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Overview 
Atmospheric CO2 concentrations have increased 

from 275 ppm in 1700 to 400 ppm today, with the 

oceans absorbing 25%–30% of the CO2 released into 

the atmosphere. The dissolved CO2 reacts with 

water, reducing carbonate saturation states and pH - a 

process called ocean acidification (OA) (Doney et al., 

2009). These changes in carbonate saturation can 

impact the marine biosphere; marine organisms that 

lay down a calcium carbonate skeleton become prone 

to dissolution and metabolic disruptions (Kroeker et 

al, 2011). Although many marine organisms are 

expected to be adversely affected by OA, some show 

the capacity to survive (Kamenos et al., 2016). 

Significantly, it may the rate of OA that determines 

the ability of certain organisms to survive (Kamenos 

et al., 2013). 

 

High-resolution reconstructions of oceanic pH and 

pCO2 are used to understand changes in the carbon 

cycle, including OA. Recent Holocene OA is thought 

to be occurring at rates unprecedented in the 

geological record, but we have little information on 

rates of actual acidification over the last century. 

Thus, the exact impacts of projected OA on marine 

systems still remain poorly understood. To move 

forward, we need to determine the rates of recent 

OA allowing us to understand future ecosystem 

persistence and changes to the marine carbon cycle.  

 

Red coralline algae (Fig. 1) provide a mechanism for 

understanding historic OA. They are high-resolution 

palaeoenvironmental proxies with wide geographical 

distribution. For example, Mg has been used to 

reconstruct pCO2 (Pauly et al., 2015) and boron has 

been used to reconstruct seawater pH patterns from 

several marine carbonates (Fietzke et al, 2015, Foster 

et al., 2012, Rae et al, 2014). 

 

During this project, the scholar will investigate the 

application of coralline algal skeletal Mg-O bond 



  

strength and boron isotopic composition as proxies 

to reconstruct OA over the last 100 years, comparing 

results from tropical, temperate and polar locales. 

These new records will be used to quantify the 

magnitude of historic OA. Ecological profiling will 

allow concurrent changes to ecosystem structure to 

also be determined. 

 

This will:  

(1) Allow us to understand latitudinal differences 

in past OA 

(2) Determine ecosystem responses to historic 

changes in pCO2 and pH 

(3) Determine the accuracy of oceanic CO2 

uptake models  

(4) Highlight local natural and anthropogenic 

pCO2 and pH change in coastal regions. 

 

 
Fig 1: Coralline algal bed containing rhodoliths 

(Photo: N Kamenos) 

 

 
Methodology 
 

Rhodoliths are free-living coralline algae found globally 

throughout the euphotic zone, and they are an 

important species for understanding OA. The scholar 

will participate in sampling trips to collect coralline 

algae and use them to generate multiple, annually 

resolved, temporal records of pCO2 and pH derived 

from Mg-O bond strength and δ11B over the last 100 

years in temperate (Scotland) tropical (Australia) and 

polar (Greenland) locales.  

 

 
Timeline 
 Yr 1 Yr 2 Yr 3/4 

Sample collection    

CO2 and pH 

reconstruction  

   

Growth band analysis    

Ecosystem response 

analysis 

   

Dissemination    

 

 
Training & Skills 
Project support: The facilities and instrumentation 

available within the supervisors’ institutions will 

provide the all necessary laboratory, field and 

analytical equipment and technical support required 

for the proposed research, maximising the likelihood 

of successful PhD completion. 

 

Scholar support: The scholar will be based in the 

School of Geographical and Earth Sciences at the 

University of Glasgow (GES). GES has a large research 

student cohort that will provide peer-support 

throughout the research program. The scholar will 

participate in the annual post-graduate research 

conferences at GES, providing an opportunity to 

present their research to fellow postgraduates and 

staff, and to learn about the research conducted by 

their postgraduate peers. All project supervisors are 

highly research-active; the scholar will frequently 

interact with all members of their research groups, 

providing an opportunity to learn about other 

techniques and research areas which may be 

applicable to their research. All supervisors are based 

in research-active departments that span a broad 

range of biogeochemical research, exposing the 

scholar to a variety of other research areas. To 

facilitate this, the scholar will actively participate in the 

‘Marine Global Change’ and ‘Environmental Change’ 

research groups at the Universities of Glasgow and St 

Andrews respectively, providing opportunities to 

discuss current ‘hot topics’, review recent papers and 

present research plans to academics with common 

interests in an informal and supportive atmosphere. 

The scholar will also be encouraged to attend 

specialist courses that will directly contribute to the 

proposed project: 

 

Skills developed: The scholar will receive training in 

world-class geochemical analytical facilities at GES, St 

Andrews and Southampton. These skills will be used 

for coralline algal age model generation, skeletal 

structure analysis (Raman spectroscopy), trace 

element composition (LA-ICPMS), boron isotope 

analysis (MC-ICPMS) and ecosystem function analysis. 
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