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Project description 
Space competition between reef-building corals and 

macroalgae (seaweeds) is an important ecological 

process structuring coral reef communities.  

 

There have been important advances in the knowledge of ecological processes driving coral-algal competition.  

However, very little was known about the role of global climate change, in particular carbon dioxide (CO2) enrichment 

and associated ocean acidification (OA) in coral –algal competition.  

Ocean acidification is a major problem facing coral reefs, not only because it affects coral calcification and reef growth, 

but also because it favours the growth of macroalgae. Macroalgae are well known to outcompete and harm corals in 

tropical reefs. Since macroalgae use CO2 for photosynthesis, CO2 enrichment is hypothesised to enhance algal 

metabolism and growth. This in turn may intensify competition with reef-building corals, with potential negative 

consequences for corals, reef growth and stability, and reef conservation.  

Outcomes 

Our research project provided new knowledge in two key thematic areas: 

1) The outcomes and mechanisms of competitive interactions in the context of global climate change; and,  

2) The physiological responses of macroalgae to CO2 enrichment.  

The outcomes of competitive interactions in the context of OA:  

Our experiments demonstrated the critical role of ocean acidification and warming as a driver of space competition 

between macroalgae and corals. Using sophisticated and innovative laboratory and field techniques developed in 

collaboration with our international collaborator Prof Mark Hay (USA), world leader in chemical ecology, we 

demonstrated for the first time that allelopathic interactions (caused by secondary chemical compounds) mediate space 

competition under ocean acidification. More importantly, we demonstrated that the strength of allelopathic interactions is 
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intensified when corals and macroalgae are exposed to high CO2 concentrations, similar to those projected to occur by 

the end of this century. Since allelopathic compounds are carbon based, it is likely that allelopathic interactions continue 

to intensify in the future and coral –algal competition continues to strengthen in detriment of the corals.  

The physiological responses of macroalgae to CO2 enrichment:  

We discovered that macroalgae exposed to elevated CO2, considerably enhance the release of dissolved organic 

carbon (DOC). This result is important because algal DOC has been implicated in the death of corals in coral – algal 

competition experiments conducted by other research groups (e.g. USA). DOC released by macroalgae is used by 

bacteria living on the coral surface; as bacteria use DOC, their metabolism increases producing anoxic conditions 

causing the coral death. Our experiments show that the increase in DOC released may be an important factor 

contributing to coral mortality under OA conditions. Manipulative CO2 experiments conducted with international 

colleagues (A/Prof Carol Thornber & Dr Gordon Ober, USA), demonstrated that the biomass of algal turf communities 

increased with rising CO2. This experiment provided direct evidence of the beneficial role of CO2 on algal growth. 

Further studies looked at the strategies by which macroalgae utilise CO2 for photosynthesis. For this purpose, we 

teamed up with A/Prof Hurd and Dr Cornwall (NZ) and used carbon isotope techniques and showed that red macroalgae 

may be more responsive to increased CO2, particularly in deep reef habitats. This study, together with our competition 

assays, and the DOC experiments, suggest that a variety of macroalgal species will benefit from rising CO2 and will 

continue to outcompete corals in the future, compromising coral reef resilience.  

Our project also provided the opportunity to investigate the role of ocean warming in coral bleaching. As part of a multi -

institutional collaborative effort we documented the footprint and severity of the 2016 and 2017 coral bleaching event in 

the Great Barrier Reef. Prof Terry Hughes (JCU) lead this research which was published in the prestigious journal 

Nature. Our ARI team (Dr Emma Kennedy and Dr Alex Ordoñez) play an important role in this research contributing 

information of the mass coral bleaching from the southern Great Barrier Reef.   

One of the most important benefits arising from our project is that we have provided new knowledge about the 

ramifications of rising atmospheric CO2 concentrations in coral reefs. Increased CO2 not only affects reef-building 

organisms directly, but also alters the ecological relationships between species. We demonstrated that increased CO2 

intensifies space competition of a range of seaweeds over corals. This indicates that if atmospheric CO2 concentrations 

continue to rise, reef-building corals will be outcompeted and severely affected by seaweed overgrowth. Seaweed 

overgrowth is detrimental for coral reefs because corals are the main reef builders and increased mortality of corals will 

affect the ecosystem services provided by reefs, including habitat provision, coastal protection and food provision for 

millions. 

Funding 

ARC Discovery Grant 

Partners 

 The University of Queensland 

 The Great Barrier Reef Marine Park Authority –GBRMPA 

 Great Barrier Reef Foundation 

For more information, contact 

Associate Professor Guillermo Diaz-Pulido  

Email: g.diaz-pulido@griffith.edu.au 

  

mailto:g.diaz-pulido@griffith.edu.au


 

Australian Rivers Institute | developing sustainable solutions  
 

 

Publications 

Kennedy, E., Ordonez, A. & Diaz-Pulido, G. (2017) Coral bleaching in the southern inshore Great Barrier Reef: a case 

study from the Keppel Islands.  Marine and Freshwater Research, In press. 

Kennedy, E., Ordonez, A., Lewis, B. & Diaz-Pulido, G. 2017. Comparison of recruitment tile materials for monitoring 

coralline algae responses to a changing climate. Marine Ecology Progress Series 569:129-144. 

Lewis, B., Kennedy, E. & Diaz-Pulido, G. 2017. Seasonal growth and calcification of a reef-building crustose coralline 

alga on the Great Barrier Reef.  Marine Ecology Progress Series 568: 73-86. 

Gomez-Lemos, L.A. & Diaz-Pulido, G. 2017. Crustose coralline algae and associated microbial biofilms deter seaweed 

settlement in coral reefs. Coral Reefs 36:453–462. 

Hughes, T.P., Kerry, J.T., Álvarez-Noriega, M., Álvarez-Romero, J.G., Anderson, K.D., Baird, A.H., Babcock, R.C., 

Beger, M., Bellwood, D.R., Berkelmans, R., Bridge1, T.C., Butler, I., Byrne, M., Cantin, N.E., Comeau, S., Connolly, S.R., 

Cumming, G.S., Dalton, S.J., Diaz-Pulido, G., Eakin, C.M., Figueira, W.F., Gilmour, J.P., Harrison, H.B., Heron, S.F., 

Hoey, A.S., Hobbs, J.A., Hoogenboom, M.O., Kennedy, E.V., Kuo, C., Lough, J.M., Lowe, R.J., Liu, G., McCulloch, M.T., 

Malcolm, H.A., McWilliam, M.J., Pandolfi, J.M., Pears, R.J., Pratchett, M.S., Schoepf, V., Simpson, T., Skirving, W.J., 

Sommer, B., Torda, G., Wachenfeld, D.R., Willis, B.L. & Wilson, S.K. (2017)  Global warming and recurrent mass 

bleaching of corals.  Nature 453: 373-377. 

Del Monaco, C., Hay, M.E., Gartrell, P., Mumby, P.J. & Diaz-Pulido, G. 2017. Effects of ocean acidification on the 

potency of macroalgal allelopathy to a common coral.  Scientific Reports 7: 41053 

Ober, G., Diaz-Pulido, G. & Thornber, C.S. 2016. Ocean acidification influences the biomass and diversity of reef-

associated turf algal communities. Marine Biology 163:204. 

Diaz-Pulido, G., Cornwall, C., Gartrell, P., Hurd, C.L. & Tran, V.D. 2016.  Strategies of dissolved inorganic carbon use in 

macroalgae across a gradient of terrestrial influence: implications for the Great Barrier Reef in the context of ocean 

acidification.  Coral Reefs 35: 1327-1341. 

Barron, C. and Diaz-Pulido, G.  CO2 enrichment stimulates dissolved organic carbon production in coral reef seaweeds. 

Submitted 

 


