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Overview 
Climate change (increasing temperatures and CO2 

concentrations) poses a threat to marine life (1) 

through ocean acidification, and is particularly 

detrimental to marine organisms that produce 

protective shells, such as mussels (1, 2). Simulated 

future temperature and CO2 levels have been shown 

to reduce shell growth and make shells more prone 

to fracture (2, 3). Shell production and maintenance is 

energetically costly, which in a changing ocean may 

exact higher feeding demands (a particularly important 

consideration for commercially important shellfish 

stocks). Additional food consumption by mussels may 

help to alleviate ocean acidification impacts on 

mussels (4); however, this hypothesis has yet to be 

tested from a food-quality perspective.  

 

This project will be the first to examine climate 

change driven effects on aquaculture algal feeds with a 

particular focus on lipid levels, and evaluate whether 

this could enhance shellfish growth and fitness (7). 

 

Microalgae form a major fraction of the diet of filter 

feeding molluscs, including mussels. In finely controlled 

laboratory studies algae have been shown to increase 

lipid production under elevated CO2 concentrations 

(5, 6, 7). It is uncertain whether this would be the 

case under future climate change scenarios where 

other factors may also impact environmental field 

conditions. This project will monitor natural algal 

communities from two commercial UK aquaculture 

sites: 1) Loch Fyne Oysters Ltd, Isle of Lewis, 

Scotland; and, 2) Offshore Shellfish, Lyme Bay, Devon, 

England. In parallel, mixed algal cultures from the two 

sites will be maintained under future climate change 

scenarios to determine whether lipid concentrations 

are raised within the laboratory culture. The project 

will identify key algal species from natural assemblages 

which express elevated lipid levels and whether this 

may improve shellfish growth and fitness at 

aquaculture sites. 

 

 
Loch Fyne Oysters Ltd rope culture off the Isle of 

Lewis. 
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Offshore Shellfish mussel culture, Lyme Bay, Devon. 

 

 
Methodology 
 

Changes to lipid content will be determined by 

combining both field monitoring of industrial 

aquaculture sites and laboratory cultures. The impacts 

of climate change on lipid content and potential 

benefits for aquaculture will be determined through 

four work packages (WP): 1. Field analyses of algae 

communities at Loch Fyne Oysters – Hebridean 

mussels (Isle of Lewis) and Offshore Shellfish mussel 

farm (Lyme Bay, South Devon), 2. Laboratory culture 

of algae under projected climate change conditions 

(Marine mesocosm facilities, University of Glasgow), 

3. Laboratory culture of mussels to determine the 

potential benefits on aquaculture (Marine mesocosm 

facilities, University of Glasgow) and 4. Comparison of 

shell conditions of field grown mussels/ oysters versus 

cultured mussels fed algae cultured under projected 

climate change conditions. 

 

1. Field sampling of algae (WP1) 

Seawater and algae samples will be collected from 

field sites in partnership with Loch Fyne Oysters Ltd – 

Hebridean Mussels and Offshore Shellfish. Algae 

species diversity will be characterised and quantified 

using imaging flow cytometry (FlowCam, 12). 

FlowCam will be used to quantify and classify the 

phytoplankton communities and in combination with 

Nile Red stain will also quantify total phytoplankton 

community lipid levels. Complementary lipid analysis, 

such as fatty acid methyl ester (FAME) analysis (7, 8, 

9), will characterise and quantify lipids via gas 

chromatography–mass spectrometry (GC-FID and 

GC-MS) (7, 8, 9) in the BECS Laboratory, Glasgow 

using an Agilent 7890B GC coupled to an FID for 

quantification and 5977 MSD for compound 

identification.  

 

Microalgae community analysis will be validated by 

sequencing Domain V of the 23S rRNA by Illumina 

MiSeq. Seawater parameters (temperature, salinity, 

pH, dissolved inorganic carbon (DIC), total alkalinity 

(TA)) will also be measured to establish present day 

conditions for algal culture (2, 3). Seasonal sampling 

will continue throughout the project to build a record 

of changing algal species diversity. Mussels will also be 

sampled throughout the project to establish the 

aquaculture condition in comparison to algae 

diversity, concentrations and lipid content, using 

mussel shell conditions such as shell material 

properties (micro-indentation, shell fracture 

toughness, 2), shape index (10) size and mussel tissue 

protein activity (carbonic anhydrase activity, 2, 3). 

 

2. Laboratory culturing of algae under 

projected climate change scenarios (WP2) 

The impact of climate change on algal lipid content 

will be determined through experimental laboratory 

culture. Mixed algal communities identified during 

WP1 will be cultured within the laboratory under 

temperatures (+2°C ambient seawater temperature) 

and CO2 (1000 µatm) concentrations representing 

future projections of climate change (11). Lipid 

content will be determined using techniques of WP1 

(7, 8). Seawater parameters will also be determined to 

compare to naturally occurring environmental change 

at the field site (protocol as WP1). 

 

3. Laboratory culturing of mussels/ oysters to 

determine the potential benefits on 

aquaculture (WP3) 

Cultured algae will be used for laboratory shellfish 

feed and shell growth monitored to determine any 

positive effects of changed lipid content/ quality (7, 8). 

The edible mussel, Mytlius edulis and Pacific oyster 

Crassostrea gigas will be cultured within the laboratory 

under temperatures (+2°C ambient seawater 

temperature) and CO2 (1000 µatm) concentrations 

representing future projections of climate change (11) 

and analysed as per WP1 (2, 3).  

 

4. Comparison of shells of field grown 

mussels/ oysters versus cultured mussels 

fed algae cultured under projected climate 

change (WP4) 

Mussels and oysters collected and analysed for shell 

condition throughout the project (WP1) will be 

compared with those cultured under laboratory 

conditions (WP3). This comparison will enable any 



  

differences in shell condition to be determined for 

those mussels and oysters fed laboratory cultured 

algae. 

 

 

Timeline 

 
Year 1:  

 Field sampling of algae species and mussels 

occurring naturally within Hebridean Mussels and 

Offshore Shellfish field sites (WP1). 

 Establish techniques for lipid analyses of algae 

(WP1).  

 Identify key species for laboratory culture under 

climate change scenarios.  

 Analysis of field mussel shell conditions (WP1). 

Year 2:  

 Establish laboratory algae culture (WP2) under 

climate change scenarios.  

 Monitor algae lipid concentrations throughout 

culture, compare with field site, as environmental 

parameters change. 

Year 3:  

 Laboratory culture of mussels and oysters under 

feeding experiments. 

 Monitor shell conditions to determine any effects 

of changing lipid concentrations.  

 Compare mussels shells cultured in the field site 

(WP1) to laboratory cultured mussels in relation 

to shell conditions (WP4) and to changing algal 

feed.  

Year 4 (6 months only):  

 Interpretation of results and thesis production. 

 

 
Training & Skills 
 

At the end of this research training the graduate will 

have skills in field monitoring of seawater parameters 

and algal communities, skills in algal lipid analyses 

including GC-MS. Field sampling with Offshore 

Shellfish will allow them to communicate with 

environmental researchers, shellfish farmers and other 

aquaculture industry contacts and advise on climate 

change impacts on algae and shellfish culture. 

Appropriate employment avenues would include 

ecosystem scientist, or environment researcher in 

academia, government or industry. Training in 

knowledge exchange and working with end-user 

partners will allow the applicant to communicate with 

members of environmental government agencies, and 

aquaculture businesses. This will enhance the 

student’s network and future employability.  

The student based at the University of Glasgow in the 

School of Geographical and Earth Sciences (GES) will 

have peer-support and will present annually at the 

postgraduate research conference to discuss research 

in GES. The student will be supported by both the 

University of Glasgow researcher development 

programme and IAPETUS Doctoral Training 

Partnership undertaking advanced skills training and 

having the opportunity to discuss challenges and 

opportunities within this cohort of students. 
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