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Introduction
Coral reefs are one of the most important ecosystems in the world, with great ecological 

and economic importance. However, coral reefs are under threat due to various anthropogenic 
factors, including climate change, overfishing, and pollution by oil spills. These factors have 
resulted in the decline of coral reef health and biodiversity, leading to the urgent need for 
effective mitigation and restoration strategies. The widespread use of petroleum products 
results in frequent oil spills [1], which have been reported for decades [2-4]. Ocean spills 
are the most common, with approximately 103 tons of oil spilled into the ocean each year 
[5]. Unfortunately, oil transport routes in the ocean often pass near important coral reefs, 
and many major oil spills in history have occurred near coral reef areas [4]. Offshore oil 
and gas production has also increased since the 1990s due to the worldwide demand for oil 
and gas, which has resulted in a significant increase in the potential for accidents in marine 
environments and coral reefs [6].

The potential risks of oil exploitation to coral reefs are well-established. However, 
there remains a significant gap in the availability of efficient and sustainable remediation 
strategies that can effectively protect and clean up reefs impacted by oil spills. One of the main 
emergency response strategies for oil spills at sea is the use of chemical dispersants. However, 
dispersants have been shown to be more harmful to corals than the oil itself [7]. Thus far, an 
effective and sustainable remedial strategy for coral reefs impacted by oil spills is yet to be 
developed. In recent years, research has shown that microorganisms play a crucial role in 
maintaining coral health and resilience. The microorganisms that are associated with corals, 
including viruses, dinoflagellates, archaea, bacteria, and fungi, collectively form the coral 
microbiome [8-10]. These microorganisms contribute to various beneficial functions, such 
as photosynthate production, micronutrient supply, pathogen protection, nitrogen fixation, 
and UV-damage protection [11-18]. The coral animal and its associated microorganisms 
are commonly referred to as a coral holobiont, which represents a dynamic system whose 
members may vary depending on environmental conditions and daily requirements [19]. 
Moreover, microbiome interactions can drive holobiont biology and define its phenotype [20]. 
These microorganisms can be used biotechnologically to improve the health and resilience of 
corals. Just as they are already widely used to improve the health of various animals, including 
humans. These beneficial microorganisms are known as probiotics. 
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Microorganisms are also known for their excellent ability 
to decompose a wide variety of pollutants, including petroleum 
hydrocarbons. This capability can be used to remove contaminants 
and restore degraded ecosystems. This methodology is known as 
bioremediation. Recently, this immense microbial versatility has 
been used to develop sustainable strategies for environmental 
mitigation and environmental recovery. The idea of manipulating 
the microbiome of corals, combining probiotic coral microorganisms 
with petroleum hydrocarbon-degrading microorganisms is proving 
to be a promising strategy for bioremediating oil-contaminated 
coral reefs. Studies based on this methodology have shown that 
corals when impacted with oil, survive the impact, as they are 
more resilient to contamination. Furthermore, there is a significant 
degradation of petroleum hydrocarbons, allowing the mitigation of 
the environment [9,21,22]. 

A recent study used a bacterial consortium composed of 10 
different species isolated from the coral of specie Mussismilia 
harttii corals. This bacterial consortium was able to degrade 
72.75% of total petroleum hydrocarbons and 56.20% of 38 
polycyclic aromatic hydrocarbons in 10 days, while preserving 
zooxanthellae photochemical ability [21]. Another study evaluated 
a multi-domain microbial consortium comprising bacteria, 
filamentous fungi, and yeast, isolated from seawater and corals of 
species Millepora alcicornis and Siderastrea stellata. This bacterial 
consortium was able to mitigate oil impacts, substantially degrading 
oil components and improving coral health in the presence of oil 
[22]. However, the effectiveness of microbial manipulation for 
coral reef bioremediation is still limited by several factors. One of 
the main challenges is the delivery of microbes to the targeted site. 
Microbes need to be delivered in sufficient numbers and in a way 
that ensures their survival and colonization in the environment. 
Moreover, the potential impact of introduced microbes on the coral 
reef ecosystem needs to be carefully evaluated to avoid unintended 
consequences.

Therefore, it is extremely important that successful mesocosm-
scale experiments begin to be tested in the natural environment. 
In field experiments, researchers try to assess how ecological 
systems respond to natural conditions and verify whether results 
obtained under controlled conditions can be applied in a natural 
environment. These are important to validate findings obtained 
in controlled environments and to obtain information about 
the natural variability of ecological systems under different 
environmental conditions. Field experiments are the next step 
for this promising technology to be put into practice (Figure 1). In 
order to minimize the anthropic impacts on coral reefs. Corals are 
among the most sensitive animals on our planet. A biotechnological 
product that is proven not to harm the health of these animals is 
robust evidence that it will not harm other animals on the coral 
reef. Therefore, it is extremely important that such bacteria are 
isolated from the coral reefs themselves and are very well studied 
in terms of their metabolic diversity and pathogenic potential.

Figure 1: Schematic representation of microbial 
manipulation for bioremediation of coral reefs. The 

process involves the collection of coral samples followed 
by the isolation of petroleum-degrading and probiotic 
bacteria. Laboratory and mesocosm experiments are 

conducted to optimize the bioremediation process 
before application in field experiments. Field studies 

are critical for establishing the applicability and efficacy 
of bioremediation techniques in natural coral reef 

environments.
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In conclusion, microbial manipulation shows great promise 
as a tool for enhancing bioremediation of coral reefs. However, 
further research is needed to optimize the selection and delivery 
of microbial species and to evaluate their long-term impact on 
the coral reef ecosystem. The development of effective microbial-
based bioremediation strategies is crucial for the restoration and 
conservation of coral reefs, which are essential for the health and 
well-being of our planet

References
1. Fingas M, Brown CE (2018) A review of oil spill remote sensing. Sensors 

18(1): 91.

2. Southward AJ, Southward EC (1978) Recolonization of rocky shores in 
Cornwall after use of toxic dispersants to clean up the Torrey Canyon 
spill. Journal of the Fisheries Research Board of Canada 35(5): 682-706.

3. Peterson CH, Rice SD, Short JW, Esler D, Bodkin JL, et al. (2003) Long-term 
ecosystem response to the Exxon Valdez oil spill. Science 302(5653): 
2082-2086.

4. Atlas RM, Hazen TC (2011) Oil biodegradation and bioremediation: 
A tale of the two worst spills in U.S. history. Environmental Science & 
Technology 45(16): 6709-6715.

5. Farrington JW (2013) Oil pollution in the marine environment I: Inputs, 
big spills, small spills, and dribbles. Environment: Science and Policy for 
Sustainable Development 55(6): 3-13.

6. Keramea P, Spanoudaki K, Zodiatis G, Gikas G, Sylaios G (2021) Oil 
spill modeling: A critical review on current trends, perspectives, and 
challenges. Journal of Marine Science and Engineering 9(2): 1-38.

7. National Academies of Sciences Engineering and Medicine (2019) The 
use of dispersants in marine oil spill response. National Academies 
Press, USA.

8. Peixoto RS, Rosado PM, Leite DCA, Rosado AS, Bourne DG (2017) 
Beneficial Microorganisms for Corals (BMC): Proposed mechanisms for 
coral health and resilience. Frontiers in Microbiology 8: 341.

9. Rohwer F, Seguritan V, Azam F, Knowlton N (2002) Diversity and 
distribution of coral-associated bacteria. Marine Ecology Progress 
Series 243: 1-10.

10. Rosenberg E, Koren O, Reshef L, Efrony R, Zilber-Rosenberg I (2007) The 
role of microorganisms in coral health, disease and evolution. Nature 
Reviews Microbiology 5: 355-362.

11. Janouškovec J, Horák A, Barott KL, Rohwer FL, Keeling PJ (2012) Global 
analysis of plastid diversity reveals apicomplexan-related lineages in 
coral reefs. Current Biology 22(13): R518-R519.

12. Kimes NE, Nostrand JD, Weil E, Zhou J, Morris PJ (2010) Microbial 
functional structure of Montastraea faveolata, an important Caribbean 
reef-building coral, differs between healthy and yellow-band diseased 
colonies. Environmental Microbiology 12(2): 541-556.

13. Raina JB, Tapiolas D, Willis BL, Bourne D (2009) Coral-associated 
bacteria and their role in the biogeochemical cycling of sulfur. Applied 
and Environmental Microbiology 75(11): 3492-3501.

14. Wegley L, Edwards R, Rodriguez-Brito B, Liu H, Rohwer F (2007) 
Metagenomic analysis of the microbial community associated with the 
coral Porites astreoides. Environmental Microbiology 9(11): 2707-2719.

15. Dunlap WC, Shick JM (1998) Ultraviolet radiation-absorbing 
mycosporine-like amino acids in coral reef organisms: A biochemical 
and environmental perspective. Journal of Phycology 34(3): 418-430.

16. Ritchie KB (2012) Bacterial Symbionts of corals and Symbiodinium. 
Beneficial Microorganisms in Multicellular Life Forms, Springer 
Publishers, USA, pp. 139-150.

17. Fine M, Loya Y (2002) Endolithic algae: An alternative source of 
photoassimilates during coral bleaching. Proceedings of the Royal 
Society B: Biological Sciences 269(1497): 1205-1210.

18. Santos HF, Carmo FL, Duarte G, Dini-Andreote F, Castro CB, et al. (2014) 
Climate change affects key nitrogen-fixing bacterial populations on coral 
reefs. ISME Journal 8(11): 2272-2279.

19. Thompson JR, Rivera HE, Closek CJ, Medina M (2014) Microbes in 
the coral holobiont: Partners through evolution, development, and 
ecological interactions. Frontiers in Cellular and Infection Microbiology 
4: 176.

20. Hernandez-Agreda A, Gates RD, Ainsworth TD (2017) Defining the core 
microbiome in corals’ microbial soup. Trends in Microbiology 25(2): 
125-140.

21. Santos HF, Duarte GAS, Rachid CTDC, Chaloub RM, Calderon EN, 
et al. (2015) Impact of oil spills on coral reefs can be reduced by 
bioremediation using probiotic microbiota. Scientific Reports 5: 1-12.

22. Silva DP, Villela HDM, Santos HF, Duarte GAS, Ribeiro JR, et al. (2021) 
Multi-domain probiotic consortium as an alternative to chemical 
remediation of oil spills at coral reefs and adjacent sites. Microbiome 
9(1): 1-19.

https://pubmed.ncbi.nlm.nih.gov/29301212/
https://pubmed.ncbi.nlm.nih.gov/29301212/
https://cdnsciencepub.com/doi/abs/10.1139/f78-120?journalCode=jfrbc
https://cdnsciencepub.com/doi/abs/10.1139/f78-120?journalCode=jfrbc
https://cdnsciencepub.com/doi/abs/10.1139/f78-120?journalCode=jfrbc
https://pubmed.ncbi.nlm.nih.gov/14684812/
https://pubmed.ncbi.nlm.nih.gov/14684812/
https://pubmed.ncbi.nlm.nih.gov/14684812/
https://pubmed.ncbi.nlm.nih.gov/21699212/
https://pubmed.ncbi.nlm.nih.gov/21699212/
https://pubmed.ncbi.nlm.nih.gov/21699212/
https://www.tandfonline.com/doi/abs/10.1080/00139157.2013.843980
https://www.tandfonline.com/doi/abs/10.1080/00139157.2013.843980
https://www.tandfonline.com/doi/abs/10.1080/00139157.2013.843980
https://agris.fao.org/agris-search/search.do?recordID=DJ20220153966
https://agris.fao.org/agris-search/search.do?recordID=DJ20220153966
https://agris.fao.org/agris-search/search.do?recordID=DJ20220153966
https://pubmed.ncbi.nlm.nih.gov/32379406/
https://pubmed.ncbi.nlm.nih.gov/32379406/
https://pubmed.ncbi.nlm.nih.gov/32379406/
https://pubmed.ncbi.nlm.nih.gov/28326066/
https://pubmed.ncbi.nlm.nih.gov/28326066/
https://pubmed.ncbi.nlm.nih.gov/28326066/
https://www.int-res.com/abstracts/meps/v243/p1-10/
https://www.int-res.com/abstracts/meps/v243/p1-10/
https://www.int-res.com/abstracts/meps/v243/p1-10/
https://www.nature.com/articles/nrmicro1635
https://www.nature.com/articles/nrmicro1635
https://www.nature.com/articles/nrmicro1635
https://www.sciencedirect.com/science/article/pii/S0960982212004678
https://www.sciencedirect.com/science/article/pii/S0960982212004678
https://www.sciencedirect.com/science/article/pii/S0960982212004678
https://ami-journals.onlinelibrary.wiley.com/doi/10.1111/j.1462-2920.2009.02113.x
https://ami-journals.onlinelibrary.wiley.com/doi/10.1111/j.1462-2920.2009.02113.x
https://ami-journals.onlinelibrary.wiley.com/doi/10.1111/j.1462-2920.2009.02113.x
https://ami-journals.onlinelibrary.wiley.com/doi/10.1111/j.1462-2920.2009.02113.x
https://journals.asm.org/doi/full/10.1128/AEM.02567-08
https://journals.asm.org/doi/full/10.1128/AEM.02567-08
https://journals.asm.org/doi/full/10.1128/AEM.02567-08
https://pubmed.ncbi.nlm.nih.gov/17922755/
https://pubmed.ncbi.nlm.nih.gov/17922755/
https://pubmed.ncbi.nlm.nih.gov/17922755/
https://onlinelibrary.wiley.com/doi/10.1046/j.1529-8817.1998.340418.x
https://onlinelibrary.wiley.com/doi/10.1046/j.1529-8817.1998.340418.x
https://onlinelibrary.wiley.com/doi/10.1046/j.1529-8817.1998.340418.x
https://link.springer.com/chapter/10.1007/978-3-642-21680-0_9
https://link.springer.com/chapter/10.1007/978-3-642-21680-0_9
https://link.springer.com/chapter/10.1007/978-3-642-21680-0_9
https://pubmed.ncbi.nlm.nih.gov/12065035/
https://pubmed.ncbi.nlm.nih.gov/12065035/
https://pubmed.ncbi.nlm.nih.gov/12065035/
https://www.nature.com/articles/ismej201470
https://www.nature.com/articles/ismej201470
https://www.nature.com/articles/ismej201470
https://pubmed.ncbi.nlm.nih.gov/25621279/
https://pubmed.ncbi.nlm.nih.gov/25621279/
https://pubmed.ncbi.nlm.nih.gov/25621279/
https://pubmed.ncbi.nlm.nih.gov/25621279/
https://pubmed.ncbi.nlm.nih.gov/27919551/
https://pubmed.ncbi.nlm.nih.gov/27919551/
https://pubmed.ncbi.nlm.nih.gov/27919551/
https://pubmed.ncbi.nlm.nih.gov/26658023/
https://pubmed.ncbi.nlm.nih.gov/26658023/
https://pubmed.ncbi.nlm.nih.gov/26658023/
https://pubmed.ncbi.nlm.nih.gov/34020712/
https://pubmed.ncbi.nlm.nih.gov/34020712/
https://pubmed.ncbi.nlm.nih.gov/34020712/
https://pubmed.ncbi.nlm.nih.gov/34020712/

	Perspectives in Microbial Manipulation for Bioremediation of Coral Reefs
	Introduction
	References
	Figure 1

