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All over the world, marine and estuarine systems are being increasingly subjected to human- 
mediated invasion of non-indigenous species. This is resulting in greater uniformity of biologi­
cal communities on a global scale. A number of these alien species have become numerically 
dominant in invaded communities and have caused damage to environmental and commercial 
interests. Currently there is no way to predict exactly how an alien species w ill behave in a new 
habitat. In addition, we have observed the first signs of a much larger climate-induced change in 
the communities of the North Sea, which might significantly alter marine biodiversity in the future

C olon iza tion  o f new habitats by foreign species 
has always been part o f natural evolu tionary 
processes. O n ly  some o f the species now liv ing  
in northern Europe were able to survive under the 
cond itions o f the last g lacia l period. Therefore, the 
present com m unities consist in large part o f spe­
cies that have been in troduced, or have migrated 
in from  other regions.

In addition to natural spreading mechanisms (such 
as m igration and larval drift) there are various 
anthropogenic vectors w h ich  enable species to 
cross d is tribu tion  barriers. Apart from  species 
im ports for econom ic use or scientific experi­
ments, the prim ary ways in w h ich  alien animal 
and plant species have been in troduced to new 
areas are shipp ing and the construction o f canals.

Damage by alien species to econom ic interests is 
occurring  repeatedly. Ecological damage has to 
be assumed, because being m ostly h igh ly com ­
petitive opportunists, alien species can threaten 
specia lized native species. Their geographical 
spread also leads to a greater un ifo rm ity  o f b io ­
logica l com m unities, because com m unities wh ich 
were once separated become merged, causing a 
loss o f b iod iversity at another level.

Against the background o f global w arm ing it 
cannot to be ruled out that as far as marine exot­
ics are concerned, conditions in the North Sea are 
con tinua lly  im proving. A long our coasts there are 
already alien species liv ing  in low  abundances, 
'w a itin g ' for more favourable conditions under 
w h ich  they can increase dram atically.

Species number and the species spectrum
Since the beginning o f taxonom ic studies in the 
19th century, pa rticu la rly  on plankton in the North 
Sea, alm ost every water sample has contained 
organisms w h ich  cou ld  not easily be identified at 
the species level. However, not all o f them tru ly 
represent species that are new to the area. Some 
w ill certa in ly have been overlooked previously 
through ignorance, especially those small species

that are hard to iden tify  even w ith  a microsope, 
and representatives o f taxonom ic groups that 
are not yet w e ll known. In the German Bight, 
along w ith  the W adden Sea and several estuar­
ies, a total o f 41 in troduced aquatic species have 
established perm anent populations. This means 
that o f an inventory o f an estimated 2000 known 
species, currently  2%  are o f a lloch thonous origin , 
i.e. have com e from  outside the region. In other 
European coastal waters, e.g. o ff Great Britain and 
Scandinavia, approxim ately the same num ber o f 
alien species, form ing a s im ila rly  high percentage 
o f the total stock, has recently been recorded.

Introduced species are d istribu ted among most 
taxonom ic groups, although so far no new verte­
brates have been able to establish a permanent 
popu lation on the German North Sea coast. The 
main group consists o f m acroinvertebrates such 
as molluscs (e.g. the Pacific oyster, Crassostrea 
gigas; Figure 1(a)), crustaceans (e.g. the Chinese 
m itten crab, Eriocheir sinensis; Figure 1(c)) and 
polychaetes (e.g. the tubeworm  Ficopomatus 
enigm aticus ; Figure 1 (b)J -  a total o f 27 alien spe­
cies altogether -  fo llow ed  by phytoplankton w ith  
seven species, and macrophytes (e.g. the com m on 
cord-grass, Spartina anglica ; Figure 2) w ith  six 
species. Am ong the Zooplankton, on ly  one alien 
species has so far been recorded.

It is strik ing that the m ajority  o f alien species are 
fou ling  organisms (i.e. macroalgae, hydrozoans 
and barnacles, w h ich  as adults live fixed on the 
surface o f hard substrates) or are m ob ile  epifauna 
(e.g. am phipods and crabs); on the other hand, 
genuine bottom  infauna are strongly under­
represented, w ith  on ly  five a lien species (of w h ich  
one is the invasive Am erican jack-kn ife  clam  
Ensis americanus). The reason fo r this contrast 
lies in the transportation vectors involved: almost 
all alien anim al species have in the ir life -cycle  a 
p lankton ic  larval phase w h ich  can be transported 
in ballast water. However, as adult organisms, 
infaunal species are m ostly transported in the
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sedim ent at the bottom  o f a ballast water tank, so 
the chance o f one o f these reaching a new area 
is probably sm aller than it w ou ld  be for fo u l­
ing or free-m oving species, transported on hulls 
or in m aricu lture products. A dd itiona lly , it has 
to be taken in to account that the recent w o rld ­
w ide  ban on the an tifou lan t b ioc ide  tribu ty l tin, 
TBT (and other organo-tin compounds) on ships' 
hulls cou ld  result in more bio-invasions through 
shipping, if a lternative an tifou ling  paints lack the 
effectiveness o f organo-tin antifoulants.

A t present, there are several species o f m acrozoo- 
benth ic species for w h ich  it is not clear if they can 
actually  be classified as established alien species 
along the German North Sea coast. O ne example 
is the blue crab, Callinectes sapidus, a species 
first found in 1964 in the Elbe estuary, fo r w h ich 
no new records o f liv ing  ind iv iduals have to date 
been published.

Estuaries as habitats for alien species
Calculations o f the num ber o f ind iv iduals enter­
ing ports on the German North Sea coast via 
discharge o f ballast water from  overseas indicate 
that 2.7 m illio n  organisms are released there 
every day. In relation to this enormous quantity, 
the current num ber o f 41 established alien species 
has to be regarded as extrem ely low. O ne can 
conclude that as a rule the m ajority  o f potential 
new arrivals are e lim inated im m ediate ly because 
they are not adaptated to the local b io tic  and/ 
or ab io tic  environm enta l conditions. German 
coastal waters are characterized by fishing 
activities, hydrau lic engineering, po llu tion  and, 
o f course, by tida l dynamics w ith  all its conse­
quences (e.g. developm ent o f tida l flats and o f a 
transition zone between m arine and freshwater

conditions). As one single factor can determ ine 
the d istribu tion  o f a species, generalists are like ly  
to have the best chance o f settling here.

Consequently, among the aliens established in 
German waters, opportun istic species and strong 
com petitors predom inate. It is remarkable that 
most o f those introduced species that have estab­
lished perm anent populations have done so in the 
estuaries o f the German North Sea (19 species in 
total). This can be expla ined by the fact that the

Figure 1 Examples o f alien fauna now established in 
the German Bight.
(a)(i) The Pacific oyster, Crassostrea gigas, first 
imported into Europe for commercial production in 
1964 (also seen here are limpets and barnacles); 
as a result o f reproducing successfully over the last 
two decades, under increasingly warm conditions,
C. gigas is now found throughout the Wadden Sea 
and on rocky shores. In some areas there are now  
reefs bu ilt up o f successive generations, (¡i) Close- 
up o f an individual specimen o f C. gigas, ~12cm  
across; some may attain widths o f ~30cm .

(b) A colony o f the tubeworm  Ficopomatus enig­
maticus, a native o f the Indian Ocean brought into 
the North Sea on ships' hulls in 1975; this warm­
water species builds massive calcareous reef-like 
aggregates, which can affect the form and stability o f 
(say) harbour structures.

(c) The Chinese mitten crab, Eriocheir sinensis 
(width o f carapace ~5cm ). E. sinensis was acciden­
tally introduced into Germany in ballast water in the 
early 1900s, then proliferated and spread to many 
northern European rivers and estuaries where it has 
affected local fisheries and undermined banks. Popu­
lations have increased so much that the crabs have 
been re-imported to Asia for human consumption.

The majority of 
alien species are 
macro-invertebrates 
such as molluscs, 
polychaetes and 
crustaceans

(a)(ii)
(c)
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Figure 2 The common cord-grass, Spartina anglica, 
(the larger p lant in the photograph) was introduced  
into the Wadden Sea to promote sediment accretion, 
and is a fertile hybrid o f the European S. maritima 
and the North American S. alternifolia. Recently, this 
alien species has been spreading naturally, perhaps 
because o f higher spring temperatures, and grows 
as a pioneer plant in the intertidal zone, where it 
displaces the native glass-wort, Salicornia stricta (in 
the foreground).

salt-tolerant freshwater species (seven in total) 
o rig ina lly  reached the coast via estuaries. Also, 
the area is characterized by intense inter­
continental shipp ing and is open to a higher 
potentia l in fection rate, pa rticu la rly  given that 
ballast water often has an estuarine character and 
thus transports p rim arily  nearshore organisms.
In addition, about ha lf o f the in troduced m acro­
invertebrates in these estuaries are genuine 
brackish-water species, w h ich  are characterized 
by a high tolerance fo r changing environm ental 
conditions and therefore have a better chance of 
being transported alive than tru ly  marine species.

However, there is one characteristic o f estuaries 
that does not apply to the open North Sea and the 
W adden Sea, and is o f considerable im portance 
-  the natural m in im um  in indigenous species in 
brackish water (Figure 3(a)). This phenom enon, 
first described in 1934 by the famous German 
marine b io log ist A do lf Remane on the basis of

Figure 3 (a) Schematic diagram to show the varia­
tion o f numbers o f species o f macrozoobenthos with 
salinity in estuaries, as described by Remane. The 
fewest species are found where salinities are 5-18  
p.s.u. (b) Species number and salinity preference o f 
indigenous and alien species in the River Elbe, from  
its source to the North Sea (cf. inset map).
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m acrozoobenthic investigations in the Baltic Sea, 
can also be found in the m acroinvertebrate fauna 
o f the River Elbe. As described by Remane, the 
greatest 'species poorness' o f indigenous an i­
mals occurs here where salin ities are 5 -1 8  p.s.u. 
(upper histograms in Figure 3(b)). By contrast, 
this area is characterized by the highest number 
o f alien  m acrozoobenthos species found in 
German waters (14 species) (low er histograms in 
Figure 3(b)). Both downstream  in fu lly  marine 
waters, and upstream, the ir num ber is s ign ifi­
cantly lower. A  recent analysis for Dutch estuar­
ies has also shown an increasing occurrence o f 
a lien m acroinvertebrates in the low  to moderate 
sa lin ity zone (0 .5 -18  p.s.u.). The sim ple conc lu ­
sion to  be drawn from  all this in form ation is that 
the 'poo rer' a com m un ity  is, or the more vacant 
ecologica l niches there are, the more alien spe­
cies can po ten tia lly  establish themselves. In other 
words, there is space available for im m igrants as 
long as they can tolerate brackish, changeable 
estuarine conditions, w h ich  are unfavourable for 
most species.

In the Baltic Sea, the w orld 's largest brackish- 
water sea area, on ly  very few  prim ary in troduc­
tions o f a lien species are known. This is due to the 
fact that in the Baltic there are on ly  m inor aqua­
cu ltu re  activ ities and little  in tercontinental ship 
traffic . However, the Baltic is subject to second­
ary in troductions from  both the North Sea area 
and adjacent in land waters, and it is assumed 
that, in a ll, some 60 alien species have been able 
to establish and m aintain self-sustaining popu la­
tions w ith in  the various sub-regions o f the Baltic 
Sea, whereas on the German Baltic coast on ly  20 
alien species are known.

Warm-water species
W ith in  the last few  years another ab io tic  factor 
has increasingly moved to the centre o f interest: 
temperature. In contrast to aspects o f the terres­
tria l fauna and flora, w h ich  are generally used 
in Germ any as b io ind icators for clim ate change, 
all links between 'g loba l change' and changes in 
com m unities o f coastal areas have been purely 
hypothetical, because the reasons fo r non-ind ig- 
enous species becom ing established, or for the 
disappearance o f native species, are not straight­
forward.

The ecologica l niche fo r a species is determ ined 
by many factors. Besides chem ical factors such 
as variations in nutrien t supply or concentrations 
o f trace substances, there are numerous physical 
factors, w h ich  are related to c lim a tic  conditions. 
G lobal variations in the water cycle, w ith  impacts 
on water tem perature or salinity, or changes in 
w in d  ve loc ity  or d irection , may all in fluence the 
dispersal o f organisms. However, because o f the 
d irect dependence o f m arine organisms on water 
temperature, global w arm ing is one o f the most 
critica l factors for c lim ate-induced changes in 
species com position.

It is possible to detect that over the last 20 years 
there has been an increase in the rate at w h ich  , 
in troduced species, once on ly  native to warm er 
habitats, are becom ing established along the 
German North Sea coast (Figure 4). The most

numerous in troductions are phytoplankton spe­
cies from  the Pacific, among w h ich  are several 
tox ic  forms (e.g. the Japanese flagellate Fibrocapsa 
japon ica , a fish -k illing  species, transported in 
ballast-water tanks and un in tentiona lly  released 
by discharges in to the North Sea). Since the 
1970s, Dutch and German oyster farmers have 
begun to cultivate the Pacific oyster (Crassostrea 
gigas, Figure 1 (a)) in coastal waters o f the North 
Sea. It was assumed that there w ou ld  be no prob­
lem w ith  the in troduction  o f the Pacific oyster as 
seed stock because these oysters, native to Japan, 
w ou ld  not be able to reproduce at the la titude o f 
the Netherlands and Germany. However, mas­
sive spawnings from  culture plots have occurred, 
especially during the last tw o decades o f warm 
summers. Spat settle on any hard substrate in the 
W adden Sea, but pre ferentia lly  upon w ild  banks 
o f the Blue mussel (M ytilus edulis), w h ich  are cur­
rently being transformed in to oyster reefs.

In addition, indications are grow ing that more 
and more warm -water species are m igrating 
naturally as a result o f being carried in currents 
from  southern European A tlan tic  coasts in to the 
German Bight, where they become established. 
This trend o f northward expansion has been 
observed for phytoplankton, je lly fish , crustaceans 
and, especially, fish. A dd itiona lly , during the last 
decade, increased recru itm ent o f fish taxa liv ing  
at the edge o f the ir normal geographic d is tribu ­
tion  in the North Sea, such as Anchovy (Engraulis 
encrasicolus), Red m u lle t (M ullus surmuletus) and 
John Dory (Zeus faber), has been observed.

Consequently, to some extent it is already pos­
sible to observe m ajor eco logica l changes in the 
fauna and flora, w h ich  experts on global change 
predicted w ou ld  occur in the next 5 0 -10 0  years.
It is presumed that global w arm ing w ill play an 
im portant role throughout all troph ic  levels, w ith  
a cascading set o f effects, at least in the N o rth ­
ern Hemisphere, w ith  the continued occurrence 
o f m ild  w inters and hot summers. And it seems 
h igh ly probable that changing clim ate w ill cause 
a new wave o f aliens to establish, even in the 
absence o f other human interference.

Figure 4 The increase in observations o f newly in tro­
duced species on the German North Sea coast since 
~1800, with special reference to warm-water species.
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Ecological consequences
The com plete coastal ecosystem consists o f both 
the biota and the ir environm ent. Each ind iv idual 
in a popu lation interacts w ith  other members o f 
that popu lation, w ith  other species, and w ith  the 
environm ent. In princ ip le , a lien species are con­
sidered as one o f the main causes o f b iod iversity 
loss w orldw ide . W hen a foreign species reaches 
a new ecosystem, d ifferent eco logica l reaction 
mechanisms are possible:

•  The new species cannot establish itself.

•  The new species establishes itself and coexists 
w ith  the native species w ith ou t sign ificant inter­
action.

•  The new species establishes itself and alters 
relationships between species liv ing  in a particu­
lar area, establishing a new dynam ic o f com pe­
titio n  and predation, and/or d isplacing native 
species directly, or ind irec tly  by acting as a vector 
fo r parasites or diseases.

In the literature, spectacular cases o f alien species 
invasions in aquatic and terrestrial systems are 
described from  many parts o f the w orld . Up to 
now, however, no really prob lem atic alien spe­
cies has been found in German waters. Even if 
d isplacem ent o f native species by aliens is some­
times assumed, so far on ly  decreased abundances 
have been docum ented, w ith  no actual extinc­
tions o f native species.

Because o f the ir self-contained nature, the 
ecosystems o f geographica lly isolated environ­
ments such as islands and lakes are extrem ely 
vulnerable to damage caused by introduced 
species. In German coastal waters, the situation 
is different. Here, the species com positions of 
the native aquatic com m unities are subjected to 
continuous natural interference from  species from 
adjacent m arine ecosystems, and fluctuate w ith  
the seasons, the tida l cycle, the drainage regime 
and other environm enta l factors. As a result, the 
nature o f such com m unities is d is tinc tly  dynamic, 
and the establishment o f alien species usually has 
no s ignificant in fluence on the stab ility  o f existing 
ecologica l systems in German waters; non-ind ig- 
enous species are often sim ply integrated in to the 
com m unity. It seems that most aquatic systems 
should, to some extent, be capable o f either 
absorbing or resisting invaders. However, kno w l­
edge o f other coastal regions (e.g. around the 
Black Sea, San Francisco Bay) shows that it is hard 
to foresee w hat the consequences o f the in troduc­
tion  o f new species m ight be for an ecosystem.

Outlook
Further c lim ate change w ill in fluence the geo­
graphical d is tribu tion  o f many species and w ill 
lead to s ignificant changes in marine com m un i­
ties. H igher water temperatures w ill also favour 
the survival capab ility  o f a lien species from  
subtropical regions. Several species already in tro ­
duced in to the English Channel w ill also expand 
the ir d istribu tion  range northwards as tem pera­
tures rise. Potential candidates m ight include 
the M an ila  clam , Tapes ph ipp inarium , and the 
tubeworm  Hydroides ezoensis. W hether all new ­
comers w ill serve m erely as a 'd isturbance signal' 
in our coastal waters, like the species in troduced 
so far, cannot be predicted w ith  any certainty. An 
environm ental m on ito ring  program me specifica lly  
to docum ent in detail the effects o f a lien species 
on native com m unities should be designed and 
put in to action as soon as possible.
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