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Summary. Rhabdopleura has an overwintering stage that consists of two layers of cells 
surrounding a central yolk mass. This cellular part is surrounded by a thick electron dense 
capsule which is s.~creted by the bud itself. The capsule is probably impervious and protective 
to its contents. 

Blood vessels join the buds to the zooids of the colony. They form the probable route of 
transfer of yolk from the zooids to the dormant bud. 

The capsule of the dormant bud has some structural features in common with the black 
stolon of the adult zooids. The black stolon is probably formed in a manner similar to that 
which made the fusellar fabric of the peridcrm of fossil graptolities. 

Key words: Dormant bud (Rhabdopleura) - -  Capsule - -  Winter survival - -  Yolk store - -  
Electron microscopy. 

Introduct ion 

Rhabdopleura is a colonial an imal  t ha t  lives in a tubu la r  coenecium which the 
zooid secretes. The coenecium is protect ive and  probably  contains  ke ra t in  (Dilly, 
1971). I t  is very durable  and  fossils of Rhabdopleura coenecium have been re- 
covered from the Ba thon ian  clay of Poland  (Kulicki, 1971). The coenecium con- 
sists of two regions, there is a basal tangle  of tubes  t ha t  is a t tached to the sub- 
s t ra tum,  and  a series of erect tubes t h a t  conta in  the zooids. The zooids are joined 
together via a stalk-like process t ha t  extends through the coeneeium between 
them (Stebbing, 1970). Besides the adul t  zooids Schepotieff (1907) described 
several types of buds. One sort of bud al though very small init ially,  has the 
rud iments  of arms and  cephalic shield, and  both Schepotieff (1907) and  S tenning  
(1970) suggest t ha t  these buds  develop directly into a new zooid wi thout  delay 
and  thus increase the size of the colony. 

A second type  of bud  consists of a spherical or ovoid mass of yolky globules 
which are sometimes enclosed in a darkly  p igmented case. These were first seen in 
Rhabdopleura normani by Lankester  (1884), he called them hybernacula .  Lankester  
considered them to be normal  buds whose development  had been arrested. Apar t  
from the name  he made no suggestion tha t  they  were concerned with overwintering.  
Schepotieff (1907) called them sterile buds. He observed tha t  they  were most  
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numerous  in au tumn,  and considered t h a t  they  were an overwinter ing adap ta t ion ;  
suggesting t h a t  the black crust  of the  capsule was a protec t ive  coat for the bud. 
A th i rd  type  of bud, a regenerat ion bud, t ha t  grew in the erect  tubes of adul t  

zooids which had previously degenerated was also described by Schepotieff  (1907) 
in Rhabdopleura normani. Stebbing (1970) provided a more detai led descr ipt ion 
of the  sterile buds which he called dormant  buds. He  noted tha t  they  were formed 

a t  the  base of the  contract i le  stalks of adul t  zooids and became separated f rom 
t h e m  into a chamber  in the repent  coenecium by the secretion of septum across 
the  tube.  He  described the genesis of the buds as s tarr ing with a yolk mass wi thin  

the eoenecium wi thou t  a thick capsule around them. He  noted tha t  the edges of 
the yolk mass had a peripheral  layer of p igment  spots. Stebbing suggested tha t  

the  capsule is secreted by the bud itself. I t  develops slowly from the point  where 
the  bud is a t t ached  to the  stolon unti l  i t  surrounds the bud. He  described a final 
s tage in which the contents  of the capsule shrink away from its walls, unt i l  only 

a small  spherical mass of tissue remains. Such an overwinter ing device is unknown 
in o ther  hemiehordates  and protoehordates ,  and it  is of interest  to t ry  and 
elucidate  this s tructure,  apparen t ly  unique in these groups. 

Material  and Methods 

Colonies of Rhabdopleura were obtained by dredging off Stoke Point, Devon, England. 
The colonies were found adhering to the concave surfaces of the separated shells of dead 
lamellibranchs. The specimens were transported to the laboratory in cold sea water. The 
temperature of the sea water was maintained as close to 0 ~ C as possible by adding lumps of 
sea water ice to the sea water and transporting the specimens in vacuum flasks. 

The shells were examined using a dissecting microscope, and colonies with dormant buds 
were selected for fixation for electron microscopy. The selected colonies were dissected free of 
the shells using a cornea knife and transferred to the desired fixative using watchmakers' 
forceps. The fixatives used were 1% osmic acid buffered to pH 7.6 using a veronal acetate 
buffer or cacodylate buffered 4 % glutaraldehyde solution at pH 7.4. In both cases the fixatives 
were dissolved in sea-water. Fixation in Osmic acid was for two hours and in glutaraldehyde 
for seven hours followed by two hours post fixation in 2 % osmic acid in sea water. Dehydration 
was through graded ethanol solution. The specimens were stained with 6% uranyl acetate 
solution in absolute ethanol for two hours. The specimens were then washed in several changes 
of absolute ethanol before being immersed in epoxypropane for 30 mins before embedding in 
Araldite. 

The blocks were orientated using phase contrast microscopy and trimmed to allow section- 
ing of the dormant buds. The sections were cut on a Porter-Blum ultramierotome using glass 
knives, and stained on the grid with lead citrate. 

Other specimens were fixed in 10% neutral formol sea water, embedded in paraffin wax 
and cut at 15 ~tm intervals. They were stained with either, haematoxylin and eosin, Mallory's 
triple stain, or the Nonidez Cajal technique. 

Results 

There  are usual ly several do rman t  buds in each colony. They are closely 

associated with  the  black stolon (Fig. 1). The  earliest visible stage of format ion 
of the do rman t  buds is the  appearance of a balloon shaped mass of cells with 

occasional yolk  droplets  amongst  t hem (Fig. 2). The yolk then  accumulates  and 
obscures the  cellular s t ructure  (Fig. 3). The appearance of the  dark capsule often 
preeeeds the  deposi t ion of yolk (Fig. 2). However  the capsule is not  completed 
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until  after the bud has become dense with yolk. Presumably  the capsule is laid 
down by the bud, bu t  how this is done is not  completely understood. Fibres 
forming a dense matr ix  can be demonst ra ted  by  silver staining the repent  par t  
of the eoenecium Fig. 3. These fibres m a y  provide the initial foundat ions of both  
the capsule of the bud and the black stolon. I t  is known tha t  the capsule is laid 
down in stages from the point  where the bud is a t tached to the stolon. And also 
tha t  the bud remains open to the stolon and to the rest of the coenecium for some 
time (Stebbing, 1970). Frequent ly  several channels of the black stolon can be 
seen by-passing the dorman t  bud (Fig. 4) but  one branch of it is usually con- 
t inuous with the bud (Fig. 3). 

The dorman t  bud consists of a mass of yolk surrounded by  two cell layers 
(Figs. 7-10). Several blood vessels penetrate  into the yolk, usually one is much 
larger than  the others (Fig. 5). These vessels are similar to those found in the 
pogonophores (Southwood, 1974) and consist of a space surrounded by  a basement  
lamella. The basement  lamella is continuous with the double lamella t ha t  separates 
the two layers of cells t ha t  surround the yolk mass. I t  appears as if this double 
lamella splits to enclose the blood space, one lamella passing on either side of it 
(Fig. 5). The lamellae reform on either side of the vessel and with its a t t endan t  
cells m a y  penetrate  for a considerable distance into the yolk mass. The basement  
lamella, where it surrounds the blood space, is often highly convoluted.  Similarly 
the membranes  between the cells on the outside of lamella have m a n y  deep folds 
(Fig. 5). This could be a device to allow expansion of the blood vessel at  times of 
increased flow. With in  the lumen of the blood vessels there are a vas t  number  of 
t iny  electron dense particles about  22 nm in diameter.  Some of these particles 
have pale centres about  10 nm in diameter  (Fig. 6). These particles probably  re- 
present the blood pigment  material  of Rhabdopleura. Many of these granules do 
not  have a regular circular profile but  are angular with patches of increased 
electron density.  Similar particles have been found in the blood spaces of Sacco. 
91ossus (Dilly, 1969). As yet  other  than  shape we have no evidence of the chemical 
nature  of these particles. Similar particles are found in similar basement-lamella- 
bound spaces within the black stolon (Fig. 13) ; strong evidence for vascular con- 
t inui ty  between the zooids and the dorman t  buds of the colony. The basement  
lamella around the blood particles consists of a single electron dense line about  
34 nm thick (Figs. 5, 6) it is not  known whether  it is impervious to the blood 
particles, or wha t  features of its s t ructure maintain  its integrity.  Amongs t  the 
cytoplasm of the cells t ha t  surround the blood vessel are m a n y  empty  spherical 
vesicles (Fig. 5). These vesicles seem to be peculiar to these cells and are not  found 
in such large numbers  in other cells within the dormant  bud. Their funct ion is 
unknown but  they  are probably  involved in the t ranspor t  of material  between 
the dorman t  bud and its blood vessels. The membranes  of the cells surrounding 
the blood space are highly convoluted (Fig. 5). 

The two layers of cells t ha t  surround the yolk mass are separated by  a double 
basal lamella. The total  lamella is about  150 nm wide with the two dense lines 
lying parallel to  one another  about  60 nm apart .  This width remains more or less 
constant  th roughout  the bud, unlike the adult  where the lamella can be much  
expanded (Dilly, 1972). There is no ul t ras t ructure  of fibres between the lamellae 
such as is found in the basement  lamella in Saccoglossus (Dilly, 1969). 
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The  yo lk  mass  is in t race l lu la r  and  of ten cell organelles can be seen be tween  
the  yo lk  d rop le t s  (Figs. 7-10). The nuclei  of these cells are of ten obscured,  and  
some of the  cells t h a t  conta in  the  yolk  have  ve ry  few o ther  cy top lasmic  contents .  
F r e q u e n t l y  i t  is diff icul t  to  t race  the  cell membranes  of these cells. I n d e e d  t hey  
are  ve ry  reminiscent  of the  yo lk  conta in ing  cells of the  l a rva  of Rhabdopleura  
(Dilly, 1973). The  centra l  mass  of yolk-conta in ing-cel l s  of the  d o r m a n t  bud  is 
su r rounded  b y  the  two layers  of cells, which are s epa ra t ed  b y  a ba semen t  lamel la  
(Figs. 7, 9). The centra l  cells are p r o b a b l y  der ived  from the  innermos t  layer .  The  
yolk  cells are  no t  in a single mass  b u t  t h e y  are  sepa ra t ed  b y  t r abecu lae  of base-  
men t  lamel la  and  associa ted  cells t h a t  pene t r a t e  be tween them.  

The  yolk  d rop le t s  v a r y  cons iderab ly  in size f rom 0.5 Ezra to 8 tzm. They  are  no t  
all homogenous  and  of ten especial ly  the  larger  d rople t s  have in te rna l  s t ruc tu re  
usua l ly  in the  form of dense patches .  Many  of the  drople t s  are  m e m b r a n e  bound,  
bu t  some of t hem do no t  appea r  to  have  a n y  l imi t ing membrane .  The dif ferent  
s ta ining react ions  and  e lec t ron densi t ies  of the  yo lk  p r o b a b l y  represen t  s tages  in 
i ts  metabol i sm.  There  are  yo lk  d rop le t s  wi th in  the  cy top la sm of the  two sur round-  
ing cell layers.  There  are  more and  larger  d rop le t s  wi th in  the  inner  cell l aye r  t h a n  
the  ou te r  layer .  The  cells of bo th  layers  are  usua l ly  a r ranged  as a single layer .  
The  cells of the  ou te r  l ayer  are much  fa t t e r  t han  the  inner  ones. Often besides yolk  
these ou te r  cells have  masses of l ipid-l ike drople t s  (Figs. 8, 10). 

The ou te r  l ayer  of cells is sparse ly  c i l ia ted (Fig. 11) and  there  are  occasional  
profiles amongs t  t h e m  t h a t  could be nerve  fibres. The cel lular  contents  of the  
d o r m a n t  bud  are  su r rounded  b y  a dense capsule  (Fig. 8). I n  the  m a t u r e  d o r m a n t  
bud  this  capsule  is th ick  and  can comple te ly  sur round  the  bud.  The  capsule is 
of ten cont inuous  wi th  the  equa l ly  th ick  dense wall  of the  b lack  stolon. I t  is no t  
known  if the  lumen of the  bud  is a lways  cont inuous  with  t h a t  of the  b lack  stolon, 
or if i t  can be sealed across the  junc t ion  be tween the  s tolon lumen and  the  capsule.  
The capsule is spher ical  or oval  in shape,  and  of ten appears  to  have  a grea te r  
volume t h a n  i ts  contents .  As S tebbing  (1970) has observed,  th is  capsule  only 
slowly sur rounds  the  bud.  W h e n  the  wall  of the  d o r m a n t  bud  comple te ly  sur rounds  
the  bud  i t  will p rov ide  a v e r y  res i s tan t  p ro tec t ive  coat  for it .  As y e t  we do no t  
know if th is  is i ts  funct ion,  or how the  capsule  contents  are l ibera ted .  

Fig. 1. Low power micrograph of a whole mount of part of the repent region of the coenecium 
of Rhabdopleura compacta showing the black stolon linking several dormant buds 

Fig. 2. Light micrograph of newly forming dormant bud, showing the black stolon, and that 
the wall surrounding the bud is already being thickened 

Fig. 3. Section containing two dormant buds showing the thickened wall surrounding the yolk 
droplets. The wall of the coenecium contains a reticulum of fibres. Silver stain 

Fig. 4. Later stage in the formation of the dormant bud. The cells of the bud are now heavily 
laden with yolk and obscured, although the bud as yet does not completely fill the cavity 

Abbreviations. b, blood particles; bl, basement lamella; bs, stolon; by, blood vessel; c, coene- 
cium; cc, capsule cavity; cd, thick capsule of the dormant bud; cbd, capsulated dormant bud; 
ci, cilium; cm, cell membrane; db, dormant bud (cellular part) ; ], reticulum of silvered stained 
fibrils; l, lipid droplet; a, nucleus; n/, possible nerve fibre; t], thick fibrils; tl, thickening 
between the individual lamellae of the coenecium; y, yolk. 
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The  ini t ia l  l ayer  of the  bud  wall  is depos i ted  in i n t ima te  con tac t  wi th  the  inner  
wall  of the  coenecium (Figs. 8-11). The  increase in th ickness  t h a t  occurs in t he  
wall  as the  bud  ma tu re s  mus t  t a k e  place  by  the  depos i t ion  of ma te r i a l  onto  the  
inside of the  capsule b y  the  bud  itself. Some of the  e lect ron dense par t ic les  wi th in  
the  cell layers  of the  bud  m a y  be des t ined  to  become p a r t  of the  capsule  wall,  b u t  
as ye t  we have  few clues as to  the  ac tua l  m e t h o d  of const ruct ion.  One clue is t h a t  
ear ly  on in the  fo rma t ion  of the  bud  wall  there  is a s tage in which there  a p p e a r  to  
be fibres incorpora ted  in i ts inner  edge. These fibres p r o b a b l y  form a m a t r i x  upon  
which the  e lect ron dense ma te r i a l  of the  capsule is depos i ted  (Figs. 8, 9). 

I n i t i a l l y  the  inner  wall of the  coenecium near  the  bud  does no t  differ in 
e lec t ron dens i ty  f rom t h a t  anywhere  else in t he  coenecium. The f irst  change is an  
increase in dens i ty  of the  innermos t  l ayer  and  also a s l ight  increase in th ickness  of 
th is  l ayer  wi th  i r regular  f ibres ex tend ing  from i t  in to  the  c a v i t y  (Fig. 8). I t  is 
s imilar  to  b u t  more  e lect ron dense t h a n  the  junc t ions  be tween  the  ind iv idua l  
segments  of the  coenecium. I t  seems p robab le  t h a t  the  capsule is m a d e  by  ma te r i a l  
la id down in the  same w a y  as t h a t  which st icks the  coenecial  r ings together .  I t  ap- 
pears  as if a t  f i rs t  the  th ickening  is fol lowed by  a condensa t ion  of more  fibres 
t h a t  in t u rn  have  e lect ron dense ma te r i a l  depos i ted  upon  them.  The  condensa t ion  
makes  an  i r regu la r ly  th ickened  capsule in i t ia l ly ,  and  only a t  a l a te r  s tage  do t h e y  
become fused and  o r i en t a t ed  to  make  a smooth  l ining to  the  coenecium (Figs. 9, 
10). There  is a s tage dur ing  the  fo rma t ion  of the  capsule when i t  appea r s  t h a t  
foreign ma te r i a l  loose wi th in  the  cav i t y  of t he  coenecium becomes incorpora ted  
in the  capsule th ickening.  There  are  no a p p a r e n t  differences in e lec t ron dens i ty  
be tween the  newly  formed innermos t  layer  of the  capsule and  older  ou te r  layers  
(Fig. 11), suggest ing t h a t  the  mate r i a l s  la id  down in the  capsule are  no t  modif ied  
af te r  the i r  in i t ia l  deposi t ion.  

The  ou te r  layer  of cells of the  bud  is no t  i n t ima t e ly  app l ied  to  the  capsule 
t h roughou t  i ts  ex tent ,  and  the  capsule follows the  contour  of the  coenecium r a the r  
t h a n  t h a t  of the  bud  (Fig. 11). Whi le  there  are  of ten gaps  be tween  the  bud  and  
the  capsule,  gaps  are  ra re  be tween  the  capsule  and  the  eoenecium. There  are  few 
obvious  u l t r a s t ruc tu r a l  fea tures  of the  ou te r  l ayer  of cells of the  b u d  t h a t  give 
a n y  clues as to  how the  capsule is produced.  Some of the  cells are  pale  and  e m p t y  
wi th  w h a t  a re  p r o b a b l y  n a t u r a l  d iscont inui t ies  in the  m e m b r a n e  where  t he  cell 
conten ts  are re leased onto  the  eoenecial  wall  (Figs. 8, 10). I t  seems un l ike ly  t h a t  
the  capsule is fo rmed in the  same w a y  as the  th ick  coat  of the  b lack  stolon, t t e r e  

Fig. 5. Electron micrograph of a blood vessel within a dormant bud. The double basement 
membrane that  separates the cell layers of the bud can be seen splitting to enclose the blood 
particles. There are many pinocytotie vesicles in the adjacent cells, and the cell membranes 
are highly convoluted. There are small particles of similar dimensions to the blood particles 
with the cytoplasm of the adjacent cells, suggesting active transport between the blood and 

the dormant bud cells 
Fig. 6. High power electron micrograph of the blood particles. The single basement membrane 

surrounding them can be seen 
Fig. 7. Part  of the wall of a mature dormant bud showing the multiple layers of the coenecium 
outside the thickened wall and some yolk granules with the bud tissues. The coenecial wall is 

unmodified. The bud capsule having been added to its inner wall 
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it appears t ha t  the ini t ial  feature is a condensat ion of thick fibres t ha t  form a 
mat r ix  upon  which the mater ia l  t h a t  will become the solid tube  of the stolon is 
deposited (Fig. 12). These thicker fibres differ from any th ing  seen in the erect 
tubes (Dilly, 1971). I t  appears as if these thicker fibres become "mineralised" to 
form the thick wall of the stolon, such fibres are not  seen in association with the  
do rman t  bud  capsule. 

Discussion 

The fully formed do rman t  bud  with its mass of yolk is a rich food store. This 
has probably  been contr ibuted by m a n y  of the zooids of the colony and  i t  is of 
in teres t  to speculate if the food supply is avai lable to all the zooids of the colony 
in t imes of food shortage, or if the food is restricted to the cells sur rounding  the 
yolk mass. The idea of a generally available food supply would fit the concept of 
colonial life better,  bu t  it  leaves unexpla ined  the tough capsule sur rounding  the 
bud. This capsule will provide a very  res is tant  protective coat for its contents .  
I t  is, of course, probable t ha t  both a l ternat ives  are possible, and  t h a t  if zooids 
survive the winter  then  this food stock is generally available, bu t  t h a t  if they  do 
not,  t hen  the colony survives because of the development  of fresh zooids from 
the well protected cells sur rounding  the yolk wi thin  the capsule. Sometimes it  is 
possible to observe an  isolated zooid developing from the cells surrounding the 
yolk wi th in  the bud.  

Although it  is no t  certain how the yolk is t ranspor ted  to the d o r m a n t  bud  it  is 
probable t ha t  it  is produced by  the zooids and  t ranspor ted  to the bud  via the 
stolon connectives.  The evidence for this is two-fold. I t  is possible to f ind electron 
dense lipid-like droplets in the stolon and  muscular  stalk of the zooid dur ing the 
development  of the do rman t  bud  when there is l i t t le or no yolk wi thin  its cavity.  
And there are blood vessels wi th in  the stolon connective which form a mechanism 
for yolk transfer  (Fig. 13), bu t  as yet  i t  is no t  certain if the yolk is t ranspor ted  
through the cells or wi th in  the blood vessels. No yolk droplets have been seen in 
the blood, bu t  the yolk could of course be broken down into t i ny  particles, or 

Fig. 8. Early stage in the formation of the wall of a dormant bud. The earliest change is the 
appearance of a fibrillar matrix on the inner side of the coenecial wall. The cells of the bud 
contain much electron dense material that may be destined to be incorporated into the wall 

thickening. The arrow indicates a region of discontinuity in the cell membrane 

Fig. 9. A later stage in the bud wall formation. Now the wall has a definite electron dense 
thickening. The inner border is irregular. It  appears as if there are two layers of electron 

dense material that are fusing together 

Fig. 10. The wall is now thicker and except for a few electron clear holes there is no evidence 
of layering in the wall. The inner wall is still irregular. The cells adjacent to the wall contain 
droplets of material with a similar electron density to that of the wall thickening. The arrow 

indicates a region of discontinuity in the cell membrane 

Fig. 11. Part of the wall of a mature dormant bud. Both surfaces of the thickening are now 
smooth in contrast to the earlier forming wall where the inner surface was irregular. The 
thickenings between the rings making up the coenecium wall are still narrow with irregular 
surfaces. Several cilia and microparticles can be seen in the gap between the bud cells and its 

capsule 
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Fig. 12. Part of the wall of the black stolon showing the matrix of solid fibres that become 
incorporated in the wall. The fibres are similar in dimensions to those found in the fusellar 

layer in fossil graptolites 

Fig. 13. Transverse section of a black stolon showing its contents. The blood vessel has a 
single basement bounding the blood particles. The probable nerve fibres are indicated 

rendered soluble and non-electron dense, and t ranspor ted in this or some other 
modified form. 

The ini t ial  layer of the bud wall is deposited in in t imate  contact  with the inner  
wall of the coenecium. Thus the increase in thickness tha t  occurs in the wall as 
the bud  matures  mus t  take place by the deposition of material  to the inside of the 
capsule by  the bud itself. Some of the electron dense particles within the cell 
layers of the bud  may  be destined to become par t  of the capsule wall, bu t  as yet  
we have few clues as to the actual  method of construction.  One clue is t ha t  early 
on in the format ion of the buds there is a stage in which there appears to be 
fibres incorporated in its inner  edge. These fibres probably  form a matr ix  upon  
which the electron dense mater ial  of the capsule is deposited. The electron densi ty  
of the thick wall of the bud is similar to tha t  of the thick wall of the black stolon, 
and  it  is p robably  made of similar material  a l though my  observations suggest 
t ha t  the mater ia l  may  be deposited in different ways. The ret iculum of coarse 
silver s ta ining fibres in the repent  par t  of the coenecium surrounding the dorman t  
buds is very  similar to tha t  found in the fusellar fabric of the periderm of some 
graptoli tes (Urbanek,  personal communicat ion) .  The coarse fibres may  perhaps 
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suggest an aff ini ty  between the graptoli tes and  the pterobranchs.  The coarse 
fibres seen with the  electron microscope t ha t  form a mat r ix  in close p rox imi ty  to 
the thick wall of the black stolon are almost  identical  in size and  dimensions with 
those so ably  found in fossil graptoli te  mater ia l  by Urbanek  and Towe (1974). Such 
observat ions would tend  to suppor t  Kowslavski ' s  content ion  t h a t  the graptoli tes 
are fossil p terobranchs  a l though a cont rary  view is held by  H y m a n  (1959). Bu t  
the finer kerat in-l ike fibrils t ha t  are found in the coenecia of Rhabdopleura (Dilly, 
1971) and  Cephalodiscus (Dilly, Urbanek ,  unpubl i shed  observations) have no t  
been found in the fossil graptoli tes so far examined  (Urbanek and  Towc, 1974) 
and  may  be against  this affinity.  The recent  work of Towe and  U r ba ne k  (1973), 
Urbanek  and  Towe (1974) seems to suppor t  H y m a n ' s  (1959) view t h a t  the 
graptoli tes are no t  fossil pterobranchs.  The overall f indings of this s tudy  would 
t end  to offer some support  to Kowslavski ' s  idea. 
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