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Ships have long been recognized as a major vector for the
introduction of non-native and harmful organisms. From
1992 to 1996 a shipping study was undertaken in Germany,
focusing on the fauna transported by ships, to assess the
importance of species introductions by international
shipping traffic. Ballast water, tank sediment or hull
fouling of 186 vessels was sampled. A total of 257 species
were identified, ranging from Foraminifera to Teleostei,
and 57% of the species sampled were considered to be non-
native to the North Sea region, originating from elsewhere
in the world including the north eastern Atlantic (west of
the English Channel). Non-native species were recorded in
38% of all ballast water samples, 57% of all sediment
samples and 96% of all hull samples, indicating that hull
fouling is an important vector of introduction. Four species
(1.6%) of unknown origin (cryptogenic species) were
identified. The potential for establishment in the North Sea
region of all non-native species found was classified into
three categories based on the degree of similarity of
climatic conditions in the North Sea and the donor region.
Based on this criterion 19 of the species found in the
fouling communities on ships” hulls were deemed to have
a high potential for establishment in the North Sea.

Keywords: ship; hull; fouling; ballast water; introductions; North
Sea

INTRODUCTION

Unintentional introductions of non-native aquatic
organisms have resulted in the establishment of
many species beyond their native ranges. Such
introductions have the potential to alter environ-
ments and cause the loss of earnings through
displacement of indigenous species or habitat
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modification (Carlton, 1985; 1987; Cohen & Carlton,
1995). Itis generally assumed that the main means of
introduction of introduced species into aquatic
ecosystems are aquaculture practices and transport
by ships (Bonnot, 1935; Elton, 1958; Tambs-Lyche,
1964; Farnham, 1980; Carlton, 1985; 1987; Sinder-
mann, 1991; Baldwin, 1992; Eno, 1995; Eno et al.,
1997; Reise et al., 1999).

The North Sea is subject to extensive shipping
traffic, as well as aquaculture, and to date about 80
species have been reported as introduced into the
North Sea, and currently occur as self-sustaining
populations. This number is lower than in some
other enclosed seas or bays, e.g. the Chesapeake Bay
(116 introduced species) and San Francisco Bay with
253 introduced species (Nichols & Pamatmat, 1988;
Cohen & Carlton, 1995; Carlton, personal commumni-
cation). The majority of North Sea introductions are
invertebrates, primarily crustaceans, molluscs, poly-
chaetes and hydroids, while introduced algae are
mostly red and brown macroalgae followed by
phytoplankton (Hayward & Ryland, 1990; Eno et al.,
1997; Maggs & Stegenga, 1999; Nehring & Leuchs,
1999; Reise et al., 1999; Wallentinus, 1999). On open
coasts in the North Sea approximately 6% of the
macrobenthic species are exotics, while in estuaries
this proportion can reach 20% (Reise et al,, 1999).
About 25% of the established non-native species are
widespread and form locally high abundances,
dominating some coastal habitats (Reise et al.,
1999). Although the percentage and abundance of
introduced species in the North Sea can thus be
substantial in some habitats, the overall effect on the
ecosystem seems to be restricted to the addition of
new species without subsequent replacement of
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TABLEI Number of samples taken over the sampling period

1992 1993 1994 1995

B S H B S H B S H B S H
January 5 1 5
February 6 2 1 1 3
March 2 9 5 6 4 4 2 2
April 1 1 1 16 11 9 1
May 2 1 4 7 9 1 2 2
June 8 4 13 5 2
July 1 13 5 1 1 1 1 1
August 2 4 1 7 2 3 2 1
September 4 2 10 3 8 1
Qctober 2 1 9 9 20 2 1
November 8 2 4 8 1 2
December 5 1 2 5 2 8
Total 25 7 4 86 53 100 19 9 22 2 2 5

B = ballast water samples; § = tank sediment samples; H = hull samples

indigenous fauna. This suggests that the North Sea
has some capacity to accommodate invaders (Reise
et al., 1999).

This study focused on vectors of species introduc-
tions into the North Sea. Specifically, the objectives of
this study were to i) assess the importance of ballast
water, tank sediment and hull fouling as transport
vectors for fauna into the North Sea, ii) determine if
hull fouling is a significant means of species
introduction and iii) assess if species are more likely
to become established in the North Sea if they
originate from similar climatic regions.

MATERIALS AND METHODS

This shipping study, carried out in 1992~1996 and
jointly involving the University of Hamburg and the
Institut for Marine Sciences in Kiel, Germany, was
the first study sampling ballast tanks in Europe.
Initially the focus was on ballast water and ballast
tank sediments as potential vectors for species
introductions into the North Sea. Ballast tanks were
sampled for phytoplankton, zooplankton and zoo-
benthos (Lenz et 4l., 2000). Shortly after the sampling
of the first ships it was realised that a high number of
species were transported in the fouling communities
of ships’ hulls, and frequent sampling of the fauna in
the fouling community began. As sampling methods
differed for the different parts of the ship, the
comparison of hull fouling as a vector for introduc-
tions relative to ballast water and tank sediment was
done on a qualitative basis only.

Ship Sampling

In total 132 ballast water samples, 131 hull samples
and 71 sediment samples were taken from 186 ships
visiting German ports between March 1992 and
August 1995 (Table I). Ships for sampling were

chosen according to the type of vessel and the
shipping route. The main focus was on container
vessels, the prevailing type of shipping traffic in the
North Sea region, but samples were also taken from
other ship types, including bulk and oil carrier
vessels, research vessels and cruiseliners. Ships
travelling on the main shipping routes to the North
Sea region (from Asia and North America) were
emphasised. The shipping route of sampled vessels
was documented according to the ships’ log books.
Ships travelling solely within the North Sea region
were not sampled. The size of the sampled ships
varied from 1,000 deadweight tonnage (dwt) to
45,330 dwt. Samples were taken according to the
accessibility of sampling onboard and all individuals
classified to species (below).

Most ballast water samples were taken by low-
ering a hose through the sounding pipe of the ballast
tank, enabling ballast water to be pumped up (using
a hand-pump) from a maximum depth of 7m. A
volume of 30-1001 was pumped up and sieved
through a zooplankton net of 55 um mesh size. A
second method employed to sample ballast water
consisted of lowering a cone-shaped zooplankton net
(mesh size 55 wm, cone diameter 9.7 cm, net diameter
25 cm) through opened tank hatches (manholes) and
pulling the net vertically through the water column.
The sampling depth using this second technique
varied from 2m to 15 m according to the construction
of the ballast tanks. However, support frames used to
stabilise the tanks in many cases prevented the
lowering of the plankton net to the bottoms of the
tanks. Due to these and other difficulties, such as
unremovable cargo on top of manholes, this second
method was employed less than ten times.

Sediment samples were taken by climbing down to
the bottom of emptied ballast tanks and pulling 11
jars with an opening of 6 cm through the sediment
surface. The thickness of the sediment layer inside
ballast tanks was measured in each tank at various
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TABLE Il Probability of colonization of non-native species according to matching climate (temperature) in donor and recipient regions

(after Gollasch, 1996)

DONOR region
RECIPIENT region Arctic & Antarctic Cold-temperate Warm-temperate Tropics
Arctic & Antarctic High Medium Low Low
Cold-temperate Medium High Medium Low
Warm-temperate Low Medium High Medium
Tropics Low Low Medium High

locations. The maximum thickness of sediment in
any tank was 50 cm, but in most tanks was <5cm.
Wherever possible at least 11 (to a maximum of 31) of
sediment was collected from each tank.

To sample organisms from the hull fouling
community three heavily fouled areas (mostly in
the stern section of the vessels) were chosen
arbitrarily and sampled as replicates by scraping
the fouling from 100 cm? of the ship’s surface. Access
to ships’ hulls was only permitted in dry docks,
when vessels had entered the dock to renew their
antifouling paints as part of their regular interdock-
ing period.

Organisms from all samples were preserved in
ethanol (70%;). For species identification stereomicro-
scopes and microscopes were used. For confirmation
of identification, individuals were sent to recognized
taxonomists (see Acknowledgements). Algae found
in hull samples of ships were not considered in detail
in this report as all algae found could only be
identified to generic level or above, and determi-
nation of whether an organism is native or not is
more difficult for taxonomic levels above that of
species. Results for the phytoplankton and zoo-
plankton community collected within the ballast
water and sediment sampling are published else-
where (Gollasch et al., 2000; Lenz et al., 2000).

Classification of Species

Four categories of species were defined from the
samples, viz. native to the North Sea, established
non-native (= established), non-established non-
native (= non-native) and cryptogenic (the later
are species whose status as introduced or native is
unknown; Carlton, 1996). Established (non-native)
species were defined as species originating from
outside the North Sea, but which have been
previously introduced and now form apparently
self-sustaining populations in the North Sea. This
contrasts with non-native species which are not
known to occur as self-sustaining populations in the
region (i.e. non-established). The status of species
and the references used to determine the status of
each species, are given in Appendix 1.

These categories of species were based on
boundaries of the North Sea defined by the British
Channel in the south, the Skagerrak and Kattegat in

the east and the Shetland Islands in the North,
following definitions used by the North Sea Task
Force (1993). The distribution of many species is
confined to the Atlantic seaboard (Crisp & South-
ward, 1958; Southward, 1995), suggesting that there
are environmental parameters distinguishing the
North Sea. For example, the western part of the
British Channel on average has warmer water
temperatures and less severe winters. Many warm
water species are common in the western part of
the Channel, but fail to penetrate into the eastern
part. The eastern part of the Channel is colder in
winter, and is likely to be a distributional barrier for
some warm water species (Crisp & Southward,
1958).

Risk Assessment of Species Introduction and
Establishment ‘

For all non-native species sampled from the ballast
water, tank sediments and ships’ hulls a qualitative
assessment of the probability of establishment in the
North Sea region was carried out (Table II). This used
a previously developed scheme (Gollasch, 1996)
which takes into account the climatic conditions
(temperature) in the area of origin (donor area)
and the recipient area. Based on the temperature
regime in the area of origin vs the North Sea all
non-native species were sorted into three cate-
gories, viz. establishment in the North Sea region
improbable (Category 1), establishment of medium
probability (Category 2) and establishment highly
probable (Category 3).

RESULTS

The total species richness of all samples from the
ballast water, tank sediment and hull fouling is given
in Table III. Data on hull fouling are given in more
detail in Appendix 1A. The most common fouling
taxa were Crustacea (59 species, 53.6%) and Mollusca
(30 species, 27.3%). Within the Crustacea, barnacles
were most common (36 species), and in the Mollusca
the Bivalvia prevailed with 28 species. The most
common species was Balanus improvisus (Cirripedia),
which was recorded from 87 ships. Fouling was
heavy on some hulls, reaching 30 cm in thickness on
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Number of samples

1 2 3 4 5 6 7
Number of species

8 8 10 N 12 13 14 16

FIGURE1 Frequency histogram of the number of species found per ship’s hull.

some areas on one vessel. While most species of
fouling organisms were sessile, 21% (23 species) of
all species found on the ships’ hulls were mobile.
Mobile organisms from the fouling community
consisted predominantly of Amphipoda, Isopoda
and Decapoda and other crustaceans (Table III).

In total, 146 (57%) of the 257 species collected in all
samples were classified as non-native to the North
Sea region. Ten non-native species, predominantly
identified from hull samples, were previously
introduced into the North Sea region and had
established self-sustaining populations (Appendix
1A). Nearly all (96.2%) samples from ships’ hulls
contained at least one non-native species. Fifteen
species (of which 12 were identified as non-native)
were found in samples from the hull of a single ship
(Figure 1), with the average number per ship being
6.2 (range 0-15, SD = 3.8). The mean number of non-
native species found per ship was 4.3 (range 0-11,
SD =1.9). Many of the non-native barnacles found
occurred at high frequencies. Balanus amphitrite was
found in hull samples from 64 ships, and B. eburneus
in 43 samples.

The lowest number of non-native species (estab-
lished and non-established) was found in ballast
water samples (40 species, 41% of all species
identified in ballast water samples). In sediment
samples 55 non-native species (50% of all species
identified in sediment samples) were collected. Hull
samples contained 81 non-native species (74% of all
species identified in hull samples), more than twice
as many non-native species as in ballast water
samples (Table III).

Four cryptogenic species were found, viz. Crypto-
stylochus hullensis (Turbellaria), Mya arenaria (Bival-
via), Teredo navalis (Bivalvia) and Balanus improvisus
(Cirripedia). Most cryptogenic species were ident-
ified from hull samples. The only cryptogenic species

found in ballast water samples was (larval) T. navalis.
No cryptogenic species were found in sediment
samples (Appendix 1A). The turbellarian Cryptosty-
lochus hullensis (Faubel & Gollasch, 1996) is a new
species and was first found in a ship hull sample
during this study.

Risk Assessment

The origin of the 146 non-native species in the
samples was predominantly from warmer climatic
regions than the North Sea (warm-temperate regions
60%, 88 species and the tropics 18%, 26 species; as
per references in Appendix 1B). For these species an
establishment along North Sea shores was assessed
as unlikely. Thirty two of all the 146 non-native
species (22%) originated from cold-temperate
regions and regions near cold-temperate climatic
zones outside Europe. The climatic conditions of
these regions, in regard to extreme temperatures and
daily and seasonal variation in temperatures is
comparable to North Sea conditions. Therefore, these
species are more likely to become introduced than
species originating in warmer climate zones and
were assigned to risk assessment Category 3
(establishment highly probable). The origin of these
species was North America, predominantly from the
east coast, the upwelling area off western Africa, the
northern part of Japan, and cold-temperate climatic
regions from the southern hemisphere. In this
category, the prevailing taxa were Crustacea and
Mollusca. According to the transport vector, the
majority (19 of the 32 species or 59%) of the species
with a high potential to become introduced was
found in ships’ hull samples (Table IV). In ballast
water samples 25% (8 of all 32 species assigned to
this category) and in sediment samples 16% (5 of all
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32 species assigned to this category) were assigned to
Category 3 (not shown).

DISCUSSION

All non-native species are potentially harmful unless
it is shown that the risks involved are low or that the
introduction of the species is beneficial. This
uncertainty emphasises the need for a precautionary
approach in order to minimize unintentional trans-
port of species. For example, species which have no
negative impact in the native area may cause
unwanted economic effects or ecological changes
elsewhere. Impacts could include competition with
native species or the introduction of parasites and
may result in changes in the abundance of native
species (Rosenthal, 1980; Williams & Sindermann,
1991; Kern, 1994; Grosholz & Ruiz, 1995; Holmes &
Minchin, 1995; Ribera & Boudouresque, 1995).
Significant changes to the structure of food webs
may result from the introduction of even a single
non-native species. Recent invasions which have
caused ecological and economical damages in
various parts of the world are described by Carlton
and Geller (1993), Hedgpeth (1993) and Gollasch and
Mecke (1996).

The majority of previously introduced species in
the North Sea are invertebrates, predominantly
crustaceans, polychaetes and molluscs (Millar, 1960;
Farnham, 1980; Reise, 1990; 1991; Utting & Spencer,
1992; Gollasch, 1996, Farnham & Critchley, 1997;
Nehring & Leuchs, 1999). Most of these species have
been introduced by ships (47 introductions) or
through aquaculture activities (36 introductions).
Nearly two thirds of the ship-mediated introductions
were transported on ships’ hulls (Reise et al., 1999).
British and Australian investigations have also
suggested that hull fouling may have been the
most important vector for species introductions in
the past (Eno et al, 1997, Hewitt, personal
communication).

Many of the 81 non-native species found in the
hull samples are distributed over a wide geographi-
cal range, possibly due to earlier shipping activities
(Gollasch, 1996; Lenz et al., 2000). It should be noted
that 23% of the species classified as non-native are
either native or previously introduced to coasts
along the north east Atlantic ocean, including the
west coast of the British Isles, but have not been
recorded from the North Sea. These species might
invade the North Sea region by means of natural
range expansion or secondary introduction,
although the British Channel seems to be a migration
barrier for warm water species (Crisp & Southward,
1958; Southward, 1995). However, for these reasons
possible future occurrences of these invaders in the

North Sea cannot be attributed to the transport via
ships’ hull fouling alone.

In this investigation 110 species were identified
from hull fouling samples. Past shipping studies of
docked vessels revealed 22 to 107 different species
(Visscher, 1927; Bertelsen & Ussing, 1936; Skerman,
1960; Southward & Crisp, 1963; Hardy, 1981). The
most frequently encountered species were members
of the Cirripedia and Bivalvia (Hentschel, 1923;
Zvyagintsev & Mikhailov, 1978). As reported in this
study, Pyefinch (1950) also collected Cirripedia from
92% of the ships investigated. The second most
frequent organisms were tube worms (Pyefinch,
1950) followed by members of the Cnidaria, Bryozoa,
Mollusca and Cirripedia (Neu, 1932a; 1932b). The
maximum number of organisms on a ships’s hull
(107 B. improvisus and 64 M. edulis 100 cm™) was
comparable to data from Hentschel (1923) who
collected a maximum of 147 Balanidae 100 em ™2

The fouling community on ships is comprised not
only of sessile organisms, but also mobile organisms
(Chilton, 1911; Carlton, 1979). Neu (1932a) assumed
that mobile organisms in the fouling community
would be removed from hulls during voyages due to
the strong water currents induced by the ships
movement. Ships are now faster than in Neu's time,
with many reaching a cruising speed >10ms™".
However, mobile organisms, such as Hemigrapsus
penicillatus (Decapoda, Reptantia), recently intro-
duced to Europe and native to Asia (Noel et al., 1997),
were found during this study in empty barnacle
shells in the hull fouling (Gollasch, 1999). More
generally, mobile organisms can be transported for
weeks or months amongst the fouling assemblage in,
for example, empty shells of barnacles, or by
sheltering in densely fouled areas of the hull.

The potential of all non-native species identified to
become successfully introduced was estimated
according to matching temperatures in the area of
origin and the North Sea region. Species in Category
one are unlikely to become introduced (non-
matching climates). Most of the non-native species
recorded were determined as belonging to Category
two, in which establishment shows medium prob-
ability. These species might become introduced if the
water temperature increases due to global warming
or on a smaller scale from (e.g.) the heated effluents
of power plants. After adaptation to local conditions,
species might be able to spread, as documented for
the introduced polychaete Mercierella enigmatica in
the 1970s (Kiihl, 1977). The species was first recorded
near a power plant and spread into a wide range of
habitats after several years of a locally limited
distribution (Kiihl, 1977).

Thirty two species (22% of all non-native species
found) were classified as having the potential for
successful introduction (matching climate of donor
and recipient region). Most (19 species, Table IV) of
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the species in this category were sampled from ships’
hulls. Among others, the decapod Hemigrapsus
penicillaltis, native to the cold-temperate areas of
Japan, was listed in this category before first records
from European coasts were published (Noel et al.,
1997). The introduction of H. penicillatus indicates
that the proposed species classification gives a useful
first estimate of the probability of establishment and
indicates the importance of matching climate in
donor and recipient areas for the successful
colonisation of new habitats.

Accurate conclusions based on the results of
shipping studies are only valid if the sampling
techniques used were adequate. Given that sampling
of ships is different from sampling natural commu-
nities in the field, and the constraints imposed by
ships’ operations, the best methods available were
used. For example, during an intercalibration
experiment different sampling methods previously
used during ballast water studies in Australia,
Canada, China Germany, Israel, Lithuania, Norway,
the United Kingdom and the USA were compared.
After a plankton tower was spiked with a known
density of Artemia saling and oyster larvae all
metheds were used consecutively. As a result, the
efficiency of all methods employed in this intercali-
bration experiment was ranked. The methods used
in this shipping study were highly ranked as being
efficient in the recovery of species from ballast tanks
(Gollasch et al., personal observations).

More generally, although hull fouling samples
contained a higher number of non-native species
than bailast water and tank sediments, sampling
methods differed substantially between ships’ hulls,
sediments and ballast water. Thus comparisons can
only be made on a qualitative basis. For example,
comparisons between the three different transport
vectors (ballast water, tank sediment and hull
fouling) may be biased because organisms can
more easily hide in ballast tanks than in hull fouling.
Additionally the ships sampled entered dockyards
after the usual interdocking period when the hulls
are heavily fouled and heavily fouled hull areas were
arbitarily chosen for sampling. Furthermore, three
replicates were taken from the hull fouling compared
to one sample of ballast water and tank sediments.
Therefore, the importance of hull fouling as a
transport vector may have been overemphasised.
However, the results clearly show that hull fouling is
an important vector and possibly the most important
vector of species introductions into the North Sea
region.

CONCLUSIONS

The overall impact of introduced species in the
North Sea to date may be “additive”, as

replacements of native species have not yet been
reported. Thus the North Sea may be capable of
accommodating some invaders, but each species
invasion still has the potential to severely alter the
environment. Thus a precautionary approach to
prevent or minimize future introductions should be
given high priority (Reise et al., 1999), since the
eradication of an introduced species once established
will be either very expensive or even impossible
(Peters et al., 1936; Critchley et al., 1986; Riberia &
Boudouresque, 1995; Schaffelke et al., 2000). These
measures should not focus on species transported in
ballast tanks alone, but should take into account
introductions as a result of the transport of
organisms in the fouling of ships’ hulls, since hull
fouling was clearly an important vector for species
introductions.

The importance of hull fouling as vector of species
introductions may not be generally appreciated.
Each vessel calling at North Sea ports is a potential
carrier of non-native organisms capable of establish-
ing a founder population. Most vessels carried native
and non-native species of different origins, high-
lighting the fact that the North Sea region is not only
a receiving area, but a donor area for species
transported to other regions. Public awareness
campaigns could create a more realistic focus on
the essential environmental concerns related to hull
fouling while highlighting the potential impacts
caused by species introductions.
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APPENDIX 1A

List of all species recorded, according to stage
(1=larvae, j=juvenile, a=adult, r=resting
stages), sample (B = ballast water, S = sediment,
H = hull, (H) = mobile species in hull samples) and
status (native, non-native, cryptogenic and estab-
lished in the North Sea region). Climate of source
region of non-native species: AT =arctic region,
CT = cold-temperate region, WT = warm-temperate
region, TR = tropical region. Species are listed in
alphabetical order within each taxonomic group.
Reference numbers refer to references in Appendix
1B

TABLE Al

Species Taxon Stage Sample Status/climatic source  Reference

Ammonia beccarii Foraminifera a S native 34
Brizalina variabilis Foraminifera a § native 34
Elphidium articulatum Foraminifera a S native 34
Elphidium crispum Foraminifera a ] non-native, WT 132
Elphidium cf. excavatum Foraminifera a ] native 3
Globorotalia tumida Foraminifera a S non-native, WI-TR 132
Planorbulina mediterranensis Foraminifera a S (H) non-native, WT 78
Rosalina bradyi Foraminifera a 5 non-native, WI-TR 78
Spiroloculina communis Foraminifera a S non-native, WI-TR 132
Clytin hemisphaerica Hydrozoa a H native 117
Cordylophora caspia Hydrozoa a H established, WI-CT 6,103
Laomedea angulata Hydrozoa a H native 20
Obelia cf. bidentata Hydrozoa a H native 15,45,60
Obelia dichotoma Hydrozoa a H native 15,45,60
Obelia longissima Hydrozoa a H native 15,45,60
Diadumene cf. cincta Actinaria a H established, WT 45,103
Haliplanella lucine Actinaria a H non-native, WT 95,103
Sagartiogeton undatus Actinaria a H native 14,51,95
Bugula neritina Bryozoa a H nen-native, WT 103,78
Conopeum reticulum Bryozoa a S H native 51,136
Cryptosula pallasiana Bryozoa a H native 51,136
Membranipora tenuis Bryozoa a H non-native, WI-TR 101
Membranipora tuberculata Bryozoa a S H non-native, WI-TR 101
Snvignyella lafontii Bryozoa a H non-native, WT 105
Schizoporella errata Bryozoa a H native 51
Thalamoporella rozieri Bryozoa a H non-native, WI-TR 101
Watersipora arcuntq Bryozoa a S H non-native, WT—TR 7
Cryptostylochus hullensis Turbellaria a (H) cryptogenic, cr 27
Anuraeopsis fissa Rotatoria a B native 59
Brachionus budapistensis Rotatoria a B native 59,130
Brachionus calyciflorus anurneiformis Rotatoria a B S native 59,130
Brachionus diversicprnis Rotatoria a B nat}ve 59,130
Brachionus quadridentatus rhenanus Rotatoria a B native 59,130,124
Brachionus urceolaris Rotatoria a B § native 59,130,124
Keratella cochlearis cochlearis Rotatoria a B native 59,106,124
Keratella cochlearis tecta Rotatoria a B native 59,106
Keratella irregularis Rotatoria a B native 59,106
Keratella quadrata reticulnta Rotatoria a B § native 59,106,124
Oncholuimus oxyuris Nematoda i a B 5 () native 112,113
Tripoloides marinus Nematoda j a S native 112
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Species Taxon Stage Sample Status/climatic source  Reference
AHanta cf. oligogyra Gastropoda a S non-native, TR 131
Cavolinia inflexn imitans Gastropoda a S non-native, TR 54
Cavolinia longirostris limbata Gastropoda a S non-native, TR 54
Clio pyramidata lanceolata Gastropoda a S non-native, TR 65
Crepidula cf. fornicata Gastropoda a S established, CT 104,103,148
Facelina cf. auriculata Gastropoda a (H) native 16,45,51
Limacina cf, helicina helicina Gastropoda 1 s established, CT 145
Limacina cf. inflata Gastropoda 1 S non-native, TR 22,125
Limacing <f. lesueuri Gastropoda 1 S non-native, WT 108
Limacina cf. trochiformis Gastropoda 1 B non-native, TR 125
Nassarius costellifera Gastropoda a H) non-native, CT-WT 42
Angdara cf. scapha Bivalvia j H non-native, TR 2
Anadar cf. subcrenata Bivalvia 1 H non-native, TR 41
Anomia cf. ephippium Bivalvia a S native 51,91,147
Anomia simglex ] Bivalvia a S H non-native, WI-TR 120
Argopecten irradians Bivalvia a S non-native, CT-WT 77
Astarte borealis Bivalvia a S native 91,92,147
Cerastoderma edule Bivalvia a S native 50,52,113
Cerastoderma lamarcki Bivalvia a S native 50,91,147
Chama macerophylla Bivalvia a H non-native, WI-TR 77
Chione cancellata Bivalvia a H non-native, WI-TR 77
Corbula barrattiana Bivalvia a S non—nativel WT-TR 1
Corbula gibba Bivalvia a S native 91,92,147
Crassostrea gigas Bivalvia 1 4 a B H  established, CT-WT 82,103
Crassosren Viginice Bivalvia a S H  nonmnative, CI-TR 77137
Doyplomye californica Bivalvia a s non-native, WI-TR 1
i gensis Bivalvia a H non-native, CT-WT 72
Dreissena polymorpha Bivalvia a S H established, CT-WT 6
Erodona mactroides Bivalvia ive,
t I a H non-native, CT-TR 77
Lyrodus pedicellatus Bivalvia 1 i
. 1 B non-native, WT-TR 13
Macoma balthica Bivalvia a S i
3 1 1 native 17,104,113
Mactra corallina Bivalvia 1 i
, I 1 a B S native 91,147
Mactra discors Bivalvia a H i
Mactra glauca Bivalvi non-native, WT 2
a1 ivalvia a S non-native, CT-WT 91,129
Mactro nitida Bivalvia a H i
) 1 1 non-native, WT-TR 2
Mactro turgida Bivalvia a H i
, 1va Vi non-native, TR 2
Modiolus barbatus Bivalvia 1 B S i
p ; L : non-native, CT-WT 91,92
Modiolus cf. demissus Bivalvia 1 B S i
Modiolus modiolus 1vavi non-native, CT 121
modio, Bivalvia 1 a S H i
Mulinia o, tvavi native 91,102,147
nia portoricensis Bivalvia a H i
Muscilus discors tvatvi non-native, TR 1,77
sculus discors Bivalvia a H i
Museulus nige; i i native 91,147
cer Bivalvia a H i
Musculus senhousei Bivalvia native 147
Mun arenars Ivalvi a H non-native, CT-TR 115,141
1y aria Bivalvia a S H i
Miytilus edulis Bivalvia 1 . B 5 W cryptoge_mc, CT 55,91,147
Mytilus cf, galloprovincialis Bivalvia 1 S Nat.lve 4,50,53,144
Ostrea cucullata Bivalvia a non-n'fmve, WT 91,142
Ostrea edulis Bivalvia . 2 o H non-native, WT-TR 44
Ostrea lurida Bivalvia 3 H native 15
Parvicardium ovale Bivalvia : S H non-native, CT-WT 18
Placamen tiara Bivalvia a S nat1ye 91,147
Senila senilis Bivalvia a non-native, TR 139
Spisula elliptica Bivalvia H non-native, CT-WT 143
Spisula solida Bivalvia : H non-native, CT-WT 92
Telemnctra abbreviata Bivalvia a n native 91147
Telling fabula Bivalvia H non-native, TR 139
Teredo navalis Bivalvia 1 : B 5 native oL,147
Venus fasciata Bivalvia a eryptogenic, TR 51,113
Xenostrobus cf. securis Bivalvia a 5 native 91,147
Capitella capitata Polychaeta H hon-native, WT 123
Marcierella enigmatica Polychaeta : 3 'native 87,104
Hydroides elegans Polychaeta S established, WT-TR 63,145,146
Nereis pelagica Polychaeta . 3 non-native, WI-TR . 637,103
Nereis succinea Polychaeta a s native = 16,37
Alona rectangular Cladocera : B S native # s 37
Bosmx:na coregori marktima Cladocera ji a B S nat'}ve : 6,73
Bosming longirostris Cladocera i a B native 6,73
Chydorus cf. sphaericus Cladocera : a B 5 native 6,73,113
Daphnia cucullata incerta Cladocera a B S native - 100
Daphnia galeata. Cladocera j a r B 8 native 6,73,124
Tlyocryptus sordidus Cladocera i S native 6,753,113
Leydigia acanthoceroides Cladocera a r B § hative 73
native 73
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Moina micrura Cladocera 5 non-native, WI-TR 47
Simocephalus expinosus Cladocera a B native 73,113
Cyprideis salebrosa Ostracoda a ) non-native, WI-TR 122
Acgrtia bifilosa inermis Calanoida a B native 74,96,111
Acartia clausi Calancida i a B native 74,96,111
Acartin discaudata Calanoida a B native 74,96
Acartia grani Calanoida a B non-native, CT 119
Acartia hudsonica Calanoida a B non-native, CT 10
Acartia lntisetosa Calanoida a B non-native, WT 119
Acartia lilljeborgi Calanoida a S non-native, WI-TR 39
Acartia tonsa Calanoida j a B established, CT-WT 58,103
Calanus finmarchicus Calanoida a B native 74,96,111
Cnlanus helgolandicus Calanoida a (H) native 74,96
Centropages furcatus Calanoida a B non-native, WT-TR 39
Centropages hamatus Calanoida a B native 74,96,111
Centropages typicus Calanoida a B native 74,96,111
Centropages velificatus Calanoida a B non-native, TR 29
Eyrytemora affinis Calanoida a B S native 74,96,138
Eurytemora hirundo Calanoida a B native 74,96
Eurytemora hirundoides Calanoida a B native 74,96
Metridia brevicaudn Calanoida a B non-native, WT 128
Paracalanus cf, denudatus Calanoida a B non-native, WI-TR 135
Paracalanus cf. parous Calanoida a B native 74,75,96
Pseudocalanus elongates Calanoida a B native 32,75,96
Pseudocyclops crassiremis Calanoida a B non-native, CT 107
Temora longicornis Calanoida a B native 74,96,111
Temora stylifera Calanoida a B non-native, TR 29,39,135
Acanthocyclops robustus Cyclopoida a B native 96
Oithona amazonica Cyclopoida a B nen-native, TR 70
Oithona brevicornis Cyclopoida a B non-native, WI-TR 107
Oithona hebes Cyclopoida a B non-native, WI-TR 39,107
Qithona helgolandica Cyclopoida a B native 96
Oithona nana Cyclopoida a B non-native, WT-TR 33,107
Ectinosoma cf. minor Harpacticoida a S native 23,76,90
Enhydrosoma propingquum Harpacticoida a S native 23,97
Euterpina acutifrons Harpacticoida a B native 23,76,90
Longipedia rosea Harpacticoida a B native 23,76,90
Macrosetelln gracilis Harpacticoida a B non-native, WT-TR 93
Microarthridion littorale Harpacticoida a B native 23,97
Microsetella norvegica Harpacticoida a B native 23,76,90
Microsetella rosea Harpacticoida a B S non-native, TR 93
Pseudonychocamptus koreni Harpacticoida a B non-native, WT 67
Tachidius disciples Harpacticoida a B native 23,97
Tisbe elegantuln Harpacticoida j a B non-pative, CT-WT 66
Tisbe furcata Harpacticoida a B native 76,90,99
Tisbe graciloides Harpacticoida a B S non-native, WT 66
Tishe gurneyi Harpacticoida a B non-native, CT 66
Tisbe inflata Harpacticoida a B non-native, CT 66
Tishe longicornis Harpacticoida a B native 76,90,99
Tisbe wilsoni Harpacticoida a B non-native, CT 66
Corycaeus anglicus Poecilostomatoida a B native 40
Corycaeus brehmi Poecilostomatoida a B non-native, WT 107
Corycaeus latus Poecilostomatoida a B non-native, TR 26
Lubbockia aculeate Poecilostomatoida a B non-native, CT 36
Oncaea dentipes Poecilostomatoida a B non-native, WI-TR 26
Onicaea mediterranen Poecilostomatoida a B non-native, WI-TR 26
Oncaen subtilis Poecilostomatoida a B native 133
Oncaen venusta Poecilostomatoida a B S non-native, WI-TR 26
Saphirella cf. tropicn Poecilostomatoida a B non-native, TR B84
Acasta nitida Cirripedia a H non-native, WI-TR 140
Balanus amaryllis Cirripedia a S H non-native, WI-TR 85
Balanus amphitrite amphitrite Cirripedia a S H non-native, WT 3,103
Balanus amphitrite cirratus Cirripedia a S H non-native, TR 85
Balanus amphitrite cochinensis Cirripedia a H non-native, TR 89
Balanus amphitrite communnis Cirripedia a 5 H non-native, WI-TR 85,89
Balanus amphitrite kruegeri Cirripedia a H non-native, TR 86
Balanus balanoides Cirripedia a S H native 11,51,62,71
Balanus balanus Cirripedia a B S H native 51,62,71
Balanus campbelli Cirripedia a S H non-native, WT 31
Balanus citerosum Cirripedia a H non-native, WT-TR 49
Balanus concavus Cirripedia a H non-native, WI-TR 49,86
Balanus crenatus Cirripedia a S H native 5,11,62,71
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Balanus dentivarians Cirripedia a e
Balanus eburneus Cirripedia a u non-native, TR 49
Balanus improvisus Cirripedia 1 . B H established, TR 103,116
Balas kgr';gakgm Cirripedia : S H  cypiogenic TR 46,30,61
alanus perforatus Cirripedia non-native, WI-TR T
Balanus reticilates Cirripedia : S H non-native, CT-WT 22
b i S it B
gonis irripedia non-native, WI-TR 49
P S : PR mbedIR %
: gate irripedia : non-native, WT-TR 134
gamhodermu m.mttlm Cirripedia ; S H non-native, CT-TR 49
E;::lc_,l;?dl:;n_m virgatum Cirripedia a H non-native, WI-TR 140
Elminius nizﬁ'sms Cirripedia a g ronnative, Wk 140
Elminius si Cirripedia a non-native, CT 140
miniss simplex Cirripedia H established, TR 103,116
a ’
ﬁzﬁ anatifera Cirripedia a S H non-native, CT-TR 89,140
Lepas Zzgg_y’;ﬁrm Cirripedia . H non-native, WI-TR 85
e s Cirripedia a H non-native, WT-TR 85
Megabalanus izms C@rripedia a 11;11 llon-naﬁve, WETR .
spinosis o Cirripedia non-native, WT-TR 31
Megabalanus tintinnabulum linzei Cirripedia . H non-native, WT
Megabalanus tintinnabulum rosa Cirripedia a H non-native, WT 5
Megabalanus tintinnabulum tintinnabulum Cirripedia a H  nonnative WETR 55
ICV)Ietgubalqnus tir;tinnubulum volcano Cirrigedia a 5 H non—native’ WTI-TR gg
clomeris angulosa Cirripedi a H non-native,
= uilos }rr}pedm a native, WT-TR 89
mmrcfllmrgaz:gzgz Cirripedia N g non-native, WI-TR 85
Tetraclita purpurascens g"*p ed{a a 8 e W o
Tetraclita squaniosa squ irripedia a no v WETR e
Mmoot slubber? amose Cirripedia a H non-native, WT-TR 85,86,89
Neornysis in;eger Mysidacea i a B H non-native, WI-TR 85
Paraniysis keroillei I\Iv/}ysgzllacea a B ﬁagve 6,64,136
Cymadoce truncata ysidacea a B v 6,64,113
Dynamene bidentata Isopoda a B natl.ve 664,113
Sphaeroma rugicouda Lsopoda a (H) non-nanve, o 81
Corophium acherusicum Isopoda a 5 nononative STWT 81
Corophium acutum Amphipoda a B S5 () e esns
Coraphium lacustre Amph}poda a H l'lOIl'I’lat'!,Ve, WIIR §
Corophium uenoi ﬁmpglp Oga a ] (Hg non—r\amiie, WEIR 69
Ericthonius brasiliensi mphipoda a native 38,57,110
Ericthonis brail sis Amphipoda . B (g) non-native, WT 9
Gammarus zaddachi Amphipoda a S 0 non-native, WI-IR 9
;assa of. falcata ﬁmp g}? oga a B S nagve 56,110,114
assa cf. marmorata mphipoda a naive 56,110,114
Leptocheirus pilosus Amphipoda a 5 1) native 5,51,57
Microdeutopus gryllotalpa Amphipoda a (H non-native, WT 9
Paracaprelln cf. tenuis Amph}p oda A S ) native 7
Stenothoe tergesting Amphipoda a B H native 57
Alpheus bowvieri Amphipoda a ) non-native, ATCT 8
Ashtoret lunaris Decapoda a & non-native, WT 68
Brachynotus sexdentatus Decapoda a S ® non-native, W7 9
Callinectes sapidus Decapoda a nor-native, WI'TR 35
Cancer pagurys Decapoda a 5 (H) non-native, WT 20
Carcinus maenas Decapoda j non-native, WI-TR 127,103
Charybdis cf. feriatus Decapoda ; a 8 D native 16’45:109
Crangon crangon Decapoda j s native 45,113,118
Eriocheir sinensis Decapoda j a B S non-native, WI-TR 12,94
Hemigrapsus penicillatus Decapoda a $ e 46,109,136
Pachygrapsus gracilis Decapoda a By T 9,13
Palacmon longirostris Decapoda i a (H) non-native, WT 100
Pirimela dentivulate Decapoda a (H) non-native, TR 24
Portunus pelagicus Decapoda 1 B (H native 109
Partunus cf. sanguinolentys Decapoda i 0 native 109
Petromyzon marinus Decapoda a 5 non-native, TR 12
Allosmerus cf. elongatus Agnatha a S non-native, WI-TR 126
Ammodytes fobianus Pisces 1 . B S native 79
é?guilla anguilla Pisces a s non-native, CT-WT 25
upen Harengu Pisces native
Gasterosteus ﬁlasdmtus Pisces 2 5 native 48 ;g
Osmerus eperlanus Pisces a g native 28,4879
Pomatoschistus minutus Pisces e native 48,79
Sprattus sprattus Pisces a B3 native 1
; i a B S i 48,79,106
yngnathus rostellatys Pisces a B S native 48,79
Pisces native .
. a B nati 4879
ve 28,79
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APPENDIX 1B

References used to classify species as native, non-
native or established (see Appendix 1A).

1 Abbott R T (1974) American Seashells. Van Nostrand Reinhold
Company, New York, 663 pp
2 Allan ] (1962) Australian Shells. Georgian House, Melbourne,
487 p
3 Allen% E (1953) Distribution of marine invertebrates by ships.
Aust | Mar Freshwat Res 4: 307-316
4 Anders H, Méller H (1983) Seasonal fluctuations in macro-
benthic fauna of the Fucus belt in Kiel Fjord (Western Baltic
Sea). Helgol Wiss Meeresunters 36: 277~283
5 Anger K (1978) Development of a subtidal epifaunal
community at the island of Helgoland, Helgol Wiss Meer-
esunters 31: 457—-470
6 Arndt W (1931) Die Tierwelt des Nordostseekanals und ihr
Lebensraum. Naturforscher 8: 113118
7 Banta W C (1969) Watersipora arcuats, a new species in the
Subovoidea-cucullata-nigra complex (Bryozoa: Cheilosto-
mata). Bull § Calif Acad Sci 68: 96—102
8 Barnard ] L (1958) Amphipod crustaceans as fouling
organisms in Los Angeles - Long Beach Harbours, with
reference to the influence of seawater turbidity. Calif Fish Game
64: 161170
9 Barnard J L, Karaman G 5 (1991) The family and genera of
marine Gammaridean Amphipoda (except marine Gammar-
oids). In: Lowry ] K, Gates ] E (eds) Records of the Australian
Museum. Volume 13, Parts 1 & 2, Globe Press, Melbourne, pp
866
10 Bradford ] M (1976) Partial revision of the Acartin Subgenus
Acartiura (Copepoda: Calanoida: Acartiidae). NZ | Mar
Freshwater Res 10: 159-202
11 Buchholz H, Schiitz L (1953) Zur Kenntnis der im Litoral der
Kieler Pérde vorkommenden Seepocken (Cirripedia Thor-
acica). Kieler Meeresforsch 9: 285287
12 Campbell G R, Fielder D R (1986) Size at sexual maturity and
occurrence of ovigerous females in three species of
commercially exploited portunid crabs in SE Queensland.
Proc R Soc Queensl 97: 79-87
13 Carlton J T (1979) History, biogeographie and ecology of the
introduced marine and estuarine invertebrates of the Pacific
coast of North America. PhD Thesis, University California,
Davis, 904 pp
14 Caspers H (1939) Die Bodenfauna der helgolinder Tiefen
Rinne, Helgol Wiss Meeresunters 2: 1-112
15 Caspers H (1950) Die Lebensgemeinschaft der Helgolinder
Austernbank. Helgol Wiss Meeresunters 3: 119-169
16 Caspers H (1952) Der tierische Bewuchs an Helgolinder
Seetonmnen. Helgol Wiss Meeresunters 4: 138—160
17 Cederwall H, Elmgren R (1980) Biomass increase of benthic
macrofauna demonstrates eutrophication of the Baltic Sea.
Ophelia 1: 287-304
18 Chew K K (1979) The pacific Oyster (Crassostrea gigas) in the
west coast of the United States. In: Mann R (ed) Exotic Species
in Mariculture. MIT Press, Cambridge, pp 54-82
19 Christeffersen M L (1980) Is Alpheus heterochaelis Say
(Crustacea, Decapoda, Alpheidae) found along the Brazilian
coasts? Rev Nordestina Biol 3: 236—237
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Campanulariidae recorded from the eastern North Atlantic
with a world synopsis of genera. Bull Br Mus (Nat Hist) Zool
42:1-285
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organisms along the coast of the English Channel, ] Mar Biol
Assoc LIK 37: 157-208
22 Dadon J R (1984) Distribution and abundance of Pteropoda
Thecostomata in the Southwestern Atlantic. Physis (B Aires)
42: 25-38
23 Dahms H-U (1985) Zur Harpacticidenfauna der Jade (innerer
Teil) im Tidebereich. Drosera 11: 65-76
24 Domingues Rodrigues M, Brossi Garcia A L (1989) New
records of Pachygrapsus gracilis (Saussure, 1858) (Crustacea,
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Paylo 41: 63-66

25 Eschmeyer W N, Herald E S, Hammann H (1983) A field
guide to Pacific coast fishes of North America from the Gulf of
Alaska to Baja California, The Peterson Field Guide Series.
Houghton Mifftin, Boston, 336 pp

26 Farran G P (1929) Crustacea. Part X.-Copepoda. Brit Antarctic
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27 Faubel A, Gollasch S (1996) Cryptostylochus hullensis n. sp.
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Meeresunters 50: 533~537

28 Fiedler M (1991) Die Bedeutung von Makrozoobenthos und
Zooplankton in der Unterelbe als Fischnahrung. Ber Inst
Meeresk Kiel 204: 1-226

29 Fleminger A, Hillsemann K (1973) Relationship of Indian
Ocean epiplanktonic Calanoids to the world oceans. In:
Zeitzschel B (ed) Ecological Studies. Analysis and Synthesis.
Volume 3, Springer-Verlag, Berlin, pp 339-348

30 Foster B A (1982) Shallow water barnacles from Hong Kong.
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33 Friichl F (1923) Cladocera und Copepoda der Aru-
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