
Cullen Fellow: Vulnerability of life stages of marine calcifiers in Irish coastal waters to changes in ocean 

chemistry and other stresses (PhD Award) 

Background 

The oceans have taken up about 40% of the CO2 emissions associated with fossil fuel use and cement 

manufacture since the beginning of the industrial revolution.  This has resulted in measurable ocean acidification 

and there is a predicted increase of 150% in H+ ion concentrations in surface ocean by 2100. There is concern as 

to the effect of such a rapid environmental change on organisms and their capacity to adapt. Due to the reduction 

of carbonate ion concentration [CO3
2- ] the calcification process may be affected in many organisms, with 

potentially increased energy demands to counteract the impact. Typically, early life stages of marine organisms, 

including marine invertebrates, are more vulnerable to ocean acidification.  In coastal waters, however, the 

variability of the carbonate system is much more pronounced with biological processes, freshwater inputs with 

associated nutrients, carbon and alkalinity loads, the latter often related to catchment geology, catchment 

geology playing a key role in the seasonal carbon cycle (McGrath et al 2015; McGrath et al. in prep). How well 

organisms can cope with such change depends on a number of factors including, innate tolerance to fluctuations 

in carbonate ion concentration, and their ability to acclimate/adapt. It might be expected that organisms adapted 

to estuarine conditions (e.g., bivalves) will demonstrate a tolerance to such changes, however, it is not fully 

established what the natural level (baseline) and range of CO3
2- are in these systems in Irish waters and at what 

level of change might it impact on various life-history stages (larval, juvenile and/or adult)? Given the 

importance of bivalves for aquaculture and wild fisheries the ability to determine/model likely impact of ocean 

acidification on production is critical.  

Proposal 

Using (commercial) bivalve model species (e.g. M. edulis), for which physiological tolerances are well 

documented, and possibly other calcified organisms considered sensitive to OA , we propose a three-year PhD 

programme to examine the levels of change likely to impact on a number of life-history characteristics 

(including recruitment, condition and survival) at various life history stages.  This work would support several 

themes outlined in the National Marine R&I strategy, including: (1) bioresources (aquaculture and wild 

resources), (2) biodiversity, ecosystems and food webs, and (3) ocean observation and seabed mapping. 

The project proposes to conduct the following studies to determine vulnerability of commercially and 

ecologically important species to ocean change 

 Building on other monitoring, research and modelling activities, select study coastal areas with

contrasting prevailing biogeochemical conditions where shellfish are grown. At least one high alkalinity

and one low alkalinity area should be selected1.  Determine the seasonal carbonate chemistry, alongside

other biogeochemical parameters and stressors (temperature, salinity, dissolved oxygen, turbidity) to

assess the natural range and variability in biogeochemical conditions at selected sites in the context of

phenology.

 Undertake a comparative study of, for example, calcification, shell formation and morphology of target

species in the selected areas exposed to different local carbonate chemistry/biochemical conditions

1 Two suggested shellfish growing areas are suggested as suitable candidate are 1) Bantry Bay representative of oceanic influence and 
low alkalinity; and 2) inner Galway Bay /Kinvara where significant terrestrial influence and local  limestone lithography. Both these areas 
have biogeochemical data available and physical models data have been developed. 



 Investigate potential resilience/susceptibility of target organisms to current and future biogeochemical

conditions, with a focus on sensitive life stages. This could use a combination of field and/or

experimental studies and consider effects on recruitment, survival, growth, development, shell

formation/morphology, calcification and/or other metrics as deemed appropriate for evaluating potential

future impacts.

 Based on understanding of biogeochemical conditions from project and other available biogeochemical

and model data,  evaluate how conditions of selected study areas are likely to change over coming

decades  under projected anthropogenic CO2/ climate change scenarios and consider potential

consequences for commercial shellfish species .

Outcome 

The project will provide increased knowledge of the natural range in local seawater conditions (carbonate 

chemistry and other environmental stressors) and support the assessment of the vulnerability of commercial 

bivalves and other sensitive species to future ocean acidification occurring in tandem with other stressors in Irish 

waters.  

Financial Details 

The Fellowship award will be up to €24,000 per annum. This amount comprises a maintenance award of €16,000 

per annum to the student as well as payment of fees to the host institution. The maximum fees payable to the 

college will be €6,000 per annum. The Fellowship award includes a travel budget of up to €2,000 for the sole

use of the student and is payable on a reimbursement basis direct to the host institution at which the postgraduate 

student (Fellow) is registered.  All field-work and travel covered by the travel budget is for travel taking place 

within the island of Ireland. 

Specific Requirements 

The fellow must be qualified with at least a Bachelor of Science, specialising in one or more of the following 

topics; marine science, marine chemistry, marine biology, oceanography and/or marine ecology. Candidates 

qualified to Masters level, or with commercial or other relevant experience are strongly encouraged to apply. 

Marine Institute Co-Supervisor(s) 

Evin McGovern, Chemistry, Marine Environment and Food Safety Services


