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ABSTRACT: Flagellate species have been shown to survive t ransocean passage by ballast  water  
and  the large dinoflagellate Gymnodinium catenatum was introduced from Japanese  to Tasman- 
ian waters in this way. Gymnodinium mikimotoi - better  known as Gyrodinium aureolum - and Fi- 
brocapsa japonica as well as Alexandrium leeii are good candidates  to have been  introduced re- 
cently. Species which seem to have been  introduced recently into the North Sea but  apparent ly  are 
transported from adjacent  seas by currents into the region are Gymnodinium chlorophorum and 
Alexandrium rninutum. Species reported as introduced due to misidentifications are Gyrnnodinium 
catenatum and Lepidodinium viride. Under  other names the species Prorocentrum minimum, Pro- 
rocentrum redfieldii, and Pleterosigma akashiwo have been  known for a long time in the North 
Sea. The recent reports of three Chattonella species may be either due to introduction or they have 
been overlooked. The reasons why the introduction of flagellates into coastal North Sea waters is 
difficult to prove will be discussed. 

I N T R O D U C T I O N  

T h e  l o n g - c h a i n - f o r m i n g  d i n o f l a g e l l a t e  G y m n o d i n i u m  c a t e n a t u m  G r a h a m  w a s  in-  

t r o d u c e d  by  b a l l a s t  w a t e r  f rom J a p a n  to T a s m a n i a  a n d  a lso  in to  t h e  c o a s t a l  w a t e r s  off 

n o r t h  w e s t  S p a i n  (for r e v i e w  s e e  H a l l e g r a e f f  & F r a g a ,  1998). Recent ly ,  N e h r i n g  (1993, 

1994, 1995) h a v e  r e p o r t e d  t h a t  th i s  s p e c i e s  is n o w  p r e s e n t  in t h e  N o r t h  S e a  a l so  (bu t  s e e  

be low) .  T h e r e  is g o o d  e v i d e n c e  t h a t  s o m e  f l a g e l l a t e s  h a v e  b e e n  i n t r o d u c e d  i n to  N o r t h  

S e a  coas t a l  w a t e r s  a l t h o u g h  it is v e r y  d i f f icul t  to p r o o v e  this .  T h e  r e a s o n s  a r e  m a n i f o l d .  

Fi rs t  of all, t a x o n o m i c  k n o w l e d g e  of m a r i n e  f l a g e l l a t e s  is so r e s t r i c t ed  t h a t  on ly  a f ew  

p h y t o p l a n k t o n  eco log i s t s  a re  a b l e  to i d e n t i f y  t h e m  exact ly .  O n  t h e  o t h e r  h a n d ,  t a x o n -  

o m y  e x p e r t s  a r e  r a r e l y  i n v o l v e d  in  r o u t i n e  m o n i t o r i n g  or  l o n g - t e r m  p h y t o p l a n k t o n  in-  

v e s t i g a t i o n s .  M o s t  f l a g e l l a t e s  a re  s m a l l  a n d / o r  h a v e  no  or  on ly  a d e l i c a t e  ce l l  wall .  In 

c o n s e q u e n c e  m o s t  of t h e m  a r e  so d i s t o r t e d  in  f ixed  s a m p l e s  t h a t  t h e y  c a n n o t  b e  i d e n t i -  

f i ed  or t h e y  d i s a p p e a r  totally. T h e y  c a n  b e  r e c o g n i z e d  a n d  i d e n t i f i e d  o n l y  w h e n  al ive.  

O t h e r s  h a v e  d e l i c a t e  o r g a n i c  sca les ,  t h e s e  c a n  b e  i d e n t i f i e d  only  w i t h  t h e  t r a n s m i s s i o n  

e l e c t r o n  m i c r o s c o p e  (TEM),  e.g.,  m o s t  p r a s i n o p h y t e s  a n d  t h e  n o n - c a l c a r e o u s  p r y m n e -  

s i o p h y t e s .  T h o s e  w h i c h  h a v e  t i ny  b u t  m o r e  r o b u s t  s ca l e s  h a v e  to b e  i d e n t i f i e d  w i t h  t h e  

s c a n n i n g  e l e c t r o n  m i c r o s c o p e  (SEM),  e.g. ,  m o s t  c r y p t o p h y t e s  a n d  c o c c o l i t h o p h o r i d s .  

B e s i d e s  u l t r a s t r u c t u r e  a lso c h e m i c a l  c o m p o s i t i o n ,  in  p a r t i c u l a r  t h e  p i g m e n t  c o m p o s i t i o n ,  

is n o w  u s e d  for c h a r a c t e r i z a t i o n  of f l age l l a t e s ,  e.g. ,  c r y p t o p h y t e s .  C u l t u r e  t e c h n i q u e s  

h a v e  b e e n  u s e d  m o r e  f r e q u e n t l y  on ly  in t h e  las t  f e w  years .  C l o n a l  cu l tu res ,  n o w  ava i l -  
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able, allowed the addit ional  separation of new taxa by the new techniques of molecular  
genet ic  analysis. Thus, many of the flagellates have been  described only in the last 

10 or 20 years, in many  cases from cultures. These are the reasons why there are no ad- 
equate  identification books on marine  flagellates and why only a very few specialists 

are able to identify flagellates. 
A second reason is the inadequate  methods used. Algal cultures are not  used rou- 

tinely in phytoplankton  monitoring. This is done by count ing fixed samples  in the in- 
verted microscope (the so-called Utermbhl method) or by using net samples. By the first 
method only those species which preserve well enough to be identified a nd  which are 
a b u n d a n t  enough  to be found by this method are registrated. Only a var iable  percent-  
age of the present  species, in some cases less than 20%, is covered by the Uterm6hl 
method. Using net samples, also only a fraction of the total species diversity is covered 

as small species may escape through the meshes. 
These difficulties are responsible for there being no adequate  long- te rm studies 

of marine  flagellates to really prove that a flagellate first recorded in an area  is an ex- 
otic species, in t roduced by ballast water, aquacul ture  products or other mechanisms.  If 
a new flagellate in a region appears,  the quest ion always arises whether  it has been  
overlooked earlier or misidentified as a common species. In addition, we have to ask, 
whether  the species is only invading the area from other, nearby geographic  regions 
due to changed  currents. If the species under  quest ion is not found in the ne ighbour ing  
region this may be once again only a quest ion of lack of knowledge of the flagellates of 
that region. 

Here we report on flagellates we regard as most likely exotic species and  separate 
them from the "pseudo-exotic" species which may be introduced by na tura l  phenom-  
ena like currents or first recorded only due to taxonomic misidentifications. 

MATERIALS AND METHODS 

Over the last 25 years, net  phytoplankton samples taken off List/Sylt in the German  
Bight, North Sea, have been  invest igated alive. Ten years ago, Dr. Drebes and  the au- 
thor started a systematic long-term study. Each week (with very few exceptions,  e.g, 
caused by ice covering) samples were taken with a 80-~m and a 20-~m plankton net at a 
fixed station (station 1; 55~ ' N; 08~ Subsamples  were inspected in less than 
1 h after collection, first under  a dissecting microscope for about  60 rain and  later for 
about  90 min with seawater  immersion lenses 50x at a final magnificat ion of 500• with 
a Leitz microscope by one of us. The other followed the investigation on a monitor  con- 
nected by a video-camera  to the microscope. Those organisms we could identify are 
listed, inc luding their life cycle stages like resting or gamete  formation and  zygotes. Se- 
lected organisms that we could not identify with this method, were isolated and, if 
growing in culture, invest igated by TEM or SEM for exact identification. So far, we 
have concentra ted our studies on diatoms, dinoflagellates, raphidophytes and  parasitic 
flagellates, but have covered cryptophytes, euglenophytes  (which are rare), prasino- 
phytes and prymnesiophytes  only if species can be identified under  the light micro* 

scope. 
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RESULTS 

D i n o f l a g e l l a t e s :  exot ics  

In the North Sea "Gyrodiniurn aureolum Hulburt" is the most likely candidate  to be 
an exotic species. The first report of this species dates back to 1966, w h e n  it formed a 
spectacular bloom in Norwegian  waters (Braarud & Heimdahl,  1970). A second bloom 
occurred in 1968 in the southern German  Bight (Hickel et al., 1971). Since then, blooms 
have been  reported regularly in different parts of the North Sea and  the Atlantic off 
England and France. Recent investigations showed that the European  bloom-forming 
species is apparent ly  different from the species Hulburt  (1957) originally described from 
the east coast of North America (Hansen, 1998). Morphological and molecular  genetic 
analyses showed that the European bloom-forming species called Gyrodinium aure- 
olurn, Gymnodin ium cf. nagasakiense  or Gymnodin ium nagasakiense  by various au- 
thors apparent ly  is conspecific with Gymnodin ium mikimotoi  Miyake & Kominami ex 
Oda from Japanese  waters (Gentien, 1998; Hansen,  1998). 

This species is now a regular  component  of neritic waters of the North Sea and the 
Atlantic (Partensky et al., 1991; Gentien,  1998). The blooms of this species may cause 
fish and inver tebrate  mortality, not only in fish cages but also in natural  habitats (Tan- 
gen, 1977). How this species was introduced into European waters is unknown .  

Another  candidate  to be introduced into European waters by ballast waters or 
aquacul ture  products is a small species of the genus Alexandr ium Halim, a genus  in 
which several toxic species have been  reported. Koeman (1997) reports the occurrence 
of Alexandr ium leeii Balech, a dinoflagellate described from waters off Korea. Further 
reports are from the Gulf of Thai land and the Philippines. Alexandr ium leeii  is non- 
toxic and so far has not formed extensive blooms in our waters. Whether  it was intro- 
duced by ballast water or by aquacul ture  products or by any other vector is unknown.  

D i n o f l a g e l l a t e s :  p s e u d o - e x o t i c s  

Gymnodin ium catenatum Graham is a toxic unarmoured  dinoflagellate which pro- 
duces long chains in the vegetat ive stage and distinctive reticulate fossihzable resting 
cysts as hypnozygotes  (Anderson et al., 1988). The long chains of vegetat ive cells are 
easy to detect  in phytopIankton net samples. Therefore there is no doubt  that this 
species was introduced into Tasmanian  waters as well as into coastal waters off north- 
west Spain (Hallegraeff & Fraga, 1998). Since 1993, Nehring has reported on the occur- 
rence of Gymnodin ium catenatum cysts from German  coastal waters and  succeeded in 
germinat ing  them (Nehring 1993, 1994, 1995). He speculated that the species, which 

had been  int roduced into Spanish waters about  1976, was transported by currents into 
the North Sea and  the Baltic. As shown by Ellegaard et al., (1998) the species of North 
European waters is not conspecffic to the toxic Gymnodin ium catenatum, but  is a new 
non-toxic species - Gymnodin ium nolleri - which only forms chains of two ceils. It is 
also known  from subfossil and  fossil sediments  in the Skagerrak and  Kattegat. There- 
fore the reports of "Gymnodin ium catenaturn" in North European waters do not repre- 
sent an exotic, recently introduced species but a misidentification of a ge nu i ne  but  over- 
looked component  of our waters. 
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Gyrnnodiniurn chlorophorurn Elbr~chter & Schnepf caused a green water  discol- 
oration in the German  Bight. First, it was identified as "Y 100" (Elbr~chter, 1990), a 

species reported from Japanese  waters and later described by Watanabe  et al., (1990) 
as Lepidodinium viride Watanabe  et al. Accordingly, it was initially regarded as an ex- 
otic species introduced into European waters. Detailed studies showed, however,  that 
the organism from European waters is a new species (Elbr~chter & Schnepf, 1996) and 
that it had been  apparent ly  transported through the English Channe l  from the coast of 

France, where  it has bloomed for some years (Sournia et al., 1992). Therefore it is not an 
exotic species; the first suggest ions of this were based on misidentification. 

A species which might also be t ransported by currents through the Engl ish  Chan-  
nel into the North Sea and Baltic Sea may be the toxic dinoflagetlate Alexandrium rnin- 
utum Halim (Nehring, 1994; Koeman, 1997). This species is known from the Mediter-  
r anean  Sea and  the Atlantic coast off Portugal, Spain and France. However,  this tiny 
species may easily be confused with earlier invest igat ions of the similar Alexundriurn 
tamarense (Lebour) Balech. Alexundriurn turnarense was first described from England  
and  is a regular  component  of German  and Danish coastal waters. 

For Prorocentrurn minimum (Pavillard) Schiller and Prorocentrurn redfieldii Bursa, 
see "Discussion". 

R a p h i d o p h y c e a e  

Most certainly, the raphidiophyte Fibrocupsu japonica Toriumi & Takano is an ex- 
otic species. Fibrocapsa japonica was described from Japanese  waters in 1973 (Toriumi 
& Takano, 1973). It is a large species of up to 35 m and very characteristic by the pres- 

ence  of several conspicuous mucocysts at the antapical  pole. It possesses several  small 
discoid chloroplasts. The species was first recorded in European waters in October  1991 
from the Atlantic coast of France (BiUard, 1992) and  also since 1991 in Dutch coastal wa- 
ters (Vrieling et al., 1995). Off Sylt, the species was first detected in Augus t  1992 (E1- 
br~chter, 1993, as Chattonella). Since than it has increased in numbers  and  now it is a 
regular  component  of the North Sea plankton,  in particular of coastal waters  (Rade- 
maker  et al., 1998; Elbr~ichter unpubl.) .  This species produces neurotoxic substances  
and  it has been  shown that this toxin was present  in dead seals. The ques t ion is open 
whether  the neurotoxins were responsible for killing the seals (Rademaker et al., 1998). 

Three other species of raphidophytes might  be exotic species; they all be long  to the 
genus  Chattonella Biecheler. Since 1991, Chattonella antiqua (Hada) Ono and  Chat- 
tonella marina (Subrahmanyan)  Hara & Chihara have been  found in Dutch waters 
(Vrieling et al., 1995). Thus, they have been  detected in the same year as Fibrocapsa 
japonica. The first species is described from Japanese  waters, the second one from the 
Ind ian  Ocean. In 1998, Chattonella verruculosa Hara & Chihara, originally described 
from Japanese  waters, was found in German,  Danish and  Norwegian coastal waters of 
the North Sea (Elbr~chter, unpubl ished;  Moestrup & Tangen,  personal  communicat ion) .  
This is apparent ly  the first record from European  waters. Due to identif ication problems, 

it is quest ionable  whether  these three species are exotics or have been  overlooked ear- 
lier (see Discussion). Up to now, there is no report on a bloom of these species, and  no 
information exists of whether  there is any effect on other components  of the ecosystem 

in European waters. 
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DISCUSSION 

D i n o f l a g e l l a t e s  

For the bloom-forming Gyrnnnodiniurn rnikimotoi, Gent ien  (1998) reports some dif- 
ferences be tween  the Japanese  and the European populations, which he classifies as 
subpopulat ion differentiation. It is not known  how many  years are required to achieve 
such differentiations. Therefore the f inding of these differences cannot be used to deny 
the view that Gyrnnodiniurn rnikimotoi is an exotic species. At the moment,  it cannot  be 
decided whether  the introduction has been  taken place recently or on a larger time 
scale. This has been  demonstra ted for a populat ion of the toxic dinoflagellate Alexan-  
driurn tarnarense from the Orkney  Islands, which is more similar to the North American 
stock of that species than to the European stock (Medlin et al., 1998). 

The report of Alexandriurn leeii  in Dutch coastal waters by Koeman (1997) is a re- 
sult of intensive phytoplankton monitor ing of field samples. There have been  no cul- 
tures of this species up to now. Therefore it may be possible that detailed investigations 
on cultures result in the description of another, so far undescribed,  Alexandriurn 
species, morphologically very similar to A. leeii. The weakness  of only field observa- 
tions has been  demonstrated above for the Lepidodiniurn viride-Gyrnnodiniurn 

chlorophorurn species complex. 
Recent reports of phytoplankton blooms of Prorocentrurn min imum (Kimor et al., 

1985) refer to species which must be classified as "pseudo-exotics" as these species are 
known from our waters under  other names.  Exuviaella rnariae-lebouriae Parke & Bal- 
lant ine or Exuviaella apora Schiller (sensu Lebour, 1925) are meanwhi le  regarded as 
conspecific with Prorocentrum min imum.  "Exuviaella apora" was recorded earlier by 
Lebour (1925) from waters off Plymouth. The species has a wide geographical  range; 
blooms have been  reported from America, Japan,  and South Africa. 

Prorocentrurn redfieldii has been  described from the east coast of North America 
near  Woods Hole (Bursa, 1959). Therefore its occurrence in European waters may be re- 
garded as an introduction. It has been  reported as bloom forming by Kat (1979) from the 
Dutch coastal area since 1961, and sometimes it forms blooms also at the North Frisian 
coast (Elbr6chter, 1993). Some authors regard it as a taxonomic synonym of Prorocen- 
trurn triestinurn Schiller. Under  this name  it has been  reported as bloom forming in 
many  parts of the world. It seems to be distributed worldwide in coastal waters. 

R a p h i d o p h y t e s  

Fibrocapsa japonica has m a n y  discoid chloroplasts, two flagella and  clearly visible 
mucocysts in the antapical  part of the cell. It differs by these features from the chryso- 
phyte genus  Chrornulina Cienkovski  with which it might  be confused otherwise. Rarely, 
we found Chrornulina species of similar size, but  they have only one or two large chloro- 
plasts, only one f lagellum and no conspicuous antapical  mucocysts. Thus we are quite 
sure that we did not overlook this species earlier. We misidentified our first record as a 
species of Chattonella Biecheler (Elbr6chter, 1993) due to our poor taxonomic knowl- 
edge of this group at that time. However, photos clearly showed the mucocysts. As the 
species was detected nearly s imultaneously  and independent ly  at three European  
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coasts, it is not very likely that the species was present  earlier in our region. We have 

been  invest igat ing the phytoplankton of the North Sylt Wadden Sea intensively  since 
1973 (Drebes & Elbr~chter, 1976), and since 1987 by at least weekly sampling.  Also, the 
gradual  increase in its abundance  supports the view that it was introduced. 

Species of another  raphidophyte  genus,  Chattonella Biecheler, are also suspected  of 
be ing exotics, but this is not so clear. The genus  was described from a bloom in the 
Medi te r ranean  Sea near  Algier (Biecheler, 1936). Since then, six new species have been  
described (Hara et al., 1994). As they are badly preserved in fixed samples they may 
have been  overlooked or misidentffied easily as euglenophytes .  This might apply  also if 
inspected alive. Thus, in the original description of Chattonella antiqua, Hada (1974) 
described it as a new member  of the Euglenoida.  This shows how difficult it is to spec- 
ulate whether  a species represents an introduced species or it is only the first correct 
identification of an earlier overlooked or misidentified species. In contrast to Fibro- 
capsa, Chattonella does not possess the characteristic and clearly visible mucocysts.  In 
the North Sea, at least four species have been  recorded. Since 1991, Chattonella anti- 
qua and Chattonella marina have been  found in Dutch waters (Vrieling et al., 1995). In 
1998, Chattonella verruculosa Hara & Chihara  was found in German,  Danish and  Nor- 
wegian  coastal waters. This is apparent ly  the first record from European waters. As dis- 
cussed by Vrieling et al. (1995) the quest ion is open whether  these species were over- 
looked or recently introduced. In sediment  samples of the Wadden Sea off Sylt, a 
species of Chattonella was found which might  be a new species. We failed to get it into 
culture. The first record of such an organism dates back to 1974 when I misidentif ied it 
as euglenid,  but in 1997 we found it again  (Hoppenrath & Elbr~ichter, unpubl ished) .  

Heterosigma akashiwo (Hada) Hada ex Sournia is the only representat ive of the 
third marine planktonic raphidohyte genus  present  in the North Sea. It causes fish kills 
in Japanese  waters, and for some years also in coastal waters of Australia, New Zealand 
and  elsewhere. Fish kills so far have not been  recorded in European waters. This 
species is suspected of be ing introduced in some regions. The history of the records of 
this species demonstrates  how difficult it is to judge  whether  a small flagellate was in- 
troduced, overlooked or misidentified. The species was first described by Hada  as a 
new species of the dinoflagellate genus  Entomosigma Schiller as E. akashiwo. One year 
later, Hada described the new "dinoflagellate" genus  Heterosigma with the type 
species Heterosigma inlandica and recognized that his Entomosigma species belongs  to 
the new genus.  In several locations of North America a bloom-forming species was 
identified as Olisthodiscus luteus Carter, a benthic  flagellate described by Carter in 
1937 from England  as "chrysophyte". From the waters off Plymouth, England,  a small 
flagellate was isolated in 1957 and  also identif ied as Olisthodiscus luteus. By ultrastruc- 
tural invest igat ions it turned out, that Entomosigma akashiwo, Heterosigma intandica 
and  the species regarded as Olisthodiscus luteus are conspecffic, whereas  the true 
Olisthodiscus luteus is a rare benthic flagellate also be longing  to the raphidophytes.  It 
took nearly 30 years to show that the apparen t  "exotic" species Heterosigma akashiwo 
had been  taken into culture from European  waters, but misidentffied, before it was for- 
mally described from Japanese  waters. It seems that this species has a worldwide dis- 
tribution. There is no clear evidence  that it has been  introduced anywhere.  
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