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既往研究�

l  アーカイバルタグを⽤いた研究�
産卵回遊、鉛直移動、経験⽔温 (Kitagawa et al)�
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2014年: IUCNレッドリスト登録�

持続的資源管理の導⼊が急務�

Stock of Pacific bluefin tuna �

Historically low level�
since 1960s�

2014年: IUCNレッドリスト登録�

持続的資源管理の導⼊が急務�

Listed as endangered 
species on IUCN’s red list

Need for 
Sustainable stock management
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PBT larvae�

Spawning grounds of Pacific bluefin tuna �

  
l Pacific Ocean
 May to June
 26 – 27°C

l Japan Sea
May to June

 24°C
(Yonemori 1989)

Japan Sea
July to August

24℃�

Pacific Ocean
May to June

26-27℃
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l  Spawning grounds and 
seasons are limited

l  Vulnerable to 
oceanic fluctuations 



The effect of long-term oceanic fluctuations �
on PBT spawning grounds�

Most of spawning grounds 
will be out of the range of 
optimal spawning 
temperature for egg hatching 
and larval survival.�

28℃�
Potential northward shift 
in PBF spawning grounds�

(Kimura et al. 2010)�
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Otolith: �
Effective indicator of environmental history�

漁獲された仔稚⿂および成⿂のδ18Oの検証が必要！�

�

�
�
�

�
仔⿂の⽿⽯δ18Oが�

⽔温に依存して変化�

クロマグロ飼育実験調査�

(Uozato, 2010)�

(クロマグロの⽿⽯)�

l  Rock-like structure made of calcium carbonate�
l  Metabolically inert�
l  Trace elements and isotopes kept after death of fish�

δ18O: Effective proxy for estimating water temperature                                    �
�

Kitagawa et al. (2013)�
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1yr� 5yr� 10yr�
15yr�

20yr�

22yr�
Core�

（Larval period）�

PBFʼs sagittal otoliths�
δ18O: Effective proxy for estimating water temperature experienced 

by fish 

飼育実験を⽤いた⽿⽯δ18Oの⽔温指標としての有効性の検証�
                                  Kitagawa et al. (2013)�



Otolith δ18O of PBF larvae and ambient water 
temperature�

Otolith core δ18O of mature fish → Spawning temperature �

 
Negative correlation between 
otolith δ18O and water temperature

Rearing experiment�

(Kitagawa et al., 2013)�

Rearing experiment under�
6 different water temperatures�
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1.  Estimate spawning temperature and spawning 
grounds using otolith core δ18O

2.  Investigate changes in spawning grounds related 
to long-term oceanic climate change

Objective�
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     Landing port
     Fishing area �

Materials and methods: �
Sample collection�

�

93 PBT (>50kg) collected.�
�

築地市場�

勝浦漁港�

⽔揚げ漁港�

漁獲場所�
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(May to June, 2017)�



(Shimose et al., 2010)�

⽿⽯切⽚�

⽬的�

δotolith –δwater= −0.27 T °C+5.19 
                                   (R2 = 0.806, p < 0.01) 

(Kitagawa et al., 2013)�

Measure δ18O by SIMS technique.�

Spawning ground is estimated using 
SST satellite images and in-situ data.�

Estimate spawning temperature.�

(SST衛星画像, 気象庁)�

年齢査定プロトコル
に従い年齢を確定。�
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1yr� 5yr� 10yr�
15yr� 20yr�

22yr�
Core�

（Larval period）�

δ18O �
SIMS analysis�

Age 
determination�

PBFʼs sagittal otoliths�

A thin section with 
a mirror-finished 
surface is prepared.�

Sample preparation protocol needed. �

Sample preparation 
protocol needed! �

Age is determined for each fish.�



l  High sensitive surface analysis of sub-µm to 10µm �
l  Isotope ratios and trace element analysis�
l  Data quality strongly depends on sample surface condition �

10�

SIMS: Secondary Ion Mass Spectrometry�

Materials and methods�

(IMS–1280, Kochi Core Center, JAMSTEC)



l  High sensitive surface analysis of sub-µm to 10µm �
l  Isotope ratios and trace element analysis�
l  Data quality strongly depends on sample surface condition �

11�

SIMS: Secondary Ion Mass Spectrometry�

Materials and methods�

(IMS–1280, Kochi Core Center, JAMSTEC)

Sample surface

Primary Ion
Secondary Ion



Sample preparation protocol for SIMS analysis

1. Draw lines�

Otolith core 

250-300µm 
Crystalbond 

200µm 

3. Embed the otolith �2. Cut a thin section�

(ISOMET5000, Struers) �

1. Cutting and embedding

1. Draw lines�

l  Draw lines on each side of the otolith core
l  Cut a thin section with an automated slow speed saw
l  Embed otoliths in epoxy resin with standard materials  � 12�

otolith

standard



l You can clearly view otolith core under the inverted microscope

Otolith core(Inverted microscope, Olympus GX51)�

13�

Sample preparation protocol for SIMS analysis



Sample preparation protocol for SIMS analysis

1. Draw lines�

Otolith core 

250-300µm 
Crystalbond 

200µm 

3. Embed the otolith �2. Cut a thin section�

(ISOMET5000, Struers) �

1. Cutting and embedding

l  Draw lines on each side of the otolith core
l  Cut a thin section with an automated slow speed saw
l  Embed otoliths in epoxy resin with standard materials  �14�

otolith

standard



倒⽴顕微鏡で核の位置
から1.0㎜に線を引く�

低回転精密切断機で
線の位置で切断する�

⽿⽯�
スタンダード�

ミニトム, Struers社�

核� 1.0㎜�スライドグラス�

Stand made of epoxy resin�
300µm�

300µm�100µm�

l  Different sizes of 
standard materials�

Sample preparation protocol for SIMS analysis 

2. Preparation of standard materials

500μm� 500μm�

500μm� 500μm�

15�



倒⽴顕微鏡で核の位置
から1.0㎜に線を引く�

低回転精密切断機で
線の位置で切断する�

⽿⽯�
スタンダード�

ミニトム, Struers社�

核� 1.0㎜�スライドグラス�

l  Different sizes of 
standard materials�

Sample preparation protocol for SIMS analysis 

2. Preparation of standard materials

500μm� 500μm�

500μm� 500μm�
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(300 – 700µm)�

Stand made of epoxy resin�
300µm�

100µm� 300µm�

otolith



Sample preparation protocol for SIMS analysis 

3. Grinding and polishing

6µm 

500µm 

Polish in 3 steps to obtain 
a flat, smooth mirror-
finished surface. �

Polish until just before the core is 
exposed with a grinding machine. �

Otolith core is exposed with a mirror-
finished surface.�

Diamond spray �

17�

1. Grinding � 3. Expose the core �2. 3-steps polishing�

3µm 1µm 

(Discoplan, Struers)�

l  Grind otoliths with precision grinding machine to near final thickness
l  Polish in 3 steps with a composite disc using diamond spray

core



Sample preparation protocol for SIMS analysis 

3. Grinding and polishing

6µm 

500µm 

Polish in 3 steps to obtain 
a flat, smooth mirror-
finished surface. �

Polish until just before the core is 
exposed with a grinding machine. �

Otolith core is exposed with a mirror-
finished surface.�

Diamond spray �
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1. Grinding � 3. Expose the core �2. 3-steps polishing�

3µm 1µm 

(Discoplan, Struers)�

l  Grind otoliths with precision grinding machine to near final thickness
l  Polish in 3 steps with a composite disc using diamond spray

core

Mirror-finished surface sample �
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100µ
m�

42 spots were made 
from the core to the edge 
in the ventral arm of  the 
otolith.  

500µm �
Core �

Edge �

100µm�
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l 42 spots were analyzed 
along the growth axis.  �

Core �

Edge �

Gold-coated specimen�

Standard�

otolith�

δ18O SIMS analysis 

42 spots were analyzed 
along the growth axis.  �
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Core �
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SIMS analysis for δ18O   
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42 spots were analyzed 
along the growth axis.  �

12
345

Core �

Beam spot size:
10–15µm
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12
34567
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12

8

δ18O increased toward the first annual 
increment (approx. 800µm from the otolith core).�

Core �

SIMS analysis for δ18O   

The preparation protocol developed 
in this study provides sufficient 
conditions for SIMS analysis.�



Future Plan

l  The sample preparation protocol developed in 
this study assures data quality for SIMS analysis, 
as increasing trends in δ18O values was measured 
toward the first annual increment of PBT’s otolith. 

l  For more efficient analysis, we need to further 
develop a method to embed multiple otolith cores 
in one resin disk. 
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