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Background 

Biofouling presence and its impact on asset management in terms of efficiency, cost and 
appearance is widely understood. Biofouling on the hull translates into additional fuel costs, 
while heavily fouled pipework, such as engine cooling systems, can result in operational and 
safety issues1.  

Apart from its impact on an asset, biofouling on recreational vessels’ hulls may also have 
negative effects on the environment, as it has been identified as a significant vector for the 
translocation of non-indigenous marine species, which could potentially become invasive.  

Antifouling systems (AFS)2, whether a coating, a surface treatment or a device, are designed 
to protect the underwater hull from biofouling accumulation. Selecting and applying/installing 
the optimal system is key to achieving the best in-service performance results in terms of 
controlling biofouling. This not only protects the asset but also minimises the risk of transferring 
non-indigenous species and preserves marine biodiversity, an AFS function which is 
becoming significantly more important due to coordinated efforts to tackle biodiversity loss and 
an increased awareness regarding the severity of the issue.  

Ensuring the AFS is suitable for the challenges posed by different environments, especially in 
the case of explorer yachts, by developing a vessel-specific functional specification and 
managing the installation process is being recognised as best practice at an international level.  

This paper discusses the importance of biodiversity and the link to the potential negative 
impacts as a result of the translocation of marine species. It also provides an overview of 
reported and recommended practices in the recreational sector in terms of fouling control. 
 

Biodiversity and Why It Matters 

Biodiversity is the ‘variability among living organisms from all sources, including diversity within 
species, between species, and of ecosystems’3. Biodiversity is inextricably linked to services 
and processes on which society depends, such as the availability of food, clean water, 
pollination and climate regulation. Businesses also depend on biodiversity for the procurement 
of goods and services, the economic value of which has been estimated to range between 
USD 125 and 140 trillion per year4. 

Preserving biodiversity is one of the core principles of sustainable development and it has 
been linked to all Sustainable Development Goals (SDGs)5. Despite international efforts to 
preserve the environment, biodiversity is in decline globally according to regional assessment 
reports by the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services IPBES (IPBES, 2019)6.  

 
1 Scianni C and Georgiades E (2019) Vessel In-Water Cleaning or Treatment: Identification of Environmental Risks and 
Science Needs for Evidence-Based Decision Making. Front. Mar. Sci. 6:467. doi: 10.3389/fmars.2019.00467 
2 For the purposes of this article the definition of AFS is consistent with Resolution MEPC.207(62) 
3 Sustainable Development UN (2020), Convention on Biological Diversity (CBD). Available at: 
https://sustainabledevelopment.un.org/index.php?page=view&type=30022&nr=1357&menu=3170 
4 OECD (2019), Biodiversity: Finance and the Economic and Business Case for Action, OECD Publishing, Paris, Available at: 
https://doi.org/10.1787/a3147942-en. 
5 CBD (2020) Biodiversity and the 2030 Agenda for Sustainable Development – Technical Note. Available at: 
https://www.cbd.int/development/doc/biodiversity-2030-agenda-technical-note-en.pdf 
6 IPBES (2019): Global assessment report on biodiversity and ecosystem services of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services. Brondizio,E S ,Settele, J, Díaz, S and Ngo, H T (editors). IPBES secretariat, 
Bonn, Germany.  

https://sustainabledevelopment.un.org/index.php?page=view&type=30022&nr=1357&menu=3170
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The lack of action, aside from leading to substantial economic loss, can be detrimental to the 
environment and to public wellbeing. Coral reefs, for example, are biodiversity hotspots which 
provide a food resource, contribute to the advancement of medical research, play an important 
role in reducing coastal erosion and generate more than USD 36 billion annually for the 
tourism industry3. If global warming reaches 2o Celsius, coral reefs are projected to decline by 
99%3. 

A study carried out in 2018 found that only 13.2% of the world’s ocean could be classified as 
marine wilderness,7 or in other words, areas devoid of ‘intense human impacts’8 (Figure 1). 
There is evidence to suggest that wilderness areas may be better equipped to resist and 
recover from the effects of climate change4, making such regions extremely important for the 
future of the planet.   

 

Figure 1. Global marine Wilderness Extent and Protection7 
Marine wilderness in exclusive economic zones (light blue), in areas outside national jurisdiction (dark 

blue), and marine protected areas (green). 

A report by over 100 economists and scientists published in July 20209 investigated the 
economic implications of establishing protected areas and found that protecting 30% of the 
world’s land and ocean would lead to economic and financial benefits, outweighing the costs 
by a ratio of 5-to-1. In terms of the ocean economy, recreational boating, tourism and other 
aspects of the marine leisure economy were found to generate significant local economic 
returns. However, for these activities not to harm local ecosystems, the sectors must need to 
address known pressures on biodiversity, such as the translocation of potentially invasive 
species.  

 

 
7 Jones KR, Klein CJ, Halpern BS, et al (2018) The Location and Protection Status of Earth's Diminishing Marine Wilderness 
[published correction appears in Curr Biol.2018;28(16):2683]. Curr Biol. 2018;28(15):2506-2512.e3] 
doi:10.1016/j.cub.2018.06.010 
8 Watson, J E M, Shanahan, D F, Di Marco, M, Allan, J, Laurance, W F, Sanderson, E W, Mackey, B, and Venter, O (2016) 
Catastrophic declines in wilderness areas undermine global environment targets. Curr. Biol. 26, 2929–2934. 
9 Waldron et al (2020) Protecting 30% of the planet for nature:  costs, benefits and economic implications – Working Paper.  
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The Role of Commercial Shipping and Recreational Craft 

Biofouling is a collective term for the accumulation of all kinds of aquatic organisms on 
surfaces and structures that are immersed in or exposed to the aquatic environment10.  Hull 
biofouling is one of the main pathways for the translocation of non-indigenous marine species, 
which could become invasive. Invasive species are recognised as the main direct drivers of 
biodiversity loss4,11, along with climate change and pollution, and are defined as ‘species which 
may pose threats to human, animal and plant life, economic and cultural activities and the 
aquatic environment’12.  

At least 84% of the marine eco-regions have been affected by marine invasive species13. It 
should be noted that not all introduced species become invasive and, even if they do, the 
extent of the impact they may have varies substantially across species and regions.  However, 
given the right circumstances, invasions can have serious implications, which is the main 
reason for adopting the precautionary principle and focusing efforts on prevention.  

The economic damages to infrastructure, ecosystems and livelihoods caused by invasive 
marine species, especially those translocated via ballast water and ship hulls, were estimated 
at USD 100 billion annually 14 . Below are some examples of the issues associated with 
invasions: 

a. Didemnum vexillum (carpet sea squirt), thought to be native to Japan, was 
found in Holyhead Marina in Wales, UK. The eradication programme lasted 3 
years and involved enclosing 7000m2 of floating structures, chains and vessels 
in plastic. The costs were estimated at close to GBP 1 million.  

b. Non-market impact on the North Holland coast, mostly due to harmful algal 
blooms in 2000, was estimated at €326 million15; 

c. Potential link between biofouling and parasites/pathogen transmission - Pacific 
Oyster Mortality Syndrome (POMS) is spread through movement of live 
organisms, bivalve products or equipment that may have been in contact with 
infected organisms16. 

Although commercial vessels have been under scrutiny for some time in terms of ballast water 
and hull fouling, the role of recreational craft and fishing vessels in spreading marine species 
has also been highlighted. Recreational craft and fishing vessels have been identified as a 

 
10 See IMO Resolution MEPC.207(62) - 15 July 2011 for a complete definition 
11 UN Environment Programme, UNEP Finance Initiative and Global Canopy (2020) Beyond ‘Business as Usual’: Biodiversity 
targets and finance. Managing biodiversity risks across business sectors. UNEP-WCMC, Cambridge, UK, 42 pp. 
12 IMO Resolution MEPC.207(62), 15 July 2011 
13 Molnar, J, Gamboa, R, Revenga, C, Spalding, M (2008) Assessing the global threat of invasive species to marine 
biodiversity. Front Ecol Environ; 6(9): pp 485–492, doi:10.1890/070064 
14 UNDP and GEF (2012), Catalysing Ocean Finance Volume I: Transforming Markets to Restore and Protect the Global Ocean 
United Nations Development Programmes 
15 Nunes, PALD, Markandya, A (2008) Economic value of damage caused by marine bio-invasions: lessons from two European 
case studies. Journal of Marine Science, 65, 775-780 
16 Australian Government Department of Agriculture, Water and the Environment (2020) National pest & disease outbreaks. 
Available at: https://www.outbreak.gov.au/current-responses-to-outbreaks/poms 
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main vector for coastwise ‘secondary spread’ of non-indigenous marine species that have 
been introduced by commercial shipping or alternative means17.  

According to the Food and Agriculture Organization of the United Nations (FAO), the number 
of fishing vessels has surpassed 4.6 million globally in 2020, of which only 0.5% 
(approximately 23,000) have IMO numbers 18 . The yacht sector has also been growing 
significantly over the last few decades. The number of yachts of 30m and above delivered in 
2019 was more than three times higher than the average number of annual deliveries 
throughout the 1990s.  

Due to the number and relatively low activity of such vessels, researchers have hypothesised 
that they may indeed pose a more significant issue in terms of geographic range and 
magnitude of impact17 and therefore should be considered a monitoring priority19.  

A recent study, focusing on the Mediterranean, provides an insight into the potential magnitude 
of the issue in busy recreational boating hot spots. The research team sampled 34 marinas 
across seven Mediterranean countries (Spain, France, Italy, Malta, Greece, Turkey and 
Cyprus) and approximately 600 vessels (sailboats: 7m – 55m LOA; motorboats: 6m – 32m 
LOA) from 25 marinas20. Figure 2 shows the movements of vessels surveyed as part of the 
study over a year and demonstrates the high mobility of recreational vessels within and outside 
of the Mediterranean20. 

 

Figure 2. Travel Routes of Surveyed Recreational Craft Over One Year20 
Credit: Jasmine Ferrario 

 
17 Zabin, C, Ashton, G, Brown, C, Davidson, I, Sytsma, M and Ruiz, G (2014) Small Boats Provide Connectivity for Nonindigenous 
Marine Species between a Highly Invaded International Port and Nearby Coastal Harbors. Management of Biological Invasions 
5.2 (2014): 97-112 
18  FAO (2020) Global Record of Fishing Vessels, Refrigerated Transport Vessels and Supply Vessels Available at: 
http://www.fao.org/global-record/en/ [Accessed 1 July 2020] 
19 Peters, K, Sink, Kerry J and Robinson, TB (2019) Sampling Methods and Approaches to Inform Standardized Detection of 
Marine Alien Fouling Species on Recreational Vessels. Journal of Environmental Management 230 (2019): 159-67.  
20 Ulman, A, Ferrario, J, Forcada, A, Seebens, H, Arvanitidis, C, Occhipinti‐Ambrogi, A, Marchini, A (2019) Alien Species 
Spreading via Biofouling on Recreational Vessels in the Mediterranean Sea. Journal of Applied Ecology 56.12 (2019): 2620-629 

http://www.fao.org/global-record/en/
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About 70% of the vessels sampled had at least one (and up to 11) non-indigenous species 
present and factors such as fouling extent in niche areas21, antifouling age, hull cleaning 
frequency and average speed have been found to be related to the non-indigenous species’ 
presence and richness. Biofouling accumulation in niche areas has been identified as a 
significant issue as such areas may not be considered during the AFS application phase or 
be subject to different maintenance regimes compared with the rest of the underwater hull.  

Current research is focusing on developing novel methods that may be suitable for common 
niche areas in parallel with studies on the efficacy and suitability of existing systems to specific 
areas and vessels, for example the efficacy of chemical and non-chemical treatment agents 
in internal pipework of recreational vessels22. 

Review of Current Practices  

The issue of translocation of marine species is complex and can only be solved with a 
coordinated effort on the part of policy makers, service providers, boat owners, managers, 
crews/passengers and marina management.  

To address the risk of introducing non-indigenous species via biofouling, the International 
Maritime Organisation (IMO) Marine Environment Protection Committee (MEPC) adopted the 
2011 Guidelines for the control and management of ships' biofouling to minimize the transfer 
of invasive aquatic species12 – the Biofouling Guidelines. The following year, the Biofouling 
Guidelines were supplemented by the Guidance for minimizing the transfer of invasive aquatic 
species as biofouling (hull fouling) for recreational craft - the Guidance for recreational craft23.  

The uptake of the practices recommended in the two documents has not been as widespread 
as initially envisaged despite the efforts of individual states to increase awareness through 
incorporating the recommendations into national guidelines. For example, a study of biofouling 
management practices across the recreational boating sector conducted in Australia showed 
that only 20% of the respondents (1,585 in total) were familiar with the national guidelines24. 
The study also found that the majority of respondents (approximately 60%) follow some of the 
recommendations in the Guidance for recreational craft, such as regular cleaning of hull and 
niche areas and regular AFS renewal.  

The biofouling composition found on vessels frequenting and spending time at certain marinas 
resembles the species composition found in those marinas20. As the number of non-
indigenous species present at marinas varies, it is not surprising that boats associated with 
marinas with high non-indigenous species richness were also found to harbour greater 
numbers of such species20. According to the outcome of an expert elicitation process as part 
of the Australian study, cleaning the underwater hull before moving to another location and 
applying AFS in niche areas will make the most significant contribution to reducing the risk of 
translocating invasive species25. However, the study found that less than 30% of the 
participants cleaned their boats before moving them to another location25. 

 
21 Niche areas are defined as areas particularly susceptible to biofouling accumulation such as outlets, inlets, cooling pipes, 
grates, anodes, apertures or free-flooding spaces, rope guards, stern tube seals, etc.   
22 Cahill P, Hickey C, Lewis P, Tait L & Floerl O (2019) Treatment agents for biofouling in internal pipework of recreational vessels 
A review of pipework configurations, biofouling risk, and operational considerations. MPI Technical Paper No: 2019/03.  
23 IMO Circular MEPC.1/Circ.792, Annex, page 1, 12 November 2012 
24 IMO PPR7/INF.7 (019) Key Findings on the uptake and effectiveness of the biofouling guidance for recreational craft. 13 
December 2019.  
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In-water cleaning in the recreational sector can be carried out by a dedicated service provider 
but it is often done by the crew or by the owner in the case of smaller craft. These approaches 
may lead to different results, especially if the cleaning method is not suitable for the AFS 
and/or niche areas or if the parties involved in the process are not aware of the importance of 
niche areas in terms of biofouling accumulation.  

Recent Developments in Search of Solutions 

In terms of policy and raising awareness, several recent initiatives are noteworthy.  

In December 2018, the GEF-UNDP-IMO GloFouling Partnerships Project was launched. The 
overall project objective is related to facilitating capacity building, raising awareness and 
providing technical assistance to developing countries in addressing biofouling related issues. 
The project encourages stakeholder cooperation and knowledge sharing, and also recognises 
the importance of technology development.  

In October 2019, the first R&D forum dedicated to biofouling and related technologies under 
the umbrella of the project took place25. In June 2020, the Global Industry Alliance (GIA) for 
Marine Biosafety was launched bringing industry stakeholders together to enhance biofouling 
management. Members of the GIA collectively identify and develop innovative solutions to 
address common barriers and to promote the development and uptake of new technologies 
and operational measures. Further developments specifically relevant to the recreational 
sector include: 

a. GloFouling Partnerships, in collaboration with World Sailing, the International Council 
of Marine Industry Associations (ICOMIA) and the International Union for Conservation 
of Nature (IUCN), are developing a set of best practices aimed at recreational sailing, 
motor-vessels and marinas. 

b. GloFouling Partnerships and collaborators published a call for a global survey to 
determine current practices26. 

 

Considerations Leading to Vessel-Specific Optimal Solutions  

Effective biofouling control has a range of benefits - from minimising the risk of translocating 
species and the level of emissions to active protection of the asset, ensuring smooth operation 
and minimum maintenance and fuel costs. Optimal biofouling protection is achieved through 
informed product selection, controlled application/installation and appropriate maintenance.  

• AFS Selection: Towards Functional Specifications 

Effective biofouling control starts with selecting the optimal solution for each vessel. As 
awareness about the issues associated with biofouling grows so do the attempts at solving 

 
25 Khodjet El Khil, L, Alonso, J, and Luque, V (Eds.) 2020. Proceedings of the 1st GEF-UNDP-IMO GloFouling R&D Forum and 
Exhibition on Biofouling Management and 4th ANZPAC Workshop on Biofouling Management for Sustainable Shipping. 
GloFouling Partnerships, IMO, London, UK. 
26 To participate in the survey visit: https://www.glofouling.imo.org/recreational-boating-survey 

https://www.glofouling.imo.org/recreational-boating-survey
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these issues by increased levels of 
research and development of various AFS, 
from coatings with wide-spectrum biocide 
packages with limited negative or neutral 
environmental impact 27  to treatment 
systems based on new technologies.                                                                                                        

Selecting the right AFS, whether a coating, 
treatment system or a device, has never 
been more challenging as the market 
becomes more and more fragmented. In 
practice often the choice of a system is 
based on cost, perceptions about quality or 
performance, and novelty factors.                              Figure 3. Optimal Biofouling Protection   

However, such considerations may distract from selecting the optimal solution for each vessel. 
Once a system has been selected, adequate specification, which is not based on sea miles 
alone, is critical.  
 
For the optimal solution to be identified, careful consideration needs to be given to a variety of 
vessel-specific factors affecting the suitability of potential AFS. The output of a methodical 
analysis of such factors is referred to as ‘functional specification’.  

Examples of such factors are typical operational profiles and associated environmental 
parameters, expected activity and speed patterns, freshwater exposure, refit/newbuild 
locations and AFS availability, substrate type, application/installation methods, biofouling 
management options and cleaning equipment availability at typical locations, etc.  

Different AFS have different challenges, advantages and disadvantages associated with them. 
The efficacy and performance of some systems may vary across areas of the underwater hull 
or may be affected by environmental parameters, such as temperature, water salinity and time 
spent in different ecological regions. This variability in AFS performance is a particularly 
important consideration for yachts that may be exposed to significantly different operational 
conditions over relatively short periods of time, such as explorer yachts. 

• AFS Installation and Application  

In terms of the underwater hull, once the optimal system or systems have been identified, they 
need to be applied and/or installed in a manner ensuring that the systems’ expected in-service 
performance will not be compromised.  

Coatings are the predominant technology being used for protecting the underwater hull from 
biofouling. The combined cost of the application of relevant products, filler and coatings, and 
achieving the desired finish is one of the most significant expenses in the building process.   

The chemistry of coatings dictates the optimal environmental conditions and associated 
allowances that can be made during the application stage without compromising the in-service 
performance. Surface preparation, mixing and adequate application are also integral to the 
process.   

 
27 Safinah Group (2020) The Challenges in the Marine Antifouling Market and the Need for Innovation. PCE International (April – 
June 2020 issue).  

AFS 

Selection

Monitoring 

& 
Maintenance

Installation

or 
Application

https://flickread.com/edition/html/index.php?pdf=5ebd1d346c6d5#55
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Process understanding combined with in-depth chemistry knowledge allows for quality 
assurance when it comes to lengthy and complex coating project management assignments 
and troubleshooting ‘on the spot’. Selecting the right partners with the appropriate level of 
knowledge and experience to carry out the process is paramount.  

Niche areas present different types of challenges in terms of application and installation 
considerations compared to the rest of the underwater hull. The guidance on recreational craft 
provides a non-exhaustive list of typical niche areas, including the following: 

- propellers, thrusters and/or propulsion units; 
- rudder stocks and hinges; 
- rope guards, stern tube seals and propeller shafts; 
- apertures or free flooding spaces; 
- areas prone to anti-fouling damage from groundings; 
- outlets, inlets, cooling pipes and grates; 
- anodes; 
- anchors, anchor wells, chains and chain lockers. 

Some of these areas, such as the entrances to inlet and outlet discharge pipes, bow and stern 
thrusters, rope cutters and rudder fixtures may be neglected or inadequately protected when 
applying AFS. Other areas, such as anodes, are typically not coated. The Guidance for 
recreational craft suggests that to minimise biofouling accumulation in the area, (1) the anodes 
can be flush-fitted, (2) the gap between the anode and the hull can be caulked or filled with a 
rubber backing pad, or (3) the area of the hull is coated with an AFS suitable for low water 
flow.  
 
There are alternative AFS that could also be considered. 
 

• AFS Monitoring and Maintenance 

Monitoring the rate of biofouling accumulation on the underwater hull is becoming easier due 
to the variety of technologies available, from underwater drones to underwater cameras. From 
a biosecurity perspective niche areas are a priority, however, monitoring the biofouling 
accumulation in these locations is still challenging. As a result, specialised in-water biofouling 
surveys by qualified surveyors are likely to become more common28.   

AFS maintenance is an important part of biofouling management. It is not unusual for yachts 
to be idle, which typically leads to biofouling accumulation. In-water hull cleaning is one of the 
common remedies in such cases. There are potential water quality and biosecurity related 
issues with in-water hull cleaning equipment not having the capability to capture debris, 
therefore local requirements may be in place in different regions. Apart from capture capability, 
another consideration related to in-water hull cleaning is the AFS suitability. Some cleaning 
strategies or equipment may not be suitable for all types of coatings, treatment systems or 
devices. 

Frequent cleaning or scrubbing of the surfaces, especially with equipment that may not be 
recommended for the purpose, could lead to early AFS failures due to issues with coating 

 
28 For technical advice on biofouling surveys see: Georgiades, E, and Kluza, D (2020) Conduct of in-water biofouling surveys 
for domestic vessels. Ministry for Primary Industries New Zealand (MPI). Biosecurity New Zealand Technical Paper No: 
2020/04. 
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thickness or integrity. Expert advice on the appropriate means of cleaning the underwater hull 
and any other maintenance and repair procedures should be sought for best results.  

Marine growth prevention systems, such as chemical injections in internal seawater systems, 
and any other devices and treatment systems designed for controlling biofouling accumulation 
should be regularly monitored according to manufacturer’s instructions.  

Conclusion 

Biofouling can have a detrimental effect not only on the operation of each vessel but also on 
the environment. Preserving marine biodiversity is crucial for achieving the Sustainability 
Development Goals and ensuring climate change resilience. The issue of translocating non-
indigenous, potentially invasive, species via biofouling can be tackled through a coordinated 
effort on a global scale.  

Approaching AFS selection, installation and maintenance as critical stages in the process will 
allow stakeholders, especially forward-thinking sustainability-minded owners, operators and 
managers, to make informed choices to avoid any unintentional but potentially harmful impact 
on the environment while also ensuring the optimal protection for their assets.  
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