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Issue: This document presents a proposal for a pilot study, the result of which could be used as input to 
the development of a common OSPAR and HELCOM protocol for the baseline assessment of Biofouling to 
support the regional implementation of IMO biofouling guidelines. 

Action requested  

1. JTG-Ballast is invited to: 

a. take note of the proposal for a pilot study serving as input for the development of a 
baseline research protocol for the general assessment of biofouling on commercial vessels 
in the European regional seas; 

b. consider whether the proposal presented sufficiently covers the fundamental and relevant 
issues to be investigated for the development a protocol for the baseline assessment of 
biofouling on various commercial vessels in European waters; 

c. encourage HODs to nominate relevant experts in preparation for the trial runs of the draft 
protocol at national level and for Subsequent exchange of knowledge and experiences to 
develop a European protocol for the baseline assessment of biofouling          

Background  

2. At EIHA (2) 20/11/01-E, The Netherlands presented EIHA(2) 20/06/03 and gave presentation 
EIHA(2) 20/06/P02 on proposals for a common OSPAR and HELCOM baseline study to support the 
regional evaluation and implementation of IMO biofouling guidelines. As a first step the Dutch 
authorities were undertaking a pilot baseline study in the Port of Rotterdam, which would provide 
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a basis for developing a standard research procedure/protocol, in order to establish the status of 
biofouling across the OSPAR/HELCOM maritime areas.  

3. Contracting Parties welcomed the initiative as a complement to work in the IMO, and looked 
forward to its further development. Important in the work process was to ensure good 
coordination with existing NIS related groups such as the COBAM expert group and work in ICES.; a 
biofouling plan developed by HELCOM countries which had the potential to extend to a joint 
approach.  
 
 4. EIHA welcomed the overall approach to addressing biofouling and agreed: 
-to invite Contracting Parties to nominate experts to participate in the JTG if not already active; 
- to invite the Netherlands to present the results of their study to JTG-Ballast 
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Introduction

Recognizing the developments in IMO regarding the evaluation procedure for biofouling guidance and guide-
lines, and discussions about biofouling as a second vector to ballast water in various working groups includ-
ing the OSPAR/HELCOM Ballast water working group, the OSPAR ICG COBAM NIS group, the HELCOM 
MARITIME and in the OSPAR EIHA, it is clear that the development of a regional approach to the manage-
ment of biofouling issues cannot be initiated without a clear picture of the prevailing biofouling issues in the 
region of the North-East Atlantic. 

To obtain such a picture, a baseline study is inevitable. To design a baseline study that can be consistently 
conducted and compared across OSPAR/HELCOM regions, the Netherlands is planning a pilot study starting 
in 2021. The focus of the pilot will be on the Port of Rotterdam because of its position as the largest seaport 
in Europe (at least in the OSPAR area). Hereby stakeholders like port authorities, ship-owners and shipyard 
managers will be actively involved to establish a shared and supportive view for the design and structure of 
the desired baseline study. Another reason to focus on the Port of Rotterdam is that there is data on the non-
indigenous species present available from the OSPAR-HELCOM sampling protocol which was conducted in 
2014 (Gittenberger et al., 2014).

The main goal of the proposed pilot in the Netherlands will be to encourage contracting parties to participate 
in building up a common/joint regional research procedure for biofouling (similar to “Port sampling protocol 
for Ballast water management”). Based on results of the pilot study an optimized baseline study methodology 
will be developed that contracting parties can conduct on a national level, and subsequently use to assess the 
status of biofouling as a vector for non-indigenous species spread into and across OSPAR/HELCOM regions.

We here present a concise proposal for designing a baseline study to evaluate bio-fouling on commercial 
vessels as vector for non-indigenous species into and across European regional seas, also evaluating to what 
degree ports may function as stepping stones in the spread of these species. This proposal consists of a draft 
protocol for a vessel type impact assessment, which is followed by a vessel selection step for biofouling assess-
ment. Aiming at effectively and consistently assessing biofouling in ports and on especially on vessels, various 
survey methods will be proposed. These will be tested and optimized in the proposed Dutch pilot study which 
is planned to start in 2021 and will probably take 2 to 3 years. The results of the study could be used as input to 
the development of a baseline study methodology for all OSPAR/HELCOM regions, and beyond.
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Vessel type impact assessment protocol

Within this protocol, it is estimated which commercial vessels are expected to have the largest impact function-
ing as transport vector for non-indigenous biofouling species. Only vessels arriving in the Netherlands from 
foreign countries are to be included in these analyses, keeping the focus on NIS that are transported interna-
tionally by biofouling on hulls. Hereby it is important to distinguish the primary introduction of species into 
Europe and the subsequent secondary spread of NIS throughout Europe. 

Where it concerns the relative risk of vessels acting as a transport vectors of biofouling species, there may be 
a link to the type of vessels concerned. The surface area of a vessel that is underwater can for example differ 
between vessel types. As biofouling can only be found on parts of the vessel that are wet, the average WSAs 
(Wetted Surface Areas) of various vessel types is therefore often used to get an indication of the biofouling 
potentially present (Fig. 1). As non-indigenous biofouling species are mainly found in niche areas of the hull 
(Figs. 2-4), e.g. within grates, behind the propellers, etc., the WSA within these niche areas is expected to give 
a better estimate of the relative risk of vessels acting as a transport vector for NIS, than the total WSA (Fig. 1; 
Moser et al., 2017). Based on that assumption, which will be tested in the Dutch pilot, the following procedure 
for vessel type impact assessment is proposed: 

[1]  Estimate based on the method of Moser et al. (2017) the WSA (wetted surface area) by vessel type and the 
percentage of those areas that concerns niche areas. For selecting a method that can consistently be used 
within baseline studies throughout Europe for evaluating bio-fouling on commercial vessels as vector for 
non-indigenous species, WSA and niche area estimates will be calculated based on Automatic Identifica-
tion System (AIS) or similar data that is generally used by vessel traffic services, to track vessels. In the 
planned pilot only vessels docking in the port of Rotterdam (over a still to be selected time frame/period) 
are considered for calculating WSA and niche area, based on all data available, e.g. vessel type, length and 
width, as was done by Moser et al. (2017). For many vessels not all data necessary for calculating the WSA 
will be available. Therefore WSA and niche area calculations will additionally be done based on the accu-
mulated number of vessels of each vessel type, whereby it is assumed that these vessels have the average 
WSA and relative niche area as was calculated for each vessel type globally by Moser et al. (2016; 2017). 
The pilot will be used to test this assumption.

[2]  Estimate, based on AIS (or similar) data, the relative number of vessels and vessel types arriving in the port 
of Rotterdam. This will be done for several “categories of origins” that are considered potentially useful to 
distinguish for risk assessment purposes within baseline studies for evaluating bio-fouling on commercial 
vessels. Examples of such categories of origins, which may useful to be distinguish within the Netherlands: 
“Outside of the North Sea”, “Outside the NE Atlantic (excluding the North Sea)”, “Outside of Europe”, 
“Within Europe”, etc. This is done to distinguish between the potential primary introduction of NIS into 
Europe from other continents, and the risk of subsequent secondary introduction and spread of these spe-
cies within European seas.

[3] Estimate for each category of origin the accumulated WSA and niche area by vessel type, arriving in the 
port of Rotterdam. This can give an indication of the vessel types that form the highest risk of acting as a 
transport vectors for the primary introduction of NIS into Europe, and the subsequent secondary spread 
throughout Europe. 
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To illustrate the results a pie-diagram on a national level can be made illustrating the accumulated (relative) 
niche area per vessel type arriving in the port of Rotterdam from outside of Europe, as a risk indicator of pri-
mary introduction of non-indigenous biofouling species into Europe. A second pie-diagram can be made based 
on vessels arriving in the Port of Rotterdam from other ports within Europe, as a risk indicator of the secondary 
distribution of non-indigenous biofouling species throughout Europe. For a more detailed figure of the risks 
Spoke-hub network figures will be made whereby the thickness of a line can indicate the relative WSA and/or 
niche areas of vessels arriving in the port of Rotterdam, accumulated across all vessels and/or separately for at 
least the vessel types that contribute to the highest niche areas (or WSAs). 

Fig. 1. Figures from Moser et al. (2016) and Moser et al. (2017). Left figure from Moser et al. (2016): The average Wetted 
Surface Area was calculated for different vessel types. Right figure from Moser et al. (2017): Stacked bars showing the 
extent of niche areas for each vessel type and the extent of the niche areas relative to the total hull wetted surface area of 
the vessel type (yellow spots).
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Vessel selection for biofouling assessment based on WSA, niche area and behaviour

During the pilot study a vessel selection algorithm will be designed and tested, whereby vessels are prioritized 
for biofouling assessment based on various parameters. Some of these parameters will concern the relative 
WSA and niche area by vessel type. Examples include: 

-  Vessel type with the highest accumulated niche area (as a percentage of the WSA). In the study of Moser 
et al. (2016) the vessel type with the highest accumulated niche area concerned the bulkers. They therefore 
indicate that bulkers are expected to be the main vector of transport for NIS that settle in niche areas, be-
cause of the number of vessels of this type globally and the niche areas that are present on and within the 
hulls of these vessels. 

-  Vessel type with the highest average niche area, in comparison to the total hull wetted surface area (WSA). 
In the study of Moser et al. (2017) the vessel type with the highest average niche area, concerned the cruise 
ships. For optimal manoeuvrability of cruise ships while docking at various places, they may have a rela-
tively large number thruster tunnels along both sides of a vessel. This explains the relatively high average 
niche area of this vessel type.

- The so called shipping behaviour of the different vessel types is also taken under consideration. As it is 
known that it is easier for fouling species to settle on vessels that lie still in the water for extended periods 
of time, this may also be taken into account when prioritizing vessels for biofouling assessment. Examples 
of vessels that may lie still in the water for extended periods of time in a foreign country before travelling 
(back) to the Netherlands concern floating platforms, that were used outside of Europe (e.g. searching for 
oil or gas), dredging vessels, and vessels waiting for maintenance.

-  More in general the shipping behaviour of vessels, including the manner in which they cross over distances, 
and the way they are used, may influence the fouling species on hulls and in niche areas. Dredging vessels 
and fishing ships may for example be fouled by different species than bulkers and general cargo ships, as 
they disturb the bottom and may travel more outside of the general “cargo” shipping lanes. Although the 
average wetted surface area of a fishing vessels globally was found to be the lowest by Moser et al. (2016), 
it may therefore still be good to also include fishing vessels when assessing biofouling on hulls and within 
niche areas. During the proposed pilot study in the Netherlands a variety of vessel types should be included 
in the biofouling assessment. By doing so the results can be used to optimize a vessel selection algorithm 
with the aim of evaluating bio-fouling on commercial vessels as transport vector for non-indigenous spe-
cies into and across European regional seas. 

Disclaimer / uncertainties:
As no extended assessments of non-indigenous bio-fouling species on large numbers of commercial vessels in 
Europe have been done up to date, the prioritization of vessels as described above is mostly hypothesis and as-
sumption based. The planned pilot study in the Netherlands in 2021 and the potential follow up baseline studies 
in other European countries, could change this.
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Biofouling assessment

Hull areas

During the proposed pilot in the Netherlands biofouling on a selection of commercial vessels will be assessed 
at several levels of detail. Based on the results it will be discussed to what degree these levels can be used for 
evaluating bio-fouling on commercial vessels as transport vector for non-indigenous species into and across 
European regional seas. In the biofouling assessments that will be done within the pilot, a distinction will be 
made between the hull areas specified below. Hereby, the assumptions will be tested about the potential benefits 
and disadvantages where it concerns the risk of non-indigenous fouling species being present. Based on these 
results the most appropriate hull areas to be included in biofouling assessments of commercial vessels will be 
selected for the baseline study design.

[1] The outer hull, not including niche areas
 Possible benefits: Easy to access; Fouling may be assessed visually and hull may be scraped from above water.
 Possible disadvantages: Lower non-indigenous species diversity on outer hull than in niche areas. 

[2] Niche area(s), not distinguishing between niche area types*
	 *	Different	types	of	niche	areas	may	concern	propellers,	thruster	tunnels,	grates,	etc.	(Fig.	1)
 Possible benefits: Higher non-indigenous species diversity in niches; No knowledge of niche types necessary.
  Potential disadvantages: Difficult to access, i.e. only possible in dry dock, with divers or ROVs. Not possible 

to rank the different types of niche area from low to high risk.

[3] Niche area(s), distinguishing between niche area types
  Possible benefits: Higher non-indigenous species diversity is expected in specific niche types; Possibility to 

rank the risks of different types of niche areas, which could facilitate decisions about eventual management 
measures in the future. Incentive for developing tools for easier access to these hard to reach niche areas for 
sampling.

  Possible disadvantages: Difficult to access, i.e. only possible in dry dock, with divers or ROVs. Knowledge of 
niche types necessary.

Biofouling intensity and species (community) diversity 

In the biofouling assessments done within the proposed pilot in the Netherlands, a distinction will be made 
between the amount of detail in which the biofouling is assessed. Categories that will be distinguished, and the 
assumptions that will be tested about the potential benefits and disadvantages, concern the following: 

[1] Level of biofouling intensity
 Possible benefits: Easy and quick to assess, using fouling intensity levels as are commonly used in literature.
  Possible disadvantages: Biofouling intensity is not necessarily linked to fouling species diversity and thereby 

the presence of non-indigenous biofouling species.
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[2] Diversity of morpho-species/types 
 Species are not identified, but organisms that look distinctly different in morphology, are separated)
  Possible benefits: Gives an indication of species group and/or genus diversity. A higher diversity of fouling 

species may be used as an indicator of a higher chance of non-indigenous species being present. No knowledge 
of species is necessary. Material of each morpho-type may be preserved for potential DNA-analyses. This 
is a hypothesis that will be verified in the pilot. 

  Possible disadvantages: Indigenous and non-indigenous species are not distinguished. This may lead to an 
underestimation of the risk of non-indigenous fouling species that may dominate hull fouling communities 
outcompeting other fouling species. The risk of relatively diverse communities consisting mostly out of 
indigenous species may be over-estimated. 

[3] Diversity of species (communities), indigenous and non-indigenous
 Possible benefits: Hard to identify at first, but this may be resolved by a reference database (to be made) 

with photos (showing diagnostic characters) and DNA-barcodes of hull fouling species recorded in similar 
EU baseline studies on hull-fouling. Identifying species is the most accurate method to evaluate the role of 
bio-fouling on commercial vessels as a vector for non-indigenous species into and across European regional 
seas.

 Possible disadvantages: A need for taxonomic expertise and knowledge about preserving specimens for 
DNA-analyses and subsequent DNA-sequencing. It will be more costly than for instance assessing the 
diversity of morpho-species and types only.

Biofouling assessment in ports 

To assess the biofouling communities that establish themselves in ports, settlement plates are generally used. This 
is for example recommended within the OSPAR/HELCOM Port survey Protocol with the aim of detecting non-
indigenous fouling species (HELCOM/OSPAR, 2013). In various marinas and ports throughout the Netherlands, 
including the port of Rotterdam, these settlement plates have been deployed and checked every three months for 
biofouling species since 2007 in the SETL-project (Gittenberger et al., 2017). The settlement plate methodology 
and the results of the SETL-project will therefore be incorporated in the planned pilot to assess to what degree 
ports may function as stepping stones in the spread of hull fouling species. 

Stakeholders

The exact biofouling assessment methods that will be tested in the proposed pilot will depend partly on the coop-
eration of a selection of stakeholders, which will be contacted. These stakeholders include:

-  Port authorities.
-  Customs, Inspections authorities (ILT) 
-  Commercial vessel owners
-  Shipyard /dry-dock owners 
-  Parties conducting scuba-diving and/or ROV activities in ports, involving hull-fouling maintenance but also 

parties doing random checks for drugs (e.g. customs) being smuggled in containers attached to vessel hulls or 
in niche areas. 

It is important that there is support among stakeholders for such a pilot study, because it cannot be enforced. 
Hereby it will also be investigated before the pilot can start, whether data collected by these stakeholders (e.g. 
customs) for other purposes, can be used within a baseline study.
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Sampling aids and tools

To evaluate to what degree biofouling can be assessed visually and by taking samples, while vessels are in the 
water, the use of ROVs and scuba-divers will discussed in addition to potential tools that can be used from 
shore (or a small boat) to visualize and/or sample biofouling from a vessel’s hull. As is done in most studies 
focused on biofouling on commercial vessels, the biofouling assessment during the proposed pilot will aim 
at surveying vessels in dry-dock, as soon as possible after they fall dry for maintenance (Shen et al., 2015; 
Davidson et al., 2006; Gittenberger et al., 2018; Sylvester et al., 2011; Takata et al., 2006). 

Hereby the hull will be photographed in overview to assess the percentage cover by biofouling. In detail the 
potential niche areas are photographed. For assessing fouling species diversity in the pilot, detail photographs 
will be taken in combination with scrape samples from the outer hull and from and within niche areas. One 
of the main aims of the photos and samples that will be taken during the pilot study, will be to decide for the 
baseline study design, what may be, for each vessel type, the recommended number of scrape samples, scrape 
sample (surface) sizes, and scrape sample locations. This will also take into account which species may also be 
identified on the basis of detailed photographs alone.

To assist with future surveys and promote the compatibility of research results across baseline studies conducted 
in various member states, several tools (especially for hard to access niche areas) and documents will be developed 
as a part of the 2021 pilot. These include:

-  For each vessel type a reference drawing indicating the niche areas that can be distinguished. Where possible 
based on the results of the pilot and previous studies, “hot spot niche areas” will be indicated where most 
non-indigenous species are expected to be recorded.

-  As is known from literature, sea chests and other spaces behind grates tend to harbour a high diversity of 
species, including non-indigenous species. Ideally these places are sampled directly after the grates are 
removed for maintenance purposes in a dry dock. This may be arranged with the responsible parties within 
a shipyard. As this may not always be possible, the pilot study will also aim at testing tools that may be used 
to sample and/or photograph organisms behind the grates when they are not removed.

Fig. 2. Figure from Gittenberger et al. (2018) illustrating reference drawing of a ship, including a division of the hull in 
zones, and pinpointing various niche areas. In the proposed pilot of 2021 similar figures will be made for all vessel types, 
indicating and naming the niche areas and the “hot spots” where most non-indigenous species have been found during the 
pilot and where possible other similar studies on biofouling on commercial vessels. 
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Fig. 3. Selection of vessel types to be included in the pilot study. [A] Bulker (Sloehaven 2016); [B] Tanker (Antwerpen 
2016); [C] Container ship (© Wikipedia); [D] General Cargo (Antwerpen 2017); [E] Tug / supply vessel (IJmuiden 2020); 
[F] Fishing vessel (Den Oever, 2020); [G] Passenger ship (Venetië 2003); [H] Floating platform (Terneuzen 2020).



GiMaRIS * Rijksstraatweg 75 * 2171 AK Sassenheim * The Netherlands * Email: info@gimaris.com * Phone +31-71-3322275 * www.GiMaRIS.com 

Fig. 4. Selection of habitat niches to be included in the pilot study. [A] Dry Dock strips; [B] Keel; [C] Rudder; [D] Propellers; 
[E] Thrusters; [F] Grates.
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