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Development of the microscale stable isotope analytical technique of carbonate
in fish hardparts for temperature reconstruction
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The hard tissues of vertebrate bones and teeth are predominantly composed of
phosphate and contain a few percent of carbonate groups called structural carbonates. Stable oxygen
isotope ratios of structural carbonates record habitat temperature and oxygen isotope ratios of

ambient water in the case of metazoans and body temperature and oxygen isotope ratios of ambient
water in the case of thermostatic animals. If it becomes possible to reconstruct environmental and
ecological history using stable isotope ratios of structural carbonate, we can unravel unknown
histories of behavioral ecology in animals. In this study, we investigated the carbon and oxygen
isotope compositions of structural carbonates in fish bones, which have not been studied before, and
found their usefulness as environmental and ecological indicators by examining pretreatment and
analytical methods.



X C—19. F—19—1, Z2—19 (58)

1. RFRABEDDER

AR DOlR L E MR IE ., ZREM) T H VT4 RBREE DR ESCERE K 2, HiE#EY T
HIVUTHRIBSCER B K O & 5isk 3 5, FHEENY OREALL 215 L 72 ZERERFZEIT Y IR 0 §'°%0
INTIC X DD S TE 0, U UERED §80 T DEa . RIS EMED SR FE T O
RN O HTEDRRENRKRELS 2o TLEI D, BEHTEOBRENRKRELI LD LWV HIFRE
WdoTe, —F, BHEEWOE LW /e & ORI XL O REEELZ 5 AT Y (Biltz and
Pellegrino, 1977), TN & & REERIE & FESS, RIBIEDRINIARLL O TR EILXY Y BE LD b F
W2 OIREEIE ST O mHRE AL S IR T & . 2 OREMAY 7275 23 ATRRIZ 22 AU 38 72 2 AR Re i oD il
HAERBLTE S, LM LARND, ZHVE CHEHEEM) ORE REERIE O RAMARICBE T 2 AITZ L
<L & b AEOREE RGO RNAKEIZOW L, BREEFRE L L CORMGENTHEAL TV o
7ry T AR CIREE A M I oy b —L LB FofiE L AE 0Bk 415 H
T5 2 LT, MBEOREIEREEE O HTIEO B L IR ERFYEORGEICE Y MislcE -7,

2. ARDEW

ATIFZE T 1T, S SERE R OO A R R HE D 22 FE RN A FL 23 AT D 72 6D D BTALER 1 - S3 ATk A T L
TG IRBRIL D IR - BRSEFINLIR L OBRET - AETRIRIR & L CORMEZRET 21T 5. kN5 b
BRETE Rzt T& 2 & 9 IZehid, 8o LB @ b RIEORK ZHE TS, £,
~ 7 i e CIRIR 2 B o SO AR R I O (RIEERRROETTORRRE A LR (v )
FEARDLOTRA L WS TKERIRERICHEREREGEL LN TE D,

3. ARDAE

BB AKIE A TR LB ERIC L D B oz~ MERZ VT, W& RERE O [FI)L
R 24T o 72, 18°C, 20°C, 22°C, 23°COFEBRKIZIBWTHEE L7 fE8IRIZ OV T, FHEE .
e, BONOFEZSIH Lz, Milli-Q K THE#%, +o7e BRTREZITV., ZO%ITT v 7r—
X —NTREZEE L (B 20%RE), A/ v TEREIZHmRILL, BEZIT-o7, B
KaBHI H TR FE R RMELENFJEATIZ T, GasBenchll (Thermo Fisher Scientific, USA)% VT,
RN AN & 7HT5T Delta V plus (Thermo Fisher Scientific, USA) TiRE « BER RN KL 54T %
Fihi LTz, BEEISH L, 1.2%0 6 3.9%DREENGA LT e, o, fMERE o
K DERFE FINAR HCIR AR R 35 (DIC) D IR FBFNLAR LM % i L 7=,

4. AERE

(1) RMLERSE - ST FEORE

AHFZE Tl REEHE ORI 00 7 1 b S L ORREE A (T, B 0022 & RN A kb % 15
LHPREEMNLT D LN TE,

ORTALERE: D FEA

EHMREL B E Ui~ AL T, SIS XTI RERHE o R IR LI
WBE B2 52 L EPLNT L, BRE LTIV D BRICIE, b X 2 Bk LI
LB~ DEE L 5 ICREET A BENDH D Z L AR Lz, £72. BREHIWET 5 KkDE
BORAEEIT- T2, BRFEEY 7V L2 1T o 72V TV Tt k3% - IRE RN IR &
HIHBREZTIRONT., FOREEREZIT - 23R BHZ OW TIZ A D RN A~ R IE 88513/
IWNWEEZBND, 2L, KOWEEES =0, IREOBRIZIZT v r— 2 —ZIER L, BED
BOWE T CREFETLIZENEETH D,

ORI 53 3T D BB T A

R D2 E RN Tk, BB 2 AN A TANEEZEG & b LT He R EDH
AFHRFIZ LT, VUG ZEIT O BB O G R AT IZHE W T, ZRENOFiEEE
L& A, BEG X ZITo 72 v A TIEAEBICE WBERMAREIC BN Z 5 Z &N
Binotc, —H . IRBRENLRIIZOWTIL, BEZE5| & 21T > CTHRNMKICEILR R S e o
oo IS IR OFRRFENLIR LT DBRIT X, B2 & 21Th e\, A AR T TOHHTHMHE
[IND,

(2) HEXERERHE 0D RN A L D IR BEAR TEME DARFE

RSB ER 2 £ L7z~ A MARICOWT, BHEE - 5 - BONWOEORE - lBHLER
NARE 3T 2 i U= (AT A% - FHES N=20, B N=16, RO N=19), 3 ATDOHs
PAZDNT, WL EF KR & B OBEERMARLICITA B KREFE ER SN (K
1), MERMIE—ARBEGRRIL, BAEEL L 2R L, 72, BERME— KIRBEZ



AL, B R TAHZ Y 3 HY (K1), BEEITCOBRIITIHWDEAIERSLETH
Do Flo, RFBFENAREITIRE & OMBEIEFH< . FHEG L PENEVEZ R L, BOTUL 2-3%0
BEZAOL LV bEWVEZ R L., BADOREBRIMEKIZ, fEO= L —IHEE (W)
DX WERE L L THW STV 5 (Chung et al., 2019; Martino et al., 2020), AHFFETld, [A—FFY]
\ZHE LB A X0 VMEREZFH LT\ 2 &6, fMEIREIC X DR O@E W IT M
IR SN oTe, —F, el CFHEE & hE) LRE (BUWMY) TIXRFERAARIZH
ERIBWR D ST Z EnD, LV IERN TR I DRI OE IR ERDORFOREZ LD
< T D AR B D, BOWUL, AR B TV DRI L~ Tl O RIS HEK
DFGRRENTZOIZ, RBFNAREEDEVMEZ R L7e 2 &R E D, MR O bR ]
NARELIT, FERAEHERECE DI R T VB — g VAT 5 LT EEARIEE L 2 5 AREM:
N D,

1.0 1.0
~ EfR(100%REk1E) SRR (BICE%ER)
= 00 0.0 -
%-1.0 ] %-1 0 - “‘\
2 c ~F#&
=2 o O 20 - =
0 o = EUnNn
g 3.0 A 3.0
4 NakamuraI et al. (20?0) 0 ‘ | EHE
15 18 21 24 15 18 21 24
AGR(C) AGR(C)
BT 4 S ODRERED 0 YISO
e EMI AL S KR DR S 11| FIRRERIEE

ABFFERRED £ &0 & LT, BEOFREBORILE G IERLOT FEEZREI L, SHIZ, ZhE
THEBNZ LWFRIADE O IERIRIE O R 3% - BRR RN L 2B 5 22 Lic, BB RN
RERFENHER TS, REBEL LTHOMERMBELZTEHTE R T Uy Viddh o 2 L
RN T & To, AWPIETIRE L ITEIZMOFHEE I ILISHATEETH v | ERRFAORY
SEOMIEE RE SANESED ZENTE 2 EMfFS D, SRITTEREZ LT 2036 | WK
BRI DRIV L DFEIETTE 2 JRBT L TS PRETH D

O 5 3Lk
Biltz R. M., Pellegrino E. D. (1977). The nature of bone carbonate. Clinical Orthopaedics and Related
Research (1976-2007), 129, 279-292.

Chung M. T., Trueman C. N., Godiksen J. A., Holmstrup M. E., Grenkjer P. (2019). Field metabolic rates
of teleost fishes are recorded in otolith carbonate. Communications Biology, 2(1), 24.

Martino, J. C., Doubleday, Z. A., Chung, M. T., & Gillanders, B. M. (2020). Experimental support towards
a metabolic proxy in fish using otolith carbon isotopes. Journal of Experimental Biology, 223(6), jeb217091.

Nakamura M., Yoneda M., Ishimura T., Shirai K., Tamamura M., Nishida K. (2020). Temperature
dependency equation for chub mackerel (Scomber japonicus) identified by a laboratory rearing experiment
and microscale analysis. Marine and Freshwater Research, 71(10), 1384-1389.



37 35

17

55

2021
63 86
DOI
10.14934/chikyukagaku.55.63
12
2021
703 710
DOI
56
2022
1 17
DOI
10.14934/chikyukagaku.56.1
s s s 775
B — 14 2021
Isotope News 36 39

DOl




Tsuyoshi Watanabe, Mayumi Suzuki, Yoshihiko Komoto, Kotaro Shirai, Atsuko Yamazaki 569

Daily and annual shell growth in a long-lived freshwater bivalve as a proxy for winter snowpack 2021

Palaeogeography, Palaeoclimatology, Palaeoecology 110346
DOl

10.1016/j .palaeo.2021.110346

Yuji Sano, Tomoyo Okumura, Naoko Murakami-Sugihara, Kentaro Tanaka, Takanori Kagoshima, Akizumi 11

Ishida, Masako Hori, Glen Snyder, Naoto Takahata, Kotaro Shirai

Influence of normal tide and the Great Tsunami as recorded through hourly-resolution micro- 2021

analysis of a mussel shell

Scientific Reports 19874
DOl

10.1038/s41598-021-99361-2

Midori lida, Kyoka Kido, Kotaro Shirai 72

Migratory pattern and larval duration of an amphidromous goby (Rhinogobius nagoyae) at Sado 2021

Island, in northern Japan

Marine & Freshwater Research 1243 1249
DOl

10.1071/MF20094

Ming Tsung Chung, Ching Yi Chen, Jen Chieh Shiao, Kotaro Shirai, Chia Hui Wang 12

Metabolic proxy for cephalopods: Stable carbon isotope values recorded in different biogenic 2021

carbonates

Methods in Ecology and Evolution 1648 1657

DOl
10.1111/2041-210X.13630




Shohei Noda, Rui Ueda, Tatsuya Tanaka, Kotaro Shirai, Daisuke Kishi, Takuya Sato 99

Anadromous red-spotted masu salmon (Oncorhynchus masou ishikawae), a southernmost sea-migration 2021

form of salmonid, displays low variation in both age at seaward migration and sea age

Journal of Fish Biology 1947 1502
DOl

10.1111/j¥b.14818

Kaoru Kubota, Kotaro Shirai, Naoko Murakami-Sugihara, Koji Seike, Masayo Minami, Toshio 63

Nakamura, Kazushige Tanabe

EVIDENCE OF MASS MORTALITY OF THE LONG-LIVED BIVALVE MERCENARIA STIMPSONI CAUSED BY A 2021

CATASTROPHIC TSUNAMI

Radiocarbon 1629 1644
DOl

10.1017/RDC.2021.98

Hane Y Kimura S Yokoyama Y Miyairi Y Ushikubo T [Ishimura T Ogawa N Aono T Nishida K 649

Reconstruction of temperature experienced by Pacific bluefin tuna Thunnus orientalis larvae 2020

using SIMS and microvolume CF-IRMS otolith oxygen isotope analyses

Marine Ecology Progress Series 175 188
DOl

10.3354/meps13451

Nishida Kozue Yasu Ayaka Nanjo Nobuaki Takahashi Motomitsu Kitajima Satoshi Ishimura 245

Toyoho

Microscale stable carbon and oxygen isotope measurement of individual otoliths of larvae and 2020

Juveniles of Japanese anchovy and sardine

Estuarine, Coastal and Shelf Science

106946 106946

DOl
10.1016/j .ecss.2020.106946




Nishida Kozue Chew Yue Chin Miyairi Yosuke Hirabayashi Shoko Suzuki Atsushi Hayashi 11
Masahiro Yamamoto Yuzo Sato Mizuho Nojiri Yukihiro Yokoyama Yusuke
Novel reverse radioisotope labelling experiment reveals carbon assimilation of marine 2020
calcifiers under ocean acidification conditions
Methods in Ecology and Evolution 739 750
DOl
10.1111/2041-210X.13396
Sakamoto Tatsuya van der Lingen Carl D Shirai Kotaro Ishimura Toyoho Geja Yonela Peterson 77
James Komatsu Kosei
Otolith & 180 and microstructure analyses provide further evidence of population structure in 2020
sardine Sardinops sagax around South Africa
ICES Journal of Marine Science 2669 2680
DOl
10.1093/icesjms/fsaal30
85
2021
1 13
DOl
Zhao Ligiang Higuchi Tomihiko Kanamori Makoto Natsuike Masafumi Misaka Naoyuki Murakami- 163
Sugihara Naoko Tanaka Kentaro Shirai Kotaro
Identification of timing of scallop morphological deformity and mortality from shell oxygen 2021

isotope records

Marine Environmental Research

105149 105149

DOl
10.1016/j -marenvres.2020.105149




Trofimova Tamara Alexandroff S. J. Mette M. J. Tray E. Butler P.G. Campana S.E. Harper 245
E_.M. Johnson A. L.A. Morrongiello J.R. Peharda M. Schone B. R. Andersson C. Andrus C. F.

T. Black B. A. Burchell M. Carroll M.L. Delong K.L.,,,,,,Shirai K. Thebault J. Trueman

C. de Winter N.

Fundamental questions and applications of sclerochronology: Community-defined research 2020

priorities

Estuarine, Coastal and Shelf Science

106977 106977

DOl
10.1016/j .ecss.2020.106977

Itakura Hikaru Yokouchi Kazuki Kanazawa Takahiro Matsumoto Masahiro Matoba Tatsuhito 39
Wakiya Ryoshiro Shirai Kotaro Ishimatsu Atsushi
Diverse downstream migration patterns of the anadromous Japanese grenadier anchovy Coilia nasus 2020

in the Chikugo River estuary and Ariake Sea, Japan

Regional Studies in Marine Science

101436 101436

DOl
10.1016/j .rsma.2020.101436

Honda Kentaro Shirai Kotaro Komatsu Shinji Saito Toshihiko 86

Sea-entry conditions of juvenile chum salmon Oncorhynchus keta that improve post-sea-entry 2020

survival: a case study of the 2012 brood-year stock released from the Kushiro River, eastern

Hokkaido, Japan

Fisheries Science 783 792
DOl

10.1007/s12562-020-01442-0

Sato Mao Kobayashi Hirozumi lida Midori Shirai Kotaro Sasaki Kunio 68

A record of Tetraroge nigra (Tetrarogidae) from Iriomote Island, southern Japan, with notes on 2020

its ecological aspects

Ichthyological Research 207 213

DOl
10.1007/s10228-020-00763-5




Quang Le Dung Yin Fui Siau Tanaka Kentaro Suratman Suhaimi Sano Yuji Shirai Kotaro 96

Feeding habitats of juvenile reef fishes in a tropical mangrove-seagrass continuum along a 2020

Malaysian shallow-water coastal lagoon

Bulletin of Marine Science 469 486
DOl

10.5343/bms.2018.0093

Matsubayashi Jun Osada Yutaka Tadokoro Kazuaki Abe Yoshiyuki Yamaguchi Atsushi Shirai 23

Kotaro Honda Kentaro Yoshikawa Chisato Ogawa Nanako O. Ohkouchi Naohiko Ishikawa Naoto

F. Nagata Toshi Miyamoto Hiroomi Nishino Shigeto Tayasu Ichiro

Tracking long- distance migration of marine fishes using compound- specific stable isotope 2020

analysis of amino acids

Ecology Letters 881 890
DOl

10.1111/ele.13496

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

Sugihara Naoko Walliser Eric 0. Yang Feng Deng Yuewen Schone 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

Brosset Cornelia Hoche Nils Shirai Kotaro Nishida Kozue Mertz-Kraus Regina Schone Bernd R. 12

Strong Coupling between Biomineral Morphology and Sr/Ca of Arctica islandica (Bivalvia) 2022

Implications for Shell Sr/Ca-Based Temperature Estimates

Minerals 500 500
DOl

10.3390/min12050500




Tajika Amane Landman Neil H. Slovacek Mariah Nishida Kozue Morita Wataru Witts James D. 55

Intra- and interspecific variability in offspring size in nautilids 2022

Lethaia 1 17
DOl

10.18261/let.55.3.1

Muto Daichi Ishimura Toyoho Takahashi Motomitsu Nishida Kozue 36

Extracting daily isotopic records on fish otolith (Trachurus japonicus) by combining micro- 2022

milling and micro- scale isotopic analysis (MICAL- CF- IRMS)

Rapid Communications in Mass Spectrometry 9366
DOl

10.1002/rcm.9366

Sakamoto Tatsuya Takahashi Motomitsu Chung Ming-Tsung Rykaczewski Ryan R. Komatsu Kosei 13

Shirai Kotaro Ishimura Toyoho Higuchi Tomihiko

Contrasting life-history responses to climate variability in eastern and western North Pacific 2022

sardine populations

Nature Communications 5298
DOl

10.1038/s41467-022-33019-2

Okuyama Junichi Watabe Akemi Takuma Shunichi Tanaka Kentaro Shirai Kotaro Murakami- 28

Sugihara Naoko Arita Mamiko Fujita Kento Nishizawa Hideaki Narazaki Tomoko Yamashita

Yoshiya Kameda Kazunari

Latitudinal cline in the foraging dichotomy of loggerhead sea turtles reveals the importance of 2022

East China Sea for priority conservation

Diversity and Distributions 1568 1581

DOl
10.1111/ddi.13531




18

2021

2021

2021

2021

d180

2021

2021




JpGu2021

2021

2020

15

2020

Ellen Schnabel,Kotaro Shirai,Naoko Murakami-Sugihara,Klaus Peter Jochum,Nils Hoche,Kozue Nishida,Bernd R Schone

Links between shell chemistry and microstructure-A case study using Arctica islandica

European Geosciences Union (EGU) General Assembly Conference 2020

2020




Bernd R. Schone,Ellen Schnabel ,Nils Hoche,Naoko Murakami-Sugihara,Klaus Peter Jochum,Kozue Nishida,Melita Peharda,Kresimir
Markulin,Hana Unvanovic,Kotaro Shirai

Unraveling the Secrets Recorded in the Chemistry of Bivalve Shells

Goldschmidt 2020

2020

Kozue Nishida,Ayaka Yasu,Nobuaki Nanjyo,Motomitsu Takahashi,Satoshi Kitajima,Toyoho Ishimura

Measurement of stable carbon and oxygen isotope ratios of individual otoliths of early developmental stage Japanese anchovy
and sardine with the MICAL3c microscale stable isotope analytical system

Goldschmidt 2020

2020

Cornelia Brosset, Nils Hoche, Kotaro Shirai, Kozue Nishida, Regina Mertz-Kraus, Bernd R. Schone

Coupling between biomineral morphology and Sr/Ca of Arctica islandica (Bivalvia); Implications for shell Sr/Ca-based
temperature estimates

The World Congress of Malacology

2022

17

2022




2022

Development of a method for estimating environments Pacific saury experienced using otoliths and eyeballs

JpGu2022

2022

Tatsuya Sakamoto, Motomitsu Takahashi, Ming-Tsung Chung, Ryan R. Rykaczewski, Kosei Komatsu, Kotaro Shirai, Toyoho Ishimura,
and Tomihiko Higuchi

Contrasting life-history responses to climate variability in eastern and western North Pacific sardine populations

The international small pelagic fish in Lisbon

2022

2022




d180

23

2022

Researchmap

https://researchmap.jp/koz_n/

Researchgate
https://ww.researchgate.net/profile/Kozue-Nishida

https://trios.tsukuba.ac.jp/ja/researcher/0000004403

(ISHIMURA Toyoho)

(80422012) (14301)

(SHIRAI Kotaro)

(70463908) (12601)







