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Abstract

M ore th an  140 aquatic  a lien  species (A A S) have been  rep o rted  from  coastlines o f  the N orth  Sea and th e  B altic  Sea and from  
in land  w aters w ith in  the  national borders o f  G erm any. The m ajo rity  o f  these species has es tab lished  se lf-susta in ing  populations. 
The m ost im portan t vectors o f  in troduc tion  are sh ipping, species im ports fo r  aquacu ltu re  purposes and species im ports as part o f  
th e  ornam ental trade . Several AAS have reached  G erm an w aters v ia  sh ipp ing  canals. M any species show  a  locally  lim ited  
d istribu tion , bu t a lm ost h a lf  o f  all AAS have spread  successfu lly  across la rger areas. Several in troduced  species are abundan t and 
app rox im ately  20 %  o f  all AAS in  G erm any can be considered  as invasive. Prim e source reg ions are th e  n o rth -w estern  A tlantic, 
th e  Indo-P acific , and the  P onto-C asp ian  region. F or a ll source reg ions considered , the  invasion  rate  has been  increasing  since the 
end o f  the  las t century.

K e y  w o rd s : G erm any, N orth  Sea, B altic  Sea, in land w aters, aquatic  species in troduc tions, sh ipp ing , aquacu ltu re, population  
sta tus, invasive

Introduction

Invasive alien species may threaten native 
species, alter habitats, and even affect ecosystem 
function (e.g. Eno et al. 1997, Nehring and 
Leuchs 1999, W olff 2005), and thus represent a 
significant risk to the receiving environments. 
Following direct habitat destruction, invasive 
alien species are considered as the second most 
important cause of global biodiversity change 
(CBD 2000).

One of the first summaries of aquatic invaders 
in German coastal waters was prepared by 
Gollasch (1996). In 1997 Eno et al. published a 
summary of coastal aquatic alien species in the 
United Kingdom. Nehring and Leuchs (1999), 
Nehring (2000a), and Tittizer et al. (2000) 
published overviews on “neozoans” of the

German macroinvertebrate fauna. In 1999, Reise 
et al. published a summary of invasive species in 
the North Sea and several regional updates were 
published thereafter: e.g. Weidema (2000) for 
Nordic countries, Nehring (2005) and AeT 
umweltplanung (2006) for Germany, Jensen and 
Knudsen (2005) for Denmark and W olff (2005) 
for The Netherlands. In 2006 Gollasch published 
an overview on introduced aquatic species 
known from European coasts. Here we update 
the earlier summaries of alien species in German 
inland and coastal waters. Another data set of 
aquatic invaders, which contains more 
comprehensive information for each species 
listed, is prepared by the authors for the 
currently ongoing EU-Programme Delivering 
Alien Invasive Species Inventories for Europe 
(DAISIE, see http://www.daisie.se for details).
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Aquatic alien species (AAS) in Germany

A total of 141 non-native taxa were reported 
from the waters considered in this overview, i.e. 
the coasts of the North Sea and the Baltic Sea 
and the inland waters within the national borders 
of Germany (Annex). The vast majority of these 
species were introduced by ship traffic and, 
intentionally, by stocking or for aquaculture. 
Species which reached the region on their own 
i.e. via drift with currents, swimming, or other 
ways of natural range expansion, were excluded 
from this overview. Most AAS have been 
reported from inland waters, followed by the 
coastal waters of the North Sea and the Baltic 
Sea.

More than two thirds of the known introduced 
species have established self-sustaining 
populations (Table 1). Some species were only 
recorded over a certain time period (e.g. the 
Hydrozoa Bougainvillia macloviana Lesson, 
1830 the Anthozoa Haliplanella luciae (Verrili, 
1898) and the Bivalvia Crassostrea virginica 
(Gmelin, 1791) and have since become extinct 
(Annex).

T able 1. N um ber o f  aquatic  a lien  species (A A S) know n 
from  G erm an w aters. The num ber o f  AAS w h ich  are 
considered  as estab lished  is lis ted  separa te ly

R egion  A ll species E stab lished  species

B altic  Sea 34 28
N orth  Sea 62 49
In land  w aters 86 82

Intentional fish introductions were 
predominantly motivated by a perceived 
improvement to the inland fisheries. About 70 
“alien” fish species have been recorded in 
German waters (Geiter et al. 2002). A two 
century history of fish stocking and translocation 
makes it impossible to reconstruct the native 
range of most alien commercial fish species and 
their phylogeographic structure might also have 
been obscured. Consequently, some of these 70 
species are considered as cryptogenic (see 
below). At present, ten fish species have been 
recognized as aliens and are established in self- 
sustaining populations with locally restricted 
distribution.
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Figu re 1. N um ber o f  aquatic  species in troductions into 
G erm an w aters fo r 20 y ear in tervals betw een  1850 and 2006

The invasion rate has been increasing in all 
waters since the end of the last century, with the 
highest rate of increase found in inland waters 
(Figure 1). It is anticipated that more species 
were found in recent years as new findings are 
usually published with a time-lag. Many of the 
alien species are at least locally abundant (Table 
2) and nearly half of all AAS have spread 
successfully across a larger area. A few alien 
species have developed large populations and 
mass developments have been observed as, for 
example, for the Chinese mitten crab Eriocheir 
sinensis Milne-Edwards, 1854 in German inland 
waters (Figure 2).
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Major natural hydrographical and 
topograhical differences exit between the three 
aquatic ecosystems considered (i.e., inland 
waters, North Sea and Baltic Sea coasts). These 
differences are also reflected in a distinct 
occurrence of alien species.

Some species where only found in single or 
a few records, i.e. the decapod Callinectes 
sapidus Rathbun, 1896, the anthozoan Cereus 
pedunculatus (Pennant, l i l i ) ,  the hydroid 
Gonionemus vertens Agassiz, 1862, the 
horseshoe crab Limulus polyphemus Linnaeus, 
1758 and the fish Neogobius kessleri (Günther, 
1861) (Annex).

T able 2. Population  status o f  aquatic a lien  species know n 
from  G erm an w aters

Population
Status

B altic  Sea N orth  Sea Inland W aters

U nknow n 1 1
Extinct 1 4 1
Single 1 4
record(s)
Rare 6 16 33
Local 11 16 29
Com m on 1 5 10
A bundant 13 16 14
Total 33 62 86

The relationship between salinity and species 
diversity is well known. In contrast to freshwater 
and pure seawater, brackish waters are 
characterized by the lowest number of 
indigenous species (“Artenminimum” sensu 
Remane 1934) and seem to provide opportunities 
for alien species invasions. It has recently been 
shown for German waters that the brackish areas 
of estuaries have been invaded more frequently 
by alien macroinvertebrate species than rocky or 
sandy sea shores or inland waters (Nehring 
2006a). The author also stated that a low 
indigenous species richness in aquatic
communities facilitates invasions of ‘new’ 
species, but the frequency and intensity (or size) 
of the inoculation are critical components in 
determining colonization success. Brackish 
waters seem to have many open ecological 
niches and are often exposed to intensive 
international ship traffic. Thus, these habitats
have the highest potential for species
introductions. In addition, estuaries are subjected
to a two-sided invasion pressure by alien species 
via the ocean (e.g., due to shipping) and via 
inland waters (e.g., canal constructions).

Since the 1980s, polychaetes of the genus 
Marenzelleria  have appeared in the North Sea 
and Baltic Sea. The taxonomic identification of 
the species, which were introduced with ballast 
water discharge of ocean going ships, was rather 
difficult and led to confusions and 
misidentifications. Sikorski and Bick (2004) 
showed that at least two Marenzelleria  species 
occur in German waters: Marenzelleria neglecta 
Sikorski et Bick, 2004 and M. viridis (Verrili, 
1873) (former taxonomic determinations and 
synonyms for M. neglecta are: M. viridis, M. cf. 
viridis and M. Type II, and for M. viridis : M. 
wireni Augener, 1913, M. cf. wireni and M. Type 
I). After the first appearance of M. viridis in 
1979 in a Scottish estuary, the species arrived at 
the German North Sea coast in 1983 (Essink and 
Kleef 1986). First individuals of M. viridis were 
found in the German Baltic Sea by 2004 (Bastrop 
and Blank 2006). Since 1985 M. neglecta  occurs 
along the German Baltic Sea coast (Bick and 
Burckhardt 1989). In 1996 the polychaete was 
detected in the Kiel Canal (connecting the North 
Sea with the Baltic Sea) as well as in the Elbe 
estuary (North Sea) and by 1997 M. neglecta  had 
arrived in the Weser estuary (Nehring and 
Leuchs 2000). Both Marenzelleria  species spread 
rapidly and became the predominant polychaete 
worms in German coastal waters. In the estuaries 
of the German North Sea coast both 
Marenzelleria  species show distinct occurrences 
due to the salinity gradient (Nehring and Leuchs
2001). M. viridis prevails in the mesohaline 
zone, while M. neglecta  colonizes mainly the 
oligohaline zone. In the area between the two 
zones, both species occur sympatrically.

While many alien species seem to remain 
insignificant additions to the native biota of 
Germany, approximately 20 % of the introduced 
species show invasive behaviour (sensu CBD 
2000). The following provides a simple 
classification, modified after Jansson (1994) and 
Hopkins (2000), to document the different 
impacts of introduced alien species in the 
recipient ecosystem, viz:
■ Disruption of existing interactions between 

species or food web links (e.g., predators, 
prey, grazers, and competition) - e.g. 
Crassostrea gigas (Thunberg, 1793) 
(Bivalvia), Dikerogammarus villosus 
(Sovinsky, 1894) (Amphipoda), Dreissena 
polymorpha  (Pallas, 1771) (Bivalvia);

■ Hybridisation with native and other alien 
species, resulting in changes of biological and
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genetic diversity. Potential candidates in 
German waters: Acipenser spp. (Pisces),
Crassostrea gigas (Bivalvia), Lepomis spp. 
(Pisces), Spartina anglica Hubbard, 1968 
(Poacea);
Introduction of parasites and disease agents. 

The introduced species may function as a host 
for pathogens or parasites which affect 
indigenous species - e.g.. Anguillicola 
crassus (Kuwahara, Niimi et Hagaki, 1974) 
(Nematoda), Orconectes limosus 
(Rafinesque, 1817) (Decapoda);
Habitat modification - e.g.. Chelicorophium  

curvispinum (Sars, 1895) (Amphipoda), 
Crassostrea gigas (Bivalvia), Hypania 
invalida (Grube, 1860) (Polychaeta), 
Sargassum muticum (Yendo) Fensholt, 1955 
(Phaeophyceae);
Impact on species used in fisheries and 

aquaculture, resulting in decrease of output -
e.g. Anguillicola crassus (Nematoda), 
Eriocheir sinensis (Decapoda), Crassostrea 
gigas (Bivalvia);
Impact on resource users may result in 

harmful consequences on human health and 
well-being, recreation, and socio-economics -
e.g.. Crassostrea gigas (Bivalvia), Elodea 
canaden si s M icltw a, 1803 
(Hydrocharitaceae), Spartina anglica 
(Poacea).
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Figure 2. M ass upstream  m igra tion  o f  ju v en ile  C hinese 
m itten  crabs, E rio ch e ir  sinensis, in the E lbe R iver near 
H am burg in 1998. Photo S tephan G ollasch

Although we have some information about 
some of the direct impacts of AAS, the longer- 
term ecological consequences for native plant 
and animal communities and the scale on which 
biodiversity is modified by invasive species is 
still poorly understood. Analyses of the 
economic effects of AAS are also needed.

Figu re 3. In troduction  vecto rs o f  aquatic  a lien  species in 
G erm an w aters

The most important vectors for species 
introductions in the Baltic Sea and the North Sea 
are shipping and species imports for aquaculture. 
In inland waters most AAS invasions are 
attributed to canal constructions facilitating 
species migrations, to the release of species that 
have been imported with the ornamental trade, 
stocking and ship traffic (Figure 3).

Prime source regions for AAS that have 
invaded German waters are the Ponto-Caspian 
area, the north-western Atlantic and the Indo- 
Pacific for the Baltic Sea, the northern Pacific, 
the Indo-Pacific, the north-western Atlantic for 
the North Sea, and north America and the Ponto- 
Caspian area for inland waters (Figure 4).

Cryptogenic species

The native range of some of the species which 
have been considered as alien is controversial. 
These species are referred to as cryptogenic
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species, i.e., species that are neither native or 
introduced (Carlton 1996). Those species include 
the polychaetes Aphelochaeta marioni (Saint­
josephi, 1894), Microphthalmus similes 
Bobretzky, 1870, Nereis virens Sars, 1835, 
Polydora ligerica (Ferronière, 1898) and the 
Dinophyceae Prorocentrum redfieldii Bursa, 
1959 (Annex). As those species may be intro­
duced, they were included in the Annex for

F igu re 4. Source reg ions o f  aquatic  a lien  species in G erm an 
w aters

Another interesting case is a turbellarian 
sampled from a ship hull in a German port. After 
careful taxonomic consideration it was found 
that this species is new to science and it was 
described as Cryptostylochus hullensis Faubel et 
Gollasch, 1996 (Polycladida, Acotylea, 
Plathelminthes). Because this flatworm is only 
known from this single sample, the native range 
remains unclear (Faubel and Gollasch 1996). The 
species was never found again in German waters

and is therefore not included in the species list 
attached.

Species introductions and climate change

We excluded species that reached German waters 
from their known distribution range by natural 
means such as range expansion from e.g., the 
north-east Atlantic or the Mediterranean Sea. It 
has been hypothesized that temporary or 
permanent climate change facilitates natural 
range expansion (Nehring 1998a, Stachowicz et 
al. 2002). Franke et al. (1999) and Franke and 
Gutow (2004) reported several nonindigenous 
species from the North Sea near Helgoland 
which are known to occur west of the British 
Channel and/or in the Mediterranean Sea. 
Examples include the decapods Palaemon 
longirostris Milne Edwards, 1837, Portumnus 
latipes (Pennant, 1777), the Polychaeta 
Sabellaria alveolata (Linnaeus, 1767) and the 
Bacillariophyceae Thalassiosira hendeyi Hasle et 
Fryxell, 1977.

The cord-grass Spartina anglica, a fertile 
hybrid of the European species S. maritima 
(Curtis) Fernald, 1916 and the North-American 
species S. alterniflora Loiseleur-Deslongchamps, 
1807, was introduced into the Wadden Sea in the 
1920s to promote sediment accumulation. 
However, the intended stabilization of mudflats 
was not always achieved. Recently this alien 
species has spread naturally into the tidal zone, 
where it displaces the native glass-word 
Salicornia stricta Dumort, 1868 (Figure 5). This 
range extension may have been promoted by 
higher spring temperatures. S. anglica may 
further benefit from climate change and may 
become more abundant in the near future, 
resulting in unforseeable consequences for 
coastal protection (Nehring 2003, Nehring and 
Adsersen 2006).

Warm water effluents as hot spots o f  species 
invasions

Alien species, native to warmer climate regimes, 
may also have colonised the North Sea in 
localities with unusual high water temperatures, 
e.g. near cooling water outlets of power plants. 
One example is the Pacific polychaete 
Ficopomatus enigmaticus (Fauvel, 1923). This 
brackish water species was first recorded in the 
London Docks, United Kingdom in 1922 (Eno et 
al. 1997), in the port of Vlissingen, The 
Netherlands in 1967 near a power plant (Wolff 
2005) and also in the German Port of Emden in

reasons of comparison.
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close vicinity of a power plant (Kühl 1977a). 
Today, F. enigmaticus is widespread in coastal 
areas of all North Sea countries.

Another species which "benefited" from 
locally heated waters is the freshwater Asiatic 
clam Corbicula fluminea  (O.F. Müller. 1756) 
which was first found in Europe in 1989 near the

F ig u re  5. The cord-gras s S partina  ang lica  (in  the 
b ackground) d isp laces the  native  g lass-w ord  Salicorn ia  
s tr ic ta  (in  th e  fo reground), W adden Sea near E ider estuary  
in  2004. Photo S tefan  N ehring

F ig u re  6. M ass occurrence o f  the A sian  clam  C orbicula  
flu m in e a  in th e  R hine R iver n ear K oblenz in 2006. Photo 
S tefan  N ehring

port of Rotterdam, The Netherlands (Wolff 
2005). In 1990 it was collected from the German 
section of the Rhine River (Figure 6), in 1997 
from the Danube, and in 1998 from the Elbe 
(Tittizer et al. 2000). It has been suggested that 
the successful dispersal of the Asiatic clam in 
European waters is correlated with winter water 
temperature minima of 2 °C (Schöll 2000). In 
Germany, temperatures of inland waters 
frequently drop below 2 °C in winter and 
consequently C. fluminea  should have limited

opportunities for establishment. However, 
industrial and residential discharges of warm 
water into many German rivers have raised 
winter temperature almost permanently above 
2°C, thereby promoting the establishment of C. 
fluminea  in high abundances (Galil et al. 2007).

Species findings attributed to drift

Newly recorded species may also have reached 
German coastal regions by drift with exceptional 
water inflow due to rare hydrodynamic situations 
or storms. In some cases, such as for the 
Bacillariophyceae Corethron criophilum  
Castracane, 1886 and Rhizosolenia indica 
Peragallo, 1892, the Cirripedia Lepas anatifera 
Linnaeus, 1758 and Lepas fascicularis Ellis et 
Solander, 1786, the Decapoda Pachygrapsus 
marmoratus (Fabricius, 1787) and the clupeid 
fish Sardina pilchardus Walbaum, 1792 this has 
resulted in a temporary occurrence outside of 
their native range (Luther 1987, Nehring 1998b, 
Ehrich and Stransky 2001, G. Meurs 
(Nationalpark-Zentrum Multimar Wattforum, 
Tönning, Germany) pers. comm.). These species 
have not been included in the Annex.

In October 2006 the Ctenophore Mnemiopsis 
leidyi Agassiz, 1865 has been found for the first 
time along the German part of the Baltic Sea 
coast (U. Sommer and J. Javidpour (Leibniz- 
Institut für Meereswissenschaften, Kiel, 
Germany) pers. comm.). Recently it was also 
found in Dutch estuaries (Faasse and Bayha 
2006, this issue), in the Skagerrak and Kattegatt 
(Hansson 2006, this issue) and in southern 
Norway (A. Jelmert (Floedevigen Research 
Station, His, Norway) pers. comm.), but not yet 
along the German North Sea coast. This western 
Atlantic species was possibly transported into 
the Baltic by easterly directed water currents or 
introduced by human activities, however, its 
current alien status is unkown.

Canals as invasion corridors

The natural barriers between river and sea basins 
that have existed since the end of the Pleistocene 
have been largely eliminated by canals built 
during the last centuries. The occurrence of 26 
alien species in German waters can be attributed 
to canal construction. The following examples 
highlight the importance of shipping canals as 
invasion corridors.

The opening of the Bug-Prypjat Canal in 
1784, which connects the Dnieper-Pripyat
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system to the rivers Bug and Vistula, was of 
crucial importance for the early and frequent 
occurrence of Ponto-Caspian species in northern 
Europe (e.g., the invasive zebra mussel 
Dreissena polymorpha). After the opening of the 
Main-Danube Canal in Germany in 1992, which 
connects the Rhine River and the Danube River, 
this southern corridor is today the most 
important link between the Ponto-Caspian area 
and western Europe. Recently, several Ponto- 
Caspian species have been found in increasing 
abundances in the German rivers Main and Rhine 
(e.g. the isopod Jaera istri [Schleuter and 
Schleuter 1995]). In contrast Bernauer and 
Jansen (2006) reported that the polychaete 
Hypania invalida  decreased in numbers in the 
upper Rhine River between 2003 and 2004.

In 1995 the Ponto-Caspian amphipod 
Dikerogammarus villosus arrived in the Rhine 
basin via the Main-Danube-Canal (Tittizer et al. 
2000). Since then this new invader has dispersed 
over large distances in a short period of time and 
in 2000 the first organisms were observed in the 
German/Polish river Odra (Müller et al. 2001). 
This dynamic geographic expansion of D. 
villosus in Germany was facilitated by several 
man-made canals in northern Germany which 
created connections to all large river systems 
(Rhine, Weser, Elbe, Odra). Due to the rapidly 
increasing population density of this invasive 
amphipod it became a major component of the 
macrobenthic fauna in German freshwater 
systems, eliminating both native and other alien 
amphipod species (Tittizer et al. 2000, Haas et 
al. 2002, Nehring 2005).

More Ponto-Caspian species, mainly 
invertebrates and fishes, are expected to migrate 
into the North Sea basin via the Main-Danube- 
Canal. Especially those species which already 
occur in the upper and middle Danube will likely 
arrive in the North Sea basin soon.

The Chinese mitten crab (Eriocheir sinensis), 
introduced with ships and first recorded in the 
Aller River in 1912 (Schnakenbeck 1924, 
Marquard 1926), was reported from the North 
Sea coast in 1915 (Schnakenbeck 1924), and 
from the Baltic Sea in 1932 (Boettger 1933a, 
Peters 1933). E. sinensis was also found in the 
Kiel Canal in the 1920s (Neubaur 1926) and it is 
likely that the crab used the canal as the main 
invasion corridor to migrate from the North Sea 
into the Baltic Sea (Gollasch et al. 2006). Today 
the mitten crab can be found in the northern and 
easternmost parts of the Baltic (Ojaveer et al.

accepted). Using the same invasion corridor as 
E. sinensis, the north-American amphipod 
Gammarus tigrinus Sexton, 1939 may have 
reached the Baltic Sea from inland waters in the 
catchment of the North Sea, where it was 
intentionally introduced in 1957 (Schmitz 1960) 
and first recorded in Germany. G. tigrinus 
successfully spread and reached the North Sea 
coast by 1965 (Klein 1969) and the Baltic Sea in 
1975 (Bulnheim 1976, 1980, Wawrzyniak-
Wydrowska and Gruszka 2005).

An east-west (i.e., opposite to the more 
common direction of invasions) directed 
migration through the Kiel Canal may have 
occurred in the case of the decapod 
Rhithropanopeus harrisii (Gould, 1841). This 
crab was first recorded along the Baltic shores 
near Kiel and adjacent inland waters (Flemhuder 
Lake and Kiel Canal) in 1936 (Neubaur 1936), 
and it was subsequently recorded from the 
Wadden Sea (Cole 1982, Kühl 1977b, Adema 
1991, Nehring 2000b, Van der Velde et al. 
2000).

Invasion Myths

The following section focuses on the importance 
of ships as species invasion vectors. Fact is that 
shipping continues since centuries and that 
ballast water is in use for more than 100 years. 
Some issues, formerly entitled "Invasions 
Myths" (J.T. Carlton (Williams College, Mystic, 
USA) pers. comm.), may arise:

“A ll species, which could have been introduced, 
are here by now !”

This is not the case. The “window of 
introduction” theory explains that all factors 
need to be right to enable a successful species 
introduction. These factors include e.g. 
temperature, salinity, food availability, lack of 
predators and the number of specimens for a 
founder population. It is believed that a 
successful invasion only occurs when all factors 
involved form the right environment for the 
candidate invader. However, the factors listed 
are highly varying and one can easily think of 
thousands of theoretical combinations indicating 
how rarely optimum conditions may occur in the 
receiving environment. Further, ship 
improvements result in larger ballast water tanks, 
more frequent ship arrivals and shorter voyage 
durations thereby increasing the survival rate of
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species in transit. It should be noted that the 
zebra mussel was first recorded in the North 
American Great Lakes in the 1980s, but ships 
from its donor region arrived in the lakes since 
many decades before the species was introduced, 
i.e. it took quite some time and probably 
multiple discharge events until all factors 
triggering the invasion were right.

“Why do we need to go active right now? ”

The number of invaders was increasing towards 
the end of the last century. Several investigations 
have shown that since 1950s the number of new 
records of invaders have clearly increased 
(Figure 1). Further new free trade agreements 
and ship improvements (see above) may have 
increased the invasion rate even further, thereby 
indicating the need for immediate action with the 
aim to reduce the number of new alien species 
arrivals.

“Biological invasions are a natural phenomenon 
and happen anyway. The only thing we do is to 
speed up the process”

This is simply not true as there is no natural 
means to transport a species from e.g. North 
America to Australia. Biogeographical textbooks 
describe the Pacific Ocean as a migration barrier 
as the duration of the Zooplankton larval phase is 
too short to enable a distribution across the 
Pacific with natural means. Human mediated 
vectors, such as ballast water or hull fouling 
transports, are essential for a species to become 
dispersed across the Pacific. Also, freshwater 
species cannot reach new habitats separated by 
marine waters. However, ballast water releases 
from e.g. the freshwater port of St. Petersburg 
(Russia) in the port of Hamburg (Germany) may 
introduce species which could not reach the area 
by natural means due to the higher salinity in the 
western Baltic and North Sea.

“Humans should not interfere with species 
distributions”

Invasion biologists know that biological 
components and their interaction in an 
environment are not a stable process. It was also 
agreed that initiatives should not be undertaken 
to hinder natural migration activities of species. 
However, human mediated species introductions 
should be kept to a minimum as a precautionary 
approach. Case histories have shown severe,

unwanted impacts of invaders which were 
introduced unintentionally with e.g. ballast water 
or associated with aquaculture imports. Natural 
migrations and human mediated species 
introductions should clearly be treated 
separately.

“Only 10% o f  the invaders show a significant 
im pact”

This statement refers to the "10s-rule". The rule 
was originally postulated based on invasion 
histories in terrestrial habitats. The figure was 
revised frequently. No matter how detailed these 
revisions were it has to be noted that each 
invasion has its impact on the recipient region. 
In some cases the impact is quite clear, in other 
instances the impact is not as obvious. Further, 
in many cases an impact is only noted when the 
invader forms a mass development which may 
occur long time after the initial introduction. In 
invasion biology it is not the quantity which 
matters, but the quality, i.e. just one introduced 
species may severely impact the receiving 
environment.

“Phytoplankton species are not matter o f  
discussion as these species are distributed 
world-wide anyway”

It was documented that the number of 
phytoplankton blooms increased during the last 
two decades world-wide and it was suggested 
that this was supported not only by 
eutrophication but also by biological invasions. 
The recent occurrence of potentially toxin 
producing phytoplankton species in the North 
Sea is a good indication that we should be 
prepared for additional invaders of this kind.

“Keep the ballast water onboard as long as 
possible and the species will die over time ”

Although many species die during the first days 
in ballast tanks, scientific studies have shown 
that after more than 4 months living Zooplankton 
can be found in ballast tanks and under certain 
circumstances Zooplankton species even 
reproduce in ballast tanks (Gollasch et al. 
2000a,b, Gollasch et al. 2002). Further, some 
plankton species are enabled to form resting 
stages that survive unfavourable conditions for 
years or decades. Therefore, keeping ballast 
water onboard for longer periods of time is not a 
measure to significantly reduce the risk of 
species invasions.
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“The exchange o f  ballast water in high seas is 
an appropriate means to reduce the number o f  
invaders "

The exchange of ballast water in mid-ocean can 
reduce the abundance and diversity of taxa in 
ballast water. It is further unlikely that coastal 
organisms taken up in ports survive open ocean 
conditions where ballast water is exchanged -  
and plankton from high seas is unlikely to 
survive in coastal areas. In contrast to this 
assumption scientists showed that the exchange 
of ballast water could increase the species 
diversity in ballast tanks, especially in many 
domestic shipping routes, where no deep water 
exchange zones occur. Also the number of 
individuals in ballast tanks may increase when 
ballast water exchange is undertaken in zones 
with e.g. phytoplankton blooms. Ballast water 
exchange is therefore recommended as a very 
first management option, but effective treatment 
measures are urgently needed to avoid ballast 
water mediated species invasions in the future.

The future of alien species introductions into 
German waters and their potential impacts

The publication of recently introduced species in 
scientific journals is sometimes a time 
consuming process, and it is likely that by the 
time this checklist is published new alien species 
have already invaded German waters.

These may include the Rapana venosa 
(Valenciennes, 1846) (Gastropda), which was 
observed for the first time in the south-western 
North Sea in 2005 (Kerckhof et al. 2006), but 
outside German national waters. This species 
was already known from European waters and 
the new findings in the North Sea likely 
represent a secondary introduction. However, the 
occurrence of this species in various locations in 
Europe may also be a result of multiple 
introductions from its native range. Noting its 
potential to spread, it is anticipated that this 
species may be found in German waters soon.

In 1999 Reise et al. prepared an overview of 
introduced species in the North Sea and 
concluded that most alien species can be 
considered "additive" and that they do not cause 
major unwanted impacts. However, there is 
evidence to the contrary. For example, the 
introduced Pacific oyster Crassostrea gigas is 
spreading in the Wadden Sea (Reise et al. 2005) 
with competitive effects on the Mytilus edulis 
Linnaeus, 1758 mussel beds (Figure 7). The

recent spread of C. gigas is likely triggered by 
(a) recent warm summers which support its 
recruitment and by (b) the absence of cold 
winters which promote recruitment of AT. edulis. 
In northern Europe the Pacific oyster may 
benefit from global warming and may become 
more abundant than mussel beds have ever been 
(Diederich et al. 2005, Nehring 2006b).

Figu re 7. Increasing  abundance o f  the  Pacific  oyste r 
C rassostrea  g ig a s  on a  M ytilu s  edu lis  m ussel bed near List, 
Sylt Island  in 2005. Photo S tephan G ollasch

Because the impact of introduced species is 
potentially enormous, and very unpredictable, we 
should be aware of new species introductions. 
One known source of alien species is ship's 
ballast water which can contain millions of 
organisms and that is discharged in our coastal 
waters every day. Other vectors of introductions 
include species that are transported in the hull 
fouling of ships (Gollasch et al. 2000a, b, 
Nehring 2001, Gollasch 2002, Gollasch et al.
2002) and canal migrations. The latter have 
increased in magnitude and frequency over the 
past decade(s) (Harka and Biro 2004, Nehring 
2005, Galil et al. 2007).

Similar to a worldwide trend, the rate of 
invasion of AAS has also increased in German 
waters since the 1950s, and will probably 
continue to rise due to the effects of climate
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change and further improvements in ship design. 
It is hoped that measures, such as ballast water 
treatment to reduce the organism load or the 
installation of migration barriers such as 
deterrent electrical systems, salt or freshwater 
water locks, and air bubble curtains to reduce the 
uncontrolled range expansion of alien species via 
canals are taken soon to protect our waters from 
new species invasions and their potentially 
detrimental effects.
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Annex

A quatic a lien  species repo rted  from  coastal areas o f  the N orth  Sea and B altic Sea and from  in land  w aters w ith in  the  national borders 
o f  G erm any. Species w hich  arrived  by d rift or o ther m eans o f  na tu ra l range expansion  w ere no t considered . IAS = an invasive alien 
species w hich  th rea tens ecosystem s, hab itats or native species (sensu  CBD 2000)

Y ear o f  firs t record  and Im pact or
rec ip ien t region O rig in  /

V ector Pathw ay
poten tial

R eferencesSpecies
donor area im pact / 

invasiveness
Baltic

Sea
N orth

Sea
Inland
w aters

P H Y T O P L A N K T O N
D inopyhceae

Karenia (= Gymnodinium) 1966 P acific u n in ten tio n a l sh ips b loom  form ing H ick e l et al. 1971
mikimotoi (M iyake et
K om inam i ex O da) H ansen
e t M oestrup , 2000
Prorocentrum redfieldii <1999 un c lea r u n in ten tio n a l sh ips? b loom  form ing N ehring  1998b,
B ursa , 1959 E lb räch te r 1999
R aph idophyceae

Chattonella antiqua 1991 P acific? u n in ten tio n a l Ships p o te n tia lly  tox ic  E lb räch te r 1994,
(H ada) O no, 1980 V rie ling  et al.

1995, L u  and 
G öbel 2000

Chattonella marina 1991 P acific? u n in ten tio n a l Ships p o te n tia lly  tox ic  E lb räch te r 1994
(S ub rahm anyan ) H ara  et
C h ihara , 1982
Fibrocapsa japonica 1991 P acific? u n in ten tio n a l Ships tox ic  / IAS E lb räch te r 1994
T orium i e t T akano , 1973
B ac illa rio p h y ce ae

Coscinodiscus wailesii 1977 1977 In do -P acific u n in ten tio n a l aqu acu ltu re com petition , H asle  1990, L a ing
G ran e t A ngst, 1931 b loom  fo rm ing  /

IAS
1999, W iltsh ire  & 
D ü rse len  2004

Odontella sinensis 1904 1903 In do -P acific u n in ten tio n a l Ships c o m petition O sten fe ld  1908
(G rev ille )  G runow , 1884
Thalassiosira punctigera <1983 1978 In do -P acific u n in ten tio n a l aqu acu ltu re unknow n H asle  1983, 1990
(C as tra can e ) H asle , 1983
M A C R O P H Y T E S

P terid o p h y ta

A zo llaceae

A zoila filiculoides 1980s S A m erica in ten tio n a l o rnam en ta l unknow n H u ssn er 2005
L am arck , 1783 trade
S perm atophy ta

A p iaceae

Hydrocotyle ranunculoides 2004 N  A m erica in ten tio n a l o rnam en ta l com petition , H u ssn er 2005
L innaeus, 1781 trade h ab ita t

m o d ifica tio n /
IAS

C rassu laceae

Crassula helmsii 1980s A u stra lia in ten tio n a l o rnam en ta l com petition , K o w arik  2003,
(K irk ) C ockayne, 1907 trade h ab ita t

m o d ifica tio n  /
IAS

H u ssn er 2005

H y d ro ch aritaceae

Egeria densa P lanchón , 1980s S A m erica in ten tio n a l o rnam en ta l unknow n K o w arik  2003,
1849 trade H u ssn er 2005
Elodea canadensis 1859 N  A m erica in ten tio n a l o rnam en ta l com petition , A rnd t 1931,
M ichaux , 1 803 trade h ab ita t

m o d ifica tio n  /
IAS

K o w arik  2003, 
H u ssn er 2005, 
W allen tin u s  subm .

Elodea nuttallii 1953 N  A m erica in ten tio n a l o rnam en ta l com petition , K o w arik  2003,
(P lan ch ó n ) St. John , 1920 trade h ab ita t

m o d ifica tio n  / 
IAS

H u ssn er 2005,
W allen tin u s
subm itted
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Y ear o f  firs t record  and 
rec ip ien t region O rig in  /

V ector Pathw ay

Im pact or 
poten tial

R eferencesSpecies
Baltic

Sea
N orth

Sea
Inland
w aters

donor area im pact / 
invasiveness

Vallisneria spiralis 1966 N  A m erica in ten tio n a l o rnam en ta l unknow n K o w arik  2003,
L innaeus, 1753 trade H u ssn er 2005
L em naceae

Lemna minuta K unth , 1816 1983 N  A m erica in ten tio n a l o rnam en ta l
trade

unknow n K o w arik  2003

Lemna turionifera 1965 N  A m erica in ten tio n a l o rnam en ta l unknow n K o w arik  2003
L ando lt, 1975 trade
H alo ragaceae

Myriophyllum aquaticum 1980s S A m erica in ten tio n a l o rnam en ta l unknow n H u ssn er 2005
(V ello so ) V erdcou rt, 1973 trade
Myriophyllum 1962 N  A m erica in ten tio n a l o rnam en ta l unknow n K o w arik  2003
heterophyllum trade
M ichaux , 1 803
P oaceae

Spartina anglica 1927 W  A tlan tic in ten tio n a l p la n ting com petition , K o lum be 1931,
H ubbard , 1968 h ab ita t 

m od ifica tio n , 
h y b rid isa tio n ?  /
IAS

D ijkem a 1983,
W allen tin u s
subm itted

M acroalgae

P h aeophyceae

Ascophyllum nodosum 1990s un c lea r unknow n unknow n unknow n B artsc h  and
(L innaeus) L e Jo lis , 1863 K uh lenkam p  2000,

W allen tin u s
subm itted

Colpomenia peregrina 1905 P acific u n in ten tio n a l aqu acu ltu re unknow n F le tch er and
(S auvageau ) H am el, 1937 F a rre ll 1999
Fucus evanescens 1989 N  P ac ific u n in ten tio n a l sh ips com petition , W allen tin u s  1999,
A gardh , 1820 h ab ita t

m od ifica tio n ,
h y b rid iza tio n

H opk ins  2001

Sargassum muticum 1988 N  P ac ific u n in ten tio n a l aqu acu ltu re fou lin g , h ab ita t W allen tin u s  1992,
(Y endo ) F en sh o lt, 1955 m o d ifica tio n  /

IAS
B artsc h  and 
K uh lenkam p  2000, 
W allen tin u s  
subm itted

R h odophyceae

Bonnemaisonia hamifera <1959 N  P ac ific u n in ten tio n a l aqu acu ltu re c o m petition K y lin  1930,
H ario t, 1891 B artsc h  and 

K uh lenkam p  2000
Dasya baillouviana 2002 1960s W  A tlan tic u n in ten tio n a l aqu acu ltu re unknow n W a llen tin u s  pers.
(G m elin ) M on tagne , 1841 com m ., S chories 

and  Selig  2006
Gracilaria vermiculophylla 2005 2002 P acific u n in ten tio n a l aqu acu ltu re unknow n N ehls 2004,
(O hm i) P ap en fu ss , 1967 S chories and  Selig

2006
Polysiphonia harveyi 1960s N  P ac ific u n in ten tio n a l aqu acu ltu re unknow n W allen tin u s  1999,
B ailey , 1848 M aggs and 

S tegenga 1999
C h lo rophyceae

Codium fragile ssp. 1930s N  P ac ific u n in ten tio n a l aqu acu ltu re com petition , B a rtsc h  and
tomentosoides (van  G oor) fou ling , h ab ita t K uh lenkam p  2000,
S ilva , 1955 m o d ifica tio n W allen tin u s

sub m itted
Z O O P L A N K T O N

C tenopho ra

Mnemiopsis leidyi 2006 un c lea r unknow n unknow n unknow n Jav id p o u r and
A g assiz , 1865 S om m er pers. 

com m .
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Species

Y ear o f  firs t record  and 
rec ip ien t region O rig in  /

V ector Pathw ay

Im pact or 
poten tial

R eferences
Baltic

Sea
N orth

Sea
Inland
w aters

donor area im pact / 
invasiveness

C ru stacea

Acartia tonsa D ana, 1848 <1981 1931 P ac ific  I  W  
A tlan tic

u n in ten tio n a l sh ips c o m petition K lie  1933, A rnd t 
and  S chnese 1986

Ameira divagans 1970s W  A tlan tic u n in ten tio n a l sh ips unknow n S cheibel 1974
N ich o lls , 1939
Cercopagis pengoi 2004 P on to - u n in ten tio n a l canal com petition , G ruzka pers. com.
(O stroum ov , 1891) C asp ian p red a tio n m  W G IT M O  2005
M A C R O Z O O B E N T H O S

P o rife ra

Eunapius carteri 1993 A frica , A sia u n in ten tio n a l o rnam en ta l fo u ling G ugel 1995,
B ow erbank , 1863 trade N ehring  2002
H ydrozoa

Bimeria francisciana <1952 <1952 Ind o -P ac ific? u n in ten tio n a l sh ips com petition , S chü tz  1963a,b,
T orrey , 1902 h ab ita t

m o d ifica tio n ,
p red a tio n

C ohen  and  C arlton
1995

Bougainvillia macloviana 1895 A ntarc tic u n in ten tio n a l sh ips unknow n H artlau b  1897,
L esson , 1830 w ate rs B ro ch  1924
Cordylophora caspia 1870 1858 1899 P on to - u n in ten tio n a l canal com petition , K irch en p au er
(P a llas , 1771) C asp ian fou lin g ,

p red a tio n ,
h ab ita t
m o d ifica tio n

1862, H inkelm ann  
1899, S chu lze 
1981, G ruszka  
1999

Craspedacusta sowerbyi 1923 N W  P acific u n in ten tio n a l o rnam en ta l unknow n T ittize r 1996,
L an ces te r, 1880 trade T ittiz e r et al. 2000
Gonionemus vertens 1947 N  A m erica u n in ten tio n a l sh ips unknow n W erne r 1950,
A g assiz , 1862 T am bs-L yche  1964
Nemopsis bachei 1942 W  A tlan tic u n in ten tio n a l sh ips fou ling? H artlau b  1911,
A g assiz , 1849 K ühl 1962
A n thozoa

Cereus pedunculatus 1921 N E  A tlan tic u n in ten tio n a l sh ips unknow n M üllegger 1921,
(P ennan t, 1777) P ax  1936
Diadumene cincta 1928 P acific u n in ten tio n a l aqu acu ltu re com petition? P ax  1936, K lu ijv er
(S tephenson , 1925) 1991
Haliplanella luciae 1920 P acific u n in ten tio n a l sh ips fou ling? P ax  1920,
(= lineata) (V errili, 1898) G o lla sch  and 

R iem an n -Z ü rn eck
1996

B iv a lv ia

Congeria leucophaeta <1996 <1994 1928 N  A m erica u n in ten tio n a l sh ips com petition , B o e ttg e r 1933b,
(C onrad , 1831) fou ling P o st and 

L andm ann  1994, 
Ju ngb lu th  1996

Corbicula fluminalis 1984 E A sia u n in ten tio n a l sh ips co m p etitio n  / K in ze lb ach  1991,
(O .F . M ü lle r, 1774) IAS M eiste r 1997, 

N eh ring  2002
Corbicula fluminea 1987 A sia u n in ten tio n a l sh ips co m p etitio n  / K in ze lb ach  1991,
(O .F . M ülle r. 1756) IAS N ehring  2002
Crassostrea angulata 1911 un c lea r u n in ten tio n a l aqu acu ltu re unknow n M ey er-W aarden
(L am arck , 1819) 1964
Crassostrea gigas 1991 N W  P acific u n in ten tio n a l aqu acu ltu re com petition , U tting  and Spencer
(T hunbe rg , 1793) h ab ita t 

m od ifica tio n , 
h y b rid iza tio n  ?, 
p a ra s ite  ca rrie r  /
IAS

1992, R eise  
1998a,b

Crassostrea virginica <1887 1911 un c lea r u n in ten tio n a l aqu acu ltu re unknow n M öbius 1887,
(G m elin , 1791) R ady  1913
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Y ear o f  firs t record  and 
rec ip ien t region O rig in  /

V ector Pathw ay

Im pact or 
poten tial

R eferencesSpecies
Baltic

Sea
N orth

Sea
Inland
w aters

donor area im pact / 
invasiveness

Dreissena polymorpha 1828 1835 1824 P on to - u n in ten tio n a l canal com petition , D ah l 1891,
(P allas , 1771) C asp ian fou ling , h ab ita t 

m od ifica tio n ,
B en th e im -Ju tting  
1922, A rn d t 1931,

p a ra s ite  ca rrie r  / T h ienem ann  1950
IAS

Ensis americanus 1993 1979 N W  A tlan tic u n in ten tio n a l sh ips com petition , V on  C osel et al.
(B inney , 1870) h ab ita t

m o d ifica tio n  /
IAS

1982, E ss in k  1985, 
v a n  U rk  1987,
G ürs et al. 1993

Mya arenaria <1200 <1200 <1931 N W  A tlan tic u n in ten tio n a l sh ips com petitio n ? A rn d t 1931,
(L innaeus, 1758) P e te rse n  et al.

1992, R eise  
1998a& b, N ehring  
2000a

Petricola pholadiformis 1927 1896 N W  A tlan tic u n in ten tio n a l aqu acu ltu re com petition , S ch lesch  1932,
L am arck , 1818 h ab ita t

m o d ifica tio n
K u ck u ck  1957, 
K n udsen  1989, 
Jen sen  & K nudsen
2005

Teredo navalis <1993 <1808 Ind o -P ac ific? u n in ten tio n a l sh ips h ab ita t H ahn  1956, S chütz
L in n aeu s , 1758 m o d ifica tio n  /

IAS
1961, S ordy l et al. 
1998

Unio mancus <1922 S E u rope u n in ten tio n a l canal unknow n T ittize r et al. 2000
L am arck , 1819
G astropoda

Crepidula fornicata 1934 W  A tlan tic u n in ten tio n a l aqu acu ltu re com petition , H av in g a  1929,
(L innaeus, 1758) h ab ita t 

m o d ifica tio n , 
p a ra s ite  ca rrie r

A nk e l 1935, 
K u ck u ck  1957, 
M in ch in  et al 1995

Gyraulus parvus 1981 N  A m erica in ten tio n a l o rnam en ta l unknow n G eite r e t al. 2002
(S ay , 1817) trade
Lithoglyphus naticoides 1883 E E urope u n in ten tio n a l canal p a ra s ite  ca rrie r T h ienem ann  1950,
(P fe iffe r , 1828) Ju n g b lu th  1996, 

N eh ring  2002
Menetus dilatatus 1980 N  A m erica in ten tio n a l o rnam en ta l unknow n G eite r e t al. 2002
(G ou ld , 1841) trade
Physella acuta 1895 SW  E urope in ten tio n a l o rnam en ta l unknow n S ukopp & B rande
(D rap arn au d , 1805) trade 1984, Jungb lu th  

1996, N eh ring  
2002

Physella heterostropha <1927 N  A m erica in ten tio n a l o rnam en ta l unknow n Ju ngb lu th  1996,
(S ay , 1817) trade N ehring  2002
Planorbella duryi 1980s N  A m erica in ten tio n a l o rnam en ta l unknow n G eiter e t al. 2002
(W eatherby , 1879) trade
Potamopyrgus antipodarum 1908 1900 N ew  Z ea land u n in ten tio n a l sh ips com petition , T h ienem ann  1950,
(G ray , 1843) p a ra s ite  ca rrie r C ole 1982
P la ty h e lm in th es

Dendrocoelum romano­ 1992 P on to - u n in ten tio n a l canal unknow n T ittize r et al. 2000,
danubiale (C od reanu , 1949) C asp ian N ehring  2002
Dugesia tigrina 1931 N  A m erica u n in ten tio n a l o rnam en ta l unknow n H auer 1950,
(G irard , 1850) trade T ittize r 1996, 

N eh ring  2002
K am ptozoa

Urnatella gracilis 1960 N  A m erica u n in ten tio n a l sh ips unknow n F ran z  1992,
L e idy , 1 851 V ranovsky  and 

Sporka 1998, 
G eiter e t al. 2002
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O lig o ch ae ta

Branchiura sowerbyi 1959 W  P acific u n in ten tio n a l o rnam en ta l h ab ita t T ob ias 1972,
B edda rd , 1892 trade m o d ifica tio n T ittize r 1996, 

G ruszka  1999, 
N eh ring  2002

P o ly ch ae ta

Aphelochaeta marioni 1938 un c lea r unknow n unknow n unknow n C aspers 1950
(S a in t-Jo sep h , 1894)
Ficopomatus enigmaticus 1975 S P ac ific u n in ten tio n a l sh ips fo u ling K ühl 1977a, C ole
(F auvel, 1923) 1982, Z ib row ius  

1991
Hypania invalida 1995 P on to - u n in ten tio n a l canal h ab ita t K o the  1968,
(G rube, 1860) C asp ian m o d ifica tio n T ittize r 1996, 

N eh ring  2002
Marenzelleria neglecta 1985 1996 N W  A tlan tic u n in ten tio n a l sh ips com petition , B ic k  and
(= cf. viridis) S iko rsk i et h ab ita t B u rck h a rd t 1989,
B ick , 2004 m o d ifica tio n , 

p red a tio n  / IAS
B ic k  and Z e ttle r 
1997, B astro p  et 
al. 1997, S ikorsk i 
and  B ick  2004

Marenzelleria viridis 2004 1983 N W  A tlan tic u n in ten tio n a l sh ips com petition , E ss in k  and K lee f
(= cf. wireni) (V errili, h ab ita t 1986, B ick  and
1873) m o d ifica tio n , 

p red a tio n  / IAS
B u rck h a rd t 1989, 
B ic k  and Z e ttle r 
1997, S iko rsk i and 
B ic k  2004

Microphthalmus similis 1962 un c lea r unknow n unknow n unknow n H artm ann-
B obre tzk y , 1870 S ch röder and 

S tripp  1968
Nereis virens Sars, 1835 1920s 1923 un c lea r u n in ten tio n a l? ships? p red a tio n R eib isch  1926, 

H agm eie r and 
K an d ie r 1927, 
H artm ann- 
S ch röder 1996

Polydora ligerica <1932 un c lea r unknow n unknow n unknow n A ugener 1940,
(F erro n iè re , 1898) Jaeck e l 1962, 

H artm ann- 
S ch röder 1996

Tharyx killariensis 1972 un c lea r u n in ten tio n a l? aq uacu ltu re? unknow n H au ser 1973,
(S o u th ern , 1914) H artm ann-

S ch röder 1996
C ru stacea

Astacus leptodactylus 1910s P on to - in ten tio n a l stock ing unknow n G eiter e t al. 2002,
E sch sch o ltz , 1823 C asp ian S o u ty -G ro sse t et

al. 2006
Atyaephyra desmarestii 1932 M ed ite rran ea u n in ten tio n a l canal unknow n D e L a ttin  1967,
(M ille t, 1831) n T ittiz e r 1996, 

T ittiz e r et al. 2000, 
N eh ring  2002

Balanus improvisus 1867 1858 <1899 W  A tlan tic u n in ten tio n a l sh ips fou lin g , h ab ita t K irch en p au er
D arw in , 1854 m o d ifica tio n 1862, H oek  1875, 

D echow  1920, 
B ro ch  1924, B äthe 
1995

Callinectes sapidus 1964 N W  A tlan tic u n in ten tio n a l sh ips p red a tio n G rüner 1962, K ühl
R athbun , 1896 1965
Caprella mutica 2004 P acific u n in ten tio n a l sh ips c logg ing  o f S chrey  and
S churm , 1935 gear? B u sch b au m  2006
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Chelicorophium 1932 1920s 1912 P on to - u n in ten tio n a l canal com petition , W undsch  1912,
curvispinum C asp ian h ab ita t S ch lienz  1922,
(S ars , 1895) m o d ifica tio n  /

IAS
N euhaus 1933, 
T ittize r 1996, 
B ernauer et al.
1996, G ruszka  
1999, N eh ring  
2002

Chelicorophium robustum 2004 P on to - u n in ten tio n a l canal unknow n E gge rs  and
(S ars , 1895) C asp ian M artens 2004
Corophium sextonae 1997 S P ac ific u n in ten tio n a l sh ips c o m petition N ehring  and
C raw fo rd , 1937 L euchs 1999
Crangonyx pseudogracilis 1992 N  A m erica u n in ten tio n a l stock ing? unknow n B ern au er et al.
B o u sfie ld , 1958 1996
Dikerogammarus 1993 P on to - u n in ten tio n a l canal c o m petition T ittiz e r 1996,
haemobaphes C asp ian N ehring  2002,
(E ichw ald , 1841) W aw rzyn iak - 

W ydrow ska and 
G ruszka  2005

Dikerogammarus villosus 1995 P on to - u n in ten tio n a l canal com petition , T ittize r 1996,
(S ovm sky , 1894) C asp ian p red a tio n  / IAS N ehring  2002
Echinogammarus berilloni 1924 M ed ite rran ea u n in ten tio n a l canal unknow n T ittiz e r 1996,
(C atta , 1878) n N ehring  2002
Echinogammarus ischnus 1977 P on to - u n in ten tio n a l canal unknow n T ittize r 1996,
(S tebb ing , 1899) C asp ian T ittize r 1996, 

N eh ring  2002
Echinogammarus trichiatus 2000 P on to - u n in ten tio n a l canal unknow n P o d raza  et al.
(M artynov , 1932) C asp ian 2001, N eh ring  

2002
Elminius modestus 1953 S P ac ific u n in ten tio n a l sh ips com petition? , B ishop  1947, K ühl
D arw in , 1854 fou ling 1954
Eriocheir sinensis 1932 1915 1912 N W  P acific u n in ten tio n a l sh ips com petition , S chnakenbeck
M ilne -E dw ards, 1854 h ab ita t 

m o d ifica tio n , 
p a ra s ite  ca rrier, 
p red a tio n  / IAS

1924, M arquard  
1926, B oe ttger 
1933, P e te rs  1933, 
P e te rs  and  H oppe 
1938, P ann ing  
1938

Gammarus tigrinus 1975 1965 1957 N W  A tlan tic in ten tio n a l stock ing com petition , B o u sfie ld  1958,
Sex ton , 1939 p a ra s ite  ca rrier, 

p red a tio n
S ch m itz  1960, 
K lem  1969, 
B u ln h e im  1976, 
N eh ring  2002, 
W aw rzyn iak - 
W ydrow ska and 
G ruszka  2005

Hemimysis anomala 1997 P on to - u n in ten tio n a l canal com petition , F aasse  1998,
Sars, 1907 C asp ian p red a tio n K ete laa rs  e t al. 

1999, N eh ring  
2002

Jaera istri 1995 P on to - u n in ten tio n a l canal unknow n K othe  1968,
V ieu ille , 1979 C asp ian T ittiz e r 1996, 

N eh ring  2002
Limnomysis benedeni 1997 P on to - u n in ten tio n a l canal unknow n T ittize r et al 2000,
C ze rn iavsky , 1882 C asp ian N ehring  2002
Obesogammarus crassus 2004 P on to - u n in ten tio n a l canal unknow n E gge rs  and A n la u f
(S ars , 1894) C asp ian 2005
Obesogammarus obesus 2004 P on to - u n in ten tio n a l canal unknow n N ehring  2006c
(S ars , 1894) C asp ian
Orchestia cavimana 1920 P on to - u n in ten tio n a l sh ips unknow n S ch lien z  1922,
H eller, 1865 C asp ian T ittize r 1996
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Orconectes immunis 1997 N  A m erica in ten tio n a l o rnam en ta l p a ra s ite  ca rrier, G eiter 1998,
(H agen , 1870) trade h ab ita t

m o d ifica tio n  /
IAS

S ou ty -G ro sse t et
al. 2006

Orconectes limosus 1890 N E  A m erica in ten tio n a l stock ing p a ra s ite  ca rrier, S chellenberg  1928,
(R afinesque, 1817) com petition , 

p red a tio n  / IAS
B o ettg e r 1934, 
S ukopp and 
B rande 1984

Pacifastacus leniusculus 1980s N  A m erica in ten tio n a l stock ing p a ra s ite  ca rrier, H uber and
(D ana, 1852) com petition ,

p redation ,
h ab ita t
m o d ifica tio n  /
IAS

S chubart 2005, 
S ou ty -G ro sse t et 
al. 2006

Palaemon macrodactylus 2004 SE A sia u n in ten tio n a l sh ips unknow n G o nzá lez -O rtegón
R athbun , 1902 et al. 2006
Pontogammarus 1994 1994 P on to - u n in ten tio n a l canal com petition , R u do lph  1997,
robustoides C asp ian hyb rid iza tio n , N eh ring  2002,
(S ars, 1894) p red a tio n W aw rzyn iak - 

W ydrow ska and 
G ruszka  2005

Proasellus coxalis <1987 1930s M ed i­ u n in ten tio n a l canal unknow n G runer 1965, P ost

(D o llfu s , 1892) te rran ean and L andm ann  
1994, T ittize r 
1996, N eh ring  
2002

Proasellus meridianus 1930s W  E uropa u n in ten tio n a l canal unknow n T h ienem ann  1950,
(R acov itza , 1919) G runer 1965, 

T ittize r 1996, 
N eh ring  2002

Procambarus clarkii 1990s N  A m erica in ten tio n a l o rnam en ta l p a ra s ite  ca rrier, G eiter e t al. 2002,
(G irard , 1852) trade com petition ,

p redation ,
h ab ita t
m o d ifica tio n  /
IAS

S ou ty -G ro sse t et
al. 2006

Rhithropanopeus harrisii 1936 <1977 1936 N W  A tlan tic u n in ten tio n a l sh ips com petition , N eu b au r 1936,
(G ould , 1841) p red a tio n B u iten d ijk  and 

H o lth u is  1949, 
C h ris tian sen  1969, 
V an  der V elde  et 
al. 2000, K ühl 
1977b, C o le 1982, 
A dem a 1991, 
T ittiz e r 1996, 
N eh ring  2000b

C h elice ra ta

Caspihalacarus hyrcanus <2006 P on to - u n in ten tio n a l canal unknow n M artens  et al. 2006
V ietz , 1928 C asp ian
Limulus polyphemus 1866 N W  A tlan tic in ten tio n a l o rnam en ta l unknow n L loyd  1874,
L innaeus, 1758 trade H o lth u is  1950, 

W o lff  1977
B ryozoa

Pectinatella magnifica 1883 N  A m erica u n in ten tio n a l sh ips unknow n T ittiz e r et al. 2000,
(L e idy , 1851) N ehring  2002
Victorella pavida 1911 1951 Ind o -P ac ific? u n in ten tio n a l sh ips com petition , K raep lin  1 887, A x
S av ille  K ent, 1870 h ab ita t change 1952
A sc id iacea

Styela clava 1997 N  P ac ific u n in ten tio n a l sh ips com petition , M illa r  1960, R eise
H erdm ann , 1882 fou ling 1998a,b
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F ISH E S

Acipenser baerii 1980s 1980s R ussia in ten tio n a l stock ing h y b rid isa tio n S pra tte  and
B rand t, 1869 H artm an n  1997, 

G essne r et al. 1999
Acipenser gueldenstaedti < 1990s un c lea r in ten tio n a l stock ing h y b rid isa tio n G ers tm e ie r and
B ran d t et R a tzeb erg , 1833 R om ig  1998
Acipenser ruthenus <1992 un c lea r in ten tio n a l stock ing h y b rid isa tio n G ers tm e ie r and
L in n aeu s , 1758 R om ig  1998, 

G essne r et al. 1999
Acipenser transmontanus < 1990s N  A m erica in ten tio n a l stock ing h y b rid isa tio n W G IT M O  2006
R ich ard so n , 1836
Ameiurus 1990s N  A m erica in ten tio n a l stock ing com petition , W elcom m e 1988,
(= Ictalurus) melas p red a tio n S pratte  and
(R afin esq u e , 1820) H artm ann  1997
Ameiurus (= Ictalurus) 1885 N  A m erica in ten tio n a l stock ing c o m petition S pra tte  and
nebulosus (L esueu r, 1819) H artm ann  1997
Carassius auratus <1560 A sia in ten tio n a l stock ing h y b rid iza tio n A rn o ld  1990
(L innaeus, 1758)
Coregonus peled 1965 A sia in ten tio n a l stock ing h y b rid isa tio n , G eiter e t al. 2002
(G m elin , 1789) p red a tio n
Lepomis cyanellus 1965 N  A m erica in ten tio n a l stock ing h y b rid isa tio n A rn o ld  1990
R afinesque , 1819
Lepomis gibbosus 1880 N  A m erica in ten tio n a l stock ing com petition , W elcom m e 1988,
(L innaeus, 1758) p redation ,

h y b rid isa tio n
S pratte  and  
H artm ann  1997

Neogobius kessleri <2004 un c lea r unknon unknow n com petition , H arka  & B iro  2004
(G ün ther, 1861) p red a tio n
Neogobius melanostomus 1999 P on to - in ten tio n a l canal com petition , W in k le r at el.
(P allas , 1811) C asp ian h ab ita t

m od ifica tio n ,
p red a tio n

2000, S zan iaw ska 
and  D obrzycka- 
K rahel 2004

Oncorhynchus mykiss 1882 N  A m erica in ten tio n a l stock ing com petition , W elcom m e 1988,
(W albaum , 1792) h ab ita t 

m od ifica tio n , 
hyb rid iza tio n , 
p redation , 
p a ra s ite  ca rrie r

S pra tte  and  
H artm ann  1997, 
W in k le r a t el. 2000

Proterorhinus marmoratus 1999 P on to - in ten tio n a l canal unknow n S chad t 2000,
(P a llas , 1811) C asp ian H arka  and  B iro

2004
Pseudorasbora parva 1984 E A sia in ten tio n a l stock ing c o m petition S pra tte  and
(T em m inck  et S ch legel, H artm ann  1997
1846)
Salvelinus fontinalis 1890 N W  A tlan tic in ten tio n a l stock ing com petition , M uus and
(M ite h ill, 1814) hyb rid iza tio n ,

p red a tio n
D ah ls trö m  1968

Umbra krameri <1997 un c lea r in ten tio n a l o rnam en ta l unknow n S pratte  and
W albaum , 1792 trade H artm ann  1997
Umbra pygmaea 1924 1910s N  A m erica in ten tio n a l o rnam en ta l c o m petition D u n ck er 1939,
(D e K ay, 1842) trade S pratte  and  

H artm ann  1997
A M P H IB IA N

A nura

Rana catesbeiana 1990s N  A m erica in ten tio n a l o rnam en ta l p red a tio n  / IAS L äu fe r 2004
Shaw , 1802 trade
P A R A S IT E S

O om ycota

Aphanomyces astaci 1878 N  A m erica u n in ten tio n a l stock ing c ray fish D ehus 1990
S ch ikora , 1906 p a ra s ite  / IAS
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A can th o cep h a la

Paratenuisentis ambiguus ? ? 1987 N  A m erica u n in ten tio n a l stock ing ee l pa ras ite T a rasch ew sk i e t al.
(van  C leave, 1921) 1987
P la ty h e lm in th e s

Pseudodactylogyrus ? ? 1980s E A sia u n in ten tio n a l stock ing ee l pa ras ite B u chm ann  et al.
anguillae 1987, Sures and
(Y in  et Sproston , 1948) S tre it 2001
Pseudodactylogyrus bini ? ? 1980s E A sia u n in ten tio n a l stock ing ee l pa ras ite B u chm ann  et al.
(K ikuch i, 1929) 1987, Sures and 

S tre it 2001
N em atoda

Anguillicola crassus 1980s 1980s 1980s E A sia u n in ten tio n a l stock ing ee l p a ras ite  / T a rasch ew sk i e t al.
(K uw ahara , N iim i et IAS 1987, M in ch in  and
H agak i, 1974) R o sen th a l 2002
A n nelida

Barbronia weberi 1994 S A sia u n in ten tio n a l o rnam en ta l p red a tio n P o te l e t al. 1998
(B lan ch ard , 1 897) trade
Caspiobdella fadejewi 1990s P on to - u n in ten tio n a l canal fish  leech G eissen  and  Schöll
(E p sh te in , 1961) C asp ian 1998
Piscicola haranti 1990s P on to - u n in ten tio n a l canal fish  leech S ch im m er 1995,
Jarry , 1960 C asp ian T ittiz e r et al. 2000
Xironogiton victoriensis 2003 N  A m erica u n in ten tio n a l stock ing c ray fish M artens  et al. in
G elder et H all, 1990 p a ras ite p ress
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