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Investigating the Influence of Seawater Temperature on Oyster Shell
Chambering Using Oxygen Isotope and Sr/Ca Analysis

Project Background
Opysters are important filter-feeding organisms in coastal ecosystems. Their shells are
primarily composed of calcium carbonate and grow through a process of
biomineralization that incorporates chemical signals from the surrounding seawater.
As a result, oyster shells can serve as valuable archives of environmental conditions
during their growth. One distinctive microstructural feature observed in oyster shells
is chambering, which refers to the formation of voids or chambers within the shell
layers due to interruptions in biomineralization. Earlier studies linked oyster shell
chambering to organotin pollution, particularly tributyltin (TBT). However,
chambered oyster shells continue to be observed even decades after the global ban of
TBT, suggesting that other environmental factors may also play an important role in
controlling this phenomenon. Recent studies suggest that seawater temperature may
influence oyster physiology and biomineralization processes. Elevated or rapidly
fluctuating temperatures can disrupt shell formation, potentially leading to irregular
calcification and the formation of chambered structures. Understanding the
relationship between temperature stress and shell chambering is therefore important
for evaluating the impact of climate change on marine organisms.
Geochemical proxies preserved in carbonate shells provide a useful tool for
reconstructing environmental conditions. In particular, oxygen isotope composition
(6'#0) and Sr/Ca ratios are widely used indicators of seawater temperature. The '*0
values of carbonate shells generally decrease with increasing temperature, while
Sr/Ca ratios often increase with higher temperatures. By analyzing these geochemical
proxies in oyster shells, it is possible to estimate the seawater temperature conditions
during shell formation. This project aims to investigate the relationship between
seawater temperature and oyster shell chambering by combining shell microstructure
observations with oxygen isotope and Sr/Ca geochemical analyses.
Project Objectives

1. To analyze the oxygen isotope composition (6'*0) of oyster shells showing

chambering.
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2. To measure Sr/Ca ratios in oyster shells as an independent proxy for seawater
temperature.
3. To compare the geochemical signatures of oyster shells with different degrees
of chambering.
4. To evaluate whether seawater temperature is a key environmental factor
controlling oyster shell chambering.
Research Methods
3.1 Oyster Sample Collection
Opyster shell samples will be collected from coastal environments in Taiwan, including
both:
o Cultured oysters
o Wild oysters
Samples will be classified into two groups based on shell structure:
e Shells with visible chambering
o Shells without chambering
3.2 Shell Microstructure Observation
Opyster shells will be cut and polished to expose internal shell structures. Microscopic
observation will be used to identify and document:
e Number of chambers
e Chamber size
e Spatial distribution of chambers within the shell
Image analysis software may be used to quantify chambering intensity.
3.3 Micro-sampling
Carbonate powder will be obtained from selected shell layers using a micro-drill
system. These samples will represent specific growth intervals of the oyster shell.
3.4 Oxygen Isotope Analysis
The carbonate powder will be analyzed for oxygen isotopes (6'%0) using Isotope
Ratio Mass Spectrometry (IRMS). The 6'#0 values will be used to estimate seawater
temperature conditions during shell formation.
3.5 Sr/Ca Elemental Analysis
Magnesium and calcium concentrations will be measured using Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES) or ICP-MS. Sr/Ca ratios will then

be calculated and used as an additional temperature proxy.
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3.6 Data Analysis
The following datasets will be integrated for analysis:
e "0 values
e Sr/Caratios
e Degree of shell chambering
Expected Outcomes
1. A dataset of oxygen isotope and Sr/Ca geochemical signatures from oyster
shells.
2. Preliminary estimates of seawater temperature conditions during shell
formation.
3. A better understanding of the relationship between temperature stress and
oyster shell chambering.
4. Evaluation of whether shell chambering could serve as a potential biological
indicator of temperature stress in coastal environments.
What Will You Learn from This Project
Through this research project, students will gain knowledge and practical skills in
several areas of marine and environmental science, including:
1. Marine biomineralization and shell formation processes--Understanding how
oyster shells record environmental information.
2. Shell microstructure analysis--Learning how to identify and characterize
chambering features.
3. Geochemical laboratory techniques--Including carbonate sample preparation,
micro-sampling, and analytical procedures.
4. Stable isotope and trace element geochemistry--Understanding how §'*0 and
Sr/Ca proxies are used to reconstruct temperature conditions.
5. Scientific data interpretation--Integrating geochemical data with
environmental variables.
6. Scientific communication skills--Preparing research reports and presenting

research findings.



iR
®F ki~ K4 &k Prof. Meng-Wan Yeh & Horng-Sheng Mii

FMIFAKERIZRE St/Ca SRy /KR BB E =L

(Chambering ) HysZ&E

HEER
FUE (Oysters) EATBERB AT EZEIVERHSERIEEY) RS T iR
PHAHRY > (EAE REIE P e O sk /KRR AVEL - R AR Rt IR R ER SR
HIEE S A YR LR RS - R IE R4S T % TS B — TR Sy i
=1k (chambermg) FPER G o RIS AT A R A i R AR AR TR Rz
Gt - AN RIS B ST 5 S (A wibutyltin, TBT) BEEEE—E - (H
RIfEAE TBT #e2E (R 1% » HIERIE = LB RS BT » BURHIP K
P AT B P BRI N A B - AT FEmgTeat /7J<umeCF LA RE s Y
A FSEEN B4 YRR EAE (biomineralization ) o & 7KL FE 8 = ol R B S )
BF > O] BE B EIRIE DS TERCR IR - HEIM e A RIS UIE P B e = (L5 - .
It BRETEORE /LifFiEﬁJ% AL MHVR G - N RS
HREEREREER - fHiERF VAR R (6'°0) B Si/Ca TE%EHETT’E?%
EEE/ORE E@%Eﬁﬁﬁd LEEFERE - 0 1°0 BURIKORE 2 R » 1M Sr/Ca
ERAE RS BERE T = g0 - FEiE o fra test ERALEERSE - o DAHEfG 0B A
RIFEAEVEACRERRCE - AiHsEat S RF T IER A AR Z8 Sr/Ca 774
PRaT7KOm S S LB BRI = (LI 2 IAVER R » DS IER I = e &
FIE Ry e S B T RE -

A
KITestE FEERVESE ¢
L i BAERCEREIVHIER Z SEMUER (0'°0) 4R DUEEHTIES
RIFHAREAICHRE

2. HIEHIER Y Sr/Ca PHE - (E AR BITHERE -

3. EEE AR EREE(CIZEAVHIER - HIR LRSI 2 -

4. BEEKRE RS R B = EHIRIRNE -
WA E

ARG GE R E L - A G o I B T E B AT -
o R HUE--F P4V BEE M (micro-drill) FR%HE AR R[5S A SR §54)
K FARHERACEZ T -



iR
®F ki~ K4 &k Prof. Meng-Wan Yeh & Horng-Sheng Mii

AEM R
IS R AR E Er 2 E G (IRMS) & 6'°0 - HiR 6'°0

MRS B ERIAY R (7 > nT P HEGS A B A RIFTREACRE -
St/Ca JTE M- F Y Mg 81 Ca JREREFIA ICP-OES B¢ ICP-MS #E{TH
B EtE Sr/Ca EB{E - Sr/Ca ERERHE R KORER S — I 15 1E -

LR ¢
. 510 &ER

o Sr/Ca EL{H

o MEE(LIEE
TRHAECR

I BIHIERLAFEIZRE Si/Ca JREFSIEER} -

2. THEAFEREEALIEEAVHIERY - HER(LE RS -

3. RHEEZCRE ST IERL A VR LB 2 -

4. PRETHHERE I = LR A T RIS BRI A ) FEAE
BT AR A EE 2 BB

. A DR R R T AR LB R (T S B KR R &

H o

2. TRamB R EERE TR 5 WA T IR = ARG

3. HHERACERE SRR -- R FEhRRR B e ~ T AR B R Es AT

4. FEERMIRBEMETTRMER(CEMS-BE 0170 8 Sr/Ca fEIREEHE
THIEA -

5. FIEBUR TSR AR R RE 7 -- SR B AN B Bt S R B R RS
2o

6. FIEWTIHR R R - BRI Fe S I TIOR3 %



	Investigating the Influence of Seawater Temperature on Oyster Shell Chambering Using Oxygen Isotope and Sr/Ca Analysis
	Project Background
	Project Objectives
	Research Methods
	3.1 Oyster Sample Collection
	3.2 Shell Microstructure Observation
	3.3 Micro-sampling
	3.4 Oxygen Isotope Analysis
	3.5 Sr/Ca Elemental Analysis
	3.6 Data Analysis

	Expected Outcomes
	What Will You Learn from This Project
	利用氧同位素與 Sr/Ca 分析探討海水溫度對牡蠣殼腔室化（Chambering）的影響
	研究背景

	研究目的
	研究方法
	殼體結構觀察與分類--利用影像分析軟體進行定量分析。
	微量取樣--利用微型鑽取設備（micro-drill）從牡蠣殼不同部位取得碳酸鈣粉末，用於地球化學分析。
	Sr/Ca 元素分析--樣品中的 Mg 與 Ca 濃度將利用ICP-OES 或 ICP-MS進行測量，並計算 Sr/Ca 比值。Sr/Ca 比值將作為海水溫度的另一項獨立指標。
	資料分析--：

	預期成果
	執行本研究可學習之能力

