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Abstract

Over the past 100 years 16 non-indigenous phytoplankton species of the taxonomic groups
Bacillariophyceae, Dinophyceae and Raphidophyceae have established persistent populations in
the North Sea (excl. English Channel). A 17th non-indigenous species from the group
Cyanophyceae was found in a brackish water basin on the North Sea coast. These species have
either immigrated naturally, being transported by currents or were introduced by the activities of
birds, in ballast water or in products of aquaculture. Thirteen of these new species have colonised
the German Bight permanently (reflecting an increase in phytoplankton species numbers of about
1 %). The majority of these species are known mainly to frequent warmer waters.

Kurzfassung

Nicht-heimische Phytoplanktonarten in der Nordsee: Vermutete Herlunft und wahrscheinlicher
Transportvektor

Wihrend der letzten 100 Jahre konnten in der Nordsee (exklusive Armelkanal) 16 nicht-heimische
Phytoplanktonarten aus den taxonomischen Gruppen der Bacillariophyceae, Dinophyceae und
Raphidophyceae dauerhafte Populationen etablieren. Eine 17, nicht-heimische Art aus der
taxonomischen Gruppe der Cyanophyceae wurde in einem Brackwasserbecken an der Nordseekiiste
gefunden. Diese Arten sind entweder durch natiirlichen Transport mit Meeresstrémungen
eingewandert oder wurden durch Transport mit Vdgeln, in Ballastwasser oder in
Aquakulturprodukte eingeschlepppt. 13 dieser neuen Arten haben sich in der Deutschen Bucht
dauerhaft angesiedelt (dies entspricht einer Zunahme in der Artenanzahl des Phytoplanktons
von ca. 19). Fiir die meisten dieser Arten ist bekannt, dafl sie vorzugsweise in wirmeren Gewissern
vorkommen.

Introduction

A marine community is composed of indigenous species (endemic or native, whose length
of existence in the community is generally unknown) and relatively recent invaders, spe-
cies which did not formerly exist in the region (although, in rare instances, the species
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may have existed in the region during an earlier geological period). The invasion of ma-
rine and estuarine systems by non-indigenous species is now a widely recognised phe-
nomenon that continues to occur throughout the world at an increasing rate (e.g. Carlton
1989; Carlton and Geller 1993), but the ecological and evolutionary significance is poorly
understood. Bioinvasions occur through two processes, range expansions and introduc-
tions. Range expansions consist of dispersal by natural mechanisms (e.g. currents, birds),
whereas introductions consist of transportation, often across natural barriers by human
activity (e.g. ballast water).

In some cases, these non-indigenous species have become numerically dominant in in-
vaded communities and have significantly altered community function. However, in com-
parison to an extensive literature documenting the history and impact of invasions in
freshwater and terrestrial habitats, relatively little information is available on marine inva-
sions, especially for the phytoplankton of the North Sea. Finally, when species are identi-
fied as non-indigenous, information about their time of arrival, source, rate of spread,
current distribution and effects on resident communities often remains poorly documented.

Over the past 100 years, a multitude of planktonic algae has emerged, that have not been
priviously observed in the North Sea, although few of them are genuinely new immi-
grants to these waters. The scope of this contribution is an intensive analysis of all avail-
able information about the establishment of non-indigenous phytoplankton species in
the North Sea, their supposed region of origin and their possible transport vector. A
review of this kind is necessary as a basis for discussions about the global spreading hy-
pothesis (see Wyatt 1995) and can possibly help to clarify changes in plankton biocoeno-
sis in relation to observed trends like eutrophication or climate change.

Discussion

The first major inventories of North Sea phytoplankton were established about 100 years
ago (e.g: Cleve 1887, 1900; Gran 1908; Paulsen 1908). Many more inventories followed
and several monitoting programmes were set up (along the German North Sea coast since
1966, Drebes and Elbrichter 1976) so that today the North Sea can be considered to be
one of the best-studied regions of the world for plankton.

During this time, a multitude of phytoplankton species, that had not previously been
observed in the North Sea, has emerged. It is not always easy to say whether a “new”
species has been overlooked in previous studies or whether it is a real newcomer. Today
the scientific community is better informed and more aware of the signs and symptoms of
plankton blooms. There has been an increased interest in plankton monitoring and more
scientists are looking for “new” species.

Non-indigenous phytoplankton species: newcomer or overlooked?

Whether morphologically conspicuous species have previously existed in the area can, in
most cases, be deduced in the literature or by consulting experts. In the case of incon-
spicuous species like Chrysochromulina, Pirsonia, Pseudo-nitsschiaor Scrippsiellait is quite
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possible that most of them have gone previously unnoticed (e.g. Nehring 1994a; Hasle ez
al. 1996; Kithn et al. 1996; Vrieling et 2. 1996). More light can be shed on this by re-
examining historic sample collections which, however, may sometimes give unsatisfac-
tory results. Old plankton records do not document the existence of certain species, col-
lection (mesh size) and preservation techniques (strong fixatives) were often inadequate
and the resulting species identification should be considered inconclusive.

Another problem arises from the difficulty there is in identifying a non-abundant newcomer
species in large numbers of samples. The need for species-specific “probes” is clear — probes
which can be used to label only those cells which are of interest so they can be detected visually,
electronically; or chemically (Anderson 1995). Many different approaches have been devel-
oped (e.g antibody probes, nucleic acid probes), but little effort has been put into studying
non-toxic algal species until recently. The application of such modern techniques will help to
reveal the cryptic presence of previously unrecognised invaders. It has a great potential for
altering phytoplankron research but there is a great deal of work to be done to cover all scien-
tific areas and to expand the availability of probes for all species of interest.

The possibility of analyzing pre-historic phytoplankton communities in inshore areas by the
analysis of resistant resting forms in dated sediment depth cores has been little utilized.
Since resting forms, like the cysts of dinoflagellates, can be fossilized, it becomes possible to
track the development of dinoflagellate populations in response to factors such as climate
change or anthropogenic impact. Thus, not only recent changes can be studied, but also
those taking place over decades or even several thousands of years (Dale ez /. 1993).

An important question in the identification of a newcomer species is whether it has really
established a persistent population. The North Sea system is greatly influenced by varia-
tions in the North Atlantic current system and several species e.g. the Atlantic Dinophysis
odiosa have occasionally been introduced by water currents (Elbrichter 1995). Relatively
low water temperatures in winter, the absence of certain trace element, ezc. prevent the
development of permanent populations of such species. For other species (e.g. Corymbellus
aureus, Gieskes and Kraay 1986; Gomyaulax polyedra, Phaeopolykrikos hartmannii, and
Protoperidinium compressum, Nehring 1996, 1997; Pleurosigma simonsenii [syn. Pleurosigma
planctonicum), Eno et al, 1997; Thalassiosira tealata[? syn. Thalassiosira curviseriata), Drebes
pers. comm.), it is not yet clear what is their current status as immigrants in the North Sea
area (excl. English Channel).

The following is a compilation of all the phytoplankton species which can, in the light of
current knowledge, be considered genuine, established immigrants into the North Sea (incl.
brackish water basins, excl. English Channel) having entered over the past 100 years.

Recent phytoplankton introductions into the North Sea

Altogether 16 newcomer species from the taxonomic groups Bacillariophyceae,
Dinophyceae and Raphidophyceae have been identified which now constitute an integral
part of the pelagic system in the North Sea (excl. English Channel). A 17th non-indig-
enous toxic species of Cyanophyceae has also been introduced into a brackish water basin
on the North Sea coast (Figure 1).
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Cyanophyceae

Nodularia spumigena Mertens

In August 1990, a bloom of the toxic N. spumigena occurred in a brackish public bathing
lake in the city of Wilhelmshaven on the German North Sea coast, causing the death of
two dogs (Nehring 1993). Water quality in the lake had been monitored for several years
by a town authority. Each year there was a characteristic low N/P ratio which favoured the
development of cyanobacteria blooms (¢f Smith 1983). In Europe, the main distribution
area of V. spumigena is the Baltic Sea. This species can develop spore-like dormant forms
(akinetes), which retain their ability to germinate for many years, even under unfavour-
able environmental conditions (e.g. desiccation). Thus, it is very likely that Nodularia
akinetes were transported from the Baltic Sea by birds (attached to feet or feathers or by
internal transport in the digestive system, ¢f e.g. Atkinson 1972, 1980) directly into the
lake and may have triggered the algal bloom (Nehring 1993).

Bacillariophyceae

Corethron criophilum Castracane

This thin-walled, palely pigmented and thus easily overlooked species was identified in
1990 in the German Wadden Sea (Drebes 1991). The oceanic C. crigphilum is an indica-
tor species typical of Atlantic water and has occurred at irregular intervals for many years
in the English Channel and in the central and northern North Sea. It is likely that mild
winters have now enabled this species to colonise the North Sea (Drebes 1991).

Coscinodiscus wailesii Gran and Angst

In 1977, C. wailesit, which had only previously been known in the Pacific and West
Atlantic, was first observed in Europe in the English Channel. It was associated with an
intensive production of mucus which clogged trawls and sometime caused damage to
gear (Boalch and Harbour 1977). In the spring of 1984, mucus secreted by C. wailesiz
sunk the fixed nets of fishermen in the German Bight (Hagmeier 1992).This species,
which is now present in North Sea plankton throughout the year (Hesse ez 4/, 1996; Rick
and Diirselen 1995), was probably introduced to northern Europe from the Indo-Pacific

when French oyster farms began to cultivate the infection-resistant Crassostrea gigas (Rincé
and Paulmier 1986).

Odontella (Biddulphia) sinensis Grunow

In November 1903, the diatom O. sinensis, which had only previously been found in the
Indo-Pacific and the China Sea, was discovered initially in the German Bight and then in
the Skagerrak and the Kattegat (Ostenfeld 1908). In 1905 the species was found in Dutch
waters (van Breemen 1906). It was assumed by Ostenfeld (1908) that O. sinensis was
probably introduced into the North Sea with ballast water from the Indo-Pacific or neigh-
bouring areas. Within a few years the species had spread over the entire North Sea.
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Rhizosolenia indica H. Peragallo

This warm water species has occurred only very rarely during the last decades in the
German Bight (Drebes 1974; Drebes and Elbrichter 1976). Since the end of 1989, R
indica has been found relatively frequently in the Dutch Wadden Sea. It is assumed that
this species might be an addition to North Sea plankton, caused by the higher winter
temperatures of recent years (Cadée and Hegemann 1991).

Stephanopyxis palmeriana Grunow

This species, which is indigenous to all oceans, prefers warmer waters, but the limits of its
distribution are not sufficiently known because it is often mistaken for S. surris (Drebes
1991). In Europe, S. palmeriana is mainly found in the Mediterranean Sea, but when
certain sea current patterns prevail, it may sporadically drift through the Strait of Gibral-
tar towards the British Isles (through the English Channel or around Scotland) and into
* the North Sea. Since 1990 this species has been found regularly in the German Wadden

Sea (Drebes 1991). It is likely that mild winters have now enabled this species to colonise
the North Sea (Drebes 1991).

Thalassiosira hendeyi Hasle and Fryxell

This diatom is considered a warm-water species and is well known in the coastal waters of
the South Atlantic (Hasle and Fryxell 1977). In Europe, T. bendeyi was first recorded in
1978 near the mouth of the Dutch River Schelde (Rick 1990). It has been found rela-
tively frequently in the plankton of the German Wadden Sea since 1995 (U. Tillmann
pers. comm.). T, hendeyi possibly drifts with Atlantic water through the English Channel
or around the British Isles via the Shetland Orkney Channel into the North Sea.

Thalassiosira punctigera Hasle

In 1978, T punctigera was found for the first time in European waters in the English
Channel (Kat 1982) and in 1979 its presence in the Skagerrak was proven (Hasle 1983).
In 1981, it was found spreading along the Dutch coast into the German Bight (Kat
1982). Up until the 1980s, T" punctigera was only occasionally found in the eastern
North Atlantic (Hasle 1983) whereas, it was frequent in the northern Pacific (Makarova
1970). Therefore it is assumed that this species was introduced from the Indo-Pacific
along with breeding oysters in a similar manner to Coscinodiscus wailesii (see above).

Dinophyceae

Alexandrivm minutum Halim

This toxic, warm-water species has its main dispersal area in the coastal waters of the
Mediterranean Sea, Taiwan, New Zealand and Australia (e. ¢ Hallegraeff ez 4. 1988). In
northern Europe, persistent blooms of 4. minutum have occurred since 1985 along the
north-western coast of Brittany, especially in small bays or shallow estuaries, causing
severe losses to aquaculture (Nezan and Ledoux 1989). In 1987, a toxic bloom of this
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kind occurred in the Irish coastal waters (Gross 1989). The first occurrence of A, minutum
cells in Dutch waters in 1992 (TRIPOS 1993) was probably a result of transport by
water currents through the English Channel into the southern North Sea. So far, no
observations have been reported from the southern North Sea, especially from the Ger-
man Bight, but 4. minutum was found on the coast of Norway, and there is a report
of living resting cysts from the western Baltic Sea (Nehring 1994b). An exact deline-
ation of its north European dispersal area cannot yet be made as the identification of
the tiny inconspicuous A. minutum is made even more difficult by the fact that the
first apical plate of the vegetative cells may vary in appearance. Moreover, the species
A. ibericum is considered to be a synonym for A. minutum, as is A. lusitanicum (Franco

et al. 1995).

Gymmodinium catenatum Graham

Live resting cysts of this potentially toxic species were observed for the first time in north-
ern Europe in 1987 in the Kattegat (Ellegaard ez 2/ 1993). In the German Bight, live cysts
have been found since 1992 (Nehring 1995). In the Dutch Wadden Sea live cysts as well
as vegetative cells were observed in 1991 (Peperzak er af. 1996). There is evidence that the
occurrence of this thermophilic species is connected with transport by ocean currents
from southern European waters (Nehring 1995). At present the taxonomic status of the
northern G. catenatum is under discussion because the vegetative cells and also the cysts
show small morphological variations from those found in northern Spain. To solve this
problem, genetic analysis of G. catenatum from different parts of the world is being car-
ried out, but at present no results are available. However, it is a fact that before 1983 the
distinctive vegetative cells and living cysts of the northern G. catenatum had never been

reported in any of the numerous plankton and cyst investigations in North Europe (see
Nehring 1995).

Gymnodinium chlorophorum Elbrichter and Schnepf

In August 1990, this species caused an unusual green-coloured bloom in the German
Bight (Anonymous 1991; Nehring ez 2/. 1995). The same species (described as Gyrodinium
sp. 1982) developed a bloom in summer 1989 near the mouth of the River Loire (France),
with more than 60 million cells per litre (Sournia et 2 1992). Cells probably drifted
along the French Adantic coast, through the English Channel and into the German Bight,
where they may have initiated the above-mentioned bloom in 1990.

Gyrodinium aureolum Hulburt

The species Gyrodinium aureolum from the western North Atlantic, which was described
by Hulburt (1957), was first recorded in 1966 by Braarud and Heimdal (1970) on the
SW coast of Norway. Here it caused the decay of bottom dwelling animals and a major
fish kill. Its initial appearance in Europe may have been due to ballast water. Several other
toxic outbreaks followed (e.g. 1968 off the Danish coast and 1976 off the Norwegian
coast, Hansen and Sarma 1969; Tangen 1977). In 1968 a bloom of G. aureolum (de-
scribed as Gymnodiniumsp.) occurred in the German Bight near Helgoland, but no toxic
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effects were observed (Hickel ez al. 1971). G. aureolum has also been observed in high
numbers in the English Channel, especially where fronts occur (Boalch 1987). More
recently, the taxonomic affinity between the European G. aurcolum and the North Ameri-
can specimen has been questioned (Partensky ez al. 1991). It seems that the European
specimens show a stronger similarity to Gymnodinium mikimotoi (synonym G.
nagasakiense), a toxic bloom-forming species from the Pacific (e.g. Takayama and Adachi
1984), than to the original description of G. aureolum by Hulburt (Steidinger and Tangen
1996). Also immunochemical studies have shown that the European G. aureolum and G.
mikimotoi cannot be distinguished from each other (Vrieling ez al. 1995a). However, the
real taxonomic status of the European G. aureolum remains unclear. Immunochemical
results given by Blasco ez al. (1996) suggest that the American G. aureolum and the Euro-
pean one, might simply be different morphotypes of the same species. More work needs
to be done on studying the genetic fingerprinting of isolates of the G. aureolum complex
from different parts of the world.

Prorocentrum redfieldii Bursa

Since 1961 there have been reports of this distinctive dinoflagellate from the Dutch Wadden
Sea, where it has developed blooms of up to 1.4 million cells per litre (Kat 1979). Since
1992 this species has frequently been found in the German Wadden Sea (Elbrichter 1994).
P redfieldii is often referred to in the literature by its synonym P triestinum and is consid-
ered to be a neritic brackish-water species (Bursa 1959). Since it is pandemic, nothing can
be said about the possible pathway into northern Europe.

Raphidophyceae

Chattonella antiqua Ono; Chattonella marina Hara and Chibara

These two Chattonella species, which are also able to form cysts during their life cycle, are
known for the toxic blooms they have produced in Japanese waters (Fukuyo ez 2/, 1990).
In Europe, they have only been found in the Dutch Wadden Sea, where they have
been regularly recorded since 1991 (TRIPOS 1993). In 1993 and 1994, minor blooms
(10° cells per litre) of C. marina developed here, but without toxic effects (TRIPOS
1994; Vrieling et al. 1995b). Future studies aim to show which pathway these species
took and whether they will spread further in the North Sea. Possibly, as in the case of
dinoflagellates, surveying sediments for the presence of cysts could be helpful.

Fibrocapsa japonica Toriumi and Takano

This cyst-forming species, which is common all over the world in warmer waters, first
appeared in northern Europe in the Dutch Wadden Sea in 1991 (Vrieling er 2. 1995b).
Toxin analysis of the Dutch strain showed that & japonica produced a neurotoxin which
was toxic to fish (Khan er 2/ 1996). Since 1992, it has also been found in the German
Wadden Sea (Elbrachter 1994). E japonicawas also observed some years ago on the French
coast (Billard 1992 cited in Vrieling ez 2. 1995b). This species can only be identified
reliably from living organisms, so the exact time of its first occurrence in northern Europe
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cannot be determined precisely. In the Wadden Sea areas of the North Sea, where living
samples have been analysed under monitoring programmes since 1966, this species seems
to have only established populations in the past few years. Again for F japonica, cysts
might help to clarify which pathway this species took.

Heterosigma akashiwo Hada

This toxic, cyst-forming species was first found in the Dutch Wadden Sea in 1992 (TRIPOS
1993). In 1994, H. akashiwo developed minor blooms here with more than 10° cells per
litre, but withour toxic effects (Rademaker ez .. 1995). In the German Wadden Sea, H.
akashiwo was found relatively frequently during 1993 (Elbréchter 1994). It has also re-
cently been observed in Danish waters. In the literature H. akashiwo is often referred to as
its synonym H. carterae. This species attracted attention mainly by its toxic blooms in
waters around Japan and New Zealand (Fukuyo ez 4. 1990), although a bloom was also
observed in summer 1988 near the Faeroe Islands (Morris 1989). However, the limits of
its distribution are as yet uncertain, as it is frequently confused with Olisthodiscus luteus.
Due to this taxonomic uncertainty, the reports of “O. fuzeus” in 1964 in the Oslo Fjord by
Braarud (1969 cited in Lassus 1988) and at a later date on the Belgian North Sea coast
(Reid et 4. 1990) are not definite. As H. akashiwo decomposes relatively quickly in fixed
samples, it is not possible to prove the exact time of its first occurrence in northern Eu-
rope. The situation is different for the Wadden Sea areas of the North Sea, where living
samples have been analysed in monitoring programmes prior to 1992. This species seems
to have established itself in the southern North Sea only in the past few years. Cyst distri-
bution may help to clarify this question.

Conclusion

Planktonic organisms by nature drift passively with the water masses. They can be trans-
ported over long distances, as has long been recognised (Fraser 1962; Russell 1935). Other
pathways for migration into new areas are transport e.g. by birds, in the ballast water of
ships or as a result of aquaculture. In the North Sea, the successful colonization of plank-
tonic organisms introduced by each of these immigration pathways could be proven (Fig-
ure 1). However, considering the water volumes moved over the decades and the diversity
of algae contained therein the infection rate is relatively low (for the German Bight re-
flecting an overall increase in phytoplankton species of about 1 %).

The factors which enable alien species to establish populations cannot be easily identified.
The number of influential factors is high and the significance of single parameters varies
from one species to another. Besides chemical factors e.g. changes in nutrient or trace-
substance input, there are numerous physical factors which may be closely related to
climate. The direct dependence of marine organisms on water temperature seems to make
global warming the decisive parameter for climate-induced changes in species composi-
tion, especially in the North Sea (Nehring 1998). This assumption is based on the ob-
served recent establishment of warm water species (e.g. Alexandrium minutum, Rbizosolenia
indica, Stephanopyxis palmeriana), which could not have previously sutvived.

Arch. Fish. Mar. Res, 46(3), 1998 189



S. Nehring

How far the establishment of new phytoplankton species influences the nutrient cycles in
the North Sea ecosystem can only be answered in some isolated details. These include e.g.
the repression of indigenous species, the negative and also the positive effects on grazing
organisms, damage to marine fauna and shellfish poisoning by toxin release, or the aes-
thetic problems of water quality (e.g. Rick and Diirselen 1995; Hesse ez al. 1996).
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