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ABSTRACT: The ultrastructure of the cell covering {amphiesma) of vegetative cells of Noctiluca 
m///ar/s (Dinophyceae) was studied in detail using thin sections. The amphiesma is typically 
amphidinoid and contains the following components (starting from the outside): (a) a continuous 
outer membrane (plasmamembrane) surrounding the cell; (b) a layer of contiguous vesicles 
(amphiesmal vesicles) that contain a thin "honeycomb-patterned" layer of material appressed 
mainly to the outer portion of the vesicle membrane; (c) a finely granular pellicular layer that hes 
beneath the amphiesmal vesicles and (d) groups of cortical microtubules (only present in certain 
regions of the cell). The pellicular layer is always present but its thickness is highly variable 
(20--800 nm) depending on regional specializations of the amphiesma. Trichocysts and mucocysts 
project through the peUicular layer and amphiesmal vesicles, the apical portion of their limiting 
membrane docks at the plasmamembrane. Small vesicles that presumably contain material for the 
"honeycomb-patterned" layer traverse the pellicular layer through discontinuities and presumably 
fuse with the amphlesmal vesicles. We conclude that Noctiluca has a typical dinophycean (i.e. 
amphldinoid) cell covering, and that the most recent proposal for the developmental origin of the 
dinoflagellate pellicle should be revised. 

INTRODUCTION 

Al though Noctiluca miliaris had  been  recognized  and first desc r ibed  in the  18th 
century  by  Henry  Baker  (Baker, 1753) and  would  thus qualify as the  first known 
dinoflagel la te ,  its systematic  affiliation to the  Dinophyceae  r ema ined  controvers ia l  dur-  
ing the  following two hundred  years  (Haeckel ,  1873; Jollos, 1910; Doflein, 1916; Kofoid, 
1920). Kofoid (1920) seemed  to have set t led this controversy by  homologiz ing  structures 
of Noctfluca with the sulcus, girdle,  longi tudina l  and  t ransverse  f lagel lum of t en tacu la te  
Dinophyceae .  The appa ren t  diplontic life history of Noctiluca and  the absence  of a true 
"dinokaryot ic"  nucleus  from the vege ta t ive  cells (Zingmark,  1970a, 1970b) have,  how- 
ever, l ed  some invest igators  to conclude that  "the quest ion of its sys temat ic  posi t ion 
remains  unsolved"  (Pfiester, 1984). 

One of the  most  impor tant  structural  characteris t ics  of the  Dinophyceae  is the cell 
cover ing or amphiesma.  Tradi t ional ly it has served as one of the  bases  for the  classifica- 
tion of the  Dinophyceae  (Dodge, 1984). The ul trastructure of the  amph ie sma  has  recent ly  
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b e e n  r ev iewed  by  Morril l  & Loebhch (1983) and Netze l  & Dfirr (1984). Morril l  & Loebhch 
(1983) ident i f ied  severa l  s tructural  types  of amph ie smae  in the Dinophyceae ,  thus 
ex tend ing  ear l ier  s tudies by Dodge & C r a w f o r d  (1970). They were,  however ,  unab le  to 
ass ign Noctiluca to one of their  s tructural  types  and concluded that  "with the  poss ible  
except ions o f . . .  Noctiluca scintillans, with some re in terpre ta t ion  the  a m p h i e s m a e  of all 
d inof lagel la tes  d iscussed fit into the s c h e m e . . . "  Al though IV. miliaris (syn. N. scintillans 
Macartney)  has  been  the subject  of a number  of ul t rastructural  s tudies over  the last  25 
years,  none  has  deal t  with the cell surface in detail ,  and  micrographs  dep ic t ing  the  cell 
surface are rare (Afzehus & Halyarson,  1964; Soyer, 1968a, 1968b, 1969, 1970a; Sweeney ,  
1978; Lucas, 1982). Often fixations and /o r  magnif ica t ion of micrographs  in these  publ ica-  
tions a p p e a r  to be  i nadequa t e  to resolve the finer details.  We  therefore  de c ide d  to s tudy 
the ul t rastructure of the cell surface of N. miliaris in detai l  us ing an improved  fixation 
procedure .  We demonst ra te  that  the cell surface of Noctfluca represents  a t rue dinof lagel-  
la te  (amphidinoid)  amph ie sma  whose  most p rominen t  const i tuent  is a pe l l icu lar  layer  
under ly ing  the amphiesmal  vesicles.  

MATERIAL AND METHODS 

Noctiluca miliaris Suriray was  k indly  p rov ided  by  Dr. G. Uhhg (Biologische Ansta l t  
Helgoland)  and  cul tured in petr i  dishes  in a synthet ic  seawate r  m e d i u m  (ASP-H; 
M c F a d d e n  & Melkonian ,  1986) at 15 ~ in a 14/10 h l igh t /dark  cycle. The cells were  fed 
every  3--4 days  with Dunaliella bioculata ( s t ra in  19-4; Sammlung  yon Algenkul tu ren ,  
G6tt ingen;  Schl6sser, 1982). Cells were  f ixed for thin sect ion electron microscopy us ing  a 
s imul taneous  fixation according to Melkon ian  (1982). The final concentra t ions  of the 
fixatives in ful l -s t rength culture med ium were  1.25 % g lu ta ra ldehyde  and  0.4 % osmic 
acid. Fixat ion was  per formed for 15 min at 4 ~ Individual  cells were  then w a s h e d  twice 
in ASP-H, dehyd ra t ed  in e thanol  and  p repa red  for e lectron microscopy as usual  (Melko- 
nian, 1975). Sections were  cut with a d i amond  knive  and  observed  in a S iemens  Elmiskop 
102. A total of 12 different cells were  sect ioned.  

RESULTS 

In its vege ta t ive  state Noctiluca mih'aris is a fragile, almost spher ica l  cell  which  may  
reach  near ly  1 mm in diameter .  The cell surface exhibi ts  a number  of grooves and  other  
special izat ions (e.g. Lucas, 1982 for an SEM analysis).  Consequent ly ,  we have  found a 
number  of variat ions in the ul t rastructure of the cell  surface within a single cell, bu t  have  
m a d e  no a t tempt  to correlate  these  with the known  surface features.  We descr ibe  first the 
most common a r r angemen t  of the components  of the cell surface of vege ta t ive  non-  
d ividing cells and  then  indicate  some of the structural  variat ions that  were  encounte red .  

The cell surface typical ly  consists of the following components :  
(1) A continuous m e m b r a n e  enclosing the cell is the outermost  componen t  and  thus 

represents  the p l a s m a m e m b r a n e  (Figs 1, 2, 9). It t akes  an undula tory  pa th  b e c a u s e  it is 
closely appres sed  to under ly ing  vesicles (see below). 

(2) Beneath  the p l a s m a m e m b r a n e  lies a series of cont iguous vesicles  that  in our 
fixation have a pecu l ia r  shape  when  cross-sect ioned (Figs 1, 2, 9): the vesicles  ( termed 
amph iesma l  vesicles) are  f la t tened para l le l  to the cell surface and measure  about  1 ~tm in 
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diameter .  Their  outer  m e m b r a n e  (i.e. the  vesicle m e m b r a n e  a t tached  to the  p l a sma me m-  
brane) a lways  bu lges  towards  the cell  surface (convex shape;  Figs 1, 9). Mos t  often the 
curvature  of the outer  m e m b r a n e  is very regular  descr ibing a circular segment ,  someti-  
mes  the curvature  is more i r regular  (Figs 4, 5}. The inner  m e m b r a n e  of the  f la t tened 
vesicles has  a var iable  appea rance  depend ing  on the e labora t ion  of the  under ly ing  
pel l icular  layer  (see below}. If the pel l icular  layer  is very thin (Figs 2, 3), the  inner  vesicle 
m e m b r a n e  also bu lges  towards  the cell  interior resul t ing in an el l ipsoid shape  of the 
vesicle {Fig. 2}. More often, however ,  the under ly ing pel l icular  layer  is th icker  (Figs 1, 9, 
10}. In this case, the inner  vesicle m e m b r a n e  takes  a s t raight  path  {Figs 1, 9, 10} 
sugges t ing  a cons iderable  mechan ica l  s t rength  of the  pel l icular  layer.  The  cont iguous  
lateral  m e m b r a n e s  of the vesicles  are closely appressed  to each  other (Figs 1, 2, 9) and  it 
requires  favourable  sections and  h igh  resolut ion to resolve them as two separa te  mem- 
branes.  The bes t  resolut ion of the la teral  vesicle membranes  is ob ta ined  when  the 
pel l icular  layer  is thin (Fig. 2, triangle}; however ,  even when  a thick pel l icular  layer  is 
present ,  the  ind iv iduahty  of the  vesicles is main ta ined  (Fig. 9). The app re s sed  port ions of 
the lateral  vesicle m e m b r a n e s  are a natura l  shear  point  for shedd ing  of the outer  
membranes  (Fig. 14, see  below).  A consequence  of the  p resence  of la tera l ly  app res sed  
vesicles is that  the space  b e t w e e n  the p l a s m a m e m b r a n e  and the outer  vesic le  m e m b r a n e  
is not  filled wi th  cytoplasm and  the two membranes  are closely associated.  Al though  the 
lumen of the vesicles appea r s  empty  in the electron microscope (Figs 1-6, 9-12), close 
evaluat ion shows that  a small  amount  of mater ia l  is invar iably  present ,  a t t ached  to the 
inner  surface of the vesicle membranes  (Figs 1-3, 5, 9, 11, 14). In cross sect ions th rough  
vesicles, this mater ia l  consists of i r regular ly  dis t r ibuted e lec t ron-dense  spots and  pa tches  
primari ly a t t ached  to the inner  surface of the outer  vesicle membrane  {e.g. Figs 1, 2). 
Occasional ly  some mater ia l  may  also be  seen associated with the inner  surface of the 
inner  vesicle m e m b r a n e  (Figs 2, 4, 6, 14). If the outer  vesicle m e m b r a n e  is tangent ia l ly  
sect ioned (Figs 3, 5) it may  be  seen  that  the patches  and spots are in te rconnec ted  in a 
honeycomb-hke  network.  Fine f i laments  interconnect  the pa tches  that  occur at the 
junctions of the polygons  of the  ne twork  (Figs 3, 5). Except  for this h o n e y c o m b - p a t t e r n e d  
mater ial  a t t ached  to the inner  surface of the outer  vesicle membrane ,  no other  e lectron 
dense  structures were  obse rved  in the lumen of vesicles. 

(3) Beneath  the layer  of vesicles we  have consistently found a cont inuous layer  of 
amorphous,  g ranu la r  mater ia l  of only modera t e  electron densi ty  (Figs 1-3, 5, 6, 9-14}. We 
call this layer  the  pel l icular  layer.  The pe lhcular  layer  varies  h ighly  in th ickness  depen-  
ding on reg iona l  special izat ions of the cell surface of vege ta t ive  cells. Even when  the 
pelhcular  layer  is ex t remely  thin (20 nm. Figs 2, 6), it is still r ecogn izeab le  because  it 
excludes  cytosohc components  l ike r ibosomes or microtubules.  In cer ta in  a reas  of the  cell, 
the pel l icular  layer  cont inuously increases  in thickness  (e.g. Fig. 1, from left to right) and  
along r idges  or grooves of the  cell surface it may  reach up to 800 nm in th ickness  (Figs 9, 
10). When  such a thick pe lhcular  layer  is favourably  sect ioned it may  be  seen  to consist of 
sublayers  of g ranular  mater ia l  (Fig. 9). The outer  surface of the pel l icular  layer  is a lways  
m close contact  to the inner  amph iesma l  vesicle membrane  (Figs 1 9, 10), the inner  
surface of the pelhcular  layer  borders  the cytosol. Usually there  is no m e m b r a n e  
separa t ing  the cytosol from the inner  surface of the pelhcular  layer  (Figs 1, 2, 5, 9). Often 
p e n p h e r a l  large  vacuoles  lie close to the pelhcular  layer  (Figs 3, 10, 11, 13, 14). In these  
cases, the outer  vacuolar  m e m b r a n e  under l ies  the pe lhcular  layer.  
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Figs 1--2. Noctiluca m/h'ar/s. 1 Thin section through the cell surface of N. m/h'ar/s. Arrows = 
appressed lateral membranes  of two amphiesmal vesicles. Magnification bar = 1 ~m. 2 Higher 
magnification of amphiesmal layers. Subpellicular vesicles (vs} with electron dense patches resembl-  
ing similar contents of amphiesmal vesicles (small arrows). Arrowhead = two lateral membranes  of 

contiguous arnphiesmal vesicles are clearly resolved, Magnification bar = 0.5 tun 

List of abbreviations: av -- amphiesmal vesicle, m = mitochondrial profile, mb = mucocyst, ol -- 

outer layer, pl = pellicular layer, pm -- plasmamembrane, tr = trichocyst, v = peripheral vacuoles, vs 

-- subpellicular vesicle 
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(4) Cortical microtubules were sometimes observed. They lie immediately benea th  
the pellicular layer in  the peripheral cytosol often in groups of 2--4 microtubules (Fig. 4). 
They do not occur regularly but  seem to be confined to certain regions of the cell more 
often under ly ing  a thin pellicular layer rather than a thick pellicular layer. 

The above description refers to the general  ultrastructure of the cell surface of 
Noctiluca miliaris. Before considering some variations that were found and which are 
presumably  related to certain stages of the cell cycle, we would like to describe a few 
addit ional vesicular structures that are an integral  part of the cell surface. 

Three types of vesicular structures traverse part of the amphiesmal layers in AT. 
milial~s: 

(a} A small type of vesicle (about 200 nm in diameter) has often been found located 

immediately beneath the pellicular layer (Figs 2, 14). These vesicles project through the 

pellicular layer with a small nose-like extension. Sometimes continuites between the 

vesicle membrane and the inner amphiesmal vesicle membrane at the tips of the nose- 
like projections have been observed (not illustrated). The vesicles contain patches of 

electron dense material that appear to be identical to the "honeycomb'-patterned 

material which is present inside the amphiesmal vesicles (Figs 2, 14}. This type of vesicle 
was primarily found in areas where the pellicular layer is relatively thin (20-50 nm). In 

areas where the pellicular layer is thick, similar but more irregularly shaped vesicles are 

present beneath the pellicular layer (Fig. 9). The pellicular layer overlying these vesicles 

is discontinuous and these discontinuities are channel-like (Fig. i0). Inside those chan- 
nels we regularly observed a number of small spherical vesicles {70 nm diameter) filling 

the lumen of the channel (Fig. I0}. These smaller vesicles also contain electron dense 

material similar to the "honeycomb "-patterned material of the amphiesmal vesicles (not 

illustrated). 
(b) Whereas the above mentioned vesicles only traverse the pellicular layer, the 

trichocysts and mucocysts project through the amphiesmal vesicles also. The former are 

rod-spaped vesicles with a paracrystalline central body that is square in cross-section 
(Figs 4-6, 13, 14), and reveals a fine longitudinal striation (Fig. 5). Most trichocysts in our 

material appeared to be in an immature state since the rods were mainly located parallel 

to the cell surface and not perpendicular to it {Fig. 5). The trichocyst membrane is ruffled 

and in tangential longitudinal sections thin filaments can be seen to run perpendicular to 
the rod surrounding it (Fig. 5). The mature trichocyst consists of a shaft and an elongated 

tip (Fig. 13). The tip contains a group of twisted fibres (Fig. 13) and traverses the 
peUicular layer and the amphiesmal vesicles. The tip membrane is appressed to the 

plasmamembrane and during discharge fuses with the latter (Fig. 13). We have found 

trichocysts mainly in areas where the pellicular layer is thin. 

Mucocysts are less frequent than trichocysts. They consist of a sac-like vacuole with 
fluffy, granular contents (Fig. 7). They also possess a neck region that traverses both the 

pellicular layer and the amphiesmal vesicles to dock at the plasmamembrane (not 

shown). 
A description follows of some ultrastructural specializations of the cell surface of 

N. miliaris that we found in some cells or in some particular areas of a cell. N. miliaris 

contains several prominent grooves, the short straight section of the major groove near 

the site of the origin of the single flagellum contains the so-called cytostome, where food 
particles are presumably ingested (Soyer, 1968b; Lucas, 1982). A section through the 
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Figs 3-8. Noctiluca mfliaris. 3 Tangential section through outer membranes  of the cell surface 
revealing "honeycomb"-pat terned electron dense patches (small arrow). Magnification bars in Figs 
3-8 = 0.5 ~m. 4 A slightly oblique section through the cell surface. Groups of subpelhcular 
microtubules can be seen (arrows}. 5 Section through the cell surface. One trichocyst is cross- 
sectioned, another longitudinally sectioned. The latter reveals a ruffled trichocyst membrane  and 
parallel oriented filaments running around the central paracrystalline core of the trichocyst (small 
arrows). Notice also "honeycomb"-patterned material (prominent arrows). 6 Another section 
through the cell surface with immature trichocysts in cross section (arrows). 7 A section through the 
cell surface depicting a mucocyst. 8 Section through the cytostome region at the bottom of the major 
groove (gr). Short arrows = dome-hke fibrillar material attaching to the plasmamembrane,  long 
arrows = fuzzy surface material associated with the exterior of the p lasmamembrane  in the 

cytostome region 
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bot tom of the groove in this a rea  depicts  the  cytostome which  represents  a spec ia l ized  
port ion of the cell surface (Fig. 8). The cytostome is about  500 nm in d iamete r  and  in 
pr incipal  consists of special ized amph ie sma l  vesicles (or pe rhaps  a s ingle vesicle  with a 
centra l  hole; no serial  sections were  taken) that  are a r r anged  near ly  pe rpend icu la r  to the 
cell surface but  ben t  towards  the cell interior  (Fig. 8). They are not la tera l ly  app res sed  but  
are s epa ra t ed  by  a dis tance of about  80 nm. In this centra l  area,  the cell is covered  only by  
the p l a s m a m e m b r a n e  and a n  under ly ing  electron dense  layer  of i0  nm thickness.  
A t t ached  to this layer  is amorphous  e lect ron dense  mater ia l  which, towards  the  cell  
interior, sphts into wha t  appears  to be  a dome-hke  structure with a central  fibril lar reg ion  
(Fig. 8, p rominent  arrows). The electron dense  mater ia l  then  curves a round  the pel l icular  
layer  and  tapers.  The  pe l l i cu l a r  layer  appea r s  to be  discontinuous and  p re sumab ly  
te rminates  on both sides of the dome-hke  structure (Fig. 8). Distal from the terminat ion  
point  of the pel l icle  the a rea  benea th  the  specia l ized  amph iesma l  vesicle(s) is external ly  
assoc ia ted  with a fuzzy coat (Fig. 8, small  arrows). 

A prominen t  speciahzat ion of the cell surface of N. miliaris that  we  obse rved  in 
cer ta in  regions  of a lmost  all cells sec t ioned is an addi t ional  layer  of g ranular  mater ia l  
l oca ted  outs ide the  p t a s m a m e m b r a n e  (Pigs 11, 12). The  layer,  that  w e  te rm outer  g ranu la r  
layer,  is similar in appea rance  to the  pel] icular  layer  but  is more electron dense  (Fig. 11). 
It also has  a var iable  thickness.  It or iginates  a t tached  to the  outside o f t h e  p l a s m a m e m -  
b rane  as a thin layer  but  increases  cont inuously in thickness  to a ma x imum of about  
700 n m  before  it aga in  decreases  in th ickness  and  te rminates  (Figs 11, 12). Below the 
outer  g ranular  layer  he the normal  ce l l  surface layers,  i.e. the p l a sma me mbra ne ,  the 
amph ie sma l  vesicles wi th  "honeycomb"-pa t t e rned  material ,  a usual ly  thin pel l icular  
layer  and  often large  vacuoles  (Figs 11, 12). 

Occasional ly  we observed  two fu r the r  variat ions of the  genera l  ul t ras t ructural  pat-  
tern of the cell surface: 

(a) An absence  of the amph iesma l  vesicles (Fig. 13). This occurred only in s o m e  
regions  of two cells that  we sectioned,  whe reas  other  regions of the same ceils a p p e a r e d  
normal.  The  cells in quest ion did not s eem to be d a m a g e d  in a r ecogn izeab le  way. In the  
spec ia l ized  area, the cell surface consists only of the  p l a s m a m e m b r a n e  plus  an under ly-  
ing  thin pel l icular  layer  which occasional ly  is t r aversed  by  trichocysts (Pig. 13) and  
mucocysts  (not shown). Often, l a rge  empty  looMng vacuoles  are loca ted  ad jacen t  to the 
pellicuiar layer. 

(b) Finally, in some cells, parts of the outer cell surface layers were in the process ol 
dissociation from the rest of the cell (Pig. 14). Again this was Seen only in certain areas of 
a cell, whereas other regions had a normal complement of cell surface layers. "Shedding" 
apparently occurs by disruption of the lateral amphiesmal vesicle membranes in the 
appressed regions (Fig. 14). The shed structures are the plasmamembrane, which often 
disrupts also at the vesicle junctions (Fig. 14), the outer amphiesmal vesicle membrane 
and its associated "honeycomb-patterned" material. The latter partially dissociates from 
the amphiesmal vesicle membrane and thus becomes more prominent than in intact 
amphiesmal vesicles (Fig. 14, small arrow). The portions of the cell surface layers 
remaining with the cell proper consist of the inner amphiesmal vesicle membrane and the 
thin pellicular layer (Fig. 14). The inner amphiesmal vesicle membrane becomes a 
continuous membrane because portions of the lateral vesicle membranes remain closely 
appressed and apparently seal the individual inner vesicle membranes (Fig. 14). Often, 
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Figs 9-10.  Noct i luca mih'aris. 9 Section through the cell surface in a region w h e r e  the pell icular layer 
is relatively thick. Prominent arrows = subpelhcular ves ic les  partially projecting into the pell icular 
layer. Small  arrows = appressed lateral membranes  of amphiesmal  vesicles.  Magnif icat ion bar = 
1 ~m. 10 Higher magnif icat ion of sect ion through a thick pellicular layer. Arrow = channe l  in the 

pell icular layer filled wi th  small  vesicles.  Magnif ication bar = 0.5 ~zn 
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Figs I1-14. Noctiluca mfliaris. 11 Section through the cell surface revealing a granular electron 
dense outer layer located outside the plasmamembrane.  Magnification bars Figs 11-14 = 0.5 ~m. 12 
Another section through a very thick outer layer that is also located outside the plasmamembrane,  i3 
Section through a region of the cell surface that lacks amphiesmal vesicles. The amphiesmal layers 
consist of only the plasmamembrane and a thin pellicular layer. A mature trichocyst projects through 
the pellicular layer and is docked with its tip membrane to the plasmamembrane.  The trichocyst is 
apparently in the process of exocytosis. 14 Section through a region of the cell surface where the 
outer membranes are apparently in the process of shedding. Small short arrow = "honeycomb"- 
pat terned layer of patches partially retracted from the outer amphiesmal vesicle membrane.  Small 
long arrow = point of breakage of the appressed lateral membranes of amphiesmal vesicles. Large 
arrow = subpellicular vesicle presumably exocytosing "honeycomb"-pat terned material into 

amphiesmal vesicles of their remnants 
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large vacuoles are associated with the inner surface of the pellicular layer in these 
regions (Fig. 14). 

DISCUSSION 

The present study on the ultrastructure of the cell surface of Notiluca miliaris Suriray 
extends earlier studies on this species (Alzelius & Halyarson, 1964; Soyer, 1968a, 1969, 
1970a, 1970b; Sweeney, 1978) and demonstrates that the cell surface of IV. mih'aris 
represents a typical dinoflagellate amphiesma of a type common e.g. in species of 
Amphich'nium (Dodge & Crawford, 1970; Wilcox et al., 1982). Soyer (1968a, 1969, 1970a) 
first distinguished three "layers" of the cell surface of N. rniliaris which she termed C1, 
C2 und C3. These "layers" apparently correspond to the plasmamembrane plus outer 
amphiesmal vesicle membrane (C3), inner amphiesmal vesicle membrane plus pellicular 
layer (C2), and layer of rnicrotubules (C1). The existence of amnphiesmal vesicles was not 
recognized, possibly because the lateral amphiesmal membranes were not preserved 
during fixation or sectioning. Later, Sweeney (1978), studying the uitrastructure of a 
Noctiluca with Pedinomonas endosymbionts, recognized the presence of amphiesmal 
vesicles. Because of poor fixation (OsOa without osmotic buffering) these vesicles were, 
however, collapsed and details (presence of a plasmamembrane, a pellicuiar layer, 
material inside the amphiesmal vesicles, etc.) could not be resolved. Sweeney (1978) 
concluded that a "pellicle" underlying the amphiesrnal vesicles is present only in the 
region of the "gullet". Because of these insufficient analyses Morrill & Loeblich (1983) 
were unable to assign the cell surface of N. miliaris to one of their newly erected types of 
dinoflagellate amphiesmae. They (as well as Sweeney, 1978) noted that in principal the 
cell surface of IV. miliaris is similar to a basic arrangement found in A m p h i d i n i u m  (a 
group 2 arrangement according to Dodge & Crawford, 1970), i.e. a continuous outer 
plasmamembrane and contiguous empty amphiesmal vesicles are present, but that in 
addition a finely granular layer lies beneath the amphiesmal vesicles. Since Morrill & 
Loeblich (1983; see also Morrill, 1984) assume that the pellicle of dinoflagellates 
originates exclusively within amphiesmal vesicles, they reinterpreted the ultrastructure 
of the cell surface of N. miliaris to present a type (their Fig. 6d) in which fused 
amphiesmal vesicles and fused discontinuous layers form an amphiesma of two outer 
membranes, a pellicle and an inner "cytoplasmic" membrane. We have never found such 
a type of amphiesma in N. miliaris. In contrast, we found that individual amphiesmal 
vesicles are always present together with a continuous peUicular layer that always lies 
beneath the amphiesmal vesicles. Beneath this pellicular layer we have never found a 
continuous membrane, and it is thus clear that the pellicular layer of N. mifiaris does not 
originate within amphiesmal vesicles. Since Morrill & Loeblich (1983) define pellicles as 
"continuous, nonmembranous layers which form a part or the major component of the 
amphiesma . . . .  " we can faithfully call the pellicular layer of N. miliaris a pellicle. To 
what extent is the presence of a peIlicle beneath amphiesmal vesicles a unique feature of 
Noctiluca? The amphiesrna of Kofoidinium Pavillard, a dinoflagellate closely related to 
Noctiluca, apparently consists also of a layered pellicle beneath amphiesmal vesicles 
(Cachon & Cachon, 1974). Even in species of Amphid in ium (Wilcox et al., 1982) and 
Gyrnnodinium (Wilcox & Wedemayer, 1984) there is a thin layer of material present, 
separating amphiesmal vesicIes from the cytosol. This material corresponds in thickness 
and structure to the thin portion of the pellicular layer of IV. mifiaris. Our own unpub- 
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hshed  observat ions also demons t ra te  that  in Gymnodinium splendens and  Amphidinium 
rhynchocephalum a thin pel l icle  under l ies  the  amphiesmal  vesicles.  This l aye r  th ickens  
dur ing ecdysis  in A. rhynchocephalum and represents  the  major  port ion of the  pel l ic le  of 
this taxon which is also, therefore,  not  formed within amphiesmal  vesicles (Melkonian  & 
H6hfeld,  unpubl.) .  A re in terpre ta t ion  of the formation mechan i sm of the d inof lagel la te  
pell icle is in view of the  above  observat ions  overdue  (Melkonian & H6hfeld,  unpubl.) .  In 
conclusion, the  pe lhc le  of N. mih'aris both in its structure and locat ion is w i d e s p r e a d  
among the non- theca te  Dinophyceae .  The only unusua l  feature  of the  pel l ic le  of N. 
miliaris is its var iab le  thickness  which  is p resumably  re la ted  to different  cell  surface 
special izat ions (grooves, elevations,  etc.). The similarity b e t w e e n  an Amphidinium-type 
amph iesma  and  that  of N. miliaris is further emphas ized  by  observat ions  of Wilcox et  al. 
(1982) who showed that  in Amphidinium cryophilum the l umen  of amph iesma l  vesic les  is 
not  empty  but  contains a very  thin layer  of mater ia l  that  in tangent ia l  sections exhibi ts  a 
"honeycomb"-pa t te rn ,  exact ly  hke  the  pa t te rn  observed  in N. miliaris. T h e  "honey-  
comb"-pa t t e rned  layer  in A. cryophilum does not  seem to be  associa ted  with e i ther  of the 
two vesicle membranes ,  while  in N. miliaris it is appres sed  to the  outer  vesicle  mem-  
brane,  but  this aspec t  may  d e p e n d  on the condit ions of fixation (osmolarity, etc.) used.  
Since the structure and  locat ion of tr ichocysts and  mucocysts  are also character is t ic  there  
can be  no doubt  that  Noctiluca exhibits  a typical  Amphidinium-type a m p h i e s m a  and,  
b a s e d  on this character ,  is therefore  a genuine  dinoflagel late .  

There  are  a n u m b e r  of addi t ional  new observat ions  which may  shed l ight  on some 
functional and  deve lopmenta l  aspects  of t h e  a m p h i e s m a  of dinoftagellates .  It a ppe a r s  
that  vesicles conta ining mater ia l  that  resembles  the  " h o n e y c o m b ' - p a t t e r n e d  mater ia l  
fuse with amph iesma l  vesicles, which thereby  p re sumab ly  increase  in size. The opposi te  
process,  endocytosis  of vesicles from the amphiesmal  vesicles,  is less likely. If the pel l ic le  
is thick, channels  in the  pel l icle  exist, through which  small  vesicles may  be  fed into 
amphiesmal  vesicles.  How the p l a s m a m e m b r a n e  grows during the poss ible  en l a rgemen t  
of amphiesmal  vesicles  also remains  unclear,  a l though recrui tment  of m e m b r a n e s  from 
trichocysts or mucocys ts  is a possibility. 

The extensive outer  g ranular  layer  that  was observed  in certain regions  of a lmost  all 
cells of N. miliaris has to our knowledge  not  b e e n  descr ibed  before  in Noctiluca or any 
other dinoflagellate.  It could represen t  remnants  of the pel l icle  of the  previous  cell 
generat ion.  Since Noctiluca s imply divides into two p rogeny  cells dur ing cell  division and  
some rea r r angemen t s  of r idges  and grooves must  t ake  place  dur ing  cell division, it is 
possible that  in cer tain areas  of the dividing cell par t  of the amph ie sma  is shed  in which  
case the th ickened  port ion of the  pell icle p re sumab ly  remains  associa ted  with  the 
p rogeny  cells. A n e w  amph ie sma  would  then be  formed benea th  these  th ickened  a reas  of 
the old pellicle. Dur ing the next  cell division the outer  granular  layer  is also shed  toge the r  
with the  under ly ing  amph ie sma l  vesicles. This hypothes is  should b e  tes ted  by  invest igat -  
ing  the  ul trastructure of the  cell surface of N. miliaris during cell  division. 
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