

SYSTEMATIC PALEONTOLOGY

CETACEA Brisson, 1762
MysticeT1 Gray, 1864a
Eschrichtiidae Ellerman & Motrrison-Scott, 1951
Eschrichtins Gray, 1864b

Eschrichtius sp.
Fig. 2A-F, H, |

Material: IRSNB M 2316, a partially preserved right mandi-
ble. It includes the middle part of the horizontal ramus of the man-
dible, with the dorsal and ventral margins preserved, as well as mental
and gingival foramina. Bioerosion scars (Anellusichnus Santos, Mayoral
& Muiiiz, 2005) due to the attachment of sessile acorn barnacles are
common all over the cortical surface of the bone, evoking the per-
manence of the IRSNB M 2316 on a relatively shallow seafloor prior
to burial [see e.g. Coletti et al. (2018) for a general interpretation of
barnacle-rich Neogene deposits]. Measurements of IRSNB M 2316
are as follows: maximum preserved length, 284 mm; maximum pre-
served width, 52 mm; maximum preserved height, 110 mm.

Geographical and geological setting.

IRSNB M 2316 was found along the south-
western border of the Deurganckdok tidal dock
(geographic coordinates of the discovery site: N
51°17°23”, E 4°15°48”), during harbor expansion at
the port of Antwerp (Flanders, Belgium; Fig. 1A),
at a depth of about 18.5 m below the Tweede Al-
gemene Waterpassing (TAW). TAW stands for the
standardized (rectified) second general water level
(main level of the sea at Ostend at low tide). The
stratigraphic horizon of the finding is located in the
upper portion of the basal shelly unit (sens# Lou-
wye et al. 2004) of the Oorderen Sands Member
of the Lillo Formation, which marks the contact
with the underlying Kattendijk Formation (Fig. 1B).
The deposition of this horizon has been referred to
the 3.21-2.76 Ma time span (i.e., early to mid Pia-
cenzian, Late Pliocene) via the integration of dino-
flagellate cyst biostratigraphy and sequence stratig-

raphy (De Schepper et al. 2009). However, a large
fraction of the siliciclastic and bioclastic material
that comprises the basal shelly unit of the Oorderen
Sands Member seemingly originates from rework-
ing of the Luchtbal Sands Member, a geologically
older unit that has not been detected at the finding
site, the deposition of which appears to have oc-
curred between 3.71 Ma and 3.21 Ma (De Schep-
per et al. 2009). Considering the fragmentary nature
of IRSNB M 23106, as well as its aforementioned
bioeroded appearance, reworking of this specimen
from the Luchtbal Sands Member cannot be ruled
out. Therefore, we conservatively propose a geo-
logical age of 3.71-2.76 Ma (i.e., late Zanclean to
mid-Piacenzian, mid-Pliocene) for the cetacean fos-
sil studied herein.

Detailed information on the deposits exposed
at the finding locality has been provided by Louwye
et al. (2004), Lambert & Gigase (2007), De Schep-
per et al. (2009), Colpaert et al. (2015), Bisconti &
Bosselaers (2016), and Bisconti et al. (2017).

Taxonomic identification and descriptive
remarks.

IRSNB M 2316 displays a combination of
morphological characters that makes this specimen
nearly identical to Eschrichtius robustus (Fig, 2G, 1),
namely: 1) the laterodorsal surface of the preser-
ved portion of the mandible is flattened to gently
concave; 2) the preserved portion of the mandi-
ble is weakly bowed dorsally (i.e., it forms a slight
dorsoventral arc); 3) the maximum value of tran-
sverse width of the dentary is observed in the lo-
wer half of the bone; 4) the mental foramina are
elongated and sharply pointed posteriotly; 5) the
orientation of the mental foramina changes along
the mandible, with the posterior ones being more
anterodorsally oriented than the anterior ones; 0)
a weak mylohyoidal depression, instead of either
a deep mylohyoidal sulcus (as in Balaenidae) or no
cavity at all (as in Balaenopteridae), is present along
the medioventral margin of the dentary; and 7) the
disposition of the mental foramina depicts an ar-
ched line in lateral view, with the middle ones being
slightly more dorsal than the peripheral ones (Fig.
2A-T). In particular, the combination of slight la-
teral and dorsoventral arcs with a weak mylohyoi-
dal depression compares favorably with extant gray
whale dentaries and is not observed in members of
cither balaenids, balaenopterids and neobalaenids.
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Fig. 2 - IRSNB M 2316, partially preserved right mandible of Eschrichtius sp. from the Pliocene of Belgium (panels A—F, H, J), and mandibles of
juvenile and adult individuals of the extant species Eschrichtins robustus (panels G—J). A) posterior view of IRSNB M 2316; B) anterior
view of IRSNB M 2316; C) lateral view of IRSNB M 2316, with superimposed arrows for highlighting the mental foramina; D) dorsal
view of IRSNB M 2316; E) medial view of IRSNB M 2316; F) ventral view of IRSNB M 2316; G) lateral view of NMR 9991-1783,
left mandible of a juvenile extant individual of E. robustus; H) close-up on a mirrored image of panel G, with a superimposed enlarged
lateral view of IRSNB M 2316; I) lateral view of ECOMARE B2 492, subfossil right mandible of an adult individual of E. robustus
from the Southern Bight (southern North Sea); J) the same as panel I, with a superimposed enlarged lateral view of IRSNB M 2316.
The scale bar on the left side of the figure refers to panels A to F; the scale bars at the right margin of the figure refer to the modern
mandibles depicted in panels G to J; the scale bars on the left part of panels G and I refer to the enlarged lateral views of IRSNB M

2316 superimposed therein. All the scale bars equal 20 cm.

Of note, a mylohyoidal depression or faint sulcus
variably occurs in fossil and extant eschrichtiids (Bi-
sconti & Varola 2006; Bisconti 2008; Garrison et al.
2012) and appears to be to some extent comparable
to that of Balaenidae (e.g., Bisconti & Varola 2000;
Marx & Fordyce 2015). Morphological similarities
are particularly strong between IRSNB M 2316 and
NMR 9991-1783, a juvenile individual of Eschrichtins
robustus (Fig. 2G, H). Furthermore, IRSNB M 2316
also exhibits some features that seemingly distin-
guish it from the adult specimens of extant Eschrich-
tius (Fig. 21, ]), namely: 1) the overall small size of
the bone; 2) the medial surface of the dentary being
only gently concave; 3) the cross-section of the ho-
rizontal ramus being sub-oval rather than roughly
D-shaped; and 4) the weaker dorsoventral bending
of the bone. As IRSNB M 2316 is nearly identical
to NMR 9991-1783 (Fig. 2H), the above differences
between the former and the adults of the only living
species of Eschrichtius (Figs. 2]; 3) might reasonably
be interpreted as due to a juvenile ontogenetic stage
of the Deurganckdok specimen. Besides, IRSNB M
2316 is most likely not a newborn, as the bone does

not show any sign of sponginess or incompletely
ossified surfaces. Based on these considerations,
and taking into account the incomplete nature of
the Pliocene fossil described herein, we conservati-
vely identify IRSNB M 2316 in open nomenclature
as belonging to Eschrichtius sp.

DiSCcUSSION AND CONCLUDING REMARKS

The fossil mysticete mandible IRSNB M
2316 from the Pliocene of Belgium closely matches
the extant Eschrichtius in morphology, thus evoking
the presence of phenetically modern eschrichtiids
in the North Atlantic realm as eatly as ¢ 3.71-2.76
Ma. Prior to this find, the oldest record of Eschrich-
tins came from the Late Pliocene of Hokkaido, Ja-
pan, along the Northwestern Pacific margin (Ichi-
shima et al. 2006) (Fig. 1C). The geological age of
our specimen is therefore comparable to that of
the Hokkaido fossil, strongly suggesting a circum-
Northern Hemisphere distribution for Eschrichtius
prior to the Pleistocene. Fossil eschrichtiid genera
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Fig. 3 - A) Line drawing of a cranium and mandible of Eschrichtins in right lateral view (the gray-shaded area represents the bone portions
preserved in the Pliocene Belgian specimen IRSNB M 2316); B) size comparison between the cranium and mandible of an average
full-grown extant individual of Eschrichtins robustus (line drawing) and the partially preserved fossil right mandible IRSNB M 2316. The

scale bar for panel B equals 1 m.

also include the early late Miocene (i.e., Tortonian)
Archaeschrichtius Bisconti & Varola, 2006 from the
Mediterranean, the Early Pliocene Eschrichtioides Bi-
sconti, 2008 from the Mediterranean, and the Early
Pliocene Gricetoides Whitmore and Kaltenbach, 2008
from the western North Atlantic. Although various
analyses have attempted to assess the phylogenetic
relationships between the above genera and extant
Eschrichtins (e.g,, Boessenecker & Fordyce 2015;
Marx & Fordyce 2015; Bisconti & Bosselaers 2010),
the origin and evolutionary history of Eschrichtins
remain only partly deciphered so far. Indeed, the
overall paucity and poor preservation state of fos-
sil Eschrichtins specimens worldwide still preclude a
comprehensive understanding of which species is
the precursor of extant gray whales (see e.g. Tsai &
Fordyce 2015 for the proposal of an ontogenetic
clade to recognize the ancestry of modern baleen
whales) or how Eschrichtins survived as the sole re-
lict species of the eschrichtiid lineage (see Pyenson
& Lindberg 2011 for a discussion on feeding mode
shifts as a tool for Pleistocene survival). With the
three extinct genera of eschrichtiids (Archaeschrich-
tius, Eschrichtioides, and Gricetoides) all being found
in the North Atlantic, the occurrence of a Plioce-
ne fossil of Eschrichtins (represented by IRSNB M
23106) in Belgium evokes a North Atlantic setting
for the origin of Eschrichtius.

The discovery of IRSNB M 2316 also sti-
mulates further conjectures about the evolutiona-
ry history of Eschrichtius. Until very recent times,
Eschrichtins was regarded as a monotypic genus, only
including the extant species Eschrichtius robustus.
Kimura et al. (2018) recently described Eschrichtins

akishimaensis Kimura, Hasegawa & Kohno, 2018
from the Early Pleistocene of Japan (Fig. 1C), thus
hinting to a more complex evolutionary path fol-
lowing the origin of Eschrichtius. 1t Eschrichtius really
originated in the North Atlantic, then a currently
undescribed species of Eschrichtins might have di-
spersed through the Arctic Ocean into the Paci-
fic, eventually giving rise to the extant E. robustus
and the extinct E. akishimaensis. This interpretation
might be supported by the presence of Eschrichtins
in the Pleistocene of Alaska (Repenning 1983), but
more finds of well-preserved material are needed
to confirm or disprove our hypothesis. In addition,
the presence of Eschrichtins in the Pliocene of Bel-
gium also raises the issue of species longevity. The
exact time span of species is scarcely discussed for
mysticetes and, more in general, for all cetaceans,
and the same can be said for the longevity of higher
taxonomic ranks such as genera. This issue invol-
ves evolutionary rates, which might range within an
extremely broad spectrum. For example, diversity
and growth patterns suggest that the balaenopterids
(i.e., Balaenoptera Lacépede, 1804 and Megaptera Gray,
1840) are characterized by a fast evolutionary rate,
whereas it is much slower in the neobalaenid Caperea
Gray, 1864a (a possible relict cetotheriid; Fordyce &
Marx 2012; Marx & Fordyce 2016) (Tsai & Fordyce
2014). Although eschrichtiids have not been tested
so far, their phylogenetic affinity (e.g,, Arnason et al.
2018; Marx & Fordyce 2015) with the quickly evol-
ving balaenopterids (Tsai & Fordyce 2014) but low
diversity (similar to the slowly evolving neobalae-
nids) might suggest an intermediate (i.e., moderate)
rate in evolution.
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Additionally, given its small size (Figs. 2H, ],
3), IRSNB M 2316 likely represents a rather young
individual. Owing to the incompleteness of IRSNB
M 2316, its ontogenetic stage cannot be ascertai-
ned. However, as its size is roughly comparable with
that of the mandibles of very young individuals of
extant gray whale (i.e., NMR 9991-1783; Fig. 2G,
H), IRSNB M 2316 might represent a very young
Eschrichtius, even though not a newborn, but more
complete congeneric specimens need to be col-
lected for confirming this hypothesis. Nevertheless,
if our interpretation is correct, it might be possible
to identify previously unknown breeding/calving
sites of Eschrichtins in the North Atlantic via the fin-
ding of newborn specimens and the reconstruction
of the landscapes and climates of the North Sea
during the Pliocene (Funnell 1996; Louwye et al.
2004; De Schepper et al. 2009). In the present case,
unfortunately, an unambiguous reconstruction of
the palacoenvironment where the Eschrichtius spe-
cimen described herein used to live is frustrated by
uncertainities regarding the possible reworking of
this fossil: indeed, the Luchtbal Sands Member and
the Oorderen Sands Member bear different palae-
oclimatic significances (while the former testifies to
relatively cool waters, the latter reflects deposition
in mostly warm-temperate conditions; De Schep-
per et al. 2009). More generally, recognition of past
mysticete reproduction areas is often problematic,
but with sound evidence and careful consideration,
it can be demonstrated. For example, abundant spe-
cimens of the extinct baleen whale Parietobalaena ya-
maokai Otsuka & Ota, 2008 were recovered from a
single middle Miocene horizon in Hiroshima, Japan;
further detailed examination of this fossil scenario,
including the occurrence of an unequivocal new-
born of Parietobalaena Kellogg, 1924 and the restora-
tion of paleocoastlines, provided convincing direct
evidence for a long-lost breeding site (Tsai 2017).
Similarly, indirect evidence, such as the collection
of fossil whale barnacles (Cirripedia: Coronulidae)
that live exclusively on the cetacean skin, can also
suggest ancient mysticete migration routes or bree-
ding/calving sites (e.g., Collareta et al. 2016, 2018a,
b). As a matter of fact, coronulid shells identified
as belonging to Coronula barbara Darwin, 1854 (a li-
kely junior synonym of the extinct species Coronula
bifida Bronn, 1831) are known from the Oorderen
Sands Member of the Lillo Formation (Marquet et
al. 2009), whereas at least one subfossil specimen of

Cryptolepas rhachianecti Dall, 1872 (a host-specific co-
ronulid phoront of extant Eschrichtius; Pilsbry 19106)
is known so far from the North Sea region (Bosse-
laers & Collareta 2016). Therefore, further finds will
hopefully contribute to depict the lost nursery areas

of Eschrichtius in the North Atlantic.
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