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Reconstruction of multi-decadal climate variability based on sclerochronological
analysis of long-lived bivalve shells Mercenaria Stimpsoni
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We analyzed radiocarbon in the bivalve shell and revealed the time-series
history of radiocarbon concentration along the Iwate Prefecture coast. We also found that most of
the dead shells were killed by the 2011 tsunami. We found that growth cessation occurs during winter

even in southern species of Veneroidea mollusks and that the period of it is prolonged with age.
Analysis of fossil specimens from oxygen isotope stages 5, 7, and 9 revealed that some of the
specimens had lifespans of more than 100 years even during the past warm period and that the
variation in oxygen isotope ratios was smaller than in the present specimens.



¥ X C—19. F—19—1, Z—19 (5@

1. BWFFEBRRESAIDE R

HIER DS TR 2 72 H I CEEN L TV 5. RIEEE) A B = X LA OFEM7R BRARSCRE 3 Sy DLtk O
N2 LR O H BRI AV B 2 3l 9~ 2 7= 0 121E, D DI ERE O JE B KA 8 2 &
BNCHRREA L5 Z E RMBEARA R THS. LoL, BUHKEEIC L2 RIER EOREEREITEL T
t, 1850 FERLIEICIR BN TR Y, & BISHFEOBLIT — 2 1% 1950 FLIREIZIR H TV 5 &
IMENH L. —JF, WERHCEZE L CANE, K[EEEO K E SITBAEO MERIERL O Sk %
ENZESHLEDEH AT ERMBENTWS., UL, EEICBITFAREN T REEETH D
HIEHEREY) = 7 13RI EE N AR+ Th 0, REMREMBERETH DV K ISR
FEWER D IR AL D 78, BN O SRR E HERET — 2 I3E L AR LTV D, @i
DEREEEN TR 2 DRI RKEREELZ 52 TRV, &5 ZHERERELOPE & KHEE ~ %
MEXY LRIAT DD, TOHEMITEMEAN - AESRFEFCEE CTH 5. JIZ, KPR
BOTIEEHEFMEOBMTHRICEH L TWDH I ERMON TS, HERER{LICX - T
EO L OITEEEEENE T AR T A2 EOEBEMIIRE V. L LARR L, EiEkic
BB WEREEGERITE LS KM L TERY, Fx ORBHKELEN T 287 2 1517 T\ 5. R
iz,
(1) HERER IR O RBEEEN L E D X H I L=k ?

(2) BEOHERIBRGICIIREEAMKELENGE L2 2 FE L= THIUE, JEHCME X
EORETH 720 ?

728D, RERKIROEAIZHT 2 JE W 72 KUEZE B DB DUV TIRBRE D HE A TUV R0

2. MEDEW

TOX DRI T AL LT b LI FREIL, BENOILLS ST 5 M HRE
EHWTENRRE T TH A 5. A HBIIE A OB 2 otk - RAAREL & L ChRisk L7
SATINE T %728, BREZ2RRSI Ttk 2 EN IR GSRIER CTH 5. Bx ORI V—7
L, BERTEHTZ MEHOFTHRLEMOEWIE ) AH A WZER L, W2 ED Tz
v ATATD R & 150 EOFmEFD, HEPIZIXWisE 2 iei=D, HAZ—/LOfE
BECHEFEICDIE 2 BREEZE LT DI ENAETH H.

T ZTARIRIE, B AN A GRORERRRNT & ERE 0 HTic L v,

(a) BIAEHBO~YAZ—7 v/ aU—iEI X 5MEREHFE b 2 RS T

() b BTz L 2 Lo EREEIC BT 5 BAMKELEOE T

ATV, B E M LB EORBEMHO R R MKELEBS OLE L A = XA AT 5 2
LARAME Lz, HikOEMBEEROREZIL THIZ L > TRENBERICENZIT#EL TV
T2 E VD FREE L 7 B R OBRSZ RN S IFTKIE DO LA A LN TE 5. F LT
R () R 72 ZEEIZHONWT, fliERY — 2 EEER TRE LIMUA RS Z T (&
SEERPER), REORRE Y - Thd [wAX—/u/uad—| 2ERTAINTE, B
Btk E S OICHEMT D Z ENFREE 725, 61T, B ATAIXEE 2 EOBEBCHEND b
IEERERT D720, {bARB AT 5 2 & TH B LLET - BRI > T HEBREEB A 15 5
TLEMTEDL LWV IHINERD B.

3. WFRDIFE

AL T,

O TIRKBERT ) SERIX U2 BA © ) A A 58 B T2 iR B ROV PR S T FE S T e IR D 1 .
QETFRKBER N DRI L2 ) A0 A ke AW~ A X —7 1 ) ao—E4
QOFEERED~ VAKX LA R K EZRDOREHEXOHRE

@FENHLE ) ATA A ZE Wi EO KL B O T

DA DDOEBIZ DWW THLINCHEEZITo72. WTHOEBIZOWTY, B ALY Hik
OB ERE,  Hk oV - GO - AFERIC &V Wi 2 822 rTREZIRIBIC 975, BARREEIC LV AR
L, ~ A7 v FU U780 RTINS RRE 2 BRER, By RAOR O RRSE IR 38 22 E ALK

WD, BEITIE CTHREERRRE DT, &0 ) FIRTHHT 21T -7

4. BFERE
O FEKREERT 2> HEER U BE E ) AT A 5% % AV 2 ik i Ve B S i i 25 B B R D18 .

B R BRI EIE TR E 6 HEROEAREHI O W THERZHEET 5 72O DO EE 2 Fik
ThbH. LoL, WEREHT DWW CIIIBE TR IR 3B O B R B IR E OREEME (VU —3—
ZhE) &, 1950 AEARICAT O T BZ 5Bk H S D il ik 52 D it (Bomb peak) 12X AHEELE VYD
2ODORENRD D, K EFRITIRERIENTIC L 0 IBEIC E D DIF > THEHE O FE L £ D 5
ZENTE DD, HBROBEIMERFZ N5 Z & TEERB KOS ERE L Y P —r3—
RO EBORRFEELE LT H I ENARETHS.



B 1, AWFRIC L VT LA FRIBFEOBITERFIREORERSIZE (R) ZRLTW5.
D78, RERHF OB IERFIREOEE () ¥ TEENOEI L S F S E WK
JBIEIZOWTH R L TH D, RKRHOBIRNMERFBIREOZEE (B) &, AoV IHRNHET
Lo & OEWIT DWW T RAHF M BREDOBATIMR O A K LT Y, KRFENHR
WCBITABITBRBEDO A D= RNCHOWCEERT—X L2551 T, %kI@ﬁ%@@F
B U R R ENRE OMEE R EIc K& HERT 57 — % Th . ABFFEIL Kubota et al.
(2018) & LTHRELT.

@E%’Z%iﬁ&ﬁ#%%ﬁﬁ&btt J AHA R\~ A —T 0 ) o Pv—iE5
BRI EN-FEigomEid TRIZE o TRENFREHRICENZF#E L T\ =) EWVWHFFIEET
HY, fEAE— /%@ﬁ@%f%Abﬁﬁ%ﬂ< & T, RISk A RO Fam 2B 2 CIEfH
THIENFRETH D, AWFZE TIIRBERTINEN DRI LT- B AT A FEFRIT DWW TR AR
ﬁ&m%@mﬁﬁﬁﬂm%ﬁo_tf,E#%tbt&% VI ERHETDE LB, v AKX —
ra)nad—OHRR T,
K 2 1T NETONRETEOSNTWDE ) AHA EHORE Y2 — DI RIIEE (F) &,
FERRDRN 2 — DI RINEE (F) ThD. FEFRITOW TS MR FEARNE % 58 CHEAT
%u&m@®*“%%\ﬁ?6 & T, EfERERIEEIT-T-. LvL, MR FEAH
ENIEHFEORZEEZMND . 207D, FHORE Y —2 LT 2R ZEFE R EERIC LY 14
®FVTER%&E¢5 TR LT, T ORER, £ DY AN A ERT 2011 FEDHEKIZ
FDHEEL TR ZEBRHLNE o7 WHEFEAH DL  ITFHHENFED 1T W2 OUFETOI
CERZRET D Z EIXREERGE R0, MEITEDMGE SN0, KRFEEZIGHT S
TETHEAA IV IIRZDERNEZETHZENARETHD 2 ENbhotz. £, IO
RAFRIREIC L0 BREEFLERDY 1880 AL VD Z EAVRan7z. Z DpkRix Kubota et al.
& LT Radiocarbon I CTHEFHH TH 5.

Mercenaria shell Coral (Pato) EFEﬁEY:E%EgJ ($'fﬁbimm\ ﬁﬁ?—%ﬁ_\)
o Seovetor (Funskost) Sty 10 e r— 1 1 1 !

250 Lot 1000 )

200 800 0.1 5
< 150 ;\?g\
2 & =
= 600 3
9 100 z<1
P ] 0.01-
ﬁ 400 £ | 20104F|C
o 9] r BHRORBIAE | 1
© 507 < ‘ :
= @ | Aaksif A
3 200 g LAY
N ol E 1355 DB A 1

< \
Lo T T T T T 0.01
0 1880 1900 1920 1940 1960 1980 2000 2020
)33
-100 i e -200
1930 1950 1970 1990 2010
Year A.D. 1 2

QHEREDZNAK VA B K E RO EEADOHEE

TR ERERERR D2 — /ﬁ‘EJﬂiEODWF%(EE‘?‘éB” L, f)ﬂﬁ%‘%ﬂ‘hkﬁﬁ@%{%ﬁiﬂ%ﬁ
A SN TV D RENRDH D, FFIC, K- o -7 77 N B EOREERIIMEIC
SLEEERTT 20, RE Y — /k@%%ﬁ%%ﬁ?é EBMELR B, t/xﬁ%ia
PRI BB A A EiPH A2 R0 25, MEORBEHNIIBER E CHOME AT Tz Z L 3bihro
Tk, Secuella chitaniana &\ ) T 2 DALAITRBAEN N2 E b D> TND. ZDT0,
BEERRIE CY VALV TAB AR ED L D B EF T 20 2L 52 EBHME
ThHb.

AW TIITERE DL LT=T 7 AV r~ A Gafrarium pectinatum, 7 77 /~N~<7
U Pitar citrinus, RONAX LN~ 7 VU Katelysia japonica O 3FEO<)VAZ LA B K
HIZOW T ERER & BE L ORBIEIC OV TH LM L. K3 IZ3EofkEke LT, 77
AV A OWREERE (F) EBRBRAAEL SHEE L2KIEOBFR (F) 122501,
HEEHC L D RANEE LR LK TH D, 3O OFRE, BB T LAWK REER
DEZ D Z L, EEHROWIFIIMEIC LY B LT 252 &, AR EITKIR - 5 - 77
V7 hUEREOREERICHBE SN TS Z L, REEZHALMNI L. 2 OSEIX Tanabe et




al. (2020) & LTHELT.

-3.5 ™ ™ T ™
Gafrarium pectinatum (Gp-1) ! {1\3374
_30} Aget Age2 1 Ageld %n 4
(1994) (1995) (1996) !

8180 sample vs. VPDB (%o)
2w
w0 (=]

-1.0F -1
1
1
-0.5 'L 1 1 1
0 10 20 30 40 50 60 70 80
(b) Sample number
40 ! N v ' RS g.ggugug o
L Gafrarium pectinatum (Gp-1) :/1\!9!:74: 3 1,312 1221818 4
s hali] fat o B o R
sl Age 1 Age 2 Age 3 1(1997), ¥ ':fif ]
- (1994 (1995) (1996) ' ' 1o, o
[ (1994) 1< E <<
. loe 1 4
1 -4

25| nig
[ N Y J
; | L ] l_: 1 l_-.
i r U R
- l ] 1212189 o1 _|
“r : : L RRRE ]

L L L L L L

1 20, 4 . 60 + 80 .+ 1007 4 1120

1 L]
(C) ". K Sample n'umber: v '
, ’ '
250 ——y—T— T

- . = ' -
[ Gafrarium pectinatum (Gp-1) ! : Eg:g:ggé ]
Age1, Age2 | Age3 ! Aged !Agesii~l imeiz ]
1] -]
200 (1994))  (1995) |  (1996) ! (1997) ;(1998):§1§';-‘<’ :«:3':5- ]
_— o [ ' ' ' [ Ly 1
g ' H ! ‘ v oot ]
150 N N ' e [ -
g ' y ! o ]
1 1 ) ' .l Ty ]

.; ' N ’ ' tff Tyt
= 100 | d ' I
0 1 ) ' 1 ; ' : ' -
a ' 1 1| oyt -
| N ' I oyt ~
: il -
) | .

B

0
0 100 200 300 400 500 600 700 800 900 1000 110(
LDGI number toward ventral margin

X 3

@FENHLE ) ATA A % W2 EO KL O T

THRCBACF T BRE IR - BT L FENT A0, 1350 BEOHIERBREEIC OV T SRR E D
AF T a sy MR LGRS RTRE R A AR EE T H S AWFIE TR, I E DR O
BREETICHATEX AR H D B AHAEAICHONT, BMEEICRE SR TS E /A
HAACFA DEEARIZ O TG - 21T o 72, TORE, BB L OHAbofE» SRSz
BABRFRINIAAT —5, 7, 9D ATAMEAERPFHABETHDL Z RN, FRH0
WEHZ W TR DR L, ofricft L7-.

FROFAT OFER, WEDOEBEIC OV T 100 4ELL EOFH 2R ok Wiz Z &, BiARE
TRONTZ LD R HERMOZENIZIE EHBICIIR OGN o7 2 &, BRERNIARLI
BAERUEL & i U CEBIMEN /NS o722 L, REMKOFHIMETHRAE L RE LS ED S TN
DAITTREZBEIELTWEZ b, RENHLNE RS2, ZORRICOWTITRERE
HEFRTHD.



17 17 8 3

Tanabe Kazushige Miyaji Tsuzumi Murakami-Sugihara Naoko Shirai Kotaro Moriya Kazuyoshi 167

Annual shell growth patterns of three venerid bivalve mollusk species in the subtropical 2020

northwestern Pacific as revealed by sclerochronological and stable oxygen isotope analyses

Marine Biology 1-15
DOl

10.1007/s00227-019-3637-7

Zhao Ligiang Shirai Kotaro Tanaka Kentaro Milano Stefania Higuchi Tomihiko Murakami- 235

Sugihara Naoko Walliser Eric 0. Yang Feng Deng Yuewen Schoene Bernd R.

A review of transgenerational effects of ocean acidification on marine bivalves and their 2020

implications for sclerochronology

Estuarine, Coastal and Shelf Science

106620 106620

DOl
10.1016/j .ecss.2020.106620

Trofimova Tamara Alexandroff Stella J. Mette Madelyn J. Tray Elizabeth Shirai Kotaro et al

245

Fundamental questions and applications of sclerochronology: Community-defined research
priorities

2020

Estuarine, Coastal and Shelf Science

106977 106977

DOl
10.1016/j .ecss.2020.106977

Zhao Liqgiang Zuykov Michael Tanaka Kentaro Shirai Kotaro Anderson Julia McKindsey 520
Christopher W. Deng Yuewen Spiers Graeme Schindler Michael
New insight into light-enhanced calcification in mytilid mussels, Mytilus sp., infected with 2019

photosynthetic algae Coccomyxa sp.: & 13C value and metabolic carbon record in shells

Journal of Experimental Marine Biology and Ecology

151211 151211

DOl
10.1016/j . jembe.2019.151211




Zhao Liqgiang Shirai Kotaro Murakami-Sugihara Naoko Higuchi Tomihiko Tanaka Kiyoshi 260

Mussel periostracum as a high-resolution archive of soft tissue 6 13C records in coastal 2019

ecosystems

Geochimica et Cosmochimica Acta 232 243
DOl

10.1016/j .gca.2019.06.038

Walliser Eric 0. Tanabe Kazushige Hikida Yoshinori Shirai Kotaro Schoene Bernd R. 52

Sclerochronological study of the gigantic inoceramids Sphenoceramus schmidti and 2019

S. sachalinensis from Hokkaido, northern Japan

Lethaia 410 428
DOl

10.1111/1et.12321

Zhao Liqgiang Shirai Kotaro Murakami-Sugihara Naoko Higuchi Tomihiko Sakamoto Takashi T. 671

Miyajima Toshihiro Tanaka Kiyoshi

Retrospective monitoring of salinity in coastal waters with mussel shells 2019

Science of The Total Environment 666 675
DOl

10.1016/j -scitotenv.2019.03.405

Murakami-Sugihara Naoko Shirai Kotaro Hori Masako Amano Yosuke Fukuda Hideki Obata 3

Hajime Tanaka Kiyoshi Mizukawa Kaoruko Sano Yuji Takada Hideshige Ogawa Hiroshi

Mussel Shell Geochemical Analyses Reflect Coastal Environmental Changes Following the 2011 2019

Tohoku Tsunami

ACS Earth and Space Chemistry 1346 1352

DOl
10.1021/acsearthspacechem.9b00040




Zhao Liqiang Tanaka Kentaro Tazoe Hirofumi lizuka Tsuyoshi Kubota Kaoru Murakami-Sugihara 148

Naoko Shirai Kotaro

Determination of the geographical origin of marine mussels (Mytilus spp.) using 143Nd/144Nd 2019

ratios

Marine Environmental Research 12 18
DOl

10.1016/j .marenvres.2019.05.002

Yoshimura Taro Shirai Kotaro Murakami-Sugihara Naoko Sakai Saburo Sasaki Takenori 85

Sexual dimorphism in shell growth of the oviparous boreal scallop Swiftopecten swiftii 2019

(Bivalvia: Pectinidae)

Journal of Molluscan Studies 253 261
DOl

10.1093/mollus/eyz006

Tanaka Kentaro Okaniwa Nobuyuki Miyaji Tsuzumi Murakami-Sugihara Naoko Zhao Ligiang Tanabe 511

Kazushige Schoene Bernd R. Shirai Kotaro

Microscale magnesium distribution in shell of the Mediterranean mussel Mytilus 2019

galloprovincialis: An example of multiple factors controlling Mg/Ca in biogenic calcite

Chemical Geology 521 532
DOl

10.1016/j -chemgeo.2018.10.025

Shirai Kotaro Kubota Kaoru Murakami-Sugihara Naoko Seike Koji Hakozaki Masataka Tanabe 133

Kazushige

Stimpson®s hard clam Mercenaria stimpsoni ; A multi-decadal climate recorder for the northwest 2018

Pacific coast

Marine Environmental Research 49 56

DOl
10.1016/j -marenvres.2017.10.009




Seike Koji Sassa Shinji Shirai Kotaro Kubota Kaoru 123

Lasting Impact of a Tsunami Event on Sediment-Organism Interactions in the Ocean 2018

Journal of Geophysical Research: Oceans 1376 1392
DOl

10.1002/2017JC013746

Shirai K Koyama F Murakami-Sugihara N Nanjo K Higuchi T Kohno H Wananabe Y Okamoto K 593

Sano M

Reconstruction of the salinity history associated with movements of mangrove fishes using 2018

otolith oxygen isotopic analysis

Marine Ecology Progress Series 127 139
DOl

10.3354/meps12514

Shirai Kotaro Otake Tsuguo Amano Yosuke Kuroki Mari Ushikubo Takayuki Kita Noriko T. 236

Murayama Masafumi Tsukamoto Katsumi Valley John W.

Temperature and depth distribution of Japanese eel eggs estimated using otolith oxygen stable 2018

isotopes

Geochimica et Cosmochimica Acta 373 383
DOl

10.1016/j .gca.2018.03.006

Kubota Kaoru Shirai Kotaro Murakami-Sugihara Naoko Seike Koji Minami Masayo Nakamura 123

Toshio Tanabe Kazushige

Bomb-14C Peak in the North Pacific Recorded in Long-Lived Bivalve Shells (Mercenaria stimpsoni) 2018

Journal of Geophysical Research: Oceans 2867 2881

DOl
10.1002/2017JC013678




Komagoe Taro Watanabe Tsuyoshi Shirai Kotaro Yamazaki Atsuko Uematu Mitsuo

123

Geochemical and Microstructural Signals in Giant Clam Tridacna maxima Recorded Typhoon Events 2018
at Okinotori Island, Japan
Journal of Geophysical Research: Biogeosciences 1460 1474

DOl
10.1029/2017JG004082

(Nakashima Rei)

(00392639) (82626)

(Tanabe Kazushige)

(20108640) (12601)

(Kubota Kaoru)

(80774075) (14501)




University of Mainz




