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Abstract

Oligocene mysticetes display an unparalleled diversity and morphological disparity in the evolutionary history of Mysticeti. 
However, their paleoecological aspects, such as the patterns of coexistence of different morphotypes, remain poorly explored. Here 
we describe an aetiocetid (toothed mysticete) from the Jinnobaru Formation (lower upper Oligocene, about 28 million years ago) 
of Umashima Island, Kitakyushu, Japan. Our description of a toothed mysticete from the Oligocene of Umashima exemplifies the 
coexistence of toothed and baleen-assisted mysticetes in the northwestern Pacific. Hopefully, new finds of Oligocene mysticetes 
will lead to a well-sampled dataset for analyzing this and other related paleoecological traits to understand the demise of “archaic” 
Oligocene mysticetes and the subsequent rise of the modern-looking baleen-bearing whales in Miocene times.
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Introduction

The coexistence of closely related species often shows 
niche partitioning under various mechanisms, such as 
resource, spatial, and temporal partitioning, habitat 
differentiation, or size disparity (Schoener 1974). Baleen 
whales (Cetacea: Mysticeti), the largest animals ever 
generally avoid intense competition through food parti-
tioning. For example, blue whales consume euphausiids 
primarily, whereas fin whales predominantly forage on 
small fishes but also include euphausiids when abundant 
(Wursig et al. 2018). Yet, coexistence or competition 
of closely related mysticetes in the deep past has rarely 
been documented or discussed. The few remarkable 
examples include a large aetiocetid from the Oligocene 
of Hokkaido, which implies an early case of niche parti-
tioning by size disparity in toothed mysticetes along the 
northwestern Pacific coast (Tsai and Ando 2016), and a 

likely competitive exclusion between cetotheriid and 
eschrichtiid whales (Collareta et al. 2021). Here, we 
describe a newly collected aetiocetid specimen from 
the Oligocene of Umashima Island (Fukuoka, Japan; 
Fig. 1). This new specimen represents the first formally 
recognized toothed “baleen” whale from the Jinnobaru 
Formation. Given that the Jinnobaru Formation has also 
produced the well-preserved eomysticetid Yamatocetus, 
our discovery provides an opportunity to discuss the 
coexistence of different morphotypes of early mysticetes.

Institutional abbreviations

UCMP, University of California Museum of Paleontology, 
Berkeley, USA; USNM, National Museum of Natural 
History, Smithsonian Institution, Washington, D.C., USA; 
YM, Yamaguchi Prefectural Museum, Yamaguchi, Japan.
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Results
Systematic paleontology

Cetacea Brisson, 1762
Mysticeti Gray, 1864
Aetiocetidae Emlong, 1966

Aetiocetidae gen et sp. indet.
Fig. 2

Material. YM-G-100208, including the posterior part of 
the skull. A 3D file of YM-G-100208 is freely available 
at: https://zenodo.org/record/8140997.

Locality and age. YM-G-100208 was collected by 
Akito Makino on Umashima Island (about ten years ago, 
33°57'58"N, 130°51'41"E; Fig. 1), Fukuoka Prefecture, 
Japan. YM-G-100208 was a floating nodule when discov-
ered, resulting in an uncertain geological horizon. No 
microfossils, indicative of the geological age, have been 
recovered from the matrix with YM-G-100208. However, 
the matrix with YM-G-100208 is grayish and fine-grained 
sandstone, as typical of the Jinnobaru Formation of the 
Ashiya Group, which is the only exposed formation on 
Umashima (Nakae et al. 1998). In addition, YM-G-
100208 is extensively eroded but still preserves some skull 
sutures, suggesting that the specimen was likely not trans-
ported far from the original locality. Thus, we regard the 
geological horizon producing YM-G-100208 to be part of 
the Jinnobaru Formation of the Ashiya Group. The Ashiya 
Group includes the Yamaga, Norimatsu, Jinnobaru, Honjo, 
and Waita formations in ascending order stratigraphically 
(Ozaki et al. 1993). The geological age of the Ashiya 
Group ranges from the latest Early to Late Oligocene 
based on fission-track dating, calcareous nannofossils, and 
planktonic foraminifera (Saito 1984; Okada 1992; Ozaki 

et al. 1993), and the base of the Jinnobaru Formation was 
dated 28.91 ± 0.2 Ma by the sensitive high-resolution 
ion microprobe zircon U-Pb method (Sakai et al. 2014). 
The upper boundary of the Jinnobaru Formation remains 
uncertain, and we consider YM-G-100208 to be slightly 
younger than 28 Ma, about the early Late Oligocene, 
similar to Yamatocetus canaliculatus. The Jinnobaru 
Formation has produced abundant vertebrate fossils, 
including the eomysticetid Yamatocetus canaliculatus 
(Okazaki 1995; Okazaki 2012), the purported squal-
odontid “Metasqualodon” symmetricus (Okazaki 1982), 
and plotopterids (Olson and Hasegawa 1996).

Description. YM-G-100208 preserves the post-frontal 
skull. The anteriormost serration likely indicates the fron-
tal-parietal suture. Overall, the preserved part of the skull 
is eroded, and the natural sutures between bones are barely 
identifiable; the occipital complex is damaged. The right 
and left parietals meet at the dorsal midline, and the pres-
ence of the sagittal crest remains uncertain due to erosion. 
The anteriormost edge of the parietal is unclear, but the 
anteroposterior length of the parietal is much longer than 
its dorsoventral height. The posterior suture between the 
parietal and the supraoccipital is also eroded but shows 
a minor lateral extension of the supraoccipital, leaving a 
gentle overhang on the squamosal fossa posteriorly. The 
posterior-most margin of the parietal is also uncertain, but 
given the preserved morphology, it likely extends further 
back, only slightly anterior to the occipital condyle.

The supraoccipital is broadly triangular, and the 
anterior half is concave. Based on the surrounding 
morphology, the existence of a supraoccipital depres-
sion should be regarded as genuine. The suture between 
the supraoccipital and exoccipital likely remains partly 
unfused, but the post-mortem damage and compression 
hinder reliable judgment. The left occipital condyle is 
missing, but the overall preservation shows an oval shape 

Figure 1. Geological horizon and locality of YM-G-100208. (A) Geological column to indicate the collecting horizon. (B) Geographic 
map to show the collecting locality.
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of the magnum foramen (shorter dorsoventral height).
Ventrally, the flat surface of the basioccipital is wide 
(about 63 mm), and the basioccipital crest is massive and 
bulbous. The basioccipital crest runs posterolaterally.

Anterior to the basioccipital, a partially well-devel-
oped keel of the vomer is observed, and the height reaches 
about 31 mm. The ventral margin of the keel is eroded, 
but it gently slopes to the surface of the basisphenoid/
basioccipital posteriorly from the anterior margin of the 
pterygoid sinus. The vomer extends posteriorly at least 
to the level of the basioccipital crest. On the right side of 
the skull (the left side is eroded), the oval-shaped pter-
ygoid sinus orients anteromedially, being much longer 
anteroposteriorly than wide. Posteriorly, the periotic is 
broken and eroded. The shape and degree of protrusion 
of the anterior process of the periotic remains uncertain 
due to erosion but shows a contact with the squamosal. 
The squamosal is also heavily eroded, but the base of the 
squamosal is robust based on the broken surface.

Body size and ontogenetic stage. We estimated 
that the bizygomatic width of YM-G-100208 is about 
28 cm. Based on this estimation, we used Pyenson and 
Sponberg’s equation (2011) for stem mysticetes:

log (TL) = 0.92*(log(BIZYG[in cm]) – 1.72) + 2.68

to assess the body size of YM-G-100208, resulting in 
268 cm – typical for aetiocetids. The skull sutures that 
can help assess the ontogenetic stage (Walsh and Berta 
2011) are broadly eroded. But, given the fusion of some 
sutures, such as the suture between the basioccipital and 
basisphenoid, and robustness, we consider that YM-G-
100208 represents a subadult at least.

Comment. YM-G-100208 shows its aetiocetid affinity 
by displaying the following combination of characters: 
body size less than 3 m long, outline of the supraoccip-
ital broadly triangular, an anteriorly-thrust supraoccipital, 
straight lateral margins of the supraoccipital, a moderate 
exposure of parietals on the skull roof, and a well-de-
veloped basioccipital crest. YM-G-100208 differs from 
llanocetids in its small body size, lack of the sagittal 
trough, bulbous basioccipital crests, and the ventral 
keel of the vomer extending posteriorly to the level of 
the basioccipital crest. YM-G-100208 further differs 
from mammalodontids in having a broadly triangular 
supraoccipital, a less elongate intertemporal region, a 
well-developed and bulbous basioccipital crests, and the 
ventral keel of the vomer extending posteriorly to the 
level of the basioccipital crest. YM-G-100208 differs 
from eomysticetids in lacking the sagittal crest on the 
skull roof and the ventral keel of the vomer extending 
posteriorly to the level of the basioccipital crest. YM-G-
100208 further differs from other crown mysticetes in 
having the parietals exposed on the skull roof. Due to the 
incompleteness of YM-G-100208, we provisionally iden-
tify it as belonging to Aetiocetidae gen. et. sp. indet. This 
taxonomic identification allows for the first recognition 
of coexisting toothed and baleen-assisted mysticetes in 
the northwestern Pacific.

Discussion
Our description of YM-G-100208 represents a formal 
recognition of the presence of aetiocetids in the Jinnobaru 
Formation, likely coexisting with the eomysticetid 
Yamatocetus canaliculatus. Interestingly, “Metasqualodon” 
symmetricus was originally named and recognized as an 
odontocete (Okazaki 1982), but later cladistic analyses 
suggested its placement in the mysticete lineage (Geisler et 
al. 2017; Boessenecker et al. 2023). The updated descrip-
tion and formal taxonomic revision of “Metasqualodon” 
symmetricus, which require a new generic identification, 
remain under progress (pers. comm. with Y. Okazaki). In 
addition, the lack of overlapping materials between YM-G-
100208 and the holotype of “Metasqualodon” symmetricus 
hinders our interpretations of taxonomic similarities and 
the detailed composition of the mysticete communities 
of the Jinnobaru Formation. That said, the description of 
YM-G-100208 indicates a complex Oligocene ecosystem 
in the Jinnobaru Formation, with the co-occurrence of 
baleen-assisted eomysticetids and toothed mysticetes.

In the northwestern Pacific, two units, the Ashiya 
Group (including Jinnobaru Formation) in Kyushu and the 
Morawan Formation in Hokkaido, have yielded abundant 
Oligocene fossil cetaceans. However, the faunal compo-
sition of the two fossil whale-rich formations features 
an apparent discrepancy. Various species of toothed 
mysticetes were recovered from the Morawan Formation 
of Hokkaido, but no eomysticetids (Barnes et al. 1995; 
Tsai and Ando 2016), whereas both toothed mysticetes 
(this study) and eomysticetids (Okazaki 2012} have been 
documented (Fig. 2) from the Jinnobaru Formation of the 
Kyushu area. This faunal discrepancy, coupled with the fact 
that the Jinnobaru Formation (about 28 Ma) is older than 
the Morawan Formation (ranging from 26 to 24 Ma), may 
reflect an evolutionary scenario of the ecosystem structure 
along the northwestern Pacific. The competition between 
toothed mysticetes and baleen-assisted eomysticetids 
should have been less intense (a common resource-depen-
dent niche partitioning). Then, toothed mysticetes may 
have dispersed north and differentiated to occupy various 
niches in the Oligocene waters of Hokkaido, resulting the 
size disparity of toothed mysticetes (Tsai and Ando 2016).

Alternatively, the faunal discrepancy between the 
Jinnobaru and Morawan formations may indicate 
the need for more research effort in the Ashoro area, 
Hokkaido, which has produced various aetiocetid species 
but no baleen-assisted mysticetes (Barnes et al. 1995;Tsai 
and Ando 2016). On the other side of the North Pacific 
(Fig. 2), abundant Oligocene mysticetes, including both 
toothed and baleen-assisted species, inhabited both 
the northern and southern waters of the eastern North 
Pacific (ranging from Washington of the USA to Mexico) 
(Barnes et al. 1995; Marx et al. 2015; Peredo and Uhen 
2016; Hernández-Cisneros 2022; Hernández-Cisneros 
and Nava-Sanchez 2022). Of note, a toothed mysticete, 
Chonecetus sookensis, has also been recovered from 
Canada (Russell 1968). Still, given the geographic 
locality and geological horizon, Chonecetus sookensis 
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from the Oligocene of Canada can be considered as part 
of the faunal composition from the Oligocene sediments 
in Washington, USA. This distribution pattern suggests 
more abundant Oligocene mysticetes from the western 

North Pacific. For example, the Oligocene mysticete 
composition between New Zealand and Australia also 
shows a prominent discrepancy; New Zealand includes 
various baleen-assisted and toothed species (Fordyce and 

Figure 2. The skull of YM-G-100208 and a well-preserved skull of Aetiocetus weltoni (UCMP 122900) for comparison. (A) Dorsal 
view of Aetiocetus weltoni (UCMP 122900). (B) Ventral view of Aetiocetus weltoni (UCMP 122900). (C) Dorsal view of YM-G-
100208. (D) Ventral view of YM-G-100208.
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Marx 2016; Boessenecker and Fordyce 2017; Tsai and 
Fordyce 2018), whereas toothed mysticetes represent 
the only Oligocene mysticetes in Australia (Fitzgerald 
2006; Fitzgerald 2010). Interestingly, the supplementary 
information of a recent publication (Marx et al. 2019) 
listed 12 specimens (earbones: bullae) and identified as 
eomysticetids or chaeomysticetes from the Oligocene of 
Australia. Future finds should substantiate this identifica-
tion and provide a better understanding of the Oligocene 
mysticete communities of the Southern Ocean.

Oligocene mysticetes show an unparalleled diver-
sity and morphological disparity in the evolutionary 
history of Mysticeti (Barnes et al. 1995; Fitzgerald 2010; 
Boessenecker and Fordyce 2015; Tsai and Fordyce 2015; 
Geisler et al. 2017; Peredo et al. 2018; Tsai 2023), and some 
of the most challenging questions in the mysticete evolu-
tion are whether toothed aetiocetids possessed proto-baleen 
and how the mysticete toothed-baleen transition occurred 
(Ekdale and Deméré 2022; Peredo et al. 2022). Such a tran-
sition in the structure of the feeding apparatus of baleen 
whales indeed played a critical role and attracts intense 
research efforts. Our description of a toothed mysticete 
from the Oligocene of Umashima (Kyushu, Japan) and a 
compilation of Oligocene mysticetes across the globe (Fig. 
3) should draw more attention to finding more Oligocene 
mysticetes and lead to a well-sampled dataset for analyzing 
the coexistence pattern or other related paleoecological traits 
to understand the demise of “archaic” Oligocene mysticetes 
and give rise to the modern-looking baleen whales.
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