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Ocean Acidification and biogeochemical cycling research in Irish Waters. 
 
The combination of ocean warming and acidification due to anthropogenic emissions of 
greenhouse gases, especially CO2, poses an emerging threat to marine ecosystems at a 
global scale. Marine ecosystems will be exposed to perturbations in their physico- chemical 
environment, such as changes to sea surface temperatures, freshwater inputs, hydrographic 
patterns, oxygen levels, nutrient supply to shelf waters, and acidification. These have 
potential consequences for organisms, ecosystem functioning and ecosystem services 
provided, such as food production and biodiversity.  In the last two decades Ocean 
Acidification (OA) has emerged as a major concern. Anthropogenic CO2 is taken up by surface 
oceans, reducing ocean pH, CO3

2- ion concentration and CaCO3 saturation states (Ω) at a 
likely unprecented rate (Caldeira and Wickett 2003, Raven et al. 2005, Ní Longphuirt et al. 
2010). The IPCC indicates that OA is a “virtually certain” consequence of rising CO2  (Ciais et 
al. 2013), and that impacts range from changes in organismal physiology and behaviour to 
population dynamics (medium to high confidence) and will affect marine ecosystems for 
centuries if emissions continue (high confidence) (Portner et al. 2013). Calcifying organisms 
such as cold water corals, molluscs and echinoderms, foramnifera and pteropods and certain 
algae and phytoplankton may be at risk although research shows often complex responses. 
OA will occur in concert with other stresses and research into impacts is shifting towards 
efforts to predict real world impacts and resilience.  
 
Monitoring of the marine carbonate system (pH, pCO2, dissolved inorganic carbon and total 
alkalinity) with sufficient accuracy to measure long term trends is challenging, although 
available evidence indicates a pH reduction in the North Atlantic of approximately 0.02 units 
per decade (Bates 2014, ICES 2014). Ship based surveys carried out by the Marine Institute 
and NUI Galway, funded under the national research vessel access programme, have also 
indicated similar increasing anthropogenic CO2  and acidification for surface waters of the 
Rockall Trough and also in deeper water masses, albeit at a slower rate due to the lag time of 
CO2 penetration (Mc Grath 2012). The carbonate and nutrient chemistry of coastal waters, 
where shellfish aquaculture is concentrated,  is considerably more complex than the open 
ocean with biological processes, nutrient inputs and water shed processes strongly influencing 
the carbonate system.  Recent studies in Irish coastal waters and bays have shown how local 
catchment geology is a key driver of spatial variability of carbonate conditions in Irish coastal 
waters (McGrath et el. 2015).  
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Sustainable exploitation of Ireland’s extensive marine resource as envisaged in Harnessing 
Our Ocean Wealth is predicated on conserving a healthy and productive marine environment. 
The combined stresses of warming and OA on marine ecosystems represent a threat to 
marine ecosystem services provided such as aquaculture and fisheries. OA has been 
associated with major hatchery failures for US west coast in recent years, albeit this is 
already a  naturally occurring low pH environment (Barton et al 2012). The need for 
observation capacity to assess current and changing environmental conditions has been 
identified (Ni Longphuirt et al 2010, Nolan et al 2010, Dwyer et al 2012). Building on outputs 
of national research to date, this project aims to further develop the capacity for further 
investigating patterns and processes driving ocean acidification/ biogeochemical cycling. This 
will reinforce Ireland’s capacity to participate in expanding international research efforts in 
the field of ocean acidification.  
 
 
 
 
 
A healthy ecosystem is a key enabler to sustainable development of the marine and to 
realising the vision and achieve the goals of Harnessing our Ocean Wealth.  Perturbations to 
ocean physical and chemical conditions and in particular ocean acidification are 
acknowledged, including by the IPPC and the Convention of Biological Biodiversity (CBD), as 
representing a serious threat to marine ecosystems, while noting that many gaps remain in 
our understanding of the complex processes involved and their societal consequences. An 
understanding biogeochemical carbon cycling in the ocean is a key part of the knowledge 
base which will be required to contribute to the development of tools and strategies to 
address global climate change issues. This need is clearly outlined in priority objective 2 of 
the Atlantic Action Plan. 
 
The development of local and sectoral adaptation plans as envisaged in the National Climate 
Change Adaptation Framework depends on understanding the vulnerability of ecosystems and 
socio-economic consequences at a local level. In the longer term marine climate 
change/ocean acidification may be expected to compromise the ability to achieve marine 
conservation goals and Good Environmental Status as required by the Marine Strategy 
Framework Directive. The need for enhanced regional and global observation has been 
identified by inter alia ICES (ICES 2014, Hydes et al. 2013), OSPAR and the Global OA 
Observation Network. Ireland’s engagement in key international initiatives, for example GO-
SHIP, investigating these environmental changes is predicated on having the capacity and 
expertise to actively participate. This project aims to build on previous work funded by the 
Marine Institute and EPA building capacity for investigating the changing chemistry of our 
waters. 
   
As outlined in the Call Guidelines, Project-Based Awards funded by the Marine Institute will 
provide assistance for appropriate research activities that support the goals of Harnessing 
Our Ocean Wealth. This call for proposals will address Goal 2: Healthy ecosystems. 
 
 
 
 
 
This project aims to build national capacity in Ireland for ocean acidification/biogeochemical 
research and observation and to study trends and variability in biogeochemical parameters to 
which potentially sensitive ecosystems are exposed. This is with a view to improving our 
understanding of ecosystem vulnerability to a changing environment. 
 
 
 
 
 
 
 

PROJECT RATIONALE: 

PROJECT AIMS: 

http://atlanticstrategy.eu/en/themes/priority-2
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Building on work carried out under previously funded projects, the Marine Institute wishes to 
invite research proposals to further develop the national capacity for carrying out high quality 
measurements of the marine carbonate system and related parameters and play a lead role 
in enhancing a national observational capacity. Specifically, proposals should address the 
following objectives:   
 
• Provide an updated assessment of Ocean Acidification temporal trends in the Rockall 

Trough (surface and deep water masses) based on ship based measurements. It is 
envisaged that the project will contribute to  water column chemistry research on board 
the interdisciplinary annual Winter Environmental Surveys (RV Celtic Voyager) and the 
53° N Shelf- Rockall Trough Hydrographic Sections (RV Celtic Explorer).  
 

• Provide a key collaboration, to an Irish led international North Atlantic GO-SHIP 
reference hydrographic survey (A02 line) proposed for May 2017. This will include pre- 
and post-survey collaboration to support acquisition of high quality chemical 
measurements  (e.g. nutrients, DO, salinity and carbon) and  subsequent assessments of 
data collected. 
 

• Investigate fine scale spatio-temporal dynamics of physico-chemical conditions, including 
the carbonate system, and drivers of variability for certain sensitive coastal and offshore 
ecosystems/habitats (e.g. shellfish aquaculture areas, cold water coral habitats). 
 

• Develop and evaluate protocols for collecting, quality assuring, managing and assessing 
high frequency data for ocean chemical climate variables using sensors in the context of 
climate observations, in particular pCO2 data from the national research vessels1.  
 

• Provide a first review of vulnerability of Irish marine ecosystems and ecosystems 
services to ocean acidification. This should take account of knowledge on spatio-temporal 
patterns of carbonate system in Irish waters as described above. 
 

• Play a role in developing interdisciplinary ocean acidification research in Ireland, 
including by initiating additional relevant research activities, and by building links with 
researchers in related disciplines (for example  interaction with oceanographic modelling 
community with a view to supporting development of coupled physical-biogeochemical 
models). 

 
 
 
 
 

• An updated assessment of OA trends in Irish waters. 
 

• An assessment of spatio-temporal variability of water column environmental 
conditions, for specific ecosystems/habitats. 
 

• Quality assured ocean chemistry datasets should be electronically generated and 
should be compliant with key international data centres (ICES/CDIAC) and 
international data products (GLODAP, SOCAT) and assessments. 
 

• An enhanced marine carbon/ biogeochemistry observation programme. The dataset 
and knowledge should contribute to development and validation of coupled physical-
biogeochemical models for Irish waters that are currently under development [at the 
Marine Institute]. 
 

                                                      
1 It is anticipated that an underway pCO2 system will be installed on the RV Celtic Explorer in 2017 

PROJECT DELIVERABLES: 

RESEARCH OBJECTIVES: 
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• A first review of the vulnerability of key ecosystems and habitats and related services 
(e.g. shellfish aquaculture) for Irish waters and identification of critical knowledge 
gaps to support future assessments. 

 
 
It is expected that the project will also result in a number of peer-reviewed articles and peer-
reviewed conference papers. 
 
 
 
 
The successful research group will need to work closely with the Marine Institute. It is 
envisaged that personnel from the Group will spend a significant amount of time interacting 
and collaborating with Marine Institute staff. The Marine Institute is headquartered at Rinville, 
Oranmore, Co. Galway. Project proposals should outline how the research team propose to 
maximise this cooperation e.g. including the option of placing personnel in the Marine 
Institute’s offices during the lifetime of the award. 
 
Equipment available in the Marine Institute chemistry laboratories includes a Skalar SAN++ 
segmented flow autoanalyser for dissolved inorganic nutrients, a Guildline Portasal 
salinometer for accurate determination of salinity, a  Vindta 3C DIC/TA analyser for 
determination Dissolved Inorganic Carbon and Total Alkalinity, and Metrohm 848 Titrino Plus 
for dissolved oxygen measurement as well as general laboratory equipment. Field equipment 
includes Datasondes, samplers and a Satlantic pH sensor. Access to this equipment can be 
made available to the project by prior arrangement with the Marine Institute.  The Marine 
Institute operates an ISO17025 Quality System supporting confidence and traceability in 
measurements undertaken. Laboratory work carried out in the Marine Institute must conform 
to the quality system. 
 
Experience in measurement of the parameters (dissolved inorganic nutrients, dissolved 
oxygen, dissolved inorganic carbon, total alkalinity) in seawater should be detailed in the 
proposal. 
 
It is anticipated that the research group will interact with the oceanographic/ modelling team 
at the Marine Institute. 
 
Throughout the lifetime of the award, it is also anticipated that the researcher(s) will actively 
seek additional sources of other funding (national and international), continuing to build links 
with other research groups and organisations, and strengthening Ireland’s capacity and 
capability in the area of marine biogeochemistry and ocean acidification. The team should 
identify how such links can be utilised for the benefit of this project. 
 
The project will include working closely with the Marine Institute and other collaborative 
partners such as the EPA over the lifetime of the award. To maximise the value of datasets 
and to support cost-effective research, opportunistic advantage could be taken of other 
surveys and national monitoring & sampling activities where they accord with the research 
objectives. 
 
 
 
 
 
The project will enhance the scientific knowledge on dynamics and changes to the carbonate 
system and related parameters in Irish coastal waters and consider the potential vulnerability 
of Irish ecosystems and key ecosystem services to future OA. This research will contribute to 
developing national and regional mitigation and adaptation strategies for dealing with 
environmental changes associated with projected CO2 emission trajectories.  

 
 

ADDITIONAL SPECIFIC REQUIREMENTS FOR THIS PROJECT: 

INTENDED IMPACT: 
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The outputs of the project will also have impact on a number of national strategic initiatives 
such as assessments of the status of Irish marine ecosystems required under the Marine  
Strategy Framework Directive and OSPAR Convention, and climate change observation 
initiatives.    

 
The project will provide a platform for Ireland’s engagement with developing international 
OA/Climate observation activities and facilitate enhanced participation of Irish researchers in 
the expanding field of Ocean Acidification research. 
 
 
 
 
 
Funding up to a maximum of 650,000 Euro will be provided for a four-year project.   
 
It is anticipated that this funding would cover two full-time posts. 
 
The project should be managed by a project coordinator, which will be responsible for 
ensuring that project management formalities as well as research outputs are delivered in a 
timely and presentable manner. Effective coordination is preferable at a senior level and this 
should be reflected in the proposal.   
 
The proposal should clearly outline time commitment of existing and any additional 
researchers.   
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