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ABSTRACT: The dinoflagellate Gymnodinium heterostriatum Kofoid et Swezy is described anew 
from live material of the upwelling region off the NW African coast. The characteristics that 
distinguish it from Gymnodinium striatissimum Hulburt, a species with which it has been mistaken 
since the original description, are discussed. 

INTRODUCTION 

There have been  mistakes in the past concerning the application of the name  
Gymnodinium heterostriatum Kofoid et Swezy. In 1921, Kofoid and Swezy described and  
illustrated in their monograph of the unarmoured  dinoflagellates a species which they 
named  Gymnodinium heterostriatum (Kofoid & Swezy, 1921: p. 221-223; Pl. 2, Fig. 24 
and Textfig. Y, 7). It was redescribed by Kofoid (1931, p. 14, Fig. F). Erroneously, Kofoid & 
Swezy (1921) regarded the species that Dogiel (1906) had illustrated as Gymnodinium 
spirale var. obtusum (see Dogiel's Plate 2, Figs 50-56) as conspecific with G. hetero- 
striatum. Gymnodinium spirale Bergh var. obtusum Schfitt 1895 is now known as 
Gyrodinium obtusum (Sch/.itt) Kofoid et Swezy 1921 and is quite different from the taxa 
depicted by Dogiel (1906), Kofoid & Swezy (1921: P1.2, Fig. 24 and Textfig. Y, 7), and 
Kofoid (1931). ElbrSchter (1979) identified the species Dogiel had described and  depicted 
in 1906 as Gymnodinium striatissimum Hulburt  1957. Unfortunately, Kofoid & Swezy 
(1921) illustrated on Plate 5, Fig. 56, under  the name  G. heterostriatum, a specimen 
apparently conspecific with that described and illustrated in detail as G. spirale var. 
obtusum by Dogiel (1906), which is now known as Gyrnnodinium striatissimum. Subse- 
quently, G. heterostzfatum and G. striatissimum have been  regarded as conspecific. 
Elbr~chter (1979), however, demonstrated that they are two separate taxa. He provided a 
detailed description of Gymnodinium stlffatissimum, including a discussion on the 
nomenclatural  problems. During cruise Nr. 44 of the R. V. Meteor, G. heterostn'atum was 
discovered and will be described in more detail below. 
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MATERIAL AND METHODS 

Surface samples  were  t aken  us ing a 20-~tm mesh  net  dur ing cruise Nr.  44 of the R. V. 
Meteor  in January  and February  1977 in the upwel l ing  region off the N W  African coast. 
At Station 72 (19 ~ 10' N, 16 ~ 5' W) on 2nd February,  7 live spec imens  of G. heterostriatum 

were  obse rved  in sub-samples  in Petri dishes unde r  the d i ssec t ing  mic roscope  and were  
then  transferred,  by  micropipet t ing,  to the l ight  microscope (Wild M20) .  Observat ions  
were  m a d e  at 400x magnif icat ion and  documen ted  by  colour sl ides (Ek tachrome  64) and  
line drawings.  The presence  or absence  of chloroplasts  was examined  b y  UV- induced  
auto f luorescence of chlorophyll .  

DESCRIPTION 

G. heterostriatum is a medium-s ized ,  e longa te  species  which is c i rcular  in cross 
sect ion or shghtly compressed  dorsoventral ly.  In l iving spec imens  t h e  ep i soma is 
t rapezoid  in ventral  view and domed  in la tera l  v iew (Figs 1-4). T h e  hyposoma  is 
t r iangular  in ventral  view with an acute  an tapex  and  slightly convex s ides  (Figs 1-9). The 
c ingulum is sl ightly p remedian ;  the ep isoma is therefore sl ightly sma l l e r  than  the 
hyposoma.  This feature  changes  after a few minutes  of observat ion u n d e r  the cover slip. 
The acute  antapica l  region rounds up to a g rea te r  extent  than the apical  region.  Thus, in 
s t ressed spec imens  the  hyposoma appea r s  shorter  than the episoma;  t he  c ingulum is 
loca ted  in a pos tmed ian  position, as shown by  Kofoid & Swezy (1921, P1. 2, Fig. 24). The  
c ingulum is narrow, deeply  impressed,  sl ightly more than one c i rcumference  in length,  
near ly  circular and  slightly descending .  The sulcus begins  at or near  the a p e x  and  runs as 
a deep,  s traight  furrow from the apical  region to the cingulum. It deflects  to the  right just  
before joining the cingulum. On the hyposoma,  the sulcus is na r rower  a n d  fades  away  
towards  the antapex.  Details  of c ingulum and sulcus are shown in F igures  1-7. The 
surface of the ep isoma is dist inctly striated, and  in ventral  view about  12 to 15 striae a re  
visible. One or two faint  striae are  p resen t  b e t w e e n  pairs  of prominent  str iae.  The  surface 
of the hyposoma has  a similar pa t te rn  but  possesses  one and a half to two t imes as many  
str iae as the episoma.  As cells round  off dur ing microscopical  observat ions ,  the faint 
striae become b roken  lines and then  comple te ly  d isappear .  The cell surface  m a y  a p p e a r  
smooth shortly before  death.  

At the junct ion of the c ingulum and sulcus, a small  sack- l ike  pusule ,  d i rec ted  
towards  the poster ior  pole of the cell, is a lways  present .  A second pusu le  m a y  be  p resen t  
d i rec ted  towards  the anterior  pole. The former can be seen  in Figures  6-8,  the  la t ter  in 
Figure 2. The nucleus  is e longated ,  has  dist inct  s t rands of chromat in  and  a nuc lear  
enve lope  which can be  d iscerned under  the l ight  microscope (Fig. 9). It m a y  be  s i tua ted  in 
the  hyposoma (Fig. 9), or in the  ep i soma as desc r ibed  by  Kofoid & Swezy  (1921) and  
Kofoid (1931). Chloroplasts  are  absen t  w h e n  checked  by f luorescence microscopy.  The 
cytoplasm is somewha t  g ranular  and  is a pa le  cha lcedony yel low or p ink i sh  c innamon 
colour. Cell length  was 93 to 106 ~tm before  rounding  off, and  subsequen t ly  b e t w e e n  75 
and 84 ~tm. Width  remained  constant  b e t w e e n  50 and  56 ~tm. 
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Figs 1-9. Gymnodinium heterostriatum, live cells from the Northwest  African upwell ing region. 
Scale bar: 10 pro. I-3:  ventral  view, showing cingulum and  sulcus; 4-7: ventrolateral  view; 

8-9: lateral view, optical section, showing position of nucleus and nuclear  envelope 
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DISCUSSION 

The spec imens  found in the upwel l ing  region off the NW Africans coas t  ag ree  with 
the descr ipt ion of Gymnodinium heterostriatum as given by  Kofoid & S w e z y  (1921) and 
Kofoid [1931). In shape,  the hying cells closely resemble  the  spec imen  s h o w n  in Figure Y, 
7 of Kofoid & Swezy (1921), but  the lat ter  spec imen  is appa ren t ly  s l igh t ly  rounded  off, 
lacking  the acute  an tapex  observed  dur ing this invest igat ion (see Fig. 3). Kofoid  & Swezy 
(1921, P1.2, Fig. 24) and  Kofoid (1931, Fig. F) apparen t ly  depic t  cells shortly before 
d is in tegra t ion as concluded from the shape.  In this condition, the faint s t r iae  b e t w e e n  the 
prominent  ones are seen  as b roken  l ines before  they d i s appea r  complete ly .  The  b roken  
lines are dep ic ted  by  Kofoid & Swezy (1921) and  by  Kofoid (1931). In s e ve ra l  member s  of 
the Gymnodinia les ,  the nucleus  can move from the hyposoma  to the e p i s o m a  or vice 
versa, d e p e n d i n g  on phagot roph ic  feeding.  Thus, the sl ight  difference b e t w e e n  the cells 
found in the presen t  s tudy and those dep ic ted  by  Kofoid & Swezy (1921) and Kofoid 
(1931), including location of nucleus,  shape  of hyposoma,  and  total  l e n g t h  of the cell, is 
p robab ly  re la ted  to the physiological  state of the  cells dur ing  observat ion .  

Gymnodin ium heterostriatum can be  separa ted  from Gymnodiniurn striatissimum, 
with which it was  mixed  in the original  descr ipt ion and  b y  subsequen t  authors ,  by the 
following features  in hying cells: 
(1) The an t apex  is clearly po in ted  in G. heterostriatum but  is r o u n d e d  in G. striatis- 

sim urn; 
(2) G heterostriatum always  has a sack-hke  pusule  at  the  junct ion of sulcus and 

c ingulum and may  also have  a second one; G. striatissimum never  h a s  a pusule :  
(3) G. heterostriatum is la rger  than G. striatissimum. Only following a change  of cell 

shape,  due  to unfavourable  conditions,  may  the smal les t  cells of G. heterostriatum 
reach  the size of the larges t  cells of G. striatissimum; 

(4) The cytoplasm of G. heterostriatum is a lways  ei ther  a pa l e  c ha l c e dony  yel low or 
p inkish  c innamon colour, whereas  the clear  cytoplasm of G. striatissirnum is greenish  
or greyish,  and  the  cells appea r  refract ive under  the dissect ing microscope.  

The shape  of G. heterostriatum changes  during fixation and  becomes  m o r e  rounde d  than 
in the l iving stage. It then  resembles  G. striatissimum. This change  is due  mainly  to 
changes  of the hyposoma,  and  the relat ion be tw e e n  l eng th  of ep i soma  to hyposoma 
changes.  In l iving specimens,  the  ep isoma is sl ightly smal ler  than  the hyposoma ,  as in G. 
striatissimum, but  in fixed cells the ep i soma is somewha t  la rger  than the hyposoma,  in 
contrast  to f ixed cells of G. striatissirnum. 
Gymnodinium heterostriatum seems to be  rare and has b e e n  recorded  a p p a r e n t l y  only 
three  times, the first record be ing  from Cahfornian waters,  desc r ibed  by  Kofoid & Swezy 
(1921). Because  of the confusion with Gymnodin ium striatissimum, the i r  s ta tement  
concerning abundance  may  be  mis leading.  Later, Kofoid (1931) r epor ted  a few speci- 
mens from Mutsu  Bay in Japan.  It was also rare in the  upwe l l ing  r eg ion  off the NW 
African coast. The figures and  the descr ipt ion by  Wood (1963, p. 26, Fig. 87) do not  allow 
positive identification. All o ther  records  of this species  seem to be  a resul t  of confusion 
with G. striatissimum, which is a common species,  at leas t  in neritic waters .  A de ta i led  
descr ipt ion of G. striatissimum is p rovided  by  Elbrhchter  (1979) and  inc ludes  figures and 
a discussion of synonyms. 
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