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Bioprospecting can be defined as the exploitation of biodiversity to develop products of 
commercial value for humans (1). This includes the search for chemicals with unique structures 
and functions, novel genes, or even whole organisms that can be used in different industries 
(2). Bioprospecting holds huge potential for finding solutions to some of the biggest problems 
we are facing today: antibiotic resistance, issues concerning plastic waste and petroleum 
pollution, global warming, and non-sustainable fuels. However, for bioprospecting to be a good 
potential solution to these problems, it must be done sustainably to not contribute negatively 
to a globe already heavily impacted by our human footprint. 

If bioprospecting is not done sustainably, it might contribute negatively to global issues like 
overexploitation of natural resources, habitat destruction, extinction, and inequitable/unjust 
sharing of benefits arising from natural resources. It is, therefore, important to look at the 
sustainability of this practice to identify problem areas that need improvement. In this article, 
we aim to examine the environmental, economic, and social impact of bioprospecting to look at 
the sustainability of the practice. The main focus is to address the challenges and opportunities 
we face when bioprospecting for marine resources, with emphasis on the Arctic region, as the 
Arctic is already under a lot of pressure and change due to human activities and global 
warming. 
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Increased interest in the Arctic 

The ocean makes up over 70% of the earth’s surface (3) and is arguably one of the most 
valuable resources on Earth, where one of the most productive areas is the Arctic Ocean. The 
abundance of resources in the Arctic Ocean has been exploited for millennia but still holds a 
vast potential for natural resources. It provides food and other ecosystem services such as oil 
and gas, nutrient cycling and carbon storage, renewable energy, recreation, tourism, and 
natural medicines.  

Modern biotechnology has taken a keen interest in the oceans to search for new resources to 
exploit for human benefit (4). Within marine biotechnology, we see bioprospecting as an 
emerging activity, increasing exponentially over the last decades (5). Bioprospecting can be the 
discovery of bioactive compounds for new pharmaceuticals, e.g., antibiotics or cancer 
medication, or it can be the mining for methane-eating bacteria to help solve the climate crisis. 
It can also be mining for plastic degrading microbes or microbes capable of consuming 
environmental pollutants (6), or even the search for biofuel for a more sustainable alternative 
to oil (7). 

The increasing interest in Arctic resources is not without its challenges. In recent decades, there 
has been a rapid and drastic change in the Arctic environment due to stressors like the invasion 
of foreign species, climate change, pollution, fisheries and aquaculture, overexploitation of 
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resources, ocean acidification, the oil industry, shipping, and tourism (8). Now more than ever, 
it is essential to exploit Arctic marine resources sustainably, not to further damage an already 
fragile environment, and secure access to these resources for future generations. However, it is 
a complex process to exploit resources sustainably, secure economic gain, and consider social 
impacts, especially when these things are done in a rapidly changing region. 
 

Bioprospecting potential in the Arctic Ocean 

There is a tendency for biologists to ignore that the cold environment dominates the biosphere, 
although, by volume, around 90 % of oceans are five degrees Celsius or colder (3). The Arctic 
regions make up 14 % of the earth's surface (3), and the region is characterized by a harsh 
environment and extreme seasonal variations. Temperatures can drop to as low as -35°C in the 
polar ice interior during winter (9). The availability of light, inorganic nutrient concentrations, 
salinity, and sea ice coverage also vary greatly throughout the seasons (8; 10).  

The selection pressures posed by the dark, deep, and cold waters of the Arctic have led to 
unique adaptations not seen anywhere else on the planet (11). The Arctic Ocean is home to 
diverse and bountiful ecosystems that thrive under extreme and challenging conditions. 
Organisms living in the inhospitable Arctic waters have adapted unique biochemical and 
physiological characteristics that allow them to survive in this region. This makes the Arctic a 
place of particular interest to search for novel and unique compounds, as the selection 
pressures found here are so different from those found elsewhere on the planet. 

Another important factor to note is that the Arctic Ocean is still, in comparison to warmer 
waters further south, underexplored. Thus, it holds vast potential as a source of novel and 
exciting biochemical compounds to be exploited by bioprospectors (8; 12). These unique 
compounds can be used in the treatments of various diseases and other applications. One 
example of an Arctic organism with exciting bioprospecting applications is the small marine 
hydrozoa Thuiaria breitfussi. Breitfussins isolated from Thuiaria breitfussi were discovered to 
selectively target and inhibit one of the most aggressive forms of cancer, triple-negative breast 
cancer (13). Another example is the antifreeze protein originally found in the ocean pout 
(Zoarces americanus) (14) which has been approved for use in ice cream to prevent ice 
crystallization (15). Moreover, yet another example is the natural health product PreCardix®, 
developed by Marealis (Tromsø, Norway), which is a product that is clinically proven to have a 
positive effect on blood pressure health (16) and is now found on the Canadian market. The 
product is made from peptides derived from shrimp shell waste of the Northern shrimp 
(Pandalus borealis), as these peptides were found to possess a blood pressure-reducing effect 
(17).  
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Biodiversity in the Arctic 

Nature and its diversity provide us with ingenious designs to tackle the challenges organisms 
face in their environments, and a lot of these adaptations can be exploited and applied in, e.g., 
drug development, mechanical and genetic engineering, agriculture, architecture, and the 
cosmetic industry (1).  

Biological diversity, also termed biodiversity, is defined by the Convention on Biological 
Diversity (CBD) as variation among organisms at different levels, within or among species, and 
at the ecosystem level (18). We depend on biodiversity to give us ecosystem services like 
photosynthesis, food, decomposition, and bioactive substances that can be used in natural 
medicines, to name a few. Conserving biodiversity is therefore essential to continue benefiting 
from these ecosystem services.  

Biotechnology is a natural product of biodiversity, although this fact is often overlooked (19). 
Areas with high biodiversity offer researchers the possibility to find new marine products (20). 
Therefore, the more biodiversity there is, the greater the opportunity to discover bioactive 
compounds that can be useful in new biotechnologies (19). There are still relatively few studies 
on biodiversity in the Arctic, indicating a knowledge gap in Arctic biodiversity as the sampling 
record is poor in certain habitats, geographic areas, and for some taxa (8; 21). This means that 
there is still a great potential to acquire new marine resources in the Arctic, as many parts of 
the ocean are still unexplored, and many of its inhabitants are yet to be discovered. Moreover, 
the lack of studies on Arctic biodiversity also means it is more difficult to assess the ecological 
effect of human action and identify which marine areas to protect. There is, therefore, a need 
to enhance the knowledge and close the knowledge gap of biodiversity in the Arctic to protect 
vulnerable ecosystems and identify where we should and should not be doing possibly harmful 
activities like fishing, bioprospecting, and more. 

 

The Blue Economy and the Triple Bottom Line 

Blue Economy is a term defined as the "sustainable use of ocean resources for economic 
growth, improved livelihoods, and jobs, and ocean ecosystem health” (22). It refers to all 
economic activities in all sectors and cross-sectors related to the ocean, the sea, and coastal 
areas (23). Blue biotechnology is part of the Blue Economy. Within Blue biotechnology, we find 
bioprospecting as a young and emerging sector. It uses marine organisms such as algae, 
bacteria, fish, and shellfish to find new applications in health care, beauty products, energy 
production, and other areas. This sector has grown exponentially in recent years and offers 
significant potential for economic development and new employment opportunities, especially 
in renewable energies (5); thus, it is important that it is done sustainably. 

One way to determine the sustainability of a practice is through the lens of the Triple Bottom 
Line (TBL) business model, a term defined by John Elkington in 1994 (24). The term intends to 
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transform the traditional business model and make businesses more sustainable (25). The 
conventional focus of the business system is to measure a company's success only by the 
company's profits (the financial bottom line) (25). However, the TBL concept wants to challenge 
this traditional business model approach by incorporating new bottom line categories: the 
social and environmental aspects, in addition to the economic aspect (26). These three 
categories, also referred to as the three Ps (3Ps), planet, profit, and people, are all 
interconnected. We have a sustainable business only when these 3Ps overlap (26). Therefore, a 
company's success is measured not only by the economic profits but also by the impact the 
company has on the stakeholders and the environment. 

 

Environmental effects of bioprospecting 

Bioprospecting holds great potential for being environmentally sustainable if 'done right' (28-
29). However, the practice has been criticized for having potential negative environmental 
effects due to the over-collection of natural resources, the use of destructive and non-selective 
collection methods, and the risk of introducing foreign species or pathogens (28; 30). 

Bioprospecting is an extractive process in which the biological material is collected and 
removed (29), and this process is often done in two steps. The initial collection is small-scale 
and broad, where a small number of individuals across many different phyla are harvested to 
search for species that could potentially produce interesting compounds (2; 30). After a 
bioactive compound has been found, a secondary collection (also called re-collection) may be 
carried out. This is a large-scale collection of biological material as it usually takes many 
organisms to produce grams of the bioactive compound (30). This means that collection 
processes can potentially have negative ecological implications, e.g., local extinctions, genetic 
drift, or decreased genetic variety in the population (29). If a compound has a new mechanism 
of action, is complex or potent, it has a greater risk of overcollection. One of the bottlenecks in 
bioprospecting is getting enough raw material (2), which could also potentially lead to the over-
exploitation of natural resources. If more extensive secondary collections are undertaken 
before an alternative supply is established, the preservation of marine populations may be 
compromised.  
 

“We cannot simply remove large volumes of an organism from the ocean - however useful - 
unless we know for sure that we are not wiping it out”, Mary Garson of the University of 
Queensland. 

 
In evaluating bioprospecting, it is crucial to consider the risks involved with the applied 
collection methods. There are many different methods used to collect biological material in 
marine bioprospecting. Some examples include trawling, handpicking (e.g., diving), box core 
sampling, triangular scrapes, seawater filtration, and Remotely Operated Vehicles (ROVs) (31). 
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The use of destructive and non-selective collection methods like trawling and grabs are often 
popular methods as they are cheap and can be used where more gentle methods like diving are 
not possible (28; 30). 

Benthic trawling is one of the most frequently used collection methods in bioprospecting. This 
is mainly due to its low cost, but also because it is an easy method of collecting invertebrates 
from the benthos. Trawling activities have, however, been subject to increasing restrictions, 
particularly in areas with high biodiversity, as the recovery of benthic communities may take 
decades or even longer (20; 32). Considering the risks involved with benthic trawling can be 
challenging in terms of determining the extent of the activity. It can be difficult to quantify most 
extractions when collectors lack transparency and existing literature does not report fully on 
the collected material (30). 

ROV is another collection method used in bioprospecting. The ROV is controlled from the boat 
and is equipped with video cameras, which is helpful in detailed observational studies and the 
collection of specific samples (33). ROVs are a great alternative to trawling, although a bit more 
expensive, as it is a selective collection method, allowing bioprospectors to collect material 
selectively rather than trawling up an entire ocean floor. The footage from ROVs can also help 
improve our understanding of conservation status and environmental impacts to help 
determine future management and planning priorities. For example, ROV footage has 
demonstrated how much marine debris, e.g., plastic bags and bottles, is in the deep sea, 
showing the need for new laws and policies to address this issue (34). 

ROVs might also help us understand the deep sea better. Despite being relatively successful in 
translating the marine natural products found in the deep sea into commercial products, the 
deep sea still has valuable resources that need to be discovered. ROVs can help us study and 
exploit deep-sea animals' unique biology and chemistry with minimal damage, thereby 
maximizing drug isolation and extraction opportunities (20). One example is the green 
fluorescent protein, which is used as a fluorescent marker of gene expression and detection of 
proteins. This fluorescent protein was discovered in the jellyfish, Aequorea victoria, by Osamu 
Shimomura and colleagues, who was awarded the Nobel Prize in 2008 (35-36).  

Studies have shown that bioprospectors, in general, only take small samples and try to avoid 
dependency on organisms few in number or restricted to small geographic areas (30). With the 
advancement of screening techniques, screening of natural product molecules has become 
simpler, faster, and more accessible - an aspect that influences both the impact and level of 
bioprospecting (37). Modern methods and new technologies have enabled us to screen for 
biological activities, identify chemical structures with small quantities of material, and 
modification of chemical structures in order to increase efficiency (38). We can now use 
chemical synthesis to partially or entirely synthesize compounds for large-scale production (2), 
which reduces the risk of over-exploitation of wild resources. Culturing and aquaculture are 
also options to wild harvest, although unfortunately, many species used for bioprospecting are 
unculturable with today's methods (2; 30). 
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Most articles state that the impacts of bioprospecting on the environment are trivial, especially 
in comparison to other human activities (28; 39). Bioprospecting is, therefore, considered to be 
relatively environmentally friendly. However, assessing the environmental impact of 
bioprospecting is a challenging task. It is not easy to assess the extent of bioprospecting on a 
global scale (30). There is also limited newer research available on the environmental effects of 
bioprospecting. Literature often lacks data on how much biomass is collected, as the protection 
of intellectual properties in different industries makes it difficult to publicly report on collected 
data (30). 

Another factor making it difficult to assess the total environmental impact of bioprospecting is 
the knowledge gap in community structure in many marine habitats such as the Arctic (8; 28-
29; 39). The Arctic is an already fragile environment where even small changes in ecosystem 
dynamics might have detrimental and irreversible effects on the biodiversity we find there (8). 
In order to fully assess the environmental effect of bioprospecting, there is a need to fill in 
the knowledge gap on local organism abundance and ecological interactions. Methods used 
for assessing the environmental impact of bioprospecting should also be improved and 
literature should always be required to include sample quantity (28-29). 

  

Laws and regulations 

There is an international need to promote sustainable use of marine resources, conserve 
marine biodiversity, and promote equitable sharing and access to genetic resources. The 
concept of ocean governance refers to laws, institutions, and processes that ensure that human 
activities in the ocean are managed sustainably based on scientific data (40). Knowledge about 
the ocean environment and marine resources is crucial to monitoring changes, predicting 
future outcomes, and understanding the marine environment. Accurate information enables 
improvement of planning, management, environmental assessment, monitoring, regulation of 
anthropogenic activity, and protection of marine habitats (33). 

The CBD is an international treaty approved at the United Nations (UN) conference in Rio de 
Janeiro in 1992. The CBD has three main goals: to conserve biological diversity, use these 
biological resources sustainably, and ensure that these resources' benefits are shared equitably 
and fairly (18). This framework is an important part of sustainable development, where states 
are obliged to monitor and create strategies for biodiversity conservation and sustainable 
exploitation (18). If activities that threaten biodiversity are discovered, the states are obliged to 
take action (18). 

The Nagoya Protocol, an agreement on Access and Benefit Sharing (ABS), was negotiated by the 
parties of CBD in 2010. The aim of the agreement is to secure access to genetic resources and 
equitable sharing of benefits, arising from these biological resources for providers and 
exploiters. The protocol enhances legal certainty for all involved parties and has been signed by 
196 countries (41). It addresses the call for implementation and development of ABS, although 
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it does not physically provide a legal framework (42-43). It is essential that all ratifying countries 
implement the provisions of the Nagoya Protocol into national legislation or regulations in a 
manner that reflects their interests and those of all other stakeholders.  

Regulation for the use of genetic resources when bioprospecting in national seas, within the 
region of a nation's exclusive economic zone (EEZ), depends on each of the nations' laws 
concerning the utilization of genetic resources (42). Every country holds sovereign rights by 
international law over its natural resources, e.g., animals, plants, and genetic resources found 
within its borders (44-45). Anyone from another country who wants to use such resources must 
respect these sovereign rights, as affirmed by the CBD in 1992 (30; 42).  

However, bioprospecting in the high seas (international waters beyond national jurisdiction) is a 
controversial topic, as a consensus of any international framework concerning the use of 
genetic resources is difficult to achieve (42; 46-47). The United Nations Convention on the Law 
of the Sea (UNCLOS) is the main treaty covering activities in the high seas (46), although they do 
not address marine bioprospecting in the high seas directly (46). Bioprospecting in the 
international or high seas—the area beyond national EEZs—is therefore largely unregulated 
and there is much room for interpretation of existing regulations. Bioprospecting might fall 
under the UNCLOS category ‘marine scientific research’, granting states the freedom to conduct 
bioprospecting in areas beyond national EEZs (30).  

In the Arctic, bioprospecting has not been extensively investigated or regulated for its 
potential effects on sustainability and governance of the environment (48). Greenland has 
adopted a specific access and benefit sharing policy as part of its regulatory regime for genetic 
resources in the Arctic region. Norway and Finland are in the developing stage of such a regime. 
Only microbes isolated from geothermal areas are subject to Iceland's bioprospecting 
regulations. Currently, Sweden and Denmark do not intend to regulate genetic resource access 
or benefits sharing for the time being. It also appears there is no regulation in Russia at the 
moment. With the exception of the collection of specimens within national parks, 
bioprospecting in the United States is not regulated by the CBD. The situation is less clear in 
Canada. For example, the federal government is still developing access and benefit-sharing 
policies. Currently, there is no formal or clear regulatory system governing access and benefit 
sharing at the provincial level, even though some aspects are regulated by provincial legislation 
(48). This is early information and country-specific policies are not always clearly defined. The 
Arctic Council and its working group, Conservation of Arctic Flora and Fauna (CAFF), as well as 
the other Nordic Council of Ministers-linked regional cooperation mechanisms, have not 
discussed the consequences of bioprospecting in the Arctic (48). 

Marine populations' future depends on balancing commercial confidentiality and disclosure. 
Protecting intellectual property rights and securing appropriate regulatory systems remain 
imperative for the conservation of Arctic nations (30).   
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Profit - Exploitable biodiversity 

In cases where bioprospecting is properly regulated, and economic gain does not outcompete 
environmental sustainability, it generates monetary benefits that can directly contribute to 
biodiversity conservation and is an economic benefit for local communities.  Activities related 
to bioprospecting must comply with the Nagoya Protocol definition of the use of genetic 
resources stated in national legislation and policies. 

Currently, the ocean is being rediscovered, attracting stakeholders previously uninterested in 
marine resources. Scientists and authorities have high expectations for marine bioprospecting, 
as they anticipate it will contribute to the development of medicine, food, cosmetics, and other 
products in the future (49). 

Bioprospecting gives commercial value to 
biological resources and has a broad range 
of applications. Although bioprospecting is 
still relatively small compared to other 
industries, it has expanded almost 
exponentially in recent decades. The 
commercial value chain in bioprospecting 
reaches from the natural resource to the 
final product (Figure 1). Bioprospecting 
creates job opportunities throughout the 
entire value chain. It creates opportunities 
for investment from the government and 
private sectors to fund research and product 
development, and it also promotes the 
income of foreign currencies through export. 

Harvesting natural resources, identifying, 
isolating, characterizing, and studying the 
potential effects of a compound takes time 
and resources. This makes bioprospecting an 
expensive, time-consuming, and labor-
intensive process (30; 50). Very few 
promising candidates for a potential final 
product reach the market, especially in the pharmaceutical industry (30), making 
bioprospecting a "high-risk" process (51) with a potential loss of money. Therefore, it is 
important to properly assess the costs vs. potential benefits (cost-benefit analysis) in this 
industry. 

The outcome of bioprospecting is unknown by its very nature, and in order to invest in 
bioprospecting projects, actors need assurances that their capital will be returned (49). 

 
Figure 1. Schematic representation of the bioprospecting 
pipeline. The bioprospecting pipeline begins with the collection 
of biological material, followed by various steps to process and 
analyze the material before product development and marketing 
(27). 
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Although bioprospecting is time-consuming and expensive, it can potentially provide great 
financial benefits from the few products that make it through the eye of the needle (49).  

In 1969, Swiss scientists from the pharmaceutical company Novartis (previously named Sandoz) 
took soil samples from Hardangervidda in Norway (39), and found a fungi named 
Tolypocladium inflatum, which produced cyclosporin A (39; 52). This cyclosporin was then used 
in an immunosuppressive drug to reduce the risk of organ rejection in transplant patients (39). 
The turnover was estimated at US$1.2 billion, earning Novartis billions of dollars (52). However, 
due to the lack of proper regulations at that time in Norway, the source country did not benefit 
monetarily from this discovery (52). This underlines the importance of having proper ABS 
regulations to secure equitable sharing of financial gain. 

It is also possible that bioprospecting can find new uses from an exploited resource, making the 
resource more valuable and reducing waste. One example mentioned in this article is the heart 
nutraceutical made from shrimp waste, turning things that were previously thrown away into a 
new resource to add more value to the product. 

Bioprospecting promotes economic development, has a large potential to contribute to value-
add to resources, and also holds potential for great economic gain (51). However, it is also 
important for the authorities to include appropriate regulations ensuring security for market 
failures (49). Furthermore, there is a need to remember that bioprospecting is a high-risk 
operation (51), where companies and investors are taking the risk. Companies can be driven by 
economic profit (51) but are still obliged by the CBD to share benefits fair and equitably.  

 

People – Fair and equitable sharing  

Water is the engine of life and economic growth around the world. The Blue Economy is 
considered a key to inclusive and sustainable growth by providing jobs, establishing trade, and 
connecting countries (53). Technological, institutional, and societal factors are changing as the 
bioeconomy develops (49). The European Union has developed a long-term Blue Growth 
strategy that aims to support sustainable growth in all marine and maritime sectors to support 
the Blue Economy. Seas and oceans are drivers for the European economy and have great 
potential for innovation and growth. This means there should be many opportunities for 
employment, training, and value creation (49).  

Toward a fair and just use of genetic resources, biodiversity protection, and associated 
traditional knowledge are the most continuous international debates of the 21st century (54). 
The bioprospecting industry has a history of many economic, political, and social conflicts (51). 
Some controversial topics surrounding the industry have been access to natural resources, fair 
sharing of benefits, corporate accountability, property rights, ethical research, and the rights of 
indigenous people (48; 55). 
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A Blue Economy has attracted growing attention from various groups, some of whom expressed 
concern that it will become a method of excluding traditional users from ocean development. 
Because human well-being is a central global development goal, ocean policies emphasize the 
need for equitable economies within and between nations (56). One of the ethical issues 
surrounding bioprospecting is the fair and equitable sharing of benefits arising from the 
exploitation of natural resources. Even though ethical issues have been addressed by the CBD 
(29), there are still issues with ABS in some cases. One example is the use of indigenous 
knowledge of biological resources without equitable sharing of profits arising from said 
knowledge. This is an example of biopiracy, which is the unethical and illegal exploitation of 
biochemical or genetic natural resources for commercial benefit (57). The increasing interest in 
Arctic resources has also attracted interest in the traditional knowledge held by Arctic 
indigenous people (58). The knowledge many indigenous people possess can potentially be 
used to learn what natural resources can be used and how to sustainably harvest from them 
(58). Therefore, it is vital to ensure equitable sharing of benefits that may arise from such 
knowledge (39) and have proper legislation to give a framework for how these biological 
resources are being exploited. 

CBD is one of these frameworks emphasizing the importance of sharing profit with the source 
country, locals, and indigenous people if their knowledge leads to the discovery of a new 
natural product, for example. They have addressed this issue, acknowledging that local and 
indigenous knowledge is intellectual property, and benefits arising from this knowledge should 
be shared equitably. However, it is difficult to ensure that every carrier of indigenous 
knowledge is compensated and consulted for the use of the biological resource in question 
(59). 

Indigenous and local communities play an essential role in discovering new active compounds 
in genetic resources with the traditional knowledge they hold. The Indigenous and Tribal 
Peoples Convention (ITPC), the United Nations Declaration on the Rights of Indigenous People 
(UNDRIP), as well as CBD, all require informed, free, and prior consent before using indigenous 
peoples' knowledge (58).  

CBD has secured that the rights to control access to genetic resources belongs to the nation 
where the resource is located. Bioprospecting countries must thus obtain Prior Informed 
Consent from the providing country in order to access resources within a nation's EEZ and are 
also required to share some of the benefits arising from the utilization of said resources. These 
benefits could be monetary, such as a lump-sum payment or a share of the profit. It can also be 
non-monetary such as a transfer of knowledge, technology, or training. The Mutually Agreed 
Terms will define the benefits for the provider of the genetic resource and further contractual 
issues. 

To regulate bioprospecting, the Nagoya Protocol on Access to Genetic Resources and Benefit 
Sharing could help prevent the misappropriation of genetic resources. However, each 
bioprospector agent has interests in property and has their own perception of ethical 
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considerations, legal terms, sharing of benefits, goals, and rights of property (51). This poses a 
challenge, creating a need for guidance on implementing ABS agreements.  
 

“Rights are always related to the purposes people see in resources, and when purposes change, 
property and rights become controversial”, Crawford M. MacPhearson. 

 

Facing challenges and creating opportunities 

Nature is an excellent chemist, designer, genetic engineer, and mechanical engineer, and we 
still have much to learn from the ingenious adaptations we find in nature. Marine 
bioprospecting has made it possible to exploit these intelligent designs to develop commercial 
value products for us humans. Thus, bioprospecting holds huge potential for the future and 
may be the answer to many of the emerging global problems we face today. However, looking 
at the practice through the lens of the TBL business model has uncovered challenges that need 
to be addressed. Assessing the sustainability of bioprospecting is, therefore, essential in order 
to secure environmental sustainability and economic gain while also considering social impacts. 

Overharvesting of natural resources, habitat destruction, economic loss, and inequitable 
sharing of benefits are just some of the challenges bioprospectors face. Bioprospecting is a 
practice that is directly dependent on biodiversity, and often also on local knowledge for 
financial gain. Conserving marine biodiversity and securing equitable sharing of benefits from 
bioprospecting actions should, therefore, in our opinion, be one of the core values of 
bioprospectors. Profit should never outcompete the environmental and social impact, 
especially in a field that depends so heavily on biological diversity and often also on local 
and/or indigenous knowledge.  

When bioprospecting is done sustainably, it creates many opportunities such as sharing 
knowledge, conservation of biodiversity, financial gain, networking, and trade (28; 49). 
Bioprospecting can facilitate a need for jobs, education, and research (28; 49). It also creates an 
opportunity for government or private investment, marketing and trade relations, improved 
infrastructure for transport and/or product development, the need for better regulations of 
natural resource use, can facilitate technological innovation, and promote income of foreign 
currencies through export. Bioprospecting can also contribute to creating health care products 
or the value-add potential of biological resources (51). In our opinion bioprospecting thus holds 
much more opportunities than challenges.  

As addressed by the CBD and the Nagoya Protocol, securing equitable sharing of benefits from 
bioprospecting actions is vital. ABS holds great potential for multiple benefits for users, 
providers, and the conservation of nature if implemented properly. However, what is equitable 
sharing? If natural resources become highly valuable, where billions of dollars are generated 
yearly, how do we share this equitably, and what currency do we share? Do we share royalties 
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over the new discovery, financial profit, share knowledge and training, or transfer of technology 
(48)? To whom do we share these benefits – individuals, local communities, or the whole nation 
(48; 51)? Moreover, who makes the rules for this sharing of benefits? These are questions that 
are difficult to answer but nonetheless important to ask. 

The Nagoya Protocol and the CBD have spotlighted many complex and important problems 
faced in the bioprospecting field. However, there is little guidance on implementing many of 
the goals. There is, therefore, a need for the ABS agreements to contain detailed information 
about how to distribute benefits, what these benefits should be (e.g., royalties, a share of the 
economic gain, etc.), and with whom they should be shared (51). 

Enforcing regional ocean governance on the use of marine resources will secure shared and fair 
access to the Blue Economy for everybody. Consequently, coupling bioprospecting with 
conservation programs and research on biodiversity can contribute to the mapping of biological 
diversity and species abundance (29), which is especially valuable in the Arctic where 
biodiversity data is lacking (8). Therefore, mapping marine ecosystems can protect sensitive 
habitats from irresponsible exploitation. Through a sustainable Blue Economy, people can get 
value from the oceans and coastal regions. 

Bioprospecting is part of the Blue Economy, which strives to achieve economic and 
environmental sustainability, cultural appropriateness, and social equity. If appropriately 
regulated, bioprospecting activities hold great potential and offer many possibilities. In order to 
obtain a more sustainable bioprospecting practice in terms of its environmental, economic, 
and social impacts, there is a need for communication and collaboration not only across 
different fields of science but also across national borders. Sharing research, knowledge, and 
insights from people across different fields is crucial to developing a sustainable practice. 
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