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Abstract

Biofouling samples from the hulls of commercial vessels using Scottish dry docks and harbours were collected to investigate which species
are being transported into Scottish waters. During 2009 — 2012 a total of 29 vessels were surveyed in three dry docks and a dive team was
used to sample a further six vessels at two busy North Sea harbours. The vessels were representative of those servicing the North Sea oil
industry e.g. tugs, supply and safety stand by vessels and provide a good indication of the type of fouling found on vessels that typically trade
in Scottish coastal waters. The biofouling consisted of typical North Sea species and four established non native species, Jassa marmorata,
Caprella mutica, Austrominius modestus and Amphibalanus amphitrite were recorded. No new non native species were recorded during this

study.
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Introduction

The transport of non native species via ballast
water and biofouling has long been recognised
(Carlton 1985; Eno et al. 1997; Gollasch 2002)
and international management measures of these
vectors such as the International Maritime
Organization’s (IMO) Ballast Water Management
Convention (BWMC) and Biofouling Guidelines
have been developed with the aim of reducing
the risk of introducing non native species (IMO
2005; MEPC 2011). The BWMC was adopted in
2004 but has not yet been ratified and the
Biofouling guidelines agreed by the IMO in 2011
are voluntary and contain a series of practical
measures and advice that should be taken into
account by the shipping industry when aiming to
manage the risk of introducing non native
species via this vector.

A number of studies worldwide have examined
which species are transported as biofouling on
recreational and commercial vessels (Coutts and
Taylor 2004; Davidson et al. 2009; Drake and

Lodge 2007; Floerl and Inglis 2005; Sylvester and
Maclsaac 2010). Aspects such as the speed of the
vessel (Coutts et al. 2010), age of antifouling paint
(Floerl et al. 2005), harbour design (Floerl and
Inglis 2003) type of vessel (Davidson et al. 2009)
and time spent at anchorage (Davidson et al. 2008)
have all been examined as potential risk factors.
Many of these risk factors have been incorporated
into the IMO Biofouling guidelines, which outline
methods of reducing the amount of biofouling on
vessels that should be taken into account during
the operation and maintenance of vessels.

The UK supported the development of these
guidelines but there is currently limited knowledge
regarding which species are being transported into
UK waters via biofouling and whether particular
vessels e.g. recreational or commercial, or voyages
e.g. UK based or international, are of higher risk
of introducing non native species. A study carried
out by Ashton et al. (2006a) ranked the level of
fouling of recreational vessels in ten marinas in
Scotland using an index developed by Floerl et
al. (2005) and found that 59% of the yachts
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surveyed had macrofouling suggesting that vessels
of this type posed a high risk of moving non native
species around UK waters. Ashton et al. (2006b)
also carried out a rapid assessment to identify
whether seven non native species known to be
present at other locations in the UK were present
in the ten marinas surveyed. Seven of these marinas
had one or more of the target species present
suggesting that recreational boating is an important
vector for the spread of non native species.
However, there have been no studies carried out
in the UK to examine fouling on commercial
vessels. This study aimed to record the species
found on vessels arriving in Scotland by 1) visiting
dry docks and 2) using a dive team to collect
samples from vessel hulls whilst in harbour.
Additional information regarding the voyage and
maintenance history of the vessel was collected to
assess whether certain vessels on certain routes may
pose a higher risk of introducing non native
species into UK waters. This information could
then be used to inform the management of
biofouling to reduce the risk of introducing non
native species.

Materials and methods
Dry dock sampling sites

Three dry docks in Scotland were visited between
2009 and 2012 at Aberdeen (A) and Leith (B) on
the east coast and at Garval Clyde in Greenock
(C) on the west coast (Figure 1). The dry docks on
the east coast were similar in size with Aberdeen
measuring 112 m x 21 m x 6.5 m and Leith 168 m
x 21 m x 7.7 m. Garval Clyde, on the west coast,
was the largest at 200 m long and able to accommo-
date vessels of 20 m beam. Docking schedules
were provided by dry dock personnel to enable
staff from Marine Scotland Science (MSS) to
organise sampling trips. A questionnaire was used
to obtain information on each vessel. This included
vessel type, size, trade pattern, previous dry docking
information, work carried out during the current
docking and the type of antifoulant paint used.

Dive team sampling sites

The size of the dry docks meant that the vessels
using them tended to be small, coastal vessels
that traded in the North Sea. In order to sample
larger, ocean going vessels the MSS dive team
undertook sampling of vessels in Aberdeen and
Peterhead harbours (Figure 1). Docking schedules
and voyage information obtained via the harbour
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Figure 1. Location of dry docks (e) at Aberdeen (A), Edinburgh
(B) and Garval Clyde in Greenock (C) and harbours used for the
dive surveys (A) at Aberdeen and Peterhead (D).

masters and shipping agents were used to select
vessels that had been trading outside the North
Sea and permission was sought from the shipping
agents and master of the vessel to carry out the
sampling.

Sample collection

A sampling methodology was designed, as outlined
below, to collect samples in a semi-quantitative
manner. This methodology was used, with some
adaptations, in the dry docks and by the dive
team. However, it became apparent during the
field work that, for a number of reasons, this
methodology could not always be implemented
as planned. The basis of the methodology
remained the same but was altered as necessary
depending on circumstances as described below.

To collect samples from vessels in dry dock
MSS staff would enter the dry dock as soon as it
was drained of water and conduct an initial
visual survey to assess the overall fouling of the
vessel. This inspection would identify areas
where fouling was likely to be present i.e. areas
of damaged paintwork and structures on the
vessel e.g. stabilisers, that may provide protected
niche areas for fouling and for any obvious
differences in fouling between the port and
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starboard sides. Attempts were made to assign a
fouling rank according to Floerl et al. (2005) but
it was not always possible to carry out this initial
inspection in a systematic manner. In most cases
the wash down of the vessel with high pressure
hoses would begin immediately after the dock
was drained, which prevented inspection of all
fouled areas. Also it was often dark by the time
the dock was drained so the inspection had to be
carried out by torchlight. In some instances staff
were not able to enter certain parts of the dock
for safety reasons.

Structures and areas on each side of the vessel
identified as having fouling were targeted to
obtain samples. This was carried out either from
ground level where the structures could be
reached easily or with use of an elevated work
platform to allow MSS staff to reach areas
further up the hull. The aim of the sampling
methodology was to obtain samples at intervals
along the length of each side of the hull and to
target niche areas where fouling may have built
up. Using a method similar to that developed by
Hewitt and Martin (1996, 2001) for sampling
hard substrates a quadrat of 20 by 20 cm (rather
than the 0.10 m? used by Hewitt and Martin) was
placed over the fouling present at the sampling
point and photographed. This provided a record
of the fouling in situ and an estimate of the
percentage of fouling at that point. Samples of
fouling were removed with paint scrapers and
stored in small tubs. It was not always possible
to sample both sides of the vessel as in some
instances there was insufficient room for the
elavated work platform to manoeuvre or dock
staff were already washing down or working on
sections of a vessel. Owing to differences in
vessel structure and design it was not possible to
sample from identical areas on each one.

The dive team also aimed to sample along
each side of the vessel, targeting niche areas and
collecting samples in numbered zip lock plastic
bags. A video camera was used to record what
the divers were seeing. The team encountered a
number of problems mostly related to the very
turbid water, particularly in Aberdeen Harbour,
which meant that they were working in extremely
poor visibility. Dive time was also restricted
owing to vessel movements in the harbour and
they were often requested to surface and get back
to the safety of the support vessel while other
vessels were passing by. There was also limited
time to sample the vessels as the team had to fit
in with the, typically very short, docking schedule
of the vessels. Shut down procedures on the vessel

necessary for the safety of the divers could only
be implemented when this would not delay the
vessel. This tended to limit the choice to seismic
survey vessels which spend extended periods of
time out at sea but, when they do come into port,
are alongside for a few days. However, seismic
survey vessels spend the majority of their time in
deep waters away from the coast and are not so
prone to fouling. Also, the vessels sampled were
either new or had recently applied antifouling paint.

The dive team had limited success in collecting
samples and those that were collected did not
often contain enough material for analysis. These
samples were therefore excluded from further
examination and the study focussed on the samples
collected from the dry docks.

Treatment of samples

Samples of fouling were removed with paint
scrapers, stored in small tubs (dry docks) or
numbered plastic bags (dive survey) and fixed in
4 % formalin as soon as possible (within an hour
of collecting the sample). After fixation all samples
were left in a fume hood for a minimum of one
week. The formalin was then washed off by
thoroughly rinsing the samples in a sieve (100 pm)
under running tap water. All samples underwent
an initial sort to group together the various types
of fouling organisms collected. Sub samples of
each were stored separately in small glass vials
(7 or 15 ml) and preserved in 70 % ethanol.

Sample analysis

Specimens were identified to species level, where
possible, or genus level using a Leica MZ75 stereo
microscope and relevant keys (Chambers and Muir
1997; Conlan 1989; Hayward and Ryland 1995;
Lincoln 1979). Identifications were confirmed by
cross checking between MSS analysts or by sending
samples and photographs to other taxonomic
experts. The presence of algae was noted but no
further identification was undertaken.

Results

A total of 29 vessels were surveyed in dry docks,
19 in Aberdeen dry dock (one vessel was sampled
twice, once in 2009 and once in 2011), 7 in
Edinburgh and 3 in Garval Clyde (Figure 1 and
Table 1). Five of these vessels had minimal
biofouling consisting mainly of a biofilm layer
with very little macrofouling. Samples were not
collected from these wvessels and they were
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Figure 2. Number and type of vessel sampled during the dry
dock and dive surveys.

Number of vessels
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Figure 3. Number of vessels on which each taxon was recorded.

excluded from further analysis (see Table 1). Six
vessels were surveyed using the dive team, 3 in
Aberdeen Harbour and 3 in Peterhead Harbour
(Figure 1 and Table 2). The samples collected by
the dive team were of limited value as the poor
visibility meant it was difficult to target areas with
macro-fouling and the biofilm samples collected
did not provide enough material to accurately
identify the organisms. The samples were therefore
used to provide qualitative information only and
were excluded from further analysis.
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Vessel type

The type of vessel available to sample in the dry
docks was determined by the size and location of
the docks. The docks are relatively small and the
vessels docking there representative of the vessels
trading in the local area i.e. vessels servicing the
oil industry and inter-island ferries (Figure 2).
The majority of the vessels sampled were supply
vessels (13 in dry dock and 2 by dive survey).
The dive survey also sampled 4 seismic survey
vessels as these tended to be alongside for longer
periods of time and were able to accommodate
the work of the dive team.

Vessel trade pattern

The vessels sampled in dry dock traded mainly
in the North Sea, only five traded to and from the
Western Isles on the west coast of Scotland.
North Sea vessel routes were typically to and
from oil terminals and installations in the northern
North Sea, from the docks at Aberdeen and Leith.
To our knowledge, no vessels were operating in
the southern North Sea. The vessels sampled by
the dive team also traded in the North Sea area
but some had also traded in international waters
prior to their return (Table 2). During their time in
the North and Celtic Seas (west coast of Scotland),
all vessels were operating in waters of high salinity.

Dry docking intervals

The majority of the vessels sampled had a dry
docking interval of between 2.5 and 3 years.
Three of the 29 vessels visited were in for repair
or refit rather than their usual maintenance and
antifoulant replacement. The inter-island ferries
are docked once a year and have any work carried
out as necessary (Table 1). The work in the dry
dock involved washing down the vessel and then
applying an undercoat or primer followed by a
top coat of the antifoulant paint. The choice of
paint was based on suitability for the type of
vessel and cost.

Fouling organisms present

Thirty six organisms were identified within ten
taxonomic groups recorded (barnacles, amphipods,
isopods, molluscs, bryozoans, hydroids, polychaetes,
nemertine worms, anemone and algae) from the
dry dock samples. Copepods were identified
from the dive survey samples only. Some were
identified to species level whereas others could
not be identified beyond a broad taxonomic group
(supplementary material, Table 1S). The presence
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of algae was noted but no further identification
was undertaken. The most commonly found
organisms were barnacles, algae and molluscs
(Figure 3) which were found on 24, 21 and 20 out
of the 24 dry dock vessels sampled respectively.
The second most commonly found taxonomic
groups were amphipods, bryozoans, hydroids and
polychaetes (13, 13, 11 and 10 vessels respectively).
Anemones, nemertine worms and isopods were
found on a small number of vessels (3, 2 and 2
vessels respectively). One vessel had the three
different isopod taxa recorded present and one
other vessel had only Idotea pelagia Leach, 1815
present.

Although the samples collected by the dive
team were excluded from further analysis (see
above) the species recorded have been noted in
Table 18S. Similar species were found in both dry
dock and dive samples but there were three taxa
found in the dive survey samples that were not
recorded in the dry dock samples. These were
harpacticoid and juvenile copepods which may
have been present in the harbour water and
collected by the divers along with the biofouling
sample. A large barnacle species was also
collected that may have been Megabalanus spp.
Hoek, 1913 and could be a species native to
warm and tropical seas (Henry and McLaughlin
1986) but as the tergal and scutal plates were
missing this could not be confirmed.

Initial attempts were made to assess the
abundance of organisms on the vessels but this
could not be carried out in a systematic manner.
The estimates would therefore not have been
representative of the organism abundance and
would not have been comparable between vessels.
Quantitative information on abundance is therefore
not available although photographs of the fouling
in  situ provided qualitative information
regarding how established the fouling was.

All species found are common organisms in
the North Sea and the waters around Scotland.
Of the thirty six species identified, four are known
to be non native in this area; the barnacles
Austrominius modestus (Darwin, 1854) and
Amphibalanus amphitrite (Darwin, 1854), and the
amphipods Caprella mutica (Schurin, 1935) and
Jassa marmorata (Holmes, 1905). Austrominius
modestus was introduced to Great Britain in 1945
(Eno et al. 1997) and Amphibalanus amphitrite is
a non native species that is established in
European waters and was first recorded in the
UK from Shoreham harbour in Sussex in 1937
(Bishop 1950). Caprella mutica was first recorded
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Figure 4. Number of taxa recorded by area of the vessel.

from the west coast of Scotland in 2002 (Willis
et al. 2004). There is currently some discussion
regarding the status of Jassa marmorata in
European waters with some taxonomists suggesting
it may originate from the NW Atlantic (Conlan
1989; Cohen et al. 2001; Gittenberger 2010). There
remains the possibility that additional non-native
species were present within the fouling samples
as the algae collected was not identified in this
study.

Species present in different areas of the vessel

Samples were recorded as having been taken
from one of § areas: either from distinct areas
with structures such as the keel, thrusters, sea
chest, propellers or a distinct line of fouling that
indicated the waterline. Other areas included the
wider area of the hull i.e. where there were no
other structures present, the bow and stern areas
were recorded as separate areas of the hull (Table 1
and Figure 4). Not all areas were sampled on all
vessels. Algae, barnacles, molluscs and amphipods
were present in all areas sampled. Bryozoans and
hydroids were present in all areas except the
waterline. Polychaetes were not present in samples
from the waterline or in the sea chest. Although
the taxonomic groups of nemertine worms, anemone
and isopods were not found on many vessels they
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Table 1. Information regarding dry dock sampling location, vessel type, tonnage either DWT (Dead Weight Tonnage) or Gross Tonnage (in
italics), date of last dry dock, main trade route and the area of the vessel sampled (K) Keel, (T) Thruster, (H) Hull, (S) Stern, (SC) Sea Chest,
(W) Waterline, (P) Propeller and (B) Bow. Vessel numbers marked with an asterisk (*) had no biofouling and no samples were collected.

Vessel Tonnage
Dry Dock ?;:alrf\tessel Vessel Type g:ZSTS or baes;r()iry dock Main trade route Area of vessel sampled (see key)
number) tonnage
Aberdeen 09_01 Safety 1294 3 North Sea K H S SC W P
standby
09 02 Supply 3184 1st dry dock East coast of Scotland K SC P
09 03 Tug 637 3 Aberdeen K H S w B
09_04 Ferry 4719 1 Western Isles of Scotland H S
10_01 Tug 482 3 Sullom Voe, Shetland K H S SsC W B
10 02 Tug 750 2 Sullom Voe, Shetland K H W P
10 03 Supply 4100 1st dry dock North Sea H S SC P
10_04 Tug/Supply 1974 3 North Sea K H S P B
10_05 Supply 3075 3 East coast of Scotland K N
10_06 Safety 766 2 East coast of Scotland H P B
standby
11_01 Supply 2650 3 North Sea H S W P
11_04* Tug 797 2 Sullom Voe, Shetland
11_05* Ferry 324 2 Shetland Islands
11_06 Supply 4605 2.5 East coast of Scotland K H S B
11_07* Tug 322 2
1110 Supply 3200 Repair East coast of Scotland H S
11_13 Supply 3302 3 East coast of Scotland K H SC P
11_15* Search and 1800 <1 Western Isles of Scotland
rescue
11_16 Safety 1703 1.5 North Sea K H S P B
standby
Edinburgh 11_02 Safety 804 2 North Sea K S W B
standby
11_03 Safety 909 2.5 North Sea H S
standby
11_08 Supply 1830 3 North Sea K H S P
11_09 Supply 3100 2 East coast of Scotland K H
1111 Supply 1300 3 North Sea H S P B
11_12 Supply 850 3 North Sea H S B
11_14 Supply 3100 3 North Sea K H P
Clyde 11_17 Ferry 4719 2 Western Isles of Scotland K H B
12_01 Ferry 767 1 Western Isles of Scotland H S
12 02* Ferry 666 1 Western Isles of Scotland

Table 2. Information regarding harbour sampling location, vessel type, Dead Weight Tonnage (DWT), date of last dry dock and main trade

route.
Vessel number

Harbour Di\(lsesal;i‘\//?sls(e]?S) Vessel Type Tonnage (DWT) LasEy(irayrSock Main trade route
number)

Aberdeen DS10 01 Seismic Survey 876 0.3 Abu Dhabi and North Sea
DS10_02 Seismic Support 1036 New vessel Worldwide
DS10_03 Seismic Survey 1854 1 Ii‘glr’:‘h SB:;m“da’ Spain,

Peterhead DS10_04 Supply 3573 New vessel Indian Ocean and North Sea
DS10_05 Supply 3120 0.2 North Sea
DS10_06 Seismic Survey 0.6 North Sea
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Comparison of taxa found by vessel type
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were found in several areas of the vessel when
present (Figure 4). For the samples taken during
this project the hull, stern and keel had the most
species present and the thruster and waterline the
least (Figure 4).

To assess the similarity of the species present
on the vessels a Multi Dimension Scaling (MDS)
plot was produced using PRIMER 6 software
(Clarke and Gorley 2006; Clarke and Warwick
2001). The data were transformed to presence/
absence and a Bray-Curtis resemblance applied
(Figure 5). The plot illustrates that there were no
distinct differences between the species present
on the different vessel types and none had a
noticeably different composition of species. One
ferry seemed to show a different composition of
species but sampling on this vessel was only
possible in a few areas and very few samples
were collected. This is more likely to account for
the difference to other vessels. A One Way
ANOSIM was also carried out using PRIMER
and the Global R statistic of -0.032 confirmed
there was no similarity between species assemblage
and type of vessel.

Discussion

The study aimed to collect information on the
species present and level of biofouling on vessels
and use these data in conjunction with information
regarding the voyage and maintenance history of
the vessel to assess whether certain vessels on

certain routes may pose a higher risk of introducing
non native species into Scottish waters. Previous
studies of biofouled vessels in Scottish waters
examined recreational vessels (Ashton et al. 2006a)
and although there have been studies of hull
biofouling on commercial vessels elsewhere in
Europe (Gollasch 2002; Mineur et al. 2008) there
have been no such studies in Scottish waters.

The scope of this qualitative study was limited
to taking biofouling samples from small coastal
vessels that service the North Sea oil industry or
operate as inter-island ferries in Scotland. Time
and safety considerations meant that the vessels
could not be sampled in a consistent manner and
the results from each sampling trip are therefore
not directly comparable. Larger vessels with
international trade routes were targeted using a
dive team to sample vessels in two large, busy
harbours (Aberdeen and Peterhead) but the method
had limited success (see materials and methods)
and the samples were subsequently excluded
from further detailed analysis. Despite the sampling
constraints within the dry docks, this was found
to be a far more efficient way of collecting
samples, when compared to the dive surveys.
Visibility, sampling time, ease of sample collection
and fouling coverage estimates were all
compromised during the dive surveys. The range
of vessel types sampled in dry dock were
dominated by tugs, supply and safety standby
vessels which provided a good indication of the
type of fouling found on vessels that typically
trade in Scottish coastal waters.
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The majority of the vessels had last been in
dry dock within three years and none exceeded
this time period. Apart from one vessel that was
in for repair all were washed down and had
antifoulant either patched or removed and replaced
where necessary depending on the condition of
the antifoulant already on the vessel. The antifouling
on the vessels (as assessed visually) tended to be
in good condition and there was only fouling on
areas that had damaged paintwork, in niche areas
such as around anodes or that were protected
from the water flow. There appeared to be no
relationship between the last dry docking and
fouling burden amongst the vessels surveyed
although vessels that were more commonly on
the move e.g. ferries appeared less fouled than
more regularly stationary vessels e.g. Safety standby
vessels. However, no solid conclusions should be
drawn from this owing to the limited sample
number of 29 vessels and the variation of
docking schedules.

The different types of wvessel had no
differences between the species found (Figure 5)
and the vessels had species common to the North
Sea present (Table 1S). No new non native
species were recorded but established non native
species were found, the barnacles Austrominius
modestus and Amphibalanus amphitrite and the
skeleton shrimp Caprella mutica, all of which
have been reported previously as being
transported as biofouling on vessels (Eno et al.
1997; Frey et al. 2009). Caprella mutica has also
been recorded by Ashton et al. (2006b) in seven
of ten Scottish marinas surveyed during a rapid
assessment exercise. The amphipod Jassa
marmorata is considered to be native to the NW
Atlantic and has spread from there to become a
widely distributed species (Conlan 1989; Cohen
et al 2001; Gittenberger 2010). Although considered
non-native in the eastern Atlantic (Conlan 1989;
Cohen et al 2001; Gittenberger 2010; Hines et al.
2000; Pilgrim and Darling 2010; Francis Kerckhof,
pers comm) it has also been regarded as a
cryptogenic species in this area (Inglis et al.
2006). Confusion surrounding morphological
identification of the species with others in the
Jassa genus is most likely a factor in this debate.
As discussed by Gittenberger (2010) identification
issues are likely to have confused records of this
species in European waters as it is easily confused
with the native J. herdmani (Walker, 1839) and
J. falcata (Montagu, 1808). A redescription of
the genus by Conlan (1989) found many of the
previously described J. falcata specimens were
in fact a mix of various Jassa species. J. marmorata
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is a highly successful coloniser on artificial
substrates such as buoys, pilings, harbour structures
and vessel hulls and can become the most abundant
amphipod on such structures, dominating fouling
communities (Beermann and Franke 2012). It was
the most frequently observed non native species
in this study.

Although results from the dive surveys were
not included in any data analyses, it is worth
highlighting possible Megabalanus spp. specimens
that were found during these surveys. The
specimens could not be identified to species
level with accuracy as the tergal and scutal plates
were missing. This genus would generally be
found in warm and tropical seas (Henry and
McLaughlin 1986) although some species are
known to have become established outside their
native range e.g. M. coccopoma (Darwin, 1854),
M. tintinnabulum (Linnaeus, 1758) and M. rosa
(Choi, Anderson and Kim, 1992) (Kerckhof and
Cattrijsse 2001; Kerckhof 2002; Kerckhof et al.
2010; Newman and McConnaughey 1987;
Yamaguchi et al. 2009). The specimens from this
study were found on a vessel that had been
trading in the Indian Ocean for a 6 month period,
before returning to the North Sea for 5 months
prior to dry docking. Although it is likely that
none survived the journey back to Scotland as no
live specimens were noted in the video footage
taken by the divers or in the samples they
collected, it is probable that these specimens
represent a species of barnacle not currently
recorded from UK waters. However M. coccopoma
and M. tintinnabulum are not unknown from the
southern North Sea and were first recorded in
Belgian waters in the late 1990s (Kerckhof and
Cattrijsse 2001). This highlights the potential
these species have in expanding their range and
adapting to cooler climates.

A larger study carried out in Europe by
Gollasch (2002) collected 131 hull fouling samples
from vessels and recorded species that were non
native (both established and non established) to
European waters and found that nearly all (96.2%)
contained at least one non native species. The
non native species found in this study were not
present in such a number of samples, of the 24
vessels from which samples were taken during
dry dock surveys, Jassa marmorata was found
on eight vessels, Austrominius modestus on three,
Caprella mutica on two, and Amphibalanus
amphitrite on one (A. amphitrite was additionally
present on a dive survey vessel) One reason for
this difference could be owing to factors such as
the smaller number of vessels sampled, and the
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trade pattern and maintenance of the vessels. The
vessels sampled during this study generally spent
their time operating between ports such as
Aberdeen and Peterhead and the oil fields of the
North Sea i.e. they were not calling at several
different ports within Europe or around the
world as were the vessels sampled by Gollasch
(2002).

Another factor that may account for the
differences between the number of vessels with
non native species present in this study and those
sampled by Gollasch (2002) is that for some
species found in this study e.g. A. amphitrite,
southern England may represent its northern
most distribution even though it is a widely
distributed species and tolerant of wide temperature
and salinity ranges (Bishop 1950). It is known to
be established in the southern North Sea
(Kerckhof and Cattrijsee 2001; Kerckhof et al.
2007) but individuals have been observed as far
north as Shetland (Eno et al. 1997) although it
was not known if these were part of a breeding
population. It has also previously been reported
that conditions in the German Bight are unfavorable
for successful larval recruitment, with water
temperatures being too low (Wiegemann 2008).
However, the fact that live specimens of A4.
amphitrite were collected during this study
illustrates its ability to withstand a wide temperature
range. One vessel from which they were collected
(dry dock survey) had spent time in Turkish
waters before returning to the North Sea for four
months prior to dry docking. A second vessel
(dive survey) had spent six months in the Indian
Ocean prior to arriving in the dry dock five months
later. It is not known if the specimens became
established as biofouling in these warmer waters
and survived the journey back to the North Sea
or if they had become established here. It is
possible that A. amphitrite is capable of tolerating
lower temperatures than previously thought.

Of the other species found in this study,
Austrominius modestus was first recorded in UK
waters in 1945 having arrived from southern
Australia and New Zealand (Bishop 1947). It is a
very successful invader throughout the British
Isles with reports of outcompeting and replacing
local species in southwest Scotland (Barnes and
Barnes 1961) but also of negligible effects on
local barnacle populations in other areas such as
Lough Hyne in southwest Ireland (Watson et al.
2005). Watson et al. (2005) also note how the
barnacle prefers to establish in more sheltered
areas and the presence of individuals from within
sea chest and keel areas in this study supports

this observation. Presence in the bow area from
one vessel suggests that it may, on occasion, be
able to tolerate more exposed surfaces.

The first record of Caprella mutica in British
waters was from Lynne of Lorne near Oban, in
2000 (Willis et al. 2004). Originally from northeast
Asia, it has expanded its range within the UK
and Europe and has been observed in around 37
locations within Scotland (Cook et al. 2007;
Schuckel et al. 2010). C. mutica is tolerant of a
wide range of temperatures and salinities
(Ashton et al. 2007) and is usually associated
with artificial structures present at aquaculture
sites, harbours and marinas (Beerman and Franke
2011; Willis et al. 2004). In this study, C. mutica
specimens were part of the fouling communities
within the sea chest and keel areas of two
vessels. One of these vessels does not work
beyond the Aberdeen area and movements of the
second vessel are normally between Aberdeen
and Peterhead. Although previously identified
from Peterhead, Aberdeen appears to be a new
location not listed by Cook et al. (2007). Keel
and hull areas appear to be common areas for C.
mutica to appear within the biofouling communities
on vessels, especially when those communities
consist of macroalgae (Cook et al. 2007) while
its presence within sea chests does not appear to
be documented for vessels in Scottish waters.
Coutts et al. (2003) report an unidentified Caprella
specimen from the sea chest of a passenger ferry
during a study in New Zealand and highlight
these structures as a serious introduction threat.
In this study, areas of the keel associated with C.
mutica were indeed associated with macroalgae
and other biofouling organisms including
barnacles, mussels and amphipods. Concerning
the sea chest, a greater range of organisms was
present, including barnacles, mussels, amphipods,
bryozoans and polychaetes. It seems likely that
this well protected area is favourable to C.
mutica, providing a safe habitat from predators
and the actions of waves and currents. C. mutica
was the only non-native species found during
this study that has also been observed within the
fouling communities on leisure craft in Scotland
(Ashton et al. 2006a and b). It is possible that
this species is more likely to spread to new
locations throughout Scotland than the other
three species if it is utilising both recreational
and commercial vessels as vectors.

Comparisons with previous studies of biofouling
on commercial vessels will have to take into
account that these have been both qualitative
(Gollasch 2002) and quantitative (Davidson et al.
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2009; Sylvester and Maclsaac 2010; Sylvester et
al. 2011). As with our study barnacles and molluscs
were the most commonly sampled fouling species
found by Gollasch (2002). The most common
species noted by Gollasch (2002) was Balanus
improvisus (now  Amphibalanus improvisus
(Darwin, 1854)), which was not recorded in the
present study. B. improvisus is a common species
worldwide and inhabits oceanic and brackish
waters, in shallow and tidal areas (Foster 1987).
It is known to be tolerant of wide temperature
and salinity ranges with even its larval stages
demonstrating a huge tolerance to simulated
warming and ocean acidification (Pansch et al.
2012). Its distribution in UK waters is thought to
be most common on the northwest and southwest
coasts in England and Wales, mainly around
large estuaries, with a limited distribution on the
English northeast coast and Scotland (Sweet
2011) which may account for its absence in this
study. B. improvisus and B. crenatus Bruguiére,
1789 (which was found in this study) could also
be confused with one another as they are very
similar (see e.g. Hayward and Ryland 1995) but
several of the specimens were sent to taxonomic
experts for confirmation of identification and it
is unlikely that this has been the case.

Other studies on commercial vessels carried
out by video (Coutts and Taylor 2004; Davidson
et al. 2009) categorised taxa into broad groups
but were not able to identify individual species.
Coutts and Taylor (2004) concluded that biofouling
was greatest in dry docking support strips and
sea-chest gratings. Our study did find some areas
such as dry docking support strips to be more
fouled than the surrounding area on some vessels
but there were also areas of paint damage or
protected niche areas e.g. in a moon pool (an
opening from the deck through to the bottom of
vessel hull to allow dive survey equipment to be
lowered safely) that were fouled more than the
surrounding area on certain vessels. As each
vessel was different in design and the areas
sampled was dictated by work being carried out
in the dry dock it was not possible to compare
the fouled areas across the different vessels. Our
study also had to allow for the fact that although
the vessel was in dry dock it was not always
possible to view the fouling over the whole vessel
as cleaning would generally start immediately
the dock was drained of water. Davidson et al.
(2009) also found that dry docking support strips
of container vessels were not as fouled as
described by Coutts and Taylor (2004) and that
the accumulation of fouling on containerships
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may be lower than on other vessel types.
However, as with this current study, a relatively
small number of vessels (twenty two) were
sampled by Davidson et al. (2009) and the authors
caution that further data is required to gain a
better understanding of the differences in fouling
on different vessel types.

In an attempt to tackle the problems mentioned
above with the data collected in relation to hull
samples Sylvester and Maclsaac (2010) and
Sylvester et al. (2011) sampled 40 vessels in
Great Lakes’ ports using both video recording and
collecting scrape samples. These results were
then used to develop a simple model to assess
the risk of introducing non native species via
biofouling. However, in contrast to our study,
the vessels sampled by Sylvester et al. (2011) had
ports of call throughout the world which allowed
a model to be developed to calculate the risk of
introducing non native species. Our study provides
qualitative data that could be used to provide
information regarding the species present on
vessels that service the oil industry in the North
Sea but could not be used to provide an overall
assessment of the risk of introducing non native
species into UK waters. In order to carry out
such an assessment a greater variety of vessels
would have to be sampled and, as dry docks in
the UK are relatively small, other methods would
have to be employed to collect samples from
larger, ocean going vessels.

This study provides qualitative data regarding
which species are present on vessels typical of
those trading in the North Sea. The species found
are common to the North Sea area and also
include a number of established non native
species. No new non native species were found
although dead specimens that were possibly
Megabalanus spp. were observed on one vessel
during dive surveys. The vessels were maintained
on a regular schedule and the anti-fouling paint
was generally in good condition. There were
areas of damage to the paintwork in some cases
e.g. if the vessel tended to always come alongside
the berth on one side then there would be more
paint damage on that side of the vessel. As with
other studies it was the protected niche area or
those areas protected from the flow of water that
tended to be fouled although it was not possible
to compare the level of fouling in these areas
between the vessels. In order to develop a model
such as that developed by Sylvester et al. (2011)
for Scottish waters more data would be required
to be collected on a wider variety of vessels than
was possible in this study.
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