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Abstract 
Ocean contains rich variety of organisms, some of which are only 
found in the oceans. The number of marine species used by 
humans is growing at unprecedented rates, including the rapid 
domestication of marine species for aquaculture and the discovery 
of natural products and genes of medical and biotechnological 
interest in marine ecosystem. The rapid growth in the human 
appropriation of marine genetic resources (MGRs), with 
thousands of natural products and patents associated with genes 
of marine organisms, demonstrates that the use of MGRs is no 
longer a vision but a growing source of biotechnological and 
business opportunities. The aim of this research was to have an 
overview of ocean genetic resources and the conservation of 
marine biodiversity. Doctrinal research methodology was 
adopted in this research work. Amongst others the research found 
that there are factors affecting ocean genetic resources and the 
conservation of marine biodiversity including but not limited to 
species extinction, loss of population and invasive species. The 
research further looked at the benefits, risk and challenges to the 
conservation of the ocean genetic resources. Far reaching 
recommendations has equally been made, which its 
implementation will go a long way in the conservation of the 
marine genetic resources. 

 
Introduction  
The dynamics of the ocean genetic resources enable organisms to adapt to 
diverse ecological niches and changing environmental conditions. The 
ocean genome also determines the productivity and resilience of 
biological resources, including fisheries and aquaculture, which 
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collectively support global food security, human well-being and a 
sustainable ocean economy.  
A deeper understanding of the ocean genetic resources has contributed to 
an increased awareness of the pressures facing marine biodiversity, 
including those from habitat loss and degradation; overfishing and other 
extractive activities such as mining; climate change and the spread of 
invasive species. Rapid advances in sequencing technologies and 
bioinformatics have enabled exploration of the ocean genetic resources, 
which is informing the designation of marine protected areas as well as 
innovative approaches to conservation such as the establishment and 
incorporation of temporal genetic monitoring datasets into conservation 
planning and management as well as the sustainable use of resources. 
Exploring the ocean genome has also enabled a growing number of 
commercial biotechnology applications, extending from multiple 
anticancer treatments to cosmetics and industrial enzymes. At the same 
time, the environmental, social and ethical risks arising from the use of 
existing and new biotechnologies such as CRISPR (Clustered Regularly 
Interspaced Short Palindromic Repeats) remain under-investigated and 
poorly known, especially in marine environments.1 
As awareness of the unique nature and consequent value of the ocean 
genetic resources grows and the importance of ensuring its conservation 
and sustainable use becomes more pressing, so too has the complexity of 
the national and transnational legal, institutional and ethical contexts that 
govern it. Within national jurisdictions, the Convention on Biological 
Diversity (CBD) and its Nagoya Protocol comprise key governance 
mechanisms for the conservation and sustainable use of marine 
biodiversity. For biodiversity in areas beyond national jurisdiction (BBNJ), 
a new United Nations (UN) agreement is under negotiation focusing on 
issues of crucial importance to the ocean genetic resources, including area-
based management tools, access to and intellectual property protection of 
marine genetic resources and their commercial exploitation, as well as 
capacity building.2  
Sharing benefits arising from the use of the ocean genetic resources is a 
central issue. There is an urgent need to promote inclusive and 
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responsible research and innovation that addresses equity differentials 
and fosters enhanced capacity and access to technology while facilitating 
the realization of commitments to conserve and sustainably use the 
ocean’s genetic diversity. 
 
Ocean Genetic Resources and its Importance 
The ocean covers 70 percent of the Earth’s surface and represents 99 
percent of the habitable space on the planet by volume3. Life has existed in 
the ocean for at least 3.7 billion years, over three times as long as on land4. 
This long history has resulted in some 2.2 million existing eukaryotic 
marine species (estimates range from 0.3 to 10 million species), of which 
230,000 are confirmed5. Marine species have been discovered at a higher 
rate than terrestrial species since the 1950s6; indeed, the ocean harbours 
unique biodiversity that dwarfs the biodiversity found on land. For 
example, of the 34 major known animal phyla, 33 are found in the ocean 
while only 12 are found on land7. On land, a single phylum accounts for 
90 percent of all terrestrial animal species (Arthropoda— including insects 
and arachnids), but in the ocean 90 percent of the animal species are 
distributed across eight phyla (Mollusca, Arthropoda, Chordata, 
Annelida, Nematoda, Cnidaria, Bryozoa and Porifera), showing a 
remarkable range of biodiversity at higher taxonomic levels8. Depending 
on the taxon group, some 24–98 percent of eukaryotic marine species 
remain undescribed. 
Genetic diversity—the total number of genetic characters in the genetic 
makeup of a species—is a foundational component of biodiversity, 
strongly determining the biogeography of species distribution and 
allowing us to indirectly retrace the history of life on Earth. Its 
conservation is necessary for the ecosystem and, through genetic 
variability, for greater population fitness and potential to adapt and 
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recover9. Such attributes are especially critical in the context of rapid 
environmental change10. Genetically diverse fish stocks, for instance, may 
be able to exploit a range of environments and have a better ability to 
withstand anomalous conditions, and are therefore of key interest to 
fishery managers.11 Genetic diversity is also important for understanding 
long-term climate resilience, such as the ability of some corals to be heat 
resistant in the face of mass bleaching events.12 
The ocean genetic resources is defined here as the ensemble of genetic 
material present in all marine biodiversity, including both the physical 
genes and the information they encode. While discussions of genetic 
resources typically centre on physical resources, the informational 
component of genes has become increasingly important. This is due to the 
possibility of storing the nucleotide sequences of DNA (deoxyribonucleic 
acid) and RNA (ribonucleic acid) as digital information and using this 
information to create proteins, molecular processes, innovation and even 
organisms13. Patent and ownership claims now often centre on using 
genetic sequence data in addition to the physical genetic material from 
which they were extracted. Patent applications require sequences to be 
disclosed, depending on what is being patented, and many scientific 
journals also require sequences to be deposited and an accession number 
to be supplied prior to publishing associated research.14 
 
Benefits of Ocean Genetic Resources 
The ocean genetic resources are the foundation upon which all marine 
ecosystems rest and are therefore integrally linked to the existence of all 
life on Earth, including humanity. Throughout human history, diverse 
cultures, societies and knowledge have evolved that are integrally linked 
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to marine and coastal biodiversity, leading over time to the emergence of a 
rich diversity of social-ecological systems and worldviews in coastal 
regions around the world. As the custodians of many coastal areas, and 
the repositories of associated traditional knowledge, local and traditional 
communities have played a critical role in contributing such knowledge 
toward our food, medicines, cosmetics and emotional connections to the 
ocean. 
Maintaining the health of ocean ecosystems is critical; these ecosystems 
provide over 50 percent of the oxygen on the planet, sustain vast fisheries 
generating 17 percent of the animal protein we consume and shape and 
regulate global climate patterns15. The genetic diversity within the ocean 
genome contributes to the capacity of species and populations to adapt to 
a changing ocean and helps mitigate the impacts associated with realized 
and projected climate change16.  
Marine plants, animals, fungi and microorganisms have adapted to 
occupy a variety of niches, being able to thrive in the extremes of heat, 
cold, water chemistry and darkness found in the ocean. The resulting 
adaptations are recorded in their genetic codes, enabling them to produce 
a wide variety of primary and secondary metabolites with significant 
biological activities that have attracted growing commercial interest from 
a range of industries17. Applications include the development of industrial 
enzymes, pharmaceuticals, cosmeceuticals, nutraceuticals, antifoulants, 
adhesives and tools for research and conservation purposes18. Over 34,000 
marine natural products— naturally occurring molecules produced by 
marine organisms—have been discovered, many with remarkable levels 
of bioactivity, resulting in rates of drug discovery from marine organisms 
that are up to 2.5 times the industry average.19  
In addition to these commercial uses, a range of noncommercial 
applications based on the ocean genetic resources have also emerged. 
Through the use of genetic sequence data, a substantial and growing body 
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of work has been done in the field of ecology to inform our knowledge on 
taxonomy, connectivity and demography, while new techniques, such as 
the sampling of environmental DNA (eDNA), are enhancing our 
understanding of marine taxonomy and enabling noninvasive study 
methods.20 DNA barcodes have also been used to help identify mislabeled 
seafood and fight wildlife trafficking21. Finally, the potential of gene 
editing tools like CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats) as novel conservation techniques is now being 
explored22, although its application remains theoretical. Moreover, 
environmental, social and ethical risks remain under-investigated and 
poorly known, especially for the marine environment. 
 
Ocean Genetic Resources at Risk 
Multiple threats face the ocean genetic resources, largely through 
overexploitation, habitat destruction, pollution, invasive species and, 
increasingly, the degradation of marine ecosystems, all of which are 
additionally impacted by a changing climate23. Land-based activities such 
as high-input industrialised agriculture are leading to pollution and 
eutrophication from excessive nutrient runoff and expanding low-oxygen 
dead zones around river deltas. Coastal aquaculture (mariculture) can also 
have significant environmental impacts due to high nutrient inputs, 
chemical pollution, the removal of large amounts of fry from the wild and 
the large-scale destruction of coastal habitats such as mangroves, among 
other issues24. Mariculture has also created an immediate threat to the 
genetic diversity of native fish populations, most prominently perhaps in 
the southern hemisphere where salmonids, absent from the native fauna25, 
have been introduced as aquaculture escapees and in areas supporting 
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wild capture salmon fisheries. Shipping activities and the flow of ballast 
water and waste into the ocean have contributed to the spread of invasive 
species and pathogens, and to the creation of anoxic, no-oxygen zones and 
toxic red tide algal blooms26.  
Ocean-based activities like trawl fisheries, mining, dredging and the 
construction of artificial islands are drastically reducing biodiversity and 
completely reshaping some marine environments. Overfishing has led to 
the collapse of major fisheries like the Newfoundland cod fishery, where a 
regime shift has subsequently resulted in a restructuring of regional food 
webs27. Overfishing is also damaging the genetic diversity of fish and 
bycatch species, with one study suggesting that overfished species carry 
about 18 percent fewer unique genetic variations than their lightly fished 
relatives. In some cases, multiple threats combine synergistically; for 
instance, aquaculture salmon broodstock escapes and fishing of wild 
populations have led to the loss of genetic diversity28.   
At a global scale, the burning of fossil fuels has generated greenhouse gas 
emissions and led to climate change— and the ocean absorbs 93 percent of 
the increased heat associated with these greenhouse gas emissions.29 The 
majority of marine species have narrower windows of thermal tolerance 
compared with those of terrestrial species, and local extinctions of marine 
species have been twice as common as those of species on land based on a 
global dataset of the rangeedge positions of species on land and in the 
sea30. Increased heating of the ocean remains the biggest climate impact to 
date, with the absorption of excess carbon also resulting in ocean 
acidification, which has negatively impacted marine ecosystems as it 
interacts synergistically with other drivers of loss such as direct 
exploitation and pollution.  
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About 20 marine species are known to have gone extinct over the past 500 
years,31 yet this is likely an underestimate given that little is known about 
how many species inhabit the marine environment. Some marine species 
have not been observed for decades and could already be extinct, while 
others, including 25 percent of marine mammals, sharks and rays, are at 
risk of extinction or are globally threatened.32 Although advances in 
working with ancient DNA may still allow species’ genomes to be 
recovered from remains held in museums,33 these would be devoid of the 
variability present in viable existing populations. 
In the face of these threats to marine biodiversity and the ocean genetic 
resources, adequate protection lags significantly. For most of human 
history the ocean was largely a de facto fully protected area that was too 
remote, too distant and too deep to exploit based on technological, 
economic and social limitations to access.34 The creation of marine 
protected areas (MPAs) is in recognition of the need to reestablish places 
that are protected from exploitation. International targets including the 
Convention on Biological Diversity’s and the United Nations’ Sustainable 
Development Goal 14 call for protecting 10 percent of the ocean by 2020 in 
MPAs and other effective area-based conservation measures (OECMs). 
Yet only 8 percent of the ocean is in any kind of designated MPA, 
including 5 percent in implemented MPAs, and only 2.5 percent is in fully 
or highly protected, implemented MPAs,35 updated via Marine 
Conservation Institute 2020). Further, there are growing calls from the 
scientific community for at least 30 percent of the ocean to be fully and 
highly protected to maintain a healthy, productive and resilient ocean.36 In 
parallel, significant efforts are also needed to ensure that genetic diversity 
in areas outside MPAs and OECMs is conserved. This would include 
ensuring the sustainable use of resources; preventing habitat degradation; 
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cautiously using previously unexploited places; and protecting rare, 
threatened and endangered species and populations.    
Marine science has contributed significantly to revolutionary scientific and 
technological transformations in the life sciences and microbiology over 
the past two decades. Advances in genomic technologies, with sequencing 
costs declining 4,000fold over the past decade37, mean that millions of 
DNA fragments can be sequenced simultaneously and inexpensively, 
creating an intensely data-rich field. While such innovations have rapidly 
expanded the boundaries of our knowledge, vast knowledge gaps remain. 
For instance, a large fraction of predicted genes from marine prokaryotes 
cannot be assigned functions38, and the functions of some 90 percent of 
genetic sequences collected from viruses remain unknown39.  
The rapidly growing field of synthetic biology now allows genes from 
different organisms, from different parts of the world, and from the ocean, 
soil and rivers to be combined into new patented organisms, including 
some synthesised components. Although the full contribution of MGR 
remains unknown, the Synthetic Biology Project reports at least 116 
synthetic biology products and applications to be near to or on the market. 
The pace has rapidly increased over the past five years due to the 
introduction of fast, reliable and low-cost genome-editing techniques such 
as CRISPR, gene drives, TALENs (transcription activator-like effector 
nucleases) and oligonucleotide-directed mutagenesis techniques40. 
While such developments could yield important benefits, they also carry 
significant and often unknown risks. It is especially hard to predict the 
ecological consequences of introducing transformed organisms into 
marine environments. Containing introduced organisms is likely 
impossible and escaped transgenic fish or bacteria may establish viable 
populations in the wild, leading to altered natural ecosystems41. For 
instance, simple, commercially available kits (GeneArt® Synechococcus 
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Engineering Kits) allow the photosynthetic cyanobacteria Synechoccocus— 
responsible for up to 80 percent of the photosynthetic production in the 
oligotrophic ocean42—to be genetically manipulated. Accidental release of 
genetically modified strains in the ocean could, if viable, generate 
significant risks to the entire biosphere. The introduction of genome-
editing techniques heightens such concerns, raising a suite of important 
questions about the governance and regulation of such technologies, 
about how problems are framed and solved, about how decisions get 
made about the release of modified organisms, and about the ethical 
considerations of international, intergenerational and interspecies justice.43  
 
Legal Framework for Ocean Genetic Resources 
Governance of the ocean genetic resources is complex. This is due, not 
least, to its conceptual broadness, the lack of boundaries for the spread of 
species in the ocean, the diversity of threats it faces and the mix of its 
commercial and noncommercial dimensions. The United Nations 
Convention on the Law of the Sea (UNCLOS), concluded in 1982, acts as a 
sort of ‘constitution’ for the ocean, specifying provisions for the protection 
of the marine environment. The convention itself does not refer to either 
biodiversity or genetic resources, but it does refer to the ‘conservation and 
utilization of living resources’ (Articles 61 and 62), including on the high 
seas (Articles 116 and 117). UNCLOS combines elements of different 
conceptions of property, with a governance approach to achieving social 
objectives.44  
UNCLOS also defined a series of maritime zones and jurisdictional claims. 
Of particular relevance is the distinction between exclusive economic 
zones (EEZs) and areas beyond national jurisdiction (ABNJ), which 
comprise roughly 36 percent and 64 percent of the ocean’s area, 
respectively45. According to UNCLOS, each coastal state has ‘sovereign 
rights [within its EEZ] for the purpose of exploring and exploiting, 
conserving and managing the natural resources’. In the case of straddling 
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and highly migratory fish stocks, many of which are found across 
multiple EEZs as well as ABNJ, the UN Fish Stocks Agreement applies 
(UN 1995). According to that agreement, states ‘shall apply the 
precautionary approach widely to conservation, management and 
exploitation … to protect the living marine resources and preserve the 
marine environment’.  
Two international agreements under the CBD are of particular relevance: 
the Cartagena Protocol on Biosafety (2000), which aims to protect 
biological diversity from risks associated with biotechnology innovations, 
including genetically modified organisms; and the Nagoya Protocol on 
Access and Benefit-Sharing (2010), which aims to operationalise the CBD’s 
third objective. The 196 parties to the CBD have agreed to a wide range of 
obligations and relevant global targets, including safeguarding genetic 
diversity, operationalising the Nagoya Protocol and ensuring the integrity 
of ecosystems. Meeting these targets entails committing to protect 10 
percent of coastal and marine areas and maintaining the genetic diversity 
of wild animals, in addition to domesticated species, by using strategies to 
minimize genetic erosion.   
As mandated by UN General Assembly Resolution 72/249, an 
intergovernmental conference is necessary with the aim of negotiating a 
new legally binding international treaty on biodiversity in ABNJ (BBNJ). 
The negotiations should cover four elements of a package: marine genetic 
resources including issues related to access and benefit sharing; measures 
such as area-based management tools, including MPAs; environmental 
impact assessments (EIAs); and capacity building and technology transfer. 
 
Benefits Associated with Marine Genetic Diversity 
The genetic resources of organisms encode the biological, morphological, 
behavioural and physiological attributes that define their structures and 
roles within ecosystems. In the ocean, functioning ecosystems supported 
by this genetic diversity contribute essential services, including producing 
and recycling organic matter, channelling energy across food webs, 
providing food, maintaining water quality, regulating climate, 
establishing cultural values and providing recreational opportunities and 
other ecosystem services that benefit humanity46. The ecological benefits 
of the ocean genetic resources are vast, with their scope broadly organized 
into two equally important and interrelated themes.  
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First, genetic diversity in the ocean is critical because it stabilizes 
ecosystems, as well as the species and ecological processes they 
encompass and the ecosystem services they provide. Genetic variability, 
including single nucleotide base pair substitution, insertion deletion and 
structural variability, can result in the presence of species with redundant 
functions47 as well as genotypes within species that encode variable 
responses to environmental pressures. These support ecosystem stability 
and ensure that ecosystems remain functional even if unpredictable 
changes lead to the loss of some species, or the loss of within-species 
genetic diversity at the population level48. For example, genetic variability 
across more than 100 discrete populations of Bristol Bay salmon in Alaska 
entails greater heterogeneity and resilience to anomalous conditions, 
resulting in lower variability in fisheries production and greater stability 
than that of a homogeneous population. This has also led to fewer 
fisheries closures for the fishing community49. At the ecosystem level, 
nutrients from the salmon spread throughout the system as predators feed 
on the population during spawning season.  
Genetic diversity can also stabilize populations during restoration efforts. 
Sea grass restoration experiments in North America and Indonesia 
showed plots with higher genetic diversity had increased survival, density 
and/ or growth50. In the Chesapeake Bay, restoration efforts were linked 
to ecosystem services, including increased primary production and 
nutrient retention51.  
Second, genetic diversity enables biological variability and drives genetic 
potential, which allow species to persist in changing environmental 
conditions and to evolve as environments change over time. 
Overexploitation of and declines in marine populations can lead to 
dwindling population sizes and greater potential for lost genes compared 
with the greater standing genetic variation in larger populations. This 
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variation helps species persist and adapt to perturbations,52 including 
those associated with anthropogenic changes. For example, an experiment 
on marine phytoplankton showed that cultures with higher genetic 
diversity were better able to withstand low salinities. High diversity in the 
simulated populations corresponded to the highest primary production 
and greatest nitrogen uptake under salinity stress. This is particularly 
important alongside increasing evidence that adaptation in some species 
can take place faster than previously thought; adaptation has been shown 
to occur in only 200 generations of short-lived species such as tropical 
diatoms53. Corals also provide context for this adaptive capacity with their 
ability to respond relatively quickly via symbiont and microbiome 
shuffling, phenotypic plasticity, acclimatisation and adaptation. Some 
corals may have already adapted to ocean warming since the Industrial 
Revolution54.  
The ecosystem stability and adaptive potential afforded by genetic 
diversity are already vital to species, populations and communities as we 
know them. Yet their future values may go beyond these, as systems 
change at rates that are unprecedented and in ways that are unexpected, 
involving additive and synergistic effects. This underscores the benefits of 
conserving the ocean genetic resources, particularly in areas that are 
minimally explored but may harbour high genetic diversity and isolated 
populations, including the fragile communities on seamounts and in the 
deep sea55. 
 
Commercial Benefits of Marine Genetic Resources 
An intact and healthy ocean genetic resource provides not only ecological 
benefits but also the foundation that has enabled and supported a 
growing range of commercial applications. Although the monetary 
benefits associated with these innovations are notoriously difficult to 
quantify, it is important to emphasize how these innovations contribute to 
human well-being. For instance, bioactive compounds from marine 
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microorganisms associated with sea sponges are considered promising for 
the development of novel antibiotics, which are relevant in the context of 
increasing antimicrobial resistance.56 Likewise, the venoms of species such 
as cone snails are of interest for the development of new drugs that could 
replace opioids and consequently lower instances of misuse.57 
 
1. Marine Drug Discovery 
The targeted search for compounds with biological activity against human 
diseases began in the late 1960s, but structures of compounds with high 
potency and selectivity were not defined until the 1980s. Extensive 
funding by the United States’ National Cancer Institute along with its 
commitment to collect MGR globally meant that the focus was on the 
treatment of cancer, using compounds mostly collected from shallow 
tropical reefs and derived from marine invertebrates58. As a result, five out 
of the eight clinically approved drugs derived from MGR are treatments 
for cancer; the remaining three are treatments for neuropathic pain, Herpes 
simplex virus and hypertriglyceridemia59. Out of these, seven are derived 
from marine invertebrates and one is derived from an oily fish. 
Development of and approval for all of these took many years.  
The European Medicines Agency has approved some over-the-counter 
medications based on MGR, such as Carragelose, a broadly effective 
antiviral drug that can be used to treat respiratory viruses such as the 
common cold60. Currently, 28 marine derived products are in clinical trials 
with a further 250 in preclinical investigation, all from around 33,000 
reported marine natural products61. This is an astounding success rate 
when compared with terrestrial natural products. This success may be due 
in part to the vast taxonomic diversity in marine environments. For sessile 
marine invertebrates, the lack of an evolved immune system, combined 
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with the pressures of preventing predation and competing for space and 
resources, may have led to the emerging changes of a chemical arsenal for 
survival.  
Because of the supply issue associated with marine invertebrate–derived 
pharmaceutical candidates, the marine natural product research 
community has also focused on investigating marine microorganisms as 
sources of bioactive compounds. The long time lag between discovery and 
development means that most of these are still under preclinical 
investigation, with a smattering of microbial Medicines Agency has 
approved some over-the-counter medications based on MGR, such as 
Carragelose, a broadly effective antiviral drug that can be used to treat 
respiratory viruses such as the compounds in human clinical trials62 and 
many more at preclinical stages of development. The ability to sequence 
genetic resources quickly and cheaply coupled with bioinformatics tools—
such as antiSMASH, which enables the rapid identification of secondary 
metabolite gene clusters in bacteria and fungi—often renders the inherent 
capacity for microorganisms to produce chemicals predictable even before 
testing begins63. Challenges remain when genes are of completely 
unknown function, as is the case for many marine viruses. Advances in 
chemoinformatics, such as Global Natural Products Social Molecular 
Networking, allow scientists to verify this talent, massively speeding up 
the biodiscovery process. Finally, advances in assay technology mean we 
use less material in bioassays while obtaining better quality data with 
higher information content.64 
 

2. Nutraceuticals 
The original definition of nutraceuticals, or functional foods, was given as 
‘food, or parts of a food, that provide medical or health benefits, including 
the prevention and treatment of disease’65. Regulation for nutraceuticals is 
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currently changing, with stricter rules being developed in many 
jurisdictions to prevent unrealistic claims of possible benefits. Marine 
resources have a huge nutraceutical potential66. Indeed, due to their 
genetic diversity, they comprise a very wide range of enzymes and, as a 
consequence, of metabolic pathways. These in turn yield an extreme 
diversity of bioactive compounds with possible positive effects on health 
and well-being. These compounds encompass specific oligo- and 
polysaccharides; fatty acids and more complex lipids; proteins (including 
enzymes); and peptides, vitamins, minerals, phenolic substances, 
carotenoids, halogenated compounds and many others67.  
Omega-3 fatty acids—EPA (eicosapentaenoic acid) and DHA 
(docosahexaenoic acid)—are of particular importance to the overlapping 
areas of nutrition and highly bioactive substances. Microalgae (as well as 
fish and some crustaceans, due to their consumption of microalgae) are a 
rich source of these polyunsaturated fatty acids68, which are known for 
their positive health effects on inflammatory conditions (more 
importantly, EPA), cardiovascular disease, highly purified fish oils 
approved for clinical use, though the health benefits need confirmation;69 
and neurocognitive development and health (DHA)70.  
 
3. Cosmetics 
Cosmetics are big business—worth US$532 billion worldwide in 2017, 
growing at around 7.14 percent annually and expected to reach above 
$800 billion by 202371. There is growing interest in naturally sourced 
products, including those derived from marine biodiversity. Additionally, 
products that show verifiable effects such as reducing wrinkles and 
protecting skin from the damaging effects of ultraviolet or infrared 
radiation attract a price premium and are placed at the high end of the 
market; these are often referred to as cosmeceuticals. The first true marine 
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cosmeceutical, formulated in Estée Lauder’s Resilience line, is a mixture of 
pseudopterosins derived from the Caribbean gorgonian (seawhip) 
Pseudopterogorgia elisabethae. These compounds were originally discovered 
as potent anti-inflammatory agents, but their physical properties meant 
they were unsuitable for systemic administration and they were therefore 
used topically. The material for the Resilience products is derived from 
environmentally managed seawhip farms, with population-level effects of 
the harvest studied in detail72.  
Two cosmeceuticals derived from vent bacteria have been commercialised, 
Abyssine 657 (Meyer/L’Oreal) and Venuceane (Sederma/Croda). The 
active product in Abyssine, Deepsane, is an anti-inflammatory 
polysaccharide obtained from a deep-sea bacterium Alteromonas macleodi, 
which is isolated from an annelid worm collected from a hydrothermal 
vent in the East Pacific Rise at 2,625 metres (m) depth (in ABNJ). 
Venuceane, a product marketed as anti-ageing, detoxifying and 
moisturising, screens damaging infrared radiation and is derived from 
another hyperthermophile bacterium, Thermus thermophilus, obtained at 
2,000 m depth in the Guaymas Basin in the Gulf of California. It has also 
been shown to screen ultraviolet radiation to prevent radical damage of 
DNA, thus protecting skin.73 
 
Challenges to the Conservation of the Ocean Genetic Resources 
Human activities have been intensifying globally, threatening marine 
species’ survival, contributing to the rapid loss of genetic diversity and 
weakening species’ adaptive capacities74. Fishing has significant negative 
impacts on marine ecosystems and biodiversity, which has implications 
for species extinction75 and the reduction of genetic diversity or selection 
at specific loci76. Unsustainable coastal development, land- and sea-based 
pollution and growing interest in deep-sea exploration and mining 
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constitute additional significant threats to biodiversity that often 
compound those from overharvesting77.  
Climate change is leading to a warmer, more acidic and less oxygenated 
ocean, directly affecting all stages of marine life across all latitudes78. 
Specific responses have included geographic distribution shifts to higher 
latitudes and deeper water, advances in spring phenology and increases 
in the abundance of warm water species79. Climate change affects 
biodiversity through changes in the distribution of genetic variants in 
space and time, changes to the degree of phenotypic plasticity (the 
individual characteristics of organisms that result from interacting with 
the environment) as well as changes in the ability of organisms to adapt 
over time to changing environmental conditions. Realized climate change 
has already had substantial deleterious impacts across a range of 
biological processes and taxa, including critical habitat-forming species 
such as corals80. 
 
1. Species Extinction 
While extinction rates in the ocean currently appear far lower than species 
loss in the terrestrial realm, species extirpations due to climate change are 
likely to be twice as common in the ocean as on land due to the narrow 
thermal range tolerated by marine species81. Estimates of marine 
extinctions are likely to be conservative —little is known about how many 
species inhabit the marine environment and there is a lack of monitoring 
or specific assessments of extinction risk under the IUCN Red List. Heavy 
use of the maritime space by humans has led to dramatic declines in the 
abundance of the baiji river dolphin (Lipotes vexillifer) and the vaquita 
(Phocoena sinus), leading the former to be declared functionally extinct and 
the latter to become the most endangered cetacean in the world as 
declared by the International Union for Conservation of Nature82. IUCN 
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has recorded 15 marine species extinctions, including the Caribbean monk 
seal (Monachus tropicalis), the Japanese sea lion (Zalophus japonicus) and the 
sea mink (Neovison macrodon)83. Some species have not been observed for 
several decades and may be extinct. 
 
2. Loss of Population   
Population extirpations and declines in abundance due to unsustainable 
fishing practices, habitat destruction and pollution have led to 
contractions in the ranges of many fish species—including large 
pelagics—and invertebrates84. Salmon have suffered significant declines in 
numbers and now occur over a much smaller range than historically 
documented85. Several sockeye salmon (Oncorhynchus nerka) 
subpopulations are classified as extinct as a result of the construction of 
impassible dams throughout the Columbia River basin. Columbia River 
chinook salmon (Oncorhynchus tshawytscha) have been documented to 
have lost up to two-thirds of their genetic diversity. Declines in 
population diversity have been shown to increase the variability in 
salmon returns86. Declines in the size or density of individual populations 
also result in greater fluctuations in the frequency of certain genotypes 
due to the loss of certain genes over time. This process, known as genetic 
drift, is magnified in smaller populations or in larger populations with a 
reduced number of adults who can reproduce.87  
 
3. Invasive Species 
Aquaculture and shipping are two important means by which species are 
being translocated around the world, leading to a rise in invasive species. 
While the introduced species often do not survive, when they do, they 
may outcompete native species or prey on them, leading to cascading 
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changes in native communities88. While aquaculture is rapidly becoming a 
critical component to ensuring food security, the sector presents important 
concerns with regard to genetic diversity. Aquaculture often breeds 
species (which are often introduced) by favouring certain traits that give 
them an advantage over native species in the wild. While the environment 
in which cultured species are grown tends to be carefully contained and 
monitored, escape events do happen. Such events can lead to farmed 
species interbreeding with native species (genetic introgression) and rapid 
genetic homogenisation, resulting in the irreversible reduction in genetic 
diversity and fitness of wild fish,89 hence lowering their capacities to 
adapt to environmental change. Farming can also facilitate the spread of 
pathogens, placing further pressure on stocks and posing a serious 
challenge to the management of farmed and wild populations90. 
 
Conclusion 
The ocean genetic resources is the genetic material present in all marine 
biodiversity, determining the abundance and resilience of biological 
resources—such as fisheries and aquaculture—that collectively form a 
pillar of global food security and human well-being. It is the foundation 
upon which all marine ecosystems, including their functionality and their 
resilience, rest. Thus, protecting and conserving the ocean genetic 
resources is crucially important not only for the functioning, stability and 
integrity of ocean ecosystems and the life within these systems, but for the 
biosphere and humanity. Yet the ocean genetic resources is also being 
degraded and eroded through overexploitation, habitat loss and 
degradation, pollution, impacts from a changing climate such as ocean 
acidification, invasive species and other pressures, as well as their 
cumulative and interacting effects.  
Simultaneously, exploration of the ocean at a genetic level has resulted in 
new insights into taxonomy and adaptive capacity that can help optimize 
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conservation efforts, while also spawning a growing number of marine 
biotechnology applications of commercial importance, from anticancer 
treatments to cosmetics and industrial enzymes. Initiatives to 
commercialize the ocean genetic resources should be coupled with 
considerations regarding conservation, with attention given to both 
monetary and nonmonetary benefits, and associated environmental, social 
and ethical risks. 
Ensuring that the ocean genetic resources is both conserved and used in a 
sustainable, fair and equitable manner is urgently important, particularly 
through the implementation of fully and highly protected areas in the 
ocean. The sustainable ocean economy is underpinned by the conservation 
and sustainable use of the ocean genetic resources and a focus on 
equitable outcomes for all. Yet effective conservation, sustainable use and 
economic benefits from the ocean genetic resources are challenged by a 
fragmented ocean governance landscape, gaps in scientific understanding 
and a world in which the capacity to access and share in the benefits of 
utilization of marine genetic resources and associated information varies 
widely across states.  
 
Recommendation 
1. All stakeholders should endeavour to protect marine genetic 

diversity as part of conservation measures and monitor outcomes. 
Protected MPAs to effectively conserve genetic diversity and ensure 
ocean health, productivity and resilience. Support this progress by 
connecting with existing international commitments in the post-2020 
framework such as those in the CBD and UN SDGs, and through 
new voluntary commitments, as well as with support from 
philanthropies. 

 
2. Government should support greater equity in genetic resources 

research. Ensure that marine science capacity building, information 
exchange, collaboration and appropriate technology transfer are 
given adequate attention, including through their integration into 
access and benefit sharing (ABS) approaches, research agreements 
and policies. Ensure that new and additional funding streams are 
employed beyond repackaging existing funds. 

 
3. Increase financial and political support to improve knowledge of the 

ocean genetic resources. Build support for integrative taxonomic 
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research aimed at understanding the ocean genetic resources by 
making this a key element of the UN Decade of Ocean Science for 
Sustainable Development.  

 
4. Addressing these issues requires the adoption of effective national 

and transnational legal measures that ensure both incentives for 
research and development as well as equitable technology diffusion. 
Better coordination is needed to ensure that the resources available 
for promoting conservation, capacity development and other 
activities associated with the ocean genome are effectively used and 
equitably shared.  

 
 
 

 
 

 


