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ABSTRACT: The polychaete Nephtys hombergi has an annual cycle of reproduction. Ovaries were 
fixed for electron microscopy during the gametogenic phase from September to March, and during 
the breeding and post-breeding period. Oogenesis takes place entirely within the ovary, the 
integrity of which is maintained by a network of simple follicle cells. Previtellogenic oocytes have 
close contacts with the peri-vasal cells which surround the genital blood capillaries. These contacts 
are lost as the oocytes enter vitellogenesis. The vitellogenic oocytes have a cytology typical of 
oocytes which are thought to undergo autosynthetic production of protein yolk. Biochemical studies 
would be required to establish whether heterosynthesis of yolk also occurs. As the oocytes proceed 
through vitellogenesis, cortical material is laid down near the periphery of the oocyte and a 
microvillous surface is developed. When the microvillous surface is complete the oocytes, by then 
hormone independent, are ovulated from the ovary and are ready to be spawned. 

INTRODUCTION 

The ovaries of Nephtys hombergi are paired structures which are present  in each of 
the post-pharyngeal  segments  (Olive, 1978). Development  of oocytes within the ovaries 
commences in September and continues throughout  the winter  months (Olive, 1978). The 
oocytes are retained within the ovaries until  vitellogenesis is complete. They are then 
released from the ovaries (Olive & Bentley, 1980) and  float freely in the coelomic fluid 
until  they are spawned in the spring (Bentley et al., 1984). The ovaries develop around 
b l ind-ending  blood capillaries at the base of the parapodia. A light microscopical study of 
the ovaries and oocyte development  was carried out by Olive (1978) and this showed that 
the ovary consists of a network of fine peri toneal  cells, which make up a simple follicle 
cell system. The term follicle cell is used to describe these cells because of the very close 
relationship they have to the developing oocytes and  because  of the essential  role they 
play in allowing normal oogenesis to proceed (Olive & Bentley, 1980). The follicle cells 
surround the oocyte throughout their development  and  the integrity of the ovary is 
mainta ined by contact areas be tween  the follicle cells and developing oocytes. 

Vitellogenic oocytes of IV. hombergi require the support of a gonadotrophic hormone 
for normal oogenesis to proceed (Olive & Bentley, 1980). This hormone mainta ins  follicle 
cell contacts thus prevent ing premature ovulation and resorption of oocytes which have 
not completed the formation of a microvillous surface. Once vitellogenic oocytes have 
completed the microvillous surface, contacts be tween  oocytes and follicle ceils are lost 
and the oocytes are released from the ovaries prior to spawning.  
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Oogenes is  in ?4. hombergi begins  with the product ion of pr imary  oocy tes  a round  the 
capi l lar ies  of the geni ta l  blood vessels.  Usually, the  ovary at this t ime, conta ins  a number  
of oocytes  well  into oogenesis  and  at almost full size, as a result  of i nc omple t e  spawning  
of the  previous  year ' s  cohort of oocytes  in the spr ing (Olive et al., 1981a; Olive et al., 
1981b; Olive et al., 1985). Whilst most  u n s p a w n e d  oocytes are resorbed,  i t  m a y  be  that  
some of these  oocytes will r ema in  in the ovary throughout  the n e x t  phase  of 
gametogenes i s  and  be  spawned  in the  following Apri l  or May. This p h e n o m e n o n  of 
incomple te  spawning  seems to be  a common feature  of N. hornbergi in t h e  River Tyne 
es tuary  but  is var iable  in extent  from yea r  to year  (Olive et al., 1985). 

MATERIALS AND METHODS 

Specimens  of Nephtys hombergi were  collected, by d igging  in sand a t  low wate r  of 
spr ing  tides, at a site in the River Tyne estuary,  Nor th-eas t  England  k n o w n  locally as the 
"Black Middens" .  Animals  were  anaes the t i zed  in 0.07 % MS222 (Sandoz)  in sea  water.  
The  ovaries  were  removed  by  mak ing  a mid-dorsa l  incision through the b o d y  wal l  and  
lift ing the  ovaries out  using wa tchmaker s  forceps. Excised ovaries  w e r e  immersed  
immedia t e ly  in 2.5 % g lu ta ra ldehyde  in 0.2 M phospha te  buffer (Millonig, 1961) contain- 
ing 0.14 M NaC1 at pH 7;4 and f ixed for l h  at room temperature .  The  ovar ies  were  then 
r insed  in phospha te  buffer conta ining 0.14 M NaC1 for 10 rain. and  pos t - f ixed  in 2 % 
osmium tetroxide in 0.2 M phospha te  buffer  at pH 7.4 containing 1.25 % NaHCO3 for l h  
(Fischer, 1975). The tissue was then r insed in severa l  changes  of tap w a t e r  and  dehy-  
d ra ted  through an alcohol series and  p ropy lene  oxide before  be ing  e m b e d d e d  in araldite.  
Sections were  cut using an LKB Ultratome, moun ted  on copper  grids a n d  s ta ined  with 
Reynold ' s  l ead  citrate and uranyl  acetate .  S ta ined  sections were  e x a m i n e d  on ei ther  an 
EM6B or Kratos Cora electron microscope.  

RESULTS 

P r o t o g o n i a  a n d  p r e - m e i o t i c  s t a g e s  

In this s tudy no special  a t tempt  was made  to examine  germ cell prol i fera t ion  and  
s tages  of meiot ic  prophase.  Light microscopical  examinat ion  howeve r  r evea l s  the pre-  
sence  of protogonia  in in te rphase  on the geni ta i  b lood vesseIs (Olive, 1978). Mitotic 
f igures have been  observed in acetic orcein squash  prepara t ions  (Bentley, unpubl ished)  
and  s tages  of meiotic p rophase  are commonly  seen  in the ovary in Sep tember .  Oocytes  
remain  ar res ted  at this s tage until  after spawning  and germinal  vesicle b r e a k d o w n  occurs 
following l iberat ion of oocytes into the sur rounding  sea water.  

P r e v i t e l l o g e n i c  o o c y t e s  

Previ te l logenic  oocytes can be  seen  in the ovary of Nephtys hombergi from Sep- 
t embe r  to Apri l  but  are present  in la rges t  number s  at the beg inn ing  of the pe r iod  of active 
gametogenes i s  in September .  They  a r e  found in the  ovary in a reas  near  the  b l ind -end ing  
b lood capil lar ies  with which they  may  develop  close associat ions (Fig. 1). 

Previ te l logenic  oocytes have a large,  p rominen t  nucleus  which  has  a d iamete r  of 
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10-20 ~tm. The nucleus  is a fairly empty  looking structure which may  have  a nucleolus  
s i tuated near  the nuc lear  envelope.  The nucleolus is a homogenous  e lec t ron-dense  
structure. In some previ te l logenic  oocytes t h e  nucleolus appears  absen t  and  the nucleus  
contains d i spersed  chromat in  lumps, some of which are concent ra ted  close to the  nuclear  
enve lope  (Fig. 2). There  is evidence for transfer  of chromat in-hke mater ia l  across the 
nuclear  enve lope  to the cytoplasm (Fig. 3). The cytoplasm of previ te l logenic  oocytes is 
relat ively featureless.  Mitochondria  are the most abundan t  cell inclusion and  these  are 
ovoid in shape.  The mitochondria  may  be  locahsed in areas  near  the nuc lear  membrane ,  
where  they  are found in association with  accumulat ions  of chromat in- l ike  mater ia l .  They 
also occur further away  from the nucleus  and near  the cell surface. Previ te l logenic  
oocytes also contain small  amounts  of endoplasmic  ret iculum which often have  connec-  
tions with the nuclear  envelope.  A few l ipid droplets  may  also be seen  in oocytes  at this 
stage. Golgi  bodies  are virtually absent  in early previ te l logenic  oocytes. 

The surface of previ te l logenic  oocytes is character ised  by  the p resence  of a smooth 
oo lemma and an absence  of microvilli. The  oocytes are complete ly  su r rounded  by  fo!licle 
cells (Fig. 4) and  there  is close contact  b e t w e e n  the p lasma  m e m b r a n e  of the  follicle cells 
and  the oolemma.  No special ised junct ions or cytoplasmic continuity occurs b e t w e e n  
ad jacen t  cells as has been  repor ted  in some polychae te  species  (Fischer, 1975) and  which 
occurs be tween  ear ly spermatocytes  in Nephtys (Bentley, unpubl i shed  observations) .  It is 
at this s tage however  that  the oocytes have  their  most in t imate  contact  wi th  other  cells. 
Around the blood capil lar ies  in the centre  of the ovaries, per i -vasal  cells are enve loped  by  
the cytoplasm of the oocytes (Fig. 5) and  these  per i -vasa l  cells may  pass  th rough  "holes" 
in the oocyte cytoplasm. Similar a r r angement s  have  been  repor ted  in some other  
po lychae tes  Phragmatopoma lapidosa (Eckelbarger ,  1979), Kefersteinia cirrata (Olive & 
Pillai, 1983) and Diplocirrus glaucus (see Olive, 1983) but  these contacts  are  ra ther  more 
complex than those descr ibed  here  in Nephtys. Figure 6 shows a d iagrammat ic  r epresen-  
tation of the ovarian structure in Nephtys and shows the changes  which  occur in the 
oocyte surface and the changing  re la t ionship be tw e e n  the,oocyte,  follicle cells and  peri-  
vasal  cells as oogenesis  progresses.  

V i t e l l o g e n i c  o o c y t e s  

Oocytes  enter  vi te l logenesis  when  they  attain a d iameter  of about  50 ~ n  and  have  a 
nuclear  d iameter  of about  20 ~tm. This phase  of deve lopmen t  continues within the ovary 
until the oocytes have  comple ted  vi te l logenesis  and have  a d iameter  of 180-200 btm with 
a nuclear  d iamete r  of about  40 ~tm. The nucleus  dur ing vi te l logenesis  r emains  electron- 
lucent  with a g ranular  appea rance  and  the nucleolus ei ther  becomes  b ipar t i te  and  is 
e lec t ron-dense  with a less dense ly  s ta ining medulla ,  or it may  become  f ragmented .  

The vi tel logenic phase  is charac te r i sed  by  the appea rance  of active golgi  complexes  
which produce  e le t ron-dense  mater ia l  (Fig. 7) and  which may  assume a spher ica l  
configuration during la ter  vi te l logenesis  (Fig. 8). The yolk granules  are up to 2.5 ~tm in 
d iameter  and accumula te  throughout  the cytoplasm during this growth phase .  The yolk  
granules  are he te rogenous  in appea rance ,  having  i r regular ly  shaped  dense ly  s ta ining 
areas (Fig. 9) and  they  may  also have  a regu la r  s tr iated pa t te rn  over par t  of them (Fig. 10). 
Lipid droplets  also accumula te  in the cytoplasm dur ing vitel logenesis .  Rough endoplas -  
mic ret iculum is p resen t  in the cytoplasm and  has mitochondria  in close proximi ty  to its 
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cisternae. Connections be tween  rough endoplasmic reticulum and annulate  lamel lae  can 

be  seen close to the nuclear  enve lope  (Fig. 11). 

Early during the vitel logenic phase,  cortical vesicles begin  to be  deposi ted near  the 

oocyte surface. These are about 1 ~m in diameter  and are e lectron-lucent  except  for 

fibrillar inclusions in some (Fig. 12). A few electron-dense,  m e m b r a n e - b o u n d  cortical 

granules  which may be spherical or c igar-shaped and are also about 1 ~m in d iameter  are 

present  near  the surface of the oocyte at this stage (Fig. 12). As vi tel logenesis  proceeds,  

large bodies of annulate  lamellae (Fig. 13) appear  in the cytoplasm and these give rise to 

clear  vesicles which contain small granular  inclusions (Fig. 14). These  vesicles may  

represent  expanded  cisternae of rough endoplasmic reticulum. 
In mature oocytes the cytoplasm is full of protein yolk granules and lipid droplets. 

The mitochondria have deve loped  "hollow" vesicles (Fig. 15), and golgi complexes  are 
mostly absent, a l though a few non-act ive profiles remain. The cortical region of the 

oocyte has large numbers  of cortical vesicles and cortical granules which contain rod- 

shaped inclusions. 

D e v e l o p m e n t  of  t h e  e g g  e n v e l o p e  a n d  m i c r o v i l l i  

Previtel logenic oocytes, as descr ibed above,  have  a smooth oo lemma which is 

invested in a covering of follicle cells. The plasma membrane  of the follicle cell is closely 
appl ied to the oolemma. There are no special ised junctions be tw een  the oo lemma and 

follicle cell membrane  al though close junctions be tween  adjacent  follice cells do occur 

(Fig. 16). At these points there is a thickening of the plasma membranes  of adjacent  
follicle cells. Similar desmosomes have been  reported be tween  adjacent  follicle cells in 

Phragmatopoma lapidosa (Eckelbarger, 1979). 

Early during vitellogenesis, the egg envelope or chorion and microvilli begin to 

develop. This occurs in small patches on the surface of the oocyte. In these areas, the 
close contact of the oolemma and follicle cell membrane is lost. At other points on the 

oocyte surface, there remain large areas where  close contacts are retained.  These  follicle- 

cell contact areas become smaller with the progressive deve lopment  of the microvillous 

surface of the oocyte. This is i l lustrated diagrammatical ly in F igure  6. Finally, as the 

Fig. 1. A previtellogenic oocyte in close association with the peri-vasal cells which surround a blood 
capillary in an ovary. Scale bar = I ~m (Bv = blood vessel, N = nucleus, Pvc = peri-vasal cell, Pvo = 

previtellogenic oocyte) 

Fig. 2. Chromatin situated in close proximity to the nuclear envelope. Scale bar = 1 ~m {Ch = 
chromatin, N = nucleus) 

Fig. 3. Transfer of chromatin-like material across the nuclear envelope of a previteUogenic oocyte. 
Scale bar = 0.5 Bm (N = nucleus) 

Fig. 4. Part of a previtellogenic oocyte and its associated follicle cell covering. Follicle ceils 
completely cover the surface of previtellogenic oocytes. Scale bar = 1 ~m (Fc = follicle cell, M = 

mitochondria, N - nucleus, Pvo = previtellogenic oocyte) 

Fig. 5. Previtellogenic oocytes may almost completely surround the perivasal cell. Scale bar = 1 ~m 
(Pvc = peri-vasal cell, Pvo = previtellogenic oocyte) 
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Fig. 6. A diagrammatic representation of ovarian development in Nephtys hombergi. The previtel- 
logenic oocytes are found close to the genital blood vessel and are completely surrounded by, and in 
close contact with the follicle cells. At the oocytes progress through vitellogenesis they are found 
further away from the blood vessel, and follicle cell contacts become reduced until they remain as 
simple stalks (arrowed) (evo = early vitellogenic oocyte, gbv = genital blood vessel, lvo = late 

vitellogenic oocyte, pc = perivasal cell, pvo = previtellogenic oocyte) 

Fig. 7. Active golgi complexes in the cytoplasm of a vitellogenic oocyte. Electron-dense material is 
being produced by the golgi, and large numbers of mitochondria are associated with the active golgi 

profiles. Scale bar = 1 ~m (G = golgi complex, M = mitochondria) 

Fig. 8. A spherical golgi profile and associated electron-dense material. Scale bar = I ~m (G = golgi 
complex) 

Fig. 9. A general view of the cytoplasm of a vitellogenic oocyte showing a number of yolk granules 
which have irregular dense staining patches in them. Scale bar = 1 ~m (G = golgi complex, Yg = 

yolk granule) 

Fig. 10. A yolk granule showing characteristic striations within the body of the granule. Scale bar -- 
0.5 ~tm (Yg = yolk granule) 

Fig. 11. Rough endoplasmic reticulum which may be associated with annulate lamellae near the 
nuclear membrane. Scale bar = 0.5 ~m (M = mitochondrion, Rer = rough endoplasmic reticuhim) 
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oocytes mature, the ovary assumes a structure rather hke a bunch  of grapes ,  in which 
oocytes are attached to the follicle cell network by stalks. 

The surface of the early viteliogenic oocytes consists of simple b u l b o u s  microvilh 
(Fig. 17) 0.5 ~m high and about  0.2 Bm across the tips which pro t rude  through the 
vitelline envelope. The vitelline envelope is an electron-dense l ayer  outside the 
oolemma. It has a bi-Iaminar structure about  0.27 ~tm thick with a thick i n n e r  layer and  a 
thin, more electron-dense outer layer. Microvilli in late viteUogenic oocytes have stellate 
tips (Figs 18, 19). The development  and  the structure of the surface of the oocyte and its 
relationship to the follicle cells has imphcations regarding the ho rmona l  support of 
oogenesis (Ohve & Bentley, 1980), since the completion of a microvfllous surface must  be 
at tained before the oocytes are hormone independen t  and can be ovulated and spawned.  

P o s t - s p a w n i n g  r e s o r p t i o n  of u n s p a w n e d  oocy te s  

Oosorption has been  reported following incomplete spawning or s p a w n i n g  failure in 
a n u m b e r  of polychaetes inc luding Nephtys hombergi (Olive et aL, 1981a, b) where  it 
seems to play an important  role in the co-ordination of the reproductive cycle. Premature 
oosorption in IV. hombergi occurs following gonadotrophic hormone depr iva t ion  during 
the vitellogenic phase. The ultrastructural changes which occur in the ovary  and  oocytes 
following this hormone deprivation have been  described in detail (Olive & Bentley,  1980). 
The ultrastructure of ovaries in which natural  oosorption is taking place is essentially the 
same as that of ovaries in which oosorption has been  exper imenta l ly  induced  by 
decerebrat ion (hormone deprivation) and so will not be described here. 

DISCUSSION 

Oogenesis in Nephtys hombergi is of an ovarian type in which the  oocytes are 
retained in ovaries by a simple folhcle cell system.-This kind of oogenesis  could be 
regarded as of a type intermediate  be tween  solitary [or extraovarian (Eckelbarger,  1984)] 
oogenesis, in which oocytes are ovulated prior to the commencement  of vitellogenesis, 
and  follicular [or intraovarian, (Eckelbarger, 1984)] oogenesis where  nu t r ien t s  may be 
supplied to the developing oocytes by the follicle cells or from the gen i ta l  blood vessel. 
The ultrastructure of solitary oogenesis has been  described in a n u m b e r  of polychaete 

Fig. 12. Electron-lucent cortical vesicles and electron-dense cortical granules near the periphery of a 
vitellogenic oocyte. Scale bar = 1 ~tm. (Cg = cortical granule, Cv = cortical vesicle) 

Fig. 13. A large body of annulate lamellae in the cytoplasm of a vitellogenic oocyte. The presence of 
these is characteristic of oocytes in late vitellogenesis. Scale bar = 1 ~tm (A1 = annulate lamellae) 

Fig. 14. Clear vesicles associated with a body of annulate lamellae. These vesicles may represent 
expanded cisternae of rough endoplasmic reticulum. Scale bar = 1 ~tm (A1 = annulate lamellae, V = 

vesicle) 

Fig. 15. Part of an oocyte which has completed vitellogenesis. It has large numbers of cortical 
granules at the surface and characteristic hollow mitochondria. Scale bar = 1 ~tm (Cg = cortical 

granule, M = mitochondrion) 



O o g e n e s i s  i n  Nephtys hombergi 

. . . . . .  ,~ .~ , -T , , .~-~-~ .~ .~  , , ~ - - ~  - ~  ~ . : , ~ . ~ . . , ~ . .  . . . .  . . . . . . .  ~,.. ,~.. . , ,  �9 - - - ~ . ~ - , ~ - ~ ~ . ~ . . ~  ~ : . . . .  . .~ , 

1 6 5  



166 M.G. Bentley 

species including Nereis diversicolor (Dhainaut, 1967, 1969a, b), Nereis  pelagica 
(Dhainaut, 1970; Dhainaut & Porchet, 1977a, b), Nereis virens (Fischer & Dhainaut, 1985), 
Platynereis dumeri]ii (Fischer, 1975), and  Arenicola marina (Rashan & Howie, 1982). In 
some cases, such as in Pla~nereis dumerilii (Fischer, 1975), there may be intimate contact 
of early oocyte stages with the follicle cells. These appear to play no part in the supply of 
nutrients to the developing oocytes but rather have a mechanical, supportive role (see 
Olive, 1983; Eckelbarger, 1984 for review). Intraovarian oogenesis may involve nutritive 
support for the oocyte from folhcle cells or from the genital blood vessel, or the folhcle cell 
system may simply serve to contain the oocytes throughout vitellogenesis. In Phrag- 
matopoma lapidosa (Eckelbarger, 1979) and Streblospio benedicti (Eckelbarger, 1980) 
complex contacts between oocytes and genital blood vessels are maintained throughout 
oogenesis, and endocytotic profiles (coated pits) provide evidence that the oocytes obtain 
part of their protein yolk material (a heterosynthetic component) directly from the blood 
vessels. In a number of other polychaetes whose ultrastructure has been described such 
as Kefersteinia cirrata (Ohve & Pillai, 1983) and Harmothoe imbricata (Oarwood, 1981) 
and in Nephtys hombergi, reported here, oocytes are retained within the ovaries through- 
out vitellogenesis and whilst complex contacts between follicle cells, blood vessels and 
oocytes may exist at the previtellogenic stage, these contacts are lost as vitellogenesis 
proceeds and there is no ultrastructural evidence to suggest any heterosynthetic yolk 
synthesis. The simple follicle ceil system which exists in Nephtys hornbergi during 
vitellogenesis maintains the integrity of the ovary by simple contacts between the 
oolemma and follicle cell membrane. It has been established that a gonadotrophic 
hormone maintains these contacts until the oocytes have completed the formation of a 
microvillous surface (Olive & Bentley, 1980). The cytology of the developing oocytes in N. 
hombergi is typical of oocytes which are believed to have autosynthetic yolk production. 
There is the presence of large numbers of mitochondria, rough endoplasmic reticulum 
and active golgi profiles producing material which condenses to form yolk granules. 
Annulate lamellae are also present but although they ~re commonly observed in oocytes 
their precise function remains unknown (see Eckelbarger, 1984). Whilst there may be no 
ultrastructural evidence to suggest that heterosynthetic yolk formation occurs (coated pits 
at the surface of the oocyte or synthetic apparatus within the follicle cells) this cannot be 
ruled out and biochemical studies would be required to establish this. The use of radio- 
labelled precursors as probes for the investigation of oocyte yolk synthetic pathways have 
now been carried out, in conjunction with electron microscopy, in a number of polychaete 
species, most notably in the Nereidae. The identification of a high molecular weight yolk 
protein precursor "Nereis vitellin" in Nereis virens (Fischer, 1979; Fischer & Schmitz, 
1981; Fischer et ai., 1984) and Perinereis cultrifera (Baert, 1985, 1986a, b) has enabled the 
heterosynthetic pathway and incorporation into the oocyte of one type of yolk protein to 
be demonstrated (Fischer et al., 1984; Fischer & Dhainaut, 1985). A second, autosynthetic 
pathway of yolk protein formation has also been demonstrated in the Nereidae by the 
uptake of radio-labelled amino acids (and sugars for the synthesis of complex polysac- 
charides) (Dhainaut, 1967, 1969, 1970; Dhainaut & Porchet, 1977a, 1977b; Dhainaut, 
1984). An investigation into the biochemistry of yolk synthesis in Nephtys would clearly 
tell us a great deal, especially in the fight of the information we have available on the 
gonadotrophic hormone in this species (Olive & Bentley, 1980; Bentley, 1982; Bentley & 
Olive, 1982). 
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Fig. 16. A complex junction be tween  two adjacent  follicle cells. These junctions do not occur 
be tween  oocytes and follicle cells. Scale bar  = 0.5 ~m 

Fig. 17. Bulbous microvilli of an early vitellogenic oocyte. Scale bar  = 0.1 ~m 

Fig. 18. A tangential  section through the surface of a late vitellogenic oocyte. The microvilli at this 
stage have narrow stalks and hexagonal  tips. Scale bar  = 0.5 ~m 

Fig. 19. The microvilli of a late vitellogenic oocyte have narrow stalks and spiky tips. Scale bar  = 0.5 
~m 
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