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1.�Introduction
A�total�of�fourteen�woolly�mammoth�fossils�have�

been�reported�from�Japan.�With�the�exception�of�one�
case�discovered�in�the�Sea�of�Japan�off�Shimane�Prefecture,�
all�the�others�were�discovered�in�Hokkaido�（Takahashi�
et�al.,�2００6 ; �Takahashi�et�al.,�2０13）.

In�this�paper,�we�name�the�newly�discovered�
woolly�mammoth�molar,�found�on�April�26,�2０24,�off�
the�Notsuke�Peninsula�in�eastern�Hokkaido�（about�1.2�
km�from�land）,�as�“the�Third�Notsukesaki�Specimen”.�
We�report� the�circumstances�of� the�discovery,� a�

morphological�description�of�the�molar,�and�present�
the�results�of�dating�and�isotope�ratio�measurements,�
along�with�some�accompanying�discussion.

The�fossil�molar�reported�here�was�retrieved�
from�the�seafloor�by�a�fishing�boat�（Daihachi�Kaisei�
Maru,�affiliated�with�the�Notsuke�Fishery�Cooperative�
Association）�engaged�in�scallop�fishing�operations�near�
the�discovery�site.�Subsequently,�Mr.�Hayato�Adachi,�
a�crew�member�who�was�sorting�salvaged�scallops,�
discovered�the�molar�fossil.�On�May�8,�the�molar�fossil�
was�delivered�to�Notsuke�Elementary�School,�where�
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Abstract
In�April�2０24,�a�new�woolly�mammoth�molar�was�discovered�off�the�Notsuke�Peninsula�in�eastern�

Hokkaido.�It�was�found�to�be�a�well-worn�right�maxillary�first�molar,�and�AMS14C�of�the�molar�suggested�
an�age�range�of�approximately�42,０００�to�41,０００�cal�BP.�The�dating�results�obtained�in�this�study,�along�
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molar�was�recovered�from�a�slightly�deeper�seafloor�that�had�been�deepened�by�tidal�currents,�and�the�
fossil-bearing�layer�is�presumed�to�be�a�sand�and�gravel�stratum�based�on�the�conditions�of�occurrence.�
The�δ13C�value�of�the�molar�is�–18.０�‰,�which�is�higher�than�that�of�the�common�woolly�mammoth�
found�in�northern�Eurasia.�This�difference�in�δ13C�values�may�be�ascribed�to�the�feeding�habits�of�the�
woolly�mammoths�that�inhabited�this�region�or�coastal�area.
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Adachi's�son�attends.�The�school�teacher,�Shinji�Hasegawa,�
recognized�the�significance�of�the�fossil�and�brought�
it�to�the�Betsukai�Town�Local�History�Museum.

Ishiwatari,�deputy�director�of�the�Betsukai-cho�
Local�History�Museum,�contacted�Soeda,�the�senior�
manager�of�the�Makubetsu-cho�Board�of�Education,�
who�was�familiar�with�fossils�in�Hokkaido.�Takahashi,�
who�had�received�a�request�from�Soeda,�examined�the�
fossil�molar�and�confirmed�its�classification�as�a�right�
upper�first�molar�of�woolly�mammoth,�Mammuthus 
primigenius.

Takahashi�conducted�measurements�and�provided�
descriptions�of�the�molar,�while�AMS14C�dating�and�
stable�isotope�measurements�were�performed�by�Paleo�
Lab�Co.,�Ltd.�（Saitama,�Japan）,�commissioned�by�the�
Betsukai-cho�Historical�Museum.�The�review�of�the�
obtained�ages�and�stable�isotope�measurements�was�
overseen�by�Pokharel�and�Kinoshita�of�Kyoto�University,�
and�all�the�authors�contributed�to�the�comprehensive�
discussion�of�the�results.

This�molar�represents�a�significant�discovery,�
as�both�the�discovery�site�and�the�age�of�the�habitat�

are�known.�It�is�expected�to�be�one�of�the�most�important�
specimens�for�the�study�of�Japanese�woolly�mammoths�
in�the�future,�considering�the�valuable�dating�and�isotope�
ratio�information�obtained.

2.�Description
2.1�Description�of�molar

Order���Proboscidea�Illiger,�1811
Family��Elephantidae�Gray,�1821
Genus���Mammuthus�Burnette,�183０

Mammuthus primigenius�（Blumenbach）,�1799

Material : �Right�upper�first�molar,�kept�by�Betsukai-cho�
Local�History�Museum�（BLHM,�Specimen�No.�4）
Locality : �Off�the�Notsuke�Peninsula,�Notsuke-cho,�
Notsuke-gun,�Hokkaido�（43°59′49″N,�145°34′55″E）�（Fig.�
1）
Horizon : �Unknown
Age : �AMS14C�dating�of�collagen�extracted�from�the�
root�of�the�molar�indicates�36,65０±23０�yr�BP�（Laboratory�

Fig.�1���Localities�of�the�Third�Notsukesaki�specimen�（4）�and�other�woolly�mammoth�specimens�from�the�same�area.
����������The�figure�is�based�on�the�nautical�chart�‘Approaches�Notsuke�Suido�（W18）’�published�by�the�Japan�Coast�Guard�and�issued�

by�the�Japan�Hydrographic�Association�（December�2005）.�1.�First�Notsukesaki�specimen,�2.�Todowara�specimen,�3.�Second�
Notsukesaki�specimen,�4.�Third�Notsukesaki�specimen.�Dark�areas�indicate�land.�Depth�units�are�in�meters.
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No.�PLD-52878）.�Calibrated�age�41.96０–41,218�cal�BP�
（2σ）was�obtained�using�the�program�OxCal�4.4�
（Ramsey,�2００8 ; �Ramsey�and�Lee,�2０13）.
Description : �The�molar�consists�of�eleven�well-worn�
plates.�The�occlusal�surface�is�oval,�with�a�narrower�
transverse�diameter�on�the�proximal�side�than�on�the�
distal�side.�The�whole�enamel�loops�are�narrow�in�
mesial–distal�section,�and�mesial�and�distal�parts�of�the�
enamel�loops�are�parallel�to�each�other.�Lamella�frequency�
is�8.�Enamel�is�thin�（1.9-2.2�mm）,�with�fine�enamel�folds.�
The�lingual�and�buccal�views�are�triangular.�The�distal�
plane�is�strongly�tilted�proximally�toward�the�root�tip�

（Fig.�2）.
The�measurement�method�for�the�specimens�

followed�Takahashi�（1991）.�Measurements�of�the�specimen�
are�given�in�Table�1.

2.2�Dating�and�isotope�ratio�measurements
The� dating� and� 13C� and� 15N� stable� isotope�

measurements�were�performed�at�Paleo�Lab�Co.,�Ltd.�
The�following�description�is�based�on�the�report�of�
Paleo�Lab�Co.,�Ltd.
Methods

Before�collagen�was�extracted,�the�sample�was�

Fig.�2���The�Third�Notsukesaki�specimen,�Mammuthus primigenius�（right�upper�M1）
�����������1.�lingual�view,�2.�buccal�view,�3.�mesial�view,�4.�occlusal�view,�5.�distal�view,�6.�root�view
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washed�by�ultrasonic�and�acetone�washing�to�remove�
stains,�adhesive�oils,�and�fats�on�the�surface.�The�Flash�
EA1112�（Thermo�Fisher�Scientific�Inc.,�Tokyo,�Japan）�
gasification�pre-treatment�analyser�（EA）�was�used�to�
determine�the�carbon�and�nitrogen�content,�with�
acetonitrile�（Kishida�Chemical�Co.,�Ltd.,Osaka,�Japan）�
used�as�the�standard�sample.

The�carbon�stable�isotope�ratio�（δ13CPDB）�and�
nitrogen�stable�isotope�ratio�（δ15NAIR）�were�measured�
using�a�DELTAplus�Advantage�mass�spectrometer�
（Thermo�Fisher�Scientific�Inc.�）,�with�IAEA�Sucrose�
（ANU）�used�as�the�standard�for�carbon�stable�isotope�
ratios�and�IAEA�N1�for�nitrogen�stable�isotope�ratios.

For�carbon�and�nitrogen�stable�isotope�ratio�
measurements,�samples�were�sealed�in�tin�containers�
and�dropped�into�a�combustion�furnace�in�the�EA�with�
ultra-pure�oxygen,�where�they�were�combusted�and�
gasified�at�high�temperatures�using�the�oxidation�heat�
of�tin,�and�completely�oxidized�with�an�oxidation�catalyst.�
Next,�nitrogen�oxides�were�reduced�in�a�reduction�
column,�water�was�trapped�with�magnesium�perchlorate,�
and�CO2�and�N2�were�separated�in�a�separation�column�
for�detection�and�quantification�by�TCD,�respectively.�
The�furnace�and�separation�column�temperatures�were�
1０００°C,�68０°C,�and�35°C,�respectively.�The�separated�
CO2�and�N2�were�directly�introduced�into�the�mass�
spectrometer�through�the�interface�with�a�helium�carrier�
gas,�and�the�stable�isotope�ratios�were�measured.�The�
C/N�ratio�（molar�ratio）�was�calculated�based�on�the�
obtained�carbon�and�nitrogen�contents.

For�radiocarbon�dating,�the�extracted�collagen�

was�sealed�in�quartz�tubes�and�burnt�to�gasify�the�
CO2.�The�CO2�gas�was�then�purified�and�graphitised.�
The�resulting�graphite�was�measured�using�an�accelerator�
mass�spectrometer�（Paleo�Labs,�compact�AMS: �NEC-
1.5�SDH）.�The�obtained�14C�concentrations�were�corrected�
for�isotope�fractionation�effects,�and�14C�age�and�calibration�
age�were�calculated.�Calibrated�age�ranges�of�14C�ages�
were�obtained�by�OxCal4.4.�The�correction�function�
supplied�with�OxCal�was�also�used�to�examine�marine�
reservoir�effects.

Table�1.�Measurements�of�the�Third�Notsukesaki�specimen�（Right�upper�M1）

Plate�number +11
Using�plate�number 11
Length�of�crown 119.8�mm
Maximum�length�of�crown ditto
Occlusal�surface�length ditto
Height�of�crown 5０.1�mm（8th�lamella）

＊82.4�mm�to�the�tip�of�the�root.
Maximum�height�of�crown ditto
Width�of�crown 72.6�mm（8th�lamella）
Masticatory�face�width ditto
Enamel�thickness 1.9–2.2�mm
Lamellar�frequency 8�（buccal�side）,�8�（lingual�side）

＊Values�measured�over�a�length�of�5�cm�and�multiplied�by�two.
Eruption�angle 5０°
Occlusal�angle 85°–9０°

Table�2.��Results�of�carbon�and�nitrogen�stable�isotope�ratio�
measurements

Pre-treatment�weight 17０.38�mg
Collagen�recovery�volume 11.29�mg
Collagen�recovery�rate 6.6�%
Carbon�content 36.9�%
Nitrogen�content 13.2�%
C/N�ratio�（molar�ratio） 3.26
Carbon�stable
��isotope�ratio�（δ13CPDB）

–18.０�‰

Nitrogen�stable
��isotope�ratio�（δ15NAIR）

7.2�‰

Table�3.��Results�of�radiocarbon�dating�and�Calibrated�14C�age�
range.

δ13C –17.73±０.16
14C�age 36,65０±23０�yr�BP
Conventional�14C�age 36,647±227�yr�BP�
Calibrated�14C�age�range（1σ） 41.795–41,382�cal�BP
Calibrated�14C�age�range（2σ） 41.96０–41,218�cal�BP
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Measurement results
The�results�of�carbon�and�nitrogen�stable�isotope�

ratio�measurements�are�shown�in�Table�2,�and�the�
radiocarbon�dating�results�are�shown�in�Table�3.

3.�Discussion
3.1��Woolly� mammoths� discovered� off� the� Notsuke�
Peninsula

Including�the�present�specimen,�four�woolly�
mammoth�fossils�have�been�recovered�from�the�Notsuke�
Peninsula�（Fig.�1,�Table�4）.�These�fossils�were�found�
in�the�area�used�for�scallop�farming,�where�young�
scallops�are�‘ground-spread’�on�the�seabed�to�grow.

To�haul�up�the�grown�scallops,�a�net�affixed�
with�an�iron�claw�at�the�entrance,�referred�to�as�‘Keta-
ami’,�is�deployed�and�dragged�along�the�seabed.�In�this�
process,�the�woolly�mammoth�fossils�lying�on�the�seabed�
are�coincidentally�ensnared�to�the�net.

The�locations�of�mammoth�elephant�fossils�found�
off�Notsukezaki�are�marked�on�the�nautical�chart,�
indicating�that�they�are�taken�from�areas�of�slightly�
deeper�water�than�the�surrounding�area�（Fig.�1）.�Owing�
to�the�nature�of�the�scallop�fishery,�consisting�of�several�
repetitions�of�deploying�and�dragging�a�net�for�several�
tens�of�minutes�within�a�defined�fishing�area,�determining�
the�exact�collection�site�is�challenging.�However,�it�is�
evident�that�the�woolly�mammoth�fossil�was�recovered�
during�the�operations�on�a�specific�day.

The�hollows�in�the�seabed�from�which�these�
woolly�mammoth�fossils�were�recovered�are�thought�

to�be�landforms�that�formed�during�the�glacial�low�sea�
level�period�（Suga�et�al.,�2００7）.

Evidence�indicates�that�vertebrate�fossils�have�
been�found�in�geologically�analogous�landforms�in�the�
Seto�Inland�Sea�and�surrounding�Awaji�Island�in�the�
west�of�Japan�（Kurashiki�Museum�of�Natural�History,�
1988 ; �Watanabe,�2００4 ; �Nakao,�2００4,�etc.）,�but�these�
hollows�were�created�by�tidal�currents�digging�into�
the�seabed.

Based� on� the� fishermen’s� information,� the�
discoverers�of�the�Second�Notsukesaki�specimen�and�
the�present�specimen�reported�the�substantial�presence�
of�gravel�on�the�seabed�in�the�area�where�fossils�were�
found.�This�is�also�confirmed�by�Suga�et�al.�（2００7）.�It�
can�be�inferred�that�the�woolly�mammoth�fossils�found�
off�Notsuke�Peninsula�are�contained�in�the�sand�and�
gravel�layer�below�the�seabed,�and�they�are�likely�to�
be�exposed�during�scallop�fishing�operations�in�areas�
where�ocean�currents�have�eroded�the�strata,�causing�
them�to�dislodge�and�surface�out�of�the�strata.

3.2�Age�of�inhabitation
The�chronology�of�the�occurrence�of�woolly�

mammoths�in�Hokkaido�has�been�summarized�by�
Takahashi�et�al.�（2０13）.�According�to�Takahashi�et�al.�
（2０13）,�the�ages�of�woolly�mammoths�range�from�45,11０�
±�48０�to�16,32０�±�9０�yr�BP�without�calibration�of�
calendar�age.�The�present�third�Notsukesaki�specimen�
has�an�age�of�36,65０�±�23０�yr�BP�（41.96０�-�41,218�car�
BP�（2σ））,�which�falls�within�the�previously�reported�

Table�4.�List�of�specimens�discovered�off�Notsuke�Peninsula

Loc.�
no

Specimen�
name

Portion Date�of�
collection

14C�age
（Lab.�no.）

Conventional�14C�age
（yr�BP±1σ）

Calibrated�14C�age
（cal�BP,�2σ）

δ13C
（‰）

References Depository

1 First�
Notsukesaki�
specimen

Right�
upper�
M3

Middle�of�
May,�1981

2０,243±243 − 24,996−23,816�BP − Kamei�（1987）
Akiyama�et�
al.�（1989）

BLHM

2０,7００±12０
（Beta-184269）

2０,77０±12０ 25,321−24,632 -2０.6 Takahashi�et�
al.�（2００6）

2 Todowara�
specimen

Right�
lower�
P4�or�
M1

May�11,�
1986

Radiocarbon�
dating�
attempted,�but�
not�possible
（Beta-184268）

− − − Kamei�（1987）
Takahashi�et�
al.（2００6）

BLHM

3 Second�
Notsukesaki�
specimen

Left�
lower�
M1

Middle�of�
May,�2００3

＞42,98０
（Beta-184935）

− − -17.7 Takahashi�et�
al.�（2００6）

BLHM

4 Third�
Notsukesaki�
specimen

Right�
upper�
M1

April�26,�
2０24

36,65０±23０�
（PLD-52878）

36647±227 41,96０−41,218 -18.０ This�report BLHM
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ages�of�woolly�mammoths�in�Hokkaido.
The�findings�from�the�Notsuke�Peninsula�indicate�

that�the�specimens�are�at�least�2０,０００s�years�old,�possibly�
exceeding�4０,０００�years�in�calendar�age.�This�suggests�
a�continuous�presence�of�woolly�mammoths�in�this�
area�from�MIS�3�to�the�beginning�of�MIS�2�（Table�4）.�
As�discussed�below,�if�these�woolly�mammoths�had�
been�foraging�on�seaweed�and�sea�grass�found�and�
washed�up�along�the�shoreline,�it�is�also�essential�to�
address�the�marine�reservoir�effect�on�radiocarbon�
dating.

The�marine�reservoir�effect,�depending�on�the�
proportion�of�marine�products�ingested,�can�influence�
the�14C�age,�necessitating�an�estimation�of�the�marine�
product�dependency�rate�and�subsequent�correction.�
Based�on�Yoneda�（2００5）,�the�marine�product�dependency�
ratio�was�assumed�to�be�35.1%.�Calibration�for�the�
marine�reservoir�effect�was�performed�using�the�provided�
function�in�OxCal,�resulting�in�the�regional�correction�
factor�（ΔR）�of�23０�±�139�yr,�which�is�an�average�of�
the�values�surrounding�Kunashiri�Island�（Kuzmin�et�
al.,�2００1）.

The�calibrated�calendar�year�value�（2σ）�reflects�
a�range�of�41,712–4０,81０�cal�BP�（obtained�from�the�
Paleo�Lab�report）.�The�analysis�indicates�that�considering�
or�not�considering�the�marine�reservoir�effect�did�not�
significantly�change�the�results.

3.3�Carbon�and�nitrogen�stable�isotope�ratios
In�the�present�study,�the�stable�isotope�ratios�

of�carbon�and�nitrogen�（δ13C�and�δ15N）�were�measured�
using�collagen�samples�extracted�from�the�root�dentine�
of�the�molar�（Table�2）.�The�δ13C�and�δ15N�values�
measured�from�animal�collagen�reflect�and�correspond�
to�the�isotopic�composition�of�the�plants�consumed�by�
the�animal,�the�soil�in�which�the�plants�grew,�and�are�
influenced�by�climatic�and�environmental�parameters�
（Kohn,�1999 ; �Lee-Thorp,�2００8）.

Rey-Iglesia�et�al.�（2０24）�discussed�circular�
structures�in�woolly�mammoth�bones�found�at�the�
Kostenki�11�site�in�south-west�Russia.�They�presented�
the�δ13C�and�δ15N�values�for�378�published�woolly�
mammoth�data�from�North�America,�Russia�and�Europe,�
and�38�data�from�the�Kostenki�11�site,�dating�from�
>55,5００–13,871�cal�yr�BP.�The�δ13C�values�ranged�
roughly�from�–23�to�–19.5�‰,�and�the�δ15N�values�
ranged�from�2�to�15�‰.

In�contrast,�the�δ13C�and�δ15N�values�of�the�

newly�discovered�woolly�mammoth�molar�from�off�the�
Notsuke�Peninsula�were�found�to�be�–18.０�‰�and�7.2�
‰,�respectively.�This�δ13C�value�is�remarkably�higher�
than�those�from�northern�Eurasia�and�northern�North�
America.

The�present�analysis�reported�a�collagen�recovery�
rate�above�1%�and�a�C/N�ratio�of�3.26,�within�the�normal�
range�of�2.9–3.6�（DeNiro,�1985）,�indicating�no�significant�
collagen�alteration�or�carbon�contamination�from�external�
sources,�including�the�effects�of�marine�diagenesis.

Nevertheless,�δ13C�values�are�slightly�higher�
than�those�of�the�common�woolly�mammoth�and�also�
higher�than�those�of�common�herbivores�（–23.3�to�–18.9�
‰ ; �van�der�Plicht�and�Kuitems,�2０22）.�Similar�value�
was�also�reported�in�the�Second�Notsukesaki�specimen.�
With�the�probable�effects�of�marine�diagenesis�and�
alteration�being�lower,�these�high�δ13C�values�are�
likely�attributable�to�the�feeding�habits�and�dietary�
preferences�of�C4�plants,�CAM�（Crassulacean�Acid�
Metabolism）�plants,�seaweed�and�sea�grasses,�which�
have�reportedly�high�δ13C�values�（as�observed�（δ13C�
value�of�-18.4�（bone）�‰）�in�the�extant�Namib�desert�
elephants�feeding�on�CAM�plants,�Vogel�et�al.,�199０）.�
We�plan�to�further�investigate�this�aspect�after�examining�
the�data�from�other�woolly�mammoth�fossils�from�
Hokkaido�in�the�future.
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A newly discovered woolly mammoth molar from off the Notsuke Peninsula in Hokkaido, Japan
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要旨

2024年4月26日に北海道東部に位置する野付半島の沖から新たなマンモスゾウの臼歯化石が発見
された．化石はよく咬耗した右上顎第 1 大臼歯であり，その年代は暦年補正した年代でおよそ4万
2000～4万1000年前であった．これまで発見されている野付半島沖の 3 点の標本も含めて考察する
と，この地域には少なくとも MIS 3 ～MIS 2 の始まりにかけてマンモスゾウが生息していたこと
がわかる．化石の包含層は砂礫層であり，潮流で包含層にまで海底が掘り下げられた水深のやや深
い場所で，転石の状態で存在している可能性があることなどが推定される．また，今回の化石の
δ13C の値は－18.0 ‰であり，この値はこれまで世界各地から知られている一般的なマンモスゾウ
の値に比較して高い値を示しているが，その原因としてはこの地域あるいは海岸地域に生息してい
たマンモスゾウの食性が関係している可能性が考えられる．


