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Overview 
Coral reefs are of substantial economic importance, in 

terms of fisheries, tourism and coastal protection. 

Corals are small invertebrate organisms which 

produce aragonite skeletons, forming the basis of 

coral reefs. Rising atmospheric CO2 has fundamentally 

affected seawater carbonate chemistry, lowering 

seawater pH. The calcification rates of many corals 

are reduced at low seawater pH (Erez et al., 2011) 

but other corals are still able to maintain normal 

calcification rates. Some coral species at naturally low 

pH field sites even attain higher calcification rates than 

their counterparts at adjacent ambient seawater pH 

sites (Fabricius et al., 2011). Understanding the cause 

of these discrepancies is fundamental to predicting the 

future development of coral reefs. 

The aim of this project is to determine how nutrition 

impacts the ability of corals to calcify at low seawater 

pH. Calcification is energetically expensive and 

improving the nutritional status of corals may increase 

the energy budget available to enable them to 

maintain calcification at low seawater pH (Towle et 

al., 2015). The student will work in the coral culture 

laboratory at St. Andrews. This unique facility is 

designed to tightly control the pCO2 and chemistry of 

culture seawater. The student will devise a 

methodology to fully determine the energy budgets of 

corals. They will test this methodology in the field and 

will experimentally determine how varying nutrition 

affects the energy budgets and calcification rates of 

corals cultured over a range of seawater pH.  

Methodology  

The first part of the project will involve developing a 

methodology to determine the energy budgets of 

corals. Healthy zooxanthellate corals can be both 

photoautotrophic, capable of synthesizing organic 

compounds from inorganic molecules using the energy 

from light fixed in photosynthesis, and heterotrophic, 

capable of assimilating organic compounds from other 

sources. Working in the aquarium with cultured 

corals, the student will build on recently developed 

methods to determine the relative contributions of 

photosynthesis and heterotrophy (zooplankton and 

detrital particles) to the coral energy budget. This will 

draw on recent findings which indicate the importance  

  
Figure 1. Carbon nanoparticles track passive particle 

suspension feeding via ciliary-mucus transport in a coral. 

The importance of this pathway in the coral energy budget 

is poorly constrained.  
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of passive ciliary-mucus particle entrapment (Figure 1) 

in coral nutrition. The student will integrate these 

different feeding pathways into an overall energy 

budget. The student will study 2 species: the massive 

coral Porites lobata and the branching coral Acropora 

sp.  Both are important reef building species but they 

exhibit different sensitivities to increasing seawater 

pCO2.  

The student will visit the Phuket Marine Biological 

Centre in Thailand to test the methodology, to 

determine the relative importance of different food 

sources to field corals and to explore the relationship 

between coral nutrition and coral calcification. Finally 

the student will culture the different coral species 

over a range of seawater pH (Figure 2) and under 

different nutritional regimes to determine if increasing 

nutrition enables corals to maintain calcification under 

future ocean acidification scenarios.  

 

 
 

Figure 2. Heads of massive Porites lutea corals in the 

controlled CO2 culture system at St. Andrews. 

 

Timeline 
Year 1: Literature survey, development of energy 

budget methodology, conference.  

Year 2: Method development, field season, ocean 

acidification experiment, preparation of first 

manuscript. 

Year 3-4 (6 months in Year 4): Ocean acidification 

experiment, preparation of other manuscripts, 

international conference, submit thesis. 

 Year 1 Year 2 Year 3/4 

Method development    

Field work    

Ocean acidification 

experiment 

   

Manuscripts    

Conferences    
  

 
Training & Skills 

The student will develop skills in researching coral 

metabolism, aquarium husbandry and in understanding 

and manipulating the seawater carbonate system. The 

student will receive full training in all required 

techniques. We will consider applicants from a range 

of environmental, marine and biological backgrounds. 

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 join a NERC-funded team studying coral 

biology and biomineralisation in the Department of 

Earth and Environmental Sciences at the University of 

St Andrews and will be a member of the Marine 

Alliance for Science and Technology for Scotland 

(www.masts.ac.uk) with access to wider training and 

networking opportunities. All project supervisors are 

highly research-active and the student has 

opportunities to learn other techniques and research 

areas which may be applicable to their interests. 
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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 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 
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