
ICES Identification Leaflets for Plankton

Fiches d’identification du Plancton

LEAFLET NO. 185 

Potentially Toxic Phytoplankton 
4. The diatom  genus Pseudo-nitzschia 
(Diatomophyceae/Bacillariophyceae)

by
JE T T E  SK O V , N IN A  L U N D H O L M , 0 J V I N D  M O E S T R U P , a n d  JA C O B  L A R S E N

B otan ica l In s titu te , D e p a rtm e n t o f  Phyco logy , U niversity  o f  C o p en h ag en  
O ste r  F a rim a g sg a d e  2D , D K -1353  C o p en h ag en  K , D e n m ark

E d ito r

J. A. L IN D L E Y

N a tu ra l E n v iro n m en t R esearch  C ouncil 
P ly m o u th  M arin e  L a b o ra to ry  

P ro sp ec t Place, W est H oe , P ly m o u th  P L I 3 D H , E ng land , U n ited  K in g d o m

IN T E R N A T IO N A L  C O U N C IL  F O R  T H E  E X P L O R A T IO N  O F  T H E  SEA  

C O N S E IL  IN T E R N A T IO N A L  P O U R  L 'E X P L O R A T IO N  D E  L A  M E R

P alæ gade  2 -4 , D K - 1261 C o p en h ag en  K , D en m ark

1999 

IS S N  1019-1097



Diatomophyceae/Bacillariophyceae

Introduction

M em b ers  o f  th e  a lgal class D ia to m o p h y c ea e  R ab en - 
h o rs t ,  1864/B acillariophyceae  H aeckel, 1878 (d ia tom s) 
a re  u n ice llu la r  o r co lo n y  fo rm ing . T h e  cells a p p ea r 
yellow , yellow ish  g reen , go ld en  b ro w n , o r  d a rk  b row n. 
Cell m o rp h o lo g y  a n d  n u m b e r o f  c h lo ro p las ts  a re  h ighly  
v a riab le . T h e  cells c o n ta in  the  p ig m en ts  ch lo ro p h y ll a, 
c2 (o r so m etim es c, o r  c3), ß -ca ro ten e , fu co x an th in , 
d ia to x a n th in , a n d  d iad in o x a n th in . T h e  cell w all, o r 
fru s tu le , is m ain ly  co m p o sed  o f  silica a n d  is d iv id ed  in to  
a n  u p p e r  p a r t  (ep ith eca ) a n d  a  low er p a r t  (h y p o th eca). 
T h e  s tru c tu re  a n d  o rn a m e n ta tio n  o f  th e  fru stu le  fo rm  
th e  basis fo r  c lassifica tion  o f  d ia to m s. T h e  c lassification  
in  th is  p la n k to n  leaflet re fe rs to  C h ris ten sen  (1993)/ 
S im o n sen  (1979). T erm in o lo g y  fo llow s A n o n y m o u s 
(1975) a n d  R o ss e t al. (1979).

S ystem atica lly , th e  d ia to m s are  d iv ided  in to  tw o 
o rd e rs . T h e  cen tric  d ia to m s, E u p o d isca les  Bessey, 1907/ 
C en tra les  K a rs te n , 1928, o ften  h av e  a  c ircu la r ou tline , 
a n d  th e  s tru c tu re  o f  th e  valve is rad ia lly  sym m etrical. 
T h e  p e n n a te  d ia to m s, B acillaria les H endey , 1937/ 
P en n a les  K a rs te n , 1928 a re  e lo n g a te  o r  w edge-shaped , 
a n d  th e  valves a re  b ila te ra lly  sym m etrical.

T o  d a te , all p lan k to n ic  d ia to m s th a t  have  been  
co n firm ed  tox ic  a re  m arin e  a n d  p e n n a te  a n d  belong  to 
th e  fam ily  B acilla riaceae  E h ren b e rg , 1831 a n d  th e  genus 
P seudo-n itzsch ia  H . P e rag allo , 1900 (F ig. 1).

T o x ic  incidents: T ox ic  even ts a sso c ia ted  w ith  d ia to m s 
are  re la tive ly  recen t. T h e  first in c id en t a p p ea red  in late 
a u tu m n  1987, w hen  n u m ero u s  p e rso n s  w ere in to x ica ted  
a f te r  ea tin g  b lue  m ussels (M y tilu s  edulis) cu ltiv a ted  in  
C a rd ig a n  B ay, P rin ce  E d w a rd  Is lan d , C a n a d a  (B ates et 
al., 1989). T h e  cau sa tiv e  ag en t w as iden tified  as the  
n e u ro to x in  d o m o ic  acid  (W rig h t et al., 1989). T h ree  
p e rso n s  d ied  a n d  th ere  w ere a t  least 104 o th e r  inciden ts 
o f  in to x ic a tio n  (Perl et al., 1990; T e ite lb au m  et al., 1990; 
T o d d , 1993).

A t th e  tim e o f  th e  p o iso n in g , a  p la n k to n  survey 
revea led  th a t  th e  p e n n a te  d ia to m  Pseudo-nitzschia  m u lti­
series (H asle) H asle  ( =  P. pungens  f. m ultiseries), 
c o n tr ib u te d  9 8 -1 0 0 %  o f  th e  to ta l  cell n u m b er in the  
p la n k to n . T h e  c o n c e n tra tio n  o f  cells reach ed  15 x  IO6 
cells p e r litre  a n d  th e  c o n c e n tra tio n  o f  d o m o ic  acid  
1 .7 p g  p e r cell (B ates et a i ,  1989). M ussels h a rv ested  in 
th e  a re a  c o n ta in ed  n u m ero u s  fru stu les  o f  P. m ultiseries  
in  th e  d igestive  system  (W rig h t et ul., 1989), a n d  tox in  
fro m  th e  d ia to m s a cc u m u la te d  in  th e  m ussel tissue. T he 
c o n c e n tra tio n  o f  d o m o ic  acid  in  th e  m ussels w as u p  to 
1500 g g  p e r g w e t-w eigh t in the  d igestive  g lands. N o  
o th e r  m a jo r  so u rce  o f  d o m o ic  acid  w as p re sen t in the  
a re a  (B ates e t al., 1989).

Figure 1A-B. Colonies. A: P. seriata, B: P. delicatissima. Phase 
contrast, Danish material (culture). Scale bars: 20 gm.

A n o th e r  p ro d u c e r o f  d o m o ic  acid . Pseudo-nitzschia  
pseudodelicatissim a  (H asle) H asle , w as d iscovered  in 
P a ssam a q u o d d y  Bay, N ew  B runsw ick , C a n a d a , in the  
a u tu m n  o f  1988. D o m o ic  acid  h ad  a cc u m u la ted  in b o th  
soft-shell clam s (M y a  arenaria) a n d  b lue m ussels 
(M ytilu s  edulis). In  la te  S ep tem ber, P. pseudodelica tis­
sim a  co n stitu ted  99%  o f  the  p h y to p la n k to n , a n d  the  
m ax im u m  c o n ce n tra tio n  o f  cells a t  th e  su rface  w as 
1.2 x IO6 p e r litre  (G ilg an  et al., 1990; M a r tin  et al., 
1990; H ay a  et a i ,  1991k

A  th ird  species o f  P seudo-nitzschia, P. australis F ren - 
guelli, w as fo u n d  to  p ro d u c e  d o m o ic  acid  in  S ep tem b er 
1991 in M o n te rey  Bay, C a lifo rn ia , U S A . In to x ic a tio n  
fro m  th is species resu lted  in  the  d e a th  o f  m o re  th a n  a 
h u n d re d  B ra n d ts  c o rm o ra n ts  (P halacrocorax pen ic il­
latus) a n d  b ro w n  pe licans (P elecanus occidentalis), 
w hich fed on  anchov ies (Engraulis m ordax)  (B uck e t al., 
1992; R oelke  et al., 1992; W o rk  et al., 1993a, b). 
R e m n a n ts  o f  th e  d ia to m s a n d  h igh  c o n ce n tra tio n s  o f  
do m o ic  acid  w ere fo u n d  in  the  v iscera a n d  m uscles o f  
anchov ies a n d  in th e  s to m ach s o f  th e  b ird s (F ritz  et al., 
1992; W o rk  et al., 1993a, b). T h e  m ax im u m  ab u n d an c e
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o f  P. austra lis  in  M o n te rey  B ay in N o v e m b er 1991 was 
in excess o f  6.7 x IO5 cells pe r litre , rep re sen tin g  u p  to  
8 7%  o f  th e  to ta l b io m ass o f  a u to tro p h s  in the  p h y to ­
p la n k to n  (B uck  e t al., 1992). T he in cid en t in C a lifo rn ia  
illu s tra te s  th e  p a th  a n d  possib le  effects o f  a  toxic  
d ia to m  b lo o m  in th e  fo o d  chain .

O ff  th e  c o as ts  o f  O reg o n  a n d  W ash in g to n , a n d  the  
w est c o as t o f  A la sk a , d o m o ic  acid  w as rep o rted  in  razo r 
c lam s (Siliqua p a tu la )  a t  levels as h igh  as 160 pg p e r g in 
ed ib le  p a r ts  (H o rn e r  et al., 1993), a n d  in  D u n g en ess 
c rab s  (C ancer m a g ister) in N o v em b er a n d  D ecem b er 
1991 (W rig h t e t al., 1992). T h e  cau sa tiv e  o rg an ism  
has never been  defin itively  iden tified  (W rig h t, 1992; 
C em b ella , 1993), b u t  P. australis  is a  likely can d id a te  
(H o rn e r  a n d  P o ste l, 1993; T ay lo r, 1993). W hile  the  
to x in  a c c u m u la te d  o ffsh o re  in D u n g en ess c rab s  an d  
ra z o r  c lam s, b lue  m usse ls a n d  o yste rs n e a r the  co ast d id  
n o t  b ecom e to x ic  (H o rn e r  a n d  P o ste l, 1993), stressing  
th e  necessity  o f  ch o o sin g  m o n ito r in g  o rg an ism s c a re ­
fully. A t least 24 p eo p le  su ffered  fro m  A S P  a n d  13 h ad  
m ild  n eu ro lo g ica l p ro b lem s (W rig h t et al., 1992; H o rn e r  
an d  P o ste l, 1993; T o d d , 1993). S am ples o f  c an n ed  clam s 
co n firm ed  th e  p resence  o f  d o m o ic  acid  d a tin g  b ack  to  
1985. In  the  w a te rs  o f f  V an co u v er Is land , B ritish  
C o lu m b ia , d o m o ic  acid  w as fo u n d  in  m ussels a n d  c rab s 
fro m  1992 to  1994 (F o rb e s  a n d  C h ian g , 1994).

T h e re  h as  been  an  in creas in g  n u m b e r o f  re p o rts  o f 
d o m o ic  acid  in  v a rio u s  shellfish d u rin g  th e  last few 
years, c au sed  e ith e r by  P. m ultiseries, e .g., in  Ja p a n  
(K o ta k i e t ul., 1996), a n d  T h e  N e th e r lan d s  (V rieling  et 
al., 1996) o r  P. a u stra lis , e.g ., in  N ew  Z ea la n d  (R h o d es  
e l al., 1996) a n d  P o rtu g a l (S am p ay o  e t al., 1997). T here  
h av e  a lso  been  in c id en ts  a ro u n d  th e  w orld  w here  
d o m o ic  acid  w as d e tec ted  b u t th e  cau sa tiv e  o rg an ism  
w as n o t  iden tified , e.g ., th e  E as t C o a s t o f  th e  U n ited  
S ta tes  (M a in e , M assach u se tts )  in 1988 (A d d iso n  an d  
S tew art, 1989), N ew  Z ea la n d  in 1993 (C h an g  et al.,

1993), A u s tra lia  in 1993 (H alleg raeff, 1994), an d  
M exico  in  1996 (S ierra  B e ltrán  et al., 1997).

D om oic acid and Am nesic Shellfish Poisoning (A S P):
D o m o ic  acid  is a  n a tu ra lly  o ccu rrin g  w ater-so lu b le  
h e a t-s tab le  am in o  acid  (F ig . 2A ) (W rig h t e t al., 1989; 
P o c k lin g to n  et al., 1990). In  ad d itio n  to  d ia to m s, 
d o m o ic  acid  has been iso la ted  fro m  th ree  red  a lgae o f  
th e  fam ily  R h o d o m elaceae , A lsid ium  corallinum  C. 
A g a rd h  (Im pellizzeri et al., 1975), Chondria arm ata  
O k a m u ra  (T ak e m o to  a n d  D a ig o  1958), a n d  Chondria  
baileyana  M o n ta g n e  (L aycock  et al., 1989; W rig h t et al.,
1989). T he fo rm er tw o  species o ccu r in w a rm er w aters 
(Ja p a n  a n d  th e  M e d ite rran e a n ), th e  la tte r  in  C a n a d a  
(T o d d , 1990). T h e  Jap an ese  n am e fo r C hondria arm ata  
is ‘d o m o i’ - h e n c e  th e  n am e d o m o ic  acid  (D a ig o , 1959).

In to x ic a tio n  w ith  d o m o ic  acid  h as  been  term ed  
A m nesic  Shellfish P o iso n in g  (A SP). W ith in  24 h o u rs  o f  
ea tin g  p o iso n ed  m ussels, v ictim s develop  g a s tro in te s t­
inal sy m p to m s such  as n au sea , v om iting , an o rex ia , d ia r ­
rh o e a , ab d o m in a l c ram p s a n d  g astric  b leeding. T h is 
m ay  be fo llow ed  by n eu ro lo g ica l sy m p to m s like c o n fu ­
sion, loss o f  m em o ry , d iso rien ta tio n , seizures, an d  co m a 
(Perl e t al., 1990; T o d d , 1993). T h e  m ain  p e rsis ten t 
sy m p to m  is loss o f  m em ory , a n d  a fte r  th e  in c id en t in 
1987 som e p a tie n ts  w ere u n ab le  to  ca rry  o u t even 
sim ple task s. T h ere  w as a  close c o n n ec tio n  be tw een  age 
a n d  m em o ry  loss: th o se  m o st likely to  develop  d ia r ­
rh o e a  w ere u n d e r  40 years o f  age, w hile  th o se  w ith  loss 
o f  m em o ry  w ere o ver 50. T h e  m o st seriously  ill p a tie n ts  
h a d  still n o t  recovered  5 y ears a fte r th e  in c id en t (Perl et 
al., 1990; T o d d , 1993). Tw elve peo p le  w ere h o sp ita lized  
in in tensive  care , a n d  th ree  o f  th o se  d ied  w ith in  3 w eeks 
(Perl et al., 1990). T h ere  w as a  close co rre la tio n  
betw een  th e  a m o u n t o f  d o m o ic  acid  ingested  a n d  the  
severity  o f  th e  sym ptom s. C o n su m p tio n  o f  less th an  
75 m g o f  d o m o ic  acid  cau sed  m ild  in to x ica tio n s , w hile
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Figure 2A -C . A: dom oic acid, B: kainate, C: glutam ate.
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115-290 m g  cau sed  n eu ro lo g ica l p ro b lem s (T odd , 
1990). D o m o ic  acid  is k n o w n  to  be  a n  ex trem ely  s tro n g  
in secticide  (H a sh im o to , 1979; M a e d a  et al., 1984, 1986). 
I t  h a s  been  used  in  sm alle r doses (20 m g) as an  an the l- 
m itic  in J a p a n  w ith o u t o b se rv ab le  side effects (D aigo , 
1959; W rig h t et al., 1989).

D o m o ic  acid  h as  an  effect sim ilar to  th e  s tru c tu ra lly  
re la ted  n e u ro to x ic  am in o  acid  k a in a te  (F ig . 2B). B oth  
a re  a g o n is ts  (co m p e tito rs) to  g lu ta m a te  (a n e u ro tra n s ­
m itte r  in  th e  cen tra l n e rv o u s system ) (F ig. 2C ). T hey  
ac tiv a te  specia l recep to rs , k a in a te  recep to rs , in  the  
h ip p o ca m p u s  (the  p a r t  o f  th e  b ra in  co n ce rn ed  w ith  
m em o ry ) (D eb o n n e l e t al., 1989). W hen  d o m o ic  acid  
b in d s  to  th e  k a in a te  recep to rs , th e  n e u ro n s  a re  c o n tin u ­
ously  s tim u la ted , o verexcited  a n d  ev en tually  d estroyed . 
T his lead s to  b ra in  lesions (Q uilliam  a n d  W rig h t, 1989). 
E x tensive  d am a g e  to  th e  h ip p o ca m p u s a n d  lim ited  
in ju rie s  o f  th e  th a la m u s  a n d  p a r ts  o f  th e  fo re b ra in  
w ere fo u n d  by a u to p sy  (T eite lb au m  et al., 1990) an d  
co n firm ed  by experim en ts  w ith  ra ts  a n d  m o n k ey s 
(D eb o n n e l e t al., 1989; Iv e rso n  et al., 1989; S tew art et 
al., 1990; T o d d , 1990; T ry p h o n a s  et al., 1990a, b). In  
a n im a l ex p erim en ts, d o m o ic  acid  w as 3 0 -100  tim es 
m o re  p o te n t th a n  g lu ta m a te  (B iscoe e t a i ,  1975; 
D eb o n n e l et al., 1989; O lney, 1990). S u b to x ic  doses o f  
d o m o ic  acid  to g e th e r w ith  th e  e x c ita to ry  a m in o  acids 
a sp a r ta te  a n d  g lu ta m a te  n o rm ally  p re sen t in  m ussels 
m ay  h av e  synerg istic  effects lead ing  to  tox ic ity  (T ask er 
e t al., 1991; N o v e lli e t al., 1992). N o  chem ical 
c o m p o u n d  is k n o w n  w hich  can  b lo ck  th e  recep to rs  
selectively, a n d  th e re  is p resen tly  no  a n tid o te  fo r A SP, 
a lth o u g h  k y u ren ic  acid  h as  been re p o rte d  by  P in sk y  et 
al. (1989, 1990) to  have  a  p ro tec tin g  effect on  m ice.

A cceptance lim its: In  Ju ly  1988 th e  accep tan ce  lim it fo r 
d o m o ic  acid  in C a n a d ia n  m ussels w as set to  20 gg p e r g 
w et w eigh t (G ilg an  et al., 1990; T o d d , 1990). T he 
c o n c e n tra tio n  o f  d o m o ic  acid  in shellfish d u rin g  the  
in c id en t in 1987 in  C a n a d a  w as 300-1000  gg p e r g a n d  it 
is believed th a t  in d iv id u a ls  m ay  have  ingested  1-2 m g 
d o m o ic  acid  p e r kg  b o d y  w e igh t (W rig h t a n d  Q uilliam , 
1995). T h e  effect o f  c h ro n ic  low  in g estio n  o f  do m o ic  
acid  is u n k n o w n . T h e  d e tec tio n  lim it u sing  H P L C  (H igh  
P e rfo rm an c e  L iq u id  C h ro m a to g ra p h y )  is a b o u t  0.2 gg 
p e r g (G ilg an  et al., 1990). M o re  sensitive m e th o d s  are 
n ecessary  to  d e tec t d o m o ic  acid  in  a  w a te r  sam ple. O ne 
is th e  h igh ly  sensitive 9 -flu o ren y l-m eth o x y carb o n y l 
c h lo rid e  (F M O C ) p re -c o lu m n  d e riv a tio n  m e th o d  fo r 
a m in o  acids fo llow ed  by reversed  p h ase  H P L C  w ith  
fluorescence d e tec tio n . I t  h a s  a  d e tec tio n  lim it o f  15pg  
p e r m l (P o c k lin g to n  e t al., 1990). A n o th e r  tech n iq u e  is 
th e  c ap illa ry  e lec tro p h o resis  (C E ), w h ich  is sim ple, 
ra p id , a n d  has a  d e tec tio n  lim it sim ila r to  th e  H P L C  
m e th o d s  (W rig h t a n d  Q u illiam , 1995).

A s ta in in g  m e th o d  fo r d e tec tio n  o f  d o m o ic  acid, 
u sin g  van illin , h a s  been  developed  in G e rm an y

(D a llin g a -H an n e m an n  et al., 1995). I t  is su itab le  fo r 
ro u tin e  m o n ito rin g . A n  easy -to -use  th in -lay er c h ro m a ­
to g rap h ic  (T L C ) se p a ra tio n  h as  been  dev elo p ed  as a  
fast a n d  ch eap  m e th o d  fo r id en tify in g  h a rm fu l co n cen ­
tra tio n s  o f  d o m o ic  acid  in ex trac ts  o f  shellfish m ea t 
(D a llin g a -H an n e m an n  e t al., 1997).

P roduction  o f  dom oic acid: In  b a tc h  cu ltu re , P. m u lti­
series a n d  P. seriata  p ro d u ce  d o m o ic  acid  m ain ly  in the  
s ta tio n a ry  g ro w th  p h ase  (B ates e t al., 1989; S u b b a  R a o  
e t al., 1990; L u n d h o lm  et al., 1994). D u rin g  the  
s ta tio n a ry  phase , th e  to x in  c o n c e n tra tio n  p e r cell rises 
to  a  c e rta in  level a n d  th en  slow ly decreases. In  the  
s ta tio n a ry  ph ase , d o m o ic  acid  leak s o u t o f  th e  cell an d  
th e  ex te rn a l c o n ce n tra tio n  m ay  reach  h ig h er levels th a n  
in th e  cells (B ates e t al., 1989). P ro d u c tio n  o f  d o m o ic  
acid  in  b a tc h  cu ltu re  req u ires  th a t; (1) cell d iv is ions 
have  ceased  (e.g., by  Si lim ita tio n ), (2) ex trace llu la r N  is 
availab le  (e.g., as n itra te  o r  am m o n iu m ), a n d  (3) suffi­
c ient ligh t is p re sen t (B ates e t al., 1991).

E x p erim en ts w ith  P. m ultiseries  in silica te-lim ited  
c o n tin u o u s  cu ltu res have d e m o n s tra te d  a n  inverse  c o rre ­
la tio n  betw een d iv is ion  ra te s  a n d  th e  p ro d u c tio n  o f  
d o m o ic  acid . T h is im plies th a t  to x in  p ro d u c tio n  is n o t 
necessarily  asso c ia ted  w ith  co m p le te  cessa tio n  o f  cell 
d iv ision . W h en  the  silicate lim ita tio n  becom es severe, 
d o m o ic  acid  p ro d u c tio n  is en h an ced  w hile cell d iv is ion  
declines (B ates e t al., 1996; P a n  e t al., 1996b). T he 
re su lts  m ay  e x p la in  th e  o b se rv a tio n s  fro m  th e  field. 
In  n a tu re , p e rio d s o f  n u tr ie n t lim ita tio n s  a re  o ften  
fo llow ed  by  pu lses o f  silicate fro m  lan d  ru n -o ff. T h e  
su b seq u en t p o p u la tio n  g ro w th  a n d  su sp en sio n  o f  
d o m o ic  acid  p ro d u c tio n  u n til fu r th e r  d ep le tio n  o f  
s ilica te  m ay  a c c o u n t fo r  th e  o b se rv ed  p e rsis ten ce  
o f  b lo o m s fo r several m o n th s  (B ates e t al., 1996; P a n  et 
al., 1996a, b). T h e  resu lts  a lso  su p p o r t th e  co n te n tio n  
th a t  do m o ic  acid  is a seco n d ary  m eta b o lite  asso c ia ted  
w ith  physio log ica l stress (B ates et al., 1996; P a n  e t al., 
1996a). F u rth e rm o re , ex p erim en ts w ith  p h o sp h a te -  
lim ited  c o n tin u o u s  cu ltu res  o f  P. m ultiseries  d e m o n ­
s tra te  en h an ced  d o m o ic  acid  p ro d u c tio n  (P an  et al., 
1996c).

W h en  p h o to sy n th es is  is b lo ck ed  chem ically  o r  by 
d a rk n ess , p ro d u c tio n  o f  d o m o ic  acid  ceases (B ates et 
al., 1991; B ates et al., 1993c).

T he p ro d u c tio n  ra te  o f  d o m o ic  acid  in P. m ultiseries  
h as been  show n to  increase  w ith  tem p e ra tu re  fro m  5°C 
to  a t least 25°C , possib ly  b ecause  o f  tem p e ra tu re  stress 
(Lew is et al., 1993). C u ltu re s  o f  P. seria ta  (P .T . Cleve) 
H . P erag a llo , how ever, p ro d u c ed  m o re  d o m o ic  acid  at 
4°C  th an  a t 15°C (L u n d h o lm  et al., 1994).

N o n -ax en ic  cu ltu res o f  P. m ultiseries  p ro d u c e  d o m o ic  
acid  in  th e  sam e a m o u n ts  o r  u p  to  20 tim es m o re  th a n  
axen ic  cu ltu res , in d ica tin g  th a t  b ac te ria  a re  n o t req u ired  
fo r p ro d u c tio n  o f  d o m o ic  acid  b u t, if  p re sen t, th e  
d o m o ic  acid  p ro d u c tio n  m ay  be e n h an ced  (D o u g la s a n d
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B ates, 1992; B ates e t al., 1993a; D o u g la s  e t al., 1993). 
L aflam m e a n d  B ates (1994) have  show n  th a t  a n  increase  
in  th e  n u m b e r o f  b a c te ria  resu lted  in increased  p ro d u c ­
tio n  o f  d o m o ic  acid.

A d d itio n  o f  p u rified  d o m o ic  acid  to  n o n -to x ic  
m ussel e x tra c t h a s  th e  sam e n e u ro to x ic  effect on  ra t 
ce reb e lla r n e u ro n s  as th e  sam e a m o u n t o f  d o m o ic  acid  
in  in to x ic a ted  m ussels. T h is im plies th a t  d o m o ic  acid  is 
th e  on ly  cau sa tiv e  su b s tan ce  o f  A S P  in the  cell 
(N ovelli et al., 1992). A  b io sy n th e tic  p a th w ay  fo r 
d o m o ic  acid  h as been p ro p o se d  by D o u g las e t al.
(1992).

A n o th e r  p e n n a te  d ia to m , A m pliora  co ffeaeform is  
(A g a rd h ) K ü tz in g  (F ig . 3), has  been  co n n ec ted  w ith  
d o m o ic  acid . A fte r  th e  fo o d -p o iso n in g  even t in C a n a d a  
in 1987, cu ltu re s  o f  A m p h o ra  co ffeaeform is  w ere e s tab ­
lished  a n d  one  o f  these  w as fo u n d  to  p ro d u ce  d o m o ic  
acid  (M a ra n d a  e t al., 1990), w hile  o th e rs  a p p ea red  to  be 
n o n -to x ic  (B ates et al., 1989).

T h e  species so  fa r  im p lica ted  in tox ic  inc id en ts  a re  P. 
m ultiseries, P. pseudodelica tissim a, a n d  P. australis. In 
a d d itio n , P. delicatissim a  (P. T . C leve) H eiden , 
P. seria ta , a n d  P. pungens  (G ru n o w  e x  P. T . Cleve) 
H asle  hav e  been sh o w n  to  p ro d u c e  d o m o ic  acid  in 
cu ltu re  (Sm ith  e t al., 1990b, 1991; L u n d h o lm  e t al., 
1994; R h o d es  e t al., 1997; T ra in e r  et al., 1997). T h e  six 
species a re  m o rp h o lo g ica lly  very s im ilar a n d  u n d o u b t­
ed ly  closely  re la ted . It a p p ea rs  likely th a t  o th e r  species 
o f  P seudo-nitzschia  m ay  a lso  be to x in  p ro d u cers , e.g.,

F igure  3A -C . Am phora coffeaeformis. A: T E M , B: phase 
co n trast, C: D IC , m icrograph kindly provided by A.
W itkovski. D an ish  m aterial (culture). Scale bars: 5 pm.

P. turgidula  (H u s ted t) H asle  iso la ted  fro m  a b loom  in 
N ew  Z ea lan d . T h e  species id en tificatio n  is u n certa in , 
how ever (L . R h o d es pers. com m .). In  all six verified 
species, b o th  toxic  a n d  n o n -to x ic  iso la tes a re  k n o w n  
(B ates et al., 1989; M a rtin  et al., 1990; Sm ith  et al., 
1991; G a rr iso n  et al., 1992; V illae et al., 1993a; V illareal 
e t a i ,  1994; L u n d h o lm  et al., 1994; R h o d es  et al., 1997; 
T ra in e r  e t al., 1997), a n d  to x in  p ro d u c tio n  o ften  varies 
betw een  iso la tes (V illae et al., 1993a; V illareal et al., 
1994). In v estig a tio n s using  rR N A  sequencing  identified  
d istinc tly  d iffe ren t s tra in s  o f  P. australis, P. pungens, 
an d  P. m ultiseries  (D o u g la s  e t al., 1994; Scholin  et aí.,
1994). F u rth e rm o re , several c lones o f  P. pseudodelicatis­
sim a  w ere identified  using  isozym e analysis (Skov  e t al., 
1997). W h eth er th is m eans th a t  tox ic  a n d  n o n -to x ic  
s tra in s  occu r to g e th e r is n o t know n .

V ario u s m eth o d s  a re  av ailab le  fo r iden tify ing  Pseudo­
nitzschia  species. O n e  m eth o d  is b a sed  on  p o lyclonal 
an tib o d ies  d irec ted  ag a in s t P seudo-nitzschia  cells, w hich  
are  v isualized  by im m unofluo rescence . It has been 
developed  ag a in st P. m ultiseries  a n d  P. pungens  (R o ss 
an d  B ates, 1996). A n o th e r  m eth o d  based  on  species- 
specific rib o so m al R N A  targ e ted  o lig o n u c leo tid e  p ro b es  
h as  been developed  ag a in st e igh t d iffe ren t species an d  
h as  been  used on  b o th  cu ltu res a n d  field sam ples. T he 
use  o f  these p ro b es is p ro m is in g  a n d  the  m eans by 
w hich  field sam ples cou ld  be screened  rap id ly  (M iller 
an d  Scholin , 1996; Scho lin  et al., 1996a, b).

Description of the genus
P s e u d o -n itz s c h ia  H . P e r a g a l lo ,  1900

L ecto type: Pseudo-nitzschia  seria ta  (P .T . C leve) H . 
P erag a llo , 1900 (acco rd in g  to  the In te rn a tio n a l C o d e  o f  
B o tan ica l N o m e n c la tu re  the  nam e sh o u ld  be spelled 
w ith  a hyphen; A rt. 60.9. N o te  2., IC B N  1994, G re u te r  
e t al., K o e ltz , K ö n ig ste in , 389 pp .).

B ased in  p a r t  on  m o rp h o lo g ica l in v estig a tio n s by  M a n n  
(1986), H asle  (1993, 1994) re insta lled  P seudo-nitzschia  
as a  sep a ra te  genus ra th e r  th a n  as a  section  o f  N itzsch ia  
H assall. T h is w as su p p o rte d  by analysis o f  th e  sm all 
su b u n it o f  rR N A  o f  P seudo-nitzschia, N itzsch ia , an d  
o th e r  d ia to m  species (D o u g la s et al., 1994). T h e  
fo llow ing d esc rip tio n  is based  o n  th e  d iag n o sis  by  H asle
(1993).

S pecies o f  P seu do-n itzsch ia  fo rm  co lo n ie s  c h a ra c ­
te rized  by o v e rla p p in g  cells (F ig . 1). E ac h  cell 
c o n ta in s  tw o  c h lo ro p la s ts , o n e  a t  e ach  en d , a n d  a 
c e n tra l  n u c le a r  a rea . B o th  in d iv id u a l cells a n d  
co lo n ie s  a re  c ap a b le  o f  m o v in g , s lid in g  in th e  lo n g i­
tu d in a l  d irec tio n . T h e  cells m o v e  in  o n e  d ire c tio n  fo r  
a  few  seco n d s, fo llo w ed  by m o v em e n t in th e  o p p o s ite  
d ire c tio n . Species d iffe r  in  va lve  view  a n d  g ird le  view
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(F ig . 4). T h e  g ird le  c o n sis ts  o f  a  n u m b e r  o f  lin e a r 
b a n d s  (F ig s. 5, 6). F o r  id e n tif ic a tio n , th e  cells sh o u ld  
b e  seen  in  valve view  (F ig s . 4, 5). T h e  fru s tu le s  a re  
o f te n  l in e a r  to  la n c e o la te  in  v a lv e  a n d  g ird le  view , 
b u t  so m e  spec ies (e .g ., P. se ria ta ) a re  a sy m m e tric a l 
a lo n g  th e  a p ic a l ax is  in  v a lv e  v iew  (F ig . 7). T h e  
n u m b e r  o f  in te r s tr ia e  e q u a ls  o r  is a p p ro x im a te ly  
tw ice  th e  n u m b e r  o f  fib u lae  (F ig . 7), a n d  o n e  o r  
m o re  ro w s o f  p o ro id s  a re  p re se n t  b e tw een  th e  in te r ­
s tr ia e  (F ig s. 5, 7, 8). T h e  ra p h e  is e ccen tric  a n d  flu sh  
w ith  th e  v a lv e  su rfa ce , a n d  th e  w all o f  th e  ra p h e  
c a n a l  h a s  n o  p o ro id s . T h e  tw o  ra p h e s  o f  o n e  cell a re  
d ia g o n a lly  o p p o se d  (F ig . 5). S o m e species p o ssess a 
c e n tra l  n o d u le  b e tw ee n  th e  c e n tra l  ra p h e  en d in g s . 
U s in g  L M  th is  is seen  a s  a  la rg e r  sp ace  (= c e n tra l  
in te rsp a c e )  b e tw ee n  th e  c e n tra l  fib u lae  (F ig . 7). U sin g  
E M , th e  ra p h e  is seen  as a  fine slit (F ig . 7). H asle  
(1965) a n d  H a s le  a n d  S y v e rtsen  (1997) d iv id ed  
P seu d o -n itzsch ia  in to  tw o  su b g ro u p s  (T ab le s  1, 2): (1) 
th e  se ria ta  g ro u p  (va lve  w id th  >  3 pm ) a n d  (2) th e  
d e lica tiss im a  g ro u p  (va lve  w id th  <  3 pm ). In  th is  tex t, 
o n ly  to x ic  spec ies a n d  m o rp h o lo g ic a lly  s im ila r  n o n ­
to x ic  o n es a re  tre a te d .

Description of species
S everal re fe ren ces a re  n o t  in c lu d e d  in  th e  species 
d e sc rip tio n s  b e low . T h ese  in c lu d e  in v es tig a tio n s  m ad e  
w ith o u t  e le c tro n  m ic ro sc o p y , w h ich  w e co n sid e r 
n ecessary  fo r  c ritica l iden tifica tio n . In  o th e r  pap ers , 
p h o to g ra p h ic  d o c u m e n ta tio n  w as n o t  in c luded . N ew  
m o rp h o lo g ic a l a n d  tax o n o m ic  c h a ra c te rs  a re  d iscussed  
by  H asle  e t al. (1996).

In  th e  fo llow ing  tex t, m easu rem en ts  by  B uck  et al. 
(1992) a n d  m easu rem en ts  f ro m  D a n ish  w a ters  (T ab le  3) 
are  g iven  as m ea n  ±  SD .

P seudo-nitzschia  australis Frenguelli, 1939 
Synonym: N itzsch ia  pseudoseriata  Hasle, 1965

Fig . 8 A -D

D escrip tion : L ig h t m icroscopy: F ru s tu le s  lin ea r to  
lan ceo la te  in  valve a n d  g ird le  view . T h e  len g th  is 7 5 -  
144 p m  (H a sle , 1965), 105.5 ± 3 .8  pm  (« =  21, B uck  
e t al., 1992), th e  w id th  6 .5 -8  p m  (H asle, 1965),
7.5 ± 0 . 4  pm  (« =  21, B uck  e t al., 1992). T h e  ends a re  
ro u n d e d  a n d  sligh tly  ro s tra te  (H asle , 1965). A cco rd in g  
to  H asle  (1965), valves a re  sym m etric  in  th e  ap ical p lan e  
a n d  th e  m id d le  th ird  o f  th e  valves have  p a ra lle l o r  
n e a rly  p a ra lle l sides. A cco rd in g  to  B uck  e t al. (1992), 
valves a re  sligh tly  asy m m etric  in  th e  ap ica l p lan e . M o st 
cells fro m  a sam ple  o f f  th e  c o as t o f  C hile  w ere d istinc tly  
asy m m etric , b u t  in  a  sam ple  fro m  M o n te rey  B ay  b o th  
sy m m etric  a n d  asy m m etric  valves w ere seen (ow n obs.)

Figure 4A -C . Valve an d  girdle views o f  Pseudo-nitzschia 
species. A: G irdle view o f  P. pungens, g lutaraldehyde- 
preserved, phase con trast, B: G irdle view o f  P. australis, g lutar- 
aldehyde-preserved, D IC , C: Valve view o f  P. australis, g lutar- 
aldehyde-preserved, D IC . F igure 4A: D anish  m aterial
(culture); F igure 4B -C : m aterial from  M onterey  Bay, USA , 
kindly p rovided by K . Buck. Scale bars: 20 pm.
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Figure 5. F rustu le  o f  Pseudo-nitzschia  sp. Redraw n after M acPhee et ul. ( 1W2).

C

Figure 6A C. G ird le  bands. A: P. australis, phase con trast. B: 
P. australis, phase con trast, C: P. australis, T EM . F igure 6A 
C: m aterial from  Chile. Scale bars in F igure 6A, B: IOpm; 
Figure 6C: 2 pm.

(F ig . 8). In th e  o rig ina l d e sc rip tio n , F ren g u e lli (1939) 
does n o t co m m en t on th e  valve sym m etry . T h e  valve 
lacks a  cen tra l in te rsp ace  a n d  th e  n u m b er o f  in te rs tr iae  
an d  fibulae  is 12-18 in 10 pm  (H asle, 1965). T h e  cells 
o v erlap  by  a b o u t 1/3 to  1/4 o f  th e  to ta l  cell leng th  
(n =  40) in m ate ria l from  M o n te rey  Bay a n d  C hile 
exam ined  by  us.

D escription: Electron m icroscopy: T w o  row s o f  fairly  
large  p o ro id s , 4—5 transverse ly  in 1 pm  (H asle , 1965).

T axonom ic notes: P. australis b e lo n g s to  th e  seriata  
g ro u p  (T ab le  1). It d iffers from  P. fra u d u len ta  (P .T . 
C leve) H asle, P. subfraudulenta  (H asle) H asle, P. heim ii 
M an g u in , a n d  P. subpacifica  (H asle) H asle  in  th e  lack 
o f  a  cen tra l in te rsp ace  a n d  in slightly  ro s tra te  valve ends 
(H asle, 1965). It d iffers from  P. pungens, P. m ultiseries, 
a n d  P. pungiform is  (H asle) H asle  in th e  w id th  a n d  sh ap e  
o f  the  valve ends. T h e  valve o f  P. australis  is w id er an d  
h as  ro u n d e d  ends, w hile  P. pungens, P. m ultiseries, 
an d  P. pung iform is  a re  m o re  p o in ted . P. australis  an d  
P. seria ta  a re  very s im ilar in fo rm  a n d  stru c tu re , bu t 
P. australis  h a s  ro s tra te  ends a n d  P. seria ta  m ay  be 
m o re  asy m m etric  w ith  p ro lo n g ed  en d s (H asle, 1972; 
G . R. H asle  pers. com m ). It is, how ever, difficult to  
d is tin g u ish  th e  tw o species by ligh t m icroscopy . In 
P. australis, e lec tro n  m icroscopy  show s tw o  row s o f  
p o ro id s; P. seria ta  has 3 -5 (H asle , 1965). R ivera  (1985) 
m erged  th e  tw o species an d  c la im ed  the  existence o f  
in te rm ed ia te  fo rm s acco rd in g  to  b o th  sy m m etry  a n d  the
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Figure 7 A -D . Valve structu res in Pseudo-nitzschia species. A: 
P. pseudodelicatissima, m iddle p a r t  o f  the valve, phase con trast, 
a rro w  show s central interspace, B: P. seriata, asym m etrical 
valve, phase con trast, C: P. pungens, valve, phase con trast, 
a rro w  1 show s fibula, arrow  2 in terstria , D: P. pseudodelicatis­
sima, m iddle p a r t o f  the valve w ith cen tral interspace, arrow  1 
show s fibula, arrow  2 in terstria , a rrow  3 poro ids, T E M . Figure 
7A -D : D anish  m aterial; F igure 7A -C : cultures. Scale bars in 
F igure  7A -C : 10 pm; F igure 7D: 2 pm.

n u m b e r  o f  p o ro id s . W e obse rv ed  asy m m etric  and  
sy m m etric  valves in  P. australis, b u t  d id  n o t  find  any 
in te rm ed ia te  fo rm s w ith  re g ard  to  row s o f  p o ro id s  o r 
sh a p e  o f  th e  valve ends.

Ecology and distribution: U n til recently , P. australis w as 
rep o rted  on ly  fro m  th e  tem p era te  zone  o f  the  S o u th  
Pacific a n d  th e  S o u th  A tlan tic , i.e., the  S o u th e rn  H em i­
sphere, a p a r t  fro m  tw o  q u estionab le  reco rds fro m  the 
N o r th  Pacific (H asle, 1972). Fo llow ing  the  b lo o m  in 
M o n te rey  B ay in  1991, its presence h as  been  confirm ed  
also in  o ld er sam ples fro m  th e  area . I t  is no w  k n o w n  from  
several sites a lo n g  th e  w est co as t o f  the  U .S .A . (B uck et 
al., 1992; G a rriso n  et a i ,  1992; V illae et al., 1993a, b; 
L ange et al., 1994). P. seriata, on  th e  o th e r  h a n d , h as n o t 
been rep o rted  fro m  th e  S o u th ern  H em isphere.

P. australis  is a  c o m m o n  species o f  th e  p h y to p la n k to n  
a ll y ea r in th e  o p e n  sea a n d  in  c o as ta l w a te rs  (H asle, 
1972). T h e  h igh  n u m b ers  o f  P. australis in  M o n te rey  
B ay w ere  asso c ia ted  w ith  h igh  tem p e ra tu re  (13- 14 C) 
a n d  upw elling , p re su m ab ly  en rich in g  th e  w a te r  w ith  
n itro g en . T h ere  w as a  h ig h  o rg an ic  c o n te n t fro m  the  
ex cre tio n  o f  b ird s a n d  fish p re sen t a t  th e  tim e (B uck et 
al., 1992; W o rk  et a l ,  1993a, b).

In  F e b ru a ry  1993 P. australis w as fo u n d  in  large 
n u m b ers  (8 x  IO8 cells p e r litre ) in  a  m arin e  in la n d  sea 
a rea  in  C hile , b u t  A S P  p ro b lem s w ere n o t  re p o rte d  (A. 
C lem en t, pers. co m m ., m a te ria l e x am in a tio n  in  th e  E M  
by us). In  S ep tem b er 1994, a  b lo o m  in  R ía  d e  M u ro s , 
G a lic ia , N W  o f  S p a in  w as re p o rte d  w ith  c o n ce n tra tio n s  
o f  u p  to  4.5 x  IO5 cells p e r litre , fo llow ed  by  d e tec tio n  
o f  d o m o ic  acid  in  m ussels (M iguez  et al., 1996).

Toxicology: C o n c en tra tio n s  o f  d o m o ic  acid  in  M o n te rey  
B ay in  th e  a u tu m n  o f  1991 w ere 3-31 p g  p e r  cell (B uck  
et al., 1992). A  m ax im u m  c o n c e n tra tio n  o f  37 pg  p e r cell 
w as show n  in cu ltu re  s tud ies (G a rr iso n  et a l ,  1992). 
T h is is significantly  h ig h er th a n  in  P. m ultiseries, an d  
m ay  be exp la ined  by  th e  g re a te r  cell v o lu m e o f  P. 
australis  (B uck et al., 1992).

Pseudo-nitzschia delicatissim a  (P. T. Cleve)
Heiden, 1928 Fig. 9A-J
B asionym : N itzsch ia  delicatissim a  P .T .  C leve, 1897 
Synonym : N itzsch ia  actydrophila  H asle , 1965

D escrip tion: L ig h t m icroscopy:  V alves very  n a rro w , 
lin ea r to  lanceo la te . T h e  en d s a re  c u t o f f  s tra ig h t, ra th e r  
th a n  p o in te d , in  b o th  valve a n d  g ird le  view . V alve 
len g th  40 -7 6 pm  (H asle , 1965), 64 ±  1 4 p m  (T ab le  3) 
a n d  w id th  ca. 2 pm  (H asle, 1965), 1.3 ± 0 .2  pm  (T ab le  
3). T h e  cells o v erlap  by  1/9 (H asle , 1965), 1/7 to  1/10 
(T ab le  3) o f  th e  to ta l cell leng th .

R iv era  (1985) fo u n d  cells u p  to  3.9 p m  w ide, o r  
a lm o st tw ice th e  w id th  g iven by  H asle  (1965). H e  
described  th e  species as “ b a s ta n te  v a riab le  en  sus c a ra c ­
te rísticas m o rfo ló g icas”  (R iv era , 1985, p . 18). T h is 
suggests possib le  c o n fu sio n  w ith  a n o th e r  species, e.g., 
P. turgidula?

8
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F igure 8 A -D . P. australis . A: alm ost sym m etrical valve, and  girdle band , D IC , B: asym m etrical valve, phase co n trast, C: tip 
o f  the valve, T E M , D: m iddle p art o f  the valve, T E M . F igure 8A- D: m ate ria l from  Chile. Scale b ars  in F igure  8A -B : 20 pm; 
F igure  8 C -D : 5 pm.

D escrip tion: E lectron  m icroscopy: T h e  n u m b er o f  in te r­
s triae  in 10 pm  is 36^10 (H asle, 1965), 39.9 ±  1.3 (T ab le  
3) a n d  th e  n u m b e r  o f  fibu lae  19-25  (H asle, 1965),
23.0 ± 1 .4  (T ab le  3). T h ere  a re  tw o  row s o f  sm all, 
c irc u la r  p o ro id s ; a n d  10-12 (H asle, 1965), 10.6 ± 1 .0  
(T ab le  3) p o ro id s  tran sv erse ly  in 1 pm . A c en tra l in te r­
space  is p resen t.

T axonom ic  notes: P. delicatissim a  belongs to  th e  delica­
tissim a  g ro u p  (T ab le  2). A ll seven species trea te d  in th is 
p a p e r  have  a cen tra l in te rsp ace . T h ree  o f  these, P. infla­
tu la  (H asle) H asle , P. turgiduloides (H asle) H asle , and  
P. turgidula  c an  be d istin g u ish ed  fro m  P. delicatissim a  
by  th e  b lo a te d  m idd le  p a r t  o f  th e  valve. T h e  o th e rs  can  
be d is tin g u ish ed  as follow s: T h e  valve o f  P. cuspidata  
(H asle) H asle  is b ro a d e r , the  o v erlap  in the  ch a in s is 
g re a te r  a n d  th e  striae  have  one  ro w  o f  p o ro id s  
c o m p a re d  to  tw o  in P. delicatissim a  (H asle , 1965). P. 
pseudodelica tissim a  is lin ea r in  th e  m id d le  p a r t  o f  th e  
valve a n d  h a s  p o in te d  ends, w hile  P. delicatissim a  is 
m o re  lan ceo la te  a n d  ends a re  cu t o f f  s tra ig h t (H asle  an d

M edlin , 1990). P. delicatissim a  has tw o row s o f  sm all 
p o ro id s ; P. pseudodelicatissim a  h as one  row  o f  larg e r 
p o ro id s; P. lineola  (P .T . C leve) H asle  is slightly  w ider 
a n d  n o t as delicate  as P. delicatissim a. I t  has 1-2 row s 
o f  fa irly  large p o ro id s  c o m p a red  to  th e  tw o  row s o f  
sm all p o ro id s  o f  P. delicatissim a. P. lineola  has 22-28  
in te rs tr iae  in 10 pm  co m p ared  to  36-41 in  P. delicatis­
sim a  (H asle , 1965). C ritica l iden tifica tio n  requ ires 
e lectron  m icroscopy .

T ak a n o  (1995) described  a new  species, P. m u lti­
stria ta , from  so u th e rn  Ja p a n . It is sim ila r to  P. delicatis­
s im a , except fo r th e  lack  o f  a cen tra l in te rsp ace  (H asle, 
1997).

E cology and d istribution: P. delicatissim a  occu rs fro m  
th e  A rctic  to  N o rth w e st A frica  (H asle , 1965). In  the  
N o r th e rn  H em isphere  it h as been reco rd ed  fro m  
N o rw ay  (N o rd k a p p , E spegrend , D ro b a k , a n d  G ro n s- 
fjo rd ) a n d  N o rth w e s t A frica  (H asle , 1965); D e n m ark  
an d  N u u k  (G reen lan d ) (ow n obs.), Ita ly  (the  A d ria tic  
Sea) (C a ro p p o  e t a i ,  1997), S p a in  (G a lic ian  w aters)
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Figure 9A J. P. delicatissima. A: lugol-preserved colony, chlorop lasts visible, D IC , B: g lu taraldehyde-preserved colony, phase 
co n trast. C: single valve, D IC , D: girdle bands, phase con trast, E: valve, phase con trast, arrow  show s central interspace, F, G : tip  
o f  the valve, T E M , H. I, J: m iddle p art o f  the valve, I and  J: note the different poroid  patterns, T EM . M aterial from  D enm ark; 
Figure 9A -E : cultures. Scale bars in F igure 9A -E : 20pm ; F igure 9F , H: 5 pm; Figure 9G , f  J: 1 pm.
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Table 1. Pseudo-nitzschia seriata group (frustule w id th > 3 n m  in vahe view). The table is based mainly on Hasle (1965), on own observations (Table 3), and the authors
referred to in the text.

P. seriata f. 
seriata

P. seriata f. 
obtusa

P. australis P. pungens P. multiseries P. pungiformis P. fraudulenta P. sub­
fraudulenta

P. subpacifica P. heimii

Valve view Linear to
lancet-shaped.
Asymmetric
along the
longitudinal
axis

As the species, 
but more 
obtuse valve 
ends

Linear to 
lanceolate. 
Asymmetric. 
Tips rounded

Linear to
lanceolate.
Symmetric

Linear to
lanceolate.
Symmetric

Lanceolate. 
Tapering 
towards slightly 
pointed ends

Spindle-shaped.
Symmetric

Linear in the 
middle part. 
Pointed ends. 
Symmetric

One straight 
and one convex 
side. More or 
less pointed 
ends.
Asymmetric

Linear to
lanceolate (one
margin
straight).
Broadly
rounded obtuse
ends

Girdle view Linear to
lanceolate.
Symmetric

Linear to
lanceolate.
Symmetric

Linear to 
spindle-shaped

Symmetric, 
linear to 
lanceolate

Symmetric, 
linear to 
lanceolate

Sigmoid Ends sigmoid,
obliquely
truncated

Ends sigmoid,
obliquely
truncated

Central
interspace

- - - + + + + +

Length (pm) 91-160 61-100 75-144 74-174 68-140 96-145 50-119 65-106 33-70 67-120

Width (pm) 5.5-8 4.5-5.5 6.5-8 2.4-5.3 3.4-6 4-5 4.5-10 4.6-7 5-7 4-6

Chains: overlap 
of cell length

1/3-1/4 1/3-1/4 1/3-1/4 1/3-1/4 1/5-1/6 1/4-1/5

Rows of 
poroids

3-5, often 
2 x 2  rows

2 2 1-2 visible in 
LM

(2)3-4 2 2-3 2 2 1-2

Poroids in 1 pm 7-8 7-8 4—5, large 3-4 4-6 5-6 5-7, with
star-shaped
membrane

5-6, with
star-shaped
membrane

9-10, small 5-6 (7-8)

Interstriae in 
10 pm

14-18 15-20 12-18 9-16 10-19 14-20 18-24 23-26 28-32 19-26

Fibulae in 
10 pm

14-18 15-20 12-18 9-16 10-19 12-18 12-24 12-17 15-20 11-16

Recorded from 77°N-45°N.
Northern
Hemisphere.
Cold-water
species

Arctic, coastal 
regions

6°S-43°S in 
Southern 
Hemisphere, 
also some 
reports from 
the Northern 
Hemisphere

Neritic,
cosmopolitan

Cosmopolitan 24°N-33°S. 
Only few 
reports

Coastal and
oceanic,
cosmopolitan

43°N-34°S. 
Mainly in 
inshore warmer 
waters. Warm­
water species

51°N (Atlantic 
Ocean) to 43°S 
(Pacific Ocean). 
Oceanic. 
Warm-water 
species

Only a few 
reports, from 
both Southern 
and Northern 
Hemisphere



Table 2. Pseudo-nitzschia delicatissima group (frustule width <  3 pm in valve view). The table is based mainly on Hasle (1965), on own observations (Table 3), and the
authors referred to in the text.

P. delicatissima P. pseudodelicatissima P. cuspidata P. lineola P. turgidula P. turgiduloides P. inflatula

Valve view Narrow, linear to 
lanceolate. Straight 
cut ends

Narrow and linear. 
Tapering towards 
pointed ends

Linear to lanceolate. 
Pointed ends

Linear to lanceolate Variable species: 
rounded ends, middle 
part inflated

Parallel sides. Slightly 
inflated in the middle 
part. Broad and 
rounded ends

Linear to lanceolate. 
Inflated in the middle 
part and near the ends. 
Pointed ends

Girdle view Linear. Linear. Linear to lanceolate. Linear to lanceolate. Parallel sides. Linear. Linear.
Straight cut ends Pointed ends Slightly sigmoid, 

pointed ends
Slightly sigmoid, 
pointed ends

Tapering towards 
truncated ends

Truncated ends Pointed ends

Central interspace + + + + + + +
Length (pm) 40-78 50-140 30 90 56 112 30-80 63-126 60-100

Width (pm) 1.1-2 1.5-3.4 2.5-3.9 1.8-2.7 2.5-3.5 1.8-2.7 1.5-2.5

Chains: overlap of 
cell length

1/7-1/10 1/5-1/6 1/5-1/6 1/5-1/6 1/6 1/6—1/7

Rows of poroids 2 1 1 1 2 1-2 1

Poroids in 1 pm 10-12, small 4—6, partly closed by a 
membrane

4-6, large, partly 
closed by a membrane

3-6, with star-shaped 
membrane in some 
specimens

7-9 8-10 5, almost squared and 
divided

Interstriae in 10 pm 36-41 30-46 29-39 22-28 23-28 17-21 32-35
Fibulae in 10 pm 19-25 14-26 14-22 11-16 13-18 10-13 18-21

Recorded from Inshore waters, e.g. 
the Osloljord, 
Kattegat, Nordkapp 
and NW Africa

North of 53°S Reported from NW 
Africa, Canary 
Islands, Chile and 
Washington State

Cosmopolitan 62°S-61°N Confined mostly to 
the Antarctic zone

Sporadic reports from 
Northern and Southern 
Hemisphere. Mostly 
cold waters



T able  3. M easurem ents o f  six species o f Pseudo-nitzschia found in D anish  coastal w aters. The m easurem ents are given as 
m ean  ±  SD , n =  num ber o f  observations and the observed range o f  m easurem ents as (m inim um -m axim um ).

Species Length
(pm )

W idth
(pm )

Cell
overlap

Striae 
in 10 pm

Fibulae 
in 10 pm

Poroids 
in 1 pm

P. delicatissima 64.0 ±  14.0 
n =  68 
(37.5-77.5)

1.3 ± 0 .2  
n =  38 
(0.9-1.8)

1/7-1/10 
n =  73 
(1/5-1/10)

39.3 ±  1.3 
n =  48 
(37M3)

23.0 ±  1.4 
n =  40 
(20-26)

10.6 ±  1.0 
« =  45 
(8-12)

P. fraudulen ta - n =  3 
(4.0-4.2)

- n =  3 
(23-26)

n =  3 
(23-26)

n — 3 
(5-6)

P. multiseries 4.2 ± 0 .3  
n =  41 
(3.5-4.7)

11.7 ± 0 .9  
n =  52 
(10-14)

11.8 ± 0 .9  
n =  40 
(10-14)

5.6 ± 0 .6  
n =  50 
(4-7)

P. pseudodelicatissima 76.6 ± 8 .1  
n — 90 
(62.5-97.5)

2.0 ± 0 .2  
n =  77 
(1.5-2.4)

1/6
n =  51 
(1/5-1/7)

35.9 ± 2 .3  
n =  119 
(29-41)

18.1 ±  1.6 
n =  107 
(14-23)

4.5 ± 0 .5  
n =  109 
(4-6)

P. pungens 116.1 ±  13.2 
n =  74 
(100-155)

2.9 ± 0 .5  
n — 60 
(1.8-4.0)

1/4
n =  70 
(1/3-1.5)

12.0 ±  1.1 
n =  82 
(10-14)

12.3 ±  1.6 
n =  78 
(10-20)

3.3 ±  0.4 
n =  81 
(2-4)

P. seriata 107.0 ± 9 .2  
« =  114 
(75-130)

5.9 ± 0 .4  
n =  114 
(4.8—6.9)

1/3—1/4 
n =  38 
(1/3—1/5)

16.0 ±  1.3
n =  93 
(13-20)

15.3 ±  1.1 
ti =  79 
(13-19)

7.6 ±  0.7 
n =  81 
(6-11)

(F ra g a  et al., 1997), th e  Pacific co asts  o f  M exico 
(H e rn á n d e z -B cccrril, 1997), a n d  C a n a d a  (B ates and  
D o u g la s, 1993). O ff  N o rd k a p p , P. delicatissim a  w as 
fo u n d  as single cells a sso c ia ted  w ith  P haeocystis  
p o u ch etii (H a rio t)  L agerheim  (H asle, 1965). In the 
S o u th e rn  H em isp h ere  it is reco rd ed  from  th e  B ay o f  
V a lp ara iso , C hile  (A v a ria  a n d  M u n o z , 1982).

T oxico logy: P. delicatissim a  h a s  never been  im plica ted  
in a  k n o w n  tox ic  event. In  cu ltu re  it h a s  once  been 
re p o rte d  to  p ro d u c e  5 fg d o m o ic  acid  pe r cell (Sm ith  et 
a l., 1991).

D escription: E lectron m icroscopy: T h e  n u m b er o f  in te r­
striae  in  10 pm  is 30-A6 (H asle , 1965), 31 -3 8  (T a k a n o  
an d  K u ro k i, 1977), 3 2 -4 2  (R iv era , 1985), 35.9 ± 2 .3  
(T ab le  3). T he n u m b er o f  fibulae in 10 pm  is 16-26 
(H asle, 1965), 14-21 (T a k a n o  an d  K u ro k i, 1977), 18-24 
(R iv era , 1985), 18.1 ±  1.6 (T ab le  3). T h e  c rib ru m  (a 
p e rfo ra ted  m em b ran e  co vering  the  p o ro id s) (F ig . 10F) 
o ften  resem bles a  flow er, a n d  is m o re  d is tin c t th a n  in 
th e  o th e r  species. T h ere  is one  ro w  o f  ro u n d  o r sq u a re  
p o ro id s , 4—6 transverse ly  in 1 pm  (H asle, 1965), 5 -6  
(T a k a n o  a n d  K u ro k i, 1977), 5 -6  (R iv era , 1985),
4.5 ± 0 .5  (T ab le  3).

P s e u d o -n itz s c h ia  p s e u d o d e lic a t is s im a  (H a s le )
H a s le ,  1993 F ig . 1 0 A -G

B asionym : N itzsch ia  pseudodelicatissim a  H asle, 1976 
Synonym : N itzsch ia  delicatula  H asle , 1965

D escrip tion: L ig h t m icroscopy:  V alves n a rro w ,
sy m m etric  a lo n g  th e  ap ical axis. T h e  leng th  is 5 9 -  
140 p m  (H asle , 1965), 5 0 -109  pm  (R iv era , 1985),
76.6 ± 8 .  l p m  (T ab le  3) a n d  th e  w id th  1.5-2 .5  pm  
(H asle , 1965), 1 .5 -3 .4 pm  (R iv era , 1985), 1 .8 -3 .0 p m  
(T a k a n o  a n d  K u ro k i, 1977), 2.0 ± 0 .2  pm  (T ab le  3). 
T h e  valves a re  lin ea r in th e  m idd le  p a r t  a n d  have  
m o re  o r  less p o in te d  en d s (H asle, 1965). A cen tra l 
in te rsp ace  is p re sen t in each  valve. T h e  cells overlap  
by 1/5 to  1/6 o f  th e  cell len g th  (R iv era , 1985), 1/6 
(T ab le  3).

T axonom ic notes: P. pseudodelicatissim a  belongs to  the 
delicatissim a  g ro u p  (T ab le  2). P. pseudodelicatissim a  an d  
P. delicatissim a  d iffer from  P. inflatula  by the  in fla ted  
valve o f  th e  la tte r , an d  fro m  P. turgidula  an d  P. turgidu­
loides by a  larg e r n u m b er o f  in te rstriae . P. pseudo­
delicatissim a  is d istin g u ish ed  from  P. lineola  by the  
co arse r s tru c tu re  a n d  few er in te rs tr iae  o f  the  la tte r  
species (H asle, 1965). See P. delicatissim a  fo r d is tin ­
gu ish ing  fu r th e r  be tw een  P. delicatissim a  a n d  P. pseudo­
delicatissim a. P. pseudodelicatissim a  an d  P. cuspidata  
a re  very sim ilar, b u t P. cuspidata  is lan ceo la te  a n d  the 
valves ta p e r  to w ard s  the  ends, w hile P. pseudodelicatis­
sim a  is m o re  lin ea r (H asle, 1965). A d istin c tio n  betw een 
P. pseudodelicatissim a  a n d  P. pungens  c an  som etim es be 
difficult in very n a rro w  specim ens o f  th e  la tte r. W e have 
observed  valves o f  P. pungens  on ly  2.2 pm  w ide 
(T ab le  3). T h e  tw o  species m ay  be d istin g u ish ed  by the
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Figure lO A -G . P. pseudodelicatissima. A: colony in girdle view, phase con trast, B: valve, arrow  show s cen tral interspace, phase 
con trast, C: m iddle p a r t  o f  the valve w ith visible in terstriae and  central interspace, T E M , D: m iddle p a r t o f  the  valve w ith central 
in terspace, T E M , E: tip  o f  the valve, T E M , F: m iddle p a rt o f  the valve, show ing the perfo ra ted  m em brane o f  the poroids. Inset: 
Sam e w ith different perfora tion , T E M , G: each perfora tion  is fu rther perforated , T EM . D anish  m aterial; F igure 10A -E: cultures. 
Scale bars in F igure 10A -C: 20pm ; F igure 10D -E: 5pm ; Figure 10F: 1 pm; Figure 10G: 0 .2pm .

a p p e a ra n c e  o f  th e  en d s o f  th e  in te rs tr iae . T hese  are  
visib le in  P. pungens  in  g ird le  view , like d o ts  a lo n g  the  
edge  o f  th e  valve  (F ig . 4A ), b u t  n o t  v isible in  P. p seudo­
delicatissim a  (F ig . 10A).

Q i (1994) d e sc rib ed  a  new  species, P. sinica, f ro m

C h in a  w hich  is sim ilar to  P. pseudodelicatissim a, b u t  it 
is w ider a n d  has m o re  in te rstriae .

Isozym e analysis o f  iso la tes o f  P. pseudodelica tissim a  
revealed  n ine  p u ta tiv e  loci. Six o f  th o se  w ere p o ly ­
m o rp h ic , show ing  v a r ia tio n  w ith in  th e  species fro m  th e
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sam e loca lity , in d ica tin g  th a t  several c lones o f  the  
species a re  p re sen t in  D a n ish  w aters (Skov  et al., 1997).

E co logy  and  d istribu tion : A cco rd in g  to  H asle  (1965) an d  
R iv era  (1985) th e  g eo g rap h ic  d is tr ib u tio n  o f  P. p seudo­
delica tissim a  is th e  N o r th e rn  H em isp h ere  a n d  the  
S o u th e rn  H em isp h ere  n o r th  o f  53°S. In  th e  B ay o f  
F u n d y  it o ccu rs  th ro u g h o u t  the  year, b u t th e  h ighest 
c o n c e n tra tio n s  a p p e a r  a t h ig h er w a te r  tem p e ra tu re  
(Ju n e -S e p te m b e r , 10-18°C ) (M a rtin  et al., 1993). In  a 
cu ltu re  ex p erim en t u sing  a D a n ish  iso late , g ro w th  ra tes 
w ere sa lin ity  a n d  tem p e ra tu re  d ep en d en t. G ro w th  
o p tim u m  w as a t  25%o a n d  25°C  o r  h igher. N o  g ro w th  
w as seen  in  5 a n d  10%o. T h e  low er tem p e ra tu re  lim it fo r 
g ro w th  d ep en d e d  o n  sa lin ity  (L u n d h o lm  et a i ,  1997).

T o x ic ity  in  P. pseudodelicatissim a  h a s  b een  rep o rted  
once  in  1988 in  P a ssa m a q u o d d y  B ay (the  so u th w este rn  
B ay o f  F u n d y ), N ew  B runsw ick , C a n a d a  (M a rtin  et al., 
1990; H a y a  e t al., 1991). P. pseudodelicatissim a  has  been 
sig h ted  in  th e  a re a  every  y ear fro m  1976 o n w ard s  a n d  
b lo o m e d  reg u la rly  M a rc h -S e p te m b e r  in  th e  1930s 
(M a r tin  et al., 1990). In  1988, cells o f  P. pseudodelicatis­
sim a  w ere, as a  re su lt o f  v e rtica l m ix ing , d is tr ib u te d  in 
h igh  c o n c e n tra tio n s  a t  a ll d ep th s , a n d  th e  b lo o m  lasted  
fo r  2 m o n th s  (M a rtin  et al., 1990).

In  Ju ly , A u g u s t, a n d  S ep tem b er 1992, P. pseudodeli­
ca tissim a  b lo o m ed  in co as ta l w a te rs  o f  D e n m ark , 
S w eden, N o rw ay , a n d  th e  so u th w este rn  B altic  (E dler, 
1993; H a n se n  a n d  H o rs tm a n n , 1993; L u n d h o lm  a n d  
S k o v , 1993; G . R . H asle  pers. co m m .). In  D e n m a rk  th e  
c o n c e n tra tio n  reach ed  ca. 16.6 x IO6 cells p e r litre  (Per 
A n d e rse n , pers. com m .). In  som e a rea s , h igh  cell 
c o n c e n tra tio n s  seem ed to  o ccu r in d eep er w a te r  (7 -  
18 m ) (S u san n e  P e tersen , th e  c o u n ty  o f  F u n en , 
D e n m a rk , pers. co m m .). N o  d o m o ic  acid  w as fo u n d  in 
b lue  m ussels (M y tilu s  edulis) o r  oyste rs  (C rassostrea  
gigas) (H elle  E m sh o lm , th e  F ish  In sp ec tio n  Service, 
D e n m a rk , a n d  M a tts  H a g e lto rn , pers. com m .; 
L u n d h o lm  a n d  Skov , 1993). Isozym e analysis o f  
iso la ted  c lones fro m  the D an ish  b lo o m  in d ica te  th a t  the  
b lo o m  w as p o ly c lo n a l (S kov  et al., 1997). In  Ju ly  an d  
A u g u s t 1993, P. pseudodelica tissim a  fo rm ed  extensive 
b lo o m s in  th e  B erkeley  m arin a , C a rlifo rn ia , a p p a re n tly  
w ith o u t p ro d u c in g  d o m o ic  acid  (R . H o rn e r, U n iversity  
o f  W ash in g to n , U .S .A ., pers. com m .).

Toxico logy: In  c u ltu re , th e  p ro d u c tio n  o f  d o m o ic  acid  is
7.0 x IO-3 to  9.8 x 10“2 p g  p e r cell (M a r tin  et al., 1990). 
T o x ic ity  h as been  co n firm ed  in  a  cu ltu re  iso la ted  from  
D a n ish  c o as ta l w a ters  as 9.7 x 1(U2 to  2.21 x IO-1 pg 
p e r cell (L u n d h o lm  e t al., 1997). T h is co rre sp o n d s  w ith  
th e  level fo u n d  in  P. m ultiseries  w hen  tak in g  in to  
a cc o u n t th a t  P. pseudodelicatissim a  h a s  a  sm alle r cell 
v o lu m e (M a r tin  et a i ,  1990). W h en  d o m o ic  acid  w as 
d e tec ted  in  shellfish a n d  p la n k to n , P. pseudodelica­
tissim a  co m p rised  > 9 0 %  o f  th e  to ta l b io m ass o f  p h y to ­

p la n k to n , a n d  th e  co n ce n tra tio n  reach ed  m o re  th a n  IO5 
cells p e r litre  (H ay a  et a i ,  1991).

P s e u d o -n itz s c h ia  m u l t is e r ie s  (H a s le )
H a s le ,  1995  F ig . 11 A , B, G , I

B asionym : N itzsch ia  pungens  fo rm a  m ultiseries  H asle , 
1974
Synonym : P seudo-nitzschia  pungens  fo rm a  m ultiseries  
(H asle) H asle , 1993

D escription: L ig h t m icroscopy: F ru s tu le s  lin ea r to  lan ceo ­
late , sym m etric  a lo n g  th e  ap ical axis in valve a n d  girdle 
view. T h e  leng th  is 68-140  pm  (H asle, 1965), 82-135  pm  
(T ak a n o  a n d  K u ro k i, 1977), 9 7 .6 -115 .6  p m  (F ryxell et  
al., 1990) a n d  th e  w id th  4 -5  pm  (H asle, 1965), 4 .7 -6  pm  
(T ak a n o  an d  K u ro k i, 1977), 3 .4 -4 .9  pm  (F ryxell et al.,
1990), 4.2 ± 0 .3  pm  (T able  3). V alves a re  stro n g ly  silici- 
fied a n d  in te rstriae  a n d  fibu lae  a re  visible in  th e  light 
m icroscope. T h ere  is no  cen tra l in te rsp ace  p resen t. T h e  
n u m b er o f  in te rstriae  in  10 p m  is 10-13 (H asle, 1965), 
12-19 (Fryxell e t al., 1990), 11.7 ± 0 .9  (T ab le  3). T he 
n u m b er o f  fibulae in  10 p m  is 10-13 (H asle, 1965), 12-19 
(F ryxell e t al., 1990), 11.8 ± 0 .9  (T ab le  3). T h e  cells 
o v erlap  a b o u t 1/3 o f  th e  to ta l cell leng th  (H asle, 1965).

D escrip tion: Electron m icroscopy: T h e  n u m b er o f  p o ro id  
row s is 3 -4 , ra re ly  2 (H asle, 1965), 2^1 (T ak a n o  an d  
K u ro k i, 1977), 3 -4  (T ab le  3). E ach  ro w  h as  4 -6  p o ro id s  
in 1 p m  (H asle, 1965), 5.6 ± 0 .6  w ere seen in o u r 
m ate ria l (T ab le  3). T h e  g ird le  b a n d s  a re  s tr ia te d  (tw o o r 
th ree  row s o f  p a ralle l p o ro id s). T h e  valve ends d o  n o t 
d iffer in  s tru c tu re  (H asle, 1995).

T axonom ic notes: P. m ultiseries  w as fo rm erly  k n o w n  as 
P. pungens  f. m ultiseries  b u t  is no w  co n sid ered  a 
sep a ra te  species, based  on  m o rp h o lo g ica l, physio log ica l, 
a n d  genetic  ex am in a tio n s  (H asle , 1995; M a n h a r t  et al.,
1995). M o rp h o lo g ica l c h a ra c te rs  sep a ra tin g  P. m u lti­
series fro m  P. pungens  a re  th e  d iffe ren t n u m b er o f  row s 
o f  p o ro id s  (H asle, 1965), the  d is tinc tive  s tru c tu re s  o f  the  
b an d s, a n d  th e  d ifferen t s tru c tu re s  o f  th e  valve ends 
(H asle, 1995).

P seudo-nitzschia  m ultiseries  belongs to  th e  seriata  
g ro u p  (T ab le  1). In  th e  ligh t m ic ro sco p e  it d iffers fro m  
P. fra u d u len ta , P. subfraudulenta , P. subpacifica, P. 
heim ii, a n d  P. pungiform is  by th e  lack  o f  a cen tra l in te r­
space. T he s tru c tu re  o f  th e  valve is very sim ilar to  th a t 
o f  P. pungiform is. C ritical id en tificatio n  m ay  requ ire  
e lec tro n  m ic ro sco p y  because the  in te rsp ace  in P. pu n g i­
fo rm is  is difficult to  see in th e  ligh t m ic ro sco p e  (H asle, 
1971; S im onsen . 1974).

P seudo-n itzsch ia  seria ta , P . austra lis, a n d  P. pungens  
a lso  lack  a  cen tra l in te rsp ace . T h ey  d iffe r f ro m  P. 
m ultiseries  in th e  fo llow ing  ch ara c te rs : P. austra lis  is
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Figure 11A -I. P. pungens and  P. multiseries. A: Presum ably P. multiseries, valve, D IC , B: P. multiseries, valve, phase con trast, 
C: P. pungens, valve, phase con trast, D: P. pungens, m iddle part o f the valve with visible poro ids, D IC , E, F: P. pungens, m iddle 
p art o f  the valve, T E M , G: P. multiseries, m iddle p art o f  the valve, T EM , H: P. pungens, tip  o f  the valve, T E M , I: P. multiseries, 
tip  o f  the valve, T E M . F igure 11 A , E -I: D anish  m aterial, from  nature; F igure 11C-D : D anish m aterial (cultures); F igure 11 B: 
m aterial from  M onterey  Bay (culture) kindly provided by M .C . Villae. Scale bars in F igure 11A -C: 20pm ; Figure 1 ID —I: 5 pm.
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w ider, 6.2- 8 [im co m p ared  to  3 .4 -6  pm . Pseudo-nitzschia  
seria ta  is asym m etric  a long  the  apical axis an d  tends to  be 
slightly  w ider, 5 .5 -8  pm . A t tim es P. multiseries can  be 
very  d ifficult to  d istingu ish  from  P. pseudodelicatissim a. It 
c an  (like P. pungens , F ig. 4A), be  d istingu ished  in girdle 
view, since th e  in te rstriae  o f  P. multiseries a re  visible in 
g ird le  view  using  L M , b u t n o t visible in P. pseudodelicatis­
sim a  (G . R . H asle  pers. com m .). I t  m ay  som etim es be 
possib le  to  d istingu ish  P. pungens  fro m  P. m ultiseries 
using  L M , as th e  p o ro id s  a re  som etim es visible a t high 
p o w er ligh t m icroscopy  in P. pungens  b u t n o t in  P. m u lti­
series. C ritical iden tification  requ ires electron  m icroscopy. 
P. pungens  h a s  1-2 row s o f  p o ro id s  a n d  3 -4  po ro id s 
transverse ly  in  1 pm , while P. m ultiseries has 3 -4  row s o f  
p o ro id s  a n d  4 -6  p o ro id s in 1 pm .

Ecology and d istribu tion : U sing  E M , th e  occu rren ce  o f  
P. m ultiseries  h a s  been  co n firm ed  in  the  fo llow ing  areas: 
a lo n g  th e  A tla n tic  c o as t o f  N o r th  A m erica  (H asle, 1965; 
K a c z m a rsk a  e t al., 1986; B ates e t al., 1989; F ryxell et 
al., 1990; V illa rea l e t al., 1994), th e  Pacific co as t o f  
N o r th  A m erica  (H asle, 1965; F o rb e s  a n d  D en m an , 
1991; B uck e t al., 1992; H o rn e r  a n d  P o ste l, 1993). In 
E u ro p ea n  w a te rs  in  the  O s lo fjo rd  (H asle , 1965), D an ish  
c o as ta l w a ters  (L u n d h o lm  et al., 1990), th e  D u tch  
W ad d e n  Sea (V rieling  e t al., 1996). In  th e  G u lf  o f  
A n n a b a , th e  M e d ite rra n e a n , A lgiers (ow n obs.). A long  
th e  A tlan tic  c o as t o f  S o u th  A m erica  a t A tlan tid a , 
U ru g u a y , a n d  Q u eq u en , A rg e n tin a  (H asle , 1965), a n d  
in A sia  in  O fu n a to  Bay, J a p a n  (T a k a n o  an d  K u ro k i, 
1977; K o ta k i  et al., 1996), J in h a e  B ay, S o u th  K o rea  
(F ryxell e t al., 1990), a n d  P e ter the  G re a t  Bay, the  Sea 
o f  J a p a n , R u ss ia  (O rlo v a  et al., 1996, 1997). P. m u lti­
series  is a sso c ia ted  w ith  co as ta l a rea s (H asle , 1965), 
w hile  th e  closely  re la ted  P. pung iform is  occu rs b o th  in 
th e  o p en  sea a n d  in co as ta l reg io n s (H asle , 1971).

P. m ultiseries  h a s  been fo u n d  fro m  S ep tem ber to  M arch  
on  th e  N o r th e rn  H em isphere  (H asle, 1965) b u t it is 
re p o rte d  m ain ly  fro m  co lder m o n th s  (Fryxell et al., 1990). 
P. pungens  seem s to  be  m ore  a b u n d a n t in  w arm er w ater 
(m ain ly  in  th e  au tu m n ). In  the  estuaries o f  P rince E dw ard  
Is land , C a n a d a , a n d  the  w aters a ro u n d  G a lv esto n , Texas, 
U .S .A ., P. pungens  is g rad u ally  replaced by P. multiseries  
d u rin g  th e  a u tu m n  a n d  w in ter (Sm ith  et al., 1990b; 
Fryxell et al., 1991; D ickey et al., 1992). In  the  S kagerrak  
1980-1990, L ange e t al. (1992) fo u n d  P. pungens  m ost 
freq u en tly  from  Sep tem ber to  Ja n u a ry  a n d  P. multiseries  
from  D ecem b er/Jan u ary  th ro u g h  M arch .

H asle  et al. (1996) o b se rv ed  a g ra d u a l rep lacem en t o f  
P. m ultiseries  by  P. pungens  in  th e  S k a g e rra k  in the  
1980s a n d  1990s.

B ased o n  g ro w th  experim en ts , H a rg rav e s  e t al. (1993) 
sh o w ed  th a t  P. m ultiseries  h a s  g re a te r  to le ran ce  to  U V  
ligh t th a n  P. pungens. A  g lo b a l increase  in U V  light 
m ay  th u s  cau se  a ch an g e  in species co m p o s itio n  
fa v o u rin g  P. m ultiseries.

P. m ultiseries  occu rs a t tem p e ra tu re s  fro m  — 1 to 
+ 3 0 °C  (H asle, 1972; F ryxell et al., 1990; F o rb e s  an d  
D en m an , 1991; P a n  e t a i ,  1993; Sm ith  et al., 1993) an d  
a t  salin ities from  18 to  36 (H asle, 1972; L u n d h o lm  et 
al., 1990). In cu ltu re  it grow s fro m  15 to  48%o (Jack so n  
e t al., 1992). B loom s m ay  last u p  to  3 m o n th s  (B ates e t  
al., 1989; Sm ith  et al., 1990a).

T oxicology: T h e  c o n c e n tra tio n s  o f  d o m o ic  acid  d u rin g  
th e  b lo o m s in C a n a d a  w ere 1-7 pg  p e r cell (B ates e t al..
1989). In cu ltu re  it p ro d u c ed  up  to  21 pg  p e r  cell 
(w hole  c u ltu re ) (B ates et al., 1989; S u b b a  R a o  et a i ,  
1988, 1990; R eap , 1991; D o u g la s  a n d  B ates, 1992). U p  
to  7 pg  p e r  cell w as fo u n d  w ith in  th e  cell by  B ates e t a!. 
(1991), Sm ith  et al. (1993), 0 .6 -1 .5 p g  by V illae e t al. 
(1993a). R ecen tly , cu ltu res  fro m  th e  D u tc h  W ad d e n  
Sea w ere fo u n d  to  p ro d u c e  d o m o ic  acid  (V rieling  e t al.,
1996).

P s e u d o -n itz s c h ia  p u n g e n s  ( G r u n o w  e x  P . T .  C le v e )  
H a s le ,  1993 Fig. 1 1 C -F ,H

B asionym : N itzsch ia  pungens  G ru n o w  e x  P. T . C leve, 
1897

D escrip tion: L ig h t m icroscopy: F ru s tu le s  lin ea r to  
lan ceo la te  a n d  sym m etric  in  b o th  valve a n d  g ird le
view . T h e  leng th  is 74 -1 4 2  pm  (H asle , 1965), 8 1 -  
1 51pm  (T a k a n o  a n d  K u ro k i, 1977), 8 7 -1 7 4 p m  
(R ivera , 1985), 79 .3-117 .3  pm  (Fryxell et al., 1990), 
116.1 ±  1 3 .2 p m  (T ab le  3). T h e  w id th  is 3 -4 .5 p m  
(H asle, 1965), 2 .8 -5 .3  pm  (T a k a n o  an d  K u ro k i, 1977), 
4—6.5 pm  (R iv era , 1985), 2 .9 -4 .6 pm  (F ryxell et al.,
1990), 2.9 ± 0 .5  pm  (T ab le  3). V alves a re  stro n g ly  silici- 
fied a n d  in te rs tr iae  a n d  fibulae  a re  v isible in light 
m icroscope. A cen tra l in te rsp ace  is ab sen t. T he 
n u m b er o f  in te rs tr iae  in 10 pm  is 9 -1 5  (H asle , 1965), 
9 -1 7  (R iv era , 1985), 10-14 (Fryxell e t al., 1990),
12.0 ± 1 .1  (T ab le  3), a n d  th e  n u m b er o f  fibu lae  in
10 pm  is 9 -1 5  (H asle, 1965), 9 -1 5  (R iv era , 1985),
12.6 ± 1 .6  (T ab le  3). T h e  cells o v erlap  a b o u t 1/3 o f
to ta l cell leng th  (H asle, 1965), 1/4 (T ab le  3).

D escrip tion: E lectron m icroscopy: T h e  n u m b er o f  p o ro id  
row s is 2, ra re ly  1 (H asle , 1965), 2 (T a k a n o  a n d  K u ro k i. 
1977), 2 -3  (R iv era , 1985), 2 (T ab le  3). W ith in  each  row  
th ere  a re  3 -4  large  p o ro id s  in 1 p (H asle, 1965; T a k a n o  
an d  K u ro k i, 1977; R ivera , 1985), 3.3 ± 0 .4  (T ab le  3). 
T h e  g ird le  b an d s  have  single p o ro id s . T h e  valve ends 
d iffer in s tru c tu re ; one  end  h as few er p o ro id s  pe r stria  
th a n  th e  o th e r  (H asle, 1995).

T axonom ic notes: P. pungens  belongs to  th e  seria ta  
g ro u p  (T ab le  1). See T ax o n o m ic  n o tes  o f  P. m ultiseries  
fo r  a d d itio n a l details.
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Figure 12A -D . P. seriata. A: valve, D IC , B: valve, phase con trast, C: tip  o f  the valve, T EM , D: m iddle p a rt o f  the valve, T EM . 
D anish  m aterial (cultures). Scale bars in F igure 12A-B: 20 pm; Figure 12C -D : 5 pm.

Ecology and d istribu tion : P. pungens  is a co m m o n  
species, co n fined  to  c o as ta l w a te rs  (H asle, 1972) an d  
c o sm o p o litan  (H asle  a n d  F ryxell, 1995). See Ecology 
a n d  d is tr ib u tio n  o f  P. m ultiseries  fo r fu r th e r  in fo rm a ­
tion .

Toxico logy: In  c u ltu re , tw o  iso la tes fro m  U .S . co as ta l 
w a ters  o f  W ash in g to n  a n d  C a lifo rn ia  have  been fo u n d  
to  p ro d u c e  d o m o ic  acid  a t  a c o n ce n tra tio n  o f  u p  to  
80 fg p e r  cell. D o m o ic  acid  has a lso  been de tected  in 
cu ltu res  iso la ted  fro m  b lo o m s in th e  M arlb o ro u g h  
S o u n d s  a n d  B ay o f  P len ty , N ew  Z ea lan d , N o v em b er 
1995 (R h o d e s  e t al., 1997).

P s e u d o -n itz s c h ia  s e r ia ta  (P. T . Cleve)
H. Peragallo, 1990 Fig. 1 2 A -D

B asionym : N itzsch ia  seria ta  P. T . Cleve, 1883

D escrip tion : L ig h t m icroscopy:  In valve view  th e  
fru s tu le s  a re  la n c e o la te  a n d  a sy m m etric  in th e

ap ica l p lan e , n a rro w in g  to w a rd s  th e  m o re  o r  less 
ro u n d e d  ends. T h e  leng th  is 9 1 -1 6 0 p m  (H asle , 1965),
107.0 ± 9 .2  pm  (T ab le  3) a n d  w id th  5 .5 -8  pm  (H asle , 
1965), 5.9 ±  0 .4 p m  (T ab le  3). T he valve lacks a c en tra l 
in te rsp ace  a n d  has 14—18 in te rs tr iae  a n d  fibu lae  in 
1 0 p m  (H asle, 1965), 16.0 ± 1 .3  in te rs tr iae  an d
15.3 ±  1.1 fibulae (T ab le  3). T h e  cells o v e rlap  by a b o u t 
1/3 to  1/4 o f  th e  cell leng th  (H asle , 1965), 1/3 to  1/4 
(T ab le  3).

D escription: Electron m icroscopy:  T h e  n u m b er o f  p o ro id  
row s is 3- 5 (H asle , 1965), 3^4 (T ab le  3). T h e  tw o  row s 
a lo n g  th e  in te rs tr iae  a re  o ften  co m p o sed  o f  larg e r 
p o ro id s , w ith  7 -8  p o ro id s  in 1 pm  (H asle , 1965),
7.6 ± 0 .7  (T ab le  3).

T ax o n o m ic  notes: P. seria ta  b e lo n g s to  th e  seria ta  
g ro u p  (T ab le  1). It d iffe rs  fro m  m o st o th e r  species 
o f  P seudo-n itzsch ia  in  th e  lack  o f  a  c e n tra l  in te r ­
space  a n d  the  a sy m m e tric a l shap e . It m ay  be d is t in ­
gu ished  fro m  P. pungens  a n d  P. m u ltiseries  by  its
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a sy m m e try , th e  w id e r valves a n d  th e  la rg e r n u m b e r 
o f  in te rs tr ia e . P. seria ta  f. obtusa  (H asle) H asle  has 
m o re  o b tu se  en d s th a n  th e  n o m in a l v a rie ty  a n d  has 
o n ly  tw o  ro w s o f  p o ro id s  (H asle , 1965). R iv era  
(1985) re g a rd s  P. seria ta  f. obtusa  to  be  sy n o n y m o u s 
w ith  P. seria ta .

E cology and  d istribu tion : P. seria ta  is a  co ld -w ater 
species, b o th  neritic  a n d  ocean ic . T h e  lim its fo r  g ro w th  
have  been  re p o rte d  as — 1.6°C to  1 2 -1 5°C, w ith  an  
o p tim u m  be tw een  6 a n d  12°C  m easu red  in  a n  iso la te  
fro m  below  th e  ice in C a n a d a  (Sm ith  e t al., 1994). 
R e p o rts  o f  P. seria ta  a re  on ly  confirm ed  from  the 
N o r th e rn  H em isp h ere  (H asle , 1972, 1976). R ecords 
fro m  th e  S o u th e rn  H em isp h ere  o r  fro m  w arm  w aters  
a re  d u e  to  co n fu sio n  w ith  closely  re la ted  species (H asle, 
1972).

T oxico logy: In  th ree  iso la tes fro m  N iv á  B ugt in 
D e n m a rk  th e  p ro d u c tio n  o f  d o m o ic  acid  w as show n 
to  be up  to  33 pg  p e r cell (w hole cu ltu re). T h is c o rre ­
sp o n d s  w ith  to x in  levels in  P. m ultiseries, w ith  w hich  
it co m p a res  closely  in  vo lu m e (L u n d h o lm  et al.,
1994).
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In s titu te , U S A , J. L. M a rtin , B io log ical S ta tio n , St. 
A n d rew s, C a n a d a , M .C . V illae, T exas A & M  U n iv e r­
sity , U .S .A ., A. C lem en t, U n iv ersid ad  Ios L agos, P u erto  
M o n tt ,  C hile , a n d  H . F reh i, D e p a rtm e n t o f  M a rin e  
B io logy , A n n a b a , A lgiers, fo r  p ro v id in g  sam ples from  
th e ir  respec tive  co u n trie s . W e th a n k  A ndrzej W itk o v sk i, 
U n iv ersity  o f  G d a n sk , P o la n d , fo r verifica tion  and  
p h o to g ra p h s  o f  A m phora  co ffeaeform is  a n d  H an s 
R yberg . U n iv ersity  o f  G o te b o rg , Sw eden, fo r a m ic ro ­
g ra p h  o f  P. pseudodelicatissim a. W e g rea tly  ap p rec ia te  
th e  he lp  a n d  in fo rm a tio n  received fro m  P. A n dersen  
B io /co n su lt as, D e n m a rk , several D an ish  c o u n ty  b io lo ­
gists, a n d  fro m  th e  B o tan ica l In s titu te , U n iversity  o f  
C o p e n h ag e n , D e n m ark : Jo h n  A n d ersen , L ene C h ris ­
tian sen , O le L an so , N ie ls -H en ry  L arsen , a n d  L isb eth  
T h ra n e  H au k ro g h .
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