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A B S T R A C T  

The ctenophore swimming-plate has been examined with the electron microscope. It has 
been recognized as an association of long cilia in tight hexagonal packing. One of the direc- 
tions of the hexagonal packing is parallel to the long edge of the swimming-plate and is 
perpendicular to the direction of the ciliary beat. All the cilia in the swimming-plate are 
identically oriented. The effective beat in the movement  of the swimming-plate is directed 
towards the aboral pole of the animal, and this is also the side of the unpaired peripheral 
filament in all the cilia. The direction of the ciliary beat is fixed in relation to the position 
of the filaments of the cilia. The swimmlng-plate cilium differs from other types of cilia 
and flagella in having a filament arrangement that can be described as 9 + 3 as opposed 
to the conventional 9 + 2 pattern. The central filaments appear in a group of two " tubu la r"  
filaments and an associated compact filament. The compact filament might have a sup- 
porting function. It has been called "midfi lament ."  Two of the peripheral nine filaments 
(Fig. l, Nos. 3 and 8) are joined to the ciliary membrane by means of slender lamellae, 
which divide the cilium into two unequal compartments. These lamellae have been  called 
"compartmenting lamellae." Some observations of the arrangement of the compartmenting 
lamellae indicate that they function by cementing the cilia together in lateral rows. The 
cilia of the rows meet at a short distance from each other, leaving a gap of 30 A only. The 
meeting points are close to the termini of the compartmenting ridges. An e lec t ron-dense  

substance is sometimes seen bridging the gap. Some irregularities are noted with regard to 
the arrangement of the compartmenting lamellae particularly at the peripheral rows of 
cilia. In many cilia in these rows there are small vesicles beneath the ciliary membrane. 

In a previous communication the detailed 
morphology of the sea urchin sperm tail was re- 
ported (1). It was pointed out that this flagellum 
was fundamentally asymmetrical. The arrange- 
ment of the nine peripheral filaments around the 
central pair is in fact quite complicated, as was 
shown with the diagrammatic  text-figure (which 
in many respects is similar to Fig. 1 in the present 
communication).  As illustrated in Fig. 1 the fila- 
ments within the flagellum have an organization 
that makes it possible to give each filament an 
index number.  Tile starting point of the indexing 

is to find the "unpaired filament." This is the 
filament that is transected by a plane which 
divides the tail into two equally big parts and is 
perpendicular to the line through the two inner 
filaments. This step of the indexing is quite critical, 
as a distortion with regard to the outer filaments of 
the central pair by only 20 ° could lead to an 
erroneous result. In the cilia to be described in 
this paper this difficulty does not appear, and 
one has greater confidence in the validity of the 
indexing. 

The analysis of ctenophore cilia turned out to 
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FIGURE 1 

A schemat ic  representat ion of the cilia within a c tenophore  swimming-pla te .  In  the  central  c i l ium the 
nine peripheral  f i laments have been given index numbers .  T h e  indexing is performed in conformity  
with the  scheme given in an  earlier report  (1). 

All the  cilia in the  swimming-p la te  are identically oriented;  in all cilia the  unpa i red  f i lament  l 
points in the  same direction, which is also the direction of the effective beat  in ciliary" motion.  The  
plane perpendicular  to the  ciliary beat  has a un ique  s t ructure  tha t  is a conspicuous feature of these 
cilia: there  are two lamellae in each ci l ium that  connect  the cell m e m b r a n e  to f i laments 3 and  8 re- 
spectively. This  is the  center  axis a round  which  the  ci l ium is bent  in its movements .  T h e  lamellae have  
been called " c o m p a r t m e n t i n g  lamellae."  In  the contact  regions between the cilia, which  are close 
to the  a t t achments  of the  c o m p a r t m e n t i n g  lamellae, the  gap  between the ciliary m e m b r a n e s  is very 
n a r r o w - - a r o u n d  30 A. Somet imes a dark subs tance  can  he seen br idging this gap ;  in the  pic ture  
this has been indicated at the upper  central  contact  region. Adjacent  to the two tubu la r  central  fila- 
ments  there is a third f i lament  tha t  has a compac t  and  anisodiametr ic  cross-section. This  f i lament  
has been called "midf i l amen t . "  

be prof i table  also in some  o t he r  respects .  I t  has  

been  possible to d e t e r m i n e  the  a r r a n g e m e n t  of  

the  ci l iary f i l amen t s  wi th  reference  to the  d i rec-  

t ion of  the  ci l iary beat .  T h e  c t e n o p h o r e  is a m a r i n e  

o r g a n i s m  t ha t  swims  t h r o u g h  the  wa te r  by  m e a n s  

of  its i m m e n s e  cilia. T h e  cilia a re  col lected toge the r  

in plate- l ike s t ruc tu res  cal led s w i m m i n g - p l a t e s ;  

the re  are  e igh t  m e r i d i o n a l  rows of s w i m m i n g -  

p la tes ;  e ach  row m a y  consis t  of  a b o u t  t w e n t y  

s w i m m i n g - p l a t e s  a n d  each  s w i m m i n g - p l a t e  con-  

ta ins  a ve ry  la rge  n u m b e r  of  cilia. T h e  effective 

bea t  in the  ci l iary osci l la tory m o t i o n  is d i rec ted  

towards  the  abora l  pole of  the  a n i m a l ,  a n d  the  

a n i m a l  will t hus  s w i m  wi th  the  m o u t h ,  or  the  

oral  pole,  f o rwa rd  (12). D u r i n g  the  p r e p a r a t o r y  

work,  the  posi t ion of  the  sec t ioned  cilia was  no ted  

wi th  re ference  to the  oral  side of the  an ima l .  It 

was also possible  to j u d g e  the  posi t ion o f  the  poles 
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of the an imal  in fragments  of the animal,  as the 
cilia dur ing  fixation stopped in a characterist ic 
f - s h a p e d  resting position, the swimming-plates 
having  been bent  towards the mouth  with the 
distal tips of the plates recur r ing  outwards.  Due 
to the enormous n u m b e r  of cilia contained in one 
swimming-plate  and due to their  immense length 
(approaching 2 millimetres) it is very easy to 
observe the shape and movement  of the cilia in the 
different phases of their  activity. 

F rom the above it is clear tha t  the c tenophore  
would be the organism of choice for analysis of 
ciliary movement  and  ciliary structure. In many  of 
the classical investigations on ciliary motion and  
ciliary coordinat ion ctenophores  were used (7, 12, 
14), but  there have been very few studies per- 
formed with more recent methods. In part icular ,  it 
is peculiar  tha t  these cilia have not  previously 
been subjected to an electron microscopic analysis. 
The  early study by Bradfield (2) will not  be con- 
sidered here as the techniques at tha t  t ime did 
not  allow h im to find any structural  differences 
between cilia from the c tenophore  and those from 
other  animals. As far as the au thor  knows, cteno- 
phore swimming-plates have not  been subjected to 
c inematographic  analysis. 

M A T E R I A L S  A N D  M E T H O D S  

The ctenophores, Mnemiopsis leidyi, used in this inves- 
tigation were collected at Woods Hole, Massachu- 
setts. The meridional rows of swimming-plates were 
fixed either in 40 per cent osmium tetroxide in carbon 
tetrachloride (1), a fixative giving a high contrast, or 
were fixed in 2 per cent osmium tetroxide dissolved 
in sea water. Fixation time was 90 minutes, fixation 
temperature 0°C. As an embedding medium, a 
mixture of butyl and methyl methacrylate was used 
(in the proportions 9 par ts : l  part) which was cata- 
lyzed by 0.2 per cent benzoyl peroxide. The sections 
were cut on a Sj6strand microtome (10) equipped 
with a glass knife, but otherwise following the tech- 
nique of Sj6strand (1 l). In some cases the specimen 
block was trimmed to an irregular five-sided pyramid, 
and the sides of the sections were noted with refer- 
ence to the poles of the animal on the one hand, and 
with reference to the fine structure of the cilia on the 
other. Some of the sections from blocks fixed in the 
usual osmium in sea water were "stained" with 
uranyl acetate according to the techniques of Watson 
(13) and Peachey (8). Identical results have been 
obtained with the two types of fixation. 

A Siemens Elmiskop I electron microscope was 
used, operated at 80 kv, and with a bore diameter of 
the objective aperture of 50 ~. The improved grid 

holder by Elbers was used (4). In order to increase 
the contrast further the exposures were made on the 
hard Gevaert litholine 08 plates that were developed 
in Kodak D72 developer. 

O B S E R V A T I O N S  

One of the swimming-plates in a full grown 
Mnemiopsis may have a length of 2 millimetres, a 
width of about  1 millimetre,  and  a thickness of 20 
microns. Wi th in  this thickness some 80 to 100 rows 
of cilia are found, and  a calculat ion of the total 
n u m b e r  of cilia within one swimming-plate  will 
give a value of 100,000 or more. The  n u m b e r  of 
cilia possessed by the c tenophore is of the order 
of tens of millions. 
Compartmenting Lamellae: The cilia within the 
swimming-plate  are t ightly packed in an hexagonal  
array as seen in cross-sections (Figs. 2 to 7). One  of 
the directions in the hexagonal  packing is parallel 
to the long edges of the swimming-plate.  This 
direction stands out  due to a unique  anatomical  
f ea tu re - - a  pair of intracil iary lamellae. The  
lamellae give the cross-cut swimming-plate  a 
striated appearance  tha t  is easily visible even at 
magnifications as low as 10,000. F rom micrographs 
at higher  magnifications, it is disclosed tha t  the 
lamellae in a cil ium connect  two of the ciliary fila- 
ments to the cell membrane .  Adopt ing the termi- 
nology proposed in the earlier paper  (1), it can be 
specified tha t  it is filaments 3 and  8 tha t  are 
connected to the lamellae (Fig. 1). The  free fila- 
ments are separated by the lamellae into two 
unequal  groups; filaments 9, 1, and  2 are on the 
one side of the bisected cil ium and  filaments 
4, 5, 6, and 7 belong to the other. As the lamellae 
divide the ci l ium into two compar tments ,  the 
descriptive te rm "compartmenting lamellae"  is 
proposed. The term does not  imply tha t  the cil ium 
has two closed spaces, nor  does the te rm have any 
special physiological meaning.  The  significance of 
the finding is the notion tha t  the filaments of the 
cil ium have fixed positions in relat ion to the direc- 
tion of the ciliary beat. This s ta tement  can be 
specified further  by ment ioning another  finding: 
the position of f i lament 1 is in the direction of the 
effective stroke, tha t  is to say, this fi lament is the 
one tha t  is closer to the aboral  side of the animal.  

F rom thick sections cut obliquely through the 
cilia the lamellar  shape of the compar tmen t ing  
lamellae can be seen, and  from cross-sections at 
different levels of the cilia it is evident tha t  the 
lamellae extend from the bases of the cilia to their  
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tips. The  thickness of a compar tmen t ing  lamella 
is about  80 A and  its extension from the cell 
m e m b r a n e  to the fi lament averages 500 A. Rarely,  
the outer  port ion of the lamella is b ranched  (Fig. 
7, lower arrow). 

I t  migh t  be asked whe the r  the presence of 
compar tmen t ing  lamellae is typical  for c tenophore  
cilia or whe ther  they migh t  be dist inctive of fused 
cilia. As will be shown below the answer is nega-  
tive for bo th  propositions,  a l though  there is 
evidence tha t  the lamellae do funct ion by cement-  
ing the cilia together .  

The  c tenophore  has cilia other than  those con- 
ta ined in the swimming-plates.  There  are, for 
instance,  the ciliated grooves located close to the 
rows of swimming-plates.  The  cilia within these 
grooves have also been examined in this investiga- 
tion, and  it has been found tha t  these cilia have 
a morphology of convent ional  type and  tha t  they 
lack compar tmen t ing  lamellae. These cilia are 
free from each other. 

The  following observations speak in favour  of 
the idea tha t  the compar tmen t ing  lamellae are 
ins t rumenta l  in ciliary adhesion. The  hexagonal  
packing of the swimming-plate  cilia is due to the 

a r rangement  in rows of the cilia and  to the fact 
tha t  the cilia have staggered positions in al ternate 
rows. The  cilia in a row meet at a short  distance 
from each other,  and  with meeting points tha t  
are close to the termini  of the compar tmen t ing  
lamella. The  dimension of the m i n i m u m  separa- 
tion between two cilia in a row is of the order of 
30 A or less. The  ciliary membrane ,  tha t  should 
be regarded as a par t  of the cell membrane ,  has a 
thickness of approximate ly  65 A. (The same 
values are found after the osmium carbon tetra- 
chloride fixation method and  after ord inary  
osmium fixation.) The  distance between the outer 
extremity of the compar tmen t ing  lamella from 
fi lament 3 and  tha t  of the ne ighbour ing  lamella 
from fi lament 8 is therefore of the order  of 65 + 
30 -]- 65 A. This dimension is within the order  of 
magni tude  over which purely physical forces 
might  be effective in the adhesion of cells (3). 
When  the hexagonal  array is distorted and  the 
cilia in a row are at  different levels, the compart -  
ment ing  lamellae will deviate from their  na tura l  
course but  still main ta in  contact  with each other. 
One gets the impression of an at t ract ion between 
the ne ighbour ing compar tmen t ing  lamellae. 

Explanation of Figures 
The micrographs represent cross-sections through the swimming-plate cilia fi-om the 
ctenophore, Mnemiopsis leidyi. Fixation is in 2 per cent osmium tetroxide in sea water. 
In Figs. 3 to 7 and Fig. 9 the sections have been stained with uranyl acetate according 
to Watson (13). In most of the cross-sections here shown the cilia have been mounted 
with the unpaired filament 1 towards the top of the plate, and the "arms" (1) pointing 
in a clockwise direction. In Fig. 7 the unpaired filament is directed towards the upper 
right part  of the figure, and in Fig. 9 this filament is directed to the left. The micro- 
graphs 3 to 9 were taken at an initial magnification of 20,000 and enlarged photo- 
graphically to the indicated magnifications. 

FIGURE 

Survey picture of cross-sectioned swimming-plate cilia. The portion included in this 
picture has a height that  represents one third of the thickness of the swimming-plate 
and a width that represents }~000 of its width. The uniform hexagonal packing and 
the fine structure of the cilia are identical throughout the entire swimming-plate. 
Magnification 31,000. 

FIGURE 3 

This micrograph represents a very small part  of the cross-cut swimming-plate. The eight 
cilia each have nine peripheral filaments surrounding a group of two tubular filaments 
+ 1 compact midfilarnent. The arrows point to some of the midfilaments. Two of the 
peripheral filaments (nos. 3 and 8; compare with Fig. 1 for the indexing) are con- 
nected to lamellae, the compartmenting lamellae, that attach to the adjacent ciliary 
membrane. Magnification 180,000. 
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It is instructive in this connection to study the 
cilia at the ends of the rows. Some of these cilia do 

not differ in appearance from the cilia in the 
interior of the rows. Other  cilia have one compart-  
menting lamella only, and this one is, as usual, 
directed towards the neighbouring lamella (Fig. 
8). This appearance is consistent with the view 
that  the compartment ing lamellae are adaptations 
with a role in cilium contact. 

The cilia in the innermost (Fig. 5) and in the 

outermost (Fig. 6) rows of the swimming-plate are 
also of some interest here. (The directions " inner"  
and "outer"  are used here in relation to the body 
of the animal when the swimming-plate is in its 

rest position.) It is evident from the two figures 
and many others of a similar kind that many cilia 

in these rows have an enlarged cross-sectional 
area. The ciliary membrane is inflated and the 
ciliary matrix contains many small vesicles. The 
hexagonal packing pattern cannot always be 
maintained and some irregularities can be noted 
with regard to the arrangement  of the compart-  
menting lamellae. The lamellae might be missing 

on one or both sides of the cilium (Fig. 5). This is 
particularly often the case when the cilium is 
removed fi'om its neighbour. Another  deviation 
from the common pattern is the presence on a 

third filament of a formation that  is similar to the 
regular compar tment ing lamellae. Such an extra 
lamella is seen in Fig. 6, extending from filament 
2 in one of the cross-cut cilia (at the arrow). 

Rarely, the same feature has been seen in more 
central cilia, an example of which is shown by the 
upper  left cilium in Fig. 7. These extra lamellae 
are not met by lamellae from a neighbouring 

cilium. 
It was hoped that  a close examination of the 

contact region might be rewarding when studying 

the compartment ing lamellae. The ciliary mem- 
brane at these regions is identical in appearance 
to the membrane  at other places; it appears as a 
double membrane (defined as two electron-dense 

layers separated by a lighter interspace). The 
gap between the cell membranes  is, as stated 
above, quite narrow, around 30 A or less. Due to 
this smallness it has been difficult to obtain clear 
micrographs of the contents within the gap. In 
some cases, however, it was possible to observe 

an electron-dense substance bridging the gap. 
The width of the bridge is similar to that of the 
compar tment ing lamella. Examples of these gap 

substances, looking like continuations of the 
compartment ing lamellae, are given in several 
of the included figures; perhaps those in Fig. 9 are 
most easily discernible. In other contact regions 

the gap between the two neighbouring cilia ap- 
pears quite empty. The two types of contact regions 
are represented in Fig. 1. 

Midfilament: Another unique feature of the 
swimming-plate cilia is noticed in the arrangement  

of the ciliary filaments. In contrast to the nearly 
universal pattern of 2 -t- 9 filaments in cilia, 

FIGURE 4 

In the cross-sectioned swimming-plate the individual cilia are closely packed and fit 
into each other like the pieces of a jig-saw puzzle. The regions where the compartmenting 
lamellae attach to the ciliary membrane are close to the areas of minimum distance 
between two cilia. The gap between two cilia here is only 30 A wide. In some of these 
areas an electron-dense extraciliary substance can be discerned; this might be the case 
in the three contact areas at the right side. Magnification 175,000. 

FIGURE 5 

Cross-section through the inner four rows of the swimming-plate. The term "inner" 
is used with reference to the animal body when the swimming-plate is in its rest posi- 
tion. In the innermost row--the one at the bottom of the figure there is one cilium 
that has one compartmenting lamella only (arrow at the right side) and two cilia that 
arc devoid of compartmenting lamellae (arrows to the left side). Another feature that 
is characteristic of this end row is the presence of many small vesicles within some of 
the cilia, and a collection of similar vesicles within a covering of several concentric 
membranes. Magnification 83,000. 
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flagella, and  sperm tails, the ctenophore cilia 
have a pa t te rn  tha t  can be character ized as 3 + 9 
filaments. The  central  par t  of the cilia contains 
two tubular  filaments tha t  are a r ranged in a plane 
that  is perpendicular  to the ciliary beat  direction. 
Moreover,  there is a compact  f i lament tha t  is 
si tuated close to the other  two filaments and,  
actually, often close to the geometrical  centre of 
the ciliary cross-section (Fig. 3, arrows). The term 
"midf i l amen t "  will be used to designate this fila- 
ment.  In relation to the two other inner  filaments, 
the midf i lament  is closer to filaments 5 and 6. 

The  outline of the sectioned midfi lament  is 
somewhat  irregular  and  it is not  possible to give 
more than  very approximate  figures for its d imen-  
sions. When  cross-cut the midf i lament  often has a 
somewhat  rec tangular  outl ine with side lengths of 
about  180 A and  100 A. The  longer side is parallel 
to the long side of the cross-cut swimming-plate.  
Intraciliary Vesicles: M a n y  cilia in the outermost  
and  the innermost  rows of the swimming-plate  
contain vesicles, often in a great  amount .  The  
various diameters recorded can be explained part ly 
by the different sizes of the vesicles and  part ly by 
the different levels th rough  which the vesicles 
have been cut. The  vesicles have been noticed 
in cross-sections (Figs. 5 and  6) as well as in 
longi tudinal  sections, in cilia at  the distal rows 
(Figs. 5 and  6), and  in cilia in the interior of the 
swimming-plate.  

The  wall of the vesicles is about  65 A thick, the 
same as tha t  of the ciliary membrane .  The  collec- 
tion of vesicles seen at the lower par t  of Fig. 5 is of 
special interest because it is surrounded by many 
concentric layers of membrane  coverings. I t  is 

possible tha t  the vesicles, as well as these concentric 
membranes ,  represent  a storage phase of the cell 
membrane  material.  It is also possible tha t  the 
vesicles make their  appearance  dur ing  the 
preparat ion.  

D I S C U S S I O N  

The  micrographs described above illustrate the 
unique type of cilia tha t  make up  the swimming- 
plates of the ctenophores. Two new submicroscopic 
components  have been observed in these cilia; 
they have been called the midfi laments and  the 
compar tment ing  lamellae. F rom earlier light 
microscopical studies (7, 12, 14) two charac- 
teristic features have been reported in this material  
- - t h e  relatively enormous  length of the cilia and 
the great  n u m b e r  of cilia tha t  are associated in 
one swimming-plate.  The  achievements of the 
c tenophore cilia are also unique,  as the ctenophores 
are the only macroscopic animals tha t  totally 
depend on ciliary movements  for their  swimming 
motion.  It  is to be expected tha t  the two structures 
here described can be associated with the unique 
features in the ciliary function. 

It  is often stated in the l i terature tha t  the 
swimming-plate  cilia are fused, as are the latero- 
frontal  cilia in mussel gills and the cilia in the 
protozoan cirri and  membranelles.  The  fusion of 
the cilia implies tha t  the cilia cannot  beat  sepa- 
rately, nor  are they able to exhibi t  the 
metachronous  r h y t h m  tha t  usually characterizes 
the cilia in ciliated epithelia. On  the other  hand,  
it is very easy to dissociate the individual  mem- 
bers, for instance, by fraying the swimming-plate  

FIGURE 6 

Cross-section through the outer three rows of the swimming-plate. In the outermost 
row (as in the innermost one) there arc many cilia with enclosed small vesicles. The 
cilium at the upper left corner of the figure is apparently provided with a structure that 
could bc called an extra compartmenting lamclla (arrow). This lamella is attached to 
peripheral filament 2. Magnification 145,000. 

FIGURE 7 

Cross-section from the interior region of the ctenophore swimming-plate. In this picture 
there are two uncommon variations of the arrangement of the compartmenting lamel- 
lae. The arrow at the lower left points to a compartmenting lamella that is branched, 
and the arrow at the upper left to an extra compartmenting lamella that is attached to 
peripheral filament 2. Magnification 115,000. 
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with a needle. The  expression "filsed cilia" must  
not  be taken too literally. 

The  morphological  explanat ion of the phe, 
nomenon  of ciliary fusion is not  known. As de- 
scribed above, under  Observations,  it is likely that  
the compar tmen t ing  lamellae of the swimming- 
plate cilia are ins t rumental  in this function. The  
observed facts are at  least not  inconsistent with 
such an interpretat ion.  If the compar tment ing  
lamellae indeed have this function it can be con- 
eluded that  the cilia are fused in the lateral direc- 
tion only; there is no connection of a similar kind 
binding together the different rows. As a conse- 
quence,  there should be a greater flexibility be- 
tween the rows, and such a property would cer- 
tainly be advantageous in the movements  of the 
swimming-plates. I t  is ha rd  to unders tand  how the 
cilia could beat  if they were cemented to each other 
in the plane of the beat.  Compar tmen t ing  lamellae 
have not been found in other fused cilia such as 
the protozoan cirri (9) or the laterofi'ontal cilia of 
mussel gills (Afzelius, unpubl ished data) .  In these 
cases there are only a few cilia in lateral rows. 

The  very close approximat ion of the swimming- 
plate cilia, part icularly in the contact  region near  
the compar tment ing  lamellae, might  well lead to 
a type of adhesion of the cilia. In other  words, the 
t ight  packing would not  only be a visible sign of 
ciliary fusion, but  might  also furnish an explana-  
tion of how the fusion is established. According to 
the analysis by Curtis (3), purely physical forces 
nlight suffice in "cemen t ing"  together cells at  these 

dimensions. It  is also quite possible tha t  chemical  
substances are present in the contact  regions, and  
tha t  these subs tances- -cement ing  subs tances- -  
b ind the cilia together. The  electron-dense ma- 
terial seen in the interciliary gaps would then 
represent  these cement ing substances. 

One of the interesting aspects of the swimming- 
plate cilia is the fact tha t  their separation at  
places is only 30 A, a value that  is only a fifth of 
the dimension frequently found in intercellular 
spaces of epithelia. 

The  presence of compar tment ing  lamellae is 
helpful in establishing the fact tha t  the filaments 
have a fixed and constant  a r rangement  within 
the cilium. F rom this fact it is concluded tha t  the 
direction of the ciliary beat  is fixed in relat ion to 
the position of the filaments. Similar conclusions 
have been reached by other  authors,  Fawcett  and 
Porter (5), Bradfield (2) and M a n t o n  (6), who 
have analysed the fine structure of other  types of 
cilia and flagella. 

The  compar tmen t ing  lamellae cannot  be con- 
sidered to be analogous to the lamellae connect ing 
the coarse dense fibers and the fibrous sheath in 
mammal i an  sperm tails, as tha t  represents a 
fusion between two types of structures tha t  do not  
exist in ctenophore cilia. 

I t  is not  easy to unders tand  the function of tile 
midfilament.  Its central  location seems to make a 
support ing role more likely than  a contractile or 
a kinetic one. There  is no direct evidence for this 
point  of view, bu t  its anisodiametral  cross-sectioil 

FIGURE S 

This picture shows the lateral ends of the ciliary rows. Whereas the cilia within the 
rows are provided with two compartmenting lamellae, many of the terminal cilia have 
a lamella only at the side turned to the neighbouring cilium. Such cilia are marked with 
an arrow. Magnification 1O5,000. 

FIGURE 9 

The two rows of cilia shown in this picture are oriented to make the compartmenting 
lamellae run parallel to the long edge of the figure. The membrane surrounding the 
cilium appears as a double membrane with a thickness of 55 A. Its appearance is 
identical in regions where the compartmenting lamellae end and in other areas, but 
the contact regions, adjacent to the lamdlae, arc remarkable in having an extraciliary 
substance filling the gap. The arrows point at such interspaces with dense substances. 
The distance between two cilia is only about 30 A at these contact regions, when meas- 
ured from the outer boundaries of the ciliary double membranes. Magnification 185,000, 
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is consistent with this idea. The  shorter d iameter  
is in the direction of the beat,  and  the longer 
d iameter  is in a direction tha t  will not  be bent  in 
ciliary motion. A midf i lament  has not  been seen 
in any other type of cilia. 

The  immense length of the swimming-plate  cilia 

raises many  questions tha t  will not  be deal t  with 

here. It would, for instance, be of considerable 

interest to find the source of energy for ciliary 

movements ,  and another  impor tan t  task is to find 

out  how the chemical  or chemicals representing 

the energy source are made available to the energy 

consuming portions of the cilium. 

B I B L I O G R A P H Y  

I. AFZELIUS, B., J.  Biophvsic. and Biochem. Cytol., 
1959, 5, 269. 

2. BRADFmLD, J. R. G., Syrup. Soc. Exp. Biol., 1955, 
9, 3O6. 

3. CuRTIs, A. S., Am. Naturalist, 1960, 94, 35. 
4. ELBERS, P. F., J. Biophysic. and Biochem. Cytol., 

1959, 6, 114. 
5. FAWCETT, D. W., and PORTER, K. R.,  J. Mor- 

phol., 1954, 94,221. 
6. MANTON, I., in Cellular Mechanisms in Differ- 

entiation and Growth, (D. Rudnick, editor), 
Princeton, Princeton University Press, 1956. 

7. PARKER, G. H., J. Exp. Zool., 1905, 2,407.  
8. PEACHEY, L. D., J. Biophysic. and Biochem. Cytol., 

1959, 5,511.  

Addendum: Since this manuscript was submitted 
there has appeared a study on flagellar fine structure 
which is of considerable interest in this connection 
(Gibbons, I. R., and Grimstone, A. V., J. Biophysic. 
and Biochem. Cytol., 1960, 7, 697). The descriptions 
there given of the linkages between the flagellar 
membrane and the "anchorage granules" might be 
compared to the "cementing substances" presented 
in this study. 
This work was supported in part by an award from 
the Lalor Foundation, Wilmington, Delaware, and 
in part by a grant from the Swedish Natural Science 
Research Council. It is a pleasure to acknowledge as 
well the technical assistance of Mrs. I. Raabe. 
Received for publication, September 5, 1960. 

9. ROTH, L. E., Exp. Cell Research, 1958, suppl. 5, 
573. 

10. SJ6STEAND, F. S., Experientia, 1953, 9, 114. 
11. SJ6STRAND, F. S., in Physical Techniques in Bio- 

logical Research, (G. Oster and A. W. Pollis- 
ter, editors), New York, Academic Press Inc., 
1956, 3, 241. 

12. VERWORM, M., Pfliigers Arch. ges. Physiol., 1891, 
48, 149. 

13. WATSON, M. L., o r. Biophysic. and Biochem. Cytol., 
1958, 4,475.  

14. WEISS, O., in Handbuch  der Physiologie des 
Menschen, (W. Nagel, editor), Braunschweig, 
1909. 

394 TrxE JOURNAL OF BIOPHYSICAL AND BIOCHEMICAL CYTOLOGLY " VOLU~CIE 9, 1961 


