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EXECUTIVE
SUMMARY
Oceans are home to a large variety of species such as
plants, algae, fish and microorganisms, that have evolved
in their habitats, separated by natural barriers. Some
species have always moved about the planet through the
oceans. Whether by swimming or hitching a ride on a log,
leaf, or other debris, organisms have found new worlds
in which to thrive. Until recently, this process has been
moderate, limited by differences in water temperature
and salinity, sea currents and other natural barriers.
But an increasing number of species have been moved,
intentionally or not, as a result of increased human
activity since the mid-20th century.
There is clear scientific evidence that biofouling on
immersed areas of recreational vessels can and does
enable the translocation of non-native species between
bodies of water and along coastlines, and that they
can become invasive. In some countries, notably New
Zealand and Australia, biosecurity risks from Invasive
Aquaic Species (IAS) to biodiversity and the local
economy and culture are understood and actively
managed by regulatory authorities. However, in other
parts of the world there is less awareness and proactive
management of these risks.
Anti-fouling coatings are the main tool to prevent
biofouling of immersed areas of recreational vessels.
At present, anti-fouling coatings that contain a toxin or
biocide are the dominant system used. However, ongoing
concerns over their environmental impact of some
biocides means that they are closely regulated, often
presenting a dilemma of balancing the risks from IAS
against the risks from control measures for anti-fouling
coatings which reduce their efficacy. Another aspect is
the irregular performance of anti-fouling coatings over
time, on many occasions impaired by poor selection of
the coating or deficient application on the surface that
needs to be protected.
Other options are available to the wider public, and these
include non-biocidal surface effect (non-stick) coatings,
devices such as ultrasound systems, mechanical
cleaning and several other technologies that are under

development, although for some of the latter further
research is required to assess their efficacy and impact
on the environment.
But in general, anti-fouling systems operate in difficult
and ever-changing habitat conditions and their
performance is further impaired by the wide range of
characteristics and adaptability presented by some
biofouling species and the high variability of boat
types, materials and usage. Therefore, when it comes
to prevent biofouling growth, there is no “one size fits
all” solution. Boat users need to apply a combination of
anti-fouling systems, based on an analysis of the specific
characteristics of the environment where they operate
and the type of vessel they have. Through the reduction
of biofouling, the boating community can:
• Protect the biodiversity of the waterways and
waterside environments that are visited by
recreational vessels;
• Maintain performance when under sail;
• Optimise fuel consumption and reduce air pollution
from motorised craft ;
• Avoid damage to hulls and equipment;
• Avoid damage to infrastructure including marina locks
and pumping equipment;
• Avoid economic harm to local businesses, aquaculture,
fishing and tourism.
This report makes specific recommendations for
practical prevention and management of marine
biofouling for all types of recreational craft, highlighting
key areas and equipment that need to be considered.
Guidance has been tailored to different types of vessels
and uses, including trailered craft, local or estuary
cruising vessels and long-distance cruising. In addition,
there are recommendations for marinas and port-based
management of biofouling.

Biofouling Management for Recreational Boating

To facilitate promotion of the information contained in
this report, each chapter provides information that can
be used for awareness-raising purposes to understand
the issue. Chapter 1 explains what is biofouling,
the environmental issues, notably the transfer of
IAS, to which it is associated, and the role played by
recreational boating in spreading or introducing IAS to
new environments. Chapter 2 provides examples of IAS
and their environmental, and socioeconomic impacts.
Chapter 3 gives an overview of the regulations related
to biofouling, with a more in-depth analysis available
in Chapter 9. Chapter 4 highlights the key areas that
need to be taken into account for managing biofouling.
Chapter 5 gives an overview of current and upcoming

anti-fouling and biofouling management solutions and
technologies available to recreational boaters. Chapter 6
is focused on recommendations on how to manage
biofouling, each section with a one-page infographic
leaflet that can be used to raise awareness and
communicate recommendations tailored to each type
of recreational vessel or user profile. Chapter 7 includes
links to further resources and information that are
available worldwide. Finally, chapter 8 includes a brief
analysis of the gaps and challenges detected in the
development of this report and some recommendations
on how to promote solutions and increase awareness of
the issue.
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BIOFOULING AND ITS
ROLE AS A PATHWAY
FOR INVASIVE
AQUATIC SPECIES

Slime layer on the surface of a hull

Biofouling starts as soon as a hull is placed in the
water and its surface is rapidly colonised by a variety
of marine species such as diatoms, bacteria and
microalgae that create a biofilm commonly called
a slime layer. This is followed by a gradual succession
and growth of larger macro Fouling species, such as
other algae, sessile animals (sponges, anemones),
mobile benthic animals (worms, shrimps, crabs), and
parasites. Figure 1 gives an approximate idea of how
the process evolves through time.

Macrofouling on a motor vessel

WHAT IS BIOFOULING?
The International Maritime Organization
(IMO) defines biofouling, often referred
to as a hull fouling, as the undesirable
accumulation of aquatic organisms such
as micro-organisms, plants and animals
on surfaces and structures immersed in
or exposed to the aquatic environment.
Biofouling can range from a thin slime
layer to more noticeable growth that may
include hard encrusting animals, algae
tufts or mobile shrimp-like amphipods and,
in cases of extensive biofouling, mussels,
seaweed, sponges and crabs.

11
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Figure 1: How fast biofouling organisms can grow on a surface
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Most boat users know that a fouled hull affects
performance, increasing fuel consumption and air
pollution from motorboats and slower passage time
for yachts when under sail. What is less well known,
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is the risk of spreading Invasive Aquatic Species (IAS)
via biofouling attached to the hulls or to immersed
equipment of recreational craft. This is now recognised
as one of the key pathways for local spread of IAS.1

WHAT ARE INVASIVE AQUATIC SPECIES?
The oceans are home to a large variety of species (plants, algae, fish, microorganisms, etc.)
that have evolved in their habitats, separated by large distances and natural barriers. But
some species have been moved, intentionally or not, as a result of human activity. When the
adopting habitat has similar characteristics, the introduced non-native species have a good
opportunity to adapt and thrive. Due to some competitive advantage such as the absence
of natural predators, some non-native species have become dominant and disrupted the
biodiversity of their newly adopted habitat. It is these species that are generally referred to as
Invasive Aquatic Species (IAS). IAS range from fish, crabs and mussels, seaweeds and plants, to
microscopic pathogens. This vast diversity can make it difficult to identify invasive species.
The accidental introduction of IAS can cause havoc to the environment, coastal industries and
local livelihoods. As this all takes place underwater, the effects are not seen until the invasive
species have become established and caused a disturbance.
Eradication of IAS has proven difficult in most cases and any chance of success normally goes
hand in hand with early detection - further arguing for the need of a preventive approach.
There are very few confirmed cases of successful eradication. On most occasions, discovery
happens too late to act, or eradication attempts fail. Due to the wide range of vectors and
pathways that can result in the introduction and establishment of IAS, containment options
are difficult to implement successfully.

Biofouling Management for Recreational Boating

1.1 Recreational vessels
and local spread of IAS
The islands, waterways and coastal areas that
recreational boat users visit are of great ecological,
social and economic importance. The rich biodiversity
of marine life is one of the many reasons we enjoy and
value travelling and spending time in these spaces. As
recreational boats move between areas, a variety of
marine life can hitch a ride as biofouling on a hull, in the
niche areas of water intakes, on anchors and chains, in
bilge water or on equipment1, and even clothing.
Whilst the translocation of many IAS across oceans is
probably caused by large commercial ships either as
biofouling or in their ballast water, it is biofouling on the
smaller, recreational boats that risks spreading IAS from

ports to smaller harbours, anchorages, islands, and inland
between lakes, catchments and reservoirs.
In some areas, marinas have proven to host a larger
variety of Invasive Aquatic Species than commercial
harbours1. This can be explained by the longer length
of idle time a recreational boat stays in a marina or
harbour compared with a commercial ship. For sailing
vessels and slower motorboats the slower speed of
travel through the water, is another factor that creates
more opportunities for IAS to remain attached to the
hull and successfully hitch a ride to colonise new areas
with similar climatic conditions. As scientific studies work
on improving knowledge of IAS distribution and their
impacts, recreational boat users can help prevent the
spread of IAS and prevent further ecological damage of
freshwater and marine environments.

Figure 2

RECREATIONAL VESSELS ACTING
AS ‘HUB & SPOKE’ VECTOR
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Figure 3: Typical stages in the transfer and establishment of Invasive Aquatic Species through hull biofouling

PORTS AND MARINAS “HOT SPOTS” FOR INVASIVE SPECIES
STAGE 1:
Recruitment
to boat hull

STAGE 2:
Translocation as
biofouling on hull

STAGE 3:
Transfer from hull
and colonization

STAGE 4:
Establishment
and spread

Key factors that determine potential success during each stage
Donor port

Voyage

Recipient port

Recipient location

• Residency period

• Voyage speed duration
and route

• Environmental
conditions

• Environmental conditions

• Location of biofouling
on the hull

• Residency period

• Biotic resistance

• Type of antifouling
coating

• Biotic resistance

• Type of antifouling coating
• Condition of antifouling
coating
• Propagule supply

The vast diversity of IAS can make them difficult to
identify, especially for non-experts. However, recreational
boat users can, and should, play an important role in
preventing the spread and translocation of IAS through
regular and proactive steps to prevent biofouling on and
in their vessels and equipment.

• Space availability

• Space availability
• Additional introductions
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1.2 Niche areas
Niche areas on a hull pose an additional challenge in
relation to biofouling. As defined by the International
Maritime Organization (IMO), niche areas are ‘Parts of
a craft that are particularly susceptible to biofouling
growth due to different water flow conditions, the
exposure of the anti-fouling coating system to wear or
damage, or areas that may be inadequately coated’.2
Niche areas include propellers, thrusters, rudder stocks
and hinges, anodes, outlets, inlets, anchors, chain and
anchor wells. These areas are less accessible, usually
made of a different material, or in the shadow of water
flow when underway. Although they comprise a small
percentage of the total hull area, these niche areas are
hotspots for biofouling accumulation, and therefore an
opportunity for transport of non-native species which
may be introduced, establish, and become invasive.

Fouling on propeller

Figure 4: Typical niche areas prone to additional biofouling

Deck Fittings
Cooling Pipes

Sewage and Bilge Tanks
Water Inlets/Outlets

Rudder and
Marlin Board

Anchor Well
and Anchor

Keel
Hull Surface

1.3 Hull and propeller
performance
The immediate impact of biofouling on recreational
vessels is well known to all boat owners: it slows the boat,
increasing fuel costs for powerboats, and increasing
passage time for sailing boats, who may revert to using
the engine sooner, leading to increased air pollution.

Propellor
and Shaft

A recent study focused on commercial ships showed
that a thin layer of slime covering up to 50% of a hull
surface can trigger an increase of fuel consumption and
greenhouse gas emissions in the range of 20 to 25%. For
more severe biofouling conditions (for example, barnacles,
tubeworms or algae) the increase could be as high as 55%.3
Mussels and barnacles can grow on static propellers, at
best reducing performance at worst preventing the use
of the boat, with immediate costs involved to clean the
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propellers. Less well-known, biofouling can also block
water intakes, leading to damage to the engine from
overheating if not noticed in time.
These effects are sufficient incentive in themselves for
vessel owners to manage biofouling. However, there
are further environmental, social and economic impacts
from biofouling that are not so readily apparent to
recreational boat users.

1.4 Marine environment
and biodiversity
The marine environment is made of a delicate balance
of interconnected relations between all the species and
their habitats in an ecological community. Invasive Aquatic
Species (IAS) are considered among the five greatest
threats to the world’s oceans and marine biodiversity (the
other four being overexploitation of resources, pollution,
habitat destruction and ocean acidification) (IPBES, 2019).
The introduction of IAS can disrupt the balance of nature
by affecting many different species in its interconnected
web, both directly and indirectly. IAS can affect the local
food web, lead to loss of indigenous species and affect
the cleanliness of water. However, whereas the reduction
in hull performance is immediately apparent to a boat
user, the impact of IAS on the marine environment and
its biodiversity can take several years to detect, by which
time an IAS may already be establish

1.5 Social and economic
impacts of invasive aquatic
species
The natural environment provides many services that are
often under-appreciated, particularly in financial terms.
Examples of these include:
• provisioning services such as food and water,
• regulating and maintenance benefits such as shelter
and wave attenuation from storms, and
• cultural enhancement such as recreational and
spiritual benefits.
The economic impacts of IAS are a result of their
interference with biological resources that support

fishing and coastal aquaculture (e.g. collapse of fish
stocks), interference with fisheries (e.g. fouling of gears),
disruption to tourism, damage to infrastructure (e.g.
through fouling) and costs of treatment, clean-up or
control. All these types of impacts are interconnected,
tending to influence and exacerbate one another. IAS
damage their adopting habitat mainly by consuming
native species, competing with them for food or space, or
introducing disease.
If the role of recreational vessels in the transfer of IAS is
not reduced, this could force some authorities to restrict
access to high value marine areas. Thus, boaters would
see a limit in their access to nature and all the cultural
benefits, sport and well-being that this entails. For
example, in the United Kingdom, a water company and
reservoir owner had to impose strict Clean Check Dry
conditions on boats arriving and leaving a reservoir to
prevent the spread of the Killer Shrimp, after an initial ban.
IAS impacts aquaculture by competition for food, fouling
of shells, or introduction of disease damaging shellfish.
This affects the viability of local business, and prosperity
of the local economy, which then may be less able to
provide supporting services for visiting sailors, such as
shops, marine services (fuel, repairs) and transport links.
Along shorelines, windrows of Zebra mussels can litter
beaches and the decaying mussels produce an extremely
foul smell4. The sharp shell of the D. polymorpha is
razor-like and is a hazard to barefoot swimmers and
beachcombers. This combination spoils the most
pristine of locations affecting tourism, which impacts
the local economy. One study5 considered the US Great
Lakes region and focused on commercial fish landings,
sportfishing participation, wildlife viewing, and raw water
usage for power stations and water treatment plants. This
study determined that the impacts from IAS cost $138
million per year.
Darwin’s barnacle, A. modestus, can negatively affect
aquaculture and fisheries by competition for space
with cultured bivalves (mussels and oysters) causing
a reduction of production, additional costs for sorting
and cleaning fouled shells, and leading to extra costs for
maintenance of fishing gear or aquaculture equipment6.
The Department of Agriculture in Australia looked at
the costs of containing or eradicating the invasive black
striped mussel in three Australian ports7. The report
said that costs of successful ongoing containment
include traffic inspection, vessel cleaning, ongoing
infrastructure and facility maintenance, all undertaken at
the port of infestation. Other costs include maintenance
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and clearing mussel from slipways, hoists and lock
gates. These costs are likely to be borne by industry,
government and even individuals.
In another example, directly related to recreational
boating, many marinas have lock gates and other
equipment, and invasive species infestations can cause
delays in operation; ultimately costs of maintenance will
be passed on to recreational users of these facilities.
The next chapter gives some examples of Invasive Aquatic
Species and their environmental and economic impacts.

17

18

2

BIOFOULING AND ITS ROLE AS A PATHWAY FOR INVASIVE AQUATIC SPECIES

Biofouling Management for Recreational Boating

EXAMPLES OF
INVASIVE AQUATIC
SPECIES

Carpet sea squirt
Didemnum vexillum
Native to Japan but has been transported around the
globe causing a range of issues in ports and marinas.
It forms pale orange, cream or off-white colonies of
extensive thin (2-5 mm) sheets and can form long
pendulous outgrowths.
Impact: As the colony grows, the sea squirts smother
local marine life and become a serious threat to
biodiversity. On offshore banks in the USA, it has shown
very extensive coverage of the seabed, potentially out
competing species living in gravel and affecting shellfish
aquaculture for species such as mussels and oysters. In
the Netherlands, it seems to have caused decreases in
the numbers of brittle stars and sea urchins. In the United
Kingdom, the Carpet sea squirt has been included by the
government’s “alert” list of non-native (alien) species.

Spread: D. vexillum is likely to originate from Japan and
is now found in the northeast Pacific (British Columbia to
Southern California, northeast of the USA, New Zealand,
the Netherlands, north-western France, Ireland, and the
United Kingdom (England and North Wales). Hitchhiking
on the biofouling of boats is the sea squirt’s preferred
mode of transportation.8
As is the case for many invasive species, eradication
is extremely difficult. In the case of D. vexillum, some
attempts ultimately failed. In New Zealand, the attempt
to eradicate D. vexillum from a mussel farm in cost
$650,000 but failed. In the United Kingdom, an attempt
to eradicate D. vexillum at Holyhead Marina cost
£400,000 but failed.
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First detected in 1984 in North America and is thought to
have arrived in ballast water from Eurasia. But the spiny
water flea is now spreading via biofouling on trailered
small craft and even fishing gear from the Great Lakes to
other inland lakes.
Impact: The voraciousness of this species outcompetes
native species for food, posing a threat to the
biodiversity of native zooplankton communities.
Additionally, its long tail means that small fish choke
when trying to eat the spiny water flea, which further
disrupts the food web and ecosystem. The spiny water
flea forms large, jelly-like masses on commercial and
recreational fishing equipment, affecting livelihoods.

Spiny water flea
Bythotrephes longimanus

Spread: reproduction is rapid with asexual females
producing approximately 10 offspring every two weeks9.
Transmission between waterbodies is on boats and
fishing gear.

Native to the Pacific Coast of Asia but is now known to
be in Australasia, Pacific, Europe and North America. As
a fouling species, it is common on rocks and pylons and
can reach densities of 500-1500 individuals per square
metre. It can attach itself to concrete, wood, vessel hulls,
pontoons and reefs.
Impact: it competes for space and food with local
species and predates on the larvae of native species
causing population decline. It creates dense fouling on
aquaculture and fishing equipment, moorings, ropes
and hulls. It affects human health through an asthmatic
condition in oyster shuckers ( Japan).

Leather y sea squirt
Styela clava

In Canada, the economic damage to shellfish
aquaculture is estimated as high as CAD 88 million per
year. In NZ this affects 22% of production areas, with
a cost to green mussel producers estimated $23.9 million
But in South Korea, Styela clava is eaten as seafood.
Spread: S.clava has low natural dispersal ability,
therefore its global spread is thought to be due to
human-aided dispersal on vessels, and a high tolerance
to changing environmental conditions.
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Native to Australasia, has been in the UK since the
1940’s, and has now spread to Europe, Ireland and
the Mediterranean. This fast-growing species occurs
in estuaries and harbours and attaches to and then
dominates hard surfaces including rocks and hulls
displacing native barnacle species and oyster spat.

Darwin’s barnacle
Austrominius modestus

Australi an tubeworm
Ficopomatus enigmaticus
It thrives in estuarine and coastal environments within
sub-tropical and temperate areas throughout the world.
This worm builds and inhabits white calcareous tubes. It
grows very fast and abundantly on all surfaces. It forms
dense reefs, scattered over hundreds of hectares, which
has major impact on power station cooling systems,
marinas and operation of channel locks. It increases ship
drag through hull fouling.

Impact: This is a fast-growing species that is quick
to reach maturity, which, combined with its high
reproductive output in water temperatures above 6oC,
gives it a competitive advantage over native species.
This barnacle has largely displaceD native barnacles
in estuaries in southwest England. It has an economic
impact on oyster industries through fouling (making
oysters less valuable) and by competition for space
and food.10
Spread: Its spread has been facilitated by its ability to
attach to a range of substrates, including hulls and in
ballast water, and its ability to tolerate a wider range of
salinity and turbidity than native species.

Impact: The UK power industry spends more than USD
10 million annually to prevent clogging of cooling system
water intakes. A marina in UK had to reduce berthing
fees to prevent loss of clients.
Spread: The Australian tubeworm is spread on hull
fouling and ballast water. It is the small recreational
vessels that are important vectors on a regional scale.
The worms can attach to the bottoms of vessels or
ropes attached to small fishing boats or canoes, and can
survive a long period of desiccation.
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It has spread far beyond its native Atlantic Europe. It is
now found in waters off North and South America, Asia,
South Africa and Australia. It is a voracious omnivore
which can consume species from at least 104 families,
158 genera so food is not a limiting factor.
Impact: C. maenas causes an economic impact to crab
and shellfish industries, with estimates of US$22.6 million
of damage per year in predation on shellfish alone on
the east coast on USA. It can degrade habitats, and it has
been suggested it has decreased abundance of eelgrass
in the Gulf of St Lawrence.11

European green crab
Carcinus maenas

Spread: Although primarily introduced through ballast
water, it can be transported on hull fouling, within
niche areas.

invaders have the opposite effect, by eating many of the
species that keep water clean and clear. Whilst this does
not affect drinking water quality, the murky water could
have an economic effect on tourism12. The killer shrimp
D. villosus sometimes kills prey but does not eat it and
its ability to attack and feed on a range of species could
cause the local extinction of some species.
With a link to other IAS, it is thought that zebra mussels
change habitats by increasing the amount of benthic
organic matter, which benefits D. villosus helping them
to outcompete other species. When given a choice, D.
Villosus spend more time feeding around zebra mussel
shells than a bare substrate13.

Killer Shrimp
Dikerogammarus villosus
It originates in the Black Sea and Caspian Sea regions and
were found in Grafham Water, UK, in 2010. As a result,
sailing events were cancelled for a short time and then
restricted, having a direct impact on the local sailing
community. It is fast growing, reaching sexual maturity in
4 to 8 weeks. Up to 30mm in length, it is larger than the
local UK shrimp and is an aggressive hunter, feeding on
native freshwater shrimp, damselflies, water boatmen as
well as small fish and eggs.
Impact: For a short time sailing events were cancelled
and then restricted, as local guidelines / regulations
were agreed to prevent further spread of D. villosus. The
introduction of D. Villosus negatively affects the local
ecosystem, as the native shrimp help improve water
quality by breaking down leaf litter, but the foreign

Spread : It is thought they were introduced into Grafham
Water and then Barton Broad via a boat, windsurfer or
even angling gear. The shrimp can live outside the water
in damp conditions - for instance, in waders, fishing
nets, engine cooling systems - for up to 14 days, but
they cannot tolerate dry conditions. That is why “Check,
Clean, Dry” has become the mantra in preventing their
spread (refer to chapter 5 for more information on this)
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the weed becoming entangled in boat propellers and
fishing nets. Economic impacts resulting from the cost of
eradication of C. Taxifolia included approx. US $6 million
spent in southern California in 2000-0414 and estimated
AUS $6-8 million in southern Australia.
Spread: Although the initial spread is by release from
aquariums, vessels’ anchors remove fragments of
Caulerpa from estuaries, and conditions inside anchor
lockers may enhance fragment survival. This means
that boats may be an important vector for dispersal
of Caulerpa within and between estuaries15 across
and around the Mediterranean. Sport fishing can also
aid local movement of Caulerpa in Italy, with algae
attached to fishing equipment16. For these reasons, new
infestations tend to occur in ports, harbours and marinas.

Green algae
Caulerpa
It is a fast growing and attractive species for adding to
aquaria. However, in the open waters, this very fastgrowing species can quickly attain plague proportions.
It rapidly overgrows corals, slower growing macroalgae,
seagrass and other benthos in coastal locations, quickly
smothering them.
Impact: Economic and social impacts are due to the
reduction in catches of fish by commercial fishermen
due to the reduction of fish habitats by Caulerpa, and

Within the Caulerpas, Caulerpa taxifolia or Killer Algae is
notoriously invasive and has been publicized widely by
the Media. In California it was eradicated at considerable
cost using toxic chemicals. This has led to some US
States banning the use of some Caulerpa in aquaria, to
prevent their spread to open waters and damage to local
ecosystems. However, later studies seem to indicate
a reduction of the growth and spread of C.taxifolia and
a reduction of its potential impacts. Whereas, other
members of the genus, such as Caulerpa racemosa and
Caulerpa cylindracea, where, together or in combination
with other species, Caulerpas have proven to negatively
impact meadows of Posidonia oceanica, the main
seagrass in the Mediterranean.
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across 26 U.S. states. These are one of the world’s most
economically and ecologically damaging aquatic invasive
species. Once introduced their populations can grow
rapidly, and the total biomass of a population can exceed
10 times that of all other native benthic invertebrates.17

Zebra M ussel
Dreissena polymorpha
It is a bivalve mollusc native to the Caspian Sea, is
possibly the most aggressive freshwater invader
worldwide. It has spread through canals and river
estuaries, was in London docks in 1820’s, in Sweden
in 1920’s, in Alpine lakes in 1960’s and by 2010, zebra
mussels were found in more than 600 lakes and rivers

Impact: The mollusc has blocked water intakes for
power plants, water treatment plants and ships. Large
populations have devoured plankton affecting local
biodiversity and disrupting aquatic food webs. Along
shorelines, windrows of mussels destroy beaches, and
the decaying mussels produce an extremely foul smell.18
The sharp shell of the D. polymorpha is razor-like and is
a hazard to barefoot swimmers and beachcombers. This
combination spoils the most pristine of locations and
prohibits recreational activities.
Spread: Whilst the initial spread has been in ballast
water in commercial vessels, the microscopic larvae
can continue to be spread between smaller bodies of
water by recreational vessels in bilge water, bait buckets,
equipment, biofouling or anything else that moves from
one body of water to another. Also, adult and juvenile
mussels can move on boat hulls, and buoys as they move
between areas.

Impact: The dreissenids, including D. rostriformis
bugensis, are sessile filter-feeders capable of reaching
extremely high densities, negatively affecting the
environment, food webs and biodiversity of the
ecosystems they invade20, and causing tremendous
economic damage in raw water-using industries, potable
water treatment plants, and electric power stations.21

Quagga Mussel
Dreissena rostriformis
bugensis
It is similar to the zebra mussel, originating in Ukraine,
and is now in North America. This species was identified
as the top-ranking invasive species threat to the UK in
a study of almost 600 non-native species.19

Spread: Shipping is considered to be the primary
pathway of quagga mussel introductions into new areas
located far outside its native range22. The mussels can
travel with a vessel either as adults attached to the
biofouling on the hull or as planktonic larvae within
ballast water. Accidental introductions of quagga
mussels at local and national levels often happen due to
overland transportation of recreational boats and fishing
gear, which is especially popular in North America.
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Rock snot or “Didymo”
Didymosphenia geminate

It was considered a widely distributed, yet uncommon
single-celled algae (diatom) native to the cool, running
freshwaters of the northern hemisphere, including
northern parts of North America, Europe, and Asia.
However, within the last two decades, didymo blooms
have been reported with increasing frequency and
intensity across the globe, starting with Vancouver
Island, Canada in 1990’s, spreading across North
America, and in the South Island, New Zealand in 2004.
Nicknamed “rock snot” for its gooey appearance, didymo
secretes massive amounts of branching stalks, creating
dense mats that cover the bottoms of streams and rivers.
Impact: Didymo can alter the diversity and distribution
of native stream species and may have negative
consequences on how stream ecosystems function. By
covering and dominating the substrate, didymo may alter
habitat and available food resources for bottom-dwelling
stream invertebrates, potentially affecting the fish that
feed on them. Didymo invasions, although unsightly,
do not produce an odour or threaten human health.
However, infestations do have significant negative
impacts on all water-associated recreational activities,
particularly sport-fishing. Floating didymo stalks tangle
up lines, flies and lures. Additionally, didymo blooms have
blocked water intake pipes and canals. Consequently,
didymo remains a serious economic concern for
fisheries, tourism, irrigation, and hydropower.23
Spread: most likely spread by moving boats and equipment
between waterways. Water recreationists must take great
care to inspect, clean, and dry all equipment, especially
waders and boots when leaving an infested stream or river,
following the Check, Clean, Dry principle.
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EXISTING
REGULATIONS
APPLICABLE TO
BIOFOULING
In 2012, IMO published its circular MEPC.1/Circ.792:
Guidance for Minimizing the transfer of Invasive Aquatic
Species as Biofouling (Hull fouling) for Recreational
Craft24. This guidance document is specifically aimed at
recreational vessels less than 24 metres in length and
provides information consistent with the IMO Biofouling
Guidelines for ships, published in 2011.25
There are currently only a few countries that have
specific regulations applicable to biofouling as a vector
for IAS transfer through recreational boating. There are,
however, many regulations in other countries that, while
not mentioning specifically biofouling, are nevertheless
applicable, such as regulations addressing Invasive
Aquatic Species (irrespective of vectors and pathways),
biodiversity protection, Marine Protection Areas (MPAs)
and controls on anti-fouling coatings, their toxicity and
chemicals and waste management.
The prime example of national regulations addressing
specifically biofouling as a vector for introducing IAS is
New Zealand. The country has strictly enforced biosecurity
controls on recreational vessels, with the Craft Risk
Management Standard (CRMS*) for Biofouling and it
effectively enforces its biosecurity regulations for visiting
vessels. The New Zealand CRMS for Biofouling includes
a definition of acceptable biofouling (just a slime layer)

providing a risk-based reference point for the level of action
to be taken. Even with a strong public acceptance and
clearly defined controls, this level of biosecurity control
requires considerable commitment by the authorities.
Many countries have regulations on the disposal of
wastewater and solid waste from onshore pressure washing
of vessels coated with antifouling coatings, to prevent this
‘trade effluent’ entering controlled waters, such as rivers
and estuaries. The wash-down controls to prevent potential
IAS being discharged back into the water are the same as
preventing the discharge of antifouling paint residues in the
wash water. However, these are not always fully enforced,
leading to concentrations of heavy metals near marinas,
and the potential escape of IAS back to the water.
Many inland waterways around the world have effective
controls as access can be controlled by the ‘owners’ or
local authorities, such as Anglian Water controlling the
Killer Shrimp at Grafham Water, (Grafham Water SC Nonnative species**) and the American guidelines to stop
aquatic hitch-hikers*** between the many inland lakes.
The Galapagos Marine Reserve, in Ecuador, and the
Papahānaumokuākea Marine National Monument (PMNM)
in Hawaii, USA, are examples of enforcing strict standards on
biofouling before entry to marine parks or protected areas.

* https://www.mpi.govt.nz/dmsdocument/11668-Biofouling-on-Vessels-Arriving-to-New-Zealand-Craft-Risk-Management-Standard
** https://www.grafham.org/on-the-water/non-native-species.html
*** https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fsbdev3_029120.pdf
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3.1 Anti-fouling paints
and the control of IAS
The use of anti-fouling paint is the most widely approach
taken to prevent biofouling on boats and ships. It works
by releasing biocides into the surrounding water, thereby
killing or deterring the microscopic settling stages of
organisms at the paint surface, preventing them from
making the vessel’s hull their new home. However, there
is ongoing concern from marine scientists that some of
these biocidal paints may have adverse effects on nontarget marine species and that they may be hazardous
to humans during application and removal if the correct
precautions are not taken. This means there is often
a balance between keeping hulls clean with biocidal antifouling paint to maintain performance of the boat and
preventing the spread of IAS to protect the local marine
environment, especially in congested or popular areas.

To be successful, an anti-fouling coating needs to
tick many boxes: it should be durable, reliable, easily
applicable, stable, cost-effective, cause minimal harm to
environment, and be substrate independent. Taking also
into account the highly varied characteristics of fouling
species and the different environmental conditions
where vessels operate, it is a considerable challenge
to design a versatile, efficient and durable anti-fouling
coating. To date, no single chemistry has been identified
as the universal anti-fouling strategy to meet all these
requirements and trying to develop one universal
coating strategy is likely to be an unreachable goal.26
Instead, industry and boat owners should make use of
synergetic strengths by combining several anti-fouling
strategies into one multifunctional system.
In countries such as USA, EU countries, UK, Australia
and New Zealand, biocidal anti-fouling products must
be approved before they can be commercialised.
Products and the biocides used in them are regulated

Figure 5: Balance between Performance and Biodiversity

Anti-fouling paints with sufficient toxic biocide to control
biofouling and improve hull performance

Biofouling controls without
heavy metals and biocides

• Prevent Invasive Aquatic
Species

• Enhance marine biodiversity

• Reduce CO2e emissions

• Improve water quality

• Protect human health

REGULATIONS
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in the same way as insecticides, wood preservatives
and disinfectants. To grant approval for a product,
regulators in the jurisdiction evaluate the risk to the
environment and human health from using the product
and determines if they can be used safely.
When preparing the hull of a boat for application of an
anti-fouling paint, before washing or scraping the hull is
attempted, care should be taken to ensure wastewater
contaminated with biofouling and/or paint flakes is
not released to water. Personnel applying the coating
should use protective equipment and follow technical
and safety instructions on the product label or on the
product safety data sheet (usually available online).
Where possible, all work on the hull should be carried
out in within areas designated for maintenance within
ports or marinas, where wastes generated can be
collected and disposed of safely and in accordance with
local regulations.
Boaters and service providers using anti-fouling paints
on their vessels should carefully check the information
on their selected product(s) to ensure it is approved
under applicable legislation and that is fit for purpose for
where the boat will operate. Before paint application,
the technical and safety instructions on the label of
the product should be read, understood and followed
carefully. Care should be taken during application to
ensure paint or paint particles are not spilled in the
marine environment.

Boat owners, marina operators and boatyards need also
to be careful when cleaning hulls either ashore or afloat
to prevent the biocides from their anti-fouling paint
entering the marine environment.
It should be noted that some biocides previously
used in biocidal anti-fouling paints are now banned
internationally by the International Convention on the
Control of Harmful Anti-fouling Systems on Ships (AFS
Convention), specifically organotin tributyltin (TBT)
and cybutryne.
With the need to prevent biofouling and the
translocation of IAS, as well as to reduce emissions
from vessels, the use of biocidal anti-fouling systems is
a delicate balance between competing environmental
risks. This is an ongoing dilemma for regulators, boat
owners and the manufacturers of anti-fouling coatings
alike. Biocide-free alternatives are discussed in
chapter 7.
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KEY AREAS
FOR MANAGING
BIOFOULING,
BY TYPE OF VESSEL
OR EQUIPMENT
Recreational vessels can start to collect biofouling on
their hulls within hours of being in the water (refer to
Figure 1 (see page 12) for a description of this process).
Dry-sailed craft, such as trailered boats, dry-stacked
craft or portable craft rely on dry storage to avoid the
accumulation of biofouling on their hulls, whereas
vessels that stay afloat will have some form of antifouling coating as protection. The hull is the obvious area
where biofouling is seen, and therefore cleaned.
However, there are many other areas on vessels and
equipment where biofouling can occur, and therefore be
a source of transporting IAS, particularly if they are not
readily visible or known areas on a boat, such as bilges,
lockers or cooling systems. These so-called niche areas
are therefore a key point to consider for biosecurity
when moving a boat from one area to another. Refer to
Figure 4 (see page 15) for a description of typical niche
areas prone to additional biofouling.

4.1 Long term afloat
vessels
Larger recreational vessels are usually kept afloat for
the boating season, or longer. Recreational boats kept
afloat pose a high risk of transporting biofouling as they
have long periods when left unused, undertake slow
and itinerant voyages, are not restricted to ports and
frequent in-service maintenance is of marginal benefit to
the owner. Additionally, if a vessel moves at slow speeds
(typically less than 14 knots) to get to its destination,
the biofouling species are unlikely to become dislodged
during travel.
Generally, the hull and underwater appendages will
have been painted with an anti-fouling coating (or an
alternative anti-fouling system will be installed) when
launched. Biofouling pressure will be variable: some
areas will be more prone to biofouling due to less flow
when under way, allowing biofouling to build. The
opposite can also happen where there is very high flow,
which can increase wear depending on the anti-fouling
coating that has been applied. In addition, some niche
areas may be missed due to poor access when applying
anti-fouling paint, or during any in-season cleaning,
either in-water or with a mid-season lift and hull clean.
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Niche areas to consider on vessels kept afloat for the
season (refer to section 1.2 for a description of niche
areas) include:
• Hull openings – engine water intakes, impellers, bow
thrusters.
• Propeller and shaft – often metallic and fast
spinning so increased wear on anti-fouling coating,
so different anti-fouling paints and/or alternative
systems could be required.
• Rudder and keel(s), anodes.

avoid biofouling. Nonetheless, a report on visitors to
Hawaii examining the extent and diversity of biofouling
on overseas vessel arrivals to remote islands suggests
that the risk of introduction of IAS is real27. These vessels
are likely to stay for a significant period of time and are
not restricted to ports. This gives the opportunity for any
IAS to transfer to the local environment.

4.3 Trailered boats
These are typically used on freshwater areas, with the
ability to easily move from one isolated water body to
another, meaning this is the most likely pathway for
transporting IAS between inland lakes and rivers.

• Bilges, holding tanks (sewerage), ‘heads’ (toilets).
• Anchors with mud, seaweed, mooring lines if ‘fouled’,
deck fittings, anchor well.
Any fouling other than a slime layer has the potential
to provide a home for a species that may survive
a voyage to a different area and become invasive. The
more biofouling is found on a boat, the more likely the
presence of IAS.

Niche areas to consider on trailered boats include:
• Engine water cooling, bait well, bilges, ballast tanks.
• Equipment including skis / boards, fishing rods,
buckets, anchors, mooring lines.
• Sailing dinghies – built-in buoyancy tanks, residual
water in masts / boom.

4.2 Blue water cruising

• Clothing – wetsuits, shoes, buoyancy aids, waders.

Sailors who travel the open oceans tend to pay close
attention to the performance of the hull coatings, to

• Trailer itself if immersed in water.

Figure 7: Niche areas on trailered boats
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On fishing boats, niche area such as bilge systems, bait
wells, live wells can hold possibly up to 200 litres. Wake
boats ballast tanks can hold between 470 and 1420
litres; and both wake boats and ski boats have swimmers
climbing into boat with water getting into bilges28.
The killer shrimp D. villosus can live outside the water in
damp conditions - for instance, in waders, fishing nets,
engine cooling systems - for up to 14 days, but they
cannot tolerate dry conditions29.
Aquatic hitchhikers generally do not survive the change
between freshwater and seawater due to the difference
in salinity that makes it difficult for species from sea to
tolerate freshwater and vice versa.

4.4 Portable craft

Windsurfers, kite boards, canoes, Stand Up Paddle
boards (SUPs) are very portable and nearly always
stored ashore.

HIDDEN DANGERS
Breeding-sized quagga or zebra mussels
and their veligers (larvae) are known
to survive an extended amount of time
during transit on or within a boat. Adult
mussels are known to live as long as
30 days out of water when humidity and
temperature conditions are ideal. This
is a real threat as demonstrated when
live veligers were recovered from the
engine cooling system of a boat traveling
from Lake Mead to Lake Powell (approx.
575 miles) in March 2011, where 19
confirmed veligers were found in the 0.47
litres of water recovered. This proves
that normal boat operations are a viable
pathway to inadvertently move some
veligers via raw water circulation into boat
motors, wells (bait, transom, and live)
or ballasts.Splashed water or drippings
from swimmers flowing into the bilge is
another potential source for veligers to
enter a boat.

Niche areas to consider are:
• Boards, hollow sections of paddles, hollow spars, dry bags.

4.5 Clothing

After a day on the water, it can be tempting to leave
cleaning of items of clothing until ‘next time’. Wetsuits,
waders, spray tops, can all remain damp if not washed
and dried, which can retain live larvae or other IAS for
several days.

4.6 Shore based
infrastructure
As vessels are hauled out and washed on slipways or
at marinas, there will be a concentration of biofouling
waste (and toxic anti-fouling paints) in wash water.
Where there is a risk of an IAS being present or the
release of paint chips, wash water should be captured to
prevent residues returning to the waterway. Where the
same slings are being used between vessels, this should
be washed off to prevent cross-contamination.
Niche areas to consider are:

Niche areas to consider are:

• Slipways.

• Wetsuits, waders, shoes, buoyancy aids, spray tops.

• Straddle carrier slings.

See image of Killer Shrimp on waders on page 2230.

• Water capture containment.
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OVERVIEW OF
BIOFOULING
MANAGEMENT
SOLUTIONS
AVAILABLE
5.1 Examples of different
systems and resources
available to prevent
biofouling
Effective anti-fouling systems are essential to prevent
translocation of non-indigenous fouling species growing
on immersed areas to waters where they may become
invasive. Anti-fouling systems must provide stable and
effective prevention of fouling in all locations where the
boat travels throughout the complete boating season.
They must be cost effective and not result in harmful
effects on the environment. They must also be safe to
install / apply and be robust and durable.
When selecting an anti-fouling system, boaters
should consider:
• Location of mooring and operation of their boat
(tropical vs temperate, salt vs fresh water);
• Type of boat / construction materials; and

• The anticipated voyage profile for the season
(frequency and pattern of use, speed and activity).
It is useful for fellow boaters to share and advise on
which products are effective in the area they are
moored and where they operate. Anti-fouling system
providers also give advice through their websites and
product literature.

WHAT IS AN ANTI-FOULING
SYSTEM?
Any coating, paint, surface treatment,
surface or device that is used on a ship or
vessel to control or prevent the attachment
of unwanted organisms as biofouling. While
anti-fouling coatings are the most common
system in use, there are other options,
either alternative or that can be used
together with the coating. Examples of this
are anodes, ultrasonics, UV protection, hull
wraps, marine growth prevention systems.
Table 1 further below provides an overview
of anti-fouling systems.
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If the anti-fouling paint is biocidal, it is important to
check that it can be legally applied and used in your area.

Boaters have a range of options when selecting an antifouling system suitable for their vessel, as described in
the table below.

In addition to protecting the hull, it is important to protect
all immersed niche areas such as propellers, propeller
shafts, sail drives and water inlets from biofouling.

Table 1: Biofouling prevention and management solutions
Anti-fouling
system

How it works

Pros

Cons

The paints work by slowly
releasing biocide from
the dry paint film on the
surface of the hull to prevent
the settlement of fouling
organisms.

Products available that provide
full or multi-season protection
against fouling.

Products leach biocide and metals to the
marine environment when immersed which
has caused ongoing concern over effects
on non-target marine life.

Products contain a copper
biocide with or without an
organic co-biocide or organic
biocide(s) which are active
against fouling organisms.

Cost effective vs alternative
technologies.

Biocidal anti-fouling systems
Biocidal
antifouling
paints
(General)31

Typically there is less
biofouling growth in fresh
water than in salt water,
therefore biocidal anti-fouling
paint used in fresh water
usually has a lower biocide
content and release rate to
prevent growth.
Soft biocidal
antifouling
paints (selfpolishing,
ablative)

Surfaces of soft/ ablative
or self-polishing paint films
erode or polish slowly as
biocide is released when the
vessel is in-service.

Easy to apply by boaters
themselves or by professional
applicators.

Known products with
established supply chains.
Products on the market must
be reviewed and registered as
biocidal products / pesticides
under federal and national laws
in countries including USA,
Canada, EU member states,
UK, Australia, New Zealand,
Republic of Korea and Turkey.
Coated surface of the hull
smooths in service, optimising
hull performance by reducing
drag.
Self-polishing effect
maintains constant biocide
release rate throughout the
specified lifetime.
Soft paints are suitable for all
craft except high performance
boats where the hull is regularly
polished / burnished for
optimum performance.

Always read and follow safety advice on
the product label and safety data sheet.
Hazardous products may be harmful to
humans during application & removal if
personal protective equipment is not used.
Surface preparation and application can
result in paint residue / flake residue in
wash water which must be collected and
disposed of in accordance with waste
management rules.
Majority of products result in emission
of VOCs to air during application

Soft anti-fouling paints release biocide
and metals when cleaned underwater, so
abrasive in water cleaning of this type of
coatings is a concern in many locations (See
Chapter 9) on in-water cleaning).
Concern that ablative paints may release
microplastic when in service.
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Table 1: Biofouling prevention and management solutions - continued
Anti-fouling
system

How it works

Pros

Cons

Hard biocidal
anti-fouling
paints

Hard paints release biocide
from the insoluble paint film
that does not wear away inservice.

Hard paints are suitable for
performance craft operating
at 30 knots and can be used on
propellers and outdrives.

Not self-polishing / ablative, so may need
regular cleaning to maintain efficacy

Hard finish anti-fouling paints
release less toxicant than soft
paints when subject to abrasive
underwater cleaning, or jet
washing prior to dry storage.
Hard epoxy
resin with
copper*

Copper embedded in epoxy
resin prevents fouling

Can be specified for multiseason performance

Biocide release rate less controlled
compared to self-polishing / ablative antifouling paints
Build-up of insoluble layer (leached layer)
depleted in biocide at the paint surface
when in service which may reduce efficacy
over time.
Precise application required for system to
be effective. Initial application relatively
expensive.
Uses copper up to the maximum allowed
by law.
Not effective against copper tolerant
fouling species. May require pressure
washing /brushing in-service.

Non biocidal anti-fouling systems
Biocide free
antifouling
paints.

Hard and eroding film
versions available

Hard film products -can also be
used on propellers.

Less well-known products with
corresponding lack of experience
of efficacy – especially in higher
fouling waters.

Silicone
elastomer
based fouling
release
coatings**.

Foul release coatings are
non-biocidal and function
by generating a ‘non-stick
surface’ effect at the coated
surface preventing fouling
organisms from attaching and
maintaining adhesion once
the boat is underway.

Smooth surface that is copper
and biocide free. Suitable
primarily for higher activity,
faster boats or where the hull
can be regularly cleaned.

Requires regular use of vessel at higher
speeds (typically > 8 knots) to encourage
the fouling to release, therefore generally
not suitable for little used boats, or slower
vessels (e.g., non-racing yachts and motor
cruisers).

Also generate a smooth
surface optimising hull
performance.
(Note: Fouling release
coatings are also now
available that contain
biocide).

Products are available that are
suitable for propellers, propeller
shafts, sail drives and other
immersed niche areas

Can be damaged by abrasion and physical
contact (such as fender damage and
abrasive hull cleaning).

Can be specified for multiseason performance

Use in boatyards must be carefully
managed to avoid contamination of other
coatings with overspray containing silicone.

More complex to apply than
traditional anti-fouling paints.
Versions available that can be
applied by boaters themselves
and by professional applicators

Typically, silicon elastomer coatings contain
oils which may leach from the coating into
water when in service.
Majority of products result in emission of
VOCs to air during application

Note: Always read and follow safety advice on the product label and safety data sheet. Non-biocidal anti-fouling paints / coatings
may be harmful to humans during application and removal if personal protective equipment is not used. Surface preparation
and application can result in paint residue / flake residue in wash water which must be collected and disposed of following waste
management rules.

* https://coppercoat.com/
** https://doi.org/10.1021/acs.langmuir.9b03926
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Table 1: Biofouling prevention and management solutions – continued
Anti-fouling
system

How it works

Pros

Cons

Ultrasound*

Ultrasonic transducers emit
multiple bursts of ultrasonic
sound waves in multiple
frequencies, creating
a pattern of alternating
positive and negative
pressure.

Physical mechanism - no
chemicals are used. Does not
harm non-target marine life.

Initial outlay for installation.

Microscopic bubbles are
created from the negative
pressure, while the positive
pressure implodes them due
to cavitation. This deters
settlement of microscopic
settling stages of fouling
organisms and destroys single
cell organisms such as algae,
stopping further growth of
biofouling organisms.
Boat wrap**.
Adhesive film
applied to
boat hull (like
wallpaper).

In-water dock /
slip liner***

Longer vessels require more transducers.
Requires reliable power source.

Can be used with other antifouling systems to prevent
May require occasional lift outs and
fouling of all immersed areas to
cleaning.
keep the hull clean for extended
periods, including when the
boat is in static conditions,
without the need for regular
mid-season cleaning.
Effective in niche areas.

The surface of the film /
wrapping mimics the ‘seaurchin’ principle with an
artificial spiney surface with
very fine flexible plastic fibres
that stand out vertically from
the surface. Microfouling
organisms find it difficult to
attach to these spines.

Biocide free.

Needs to be professionally applied.

Robust and can be cleaned with
pressure washer or mechanical
in-water systems.

Needs occasional cleaning.

The boat is stored at berth in
an external liner which covers
the hull. Water inside the liner
is completely enclosed and
isolated from external water,
excluding settling stages of
biofouling organisms from
entering. Any biofouling
organisms enclosed in the
wrap as the vessel enters the
liner are starved of oxygen,
light and nutrients, thus do
not settle.

Available for power boats and
yachts with keels.

Cannot use through hull inlets / outlets
whilst in the wrap.

Avoids need for anti-fouling
paint.

Only available at ‘home’ berth.

Provides additional protection
to the hull

No hazardous chemicals
needed.
Can be used in a marina or swing
mooring.
Does not require boat to be
lifted out of the water

* A complete guide on yacht ultrasonic antifouling | Yachting Pages (yachting-pages.com)
https://yachting-pages.com/articles/a-complete-guide-on-yacht-ultrasonic-antifouling.html
** https://materialdistrict.com/article/antifouling-wrap-sea-urchins/
*** http://armoredhull.com/

Concern that microplastic maybe released
when in service and during cleaning.

Liner requires regular cleaning.
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Table 1: Biofouling prevention and management solutions - continued
Anti-fouling
system

How it works

Pros

Cons

Reactive
in-water hull
cleaning

Approaches:

Quick operation, without lifting
vessel, can be completed midseason or before use of vessel
to increase hull efficiency.

Coatings must be hard enough to
withstand physical cleaning (brushes,
jetting etc).

Mechanical cleaning of
hull when boat is at anchor
or at mooring by diver or
autonomous robot.

Generates biological waste that must be
collected/managed to prevent release of
potentially invasive species.

Drive-in boat washing station
(similar to car wash) removes
fouling by brushing , jetting or
robotic cleaning system.

If not captured paint particles
(microplastics) may be released into
surrounding water during hull cleaning.
Commercially available systems
primarily suitable for boats without keels
(powerboats).

Proactive inwater cleaning*
(hull grooming)

Gentle brushing of hull
when boat is at anchor
or at mooring by diver or
autonomous robot.

Relatively quick to carry out,
Works primarily on soft fouling. Therefore,
without lifting the boat from the must be carried out regularly in order to
water. Can be completed midremove biofilms before hard fouling settles.
season or before use of vessel
to increase hull efficiency.
Commercial systems more available for
Hull grooming removes
larger vessels than for smaller boats /craft.
surface biofilms as a proactive Can be carried out on immersed
measure to prevent further
anti-fouling paint films
Non capture cleaning systems release
fouling.
without significant biocide or
biofilm material into water.
microplastics release.

‘Out of water solutions’ to manage biofouling
Floating docks**
(form of dry
sailing)

Different types:
Modular dock made of
floating polypropylene blocks
which the boat drives up
onto using own outboard /
outdrive, lifting hull clear of
the water.
Lift systems, using air or
hydraulics to lift vessel clear
of the water.

Available for vessels typically
up to 3 tonnes, such as ribs,
personal watercraft and power
boats with inboard outdrives.
Prolonged periods with hull
completely out of water avoids
biofouling.

Requires fixed berth for attachment. Only
available for use at home berth.
High initial cost. Requires power to operate.
Not suitable for vessels with keels.

Other systems available for
heavier boats.
Also protects vessel from waves
and currents.

* https://marineindustrynews.co.uk/hull-cleaning-drive-in-boatwash-scoops-prize-in-paris/
** https://www.dockmarine-europe.com/en/news/428_everything-you-need-to-know-about-boat-and-jet-ski-drive-on-docks
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Table 1: Biofouling prevention and management solutions - continued
Anti-fouling
system

How it works

Pros

Cons

Storage ashore
/ dry sailing /
stacking /
trailer boats*

Boats are taken out of the
water and stored /stacked in
secure areas when not used.

Avoids need for anti-fouling
paints completely for some
vessels.

Dry stack / dry sailing can be expensive.

Suitable for many boat types
including motorboats, racing
yachts, sailing dinghies,
ribs, portable canoes,
paddle boards and personal
watercraft.

Avoids build-up of slime layer /
biofouling. Clean hull optimises
fuel efficiency / performance

Trailer boats and portable craft need to be
cleaned and dried between water bodies
to prevent transport of Invasive Aquatic
Species (refer to section 6.2).

Trailer boats / portable craft
can be transported to multiple
locations during the season and
stored on shore when not in use.

5.2 Recommended
precautionary actions
Biofouling management, and preventing the
translocation of IAS, requires planning ahead. The choice
of a biofouling management system will depend on the
type of vessel and its intended use, including location,
frequency of use and potential for mid-season cleaning.
Regular use – commercial vessels are used all the time
which makes it more difficult for fouling organisms to
attach to the hull. In contrast, recreational vessels are
often used infrequently, typically remaining stationary
for weeks at a time, allowing biofouling organisms to
attach and develop on the hull, and for invasive species
to ‘jump ship’ (See Figure 3 in section 1.1). Additionally,
many recreational vessels, especially sailing boats, move
at lower speeds reducing the displacement of biofouling
on the hull.
Regular use will therefore reduce the growth of biofouling.
Selection of anti-fouling system - With the variety of
anti-fouling systems available, it can be a challenge to
select the most suitable. Coatings suitable for use in fresh
or brackish water will be different than those used in sea
water. There will naturally be less biofouling in colder
water than in the tropical areas, so in general lower
strength paints can be used. The speed of the vessel
will affect choice between hard or soft, self-ablating or
foul-release coatings. Niche areas are likely to require
a different coating / system to the main hull. It is best to

review and discuss the choice of anti-fouling system with
a local expert based on the expected use of your vessel.
Correct application of anti-fouling coating: all paint
manufacturers provide detailed instructions, including
surface preparation and appropriate conditions for
applying the paint on the product label and in technical
data sheets available online, particularly with the initial
application. For subsequent applications, the paint
must be compatible with previous coatings, and the
surface must be prepared and be clean and dry. Incorrect
application of the paint can affect performance.
As these paints are potentially hazardous to humans as
well as marine life due to the chemicals they contain, it
is important to apply them with caution and to wear the
correct protective equipment. Safety information on the
label should be read and followed during application.
Niche areas on a hull pose specific challenges, as they
are often inaccessible, made of different material (e.g.,
metal propeller) and also in the shadow of water flow
when the vessel is moving. These may require a different
coating type than the main hull.
When hauling or lifting the vessel out, select a washdown facility that has a water capture or treatment
process. This will prevent any IAS present on the hull
from re-entering the local environment, as well as
capturing any toxic biocides as the hull is washed off.
Clean the hull - The most effective way to prevent the
spread of IAS is to clean the hull before you leave and
travel to another destination. This applies to trailer boats
as well as boats permanently moored afloat.

* https://www.metstrade.com/news/marina-and-yard/drystacking-sustainability-marines/
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5.3 In water cleaning –
risks and benefits
In water cleaning has been developed to address
vessel performance and reduce fuel consumption as an
alternative to drydocking or lifting the vessel out of the
water along with associated costs and time.

Depending on the level and type of biofouling, both
types of cleaning can be conducted through divers or
remotely operated vehicles (ROVs). However, if not
performed correctly or in adequate circumstances,
in-water cleaning can result in several unintended
consequences, including:
(a) increased discharge of coating biocides to ambient
waters.

There are typically two types of in-water cleaning:
Proactive cleaning (commonly called in-water
grooming) means regular cleans of microfouling growth
with softer types of cleaning methods. This can prevent
the biofilm from developing into hard fouling with
associated marine growth.
Reactive cleaning which is likely to include the use of
brushes that can remove (some) macrofouling. This can
be carried out by a diver using some mechanical system
with brushes or water jets.

(b) increased biosecurity risk through the active release
of live biofouling species to local habitats; and
(c) diminished coating condition that reduces anti-fouling
performance in subsequent months and years32.
In-water cleaning can be suitable for removing light
fouling (e.g. the slime layer) with gentle techniques that
minimize both the release of toxic substances from the
anti-fouling and the degradation of the anti-fouling
coating system. A light sponge or brush of a biofilm
should remove the biofilm which will have limited IAS
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and should not remove any anti-fouling paint or release
biocides. Before undertaking any in-water cleaning,
local authorities should be consulted for regulations
regarding the in-water cleaning of boat hulls and/or the
discharge of chemicals into the water column. If possible,
appropriate technology that captures biological,
chemical and physical waste should be used so that it can
be disposed of to an appropriate onshore facility. When
cleaning an area coated with a biocidal anti-fouling
coating system, cleaning techniques that minimize the
release of biocide into the environment should be used.
In-water scrubbing of large and distinct biofouling (e.g.
barnacles, tubeworms or fronds of algae) generates
waste or debris that may create a pulse of biocide
that could harm the local environment. As the fouling
increases, the level of abrasion required will increase,
together with the release of biocides, paint chips and/
or fouling organisms into the local water and reducing
the effectiveness of the remaining antifouling coating.
Biocide in the sediments could affect future applications
by the port authority for the disposal of dredge spoil.

Vessels with biocide-free anti-fouling coating systems
are likely to require regular in-water cleaning. It is
important to use cleaning techniques that do not
damage the anti-fouling coating and impair its function.
In-water scrubbing may prematurely deplete the antifouling coating system which would then rapidly re-foul.
In-water clean and capture systems are increasingly
appearing in the market33, including some that physically
filter waste to remove potential IAS, paint chips and
other potential contaminants. If operated correctly,
these systems are very beneficial, as they allow more
frequent cleaning, preventing the build-up of micro and
macro fouling, and make the hull more fuel efficient.
As for other types of in-water cleaning, it should only
be undertaken when removal of biofouling does not
harm the coating and presents an acceptable biosecurity
or contaminant risk as determined by the relevant
authority34. In general terms, if there is a biosecurity risk
or danger of releasing paint chips or other contaminants,
in-water cleaning should not be conducted without waste
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capture. In the latter case, recreational craft should be
removed from the water for cleaning and maintenance
in preference to in-water operations, where this is
operationally practicable. In-water cleaning should not be
considered a replacement for coating maintenance and
renewal at shore-based maintenance facilities35.
In addition, it should be noted that in-water cleaning
often does not guarantee the total removal of viable
fouling organisms, particularly from niche areas. When
carried out in marinas without capture of biofouling
waste, in-water cleaning may even induce or trigger
a spawning event for some organisms, presenting
additional risks to biosecurity36.
A further concern with in-water cleaning, beside the
release of biocides and potential IAS, is that many
existing anticorrosive and anti-fouling marine coatings
use synthetic polymers as binding agents37 and are
a potential source of microplastic pollution which is
another reason for capturing and treating the debris
from in-water cleaning.

COPPER LEACH
Whilst copper occurs naturally in the
oceans, it is the concentrations of metals
in marinas, basins that are not naturally
‘flushed’ and popular boating areas that is
proving toxic to mussels, oysters, scallops,
crustaceans and sea urchins. Responding
to growing concern regarding the amount
of copper contributed by underwater
hull cleaning, the San Diego Unified Port
District implemented a Diver Licensing
program that requires licensing of divers,
continuing education, and hull cleaning
according to Best Practices set forth in the
SDUPD Ordinance 2681. This includes the
instruction that “No Person shall perform
In-Water Hull Cleaning that results in visible
paint plume or cloud”.

For this reason, some areas have banned in water
cleaning for recreational boats (for example, Washington
State, USA*) whereas others have strict guidelines for
divers carrying out in-water cleaning.

5.4 Control by design
With a greater understanding of the link between
IAS and niche areas, it is possible to design vessels in
a way that minimizes niche areas and their potential
for accumulation of biofouling. For example, the
American Boat and Yacht Council (ABYC) have issued
design criteria for new boats, trailers, components and
accessories to minimise the spread of IAS38 (ABYC; 2018).
This includes the instruction to manufacturers to support
the ABYC Clean Drain Dry requirements with drain plugs
at lowest points, standardised engine flushing hose
connections and suitable access for inspection. It may be
possible for owners to modify existing designs to facilitate
inspection, cleaning and minimising niche areas if it is safe
to do so without affecting the integrity of the vessel.

* https://ecology.wa.gov/DOE/files/9f/9f9f5b86-865a-431c-9254-1216cf5bba49.pdf
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BIOFOULING AND ITS ROLE AS A PATHWAY FOR INVASIVE AQUATIC SPECIES
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BEST
PRACTICES
6.1 Biofouling
management practices
Biofouling management practices can be broadly
categorized as proactive and reactive:
• Proactive (or preventive) measures include applying
biocidal anti-fouling coatings or silicon-based formulas
that resist attachment of organisms, using ultrasoundbased technologies and conducting proactive
inspection of the hull and cleaning to minimise the
attachment and accumulation of biofouling.
• Reactive (or corrective) measures are essentially focused
on cleaning after the detection of biofouling growth.
A complete biofouling management strategy should
include both the use of adequate anti-fouling systems
(be it an anti-fouling coating, ultrasonics or by any
other means) to protect the hull and niche areas,
supplemented with appropriate monitoring and cleaning
(if needed) to prevent translocation of IAS and to
maintain fuel efficiency. These proactive and reactive
measures will vary according to the type of vessel, and
how often or where it is used.

As a general recommendation, when selecting the antifouling system, recreational boat users should gather
information to answer a series of questions that could
help them to choose the adequate solutions, ensure
the optimal performance and minimise their overall
maintenance costs. For example:
• What have been my boat use patterns in the previous
years? What are my plans for the coming years?
• What is the biofouling pressure in my harbour/marina?
• Have any invasive species been identified in my harbour/
marina? Have any invasive species been identified in the
areas where I am planning to sail in the future?
• What facilities are available in my harbour/marina in
relation to biofouling management and boat storage?
The next pages provide guidance for the different
categories of vessels and equipment and their
intended use.
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6.2 Guidance for all users of trailer boats, including
equipment, and personal kit
Includes ski and wake boats, fishing boats, sailing dinghies, canoes, kayaks, windsurfers and SUPs.

AIM:
Prevent the transfer of Invasive Aquatic
Species from one waterway to another.

WHY?
The introduction of Invasive Aquatic
Species to a new area can cause significant
harm to other marine life, threaten local
species and biodiversity, as well as incur
costs for boat owners, local business and
affect livelihoods.

If your time on the water starts and finishes at a different
location or your equipment is not stored in the same
outdoor location, after every trip, CHECK, CLEAN and
DRY the equipment/hull at the location you have been
on the water:
• check and clean any attached biofouling and seaweed
from your vessel, anchor, anchor well and trailer, and
put in a bin, not back in the water.
• check and drain outboard and hull fixtures for water
that could harbour potential marine pests (including
trimming outboard down to let water out of the
gearbox housing)
• check all niche areas – hull fittings, propeller, propeller
shaft, deck fittings, any cavities in hull and trailer,
especially if changing location.
• clean / rinse the boat inside and out with fresh water,
check lockers, bilges, ballast tanks (on wake boats) and
drain, especially if changing location. Flush engine cooling
system with fresh, clean water and clean strainers.

KEY MESSAGE:
Check, Clean, Dry.
Check – most boats / craft have niche
areas where water, and therefore marine
species can remain out of sight, unless
checked.
Clean – the best control is to ensure your
vessel is free of all water (other than
potable), slime, weed and marine life.
Dry – marine species need water to
survive, therefore ensuring all parts
of your boat are completely dry for at
least 48 hours will prevent the spread of
live species.

• check, clean and dry any equipment used on board
such as fishing rods, paddles, lifejackets, hollow masts /
boom, sails, covers.
• dry all equipment, the hull and trailer before moving to
a different waterway.
• dispose of any biofouling and wastewater, including
known Invasive Aquatic Species, in bins or to landfill,
in accordance with applicable rules and regulations so
that it cannot be returned to the water.
• For fishing boats – drain and dry the bait well
and live well.
Avoid and reduce: if possible, and without affecting the
integrity of the craft, improve access to niche areas to
make cleaning and drying easier, and improve drainage.
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TRAILERED BOATS:
HOW TO PREVENT THE SPREAD
OF INVASIVE AQUATIC SPECIES
INCLUDES SKI AND WAKE BOATS, FISHING BOATS, SAILING
DINGHIES, CANOES, KAYAKS, WINDSURFERS AND SUPS

After every trip:
• Clean and remove weed, biofouling
• Flush and drain engine
• Clean and rinse hull

• Clean, rinse and drain all lockers,
bilges, ballast tanks (wake boats)
• Clean all hull and deck fittings

Check Clean and Dry Equipment:
• Paddles, fishing rods, hollow masts
and booms
• Sails, covers

• Wetsuits, spray tops, lifejackets, shoes
• Skis, boards
• Trailers

Fishing boats:
• Bait and live wells

Aim to have containment around
these activities to contain
Invasive Aquatic Species

Keep the local
species local, stop
aquatic hitchhiking
Contain the spread
of invasive species –
CHECK CLEAN DRY
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6.3 Guidance for yachts and motorboats – local coastal /
estuary cruising
Includes boats of all sizes stored afloat for the season, in marinas, harbours or moorings.

AIM:
Prevent the spread of Invasive Aquatic
Species along coastlines, rivers, harbours
and between islands.

WHY?
The introduction of Invasive Aquatic
Species to a new area can cause significant
harm to other marine life, threaten local
species and biodiversity, as well as incur
costs for boat owners, local business and
affect livelihoods.

Start of the season (or before launching)
Avoid or reduce the growth of biofouling by selecting
a suitable anti-fouling system that is appropriate to the
area and the operating profile of your boat. Consider:
Biocidal anti-fouling paint, a biocide-free coating or
other anti-fouling system:
• If using biocidal anti-fouling paint:
> Use hard coatings for racing or high-performance
hulls, or that are regularly cleaned/burnished hulls.
> Soft, self-polishing or ablative paints can be used on
hulls that are not cleaned or burnished or for lower
performance hulls.
• Select an appropriate anti-fouling system for fresh or
salt water, and temperature of water.
• Select an appropriate anti-fouling system for niche
areas such as propellers, propeller shafts, sail drives
and water inlets.

KEY MESSAGE:
Avoid, Reduce, Contain
Avoid - the best control is to avoid the
growth of biofouling through an effective
anti-fouling system appropriate for the
area and expected use of the boat.
Reduce – use the vessel regularly to
reduce growth of biofouling.
Contain – when cleaning the vessel,
contain and safely dispose of any
biofouling following applicable rules and
regulations.

• When opting for Biocide-free systems – research and
select the most suitable method for your boat, such as
ultrasound, wraps, silicone (non-stick) coatings.
Seek advice from local chandlery, boat clubs or
manufacturers.
During the season afloat:
Reduce the growth of biofouling throughout
the season through:
• Regular use – this will reduce the opportunity for
biofouling to develop on the hull and keep propellers
clean. If an anchor has been used, always wash off
both the anchor and chain before stowing.
• If carrying out a mid-season clean, take the boat out of
the water and remove any biofouling by water jetting,
by using a brush or cloth. Avoid harsh scraping that
removes or damages the paint film. Do not allow paint
or biofouling residues to enter the water.
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• Always contain and dispose of any biofouling:

End of season

> at a marina or yard with wash-water
containment facilities.

Contain any biofouling to prevent return of potentially
Invasive Aquatic Species to the water.

> Air-drying will kill most small pest species in about
48 hours.

Select a marina / yard with wash-water containment
facilities. Always follow local regulations and rules of the
marina / yard.

> Remove the biofouling on land to contain scrapings
and wastewater to prevent potential Invasive
Aquatic Species from getting back into the
waterways or stormwater drains.
> Inspect raw water systems in your engine and clean
if needed.
> For in-water cleaning see separate guidance
section 5.3 (In water cleaning – risks and benefits).
• If cruising to new areas, clean the hull and niche
areas before setting off. This has the benefit of faster
passage time, reduced fuel use and minimises the risk
of aquatic hitchhikers on your boat.
> Especially important if IAS are known or suspected
at your current location or departure point, or if
cruising to a sensitive area.
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LOCAL & COASTAL CRUISING:
A GUIDE TO PREVENT THE
SPREAD OF INVASIVE SPECIES
Pre-season – AVOID

Plan to avoid biofouling
Select anti-fouling system based on:
• Vessel
• Location/local waters
• Expected type of cruising
- Fast/slow, hard/soft paints
- Non-toxic anti-fouling system

Preparation
Apply anti-fouling coating
according to manufacturers
instructions:
• Hull preparation
• Number of paint coats
• Temperature

Records
• Retain records
of biofouling
management,
what product used,
when applied

Cruising season – REDUCE

Reduce
Use boat regularly to reduce build up of biofouling.
For longer trips, Clean before you leave:
• Lift and clean – contain and treat any biofouling

End of season – CONTAIN

Contain biofouling at end of season
Select lift-out facility with containment for wash-water

Stop the spread
of invasive species
AVOID REDUCE
CONTAIN
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6.4 Guidance for longer distance cruising or deliveries Yachts and motorboats
Includes extended cruising and delivery trips between countries and continents, organised rallies
and solo adventures.

AIM:
Prevent the spread of Invasive Aquatic Species
(IAS) between countries and continents.

WHY?
The introduction of Invasive Aquatic
Species to a new area can cause significant
harm to other marine life, threaten local
species and biodiversity, as well as incur
costs for boat owners, local business and
affect livelihoods.

Planning: Decide on area to visit, and potential stopovers.
Consider the environment, and biodiversity of your
destination and potential stopovers and the potential
impact of IAS on these.

KEY MESSAGE:
Clean before you leave.
Clean before you leave – starting with
clean hull and niche areas and cleaned
raw water systems will prevent aquatic
hitchhikers and ensure a more efficient
passage.

treatments may not be as readily available or
affordable as in your home port.
Clean before you leave at:
• Initial departure from home port.

Plan and align your biofouling management system with
the requirements of your destination and potential stopover points.
• Check local regulations for:
> Biocidal anti-fouling coatings – are there any local
regulations or restrictions on types of anti-fouling
paint that can be used?

• Each significant departure on the trip.
The added benefits include faster passage time,
optimum boat performance, reduced fuel consumption
and greenhouse gas emissions, minimized risk of
transport of invasive species, and the added pride of
a well-maintained vessel.
On the Water:

> Biofouling limits – are there any clean hull
requirements required on arrival or documentation
required to prove your biosecurity controls?
> Cleaning restrictions – are there any local restrictions
on where and how hull cleaning can take place, inwater cleaning or if only at specified locations.
• Allow sufficient budget to maintain your biofouling
management system – anti-fouling coatings and

• Avoid sailing or motoring through water plants and weed
if possible. This can chop up plants and can spread them
further, especially if caught up on the hull or propeller.
• If the boat is on the water but not in use and stationary
for a period of time, if possible, raise propellers out of the
water to minimise the risk of species entering the engine.
• If an anchor has been used, wash off both the anchor
and chain before stowing.
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LONG DISTANCE CRUISING:
A GUIDE TO PREVENT
THE SPREAD OF INVASIVE
AQUATIC SPECIES
Dreams and plans
• Decide where to visit
• Consider attractions of
local biodiversity, industry/
trades and people

Stop aquatic
hitchhikers
CLEAN THE HULL
BEFORE YOU
LEAVE

Discovery
• Research local biosecurity requirements
• Consider impact of Invasive Aquatic Species
on local environment, society and economy
• Determine suitable biofouling prevention and
management system
Preparation
• Apply anti-fouling coating and/or install other
biofouling prevention system
• Retain documentation of what anti-fouling
system used, when applied
Set sail
• Enjoy the journey
• Monitor biofouling level

Clean before you leave
• To prevent transfer of
Invasive Aquatic Species

Stop-overs
• Monitor biofouling on hull and
niche areas and determine if
cleaning is necessary
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6.5 Guidance for Marinas, sailing clubs, boat wash down
and slipways
Operators of these facilities have a crucial role to play in preventing the arrival and spread of
Invasive Aquatic Species (IAS) by promoting good biofouling management practices.

AIM:

KEY MESSAGE:
Contain and treat all biofouling.

Prevent the introduction or spread
of IAS by promoting good biofouling
management practices.

Provide and maintain facilities where
removed biofouling and other solid and
liquid residues from boat cleaning and
washing can be contained, treated,
disposed of, or discharged correctly.

WHY?
The introduction of Invasive Aquatic Species
to the local area can cause significant harm
to local marine life, threaten local species
and biodiversity, as well as incur costs for
boat owners. It can also damage local
infrastructure, businesses and livelihoods.

Contain
• Ensure that the hull and niche areas of boats taken
out of the water at the facility are cleaned and
pressure washed with fresh water. Removed biofouling
and other debris should be contained, treated and
disposed of in accordance with local regulations and
rules of the marina.
• Scrapings and debris should be contained, for example
by skirting the hull and using a tarpaulin. Wash down
water should not be allowed to return into the
environment unless filtered and treated.
• No biofouling is left on slings and on fenders, ropes,
chains and anchors of boats. All equipment and
clothing that has come into contact with the water
should be thoroughly washed with tap water (including
trailer and trolley/vehicle tyres).
• Outboard engines are flushed with clean fresh water
before leaving the site using appropriate equipment.
• Any biofouling removed should not be allowed to
enter any body of water or stormwater; and should not

come into contact with any land that is below the highwater mark. Many organisms can remain viable even in
small (sometimes microscopic) quantities.
Treat
• Treat and dispose of biofouling waste safely. Fresh
water, dry conditions and heat will all kill sea water
Invasive Aquatic Species. Avoid using chemical
treatments. In freshwater use dry conditions and/or
heat to neutralise any potential species.
• All residues should be collected and stored for disposal
in line with the requirements of local legislation and/or
operation rules that may have been established by the
marina or port authority.
Educate
• Raise awareness in the marina using signage
highlighting dos and don’ts.
• Provide information (e.g. leaflets, etc) during the
booking and checking-in processes to educate berthholders and visitors to the marina about the need
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to prevent introduction of Invasive Aquatic Species.
Encourage boaters to inspect and wash their boat if
biofouling can be observed.
• Train marina staff on good practice for biofouling
management, particularly lift-out operators who
will see early signs of different marine species, using
online awareness training, toolbox talks, or information
leaflets.
• Encourage boaters to share experiences of effective
anti-fouling systems that work in the local area (e.g. at
boat club events).
• Encourage users of the marina to identify and report
any unusual species on vessels or in the marina and
report to the local Environmental Protection Authority.
• Monitor arrivals from significant distance (or areas
of known IAS) and, if necessary, encourage visitors to
safely clean their boat upon arrival.
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SHORE-BASED CLEANING:
HOW TO PREVENT THE
SPREAD OF INVASIVE
AQUATIC SPECIES

Slipways, hoists
• Choose facility with wash water catchment
for collection of biofouling waste

Improve and share
knowledge:
Contain and treat
• Prevent biofouling waste and other toxic
particles from paint returning to water

Report any unusual marine species
to local authority, regulator

• Marina operators
• Public slipway wardens
• Harbour staff
• Management
• Regulators
• Boat owners
• Local clubs/associations

Stop the spread
of invasive species
CONTAIN
AND TREAT
BIOFOULING
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7.1 Guidance on biofouling
management
The International Maritime Organization (IMO)
has produced guidance documents for biofouling
management, one for commercial ships and a second
document for recreational vessels:
Recreational: Guidance For Minimizing The Transfer Of
Invasive Aquatic Species As Biofouling (Hull Fouling) For
Recreational Craft Mepc.1/Circ.792, 12 November 2012
https://wwwcdn.imo.org/localresources/en/OurWork/
Environment/Documents/MEPC.1-Circ.792.pdf
Commercial: 2011 Guidelines For The Control And
Management Of Ships’ Biofouling To Minimize The
Transfer Of Invasive Aquatic Species MEPC 62/24/Add.1,
Annex 26. https://wwwcdn.imo.org/localresources/en/
OurWork/Environment/Documents/RESOLUTION%20
MEPC.207[62].pdf
IMO’s GloFouling Partnerships project has produced
a short video explaining the issue of Invasive Aquatic
Species and its link to recreational boating. The role of
Recreational boating in the spread of Invasive Species
(https://www.youtube.com/watch?v=HwyDmIkwmaY).
IMO’s GloFouling Partnerships webinar on recreational
boating. The role of biofouling in recreational sailing,
yachting and marinas as a pathway for non-indigenous
species (https://www.glofouling.imo.org/webinar-past/2)
World Sailing
World Sailing, in partnership with the World Sailing Trust
and 11th Hour Racing, have released a Sustainability
Education Programme, developed with The Ocean
Race, for sailing clubs and parents as part of its Agenda
2030 – sailing’s commitment to global sustainability.
Of particular interest are Module 3: Navigating
Wildlife & Biodiversity; and Module 6: Boat Cleaning &
Maintenance. https://www.sailing.org/inside-worldsailing/organisation/world-sailing/sustainability/
ICOMIA
ICOMIA is the international trade association
representing the global recreational marine industry
and bringing together national boating federations.
ICOMIA has published numerous reports on anti-fouling
products, accessible in its library. In addition, their website
contains links to reports on other aspects related to
the recreational boating industry (regulatory reference
guide, etc.). https://www.icomia.org/icomia-library

Argentina
Parques Nacionales. Un video con recomendaciones de
buenas prácticas para una pesca y navegación amigable
con los ambientes nativos y evitar la dispersión de
especies exóticas invasoras. Particularmente enfocado
a la pesca deportiva. https://youtu.be/CHHsAj8sewQ
Australia
The Australian Government issued guidance: National
biofouling management guidelines for recreational vessels
(https://www.marinepests.gov.au/sites/default/files/
Documents/recreational-vessel-biofouling-guidelines.
pdf) including where to report any findings of marine pests.
Canada
Ontario’s Invading Species Awareness Program. To
prevent watercraft users from transporting aquatic
invasive species, the Ministry of Northern Development,
Mines, Natural Resources, and Forestry (MNRF)
has regulated watercrafts (i.e., boats, canoes, and
kayaks) and watercraft equipment as “carriers” under
Ontario’s Invasive Species Act, effective January 1, 2022.
http://www.invadingspecies.com/pathways/boating/
West Canada Invasive Species Centre. Provides
information about the rules and regulations in place
to stop the spread of aquatic invasive species, like
invasive mussels, in West Canada. https://www.
invasivespeciescentre.ca/know-before-you-go/
British Columbia. The website provides information
about the Clean Drain Dry program created in British
Columbia to help reduce the spread of invasive plants
and organisms. https://bcinvasives.ca/play-your-part/
clean-drain-dry/
New Zealand
New Zealand has comprehensive regulations on
biosecurity for all visiting vessels. The Craft Risk
Management Standard (CRMS - https://www.mpi.
govt.nz/dmsdocument/11668-Biofouling-on-VesselsArriving-to-New-Zealand-Craft-Risk-ManagementStandard) defines the ‘clean hull’ threshold that is
acceptable, and the procedures to follow at port of
entry, including documentation. This is proactively
enforced by the Ministry for Primary Industries (MPI).
Cleaning boats: removing pests and water plants:
https://www.mpi.govt.nz/outdoor-activities/boatingand-watersports-tips-to-prevent-spread-of-pests/
cleaning-boats/
Boating New Zealand:
https://boatingnz.co.nz/invasive-species/
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United Kingdom
RYA advice on preventing the spread of invasive nonnative species, which covers freshwater as well as
coastal sailing. https://www.rya.org.uk/knowledge/
environment/invasive-non-native-species
There are further links to biosecurity guidance for RIBS,
sports boats, and for Biosecurity for boat and kayak
(https://www.nonnativespecies.org/biosecurity/) users
from the GB NNSS.
The RYA was commissioned by the Council of Europe to
develop a European Code of Practice on Recreational
Boating and Invasive Alien Species (https://rm.coe.int/
CoERMPublicCommonSearchServices/DisplayDCTMContent?documentId=09000016806be12c) to ensure that
we are playing our part to stop the spread across Europe.
It was adopted by the Bern Convention in November 2016.
The Green Blue is another important initiative launched
in the UK to facilitate sustainable boating and help the
boating community to safeguard coastal and inland
waters https://thegreenblue.org.uk/clubs-centresassociations/facilities-operations/biosecurity/
United States of America
The Aquatic Nuisance Species Task Force (ANSTF)
updated their guidelines in 2013: Voluntary Guidelines
to Prevent the Introduction and Spread of Aquatic
Invasive Species: Recreational Activities (https://www.
fws.gov/program/aquatic-nuisance-species-task-force/
outreach).
The ABYC (American Boat and Yacht Council)
issued technical guidance ABYC T-32 (https://
images.saymedia-content.com/.image/cs_srgb/
MTU3NDIzNjIzOTM2NjgxMTYy/invasive-manufacturing.
pdf) on Design and Construction in Consideration of
Aquatic Invasive Species which aims to support the Clean
Drain Dry message through design.
Sailors for the Sea has issued some guidance and its
website is a valuable source of information both for
preventing invasive species and for the application of
anti-fouling paints:
https://www.sailorsforthesea.org/programs/greenboating-guide/invasive-species-prevention
https://www.sailorsforthesea.org/programs/greenboating-guide/bottom-paint
California has issued Best Management Practices for
In-water cleaning, to be used by commercial divers:
http://file.lacounty.gov/SDSInter/dbh/docs/1042893_
HullCleaningOrdinance.pdf

The BMP contains useful information for any DIY inwater cleaning: http://file.lacounty.gov/SDSInter/dbh/
docs/1025206_LACBH_HullCleaning_Mar8.pdf
The US Department of Agriculture has stop aquatic
hitch-hikers (https://www.fs.usda.gov/Internet/FSE_
DOCUMENTS/fsbdev3_029120.pdf) following the Clean
Check Dry message for the boat, equipment and the dog,
including suggesting methods of cleaning with hot water,
or vinegar, or 1% salt solution.
Prevent the Spread of Aquatic Invasive Species (New
York State Department of Environmental Conservation)
https://youtu.be/4Y8zoOrAQ5Y
Maine Lakes Environment Association: Training
resources for courtesy boat inspectors
https://youtu.be/YfbaibaiMBU
https://mainelakes.org/invasives/courtesy-boatinspections/
https://youtu.be/ruXVqJ4wcmM
Stop Aquatic Hitchhikers is a call to action that
empowers recreational users of aquatic resources in
the United States and other countries to help stop the
spread of harmful aquatic invasive species through
outreach and partnerships.
https://stopaquatichitchhikers.org/
The Invasive Mussel Collaborative in the USA provides
an ample range of resources and links to several videos
and many resources from several States, including
information on watercraft inspections (some States have
inspection stations, where boats are checked to ensure
that there are no invasive species, visible or not, attached
to the watercraft). https://invasivemusselcollaborative.
net/monitoring-prevention/recreational-users/

7.2 Identification of
Invasive Aquatic Species
IUCN and invasive species
IUCN Species Survival Commissions Invasive Species
Specialist Group (ISSG) produces the Global Invasive
Species Database (GISD) which is a free online
searchable source of information about alien and
invasive alien species, including Invasive Aquatic Species.
The GISD aims to increase public awareness about
introduced species that negatively impact biodiversity
and to facilitate further prevention and management
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activities by providing easy access to authoritative
invasive species information. www.iucngisd.org/gisd/
IUCN has published a global standard on measuring
impacts of invasive species upon the environment.
The Environmental Impact Classification for Alien
Taxa (EICAT) is a simple, objective and transparent
method that classifies alien taxa into one of five
impact categories, according to the magnitude of the
detrimental impacts on native biodiversity. EICAT can
be applied at a national, regional and global level, and
all assessments undertaken at the global level are
published on the GISD. https://www.iucn.org/resources/
conservation-tool/environmental-impact-classificationalien-taxa-eicat
IUCN also produces the IUCN Red List of Threatened
SpeciesTM which documents the threats and species
extinction risk for marine and terrestrial animals, plants
and fungi. To date, more than 147,500 species have been
assessed. https://www.iucnredlist.org/

Mediterranean - The IUCN owned MedMIS is an online
information system for monitoring invasive nonnative species in Marine Protected Areas (MPAs) in the
Mediterranean Sea. There is a guide to all the IAS, the
number of reports and a guide on how to report any
sightings - Get involved (https://www.iucn.org/about-iucn).
United Kingdom – The GB non-native species secretariat
(NNSS) covers all invasive species, not just marine. It has
an ‘Alert’ list, ID sheets, and other information. Sightings
should be reported to https://www.nonnativespecies.
org/what-can-i-do/recording/
USA Fish & Wildlife Service Invasive Species website
(https://www.fws.gov/program/invasive-species) has
information about IAS. Their guidance on reporting is:
If you are in a National or State Park, National Wildlife
Refuge, or other piece of public land and you think you
may have discovered a new invasive species, you should
contact the closest park or refuge office and see if they
are aware of the invasive species.

Invasive species compendium by CABI
The Invasive Species Compendium (ISC) is an
encyclopaedic resource that brings together a wide
range of different types of science-based information
to support decision-making in invasive species
management worldwide.
CABI is an international not-for-profit organisation that
works to improve people’s lives worldwide by solving
problems in agriculture and the environment.
https://www.cabi.org/ISC/ The website enables
searching by common name or Latin/ scientific name and
provides information on introduction and spread, means
of movement and dispersal and environmental impact.

7.3 Reporting Invasive
Aquatic Species
The first place to report any findings, or suspected
findings of IAS will be the local harbour, port or
river authority.
There are also various specialist sites for reporting
Invasive Aquatic Species, depending on where you
are in the world.
Australia – Use the Report a Pest website:
https://www.marinepests.gov.au/report

If you think you have found an aquatic invasive species,
you should try and alert the local office as mentioned
above, but there are two other ways you can report
the discovery.
• To report an aquatic invasive species by phone, the U.S.
Fish and Wildlife Service and the U.S. Geological Survey
maintain an ANS Hotline at 800-STOP-ANS (877-7867267).
• To report an aquatic invasive species online, please
follow this link to the USGS Nonindigenous Aquatic
Species Sighting Report Form (https://nas.er.usgs.gov/
SightingReport.aspx).
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8.1 Gaps
PATCHWORK OF REGULATIONS
New Zealand has implemented strict biosecurity controls
at their borders, with clear information for all visiting
boats. The location of New Zealand, and its distance from
other countries means that visiting boats need to plan
their journeys in advance, rather than a weekend visit as
in many other parts of the world.
This level of biosecurity control between nations will not
be easy to replicate in other parts of the world without
significant commitment and investment by governments
and regulators.
While increased focus on the biofouling issue is expected
to catalyse the development of more policies or
requirements at the national level, at the time of writing
this report there are few other countries that have
a national regulation focusing specifically on biofouling.
However, in many countries there are different entities
(regional or local authorities, environmental agencies,
etc.) that, spurred by the identification of Invasive
Aquatic Species in their geographical area, have issued
requirements applicable to recreational boating in their
jurisdiction. In some instances, and due to differences
in requirements or procedures, this patchwork
of regulations or requirements can confuse the
recreational boating community and, unless there are
clear sources of information, it may affect compliance.
It is important that information about any requirements
related to biofouling management and the prevention of
Invasive Aquatic Species is publicly available, shared and
promoted within the recreational boating community.

IMPROVING AWARENESS
Providing clear information and guidance to users
around the role of ships’ biofouling as a vector for
introducing and spreading IAS will be a strong first step
in raising awareness.
In a survey conducted by GloFouling Partnerships in
2021, 85% of respondents were aware of IAS, reducing
to 70% who said they were aware of biofouling as
a vector for IAS. A careful analysis by region highlighted
that awareness of biofouling as a vector was low in the
Northeast Pacific, East Asian seas and the Indian Ocean.

With regard to sources of information, responses to the
same survey confirmed that 26% received information
from the internet and blogs, and 24% from industry
service providers and manufacturers; with only 5% from
government and 4% from NGOs, including ICOMIA,
World Sailing and national sailing federations.
Another survey in the Netherlands from 201839 of
a group of harbours masters, state representatives and
recreational boat users found that all questionees were
aware of the risks of biocides in anti-fouling systems,
but not of the risks of alien species being spread by
hull fouling. IMO guidance focussed on recreation craft
(MEPC.1/Circ. 792) was unknown to most questionees
before the survey.
Many of the controls in place were in line with current
IMO guidance, but this was to maintain Blue Flag status40
rather than control if IAS. In general, the guidelines in
the IMO guidance were found to be adequate for their
purpose to minimize the transfer of Invasive Aquatic
Species as biofouling on recreational crafts.
One recommendation from the survey was to further
engage with Blue Flag to raise awareness of IAS as
well as pollutants potentially released from coatings.
This could be achieved through the existing criteria for
marinas to annually organize educational events aiming
at raising the environmental awareness of harbour
masters and recreational craft owners.
There are many examples of guidance aimed
at inland water users, all based around the Check,
Clean, Dry message.
Where there is guidance available for coastal vessels, this
appears to be less accessible, both in presentation and
availability. Possible reasons for this include:
• Lack of single solution (Clean, Check, Dry) for
managing biofouling on permanently afloat vessels.
• Uncertainty on the biocidal anti-fouling paint vs
protection of marine species dilemma
• Low demand for information due to low perceived risk/
lack of knowledge of IAS transfer on biofouling
• Lack of facilities or cost of services to follow
recommendations for enhanced management
of biofouling.
This information and guidance need to be tailored for
the target audience. For example, ‘Check, Clean, Dry’
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works well for trailer boats on inland waters but is not
as relevant to a permanently afloat boat in a coastal
harbour. As seen in an Australian survey41, not all
recreational boat users are the same. To start to close
these gaps, the aim must be to raise awareness of IAS
with all interested parties, as listed in the table below:

a myriad of options for the recreational boat owner that
faces taking decisions such as:

Reaching this wide range of interested parties will
require a targeted approach and for maximum
engagement, in terms of information, and how the
message is communicated.

• Is in-water cleaning a good option or harmful to the
environment?

The best practices presented in chapter 6 aim to
address this gap. These recommendations, or similar,
will need to be regularly communicated to the
different groups of interested parties.

It is not possible to provide a simple answer for boat
owners as there are so many variables. Product information
including performance comes from the manufacturer,
making it difficult to assess and compare information. There
are various new biocide-free systems available, but there
are no comprehensive evaluations, or owner experiences to
inform boat owners, other than manufacturer trials.

LACK OF CLARITY ON SOLUTIONS TO
MANAGE BIOFOULING
This applies mainly to coastal vessels, as trailer or
portable craft have the Clean, Check, Dry message.
All vessels that remain in the water need some form of
anti-fouling system. From this point onwards, there is

• Biocidal vs non-biocidal systems
• Annual maintenance or longer-term coating

• Hull material and performance

As discussed in Chapter 5, a successful anti-fouling
coating needs to tick many boxes: it should be durable,
reliable, easily applicable, stable, cost-effective, minimal
harm to the environment, and substrate independent.
This is a considerable challenge. So far, no single
chemistry has been identified as the universal antifouling strategy to meet all requirements and trying

Table 2: Interested Parties who should be aware of IAS
Stakeholder categories

Type

Boat owners

Inland
Coastal
Power
Sail
Racing / performance
Cruising

Commercial operators – providing
services to boat owners

Marinas
Ports
Public authorities
Contractors
Divers

NGOs

National Sailing organisations / federations
Media, magazines, commentators, bloggers

Regulators

International
National
Local authorities
Border control / customs
Environmental health (pollution control, water quality)
Politicians to set Policy and regulations
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to develop one universal coating strategy is likely to
be an unreachable goal42. Instead, industry and boat
owners should make use of synergetic strengths by
combining several anti-fouling strategies into one
multifunctional coating.
It would be helpful for all interested parties (see
Table 2) to have more informed studies / reports on the
solutions to enable recreational boat owners to select
the best option for their vessel and location. Developing
a standard process or metrics for measuring the safety
and performance of the different anti-fouling systems
and solutions would enable consumers and regulators
to compare products on a like for like basis and select
products most suitable to their vessel and its intended use.

8.2 Limited Engagement
with users
8.2.1 How to present,
communicate and enhance the
use and circulation of these
Recommendations among
potential users
An Australian survey in 201843 found there was a 95%
awareness of marine pest risk amongst the recreational
boaters who took part in the survey, with a slightly lower
number 86% aware that all boats can transfer marine
pests if biofouling is present. This is a higher level of
awareness than found by the IMO survey in 2021 for
which 70% of respondents were from the UK.
Australia is a country with a strong biosecurity system,
and as anyone who has visited Australia will have
experienced, under Australian law, all air and cruise
lines coming into Australia must provide an approved
passenger message prior to arriving. In the Netherlands
survey of 2018 (see 10.1.2 Awareness), the IMO guidance
focussed on recreation craft (MEPC.1/Circ. 792) was
unknown to most questionees before the survey.
Among this highly ‘aware’ group of respondents in
Australia only 20% were aware of key national biofouling
guidelines. Despite this, 60% of respondents were
adopting many of the best practices, including: regularly
cleaning the boat hull, cleaning the niche areas of the
boat, renewing the anti-fouling coating each year and
capturing the biofouling waste after cleaning. However,

only about a third were cleaning the boat before moving
it to another location.
This demonstrates the challenge on educating
recreational boaters around the world, as even in
a country with high biosecurity awareness, there is only
20% awareness of the national guidelines.
Part of the communication challenge is that, as the survey
found, recreational boat users are not all the same. The
survey identified the following groups of boat users:
• 43% of respondents categorised as Minimalists – DIY
group. Infrequent cleaning and anti-fouling suggest
high risk for biofouling growth and marine pest
translocation.
• 19% Comprehensive regime – active club members,
typically motivated by boat efficiency and
performance. Due to lack of biofouling, considered low
risk of marine pest translocation.
• 38% as OK but could improve. Some confusion around
in water cleaning, so recommend improved guidance.

30+50+20x
Engagement level (example)

Engaged
Aware/not engaged
Actively desengaged

Within each of these groups of boat users, there
will be a range of engagement regarding biofouling
management and biosecurity risks.

Some users will be actively engaged and want to do all
they can to manage biofouling and the associated risks
from IAS.
Others will be managing biofouling to some level, but
not particularly concerned or aware of the biosecurity
elements of biofouling control.
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And there is a third group who have no interest, or do not
care about biofouling and the risks from IAS.
One way to improve engagement is to consider the social
and financial impacts as well as the risk to biodiversity.
A study of 182 environmental projects in Columbia,
Canada44, found that communication and education
is rarely considered an important part of legislation or
management strategies in Columbia.
The report made five recommendations to improve
engagement:
• Promote more clearly the benefits humans get from
nature / ecosystems in policies, plans and programmes.

• Generation Z (ages 22 and younger) has never
known a world without technology and expects
the tech they use in the workplace to be just
as frictionless as the apps they use at home.
Web based communication is the norm.

8.2.2 Adapting communication
Therefore, to be successful, any communications will
need to be tailored to engage with these different
groups to improve their willingness to engage with IAS.
The same information can be used; however, it will need
to be presented in different formats to meets the needs
/ expectations of these different groups.

• Ramp up education and training programmes.
• Make communication, education and participation
actions the core of all projects, from design to
implementation.
• Consider and engage with a more diverse set of
stakeholders, above all indigenous communities and
women.

3 Dimensional engagement

Type of boat user

• Develop and implement social indicators to evaluate
environmental management practices (e.g., quality of
participation of stakeholders involved) to complement
the more commonly used environmental measures of
success.
To add to the engagement challenge, people of
different age groups respond best to different styles of
communication.

Level of
engagement

Age appropriate
communication

Research around workplace engagement has highlighted
the differences between generations45.
• Baby Boomers (ages 55-73) are embracing digital
technology, including smartphones and social media,
but they still want to maintain opportunities for faceto-face communication when possible.
• Generation X (ages 39-54) are not digital natives,
but they are just as likely to be comfortable using
technology in the workplace. More than half say they
are tech-savvy.
• Millennials (ages 23-38) or Generation Y want to work
for a company that embraces technology more so than
the generations before them. In general, Millennials
want mobile technology that facilitates collaboration
and teamwork.

Depending on the location and expected audience of
the best practice guidelines, the format will need to be
adapted. At the risk of generalising all people:
• For Generation Z, public notices probably need
to be eye catching, therefore diagrammatic.
• For Baby boomers and Generation X, supporting
information needs to be backed up by science /
research but readable.
• Younger readers generally want shorter, snappier style,
older readers are more used to longer sentences.
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ENGAGEMENT MATRIX
Example of an engagement matrix that may guide the development of communication materials and
their adaptation to educate recreational boat users, based on their existing level of engagement.
Boat users

Marinas

I want to manage biofouling and
transport of invasive aquatic
species because…

I care about the environment and
I care about the environment and
biodiversity of the areas where I use biodiversity of the marina and the
my boat
surrounding area
I care about the local businesses
and livelihoods of the people where
I use my boat and the potential
harm I can cause through IAS

I want to manage biofouling
because…

I manage biofouling because…

I care about the businesses and
livelihoods of the people in and
around my marina and the potential
harm that can be caused through
IAS

I care about the higher emissions
caused by biofouling
It affects the performance of my
boat, either racing, faster passage
times when cruising and fuel
efficiency

I want to proactively maintain and
avoid damage to machinery and
equipment in the marina (locks,
workboats, pumps)

It looks bad and I want to keep up
appearances

It looks bad and I want to keep up
appearances

That is what I have always done
It causes damage to my boat /
propeller, engine inlets

It clogs up and damages machinery
and equipment in the marina (locks,
workboats, pumps)

I have to manage biofouling
because…

It is a requirement of the area
where I use / want to use my boat

It is a legal requirement for the
region / country where I operate

I don’t manage biofouling…

It’s my boat, don’t go far from home It’s just an additional cost with no
benefit
I don’t believe it’s a problem for me
It’s a conspiracy dreamt up by the
paint companies to charge more

8.3 Communication
of best practices
As described in the previous section, for effective
communication of these recommendations and
best practices, there will need to be a multi-faceted
approach.
To add another dimension, there could be 2 broad types
of guidance for recreational boaters.
• General background information – Government
guidance, local authority, National associations, clubs
• Event specific guidance – races, competitions, spring
launch and end of season lift out.

Encourage or educate people to move up a level

Engagement level

General guidance: There is already general guidance
available; this includes these Recommendations
published by the GloFouling Partnerships project, the
IMO Guidance for minimising transfer of IAS as Biofouling
for Recreational Craft, the New Zealand CRMS, ABYC and
the RYA guidance (see references in chapter 7) and some
specific information from yacht and sailing clubs.
This could be enhanced by encouraging all national
associations, clubs, owner associations, sports bodies,
marina associations, industry bodies, port authorities,
international rally organisers, governing bodies, etc. to
have a policy, guidance or information on the risks of
IAS. This should be relevant to the local area and to the
audience of that association. For example, freshwater
fishing clubs will have areas of concern that will be
different from a sea-going cruising association. This
guidance can have more supporting information, such as
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links and references, as the audience will typically have
more time to read and investigate.
A central source of information, such as
IMO’s GloFouling Partnerships project could have free
images / videos /downloads which different regions
can pick and mix as appropriate for their audience and
region.
Event specific guidance will need to be shorter and
provide clear dos and don’ts for that event. This could be
for a sailing dinghy open event, an open water swimming
event, fishing competition, international sailing event or
a long-distance rally.
By the nature of these events, people will be travelling
and may not be familiar with local guidelines, therefore
there is an increased risk of transporting IAS.
This information can be included in an event pack, as
well as in extra notices. National organisations or local
regulators could provide this information for local

event organisers to provide consistency. An example of
this is the Biosecurity Pack provided by South Cumbria
Rivers Trust made available for local event organisers
https://scrt.co.uk.
Other ‘events’ include the typical spring launching, when
anti-fouling systems are applied, and the end of season
haul out. As with a competition, these are planned
events where marina operators and boat owners will be
focusing on biofouling management. This could be a winwin situation for commercial marinas, as they can use the
awareness raising message as part of advertising their
mid-season and end of season scrubs.
Marinas with the appropriate wash down & containment
facilities should promote themselves and be rewarded for
the investment in containment facilities, which will further
raise awareness of the risks from IAS and biofouling.
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EXAMPLES
OF EXISTING
REGULATIONS AND
CONTROLS FOR IAS
AND BIOFOULING
MANAGEMENT
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Country

Biosecurity regulations on
prevention of IAS

Implications

Global

Guidance for minimizing the
transfer of Invasive Aquatic
Species as biofouling (hull
fouling) for recreational craft.
MEPC.1 Circ.792 2012

The International Maritime Organization (IMO) recommends that a recreational
craft is hauled out of the water for cleaning the hull and niche areas at least every
12 months (International Maritime Organization 2012).

New
Zealand

The Craft Risk Management
Standard (CRMS) for Biofouling
Craft Risk Management
Standard (CRMS) for Biofouling

Vessels must meet the biofouling requirements by doing one of the following
(and having documentation to prove it):

All recreational vessels entering
New Zealand waters are required
to meet this standard, strictly
enforced by Customs / Ministry
for Primary Industries (MPI).

Undertaking continual hull maintenance using best practices (recommended for
short-stay vessels).
Cleaning the hull and niche areas within 30 days before arrival in New Zealand
(recommended for long-stay vessels).
Booking an appointment for the vessel to be hauled out and cleaned by an MPIapproved treatment supplier within 24 hours of arrival (recommended for vessels
coming to New Zealand for refit or repair).
For long-stay vessels, the recommended option is to clean the vessel's entire
hull, including all niche areas, fewer than 30 days before arrival to New Zealand.
Acceptable evidence for cleaning of all hull and niche areas:
may include hull cleaning or dry-docking reports.
photographs or video of all hull and niche areas after cleaning.
If your vessel is fouled and you want to have it hauled out or re-fitted in New
Zealand, before you arrive you must:
book an appointment for haul-out with an MPI-approved treatment supplier (the
booking time must be within 24 hours of arrival)
give MPI evidence of your booking with the provider.
Currently, in-water cleaning of international vessels is not allowed in New
Zealand. This means that there are no approved providers of in-water cleaning
services for international vessels at this time.
https://www.mpi.govt.nz/import/border-clearance/ships-and-boats-borderclearance/biofouling/yachts-and-recreational-vessels/

Australia

Australia Marine Pest Plan
2018-23.
Anti-fouling and in-water
cleaning guidelines Department of Agriculture,
Water and the Environment,
2019

The Pest plan has 5 Objectives including supporting biosecurity research and
engaging with stakeholders to better manage marine biosecurity.
The Anti-Fouling and In-water Cleaning Guidelines recommend regular, 6-12
monthly, cleaning of submerged surfaces, particularly niche areas of recreational
vessels (Australian Government 2015).
The 2009 Guidelines for Recreational Vessels recommends:
your hull has an effective anti-fouling coating that is less than 12 months old.

you clean your vessel's hull and any equipment that has been in contact with
National biofouling management seawater at your last port of call or within one week prior to arriving in Australia.
guidelines for recreational
all biofouling waste should be contained, collected and disposed of
vessels
appropriately after cleaning the hull into identified bins at a licenced vessel
Version 1.0, 2009
maintenance facility
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Country

Biosecurity regulations on
prevention of IAS

Implications

Europe

Regulation (EU) no 1143/2014 on
the prevention and management
of the introduction and spread
of invasive alien species.

The prevention approach acting on pathways and vectors of introduction is
globally acknowledged as the best possible management strategy to mitigate
marine bio-invasions. However, the prevention actions appear to be very poorly
actuated and harmonised. A major issue is the multiplicity of vectors involved
in the marine invasion phenomenon. While current provisions mainly focus on
prevention of ballast water other vectors are weakly addressed, if not completely
ignored. These include biofouling on recreational vessels, IUCN Tech report

(not particularly marine)
The EU Biodiversity Strategy
(May 2020) and the Maritime
Strategy Framework Directive
addresses invasive alien
species and calls for improved
implementation of the
EU Invasive Alien Species
Regulation. https://eur-lex.
europa.eu/legal-content/EN/
TXT/?uri=celex%3A32008L0056
Convention on the Conservation
of European Wildlife and Natural
Habitats (Bern Convention)
– European Code of Conduct
on Recreational Boating and
Invasive Alien Species

California
USA

Article 4.8 Biofouling
Management Regulations
to Minimize the Transport of
Nonindigenous Species from
Vessels Arriving at California
Ports. Effective as of October
1, 2017.

California, 50333-1 Underwater cleaning
USA
Underwater Hull Cleaner's Best
Management Practices (BMPs)
2010 (McCoy & Johnson, 2010)

IUCN recommended actions should focus on a multi-vector approach:
development of a regional biofouling assessments, including the recreational
boating vector, following virtuous examples from other marine regions,
establishment of reception facilities for biofouling in ports, surveying and
certifying ships and boats, inspections of hulls and applying penalties for
infringements, more stringent regulation applied on vessels moving out
from acknowledged ‘hot-spots’ of bio-invasions, e.g., lagoons, heavily fouled
ports, etc.
The Convention on the Conservation of European Wildlife and Natural Habitats
(Bern Convention)
has been involved since 1993 in providing guidance to governments on avoiding
new introductions and controlling the spread of invasive alien species. In 2010
the Standing Committee to the Convention endorsed a European Charter on
Recreational Fishing and Biodiversity and in 2013 a
European Code of Conduct on Recreational Fishing and Invasive Alien Species. In
2016, another code of conduct was published focussed on recreational boating.
https://rm.coe.int/1680746815
Applicable for ships over 300GT, so excludes recreational vessels.

Best Management practices issued for in water cleaning by University of
California where allowed. Key points:
Wait 90 days after applying new paint.
Use only a piece of sponge & other soft materials to clean the hull.
Clean gently to avoid creating a plume or cloud of paint in the water.
This recognises the issue with in-water cleaning from extra release of metals but
does not address the potential release of IAS to local environment.
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Area

Regulation on prevention of
pollution

Implication

Global

IMO - International Convention
on the Control of Harmful Antifouling Systems on Ships 2001 (AFS
Convention)

Anti-fouling systems containing organotin compounds acting as
biocides must not be applied or be present on the hulls or external
parts or surfaces of all ships and boats. Boats of 24 metres in length
or more but less than 400 gross tonnage engaged in international
voyages must carry a declaration of compliance. Aside from organotin
tributyltin (TBT) an amendment to the AFS Convention will enter into
force at the end of 2022 to limit the use of cybutryne.

Washington
State, USA

In 2011, the Washington State
Legislature passed RCW 70.300.020
– Restrictions on Sale and
Application of Anti-fouling Paint
Containing Copper, to phase out the
use of copper-based anti-fouling
paints on recreational boats from
2018.

However, a review by the Department of Ecology found that some noncopper alternatives might be more harmful to the environment than
the copper-based paints they would have replaced. This uncertainty
caused the legislature to delay the ban until 2026 and directed the
Department of Ecology to review risk assessments, scientific studies,
and other relevant analyses regarding the toxicity and environmental
impacts of anti-fouling paints. The Department of Ecology continues
to be concerned that non-copper anti-fouling alternatives may pose
a significant threat to Washington’s environment.

(A recreational vessel is defined in
the law as being no more than 65
feet in length and used primarily for
pleasure.)

In water cleaning prohibited for hulls with soft, toxic coatings.
State Waste Discharge General Permit for Boatyards (boatyard general
permit) required for managing wastewater from pressure washing

UK

Trade effluent – UK Water Resources
Act, Environmental Permitting
Regulations

Most countries have similar regulations on trade effluent controls, with
strict limits on zinc and copper levels, whereby trade effluent cannot
be discharged to ‘controlled’ waters, such as rivers and estuaries
without a permit or licence, which will have strict controls and limits.

EU

EU Biocidal Products Regulation
(BPR) refers to Regulation (EU)
528/2012) concerning the placing
on the market and use of biocidal
products.

Approval process for active substances and products includes a Risk
Analysis, including risk to humans as well as the natural environment.
Purpose is to prevent harm to people and the environment;

Area

Voluntary Guidelines

USA

Voluntary guidelines to prevent the
introduction and spread of aquatic invasive
species: recreational activities

Stop Aquatic Hitchhikers! TM is a national education campaign that
helps recreational users to become part of the solution to stop the
spread of AIS.
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