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ABSTRACT: The Pseudo-nitzschia flora of the Skagerrak, North Atlantic, and adjacent  waters, 
comprising P. pungens, P. multiseries, P. seriata, P. fraudulenta, P. heimii, P. delicatissirna, and 
P.pseudodeficatissima, has been  examined. Except for P. austrafis, all Pseudo-nitzschia species 
shown to produce the toxin domoic acid are present  in the area a l though an outbreak  of amnesic 
shellfish poisoning has never  been  reported. For comparison of morphological and  taxonomic 
characters, Pseudo-nitzschia seriata f. obtusa, P. australis, P. subfraudulenta, P. subpacifica, 
P. lineola, P. inflatula, and P. cuspidata have been  included in this investigation. Fine details of band  
structure and poroid occlusions, previously ignored or unresolved, have proven to add to the 
morphological distinction be tween  P. pungens and P. multiseries, P. seriata and P. fraudulenta, 
P. seriata and P. australis, and P. delicatissima and P. pseudodelicatissima. Additional information on 
the structure of the proximal mantle  compared to that of the valve face has revealed similarities in 
most of the species but differences be tween  P. pungens and P. multiseries. The species'  seasonal and 
long-term distributional pat terns during the sampling period (October 1978 through September  
1993) in the Skagerrak area are outlined. The greatest  abundances  of P. seriata, a cold-water species 
most likely restricted to the northern hemisphere,  occurred in the spring, and those of the presum- 
ably cosmopolitan diatoms P. pungens, P. multiseries and P. pseudodelicatissirna, in the autumn. 
Whereas P. multiseries seems to have decreased in abundance  in the 1990s, P. pseudodelicatissima 
has apparently increased. 

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

Pseudo-n i t z sch ia  H. P e r a g a l l o  in  H. & M. P e r a g a l l o  is p r e s e n t  in  i n s h o r e ,  o f f sho re  a n d  

o c e a n i c  p l a n k t o n  in  all  b i o g e o g r a p h i c  z o n e s  (Hasle ,  1972). S o m e  d i a t o m i s t s  fo l low 

H u s t e d t  (1958) a n d  c lass i fy  Pseudo-n i t z sch ia  as a s ec t i on  of Nitzsch ia  Hassa l l ,  w h e r e a s  

o t h e r s  g ive  i t  t h e  r a n k  of g e n u s  as d o n e  b y  P e r a g a l l o  & P e r a g a l t o  (1900). 

Recen t ly ,  t h e  g e n u s  h a s  r e c e i v e d  m u c h  a t t e n t i o n  s i n c e  s e v e r a l  s p e c i e s  h a v e  b e e n  

i m p l i c a t e d  in  o u t b r e a k s  of d o m o i c  ac id  (DA) toxic i ty  off t h e  coas t s  of C a n a d a  a n d  U.S.A. 

A b l o o m  of Pseudo-n i t z scMa mul t i ser ies  (Hasle)  H a s l e  (as Nitzsch ia  p u n g e n s  f. mul t i -  
series) i n  C a n a d i a n  coas t a l  w a t e r s  w a s  s h o w n  to c a u s e  " a m n e s i c  s h e l l f i s h  p o i s o n i n g "  

(ASP) in  h u m a n s ,  t h r o u g h  t h e  c o n s u m p t i o n  of D A - c o n t a m i n a t e d  c u l t i v a t e d  m u s s e l s  

(Bates  et  al., 1989). Pseudo-n i t z sch ia  pseudode l i ca t i s s ima  (Hasle)  H a s l e  w a s  r e g a r d e d  as  

t he  s o u r c e  of D A  in  she l l f i sh  a n d  p l a n k t o n  in  t h e  Bay  of F u n d y ,  e a s t e r n  C a n a d a ,  in  t h e  

a u t u m n  1988, a n d  c u l t u r e s  e s t a b l i s h e d  f r o m  t h e  a r e a  p r o d u c e d  low c o n c e n t r a t i o n s  of D A  

( M a r t i n  e t  al., 1990). Pseudoni t zsch ia  austratis P r e n g u e l l i  o c c u r r e d  in  g r e a t  a b u n d a n c e  in  
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Monte rey  Bay ,  Cahfornia  in the au tumn of 1991. The occurrence was  a c c o m p a n i e d  by  
mortal i t ies  of pehcans  and  cormorants,  which  had  fed on DA-con tamina ted  anchovies  
(Fritz et al., 1992). Cul tures  were  es tab l i shed  and  P. australis was shown to be  a DA 
producer  (Garrison et al., 1992; ViUac et al., 1993b). Pseudo-nitzschia deh'catissima (P. T. 
Cleve) He iden  has b e e n  shown to p roduce  small  amounts  of DA in cul tures  (Smith et al., 
1991); recently,  also P. seriata (P. T. Cleve) H. Peragal lo  has  been  found to p roduce  DA in 
cultures (Lundholm et al., I994). However ,  DA outbreaks  in the field have  not been  
t r aced  back  to e i ther  of these  two species.  These  observat ions  demons t ra te  the  necess i ty  
of ident i f icat ion be low the gener ic  level  or s ize-group ( "Nitzschia ser /a ta"  and  "Nitzschia 
delicatissima" groups  or complexes;  Hasle,  1965a) in order  to effect ively moni tor  field 
dis tr ibut ion of dange rous  species.  

Records of P. rnultiseries in European  coastal  waters  are  scarce (Hasle, 1965a; ViUac 
et al., 1993a). Pseudo-nitzschia australis is not known from North Atlantic  waters  (Hasle, 
1972, Fig. 2 as Nitzschia pseudoseriata). Evidence exists for a wide dis t r ibut ion of P. 
pseudodelica~'ssima, P. delicatissima and P. seriata in North Atlantic wa te r s  (Hasle, 
1965a; Hasle,  1972). 

Cases of ASP have  never  been  repor ted  from European  waters,  ne i ther  had  it been  
repor ted  from C a n a d i a n  and North Pacific waters  until  1987 and 1991, respect ively .  The 
sudden  outbursts  of toxic blooms in other  par ts  of the world s t imula ted  a search  for 
information on the dis tr ibut ion of Pseudo-nitzschia in European  waters.  

Access to a comprehens ive  collection of samples  from the Skage r r ak  (Lange et al., 
1992) gave  an oppor tuni ty  to examine  seasonal  and  long- term dis t r ibut ions in an area  
inf luenced by wate r  masses  from the North Sea, the Norwegian  Sea and  the  Baltic Sea. 
Because  of be t te r  ins t rumenta t ion  and /o r  technique  now avai lable  to us, informat ion on 
the fine structure of Pseudo-nitzschia supp lemen ta ry  to that  given by Hasle  (1965a) could 
be  obtained.  Distinctive features of the  genus  and species  are descr ibed ,  and  the 
dis tr ibut ion of species  recorded  from the Skage r r ak  is g iven and compared  wi th  observa-  
tions from Norweg ian  coastal  waters .  

MATERIAL AND METHODS 

The s tudy mater ia l  consisted of net  hauls  col lected along a t ransec t  b e t w e e n  
southern  Norway  (58 ~ 23' N, 08o49 , E) and  the nor thern par t  of Skagen ,  Ju t land ,  D e nma rk  
(57 ~ 42' N, 09 ~ 45' E) (see Lange  et al., 1992), from Februa ry  1979 th rough  S e p t e m b e r  
1993. Samples  ob ta ined  prior to 1979 (May 1953, Sep tember  1966, s ca t t e red  samples  
from May  1967 through  June 1968, D e c e m b e r  1976, O c t o b e r - D e c e m b e r  1978) and  from 
other  s amphng  sites in the S k a g e r r a k  were  also included.  Samples  from o the r  par ts  of the 
world  and  un ia lga l  cul tures from the Trondheimsfjord,  Norway  ( e s t abhshed  by  EES), 
Gulf  of Mexico,  the  coasts of California and  Washington,  U.S.A. (by the cour tesy  of G. A. 
Fryxell ,  Texas  A & M Univ.) were  u sed  for comparat ive ,  morphologica l  s tudies .  Addi-  
t ional  mater ia l  was  examined  for information on the distr ibution of Pseudo-nitzschia 
along the Norweg ian  coast, the Norweg ian  Sea and  more southern E u r o p e a n  waters ,  

The  dis t r ibut ional  da ta  r epresen t  mainly  p resence  or absence.  No effort was  made ,  
e i ther  by  collection of samples  or by  p repara t ion  of d ia tom shdes,  to ob ta in  quant i ta t ive  
data.  High  relat ive a b u n d a n c e s  of spec ies  were  noted,  however .  

Mater ia l  from the P. T. Cleve collections in Naturhis tor iska  Riksmuseet  in  Stockholm 
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(= S) and Friedrich-Hustedt-Arbeitsplatz fiir Dia tomeenkunde  in Bremerhaven (= BRM) 
has been  used for lectotypification: The finder in use in the latter collection was made by 
Carl Zeiss and is no longer produced (Simonsen, 1987, p. 5). 

Light microscope observations (LM) on unc leaned  material in water mounts  provided 
information on the shape of cells in girdle view and colony formation, but  could be used 
only exceptionally for identification at the species level, especially when  cells lay in 
girdle view. Phase contrast (Ph) with a Leitz Orthoplan or a Nikon Optiphot microscope, 
negat ive phase contrast (BM 100x) for especially weakly silicified structures, and 
differential interference contrast (DIC) with a Nikon Optiphot microscope, were used for 
examinat ion of acid-cleaned material  mounted  in Hyrax, Naphrax, or more seldom, in 
Coumarone.  In critical cases, e.g. to dist inguish be tween  the morphologically similar 
species, P. p u n g e n s  (Grunow ex P. T. Cleve) Hasle and P. multiseries, and P.pseudo-  
deficatissima and  P. delicatissima (P. T. Cleve) Heiden, respectively, LM identification 
was checked by examinat ion of acid-cleaned material with transmission electron micros- 
copy (TEM = Jeol 100C, Jeol 100CX, JEM 1200EX). Scanning electron microscopy (SEM 
= JSM 6400) was used to elucidate certain morphological details al though the SEM 
pictures are not inc luded here. 
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Fig. i. Diagram showing terminology used in this paper 
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The terminology follows Anonymous  (1975), Ross et al. (1979) and M a n n  (1978, 

1981). Thus, the terms 'keel  punctum' ,  'pseudonndulus ' ,  ' intercostal m e m b r a n e '  and 

'costa',  used by Hasle (1965a), are rep laced  by 'fibula', 'central nodule '  'stria" and 

'interstria' ,  respect ively (Fig. 1). The space be tween  two fibulae is called the  interspace.  

and the space be tween  the two central  f ibulae is called the central  interspace.  A central  

in terspace consistently greater  than the others indicates the presence  of a cent ra l  nodule 
and central  raphe  endings. 

Argumenta t ion  for retaining Pseudo-n i t z sch ia  as a genus of its own, ba sed  on current  
information on fine structure, has been  g iven  by Hasle (1993, 1994). H. Peragallo 

originally used  the spelling Pseudo-Ni t z sch ia .  The hyphen  must be re ta ined  (ICBN Art. 

60.9, Note 2) but  not the capitalization of the second name (ICBN Art. 60.2) (Greuter et 

al., 1994). A proposal  to proscribe hyphens  in gener ic  names has not been  a p p r o v e d  (P. C. 

Silva, personal  communication),  contrary to what  was expected  when  the p a p e r  by Hasle 
(1993) was prepared.  

Morphometr ic  data are summarized in Tables 1 and 2, distributional da ta  from the 

Skager rak  in Tables 3-8, and distributional data from the Norwegian  coastal  waters  in 

Table  9. Two keys to species are presented,  one based on observations wi th  the light 
microscope, and the other on observations with the electron microscope. The  keys show 

that fine structure alone is not sufficient to discriminate be tween  all of the species 
observed,  but  needs  to be supp lemented  with observations on valve outl ine (P. seriata 

and P. mul t iser ies)  and/or  numerical  data (P. h e i m f i  and P. subpacif ica).  

Table 1. Morphometric data for Pseudo-nitzschia spp. 

Pseudo-nitzschia Apical 
axis (~.m) 

Valve structure Band 
structure 

Transapical Fibulae Striae Poroids Striae 
axis (~m) (in 10 ~m) (in 10 ~m) (in 1 ~m) (in 10 ~tm) 

pungens 74-142 
m ultiseries 68-140 
seriata f. seriata 91-160 
seriata f. obtusa 61-100 
a ustr ahs 75-144 
fraudulenta 73-1 i7 
subfra udulen ta 65-106 
heimii 50-78 
subpacffica 33-70 
defica tissima 42-66 
pseudodelicatissima 77-108 

ND = no data 

2.9-4.5 9-15 9-15 3-4 15-19 
3.4-5.0 10-15 10-15 4-6 19-22 
5.5-8.0 14-18 14-18 7-8 21-24 
4.5-5.5 15-20 15-20 7-8 ND 
6.5-8.0 13-16 13-16 4-5 19-20 

5-6 19-23 19-23 4-5 35-40 
5-7 14-17 23-26 5-6 ND 
5-6 14-18 26-28 7-8 ~35 
5-7 15-20 28-32 9-10 32-34 

1.0-1.5 20-23 ~40 10-12 48-52 
1.3-2.0 18-24 32-44 4-5 ~44 
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P s e u d o - n i t z s c h i a  H. P e r a g a l l o  in  H. & M.  P e r a g a l l o :  1900, e m e n d .  H a s l e ,  1993 

L e c t o t y p e : Pseudo-nitzschia seriata (P. T. Cleve) H. Peragallo in H. & M. Peragallo, chosen 
by Fryxell, Garza & Roelke, 1991, p, 241. 

The gener ic  characters  as seen  with LM are  (i) s trongly e longated  cel ls  in s t e p p e d  
colonies (formed by  over lap of cell ends), (ii) a symmet ry  about  the apical  p l a n e  (in some 
species),  (iii) a s t rongly eccentr ical  r aphe  system with central  raphe  e nd ings  commonly  
present ,  and  (iv) two p la te -hke  chloroplasts  lying symmetr ical ly  about  the  m e d i a n  
t ransapica l  plane.  The c ingulum (the por t ion of the girdle associa ted with a s ingle  valve) 
is composed  of a vary ing  number  of per fora ted  bands ,  mostly three, and  an  u n k n o w n  
number  of unper fo ra ted  bands;  all of the  b a n d s  are open. The bands  taper  g r a d u a l l y  from 
the midreg ion  of the cell towards  both  poles.  At one pole  a band  is seen  as  two poin ted  
ends  and  at the opposi te  pole as a loop. The  bands  b reak  off easily at the  loop and  are 
therefore  mostly p resen t  as halves  in c l eaned  material .  

Addi t ional  gener ic  characters  seen  with EM are: (i) valve  striae with one  to severa l  
rows of poroids with vela  close to valve  exterior., (ii) interstr iae level wi th  the str iae 
externally,  and  ex tend ing  internal ly  into the cell lumen;  (iii) raphe  not e l e v a t e d  above  the 
gene ra l  level  of the valve; (iv) r aphe  cana l  walls  wi thout  poroids; (v) s t r i a ted  bands  (in 
most species  the str iae are groups of poroids),  with an unper fora ted  pars  in ter ior  and  a 
wide  unper fo ra ted  marg in  on the pars  exterior,  the size of the striae de c r e a s ing  abval -  
varly, and  (vi) distal  mant le  (the one far thest  away  from the raphe;  Mann,  1978) 
demarca t ed  from valve face by a strip of non-per fo ra ted  silica. 

In contrast  to the valve face striae, the  band  striae seem sunken towards  the  cell 
interior. The striae of the  distal  mant le  are cont inuous with the valve face  str iae in 
structure and al ignment .  The proximal  mant le  (the one closest to the raphe;  Mann,  1978) 
has, with a few exceptions,  striae similar  to those of valve  face, which are a l i gne d  ei ther  
with the fibulae or in terspaces  of the raphe ,  or with the valve face striae. 

RESULTS 

The following P s e u d o - n i t z s c h i a  t axa  were  examined  in detail:  P. p u n g e n s ,  P. m u l -  

t iseries,  P. ser ia ta  f. seriata,  P. f r a u d u l e n t a  (P. T. Cleve) Hasle,  and  P. h e i m i i  M a n g u i n  of 
the "seriata complex" ( t ransapical  axis 3-4 ~m or more) and  P. deh 'ca t i s s ima ,  and  P. 
p s e u d o d e l i c a t i s s i m a  of the "de l i ca t i s s ima  complex"  ( t ransapical  axis n a r r o w e r  than  3 -  
4 ~m). In addit ion,  P s e u d o - n i t z s c h i a  ser ia ta  f. o b t u s a  (Hasle) I-Iasle, P. austral is ,  P. 

s u b f r a u d u l e n t a  (Hasle) Hasle,  P. s u b p a c i f i c a  (Hasle) Hasle,  P. l ineo la  (P. T. Cleve) Hasle,  
P. in f la tu la  (Hasle) Hasle  and P. c u s p i d a t a  (Hasle) Hasle  have  been  e x a m i n e d  or re fer red  
to for comparison.  Most  of the spec ies  current ly  referred to P s e u d o - n i t z s c h i a  are  thus 
deal t  with. 

The species  differ: (1) in girdle v iew by (a) outline, (b) he ight  of pe rva lva r  axis, (c) 
shape  and length  of overlap of cell ends,  and  (2) in valve  v iew by (a) valve  outl ine,  (b) size 
of t ransapica l  axis and  (c) shape  of va lve  ends.  Other  specific characters ,  not  reso lved  
with LM in all species,  are (1) l inear  dens i ty  of in ters t r iae  relat ive to f ibulae,  (2) p r e sence  
of central  r aphe  endings  (= p re sence  of central  nodule ,  p resence  of l a rge r  centra l  
interspace) ,  and  (3) stria structure. The  p resen t  inves t iga t ion  includes  informat ion  on 
number  and  structure of bands ,  and  s t ructure  of poroid  occlusions as fur ther  specific 
dist inctive features.  
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KEY TO SPECIES 

(based on light microscope observations) 

la. Transapical  axis wider  than3  [tm . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
lb. Transapical  axis narrower  than 3 `am . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

2a. Central  la rger  interspace present  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

2b. Central  la rger  interspace absent  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
3a. Outline of va lve  asymmetrical  in the apical axis; one margin almost straight, 

the other curved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

3b. Outl ine of valve  symmetrical  in the apical axis . . . . . . . . . . . . . . . . . . . .  5 
4a. Fibulae and interstriae discernible with the light microscope . . . . . . . .  P .  h e i m f i  

4b, Fibulae but  not interstriae discernible with the light microscope . . . .  P .  s u b p a c i f i c a  

5a. Valve outl ine lanceotate;  margins  not parallel; fibulae and interstriae equal  in 

number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P .  f r a u d u l e n t a  

5b. Valve outline with parallel  margins for the greater  part of the valve length;  fibulae 

and interstriae unequa l  in number  . . . . . . . . . . . . . . . . . .  P .  s u b f r m l d u l e n t a  

6a. Outl ine of valve  asymmetrical  in the apical axis; one margin almost straight, the other 

curved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P. s e r i a t a  

6b. Outline of valve  symmetrical  in the apical axis . . . . . . . . . . . . . . . . . . . .  7 
7a. Presence of poroids in the striae discernible with the light microscope . . P .  p u n g e n s  

7b. Presence of poroids in the striae not discernible with the light microscope . . . . .  8 
8a. Transapical  axis wider  than 5 [tm; valve  apices rostrate; outline of smaller  valves 

tends to be asymmetr ical  in the apical axis . . . . . . . . . . . . . . . . .  P .  a u s t r a l i s  

8b. Transapical  axis narrower  than 5 am; valve outline lanceolate with poin ted  (not 

rostrate) apices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P .  m u l t i s e r i e s  

9a. Cells in girdle v iew with truncate apices; in valve view with rounded apices; valve 
structure delicate, and central  larger interspace barely visible with the light micro- 

scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P .  d e l i c a t i s s i m a  

9b. Cells in girdle and valve view with pointed apices; fibulae and central  larger 
interspace clearly visible with the light microscope . . . . . .  P .  p s e u d o d e l i c a t i s s i m a  

KEY TO SPECIES 

(based on electron microscope observations) 

la.  Poroids with simple hymens;  central  nodule  present  or absent  . . . . . . . . . . . .  2 

lb.  Poroids with complex hymens;  central  nodule  present  . . . . . . . . . . . . . . . .  8 
2a. Bands with striae composed of a single row of poroids . . . . . . . . . . . . . . . .  3 

2b. Bands with striae composed of groups of poroids . . . . . . . . . . . . . . . . . . .  4 

3a. Fibulae and interstriae equal  in number;  central nodule absent  . . . . . .  P .  p u n g e n s  

3b. Fibulae and interstriae unequa l  in number;  central nodule present  . P .  d e h ' c a t i s s i m a  

4a. Fibulae and interstriae equal  in number;  central  nodule absent  . . . . . . . . . . .  5 
4b. Fibulae and interstriae unequa l  in number;  central nodule present  . . . . . . . . .  6 

5a. Valve striae with two rows of poroids . . . . . . . . . . . . . . . . . . . .  P .  a u s t r a l i s  

5b. Valve striae with more than two rows of poroids . . . . . . . . . . . . . . . . . . . .  7 
6a. Valve striae, in general ,  ~ 28 in 10 `am with __- 8 poroids in 1 ~ m  . . . . . . .  P .  h e i m i i  

6b. Valve striae, in general ,  >- 28 in 10 `am with > 8 poroids in 1 [~m . . . .  P .  s u b p a c i f i c a  
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7a. Outl ine of valve symmetrical in the apical axis, valve apices pointed . P .  r n u l t i s e r i e s  

7b. Outl ine of valve asymmetrical  in the apical axis, valve apices rounded  . . . P.  s e r i a t a  

8a. Fibulae and  interstriae equal  in n u m b e r  . . . . . . . . . . . . . . . . .  P.  f r a u d u l e n t a  

8b, Fibulae and  interstriae unequa l  in n u m b e r  . . . . . . . . . . . . . . . . . . . . . .  9 
9a. Valve striae with two rows of roundish poroids . . . . . . . . . . .  P. s u b f r a u d u l e n t a  

9b. Valve striae with one row of square poroids . . . . . . . . . .  P. p s e u d o d e l i c a t i s s i m a  

P s e u d o - n i t z s c h i a  p u n g e n s  ( G r u n o w  ex P. T. C leve)  Has le ,  1993 
(Figs 3-6, 30-37, Tables 1-3) 

B a s i o n y m : N i t z s c h i a  p u n g e n s  Gmnow ex P. T. Cleve, 1897a. 
T y p e  l o c a l i t y :  Yeddo Bay, Japan. 
L e c t o t y p e : BRM W7/72a, Finder: 624.4; Hasle, 1995, Fig. 1. 

M o r p h o 1 o g y ( L M ) : The coarsely sihcified cell is spindle-shaped to l inear  with 
sharply pointed ends and a deep pervalvar axis (i.e. wide in girdle view). The  overlap of 
cell ends in colonies is ca one third of cell length. The cell is symmetrical with respect to 
the apical p lane  (transapical axis isopolar). The valve margins are curved, a nd  the valve 
ends distinctly pointed (Fig. 3). The interstriae are visible in water mounts,  in girdle as 
well as valve view. The numbers  of fibulae and interstriae are equal; the interstr iae are so 
coarsely silicified that fibulae and interstriae are not readily discriminated, especially in 
water mounts.  A larger central interspace is missing. The valve face striae have  two rows 
of large poroids resolved with LM in well silicified and  properly preserved, c leaned and 
mounted  specimens (acid-cleaned, Naphrax, Ph, Fig. 4). The bands  have  a r ibbed 
appearance;  the ribs are more widely spaced in the central, wide part of the  bands  than 
closer to the narrow ends (Figs 5, 6). 

M o r p h o l o g y  ( E M ) :  The two rows of poroids of the valve face striae are 
separated by a non-perforated space of about  the same width as the d iameter  of the 
poroids. A single poroid or a single row of poroids are occasionally present  b e t w e e n  two 
regular  rows (Figs 30, 31). The valve ends differ in structure, one end  hav ing  fewer 
poroids per stria than the other (Figs 32, 33). The valves of a cell are a r ranged  so that each 
cell has one well areolated and one poorly areolated valve end. The valve mant le  is one 
poroid high (Fig. 31). The proximal mant le  and the striae of the valve face differ in 
structure, the proximal mant le  bear ing  pairs of or single poroids a l igned to a fibula or an 
interspace, but  seldom to the rows of poroids of the valve face striae (Figs 30, 31, 34). 

We lack observations on whole ceils. Three connected bands,  represen t ing  the entire 
c ingulum or part  of it, have b e e n  photographed,  however. Each band  has one  transverse 
row of large poroids (each poroid = one square or roundish opening seen with LM) (Fig. 
35). The valvocopula is somewhat  wider than the two other bands.  The size of the poroids 
decreases abvalvarly (Fig. 35). The narrow pointed ends  as well as the loop in the l igula 
area lack poroids (Fig. 36). 

The vela of valve as well as b a n d  poroids are hymena te  (Mann, 1981), regularly 
perforated by closely packed holes in a strict hexagonal  array (Fig. 37). 

T a x o n o m y : P s e u d o - n i t z s c h i a  p u n g e n s  was the first to be discovered of the 
species now allocated to P s e u d o - n i t z s c h i a .  It appeared  as a n o m e n  n u d u r n  in  the text to 
slide No. 307 of a Chal lenger  sample of surface diatoms from Yeddo (--- Tokyo) Bay, 
Japan  (Cleve & MSller, 1882). The slide used here for lectotypification was made by Dr 
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Hustedt  from a subsample  of the same material  received from the P: T. Cleve Collection in 

Stockholm. Cleve  (1897a, p. 24, Pl. 2, Fig. 23) gave  the first description and illustration of 
the species referring to the Cleve & M611er slide and to Grunow as the author. The correct 

author citation is therefore Grunow ex Cleve (ICBN Art. 46.4, Greuter  et al., 1994). 

When seen in girdle view, P. pungens  may often have been  confused with P. seriata, 
which is more frequent ly recorded in the literature. With LM, P. pungens  can hardly be 
dist inguished from P. multiseries in girdle v iew (e.g. Fig. 2 might  illustrate P. pungens  or 

P. multiseries). Pseudo-nitzschia pungiformis (Hasle) Hasle, has the same valve outline as 

P. pungens  and P. multiseries, but has a central  larger interspace with a central  nodule  
and a more warm-wate r  distribution; it has not been  observed in the Skagerrak  or other 

European waters (Hasle, 1972). As discussed below, P. pungens  has a fairly un ique  

Table 3. Seasonal and interannual distribution pattern of Pseudo-nitzschia pungens 
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1967 . . . . .  . . . . .  , 

' 1 9 6 8  1 I I .... 
i 

Nov Dec 

1978 

1979 

1980 

 081 i l 
l ' 

1982 , . : 

1 9 8 3  ......... ................ 

1984 I F 

1986 
)i ); [ i ))iii))i)l 

1 9 8 8  [}} } ) i  

19901989 .. : ~N 

1 9 9 1  ~ .  

1 9 9 2  ~. ~ ~ -. ~.~,. ~i~/ ~ ~ I ~ .;~ X,;;- 

1 9 9 3  ! 4 ~ i ~  i-: : :~ ~ ~ :* ~ 

~ : -  identification questionable 

~... ~ .  present 

abundant 

shaded areas = samples collected 
clear areas = no collection 



140 G. R. Hasle, C. B. Lange & E. E. Syvertsen 

position within the " N i t z s c h i a  s e r i a t a  complex",  judging by the structure of the  girdle and 
partly also by that of the proximal mantle.  

D i s t r i b u t i o n : The records from the Skagerrak  transect show a cer ta in  shift m 
seasonal  distribution pat tern as well  as in relative abundance  of P. p u n g e n s  during the 

sampling period (Table 3). It was not recorded at all in 1967-1968. and from 1978 through 

1985 it occurred mainly in the autumn. A change  in the seasonal distr ibution pattern 

seems to have  appeared  since 1986. Al though it still occurs in greatest  a b u n d a n c e s  in the 
autumn, its occurrence has spread over  most of the year. 

P s e u d o - n i t z s c h i a  m u l t i s e r i e s  (Hasle)  H a s l e ,  1995 
(Figs 2, 7-9, 38-44, Tables 1, 2, 4) 

B a s i o n y m : N i t z s c h i a  p u n g e n s  f. m u l t i s e r i e s  Hasle, 1974. 
S y n o n y m : P s e u d o - n i t z s c h i a  p u n g e n s  f. m u l t i s e r i e s  (Hasle) Hasle, 1993. 
T y p e 1 o c a 1 i t y : Drobak, Oslofjord, Norway. 
H o 1 o t y p e : IMBB (= Marine Botany, Department of Biology, Univ. of Oslo) no. 16, Hasle, 
1995, Fig. 2. 

M o r p h o 1 o g y ( L M ) : The cell is sp indle-shaped to l inear in gi rdle  v iew with 

sharply pointed ends (Fig. 2), lanceolate  in valve v iew (Fig. 7), and with an  overlap of ca 
one third of cell length  in colonies (Fig. 2). Interstriae are discernible in wa t e r  mounts  in 

girdle as well  as valve view. Fibulae and interstriae are present  in the same  number,  the 

fibulae be ing  more distinct than the interstriae in ac id-c leaned m oun ted  specimens 
(Fig. 7). A larger  central  interspace is missing. The stria structure is unreso lvable  with LM 

(Fig. 8, 100 DIC). The  perforated bands seen in c leaned  material  of a clonal  culture 

(TkA2, Galveston) are narrow and more delicate than those of P. p u n g e n s  (cf. Figs 6 and 

9). 
M o r p h o 1 o g y ( E M ) : The valve  face striae have  three to four separated,  irregu- 

lar rows of poroids (Fig. 38). Those located close to the interstriae are shght ly  larger  than 
the others (Fig. 39). One of the two va lve  ends has more branched  interstr iae than the 

other (Pigs 40, 41). 
The mant le  bears striae two to three poroids high. The proximal and  distal valve 

mantles  have  the same structure, similar to that of the valve  face, a l though  often with 

fewer  and more irregular  poroid rows than those on valve  face (Fig. 38). The  fibulae are 
shghtly displaced from the interstriae (Figs 40, 41), and the mantle  striae are  a l igned  with 

the raphe interspaces (Pig. 38). 

Three  categories  of perforated bands,  differing in the size of the striae, were  found in 

unialgal  cultures (Gulf of Mexico) as well  as in the Skagerrak  samples  from 1968 
dominated  by P. m u l t i s e r i e s .  Whereas  the va lvocopula  (Fig. 42) may h a v e  four to f ive  

poroids per stria in the pervalvar  direction, the number  decreases  abvalvar ly  in the other 
bands, as wel l  as towards the cell ends, to one or none  (Figs 43, 44). Each of the square  or 

rec tangular  "openings"  seen with LM thus consists of several  poroids. The  unperfora ted  

margins  of all categories  of bands seem to have  about  the same width. 
The poroids of the valve as well  as of the bands  have  hymena te  vela  (Figs 39, 42-44). 

T a x o n o m y : The distinctive morphologica l  character  of R m u l L ' s e r i e s  first 

reahzed  was the "multiseriate" striae of the valve  face with smaller poroids than in P. 

p u n g e n s .  As shown here, these two diatoms differ also in the structure of the va lve  ends, 

the proximal  valve mantle  and the bands.  Physiological  and molecular  gene t ic  characters 
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Table 4. Seasonal and interannual distribution pattern of Pseudo-n i t z sch ia  rnult iseries 
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(Bates et al., 1993; D o u g l a s  et al., 1993; M a n h a r t  et  al., 1995) co r robora te  w i th  the  
m o r p h o l o g y  and  suppor t  the  ra is ing of P. p u n g e n s  f. m u l t i s e r i e s  to spec ies  l eve l  (Hasle,  

1995). 
A poss ib le  s y n o n o m y  b e t w e e n  P. m u l t i s e n e s  and  N i t z s c h i a  p u n g e n s  vat .  a t l a n t i c a ,  

d e s c r i b e d  by C l e v e  (1897a, p. 24, P1. 2, Fig. 24) f rom Coruf ia  Harbour ,  Spain,  m a y  be  
ques t i oned .  T h e  va r i e ty  d i f fered  from the  n o m i n a t e  o n e  by  h a v i n g  more  d e n s e l y  s p a c e d  

striae.  T y p e  ma te r i a l  of N .  p u n g e n s  var. a t l a n t i c a  has  not  b e e n  found,  and  the  p r o b l e m  

can  thus  no t  be  solved.  
D i s t r i b u t i o n : P s e u d o - n i t z s c h i a  m u l t i s e r i e s  was  the  p r e d o m i n a n t  spec ies  of the  

g e n u s  in the  I967 a n d  1968 samples ,  e spec i a l l y  in the  w i n t e r  of 1968; it w a s  also s e e n  in a 

s a m p l e  f rom S e p t e m b e r  1966. This  is in cont ras t  to t he  poor  r e p r e s e n t a t i o n  in the  ear ly  
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1980s and in 1992 and 1993. The general trend in the seasonal distribution is its presence 

in autumn through winter (Table 4). 

P s e u d o - n i t z s c h i a  s e r i a t a  (P.T. C leve )  H. P e r a g a l l o  i n  H. & M. P e r a g a l l o ,  1900 
(Figs 10-14, 45-50, Tables 1, 2, 5) 

P s e u d o - n i t z s c h i a  s e r i a t a  (P.T. C l e v e ) H .  P e r a g a l l o  f. s e r i a t a  

B a s i o n y m : Nitzschia seriata P.T. Cleve, 1883. 
T y p e 1 o c a 1 i t y : Tindingen, Greenland. 
L e c t o t y p e :  $405, Hasle, 1994, Fig. 3. 

M o r p h o 1 o g y ( L M ) : Cells in girdle view are l inear to lanceolate, with pointed 
ends (Pig. 11). The overlap of cell ends in colonies is one third to a quarter  of cell length  
(Pigs 10, 11). The cell is asymmetrical  with respect to the apical p lane (transapical axis 
heteropolar). One valve margin  is curved, and the other straight (Pigs 10, 12), especially 
in the middle part of the valve. The valve ends are slightly prolonged with rounded  poles 
(Pig. 12). The raphe may be located on the straight or curved margin  (Pigs 12, 14). The 
interstriae are discernible in water  mounts  in girdle (Pig. 11) as well as in  valve view. 
Interstriae and fibulae are equal  in n u m b e r  and indis t inguishable  in water  mounts;  in 
cleaned, mounted  material  the fibulae are more distinct than the interstriae (Pigs 12-14). 
A central larger interspace is missing (Pig. 12). 

The bands  may be characterized as "striated" or "ribbed", hav ing  one row of 
rectangular  openings  (Pigs 13, 14). 

M o r p h o 1 o g y ( T E M ) : The valve has three to four separated rows of poroids per 
stria (Pig. 46). The poroids close to the interstriae are larger than the others and  more 
regular  in appearance  (Pigs 46, 47). The interstriae of one valve end are slightly more 
branched  than the other (Pig. 45). 

The mantle  is two to three poroids high, with striae similar to those on the valve face 
but  two to three equally sized poroids wide (Pigs 46, 47). The fibulae are mostly a l igned 
with the interstriae, and the striae of the proximal mant le  with the raphe  interspaces 
(Pig. 47). 

Three connected striated bands  were repeatedly found, occasionally with a fourth 
non-perforated band  attached (Pig. 48). The band  striae, well developed on  the valvo- 
copula and the next  band,  have two rows of poroids, occasionally with a third poroid 
be tween  them, compared to the three to four poroid rows on the valve. Near  the centre of 
the cell the striae of the valvocopula have four to six poroids in the perva lvar  direction 
(Pigs 48, 49), gradual ly decreasing to two or one near  the poles (Pig. 45). The  striae of the 
second band  are about  half as high, and  the third b a n d  has only one t ransverse  row of 
poroids (Pig. 48). The unperforated part of the pars exterior has about  the same  width for 
all striated bands.  

The poroids of the valve as well as of the bands  have hymenate  vela (Pigs 47, 49). 
T a x o n o m y :  No holotype of IV. seriata was found in the P.T. Cleve Collection. 

O n e  of the shdes label led "Tindingen,  Gr6nland" has been  selected as a lectotype and a 
P. seriata specimen encircled. 

In valve view P. seriata f. seriata differs conspicuously from P. p u n g e n s  and  P. m u l -  

t iseries by valve outline. This character is often obscured in EM examinat ions  and  the 
stria structure of R seriata f. seriata can easily be  confused with that of P. mul t i ser ies .  
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Attention has then to be paid to the pointed ends of P. multiseries compared with the 
rounded  ends of P. seriata (cf. Figs 40, 41, and 45). 

Pseudo-nitzschia seriata f. obtusa differs from the nominate  form by more obtuse 
valve ends, shorter apical and transapical  axes (Fig. 15), somewhat more closely spaced 
striae (Table 1), and the usual  absence of poroids in the middle of the striae (Fig. 50). It 
should be  noticed that f. obtusa was not recorded from the Skagerrak, but  only from 
further north (Norwegian west coast from ca 63~ and northwards during the cold 
season) al though it was once observed off Helsingor during winter, together with other 
"arctic" diatoms (Hasle, 1965a): 

Pseudo-nitzschia australis (Synonym: Nitzschia pseudoseriata Hasle) may be the 
species most easily confused with P. seriata. Its identity as a separate species has been  
quest ioned by Rivera (1985) who claimed that N.pseudoseriata as well as N. seriata f. 
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o b t u s a  were synonyms of IV. s e n a t a .  P s e u d o - n i t z s c h i a  aus t ra l i s  is on ave rage  larger and  
more coarsely structured than P. ser ia ta  (Table 1). Larger specimens of P. aus t ra l i s  are 
symmetrical  with respect to the apical plane, and the cell ends are somewhat  rostrate 
(Fig. 16). These characters are less p ronounced  in smaller specimens. The branching  of 
the interstriae of the two valve ends of P. aus t ra l i s  (Figs 51.52} follows the pa t te rn  seen m 
P. ser ia ta  f. s e r ia ta  (Fig. 45). TEM studies of valve and  band  structure give further 
evidence for P. aus t ra l i s  as a species of its own. The striae on valve face b e a r  only two 
rows of hymena te  poroids (Table 2) separated by a wide unperforated space occasionally 
with a third poroid close to the raphe (Fig. 53). The mantle  is one to two poroids high, and 
the mant le  striae are two to three poroids wide (Figs 53, 54). The band  striae differ from 
those on valve face by having  more than two rows of poroids, and  from the b a n d  striae of 
P. ser ia ta  f. s e r ia ta  by shape and usually more rows of poroids (cf. Figs 48 a n d  55; Table 
2). Three striated bands and one narrow unperforated band  and h y m e n a t e  vela have 
been  observed in P. aus t ra l i s  (Figs 55, 56), as in P. ser ia ta  f. ser iata.  

D i s t r i b u t i o n : P s e u d o - n i t z s c h i a  ser~ata is a typical winter-spr ing species in the 
Skagerrak area, al though observed sporadically also in the autumn.  It was  scarce in the 
1967/68 samples but occurred regularly dur ing the whole sampling per iod  1979-93 
(Table 5) with greatest relative abundances  during the spring diatom peak.  

Pseudo-nitzschia fraudulenta (P. T. Cleve) Hasle, 1993 

(Figs 17-19, 57-61, Tables I, 2, 6) 

B a s i o n y m : Mitzschia fraudulenta P. T. Cleve, 1897b. 
S y n o n y m : Pseudo-Nitzschia seriata var. fraudulenta (P. T. Cleve) H. Peragallo in H: & M. 
Peragallo, 1900. 
T y p e 1 o c a 1 i t y : Plymouth Harbour. 
L e c t o t y p e :  SXV-21, Hasle, 1994, Fig. 4. 

M o r p h o 1 o g y ( L M ) : Cells in girdle view are l inear  to lanceolate,  with pointed 
ends, and in valve view typically lanceolate,  the valve marg/ns be i ng  curved and 
gradually taper ing towards pointed ends. The overlap of cell ends in colonies is one sixth 
to ca one eighth of cell length  (Fig. 17). Fibulae and interstriae are approximately  equal  in 
numbers .  Interstriae, but  not fibulae, may be discerned in water  mounts  u n d e r  optimal 
conditions. The fibulae, a larger central interspace and a central  nodule  are more distinct 
than the interstriae when  acid-cleaned valves mounted  in a medium of a h igh  refractive 
index are examined  (Pig. 18). The band  structure is not resolved with LM (Fig. 19). 

M o r p h o l o g y ( T E M ) : The valve striae have two to three rows of closely packed 
square poroids that fill out almost the whole space be tween  two interstr iae (Pigs 57, 58). 
One valve end  has one or two oblique rows of poroids close to the apex, which are 
missing on the other end (Figs 59, 60). The mant le  is one to two poroids h igh  (Figs 57, 58). 
The fibulae are a l igned with the valve face interstriae and, more irregularly,  with the 
striae or the interstriae of the proximal mant le  (Fig. 57). The central larger  interspace 
spans three to four valve face striae (Fig. 57). The poroid velum consists of a central 
irregular unperforated part with branches  towards the periphery. Between  the branches  
are hymena te  sectors (Fig. 58). 

A culture from the Trondheimsfjord conta ined few striated and m a n y  vague ly  or non-  
perforated bands  (Fig. 19). The valvocopula bears  rec tangular  striae with two rows of a 
varying n u m b e r  of irregularly shaped poroids, mostly ca 10 in the pervalvar  direction 
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(Fig. 61), occasionally with a central third row of smaller poroids. The poroid occlusions 
are hexagonal  hymenate  and similar in size to the hymenate  sectors of the valve poroids. 
A second, narrow, indistinctly structured, band  might be present, and an u n k n o w n  

n u m b e r  of non-perforated bands. 
T a x o n o m y : P s e u d o - n i t z s c h i a  f r a u d u l e n t a  as a species of its own and not a variety 

of P. s e r i a t a  is justified by (i) the symmetrical  valve outline, (ii) the larger central 
interspace with a central nodule, (iii) the more densely spaced fibulae and striae, (iv) the 
larger valve poroids with hymenate  sectors, (v) the valvocopula striae, with smaller 
poroids and more densely spaced than in P. s e r ia ta ,  and (vi) the apparently single striated 
band  and several unperforated bands.  

P s e u d o - n i t z s c h i a  s u b f r a u d u l e n t a  is morphologically closely related to P. f r a u d u l e n t a  

but  has not been  recorded from the Skagerrak with certainty, al though it does occur 
further south, in the North Atlantic (off the Portuguese and the northwestern African 
coasts). P s e u d o - n i t z s c h i a  s u b f r a u d u l e n t a  differs from P. f r a u d u l e n t a  in valve outline, the 
margins  be ing straight for a greater part of the valve length (Fig. 62). The interstriae are 
more densely spaced than in P. f r a u d u l e n t a ,  and more numerous  than the fibulae (Table 
1), The central larger interspace has the width of five valve striae (Fig. 62). The mant le  is 

Table 6. Seasonal and interannual distribution pattern of Pseudo-n i t zsch ia  f raudu len ta  
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one to two poroids high, and  the vela of valve face and mantle  (Figs 63, 64) are structured 
as in P. f r a u d u l e n t a .  

D i s t r i b u t i o n : P s e u d o - n i t z s c h i a  f r a u d u l e n t a  was recorded sporadically during 
the sampling period 1980-93 and  with one  exception (November 1989) always in small 
concentrat ions (Table 6). Unlike P. s e n a t a  f. s e n a t a ,  P. p u n g e n s  and P. m u l t i s e r i e s ,  it is 
most likely introduced from further south in the North Atlantic or from the Norwegian 
Sea, 

P s e u d o - n i t z s c h i a  h e i m i i  M a n g u i n ,  1957 
(Pigs 20, 65-69, Tables 1 and 2) 

S y n o n y m : Nitzschia heimii  (Manguin) Hasle, 1965a. 
T y p e  l o c a l i t y :  The coast of Ad41ieLand. 
T y p e  u n k n o w n .  

M o r p h o 1 o g y ( L M ) : The cells from the Skagerrak are asymmetrical  (trans- 
apical axis heteropolar) in valve view with one valve margin  almost straight, especially in 
the middle part, and the other convex. The valve ends are broadly rounded  and not 
distinctly asymmetrical  in shape (Fig. 20). The fibulae, along either the curved or the 
straight margin, and the central larger interspace are readily seen on c leaned  valves 
mounted  in a medium of high refractive index (Pig. 20). The interstriae are more closely 
spaced than the fibulae and less distinct, al though discernible with LM (Pig. 20). 

M o r p h o 1 o g y ( T E M ) : Specimens examined from the Skagerrak have two rows 
of small poroids per valve stria separated by a wide unperforated space (Figs 65, 66, 69). 
The mantle  is structured as the valve face and is three to four poroids high (Pig. 65). The 
striae of the proximal mantle  are slightly displaced from those of the valve face (Figs 65, 
68). The two central fibulae are widely spaced, the interspace corresponding to four or 
five valve face striae (Pigs 65, 67). 

The valvocopula has rectangular  striae {Fig. 67), with two rows of three to four 
poroids in the pervalvar direction (Fig. 68). The valve as well as valvocopula vela are 
hymenate  (Pigs 66, 68). 

T a x o n o m y : The Antarctic diatom Mangu i n  (1957) described as P. h e i m i i  is larger 
(apical axis 104-117 ~m, transapical  axis 5.5-6.5 ~m) and more coarsely structured (11-15 
fibulae and  21-23 striae in 10 ~m) than the specimens we have identif ied as P. h e i m f i  

from the Skagerrak. A more dehcately structured form of P. h e i m i i  has b e e n  recorded 
from the Subantarct ic (40-50 ~ and  in waters off Shetland, North Atlantic (Hasle, 1965a, 
1972). Although it is somewhat  longer  and  narrower than the Skagerrak specimens,  we 
feel fairly confident that the diatoms from the Skagerrak and  Shetland and,  most hkely 
also from the Subantarctic, belong to the same taxon. 

Due to the asymmetry of the valve, P s e u d o - n i t z s c h i a  h e i m i i  may be confused with P. 
ser ia ta  f. s e r ia ta  when  seen in water  mounts.  However,  examinat ion of acid-cleaned 
material  in a medium of high refractive index readily show the central larger  interspace 
and the greater n u m b e r  of interstriae than  fibulae. The distinction b e t w e e n  P. h e i m f i  and 
P. f r a u d u l e n t a ,  seen with the hght  microscope, depends  on the difference in symmetry 
and the less distinct and more densely spaced fibulae of P. f r a u d u l e n t a .  The structure of 
the valve poroid occlusions is a further distinctive feature (cf Figs 58 and  66). 

P s e u d o - n i t z s c h i a  s u b p a c i f i c a  (Figs 21, 22), recorded from northwest  African and  
Portuguese waters but  not from the Skagerrak,  has much of the same morphological  
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characters as P. h e i m f i  including striated bands (Hasle, 1965a, P1. 8, Fig. 4a), but is, on 

average,  smaller (apical axis 33-70 ~m), wider  (transapical axis 5-7 ~m) and more 
delicate in structure (15-20 fibulae and 28-32 striae in 10 [~m). 

D i s t r i b u t i o n : P s e u d o - n i t z s c h i a  h e i m i i  was recorded in 1983, 1985, 1986, 1989 

and 1990 in small concentrations in the late autumn from the Skagerrak station closest to 
the Danish coast and the one in t h e  middle  of the transect. In October 1990 it was, 

however ,  the dominant  P s e u d o - n i t z s c h i a  species in  samples collected at F lodevigen 
Marine Research Station on the Norwegian  south coast. 

P s e u d o - n i t z s c h i a  d e l i c a t i s s i m a  (P. T. C l e v e )  H e i d e n  in  H e i d e n  & Ko lbe ,  1928 
(Figs 23-25, 70-75, Tables 1, 2, 7) 

B a s i o n y m : N i t z s c h i a  d e l i c a t i s s i m a  P. T. Cleve, 1897a. 
S y n o n y m : N i t z s c h i a  a c t y d r o p h i l a  Hasle, 1965a. 
T y p e  l o c a l i t i e s :  Atlantic, 63010 , N, 0036 , E; Spitzbergen; Sweden. 
N e o t y p e 1 o c a 1 i t y : Helder, the Netherlands, 7th May 1897. 
N e o t y p e : S slide labelled " N i t z s c h i a  del icat iss irna,  Helder 7/5-97", this paper, Fig. 23. 

M o r p h o 1 o g y ( L M ) : P s e u d o - n i t z s c h i a  d e l i c a t i s s i m a  may be recognized  in gir- 
dle v iew by the extremely short overlap (ca one-ninth of cell length) of the cells, which 

are slightly sigmoid, narrow, and truncate at their ends (Hasle, 1965a, P1.2, Fig. 10a). The 
cells are narrow and l inear in girdle as well  as valve view; in valve view they are slightly 

wider  in the middle  and taper  towards rounded  cell ends (Pigs 23-25). The  fibulae, and 
occasionally the central  larger  interspace, are visible on c leaned  specimens mounted  in a 

medium of a high refractive index (Pig. 25), whereas  the interstriae and the band 
structure are not resolved with the light microscope (Ph, BM 100x). 

M o r p h o 1 o g y ( T E M ) : There are approximately  two interstriae for each fibula 

and three striae for the central  interspace (Pigs 70-72). The striae have  two rows of 
tr iangular  to hexagona l  poroids with hymena te  vela  (Pigs 72, 73). The apparent  variation 

in size and number  of poroids present  may be a result of degree  of silicification. There  is 
no noticeable difference in the structure of the two valve ends (Pigs 70, 71). The mantle  is 

one poroid high and bears one row of large poroids that may be split in two (Pigs 73, 74). 
The striae of the proximal mantle  are a l igned either with valve face striae or possibly 
more often with the interstriae (Pigs 73, 74). 

Three  structured and an unknown number  of unstructured bands were  observed 

inside a single c ingulum (Pig. 75). The valvocopula  has one row of rec tangular  poroids of 

about  the same width as the valve striae but filled by hymena te  vela  (Pigs 74, 75). The 
ve lum may be split into a few irregular  portions (Pig. 75) giving the impression of striae 

with closely packed  poroids. The next band  has a silicified rib running along the band 's  
length, separat ing the band  into two halves, each o rnamented  with i r regular  poroids 

(Pigs 74, 75). The  third band in the abvalvar  direction has small scattered poroids (Pigs 74, 
75). 

Structural differences shown in Figs 73-75 may be due to stages in the mor- 

phogenes is  of the girdle (incomplete in Fig. 73 but fully deve loped  in Figs 74 and 75). 

T a x o n o m y : Material  from the localities Cleve referred to in the description of P. 
d e f i c a t i s s i m a  has never  been  found. A slide in Naturhistoriska Riksmuseet, Sekt ionen f6r 

kryptogambotanik  (the Swedish Museum of Natural  History, Depar tment  of Botany), 
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labelled "Nitzschia delicatissima, Helder 7/5-97" in Cleve's handwriting has therefore 
been suggested as the neotype (Hasle, 1976). A specimen on this slide (Fig. 23) is 
presented here for comparison with the Skagerrak specimens (Figs 24, 25). Cleve (1897a, 
p. 24, P1. 2, Fig. 22} described and illustrated his species with a "central keel". The two 
valves of a single cell seldom separate, even during acid cleaning, and thus, when 
flattened on the slide, the specimens may easily be interpreted as having a central raphe. 

Pseudo-nRzschia delicatissima seems to be the only one of the smaller Pseudo- 
nitzschia species (the "delicatissima complex") that has simple hymenate vela like the 
much larger P. pungens,  P. multiseries, P. seriata and P. heimii. Pseudo-nitzschia 
delicatissima is also more similar to the coarsely structured P. pungens  with regard to 
proximal mantle and valvocopula structure than to other delicate Pseudo-nitzschia 
species. 

Table 7. Seasonal and interannual distribution pattern of Pseudo-nitzschia deficatissirna 
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D i s t r i b u t i o n :  Pseudo-nitzschia delicatissima is autochthonous to the area, 
although primarily a winter-spring form like P. seziata, with a somewhat erratic occurr- 
ence (Table 7). It occurred in mass concentrations in May 1953. In other material 
collected prior to 1980 it appeared in fair abundance in January 1964 (Dmbak, Oslofjord), 
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S e p t e m b e r  1966, N o v e m b e r  a n d  D e c e m b e r  1978 ( F l ~ d e v i g e n  M a r i n e  R e s e a r c h  S ta t ion ,  

N o r w e g i a n  s o u t h  coast) ,  a n d  in  D e c e m b e r  1967 a n d  M a r c h  1968 w i t h i n  t h e  t r ansec t .  

P s e u d o - n i t z s c h i a  p s e u d o d e l i c a t i s s i m a  ( H a s l e )  H a s l e ,  1 9 9 3  

(Figs 26-29, 76-81, Tables 1, 2, 8) 

B a s i o n y m : N i t z s c h i a  p s e u d o d e l i c a t i s s i m a  Hasle, 1976. 
S y n o n y m : N i t z s c h i a  d e l i c a t u l a  Hasle, 1965a, non N i t z s c h i a  d e l i c a t u l a  Skvortzow, 1946. 
T y p e  l o c a l i t y :  Denmark Strait. 
H o 1 o t y p e : IMBB no. 23, this paper, Fig. 27. 

M o r p h o l o g y  ( L M ) :  T h e  cel ls  a r e  l i n e a r  to a l m o s t  l inear ,  t a p e r i n g  t o w a r d s  

p o i n t e d  e n d s  in  g i rd l e  as we l l  as  v a l v e  v i e w  (Figs 26, 27). T h e  o v e r l a p  of cel ls  in  c h a i n s  is 

a b o u t  o n e - e i g t h  to o n e - n i n t h  of cel l  l e n g t h .  T h e  f i b u l a e  a n d  a c e n t r a l  l a r g e r  i n t e r s p a c e  

w i t h  a c e n t r a l  n o d u l e  a re  r e ad i l y  s e e n  o n  c l e a n e d  v a l v e s  m o u n t e d  in a m e d i u m  of a h i g h  

r e f r ac t i ve  i n d e x  (Figs 28, 29). T h e  i n t e r s t r i a e  of we l l  s i l ic i f ied s p e c i m e n s  m a y  o c c a s i o n a l l y  

b e  r e so lved .  

M o r p h o 1 o g y ( T E M ) : T h e r e  a re  a p p r o x i m a t e l y  two  s t r i ae  p e r  f ibula .  E a c h  s tr ia  

is c o m p o s e d  of o n e  row of l a r g e  s q u a r e  p o r o i d s  (Figs 76, 77). T h e  v a l v e  e n d s  a re  s imi l a r  in  

Table 8. Seasonal and interannual  distribution pat tern  of P s e u d o - n i t z s c h i a  p s e u d o d e l i c a t i s s i m a  
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structure (Figs 78, 79}. The valve mant le  is one large rectangular  or roundish  poroid high 
(Fig. 76). The proximal valve mant le  poroids are usually ahgned  with the va lve  face striae 
(Fig. 77). The central interspace with the central nodule  corresponds to four striae (Fig. 
77). The veta of the valve face poroids consist of a central unperforated or h y m e n a t e  part, 
sur rounded by five to eight hymenate  sectors (Fig. 76). The vela of the man t l e  poroids 
have basically the same pat tern elongated in pervalvar direction and  wi th  more hyme- 
nate sectors (Fig. 76). 

The c ingulum has three striated bands,  each stria having two to three rows of four to 
six poroids in the pervalvar direction. The valvocopula is slightly wider t han  the other 
bands  (Figs 80.81). A narrow unperforated band  seems to form the edge of the c ingulum 
(Fig. 81). The poroids of the band  striae are shaped as the hymenate  sectors of the valve 
vela (cf. Figs 76 and 811. 

T a x o n o m y : P s e u d o - n i t z s c h i a  p s e u d o d e l i c a t i s s i m a  and P. d e l i c a t i s s i m a  both 
appear  in North European inshore waters, sometimes in the same sample. Discr iminat ing 
characters discernible with LM are pointed apices and  l inear valves in P. p s e u d o d e l i c a t i s -  

s ima,  compared to rounded apices, short overlap of cell ends and a slight w i d e n i n g  of the 
central part of P. de l ica t i s s ima .  TEM observations of valve striae, mant le  and  bands  
further clarify the distinction be tween  the two species. 

P s e u d o - n i t z s c h i a  p s e u d o d e l i c a t i s s i m a  has also some resemblance  to P. l ineola ,  P. 

in f la tu la  and  P. cusp ida ta ,  the first two recorded from the nor thern par t  of the North 
Atlantic and  the latter as far north as off the Portuguese coast. There  are certain 
differences in valve outline of the species compared, and P. l ineo la  (Hasle, 1965a, Pl. 13, 
Figs 11-14), P. in f la tu la  (Hasle, 1965a, P1. 13, Figs 7-10) and  P. c u s p i d a t a  (unpubl ished 
observations) all have more simply structured poroid vela than P. p s e u d o d e l i c a t i s s i m a .  

D i s t r i b u t i o n : P s e u d o - n i t z s c h i a  p s e u d o d e l i c a t i s s i m a  was a b u n d a n t  in a Skager- 
rak sample in December  1976 as well as in November  1980 (Table 8). The  few records 
from the following years are from the autumn.  Since 1989 it has increased in a bunda nc e  
(sometimes occurring in mass concentrations) and  extended its occurrence from 
June-December .  

DISCUSSION 

M o r p h o l o g y  

P s e u d o - n i t z s c h i a  species form a weU-defined group, discriminated from other genera  
within the family Bacillariaceae Ehrenberg  by a combinat ion of morphological  and  
ecological features. 

The main  reason put  forward by Peragallo & Peragallo (1900) for transferring 
N i t z s c h i a  ser ia ta  and  N. f r a u d u l e n t a  to the new genus  P s e u d o - N i t z s c h i a  seemed  to be 
that fibulae ("keel puncta") are indist inct  or not observed at all with l ight  microscopy. 
The justification for the i ndependen t  status of the genus  obta ined by SEM is the lack of 
prominent  features that are characteristics of N i t z s c h i a  inc luding the gener i type  N. 
s igrno idea  (Nitzsch) W. Smith. These characteristics are a conopeum near  the raphe, 
raphe central  to moderately eccentric, raphe raised on a keel, bands  with two or more 
transverse rows of isolated poroids, and  raphe canal  wails with poroids (Mann, 1986; 
Hasle, 1994). 
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The formation of stepped colonies is the prominent  character by which Pseudo- 
nitzschia is recognized in fresh material. The cells of Bacillaria Gmelin  (of the same 
family) slide along each other in colonies to form a hnear  array or to retract into a tabular  
array. When forming a l inear array, the similarity to a s tepped colony is striking. 
Although similar movements  have to take place in Pseudo-nitzschia just after the cell 
division, the overlap of cell ends is fairly constant. Furthermore, the raphe system of 
Bacfllaria is considerably more complicated in construction than that of Pseudo-nitzschia 
(Drum & Pankratz, 1965). The only other genus  with s tepped colonies beside Pseudo- 
nitzschia seems to be the taxonomically and morphologically isolated genus  Nanoneis  R. 

E. Norris (Norris, 1973). 
The closest related genus is apparent ly  Fragilariopsis which is also exclusively 

marine  but  forms r ibbon-shaped non-moti le  colonies. Fragilariopsis also has a strongly 
eccentric raphe system not raised above the general  level of the valve, and  valve striae 
with 1-4, usually 2, rows of poroids with hymens.  A central nodule  and more striae than 
fibulae are present  in a few Fragilariopsis spp. only, and the asymmetry found in some 
species is manifest  in the heteropolar apical axis, rather than the transapical axis in 
Pseudo-nitzschia (Table 2). The Fragilariopsis bands  observed so far have, with one 
exception viz. P. oceanica (P. T. Cleve) Hasle, no perforations or a single row of poroids 
only (Hasle, 1965b; Round et al., 1990; Medlin & Sims, 1993). The latter seems to be the 
common pattern in Bacillariaceae (Round et al., 1990; Lange-Bertalot & Krammer, 1993). 
Striated bands  like those shown in Pseudo-nitzschia are, as far as we know, restricted to 
this genus  and to F. oceanica (Hasle, 1965b, P1. 2, Fig. 9). 

All Bacillariaceae genera  illustrated by Round et al. (1990) had hymenate  poroid 
occlusions. Whether  the hymens of these genera  have the hexagonal  array of Pragilariop- 
sis and some Pseudo-nitzschia species (with simple hymena te  velum in Table 2), is not 
evident  from either their text or illustrations. Hexagonal  array or regular scatter (pores 
scattered across the hymen  in a somewhat  disorderly fashion) are present  in Hantzschia 
Grunow; Nitzschia paeneperpetua Mann  has a centric array (the perforations are ordered 
with respect to the centre of the hymen), and in N. sinuata (W. Smith) Grunow delicate 
cribra are present, external to the hymens  (Mann, 1981). The pore occlusions of N. 
sinuata (Mann, 1981, Fig. 8) are similar to those found in Pseudo-nitzschia fraudulenta 
and other species with hymenate  ve lum divided into sectors by central, b ranched  
structures (Table 2). Unfortunately, we had no access to a scanning  electron microscope 
with a resolution high enough to verify the nature  and the level of the central structures. 

In general,  the Pseudo-nitzschia girdle consists of several open, usually three, 
striated bands  and  at least one unperforated band;  all bands  taper at the poles. Similar 
observations were made  earlier by MacPhee et al. (1992, p. 306) who examined  P. 
rnultiseries with SEM, except that they assumed the bands  to "encircle the cell without a 

break".  
Specific structures of the girdle support  the status of P. fraudulenta (Fig. 61) as a 

separate species and  not a variety of P. seriata (Figs 48, 49), of P. austrafis (Figs 55, 56) as 
distinct from P. seriata, and  P. pungens  (Fig. 35) and P. multiseries (Figs 42-44) as two 
taxa more remotely related than previously thought. The isolated position of P. delicatis- 
sima among the smaller species based on band  and  proximal mantle  structure (Figs 
73-75) is a further noteworthy observation. 

Pseudo-nitzschia pungens  (Figs 35, 37), P. multise~ffes (Figs 39, 42), P. seriata (Figs 
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47.49), P. australis (Figs 53, 56), P. heimii (Figs 66. 68) and P. delicatissima (Figs 72, 74, 
75) have band  as well as valve poroids with simple hymenate  vela (Table 2). Pseudo- 

nitzschia fraudulenta (Fig. 58), P. subfraudulenta (Fig. 64) and P. pseudodelicatisslma 
(Fig. 76) form another  group with valve poroid vela split into several hymena t e  sectors 
and bands  with small angular  hymena te  poroids (Figs 61 81). The vela of P. cuspidata, P. 
inflatula and P. lineola are, as far as we know, split like those of P. pseudodelicatissirna 

but  in fewer parts (Table 2). 
Attempts to l ink the groups dis t inguished by velum structure with other morphologi- 

cal features showed that P. pungens  and P. delicatissima, species that otherwise seem to 
be more remote than most species of the genus  (Table 1), share as many  characters as any 
two species in Table 2, viz. simple hymena te  vela. bands with one row of poroids. 
proximal mant le  non-str ia ted (= 1-2 poroids), valves symmetrical along the apical axis, 
and valve striae with two rows of poroids. 

Pseudo-nitzschia subfraudulenta, P. pseudodelicatissima, P. cuspidata, P. inflatula 
and P. lineola, with hymenate  sectors, form a fairly homogeneous  group, all having 
symmetrical valves, a central nodule, and more striae than fibulae. It should be noted, 
however, that P. fraudulenta, P. granii (Hasle) Hasle and P. subcurvata (Hasle) G. A. 
Fryxell also have this kind of poroid occlusions. But, P. fraudulenta has equa l  numbers  of 
fibulae and striae per valve, and P. granii and P. subcurvata have no central  nodule.  

Presence/absence  of a central nodule  was used as a special character  in the 
classification of Nitzschia section Lanceolatae Grunow (Lange-Bertalot, 1980), whereas 
M a n n  (1982) considered p resence /absence  of a central nodule as just one  of the 30 
characters that can be used. A certain taxonomic relationship based on p resence /absence  
of a central nodule  in combinat ion with a kind of poroid vela and n u m b e r  of fibulae 
relative to n u m b e r  of valve striae, and in part  also valve outline, is discernible in Pseudo- 
nitzschia. In P. seriata, P. multiseries, P. australis and P. pungens  the absence  of a central 
nodule  corresponds well with simple hymena te  vela and equal numbers  of f ibulae and 
valve striae per valve, and with the exception of P. seriata, with symmetr ical  valves 
(Table 2). In P. heimii and P. subpacifica with asymmetrical, and P. delicatissima with 
symmetrical valve, presence of a central  nodule  corresponds with simple h y m e n a t e  vela, 
and more valve striae than fibulae (Table 2). Pseudo-nitzschia turgidula (I--Iustedt) Hasle 
will also be long to this group if the vela are shown to be simply hymena te  (Hasle, 1965a, 
Table 3). 

D i s t r i b u t i o n  

The most f requent  occurrence of records and  the greatest abundances  of P. pungens  
in the Skagerrak over the entire s amphng  period extended from August  to December.  
Since the late 1980s, P. pungens  has b e e n  recorded during most of the year  with greatest 
abundances  in the au tumn (Table 2), together  with species of a more southern  origin (see 
Lange et al., 1992). This pat tern agrees well with the species' long-term distr ibution in 
the Oslofjord, and in the Trondheimsfjord as the northernmost  locality (Table 9). 

Pseudo-nitzschia pungens  has a cosmopolitan distribution (Hasle, 1972), a s ta tement  
supported by further invest igat ions from Japan,  Bay of Thailand, New Zealand,  Atlantic 
and  Pacific coasts of North and  South America, and European waters (e.g. Takano  & 
Kuroki, 1977; Rivera, 1985; Fryxell et al., 1990; Hargraves et al., 1993; Horne t  & Postel, 
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Table 9. Geographical  distribution of Pseudo-n i t z sch ia  spp. in Norwegian coastal waters 

Site/Date P. p u n g e n s  P mult iser ies  

OSLOFJORD, c a  5 9  ~ 40' N 10 ~ 35' E 

Feb 1964 

Apr 1966 

Nov 1966 

Mar 1967 

Sept 1967 

Oct 1967 

Mar 1968 

Nov 1971 

Dec 1976 

Dec 1980 

Aug 1982 

Nov 1982 ~ 

Dec 1982 

Apr I984 

Feb 1985 

Apr 1985 

Dec 1985 

Dec 1987 

Jan 1988 

Mar 1988 

Apr 1988 

May 1988 

Oct 1990 

Mar 1991 

Oct 1991 

Oct 1992 

T O P P S U N D ,  R I S O R  c a  5 8  ~ 4 5 '  N 0 9  ~ 10 '  E 

Feb 1976 

Mar 1976 �9 

R Y F Y L K E F J O R D ,  c a  5 9  ~ 2 0 '  N 0 5  ~ 3 0 '  E 

X 

X 

X 

X X 

x ? 

x ? 

x 

x ? 

X 

X 

X 

P. seriata P. f raudulenta  P. pseudo-  P. del icat issima 
delicatissima 

X 

X 

X 

X 

X 

? 

X 

X 

X ~ 

May 1972 

Oct 1972 

Nov 1972 
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Site/Date P. p u n g e n s  

HARDANGERFJORD, c a  6 0  ~ 15 '  N 0 6  ~ E 

Feb 1972 ? 

Apt 1972 ? x 

Sept 1972 

K O R S F J O R D ,  c a  6 0  ~ 15 '  N 0 5  ~ 3 0 '  E 

G. R. Has le ,  C. B. L a n g e  & E. E. S y v e r t s e n  

Table 9 (continued] 

P. mul t i ser ies  P. seriata P. f raudulenta  P. pseudo-  
del icat iss ima 

P. delicatissima 

X *  X ~ 

Oct 1974 

Nov 1974 

Mar 1975 

Jun 1975 

Mar 1976 

Apr 1978 

Sept 1978 x 

Nov 1982 

May 1982 x* 

X 

I 
i x~ 

X ~ 

E S P E G R E N D ,  c a  6 0  ~ 2 0 '  N 

Mar 1976 x x" 

Mar 1983 x 

B E R G E N ,  c a  6 0  ~ 2 1 ' N  0 5  ~ 3 8 ' E  

Mar 1968 x 

A R E A  b e t w e e n  6 0  ~ 4 0 ' -  6 0  ~ 4 9 '  N a n d  0 4  ~ 4 0 ' -  0 5  ~ 0 4 '  E 

Mar 1981 x x 

X X May 1981 

Mar 1982 

N O R D F J O R D ,  c a  6 1  ~ 5 0 '  N 0 5  ~ 3 0 '  E 

Mar 1966 x 

Mar 1967 x 

M ~ R E ,  c a 6 3  ~  0 6  ~  

May 1929 

Apr 1968 x 

K R I S T I A N S U N D ,  c a  6 3  ~ 1 5 '  N 0 7  ~ 5 0 '  E 

Mar 1968 _ _  [ 

Apr 1968 X* X ~ 
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Site/Date P. pungens  P. multiseries R seriata P. fraudulenta R pseudo- P. delicatissima 
delicatissima 

T R O N D H E I M S F J O R D  63  ~ 25'  N 10  ~ 20'  E 

Mar 1964 

Jun 1964 x 1 

Mar 1970 x* x* 

Nov 1975 x x x 

Mar 1983 x 

Mar 1986 x 

Oct 1992 

Aug 1993 

A R E A  b e t w e e n  6 4  ~ 40'  

Apr 1968 

X 

X 

X 

X 

X 

X 

a n d  08  ~ 5 0 ' - 1 0  ~ 05' E 

X" X X" X" 

S A L T F J O R D ,  6 7  ~ 19' N 14  ~ 22' E 

Jul 1992 

Aug 1992 X ~ X *  X ~ X *  

T R O M S O ,  6 9  ~ 42 '  N 18  ~ 59'  E 

Aug 1975 x 

X Mar 19761 

Jul 1992 [ 

identification questionable 

present 

l abundant 

TEM identification 

1993; Mackenzie  et al., 1993; Villac et al., 1993b; Lange et al., 1994; personal observa- 
t_ions). There are no records from polar waters. 

Tables 3, 4 and  9 demonstrate a difference in the long-term distribution of P. p u n f f e n s  

and P. m u l t i s e r i e s  but  a similarity in seasonality. The n u m b e r  of records from the 
Oslofjord and  the Skagerrak in the 1960s and  1970s (Tables 4, 9; Hasle, 1965a) gives 
evidence for P. m u l t i s e r i e s  as a species be longing  to the area. It may have been  recorded 
from the Skagerrak  as early as 1912 by Cleve-Euler  (1917, p. 13 as N i t z s c h i a  p u n g e n s  var. 
atlantica) w h e n  it "abruptly occurred in rich quantit ies" in August. 

We do not have an explanat ion for the lack of records from further north along the 
Norwegian coast and  the sparse occurrence along the Skagerrak transect in 1991-1993. 
A similar drastic reduction of P. m u l t i s e n e s  occurred in 1992 in the Cardigan River region, 



156 G: R. Hasle, C. B. Lange & E. E. Syver tsen 

Atlantic Canada,  and parasitism by a chytrid fungus was suggested as a possible cause 
(Smith, 1993). 

Due to the necessity of electron microscopy for reliable identification of P. multi- 
series, information on its distribution is still scarce, Villac et al. (1993a) summar ized  the 
distribution area as Atlantic waters of North America, Europe and South America, and 
Pacific waters of North America and Northeast Asia. Our observations from European 
waters include records from The Sound (between Sweden  and Denmark),  Kiel Bay, 
Helgoland, with June  1992 as the most recent  record, and the English Channel .  

Pseudo-nitzschia seriata and P. delicatissima were recorded in phytop lank ton  inves- 
tigations carned  out in the Skagerrak around the turn of the century {e.g. Cleve, 1897a, 
1900: Gran, 1915.. Cleve-Euler, 1917), and  in water samples collected every month from 
February 1957 through May 1958 at Drobak. Oslofjord (Hasle & Smayda,  1960). The 
records of P. seriata and  P. delicatissima in these investigations characterize P. seriata as 
a winter-spring form in the area while the seasonal distribution of P. delicatissima is more 
erratic. 

The present  study supports the former characterization of P. seriata as a winter- 
spring species (Table 5), not only in the Skagerrak area but  also along the Norwegian 
west and north coasts (Table 9). Although the seasonal distribution pat tern regard ing  the 
onset and time span of greatest abundances  varied from year to year in the Skagerrak 
area, it occurred always during the coldest part of the year  (between J a nua r y  and  May; 
Lange et al., 1992, Table 3). This agrees with Hasle's (1972) characterization of P. seriata 
as a cold-water species, most likely restricted to the nor thern hemisphere,  and  with 
observations from northern European waters (English Channe l  as the southernmost  
locality) in the 1970s (pers. observations). 

Our observations on the distribution of P. delicatissima (Table 7) also correspond well 
with those from the Skagerrak and  the Oslofjord in the past; it may be found at all seasons 
but  in greatest abundances  dur ing winter  and spring. This seems to be the case also in 
the Oslofjord and further northwards along the Norwegian coast, if only records based on 
TEM are taken  into consideration (Table 9). Since P. delicatissima is another  species that 
often requires EM for reliable identification, its global distribution is poorly known. In 
addition to Norwegian waters it has b e e n  reported from Danish, nor thwest  African and 
Californian waters (Hasle, 1965a; Villac et al., 1993b; Lundholm et al., 1994) and  perhaps 
from Japan  (Takano & Kuroki, 1977). 

Pseudo-nitzschia fraudulenta (Table 6) and P. heimfi are regular components  of the 
p lankton of the Norwegian Sea and  the North Atlantic (Hasle, 1965a) a n d  have most 
likely been  advected into the Skagerrak area. It may be noted that P. fraudulenta was 
recorded as far north as 67 ~ along the Norwegian  coast (Table 9), and  that in addition to 
the distribution reported by Hasle (1972) the species has been  observed from Japan  
(Takano & Kuroki, 1977), from Chile (Rivera, 1985) and  from Rhode Island,  U.S.A. 
(Hargraves et al., 1993). 

Pseudo-nitzschia pseudodelicatissima was observed in fair numbers  i n  the au tumn  
before the regular  samphng program started (see above). The appa ren t  increase in 
abundance  as well as f requency of occurrence in the 1990s is considerable,  however  
(Table 8). Massive blooms were reported from early July to mid-October  1992 in 
Scandinavian  and western  Baltic waters (Edler, 1993; Hansen  & Hors tmann,  1993; 
Lundholm & Skov, 1993), and high concentrat ions were seen even earher i n  1993 (Table 
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8, a n d  K. T a n g e n ,  pers .  comm.) .  We  h a v e  o b s e r v e d  P. pseudode l i ca t i s s ima  as far  n o r t h  as 

67 ~ a l o n g  the  N o r w e g i a n  coas t  (Table  9). The  k n o w n  d i s t r ibu t ion  m a y  b e  s u m m a r i z e d  

as: At lan t ic  w a t e r s  of E u r o p e  a n d  Afr ica  ( D e n m a r k  Strai t  to N W  Africa),  C a n a d a  a n d  

U . S . A .  (Arctic to Gulf  of Mexico) ,  Pacif ic  w a t e r s  of Bri t ish Co lumbia ,  Ca l i fo rn ia  a n d  

Chile ,  a n d  J a p a n  (Hasle,  1965a; T a k a n o  & Kuroki,  1977; M a r t i n  et  al., 1990; Vil lac  et  al,, 

1993b; Edler ,  1993; H a n s e n  & H o r s t m a n n ,  1993; L u n d h o l m  & Skov, 1993; Taylor ,  1993; 

L a n g e  et  al., 1994; Vi l larea l  e t  al., 1994). 

In conc lus ion ,  the  Pseudo-n i t z sch ia  s p e c i e s  f o u n d  to p r o d u c e  domoic  ac id  a re  p r e s e n t  

(P. australis e x c e p t e d )  in t he  i n v e s t i g a t e d  a r e a  as we l l  as in o t h e r  Nor th  E u r o p e a n  wa te r s ,  

a l t h o u g h  ASP has  n e v e r  b e e n  r epo r t ed .  
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Figs 2-6. LM. Fig. 2. Pseudo-nitzschia multiseries, Skagerrak, North Atlantic, 18th January 1968; 
part of chain in girdle view; note overlap and shape of cell ends and distinct interstriae. Figs 3, 4. P. 
pungens, Skagerrak, 12th September 1990; parts of valves in valve view, valve striae with two rows 
of poroids. Fig. 5. P. pungens, Dutch coastai waters; cell in girdle view, coarsely structured valves 
and bands. Fig. 6. P. pungens, clonal culture, Trondheimsfjord, Norway, 28th October 1992; half of a 

band. Scale bars = 10 ~m, Figs 3, 5 and 6 the same magnification 

Figs 7-11. LM. Figs 7-9. Pseudo-nitzschia multiseries. Figs 7, 8. Skagerrak, North Atlantic, 18th 
January 1968 and 7th December 1989, respectively; both valves in valve view; poroids are not 
resolved. Fig. 9. Clonal culture TKA2, Galveston, Gulf of Mexico~ part of band. Figs 10, 11. P. seriata 
f. seriata, Oslofjord, Norway, 17th March 1976. Fig. 10. Chain in valve view, water mount; note 
overlap of cell ends and one straight and one curved valve margin. Fig. 11. Part of a chain in girdle 
view, water mount; note chloroplasts, overlap and shape of cell ends and indistinct interstriae. 

Scale bars = 10 ~m 

Figs 12-16. LM. Figs 12-14. Pseudo-nitzschia seriata f. seriata. Fig. 12. More, Norwegian west coast, 
5th April 1968; valve in valve view showing fibulae (to the left) and faint interstriae. Figs 13, 14. 
Inner Oslofjord, Norway, 24th March 1976; parts of valves and bands, one band with the loop (closed 
end) intact. Pig. 15. P. seriata f. obtusa, Baffins Bay, Arctic Ocean, BM 33027; short chain in valve 
view, note obtuse shape of valve ends and one valve margin more curved than the other. Fig. 16. P. 
australis, Puerto Quequ4n, Argentina; part of valve in valve view and bands; note the prolonged 
valve end, the fibulae (to the right) and the interstriae. Scale bars = 10 ttm; Figs 12-15 have the same 

magnihcation 

Figs 17-22. LM. Figs I7-19. Pseudo-nitzschia fraudulenta. Figs 17, 19. Clonal culture, Trondheims- 
fjord, Norway, 28th October 1992, Fig. 17. Chain in girdle view, water mount; note overlap and 
shape of cell ends, interstriae are not resolved. Fig. 19. Bands. Fig. 18. More, Norwegian west coast, 
5th April 1968; valve in valve view showing fibulae (to the right), central nodule in central larger 
interspace and faint interstriae. Fig. 20. P. heimii, Skagerrak, North Atlantic, 7th December i989; 
valve in valve view; note one straight and one curved margin, fibulae (to the left), central larger 
interspace and faint interstriae. Figs 21, 22. P. subpacffica, off NW Africa, 1970; valves in valve view 
showing fibulae (to the left), central larger interspace (Fig. 22), and faint interstriae (Fig. 21). 

Scale bars = 1O ̀ am; Figs 18-22 have the same magnification 

Figs 23-29. LM. Figs 23-25. Pseudo-nitzschia delicatissima. Fig. 23. Helder, the Netherlands, 7th 
May 1897 (P. T. Cleve slide). Figs 24, 25. Skagerrak, North Atlantic, 7th December 1989 and 26th 
May 1953, respectively; all valves in valve view; note fibulae (Figs 23, 24 to the left, Fig. 25 to the 
right). Figs 26-29. P. pseudodelicatissima. Fig. 26. Outer Oslofjord, Norway, September 1991; part of 
a chain in girdle view, water mount; note overlap and shape of valve ends. Fig. 27. Holotype, 
Denmark Strait, 241h May 1898. Fig. 28. Outer Oslofjord, 18th September 1991; Fig. 29. Skagerrak, 
7th December 1989; all valves in valve view showing fibulae (to the right) with central larger 

interspace. Scale bars = 10`am; all figures except Fig. 26 have the same magnification 

Figs 30-35. TEM. Pseudo-nitzschia pungens. Fig. 30. Skagerrak, North Atlantic, 30th August 1988; 
part of valve with raphe and proximal mantle with large single poroids. Figs 31-35. Clonal culture, 
Trondheimsfjord, Norway, 28th October 1992. Figs 31, 34. Parts of valves, tilt 40~ note the structure 
of the proximal mantle and the distal mantle (Fig. 31 at the bottom, with the strip of silica be tween 
valve face and distal mantle). Figs 32, 33. Two ends of one valve, note the difference in stria 
structure. Fig. 35. Part of girdle with three areolated bands, each with one row of hymenate  poroids 
in the longitudinal direction. Scale bars: Figs 30-34 = 1 ̀ am; Fig. 35 = 0.5 ~tm; Figs 30, 32-34 the 

same magnification 

Figs 36-42. TEM. Figs 36, 37. Pseudo-nitzschia pungens. Fig. 36. Peruvian waters, 06~ 
80o23 ' W; valve end and two alternating bands, one showing the opening and the other the closed 
loop. Fig. 37. Helgoland, 30th June 1992; part of valve with raphe and proximal mantle, note the 
hexagonal hymenate  vela. Figs 38-42. P. multisenes. Fig. 38. Drobak, Oslofjord, Norway, 4th March 
1959; part of valve with raphe, proximal and distal valve mantle; and strip of silica be tween  valve 
face and distal mantle. Fig. 39. Clonal culture F445, Galveston, Gulf of Mexico, part of valve, 
showing hexagonal hymenate poroid vela. Figs 40-42. Skagerrak, 18th January 1968. Figs 40, 41. 
Two ends of one valve, note the difference in terminal interstriae. Fig. 42. Part of valvocopula with 

striae of small hymenate poroids. Scale bars: Fig, 36 = 5 am; Figs 38, 40, 41 = 1 ~tm; 
Figs 37, 39, 42 = 0.5 ~m 
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Figs 43-47. TEM. Figs 43, 44. Pseudo-n i t z sch ia  mul t iser ies ,  clonal culture TKA2, Galveston, Gulf of 
Mexico; part  of bands.  Figs 45-47. P. seriata f. seriata. Fig. 45. Toppsund, Riser, Norwegian  south 
coast, 29th February 1976; valve end  and the narrow closed loop of a band.  Fig. 46. Norwegian Sea, 
17th April 1962; part  of valve with raphe, proximal and distal mantle, and strip of silica be tween  
valve face and  distal mantle. Fig. 47. Salten, Bodo, North Norway, 3rd August 1992; part  of valve 

with raphe and proximal mantle, note hexagonal  hymenate  poroids. 
Scale bars: Figs 43, 44, 47 = 0.5Bm; Figs 45, 46 -- 1 Bm 

Figs 48-54. TEM. Figs 48, 49. Pseudo-n i t z sch ia  seriata f. seriata. Fig. 48. Toppsund,  Risor, Norwe- 
gian south coast, 29th February 1976; part  of girdle with three areolated and  one narrow non- 
areolated band  (at the bottom). Fig. 49. Salten, Bodo, North Norway, 3rd August 1992; valvocopula, 
striated with hexagonal  hymena te  poroids. Fig. 50. P. seriata f. obtusa, Kabelv~g, North Norway, 
21st March 1962; valve end showing striae with two rows of poroids. Figs 51-54. P. australis. Figs 51, 
52. Clonal culture MB-9, Monterey Bay, California; two ends of one valve, note the difference in 
terminal interstriae. Fig. 53. Clonal culture MB-9, Monterey Bay, California; part of valve with distal 
mantle  and strip of silica at the bend  be tween  valve face and mantle, note hexagonal  hymenate  
poroids, tilt 45 ~ Fig. 54. Cape Town, South Africa, 8th January  1993; part of valve with raphe  and 
proximal mantle, tilt 55 ~ Scale bars: Figs 48, 50, 51, 54 = 1 ~tm; Figs 51 and 52 have the same 

magnification; Figs 49, 53 = 0.5 Bm 

Figs 55-61. TEM. Figs 55, 56. Pseudo-n i t z sch ia  australis. Fig. 55. Cape Town, South Africa, 20th 
April 1967; part  of girdle with th~ee areolated and  one narrow non-areolated band.  Fig. 56. Clonal 
culture MB-9, Monterey Bay, California; part  of girdle with three areolated bands,  note hexagonal  
hymena te  poroids. Figs 57-61. P. [raudulenta.  Fig. 58. Flodevigen Marine Research Station, Norwe- 
gian south coast, 14th October 1990; part of valve with siliceous strip be tween  valve face and distal 
mantle, note poroids with sectors of hymena te  velum. Figs 57, 59-61. Clonal culture, Trondheims- 
fjord, 28th October 1992. Fig. 57. Part of valve showing raphe, central nodule, central  larger 
interspace and  proximal mantle, tilt 25 ~ . Figs 59, 60. Two ends of the same valve, note difference in 
terminal interstriae. Fig. 61. Part of girdle with one wide, areolated and two non-areola ted  bands, 
note the angular  hymenate  vela which are different from those on the valve. Scale bars: Figs 55, 59 = 
1 Bm; Figs 55 and 57 have the same magnification; Figs 59 and 60 have the same magnification; 

Figs 56, 58, 61 = 0.5 Mm 

Figs 62-66. TEM. Figs 62-64. Pseudo-n i t z sch ia  sub f raudu len ta ,  off Portugal, 41~ 08054 ' W, 
23rd November  I985. Fig. 62. Part of valve showing the straight margins at the middle part  and 
tapering valve end, the raphe with the central  nodule and the central  larger interspace.  Fig. 63. Part 
of valve with raphe and proximal mantle. Fig. 64. Part of valve, note poroids with sectors of 
hymenate  vela. Figs 65, 66. P. heimii ,  Fledevigen Marine Research Station, Norwegian  south coast, 
14th October 1990; parts of valves with raphe  and  proximal mantle, central  nodule and  central  larger 
interspace (Fig. 65), note small hexagonal  hymena te  poroids (Fig. 66). Scale bars: Fig. 62 = 10 ~tm; 

Fig. 63 = 0.5 ~m; Figs 63-66 have  the same magnification 

Figs 67-72. TEM. Figs 67-69. Pseudo-n i t z sch ia  heimii .  Figs 67, 68. Skagerrak,  North  Atlantic, 14th 
October 1991; part  of a valve with valvocopula attached, raphe  with central  nodule  a long the curved 
margin (Fig. 67), proximal mant le  and  valvocopula striated as the valve (Fig. 68). Fig. 69. Fledevigen 
Marine Research Station, Norwegian south coast, 14th October 1990. Figs 70-72. P. del icat issima,  
Skagerrak, 26th May I953. Figs 70, 71. Two ends  of one valve, no difference in structure. Fig. 72. 
Part of valve with raphe, central  nodule and  larger  interspace, mant le  with single poroids, siliceous 
strip at the bend  be tween  valve face and  distal mantle, valve striae with angular  hymena te  poroids. 

Scale bars: Fig. 67 = 5~tm; Figs 69-71 = 1 ~tm; Figs 68, 72 -- 0.5 ~tm 

Figs 73-77. TEM. Figs 73-75. Pseudo-ni tzscl~'a deh'catissima. Fig. 73. Toppsund, Riser, Norwegian 
south coast, 29th February I976; part  of valve and  girdle showing two (?) areolated and  two (?) non-  
areolated bands.  Figs 74, 75. Skagerrak, 26th May 1953. Fig. 74. Part of valve with raphe  and  
proximal mant le  with 1-2 poroids per  "stria", valvocopula with one row (in longitudinal  direction) of 
large, square, single hymena te  poroids, next  band  with two separated rows of more irregular 
poroids, at the bottom apparent ly an extremely narrow non-areola ted  band.  Fig. 75. A similar girdle, 
but  the poroids of the valvocopula are partly split. Figs 76, 77. P. pseudode l i ca t i s s ima ,  Fig, 76. Kiel 
Bay, Baltic Sea, 9th September  1992; par t  of valve showing raphe, proximal mant le  and hymena te  
vela divided into many sectors. Fig. 77. Skagerrak,  North Atlantic, 7th December  1989; part  of valve 

with proximal mantle, raphe, central  nodule  and  central  larger interspace,  
Scale bars: Fig. 73 = 0.5 ~um; Figs 73-76 have the same magnification; Fig. 77 = 1 ~tm 
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Figs 78-81. TEM. Pseudo-nitzschia pseudodelicatissima. Figs 78, 79. Skagerrak, North Atlantic, 14th 
October 1991; two ends of one valve, no difference in structure. Fig. 80. Outer Oslofjord, 18th 
September 1991; part of girdle showing alternating open and closed poles (loops). Fig. 81. Skager- 
rak, 26th May 1953; part of girdle, epitheca at the top with epivalve, three wide, areolated bands and 
probably one, extremely narrow band, and valvocopula of hypotheca; note striae of angular 

hymenate poroids. Scale bars: Figs 78-80 = 1 ~tm; Fig. 81 = 0.5 [tm 


