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Overview 

Oceans are pivotal in modulating atmospheric CO2. 

Understanding how carbon flux between sea and air 

varies spatially and temporally is at the heart of 

resolving controls on past climate and predicting the 

future impact of anthropogenic CO2 emissions. The 

boron isotope geochemistry (δ11B) of massive coral 

skeletons is an exciting proxy of past seawater pH 

(Kubota et al., 2014) while skeletal B/Ca potentially 

reflects the dissolved inorganic carbon (DIC) chemistry 

of seawater (Yu et al., 2014).  

The present project seeks to fully identify the controls 

on coral skeletal δ11B and B/Ca and to develop robust 

proxy calibrations to enable accurate reconstruction of 

past seawater pH and DIC. Specifically the student will 

resolve the origin of inconsistencies in δ11B-seawater 

pH calibrations between corals and will identify the 

impact of changing seawater carbon chemistry on coral 

δ11B and B/Ca. Finally the student will collect and 

analyse Late Miocene poritid specimens from the 

Sorbas basin, Spain to constrain past changes in 

seawater pH and DIC chemistry at this location. This 

semi-isolated basin with restricted water circulation 

(Sánchez-Almazo et al., 2007) likely experienced large 

past changes in seawater carbonate chemistry.  

 

Methodology  

Coral aragonite precipitates from an extracellular 

calcifying fluid enclosed in a semi-isolated space 

between the coral tissue and underlying skeleton. 

Corals increase the pH of this fluid above that of 

seawater in a process called pH upregulation. The δ11B 

and B/Ca of coral aragonite reflects the pH and DIC 

chemistry of this fluid (Allison et al., 2014) but the fluid 

is ultimately derived from seawater and coral δ11B is 

influenced by external seawater pH. 

 

 
Figure 1. Heads of massive Porites lutea corals in the 

controlled CO2 culture system at St. Andrews. 

Inconsistencies between different coral skeletal δ11B-

seawater pH calibrations reflect either variations in pH 

upregulation or the impact of other processes on 

calcification fluid pH and/or skeletal δ11B. To confirm 

that skeletal δ11B reflects calcification fluid pH the 

student will compare direct measurements of calcifying 

fluid pH (using pH sensitive fluorescent dyes, Venn et 

al., 2012) and skeletal δ11B for comparable volumes of 

skeleton. They will perform these experiments in 

collaboration with Professor Jonathan Erez at the 

Hebrew University of Jerusalem. Back in the UK the 
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student will culture corals over a range of seawater 

alkalinity and analyse them to determine how this 

impacts skeletal δ11B and B/Ca (Figure 1).  

  

The student will induce variations in coral metabolic 

processes to determine how these modify skeletal δ11B 

and B/Ca (e.g. Dissard et al., 2012). The ultimate goal is 

to develop proxy calibrations to allow reconstruction 

of seawater pH and DIC from modern and fossil corals 

throughout the tropics and sub-tropics. Such records 

have a diverse range of applications e.g. to resolve 

relationships between air:sea carbon flux and climate 

change over glacial-interglacial time scales and beyond 

or to identify ocean regions undergoing rapid seawater 

acidification. The student will collect and analyse fossils 

corals across several sea-level cycles from a reef 

fringing the Messinian Sorbas Basin (Spain) to constrain 

past changes in seawater pH and alkalinity in this 

restricted basin and to identify their 

palaeoenvironmental origin.   

 

Timeline 
Year 1: Literature survey, visit to Prof Jonathan Erez 

laboratory, cultured coral experiments, conference.  

Year 2: Cultured coral experiments, skeletal δ11B 

analyses,  

Year 3-3.5: Analysis of cultured corals and fossil 

specimens, international conference, submit thesis. 

 Year 1 Year 2 Year 3/4 

Work with Jonathan 

Erez, Israel 

   

Coral culturing    

Field work, Spain    

Analysis of cultured 

and fossil corals 

   

Manuscripts    

Conferences    

 

 
Training & Skills 

This exciting multidisciplinary project offers 

opportunities to develop skills in state-of-the art 

geochemical techniques (δ11B and B/Ca analysis), proxy 

development (coral culturing) and 

palaeoenvironmental reconstruction. We will consider 

applicants from Earth, environmental, marine and 

biological backgrounds and the student will receive full 

training in all required techniques. The training will also 

involve evaluation, interpretation and presentation of 

the gathered data. The student will have access to the 

University of St. Andrews GRADskills program which 

offers training in IT, research (e.g. publication writing, 

research proposal writing, health and safety etc), 

teaching and career development. The student will 

present results at national & international workshops 

and conferences and will be assisted in preparing 

scientific manuscripts to be published in international 

peer-reviewed journals. The student will be joining a 

NERC-funded team working in the tropical coral 

culture system at the University of St Andrews. 

Depending on the student’s interests there will be 

additional opportunities to learn other techniques and 

research areas. The student will be a member of the 

Marine Alliance for Science and Technology for 

Scotland (www.masts.ac.uk), enabling access to its 

wider training and networking opportunities.  
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Further Information 

Dr Nicky Allison 

Department of Earth and Environmental Sciences, 

Irvine Building, North Street, 

University of St. Andrews,  

St. Andrews, Fife KY16 9AL 

Email: na9@st-and.ac.uk; Phone: +44 (0)1334 463952 

The University of St Andrews is committed to 

promoting equality of opportunity for all and has a 

series of University wide diversity awards including the 

Athena SWAN Institutional Bronze Award, the 

European Commission HR Excellence in Research 

Award and the LGBT Charter, see http://www.st-

andrews.ac.uk/hr/edi/diversityawards/. We welcome 

applications from women, persons of colour and 

persons with disabilities. You can find out more about 

Equality and Diversity in the University at 

http://www.st-andrews.ac.uk/hr/edi/

 

mailto:na9@st-and.ac.uk

